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INTRODUCTION
Phar macology in Public Health

PHS 810: Pharmacology and Therapeutics in Publicis a biomedical

science that is concerned with the study of drugs their actions on

biological systems (living cells, tissues, orgamsole animals) including

the human body. This is the science that deals waithexperiments,

researches and preparations before pills, syruippgments and other
pharmaceutical dosage forms come in retail to thegstores. The

importance of this science can hardly be exagg#raiace it is referred
to the human health and person’s well-being. Dreays treat different

ilinesses and improve general physical and metdatd sf a person, but at
the same time their wrong usage, mistaken dosage least minimally

incorrect calculations can lead to unacceptabl#étheatcome. A number
of medical and disease conditions are attributdthfmoper use of drugs
and chemical substances. In order to deal with sedith situations

professionally, the public health practitioner reédl be armed with the
basic principles of pharmacology and a good undedshg of the

characteristics and dynamics of drug actions in.man

Understanding the population perspective of thalawdity and use of
drugs and medicines have been referred to as pumith pharmacology.
The study is aimed at informing society about teguired pharmaco-
therapeutic resources and their best use for thermm therapeutic good
of the whole population and to fulfil the universaiman right to adequate
health care.

WHAT YOU WILLLEARN IN THISCOURSE

The course will bring to you the knowledge of phacakinetics,
pharmacodynamics, metabolomics and Pharmacogemticfocus as
important phenomenon in drug actions and effectsrthEermore,
therapeutic and adverse drug effects shall beedudidetails to acquaint
you understand the issues of drug compliance, anbstabuse, drug
interactions and toxicology needed by public heafttofessional.
Emerging public health issues related to pharmaadst and
phytochemicals would be discussed under evidenseebgharmaco-
therapeutics. The Courses consist of units andseoguides. The course
guides describe briefly the course and its speclijectives and also helps
you to know how to go about your Tutor- Marked Assnent (TMT)
which will form part of your overall assessmentret end of the course.
Also, there will be regular tutorial classes thed eelated to this course,
where you can interact with your facilitator antiet students. Please, |
encourage you to attend these tutorial classes.
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COURSE AIMS

The course aims to you understanding ability tdyapp
Pharmacokinetic/Pharmacodynamic principles in sgi\Rublic Health
problems.

COURSE OBJECTIVES

To achieve the aims set out, the course has & séfectives. Each unit
has specific objectives which are included at tagifining of the unit.
You should read these objectives before you staeynhit. You may wish
to refer to them during your study to check on yprogress. You should
always look at the unit objectives after completdreach unit. By doing
this, you would have followed the instructions le wnit.

The comprehensive objectives of the Course arengredow. By the end
of the course/after going through this course, wdlbe able to:

o define the terms in Pharmacology

o identify the basic principles of Pharmacokineticsnda
Pharmacodynamics

) analyse mechanisms of drug action of drug usedrilous diseases

explain therapeutics and adverse effects of druffeient enough

for a public health office to deal with situateomvolve in;

describe drug compliance

discuss substance abuse

describe drug interaction and Toxicology

manage emerging public health problems related to
Pharmaceuticals and phytomedicines such as ewedardicine

WORKING THROUGH THE COURSES

To complete each course, students are requireeltb @ach course unit,
read the recommended textbooks and other matesihish may be
provided by the National Open University of Nigeria

Each course unit contains self-assessment exemmgkat certain points
in the course students would be required to sulassignments for

assessment purposes. At the end of the course,itheefinal examination.
A course should take about a total of 20 weekstoptete. Below, you

will find listed, all the components of the couradat you have to do and
how you should allocate your time to each unitrden to complete the
course on time and successfully.

This course entails that you spend a lot of timeetal and holding group
discussions. | would advise that you avail yoursked opportunity of
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attending the tutorial sessions where you have dpportunity of

COURSE GUIDE

comparing your knowledge with that of other people.

THE COURSE MATERIALS

I The main components of a given course are:
. The Study Guide

iii. Study Units

\Y2 References/Further Reading
V. Assignments

Vi. Presentation Schedule
STUDY UNITS

The course has 9 study units arranged in 3 modsigsven below.

MODULE 1
Unit 1

Unit 2
Unit 3

MODULE 2

Unit 1

Unit 2

Unit 3

MODULE 3

Unit 1

Unit 2

Unit 3

Module -1: This unit focuses on the basic pringpé pharmacology and
consists of three broad units. Unit 1, focuseshemiature and sources of
drugs. Unit one is centred on pharmacokinetic @mses which are

Vi

BASIC PRINCIPLESOF PHARMACOLOGY

Basic Principles anPharmacokinetic
Toxicology ancAdverse Drug Reactic
Drug Discovery/Development/Toxicity
/Phytomedicin

APPLIED PHARMACOLOGY IN PUBLIC
HEAL TH

Principles of Drug Action and Effect:
(Pharmacodynamic
Mode of Action of
Chemotherapeutic Dru
Mode of Drug Action in Diseas

Antimicrobial an

PHARMACOTHERAPEUTICS IN PUBLIC
HEALTH

Taking Drug History and Evidence Bas
Medicine
Pharmacovigilance/Pharmacovigilance in Pu
Health Programm:

Rational Use oMedicines/Drug Dependence a
Substance Abu:
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concerned with drug administration, absorption dmndavailability,
distribution and elimination (by metabolism and retion). The students
will learn some basic description of pharmacokmetharacteristics of
drug can provide a great deal of information oévahce therapeutically
and/or  toxicological effects. Consequences of nwisi
(biotransformation), drug interaction, concept ofnal clearance,
pharmacokinetics changes in pregnancy and lactgpi@cental transfer
of drugs, pharmacokinetics in children and the iydend geriatric. Unit
2, focusses on toxicology and adverse drug reeatiome definition of
terms in toxicology, purpose of toxicology, histaii perspective of
toxicology, toxicology sub-discipline, routes diiagicity, mechanisms of
drug toxicity, classification of toxic agents, apdisons that can heal.
Adverse drug reactions are centred on adverserdaagion classification,
types and causes of adverse drug reactions, res@rgaof adverse drug
reactions and factors masking adverse drug reactionunit 3 of this
module, the student will learn drug development pingtomedicine that
deals with preclinical drug discovery, clinical grdevelopment, (phases
of development, ethics in clinical trials, clinicaial design, phases of
clinical trials,) and how to appraise a clinicahlkr Also, phytomedicine,
its introduction and historical background, chagastics of
phytomedicines, uses of herbal preparations, patipas of herbal
medicines, standardized phytomedicines, routes radtration of herbal
medicines, safety issues in the use of phytomesbcithallenges of
phytomedicine and the future of herbal medicine.

Module 2, Brings the understanding of the prin@gpld drug action
(pharmacodynamics), in man, types (mechanism)ug dction, receptor
families, the basis of affinity and efficacy, grdddrug dose response,
potency and efficacy, therapeutic window, factomlifying drug effects
in man, assaying receptor affinity and binding, andnitoring drug
therapy. Basic mode of action of antimicrobial drudefinition of terms
in antimicrobials, types of antimicrobials, featsi antimicrobial drugs,
anti-infective  drugs, anti-bacterial, antifungal, ntigiral, cancer
chemotherapy, general introduction and goals oteachemotherapy,
cell cycle (cell proliferation), classificationsémechanisms of action of
antineoplastic drugs, principles of cancer chenraing factors that
determine cancer drug response, resistance of raneds to
chemotherapy. Adverse effects of antineoplastic gslru Also,
antiprotozoal and anthelminthic. Mode of actionlnfg acting on specific
diseases, such as drug acting on the uterus (otgcstand tocolytics),
uterine relaxants, hypertensive disorders in pregyaanticonvulsants,
contraception and pregnancy, anti-diabetes, drumgaon the heart,
cardiac failure, antihypertension, drug acting ainp drug action on
pregnancy and lactation, drug therapy in younggdherapy in elderly
and geriatric.

Vii
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Module 3, enables the student to learn pharmacampleetics issues
relating to public health. unit 1 focusses on tgkdnug history &evidence-
basedmedicine. This includes objectives obtainirgdioation history
taking drug history, information sources, challengéth difficult clients,
guestions to ask, tips for performing medicaticstdny, client education,
tools, reconciliation and documentation. The othspect of unit 1
introduces the students to the concepts of evidbased medicine (EBM)
as it relates to modern therapy, sources of Infitondor EBM general
concepts of evidence-based medicine, theories atdad, steps of emb
model, some cases and examples of how to pracBé&, Benefits, -why
evidence-based medicine and limitations of EBM. t.@ni
pharmacovigilance/pharmacovigilance in public Heafirogrammes.
Pharmacovigilance as science of ADR reporting, insig of
pharmacovigilance (era of safety monitoring, detecof adverse drug
reactions, causality assessment, uses and linmtabb causality
assessment. Pharmacovigilance in public healthraneges. unit+ 3,
deals with rational use of medicines/drug depenelemcd substance
abuse, example of over the counter (OTC) drugshtominappropriate
prescribing practices, irrational drug combinatiombstacles/reasons
irrational use , factors underlying irrational ust drugs, impact of
inappropriate use of drugs, the role of hcps inm@ting rational drug use,
objectives, changing a drug use problem: an ovenoé the process,
strategies to improve use of drugs and, prescabérdispenser. This unit
drug dependence and substance abuse, the burdarbstince abuse,
classification of drug dependence/substance aldiagnosis of drug
dependence / substance abuse, management of sgbstan
abuse/dependence.

FURTHER READING/ TEXTBOOKSREFERENCES

Further reading links have been provided at theafrehch module. This
will help you in your exercises and forms part oy course materials
where your assessment and final examination quesssball be derived.
Ensure you download and read them.

ASSESSMENT

There are three aspects of the Assessment of theecd=irst is made of
self- assessment exercise, second consists aftrararked Assignment
(continuous assessment) and third is the final exatmon at the end of
the course. You are advised to do the exercisegamicrough the further
reading links provided at the end of each modufe.tdckling the

assignments, you are expected to apply informatiorgwledge and

techniques you gathered during the course. Thegrassints must be
submitted to your facilitator for formal assessmardaccordance with the
assignment file. The work you will submit to yowrtdr for assessment

viii
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will count for 30% of your total course work. Attlend of the course, you
will need to sit for a final or end of course exaation of about three-hour
duration. The examination will count for 70% of ydatal course mark.

TUTOR MARKED ASSIGNMENTS (TMAS)

The TMA is a continuous assessment component of gourse. It
accounts for 30% of the total score. You will beegi four (3) TMAS to
answer. Three of them must be answered before rgoallawed to sit for
the end of course examination. The TMAs would egito you by your
facilitator and returned after you have done tr@gasnent. Assignment
guestions for the units in this course are conthinghe assignment file.
You will be able to complete assignment from th®rimation and the
material contained in your reading, referencessindy units. However,
it is desirable in all degree level of Educatioml&mmonstrate that you have
read and researched more into your references,hwhilt give you a
wider view point and may provide you with a deepederstanding of the
subject.

Make sure that each assignment reaches your &ailion or before the
dead- line given in the presentation schedule asdyament file. If for
any reason, you cannot complete your work on tigmtact your
facilitator before the assignment is due to disdhespossibility of an
extension. Extension will not be granted afterdbe date unless there are
exceptional circumstances.

FINAL EXAMINATION AND GRADING

The end of course examination for Public HealthrRiagology will be
for about two(2) hours and or has a valug@f of the total course work.

The examination will consist of questions, whichl weflect the type of
self-testing, practice exercise and tutor markesigasnent problems you
have previously encountered. All areas of the eoundl be assessed.

Use the time between finishing the last unit atithgj for the examination
to revise the whole course. You might find it usédurevise yourself test,
TMAs and comments on them before the examinatite. @hd of course
examination covers information from all parts of tourse.

PRESENTATION SCHEDULE

There is a time-table prepared for the early aneelif completion and
submission of your TMAs as well as attending thertal classes. There
are three modules and three units in each, folloe@MA. The course
is of 15 weeks duration and you are expected tadsBehours per week

iX
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in your study and preparation (see table 2). Yeuraquired to submit all
your assignments at the stipulated time and dateid4alling behind the
schedule time. The presentation schedule includetthis course guide
provides you with important dates for completioreath e-tutor marked
assignment (e-TMAS). You should therefore try teehtbe deadlines.

TABLE 1: COURSE MARKING SCHEME

Assignment Marks

Tutor Marked Three Tutor MarkedAssignments, thre
Assignmen-3 marks of 10%each, 30% of the course m
End of cours( 70% of overall course marks
Examinatiol

Total 100% of course materi:

Table2: COURSE OVERVIEW

Unit | Title of Work Weeks | Assignment
Activity | (End of
Units)
Course Guide Week
1 Basic Principles oPharmacokinetic | Week-1 | Assignment

2 Toxicology &Adverse Drug Reaction Week|-Assignment2

3 Drug Week -3| Assignment3
Development/Toxicity/Phytomedici
1 Principles of Drug Actiol Week -4| Assignment4
(Pharmacodynamic
2 Mode of Action of Antimicrobial & Week-5| Assignment
Chemotherapeutic Dru
3 Mode of Drug Action in Diseas Week-6 | Assignment
1 Taking Drug History & Evidenc Week -7| Assignment7
Based Medicin
2 Pharmacovigilance/Pharmaco. Week -8| Assignment§
Public Health Programm
3 Rational Use of Medicines/Dry Week -9| Assignment9
Dependence and Substance Al

Ul

HOW TO GET THE MOST OUT OF THISCOURSE

In distance learning, the study units replace theassity lecturer. This is

one of the huge advantages of distance learningemami can read and
work through specially designed study materialgoalr own pace and at
a time and place that suit you best. Think of iteesling from the teacher,
the study guide tells you what to read, when td i@ad the relevant texts

X
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to consult. You are provided exercises at appropnmints, just as a
lecturer might give you an in-class exercise. Eaththe study units
follows a common format. The first item is an imtuztion to the subject
matter of the unit and how a particular unit isegrated with the other
units and the course as a whole. Next to thisest ®f learning objectives.
These learning objectives are meant to guide yiugliess. The moment a
unit is finished, you must go back and check wheyloei have achieved
the objectives. If this is made a habit, then yallisignificantly improve
your chances of passing the course. The main bfatthe ainits also guides
you through the required readings from other saur€his will usually be
either from a text- book or from other sourcesf-8ssessment exercises
are provided throughout the unit, to aid personadiss and answers are
provided at the end of the unit. Working througéasih self-tests will help
you to achieve the objectives of the unit and gisgpare you for tutor
marked assignments and examinations. You showddhptteach self-test
as you encounter them in the units.

Thefollowing are practical strategiesfor working through thiscourse

I Read the Course Guide thoroughly.

. Organize a study schedule. Refer to the courseveveifor more
details. Note the time you are expected to spendagh unit and
how the assignment relates to the units. Importatails, e.g.
details of your tutorials and the date of the fitay of the semester
are available. You need to gather together all itifermation in
one place such as a diary, a wall chart calendanoorganizer.
Whatever method you choose, you should decide dnnatte in
your own dates for working on each unit.

iii. Once you have created your own study scheduleyelything you
can to stick to it. The major reason that studéitss that they get
behind with their course works. If you get intdfidifilties with your
schedule, please let your tutor know before ibeslate for help.

V. Turn to Unit 1 and read the introduction and thgzcotives for the
unit.

V. Assemble the study materials. Information abouttwba need for
a unit is given in the table of contents at theitn@igg of each unit.
You will almost always need both the study unit yaoa working
on and one of the materials recommended for furtkadings, on
your desk at the same time.

vi.  Work through the unit, the content of the unit litdeas been
arranged to provide a sequence for you to follow.y&du work
through the unit, you will be encouraged to reamhfryour text
books.

vii.  Keep in mind that you will learn a lot by doing ytlur assignments
carefully. They have been designed to help you tieebbjectives
of the course and will help you pass the examinatio

Xi
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viii. Review the objectives of each study unit to confilat you have
achieved them. If you are not certain about anthefobjectives,
review the study material and consult your tutor.

iX.  When you are confident that you have achieved @ésurhjectives,
you can start on the next unit. Proceed unit by thmough the
course and try to pace your study so that you eap kourself on
schedule.

X. When you have submitted an assignment to your tatonarking,
do not wait for its return before starting on trextnunit. Keep to
your schedule. When the assignment is returned,paatjcular
attention to your tutor's comments, both on theottutmarked
assignment form and also that written on the assggm. Consult
you tutor as soon as possible if you have any presor problems.

xi.  After completing the last unit, review the coursed gorepare
yourself for the final examination. Check that ylwave achieved
the unit objectives (listed at the beginning ofteamit) and the
course objectives (listed in this course guide).

FACILITATORS/TUTORSAND TUTORIALS

These are 20 hours of tutorials provided in suppbitiis course you will
be notified of the dates, times and location otéheitorials as well as the
name and phone number of your facilitator, as smoyou are allocated a
tutorial group. Your facilitator will Mark and comemt on your
assignments, keep a close watch on your progreisargndifficulties you
might face and assistance will be provided to young) the course. You
are expected to mail your Tut or Marked Assignmernyour facilitator
before the schedule date (at least two marking degsequired). They
will be marked by your tutor and return to you asrsas possible. Do not
delay to contact your facilitator by telephone email if you need
assistance.

The following might be circumstances in which yolll #ind assistance
necessary, hence you will have to contact youtifator if:

> You do not understand any part of the study or dabsigned
readings.

> You have difficulty with the self —tests.

> You have a question or problem with an assignmentith the
grading of an assignment.

You should endeavour to attend the tutorials. Thihe only chance to
have face to face contact with your course fatditand to ask questions
which are answered instantly. You can raise anplpro encountered in
the course of your study. To gain much benefit fromurse tutorials,

xii



PHS810 COURSE GUIDE

prepare a question list before attending them. Wolulearn a lot from
participating actively in discussions.

SUMMARY

You should endeavour to attend the tutorials. Mni$ afford you an
opportunity to have face to face contact with yoourse facilitators and
to ask questions which are answered instantly. céouraise any problem
encountered in the course of your study.

This course is a study unit of clinical skills. Butorials and practical
clinical skills — will be covered only by a pradlattachment in hospital.
To gain more benefits from the course tutorialeape prepare a list of
guestions before attending them. You will learm@aftom participating
actively in discussions. | wish you success indberse and | hope that
you will find it both interesting and useful.

xiii
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MODULE 1 BASIC PRINCIPLESOF

Unit 1
Unit 2
Unit 3

PHARMACOLOGY

Basic Principles and Pharmacokinetics
Toxicology and Adverse Drug Reaction
Drug Discovery/Development/Toxicity/Phytodigne

UNIT 1 BASIC PRINCIPLES OF PHARMACOKINETICS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content

3.1  Definition of Terms
3.2 The Nature and Sources of Drugs
3.3 Pharmacokinetics Processes
3.4  Drug absorption
3.4.1 Routes of Drug Absorption
3.4.2 The advantages and disadvantages of oralrpiiso
3.4.3 Parenteral administrations
3.4.4 The advantages and disadvantages of Parenteral
route
3.4.5 Mechanisms of Transport (Absorption)
3.4.6 Barriers to absorption:
3.5 Bioavailability (F)
3.6  Eliminations Half-Life
3.6.1 Therapeutic Window
3.6.2 Steady-State Concentrations
3.7 Drug distribution
3.7.1The factors determining the pattern of diation
3.8. Drug Metabolism
3.8.1 Introductions
3.8.2 Sites of metabolism
3.8.3 First-pass elimination
3.8.4 Cytochrome P450 (Classification, Rolesutf-
families, Structure)
3.8.5 Stages of metabolism
3.8.6 Mechanisms of drug metabolism
3.9  Drug interaction
3.9.1 Types of drug interactions
3. 9.2 Patterns of Drug-Drug interactions:
3.9.3 Clinically significant interactions
3.9.4 Minimising interactions
3.10 Renal Drug Clearance (Excretion)
3.10.1 Routes of Drug Elimination
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3.10.2 Processes of Renal Drug Excretion
3.10.3Concept of Renal Clearance
3.11 Pharmacokinetic Changes in Pregnancy andtiact
3.11.1 Introduction
3.11.2Absorption
3.11.3Distribution
3.11.4Metabolism
3.11.5 Elimination:
3.11.6 Placental Transfer of Drugs
3.11.7 Factors affecting placental drug transfdetl tissue
4.0 Conclusion
5.0 Summary
6.0  Tutor- Marked Assignment (TMA)
7.0 References/Further Reading

1.0 INTRODUCTION TO PHARMACOKINETICS

Pharmacokinetics principles and processes are nowertewith the
absorption, distribution, and elimination (by methgm and excretion) of
drugs. In pharmacokinetics we try to answer thio¥dhg questions; 1. Is
the drug getting into body (through serum/plasmanceatration
estimate)? 2. Is the drug getting to the site tbaand at what rate/extent
(bioavailability, steady state concentrations)™H8w long does it stay
before the body gets rid of it (half-life, metalsoti and excretion)? and 4.
Are the pharmacological activities being translated therapeutic effects
(therapeutic process)?

Thus, proper mathematical description of pharmautié characteristics
of a drug can provide a great deal of informatibnetevance to both the
pharmacological and the therapeutically or toxfe&s. By the study of
pharmacokinetic process individual and inter-indibal variability in
absorption, distribution, metabolism and excretioh drugs can be
defined. Such studies have contributed much taiaderstanding of the
variability of response to drug.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

) identify basic concepts and scientific underpinsingf the
pharmacological sciences

o list various terminologies used in Pharmacokineticand
Pharmacodynamics

o describe both the theoretical and applied aspects

pharmacokinetics like bioavailability, bioequivaten half-life,
order of kinetics, steady state plasma concentratio
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) explain how the total clearance of a drug determiite steady
state plasma concentration through continuous @idtration

) state theoretical and clinical significance of drug
metabolism, clearance, drug - drug interactionsd an

Pharmacokinetic changes in Pregnancy.
3.0 MAIN CONTENT
3.1  Definition of Terms

i. Drug: (There is no single satisfying definition) but daendefined
as chemical agents that interact with specific éamgolecules,
thereby producing a biological effect.

WHO 1996 Define drug as any substance or prodhattis used or
intended to be used to modify or explore physialabgsystem or
pathological states for the benefit of the recifgen

Dutch word “droog” means dry, used for treatmendisease, for
the prevention of illness of pathologic states &mddiagnosing
disease condition.

ii. Pharmacology: Pharmacology is defined gf$rom the Greek
word; pharmakon = “drugs” (dppakOv) i.e. drug and the word
logos @oxG), study, explore or science)the scientific study of
the origin, nature, chemistry, effects, and usesdrafis. It deals
with how drugs interact within biological systems effect
function. A branch of knowledge that has to do wfith chemicals
that have biological effects.

Pharmacology Simply: the science of drug actionbsuses.

Pharmacologists work to identify drug targetsiides to learn how
drugs work. Pharmacologists also study the wayshith drugs

are modified within organisms. A fundamental knadge of the

underlying biological processes is required to ewhi these
objectives and to identify new targets for fututeerbpeutic
intervention. Thus, pharmacologists study manydaspects of
cellular and molecular biology?harmacy: often confused with
pharmacology, is a wholly separate profession aomckewith the

preparation, dispensing and use of medications.réédsepharmacy
can be viewed as a profession that is part of healte delivery
and information systems, pharmacology is a bas@nbdical

scientific discipline.

In recent years, there has been a dramatic incrieathe rate at
which novel drugs are discovered and marketed. @&saequence,
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it is essential to train a new generation of phawotagists who will
meet the challenges this opportunity presents.

Clinical pharmacology: is the division which deals with the
pharmacological effects of drugs in man. It prosidieformation
about the usefulness, potency, and toxicity of davgs in humans.
It is of great importance for the effective andesa$e of drugs in
man.

Medicine: Is a chemical preparation, which usually but not
necessarily contains one or more drugs, administerih the
intention of producing a therapeutic effe¢iMedicine usually
contain other substances (excipients, stabilissvkjents etc.)

Note: To count as drug the substance must be asi®ied as such, rather

than released by physiological mechanism.

Toxicology (Greek toxikon means poison) Toxicolagythe science of

Vi.

Vii.

viii.

Xi.

poisons, their sources, chemical composition, actiests for
detection and antidotes. It forms a major part arefsic and
environmental medicine. All drugs are potential opis when
given in high doses.

Clinical toxicology deals with the detection, diagnosis and
treatment of poisoning.

Toxicodynamic. describes the harmful effects that the poison
produces on the bodyoxicokinetic: encompasses the absorption,
distribution, biotransformation and eliminationtbé& poison.

Pharmacogeneticsis a relatively new field, which deals with the
study of genetically determined variation in dregponse.

Pharmacokinetics: Literally, movement of the drug within the
body (“what the body does to the drug”).

Pharmacodynamics: Is study of the biochemical and
physiological effects of drugs as well as their hsdsm of action.
Simply. The study of what the drug does to theybedThe
mechanism of drug actions in living tissues, Med$mms of action
(“what the drug does to the body”).

Therapeutics: Use of drugs for intended clinical benefits — cofre
a disease, relief of symptoms etc.

Pharmacotherapeutics.— study of how drug may be used in the
treatment of disease — which among the drugs wbeldnost
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Xii.

Xiii.
Xiv.

XV.

XVi.

effective or appropriate for a specific disordemtrat dose would
be required. — Use of drugs and clinical indicatiaf drugs to
prevent and treat disease.

Pharmacogenetics. — The study of genetically-determined
reactions of drugs in the human body.

Absorption: is how the drug enters the blood
Distribution : how the drug travels in the blood and how it goes
into and out of other areas of the body.

Metabolism: how the body changes a drug usually in intestim®
liver.

Drug Elimination: how the body gets the drug out via kidneys
through urine or via liver though stool.

3.2 The Nature and Sources of Drugs

3.2.1. Sources of Drugs Include

1.

Plant sources:Plants Important source of chemicals developed
into drugs e.g. Digitalis, morphine, atropine, @né and some
vitamins

Animal sourcese.g., Animals Products e.g. Insulin =Cow and pig
pancreas tissue, Thyroid drugs (thyroxine),& gtowbrmones =
animal thyroid/hypothalamus tissues

Mineral sources: Mineral/lnorganic Products Elements with
therapeutic effects in human body e.g. lithiumguidl paraffin,
magnesium sulfate, Aluminium, Fluoride etc.

Microorganisms e.g. penicillin’s cephalosporins & other
antibiotics

Synthetic e.g. Aspirin, Sulfonamides, benzodiazepines,
phenothiazines, some vitamins

Bioengineered (recombinant DNA technology)e.g. human
insulin, human growth hormone.
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3.3  Pharmacokinetics (Pk) Processes

The term ‘pharmacokinetics’ refers to the rate mwashner in which a drug
is absorbed, distributed, metabolised and eliméhatithin and from the
body. It is a tool for describing the movement afigithrough the body
over time, and deals with the processes of absorgtom the site of
administration, distribution throughout the body,etabolism or

conjugation of the drug and elimination from thedpoStudy of the

relationship between dose, amount of drug inbibedy and therapeutic
or toxic effects of a drug

The study of drug therapy encompasses four maincegees;
Pharmaceutical process, Pharmacokinetic procesarmicodynamic
process and Therapeutic process

i. Pharmaceutical Processi.e. is the drug getting into the patient?
Drug in dosage form, GIT, Hepatic Metabolism

ii. Pharmacokinetic Processis the drug getting to the site of action?
Extracellular fluid (protein bound), tissue siteaation,

iii. Pharmacodynamic Processis the drug producing the required
Pharmacological effects?

iv. Therapeutic Process: Is the pharmacological Effect being
translated into a Therapeutic effect?

3.3.1 Why study pharmacokinetic?

You administer drugsdpse because you seek a certain effeesfonse

A complex chain of events links the administerededto the observed
response. Pharmacokinetics determine the bloodeotration from a
prescribed dosing regimen. More often the plasmaceatration for
analytical purposes. Pharmacokinetic data helpnaerstand: dose and
schedule (once a day vs. twice a day, etc.), dogsstanents due to drug
interactions and other issue®harmacokinetics is essential for
determining dosing regimens.

An understanding of pharmacokinetics should theeelfelp the clinician
to:

i. Appreciate how dosage regimen are devised

ii. Tailor a dosage regimen to the individual requiretaeof the
patient (e.g. in renal failure)

iii. Determine what may be wrong when a patient faileponse to
treatment

iv. Determine why a drug has caused toxicity

V. Elucidate the mechanism of drug interactions.
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3.3.2 Why study Pharmacokinetic?

Pharmacokinetic study enables the clinician ask, am I getting the dose,
right?

Achievement of the correct dose for individual patients is fundamental to
clinical practice. Below a certain threshold concentration, the drug is
inactive and above a certain concentration, side effects appear. Therefore,
the dose should be aimed to be within the therapeutic window. Fig. (1)
The therapeutic dose can vary between patients depending on a number of
factors.

100
Therapeutic effect Toxic effect
£ 75—
k=]
D
=
@
o0
£
= b0
o
=
o e E—
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5 window
F 25
0 -
Dose

Figure 1: Therapeutic Range of a right dose. (Majssen (2014)
3.3.3 Importance of drug concentration

i. Ideally, drug concentration should be measured at the receptor.

ii. Blood or plasma level is used as a measure to reflect the
concentration.

iii. You need to identify the ideal concentration-time profile.

iv. Knowledge of individual pharmacokinetic parameters allows you
to manipulate dosage regimens.

V. You need to understand the pharmacokinetic characteristics of the
drug and the physiological processes that are going on.

Vi. Pharmacokinetics is based on the analysis of drug concentrations.
In the graphic, after one or more doses, the drug concentration in
the desired matrix is measured.

3.4  Absorption

Drug Absorption is the process by which drug prosefeom the site of
administration to the site of measurement (bloogbsh) within the body.
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Irreversible transfer processes, which a drug fitsrsite of administration
to the systemic circulation.

Absorption is the movement of unchanged drug frdme site of
administration into the blood. Drug absorption isecessary for the
production of a therapeutic effect. The movementdafig through
membranes is an essential step in absorption anfluenced by the

i. Routes of administration

ii. Physicochemical properties of the drug

iii. The nature of the membrane

iv. The perfusion of the absorption site and the lptal
V. Formulation, for example, tablets, capsules ortsgnig

For most drugs, there are a direct relationshipvbeh pharmacological
response and concentration at the receptor; thlg biologically active,
drug must gain access to the systemic circulatiBlasma drug
concentration depends on both drug kinetics anddéségn of the drug
delivery system.

Table 1: Routes of drug absorption
Oral | Sublingual: drug dissolved under the tongue| Transderma
absorbed through mucous membranes
bloodstrear
Rectal| Inhalational Intestinal Parenteral: intravenoy
intramuscular and subcutane

3.4.1 Oral administration

The most commonly used delivery systems involveogtieon of drug
from the gastrointestinal tract following buccalpngual, rectal or most
often, oral administration. Commonly encounteredl ailrug forms
include: includessolution, Suspension, Capsules, Tablets, Coatdeltsab
and Modified-release tablets.

Coated tablets- it is possible to alter the delivery and apparen
kinetic of a drug by changing the dissolution clteeistics of the
tablet. Thus, a table may be enteric-coated togmtelreakdown in
the stomach, ensuring that it remains intact itélaches the small
bowel. This approach is commonly used to proteagsithat are
destroyed by gastric acid (e.g. omeprazole).

Modified-release tablets the excipients of a tablet may be
modified to improve drug delivery by controllingetihate, amount
and duration of drug release over a 24-hour pefibis approach
is used for drugs with a shorktwhich required frequent dosing to
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maintain therapeutic level (e.g. theophylline, yenmil,
nifedipine).

Prodrugs- a similar effect may be achieved by using a prgdr
Prodrugs are inactive compounds which are activiaydalological
fluids or metabolising enzymes following adminisma (e.g.
enalapril is converted to its active form enalagdjil

For drugs administered orally, absorption may begithe mouth and
stomach. However, most drugs are usually absorbath the small

intestine. The drug passes through the intestirzdl and travels to the
liver before being transported via the bloodstrearits target site. The
intestinal wall and liver chemically alter (metaise) many drugs,
decreasing the amount of drug reaching the bloedstr Consequently,
these drugs are often given in smaller doses whjented intravenously
to produce the same effect

3.4.2 The advantages and disadvantages of oral Adsption
Oral absorption has the following advantages:
i Convenience and accuracy of dose.

ii. Administration does not require special skills
iii. No aseptic preparations are necessary

iv. In case of drug poisoning or adverse reactionsersal with
antidotes are possible.

V. It is non invasive

Vi. Buccal and sublingual modes of administration hadded

advantage of avoiding first-pass effects and aineention of the
exposure of the acidic digestive fluids.

vii.  The disadvantages of oral administration include:

viii.  Slow onset of action —at least 15-30mins onset time

iX. First —pass effect

X. Gastric irritation- hence nausea, anorexia and togiiand
diarrhoea

3.4.3 Parenteral administrations

These includes intravenous, intramuscular, subeoias) intrathecal,
inhalational, intranasal and sublingual/buccalakctDrugs given
intravenously (iv) enter the systemic circulatioredtly. However, drugs
injected intramuscular (i.m) or subcutaneous (sg}tneross one or more
biologic membranes to reach the systemic circufatl protein drugs
with a molecular mass > 20,000 g/mol are injecteddr SC, movement
across capillary membranes is so slow that mostrpbisn occurs via the
lymphatic system. In such cases, drug deliveryygtesnic circulation is
slow and often incomplete because of first-pasabwism (metabolism
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of a drug before it reaches systemic circulatignptmteolytic enzymes in
the lymphatics.

Perfusion (blood flow/gram of tissue) greatly affecapillary absorption
of small molecules injected im or sc. Thus, injestisite can affect
absorption rate. Absorption after i.m or sc injestimay be delayed or
erratic for salts of poorly soluble bases and aéds., parenteral form of
phenytoin) and in patients with poor peripheralfggon (e.g., during
hypotension or shock).

Controlled-Release Forms; Controlled-release foamns designed to
reduce dosing frequency for drugs with a short ieltion half-life and
duration of effect. These forms also limit fluctioat in plasma drug
concentration, providing a more uniform therapeugffect while
minimising adverse effects. Absorption rate is sdwby coating drug
particles with wax or other water-insoluble materiy embedding the
drug in a matrix that releases it slowly duringnsié through the Gl tract,
or by complexing the drug with ion-exchange resiest absorption of
these forms occurs in the large intestine. Crusbimgtherwise disturbing
a controlled-release tablet or capsule can oftedelngerous.
Transdermal controlled-release forms are designeel¢ase the drug for
extended periods, sometimes for several days. Dfogdransdermal
delivery must have suitable skin penetration chargtics and high
potency because the penetration rate and aregpli¢atpn are limited.
Many non-iv parenteral forms are designed to smspmasma drug
concentrations. Absorption of antimicrobials canesxtended by using
their relatively insoluble salt form (e.g., penicilGbenzathine) injected
im. For other drugs, suspensions or solutions in-aqueous vehicles
(e.g., crystalline suspensions for insulin) aregtesd to delay absorption.

Intravenous administration is most commonly useéma rapid onset of
action and careful control of plasma levels areiireql.

The drug may be given as a bolus injection, sldiwsion or continuous
infusion

Slow infusion is used when excessively high transient plasmeldeare
undesirable (e.g. phenytoi§ontinuous infusionis used when the drug
has a shortik or when its therapeutic index is narrow and sosthi
controlled blood levels are required.

10
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3.4.4 Advantages and Disadvanges Intravenous adnstration
Advantages Intravenous administration
Advantages intravenous administration includes

i. 100% bioavailability

ii. allow for easy measurement of plasma drug concimtrat any
time “t”

iii. Modes of actions is faster

iv. First-pass effects is avoided

Disadvanges include

i require special skills to administer

ii. in case of emergency reversal of effects is alimygbssible
iii. completed dosing regimen with fatal outcome

iv. sepsis, embolism may be complications

V. require aseptic procedure for administration

Other modes drug administration includes;
Topical, inhalational and ophthalmic etc.

3.4.5 Mechanisms of Transport (Absorption)
Transport and the Cell Membrane Transport?

Transport is any process in which movement of enahd / or
energy occurs from one part of a system to anotharsubstance
can cross a membrane, the membrane is said perdpeeableto
that substance, if a substance is unable to passnémbrane is
impermeable to it. The plasma (celll membrane isctigely
permeable in that it permits some particles to passugh while
excluding others. Across the cell membrane witlaoytassistance,
substances can pass through if they are lipid okt if they are
of small particle size.

The small intestine is where the majority of drinp@ption takes place.
The small intestine has:

2 2

A much largesurface area:small intestine = 200 rstomach =1 m

A much betterblood flow (for perfusion rate-limited absorption) small
intestine = 1000 mL/min through intestinal capiltar stomach =
150 mL/min

Betterpermeability: intestinal membrane>stomach

The small intestine, which is molmasic in pH, favours absorption of
weakly basic drugs:

11
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GI tranmsit: Transit time in the small intestine is slower than in the
stomach. Rate of gastric emptying is a controlling step for rapid
absorption

i Transport across Cell Membrane
Following movement into the small intestine, the drug must cross the
intestinal epithelial membrane to reach the systemic circulation. Drugs can

cross cell membranes by: Passive diffusion, Facilitated passive
diffusion and Active transport.

Protein Channel

Inside Cell

Schematic representation of the cell (or plasma)
membrane showing the phospholipid bilayer and
embedded proteins
Figure2: Schematic Representation of the cell membrane showing the
Phospholipid bilayer and embedded Protein (@open source 2019)

Passive diffusion

Drugs diffuse across a cell membrane from a region of high concentration
(e.g., Gl fluids)o one of low concentration (e.g., blooduntil equilibrium
is reached. Diffusion rate is directly proportional to the gradient but also
depends on the molecule's lipid solubility, sizegrée of ionization, and
the area of absorptive surface. Because the cellbrane is lipoid, lipid-
soluble drugs diffuse most rapidly

It also depends on physicochemical properties of the molecule including:
Lipophilicity: Lipid-soluble drugs diffuse most rapidly.

Size: Small molecules tend to penetrate membranes more rapidly than
larger ones.

Degree of ionisation

12
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Theareaof absorptive surface

e
Lipid bilayer i
(cell membrane) |

Intracellular space

TIME B

Figure 3: Schematic Representation of the cell membrane showing
Drugs diffuse across a cell membrane from a region of high
concentration(https://en.wikipedia.org/)

Most drugs are weak organic acids or bases, egigtirun-ionized and
ionized forms in an aqueous environment. The uizéhform is usually
lipid soluble (lipophilic) and diffuses readily @ass cell membranes. The
ionized form has low lipid solubility (but high-weat solubility i.e.,
hydrophilic) and high electrical resistance andsthannot penetrate cell
membranes easily. The proportion of the un-ionifardh present (and
thus the drug's ability to cross a membrane) ierddghed by the
environmental pH and the drugK4iacid dissociation constant). ThKp
is the pH at which concentrations of ionized andiamzed forms are
equal. When the pH is lower than th€apthe un-ionized form of a weak
acid predominates, but the ionized form of a weagebpredominates.
Thus, in plasma (pH 7.4), the ratio of un-ionizeddnized forms for a
weak acid (e.g., with alga of 4.4) is 1:1000; in gastric fluid (pH 1.4), the
ratio is reversed (1000:1). Therefore, when a we@H is given orally,
most of the drug in the stomach is un-ionized, €airg diffusion through
the gastric mucosa. For a weak base wittKaqf 4.4, the outcome is
reversed; most of the drug in the stomach is i@hiZbeoretically, weakly
acidic drugs (e.qg., aspirin) are more readily absdifrom an acid medium
(stomach) than are weakly basic drugs (e.g., que)dHowever, whether
a drug is acidic or basic, most absorption occarthe small intestine
because the surface area is larger and membramasae permeable.

13
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Table 2: Passive diffusion efficiency

Efficient Inefficient

Lipids lonized molecule
Hydrocarbon Carbohydrate
Anaesthetics drut Protein:

Alcohol Ethano

Most drug: Aspirin and Quinidin

Facilitated passive diffusion: Facilitated passive diffusion
requires binding between the drug or molecule with a specific
membrane- embedded channel or carrier proteins. It allows the
entry of specific groups of molecules while excluding others. It is

a passive processMolecules move down their concentration

gradient. Molecules cannot be transported agairtstir t
concentration gradientt is a saturable processThe availability
of carriers limits the process.

o e © Extracellular space
. o) ¢ ) e o
Protein o °
channel o
RRARRR
Cell membrane 0
ololele’e
@ 0 Carrier
o e o S proteins -
o o o ® o

Intracellular space

Figured4: Schematic Representation of the cell membrane facilitated
passive diffuse across a cell membrane (@open source 2019)

vi.  Active Transport: Active transport is a selective process. It
requires a structurally specific transporter to transport drugs of a
certain conformation.

. It requires energy expenditure.

. It can move molecules across the membrane against their
concentration gradient. From a low concentration to a high
concentration

. It is also a saturable process.

14
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Figure 5: Schematic Representation of the cell membrane showing
active across a cell membrane against concentration gradient (@open
source 2019)

Types of Active Transport ‘

Amine Acid —@h
1. Protein Pumps e+
-transport proteins that
require energy to do
work
-Example: Sodium / - ‘
Potassium Pumps Extracellular Tuid &s 2 Inside of Cell
are important in nerve Protein changes

responses. shape to move
molecules: this

requires energy!

Exposure to transporters

Figure 6: showing three types of active transport — Protein pump,

Types of Active Transport

idocytosis &
animations

3. Exocytosis: Forces
material out of cell in
bulk

= membrane surrounding the
material fuses with cell

membrane

Cell changes shape —
requires energy

EX: Hormones or
wastes released from
cell

Endocytosis and Exocytosis (@open source 2019)

3.4.6 Barriers to absorption: An orally administered drug must survive
additional encounters in the systemic circulation. First-pass effect through
the liver and hepatic portal system,

15
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3.5 Bioavailability (F)

Bioavailability (F) describe the rate and concentration (the extent) at
which the. administered drug reaches the circulatiact. It is the
proportion of administered drug available to produce a
pharmacological response.

The drug, its route of administration and its galdormulation determine
the amount of administered dose absorbed into ifoelation. Patient
dependant factors also influence bioavailability.

When the drug is administered orally the bioavdilgbdepends on
several factors:

i Physicochemical properties of the drug and its mgots that
determine its dissolution in the intestinal lumenl s absorption
across the intestinal wall.

ii. Decomposition of the drug in the lumen.

iii. pH and perfusion of the small intestine.

iv. Surface and time available for absorption.

V. Competing reactionén the lumen (for example of the drug
with food).
Vi. Hepatic first-pass effect Orally administered drugs are absorbed

from theGltract and reach théver via the portal circulation. In
theliver they undergo first pass metabolism before they
enter systemic circulation, which decreases tbauaiilability of
the drug. Rectal and sublingual by pass the fiest effects and
the drug is absorbed directly through the blooeash.

Bioavailability can also be determined for othetraxascular routes of
administration such as intramuscular, subcutaneoetal, mucosal,
sublingual, transdermal etc. Sublingual and rectaies are often used to
bypass hepatic first-pass effect. Bioavailabilifynmost small molecular
weight drugs administered i.m or S.C. are perfusae-limited. Large
molecules administered i.m or S.C. enter the blaodart via the
lymphatic pathway.

3.5.1 Clinical implications

When changing the route of administration or thenfdation of a drug,
the dose must be adapted with regard to the regpdumbavailability of

each route. Bioavailability of a drug administenetlavenously is by
definition 100%. Bioavailability is less or equal 100% for any other
route of administration.

16
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3.5.2 Absolute and relative F

The term absolute bioavailability is used when tliection
of absorbed drug is related to its I.V. bioavalili&pi A drug given by the
intravenous route will have an absolute bioavalighof 1 (F=1 or 100%
bioavailable). The term relative bioavailability iused to compare two
different extravascular routes of drug administratbrugs given by other
routes usually have an absolute bioavailabilitjest than one.

Absolute and relative F

100
w
— po

o

o 1'1 8 12 16 20 '_‘.4
' Relative bioavailability: Comparison of

Absolute bioavailability : Assessed with between formulations of a drug given by the same
reference to an intravenous dose with 100% F or different routes of administration

Figure7: absolute bioavailability is the area undeurve (AUC) non-
intravenous divided by AUC intravenous (Roy SK @viddis 2004)

3.5.3 Bioavailability (assessment) Pharmacokinetic study

Bioavailability is proportional to the total areander the plasma
concentration- time curve (AUCYo determine the bioavailability of a
drug, you must carry out a pharmacokinetic (PK) study to obtain a
blood/plasma concentration versus time plot for the drug in question.

The relative bioavailability of drug 1 compareditog 2 can be calculated
using the following equation:

AUC, Dy
T AUC, D

17
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Figure 8: Area under the plasma concentration cur¢aUC)

. Cmax = The peak plasma concentration of a drug after
administration
. Tmax = The time to reach Cmax
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Figure 9: Theoretical Plasma concentration over tean (Roy SK @

Novartis 2004

Cmax =the peak plasma concentration which is the functiorspged and
extent absorptionfmax = the time taken to reach the peak which is a
function of the speed of absorptigtC =the total area under the plasma
curve — a function of absorption

3.5.4 Causes of Low Bioavailability

A number of other factors may affect the absorptiod bioavailability

of a drug taken by mouth. Physiological charactiessnclude, how long
the stomach takes to empty, what the acidity (pHhe stomach is and
how quickly the drug is moved through the digestiaet. Other factors
include a person's age, sex, level of physicaVigtiand level of stress.

18
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Food, other drugs, and digestive disorders carctadieig absorption and
bioavailability. For example, high-fibre foods acalcium supplements
may bind with a drug and prevent it from being abed. Laxatives and
diarrhoea, which speed up the passage of substaihcesgh the

digestive tract, may reduce drug absorption. Satgiemoval of parts of
the digestive tract (such as the stomach or calwey also affect drug
absorption.

3.5.5 Bioequivalence Two proprietary (galenic formulations)
preparations of a drug are said to be bioequivaletitey exhibit the
samebioavailability when administered in equal dosBsequivalence
indicates that the drug products, when given tostume patient in the
same dosage regimen, result in equivalent condemtsaof drug in
plasma and tissuesTherapeutic equivalence indicates that drug
products, when given to the same patient in theeséwmeage regimen, have
the same therapeutic and adverse effects. Biodguiv@roducts are
expected to be therapeutically equivalent. Therapawn-equivalence
(e.g. more adverse effects, less efficacy) is gdacovered during long-
term treatment when patients who are stabilisedrmn formulation are
given a non-equivalent substitute. Bioequivalence;

i It can provide useful information about the:

ii. Dosage or dosage regimen of a given drug

iii. Performance of a drug formulation compared to other
formulations

iv. It is quoted as a percentage (43%) or a decimdBjGand has no
units.

V. Intravenous (1V) administration equals 100% biokakility.

Vi. For a non-IV dose, F ranges from 0 to 100%.

Table3: Variation of drug Bioavailability

Drug Foral (5)
Gentamycil <5
Verapami 22
Lignocain 35
Digoxin 75
Phenytoil 98
Valproate 10C

3.6 Elimination Half-Life

The half-life (&) of a drug is the time taken for the circulating
concentrations of the drug to fall by 50%. By difom, the plasma
concentration of a drug is halved after one elimamehalf-life. Therefore,
in each succeeding half-life, less drug is elimédaiAfter one half-life the
amount of drug remaining in the body is 50% afteo half-lives 25%,
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etc. After 4 half-lives the amount of drug (6.25%)considered to be
negligible regarding its therapeutic effects.

A concentration-time curve (figure... below) can benstructed by
administering the drug intravenously and removihgo8 for assay at
frequent intervals. With most drugs, the curve &rangth line when the
concentration (vertical axis) is expressed on aflitigmic scale, enabling
112to be determined easityomplete drug elimination occurs in 4-5 half
lives. After that drug will reach steady state concentration in the plasma.
(Drug administered=drug eliminated)

Log Concn.

Time

ITimo to eliminate ~ 4 t,.-zl

Figurel0: Time to elimination half life (Roy SK @ ®Vartis 2004
=1-50%
=2-75% (50+25)
=3-87.5% (50+25+12.5)
=4-3.75% (50+25+12.5+6.25)

The half-life can be calculated with the followirfigrmula: t 1/2 =
0,693+Vvd/CL

Where Vd is the volume of distribution at the steathte, and CL is the
clearance.

Importance:

i. it denotes how quickly a drug is removed from the plasma by
biotransformation or excretion.

ii. Since drug requires a minimum concentration in the plasma to
produce pharmacological action, a drug which is eliminated
quickly requires more frequent dosing than a drug with a long
half-life.

20
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iii. It thus indicates the duration of action of drugl gherefore it
determines the frequency of administration of dufstne drug for
therapeutic effectiveness.

iv. The half-life of a drug depends on its clearanag\aiume of
distribution. The elimination half-life is considel to be
independent of the amount of drug in the body.

3.6.1 Therapeutic window

Therapeutic Window: Therapeutic window is a range of doses that
produces therapeutic response without causing mmjfisant adverse
effect in patients.

Generally therapeutic window is a ratio between imim effective

concentrations (MEC) to the minimum toxic concetira (MTC). The

levels of drug should always be between MEC and Mi@rder to

provide risk free therapeutic effects. If any dangsses MTC then it will
surely elicit toxic effects and if drug is unabbesurpass MEC then it will
cause therapeutic failure. MEC is also called asirmim inhibitory

concentration (MIC).

wy g
= -
R=] Peak of effect Side-effect
=
o e J e A dve rse response
=
S
e Therapeutic window
S
g -— a2~ Desired response
S Duration of action —
O It
O
o
Time

Figure 11: Therapeutic window (@ medimoon.com 2018)

Therapeutic Index

Therapeutic index (TI) describes a relationshipveen the doses of a
drug that causes lethal or toxic effects with tbsedthat causes therapeutic
effects. It is also called as therapeutic ratio.
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Figure 12: Showing Therapeutic index (TI) (@ medimo.com 2018)

Therapeutic Index = TD50 or LD50
ED50
Where

LDsois the minimum amount of drug that causes adveffeets in 50%
of the population. D50 could also be replaced with Toxic dose 3D
EDso is the quantity of a drug that can produce dedinedapeutic effects
in 50% of the population. Such types of studiesusally conducted in
animal models.

The higher theTl the better the drugll’'s vary from 1.0 (some cancer
drugs) to: >1000 (penicillin). Drugs acting on tzene receptor or enzyme
system often have tteameTl : (e.g. 50 mg of hydrochlorothiazide about
the same as 2.5 mg of indapamide)

Ideally any drug that requires more amount to pecedioxic or adverse
effects in 50% of population will have wider theeagic index and vice
versa. Drugs having wider therapeutic index arersif comparison to
those having low therapeutic index because mindatification in the dose
of such drugs (aspirin, acetaminophen) will notdorce toxic effects.

For examples NSAIDs have wider therapeutic inded amrfarin has
narrow therapeutic index as it has therapeuticxrdss than two. Some
common potent drugs having low therapeutic indeigokin, Lithium,
Warfarin, Theophylline, Phenytoin, Gentamicin, Arogdricin B and 5-
fluorouracil etc.

22



PHS 810 MODULE 1

3.6.2 Steady-State Concentrations

Steady-state concentration:Steady-state concentratio@s§ is defined
as the time during which the concentration remabable or consistent
when the drug is given repeatedly or continuouhirffusion). The time
to reach steady-state is a functiorTgfand is achieved when the rate of
the drug entering the systemic circulation equiaésrate of elimination.
For most drugs, th€ssis reached in approximately five half-lives. The
time to reach steady-state is independent of dasedosing interval, and
number of doses.

In case of multiple dosing, when a drug is adméned in a fixed dose at
fixed intervals, the plasma concentration increasgsonentially to a
plateau or steady-state with a half time of inceghat is equal to the,, of
the drug. As indicated previously, 50% of the syesidte level is achieved
in oneTy, 75% (50+25) is achieved in two, 87.5% is achieiwethree,
and more than 99% is achieved in seven half-liiregractice, a useful
estimate of time to reach a steady-state is oldalme the following
equation: ¥2Time to 95% steady-state = 4.3xt%2

Four half lives to reach steady state

Figure 13: Steady state giving after every halfdif (Linear PK
Example.png 2014)

Therefore, the shorter the half-life, the more dapithe steady-state is
reached, and vice versateady-state occurs after a drug has been given
for approximately five elimination half-lives. Ateady-state the rate of
drug administration equals the rate of eliminatiamd plasma
concentration - time curves found after each dbeeld be approximately
superimposable.
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Steady state pharmacokinetics are important fasrgbally administered
drug products. Understanding the basic concepttidatig reaches steady
state once the rate of drug input and eliminatiom equivalent helps
simplify the concept of steady state.

3.7  Drug Distribution

Drug distribution describes the reversible transfera drug from one
location to another within the body. After a drugters the systemic
circulation, it is distributed to the body's tissue

3.7.1 The factors determining the pattern of distibution:

Distribution is generally uneven because of diffiees. The factors
determining the pattern of distribution are the

i. tissular delivery of drug by blood,

ii. the ability of the drug to cross membranes,

iii. the binding of drug with blood and tissues compasefe.g.,
because of lipid content),

iv. its partitioning between water and fat, and

V. Its ability to undergo active transport throughl-ceémbrane
carriers (e.g. P-glycoprotein).

After the drug reaches the bloodstream, it isafiitidistributed in the most
vascularised organs.

The entry rate of a drug into a tissue dependfiemdte of blood flow to
the tissue, tissue mass, and partition charadteribetween blood and
tissue. Distribution equilibrium (when entry andteates are the same)
between blood and tissue is reached more rapidhicity vascularised
areas, unless diffusion across cell membraneseigate-limiting step.
After equilibrium, drug concentrations in tissuesl @n extracellular fluids
are reflected by the plasma concentration. Metaboéind excretion occur
simultaneously with distribution, making the pragedynamic and
complex

Table 4: Blood flow to tissues: Good blood supplsivital for efficient
drug delivery.

Organ Blood flow| Organ Blood flow

ml/min mass/kg | ml/min
Cardiac outpt | 5,60( - -
Myocardiun 25C 0.5 832 Highly
Liver 1,70C 2.5 68C Perfused
Kidney 1,20( 0.3 4,00(
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CNE 80C 1.3 61F

Fal 25C 10 25 Slowly
Other (Muscle 1,400 55 25 perfused
etc)

Total 69.4

i. Plasma protein binding: A drug's efficiency can be affected by the
degree to which it binds to the proteins in the blood. The drug binds to
specific sites on plasma proteins, which results in sequestering of the drug,
making it unavailable to its site of action. Competition for plasma protein
binding sites can sometimes occur when another drug is given in
combination with your drug of interest, resulting in displacement of the
drug and increasing its unbound concentration in the blood plasma. Such
competition can be very significant clinically

Free Q e Biological Effect
11

Bound :i
Figure 14: demonstrating competitive Plasma protein binding (Roy SK

@ Novartis 2004

Consider the anticoagulant Warfarin as an example. It is approximately
98% protein-bound. So, for each 5 mg dose, only 0.1 mg of the drug is
free. The patient takes a normal dose of aspirin at the same time, which
occupies 50% of binding sites; the aspirin displaces some of the Warfarin.
If 96% of the Warfarin dose is protein-bound, 0.2 mg of Warfarin is now
free. The dose has been effectively doubled.

Common blood proteins: Common blood proteins that drugs bind to are:

Human serum albumin: Most concentrated protein in blood plasma:
Acidic drugs

-al — acid glycoprotein: Basic drugs
a, B, and y globulins: Steroid hormones
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Drug binding to plasma proteins is generally reNsesand rapid. *The
extent of binding is determined by quantifying free drug fractionf(i).
The extent of binding can vary widely among drugsisma albumin:
This table shows examples of the extent of plashhangin binding to
various drugs. The unbound fraction of some drsgdeipendent on the
concentration of plasma proteins and can be alteréisease states that
produce hypoalbuminemia. An example of this typdrof is phenytoin

Table5: Showing examples of the extent of plasmalkalmin binding to
various drugs

Acidic Drugs % Bound Basic Drugs
Ibuprofen 100% Diazepam
Warfarin Methadone
Aspirin Erythromycin
phenobarbitone Pethidine
Ampicillin < 50% Theophylline

i Volume of Distribution

The volume of distribution (Vd), or apparent voluofedistribution, is: A

theoretical volume that the total amount of drumamistered would need
to occupy to provide the same concentration asaadoplasma. It is not
a physical volume, nevertheless, the volume ofitligion of a drug gives
information on its distribution in the body.

The Vd is calculated as the ratio of the dose priteisethe body and its
plasma concentration, when the distribution of thag between the
tissues and the plasma is at equilibrium.

An equilibrium concept that relates the amountrofhdn the body (A) to
either the plasma or blood concentration (@):= D/C

Example: A patient is administered an intravenous analgasadose of
75 mg. A few minutes later, a blood sample is tadketh the concentration
of the analgesic in the blood is 0.6%/mg. What is the volume of
distribution (in litres) of the analgesic?

Vd =D/C =75mg / 0.6ng/mg = 75,00Qug / 0.65ug/mg = 115,385 ml =
115.4 litres
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Accordingly, a drug that accumulates in tissues.gsfat tissue, will have
a relatively low plasma concentration with regandtie administered
dose, and consequently, the calculated Vd williga.h

Volume of distribution provides little informatioabout the specific
pattern of distribution. Some drugs cannot ent#s because of their low
lipid solubility. Interstitial fluids of most tis@s, drug distribution rate is
determined primarily by perfusion. For poorly pedd tissues (e.g.,
muscle, fat), distribution is very slow Vd (12-2] especially if the tissue
has a high affinity for the drug

Drugs with a very small Vd (<10 L) are mainly cowd to the
intravascular fluid, thus the blood, correspondiogroughly twice the
plasma volume. This may occur for two reason 1. iffwdecule is too
large to leave this compartment and 2. The molebinds preferably to
plasma proteins (e.g. to albumin) and much lesgidsue proteins.
Competition for plasma protein binding sites carcuncbetween such
drugs or with endogenous substances.

Drugs that accumulate in organs either by actigegport or by specific
binding to tissue molecules have a high volumeigtfithution, which can

exceed several times the anatomical body volumerefare, Vd should

not be identified too closely with a particular toraical compartment.

Lipid-soluble drugs are stored in fat. Bone is sergoir for drugs such as
tetracycline and heavy metals.

Distribution coefficient: measure of hydrophobiditydrophobicity of a
drug C (drug concentration in the organic solve@tjfirug concentration
in water.

Table6: Showing each drug is uniquely distributedn the body

Volume of distribution

High Low
High lipid solubility (non- polar’ | Polal
Low rates of ionizatio More highly ionise
Low plasma binding capabiliti | High plasma bindin

Volume of distribution can be: Increased by remdufe or liver failure,
Decreased in dehydration.

Real water distribution: The body is composed of 'real
compartments that contain ‘real’ volumes of fluid:
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Table 7: Distribution of Water in the Body for a 7Gkg Person

Compartment Volume (V) Percentage (%)
Total body water (TBW | 42 60

Intracellular Fluids (ICF | 28 40

Extracellular Fluids (ICF | 14 20

Interstitia 10 15

Plasmi 4 0
Examples

Heparin: High molecular weight drug binds to plasma proteins
extensively, and volume of distribution of aboulitdes. This correlates
very well with the plasma volume. Such volume dftidbution for this
drug is considered a 'real' volume. The volume pigsu'real space ‘in the
plasma volume. Heparin unable to transport otit@fvascular system.

Atracuronium: Neuromuscular blocking agent of low molecular weigh
drug but is hydrophilic. Its volume of distributiaf about 11 litres. This
is equivalent to the volume in the extracellulampartment of the body.
A very polar compound, Atracuronium is unable @nsport across cell
membranes and therefore remains in the extraceflulds.

The majority of drugs, which bind strongly to tissy have volumes of
distribution higher than total body water. A mingrof drugs that diffuse
to intracellular fluid have a volume of distributicquivalent to TBW
volume

Table8: Example of drug variation in drug Vd

Compound Volume/Litres

Ethano 38

Caffeine 36

Alfentanyl 56

Fentanyl (Anaesthetic 28C

Propofol (Anaesthetic 56C

Digoxin (Cardiac drug: 36E

Drug Volume | Location

Aspirin 9.8 Located mainly in
Amoxycillin 14 plasma, little in tissues
Theophylline 35 Similar concentration i
Diazepan 10¢E plasma and tissues
Digoxin 49C Mainly located in tissug
Haloperido 1,75(C very little in plasma
Values in litres for an average 70kf ai
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Clinical usefulness of drug distribution

i. The volume of distribution reflects the size of tHistribution
space, thereby giving you an idea of the localigatif the drug in
the target organ.

ii. With a large volume of distribution, you will neachigher dose to
load.

iii. With a low volume of distribution, you will needlawer dose to
load.

iv.  The volume of distribution is useful in estimatithg dose required
to achieve a given plasma concentration as A ¥@ with A =
amount of drug in the body (dose, shortly after administration)
and C = plasma concentration.

V. Gives us idea of variation of the peak plasma coinadon of the
drug. This is important when peak plasma conceatrég essential
for the therapeutic effect (e.g. hypnotics). Drugsabge must be
adapted to the Vd for such drugs.

Vi. Vd varies with individual height and weight. The shamportant
causes of variation of Vd are accumulation of fat (jpid-soluble
drugs) such as for obese patients, or accumulatidtuids (for
water-soluble drugs) such as ascites, oedema arapleffusion.
As the proportion of each body compartment variéh wge, so
does the Vd for most drugs.

3.8  Drug Metabolism (Biotransformation)
3.8.1 Introduction

Metabolism (biotransformation) is a process by \Wwhiougs are converted
into more polar forms through a series of enzymaiictions. This serves
to increase the renal elimination of the substatite, usually, but not
always, results in a less toxic form of the substaiihe metabolites might
still have potent biological activity (or might hewtoxic properties). An
inactive or weakly active substance that has ameantetabolite is called
a prodrug. Is the main mechanism of drug elimimatiovolving the
enzymatic conversion of one chemical entity to haptvithin the body?
Occurs predominantly in the liver. Results in metdbs that are more
polar than the parent drug and that can be exclgtelde kidneys
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Example of Metabolism
Barbital: It is water soluble and after metabolism, is exauletnchanged.
Theoretical and measured half-life of 55-75 hours

i
L s L i
e i =R
C o= =
L s

=E arbbait=al

[ e e >
R
He oo Ery=mrE it =l
Figure 15: Metabolism of Barbital to Kxobarbital

Hexobarbital: A Lipophilic drug is metabolised. Its theoreticallflife
of 2-5 months, while measured half-life of 5-6 h&ur

3.8.2 Sites of metabolism:Metabolic enzymes are located in many
different tissues and usually reflect tissues wathhigh exposure to
xenobiotic. These include tissues of the Liver, gsifNasal mucosa, Eye
and - Gastrointestinal tract (GIT). The main sitebimtransformation is
theliver because of its size and concentration of enzymes.

3.8.3 First-pass elimination:Many xenobiotics are absorbed from the
GIT by the liver and metabolised then. This is desd to prevent high
levels of orally ingested xenobiotic reaching ciation. However, this
first-pass metabolism can limit the bioavailabiligf some drugs.
Alternative routes of administration avoid the ffipgss effect. Notable
drugs that experience a first-pass effect includgiamine, morphine,
diazepam, demerol, cimetidine and lidocaine.

3.8.4 Cytochrome P450 Classification
Cytochrome P450:Cytochrome P450 (CYP) is a haemoprotein that plays
a key role in the metabolism of drugs and other okéstics.

Understanding the CYP system is essential for athdrpractitioners
(APs), as the consequences of drug-drug interactian be profound.
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Cytochrome P450s are classified by amino acid honaay of the genes.

Cytochrome P450 pathways are classified by sirgiggie sequences; they
are assigned a family number (e.g., CYP1, CYP2)ardbfamily letter
(e.g., CYP1A, CYP2D) and are then differentiatedabgumber for the
isoform or individual enzyme (e.g., CYP1Al, CYP2D&hose with <
40% homology are put into separate families, witmbers as identifiers.
Those with 40-55% homology have different sub-fasibnd are given
letter names. Those with > 55% homology are memifeasdifferent sub-
family. These are given numbers as identifiers.

Drugs that share a common pathway have the poltdatiadrug-drug

interactions. The classification of CYP proteindl we the APs first hint
of the potential for drug interactions. Not all gsuhave CYP activity.
However, drugs with CYP activity may be inhibitorsiducers, or
substrates for a specific CYP enzymatic pathways thltering the
metabolism of concurrently administered agents.gBrthat inhibit an
enzymatic pathway of CYP may cause increased caratiEms of other
drugs metabolised by the same pathway, resultinglrirg toxicity.

Likewise, drugs that induce an enzymatic pathwaf¥P may reduce
concentrations of drugs metabolised by the santengat, leading to sub
therapeutic drug levels or treatment failure.

Role of sub-families: There are 74 families but only 17 families in
humans and there are approximately 57 CYP genesimportant sub-
families involved in drug metabolism are: CYP1A &&dP1B, CYP2A-
D. CYP3A.

Found in every class of organism, including Archdea example, CYP1,
CYP2 and CYP3 are found in the microsome and arehied in drug
metabolism and CYP4 is found in the microsome gunvolved in fatty
acid metabolism. The p450 superfamily is believechave originated
from ancestral gene that existed over 3 billionrgeago. In humans, they
play central role in Phase 1 drug metabolism, §iarit problems in
clinical pharmacology, drug -drug interactions ehindividual variation
in drug metabolism and Genetic polymorphism resgltin marked
metabolic activity e.g. CYP2D6

CYP structure: Cytochrome P450s are haem-containing proteins. They
usually require a second enzyme for catalytic égtiv something that
provides electrons. In the endoplasmic reticulunR)(Eor primary
metabolic enzymes, this is NADPH-cytochrome P456uctase. In
mitochondria, the second enzyme is ferredoxin anafloxin reductase.
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Figure 16: CYP structure (Roy SK @ Novartis 2004

The most common reaction catalysed by cytochromdS0Pis a
monooxygenase reaction, e.g., insertion of one atboxygen into the
aliphatic position of an organic substrate (RH) leshthe other oxygen
atom is reduced to water:

. RH + O2 + NADPH + H+ ROH + H20 + NADP+

3.8.5 Stages in Metabolism

i Phase I

Introduces or exposes a functional group. — OH, - NH2, - SH and -
COOH.

Only slightly increases polarity

There are three types of Phase I reaction: Hydrolysis, Oxidation and
Reduction

Many Phase I products are not efficiently eliminated and may require a
second conjugation reaction by Phase II enzymes to form a highly polar
conjugate that can then be excreted in the urine.

CYP oxidation reactions involve;

i. Hydroxylation (aliphatic or aromatic carbon)

ii. Epoxidation of double bond
iii. Heteroatom (S-, N- and I-) oxygenation
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Vi.

Vii.

Heteroatom (O-, S-, N-, Si-) dealkylation
Oxidative group transfer

Cleavage of esters

Dehydrogenation

Phase Il metabolism

Phase Il drug metabolising reactions are synthatiabolic reactions that
involve conjugation whereby another molecule iseatlth the drug such
as Glucuronidation, Sulfation, Acetylation, Methylatio, Glutathione
conjugation and Amino acid conjugationThese are primarily cytosolic
reactions, and are much faster than Phase - lioeact

Vi.

Vii.

Glucuronidation: Glucuronidation is the most common Phase I
reaction. It is mediated by UDP-glycotransferasBequires
uridine diphosphate-glucuronic acid as a co-factor.

Substrates include: Aliphatic alcohols and pher@&rboxylic
Acids Secondary aromatic and aliphatic amines

Glucuronides: The resulting glucuronide conjugates of drugs are
secreted in bile or urine depending on their mdicweight.
Those of low molecular weight are excreted in uriiereas those
molecules of high molecular weight are excretelilie It is a very
important reaction, particularly for drugs suchfsetaminophen,
Morphine, Propranolol, Diclofenac and Lamotrigine

Sulfation: Sulfation is described as a higher affinity but éow
capacity reaction than glucuronidation. It has Einsubstrates to
glucuronidation and is catalysed by sulfotransfesa3he reaction
requires the co-factor, 3’-phosphoadenosine-5’-phosulfate
(PAP), which is the reason for the low capacityhig reaction, that
is, the limitation of PAP.

Sulfate: The sulphate conjugates are excreted in the uritde
Sulfation can activate some carcinogens, such faslesaMany
drugs are sulphated: Acetaminophen, Chlorampherimmgamine
and Ethanol.

Methylation: Methylation is a relatively minor reaction thateoit
decreases water solubility. It is mediated by miathysferases,
with the best-known being Catechol-O-methyltraresfes. The co-
factor is S-adenosylmethionine. Methylated drugsluide:
Catecholamines, Captopril, and Azathioprine.

N-acetylation: N-acetylation is another major conjugation
reaction, particularly for: Aromatic amines, Hydrez It is
mediated by N-acetyltransferases (NAT). The coefiaid acetyl-
coenzyme A. This can also decrease water solubilitgre are two
enzymes involved, NAT1 and NAT2.
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Table 9: Major Enzymes involved in Acetylation
N-acetyltransferases (NAT)

NAT1 preferentially conjugat NAT2 preferentially acetylat:

p-Aminosalicylic acic Isoniazic

Sulfamethoxazo Dapson

Slow acetylation: NAT2 contains a number of polymorphisms that can
decrease the rate of acetylation. Individuals wkgress this phenotype
are known as slow acetylators. ~70% incidence iadié East, 50%
incidence in Caucasians, and <25% in Asians. Slostytators have an
enhanced response to hydralazine (anti-hyperténsigancreased nerve
damage from isoniazid and dapsone

Xenobiotic activation: Cytochrome P450s biotransformation can lead to
activation of some toxins and carcinogens. In soases, the activation is
desirable because it produces the active agentdrpm-drug.

Other CYP reactions: CYP450 enzymes can be induced or inhibited by
many drugs and substances, resulting in drug ictierss in which one
drug enhances the toxicity or reduces the therapeffect of another
drug.

3.8.6 Mechanisms of enzymatic Processes Drug Metdism
The mechanisms are brought about by enzymatic Bsese

i. Enzyme inhibition
ii. Enzyme induction
iii. Auto Induction

It should be noted that p450 Induction is not laditto drugs as other
substrates such as, grapefruit juice can inhibitP@X4 mediated
metabolism. Alcohol, chronic cigarette smoking, anén charbroiled
meats can induce hepatic CYP450 enzymes

i. Inhibition of CYP: Inhibitors of CYP450s include: Cimetidine,
Ciprofloxacin, Erythromycin, Fluoxetine etc. Inhibin can lead to
adverse drug reactions due to altered metaboliswwener,
inhibition is typically reversible depending on thalf-life of the
drug and can be used to increase bioavailability afrug, for
example: Ritonavir inhibits CYP3A enzymes, Saquinais
metabolised by CYP3A. A combination of ritonavidaé®aquinavir
is synergistic in HIV. Inhibition can be due tmamber of factors
including:

Competition for a CYP between two substrates
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Competition with a non-substrate inhibitor e.g. @nazole and
diazepam compete for CYP2C19, CYP2D6 metabolises
dextromethorphan and is inhibited by quinine, Cekdr inhibits
CYP2D6, and Grapefruit juice inhibits CYP3A enzymes
Substrates that can also be converted to a suickdbitor e.g.
Erythromycin inhibits CYP3A4, Furafylline inhibi8YP1A2, and
Trienoic acid inhibits CYP2C9.

Terfenadine is a non-sedating H1 antagonist.lteésatmlised to an
active agent by CYP3A4. This active metabolite duatscross the
blood-brain barrier (BBB). Azole antifungals and cra@ide
antibiotics inhibit CYP3A4.This results in incredsglasma levels
of terfenadine. Terfenadine blocks cardiac K+ clegsmnThis can
result in torsade de pointes and even ventriculaythmias.

Table10: Examples of Common Drug-Drug Interactiongnvolving the
Cytochrome P450 Enzyme System ({@nch, T.et al 2007)

CYP

Drug substrate Inhibitor Inducer

1A2

Paracetamol Furafylline Smoking,
(Acetaminophens) charred foods
caffeine,
odansetron,
Phenacetin
tacrine, tamoxifer
Theophylline

2A6

Coumarin, Dicarb sodium
Caffeine (Diethyldithiocarbamatt

2C9

Diclofenac. Sulfapenazole Barbiturate,
Flurbiprofen, rifampicin
losartan, (rifampin)
phenytoin,
Piroxicam, acid
Tolbutamide

2C19| Diazepam, (S)

Mephenytoin,
omeprazole,
entamidine,
Propranolol (R) -
Warfarir

26D

Defuralol, Quinidine
codeine,
debrisoquine,
haloperidol,
nortriptyline
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2E1 | Paracetamol, Dicarb Sodium Alcohol,
enflurane, (ethanol)
caffeine, isoniazid
chlorzoxazone,
theophylline

3A4 | Clarithromycin, | Gastrodne ketoconazo| Barbiturate,
dapsone, itraconazole Rifampicin,
Indinavir, codeine dexamethasone,
midazolam, carbamazepineg

cyclosporine,
erythromycin,
Nifedipine
Felodipine,

[ Commented [U1]:

diazepam,

verapamil,
Loxatan, quinidin

ii. Induction of CYP: Some drugs can enhance the expression of
some CYP enzymes. This can be beneficial becaudgction
increases the pool of enzyme available to catadyseific drug
metabolising reactions. However, other drugs camb&bolised
much more rapidly than would be anticipated. Thiesinot cause
a toxic effect but results in sub-therapeutic lewaldrugs, such as
oral contraceptives.

Mechanism of induction is cytosolic receptor mediated: CYP1A and
AhR (dioxin), - CYP2B and CAR (phenobarbital), CYP3A and PXR
(rifampin), CYP4A and PPAR (clofibric acid) and Activation of the

receptors leads to gene induction and increasedAiRdduction.

iii. Autoinduction: Polymorphisms: Polymorphisms in the CYP
family are considered to have the most impact lum fate of
therapeutic drugs.

Functions

i. To function within phase, | Liver Detoxification

ii. To detoxify xenobiotic sources of toxicity, chenigaalcohols
and carcinogens, converting them into water argjex

iii. To assist endogenous sources of waste such astiilir

iv.  To assist in the synthesis of Vitamin D

For hormone synthesis: To effectively convert chteml into

pregnenolone which then gets converted into otha@mbnes like
oestrogen, testosterone, cortisol and DHEA.
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For the synthesis of bile and bile acids, which aeeessary for the
assimilation of fat-soluble vitamins. Bile also t@ins many of the toxins
conjugated in the liver, which then get dumped thibowels for proper
elimination.

3.8.9 Consequences of Metabolism (biotransformatin

The end product can involve
Active drug to Inactive metabolite: Pentobarbiton&orphine,
Chloramphenicol

Active drug to Active metabolite: Phenacetin
Inactive drug to active metabolite: Levodopa
Prodrugs: Inactive drug is converted to active metabolite

Advantages:

i Increased absorption

ii. Elimination of an unpleasant taste
iii. Decreased toxicity

iv. Decreased metabolic inactivation
V. Increased chemical stability

Vi. Prolonged or shortened action

3.9 Rug - Drug Interactions

A drug interaction occurs when a drug interferes imegative way with

another drug or medical condition. These interastican occur between
two drugs, by combining medications with particflaods or drinks, or

by a drug interfering with another medical conditidt does not only

happen with prescription drugs, it can happen vaitter the counter

medications, vitamins and supplements, and illsghbktances.

The objectives of a drug interaction study are to

i. Explore if a new agent significantly affects the tatmlic
elimination of approved drugs and vice versa

ii. Determine if any interactions are clinically sigo#nt to
necessitate dose adjustment, warning or conti@tidn.

iii. Understand dose adjustments or how to avoid iniergcmay
allow marketing for drug that otherwise been asded with
unacceptable level of toxicity.
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3.9.1 Types of Drug Interactions
Two types of drug interactions

Pharmacokinetic (ADME) interactions: A drug usually alters
absorption, distribution, protein binding, metabpoii or excretion of
another drug.

Pharmacodynamic drug interactions: Pharmacodynamic drug
interactions occur when one drug alters the seitgithr responsiveness
of tissues to another drug by:

i. Having the same effect (agonistic)
ii. Blocking effect (antagonistic)

For example, if fluoxetine is given with tramadetatonin syndrome can
result. This is apharmacodynamic drug interactiorkluoxetine and
tramadol both increase availability of serotoniadieg to the possibility
of “serotonin overload” This happenwithout a change in the
concentrationof either drug)

These effects usually occur at the receptor lewdl rhay also occur
intracellularly and can occur in one or 6 ways.

3.9.2 Pattern of Drug-Drug interactions: 6 patterns

i. Patternl: An inhibitor is added to a substrate Payoxetine is
added to nortriptyline, leading to an increasehia nhortriptyline
blood level.

ii. Pattern 2: A substrate is added to an inhibitortfifmyline is added
to paroxetine, leading to a higher than expectemdllevel of
nortriptyline at a given dose

iii. Pattern 3: An inducer is added to a substrate @zabapine is
added to be haloperidol, leading to a decreashdrhaloperidol
blood level.

iv. Pattern 4. A substrate is added to an inducer Hgidpl is added
to carbamazepine, leading to a lower than, expduteatl level of
haloperidol at a given dose

V. Pattern 5: Reversal of inhibition. An inhibitor aadubstrate have
been stably co-administered and then the inhiltdiscontinued.
E.g. Cimetidine is discontinued in the presencenatriptyline,
leading to a decrease in the nortriptyline bloaatle

vi. Pattern 6: Reversal of induction. An inducer arglibstrate have
been stably co-administered and then the inducdisontinued.
E.g. a patient on clozapine abruptly discontinueslsng, leading
to an increase in the clozapine blood level
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3.9.3 Clinically significant interactions

Clinically significant interactions are often pretdible and usually
undesired.

Therapeutic effects

i. Co-administration of the two anti-retroviral drudspinavir and
ritonavir, to patients with HIV infection resultsn ialtered
metabolism of lopinavir and increased serum loginav
concentrations and effectiveness.

ii. Lopinavir/Ritonavir is now marketed as a fixed desenbination
drug for the treatment of HIV infection, combinifapinavir with
a sub-therapeutic dose of ritonavir. Kaletra (hiigteme countries)
and Aluvia (low-income countries)

Table 11: Showing detail description and effects adrug interaction
(@Lynch, T.et al 2007)

Interacting Drug | Findings and| Recommendations/Com
Mechanism off ments
Interaction
Amiodarone Increased risk fg Do not exceed 40 m
myopathy/rhabdomy lovastatin  or 20 m
olysis due t¢ simvastatin.
decreased metabolig Consider limiting
of atorvastatin atorvastatin dose.
lovastatin, an( Fluvastatin is primaril
simvastatin. metabolisecby CYP2C9
Amiodarone is Amiodarone ca
CYP3A4 ang potentially decrease sit
CYP2C9 (moderatd metabolism.
inhibitor Consider usin
pitavastatin, pravastati
or rosuvastati
Azole Antifungals| Posaconazole, Hold lovastatin  an
Fluconazole, Voriconazole. simvastatin  during th
Itraconazole Decreased course of itraconazol
Ketoconazole, metabolism o ketoconazole, q
Nizoral, atorvastatin, Posaconazole treatment.
fluvastatin, lovastatiry Consider reducin
and simvastatin. lovadatin or simvastati
ltraconazole, dose when used wi
ketoconazole, al Voriconazole. Hold
atorvastatin _ during th
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strong CYP3A4 course of itraconazo
inhibitors. treatment.

Fluconazole is Consider reduce

moderate  CYP3A| atorvastatin dose if us

and CYP2CY with ketoconazole, ¢

inhibitor Voriconazole. Use
caution when cOo-
administering fluconazo
with atorvastatin
lovastatin, simvastatin,
fluvastatin. Limit
fluvastatin dose to 20 m
twice daily. Consider
fluvastatin, rosuvastati
or pravastatin rather th
lovastatin, gnvastatin, o
atorvastatin with
itraconazole o
ketoconazol

Cimetidine Decrease in TGHf atorvastatin TQ
lowering effect o] lowering effect no
atorvastatin fron satisfactory, use anoth
34% to 26%. Hz-antagonist.

No data for rosuvasta

Colchicine Increased risk ¢ Use combination wit
myopathy/rhabdomy caution/clinical
olysis with| monitoring
atorvastatin,
lovastatin, an
simvastatin.

Colchicine is a P-
glycoprotein
inhibitor.

Glyburide Increased glyburid Monitor  response {
levels due t¢ glyburide with fluvastati
fluvastatin inhibiton| 80 mg
of CYP2C9.

Increased levels
fluvastatin  due t
competition fo
CYP2C¢

Grapefruit/Grape | Increased risk fg Experts suggest avoidi

fruit Juice myopathy/ grapefruit with
rhabdomyolysis du atorvastatin, simvastati
to decrease and lovastatin.
metabolism 0
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atorvastatin, Consider using
lovastatin, an( pravastatin, rosuvastat
simvastatin. or Fluvastatin
Grapefruit juice
inhibits CYP3A4 an
P-glycoproteit

Macrolide Increased risk fg Lovastdin and
Antibiotics myopathy/rhabdomy simvastatin should be he
Clarithromycin olysis due t¢ during treatment wit
(e.q., Biaxin,| decreased metabolig these macrolides.
generics) of atorvastatin Do not exceed atorvastal
Erythromycin lovastatin, an( 20 mg with
simvastatin. clarithromycin. Alsq
consider cautious dosi
with erythromycin. Us
azithromycin if treatmer
with a macrolidg
antibiotic is unavoidabl
(consdered less likely t
interact).
Nefazodone Increased risk fg Hold lovastatin  an
(U.Ss. only, myopathy/rhabdomy| simvastatin during
generics) olysis due t( nefazodone use.
decreased metabolig Atorvastatin dos
of atorvastatin reduction recommended.
lovastatin, an( Consider fluvastatin
simvastatin. pravastatin, o
Nefazodone is strorn rosuvastatin
CYP3A4 inhibitol
Phenytoin Increased phenyto| Monitor phenytoin level
(Dilantin, generics) levels due t¢ with fluvastatin initiation
fluvastatin inhibitior] or dosag
of CYP2CO9. change.Fluvastatin do
Increased levels ¢ adjustment not necessa
fluvastatin  due t
competition fo
CYP2C9
Protease Increased risk fg Do not use protea
Inhibitors myopathy/rhabdomy inhibitors with lovastati
Darunavir olysis due t( or simvastatin.
Fosamprenavi, decreased metaboli§ Do not exceed atorvasta
Indinavir of atorvastatin 20 mg with
Lopinavir/Ritonavi| lovastatin, an( saquinavir/ritonavir,
r, simvastatin. darunavir/ritonavir,

Ritonavir

fosamprenavir/ritonavir,
or boceprevi
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Saquinavir These antivirals al Do not exceed 40 n
strong CYP3A4 atorvastatin with
inhibitors. nelfinavir.

Use lowest necessary d(
of  atorvastatin  with

atazanavir, indinavi
lopinavir/ritonavir,  an(
ritonavir.
Rifampin Dual mechanisn| Give rifampin ang
rifampin inducey atorvastatin

CYP450 enzymes b| simultaneously.
inhibits some norn-Limit pitavastatin dose {
CYP450 elimination 2 mg with rifampin
pathways.
Simultaneous
rifampin/atorvastatin
administration
increase

Warfarin Potential increase | Monitor INR  closely
INR due to decreas¢ when initiating, stopping
warfarin metabolisr or changing the stati
and displacement ( dose.

warfarin from proteir Atorvastatin may be le
binding site likely to interac

Project Leader in preparation of this PL Detail-Doment: Melanie
Cupp, Pharm.D. BCPBharmacist's Letter 2012; 28(6):280606

3.9.4 Minimising Interactions

Clinicians should know all of their patients' cuntradrugs. The fewest
drugs in the lowest doses for the shortest posdibhe should be
prescribed. Patients should be observed and medifor adverse effects,
particularly after a change in treatment.

Effects that are influenced by enzyme induction n@ke more than one
week to appear. Drug interactions should be consitias a possible cause
of any unexpected problems.

Prescribers should determine serum concentratisedected drugs being
taken, consult the literature or an expert in dnigractions and adjust the
dosage until the desired effect is produced.

If dosage adjustment is ineffective, the drug stidnal replaced by one that

does not interact with other drugs being taken.
3.10 Drug Clearance (Excretion)
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3.10.1 Routes of Drug Elimination

Renal Clearance (excretion): Consists of elimination of
chemically unchanged drug or its metabolites frdm body.
Occurs in the kidney most drugs leave the bodyriney either
unchanged or as polar metabolites. Also occurshatr sites such
as the liver, the lungs, stool and skin. This isalways for example
while drugs like Amiloride, Frusemide etc. can betatolized and
excreted 100%, 80% Amphetamine, 85% Digoxin, 50%
Ampicillin, metronidazole, trimethoprim, 60% Flugkcillin.
Because some drugs remain unchanged in the bodsgtiex is
important for the termination of the drug’s effe@ther major
routes of elimination include biliary, pulmonaryirs and two
minor but significant forms of excretion are mamynaind salivary.
Biliary excretion: Excretion in the bile is similar to excretion in
the kidney and occurs by active secretory transpéhnen plasma
drug concentrations are high, secretory transpast approach an
upper limit. Substances with similar physicocheahjoroperties
may compete for excretion. Drugs with a moleculaight of >
300 g/mol and with both polar and lipophilic growgse more likely
to be excreted in bile. Smaller molecules are gdlyeexcreted
only in negligible amounts. The molecular weightadst drugs is
too low for efficient biliary excretion. Conjugatiaco glucuronic
acid often increases molecular weight sufficientty biliary
excretion. Conjugation to acetate or glycine isegelty too small.
Bile is a significant route of excretion for: Glucuronide conjugates
(morphine) and a limited number of ionised drugs with very high
molecular weight (cromoglycate)

Pulmonary excretion: Pulmonary excretion refers to excretion
through the lungs and breath. This is a significante of excretion
for some volatile molecules, especially anaesthetic

Excretion through the skin: sweat - Drugs can be excreted
through the skin. Drugs are secreted into sweatphgsive
diffusion. — This depends on the plasma/sweattjparcoefficient
(sweat pH: 4-6.8). There are also some active segcre
mechanisms by which drugs can be excreted intotswea
Mammary: milk - Mammary excretion is a minor route but can be
clinically important. There is no active excretignst passive
diffusion. Concentration in milk reflects free cemtration in
blood. As milk is slightly acidic (with a pH of mpared to blood
with a pH of 7.4), the ionisation of the drug maffea slightly
between the milk and the blood — thus affectingstitioning.
Erythromycin in milk has pH of breast milk: 7.0dapH of blood:
7.4.

Drugs in milk: clinical significance
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The clinical relevance of the effect of a drugeiadent when
considering breastfeeding a baby, for example; Tetracyclines are
incorporated into teeth, which become weakened 'amadtled'.
Chloramphenicol can result in bone marrow toxidiyd 'grey
baby' syndrome, where babies cannot metabolise diug
effectively.

Vil. Saliva: Excretion through saliva is a minor route but can b
significant because of possible use in drug moimgpr
Pharmacokinetic experiments often need a numbemblobd
samples (10 or more) so there are doubts abowta¢tpproval.
Saliva sampling is non-invasive. For neutral molesusalivary
concentrations will reflect free concentrationsplasma. lonised
drugs are a problem. Saliva pH is variable sohis tase, there is
a variable degree of ion trapping.

3.10.2 Processes of Renal Drug Excretion

Three renal processes account for renal drug esnret
i. Glomerular filtration

ii. Active tubular secretion

iii. Passive diffusion across the tubular epithelium

Table12: Transmembrane passage

Principles of transmembrane passage govern renal hdling of
drugs

Drugs boun¢ Unbound Un-ionised forms of drugs and th
to plasmg drugs ar¢ metabolites tend to be reabsorbed f
proteins contained i tubular fluids

remain in th¢ the glomerulal
circulatior filtrate

Urine pH affects drug reabsorbed and excretion Uit determing
the icnisation of a weak acid or b

Acidification ’LAIkaIinisation
. Increased reabsorption e Has opposite effects
. Decreased excretion | ¢ Enhanced excretion
weak acids acetylsalicylic acid for example
. Decreased reabsorpti
of weak basi

Drug elimination rate changes from urinary pH on

. Contribution of thq Polarity of thg Polarity  of  the
renal route to total unionised fornl unionised form
elimination
. Polarity of the unionise

form
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Filtration: Filtration is a passive process driven by pressure
difference. Approximately 20% of plasma volumeiliefed in one
flow through the kidney. Small molecules with a swllar weight

of less than 20,000 are readily filtered, includimpst drugs.
Plasma albumin (Mwt: 68,000) cannot cross the manar
Therefore, most proteins are not filtered nor anegd that are
extensively protein bound.

Active secretion: Active secretion is energy dependent and
transports substances from the plasma into thdauhbtine. It can
generate positive concentration gradients.

Aside from specific transport systems, there ave telatively

unspecific mechanisms, one for anions and onedtorts (acids
and bases). This process is saturable. Therefloeee tare some
possible interactions.

As blood passes through the kidney, the bloodeiared of some
of the drug. If renal clearance is greater than gkamerular
filtration rate (GFR), there must be active seoreti

Tablel3: Actively secreted drugs

Acids Bases

. Cephaloridine . Dopamine

. Frusemide . Morphine

. Indomethacin . Pethidine

. Penicillins . Quinine

. Probenecid . Quaternary

. Thiazide diuretics . Ammonium salts
Probenecid and penicillins share the same mechdorsaeid secretior
Probenecid competes with penicilli- penicillin clearance is reduct

Tubular reabsorption

99% of water is reabsorbed. There are specificsprart systems but the
majority of reabsorption is by passive diffusionatigh the distal tubular
epithelium.

Lipid-soluble drugs are reabsorbed along with waberly very water-
soluble molecules can be efficiently excreted leykhineys.

Acidic urine — Basic drug ionisation — Reabsorption- excretion.
Renal clearance
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As blood passes through the kidney, the bloodeareld of some of the
drug. The maximum possible renal clearance is aqpitely 660 ml/min
— all plasma is cleared. If renal clearance is tgrethan the glomerular
filtration rate (GFR), there must be active seoreti

Not filtered OR extensively reabsorbed

The maximum possible renal clearance is approxigjma&d ml/min — all
plasma is cleared. If the clearance is much lems the GFR, the drug is
not filtered or is extensively reabsorbed

3.11 Concept of Clearance

Clearance is: Used to evaluate efficiency of demaval from the body.
A pharmacokinetic measurement of the renal exaredlality. Clearance
is almost synonymous with renal clearance or retedma clearance. —
Each drug has a specific clearance that dependstsorfiltration
characteristics in the kidney. Clearance is th@@rionality constant that
makes the average steady state drug level equ#ietaate of drug
administration.

Clearance = Rate of elimination / plasma concentran

Clearance only represents the theoretical volumiglarid that is totally
cleared of drug per unit time. — It is not an gador of how much drug is
being removed. The amount of drug removed depends the
concentration. Clearance expresses the rate ofegftly of drug removal.
Units of flow (mg/h)/ (mg/l) = I/h

Example: Clearance = 1 I/hr. Concentration = 0.8 mg
Rate of elimination = Clearance x concentrationsrg/hr.

Clearance is the apparent volume of plasma conipleteared of drug
per unit time.
The rate of elimination is always the same. Thaiwalf clearance will
differ depending on where you measure the drug:
Rate of elimination= CLxC= CLbx Cb=CLux Cu

Plasma lodudl plasma water
If you want to measure the volume based on plasrdyeu want to relate
that to clearance, clearance has to be measurbdegjpect to plasma.

3.11.3 Rate of elimination
Volume of reservoir (V) = 1,000 ml

Dose = 10 mg Initial concentration = 10 mg/I
Removal rate (flow rate) (Q) = 100 ml/min
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Clearance = Q = 100 ml/min
Fractional rate of removal (K) =100 ml/min = @110%/min
,0Q0 ml
The relationship between the amount of drug inlibdy (A) and the
plasma concentration (C) is defined by the voluféigtribution (V).

A=VxC

The fractional elimination rate constant (k) is tfe of elimination
divided by the total amount of drug in the body
Example: k = Rate of elimination = CLxC =CL

Amount Vx C \%

CL=kxV
Elimination rate constant

The elimination rate constant can also be expreasechalf-life: t1/2 =

In(2) = K
0.693 V
CL
Tablel4: Terminal Half-life versus Plasma ClearancéDog Data)
Benzyl Gentamicin| Oxytetracycling| Tylosin
Penicillin
Cl (plasmaj 3.5 3.1 4 22
(ml/kg/min)
t1/2 (min’ 30 75 36C 54

Half-life changes as a result of changes in elititma
3.11.2Extraction Ratio

Extraction ratio: Rate of elimination = Rate in — Rate out = (Q x GA)

(QxCV)
Extraction

Extraction ratio (E) = Rate of elimination RateSiQ x (G. — G/) Q x Ga
Ca—GC/ Ca

= Extraction ratio (E) =Rate of elimination Q x(G-G,) =
Ca =G

Rate in Q %G
Extraction ratio and clearance
Rate in Qxg RateoutQ x (1 -E) xC

Rate of elimination = Q x (E x4}
CL = Rate of elimination =Q(G-G)=QxE
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Entering concentration Ca
Clearance depends on blood flow and extraction rati

Low and high extraction: The extraction ratio must be between 0 and 1.
E=Q(G-GC)Ca

Table 15: Renal extraction Ratio

Low extraction drug High extraction drug

) The eliminating organis n{ e The drug is efficiently

very efficient at removing the dry eliminated from the organ.

) Clearance is lov ) Clearance is hig

Low clearance drug: E High clearance drug: E==)
Table 16: Hepatic extraction ratio

Low extraction Medium extraction | High extraction

Diazeparnr Quinidine Alpranolol

Warfarir Codeine Propranolol

Tolbutamide Morphine Pentazocint

Phenytoil Lidocaine

3.11.3 Additivity of clearance: Some drugs can be eliminated by more
than one organ, for example, hepatic metabolismer(li and renal
excretion (kidneys), such that clearance is adglitim such cases, total
clearance is the sum of the component organ cleasan

Rate of elimination (CL X C) = Rate of excretionL & X C) + Rate of
hepatic metabolism (GLXC)

CL=CLr+CL~
3.12 Pharmacokinetics Changes in Pregnhancy and Laxtton
3.12.1 Introduction: Physiological Changes in Pregancy

Immediate Physiological Changes; As the fetus and placenta grow and
place increasing demand on the mother, phenomdigations in
metabolism occur. The most obvious physical chaages/eight gain and
altered body shape. Weight gain is due to incr@abeeast tissue, blood
and water volume in the form of extra vascular exitla cellular fluid.

Deposition of fat and protein and increased cellwater are added to
maternal stores. The average weight gain duringranecy is 12.5 kg
while during normal average increase in non- pragmemen is about 1
kg weight gain is due to protein. Also, plasma albu levels are
decreased and fibrinogen levels are increased! Botdy fat increases
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during pregnancy. During second half of pregnaragma lipids increase
but triglycerides, cholesterol and lipoproteinsréase soon after delivery.
The ratio of LDL to HDL increases during pregnancy

3.12.2 Absorption:Gastric emptying/small intestine motility are reddc
in pregnancy due to elevation of progesterone @adily in the third
trimester thus delaying the appearance in the passh orally
administered drugs & onset of effect of the drigpeeially during labor.
Absorption from an intramuscular site is likely be efficient because
tissue perfusion is increased due to vasodilatation

Inhalational drugs may be enhanced due to increeatiac output and
tidal volume, increasing alveolar uptake. For exiaggbose requirements
for volatile anaesthetic agents, such as halothame, reduced in
pregnancy

3.12.3 Distribution: During Pregnancy. a woman's plasma volume
increases by 30-50% (up to 8litre of water) anddieer output and
glomerular filtration rate also increase in simpaoportion. These factors
contribute to lower circulating concentration ofrs® drugs (especially
those excreted by kidney) in a pregnant woman asssibly to sub-
therapeutic drug levels. Also, there is increasebody fat during
pregnancy; which increases the volume of distribution of fat-soluble drugs
as a result of haemodilution, plasma albumin (nd88a55 g/1) declines
by some 10 g/1. Thus, there is scope for increfreedconcentration of
drugs that bind to plasma proteins (albumin). egticonvulsants.
Unbound drug is free to distribute, metabolised ardreted out more
rapidly by the kidney and liver; and this offset the effect of increased
volume of distribution; e.g. the free (and pharmacologically active)
concentration of phenytoin is unaltered, althougie total plasma
concentration is reduced.

3. 12.4 Metabolism:Concurrent use of other common medications during
pregnancy such as antacids, iron and vitamins caldd bind and
inactivate some drugs

3.12.5 Hepaticmetabolism increases, but not the blood flow to liver.
oestrogen/progesterone induces some enzymes d) Bydtem, resulting
in a higher rate of metabolism (and hence elimamgtiof drugs, like
Phenytoin. Other isoenzymes are competitively iidbibby progesterone
and oestradiol, leading to impaired eliminatiom,dgample, theophylline.
Drugs that are so rapidly metabolised that thémiehtion rate depends
on their delivery to the liver, i.e. on hepatic ddbflow, have unaltered
clearance, e.g. pethidine.
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3.12.6 Elimination: Renal plasma flow almost doubl€3BF is increased
by 60+80% during pregnancy, and GFR rises by 5@&@ihg to enhanced
elimination of drugs that are normally excreted harged + for e.g.
penicillin and digoxinSo, there isapidloss of drugs that are excreted by
kidney e.g. amoxycillin, dose of which should beudied for systemic
infections

3.12.7 Placental Transfer of DrugsThe placenta is not a perfect barrier
to drugs and chemicals administered to mother.

Thalidomide tragedy, showed that placenta was dapabtransferring
drugs ingested by mother to fetus, with potentialgreat harm. On other
hand, placental transfer of drugs administereddther has been used to
treat fetal arrhythmias, congestive heart fail&®ther conditions.

3.12.-8 Factors affecting placental drug transfer &etal tissue

The rate of transfer (Rate at which drug crossasguita & amount of drug
reaching the fetus) depends on the chemical priepet the drug such as

i Duration of exposure to drug

ii. Protein binding: Only free unbound drug crosses the placenta,
during pregnhancy maternal plasma albumin decreabds fetal
albumin increases. As a result, the concentratibriree drug
increases which crosses the placenta to reaclethe f

iii. pH difference: Fetal pH is slightly more acidic than maternal pH
and so weak bases are more likely to cross thempiag

iv. Lipid solubility: Moderately lipid soluble drugs can easily diffuse
across the placental membrane

V. Molecular weight of the drug: Drugs with low molecular weight
(<500 g/mol) diffuse freely across the placentaig3rwith a higher
molecular weight (between 500-1000 g/mol) crosgptheenta less
easily, while a few drugs with a high molecular gii (>1000
g/mol) do not cross the placental membrane

Vi. Physicochemical properties of drug
vii.  Distribution characteristics in different fetal tissues
viii. Stage of placental & fetal development at time ofx@osure to

the drug: Transplacental: transfer of drugs increases in the third
trimester due to increased maternal and placertadbflow,
decreased thickness and increased surface area plaicenta

iX. Effects of drugs used in combination steroid and placental
hormones displace drugs from their protein-bindiitgs.
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SELF ASSESSED EXERCISES

i. What is the importance of drug concentration?

ii. What are the advantages and disadvantages of awa d
administration?

iii. Explain the terms “Therapeutic window” and “Therape
index”.

4.0 CONCLUSION

In this unit, you learnt about definition terms pharmacology, and
sources of drugs. You have been exposed to oneofngjor topics in

pharmacology; pharmacokinetics (routes of drug a@stration, kinetics

of drug absorption, distribution. Blood-brain-barti placental barrier,
biotransformation and elimination etc.) and alsarpiacokinetic changes
in pregnancy and lactations necessary for a phieiadth professional.

50 SUMMARY

Basic principles of pharmacology have been disalis$bese include
Pharmacokinetics, which literally means "What thaly does to the
drug". It describes the movement of drug as it eadkrough the body
through absorption, distribution, metabolism andretion. Drug may
enter the body in a variety of ways: as an oralitigpill, or capsule; as
an inhaled vapour or aerosol; absorbed througtttirsiein or a mucous
membrane; injected into muscle, subcutaneous tisspiaal fluid, or

directly into the bloodstream. Pharmacokineticsedaine the blood
concentration from a prescribed dosing regimen.eMaften the plasma
concentration for analytical purposes. Pharmacdikindata help us
understand: dose and schedule (once a day ve tawvitay, etc.), dose
adjustments due to drug interactions and otheegsdany factors affect
drug absorption such as patrticles size, physicoatamroperties of the
drug, surface area of absorption, pH, and blooglgugtc. ort.

Once the drug is in the bloodstream a portion ofay exist as free drug,
dissolved in plasma water. Some drugs will be reiéy taken up by red
cells and some will be reversibly bound to plasmatgins. For many
drugs, the bound forms can account for 95-98% ef tdtal. This is
important because it is the free drug which traegiell membranes and
produces the effect. It is also important becauséep-bound drug can
act as a reservoir which releases drug slowly hasd prolongs its action.

This total volume of distribution determines the uiigrium

concentration of drug after a specified dose. Tver Imetabolises most
drugs into inactive or less active compounds wtach more readily
excreted. These metabolites and some of the pacempounds may be
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excreted in the bile and eventually may pass otli®@body in the faces.
Parent drug and metabolites in the bloodstream they be excreted:
most are filtered by the kidney, where a portiodengoes reabsorption,
and the remainder is excreted in the urine. Sonugdiare actively
secreted into the renal tubule. Another route afretion is the lung:
Drugs like alcohol and the anaesthetic gases aménglted by this route.
Smaller amounts of drugs are eliminated in the $wears and breast
milk. Biotransformation may sometimes produce meliéds with a
great deal of activity. Occasionally, we adminisaeparent drug which
is inactive (a pro-drug) and only the metabolite hativity.

6.0 TUTOR- MARKED ASSIGNMENT

1) What are different routes of drug administration avrite about
advantages and disadvantages of parenteral route
administration.

2) Define bio-availability and describe the factordeafing drug
absorption.

3) Define the following:

a) Half-life of a drug
b) Steady state plasma concentration
C) Drug - drug interactions
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6.0  Tutor- Marked assignment
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1.0 INTRODUCTION

Traditionally, the study of poisons was centreduarb the inherent
capacity of a chemical or compound to produce ynjlioday, toxicology
is more safety driven and modern toxicology usesnibals as tools to
understand molecular/cellular biology. One basiucfion of toxicology
is to assess the likelihood of occurrence of adveffects (qualitative): Is
a chemical or compound safe? This is hazard ideatién. Also,
toxicology studies the nature and mode of actionadferse effects
(quantitative). At what concentration is it safef?isTis known as dose-
response assessment or hazard characterisation

2.0 OBJECTIVES

By the end of this unit, you will are to

o define toxicology, drug interactions and adveraggdrcommonly
associated terms

o describe the classifications of toxic agents aridgre that can heal

o distinguish adverse drug reactions (ADRs) from asedrug
events

. devise methods for ADR detection, and classify @RAwhen it
presents

o detect populations most at risk of ADRs.

3.0 MAIN CONTENT
3.1 Definition of Terms

i Toxicity: The word “toxicity” describes the degree to which a
substance is poisonous or can cause injury. Theitypxlepends
on a variety of factors: dose, duration and rotitexposure, shape
and structure of the chemical itself, and individuaman factors.

il Toxic: This term relates to poisonous or deadly effentthe body
by inhalation (breathing), ingestion (eating), bsarption, or by
direct contact with a chemical.

iii. Toxicant: A toxicant is any chemical that can injure or kilimans,
animals, or plants; a poison. The term “toxicart’uised when
talking about toxic substances that are producedrbgre a by-
product of human-made activities. For example, idi¢R, 3-7, 8-
tetrachlorodibenzop-dioxin {TCDDY}), produced asyafroduct of
certain chlorinated chemicals, is a toxicant. Oa tther hand,
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Vi.

Vii.

viii.

Xi.

arsenic, a toxic metal, maoccur as a natural contaminant of
groundwater or may contaminate groundwater as proguct of
industrial activities. If the second case is tsiegh toxic substances
are referred to as toxicants, rather than toxins.

Toxin: The term “toxin” usually is used when talking abtmtic
substances produced naturally. A toxin is any pwss substance
of microbial (bacteria or other tiny plants or aais), vegetable, or
synthetic chemical origin that reacts with specifiellular
components to kill cells, alter growth or developter kill the
organism.

Poisoning: Definition of a Poison? The study of the adversect$

of a toxicant on living organisms. Any agent capadil producing

a deleterious response in a biological system.nigiarganism: a
sachet of water with target sites, storage depudsemzymesAll
substances are poisons; there is none that is poison. The right
dose differentiates a poison and a remedy. -Pasase(1493-
1541)

Adverse drug reaction(ADR): WHO definesas an adverse drug
reaction is “a response to a drug which is noximog unintended
and which occurs at doses normally used in mamrfophylaxis,
diagnosis, or therapy of disease or for the moaodlifon of
physiologic function.” (WHO definition, 2005). Thiexcludes
therapeutic failures, overdose, drug abuse, nontange, and
medication errors

An adverse drug reaction(ADR) is an injury caused by
taking medication. ADRs may occur following a smglose or
prolonged administration of a drug or result frdre tombination
of two or more drugs.

An adverse drug evenis “any untoward medical occurrence
that may present during treatment with a pharmacaiuproduct
but which does not necessarily have a causal ogiship with
this treatment{WHO definition, 2005).In other words,
thereactionis where the drug does something nasty, and
aneventis something nasty which potentially happens ramlgo
and might be totally unrelated to the drug. Thddeejuirements
for an ADR are that: The reaction is directly retato the drug; the
drug was being used correctly and appropriatelythadeaction is
harmful. Thus, prescribing errors and intentionatrdoses do not
fall under the definition of an adverse drug reacti

Side Effects: Is define as An unintended effect of a drug
occurring at the normal dose related to the phaotoadical
properties of the drug.

Drug overdose:Toxic reactions linked to excess dose or impaired
excretion, or to both.

Drug interaction: Action of a drug on the effectiveness or toxicity
of another drug. Reactions that occur only in spiiole subjects
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xii.  Drug intolerance: A low threshold to the normal pharmacological
action of a drug

xiii. Drug idiosyncrasy: A genetically determined, qualitatively
abnormal reaction to a drug related to a metabalienzyme
deficiency

xiv. Drug allergy: An immunologically mediated reaction,
characterised by specificity, transferability by tibadies or
lymphocytes, and recurrence on re-exposure

xv. Pseudo allergic reaction A reaction with the same clinical
manifestations as an allergic reaction (e.g., @salt of histamine
release) but lacking immunological specificity

xvi. Expected Reaction:The process of assessing the likelihood that
the reported adverse reaction is actually due & ghspected
medicine using pre-determined criteria such as\htO causality
assessment criteria.

xvii. Expected Reaction: A reaction that is consistent with the
applicable product information or characteristi€sh® drug. The
reaction can be explained from the mechanism abmaif the
drug.

xviii. Unexpected Adverse ReactionAn adverse reaction, the nature or
severity of which is not consistent with the applite product
information or characteristics of the drug.

3.2 Purpose of Toxicology

Toxicology affects us every day. The purpose oicaogy is to provide
workers a safe working environment and to ensurswmers’ products
are safe to use as specified and under foreseeddlise. Another area of
toxicology is the environment or ecotoxicology, alhis concerned with
the quality of the air, water (surface and groumsdjl, and bedrock, and
aquatic wildlife (fresh and salt) and terrestriedanisms (flora and fauna).
Toxicology provides information to risk managersatbthe nature and
severity of effects on human health and the enwiremt as it relates to
specific exposures. Ecotoxicology often drives réigigon site clean-ups.
There are approximately 6,000,000 known chemicajgroximately
100,000 currently in use worldwide, and 500 newnticals being added
annually.

3.3 the Goal of Toxicology

The goal of toxicology is to contribute to the gextiknowledge of the
harmful actions of chemical substances, to studyr tmechanisms of
action, and to estimate their possible risks to dsnon the basis of
experimental work on biological test systeris. protect human health,
provide information via risk assessments, hazamhtification, dose-
response assessment, exposure assessment arttaresbterization
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3.4 History of Toxicology

Toxicology is arguably theldest scientific discipline as the earliest
humans had torecognisewhich plants wereafe to eat. Most exposure
of humans to chemicals is via naturally occurriognpounds consumed
from food plants. Humans are exposed to chemicatls madvertently
and deliberately Paracelsus born Philippus Aureolus Theophrastus
Bombastus von Hohenheimis credited as the founflaxicology. His
premise of poisons was tHatllthings are poison, and nothing is without
poison; only the dose permits somethingnot to hisopous.” Simply
stated, “The dose makes the poison”.

Many of the Earliest Practitioners of Toxicology Wee Women:
Lucrezia Borgia (food toxicologist) daughter of Rodrigo Lenzuoli
Borgia or Pope Alexander VI, who specialised inhfdiased poisoning,
was an early Italian who helped develop poisonitig a simple but fine
art. Itis said that the Borgias selected anddiain rare poisons in their
cellars with as much thought as they gave to trietage wines.

Catherine de Medici of Florence and Queen Consort foFrance
(experimental toxicologist): tested and carefully studied the effects of
various toxic concoctions on the poor and sickingothe onset of action
and symptoms that occurred.

Goeie Mie (‘Good Mary") of Leiden, The Netherlands (forensic
toxicologist): poisoned at least 102 friends (27 died) and redathetween
1867 and 1884, distributing arsenic trioxide in imilk to her victims after
opening life insurance policies in their names.

Catherine Deshayes or “La Voisin” (economic toxicalgist). who
traded in selling poisons to wives who wished tbthiemselves of their
husbands, was later burned at the stake.

Other Historical Examples: Stalin: —Politburo allegedly gave him
warfarin (a synthetic derivative of Coumarin, foundturally in many
plants and used as an anticoagulant medication).

Fidel Castro: CIA, using botulinum-laced pills, made attemptstioe life
of the Cuban Dictator.

Viktor Yushchenko: Evidence suggests that the Ukrainian Presidest wa
poisoned with dioxin (the common name for the greficompounds
classified as polychlorinated dibenzodioxins) iregtempt to remove him
from office as recently as 2006

Study and Documentation of Poisons: 20th Century: Rchel Carson-
alarmed public about dangers of pesticides in tive@nment in her book
“Silent Spring”. Late in the 1950s, Carson turneer fattention to
conservation, especially environmental problems sha believed were
caused by synthetic pesticides. The result wastSHpring (1962), which
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brought environmental concerns to an unprecedestette of the
American people. Although Silent Spring was metwfiérce opposition
by chemical companies, it spurred a reversal ifonat pesticides policy,
which led to a nationwide ban on DDT and otheripitgs, and it inspired
a grassroots environmental movement that led t@tbation of the U.S.
Environmental Protection Agency. Carson was postusty awarded the
Presidential Medal of Freedom by Jimmy Carter.

1900-1200 . - Egyptian documentsthat had directions for collection,
preparation, and administration of = more than 806&dicinal and
poisonous recipes.

1900-1201 800 B.C. - India - Hindu medicineincludes notes on
poisons and antidotes

50-100 D. - Greek physicians classified over 600 plant, &anal,
and mineral poisons.

Swiss physician Paracelsu€l493-1541) credited with beirithe father
of modern toxicology.” “All substances are poisons: there is none which
is not a poison. The right dose differentiate&spn from a remedy.”

Italian physician: Ramazzini (1713)published “De Morbis Artificum”
(Diseases of Workers) Describing "asthma" in bakemigers, farmers,
gilders, tinsmiths, glass-workers, tanners, millergrain-sifters,
stonecutters, ragmen, runners, riders, porters pasféssors. Ramazzini
outlined health hazards of the dusts, fumes, oceg#sat such workers
inhaled. The bakers and horse riders describedabyaRkzini would today
probably be diagnosed as suffering from allergetuied asthma. The
lung diseases suffered by most of the other workessld now be
classified as "pneumoconiosis," a group of dusiteel chronic diseases.
Paul Ehrlich —developed staining procedures to observe celtiaades
and pioneered the understanding of how toxicanfkience living
organisms.

From Killers to Healers: Toxicology Evolves, but Psonings Still
Occur

Over the years, there have been several casesnwrhexposures to
chemicals that have led to devastating outcomesrasdme instance’s
death. In 2008, one such case of worldwide poigpwias the exposure of
hundreds of thousands of Chinese children to melancbntaminated
milk, with ensuing kidney stones, kidney failuradadeath in some of the
children exposedXin and Stone, 2008, Yang and Batlle, 2008, Chiu,
2008) Melamine was found in tainted pet food a yeadigamith
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hundreds of thousands of dogs and cats being edtp@sabson et al.,
2008).

The government of Nigeriaimplemented tighter controls on chemical
imports after 84 children between the ages of twatims and seven years
died after consuming a tainted teething syfiyy Pikin” (Okuonghae

et al., 1992). Authorities believe diethylene glycol [component o
antifreeze] was wrongly labeled as propylene glyaahemical generally
recognized as safe for use in food and medicinelwias smuggled into
Nigeria before being purchased by a Lagos-basedaoym which has
since been shut down. To prevent future inciderig, National Agency
for Food and Drug Administration and Control (NAFDArequired all
propylene glycol imports from India and China to dertified by the
agency’s independent analysts in India and Chifaréehipment and to
be re-certified upon entry into Nigeria. The ficsise was discovered on
November 3 with symptoms including diarrhea, vongti fever,
convulsions and an inability to pass urine. Dietimg glycol was used as
a cheap replacement for the sweetener glyceriouglt syrup and more
than 100 people, mostly children, died in Panahifp{/www.cdc.gov/
mmwr/preview/mmwrhtml/mm5848a2.htm). In addition ttee United
States and Panama, diethylene glycol-tainted testepwas found in
Australia, the Dominican Republic, Costa Rica, Hmad and Nicaragua
(http://lwww.nytimes.com/2007/06/02/us/02toothpdstal? _r=0).

In 2009, 121 of 287 children under 14 years ofiadeongyan, China had
high blood lead levels
(http://www.nytimes.com/2009/09/28/world/asia/28ehhtml). A
smelting plant closed after more than 600 childvere found to have lead
poisoning and, in another case, 800 children liviegr a zinc and lead
smelting plant were found to have high blood leackls.

In the US, the Food and Drug Administrationhas a limit of 0.5u/dL
in products intended for infants and children aad banned the use of
lead-soldered food cans. Each year in the UnitateSt 310,000 1- to 5-
year-old children are found to have unsafe levEleanl in their blood due
to exposure to lead through dust and other sourfiesps://
www.cdc.gov/nceh/lead/data/). Just recently, Vigiiech University
researchers brought proof of high lead levels intFMI water to public
attention in September 2015, performing water testsore than 250 Flint
homes. Lead levels were high enough, up te88_, to warrant urgent
government action (https://www.rt.com/usa/327363t¢hildren-blood-
lead-water/); however, in a similar problem with $&iagton, D.C.’s tap
water a little over a decade ago, hundreds of homege found to have
stratospheric lead levels of 300 ppb or more (Gtiigbal., 2007).
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China has 150 parts per billion (ppb) arsenic limit dodis such as rice.
Rice grown in US has an average 260 ppb of arskaiggver, a 100-ppb
action level has been proposed for inorganic acsianinfant rice cereal
(http://www.philrice.gov.ph/phl-rice-safe-fromarsef).

3.5 Toxicology Sub-Discipline

3.5.1 Environmental Toxicology: Studies chemicals that are
contaminants of food, water, soil, or the air.dats with toxic substances
that enter the water ways, such as lakes, straarass and oceans. Most
common problems include waterborne bacteria angses, waste heat
from electrical plants, radioactive wastes, sewagd,industrial pollution.

3.5.2 Occupational (Industrial) Toxicology: studies of protection of
workers from toxic substances and makes their veorkironment safe.
Occupational diseases caused by industrial chesnigatount for an
estimated 50,000 to 70,000 deaths and 350,000 ases®f illness each
year in the United States

3.5.3 Regulatory Toxicology: Gathers and evaluates existing
toxicological information to establish concentrativased standards of
“safe” exposure.

3.5.4 Food Toxicology Involves delivering a safe and edible supply of
food to the consumer

3.5.5 Clinical Toxicology:ls a study that is concerned with diseases and
illnesses associated with short term or long-terxposure to toxic
chemicals.

3.5.6 Descriptive Toxicologyis concerned with gathering toxicological
information from animal experimentation. These typéexperiments are
used to establish the chemical dosage that woulseciéiness and death.
The United States Environmental Protection Agen®&PA), the
Occupational Safety and Health Administration (OSH#nd the Food
and Drug Administration (FDA), use information fralrese studies to set
regulatory exposure limits.

3.5.7 Forensic Toxicology: Helps to establish cause and effect
relationships between exposure to a drug or chéraitd the toxic or
lethal effects that result.

3.5.8 Analytical Toxicology:ldentifies the toxicant through analysis of
body fluids, stomach content, excrement, skinuspscted containers
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3.5.9 Mechanistic Toxicology: Makes observations on how toxic
substances cause their effects. The effects ofsexpacan depend on a
number of factors, including the size of the molecthe specific tissue

type or cellular components affected, whether thlestance is easily

dissolved in water or fatty tissues, all of whiak anportant when trying

to determine the way a toxic substance causes laardnwhether effects

seen in animals can be expected in humans.

3.6 Routes of Drug Toxicity

The common route hard exposure is ocular (Eyeklatlonal (aerosol,

Gasses, particles), Ingestion (Food/drinks, upgspiratory tract, hand to

mouth), Dermal contact, Breast feeding and Plateetadiagram below
Exposure Routes

Figure 17: Routes of toxicity exposure. (Liebler.O.et al (2005)

The exposure route is generally further describgdnéake (taken in
through a body opening, e.g. as eating, drinkimgnbaling) or uptake
(absorption through tissues, e.g. through the skieye).

EPA defines exposureas 'contact between an agent and the visible
exterior of a person (e.g. skin and openings inéotody)'.

The applied dose is the amount of agent at therptiso barrier that is
available for absorption. The potential dose isathmunt of agent that is
ingested, inhaled, or applied to the skin. Theiadplose may be less than
the potential dose if the agent is only partly beikable.

The internal dose or absorbed dose is the amouant afjent that has been
absorbed and is available for interaction with dgatally significant
receptors within the human body. Finally, the dmléd dose is the amount
of agent available for interaction with any spexdigan or cell.

Range of Exposure For any specific agent or site, there is a rapige
exposures actually experienced by individuals. Samdéviduals may

63



PHS 810 PHARMACOLOGY AND THERAPEUTICSIROBIEALTH

have a high degree of contact for an extended géeig. factory workers
exposed to an agent on the job). Other individua#y have a lower
degree of contact for a shorter period (e.g. imtligls using a recreational
site downwind of the factory). EPA policy for expos assessment
requires consideration of a range of possible

3.7  Mechanism of Drug Toxicity

All compounds are toxic at high doses and all afe at very low doses,
using the axiom of Paracelsus.3) What we are cerisigl here are not
accidental drug overdoses but toxicity and adveveats at doses that are
relevant to patients using a medicine. What theedrof toxicity will
affect how one approaches the matter of circummgntoxicity or
developing alternate compounds that will not hdne liability. The most
commonly encountered problems are with cardiovascahd hepatic
toxicity

3.7.1 On -Target: The first context of toxicity isn-target (or
mechanism-based) toxicity. That is, the toxicitgig to interaction of the
drug with the same target that produces the degtetmacological
response. the concept in this mechanism, is baseth® biological
response that the drug exhibits upon binding tteitget is the same one
that produces both the efficacious and the toxaxces. All statins produce
hypercholesterolemic  properties by  inhibiting  3-topd/-3-
methylglutaryl CoA (HMG CoA) reductase in the liyee. the target.
The adverse effects of statins are also due tdiiidm of HMGCoA
reductase in muscle and possibly other tissuegérnylgeranylation of
proteing is inhibited.

3.7.2 Hypersensitivity and immunological Toxicity:The second context
of drugtoxicity ishypersensitivity andimmune responsesFor instance,
allergicreactions to penicillins have been recogghifor many years. The
concept, is on the basis that drugs (or their nuditals) react with proteins
in the body (as haptens) to induce antibodies amdune responses. In
this example (penicllins) the chemical is not coetglly stable and has the
potential to bind covalently to proteins and irti@ntibody production.
See table 1.

Table 17: Contexts of drug toxicity

Type Example

On -target(mechanism bas: Statir
Hypersensitivity and immunologic Penicilling

Off -targe Terfenadin
Biological activatiol Acetaminophe
Idiosyncratit Halofantrine

(Liebler. D.C.et al (2005)
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3.7.3 Off target Toxicity: The third context of drug toxicity is off-target
toxicity. The issue here is that the drug is nacsic in its interactions.
Binding to an alternate target is the cause ofcioxi With current
knowledge of the complexity of biological regulatgrathways and multi-
gene families (e.g. protein kinases), it is nopssing that a drug might
not be totally specific. The example in Table gifenadine, which binds
not only to the Hreceptor (eliciting the desired antihistaminicp@sse)
but also to the hERG channel and thus causing thmrtigs. In principle,
this liability can be addressed by more screenimhdevelopment of drug
candidates with lower l§g andKq values, in that a lower dose might avoid
the specificity issue.

3.7.4Bioactivation The fourth context of drug toxicity lEoactivation.
Many drugs are converted to reactive products rfofeemed (reactive)
“metabolites”). These entities modify the protethgy react with and
somehow cause toxicity, although mechanisms haee keasive \(de
infra). One theory is that important regulatory or otlpeoteins are
modified, with loss of function. Another possibjlits that the modified
proteins induce immune responses, linking with ¢keond context of
toxicity. An analysis of drugs at one company, ®iidMyers Squibb,
indicated that “metabolism” was an issue in 28%ades in which drug
candidates had been dropped from development.

Table 2: Mechanistic causes of toxicology attritiBased on experience
from DuPont-Merck and Bristol-Myers Squibb, 19936@0Information
kindly provided by B. D. Car, Bristol-Myers Squib.

Table 18: Mechanistic causes of toxicology attritio

Mechanistic causes % of all advanced molecuRes
Biotransformation relate 27

Target Base 28

Single ormultichannel inhibitiol 18

Immune mediate 7

All other mechanisn 36

an = 88. Because categories are partially overlappire total is > 100%.

3.7.5 Idiosyncratic Reactions The fifth context of toxicity is
idiosyncratic reactions. ldiosyncratic means “indiial,” and these are
rare events (1/fGo 1/1¢ individuals), which are not well understood.
Such responses are highly problematic in that feanf) animal models
are very predictive. The low incidence makes sutveese events difficult
to find even in large clinical trials. However, tvitvidely-used drugs for
which millions of prescriptions may be written, avan incidence of
1/10* can yield hundreds of problems.
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3.8 Classification of Toxic Agents

3.8.1 Heavy MetalsMetals differ from other toxic substances in ety
are neither created nor destroyed by humans. Hemtgls, like
lead, cadmium, anchercury, have been harming human health for
millennia their use by humans playsan importante roh
determining their potential for health effects.

Their effect on health could occur through atiéas mechanisms:
first, by increasing the presence of heavy metaksn, water, soil,
and food, and second, by changing the structutbeothemical.
For example, chromium Ill can be converted to onfrchromium
VI, the more toxic form of the metal.

Heavy metal toxicity can result in reduced mentad aentral
nervous function, lower energy levels, and damagdedod, lungs,
kidneys, liver, and other organs.

Some heavy metals like zinc that provide a headthefit in small doses
can be toxic at high levels.

3.8.2 Solvents and Vapoursiearly everyone is exposed to solvents.
Occupational exposures can range from the use dfitéwout” by
administrative personnel, to the use of chemicgltebhnicians in a nail
salon. When a solvent evaporates, the vapours fsaypase a threat to
the exposed population. Hydrocarbon Solvents: Alfjghorganic solvents
are Petroleum distillates, Mineral spirits, and dees found in Paints,
coating, thinners etc. Aromatic organic solventshsas Toluene, xylene
and benzenes are found in adhesives and printitsg 8ome solvents are
associated with neurotoxicity, reproductive toxicand carcinogenic
effects during short-term high-level exposure anergrolonged periods
of low-level exposure.

3.8.3 Radiation and Radioactive Materials:Radiation is the release and
propagation of energy in space or through a materéaium in the form
of waves, the transfer of heat or light by wavesrmgrgy, or the stream of
particles from a nuclear reactor.

3.8.4 Dioxin/Furans: Dioxin, (or TCDD) was originally discovered as a
contaminant in the herbicide Agent Orange. Diosialso a by-product of
chlorine processing in paper producing industries.

3.8.5 PesticidesThe EPA defines pesticide as any substance owungixt
of substances intended to prevent, destroy, repefitigate any pest.
Pesticides may also be described as any physteahical, or biological

agent that will kill an undesirable plant or anirpakt.
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3.8.6 Plant Toxins Different portions of a plant may contain diffate
concentrations of chemicals. Some chemicals madelémts can be
lethal. For example, taxon, used in chemotheragkilk@ancer cells, is
produced by a specie of the yew plant.

3.8.7 Animal Toxins: These toxins can result from venomous or
poisonous animal releases. Venomous animals aadlyidefined as those
that are capable of producing a poison in a higtdyeloped gland or
group of cells, and can deliver that toxin througting or stinging.
Poisonous animals are generally regarded as thiogsentissues, either in
part or in their whole, are toxic.

3.9 Poison

3.9.1 Toxicant (Poison):any agent capable of producing a deleterious
response in a biological system. Living organisrsaehet of water with
target sites, storage depots and enzymes. Poisomize serious public
health problem than generally recognised. Institditeledicine estimates
that more than 4 million poisoning episodes occumually (I0OM, 2004)

in 2001 (the most recent year for which data froinsaurces were
available), there were 30,800 poisoning-relatedideia the

United States (based on published figures and alheprovided estimates
from Lois. Fingerhut at the National Centre for Hedtatistics, 2003).
This estimate makes poisoning the second leadingecaf injury-related
death in the United States, behind motor vehicihge(N = 42,443) and
ahead of gun-related deaths (N = 29,573). (IOM)420 Ninety-two

(92%) percent of all poisonings happen

at home.

The household products implicated in most poisamiage: cleaning
solutions, fuels, medicines, and other materialshsas glue and
cosmetics. Certain animals secrete a xenobiotisgpoicalled venom,
usually injected with a bite or a sting, and otrarsnals harbor infectious
bacteria. Some household plants are poisonousmaisiand animals.

3.9.2 Population at Risk:Not only have the magnitude and cost of the
poisoning problem that have been underapprecibtgdhe diverse nature
of poisonings and the populations at risk have ghdrover time. While
poisoning was initially viewed as a problem of yguehildren, it now
emerges as a concern across the entire lifespalf. dflall poison
exposureseported to TESS occur among children years of lag@ever,
only 8 percent of the moderate to major effectsnfieoisonings occur
among those in the 5 years and under age group.
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Approximately71% of moderate and major exposuresiiom those over
19 years of age. Regulatory agencies (EPA, CPSQ,) D&yuire that
certain products and chemicals are tested to datertineir potential to
cause life-threatening or fatal acute systemiccitki

Testing currently involves exposure of rodents ppli@able routes and
monitoring whether animals die or exhibit any aalisigns of toxicity.

3.9.3 Poisons that Can HealThe key points of toxicology are: 1) Dose
matters (and so does timing); 2) people differ; &dthings change
(Mitchell, 2004). When we explore the concept af€lahere are poisons
such as Botulinum Toxin A (0.00001 mg/kg) that ¢enpoisonous, yet
this toxin can also healBotulinum toxin A (0.00001 mg/kg)
Clostridium botulinumis an anaerobic, gram-positive, spore-former
commonly found in soil that produces oval, sub-ieahendospores.

Botulinum toxin A (0.00001 mg/kg) that can be paisos, yet this toxin
can also heal. One of 7 seven strains [ABCDEG]eisponsible for
approximately 145 cases of poisoning annually and0 million times
more powerful than cyanide. Because of the widegpreccurrence of
spores of C. botulinum in the soil and the typltahd to mouth response
of infants, C. botulinum spores are often consutmgdoung children.
These spores can germinate in the intestine imisf@pproximately 75—
100 cases annually; 2nd month of life), causingrefatal outcomes. This
poisoning can be treated with an antitoxin (humaotuBnhum
immunoglobulin) and supportive care. ConverselytuBoum toxin is a
poison that can heal. In its purified form (type A)vas the first bacterial
toxin to be used as a medicine. In 1989, the FBAnsed Botulinum for
treating two eye conditions characterized by exeessmuscle
contractions; blepharospasm (tic or twitch of edjedind strabismus (eyes
not properly aligned). As a medicine,

i. type A toxin can be used to control certain coondii marked by
involuntary muscle contractions and can block mnaiscl
contractions.

ii. Another beneficial effect of botulinum toxin is itse in cosmetic
applications, such as Botox and Botox Cosmetic {lBoim toxin
A).

iii. It is use in the treatment of patients with cerliceeck) dystonia
and to reduce the severity of abnormal head posiia neck pain
associated with cervical (neck) dystonia.

iv. Other applications of Botulinum toxin include sewgprimary
axillary hyperhidrosis (excessive sweating), acsialgfailure of
the lower oesophageal sphincter to relax), neuhigst migraine
and other headache disorders, although the evidermmflicting
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in this indication, and overactive bladder and fQenprostatic
hyperplasia.

pxinif
Figure 18: Seventeen-Year-Old Patient with Mild Bdism(@
semanticscholar.org).

3.9.4 Thalidomide (Dose matters as does timingknother example of
this concept is thalidomide (100+ mg/kg) and it&tical timing of
exposure.

Originally developed as a treatment for insomnig mmorning sickness in
the 1950sin1960 report of grossly deformed infants in Germany, of cases
of phocomelia in pediatric clinics leads to thevithdrawal recommended.

Thalidomide is an oral drug that has been shovie tioighly active against
Myeloma. Many consider thalidomide to be the firstv agent with major
antimyeloma activity in more than 30 years. Thatiite has been FDA
approved for the treatment of not only myeloma, bls#o Erythema
nodosum leprosum (ENL, treat and prevent skin dam caused by M.
leprae). It also has had limited success in trgatinvariety of other
diseases (Kaposi's sarcoma, primary brain maligieanchronic graft
versus host disease, Bechet's disease, aphthoess,ukystemic lupus
erythematosus (SLE), adult Langerhans cell histmgig, rheumatoid
arthritis, and Jessner’s lymphocytic infiltratiohtbe skin). Thalidomide
can inhibit the growth of HIV in test tubes (byegtive tumour necrosis
factor [TNF] alpha inhibition) and may alleviate nggtoms of HIV
(Gunzler, 1992, Emer, 2009).

3.9.5 Ricin: Source: castor bean (Ricinus communis). Less topadly,
500 ug: human lethal dose if exposure by injectiimhalation (pinhead-
sized amount can kill an adult). Eight beans casid toxic for an adult.
It causes inhibition of protein synthesis resultingevere diarrhoea (die
of shock). Potential Medicinal Use: Ricin may héwerapeutic use in the
treatment of cancer, as a so-called "magic buitespecifically target and
destroy cancer cell. Ricin could be linked to a omanal antibody to
target malignant cells recognised by the antibédgromising approach
is also to use the non-toxic B subunit as a veHalalelivering antigens
into cells thus greatly increasing their immunogépi

Use of ricin as an adjuvant has potential implmagi for developing
mucosal vaccines.
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3.9.6 Other:other apparently nontoxic chemical many can bectaihigh
doses. Too much of a good thing can be bad (t3blldo, highly toxic
chemicals can be lifesaving when given in approgritoses. Poisons are
not harmful at a sufficiently low dose (Table 2).

Table 19: Showing approximate Lethal Doses of CommmoChemicals
(calculated for a 160 Ib. human from data on rats).

Chemicals Lethal Dose
Sugar (Sucros 3 quart:

Alcohol (ethylalcha 3 quart:

Salt (sodium chloride 1 quar
Herbicides (2,4D) One half cu
Arsenic (arsenic acid 1- 2 teaspoor
Nicotine One half teaspoc

Table 20: Showing examples of Varying doses of tlsame substances
as non-toxic or beneficial, toxic and letha{Adopted from T. Gossel and
J. Bricker, Eds).

Chemicals Beneficial | Toxic Dose Lethal Dosg
dose

Alcohol 0.05% 0.1% (ethanol blood | 0.5%

level)

Carbon <10% 10 — 20% (% Hg. >60%

monoxide bound

Secobarbit: 0.1g/dL 0.7g/dL Blood levels | >1g/dL

Aspirin 0.65g (2 | 9.75g (30 tab. acute oraB4g (105
tab) dose tablets

Ibuprofen 400mg (2| 1,400mg (7 tab. acute | 12000mg
tab.) oral dose (60 tab.

3.9.6 What makes a Poison?

All substances are poisons; there is none that @ a poison. The right
dose differentiates a poison and a remedy. -Paraas|(1493-1541)

The following factors determine what is poison ot n

Dose matters (and so does timing); 2) people diffied 3) things change
(Mitchell,

2004).

Dose Matter: In poison interactions between chemicals and biodig
systems follow a dose-response relationship.
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Toxicity is quantified through the dose-respondati@nship. Individual

change in severity of effect with dose is also eshlla dose-effect
relationship. Population change is the proportidntlee population

responding with dose (people differ). There aréedint relationships for
different effects, and the shape of the dose respocurve gives
information about population variability and toxicof the compound. A
key concept in toxicology is the quantitative ridaship between the
concentration of a xenobiotic (foreign chemical)tire body and the
magnitude of its biological effect. The magnitudé¢he effect is usually a
function of the amount of xenobiotic a person ipased to. In any given
population, there will be a range of sensitivitiesa xenobiotic. It is
extremely useful to know what is the average switgitof a population

to a xenobiotic and what the average dose requiedlicit a toxic

response will be. This brings us back to the cétdreet of toxicology that
thedose makes the poison and that dose matters.

People differ: Classic examples of the fact that people diffeduide
allergies to food (e.g., peanuts and shellfish)tardtugs (e.g., penicillin).
Severe allergenic reactions are relatively rardéh efpproximately 120,000
emergency room visits with less than 200 fatalijiear. Eight foods
(peanuts, milk, wheat, eggs, shellfish, soybeansstaceans, some tree
nuts) account for approximately 90% of food allegg{US); whereas,
fourteen foods are listed as allergenic in Eureygdch are regional and
include Mollusca shellfish, lupine, celery root, stard and sesame seeds
and sulfites in addition to those outlined for th8. Even more striking
are the differences in the effects of the same aw@non a single
individual that may be observed during various esagf life (in utero,
neonate, young adult, elderly). For instance, it#fdrave an immature
immune system and limited phase Il systems (molfersconjugation),
and reduced kidney function. The elderly may beilaimin their
sensitivities to the adverse effects of chemicalere is a difference in
sensitivity of new born rats and older rats to DDie LD50 of DDT in
young male rats is greater than 4, 000 mg/kg; wasene adult rats at 1-
year of age, it is approximately 225 mg/kg.

Acetaminophen (Paracetamol) is metabolised 90% bifats or
glucuronide conjugation (Phase Il). The sulfatépaty predominates in
children less than 12 years of age, while adultsngmily use the
glucuronide pathway. Chloramphenicol (chlornitrommycan antibiotic
for Gram-positive/-negative, [most anaerobic] oiigars, is primarily
metabolized by glucuronidation and is a poor suabstr for
sulfotransferases. Therefore, this antibiotic igeely toxic to neonates
(bone marrow) and is responsible for the “Gray bayndrome”
consisting of progressive cyanosis, metabolic ai&jo vasomotor
collapse, respiratory difficulty, and death (Mclr@yand Choonara, 2004).
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Table 21: This is illustrated in the difference insensitive of new-born
rats and older rats to DDT.DDT LD50 in Male rats ofvarious ages

Age LD50 (mg/kg)
new-born > 4000

10 day: 72€

2 week: 437

1 montt 35E

2 month: 25C

4 month: 194

lyea 22%

Individual differences occur due to a number ofdexincluding

i. Age (foetus, neonate, children, adults, elderly)

ii. Gender (male, female, pregnant female)

iii. Inherent drug metabolism

iv. Life style factors (smoking, alcohol use, previexposures)

V. Health status including various diseases

Vi. Pre-existing or simultaneous exposure to environaiesgents,
house-hold products, or therapeutic agents.

vii.  Individual genetic makeup (polymorphisms)

Things Change: Perfumes were an important part of the court life
Ancient Egypt. Cleopatra’s perfume factory wasll(&) at the southern
end of the Dead Sea. Cleopatra used to drink ttingefterebinth from
Pistacia terebinthus) to make her urine smell aflets. Presumably
terpenes within the oil being metabolically conedrto ionones, with the
volatile organic compounds methanethiol, dimethylfide, dimethyl
disulfide, bis (methylthio) methane, dimethyl suifite, and dimethyl
sulfone are responsible for the smell. As a chelpigss through the body,
it will encounter a number of enzymes that accétechemical reactions
(intermediary metabolism) that are necessary fowth, maintenance of
integrity and continuance of life. Distinctive nienvironments exist at
the active sites of each enzyme to assist chenmtslconversions. It is,
therefore, not unexpected that a chemical underguarmical alteration(s)
as it traverses a living system. What is elimindien the biological
system is not always the same as what enteredysiens originally.
Sometimes the host (i.e., the organism that is seghdo the chemical)
plays a critical role in the outcome of toxicityhd process by which this
occurs is called biotransformation/metabolism andoives chemical
reactions within the organism in which one chemisalchanged to
another. Chemicals can enter the body and be adxbdmpthe body by a
variety of means such as ingestion, inhalation, deanal absorption.
They are distributed through many bodily compartteeand finally
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excreted. What happens in between entry and baiigh, plays a key role
in toxicity.

Biotransformation usually decreases the abilitg, iarturn, the likelihood,
of a molecule interacting with a biological systefe probability of
potential damage is offset or lowered. Usually,rmitalways, the process
makes the molecule more polar (frequently acidiz) thus more water-
soluble. As such, the system can more easily rertim/enolecule via the
kidneys (urine) or liver (bile). An example is tlenzyme epoxide
hydrolase converting ethylene oxide, a chemicéh wé&notoxic and other
chronic toxic properties, into the somewhat leséctethylene glycol. On
occasions, the chemical may be activated and ctat/ento a more
dangerous species whereby the body inadverteniilyops itself. For
example, chloroform can be converted to phosgemasdgene (COCI2), a
poisonous gas used as a chemical weapon in Wond \iga highly toxic
gas or liquid that is classified as a pulmonarytant. Exposure to
phosgene gas produces delayed-onset noncardiquémonary oedema.
Exposures to 50 ppm may be rapidly fatal [http:#egency.cdc.gov/
agent/phosgene/basics/facts.asp].

3.10 Adverse Drug Reaction

In the US, 3 to 7% of all hospitalisations are doeadverse drug
reactions. ADRs occur during 10 to 20% of hosgsttions; about 10 to
20% of these ADRs are severe, making ADR 4th tddgling cause of
death among hospitalised patients. These statidticaot include the
number of ADRs that occur in ambulatory and nurdiogne patients.
Although the exact number of ADRs is not certailQRs represent a
significant public health problem that is, for st part, 30% to 60%
are preventable

A study by the Agency for Healthcare Research andliy (AHRQ) in
2011, revealed that sedatives and hypnotics wdeading source for
adverse drug events seen in the hospital settipgrakimately 2.8% of
all ADEs present on admission and 4.4% of ADEs thifinated during
a hospital stay were caused by a sedative or higpaiety. A second study
by AHRQ found that in 2011, the most common spealily identified
causes of adverse drug events that originated gllwspital stays in the
U.S. were steroids, antibiotics, opiates/narcot@sd anticoagulants.
Patients treated in urban teaching hospitals hgtehirates of ADEs
involving antibiotics and opiates/narcotics complate those treated in
urban nonteaching hospitals. Those treated in fgjveon-profit hospitals
had higher rates of most ADE causes compared ierpsittreated in
public or private, for-profit hospitals.
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In the U.S., females had a higher rate of ADEs lving opiates and
narcotics than males in 2011, while male patieratd & higher rate of
anticoagulant ADEs. Nearly 8 in 1,000 adults ag&dy6ars or older
experienced one of the four most common ADEs (&tsrantibiotics,

opiates/narcotics, and anticoagulants) during hakgation. A study

showed that 48% of patients had an adverse drugioaao at least one
drug, and pharmacist involvement helps to pickdyeese drug reactions.

3.10.1 Adverse Drug Reactionclassification

Adverse drug reactions (ADRs) are global publicltheproblems. In its
severe form it may cause hospital admission, mdybahd mortality.
Early identification and reporting of suspected ADR regulatory
authorities such as National PharmacovigilanceregiMPC) in National
Agency for Food Drug and Administration (NAFDAC)d¢iria, is known
to be one of the appropriate measures in insuréhhered safety of public
form such as adverse drug reaction of drugs.

There are many classifications of ADR, with modfieg at Type A and
Type B. But for academic and clinical applicatiore present a broader
classification which would be easier for the publfiealth officer to
recognise and identify as follows

Classification according toOnset of event:

i. Acute: - within 60 minutes
ii. Sub-acute: -1 to 24 hours
iii. Latent: - 2 days

CLASSIFICATION — SEVERITY

Severity of reaction: There is no universal scabe @iescribing or
measuring the severity of an adverse drug reactiesessment is largely
subjective. Reactions can be described as

iv. Mild:
V. Moderate:
Vi. Severe: disabling or life-threatening,

vii.  Lethal (deadly)

i. Mild adverse drug reactions:Mild reactions usually described as
bothersome but requires no change in therapy oftopged
hospitalisation. It is of minor significance inckid

Opiates causing digestive disturbances (such asseaa
constipation, diarrhea) Headaches, Fatigue, Vaguscia aches,
Malaise (a general feeling of illness or discomfémtihistamines
and changes in sleep patterns. However, such oeaatan be very
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distressing to people who experience them. Asudtrgmople may
be less willing to take their drug as instructedd @he goals of
treatment may not be achieved.

Moderate adverse drug reactions:

may require change in therapy (treatment) e.gdifiedl dosage,
addition of a drug, but not necessarily disconttimmaof the drug.
May required; hospitalisation may be prolonged, specific
treatment may be required.

Examples include, Rashes (especially if they attensive and
persistent), Visual disturbances (especially inpteovho wear
corrective lenses), NSAIDs causing hypertension aadema.
Difficulty with urination (a common effect of mamrugs in older
men).

Any perceptible change in mood or mental function.

Hormonal contraceptives and venous thrombosis.

Also, reactions that are usually described as @it considered
moderate if the person experiencing them consitiers distinctly
annoying, distressing, or intolerable.

Severe adverse drug reactionsAn ADR is potentially life

threatening and requires discontinuation of thegdand specific
treatment of the ADRinclude those that may be tifeeatening
such as ACE inhibitors and Angioedema, Phenothégziand

abnormal heart rhythm. Certain types of allergiactmns, that
result in persistent or significant disability oodpitalisation, and
that cause a birth defect. Severe reactions atuely rare. People
who develop a severe reaction usually must stomukbie drug and
must be treated. However, doctors must sometimainee giving

high-risk drugs (for example, chemotherapy to peayth cancer
or immunosuppressant to people undergoing organ
transplantation). Doctors use every possible méansontrol a
severe adverse drug reaction.

Lethal adverse drug reactions:Lethal reactions are those in
which a drug reaction directly or indirectly causdehth. These
reactions are typically severe reactions that wertedetected in
time or did not respond to treatment. Lethal remstican be the
reasons that some drugs are withdrawn from the ehaslkich
asAcetaminophen over dosage and Liver failure dicAagulants
and Haemorrhage

Seriousness: The U.$ood and Drug Administration defines a
serious adverse event as one when the patientroatisoone of the
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following: Death, Life-threatening, Hospitalisatioinitial or
prolonged), Disability - significant, persistenty @ermanent
change, impairment, damage or disruption in théepgs body
function/structure, physical activities or qualitfylife, Congenital
abnormality or Requires intervention to prevent npement
impairment or damage.

Severity is a point on an arbitrary scale of istgnof the adverse
event in question. The terms "severe" and "seriateen applied
to adverse events are technically very differeititeyl are easily
confused but cannot be used interchangeably, iagugare in
usage.

A headache is severe, if it causes intense pair€eTldre scales like "visual
analog scale” that help clinicians assess the ggv@n the other hand, a
headache is not usually serious (but may be in cdssubarachnoid
haemorrhage, subdural bleed, even a migraine mayaelly fit criteria),
unless it also satisfies the criteria for seriogsristed above.

3.10.2 Types of Adverse Drug Reactions
Adverse drug reaction is mainly classified into tmajor types;

i. Type -A [Augmented] and

ii. Type B [Bizarre] effects.

iii. Other classifications also include

iv. Type C (‘C’ for continuous or chronic),
V. Type D (‘D’ for delayed)

Vi. Type E ('E’ for end of use), and

vii.  Type F (‘F' for failure) effects.

viii.  Types of adverse drug reactions

Type —A [Augmented]adverse drug reaction:

Refers to predictable dose-dependent responses veinéc exaggerated
pharmacological actions at usual therapeutic doBeis. could occur in
everyone if enough of the drug is given becausg dine due to excess of
normal, predictable dose-related.

Clinical features: Common, there are in many instances avoidable,
extension of pharmacologic effect, often predicadohd dose dependent,
can be experimentally reproduced, responsible tfdeast two-thirds of
ADRs, constitute approximately 80% of adverse dmeanctions,
associated with high morbidity and low mortalitysually known before
licensing.
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Example

i Acute Liver failure resulting from acetaminopheremose

ii. Bupropion: Bupropion is useful for depressed peopl® also
have attention-deficit/hyperactivity =~ disorder ocame use
disorder and those trying to stop smoking. But dese can cause
Headache, agitation, discontinuation syndrome*, hhiglood
pressure in a few people, and rarely seizures

iii. Lisinopril & postural hypotension,

iv. Insulin & hypoglycemia

V. propranolol and heart block,

Vi. anticholinergic and dry mouth

Vii. bleeding when using the anticoagulant warfarin

Type B [Bizarre] refers to unpredictable, non-dose dependent, novel
responses to a drug occurs only in some people kitoss there are
unavoidable.

Characteristics:  idiosyncratic or immunologic reactions or
Drugallergy/hypersensitivity reactions, rare andeof unpredictable.
Little or no dose relationship occur in predispgsetblerant patients may
explain by rare genetic polymorphism.

Examples;

i chloramphenicol and aplastic anemia

ii. Fixed drug reaction of sulphonamides.

iii. Anaphylactic reactions with Drugs (e.g. as penigjjlinsect stings
and animal venoms, Certain foods (particularly eggafood, and
nuts) and Latex etc.

iv. Malignant hyperthermia with anaesthesia

V. Idiosyncrasy: Idiosyncrasy due to enzyme abnorsnélgmolysis
with primaquine if glucose 6-phosphate dehydrogeng56PD)
enzyme deficiency in any person. If primaquine egiv -
Hemolysis leading to hemolytic anemia due to remep
abnormality e.g. Malignant hyperthermia with gehemesthetics

(Halothane).

vi.  Sudden huge rise in IC calcium concentration, laseein muscle
contraction.

vii.  Increase in metabolic activities.

viii. Rise of body temperature

Drug allergy: Drug allergy also known as hypersensitive reaatioa to
Antigen antibody interactions. 1st dose acts asaatigen, in which
antibody is produced against the antigen in theybddith subsequent
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dose causes antigen-antibody reaction e.g. Pémiciluced anaphylaxis
(Type 1 hypersensitivity reaction)

Types of allergic reactions

i. Type | - immediate, anaphylactic (IgE) e.g., andakig with
penicillins

ii. Type Il - cytotoxic antibody (IgG, IgM) e.g., metldgpa and
hemolytic anemia

iii. Type Il - serum sickness (IgG, IgM) antigen-antigocomplex
e.g., procainamide-induced lupus

iv. Type IV - delayed hypersensitivity (T cell) e.gontact dermatitis

Other types of adverse drug reactions

Type C is associated with the long-term use of a drugianglated to
cumulative use (‘C’ for continuous or chronic)isithronic and of delayed
onset. It tends to be both serious and (relatively)nmon and have
profound effect on public health

Characteristics: associated with long-term therapy, involves dose
accumulation, often no suggestive time relationshiy connection often
difficult to prove, use of drug increases frequerafy “spontaneous
reporting” and can be Predicted from the chemicalicture of
drug/metabolite

Examples

i NSAIDS-induced renal failure (Phenacetin and intéa
nephritis)

il. Paracetamol — Liver Toxicity

iii. Oral contraceptive induced diabetic microangiopathy

iv. Breast tumors or antimalarial and ocular toxicity.

V. Hypopituitarism- adrenal axis suppression with icogteroids

Vi. Osteoporosis of the jaw with bisphosphonate

Type Drefers to a delayed type of reaction (‘D’ for dedel). May present
years after drug was administered. Can be accuivellat

Characteristics: Uncommon, usually dose-related and occur sometime
after drug use and delayed effects (dose indepé&nden

Example

i. Carcinogenicity (e.g., immunosuppressants)
il. Teratogenicity (e.g., fetal hydantoin syndrome)
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iii. Vaginal cancer in daughters whom mother was tredigd
diethylstilbestrol or Phenytoin during Pregnancyl dreratogenic

effects
iv. bladder cancers following long term cyclophosphanid
V. gene toxicity of some drugs,
Vi. Leucopenia — Limoustine
vii.  Carcinoma of the renal pelvis following phenacetic

Type E refers to withdrawal or end of use adverse dragtiens (‘E’ for
end of use).

Characteristics: Uncommon and related to discontinuation that is too
abrupt.

Examples

viii.  Addisonian crisis (adrenal insufficiency) followingteroid
withdrawal

iX. opiate withdrawal syndrome

X. rebound convulsions on withdrawal of carbamazepimeon-
epileptic patients or Phenytoin - Seizures

Xi. myocardial infarction following beta blocker wittedval

Type F refers to unexpected failure of therapy (‘F’ faildire).
Characteristics: Often common, -often dose-related, - caused by drug
interactions

Examples

i. inadequate dose of oral contraceptive
ii. Concomitant administration with enzyme —inducingggr.

Table 22: Comparison between Type A and Type B adwse drug
reactions

Parameters Type A (Augmented | Type B (Bizarre
response) response)

Pharmacologically | Yes No

Predictabl

Dose depende Yes No

Host factors

Genetic factors may b

importan

eDependent on host
factol

Animal Model

Usually producible in
animals

Unknown in animal
models

Incidence and
morbidity

Common

Uncommon
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Mortality Low High
Detection Early in clinical Post — Licensing
Developmer
Treatment Adjust (Reduce dose) Stop (Discontinue
Therapy

3.10.3 Causes of Adverse Drug Reactions

In clinical practice, patients withype A reactionvhich are usually dose-
related and predictable can often be managed hystay the dose,
substituting a similar but more selective drug iging additional drugs to
antagonise the unwanted effects of the primaryagefype B reactions

it is usually necessary to withdraw therapy.

Table 23: Causes(a) and Body Systems Commonly Inveld in ADR
(b)

a) Common Causes of ADRs | b) Body Systems Commonl
Involved

Antibiotics Haematologic

Antineoplastic CNS

Anticoagulants Dermatologic/Allergic

Cardiovascular drugs Metabolic

Hypoglycaemic Gastrointestinal

Antihypertensive Renal/Genitourinary

NSAID/Analgesics Respiratory

Diagnostic agents Sensory

CNS drugs

ART

Account for 69% of fatal ADR;

Body Systems Commonly Involved There are variedmlesnmechanism
involve in adverse drug reactions. From the patigupulation
characteristics like age, sex, population sizeeterconstitutions, and
tendency to allergy, disease, personality or habiBredisposing factors
— renal function, liver function, pharmacokinetimdaPharmacodynamics
factors etc.

3.10.4 Impact of genetics

Genetic constitution of an individual plays a vitale in ADRs, as every
individual responds differently to drugs as a resfl their genetic
constitutions. This genetic variation can exisaassult of single mutant
gene (as in polymorphism or discontinuous varigticor polygenic
influences e.g. Drug-induced haemolytic anaemia assult of G6PD
deficiency with drugs like 8-aminoquinolines, antinobials and some
analgesics.
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3.10.5 Factors responsible for Adverse drug reactis (ADR)

i

ii.
iii.
iv.
V.
Vi.
Vii.
Viii.
iX.

Age (children and elderly)

Multiple medications

Multiple co-morbid conditions

Inappropriate medication prescribing, use, or nuiTy
End-organ dysfunction

Altered physiology

Prior history of ADRs

Extent (dose) and duration of exposure

Genetic predisposition

3.10.6 Factors Masking Adverse Drug Reactions

ADR are most times unrecognised due to a humbfsctdrs:

Vi.

They may mimic natural disease e.g. phenothiasireduced
hepatitis.

They may appear as an odd or bizarre reaction filormnocent
drug like pseudo lymphoma from Phenytoin.

The appearance of the reaction may be delayed iike
mucocutaneous syndrome due to practolol, adenocane of the
vagina in children whose mothers received high dmssrogen
during pregnancy or valvular heart disease follgifienfluramine
administration.

ADR may cause the relapse of a natural diseaseotee disorder
in a naturally susceptible subject e.g. diabeteghigzides and
glaucoma by atropine and

It may be masked by the nature and complex clirsitaation as in
antiarrhythmic drugs with a pro-arrhythmic effect
Environmental factors causing ADRs includes sinpultution e.g.
with Halothane in the air of operating theatre,stag abortion in
female staff; Penicillin in air of hospital or milkause drug
(hypersensitivity) allergy.

SELF- ASSESSED EXERCISES

4.0

What are the five contexts of drug toxicity?
Explain the types of drug related hypersensitivigctions.
Enumerate the causes of drug reactions

CONCLUSION

In this unit, you have been exposed to the varmrmamon define and
terminology used toxicology, and adverse drugsti@a.cYou have learnt
describe the purpose of toxicology, subdivision elagdsifications of toxic
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agents including poisons that can heal. Distingatbrerse drug reactions
(ADRs) from adverse drug events, classify an ADRmwit presents, types
of populations most at risk of, ADRs and varioustdas that can mimic

diseases and mask ADR.

5.0 SUMMARY

Toxicology is a field of science that helps us ustind the harmful

effects that chemicals, substances, or situatioas, have on people,
animals, and the environment. Some refer to torgphs the “Science of
Safety” because as a field it has evolved from ianse focused on

studying poisons and adverse effects of chemigabsxres, to a science
devoted to studying safety.

Most exposure of humans to chemicals is via ndfuratcurring
compounds consumed from food plants.

Toxicology has various sub discipline that madedsy to study and
classify. This includes; Environmental Toxicologiu&ies chemicals that
are contaminants of food, water, soil, or the @rzcupational (Industrial)
Toxicology: studies of protection of workers frooxic substances and
makes their work environment safe. Regulatory Taleigy: Gathers and
evaluates existing toxicological information to adstsh concentration-
based standards of “safe” exposure. Food Toxicollmyywlves delivering
a safe and edible supply of food to the consumiémic@l Toxicology: Is
a study that is concerned with diseases and ikseassociated with short
term or long-term exposure to toxic chemicals. Rsie Toxicology:
Helps to establish cause and effect relationshgie/den exposure to a
drug or chemical and the toxic or lethal effectst tlesult. Etc.

Toxic agents are classified as Heavy Metals, Stdvemd Vapours,
Radiation and Radioactive Materials, Dioxin/FuraRgsticides, Plant
Toxins and Animal Toxins

Not all poisons are deleterious, some poisonsdésatheal, depending on
dose (Dose matters (and so does timing)); indiVidBeople differ)
differences; and change in times (things change).

WHO definesas an adverse drug reaction as “a resptona drug which
is noxious and unintended and which occurs at dosemally used in
man for prophylaxis, diagnosis, or therapy of déseaor for the
modification of physiologic function? This differéated from & adverse
drug eventwhichis“any untoward medical occurrence that may
present during treatment with a pharmaceutical pcoutwhich does
not necessariljhave acausal relationshipwvith this treatment’dr side
effects which ismunintended effect of a drug occurring at the rarm
dose related to th@harmacological properties of the driADR
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definition excludes therapeutic failures, overdosdrug abuse,
noncompliance, and medication errors.

6.0 TUTOR- MARKED ASSIGNMENT

Define toxicology and commonly associated terms

Differentiate the sub-disciplines of toxicology

Describe the classifications of toxic agents

a) What is WHO definition of adverse (ADR) drugcéon,
classify ADR according to the onset of events gpes of
ADR. Giving definitions, clinical characteristic and at
least two drugs and ADR caused under each tyjpgBRB.

b) Outline five examples each of the foliogv

i. commonest drug causes of ADR

ii. commonest system(organ) involved/ susceptible tRAD

iii. Risk factors of ADR

PONPRE

7.0 REFERENCES/FURTHER READING

Hayes, A.\W. & Dixon, D. (2017).Cornerstones of Tantogy.Toxicol
Pathol 45(1), 57-63. https: // doi: 10.1177/01926233 B5%B.

Schatz, S.N. & Weber, R.J. (201Bdverse Drug ReactionPSAP 2015
CNS/Pharmacy Practice.

Goldman, S.A., Kennedy, D.L.& Lieberman, R. (199%}linical
Therapeutics and the Recognition of Drug-InducéskBse

Forging a Poison Prevention and Control Systemtituie of Medicine
(US) Committee on Poison Prevention and Contéhshington
(DC): National Academies Press (US); 2004.

Matter, B.E.,The Science of Toxicology - Scope, Goals and FaseC
Studies.Preclinical Research, Toxicology, SANDOZ, Ltd Base
Switzerland.

Liebler. D.C. & Guengerich, F.P. (2005).Elucidatingchanisms of drug-
induced toxicityNat. Rev. Drug Discqv4:410-420. [PubMed]
[Google Scholar].

Toxicology DataNetwork (TOXNET)- www.toxnet.nlm.nih.gov).
Botulism in the United States, Handbook for Epiddagjists, Clinicians,

and Laboratory WorkersCDC National Centre for Infectious
Diseases, Division of Bacterial and Mycotic Disea$898.

83



PHS 810 PHARMACOLOGY AND THERAPEUTICSIROBIEALTH

National Research Council (US) Committee on Appibcs of
Toxicogenomic Technologies to Predictive Toxicadmgly Risk
AssessmentVashington (DC): National Academies Press (US);
2007. C, Overview of Risk Assessment. Available nfro
https://www.ncbi.nlm.nih.gov/books/NBK10201/.

WHO (2014).Chemicals of public health concern in the Africaegi®n
and their management. Regional Assessment RepwHO
regional assessment report

Lazarou. J., Pomeranz. B.H., & Corey. P.N. (1988)dence of Adverse
Drug Reactions in Hospitalised Patients: A Metalmsia of
Prospective  StudiedAMA, 279(15), 1200-1205. https
doi:10.1001/jama.279.15.1200

Weiss. A.J., & Elixhauser. A. (20L3'Origin of Adverse Drug Events in
U.S. Hospitals, 2011(HCUP Statistical Brief #158). Rockville,
MD: Agency for Healthcare Research and Quality.

MedWatch. (2007) Wat Is a Serious Adverse EveArchivedfrom the
original on 29 September 200Retrieved # April 2020.

Guideline for Good Clinical Practice (199@)ternational Conference on
Harmonisation of Technical Requirements for Regt&in of
Pharmaceuticals for Human Use. 10 June 1996. Relrieved 4
April 2020).

84



PHS 810 MODULE 1

UNIT 3 DISCOVERY/DRUG DEVELOPMENTAND
PHYTOMEDICINE

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  Definition of Terms
3.2  Drug Development
3.2.1 Why are drugs developed?
3.2.2 Preclinical Drug Discovery
3.2.3 Pharmacological Profiling
3.2.3 Safety and toxicity testing
3.3  Clinical drug development
3.3.1 Phases of development
3.3.2 Aims and Objectives of clinical drug developments
3.4  Ethics in Clinical Trials
3.4.1 Non-maleficence
3.4.2 Beneficence.
3.4.3 Justice
3.4.4 Respect for person
3.5 Clinical Trial Design
3.5.1 Phases of Clinical Trials
3.5.2 Laminations of Clinical drug development
3.5.3 How to Appraise a Clinical Trail
3.6  Statistical design
3.6.1 Parallel-group and cross-over trails
3.6.2 Randomisation and masking
3.6.3 Primary outcome
3.6.4 Power calculation
3.7 Phytomedicine
3.7.1 Introduction and Historical Background
3.7.2 Characteristics of Phytomedicines
3.7.3 Uses of Herbal preparations
3.7.4 Preparations of herbal Medicines
3.7.5 Standardized Phytomedicines.
3.7.6 Routes Administration herbal Medicines
3.7.7 Safety Issues in the use of Phytomedicines
3.7.8 Challenges of Phytomedicine
3.7.9 The Future of Herbal Medicine
4.0 Conclusion
5.0 Summary
6.0  Tutor- Marked assignment
7.0 References/Further reading

85



PHS 810 PHARMACOLOGY AND THERAPEUTICSIROBIEALTH

1.0 INTRODUCTION

The pharmaceutical industry is skilled at discavgrinew chemical
entities — millions of novel substances have baedyred in the last 50
years. Few of these have the appropriate charstitsrio become drugs
for use in humans (preclinical studies in animalaynreveal an
inappropriate  pharmacokinetic profile, lack of thelesired
pharmacological effect, or toxicity), and the inttysherefore discards
almost all of its discoveries. Compounds that sigryreclinical screening
may enter the drug development process provideddaguate clinical
need exists and the company is confident thatlitrecoup the costs of
development. These costs vary according to thécaliarea and the size
of the programme, but sums in excess of £€250,00@80not uncommon.
Even for drugs that reach development, success puarantee; only 10%
of compounds survive clinical assessment, and thdlug desire of every
company is to achieve the success of agents liketsanol, atenolol and
ranitidine, only a few survivors find a significamie in therapeutics.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o define terms in drug development and phytomedicine

o recognise the significance of drug development

o identify the pharmacokinetics and pharmacodynamio$ling in
drug development

o state the safety and toxicity testing in drug depeient

o describe the phases involved in clinical trials

o explain the integration of phytomedicine prepamatiinto
conventional or official medicine

o identify and describe the standardisation and tyuealialuation of
herbal drugs

o tell the routes of administration of herbal drugs

o recognise Herb-drug interactions

o explain adulteration and contamination of herbabgr

3.0 MAIN CONTENT

3.1 Definition of Terms

Phytomedicine: Phytomedicine is modern and science based

herbal medicine. Phytomedicine, also called Botfftant
Medicine. The word ‘phyto’ derives from the Greebnw plant;
hence it means plant-based medicine. Phytomedisineoted in
scientific research and therefore not to be comfusdgth
homeopathy. The methods used to evaluate planttbasdicines
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are similar to those used by orthodox medicine., Y@t herb
contains many active chemicals, unlike conventianags, which
focuses on specific chemicals. Hence botanicabdsdl medicines
may combine several actions to support the bodgadth.

Phytotherapy (Henri Leclerc): The branch of herbal medicine
that describes the potentials and limitations abhkdrugs in the
treatment of human diseases. It should be pracbggohysicians
trained in herbalism

Phytotherapists: qualified Phytotherapists use herbs to treat the
diseases the methods used to evaluate plant-basdidines are
similar to those used by orthodox medicine, theysafe for many
conditions. Phytotherapists conduct individual cdtadion and
then dispense a medicine. It does not use any tikeapies like
acupuncture; panchkarma etc. pharmacognosy iseahdhrt of
Phytomedicine.

Phytopharmacy Preparation of natural drugs. Either in natural
forms (teas) or in pharmaceutical preparation.

Phytochemistry: The study of the chemical constituents in the
plants.

Phytopharmacology. Natural drugs which have multiple effects
must be tested in humans.

3.2  Development
3.2.1 Why are drugs developed?

Drugs are developed so that we can turn fatal orfatal diseases into a
routine therapeutic exercise (Figurel) or instabeégre the development
of anti-hypertensive drugs, hypertension was d flisease with people
dying in a year or two of developing high bloodgmere. Now, millions
of people with hypertension are successfully maddgegg term with anti-
hypertensive drugs. Drug development is divided imteclinical and
clinical drug development.

The process of drug development includes the #ietvihat take the
prospective new drug into the market-place whdredbmes available for
use by doctors and patients. Development of a magid therefore a vast
project that lasts many years and involves clinizalestigators in

specialist department or in departments of clinidermacology, as well
as experts from different disciplines in the phazewdical company.This
collaboration is vital for successful drug develamn but it is important
to recognise that each party has its own agendgagkrties. It is not
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realistic to develop a drug exclusively in one doyninternational
expertise must be coordinated, taking account féréinces in clinical
practice and approach around the world. Drug disgpusually exploits
advances in knowledge that are available withinrsearch community
and it is therefore not surprising to find sevetampanies pursuing
similar lines of research. It is often the actiadtiof drug developers that
determine which company | first to the Market-plad@ompanies
constantly examine their processes for greatagieffcies, to contain costs
and to minimise the duration of drug developmehade 3 clinical studies
(see below) are important determinants of the dviémeing because they
are perfumed on the critical path, and particigatiinicians are likely to
feel pressure from the company to complete thd tira schedule.
Development times vary between areas of theramguiiot generally
companies expect to develop drugs in 6-7 years fjaoed with about 12
years two decades ago).

3.2.2 Preclinical Drug Discovery

ROUTINE
. tD:SE;;&SES f—t . THERAPEUTIC
atal and non-fata EXERCISE

DRUG
DEVELOPMENT

Preclinical drug discovery is the process befomgiadl testing of drugs.

The first step in preclinical drug developmentis tiscovery or synthesis
of a new drug. Atleast, 10,000 new moleculesi&@eovered/synthesised
for each successful new drug introduced. Extersigelinical safety and

efficacy testing of new drugs are required in afémand this takes an
average of 1.5-3 years. There are three mains imayhich new drugs

are derived; chemical modification, rational drugsign, and random
screening.

3.2.3 Serendipity: Serendipity (accidental discovery of something
fortunate) may also have a role in drug development
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DRUG DISCOVERY

Chemical Rationale Random
Modification Drug Design Screening

\

DRUG
CANDIDATES:
Lead compounds
Serendipity

Figure 20: Three methods of drug discovery (CopyigQUT, Sheila
Doggrell)

An important group of drugs that were made by cleaininodification
were the diuretics. However, the initial step waendipity; an observant
physician noticed that sulfanilamide (antibioticaused a sodium
bicarbonate diuresis the loss of sodium, bicaraad water from the
kidney. Thus, it was reasoned that a sulphanileriid drug could be
made that promoted water loss fromthe body. Adtstring of chemical
modification, chlorothiazide was synthesised.

Chlorothiazide increases sodium chloride and wataretion. Further

modification of the structure of chlorothiazide leal the discovery of

frusemide, which is a very potent diuretic. Thiazide diuretics, such as
chlorothiazide, and frusemide are commonly usedhe treatment of

hypertension and heart failure to promote wates.|ldte second method
for drug discovery is rational drug design, and witt consider a new

example of this (zanamivir — Relenza).

Rational drug design usually includes computergiesivhich is known
as in silico. A computer model is made of the #itg you want the drug
to bind to, and then of the drug with best fitlkimding. Then the chemical
is synthesised, and then tested pharmacologiaaltjetermine, whether
the chemicals do as predict.

A drug that was developed in this way is zamar{R&lenza). Zamanivir
can prevent or shorten the flu, which is a virudeuramidinase is an
enzyme involved in viral replication, and the stuwe of this enzyme has
been determined. The structure shows a pocketenhe may be able to
get a drug in to inhibit the enzyme. Zamanivir lsmithe pocket to inhibit
the activity of Neuramidinase, and consequently réplication of the flu
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virus. A third approach to drug discovery is randsgreening. This uses
high throughput screening managed by robotics. réltis random

screening for biological activity. The screeningnche of banks of

previously discovered chemical entities, a largenber of natural

products, and libraries of peptides and nucleidadRandom screening
led to the discovery of the immunosuppressant spadne.

3.2.4 Pharmacological Profiling

Once a lead compound has been discovered (e.gganith activity at a
certain binding site), the compound undergoes pheotogical profiling.
A large number of experiments are undertaken, maiging animals, to
determine the pharmacokinetics and pharmacodynawficke drug.
Questions asked include; does the drug do whatxpect? Does it do
anything else? Is it active after oral administra® The initial profiling
usually depends on the pharmacological goal egrirdactive will be
tested against infectious organisms. Anti-diabatigs will be tested for
their ability to lower blood glucose in animal méglef diabetes.

3.2.4 Safety and Toxicity

New drugs undergo extensive safety and toxicitiirtgsn animals. This
testing was increased after the thalidomide disasiéhalidomide was
developed as a hypnotic (calming) and anti-ematig ¢h the 1950s. It
was used as a hypnotic and extensively to preventimg sickness. For
severe morning sickness, it was more beneficiah thay other drugs
available at the time. Limited toxicity testingrists had suggested it was
safe in pregnancy. To women who took thalidomidgrdy pregnancy,
10,000 children were born with phocomelia, whickhis absence of arms
or legs with hands or feet attached to body tru@bkviously, when it was
shown that thalidomide was the causative agentag withdrawn and
litigation followed, costing the pharmaceutical quany responsible to
pay millions in compensation.

What was learnt from the thalidomide disaster? Hmemal rights
movement claimed that the thalidomide disaster glltlvat the testing of
drugs in animals was not predictive of toxicityhinmans, and should be
abandoned. Toxicity testing should be in humanser& is another
interpretation, birth defects are rare in rats. tsRae more likely to
reabsorb defective foeti. Closer analysis of tikiesting of thalidomide
showed lower litter numbers, which probably indéchthe potential to
cause birth defects in humans. More extensivecityxin animals
probably would have prevented the thalidomide tigggeMore extensive
toxicity in animals is now undertaken. This preidal safety and toxicity
testing take 2 -5 years, and involves the collectind analysis of lots of
data. This testing is closely supervised by aepetident Animal Ethics
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Committee that works to minimise the number of aigsed, and the
harm done to animals. Acute toxicity of single eand chronic toxicity
of repeated doses of drugs are often tested on ribe effects of drugs
on reproductive function and teratogenicity (abitit cause birth defects)
are tested in a variety of animal species. Fogslithat are going to be
used long term in chronic illness, the carcinoggrotential has to be
tested in animals long-term. Mutagenic potensialndertaken in bacteria

3.3  Clinical Drug Development
3.3. 1 Phases of development

It is convenient to describe clinical drug devel@mmin terms of phase.
The boundaries between the phases are not rigid, ian some
developments phases 2 and 3 are merged. Overlaedretphases may
occur; for example, pharmacokinetic assessmeratiants with hepatic
or renal impairment are usually undertaken latertha programme
alongside phase 2 or 3. Whether healthy volunteepatient volunteers
are used in phase 1 studies depends on the théapless of the agent.
The duration of phase 1 is about 1 year; the camadf phases 2 and 3
together is about 4 years. Submission to regulasdogsed on the clinical
data obtained from the studies in phases 1, 2 and 3

3.3.2 Aims and Objectives of clinical drug develapents
The aims of clinical development are to determimefollowing

i How the recipient handles the potential drug — gligmn,
distribution, metabolism and excretion (commonlpralviated to
ADME); this may include special populations suchtzes elderly
or those with liver or kidney impairment

ii. How the new agent affects physiological systemsveeit to its
efficacy or safety — for example, dose-responsaticgiships and
the duration of action of @-adrenoceptor antagonist can be
investigated using the agent’s effect on heartdateng exercise.

iii. Whether the new agent has efficacy against thetaligease and
how efficacy relates to the dosing regiment

iv. How the agent is tolerated at different dose andiffierent groups
of patients — every patient must be monitored ¢yos® adverse
events and routine screening is conducted to asgesther the
new agent adversely affects liver or kidney funetior blood
constituents

V. The potential for interactions with other drugs

At some stage in the drug development procedudsug patent
has to be applied for, to protect your discovergnfr other
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companies. Patents are valid for 15-17 years.inQuhe patent,
all monies made by that drug are returned to trermhceutical
company that invested in the development. Howasereclinical
testing takes on average 1.5 to 5 years, and alitrialling take 5
to 7 years on average, there may not be much tionethfe
developing company to recoup their investment. eA# patent
expires, the generic drug can be made by other anies,
commonly known as generic companies. The genericpanies
make drugs but they do not pay towards the devetoprof the
drug. After the patent expires, the pharmaceutoahpany that
discovered the drug, no longer receives all the eydnom that
drug.

After successful preclinical testing, a few newgs enter the next
stage, which is clinical trialling. Clinical triglare experiments in
humans to evaluate drugs, medical devices, bicgdogic. Thus,
clinical trials are to evaluate interventions imgeal. The results
of clinical trials are presented to the authorities assessment.
This assessment is carried out by the Federal Bdmginistration
(FDA) in US, or the National Agency for Food anduDr
Administration and Control (NAFDAC) Nigeria or byna
countries drug regulatory agency. If the FDA orfRBC accept
that the drug does better than harm, it is registéor clinical use.
The clinical development of drugs does not stogegistration, as
there is ongoing preclinical and clinical assesgméns presently
considered that it costs A$1.2 billion for a singaccessful new
drug.

Only about 10% of compounds that enter clinicahl trare

approved/registered for sale. Clinical trials an€eler stringent law
enforced guidelines. These guidelines includecsthivhich is
assessed by human ethics committee, and patiestebn For
patient consent, they must be fully informed in lagguage of
exactly what is happening in the trial. Clinicahls of drugs are
often funded by pharmaceutical company with indelean
investigators.  Without this funding, there would Hittle

development of new drugs. There is some governmeming

available for clinical trials of complementary aradternative
medicines in the US, which allow these medicinebgmroperly
evaluated. Clinical trials are not quick, as tkeke 7-9 years.
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3.4 Ethics in Clinical Trials

The atrocities of the Nazis on concentration camnpeites, such as cutting
people and seeing how long they bled for, werestigated after World

War Il in Nuremberg Tribunal. The tribunal devedopthe Nuremberg
Code, which started the modern era of ethics. heg 4 main principles
of modern ethics (Figure 1).

Non-maleficence: non-maleficence, means to do no harm.
Beneficence: The second aspect, is the reverse of this, it is
beneficence, which is to do good. Combining nonefiegnce and
beneficence means that clinical trials have to m#&e benefits
and minimise harm to the patient.

Justice: The third aspect of ethics in clinical trials ussfice, which
means that the benefits of research should betdistd fairly, not
just to the rich and powerful.

Respect for person:Respect for person has three parts, Firstly,
individuals be regarded asitonomous agentsand their opinions
and choices respected, regardless of how daftogiichl they are.
The second part igeracity, the truth must be told to participants.
Participants have to be able to understand thealitrial, and the
benefits and risks, and these are provided in & Rlanguage

Statement, prior to consent being asked for. Kinal
confidentiality, the participants name, details etc. are to be kep
confidential.

Ethics are policed by IRBs, Institutional ResedBclards, which are also
known as Ethics committee. This process involvesr preview of

proposed research. Peer review is independergwesf the proposed
clinical trial to determine whether the trial ispappriate. Universities
often have ethics committees both for peer revigwinimal experiments
and human experiments. For instance, QUT has aduRasearch Ethics
committee, an Animal Ethics committee and a Biayafemmittee.

3.5 Clinical Trial Design

There are a number of factors that make a goottalitrial design. There
should be similarity of the control group, who dat meceive the drug,
with the group receiving the intervention (dru@therwise any difference
between the control and intervention group, may doe to other
differences between the groups, other than dubedtug intervention.
One way of achieving similarity between group$iesitandom assignment
of patients to control and intervention group.iritial clinical trials, the
control group was untreated whereas the treatedpgwere given the
drug. This is almost guaranteed to show a beméfiffect with the drug,
as people like to believe the drug is going totdort good. To avoid this,
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the control group are given an inert replica ofdheg, which is known as
the placeba Placebos are very good for you! The placebo aesp

(which means “| shall please”) is 40% of reliefgain in labour, and up
to 60% in relieving depression. This is the kegsan for not accepting
anecdotal evidence, and requiring placebo-conttalmical trials.

Another danger in clinical trials is observer biashe observer of the
patients will want the patient to get better antl g looking for signs of
benefit with the drug, which may or may not be preés To avoid this
problem, blinding is used. There are two typedlofding. In single

blinded clinical trials, only the study participanére blinded, not the
investigator, and this happens when it is consilémgportant that the
investigator knows which participant has the activag. In double-
blinded clinical trials, neither the participantsrrihe investigator knows
who is taking the active drug. The best designafatinical trial is the

randomised, double-blind, placebo-controlled tri&uch a trial has the
highest likelihood of revealing the truth about #ffects of a drug. The
randomised, double-blind, placebo-controlled ties a very simple
design (Figure 22).

Patient
population

Placebo —
dummy tablet

Figure 21: Randomized, double-blind, placebo-corited trial
(Copyright QUT, Sheila Doggrell)

In a randomized, double-blind, placebo-controlleilt the selected
patient population is randomised to either the gbac(dummy tablet) or
the drug, and the health of the participants isitooed.

3.5.1 Phases of Clinical Trials

In drug development, it mandated that new drugshavwgo through 4
Phases with each phase having different requiresné&atch drug has to
successful pass Phase | before moving onto Phasediko on (Figure...).
Clinical trialing usually starts with small numbess participants and is
mainly to test safety, and is often in health vedens (Figure 4.5). Only
when some safety has been established, does testing
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Clinical development of medicines

Phase | Phase Ill
20 — 50 healthy volunteers 250 - 4000 more varied
L r preliminary d patient groups — to
| ¥ gathion pielminr de | determine short-term safety
[ ) _ and efficacy

Animal experiments for
acute toxicity, organ

damage, dose dependence, [
mglabolism‘ kﬁ'leetics. % al‘:):ase n 7 Phase IV
carcinogenicity, 150 - subjects wi P .
4 . g z ost-approval studies to
mutagenicity/teratogenicity disease - to determine it Zzec‘:ﬁc safe:!y s
safety and dosage
recommendations

,// Preclinical /
. Animal Phasel| Phasell Phaselll
‘\\ Experiments \ \

+——————— Development

Phase IV | Spontaneo
Posi-approva‘. Reporting

Post Registration —

Figure 22: The Phases of clinical trials (CopyrighQUT, Sheila
Doggrell)

Phase | clinical trials are often performed in Wmsity Hospitals using

experts in clinical pharmacology. They are opethwioth subject and
observer knowing what is happening. Phase | dinidals use small

numbers (20-80) of healthy volunteers. The exoeptd this is when

testing toxic drugs for cancer and HIV. As thesmila be toxic to healthy
volunteers, the Phase | testing of cancer and Hiligslis in patients. The
dose tested in Phase | will be a small fractiorthaft shown to cause
toxicity in animals. The main reason for the tiglo establish safety, and
the trial will measure toxicity and, possibly, eficy. In Phase |, provided
an assay is available to measure the drug, blooglea may be taken to
measure the pharmacokinetics of the drug. If g dhows unacceptable
toxicity, the clinical trial will stop after Phase

Phase Il clinical trials are also often performadUniversity Hospitals
using experts. They are single-blinded i.e. theg placebo/dummy
tablets to prevent the subject knowing which isivacdrug, but the
physician does know which is the active drug. BHafrials may have a
comparison with standard treatment. If there ssaadard drug available
for a certain condition, it has to be establisheat the new drug is better
than the standard drug before it can be registdPbdse |l trials are in 10-
200 patients with the disease the drug is indickded The Phase Il trial
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is to establish the efficacy and toxicity of theugls. This information is
needed for more extensive Phase Il trialing. Hrag does not show
efficacy in Phase |l trial, it will not go forward Phase lIl.

Phase Il clinical trials are usually performedtie setting the drug will
eventually be used in. Thus, if a drug is to bedus hospital, it will be
tested in hospital, whereas if a drug is used mega practice, it will be
tested in general practice. The investigatorsuatglly specialists in the
disease being treated. Phase Il trials are deblbided; neither the
observer nor the subject knows which is active diighird person holds
the code identifying the drug, which is not brokentil the trial is
completed. Phase Il trials enrol large numberspafients, and are
expensive. Phase Il clinical trials establishoafty and toxicity.

Positive results in Phase Il lead to applicatiforsregistration to market
the drug to the Therapeutics Goods Administratit@A).

Phase IV clinical trial is also known as post-méirigesurveillance. Even
though Phase Il trials enrol large numbers ofeds, this may not be
large enough to detect any rare or long-term aeéveffects, and this is
done in Phase IV. Phase IV is under the actualitions the drug will be

used. Itis monitoring safety in large numberpatients and over longer
periods of time than previous Phase. Phase Ncalirrials, especially

the monitoring of adverse effects, involves, alaltie professionals, not
just investigators.

3.5.2 Laminations of Clinical drug development

A typical clinical drug development may provide dnfhation on 5000
patients. This appears to be an impressive bodyfafmation, but some
of these patients will have been exposed to thepapator treatments
rather that to the agent under trial. Furthermorany patients given the
new agent may have been given non-therapeutic doseay have been
treated for short periods only. Programmes invgwinugs that will be
given chronically usually include at least 100 gats$ treated for at least
1 year; this is an important ‘safety platform’ bbhas limitations,
particularly in detecting adverse event with anideace of less than 1%.
Post-marketing surveillance is therefore impor@md clinicians should
report adverse events seen in clinical practice psge 25).

There are also limitations in the assessment oicaef§. Chronic
degenerative disease is a challenging therapeuatigett but the
improvement may be limited by pathology that isgéy irreversible.
Modest efficacy may be the consequence, and effeatsare statistically
significant in large trials may be difficult to eapolate to individual
patients; it may be necessary to debate the cliigmificance, for
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example, a 5% increase in peak flow rate or a 1€ease in a quality-
of-life measure. Evaluation of dose-response, wlisch long-standing
area of weakness in drug development, becomesmeendifficult when
changes in the end-points are small. Also, clinicals tend to be
conducted in well-defined at controlled settingsawHwell result of a
clinical programme predicts the real world of diali practice is a matter
of concern to regulatory authorities and clinicians

Practice points

i Clinical evaluation of new drug is a collaboratprecess involving
clinical pharmacological industry

ii. Clinical development of a new drug is divided iptoases 1-4

iii. Even after a through clinical trial programme, eigrece with a
new drug is limited and much remains to be disoedén clinical
practice

iv. Reporting of adverse events is the responsibifigiicclinicians

3.5.3 How to Appraise a Clinical Trail
Readers of the medical regularly encounter detsani of clinical
trials forming the basis for recommendations abmedical
practice. The ability to practice. The ability tppaaise these
reports critically is essential if they are to higeg appropriate
weight. Only a limited appraised can be conductesnf a
published most important supporting document iptie¢ocol. It is
worth trying to obtain a copy for trails of spediaterest — protocols
of important trials are increasingly being publidhe
The overall purpose of a clinical trial may be lexatory or
confirmatory:

Confirmatory trials are intended to provide a digifie answer to a
guestion based on earlier indicative research {leegefficacy of a
new medicinal product in its intended manner ofjuse
Exploratory trails are intended to suggest ideas [ater
confirmation.

This contribution focuses on confirmatory triakchuse these are
the trails which primarily influence practice. Confatory trials
are usually controlled and randomised to achieeehigh degree
of scientific rigour necessary to ensure the vgliddf their
conclusions.

The three aspects of a clinical trial that moseefits interpretation are

design, conduct and analysis. The most importapeasis design,
because serious flaws | design are generally iiexetble.
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3.6 Statistical Design

3.6.1 Parallel-group and cross-over trails in most clinical trials,

patients are randomised to one of two or morertreat arms, which are
subsequently compared (parallel-group). This isrtteest robust design
and minimal assumptions underlie its use. The skeoast commonly

used design is the cross-over trail, which requieeger subjects, but at
the expense of additional assumptions for valid. @®ss-over trails

should be used only in stable disease, and caeyaails should be used
only in stable disease, and carry-over of treatreéfatts from one period
to the next should be avoided. The cross-over deigstandard in

bioequivalence studies and some other early-phasies, but outside
these applications its use should always be cdygtdtified.

3.6.2 Randomisation and masking the most reliable control group is
randomised and double-masked (double-blind). Detahould be

provided of the means by which randomisation wasieaed and its

security maintained. In double-masked trails, numtbesupplies of drug

can be given to individual trial lists pre-packext@ding to a properly

generated random scheme. Alternatively, a teleph@meomisation

system may be used; this is particularly advantagewhen masking is
impossible — the entry criteria can be checked wthercall is made and
if these are satisfactory the patient is irrevogaditered into the trail.

Other randomisation methods (e.g. sealed envelgbhes)ld be regarded
with scepticism and confirmation of diligent ancdcgee operation with

scepticism and confirmation of diligent and secaperation should be
sought. If code-breaks are supplied for emergendlesy should be

tamperproof and individualised.

If the trial is not double-masked (single-maskeapen), the other steps
taken to avoid bias should be described and theicess evaluated; for
example, it may be possible to use independentsrefko are ignorant of
treatment to take the key measurements.

3.6.3 Primary outcome:the aim of the trail should lead to the choice of
a key measurement as the primary outcome in thtogob and this
outcome should be the main focus of attention ér#éport. This ensures
that the main test of statistical significance utalen at the end of the
trail is not affected by multiplicity (figure 2).d8t hac selection of the
outcome that achieves the highest level of sigmifte is a biasing
procedure. Sometimes, however, insistence on aiamigoice of outcome
presents difficulties. This situation can be deaih by statistical means;
the method chosen should be described clearly.

3.6.4 Power calculation:an ell-designed trial should include sufficient
patients to make achieving the trail aim likely.eTibasis for this number
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is usually found in the power calculation, whicloshd be written into the
protocol and also reported in the publication.

The prospective power calculation is a valuable@of information for
the appraiser when doubts arise. It identifiegplaeed primary outcome,
the treatment comparison of greatest interestlamdize of difference that
the study was intended to detect. These factonddlvorrespond to those
used during analysis and interpretation.

Once the trail is complete retrospective power atons are of little
value because the precision achieved can be dhgstbetter in other ways
(confidence intervals).

3.7 Phytomedicine
3.7.1 Introduction and Historical Background

Phytomedicine or the use of herbal medicine wittrdpeutic properties
have played a significant role throughout histofjthough its usage
greatly diminished during the dawn of the scieatéia, there is a revival
of interest in its potential by late 20th centumspecially in the
development of new drugs.

The history of herbal medicine can be traced batkdusands of years in
both Western and Eastern tradition. It came intstemce since the advent
of human civilisation. Sheng-Nongs Herbal Book, afethe earliest
sources of folk knowledge on the use of herbs im&dated back to 3000
B.C. and included knowledge of 365 plants, aninaald minerals useful
as medication. It encompasses the details of alB&Btplants, animals,
and minerals that find a place in medication. Ouartlt houses
approximately 420,000 species of plants; howeveeret is a lack of
appropriate knowledge about them and their varssuThere are three
major areas, namely, food (foodstuffs), medicin@k(fand traditional
medicines), and research (phytochemical analy#ig}t, predominantly
find an immense use of herbal preparations andugteénd hence can be
explored further. Although the industrial revolutiand the development
of organic chemistry resulted in a preference yotlsetic products, World
Health Organisation (WHO) reports that between a%h95% of citizens
in a majority of developing countries still rely tnaditional medicine as
their primary source of medication. The role ofdsmedicine started to
decline after the 1960s as vast quantities of messuand money were
used to promote synthetic medication. Besidesligances in the human
genome, increase knowledge of the structure anctitmof proteins and
the notion that synthetic drugs are safer with feside effects (which
does not necessarily be true) also contributetigaise in the popularity
of synthetic drugs. However, these advancementg Isaveral major
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constraints. The large number of possible new dangets has already
outgrown the number of existing compounds thataaltentially serve

as drug candidates and the field of chemistry ingitattion when it comes

to synthesising new drug structures.

In the last decade, herbal medicine has seen some &f revival,
advancing at a greater pace in community accept@iitbeir therapeutics
effects. This field is bringing forward new leadugrdiscoveries as well
as safe and efficacious plant-based medicines.uln, tthis leads to
growing number of sales of commercialised medictmadbs and most
importantly, growing number of pharmaceutical conipa that involve
in the research and development of plants as aceofar modern
medicine. What chemists have been desperatelyragdiiother Nature
has already plenty of stock. Phytomedicine, in geualation with various
other health-care fields, have indeed revolutiahi@ed strengthened the
foundation of the existing health-care system acmlipies a major stake
in the industry. Reports gathered from all oventloeld indicate there are
around 35,000 species of plants that are currdrglgg used in herbal
therapies/recipes. Although according to reseaath available only 20%
of the total undergoes the stage of phytocheminalyais while 10%
reach the biological screening stage. The remaimstily needs some
amount of exploration making use of modern techgie The future of
medicinal plant—derived drugs therefore seems ve lr@mendous scope
for discovering some new and novel therapeutideggias and products
(Khan, 2015). Herbal medicine can be categorized phytotherapy,
over-the-counter herbal and traditional herbali$trere is an increase of
interest in the pharmaceutical industry to develepr medications from
plants. Phytomedicine research has employed highuginput screening
methods and the increasingly popular “reverse phaotogy” methods.

There is some documentation on a wide range oftplased in sub
Saharan Africa to treat ailments (Okigbo 2006; \4erz987), but there
has been little in the way of systematic appracfatheir benefits in
randomised controlled trials.

In Nigeria, one of these phytomedicines is colled{i known as
Niprisan® (also known as Nicosan®), a freelzeed extract of Piper
guineenses seeds, Pterocarpus osun Eteyania caryophyllum
fruit and Sorghum bicolor leaves. Niprisan® hasbiegestigated in vitro
and in animal studies (Adzu 2001; Awodogan 1996my 2002). Others
are Ciklavit® (Cajanus cajan seed extract as basd) Zanthoxylum
(Fagara) zanthyloides, which are also being rebedr¢imaga 2013).
There may well be other potential phytomedicinesilable for people
with SCD, but their safety and efficacies will hateebe scientifically
evaluate
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3.7.2 Characteristics of Herbal Drugs

The pharmacologically active compounds in herbalgdr are
present in lower concentrations than the conveatitablets and
capsules. This fact generally means that riskscéeteal with crude
herbal drugs are minimal with moderate use. Manpdledrugs
have been safely used for centuries.

They contain a wide variety of different compoundsmme
pharmacologically active (2ry metabolites) and soroe(such as
cellulose, starches and sugars).

Herbs contain mixture of components that may hawergjistic or
antagonistic effects e.g. Rhubarb (anthraquinotiantain).

Plants may also contain active and toxic compousugish as
pyrrolizidine alkaloids which are converted in thiger into
hepatotoxic and carcinogenic metabolites.

Herbal medicines are less expensive i.e. cheapardbnventional
medicines. In fact, the WHO is encouraging develgmiountries
to develop their own herbal formula, from local thewithin each
country.

3.7.3 Uses of Phytomedicines

Common Parts Use:Specific parts of plants species aerial partsorniz
leaf root flower bark fruit, stems are accordingiyore properly.
Predominant terrain, north direction, are usualse.uExtraction of
phytochemicals mainly use alcohol to extract thanps active
constituents from dry or fresh plants alcoholicrasts are prepared by
maceration and/or percolation most phytomedicines mescribed as
alcoholic tinctures, taken twice daily with a dagel5 ml each time.

The role of phytomedicines is unique because thgrogpiate drugs
stimulate or strengthen the body’s own functiond anmune system,
hence support the body to restore itself to health.

Phytomedicine consultation assessment of the pers@whole detailed

medical history, lifestyle, diet and other causesansidered rather than
focusing on disease or symptoms required inve sigsit
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Table 24: Showing Conventional medicineversus Herlbanedicine or

Phytomedicine

Conventional medicine

Herbal medicine
Phytomedicine

or

Uses of pure chemicals in t
treatment ofdisease, regardless
their origin, whether of plan
animal, microerganism, synthet
or semisynthetic, organic (
inorganic naturt

Uses plants or their crude prody
for the treatment of diseases.
may include also animal, fungi
bacteria

Is simple often with singl
indicatior

Is complex promoted for seve
divergent use

contains one active principle inghi
concentratio

contains several active principles
low concentratior

Table 25: Table Plants as Identified by traditionaluse, types
of Toxic and Physical Symptoms Some commonly useditpal

supplements

ant (Family) Traditional Use Area| Part Used;| Physical Signs
of Extraction | of Toxicity
Plan | Solvent (Animal
t Model)
Coll
ectio
n
Acanthus montany Pain, female Cam| Leaves; Kidneys
(Acanthaceae) infertility,and eroo | water revealed
threatened abortionn crystals
resulting in
glomeruloscler
0sis
Annona Sleeping  sicknes) Nige | | jver sectiond-Mwed degene
senegalensiAnno | malaria,anthelmint| ria necrosis of 1 n
naceae) c, etc and necrosis
the hepatocytt
Anacardium Diabetes an| Cam| Leaves; anorexia  an|
occidentalg(Anacar| hypertension eroo | methanol weight  gain
diaceae) n and syncopg
observed
(mice). liver
and kidney
injury
Butyrospermum Trypanosomiasis | Nige| Stem  bark Anorexia,
paradoxum and several humgria | ethanol dehydration,
(Sapotacea & animal diseast depression

102



PHS 810

MODULE 1

prostration,
coma, an(
death. and th
kidney,
hepatomegal

Chrysophyllum

cancers and cance

2iNige

Root bark

Fairly toxic to

N

Py

albidum related problems |ria | 80% ethanol| brine shrimps
(Sapoticeae
Corrigiola Dermatological Mor | Roots; Decrease in th
telephiifolia diseases, flu, ulcer, occo| ethanol: relative  body
(Caryophyllaceae) | cough, jaundice, water (75:25) weight
anaesthesia
diuretic, and
parturient wome
Cylicodiscus GIT disorder, Camerl®m bark Decrease i
gabunensis rheumatism, ethyl acetate relative weigh
(Mimosaceae) filariasis, and of the spleer
headache Toxic effect or
liver, kidneys
and lungs (rat:
Entada Coughs, diarrhoe{ Tanz| Stem bark At doses
abyssinica(Fabacea fever, gonorrhoeg ania | 80% ethanol| 2000 mg/kg
e) prevent body wt., the
miscarriage, mice exhibitec
rheumatic increased
respiratory rat
and scruffy hair
Mice died at thq
dose 0l
3000 mg/kg
body wt
Erythrina Malaria, hepatitis Fé%'ﬁklgéer@ast?@lmﬁﬁﬁ!ipt&ﬁys :
senegalensigFabac| gierility, pains, eron | water locomotion,
eae) onchocerchosis, exploration,
and headacl aggressiveness
touch,
sensibility, an(
pain sensibility
(mice]
Ficus exaspera| Cardiac Nige | Leaves; Water
(Moraceae) arrhythmias, ria
asthma, enhan
expulsion 0
placenta, el
000Garcinia Bronchitis, URTI] Nige | Root; 80% Toxic to brine
kola (Guttiferae colic, head or cheqdria | ethana shrimps
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liver disorders, an
as a chewing stic
purgative,antimicrg
bial

.

Glinus Anthelmintic  ang Ethi | Seeds; 609 No physica
lotoides(Mollugina | tapeworm opia | methanol sign of toxicity,
ceae) infestation was observe
(rats’
Hydnora Diarrhoea, choleri Suda Roots; Toxic effect or
johannisBecca. and swelling n ethanol liver, kidney,
(Hydnoraceae) tonsillitis. and spleel
(Wistar rats
Senecio Wounds, burns, ar] Sout| Leaves; A doserelateq
latifolius (Asteraceg abortion h water toxicity of
e) Afric hepatocytes,
a with apoptosis
and necrosi
was observe
(rats’
Leonotis Epilepsy, coughg Nige | Shoots; waterDecreased
leonurus(Lamiacea| influenza, ria respiratory ratj
e) bronchitis,diabetes, and motol
snakebigs, ang activity, loss of
muscular cramps righting reflex,
ataxia and deat
(rats). Markec
hyperplasia o
pulmonary
arteries;
glomeruloneph
itis;  necrosis
and mild
hemosiderosis
in the liver
Pteleopsis Measles, dropsy Cam| Stem barkl Growth
hylodendron(Comb| chickenpox, STD eroo | methanol retardation,
retaceae) female sterility| n inflammation
liver and kidney and vascula
disorders congestion it
the liver and

kidneys (rats

i. Ginkgo (Ginkgo biloba) standardised extract impsaaareness,

judgment, and social function in people with Alzher's
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iii. Saw palmetto (Serenoa repens) for the treatmdrgrain prostatic
hyperplasia (BPH) improvement in urinary symptomnsl dlow
compared to finasteride (Proscar), a pharmaceuticaj used in
BPH.

iv.  Valerian (Valeriana officinalis) a sleep-inducinggeat, (no
hangover feeling the next day)

V. Echinacea (Echinacea purpurea) and other Echirspesdes) may
improve the body's natural immunity.

Table 26: Examples of Phytomedicine: A few very wkknown IN
Orthodox Medicines

Anti-cancer drug Tax Taxusbrevifolii 1971
Strychnine Strychhno 1815
Emetine Ipecacuant 1817
Caffeine Coffee shru 1821
Atropine Belladonni 183:
Qininine from cinchona bai 182(
Salicin  Also known & willow bark 1838
Aspirin)

Morphine opium popp' 192¢
Benzylpenicillin 192¢
Tamiflu shikimic Anis seed ac

3.7.3 Herbal preparations

i. Botanical: Macroscopically - shape, external, magki
microscopically quality, quantity, scanning elecatrmicroscopy
(SEC) studies, powder study.

ii. Physical: Moisture constituents, extract valued) ¥alues Fluores.

iii. Chemicals: Qualitative, quantitative using Chromgaaphy —
HPTLC, GLC, HPLC, DNA Finger printing etc.

iv. Biological: such as Microbial contamination, ToXmgical and
Pharmacological.

V. Other specific activities: Antagonistic.

vi.  Orgnoleptic: colour, odour, taste, texture andtfree

Methods of purification include washing, decoloration, sifting, boiling,
elutriation, rubbing, lixiviation, dipping, percadian, sublimation,
maceration, bachnag, dialysis, and despumation.

Preparations: Active ingredients of plants can be first tastedweet,

sour, salty, pungent, bitter and astringent. Tnesit is nothing but
restoration of deranged body potency — cold and dletments —
anatomically and physiologically unique and spediiste after digestion
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— actions sweet, sour and pungent. A phytopharntige¢preparation or
herbal medicine is any manufactured medicine obth#xclusively from
plants, either in the crude state or as pharmam@dtrmulation.

3.7.5 Standardisation and quality evaluation of hdsal drugs

Several methods of standardisation may determiaenttmber of herbs
used. One is the ratio of raw materials to solvétawever different

specimens of even the same plant species may wadyeimical content.
For this reason, thin layer chromatography is sonest used by growers
to assess the content of their products before Asether method is
standardisation on a signal chemical.

3.7.6 Routes of administration:There are many forms in which herbs
can be administered, the most common of which tekénform of liquids,
tinctures topical, herbal wines, essential oilsaries oils, balms,
decoctions, creams, lotions, macerate poultice,egan syrups,
compressions extract and inhalations.

i Liquid that is drunk by the patient either an herbal tea or a
(possibly diluted) plant extract.

ii. Herbal teas or tisanes, are the resultant liquid of extragtierbs
into water, though they are made in a few differgays. Infusions
are hot water extracts of herbs, such as chamamitant, through
steeping.

iii. Decoctionsare the long-term boiled extracts, usually of leard
substances like roots or bark.

iv. Maceration is the cold infusion of plants with high mucilage-
content, such as sage or thyme. To make maceflteds are
chopped and added to cold water. They are themdeftand for 7
to 12 hours (depending on herb used). For mostmatese 10 hours
is used.

V. Tinctures are alcoholic extracts of herbs, which are generall
stronger than herbal teas. Tinctures are usualliaimdd by
combining 100% pure ethanol (or a mixture of 10G#@eol with
water) with the herb. A completed tincture has ahawol
percentage of at least 25% (sometimes up to 90un-dicoholic
tinctures can be made with glycerine but it is dedd to be less
absorbed by the body than alcohol-based tincturé$as a shorter
shelf life.

Vi. Herbal wine and elixirs are alcoholic extract of herbs, uguaiith
an ethanol percentage of 12—-38%. [32]. Extracttudte liquid
extracts, dry extracts, and nebulises. Liquid ettrare liquids
with a lower ethanol percentage than tinctures.yTéae usually
made by vacuum distilling tinctures. Dry extracte axtracts of
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plant material that are evaporated into a dry méley can then
be further refined to a capsule or tablet.

vii.  Topical Many herbs are applied topically to the skin waaety of
forms. Essential oil extracts can be applied to gkim, usually
diluted in a carrier oil. Many essential oils camrribthe skin or are
simply too high dose used straight; diluting themolive oil or
another food grade oil such as almond oil can attmge to be used
safely as a topical. Salves, oils, balms, crearddaions are other
forms of topical delivery mechanisms. Most topiagplications
are oil extractions of herbs. Taking a food gradeand soaking
herbs in it for anywhere from weeks to months afiogertain
phytochemicals to be extracted into the oil. Thiscan then be
made into salves, creams, lotions, or simply usedra oil for
topical application. Many massage oils, antibaatesalves, and
wound healing compounds are made this way.

viii. Inhalation, as in aromatherapy, can be used as a treatment.
3.7.7 Safety Issues in the use of Phytomedicines

Although many consumers believe that herbal medgcare safe because
they are "natural”, herbal medicines and synthetioggs may interact,
causing toxicity to the patient. Herbal remedies akso be dangerously
contaminated, and herbal medicines without estadudisefficacy, may
unknowingly be used to replace medicines that dee h@orroborated
efficacy. For exampleDatura stramoniunhas been used in Ayurveda for
various treatments, but contains alkaloids, such ag®pine and
scopolamine, which may cause severe toxicity. Exasgpf herbs where
a high degree of confidence of a risk long termeasle effects can be
asserted include ginseng, which is unpopular antmrdalists for this
reason, the endangered herb goldenseal, milkehgthna, against which
herbalists generally advise and rarely use, aloa jwice, buckthorn bark
and berry, cascara sagrada bark, saw palmettajaraldéava, which is
banned in the European Union, St. John's wort, KBatel nut, the
restricted herb Ephedra, and Guarana.

Therefore, some safety issues in the use Phytomedican be from;

Adverse Effects: There is also concern with respect to the
numerous well-established interactions of herbs dngys. In
consultation with a physician, usage of herbal @irwshould be
clarified, as some herbal remedies have the paletdi cause
adverse drug interactions when used in combinatidim various
prescription and over-the-counter pharmaceutigads as a patient
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should inform an herbalist of their consumption athodox
prescription and other medication.

Effect on Blood Pressure: dangerously low bloodspuee may
result from the combination of an herbal remedy kxaers blood
pressure together with prescription medicine thad the same
effect. Some herbs may amplify the effects of aatipilants.
Examples of herbal treatments with likely causedff
relationships with adverse events include aconitech is often a
legally restricted herb, ayurvedic remedies, broahaparral,
Chinese herb mixtures, comfrey, herbs containingtaoe
flavonoids, germander, guar gum, liquorice root] pannyroyal.
Drug Interactions: Certain herbs as well as common fruits
interfere with cytochrome P450, an enzyme crittcainuch drug
metabolism.

Undisclosed Additives: a 2018 study, FDA identified active
pharmaceutical additives in over 700 of analyseetady
supplements sold as "herbal", "natural" or "trahtl". The
undisclosed additives included "unapproved antielegants and
designer steroids", as well as prescription dragsh as sildenafil
or sibutramine. False adulteration, inappropriateniulation, or
lack of

understanding of plant and drug interactions hadetd adverse
reactions that are sometimes life threateningtbale

Labelling accuracy: A 2013 study found that one-third of herbal
supplements sampled contained no trace of the llsteld on the
label. The study found products adulterated withtaminants or
fillers not listed on the label, including potemt@ergens such as
soy, wheat, or black walnut. One bottle labelle&aslohn’'s Wort
was found to actually contain Alexandrian sennaxative.

Lack of Registration: Researchers found in 2014 that almost 20
per cent of herbal remedies surveyed were nottargis with the
Therapeutic Goods Administration, despite this §eincondition
for their sale. They also found that nearly 60 qant of products
surveyed had ingredients that did not match what avathe label.
Out of 121 products, only 15 had ingredients thataimed their
TGA listing and packaging.

In 2015, the New York Attorney General issued eeasd desist
letters to four major U.S. retailers (GNC, Targdtlgreens, and
Walmart) who were accused of selling herbal supples that
were mislabelled and potentially dangerous. Twédoty-products
were tested by DNA barcoding as part of the ingagitbn, with all

but five containing DNA that did not match the puatllabels.
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3.7.8 Challenges

There are at least five major limitations in thev&lepment of herbal
medicine: the reproducibility of biological actiyiof herbal extracts;

i. Its toxicity and adverse effects;

ii. Its adulteration and contamination;
iii. Herb drug interactions issues; and
iv. Standardisation issues.

Brief description of each of these limitations.

Reproducibility of biological activity of herbal medicine: One
of the most problematic issues faced by the fiéldhytomedicine
is the high failure rate to reproduce the biolobiaativity of
individual herbal extracts after the success ofiahiscreening
process. Over 40% of plant extracts found actuldhk this
reproducibility31. Although this failure in re-satag and re-
extracted batches points towards the variation iotHemical
profiles of plants harvested at different times bowétions, as well
the existence of unique variation in the same typelant, put
challenge to scientific confidence on the efficadfonetheless,
sometimes in our pursuit to isolate an active campofrom a
particular plant, we might inadvertently exclude/@tompounds
with relevant pharmacological activities.
Toxicity and adverse effects of herbal medicineThere is a
predominant myth in society that medicinal herbsplamts are
much safer than conventional pharmaceuticals dits toaatural”
origin. This cannot be further than the truth! Lile#l other
medicines, there is a specific dosage thresholdefmh herbal
medicine to be efficacious as well as to be toklere have been
reports in the literature 32, 33 that many herbaditine
preparations are potentially toxic and some ar@ eagcinogenic.
For example, aristolochic acid derived from Aristdiia spp. is
associated with the development of nephropathy wathelial
cancer. The toxic effect of herbal medicines magibe to

0] existence of phytotoxins in some unadulterateddiaeriedicines;

(iiy (i) mistakes in botanical identification;

(iii) (i) unsuitable combinations of plants; and

(iv) (iv) usage of plants that interfere with convensibn
pharmacotherapy.

Adulteration and contamination of herbal medicine:Herbal medicine
may become adulterated and contaminated in coasritré are lax in their
purity control regulation. This may cause significanedical problems,
especially in children. A recent cross-sectionatigtamong 13,504 adults
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in the USA showed that women using herbal supplésnéncluding
Ayurvedic or traditional Chinese medicine herbs, Jthn's Wort, and
“other” herbs) had blood lead levels that were 1@igher than women
non-users, although these increased levels werseeeotamong men.

Herb drug interactions issues:Not surprisingly, the pharmacokinetic
profile of administered conventional pharmaceusiczdn be changed by
the usage of herbal medicine. These interactiong pwentiate or

antagonise the absorption and metabolism of dragswell as cause
adverse effects like allergy. However, it is wortbfy note that herbal

medicine has the lowest level (7.6%) of reportececask effects compared
to other modes of complementary and alternativeicimes

Herbal medicine standardisation issuesHerbal medicine rarely meet
the standard of standardisation, which is partidl to the scarcity of
scientific information about the acting pharmacdatag principles of the
extracted phytocompounds and the fact that thetplare not cultivated
under controlled condition. The significant varldhpiin content and
quality of commercialised herbal products are #mult of variability in
the content and concentration of phytocompoundhkinvithe extract as
well as the different extraction and processinditégues employed by
different producers.

Aside from the limitations discussed above, amdrg fgroblems faced
from plant-based drug development is the issue cofseistainability.
Taxol, an anti-tumour agent, is isolated from thekinf Taxus brevofolia
and Taxus bacata 43. In order to produce 2.5kga@blIT 27,000 tons of
bark is required, equivalent to 12,000 trees. Weirggine that if there
was no alternative to the natural phytocompoundaeibn method, then
the mass production of Taxol would cause the etiinof these unique
tree species. Hopefully, the problem of low yieldl e outdated with the
advancement in combinatorial organic chemistryhwifte creation of
semi-synthetic analogues and better method of &idraand purification
that will result in higher yield.

3.7.9 The Future of Herbal Medicine

What does the future hold in store for herbal miedie Socio-cultural and
economic problems, lack of well-planned and integgtstrategies, as well
as poor access to scientific information must katdeith in order to fully
utilise the available resources for the modern ephcof drug
development. It is important to encourage more adtbtanical studies
among indigenous people before their way of lifettogy themselves
disappear. Besides this, the problem of patentsiléctual property and
rights of the native population where the phytoroedi knowledge
originated should be addressed adequately. Thigeradpulation is often
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found to be in need of better care, but they dousoially benefit from
sharing their knowledge to the rest of the so-ddlfmodern world”. It is
curious to note that drug companies generate rhare WSD 100 million
each year from the sale of drugs from natural camge, without
returning profits to the countries where the commtsuwere found.
Protecting and compensating local groups for tin€igenous knowledge
as well as providing access to modern medicine ldhba seen as a
reasonable expectation from the conventional pheenrtécal or herbal
medicine companies that stand to benefit greatinfthis “collaboration”.
Meanwhile, it is unfortunate that current herbaldimse companies are
still mainly small businesses and as a result, ymtedsold are of inferior
quality and frequently mixed with contaminants auanetimes toxin.
Professional links must be forged between theseinbsses, the
government, large pharmaceutical companies, acadsiitution and
the local community to continue the expansion amdetbpment of herbal
medicine in the right direction. This will promothe rational and
responsible exploitation of biodiversity as a seurof chemical
compounds that can be used for developing new dRaysexample, the
International Cooperative Biodiversity Group (ICB@pgramme, which
is currently based in Peru, has been establishéatrio interdisciplinary
collaboration between universities, research imstihs, government and
pharmaceutical companies. In China, Yunnan InstidifTropical Botany
(YITB) has collaborated with Yamanouchi Pharmaamitiof Japan,
resulting in the development of seven patents ft888 to 19911. Similar
programs should be encouraged worldwide.

Besides this, the improvement of drugs found inireais now possible by
organic chemistry, gene amplification and recombiimocedures, high-
throughput screening, gene chip technology, or chgystemic. Through
these methods, now there are new local anaestletingd from cocaine
without its original dangerous effects and theral$® chloroquine that is
less toxic than quinine.

SELF- ASSESSED EXERCISES

i. List the methods of purifying herbal preparations.
i. Discuss the safety issues that can arise from tbe of
phytomedicines.

4.0 CONCLUSION

In this unit, you have learnt key words in drug elepment, preclinical
drug discovery, pharmacological profiling, safetydatoxicity, clinical
trials, ethics in clinical trials, clinical trialedign, Phases in clinical trials,
Therapeutics Goods Administration, Pharmaceutioahdlits Scheme.
You have also learnt what is phytomedicine or the of herbal medicine
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with therapeutic properties and its significanertiiroughout history, the
various methods of preparations, indications apegyof some example
medicinal plants in sub-Saharan Africa includingé¥ia.

50 SUMMARY

The process of drug development includes the #etvihat take the
prospective new drug into the market-place whdredbmes available for
use by doctors and patients.

Drug discovery usually exploits advances in knogkethat are available
within the research community and it is therefoo¢ surprising to find

several companies pursuing similar lines of resedbevelopment times
vary between areas of therapeutics, but generaligpanies expect to
develop drugs in 6-7 years (compared with abouydars two decades

ago).

Preclinical drug discovery is the process befoneiadl testing of drugs.

The first step in preclinical drug developmentis tiscovery or synthesis
of a new drug. Atleast, 10,000 new moleculesd&eovered/synthesized
for each successful new drug introduced. Externsigelinical safety and

efficacy testing of new drugs are required in atémand this takes an
average of 1.5-3 years. There are three main wawsich new drugs are
derived; chemical modification, rational drug desigand random

screening. Many a times Serendipity (accidentatalisry of something

fortunate) may also have a role in drug development

Once a lead compound has been discovered (e.gganith activity at a
certain binding site), the compound undergoes pheotogical profiling.
A large number of experiments are undertaken, maising animals, to
determine the pharmacokinetics and pharmacodynavhibe drug.

New drugs undergo extensive safety and toxicitirtgsn animals. This
preclinical safety and toxicity testing take 2 -8ays, and involves the
collection and analysis of lots of data.

It is convenient to describe clinical drug devel@mmin terms of phase.
The boundaries between the phases are not rigid, ian some
developments phases 2 and 3 are merged. Overlaedrefphases may
occur. The duration of phase 1 is about 1 yeardtiration of phases 2
and 3 together is about 4 years. Submission tdatmy is based on the
clinical data obtained from the studies in phasesdnd 3.

Only about 10% of compounds that enter clinicalaltriare

approved/registered for sale. Clinical trials ameder stringent law
enforced guidelines.
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Phytomedicine or the use of herbal medicine witrapeutic properties
has played a significant role throughout historhyt®medicine, in
amalgamation with various other health-care fieltss revolutionized
and strengthened the foundation of the existindtiveare system and
occupies a major stake in the industry.

In Nigeria, one of these phytomedicines is coligdti known as
Niprisan® (also known as Nicosan®), a freezeed extract of Piper
guineenses seeds, Pterocarpus osun stem, Euggriplodlum fruit and
Sorghum bicolor leaves. Niprisan® has been invatgiin vitro and in
animal studies. Others are Ciklavit® (Cajanus caj@d extract as base)
and Zanthoxylum (Fagara) zanthyloides, which ase bkeing researched.
There may well be other potential phytomedicinesilable for people in
Nigeria. The sustain used of herbal medicine okeryears is based on
the believe of the following characteristics of bedrmedicines That; 1-
The pharmacologically active compounds and this generally means
that risks associated with crude herbal drugs anéinmal with moderate
use. 2-They contain a wide variety of different gmunds, some
pharmacologically active (2ry metabolites) and son@ (such as
cellulose, starches and sugars).3-Herbs contaituneibof components
that may have synergistic or antagonistic effectg. eRhubarb
(anthraquinone & tannin). 4-Plants may also contmtive and toxic
compounds such as pyrrolizidine alkaloids whichcameverted in the liver
into hepatotoxic and carcinogenic metabolites. An¢Herbal medicines
are less expensive i.e. cheaper than conventioedianes. Common
Parts Use: Specific parts of plants species apadst, rhizome, leaf root
flower, bark, fruit and stems are accordingly storaperly.

6.0 TUTOR- MARKED ASSIGNMENT

1. What is Phytomedicine and what are their maffeidinces with
traditional (orthodox medicine)?

2. Classify some African medicinal plants, theges, indications
and adverse effects

3. What are the main challenges of using Phytooiees
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MODULE 2 APPLIED PHARMACOLOGY IN PUBLIC
HEALTH
Unitl Principles of Drug Action (Pharmacodynanics
Unit2 Mode of Action of Antimicrobial and Chemetfapeutics
Drugs
Unit3 Mode of Drug Action in Diseases

UNIT1 PRINCIPLES OF DRUG ACTION
(PHARMACODYNAMICS)

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Terms
3.2 Drug action in Man
3.3 Site of Drug Action
3.4  Types of Drug Action Effect (Type of Responses)
3.5 Mechanism of Drug action in Man
3.5.1 Drug action via receptors
3.5.2 Drug action via (indirect alteration) endogus
agonist
3.5.3 Drug activation via the inhibition of trgnust
processes
3.5.4 Drug action via enzyme inhibition
3.5.5 Drug action via enzyme activity aation
3.5.6 Miscellaneous drug action
3.6 Receptor Function
3.6.1 Reorganisation of specific ligand moleciilgand
binding domain)
3.6.2 Transduction of signal into response (&te
domain)
3.7 Receptor families
3.7. 1 Ligand-gated ion channels (inotropic réces)
3. 7.2 G-protein coupled receptor (Metabotropeptors)
3. 7.3 Enzymatic receptors (tyrosine kinase)
3.7.4 Receptor regulating gene expression (transcription
factors/ Steroids)
3.7.5 Receptor regulation theory
3.8  Agonists and Antagonists
3.8.1Types of agonism
3.8.2 Types of antagonism
3.9 Graded Drug Dose Response
3.9.1 Dose-Response Relationship
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3.9.2 Dose-response curve: Clinical Applications
3.9.3 Dose-Response Curve — Advantages
3.10.3Potency and Efficacy
3.10.4Therapeutic window
3.10.5Factors Modifying Drugs
3.10.6Effects in Man
3.10.7Assaying receptor binding
3.10.8monitoring drug therapy
4.0 Conclusion
5.0 Summary
6.0 Tutor Marked Assignment
7.0 References/Further Reading

1.0 NTRODUCTION

The measurement of the effects of drugs on humansiri basic

pharmacology, an organ system) is termed Pharmaemnadigs refers to
the relationship between drug concentration atstteeof action and the
resulting effect, including the time course an@msity of therapeutic and
adverse effects. The effect of a drug present atsite of action is

determined by that drug’s binding with a recepfeceptors may be
present on neurons in the central nervous systemdpiate receptors) to
depress pain sensation, on cardiac muscle to affectintensity of

contraction, or even within bacteria to disruptm@nance of the bacterial
cell wall. For most drugs, the concentration at $ite of the receptor
determines the intensity of a drug’s effect. Howewther factors affect
drug response as well. Density of receptors on dilé surface, the
mechanism by which a signal is transmitted into ted by second

messengers (substances within the cell), or regyldactors that control
gene translation and protein production may infleeshwig effect.

In the simplest examples of drug effect, thererslationship between the
concentration of drug at the receptor site andpitm@macologic effect,
this lecture series is designed to facilitate #erning of key principles
and concepts regarding the basic pharmacodynamimsdes of drugs,
drug receptors and interactions at these recepibrs knowledge will be
critical in the understanding of the various dragsl drug classes to be
discussed throughout this course. Understand drafetys and
effectiveness like factors affecting drug actionman. More specifically
this information will be used to facilitate the wmdtanding of the
receptors in the autonomic nervous system and ringsdhat interact at
these receptors.
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2.0 OBJECTIVES
By the end of this unit, you will be able to:

o list different types of receptors at which drugs eat

identify concept of affinity and those factors tlcalise a drug to

bind to a receptor

state concept of intrinsic activity

differentiate between full and partial agonists

give the definitions of potency and efficacy

apply the information regarding drugs that can baioed from

the log-dose response curve

o explain the properties of a competitive antagaaist how it differs
from an irreversible receptor agonist.

3.0 MAIN CONTENT
3.1 Definition of Terms

I Pharmacodynamics.This term encompasses both mechanism of
action and endpoint (e.g. heart rate, blood pregsur

. In Greek Pharmacon = Drug Dynamics = Action/Powerovers
all the aspects relating to “What a drug does te Hody”
Mechanism of action.

iii. Action: How and where the effect is produced is calleA&®n.

\2 Effect: The type of response producing by drug

3.2 Drug Action in Man

The action of drugs on the human body and the nmesimaof interaction
between drugs and human to produce effects isibescr

3.3  Site of Drug Action

The receptors sites where a drug acts to initigi@ap of functions is that
drugs site of action. This a can either:

I. Extra cellular
il. Cellular
ii. Intracellular

a. Types of Drug Action (Type of Responses): -

V. Stimulation
V. Inhibition/Depression
Vi. Replacement
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Vil. Irritation
viii.  Cytotoxic

3.5 Mechanism of Drug Action in Man

The types of an effect produce by a drug is cathedle of action of that
drug. For example, Morphine, by depressing thetfanwf the cerebral
cortex, hypothalamus and medullar centre, it deg@epain perception
(analgesia), Heavy sedation (Narcosis), and depgessough centre
(antitussive effect). Initially it stimulates, thelepressing the vomiting
centre and depressing respiration.

3.5.1 Drug action via Receptors

Definition: Receptors are macromolecules involved in chemical
signalling between and within cells; they may beated on the cell
surface membrane or within the cytoplasm. Operatipmeceptor denote
any cellular macromolecules to which a drug bimdsitiate the response
to it, but itself has no other function, e.g. Muste (M type) and
Nicotinic (N type) receptors? of Cholinergic systelost are proteins,
some receptor sites are intracellular (e.g. st@@jitbplasm

or in the nucleus. The drug-receptor interactioadéeto a molecular
change in the receptor, which triggers a chainw#nés leading to a
response. Receptors tend to be highly specifieyacting with a limited
number of structurally related molecules. For saimgys, the receptor is
nonspecific in terms of cell function (e.g. an a#ting agent that cross-
binds molecule within DNA).

Other ways, in which drug acts on receptors indudégonist,
Antagonists and partial antagonists.

3.5.2 Drug action via indirect alteration of the efect of an
endogenous agonist

l. Physiological

. Increase endogenous release

iii. Inhibition of endogenous re-uptake

\Y2 Inhibition of endogenous metabolism

V. Prevention of endogenous release

3.5.3 Drug activation via the inhibition of transport pesses
3.5.4 Drug action via enzyme inhibition.

3.5.5 Drug action via enzyme activity activation.
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3.5.6 Miscellaneous drug action

I Chelating

. Osmotic diuresis

iii.  Volatile general anaesthetics
Vi. Replacement drugs

3.5.7 Receptor Functions

Two essential functions (see diagram below), Reusgdion of specific
ligand molecule (Ligand binding domain) and Trarwtaiun of signal into
response(Effector domain).

3.5.8 Reorganisation functions (signal into respae)
Two Domains:

I Ligand binding domain (coupling proteins)
. Effectors Domain — undergoes functional confornretlachange

Action”: Initial combination of the drug with its recepsoresulting in a
conformational change (agonist) in the later, orevpntion of
conformational change (antagonist).

“Effect”: Itis the ultimate change in biological functiorobght about as
a consequence of drug action, through a seriesitefmediate steps
(transducers).

3.5.9The Transducer mechanismMost transmembrane signalling is
accomplished by a small number of different molacuhechanisms
(transducer mechanisms). Large number of recept@ase these handful
of transducer mechanisms to generate an integratetd amplified
response.

There Mainly 4 (four) major categories:
I G-protein coupled receptors (GPCR)
. Receptors with intrinsic ion channel

iii. Enzyme linked receptors
\2 Transcription factors (receptors for gene expregsio
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Table 27: Receptor and coupling mechanisms

SIN
O

Receptor
type

Location

Coupling
mechanism

Examples

1.

Receptor
controlled
ion
channels

Membrane

2 Entry/exit  off
ions
Depolarization
or
hyperpolarizat

on

Nicotinic,
acetylcholine
y-aminobutyric acid
Glutamate

Ligand

Gated -G
Protein
receptors

Membrane

> Receptor
protein
associated wit
a G+yprotein
which may
Activate
messenger
Adenylate
cyclase
CAMP
Phospholipase
C—inositol
triphosphate,
diacylglycerol
Activate an ior
channe

Muscarinic/acetylcho
ine, B-adrenergic
Dopaminergic
Serotoninergic
Opiate

Receptor-
controlled
enzymes

Membrane

» Initiate protein
phosphorylatiag
n (e.g. tyrosing
kinase,
guanylate
cyclase

Insulin
Atrial
peptide

natriuretic

Intracellul
ar
receptors,
Gene

Intracellul
ar

Stimulate
MRNA
synthesis in th
cell  nucleus
leading tq
protein

synthesi

hormone
hormones

steroid
Thyroid
vitamin D

Drug +Receptor - Drug receptor complex = Response

Drug receptor interaction: -

I.Selectivity: - Degree of complimentary correlation between drud a

receptor. Ex: - Adrenaline Selectivity foy 3 Receptor
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.Affinity: - Ability of drug to get bound to the receptor.
iii.

Intrinsic activity (IA) or Efficacy : - Ability of drug to produce a
pharmacological response after making the drugptec complex

3. 6 Receptor Families

Four types of receptors families are Ligand-gatedahannels (inotropic
receptors), G-protein coupled receptor (Metabotrogieceptors),
Enzymatic receptors (tyrosine kinase), and recepégulating gene
expression (transcription factors/ Steroids). Theraction of a ligand
with a receptor protein induces a conformationangje that eventually
initiates an intracellular signal.

3.6.1Ligand-activated ion channelsd signal transduction mechanism)
lon gated receptors: - Localised on cell membrartecaupled directly to

an ion channel acetylcholine interacting with eofiric receptor that is a
nonspecific Nal/K1 transmembrane ion channel. &tteon of a molecule

of acetylcholine with each subunit of the channebdpces a

conformational change that permits the passageadf &d K1. Other

channels that are targets for various drugs incipzific Ca21 and K1
channels.

3.6.2G-protein  coupled receptors: G-protein—coupled receptors
compose the largest class of receptors. All theptrs have seven
transmembrane segments, three intracellular loapd,an intracellular
carboxyl-terminal tail. The biologic activity of éhreceptors is mediated
via interaction with a number of G (GTP bindingdtains. Bound to inner
face of plasma membrane (2nd messenger)

Varieties of G-protein

Go2 s-coupled receptors [adrenoceptor, which when activated
by ligand binding (e.g., epinephrine) exchanges G TP. This
facilitates the migration of & (Gastimulatory) and its interaction
with adenylyl cyclase (AC). &-bound AC catalyses the
production of cyclic AMP (cAMP) from adenosine tiipsphate
(ATP); cAMP activates protein kinase A, which suipsently acts
to phosphorylate and activate a number of effgmtoteins. They
dimer may also activate some effectors. Hydrolysfs the
guanosine triphosphate (GTP) bound to the @ guanosine
triphosphate (GDP) terminates the signal.

Ga1 (G-inhibitory)-coupled receptors. Ligand binding (e.g.,
somatisation) to @& (Gainhibitory)-coupled receptors similarly
exchanges GTP for GDP, buti@nhibits AC, leading to reduced
CAMP production.
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Gqg (and Gi1)-coupled receptors Gg (and Gi) interact with
ligand (e.g., serotonin)-activated receptors aocei@ise the activity

of phospholipase C (PLC). PLC cleaves the membrane
phospholipid phosphatidylinositol 4, 5-bisphosph&®P2) to
diacylglycerol (DAG) and inositol 1, 4, 5-triphosadk (IP3). DAG
activates protein kinase C, which can subsequ@thsphorylate
and activate a number of cellular proteins; IP3seatthe release of
Ca21 from the endoplasmic reticulum into the cyaspi, where it
can activate many cellular processes.

iv.Go: Neurotransmitters in brain, Not yet clear

G-protein effector systems

. Adenylase cyclase: CAMP system
. Phospholipase —C: Inositol phosphate system
. lon channels

lon channel regulation; G-protein coupled receptoas: control the
functioning of ion channel by not involving any sed messenger; e.g.: -
In cardiac muscles.

3.6 Enzymatic receptors:

Receptor-activated tyrosine kinasesMany growth-related signals (e.g.,
insulin) are mediated via membrane receptors tluEsgss intrinsic

tyrosine kinase. Ligand binding causes conformaliarthanges in the
receptor; some receptor tyrosine kinases are morsadimet dimerize upon
ligand binding. The liganded receptors then ayhbosphorylate tyrosine
residues, which recruit cytoplasmic proteins to ghi@sma membrane
where they are also tyrosine phosphorylated antvadetl. Receptor

regulating: gene expression (transcription factonéplds the receptor and
expose normally masked DNA binding site IncreaseARMIymerase

activity.

Intracellular nuclear receptors. Ligands (e.g., cortisol) for
nuclear receptors are lipophilic and can diffugedig through the
plasma membrane. In the absence of ligand, nucdeaptors are
inactive because of their interaction with chaperproteins such
as heat-shock proteins like HSP-90. Binding of didjgoromotes
structural changes in the receptor that facilitdiesociation of
chaperones, entry of receptors into the nucleuserdre or

homodimerization of receptors, and high-affinityeiraction with

the DNA of target genes. DNA-bound nuclear recepéve able to
recruit a diverse number of proteins called coattiks, which

subsequently act to increase transcription ofahget gene.
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. Alteration of the activity of enzymesby activation or inhibition
of the enzyme’s catalytic activity.

iii. Antimetabolite action in which the drug, acting as a non-
functional analogy of a naturally occurring metateglinterferes
with normal metabolism.

V. Nonspecific chemical or physical interactionssuch as those
caused by antacids, osmotic agents, and chelators.

3.6.4 Receptor regulation theory

Receptors are in dynamic state. The affinity ofrfsponse to drugs is not
fixed. It alters according to situation.

3.6.5 Up regulation of receptorsin topically active systems, prolonged
deprivation of agonist (by denervation or antagdnissults in super
sensitivity of the receptor as well as to effectgstem to the agonist.
Sudden discontinuation of Propranolol, Clonidine effter prolong use,
produce withdrawal symptoms. Rise Blood Pressundyde of angina.
Unmasking of receptors or proliferation or accehtuma of signal
amplification.

3.6.6Receptor down regulation:Continued exposure to an agonist or
intense receptor stimulation causes desensitisabiorefractoriness:
receptor become less sensitive to the agonistbetg.adrenergic agonist
and levodopa causes:

.Masking or internalisation of the receptors
ii.Decreased synthesis or increased destructidneofeceptors (down
regulation). Tyrosine kinase receptors.

3.6.7Ligand gated G-protein coupled Enzymati®Nuclear Location
Membrane Intracellular Effector lon Channel, lona@hel or enzyme
Gene coupling Direct G-protein Direct via DNA, exale1 Nicotinic,
Muscarinic, Insulin Steroid and hormone.

3.6.8G-protein coupled receptorsMembrane bound, which are coupled

to effector system through GTP binding proteindechlas G-proteins
bound to inner face of plasma membrane (2nd messeng
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Receptor Functions : Two essential functions

» 1. Recognization of specific ligand molecule
(Ligand binding domain)

» 2. Transduction of signal into response (Effector
domain)

Figure23: Receptor Function
3.7 Function of Receptors

I To Regulate signals from outside the cell to indide effector
cell — signals not permeable to cell membrane.

. To amplify the signal.

iii. To integrate various intracellular and extraceHlslignals

\2 To adapt to short term and long-term changes anthtana
homeostasis.

3.8 Agonists and Antagonists

3.8.1 Agonists:are drugs that activate a receptor producing resgoAn
agonist can be defined as a ligand, the bindingvlwth to a receptor
protein produces a conformational change necedsainjitiate a signal
that is coupled to a biological response. Wherawdiilable receptors are
occupied, a maximal response in produced. Exampkuch receptor
systems include:

I adrenergic (agonist — salbutamol, antagonist —-okén
. dopaminergic (agonist — dopamine, antagonist —esidol)
Iii. cholinergic (agonist — bethanechol, antagonistepate)

Agonist: Both the high affinity as well as intrinsic adtiw(IA=1). These
drugs trigger the maximal biological response or mnc effect of the
endogenous substance.g.: - Methacholine is a cholinomimetics drug
which mimics theeffect of Ach on cholinergic receptors.
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Types of agonism

I Summation: - Two drugs eliciting same response, but with
different mechanism and their combined effect isatdo their
summation. (1+1=2) Aspirin inhibit Prostaglandinaralgesic +,
Codeine stimulate Opioids receptor = Analgesic+ + +

il. Additive: combined effect of two drugs acting by same meishan
Aspirin PG Analgesic+ Analgesic+. Together analgesfect is +
+.

iii. Synergism (Supra additive): -(1+1=3) the combined effect of
two drug effect is higher than either individualfeet e.g.
Sulfamethoxazole+ Trimethoprim, Levodopa + Carbalop

\2 Partial agonist Some ligands have properties intermediate
between agonist and antagonists and are knowragsgaimgonist’.
Example: Pindolol, Pentazocine.

They are unable to produce a maximal signallifigoteven when
all available receptors are occupied. However jgdaatonists also
block receptor sites that could potentially be qied by the full

agonist and this competition for receptors mears, tin some
circumstances, partial agonists may also appedsetdahe full

agonist when they bind to a receptor and are knasvfinverse
agonists.

V. Inverse agonist: These have full affinity towards the receptor but
intrinsic activity is zero to -1 i.e., producesegft is just opposite to
that of agonist. e.g.: - R-Carboline is inverse ragjo for
Benzodiazepines receptors

3.8.2 An antagonist:is a ligand that binds to a receptor but (thatklo
receptor does not produce the conformational chémajenitiates
an intracellular signal. Occupation of the receptoy an antagonist
prevents the binding of any other ligand and saagonises’ the
biological response to the agonist.

Antagonism: Effect of two drugs is less than sum of the efeuf the
individual drugs.
I.Chemical antagonism e.g.: -heparin (-ve) protamiae, Chelating
agents
ii.Physiological /Functional antagonism
lii.Pharmacokinetic antagonism
iv.Pharmacological antagonism (Competitive (Re\#e3iNon-
competitive (Irreversible)

Pharmacokinetic antagonism

One drug affects the absorption, metabolism oredar of other drug
and reduce
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their effect. e.g. Warfarin in presence of phenbldane, warfarin
metabolism is increased, its effect is reduced.

Pharmacological antagonism
Pharmacodynamic antagonism between two drugs adiingsame
receptors. Two important mechanisms according toichvhthese
antagonist, Reversible antagonism (Competitive gortesm) and
Irreversible Antagonism (Non)

Reversible antagonism (Competitive antagonism)These inhibitions

are commonly observed with antagonists that bindrsebly to the same
receptor site as that of an agonist. These typgbitdns can be overcome
increasing the concentration of agonist e.g. Atrepis a competitive

antagonist of Ach.

Irreversible Antagonism: It occurs when the antagonist dissociates very
slow or not at all from the receptors result thmthange when the agonist
applied. Antagonist effect cannot be overcome efesr increasing the
concentration of agonism.

For a drug to produce a physiologic effect it miisst bind to a
receptor. Two factors, related to the chemicalmeadf a drug, determine
the interaction of drugs with receptors and hemeedffect a drug will
have on physiologic processes.

Affinity is a measure of the tightness with which a drugdbito the
receptor.

Intrinsic activity is a measure of the ability of a drug that is lbtmthe
receptor to generate an activating stimulus andlygre a change in
cellular activity.

Both agonists and antagonists can bind to a receptowever, only
agonist molecules can activate the receptor.

Partial agonists can occupy receptors but cannot elicit a maximal
response. Such drugs have an intrinsic activityt ¢Fig. 1.3; drug C).
antagonists bind to the receptor but do not ir@teatesponse; that is, they
block the action of an agonist or endogenous snbstthat works through
the receptor.
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Graded Dose Responses

100+ Types of drug actions -

Drug A

Agonist = bind and producea -—
response
Affinity and efficacy wwg aors =

Antagonist= bind but don't —
produce response (block agonist,
however)
Affinity but no efficacy ww o) =

Drug C

% of Maximal Effect

Drug D Partial Agonist=bind and -
1 4o 100 1000 produce weak response
[Drug] Affinity and weak efficacy ow o *

Figure 24: Graded dose—response curves for two ags(A and B)
and a partial agonist (C).(@ Pharmacodynamics
(RousselPharmacologyl memorangapp.com).

3.9

Competitive antagonists combine with the same site on the
receptor but their binding does not activate treepeor (i.e., their
intrinsic activity 5 0) so they have no efficacy ge but may cause
a pharmacological response in some cases by imghite actions
of endogenous substances or other drugs. Comgedititagonists
may be reversible or irreversible. Reversible, quildrium,
competitive antagonists are not covalently bouhdt the dose—
response curve for the agonist to the right, anteese the ED50;
that is, more agonist is required to elicit a resmin the presence
of the antagonist (Fig. 1.4). Because higher de$esgonist can
overcome the inhibition, the maximal response céh ke
obtained.

Non-competitive antagonistsbind to the receptor at a site other
than the agonist binding site (Fig. 1.5) and eithegvent the
agonist from binding correctly or prevent it froratimating the
receptor. Consequently, the effective amount ofepemr is
reduced. Receptors unoccupied by antagonist rdtensame
affinity for agonist, and the ED50 is unchanged.

Graded Dose—Response Curve

This expresses an individual's response to inangadbses of a given
drug. The magnitude of a pharmacologic respongeagortional to the
number of receptors with which a drug effectivelferacts (Fig. 2). The
graded dose—response curve includes the followangmpeters:

i.Magnitude of response is graded; that is, it cwuusly increases

with the dose up to the maximal capacity of thsteay, and it is
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often depicted as a function of the logarithm & tlose administered (to
see the relationship over a wide range of doses).

i.ED50 is the dose that produces the half-maximesponse; the
threshold dose is that which produces the firsiteable effect.

100% Mazximum effect

T0%

50% [m == e = - -

Response (% of maximal)

40%

30%

|
1 Potency: EC;5,

20%

10%

0%

Minimum dose, 0001 0.01 0.1 1 10 100 1000
or Threshold dose Drug concentration (log)

Figure 255: Graded dose -responsef@armacodynamics (Roussel
Pharmacology .memorangapp.com ).

Intrinsic activity is the ability of a drug oncetnad to activate the receptor.
A. Agonists are drugs capable of binding to, artdvating, a receptor. (1)
Full agonists occupy receptors to cause maximavatain; intrinsic
activity.

3.9.1 Dose-Response Relationship

Drug administered — 2 components of dose- respenBmse-plasma
concentration — Plasma concentration (dose)-regpagiationship E is
expressed as Emax X [D] Kd + [D] E is observedaftd drug dose [D],
Emax = maximum response, KD = dissociation constddtug receptor
complex at which half maximal response is prodU€edax

1.0 4 1.0
E =
£ 054 5os
[*%} w
iz
0.0 [Dese] ao Log Dose

Figure 26: The dose which 50% of the maximal effestobserved is
referred to as the ED50 ((@ Pharmacodynamics (Roussel
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Pharmacology .memorangapp.com ).
Dose-Response Curve, Log-dose %response, %reshbnse - 50% -
100% - 50% - E = Emax X [D] Kd + [D]

3.9.2 Dose-response curve: Clinical Applications

When the relation between drug dose (X-axis) and desponse (Y-axis)
is plotted on a linear scale, the resulting cun® usually
hyperbolic. Clinical responses that might be phbtite this way include
change in heart rate, blood pressure, gastric pblawd glucose. Non-
clinical (biochemical) responses can also be plattehis way including
enzyme activity, accumulation of an intracellulacend messenger,
membrane potential, secretion of a hormone, orraotibn of a muscle.

If the drug dose is plotted on a base 10 logarithsogle, this produces a
sigmoidal dose-response curve. This representaisormore useful
because it expands the dose scale in the regionewdtag response is
changing rapidly and compresses the scale at hidses where large
changes have little effect on response. Note thateality, it is ligand
concentration (and resulting receptor occupatibaj affects response -
the term ‘dose-response curve’ assumes that thg diogse and ligand
concentration are closely linked

N

Response (arbitrary units)

0 T T
1 10 100

Dose (log scale)
Figure 27: Treatment comparison of dose response relatiomgt@
Pharmacodynamics (Roussel Pharmacology .memorarcgapy).

Drug X has greater biologic activity per dosing irglent and is thus
more potent than drug Y or Z. Drugs X and Z haveatcefficacy,
indicated by their maximal attainable responselifagieffect). Drug Y
Is more potent than drug Z, but its maximal efficaclower.

3.9.3 Dose-Response Curve - Advantages:

I Stimuli can be graded by Fractional change in dtisiintensity
. A wide range of drug doses can easily be displayed graph
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iii. Potency and efficacy can be compared
Iv. Comparison of study of agonists and antagonisterhecasier

3.10 Potency and Efficacy

3.10.1 Potency of a drugs the relative measure of the amount of a drug
required to produce a specified level of respormsg.,(50%) compared
with other drugs that produce the same effect kim $¢ame receptor
mechanism. The potency of a drug is determinedbaffinity of a drug
for its receptor and the amount of administeredgdthat reaches
thereceptor.

Drug response

{arbi::;ary units)

L) —

200 —
Fedivin pulenuy

150 —

Low potency
100 — High potency

ol —

=l

| | | [ |
0.001 0.01 0.1 1 10 100 1000

Drug dose {(mg/kg)

Figure28: Dose response curves for drugs with highedium and low
potency acting on the same target. Note that theglwith the highest

potency has the lowest efficacy and vice versaPfi@macodynamics |
Pharmacology ...pharmacologyeducation.org).

3.10.2 Efficacy

Efficacy is the term used to describe the extenwhich a drug can
produce a response when all available receptorbirading sites are
occupied (i.e. Emax on the dose-response curvegnWbmparing drugs
acting at the same receptor, a full agonist willehéhe greatest efficacy
and can produce the maximum response of whichetteptor is capable.
A partial agonist at the same receptor, by de@nitiwill have a lower

efficacy, even when all receptor sites are occupidie concept of
efficacy is not restricted to comparing the effemftglrugs that act at the
same receptor. The term therapeutic efficacy isd usedescribe the
comparison of drugs that produce the same therapetfects on a

biological system but do so via different pharmagaal mechanisms
(e.g. loop and thiazide diuretics, proton pump bitors and H2-

antagonists). Potency is a term used to describeathount of a drug
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required for a given response. More potent drugsiyme biological
effects at lower doses (or concentrations), whigams that they have a
lower ED50 (Fig)

The potency of a drug is related to its affinity the receptor (i.e. how
readily the drug-receptor complex is formed). Lgstent drugs can have
an efficacy similar to that of a more potent ome difference in potency
can be readily overcome by giving the less poteat)dn higher doses.
This is illustrated by the varying recommended dasges of drugs acting
at the same drug target (e.g. H2 antagonists, AGbitors).

When choosing between drugs with a similar beredfieffect (e.g.
analgesia) from a group of similar drugs it migbéms logical to choose
the one with the greatest therapeutic efficacy. el@v, in some cases the
most efficacious drug may be less favourable berall®e same
mechanism of action that leads to clinical benefiéy also be responsible
for causing dose-limiting adverse-effects (e.g.oms, f1-adrenoceptor
blocking drugs). When the same action leads to laheficial and
adverse effects, the latter can be minimised byefally increasing
(titrating) the dose. However, some drugs haveeaepslr dose—response
curve, which makes it more difficult to titratettee dose that is effective
but avoids adverse effects.

The potency of a drug is rarely a reason for chapgine out of a
collection of drugs with similar beneficial therapie effects. This is
because any differences in potency can be overcmgely by giving
higher doses. Although differences in relative poyecan be overcome
by altered dosage, it should be remembered thateohtee adverse effects
of drugs are also dose-related. Potency may beamtief these occur by
a mechanism other than the receptor—ligand interatihat mediates the
beneficial effect (because only the more potengdnill be active at
concentrations that avoid unwanted adverse effects)

For these reasons greater potency or efficacy doesecessarily mean
that one drug is preferable to another. When jugltiie relative merits of
drugs for a patient, prescribers should also censmther important
factors, such as the overall adverse effect prdfierapeutic index, ease
of administration for the patient, duration of effdi.e. the number of
doses needed each day) and cost.

Dose:lt is the required amount of drug in weight, voluaneoles or U
to provide a desired effect. In clinical it is ellas Therapeutic dose; in
experimental purpose it is called as effective dose

The therapeutic dose varies from person to peEmnexample,
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Single dose af

1. Piperazine (4-59) is sufficient to eradicaten® worm.
2. Single IM dose of 250mg of ceftriaxone to trgahorrohoea.

Daily dose: It is the quantity of a drug to be administere®@4r, all at
once or equally divided dose. For example;

1.10mg of cetirizine (all at once) is sufficientradive allergic reactions.
2. Erythromycin is 1g per day to be given in 4 dlyudivided dose
(i.e.250mg every 6 hr.).

Total dose: It is the maximum quantity of the drug that is dee to
complete course of the therapy e.g. procaine genici early syphilis is
6 million units, given as 0.6 million units per dfy 10days.

Loading dose: -It is the large dose of drug to be given initiatyprovide
the effective plasma concentration rapidly. Thegdrbaving high Vd of
distribution. Chloroquine in Malaria — 600 mg S8&0mg after 8 hours
300 mg after 2 day

Maintenance dose: Loading dose normally followed by maintenance
dose. Needed to maintain the steady state plasn@etration attained
after giving the loading dose.

MAXIMAL DRUG RESPONSES AND SPARE RECEPTORS
3.11Therapeutic window

Therapeutic window. Optimal therapeutic range of plasma
concentrations at which most of the patients expee the desired effect.

It is also called Therapeutic range. It is the bajween Sub optimal drug
level and Toxic drug level.
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Figure 29: Dose-response relationships are a commvaay to portray
data in both basic and clinical science ( GONTENT uky.edu ).

Toxic

effect

Therapeutic
ii* effect

Therapeutic
index

Hee
EDsoO TD50

Figure30: Therapeutic window(@harmacologyeducation.org)
[TUSOM .tmedweb.tulane.edu ).

3.11.1 Therapeutic index: Margin of safety
Depend upon factor of dose producing desirablecefied dose eliciting
toxic effect.

Therapeutic Index = TD50 or LD50
ED50
TI - should be more than one
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Table 28: Example of drugs with narrow therapeuticWindow

Drug Therapeutic Range
Cyclosporins 10C-400ng/m
Carbamazepir 4-10pg/m

Digoxin 0.8-2ng/m

Lithium 0.8-1.4 mEqg/l
Phenytoil 10-20ug/m
Quinidine 2-6pug/m

3.12 Factors Modifying the Effects of Drugs In  Ma

Individuals differ both in the degree and the ch&aof the response that
a drug may elicit. The aeration in response tostéi@e dose of a drug
between different patients and even in the sam&rgabn different
occasions.

One or more of the following categories of diffetem among individuals
are responsible for the variations in drug respohsdividuals differ in
pharmacokinetic handling of drug, Variation in nwenbor state of
receptors, coupling proteins or other componentsredponse and
Variation in neurogenic/ hormonal tone or concerires of specific
constituents.

These factors modify drug action either
Quantitatively: The plasma concentration and / or the drug action
Is increased or decreased or
Qualitatively: The type of response is altered, e.g. drug@ller
and idiosyncrasy.

The various factors are:
Body weight/size:lt influences the concentration of drug attained
at the site of action. The average adult dosesééeindividuals of
medium built. For exceptionally obese or lean idlials and for
children dose may be calculated on body weightsbasi

Individual dose = BW (Kg) X  adult Average dose
70

Individual dose = BSA (m2) X  adult Averagase
1.7

BSA=BW (Kg) 0.425 x Height (cm) 0.725 x 0.007184
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ii.Age: Infants and Children: The dose of drug for chaldris often
calculated from the adult dose

Child dose = _Age X adult dose ....... (Youfmymula)
12+Age

Child dose = Age x adult dose......... (Dillingrhoula).
20

However, infants and children have important phiggjal differences
Higher proportion of water

Lower plasma protein levels

More available drug

lii.Immature liver/kidneys
Liver often metabolises more slowly
Kidneys may excrete more slowly

iv.Age: Elders: In the elderly
renal function progressively declines (intact mephloss) and
drug doses have to be reduced in Chronic disetstes,
decreased plasma protein binding, Slower metaholiSlower
excretion, Dietary deficiencies, Use of multipledications and
Lack of compliance

v.Sex:Females have smaller body size, and so requiresaidsdrugs on
the lower side of the dose range. They should aot lgiven uterine
stimulants during menstruation, quinine during gm@ncy and sedatives
during lactation.

vi.Pregnancy: Profound physiological changes which may affect
drug responses:
Gl motility reduced —delayed absorption of orafigministered
drugs
Plasma and ECF volume expand
Albumin level falls
Renal blood flow increases markedly
Hepatic microsomal enzyme induction

vii. Food: Delays gastric emptying, delays absorption (armipii and
Calcium in milk interferes with absorption of tetyaline and iron
by chelation.
Protein malnutrition may result in
Loss of BW

Reduced hepatic metabolising capacity
Hypoproteinaemia
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viii. Species and raceRabbits resistant to atropine
Rat & mice are resistant to digitalis
In humans: blacks require higher Mongols requicver
concentrations of atropine and ephedrine to dtlade pupil

ix.Route of drug administration:
I.V route dose smaller than oral route - Magnessautfate:
Orally —purgative
Parenterally —sedative
Locally —reduces inflammation.

x.Biorhythm: (Chronopharmacolgy)
Hypnotics —taken at night
Corticosteroid —taken at a single morning dose

xi.Psychological stateEfficacy of drugs can be affected by patients’
beliefs, attitudes and expectationmrticularly applicable to centrally

acting drugs in some patients’ inert drugs - (placebo) maydpe
beneficial effects equivalent to the drug, and mayduce sleep in
insomnia.

xii.Presence of diseases/pathological statedDrug may aggravate
underlying pathology
Hepatic disease may slow drug metabolism
Renal disease may slow drug elimination
Acid/base abnormalities may change drug absorptmn
elimination
Severe shock with vasoconstriction delays absmwpaf drugs
from S.C. or i.m
Drug metabolism in hyperthyroidism is enhanced nehas in
hypothyroidism, it is diminished.

xiii. Cumulation: Any drug will cumulate in the body if rate of
administration is more than the rate of eliminateg.: digitalis,
heavy metals etc.

xiv.Genetic factors:
Lack of specific enzymes
Lower metabolic rate

o Acetylation
o Plasma cholinesterase (Atypical pseudo cholinest¢ra
o G-6PD Glucuronide conjugation

xv.Tolerance: It means requirement of a higher dose of the diug
produce an effect, which is ordinarily produced hgrmal
therapeutic dose of the drug. Usually seen witbfadl, morphine,
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barbiturates, CNS active drugs. Drug tolerance beayatural, Acquired,
Cross tolerance, Tachyphylaxis (ephedrine, tyramimmentine) or Drug
resistance

Reverse tolerance: Same amount of drug produces increase
pharmacological response. Cocaine, amphetamite, inrcrease motor
activity

Acquired tolerances: Occurs due to repeated use of drug under 3
processes Pharmacokinetic tolerances, Pharmacodysésterance and
Acute tolerance

Pharmacokinetic tolerances:Repetitive administration causes decrease
absorption or increase metabolism e.g. Alcohol ese Absorption of
Barbiturates increases its own metabolism

Pharmacodynamics tolerance

I Down regulation of receptors
. Impairment in signal transduction
iii. Example: Morphine, caffeine, nicotine.

Acute tolerance: Tachyphylaxis: Acute development of tolerance after
a rapid and repeated administration of a drug iorteh intervals
Example; Ephedrine, tyramine. Monday diseasetrolglycerine taken
on Monday, by Tuesday workers get headache, &ftgrdet tolerances.
After holiday (Sunday) they get again headache.

Cross tolerances: Cross tolerance among drugs belonging to same
category. Morphine, Heroin and Narcotic etc.

3.13 Other Effects of Drugs in Man: By interactions in many
ways:

Alterations in receptors responsiveness

In the short term, most receptor-mediated resporsesaltered by

changing the local concentration of agonist araiedeceptors. It is now
recognised that, in the longer term, it is possiblechanges to occur in
the response of the tissue to a given concentrafiagonist which can be
attributed to altered receptor function. These gkar{loosely termed ‘up-
regulation’ and ‘down-regulation’) may involve akions in receptor

numbers on the cell surface or in the couplingeakeptor occupation to
the intracellular response. Down-regulations isallgiseen in response to
chronic receptor over stimulation as a result oglberm administration

of a drug (exogenous agonist) or in a disease pso¢endogenous
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agonist). In some cases, this can occur quickhdifeg to the phenomenon
of tachyphylaxis, in which repeated administratdda drug is associated
with rapidly diminishing efficacy. Adaptive downgelations is a

potential disadvantage of developing partial agadriggs for therapeutic
use-the full receptor occupancy required for a sasp makes down —
regulation more likely.

In Parkinson’s disease, the term on-off phenomasarsed to describe
the rapid swing form mobility to immobility that ogrs some hours after
administration of.-dopa. It has been attributed to down-regulation of
dopaminergic receptors in the brain following prajed treatment with
dopa. Which renders the extrapyramidal pathwayallyssensitive to the
falling concentrations of dopamine.

In patients will pheochromocytoma with high endogesn catecholamine
concentrations, receptor numbers are down-regylegading to a relative
insensitivity to catecholamine.

In automatic neuropathy, receptor up-regulation dees the
cardiovascular system hypersensitive and exaggeraésponses to
catecholamine may occur.

3.14 Assaying Receptor Binding

Assays for receptors are designed to detect birglteg, not all of which
are coupled to a signal. Most assays use radiddabijand and measure
the amount of radioactivity bound to cell membramé@wole cells or tissue
sections fixed to a microscope slide. Nonspeciintling can be assessed
by displacing the radiolabelled ligand by additminlarge quantities of
unlabelled ligand. This procedure exploits a fundatal property of
receptor binding — that it is saturable, unlike sywecific binding.
Mathematical manipulation of the data allows thebar of receptors and
their affinities to be calculated; however, thesdcglations are often
inaccurate when high-affinity and low-affinity bing sites are present,
and is preferable to use a reiterative computegraramer to analyses the
raw data.

In receptor autoradiography, images are obtaineexXppsing section of
radiographic film after incubation and washing steparious image
analysis programs allow Colour-coded pictures to otsained after
subtraction of the nonspecific image form the tdialding. Another
example of receptor up-regulation is the use of y@xy-3-
methylglutaryl coenzyme A inhibitor to lower plasmzholesterol
concentrations. These drugs inhibit the rate-limgitienzyme in the
synthesis of cholesterol in hepatocytes, promatingease and expression
of receptors for low-density lipoprotein (LDL) pafes. As a

138



PHS 810 MODULE 2

consequence, the rate of uptake of cholesterohladd. particles from
the circulations is increase and the plasma cler@stoncentration is
reduced. Sometimes, receptor responses are regjlatehanges in the
coupling of receptor occupation of intracellulagralling. Chronicp-
adrenoceptor blockade potentialities the respohdee@denylate cyclase-
cAMP system and consequently up-regulates the nsgpdo other
receptors that are linked to it.

3.14.1 Selectivity

Receptors are usually subtyped on the basis af$bkctivity for agonist
selectivity is determined by the ratio of &@t the two receptor subtypes.
In the case off3-adrenoceptor, the concentration of noradrenaline
(norepinephrine) required to cause Broncho dilatafpz) is ten times
higher than that required to cause tachycardig; (therefore, the
selectivity of noradrenaline (norepinephrine) forreceptors with respect
to Bo-receptors is 10.

Antagonist selectivity is measured as the relaghié of the agonist dose-
response curves achieved by a single dose of amtdgoinfecting
responses mediated through the two receptors. ¥ang@e, if the non-
selectivep-adrenoceptor agonist isoprenaline was used irsitib@tion
above, the concentration of atenolol achieved & lWloodstream after
administration of a 50mg dose would shift the deessgponse curve at the
bronchus by only 10% of that at the heart, giviedestivity for pi-
receptors of 10. Thus, a ten times greater coraotr of atenolol is
required to produce a shift in the agonist respensee for the lung equal
to that for the heart.

It must be remembered that selectivity for a remeptbtype is only a
relative concept and does not equate with spegifiddrugs with
selectivity for one receptor subtypes can produeceaaimum effect at
other subtypes if enough is given. This is paradyl important if the
beneficial effects are activated by one receptbtyqes and the unwanted
effects by another; for example, atenolol is comsd api-selective
adreno receptor antagonist but has some effectssigome effects pd-
receptors, and is therefore absolutely contrainiéécan asthmatic patients
in whom any reduction ifi-mediated bronchodilator may be dangerous.
Selectivity is useful in clinical practice only winéhe ratio of the impact
of the drug at the two receptor sites is 100 orantivhen selectivity is
lower, it is difficult to predict drug doses thaitllvexploit the difference in
subtype’s activity. Selectivity is most likely t@ lachieved at the lowest
effective dose.
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3.14.2 Practice points

Many drugs are used clinically at the top of thiaise-response curve;
thus, increasing the drug dose does not increasesiponse and may only
expose the patient to a greater risk of side-effeat may be possible to
reduce a drug dose to prevent unwanted side-eff@ttisut a significant
reduction in the response.

-Drugs that are partial agonists produce significdm full agonist; in the
presence of full agonist, the same drug used ataimtee dose may produce
the opposite response because it competes fortoedgipding with the
more effective agonist.

.-Receptor-medicated responses can adapt to chremposure to

agonists or antagonists by down-regulation or egulations or
receptor function

ii.-Selectivity of an agonist or antagonist betweeno tweceptors

subtypes is only ‘relative’ and is manifest
3.11 Therapeutic window

Therapeutic window. Optimal therapeutic range of plasma
concentrations at which most of the patients expee the desired effect.
It is also called Therapeutic range. It is the bajween Sub optimal drug
level and Toxic drug level in a narrow concentnatrange above which
the drug is active at both receptors.

3.15 Drug Monitoring

Therapeutic drug monitoring is defined as the usesedy procedures for
determination of drug concentrations in plasma,taednterpretation and
application of the resulting concentration data develop safe and
effective drug regimens. If performed properlystprocess allows for the
achievement of therapeutic concentrations of a anage rapidly and

safely than can be attained with empiric dose ceangogether with

observations of the drug’s clinical effects, it sltbprovide the safest
approach to optimal drug therapy. The usefulnessplabma drug

concentration data is based on the concept thatatalogic response is
closely related to drug concentration at the digection. For certain drugs,
studies in patients have provided information aglasma concentration
range that is safe and effective in treating spectfiseases—the
therapeutic range (Figure 1-7). Within this thergjmerange, the desired
effects of the drug are observed. Below it, thergreater probability that
the therapeutic benefits are not realized; abovexi effects may occur.
No absolute boundaries divide sub-therapeuticagheutic, and toxic drug
concentrations. A grey area usually exists for naoggs in which these
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concentrations overlap due to variability in indiwal patient response.
Numerous pharmacokinetic characteristics of a dmgy result in
variability in the plasma concentration achievethva given dose when
administered to various patients (Figure 1-8). Tiisr-patient variability
is primarily attributed to one or more of the folimg:

\2

V.

Variations in drug absorption

Variations in drug distribution

Differences in an individual's ability to m&bolize and eliminate
the drug (e.g., genetics)

Disease states (renal or hepatic insufficiemry)hysiologic states
(e.g., extremes of age, obesity) that alter drdogogption,
distribution, or elimination

Drug interactions

Therapeutic monitoring using drug concentratioradatvaluable when:

A good correlation exists between the pharmacologgponse
and plasma concentration. Over at least a limited

concentration range, the intensity of pharmacalaifects

should increase with plasma concentration. This

relationship allows us to predict pharmacologic fees with

changing plasma drug concentrations  (Figure 1-9).

Wide inter-subject variation in plasma drug concaiins results
from a given dose.

The drug has a narrow therapeutic index (i.e., ttierapeutic
concentration is close to the toxic concentration)

The drug’s desired pharmacologic effects cannotabsessed
readily by other simple means (e.g., blood pressur

measurement for antihypertensive).

The value of therapeutic drug monitoring is limitacsituations in which:

There is no well-defined therapeutic plasma conagaotr range.
The formation of pharmacologically active metalediof a drug
complicates the application of plasma drug conegioin data to
clinical effect unless metabolite concentratioresalso considered.
Toxic effects may occur at unexpectedly low drugaamtrations
as well as at high concentrations.

There are no significant consequences associatadaathigh or
too low levels.
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4.0 CONCLUSION

In this unit, you have learnt the description o hrinciples governing
drug actions in humans and the principles of rewegbieory, identifying
different types of drug targets and their relevasé. The difference
between potency and efficacy, drug agonist andganiat and factors
modifying drug action in man.

5.0 SUMMARY

Pharmacodynamics refers to the relationship betwleeg concentration
at the site of action and the resulting effectludmg the time course and
intensity of therapeutic and adverse effects. Tfexzeof a drug present at
the site of action is determined by that drug’slbig with a receptor. This
can occur either extracellular, cellular or intdadar.

The expression of an individual’s response to iasiregy doses of a given
drug is known as graded dose response. The relaie@sure of the
amount of a drug required to produce a specifigdllef response (e.g.,
50%) compared with other drugs that produce theessffect via the same
receptor mechanism alled Potency of a drug The potency of a drug
Is determined by the affinity of a drug for its eptor and the amount of
administered drug that reaches the site of actwhereasefficacy of a
drug is the term used to describe the extent teahvaiidrug can produce a
response when all available receptors or bindites sare occupied (i.e.
Emax on the dose—response curve).

Optimal therapeutic range of plasma concentratairnvghich most of the
patients experience the desired effect is alseedallherapeutic range
(Therapeutic window). It is the gap between Sub optimal drug level and
Toxic drug level.

Many factors can modify the effects of drugs in midividuals differ
both in the degree and the character of the regpibias a drug may elicit.
Therapeutic drug monitoring which is defined as tlee of assay
procedures for determination of drug concentrationgplasma. The
interpretation and application of the resulting @amiration data to
develop safe and effective drug regimens.

SELF ASSESSED EXERCISES
I List the various types of G- proteins.

. Discuss the concept of receptor regulatory thaorglation to drug
interaction.
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6.0 TUTOR- MARKED ASSIGNMENT

1. Main sites of drug actions (receptors, enzymeg.) e
2. Elaborate, with examples, on your understandintpeffollowing
terms with respect to drug action (pharmacodynamic

(@) Competitive vs. non-competitive antagonism
(b) Receptor selectivity vs. specificity
(©) Inhibition of carrier molecules

3. From your pharmacodynamics and drug-receptor iotiers
define: Efficacy, potency, therapeutic index, @e@d dose
response, quantal dose-response, and spare necefiove
examples and graphical representation wheneveilges

4. Briefly discuss the following pharmacological copt® using
examples where appropriate:

(@) Receptor down regulation

(b) Therapeutic index

5. Write about the factors modifying drug action.
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1.0 INTRODUCTION

Antimicrobial compounds include antibacterial, aimél, antifungal and

antiprotozoal agents. Antimicrobial Chemotherapy nttal or the

destruction of microorganisms that reside withia lodies of humans &
other animals is of tremendous importance. Thig urtroduces the

principles of chemotherapy & discusses the idearatteristics for

successful chemotherapeutic agents. The course alsit presents
characteristics of some commonly used antibacteaatifungal, and

antiviral drugs and mechanism of antimicrobialsesice and rational use
of antibiotics.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

define terms use in antimicrobial chemotherapy
state types and sources of antimicrobial chemoplyera
identify the basic Mechanisms of action of antirokel
explain the mechanisms of antimicrobial resistance
give the strategies for Avoiding Resistance

describe the rational use of antimicrobial chem@thg
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3.0

3.1

3.1

3.1.1

Vi.
Vil.

viii.
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MAIN CONTENT
Definition of Terms

Antimicrobial Drugs: The word antimicrobial was derived from
the Greek words anti (against), mikros (little) dmds (life) and
refers to all agents that act against microbiahorgms. This is not
synonymous with antibiotics, a similar term deriveam the Greek
word anti (against) and biotikos (concerning
life). An ANTIMICROBIAL is any substance of natural
semisynthetic or synthetic origin that kills or ibits the growth of
microorganisms but causes little or no damageddust.

Antibiotics: By definition, the word “antibiotic” refers to
substances produced by microorganisms that achstganother
microorganism. An antibioticis a low molecular bstance
produced by a microorganism that at a low conc&atranhibits
or kills other microorganisms.

Antibiotic Resistance: Antibiotic Resistance is defined as micro-
organisms that are not inhibited by usually achwasystemic
concentration of an antimicrobial agent with nornddsage
schedule and / or fall in the minimum inhibitorynocentration
(MIC)range. Antibiotic Resistance (DR) = MIC / MCE Toxic
Plasma Concentration

ANTIMICROBIALS

Different types of “antimicrobials” include all agts/drugs that act
against all types of microorganisms:

Bacteria (Antibacterial) drugs
Fungi (Antifungal) drugs
Protozoa (Antiprotozoan) drugs
Antihelminthic drugs

Viruses (antiviral) drugs.

Sources of Antimicrobial Drugs: Most modern antibiotics come
from species of microorganisms that live in thel.sdio
commercially produce antibiotic:

Select strain and grow in broth

When maximum antibiotic concentration reached, aettifrom
medium

Purify

Chemical alter to make it more stable
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3.1.2 Features of Antimicrobial Drugs

Selective Toxicity: Causegreater harm to microorganisms than to
host

Chemotherapeutic index:lowest dose toxic to patient divided by
dose typically used for therapy

Activity Against Bacteria: Antimicrobial medications vary with
respect to the range of microorganisms they kilharbit
Bacteriostatic: inhibit growth of microorganisms; inhibit or delay
bacterial growth and replicatiqistatic drugs stop multiplication;
body’s immune system clearsxamples of such include
tetracyclines, Sulfonamides, and macrolides.

Bactericidal:  Kill microorganisms hence preferred in
iImmunocompromised patients e.g. of bactericidalgdrinclude
aminoglycosides, cephalosporins, penicillins, anth@jones.
Spectrum of Activity

Narrow-spectrum: Some kill only limited range. Narrow-
spectrum antimicrobial Aminoglycosides and Sulfordes are
only effective against aerobic organisms, whileanmidazoles are
generally only effective for anaerobes.

Broad-spectrum: While others kill wide range of microorganisms.
Broad-spectrum antimicrobial is active against dethm-positive
and Gram-negative organisms. Examples includeadgtlines,
phenicols, fluoroquinolones, “third-generation” arfdiourth-
generation” cephalosporins.

Effects of Combining Drugs: Combinations are sometimes used
to fight infections

Synergistic: action of one drug enhances the activity of anotiner
vice versa Antagonistic: activity of one drug interferes with the
action of another.

Adverse Effects

Allergic Reactions:some people develop hypersensitivities to
antimicrobials

Toxic Effects: some antimicrobials are toxic at high concentration
or cause adverse effects

Suppression of normal flora when normal flora killed, other
pathogens may be able to grow to high numbers

Resistance to Antimicrobials: Some microorganisms inherently
resistant to effects of a particular drug. Othevusly sensitive
microorganisms can develop resistance through apentus
mutations or acquisition of new genes (more later).
Concentration dependent: Maximum kills depends on
concentration achieved

High doses as shorter infusions or lesser frequare better

Has post antibiotic effect Time dependent
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. Maximum kills depending on time achieved
. Optimal doses as longer infusions or at highegudency
. No post antibiotic effect. Minimum bactericidaincentration

3.3 Antibacterial Drugs

I Inhibit cell wall synthesis: A drug that targets cell walls can
therefore selectively kill or inhibit bacterial @gisms. Examples:
penicillin, cephalosporins, bacitracin and vancomyc

. Injury to plasma/Cell membrane: Cell membranes are important
barriers that segregate and regulate the intraeamdcellular flow
of substances. A disruption or damage to this siracould result
in leakage of important solutes essential for te#'scsurvival.
Examples: polymixin B and colistin.

iii. Inhibit protein synthesis: Enzymes and cellular structures are
primarily made of proteins. Several types of ardibaal agents
target bacterial protein synthesis by binding tbezithe 30S or 50S
subunits of the intracellular ribosomes. Examples:
Aminoglycosides, macrolides, lincosamides, stre@togns,
chloramphenicol and tetracyclines.

V. Inhibit nucleic acid synthesis: Some antibiotics work by binding
to components involved in the process of DNA or R§Athesis,
which causes interference of the normal cellulacesses which
will ultimately compromise bacterial multiplicationand
survival. Examples: quinolones, metronidazole, @af@gnpin.

V. Inhibit synthesis of essential metaboliteOther antibiotics act on
selected cellular processes essential for thealrof the bacterial
pathogens. For example, both Sulfonamides and tinopeim
disrupt the folic acid pathway, which is a necegségp for bacteria
to produce precursors important for DNA synthesis.
Sulfonamides target and bind to dihydropteroateti®se, -
trimethophrim inhibit dihydrofolate reductase; botf these
enzymes are essential for the production of fotid,aa vitamin
synthesised by bacteria, but not humans.

3. 3.1Antituberculosis (TB) drugs

Tuberculosis (TB) is an air-borne infectious digeaaused by bacteria,
which primarily affects the lungs. Infection with ybbacterium
tuberculosis begins when a susceptible personashairborne droplet
nuclei containing viable organisms. Tubercle bathtt reach the alveoli
are ingested by alveolar macrophages. Infectidovd if the inoculum
escapes alveolar macrophage microbicidal activity.
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Mycobacterium tuberculosis, the organism that cautéerculosis
infection and disease, infects an estimated 20 % 48 the world’s
population with 3 million people worldwide die eagtar from the disease

TB is both preventable and curable.

Multi-drug resistant (MDR) TB is TB that is resistao any of the first-
line drugs, specifically Rifampicin and Isoniazid.

Tuberculosis

The World Health Organisation (WHO) declared TBl@bgl emergency
in 1993 and it remains one of the world’s majorseguof illness and death.
Tuberculosis is one of the world’s most widespraad deadly illnesses.
More than 90% of new TB cases and deaths occuavaldping countries.

Nigeria ranks 10th among the 22 high-burden TB temin the world.
WHO estimates that 210,000 new cases of all forffi$mccurred in the
country in 2010, equivalent to 133/100,000 popal#i There were an
estimated 320,000 prevalent cases of TB in 201Qjivaknt to
199/100,000 cases.

Tuberculosis occurs disproportionately among diaathged populations
such as the malnourished, homeless, and thosg liviavercrowded and
sub — standard housing.

TB poses significant challenges to developing eooas as it primarily
affects people during their most productive years.

The proportion of TB patients tested for HIV wagea® 2010, with a
25% TB-HIV co-infection rate. 59% of these patiemtsre started on
cotrimoxazole (CPT) prophylaxis and 1.8% providethwsoniazid (IPT)
prophylaxis.

The proportion of TB/HIV co-infected patients ortianetro viral (ARV)
therapy was 33% in 2010.

The proportion of HIV cases that developed TB wisid 2010 and 3%
in 2011.

Once infection is established, lymphatic and haeg&tous
dissemination of tuberculosis typically occurs lvefthe development of
an effective immune response. This stage of indectiprimary

tuberculosis is usually clinically and radiologigagilent.

In most persons with intact cell — mediated immynit cells and
macrophages surround the organisms in granulomais litnit their
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multiplication and spread. The infection is congmirbut not eradicated,
since viable organisms may lie dormant within gtamas for years to
decades.

Tuberculosis
Symptoms and Signs:Malaise, Anorexia, Weight loss, Fever, Night
sweats, Chronic cough, blood with sputum and Radlgpnea.

3.3.2Mycobacterial Drugs

Mycobacteria are intrinsically resistant to mostila@atics. They grow

slowly compared with other bacteria, antibioticattlare most active
against growing cells are relatively ineffective, shat's why we use
combination of drugs. Mycobacterial cells can dsodormant and thus
completely resistant to many drugs or killed ordyyslowly.

The lipid rich mycobacterial cell wall is imperméalo many agents (e.g.
drugs).

Mycobacterial species are intracellular pathogand,organisms residing
within macrophages are inaccessible to drugs teaefpate these cells
poorly.

Combinations of two or more drugs are required v@rcome these
obstacles and to prevent emergence of resistantegdine course of
therapy.

The response of mycobacterial infections to chesratby is slow, and
treatment must be administered for months to yekesending on which
drugs are used.

First-line drugs:

I. Rifampin,

. Isoniazid (INH),
iii. Pyrazinamide,
iv. Ethambutol, and
V. Streptomycin

These drugs are the first-line agents for the tmeat of tuberculosis.
Isoniazid and Rifampin are the two most active drugs.
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i.  ISONIAZID (INH)

Isoniazid is the most active drug for the treatnantuberculosis caused
by susceptible strains. It is small (MW137) ancklyesoluble in water,
with structural similarity to pyridoxine = (Vit.B6)

It is bactericidal for actively growing tubercledid. It is less effective
against atypical mycobacterial species.

Mechanism of Action: INH, a prodrug is activated by KatG enzyme, a
mycobacterial catalase peroxidase enzyme. It paestmto macrophages
and is active against both extra- and intracellalganisms.

The activated form of isoniazid forms a covalemmplex with an acyl
carrier protein (AcpM) and KasA, a 3-ketoacyl aarprotein synthetase,
which blocks mycolic acid (Mycolic acid, essent@mponent of cell
wall) synthesis and kills the cell.

USES:All infections caused tuberculosis, along with ethetitubercular
drug.

Dosage: 5mg/kg/day, usually up to 300mg/day peramtalts, or 900mg
twice/week. INH is the primary drug used to tresteht TB, caseous
disease, tuberculous meningitis, Pyridoxine 10 @0md will also be
needed to prevent peripheral neuropathy

Adverse Reactions of INH: The incidence and severity of untoward
reactions related to dosage and duration of adtradtisn.

Direct toxicity - Isoniazid induced hepatitis(most common major toxic
effect). The risk of hepatitis is higher in alcabs| pregnancy and
postpartum period.

Peripheral neuropathy in 10-20%o0f patients given dosages greater than
5mg/kg/day but infrequently seen with the stand&0@mg adult dose. It

is more likely to occur in slow acetylators andi@ats with malnutrition,
alcoholism, diabetes and AIDS. Neuropathy is dueelative deficiency

of pyridoxine.

CNS toxicity, which is less common includes. Optic neurititsophy,
Various mental disturbances (memory loss, psychadisziness, ataxia
and seizures.

Immunologic reactions -Fever, Skin rashes and drug induced systemic
erythematous.

Miscellaneous adverse effects - Provocatioof pyridoxine deficiency
anaemia, tinnitus and gastrointestinal discomfort.
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Drug interactions- isoniazid can reduce the metabolisnpbénytoin.

I.RIFAMPIN

Rifampin is a semisynthetic derivative of rifamygcan antibiotic
produced byStreptomyces Mediterraneatt. is active in vitro
against gram positive and gram-negative cocci, es@nteric
bacteria, mycobacteria and chlamydia.

Mechanism of Action

Rifampin acts by binds to tfiesubunit of bacterial DNA—-dependent
RNA polymeraseand therebynhibits RNA synthesis in bacteriabut
not mammalian cells. Human RNA polymerase doesmat torifampin
and is not inhibited by it. Rifampin is bacterididar mycobacteria. It
readily penetrates most tissues and phagocytis.cell

Resistance resultdrom any one of several possible point mutations i
rpoB, the gene for th@ subunit of RNA polymerase. These mutations
result in reduced binding of rifampin to RNA polyrase.

USES: It can kill organisms that are poorly accessiblentany other
drugs, such as intracellular organisms and thogeestered in abscesses
and lung cavities.

Mycobacterial infections: Rifampin 10mg/kg/day (aBy600mg/day),
orally must be administered with isoniazid or othet tuberculosis drugs
to patients with active tuberculosis to prevent iyaece of drug resistant
mycobacteria.

Atypical mycobacterial infections and Leprosy. hese two conditions
rifampin 600mg daily or twice weekly for 6 months effective in
combination with other agents.

As alternative of isoniazid in prophylaxis of latéuberculosis 600mg/day
as a single agent for 4 months, in patients witmiezid-resistance or
rifampin-susceptible bacilli.

In exposure to a case of active tuberculosis caume@n isoniazid
resistant, rifampin susceptible strain.

To eliminate meningococcal carriage,600mg, twidl/déor 2 days.

To eradicate staphylococcal carriage with combimatd another agent.
Osteomyelitis and prosthetic valve endocarditisseduby staphylococci
in combination therapy with another agent.
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Adverse effectsRifampin imparts a harmlegdnk to frank red (blood —
like) colour to urine, sweat, tears and contact lenses.

Less common adverse effects inclddeial flushing, itching, rashes or
eyeirritations can occur 2 -3 hours after a dose.

Cholestatic jaundice

Flu —like syndromeat high doses characterised by fever, chills, gigal
anaemias, thrombocytopenia and acute tubular necros

Hepatitis: Liver damage and death
Nephritis: Acute renal failure

Drug interactions: Rifampin strongly induces most cytochrome p450
isoforms  (3A4,2C9,2D6,2C19,1A2).Anticoagulants, logporine,
anticonvulsants, contraceptives, methadone, preteakibitors, non-
nucleoside reverse transcriptase inhibitors. Adstiation of rifampin
results in significantly lower serum levels of taekugs.

NB

HIV patients, Women on contraceptives and warfarirequiring
rifampicin, alternative treatment should be sort

ii. Ethambutol
Mechanism of actionit is bacteriostatic to mycobacteria by an
unknown mechanism. However, it is believed to iithib
mycobacterial arabinosyl transferases. Arabintraylsferases are
involved in the polymerization reaction of arabihy@gn, an
essential component of the mycobacterial cell wall.
Its action on the bacterial cell wall integrity ynbe related to its
action as a chelating agent, by inactivation oftéaal zinc and
copper.
Resistance to ethambutol is due to mutations tragulin
overexpression of emb gene products or within thie B structural
gene. This resistance to ethambutol emerges rapiibn used
alone, therefore it is always given with other afercular agents.

Uses:Tuberculosis:Ethambutol hydrochloride 15-25mg/kg/d is usually
given as a single daily dose in combination witbniazid or
rifampin.

Adverse effects:Retrobulbar (optic) neuritis resulting in loss asual
acuity and ocular scotoma or Colour (red greenwadbindness).
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Usually occur at doses of 25mg/kg/day continued deveral
months.

Precaution & contraindication: Periodic visual acuity testing is
desirable if the 25mg/kg/day dosage is used. Itreisitively
contraindicated in children too young to permitesssnent of
visual acuity and red green colour discrimination.

Pyrazinamide (PZA)

Pyrazinamide (PZA) is a relative of nicotinamidgable and
slightly soluble in water.

It is inactive at neutral PH, But at PH 5.5 itilniks tubercle bacilli,
and some other mycobacteria at concentrations @foapnately
20mcg/ml.

Mechanism of Action: The drug target and mechanism of action are
unknown. The drug is taken up by macrophages apdsxs activity
against mycobacteria residing within the acidic iemment of
lysosomes. Pyrazinamide is converted to pyraziaoid, the active form

of the drug, by microbial pyrazinamide, which iceded by pncA.

Resistance may be due to impaired uptake of pyaaznte or mutations
in pncA that impair conversion of pyrazinamidetsactive form.

UsesPyrazinamide is an important front-line drug usedconjunction
with isoniazid & rifampin in short course (i.e. 6onths) regimens as a
sterilizing agentactive against residual intradeiorganisms that may
cause relapse.

Adverse Effects: Hepatotoxicity (in 1-5% of patients-major adverse
effect).

Hyperuricemia (it may provoke acute gouty arthyitis

Nausea, vomiting, & drug fever.

iv.Streptomycin

Streptomycin was isolated from a strairStfeptomyces griseus.
Mechanism of action: Like all aminoglycosides, streptomycin
irreversibly inhibits bacterial protein synthesBrotein synthesis is
inhibited in at least three ways; interference Wi initiation complex of
peptide formation, misreading of mMRNA, which causerporation of
incorrect amino acids into the peptide, resultingai non-functional or
toxic protein and breakup of polysomes into noncfiomal monosomes.
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Streptomycin penetrates into cells poorly and Bvacmainly against
extracellular tubercle bacilli. Streptomycin crastiee blood brain barrier
and achieves therapeutic concentrations with irdlhmeninges.

Mechanism of resistance:

o Production of a transferase enzyme or enzymesivases the
aminoglycosides by acetylation, adenylation or gpthmrylation
(major action).

o Impaired entry of drug into the cell.

o The receptor protein on the 30s ribosomal subuaif be deleted
or altered as a result of mutation.

Uses: Tuberculosis: Streptomycin is used when an injectable drug is
needed, principally in individuals with severe, qibg/ life-threatening
forms of tuberculosis e.g., meningitis and dissext@d disease.

Adverse Effects:Ototoxicity and Nephrotoxicity are common. Toxicity
is dose related and the risk is increased in glderl

Alternative Second-Line Drugs for Tuberculosis

v.ETHIONAMIDE

Y

Ethionamide is chemically related to isoniazidslpoorly water soluble
and available only in oral form.

Mechanism of action:Ethionamide blocks synthesis of mycolic acids in
susceptible organisms.

Adverse effects: Intense gastric irritation, Neurologic symptoms and
Hepatotoxicity. Neurologic symptoms may be allexthby pyridoxine.

I.CAPREOMYCIN

Capreomycin is an antibiotic from streptomyces eafus

Mechanism of action: It is a peptide protein synthesis inhibitor.
Capreomycin is an important agent for the treatnaéndrug resistant
tuberculosis.

Strains of M tuberculosis that are resistant tepgtrmycin or amikacin
usually susceptible to capreomycin

Adverse drug reactions: Nephrotoxicity, Ototoxicity — tinnitus,
deafness, vestibular disturbance may occur and |loai & sterile
abscesses due to injection.
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Vi.

Vil.

viii.

CYCLOSERINE

Cycloserine is an antibiotic produced by streptomyces
orchidaceous, a structural analogy of D- alanine.

Mechanism of action: It inhibits the incorporation of D- alanine
into peptidoglycan pentapeptide by inhibiting ateniracemase,
which converts L-alanine to D- alanine, and D- gldd —alanine
ligase (finally inhibits mycobacterial cell wall shesis).
Uses:Cycloserine used exclusively to treat tuberculosissed by
mycobacterium tuberculosis resistant to first lgents

Adverse effects: CNS dysfunction, including depression and
psychotic reactions (Peripheral neuropathy, Segzwed Tremors
etc.).

Pyridoxine 150mg/day should be given with Cyclaserbecause
this ameliorates neurologic toxicity.

Amino salicylic acid (PAS): Amino salicylic acid is a folate
synthesis antagonist that is active almost exchhgivagainst
mycobacterium tuberculosis. It is structurally damito p-
aminobenzoic acid (PABA) and the Sulfonamides.

Adverse effectsPeptic ulcer and gastric Hemorrhage.
Hypersensitivity reactions (manifested by feverjngo pain,
hepatosplenomegaly, hepatitis, granulocytopeniagnaplathy)
often occur after 3-8 weeks of amino salicylic atidrapy.

Fluoroquinolones: (Ciprofloxacin, Levofloxacin, Gemifloxacin,
moxifloxacin) can inhibit strains M tuberculosishd eye are also
active against atypical mycobacteria.

Moxifloxacin is the most active against M tuberaio
Fluoroquinolones are an important addition to thegd available
for tuberculosis, especially for strains that asistant to first line
agents.

Mechanism of action: They inhibit bacterial DNA synthesis by
inhibiting bacterial topoisomerase Il (DNA Gyrasend
topoisomerase V.

Inhibition of DNA Gyrase prevents the relaxatioh pmsitively
supercoiled DNA that is required for normal traisoon and
replication. Inhibition of topoisomerase IV interés with

separation of replicated chromosomal DNA into tegpective daughter
cells during cell division.

Adverse effects:Nausea, vomiting, diarrhoea (most common), Heaglach
dizziness, insomnia, skin rash, photosensitivityaniage growing
cartilage and cause an arthropathy and Tenditetnslon rupture.
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Kanamycin & Amikacin: Kanamycin has been used for the
treatment of tuberculosis caused by streptomycasistant strains,
but the availability of less toxic alternativesgiecapreomycin and
amikacin) has rendered it obsolete.

Amikacin’s role in the treatment of tuberculosés increased with
the increasing incidence and prevalence of muljdresistant
tuberculosis.

Prevalence of amikacin resistant strains is lod most multidrug
—resistant strains remain amikacin susceptible.kaogin is also
active against atypical mycobacteria.

USES: Amikacin is indicated for the treatment of tubensi$ suspected

Uses:

or known to be caused by streptomycin resistantnolti drug
resistant strains.

LINEZOLID: Linezolid has been used in combination with other
second and third line drugs to treat patients viitherculosis
caused by multi drug resistant strains.

used as a drug of last resort for infection causgdnulti drug
resistant strains that are also resistant to skwéhar first and

second line agents.

Adverse effects:Bone marrow depression, Irreversible peripheral and

iX.

Uses:

optic, neuropathy reported with prolonged use afdr
RIFABUTIN

Rifabutin is derived from rifamycin and is relatedrifampin. It
has significant activity against mycobacterium tghésis, M

avium- intracellular and mycobacterium fortuitum

Rifabutin is effective in prevention and treatmehdisseminated
atypical mycobacterial infection in AIDS.

As preventive therapy of tuberculosis.
It is a hepatic enzyme inducer of cytochrome P45y mes.
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Adverse effects: insomnia, skin -
Rifapentine

Rifapentine is an analog of rifampin.It is acti\gaast both M
tuberculosis and M avium

Mechanism of action:It is a bacterial RNA polymerase inhibitor.
Rifapentine and its active metabolite, 25 deaadfigphentine have an
elimination half-life of 13 hours.

uses:lt is indicated for treatment of tuberculosis calibg rifampin-
susceptible strains during the continuation phae @e. after the 2
months of therapy and ideally after conversiosmitum cultures to
negative).

3.3.3 Anti-leprosy drugs

Leprosy is a chronic infectious disease causedhiyaicid — fast rod
Mycobacterium leprae. The mode of transmission g@obbis respiratory
and involves prolonged exposure in childhood.

Symptoms and Signs:

onset is insidious, Lesions involve the cooler badilysues: skin,

superficial nerves, nose,pharynx, larynx, eyes,tasticles.

Skin lesions may occur as pale, anaesthetic maladaims 1 — 10 cm in

diameter. Discrete erythematous, infiltrated nogldle5 cm in diameter;

or a diffuse skin infiltration. Neurologic distumbees are manifested by
nerve infiltration and thickening, with resultantaeesthesia, neuritis and
paranaesthesia. Bilateral ulnar neuropathy is highliggestive. In

untreated cases, can result in disfigurement dtteetskin infiltration and

nerve involvement may be extreme, leading to trophicers, bone

resorption, and loss of digits.

DRUGS USED IN LEPROSY:

I DAPSONE& OTHER SULFONES: Are used effectively in the
long-termtreatment of leprosy.

Mechanism of action: Dapsone like the Sulfonamides, inhibits folate
synthesis (PABA antagonist). It is bacteriostatic

Resistance can emerge in large populations of Ma&pe.g. in
lepromatous leprosy, if very low doses are givermm@ination of
dapsone, rifampin and clofazimine is recommendedhibal therapy.
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usesLeprosy: Tuberculoid leprosy (combine with rifampin
Lepromatous leprosy (combine with rifampin and a&iine) and
Prevention and treatment of pneumocystis jirovea@ymonia in AIDS
patients.

Adverse effects: Haemolysis (in patients having G6PD deficiency),
Methemoglobinemia, Gl intolerance, Fever, Pruréod various rashes.

Erythema nodosum leprosum develops during dapsone therapy of
lepromatous leprosy. Suppressed by corticostemitisalidomide

ii. CLOFAZIMINE

Clofazimine is a phenazine dye that can be usednaalternative to
dapsone.

Mechanism of action:Unknown, but may involve DNA binding and &
inhibits template function. Its redox propertiesyni@ad to generation of
cytotoxic oxygen radicals that are also toxic te thacteria. It is

bactericidal.

Adverse effects:Skin discoloration ranging from red brown to nearly
black (major adverse effect), Gastrointestinal leance occurs
occasionally (eosinophilic enteritis).

3.4  Antifungal Drugs

Fungal infections are more difficult to treat thbacterial infections,
because the greater similarity between fungi ardd Inoits the ability of

a drug to have a selective point of attack; furt@ne, many fungi have
detoxification systems that inactivate drugs

3.4.1 Superficial mycoses:are infections of superficial tissues and can
oftenbetreated by topical application of antifung#tlugs such as
Miconazole, Nystatin, and griseofulvin, thereby mnising systemic side
effects

3.4.2 Systemic mycosesare more difficult to treat and can be fatal;
however, amphotericin B and flucytosine have based with
limited success; amphotericin B is highly toxidamust be used
with care; flucytosine must be converted by thagius to an
active form, and animal cells are incapable ofs;thsome
selectivity is possible, but severe side effeegehbeen observed
with both drugs.
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3.4.3 Drug resistant fungal strains: Drug resistant fungal strains are
alsobeginning to emerge.

3.5 Antiviral Drugs

Selectivity has been a problem because viruses thisemetabolic
machinery of the host. Antiviral drugs target sfieasteps of life cycle,
especially enzymes that function in the life cy¢keg. amantadine,
vidarabine, acyclovir, and azidothymidine). Humaterferon is used to
treat some viral infection

3.5.1 Introduction

Rational drug design approaches now dominate thgy dliscovery

process. HIV infection and AIDS represent onehef first diseases for
which the discovery of drugs was performed entiredya rational drug

design approach.

3.5.2 HIV life cycle

I Free Virus

. Binding and Fusion: Virus binds cell at two recesibes

1 Infection: Virus penetrates cell. Contents empirgd cell.

V. Reverse transcriptase: single stranded viral RNéoisverted into
double stranded DNA by the reverse transcriptaggmnee

V. Integration: viral DNA is combined with the cellsvo DNA by
integration enzyme

vi.  Transcription: when the infected cell divides, theal DNA is
“read” and long chains of proteins are made.

Vil. Assembly: Sets of viral protein chains come togeth

viii.  Budding: immature virus pushes out of the celljrtgksome cell
membrane with it.

IX. Immature virus breaks free of the infected cell

X. Maturation: Protein chains in the new viral pdetscare sort by the

protease enzyme into individual proteins that comko
make a working virus.

3.6 Classification of Antiretroviral Agents

.Nucleoside/Nucleotide ReverseTranscriptase Inhibits  (NRTI'S)-

Zidovudine (AZT, ZDV), Didanosine (ddl), Stavudie4T),
Lamivudine  (3TC), Abacavir (ABC), Tenofovir (TDF),
Emtricitabine (FTC)

.Non-Nucleoside Reverse Transcriptase Inhibitors (NRTIS) -

Nevirapine (NVP), Delavirdine (DLV, Efavirenz (EFV)
Etravirine (ETR), and Rilpivirine (Edurant)
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lii. Protease Inhibitors (Pls) - Saquinavir- (SQV-HGC), Ritonavir-
(RTV), Indinavir - (IDV), Nelfinavir - (NFV), Sagaavir- (SQV-
SGC), Amprenavir - (APV), Lopinavir/ritonavir - &L),
Ritonavir (RTV), Atazanavir - (ATV), Fosamprenawir (fos-
APV), Tipranavir - (TPV) and Darunavir - (DRV)

Iv.Integrase Inhibitors - Raltegravir (RAL), Dolutegravir (DTG)

v.Fusion Inhibitors - Enfuvirtide (T-20, Fuzeon)

vi.Chemokine Receptor Antagonists Maraviroc (MVC, Selzentry)

3.6.1 Mechanism Action of Antiretroviral Therapy (Art)

The mechanism of action of ART is best understamdugh their
chemical classifications. They act at differengstof the viral life cycle
best on the nature of their amino acid basis.

The Nucleoside Groups- Also called Nucleoside/Nucleotide Reverse
Transcriptase Inhibitors (NRTIs). These are dividdd

Pyrimidines-Thymidine:  Zidovudine (AZT) and Stavudine (d4T),
Cytosine: Lamivudine (3TC) and Emtricitabine (FTC)

Purines - Guanosine: Abacavir (ABC),

Adenosine: Didanosine (ddl), Tenofovir (TDF)

NRT are known as the Nukes, Nucleoside analogussroetimes called
‘backbone of combination therapy. The first grodi@utiretroviral drugs
are the Nucleoside/Nucleotide Reverse Transcrigtagbitors (NRTIS).
These were the first type of drug available tottkd/ infection in 1987.
NRTIs interfere with the action of an HIV proteiralied reverse
transcriptase, which the virus needs to make nepiesoof itself.
Nucleoside Analogs are analog of thymidine, cytesiadenine, or
guanine, activated intracellularly by phosphorgatby cellular kinases
inside lymphocytes. The triphosphate form actsdiyetitive inhibition
of HIV-1 reverse transcriptase. Incorporation it/ DNA results in
chain termination.

All except tenofovir (TDF), does NOT need to bepinosphorylated only
di-phosphorylated to active compound. After incogtion of the NRTI,

viral DNA synthesis will be terminated. They pretéme addition of the
natural nucleosides into the DNA strand. This hidésproduction of new
virions.

NRTI's mainly undergo renal excretion EXCEPT, Ziddine (AZT)

undergoes glucuronidation and Abacavir metabolidggd alcohol
dehydrogenase.
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3.6.2 Drug specific mode of action and adverse etts

All has tendency to cause Lactic acidosis with hieseatosis however,
it's a rare but serious complication of NRTI thera@igns/Symptoms:
Abdominal distention, abdominal pain, nausea, vijt diarrhoea,
weight loss, difficulty breathing, generalised weegs and myalgias.
Risk Factors: Stavudine and Didanosine use duriegnancy, Female
gender, Obesity and Prolonged use of NRTIs.

.Zidovudine (AZT/ZDV): Adverse effects

Chronic AZT therapy may caugs®il hyper-pigmentation, myopathy,
hepatic toxicity (with or without steatosis) anddic acidosis.

Anaemia - (anaemia, neutropenia, thrombocytopenia), mayelde as
early as four weeks in about 7% of patients witkaated HIV/AIDS
possibly due to toxic effects of AZT on erythrotdrs cells.

This effect is characterised by depletion of bonarrow red cell
precursors, elevated serum erythropoietin leveld,rrmal serum folate
and vitamin B12 levels.

Do not commence Patient on ZDV if Hb < 8.0 g/dL ¥P€24%)
Gl intolerance (hypersalivation, nausea, anordaiggue and abdominal
discomfort).

Other toxicities include: Nausea, insomnia and hehd effects,
convulsions and encephalopathy

ii. Didanosine: (ddl)

Didanosine is a synthetic analog of deoxyadenodhimad decreases
absorption: Take at least 30 minutes before med, lu's. after meal or
administered on an empty stomach!

Adverse Effects: Transient / minor Events, Primarily Gl-related
(Abdominal cramps and Diarrhoea). EC caps < chesvaltls

Serious Events: Pancreatitis - effect is worse when combined with
hydroxyurea, Painful Neuropathy, Lactic acidosid hlepatic steatosis.

Avoid use of ddI + d4T a additive toxicities!
iii.Stavudine: (d4T)
It is a thymidine analog, originally developments¥a10 mg/kg, but this

was stopped due ttiver toxicity in phase I. 1 mg/kg eventually
approved...hence weight-based dosing.
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Has antagonistic effects when combined with zidavedAZT). Major
dose limiting effects are peripheral neuropathytd@it toxicity became
significant over time; the drug has been virtualbandoned since 2010 in
Nigeria treatment programme.

Other side effects include; Lipodystrophy - Pernathdat atrophy, and
ascending motor weakness resembling Guillain-Bagredrome may
occur. Neuropathy - Numbness, tingling sensatiom j@an in the feet
sensations worst in the lower than upper limb, Ipuasolves on stopping
the drug. It is more common in patients with adeahEllV/AIDS, Lactic
acidosis (potentially fatal), Hepatic steatosisetic acidosis with hepatic
steatosis; is worse when d4T is used in combinatdh ddl. Minor
toxicities: Moderate transaminase elevation, helaelanausea, and skin
rash also seen are Insomnia, anxiety, panic attabksnitoring/
management. Periodic serum triglycerides shoultdeitored; suspicion
of lactic acidosis — measure serum lactate andimmagap and serum
bicarbonate; When there are signs of mitochondazicity, stavudine
should be substituted.

iv.Lamivudine (3TC):

It is a cytosine analog Improves. Reduces virakfits and is an Important
nucleoside analog in HBV treatment

Almost didn’t get developed because of low resistahreshold. Now the
#1 selling anti-HIV drug in the world. First appexcombination therapy
— Combivir. Resistance common — M184 mutation. Hesefit noted

when continued in presence of M184 associated leghfit virus and 0.5
log decrease from baseline VL

Side effectsVery safe; occasional side effects areheadache and
insomnia. Serious toxicities are rare, and generally wellertaled.
Extensive long-term use in patients with chronipdtéis B (100 mg
daily). Primary toxicities: Pancreatitis, liver tory, Mild peripheral
neuropathy. Minor toxicities: Skin rash, headache.

v.Emtricitabine: It is a fluorinated Ilamivudine (analog),
Structurally similar to lamivudine. It is Importamucleoside
analogue for HBV treatment.

Adverse effects:Hyper pigmentation of palm and soles Lactic acislosi
and hepatitis.

vi.Zalcitabine: (ddC): It is a cytosine analog — has antiviral activity

against zidovudine sensitive and resistance strain
Adverse effectsPancreatitis and Peripheral neuropathy.
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.Tenofovir (TDF): Nucleotide analog, Good tolerability, acute and

chronic.Very active against Hepatitis B.

Adverse effects: TDF ausesrenal failure - Renal Tubular Necrosis,
Hypophosphatemia, Hepatitis B exacerbation, Faresgndrome (rare).

Other effects may not be serious and may lessedisappear with

continued use of TDF. include abdominal discomfadiarrhoea,

dizziness, intestinal gas, headache, and rash.

Avoid in patients with borderline renal dysfunctioRenal dosing

necessary.

Risk factors: Existing renal disease, hypertension, Advanced #iféase

(AIDS), Concomitant protease inhibitor use and @wonitant nephrotoxic

agents

Abacauvir: Itis a Guanosine analog

Abacavir adverse effects: Hypersensitivity:Reported rates 3-8% (true
incidence lower) Genetic predisposition HLA B*57@llele in 94.4%
confirmed cases. Not common in African populatiddsset: 90% within
1st 6 weeks; median: 9 days. Présentation : Feasn, (diffuse), malaise,
headache, chills, nonspecific GI symptoms (abdomgaan, N/V/D),
respiratory symptoms (dyspnea, tachypnea, phaighgit

Stop abacavir! If confirmed, do NOT rechallenge!

Non- Nucleotide Reverse Transcriptase Inhibitors (NRTIS)
Available NNRTIs in the Nigeria Nevirapine, Efavirenz, Delavirdine
and Etravirine (TMC-125)

Mechanism of Action: NNRTIs causes non-competitive inhibition with
the viral reverse transcriptase enzyme RT (nealytat site) but have a
different mechanism of action compared to NRTIseyfBo NOT require
intracellular phosphorylation (unlike NRTIs), buastead bind directly to
the reverse transcriptase enzyme Viral RNA douttended DNA. The
result RNA unable to undergo transcription to DNv&refore replication
cycle

cannot continue

NNRTI Adverse Effects

Nevirapine: The most common side effect with Viramune is sksthrthat
occurs among 17% of patients. The majority of sevashes occur within
the first four weeks of therapy. A 14 day "lead-addse of one 200 mg
tablet daily is used for adults, in combinationrétpgy. This decrease the
rate of rash. The dose can then be increased ablét tbid (if no rash,
hepatitis, or other serious adverse effect)
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Severe, life-threatening hepatotoxicityOften associated with rash.
Greatest risk in women with CD4 >250 (12-fold gezaisk). Increased
risk for men with CD4 > 400 (3-fold greater risk)dagreatest risk during
156 weeks (continued risk through 18 weeks)

Hepatotoxicity more common in women with pre-treattnCD4 cell
counts > 250 cells/mimmen with CD4 cell counts > 400 cells/mhand
patients co-infected with hepatitis B or C.

Monitor LFTs minimally at baseline, 2 weeks, mowtlior the F' 3
months in all patients

ii. Efavirenz: M any patients taking efavirenz can experience  nervo

system symptoms (for example, dizziness, vivid oh®a decreased
concentration, and insomnia) which are generalldna moderate and
resolve after 2 to 4 weeks.

Rash is also a potential but uncommon side effashR1.7%), increased
transaminase levels should be used with cautigratients who have a
history of psychiatric illness due to side effantduding vivid (sometimes
disturbing) dreams, insomnia, somnolence, difficuttoncentrating,
dizziness, amnesia, confusion or agitation. Sonme@m that efavirenz
can trigger cravings in patients with a historysabstance abuse. Mental
health and/or substance abuse supports should dkalde. Should be
taken before bedtime to avoid daytime difficulties

PROTEASE INHIBITORS (PIS)

Mechanism of Action: Protease enzyme is responsible for cleaving
(cutting up) larger polyproteins into structuralofmins and reverse
transcriptase enzyme. Protease is needed to farlty anature, functional
virus that is able to replicate and produce moraesviProtease inhibitors
prevent this enzyme from doing its job in the laps of the viral life
cycle.Hence PlIs, Inhibit HIV-1 protease, pevents cleavage of Gag-Pol
poly-proteins individual structural and enzymatiotgins necessary for
the formation of mature virions are NOT produdsdt

Result: Immature, non-infectious virions are releasd.

Protease inhibitors provide a beneficial Drug Inteaction: Ritonavir
INHIBITS cytochrome p450 metabolism in liver andtguhen co-
administered with other PI, result increased alsmrpbioavailability)
and Decreased metabolism in liver.

Class adverse effectsHyperglycemia, lipodystrophy, hyperlipidaemia
(less with atazanavir), increased transaminases.
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Pls Containing Sulfa Moieties (Darunavir, Fosamprenavir and

Tipranavir)

- Above agents are not contraindicated with sulfargit

- History of sulfa allergy did not correlate with has studies and
patients with history of sulfa allergy were notkexled

— Use with caution

. Metabolic Complications of Pls

— Glucose intolerance:Rare diabetes, diabetic ketoacidosis

- Lipodystrophy: Central obesity, “buffalo hump”, peripheral fat
wasting

- Hyperlipidaemia: Hypertriglyceridemia and/or
hypercholesterolemia

— Osteonecrosis, osteopenia, 0steoporosis

- Lipoatrophy

- Facial Wasting

3.6.3 New ARV Targets Against HIV Fusion Inhibitor

Enfuvirtide (T-20, Fuzeor®): Approved March 2003
Mechanism of Action

Inhibits entry of HIV into the CD4 cell. T-20 binds glycoprotein gp41
(a protein on the viral membrane). This bindingvprés a change in the
shape of the membrane protein and prevents fudidimeovirus and the
CD4 cell membrane

Enfuvirtide, unfortunately, is only active wheneanjed subcutaneously
This aspect (in addition to its high cost) severlyits it use in the
correctional setting

Adverse effects:

o injection site Rxn, hypersensitivity (rare)
o resistance: changes in gp41l (cell surface protein)

3.5.7 Integrase Inhibitors
Raltegravir (Isentress™)

Atazanavir must be boosted with ritonavir if used in combiaatwith
tenofovir

Tipranavir - Approved June 2005

Darunavir - Approved June 2006

MK-0518 (Raltegravir) - Investigational integrasdibitor available via
EAP
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Maraviroc - Investigational CCR5 inhibitor available via EAP
— Approved August 8, 2007
Tipranavir

— AEs: Hepatotoxicity-monitor LFTs, closely, rash 18%) of
patients, diarrhoea, nausea, vomiting, rare ca$astracranial

haemorrhage
— Caution with sulfa allergy
Darunavir
. Patient Counselling Points

— Take with food
— AEs: Rash (7%), abdominal pain, constipation, helaga
— Caution with sulfa allergy

3.6.4 ARV Drug Interactions

“The modification of the effect of one drug by theor or concomitant
administration of another.”

Pls and NNRTIs

Primarily metabolised by the cytochrome P450 3A¥RGA4) enzyme
system., hence inhibit or induce the CYP450 enzgystem

Clinically Significant Drug Interactions — Due tdféct on
Antiretrovirals

I Rifampin, Phenytoin, phenobarbital, carbamazepberrease Pl
and NNRTI levels?

. Ketoconazole: Increase in NVP concentrations by 3a#6l
Decrease in ketoconazole concentrations by 40-60%.

iii. St. Jom’s Wort: Concern with other herbal products

a. Clinically Significant Drug Interactions — Concelfor the
Co-Administered Drug

V. Warfarin: Often Pls decrease potency of warfaritHISHER

warfarin doses needed

3.7  Overview of Cancer Chemotherapeutic Agents
3.7.1 Introduction
Cancers account for 20-25% of deaths in clinicalcpces. In the US,

cancer is the @ cause of death highest cause of death due toacardi
disease. Result from alteration of DNA within tredl€.
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Human body contains 5x1013 cells. Tumour becomexally detectable
when there is a mass of 109 cells (1g). About 1@% rtells are
manufactured in the body through cell division gailhis must be
balanced by an output of similar number.

Table 29: Cancers with 5 years’ survival Rate

Types of Cancer Percentage of 5 year
survival

Childhood acute lymphoblastic Leukae | 50-80

Adult acute lymphoblastic Leukaer 20-60

childhood Myeloblastic Leukaemia AN | 20-60
Adult acute myeloblastic Leukaen 10 -20

AAML
Breast Canc 5-20
Hodgkin’s Lymphom 40-80

3.7.2 Goals of Cancer Chemotherapy

Goals of Cancer Chemotherapy: Cure induction of Remssion: cure or
induction of prolonged remission so that macrosc@id microscopic
features of cancer disappear, though disease wrkiho persist e.g. in
Acute lymphoblastic leukaemia, Wilm'tumours, Ewiagsarcoma in
children, Hodgkin’s Lymphoma, testicular teratoma ahoriocarcinoma.

Palliation: Shrinkage of evident tumour, alleviation of sympt &
prolongation of life. E.g. in breast cancer, Ovariacanacer,
endocarcinoma, CLL, CML Small cell cancer of theds & Non-Hdgkins
Lymphoma

Insensitive or less sensitive:but may prolong life. Carcinoma
oesophagus, cancer of stomach, squalors cell cameinof lung,
melanoma, Panreatic cancer, melonomasand colocectaér

I Treatment Options for malignancies: Chemotherapy is the use
of drugs to inhibit or kill proliferating cancer It while leaving
host cells unharmed, or at least recoverable.4sichaeatment
options of malignancies; Surgery, Radiotherapymnuttberapy and
Immunotherapy and Gene therapy (including bioldgieaponse
modifiers {BRMs}).

Surgery is the most effective treatment of cabeeit is ineffective
for metastasized or disseminated tumours. Radiatidhe next
most effective treatment after surgery.

Rapidly dividing cells are the most sensitivesluseful primarily
in cancers that are not widely disseminated. tifisn combined
with surgery and chemotherapy

No Treatment: Before 1940
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Surgery: Before 1955

Radiotherapy: 1955 - 1965
Chemotherapy: After 1965

Immunotherapy and Gene therapy; Currently

3.7.3 Cell Cycle (cell proliferation)

Tumour cells can be classified@®liferating cellsandnon-proliferating
cells lased on the DNA changes in cells, proliferatingleyaf tumour
cells can be divided into 4 phases

G1; Pre-synthetic phase (Gap 1 phase or G1 phgs€ell chiefly makes
preparations for the synthesis of DNA.

S; Synthetic phase (S phaseLells are synthesizing their DNA. Here,
chromosome material is doubled, with the produabibsister chromatids.

G2, Post-synthetic phase; Preparation for Divisiorad@ phases or G2
phase). Where a sequence of biochemical mateals®. In this phase
DNA synthesis has stop while RNA and protein sysitheontinue and is
the second resting phase in the cell cycle.

Mitosis phase (M Phase). follows the G2 where t@pagically identical

daughter cells are formed by division of the nuslérough the four
stages of prophase, metaphase, anaphase and selepha

The daughter cellproceeds either t81 phaseor enterG0O phase.
Cell in GO phase are not out of the cy@bait resting), because they are
still capable of proliferating.

G2 phaseis also a resting phase wh@&BIA synthesishas stop buRNA
and protein synthesisoccur normally (the new cells here undergo growth
and differentiation) and finally the remaining aycls repeated. Cell
division requires controlled timing of two evenfsloe cell cycle.
Generally,in the early stage, the GF of a tumour is bigger ah the
effect of a drug on the tumour is better.Cells in GO phase can be
activated by chemical stimuli intG1 phase. e.g. skin cells can be
stimulated by a wound into dividing and repairirige tlesion. Growth
factor — many stimuli can initiate Go cells into Gélls, but the most
important is Growth factor acting on growth factereceptor. GF
stimulate the production of signals of two typEssitive regulators of
cells cyclethat control the changes necessary for cell dimisand
Negative regulatorsthat control the positive regulators
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3.7.4 Classifications and Mechanisms of Action of mineoplastic

Drugs

Classifications of Anticaner Drugs

Vi.
Vil.
Viii.
IX.

Alkylating agents:nitrogen mustards, busulfan, astureas,
mitomycin

Procarbazine, dacarbazine

Taxanes:paclitaxel, docetaxel

Topoisomerase |l inhibitors: etoposide

Platinum Complexes cisplatin, carboplatin

Anthracyclines: doxorubicin, daunorubicin, mitoxantrone
Antimetabolites: methotrexate, purine antagonists, pyrimidine
antagonists

Tubulin interactive agents vincristine, vinblastin
Miscellaneous agentsbleomycin, asparaginase, hydroxyurea

3.7.5Mechanisms of Action of Antineoplastic Drugs

Most antineoplastic drugs act on the proliferatiggle of cell

Inhibition of nucleic acid (DNA and RNA) synthesige 5-
fluorouracil, 6-mercaptopurine, methotrexate, cfame, etc.
Destruction of DNA or inhibition of DNA duplicatiang.
alkylating agents, mitomycin C.

Interfering with the transcription to inhibit RNAysthesis e.g.
dactinomycin, dauoruicin, and doxorubicin.

Inhibition  of  protein  synthesise.g. vinca alkalqgids
epipodophylotoxins, and paclitaxel.

Interfering with hormone balance e.g. adrenal costeroids,
oestrogens, tamoxifen etc.

3.7.6 Principles of cancer chemotherapy

All Cell- normal cell or neoplastic cell must trase before and during

cell division.

Vi. Malignant cells spend times in each phase — longé&st, but may
vary.

vii.  In adult most of the cells do not constantly divide

viii.  Most spent a varying time outside the cell in aegoent non-
proliferating cell called GO phase cells (restirigape cells),

IX. Neurons and skeletal muscle cells spent most af tinee in GO
phase.

X. Bone marrow & GIT Cells divide daily — Hence arermeensitive
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xi.  When proliferating cells suffered heavy casualti&8,phase cells
will get into proliferating cycle and become thasens of tumour

recurrence.

xii. GO phase cells are usually not sensitive to anpilastic drugs,
which is the important obstacle to tumour chemather

xiii. ~ Many of the effective anticancer drugs exert tlagtion on cells

while traversing the cell cycle — cell specific (8rugs
xiv.  Cell cycle — Non-specific (CCNSs) drugs- steriltmenours cells
whether they are cycling or resting in the GO congris

3.7.7 Factors That Determine Cancer Drug Response

I. The effect of the GF on the response to chema#py. Tumours with
a high growth fraction are more susceptible to@y#otoxic drugs than
those with a high percentage of dormant cells (&#sp). Normal tissues
with high GF bone marrow, oral/intestinal mucosa, hair follicjese also
damaged by anticancer drugs, and treatment witly mihese drugs may
produce bone marrow depression (leukocytopenia arfdction,
thrombocytopenia and bleeding), stomatitis, Gl ttratceration, and
alopecia.

ii. The effect of the speed of cell cycle on respsa to chemotherapy:
The faster the cell cycle proceeds, the more likbbt treatment with
cytotoxic drugs will ‘catch’ the cells in a sengéiphase. This forms the
basis why cytotoxic drugs are usually given in egcbf treatment at
intervals of 3-4 weeks, rather than continuoushgesthis allows recovery
of susceptible tissues, such as the bone marrow.

iil. Synchrony of the cell cycle in the cells of &umour: if more tumour
cells are synchronized in a sensitive phase ofybke, there will be better
chance of respond to a pulse of cytotoxic drugager Attempt is usually
made to recruit cells into cycle (for example teeruiting of breast cancer
cells with oestrogens). Alternatively, cytotoxiaids can be used to arrest
cells at different point of the cycle, thus modifyithe effects of other
treatment for instance as it has been demonstwéataca mitotic spindle
poison, such as Vinca alkaloids, which might arcedtin their cycle after
which they could be treated with an inhibitor of BNsynthesis like
cytarabine as they progress through S-phase.

Iv. The effect of tumour size on response to chentwrapy: Large
tumours respond poorly to chemotherapy because wiahg cells tends
to be in GO phase in which cells are unresponsigeugs; and penetration
of drugs through a poor as vasculature is ins@fficto achieve cytotoxic
concentrations for a long enough time without pdg severe systemic
toxicity.
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v. Kinetic of cell kill: In general, tumour cell is killing after drug trersnt
follows first order kinetics, i.e., each treatmeasults in killing of a
constant proportion, rather than a constant nurab&rmour cells. After
initial treatment, the rate of cell kill may changecause the growth
fraction and mass doubling time change as the tummass decreases
from a large, bulky tumour to a smaller tumour gthis called
"RECRUITMENT"). The slope of the response curvalso different for
the residual cells because they are likely to be $ensitive to the drug or
present in sites where drug does not penetrateells Weatment must
continue even in the face of clinical remissioniluhie tumour is totally
eradicated. Cure is considered achieved when tHeERSE-FREE
SURVIVAL PLATEAU is reached. This time is differemor different
tumours (e.g., Burkitt's' lymphoma - 8 months;itedgar cancer - 1 year).
NOTE: There is no clear survival plateau for cert@ancers (e.g., breast
cancer).

vi. Tumour heterogeneous: intheir cell populations, there may be great
variability in the responses of individual cell &g Some of these cells
are proliferating, some can proliferate but arentint and others are
dying. The fact that tumours are not uniform muestbnsidered. For any
tumour therapy to be completely effective the mosasive metastatic
cells must be killed. It is therefore difficult kdl every tumour cell during
chemotherapy, although, if cure is the aim, thissisential.

vii. Cell cycle phase:The response to certain cell phase-specific drugs
depends on the percent of cells in a sensitiveelasing the time of
exposure. In general, for cycle phase specific sgarch exposure should
be for at least two cell cycle times. Cells in @@ phase are, for the most
part, refractory to chemotherapy. These cells neagnter the cell cycle
and result in disease recurrence. Most anticanoggsdare effective
against cells in one particular phase of the cyelg., vincristine during

M; cytarabine during S, etc.). Most drugs have rtlggeatest activity
during S phase when cells are undergoing DNA swidhe

3.7.8 Resistance of cancer cells to chemotherapy

This is one of the most important problems withcaarchemotherapy. As
many as 40-45% of cancers patients may have ordeaglop resistance
to anticancer drugs. The differences in the resdgensss of some cancer
cells to drugs as noted, to a specific form of mpldtdrug resistance
(MDR), which seems to be important in many solichéwrs is mediated
by a P-glycoprotein, which pumps Cytotoxic drugsaficells before they
can act. This pump is inhibited by a Varity of stirally unrelated drugs
including nifedipine, verapamil, cyclosporine aathbxifen, etc. There is
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however several different biochemical MechanismsWiyich Tumour
cells Develop Resistance to Anticancer Drugs. Tiedade:

Vi.

Vil.

Decreased intracellular drug levels This could result from
increased drug efflux or decreased inward transgortong the
drugs which become resistant by this mechanism taee
anthracyclines, dactinomycin, vinca alkaloids, and
epidopodophyllotoxins.

Increased drug inactivation. Included in this group are the
alkylating agents, antimetabolites and bleomycin.

Decreased conversion of drug to an active form.This
mechanism is most common among the antimetabalhesh must
be converted to the nucleotide before they areact

Altered amount of target enzyme or receptor (gene
amplification). Methotrexate is a classic example here as often in
methotrexate resistant tumours there is amplificain the target
enzyme dihydrofolate reductase.

Decreased affinity of target enzyme or receptor fordrug.
Examples are the antimetabolites and hydroxyurea.

Enhanced repair of the drug-induced defect.The alkylating
agents typically show resistance by this mechamishough other
mechanisms are also important with these drugs.

Decreased activity of an enzyme required for the King effect
(topoisomerase II). This is a newly recogniseddatbyt decreased
activity is important for resistance to doxorubjom-AMSA, and
the epipodophylotoxins.

Multidrug Resistance (MDR): This is a phenomenoresgby tumours
become resistant to several, often unrelated digsyltaneously. The
multidrug Resistance (MDR1) gene encodes an ATRudgnt efflux

pump, called p-glycoprotein that may become angaiin drug-resistant
tumours. MDR activity may be reversed by drugs saghalcium channel
blockers (e.g., verapamil), cyclosporine, or tarfexxi Multidrug

resistance occurs between several different stralbtu unrelated
antitumor agents that apparently have differenthmagisms of action.

3.7.9 Adverse effects of Antineoplastic Drugs

Short-term toxicity: Common adverse reactions usually appear
earlier and many of them occur in rapidly prolitarg tissues such
as; marrow, gastrointestinal tract, and hair fidlic
myelosuppression, gastrointestinal tract symptodchaopecia.

Long-term toxicity: The long-term toxicity mainly occurs in the

patients who received chemotherapy for many yeage. a
Examples: carcinogenesis, teratogenesis and sterili
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iii. Common Toxicities: Most chemotherapy drugs are active in cells
that are rapidly multiplying. Chemotherapy may betvery active
in indolent or slow growing tumours, Because ofbyxic action
on rapidly dividing cells they are toxic to normalls that are
actively multiplying. Bone marrow, Gl tract, haollicles are all
rapidly multiplying. Thus, common toxicity of chenagents is -
Neutropenia, anaemia, and thrombocytopenia (coliggt called
myelosuppression or bone marrow (suppression), Bitisp
Nausea, anorexia, vomiting and diarrhoea (Gl toxiciNausea
and vomiting, Alopecia or hair loss, Sterility/Intidity (especially
sterility in males), Skin changes, Anxiety, sleejstutbance,
altered bowel elimination, Decreased mobility, Héopaietic
system changes and Hypersensitivity (esp. Taxaplasinum)

Mucositis

Imonary fibrosis
Nausea/vomitin

Diarrhea

ardiotoxicity

ocal reaction

Cystitis
Sterility
Myalgia
Neuropath

enal failure
elosuppression

Phiebitis

Figure 31: Showing Side Effects of Chemotherapy
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Figure 32: Extravasation of Cytotoxic drug ( @hemotherapy
extravasation injuries
cancerjournal.net).

o

TS e Ve S O

Figure 33: Aopeia (hair Ioss)(@1edi'c1ir—1'e‘et.co ) -
Common anticancer drug involved are; Anthracyclii&oposide,
Irinotecan, Cyclophosphamide, Taxanes, Ifosphamidéndesine,

Vinorelbine and Topotecan

Alopecia can occur 2-3 days after or within a feweeks of
commencement of treatment. Baldness may be temypauntial or total.
Patient can regain hair 3-6 months after stoppiegttent
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V. Hand-Foot Syndrome

A local cutaneous reaction can occur and be se@aloms 2-12 days after
chemotherapy. It is usually associated with tingliburning of palms,
hand, feet, Pain and peeling. Resolution occursld days after stopping
medication

3
&

3.8 antiprotozoal Drugs
3.8.1 Antimalarial (Introduction)

Malaria is a major public health problem in warnmates especially in
developing countries. It is a leading cause ofaliseand death among
children under five vyears, pregnant women and nomine
travellers/immigrants.

Malaria parasites are transmitted from one pers@mother by the bite of
a female anopheles’ mosquito. The female mosqui#s during dusk and
dawn and needs a blood meal to feed her eggs. dllkmnosquitoes,
anopheles breed in water - hence accumulation wnavours the spread
of the disease.

Plasmodium infects the human and insect host alteely and several
phases of the parasite life cycle is described.

3.8.2 Malaria Treatment is classified into two typse of drugs
Malaria infection is classified into two broads'sées-based on the main
stages of drug targels. Tissue Schizonticidesdrugs that eliminate

development or dormant form of the parasites aad Blood
Schizonticidesdrugs that act on erythrocytic Parasites
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Therapeutic classification of antimalarial drugs’

Causal prophylaxis: (Primary tissue schizonticides): These drugs
prevent the maturation or destroy parasite (spa@z)o within
infected liver (hepatocytes) cells and thus prevertsion of
erythrocytes. Example; Primaquin€reat all species of malaria;
both are commonly used due to high toxicity. Proglu®rimarily
used forP. falciparum It's not effective againg®. Vivax (weak
activity) & rapid development of resistancéne only drugs that
kills hepatic Parasites

Suppressive Prophylaxis:These are Schizonticides, they inhibit
erythrocytic phase & prevent the rapture of theeadtéd
erythrocytes, which leads to relief of Rigor & Pxige Examples;
Quinine, Chloroquine, Proguanil, Mefloquine, Pyrthmmine,
artemisinin & Doxycycline.

Clinical cure: erythrocytic schizonticides: These are erythrocytic
schizonticides basically used to terminate an elgisof malarial
fever examples; Artemisinin, Quinine, Mefloquineto®aquone,
Proguanil, Pyrimethamine, Chloroquine, Sulfonamidesd
Tetracyclines;

Fast acting, high efficacy drugs: Artemisinin, Quinine,
Mefloquine, halofantrine and Chloroquine. Used Binig treat
malaria and is usually the drug of choicePinfalciparum,where
delayed treatment could lead to death even if thegites are
cleared from the blood anslow acting, low efficacy drugs:
Proguanil, Pyrimethamine, and Sulfonamides& Tetrhog. Used

in combinations.

Radical curatives: These drugs attack exoerythrocytic stage
(hypnozoites) resulting in clinical curative fotdaberadication all
forms parasites d&?. vivax& P. ovale,P. malarae, P. falciparuetc.
from the body.

Suppressive drugs + hypnozoitocidal drugs
Radical cure of th®. falciparummalaria can be achieved by suppressive
only

Gametocidal: Destroy gametocytes and prevent tresgon -
Artemisinin; against all plasmodia, Primaquine, @bfuine and
guinine

Radical cures oP. Vivaxinfections — Proguanil, Pyrimethamine; prevent
development of sporozoites.
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3.7.3 Mode of Action of Specific Agents

178

The quinolones Quinine, Chloroquine, Lumefantrine and
Amodiaquine}

Mechanism of action: The asexual malaria Parasites multiply in
the erythrocytes by digestion haemoglobin. The stegk
haemoglobin generates free radicals hadm as highly reactive
by-products. Haem is sequestered as insoluble mmkaf@gment
known asHaemozoin. Quinolonesre thought tanterfere with
haem handling as by blocking the conversion dfaem to
haemozoinsFailure to inactivate haem or even enhanced toxicit
of drug haem complexes is thought to kill the piéeasa oxidative
reactions

Chloroquine: Well absorbed after oral IM, and SC administration
Selective accumulation in retina: ocular toxicifyl/2 = 3-10 days,
can increase from few days to weeks. tmax 2-360<% protein
bound. Bio transform via Hepatic CYPs in to two iaet
metabolites — dihydrochloroquine & bisedesthychipiiae

Therapeutic uses:Prophylaxis and treatment of acute malaria
infections, Hepatic amoebiasis, Giardiasis, Cloh@rcsinensis,
Rheumatoid arthritis, Discoid Lupus Erythematos@ntrol
manifestation of lepra reaction, Infectious mondeasis and
Prophylaxis.Chloroquine is inexpensive and safe but it usefsl h
declined. No longer used in Nigeria.

Adverse drug reactions:Cinchonism: Flushed and sweaty skin,
ringing in the ears (tinnitus), blurred Vision. laiped hearing and
confusion

Others — skin rashes, angioneurotic oedema, plkotgvity,
pigmentationand exfoliative dermatitis

Long term therapy may cause bleaching of hair, elar
thrombocytopenia, agranulocytosis, and pancytoper@eular
toxicity: High dose, in prolonged therapy

Insomnia, transient depression seizures, rarelyameyopathy &
ototoxicity. Usually following parenteral adminigtion - ST & T
wave abnormalities, abrupt fall in BP & cardiacestrin children
reported.

Amodiaquine: Pharmacological actions similar, less cutaneous
side effects, Bitter Taste and faster acting thdoroquine. Widely
used; reduced cost, safety & activity against addaime resistant

P. falciparum Chloroquine resistant strains may be effective.
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Adverse events headache, photosensitivity. Major reports of ¢aias,
including agranulocytosis, and hepatotoxicity (oond term
administration), have limited the use of the drog frophylaxis
(long-term).

Therapeutic Uses:Can be used for clinical cure ta#lciparum malaria
with or without CQ resistance. Not used for propbgd. Combined
formulation with artesunate has been recently amatdor use in
uncomplicated falciparunmalaria irrespective of CQ resistance
status; it is peferred in African countries.

I.  Quinine &Quinidine: Quinine remain the mainstay in the
treatment chloroquine and multidrug resistBntFalciparum
Malaria.

Therapeutic Uses:Malaria (uncomplicated resistant falciparum malari
&severe malaria including cerebral malaria).

Adverse drug reactions: Cinchonism: Tinnitus, headache mental
confusion, vertigo, difficulty in hearing & visudisturbances, flushing &
marked perspiration. Still higher doses, exaggdragmptoms with
delirium, fever, tachypnea, respiratory depressmygnosis. Myotonia
congenita: 300 to 600 mg BD/ TDS. Nocturnal muscénps: 200 — 300
mg before sleeping.Varicose veins: along with weé&h causing
thrombosis & fibrosis of varicose vein mass.

Idiosyncrasy: similar to Cinchonism but occurs hrerapeutic doses.
Cardiovascular toxicity: cardiac arrest, hypotensiad fatal arrhythmias.

Black water fever, Hypoglycaemia.

C/l in Pregnancy: Causes abortion in early Pregnancy by stimulating
Myometrium & Premature labour by stimulating Uterus

.PRIMAQUINE: 8-aminoquinoline: Mechanism  of  action:

Primaquine is converted to electron to generadetinee oxygen
radical which interferes with oxygen transport teys in the
parasites. It is use in preerythrocytic schizodés, not useful for
acute attack. Highly active against gametocyteshamnozoites.

Therapeutic Uses:Radical cure of relapsing (Vivax) malaria &ovale.
Gametocidal for all species of plasmodia. Can hasimission through
mosquitoes.

Adverse effects: Nausea, headache, epigastric pain, and abdominal
cramps occasionally
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Avoid during pregnancy, G6PD deficienthose with G-6-PD deficiency
are highly sensitive and haemolytic anaemia camroeeen with 15-30
mg/day.

Atovaguone: Attack mitochondria, hence preventmalaria paraditem
making energy. Active against Merozoites (asextagesof cycle). Other
drugs that target food metabolism of the parasPesvent formation of
Folate e.g. Sulfonamides, Diaminopyrimidines.

Artemisinin: Artemisinin: The weedArtemisia annuahas been
used for many centuries in Chinese herbal meda&ie treatment
for fever and malaria. In 1971, Chinese chemistiaisd from the
leafy portions of the plant the substance resptaéi its reputed
medicinal action. The compound, artemisinin (qiraggw

arteannuin)  derivatives includes: Artemether, Atieg

Artesunate, Arrerolane, Artemether, Arteether, Suteate,

Arrerolane, Artemisinins are prodrugs of the biabadly active

metabolite dihydroartemisinin, activated by haend &orm free

radicals which damages lips & vacuole of Parasmesnbranes.
Inactivation of plasmodium proteins, alkylations bdem &

interferencewith haems — haemozoins — haematinboktan.

Artemisinin & Derivatives: Artemisinin is not very soluble either
in water or oil. Artemisinin derivatives have hélfes of the order
of an hour. All artemisinin derivatives are chaeaisted by their
extremely rapid elimination from plasma, with elmation half-
lives that are mostly less than a few hours. Elanon T1/2 =
Artemisinin = 2.9hrs. Dihydroartemisinin = 40 mifirteether
3.6hrs, Arteether = 12.4 -30hrs and Artesunateomihs.

Both Artemether and artesunate are metabolisethyaicbartemisinin by
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rapid esteratic hydrolysis of artesunate or slawygschrome P450-
mediated demethylation of artemether. Dihydroarsemm itself

and artemisinin are probably metabolised in therlito inactive
metabolites.

Artemisinin, dihydroartemisinin, Artemether andesunate are
available for oral and rectal use in several coes)r Artemisinin,

Artemether and artesunate can also be given bwynmiscular
injection. However, artesunate is the only drugttbhan be

administered intravenously. Artesunate is cledrly most rapidly
absorbed with time to maximal concentration (T r&x-30min)

considerably shorter than those of the other davies

Arteether: A longer t1/2 better and more lipophilic propestiean
Artemether favouring accumulation in brain tissuel dhus the
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treatment of cerebral malaria was regarded as adalyas over the
other compounds.

Artesunate: Water soluble hemisuccinate derivative. Used for
oral, rectal, intravenous and intramuscular adrrai®n.
Available as tablets and as powder with separatiecantaining 5
sodium bicarbonate.

Antibiotics; Doxycycline & Tetracyclines Are Protein synthesis
inhibitors.

Side effects- esophagitis, photosensitivity.

Proguanil (Chloroguanide): Biguanide converted to cycloguanil
active compound. Slow-acting erythrocytic schizeoide, also
inhibits the pre-erythrocytic stage &. falciparum Not Kill
gametocytes but inhibit their development in thesqutoes.
Proguanil, is cyclized in the body to cycloguanihieh inhibits
plasmodialDHFRase in preference to the mammalian enzyme.
Acts slowly on erythrocytic stage of Vivax& falcipan. Prevents
development of gametes.

Therapeutics Uses:Current use of Proguanil is restricted to
prophylaxis of malaria in combination with chlorage in areas of
low-level chloroquine resistance amoiy falciparum Causal
prophylaxis: 100 — 200 mg daily. Safe during premya

Adverse effects: Stomatitis, mouth ulcers, depression of
myocardium, megaloblastic anaemia, Not a drug ¢oteaattack.

Pyrimethamine; It is a diaminopyrimidines more potent than
Proguanil. Inhibitor oplasmodial DHFRas&asteless so suitable
for children.

Its Selective anti-malarial action depends on hajffinity for

plasmodial enzyme. In contrast to trimethoprinhas very poor
action on bacterial DHFRase. Pyrimethamine is alglacting
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erythrocytic schizontocide, butdoes not eliminate the pre-
erythrocytic phase oP. falciparum.

Therapeutic Uses: Pyrimethamineusednly in combination with a
sulfonamide (S/P) or dapsone. Addition of sulfonamide, retards
the development aksistance

If used alone, resistance develops rather rapiglymutation in the
DHFRase enzyme of the parasite.

Adverse events megaloblastic anaemia, thrombocytopenia and
agranulocytosis

3.7.4 Nigeria National Antimalarial Treatment Policy: Regimen
Guidelines

Combination Therapy: Antimalarial combination therapy (CT) is
the simultaneous use of two or more blood schiza#s drugs with
different biochemical targets in the parasites amtependent modes
of action. Artemisinin-based combination therap§CT) is antimalarial
combination therapy with an artemisinin derivatagone component of
the combination. Artemisinin combination therapymMisat constitute the
current national antimalarial treatment guideliassummary in the tables
below.

Theoretical basis of ACT

protect individual drug against occurrence of rtasise
to decrease rate of decline in efficacy

interrupt spread of resistant strains

decrease transmission in a region

Combinations Recommended
For uncomplicated malaria

I. Artemether + Lumefantrine
. Artesunate + Amodiaquine
ii. Artesunate + SP

\2 Artesunate + Mefloquine
V. Amodiaquine + SP

Vi. Artemether + Lumefantrine
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. Advantages and gains of Artemisinin-based comhbation

therapy

These includes;

I in uncomplicated malaria Improve clinical cuegas
. Delay emergence of resistance
iii. Reduce transmission and widespread use dirffssRx with

Artemisinin-based Combination
Therapy Cost effective

Table 30: Current Drugs for Treatment of uncomplicaed malaria

Drugs Dosage Strength

form
Artemether+ Tablets 20mg Artemether + 120
Lumefantring Lumefantrin

recommende

Use of the different components of these drugsiasotherapy is ng

Table 31: Artemether — Lumefantrine (Coartem)

Weight (KQ) Age Dosage
5-<1E 6 months- < 3-4 year| 1 tablet b.d x 3/
15-< 2E 4 years- < 9year: 2 tablets b.d x 3,
25 < 3t Oyears- < 15year 3 tablets b.d x 3,
> 35 > 15year 4 tablets b.d x 3,
Drugs Dosage | Strength
form
Amodiaquine- Tablet Amodiaquinel0Omg/kg & Artesung
Artesunat 4mg/kc
Artesunate 1 Tablet Artesunate 4mg/kg/Mefloquine 15 -
Mefloquine 25mg/k¢

Table 32: Artesunate + Amodiaquine (Fixed dose conmation)

Weight Age Tablet Dosage

(Kg) (strength

>4.5-<9|2-116 months| 25/67.f 1 tablet b.d x 3/

>9-<18 | 1 year - <|50/135 1 tablets b.d x 3/7
Syear:

>18<36 | 6 years < 13| 100/270 1 tablets b.d x 3/7
year:

> 3€ > 14year 100/27( 2 tablets b.d x 3,
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Table 33: Artesunate + Amodiaquine (co-blistered)

Weight | Age (Years) Tablet Dosage

(Kg) (strength)

10-20 1 year - <|50/150 1 white tablet + yelloy
Syear: table

21-40 7 years < 13| 50/150 2 white tablets yellow
year: table

> 36 Adults 50/150 4 white tablets + yelloy

table

Table 34. Other drugs available for treatment of méaria

Drugs form Dosage Strength
Amodiaquine Tablets 200mg (153.1m
base
Halofantrine Tablets 250mg (233 m(
base
Dihydroartemisinin (and other AQ Tablets| 20, 60 or 80mg
derivatives

Table 35: Currently Available Drugs for severe Malaia

Quinine Injection 300mg/ml in 2 m
ampoule

Artemether Injection 80mg / ml in 1 m
ampoule

Artesunat Injectior 60 mg /1 miial

v. Artemisinin and Prophylaxis: Prophylaxis of malaria are not
considered to be indications for the artemisiniougr of drugs.

3.9  Other Antiprotozoal
3.9.1Trypanosomiasis:

I African Trypanosomiasis (sleeping diseasdt is caused by the
hemoflagellates Trypanosoma brucei rhodesienseand
Trypanosoma brucei gambiense
The organisms are transmitted bytes of tsetse flieggenus
Glossing, which inhabit shaded areas along streams aradstiv
The largest number of cases is in the Congo. Anmedlence
estimates are about 100 000 cases and 48 000 deaths

il. American Trypanosomiasis (Chagas’ diseasels caused by
Trypanosoma cruzi

Drug: benznidazole, pentamidine, melarsoprol Eflornithine,
benznidazole and nifurtimox

184



PHS 810 MODULE 2

African trypanosomiasis — treatment: Suramin ort@emdine is effective
during the early stages but not for the later niegjioal manifestations for
which melarsoprol should be used.

Eflornithine is effective for both early and latages

American Trypanosomiasis — treatment. Prolonged3 (Isnonths)

treatment with benznidazole or nifurtimox may bieetive.

3.9.2 Leishmaniasis4{oonosis).

I Visceral leishmaniasis (kala azar)is caused mainly by
Leishmania donovann the Indian subcontinent and East Africa.

Treatment: Sodium stibogluconate or meglumine antimoniagsistant
cases may benefit from combiningntimonials with allopurinol,
pentamidine, paromomycin, or amphotericin B.

. (Muco-) Cutaneous leishmaniasis is caused mainly by
Leishmania tropical. major, and L. donovani.

Treatment: Mild lesions heal spontaneousgntimonialsmay be injected
intralesionally.

3.9.3 ToxoplasmosisT. gondii, an obligate intracellular protozoan, is
found worldwide in humans and in many speciesnifals and
birds. The definitive hosts are catslumans are infected after
ingestion of cysts in raw or under- cooked meagestion of
oocysts in food or water contaminated by catspspéacental
transmission of trophozoites or, rarely, direcbanlation of
trophozoites via blood transfusion or organ tréasjation. Most
infections are self-limited in the immunologicafiprmal patient.
Pyrimethamine with sulfadiazine is used for treatin of
chorioretinitis, and active toxoplasmosis in imrodaficient
patients; folinic acid is used to counteract taglf megaloblastic
anaemia. Alternatives include pyrimethamine withdamycin or
clarithromycin or azithromycinSpiramycin is for treatment of
primary toxoplasmosis in pregnant womelxpert advice is
essential.

l. Human Trichomoniasis Human trichomoniasis caused AQy.
vaginalis,seen in both females and males. It is usuallystratted
by coitus and is sometimes asymptomatic. The symatic
conditionin femalegnay take the form of a severe vaginitis
associated with discharge, burning, and pruritusnalesit may
produce urethritis, enlargement of the prostatd,epididymitis.
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Treatment: Metronidazole or tinidazole is effective.
3.9.4 Giardiasis:

Giardiasis is a common infection of the human snmd#stine with the
protozoanGiardia lamblia,spread via contaminated food or water, or by
direct person-to-person contact.

Treatment: Metronidazole, mepacrine, or tinidazole

3.9.5Pneumocystis

Pneumocystis carinii, the causative agent of ititexls plasma cell
pneumonia, which can also cause extrapulmonary askse in
immunocompromised patients (AIDS, etc.)

Treatment: Co-trioxazole: i.v/p.o. in high daily doses

3.10. Pharmacology of Antihelmintics Drugs

3.10.1 Helminths infections: Human is the primary host for most
helminthes infections. Most worms produce eggsland. These
pass out of human body and infect secondary hoshature
forms invade humans via skin or GIT

3.10.2 Types of worms:Worms live in host's alimentary canal:
Roundworms (nematodes) & Tapeworms. Worms orative
in muscles, viscera, menninges, lungs. Subcutand®msues:
Flukes (trematodes) & Intestinal Worms

.Round worms (Nematodes)Ascaris Lumbricods (most common),

Enterobius vermicularis (pin worm), Trichris triateu (whip worm),
Strongyloides stercoralis (thread worm), and  Aokydma dudenale
(hook worm).

.Tape worms (cestodes):Taenia saginata (Beef) & Taenia solium

(pork)

Humans become infected by eating raw or under abakeat containing
larvae of infected cattle or pig.

In some cases, the larva gets encysted in mustsegra, brain, and eye
resulting in cysticercosis.

Tissue worms;Filariae (bancrofti, Loa loa) Adult Filariae livai the
lymphatics, causing lymphadenitis, swelling of limkMicrofilaria goes
to blood stream to be ingested by mosquitoes.

iv.Trichnella spiralis: larva migrates from intestine to tissues of leg  or

foot producing ulcer
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3.10.3 Classifications of antihelmintics

I Benzimidazole and probenzimidazoles derivatives:
Thiabendazole, Mebendazole, Flubendazole, andmole.

. Piperazine derivatives: -piperazine citrate, dikthgbamazine
citrate.

iii. Vinylpyrimidine derivatives: -Pyrantel pamoate.

Iv. Dyes:( cyanine dyes): -Pyrivinium pamoate

V. Imidazothiazoles: Levimasole.

Vi. Macrocyclic lactones: -lvermectin

vii.  Chlorinated compounds: -CCl4, tetrachloroethylene
viii. organophosphates

IX. more recently introduced,
a. the amino-acetonitrile derivatives,
b. the cyclic octadepsipeptides, and - the Spiroirglole

3.10.4 Characteristics of Ideal Antihelmintics:

I Orally active.

. Effective in single dose.

iii. Inexpensive.

\Y2 Wide safety margin between toxicity to worm andi¢dy to host

3.10.5 Mechanism of Actions

The pharmacological basis of the treatment for helmes generally

involves interference with the integrity of parasdells, neuromuscular
coordination, or protective mechanisms againstinasiunity, which lead

to starvation, paralysis, and expulsion or digestibthe parasite.

Cellular Integrity: Many antihelmintics impair cell structure, integrit
or metabolism: e.g. Inhibitors of tubulin polymetimn—Benzimidazole
and probenzimidazoles (which are metabolized inovio active
benzimidazoles and thus, act in the same mannecplples of oxidative
phosphorylationsalicylanilides and substituted @i&rand

Inhibitors of enzymes in the glycolytic pathway—dolon. Specific
categories include drugs that act via

I nicotinic acetylcholine receptors agonists: imidamxoles,
tetrahydropyrimidines; allosteric modulator: monejed

. nicotinic acetylcholine receptors antagonist: Spiloles,

iii. glutamate-gated chloride channels: ivermectin, emigcins,

\2 GABA-gated chloride channels: piperazine,

V. Inhibition of acetylcholinesterases: coumaphoshitzgdophos.

Vi. Organophosphates  inhibit many enzymes, especially
acetylcholinesterases, by phosphorylating etheatibo sites. This
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phosphorylation blocks cholinergic nerve transnoissin the
parasite, resulting in spastic paralysis.

Neuromuscular Coordination: This process may occur by
inhibiting the breakdown or by mimicking or enhargithe action
of neurotransmitters. The result is paralysis ef parasite, either
spastic or flaccid paralysis of an intestinal helthiallows it to be
expelled by the normal peristaltic action of thetho
Benzimidazole: Benzimidazole and probenzimidazoles
derivatives: These are broad spectrum agents’ phesnnclude -
Thiabendazole, Mebendazole, Flubendazole, and Abmoie.
Mebendazoleblocks glucose uptakeThey act by inhibiting the
polymerization of helminthes (Nematodef) — tubulin, thus
interfering with microtubules dependent functiortlsias glucose
uptake.

They have selective inhibitory action being 2500x40nore effective in
producing effects in helminthes than humans.
Cure rate is about 80 -100%

Thiabendazole inhibits cellular enzymes of susbéptielminthes.
Mechanisms of Action

Albendazole is similar to mebendazole

Broad spectrum

Drug of choice for treatment of hydrated diseask@rsticercosis.

Used for the treatment of (intestinal nematodes) &scariasis, tricurasis
and strongyloidiasis, pinworm and hookworm

Indication: Hookworm &Roundworms

Side effectsGastrointestinal, neurological and hypersensitikggctions,
liver damage, and crystal Luria may be induced.

Thiabendazole:Rapidly metabolized from the liver & excreted in
urine in conjugated form

Indication: Treatment of strongyloides & Hookworm.

Side Effects: occasional transient headache, dizziness and dressi
have been reported & allergic reactions (feveheaycan occur.

Albendazole: Is also poorly absorbed but, like mebendazole this
might be increased by food especially fats. It xemssively
metabolized by first pass to sulfoxide & sulfonegtafolites.
Sulfoxides may be pharmacologically active
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Side effects: -Mild Gl disturbances may be caused, and it shoaldoe
used inpregnancy or in children under the age eagy.

Vinylpyrimidine derivatives: Pyrantel pamoate.

Praziquentel Very effective broad-spectrum antibiotics,
introduced into clinical practice 20years ago. Dofighoice for all
forms of schistosomiasiMechanism of Action: Praziquentel:
Disrupts C&"homeostasis in the parasites by binding to consensu
protein kinase C-binding sites irpa subunit of schisomes voltage
gated — calcium channels. This leads to Influx af.iA rapid
prolonged contraction of musculature & paralysedefith of both
adult worms and larvae. It also destructs the temusnof the
parasite, unmasking novel antigens, & as a resuftay become
more susceptible to the normal host immune response

Adverse effects: Praziquntel is considered to be very safe & effecti
drug, however little adverse effects do occur whias insignificant
clinical consequences. This includes GIT disturleareg. nausea,
Headache, dizziness, and drowsiness; it cures avigingle dose (or
divided doses in one day). Aching in the musclgsi8its, Skin eruptions
& low-grade fever.

ADR may be more marked in patients with heavy Wo&d.
Praziquentel is considered safe in Pregnancy — amiynuse in public
health programmes.

Piperazine derivatives: piperazinecitrate, diethylcarbamazine
citrate

Piperazine: It irreversibly inhibits neuromuscular transmission the
worm Piperazine citrate, probably by acting on GABRBe inhibitory
neurotransmitter, or GABA gated- gated chloridercteds in nematodes
muscles. The response of Nematodes muscle to eleelyle at
neuromuscular junction causing flaccid paralysis worms which
becomes easily dislodged by gut movement, & exgetidaeces.

Adverse effect: Piperazine may cause hypersensitivity reactions
(Urtecaria & Bronchospasm), GIT disturbancegsurological symptoms
(including “worm wobble”), Parasthesiaes Occasiatiariness, vertigo

& incoordination and may precipitate epilepsy.

C/l: In pregnancy and Patients with Liver & Renal conmpise
DiethylCarbamazine Citrate (DEC): DEC is a Piparazderivatives
(same to that of piperazine citrate due to pipeemoiety). DEC causes
alterations in the microfilarial surface membrartleereby rendering them
recognized as foreign bodies by the host and desirty its defence
mechanism. It may also interfere with parasite Ardgnate metabolism.
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(Note that piperazine citrate and diethyl carbamazicitrate are
vermifuges and note the mechanism, while diethplgarazine citrate is
vermicide for filarial).

Indication: Drug of choice in treatment of filariasis and itsi@e against
ascariasis.

Side effects: ADR though common, it's usually transient GIT
disturbances e.g. Nausea, anorexia & vomiting, rafgha's. General
feeling of weakness malaise, fever, headache. ditlerreaction
(urticarial), and asthmatic attacks following thestf dose are due to
products of destruction of (dying microfilariaegtparasite, and reactions
are minimised by slow increase in dosage overiteed days.

After symptom of reaction subsides, larger doses & given without
problem.

viii. Macrocyclic lactones:-lvermectin

Ivermectin acts by opening helminthes glutamate ated chloride
channels (found only in invertebrates) & increasithtpride conductance;
by binding to novel allosteric sites on Ach — Nioat receptors to cause
an increase in transmission leading to motor paighor by binding to
aminobutyric acid receptors. May cause immediasetiens due to the
death of the parasites.

Indication: Drug of choice for treatment of filaria & strongyloidias
Side effects:It may cause immediate Mazotti reactions (feveadaghe,
dizziness, somnolence, hypotension, tachycardiaiphperal oedema,
urticaria, swollen and tender lymph nodes and aladanpain) due to the
death of themicrofilaria (early stage in the lifecycle of centgparasitic
nematodes)

It can be effective in a single dose, but it wobbkst if repeated at 6—-12-
month intervals. Fatigue, dizziness, Gl disturbammeneal opacities &
other eye lesions.

Ix .Niclosamide: Used to treat tapeworm with Praziquentel.
Synthesis of niclosamide.

Niclosamide:blocks glucose uptak®y intestinal tapeworms. Irreversibly
damage the worm scolex (i.e. the head that is lysatthched to the host
intestine, making the worm to separate & expellednfthe intestine. It
interferes with helminthes metabolism where it Ioitsi mitochondrial
oxidative phosphorylation, inhibits respirationptk glucose uptake by
the cestodes. After initial attack of the drug,nmelthes Taenia solium
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become highly sensitive to the proteolytic enzyroethe host intestine
and undergo partial digestion.

Indication: The drug of choice in treatment of most tapeworm
infestations. (Cestodes) suchTasenia saginata, Taenia

soliumandHymenolepis nana.
No systemic absorption of the drug occurs. Thedlige juice of the host
facilitates the drug penetration into various cdsto

Very important note: In case ofTaenia solium (pork tapeworm): -
laxative should be given within 1-2 hours aftergluse to expel the dead
worms and to avoid cysticercosis [ as the drugoisattive against the
larval form (cystcerci)]. This cysticerci result®m release of live ova
from worm segments damaged by the drug and mid¢oatiee stomach.
Now Praziquantel is the drug of choice in cas@adénia soliunto avoid
such limitation.

Side effects: It may cause some mild Gl symptoms: Infrequent and
transient nausea & vomiting may occur.

.Levimasole:Levimasole has Nicotine — like actions, stimulating &

subsequently blocking the neuromuscular junctianma  Pyrantel
pamoate resulting in the paralysis and expelledwior faeces.
Ova are not killed

Potent stereo specific inhibitor of fumarate redset in various
nematodes, such inhibition causes contraction liminéhes, followed by
tonic paralysis and subsequent elimination of themv

Indications: used for treatment of round worm as Ascariasis, lsoak
worm as ancylostomiasis.

Side effects:Following single dose, adverse effects are few aasrent
GIT disturbances it may cause abdominal pain, reau&eomiting.
Headache, and dizziness and skin eruptions. Higbaecentration has
nicotinic actions on autonomic ganglion

4.0 CONCLUSION

You have learnt in this section definition termse us antimicrobial
chemotherapy, Types and sources of antimicrobiaindtherapy, the
basic Mechanisms of action of antimicrobials and thechanisms of
antimicrobial resistance. We also discuss variougsiused in protozoal,
helminthes and viral infection and details disonisson antimalarials,
antituberculosis and anticancer drugs.
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5.0 SUMMARY

Infectious diseases are still a serious problenmpmunded by the
development of antibiotic resistance in many baai@nd the relative lack
of newer antimicrobial agents to combat these nnaftistant organisms.
Appropriate aggressive short-course treatment omenended for
ensuring clinical and microbiologic cure, optimaitient adherence, and
minimal generation of antibiotic resistance.

The word “antimicrobials” include all agents/drutigat act against all
types of microorganisms (Bacteria (Antibacterialyugs, Fungi
(Antifungal) drugs, Protozoa (Antiprotozoan) drugatihelminthic drugs
and Viruses (antiviral) drugs. Most modern antiis®tome from species
of microorganisms that live in the soil to commalgi produce synthetic
antibiotic.

Features of ideal antimicrobial drugs are, antioba@l agents should
possess 1. Selective toxicity; it causes greatanha microorganisms
than to host, 2. spectrum of activity that shdaddeffective and kill wide
range of microorganisms, 3. effective of combinithgigs with good
synergistic effects in fight infections, 4, minimad no adverse Effects,
Allergic Reactions to the host 5. It should not@@ss normal GIT flora
and should be effective against microbial resistant

General Mechanisms of action of Antibacterial Drugsudes, Inhibition
of cell wall synthesis e.g. penicllins, cephalosp®rinjury to plasma/Cell
membrane: e.g. polymixin B and colistin, inhibitiohprotein synthesis
e.g. Aminoglycosides, macrolides, inhibition of fic acid

synthesis: e.g. quinolones, metronidazole, amanpin and Inhibition of
essential metabolites synthesis e.g. Sulfonanadddgrimethoprim.

Antiviral Drugs selectivity has been a problem hesaviruses use the
metabolic machinery of the host. Antiviral drugsgtt specific steps of
life cycle, especially enzymes that function in thie cycle (e.g.,
amantadine, vidarabine, acyclovir, and azidothynmayli Human
interferon is used to treat some viral infections.

Antiprotozoal drugs

Major antiprotozoal are malaria; Malaria infectisnclassified into two
broad classes based of the main stages of drugetsalg Tissue
Schizonticides, drugs that eliminates developmenibomant form of the
parasites and 2. Blood Schizonticides, drugs tlthtoa erythrocytic
Parasites. Antimalarial drugs can be classifiedetdasn therapeutic
antimalarial activity which are 1. Causal prophygaxPrimary tissue
schizonticides): Primaquine, Proguanil, 2. SuppvessProphylaxis:

192



PHS 810 MODULE 2

These are Schizonticides. Examples; Quinine, Chlaree, Proguanil,
Mefloquine, Pyrimethamine, artemisinin and Doxyaye| 3. Clinical
cure: erythrocytic schizonticides examples; Arteniig Quinine,
Mefloquine, Atovaquone, Proguanil, Pyrimethaminehla@oquine,
Sulfonamides, Tetracyclines, 4. Fast acting, highicacy drugs:
Artemisinin, Quinine, Mefloquine, halofantrine a&hloroquine. Slow
acting, low efficacy drugs: Proguanil, Pyrimethaein and
Sulfonamidesand Tetracycline. Used in combinatiandg 5. Radical
curatives: These drugs attack exoerythrocytic stélggpnozoites)
resulting in clinical curative for total eradicatiall forms parasites &.
vivaxtP. ovale,P. malarae, P. falciparunetc. from the body.
Gametocidal: Destroy gametocytes and prevent tresgon -
Artemisinin; against all plasmodia, Primaquine, @bfuine, quinine.
Radical cures dP. Vivaxinfections — Proguanil, Pyrimethamine; prevent
development of sporozoites.

Nigeria National Antimalarial Treatment Policy is rt@misinin
Combination Therapy: Antimalarial combination thgra (CT) is
the simultaneous use of two or more blood schizaes drugs with
different biochemical targets in the parasites amtependent modes
of action. Artemisinin-based combination therapyC is antimalarial
combination therapy with an artemisinin derivatagone component of
the combination. Artemisinin combination therapyvisat constitutes the
current national antimalarial treatment guideliassummary in the tables
below.

Advantages and goals of Artemisinin-based comlonaterapy include
improve clinical cure inuncomplicated malaria, ajel emergence
of resistance, reduce transmission and widespreadiulst line Rx with
Artemisinin-based Combination and Cost-effectiverdpy.

Currently recommended combination antimalarialfe@rational malaria
treatment guidelines for uncomplicated malaria e &rtemether +
Lumefantrine, Artesunate + Amodiaquine, Artesura&P, Artesunate +
Mefloquine, Amodiaquine + SP, and Artemether + Ltan&ine.

Artemisinin and Prophylaxis: Prophylaxis of malaganot considered to
be indications for the artemisinin group of drugs.
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Antiprotozoal

I Trypanosomiasis: benznidazole, pentamidine, megiao$o
Eflornithine, benznidazole and nifurtimox, Leishmaniasis
(zoonosis) Sodium stibogluconate or meglumine antimoniate

. Toxoplasmosis: Pyrimethamine with sulfadiazine Altgives
includes pyrimethamine with clindamycin or clarghrycin or
azithromycin. Spiramycin is for treatment of primary
toxoplasmosis in pregnant womexpert advice is essential.

iii. Human Trichomoniasis Treatment: Metronidazole wmidazole is

effective
\2 Giardiasis: Treatment: Metronidazole, mepacrindindazole
V. PneumocystisCotrimoxazole: i.v/p.o. in high daily doses
Vi. Helminthes infections: Human is the primary host foost

helminthes infections. Most worms produce eggsland. These
pass out of human body and infect secondary hostaiture forms
invade humans via skin or GIT.

Types of worms Worms live in host’'s alimentary canal: Roundworms
(nematodes) & Tapeworms. Worms or larvae live umsahes, viscera,
menninges, and lungs. Subcutaneous tissues: Fl{ikmmatodes) &
Intestinal Worms.

An ideal Antihelmintics should be orally activefeadtive in single dose,
inexpensive and wide safety margin between toxtoityorm and toxicity
to host.

Final Thought: “The desire to take medicines is deature which
distinguishes man, the animal from his fellow cuea$. It is one of the
most serious difficulties with which we have totead” - Sir William

Osler (1894)

SELF ASSESSED EXERCISES

I Explain the various adverse effects of antineoabtigs.
. Outline the features of antimicrobial drugs.

6.0 TUTOR- MARKED ASSIGNMENT

1. define antibiotic and antimicrobial? What ane tharacteristics
of an Ideal antimicrobial?

3. what are the rational for ideal antimicrobi@utline national
malaria treatment plan for uncomplicated malaria.

4. Classify antiretroviral according to their manlsms of actions
and outline the adverse effects of one NNRTI, NRiugs PI
drug.

194



PHS 810 MODULE 2

5. Discuss the mechanisms of actions of anticanhemotherapy
and principles of cancer chemotherapy
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1.0 INTRODUCTION

The course provides knowledge of the basic priesiplof
pharmacotherapy, with special attention to modectibn topical diseases
of public health importance. Here you will be expds the drugs used in
obstetrics and Gynaecology and principles of drugsqription in
pregnancy and its dangers.

Diabetes Mellitus (DM) is a chronic disease resagltirom deficiency in
glucose metabolism, caused by relative or complefeeiency in insulin
secretion from the beta cells of the pancreastiaguh chronic increase
blood sugar (hyperglycaemia).

DEFINITION OF TERMS

o Abortion: The termination of pregnancy before the foetushieac
the stage of viability which is usually less thah & 22 weeks
gestation (or less than 600 gm in weight).

o Amniotic fluid: Approximately one litre of fluid in a sac which
surrounds the foetus. This fluid protects and aushithe foetus
during its development.

o Apgar scoring: Rating system for new-born babies, measuring the
baby’s general condition on a scale from 1 to 10.
o Obstetrics: Obstetrics deals with the care of women's reprikeic

tracts and their children during pregnancy, chitdtbiand the
postnatal period. A doctor performing such practisecalled
Obstetrician.

o LMP: Last Menstrual Period. It is the time elapsed férdhys
prior to fertilization

o EDC or EDD: The Due Date. EDC stands for the old-fashioned
"estimated date of confinement." EDD is the moredera
"Estimated Day of Delivery." The average pregnatyggstation”
is 40 weeks or 280 days from the first day of th&t Imenstrual
period (LMP). For a 28-day cycle, EDD is calculabgttaking the
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LMP and adding 9 months and 7 days to it. If theleys longer
than 28 days, add the difference between cycldlesmgd 28 days.
Nagele’s Rule: Subtract 3 months from the 1st dafi@LMP and
add 7 days.

Gravida: It is the number of times the mother has beegmast,
regardless of whether these pregnancies weresdatoi term. A
current pregnancy, if any, is included in this moW\ nulligravida
or gravida 0 is a woman who has never been prégman
primigravida or gravida 1 is a woman who is piagrfor the
first time or has been pregnant one time. A mrdiigda or more
specifically a gravida 2 (also secundigravidagvgta 3, and so
on, is a woman who has been pregnant more thartimee An
elderly primigravida is a woman in her first pnagcy, who
is at least 35 years old.

Parity: It is the number of times the woman has delivefest éhe
age of viability. It includes the births after 2&&ks or those having
weight of 500 grams. TPAL method Para is often réed in 4
numbers: T=the number of term deliveries (aften@eéks) P= the
number of premature deliveries (> 20 and < 37 vA)the number
of abortions either spontaneous of therapeutictHe=number of
living children There can be 4 numbers after tHef6P"Para.” The
first number is how many term pregnancies. Thersg@cowmber is
how many premature babies. The third number is maany
abortions or miscarriages the fourth number is moany living
children survive.

Gestation: Gestation is the carrying of an embryo or foetissde
a female viviparous animal. Mammals during preggatan have
one or more gestations at the same time (multietéagions). The
time interval of a gestation is called the gestaperiod.
Trimester: The pregnancy is divided into 3 trimesters. Thst fi
one is from LMP up until 12 or 13 weeks. The sectimdester is
from 12-13 weeks until 28 weeks. The third trimessefrom 28
weeks until delivery.

Miscarriage: Miscarriage is the spontaneous end of a pregnancy
before 24 weeks of gestation.

Stillbirth: It is the birth of a baby after the age of viagilivhen it
has no vital functions at birth, i.e. no heart yate umbilical cord
pulsation, etc.

Ectopic Pregnancy: An ectopic pregnancy, or eccysis, is a
complication of pregnancy in which the embryo inmpéaoutside
the uterine cavity.

Hyperemesis:Hyperemesis gravidarum (HG) is a severe form of
morning sickness, with "unrelenting, excessive paegy-related
nausea and/or vomiting that prevents adequatearaékood and
fluids
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Ante partum Haemorrhage: Also called prepartum haemorrhage,
it is the bleeding from the vagina during pregnafroyn the 24th
week gestational age to term.

Postpartum Haemorrhage:lt is the loss of greater than 500 ml of
blood following vaginal delivery, or 1000 ml of lad following
caesarean section.

Pregnancy Induced Hypertension It is the conditbhigh blood
pressure during pregnancy. It is also called Gestalt
hypertension.

Pre-eclampsia:lt is when a pregnant woman develops high blood
pressure and protein in the urine after the 20thkved pregnancy.
Eclampsia: It is an acute and life-threatening complicatidn o
pregnancy, is characterised by the appearance rot-¢tonic
seizures, which are not due to preexisting or dggdrain
disorders, usually in a patient who has developeeeplampsia.
Pre-eclampsia and eclampsia are collectively ddligoertensive
disorder of pregnancy and toxemia of pregnancy. Syptoms:
Typically, patients show signs of pregnancy-indubgdertension
and proteinuria prior to the onset of the hallmafrkeclampsia, the
eclamptic convulsion. Other cerebral signs may qulec the
convulsion such as nausea, vomiting, headaches,cartital
blindness.

Polyuria: increase in the frequency of urine output

Polydipsia: excessive thirst

Polyphagia: increase in hunger.

Heart failure: As a state in which the heart cannot provide
sufficient cardiac output to satisfy the metabokeds of the body.
Heart failure occurs when cardiac output is inadéguo provide
the oxygen needed by the body

Definition of pain: Unpleasant sensory and emotional experience
associated with actual or potential damage Paredsfined as a
perception instead of a sensation because it isayslwa
psychological state.

It was coined from the Latin word "peona " meanmgishment.
Pain is always subjectivee It is differently exgerted by each
individual.

Nociception: Coined by Sherrington — Latin: noxa means injury —
it means the “perception of noxious stimuli’

Mechanism by which noxious peripheral stimuli ttemsmitted to
the central nervous system to elicit a mechaniesponse.
Potentially damaging stimuli (mechanical, thernoalchemical)

Pain — Receptors Specialised naked nerve endings found in
almost every tissue of the body, usually activabsd stimuli
(mechanical, thermal, chemical).
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Distinguished from other receptors by their higtteeshold, and
they are normally activated only by stimuli of nous intensity-
sufficient to cause some degree of tissue damage.

XX. Location of nociceptors Superficial skin layers, Deeper tissues,
Periosteum, joints, arterial wall, liver capsuleeyra. Other deeper
tissues are sparse pain nerve endings. But wideadptissue
damage results in pain.

Large internal organs do not contain nerve endifgdymodal
nociceptors respond to all three types of stimulus

XXI. Chemical Neurotransmitters of Pain: Histamine, bradykinin,
acetylcholine, serotonin, and substance P are ich&mthat
increase transmission of pain

XXii. Prostaglandins are chemical substances that are believed to
increase the sensitivity of pain receptors by enlmg the pain
provoking effect of bradykinin
There are 2 main types of fibres involved in trensmission of
nociception: Myelinated, A delta fibore — “fast pgi Type C
fibres — “second pain”

Chemicals that reduce or inhibit the transmissipperception of
pain include endorphins and enkephalins.

2.0 OBJECTIVES

By the end of this unit, you will be able to:

o define terms use in specific diseases

o classify drugs use in obstetrics and gynaecology

) identify the basic mechanism of actions of drugs iasobstetrics
and gynaecology

o state the adverse effects and contraindicationdrofis use in
obstetrics and gynaecology

o describe the causes of specific diseases

o explain the types of drugs use in specific diseases

o describe the adverse effects and contraindicatbrsugs use in
obstetrics and gynaecology

o classify analgesics and Describe the adverse sffedtug

interactions and contraindications of analgesice uis the
management of pain

. give prescription of drugs in pregnancy and laotati

. list vaccines use in pregnancy.
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3.0 MODE OF ACTIONOF DRUG USE IN OBSTETRICS AND
GYNAECOLOGY

3.1 Drug use on the Uterus (UTEROTONICS)

Medications that relax the muscle in the pregn&enus — Tocolytics — or
increase uterine contraction — uterotonics — plagta role in modern
obstetric care.

Uterine stimulants: oxytocic or abortifacients

Posterior Pituitary hormones: Oxytocin, Desamingtogin
Ergot alkaloids: Ergometrine, Methylergometrine
Prostaglandins: PGE2, PGE2Misoprostol
Miscellaneous: ethacridine and quinine

The other hormone is vasopressin

iii. Oxytocin

It is synthesised in the supra-optic and para wanér nuclei of the
hypothalamus. Sensory stimuli from cervix, vagima dreast suckling
stimulate the Secretion of oxytocin. The expulgW®se is triggered by
sustained distension of uterine cervix and vagmageased by Oestrogen
secretion, while ovarian polypeptid®elaxin inhibits its release.
Antidiuretic hormone (ADH), pain, haemorrhage andhytration
increase secretion.

Mode of action: Receptor and voltage mediated calcium channels &
amniotic and prostaglandin decidual production

Oxytocin: Preparations used includes; Synthetidacip, Syntometrine,
Desamino oxytocin and Oxytocin nasal solution. Etc.

Physiological Role of oxytocin

On Uterus: Uterine contractionOxytocin is very important for cervical
dilation before birth and causes contractions dutire second and third
stages of labour. It assists the uterus in clottirggplacental attachment
point postpartum- during the first few weeks oftédion. However, in
knockout mice lacking the oxytocin receptor, reprcidze behaviour and
parturition are normal. Sensitivity increases timlg-in last 9 weeks and
30 times in early labour. Clinically oxytocin isvgn only when uterine
cervix is soft and dilated.

Breast; Stimulates my epithelial cells leading to milk ajen, milket-
down / milk ejection reflex'This reflex (naturally) is initiated by the
stimulus of suckling, which leads to the releas@xjftocin. Sensitivity
increases to 8-fold in last 9 weeks and 30 timesanty labour.
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Oxytocin Effects on other systems: CVS:Small doses cause
vasodilatation, producing diastolic hypotensiorflese tachycardia and
flushing. Kidneys: Higher doses (100 m.l.U.) produce Anti-Diuretic
Action leading to decreased urine output, due tostriection of renal
cortical vessels (in the presence of oestrogenginéhary oedema can
get precipitated if large amounts of i.v fluids aoxltocin are infused
together CNS: Appears to function as a peptide neurotransmitter
hypothalamus and brainstem to regulate autonomicons, can produce
emotional behaviours, maternal bonding, adult bagpdenhance social
behaviours in autism.

Pharmacokinetics of oxytocin:Not effective when administered orally,
intravenously and also as nasal spray (impairekl epction Metabolised

by liver & kidneys. Half-life = has a half-life &5 minutes and duration
of action of approximately 20 minutes.

Therapeutic Indications of Oxytocin: Therapeutic indication in
Pregnancy:

Early: to accelerate abortion, to stop bleeding follonawgcuation of the
uterus and used as an adjunct of abortion along ethier abortifacient
agents.

Late: To induce labour, to facilitate cervical ripenirigr effective
induction, Augmentation of labour, and Uterine traer

Labour: In active management of third stage of labour,olwihg
expulsion of placenta.

Puerperium: To minimise the blood loss and to control the PPH.
Diagnostic: Contraction stress test to the determination opiratory
function of the feta placental unit during induaashtractions.

Induction & augmentation of labour (Mild preeclampsia, Uterine inertia,
Incomplete abortion (Post maturity and materndbelies etc.).

Post-partum uterine haemorrhage

Impaired milk ejection.

Adverse effects:At recommended doses relatively safe when used, and
side effects are uncommon, excessive dosage oitéwngadministration
over a period of 24 hours or longer, can causeitetderine contractions,
uterine rupture, postpartum haemorrhage, and waterxication,
sometimes fatal. Decreased heart rate, arrhyttbras) damage, seizures,
death in the foetus/neonate, due to increasechetarotility.

Maternal death due to: a) Hypertension, b) Uterinerupture
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Water intoxication

Contraindications: Hypersensitivity, Prematurity, Abnormal fetal
position, evidence of fetal distress and Cephalopelisproportion.
Precautions: Multiple pregnancy, Previous suction and Hypertensi

Carbetocin: A newer analogue of Oxytocin. has advantages dquote
are, much rapid onset and longer duration of aclitve half-life is
much longer (45 minutes) a@mpared to that of oxytocin (4- 10
minutes). Reported to be successful in controllitgyine atony in
nearly 84 — 94 % patients.

Side effects includenausea, vomiting, diarrhoea, headache, hypertensio
and bronchospasm.

C/l: Should not be used in patients with CVS, pulmonagpatic and
renal diseases.

iii.  Vasopressin: Not commonly used as an oxytocic. It has more
prominent oxytocic effect on non-pregnant utetent oxytocin.
Foetal hypoxia is a powerful stimulus for its ede and foetal
distress can lead to high umbilical cord blood elsv of
vasopressin. If this vasopressin passes from Ifdetanaternal
circulation, significant oxytocic potency can bdded to the
maternal oxytocin.

\Y2 Amide Alkaloids (Ergometrine &) Methylergometrine -
Selectively contracting uterus smooth muscle

Ergotamine: Contracting arteries and veins
Pharmacological effects

Uterine smooth muscle stimulation:Selectively and determined by the
functional state of the uterus.

Vessel-contracting effect:Directly contract artery and venous vessels,
which can damage vascular endothelial cells at kigbe, lead to dry
gangrene of the extremities after long term use

a-receptor blocking effect:Reverse the BP-elevating effect of NA
Ergot poisoning was once common associated withtiabo until 1935,
when ergometrine was isolated and recognised asxytecic principle
in ergot. Active substances: Alkaloids, LSD, hisitaen Ach and other
amines. Onset of ergometrine is quicker (45-60)sbes methergine (90
secs). Duration is similar (3hrs)
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Ergot derivatives: include&rgometrine & Methyl ergometrine are
ergot alkaloids, closely related to lysergic adibD) derived from a
fungus, claviceps purpureaa Fungus that grows on rye, wheat etc.
Methergine is semi synthetic, derived from lysergic acid.

Mechanism of Action/Effects on the UterusErgometrine is known to
act at dopamine, serotonin anehdrenergic receptors, but its powerful
effect in causing uterine muscle contraction isagsociated with any one
particular receptor typepartial agonistic.

Indications

. Post-partum haemorrhage¥(8tage of labour)
. Used for prevention/control of PPH (delivery/LSCHBgeding
after abortion and to ensure normal involutioutarus

Side effects

- Nausea, vomiting, diarrhoea, abdominal pain, chast

- Hypertension (palpitation, severe HTN, Stroke & M)

- Vasoconstriction of peripheral blood vessels (&dmgers)
- Gangrene

Contraindication- Hypertension, Cardiac disease

V. Prostaglandins (PGs) (Dinoprostone(PGE, Dinoprostone(
PGRs, sulprostone and carboprost) are  Prostaglandt@Gs) are C 20
fatty acid compounds containing cyclopentane rinderivatives of
Prostanoic acid were first isolated from human isam fluid with

probable origin from prostate gland, hence namexbtRglandins
act as local hormones. PGE2, PGRad recently PGE1, found useful
for the induction of abortion, induction/augmerdatof labor and
control of PPH.

The pharmacological effects are:Contraction of smooth muscles of
uterus, blood vessels, GIT and bronchioles, Préatdgs (PGS)

Clinical effects: Myometrial contractions Softening and dilatation of
cervix, inhibition of secretion of progesteronedoypus luteum. Response
of the uterus to PGs is maximum in the middle tstee (13th to 20th
weeks). Prior administration of mifepristone (gmtpgestin drug)
sensitizes the uterus to the action of PGs.

Therapeutic uses: Induction of abortion (pathological), Induction of
labour (fetal death in utero) and Postpartum hagmage.
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Side effects: Nausea, vomiting, diarrhoea, fever, flushing and
bronchospasm.

CVS side effects tachycardia, increased mean arterial pressure and
pulmonary artery pressure.

Use cautionin hypertension, diabetes, angina epilepsy ancedaistra-
ocular pressure.

Contraindicated in bronchial asthma, uterine scar, cardiac renal or
hepatic diseases.

Anaesthetic implications:Because of their action on the bronchiolar tone
and pulmonary vasculature, they can lead to V/ @maich and arterial
desaturation.

Vi. Dinoprostone s a PGE2 - Use as Vaginassarygel
Clinical use: In late (? Trimester)therapeutic abortion, Also for
cervical ripening and induction of labour

Advantages: Mobilepatient, Reduce need for syntocinon
Side effect:Nausea, vomiting, diarrhoea, fever, uterine hypiarndation,
HTN and bronchospasm

vii.  Carboprost

Clinical use: Postpartum haemorrhage (Usually in patients théitndit
respond to ergometrine).

Side effects: Nausea, vomiting, diarrhoea, fever, bronchospasm,
dyspnoea, pulmonary oedema, HTN and cardiovascalkapse

vii.  Mifepristone: Antiprogestogenic steroid, sensitizes myometrium
to prostaglandin-induced contractions & rip#rescervix

Clinical use: Medical termination of pregnancy up to 63days of
Gestation& Medical management of miscarriage/IlUD

Side effects: Gastro intestinal cramps, rash, amat headache and
dizziness,

Contraindication: severe asthma
Misoprostol: Misoprostol is a synthetic analogue of PGE1, and wa

originally developed to prevent gastric ulceratiorpatients using long-
term non-steroidal anti-inflammatory drugs (NSAIlDgrapy.
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It acts through PG receptors to initiate uterineti@ctions. Because it is
inexpensive and does not need refrigeration,atuseful adjunct to other
uterotonics in the management of postpartum hadrage;, as well as
early pregnancy loss.

3.1.2 Tocolytic: Uterine Relaxants

Decrease uterine contractility/motility in patiem$o are experiencing
true Preterm Labour (with cervical changes). Utedielay/postpone
labour, arrest threatened abortion & treatment g&ntenorrhea.
Suppression of labour to create additional time iiorutero fetal

maturation, delay delivery so antenatal corticastis can be delivered to
facilitate fetal lung maturation and to allow saf@nsport of mother to an
appropriate facility.

They are likely to succeed only if cervical diladatis < 4 cms, taking up
of the lower segment is minimal, effective in reihgcthe risk of delivery
within 24 to 48 hours only.

Classification of Tocolytics

.p2 adrenergic receptor agonists: Terbutaline, safbat, Retodrine
and Isoxsuprine

ii.Oxytocin receptor antagonist: Atosiban

lii.Magnesium Sulphate

iv.Others. Calcium channel blockers: Nifedipine & icardipine,
Prostaglandin synthetase inhibitors: Indomethacamsspirin,
ibuprofen, sulindac, Nitric oxide donors: Nitroggerine and
Anaesthesia Halothane

Contraindications: Rupture of membranes, Placenta previa, abruption
placenta, severe toxemia of pregnancy, Intra weinfection and Intra
uterine death of the foetus.

I Tocolytic: Terbutaline

Prototype: — Terbutaline -most commonly use@, 2 adrenergic receptor
agonists

Mechanism of action is through beta 2 receptor @aton, causing
smooth muscle relaxation. Used in uncomplicatedmptare labour
between 24th to 33rd weeks of gestation. Shouldaadministered for
more than 48 hours, as it can lead to increaskdaithe mother.

Adverse Effects maternal side effects include tremors, malaise,
weakness, dyspnea, tachycardia, chest pain, vanitiarrhoea,
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constipation, pulmonary oedema, dysrrhythmias,araphylactic shock.
Fetal side effects include tachycardia and potkritygpoglycaemia

Drug interactions: General anaesthetics--- can produce additive
hypotension, Corticosteroids--- pulmonary oedema

iv.  Tocolytic therapy — Magnesium Sulfate

Calcium antagonist and CNS depressant----relax #momscles of the
uterus through calcium displacement, increasesinateperfusion---
beneficial for the foetus, less expensive with dessdverse effects than
beta-sympathomimetics, excreted by the kidneyscamekes the placenta,
Maintenance dose be titrated to keep uterine cciidres under control.
Contraindicated for clients with migraine, impairedney function and
recentmyocardial infarction.

Adverse Reactions:— Mother: flush, feelings of increased warmth,
perspiration, dizziness, nausea, headache, lethaslgyred speech,

sluggishness, nasal congestion, decreased Gl art@rased pulse rate,
and hypotension.

— foetus: decreased heart rate and slight hypoteith diminished
reflexes and lethargy for 24 to 48 hours

- Toxicity: respiratory depression and arrestcudatory collapse,
cardiac arrest — Antidote for toxicity: calciunugbnate (10mg IV
push over 3 minutes.

V. Atosiban (Tractocile): A B —adrenoceptor agonists (Oxytocin
receptor antagonist)

Used inhibition of uncomplicated preterm labourvimtn 24-33 weeks
(Tocolytic). Given as IVI then continue infusiontiimo contraction for 6
hrs.

Contraindication: severe PET, eclampsia, IUGR, IUD, placenta previa,
placental abruption, abnormal CTG, SROM after 30/40

Side effects: Nausea, vomiting, headache, hot flushes, tachyaard
hypotension and hyperglycemia

3.2. Hypertensive Disorders in Pregnancy
It is associated with severe maternal obstetricgimaions. Incidence is
5-10%., The most frequent cause of iatrogenic ptentg Preterm

delivery, Intrauterine growth restriction (IUGRgfhatal death, Maternal
cerebrovascular accidents, Placental abruption
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Hypertension in Pregnancy: Systolic BA2140 mmHg and/or Diastolic
B.P.> 90 mmHg. Documented on two occasions At leastu@hapart not
more than 7 days apart. Readings should be cordius@g appropriate
measurement technique, and should be remeasueed @5 minutes of
rest.

Other Criteria (Not part of definition currently):

I SBP increased by 30mmHg DBP increased by 15mmHgnMea
Arterial Pressure increased by 20mmHg

. Non-severe hypertension: SBP 140-159 mmHg or DBA(D
mmHg.

Iii. Mild: SBP 140-149 mmHg or DBP 90-99mmHg.

V. Moderate: SBP 150-160 mmHg or DBP 100-110 mmHg.

V. Severe hypertension: SBP > 160 mm Hg or DBP > 1dafHa or
both.

Anti-Hypertensive Therapy in Pregnancy:the following class of drugs
are drug of choice during Pregnancy; Sympathomuosgtadrenergic
Receptor blocking agent, Alpha and Beta Blockerabdtalol, Alpha
Blockers: Methyldopa, Vasodilators (Hydralazinea®rsin and Sodium
nitroprusside), calcium channel blockers (NifedgirNocardia), and
ACEI Inhibitors (Captopril, lisinopril)

Anti-hypertensive drugs contraindicated in pregnang: These drugs
should be avoided because they may cause poor rimal function,
malformation or can cause IUGR; ACE inhibitorsMinoxidil, Sodium

Nitroprusside, diltiazem, Atenolol and Propranolol

Antihypertensives of Choice (DOC) in Pregnancy
JNC 8: labetolol (first line), nifedipine, methyldopa

The choice of drugs given during pregnancy are:lphA and Beta
blockers (Labetalol hydrochloride), calcium channdllockers
(Nifedipine), alpha blockers (Methyldopa), and V@itators (Hydralazine
hydrochloride).

Mild /Moderate Hypertension/PET:
Alpha Methyldopa

Mechanism of action:Drugs of first choice. Central and peripheral anti
adrenergic action. It is effective and safe fothbmibther and foetus.

Side effects maternal: postural hypotension, haemolytic anaemia,

sodium retention excessive sedation and coomlt srtag be positive.
fetal: intestinal ileus
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Other Side effects: Headache, dizziness, dry maatstural hypotension,
nightmares, mild psychosis, depression, hepatifjsufadice. Important to
stop drug in postnatal period

Contraindications: hepatic disorders, psychic patients and -CCF
Dose:orally 250mg bid may be increased to 1 gm tid depenupon the
response. IV infusion 250-500mg

Labetolol 100-200mg BD/TDS PO max 2.4g/24hr
ACE inhibitors are contraindicated in pregnancy
Severe Pre-eclampsia / HTN

IV Labetolol (3 blocker): - Side effects: headache, nausea, vomiting,
postural hypotension & liver damage. ContraindaratAsthma, marked
bradycardia

IV hydralazine (vasodilator): Acts mainly on arteries and arterioles,
causing a fall in Blood Pressure accompanied bgxeachycardia and an
increase cardiac output.

Side effectsheadache, nausea, vomiting, dizziness, flushaayicardia,
palpitation & hypotension. Because of hypotensiaigad with gelofusin
adv.

- Contraindication- SLE, severe tachycardia andcaydial infarction.

Magnesium Sulphate: Clinical usePrevention & treatment of seizure in
eclampsia / severe pre-eclampsia

Dose:4g IV stat then 1g/hr to be continued 24hr aftet feizure

Side effects:nausea, vomiting, flushing, drowsiness, confusloas of
tendon reflexes, hypotension, decrease U/O, rdepyradepression,
arrhythmias and cardiac arrest. Because of toxibity levels monitored.
It is associated with severe maternal obstetricpimations.

Incidence is 5-10%., The most frequent cause obganic prematurity,
Preterm delivery, Intrauterine growth restrictiddGR), Perinatal death,
Maternal cerebrovascular accidents and Placentapgabn.

3.2.1anticonvulsants Used in Pregnancy
Magnesium Sulphate

Mechanism of Action Decreased acetylcholine in motor nerve terminals,
which is responsible for anticonvulsant propertiisereby reduces
neuromuscular irritability. It also decreases iotamial oedema & helps
in diuresis. Its peripheral vasodilatation effeaproves the uterine blood
supply. Has depressant action on the uterine ma€cleNS.

Dose:4g IV stat then 1g/hr to be continued 24hr aftet feizure
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Indications: It is a valuable drug lowering seizure threshisldvomen
with pregnancy induced hypertension (eclampsiaérsepre-eclampsia),
Used in preterm labour to decrease uterine activity

Contraindications: Heart block, impaired renal function and Pregnant
women actively progressing labour.

Adverse effects

Magnesium Sulphate gS0O4) is relatively safe and is the drug of
choice. Muscular paresis [diminished knee jerks]eexpiratory failure.
Also, nausea, vomiting, flushing, drowsiness, ceitfi, loss of tendon
reflexes, hypotension, decrease U/O, respiratopyedsion, arrhythmias,
cardiac arrest can occur. Renal function to be tooed. Because of
toxicity, Mg levels monitored; Maternal (Severe CN8pression and
Evidence of muscular paresis), Fetal (Tachycatdygoglycaemia)
Antidote: Injection of calcium gluconate 10% 10 ml IV.

3.2.2 Contraception and Pregnancy

I Progesterone: Diazole- Synthetic progestin (but not low doses
used in oral contraceptives), when given durimgt 14 weeks, it
causes masculinization of female foetus’s genital<DA
pregnancy (cat X)Progestinexposure is associated with increase
prevalence of cardiovascular abnormalities

. Combined Oral contraceptive pills when taken during early
stages of unrecognised pregnancy, are believéx tieratogenic
agents.

iii. Diethylstilboestrol [DES] (Human teratogen Cat X):
Commonly used in 1940’s & 1950’s to prevent abortion; in 1971
determined that DES caused increase incidenceagial &
cervical cancer in women who had been exposecEs D utero.

In addition, high percentage suffers from reprachec
dysfunction (Vaginal adenosis, cervical erosiodsansverse
vaginal ridges and vaginal adenocarcinoma).

3.3  Mode of Action of Drug Used in Diabetes Mellits (Dm)
Diabetes Mellitus (DM) is a chronic disease resagltirom deficiency in
glucose metabolism, caused by relative or complefeeiency in insulin
secretion from the beta cells of the pancreastieguh chronic increase

blood sugar(hyperglycaemia).

Symptoms of DM includes Polyuria, Polydipsia, analyBhagia. For
public health purposes, patient will notice presesicants where they pass
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urine and often in severe cases crystal whereditepdere the sites.
Urine also tastes sweet. Patient with NIDDM terallbse weight despite
excessive eating.

3.3.1 Two types of DM

.Insulin dependent diabetes mellitus (IDDM) oray{i, often referred as
referred to as juvenile-onset with no insulin sdore
I.Non-insulin-dependent diabetes mellitus (NIDDbhtype. Referred to
as maturity onset or adult onset diabetes withivela (deficiency)
secretion of insulin.

Insulin is released from the beta cells of thetisleLangerhans in the
pancreas in response to an increase in blood grutmsulin promotes the
uptake of glucose, protein (amino acids), and fattids transport and
storage in the liver and body tissues.

Glucose is converted to glycogen for future neadse liver and muscle
after meals. Usual blood glucose level in the bled@0 — 110mg/dL).
Blood glucose greater than 180mg/dL result in demredf sugar in urine
with diuretic effects — Polyuria.

Drugs used to control diabetes mellitus — a chraisease that affects
carbohydrate metabolism.

There are two groups of antidiabetic agents: insudnd oral
hypoglycaemic agents

.Oral hypoglycaemic agents are synthetic prepamatthat  stimulate
insulin release or alter metabolic response to elglgcaemia

ii.ii. Insulin is a protein secreted from the be#dls of the pancreas, it is
necessary for carbohydrate metabolism and playsiamportant role in
protein and fat metabolism.

3.3.2 Mode of action of specific antidiabetic agents

I. Insulin: Mode of Action
Insulin can be produced from animals (Pork or Beef from
humans using DNA technology. Insulin promotes tiptake of
glucose, protein (amino acids), and fatty acidmgport and
storage in the liver and body tissues.
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Types of insulin: there are 3types of insulin

Rapid -acting — regular insulin: onset of action = 30 -60 minutes; with
duration 6 to 8 hours.

Intermediate -acting — NPH, Lente contain protamine (a protein that
prolongs the action of insulin): onset of actiod = 2hours; peak = 6 to
12 hours with duration 18 to 24hours

Long -Acting — Ultra Lente — contain 1g crystal which dissolves slowly
to prolong duration. Duration: onset of action i®48hour and peak 14 to
20hour; duration of action is 24 to 36hours.

Available also are

Insulin lispro (Humalog) — a new rapid onset insulin approved in 1996
ha on of onset in 5 minutes; but duration of acimn2 -4hours. It can be
administered 5 minutes before meal time.

Insulin Combinations: There are combinations of insulin commercially
premixed; Humulin 70/30, Novolin 70/30 and Humu&f/50 (70/30 =
70% NPH and 30% regular).

Usually concentrations of insulin are 100U/mL, amllin is packaged in
a 10mL vial.

Insulin is given parenterally only.
Insulin Cannot be administered orally. It is degtw by first pass
metabolism in the GIT

Adverse effects of Insulin:Hypoglycaemia, Hypersensitivity reactions
and Lipodystrophy (tissue atrophy or hypertrophingection site)

Oral Hypoglycaemic Agents

.Sulphonylureas: (Tolbutamide — short acting, Chlorpropamide —

long acting)
Mechanism of action:Stimulates beta cells to secrete insulin
Uses:Non-insulin dependent Diabetes Meletus (NIDDM)

Adverse effects:Similar to Insulin-Hypoglycaemia and Hypersensittjvi
reactions.

Drug-drug interactions: Aspirin, anticoagulant, anticonvulsants,
Sulfonamides and some NSAIDs.
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lii. Non-sulfonylureas: (Newer agents)
Biguanides: (Metformin (Glucophage)

Mechanism of action

It decreases hepatic production of glucose fromedt@lycogen which
result in decrease blood glucose level after m&asrease absorption of
glucose from the small intestine. Also increaseinsulin receptor
sensitivity. And advantage of no hypoglycaemiaafe

Adverse effects: Nausea, anorexia and vomiting. Abdominal
crampingand flatulence.

iv.Alpha - Glucosidase inhibitor (Acarbose)
Mechanism of Action: Inhibits the digestive enzyme in small
intestine responsible for the release of glucosm fthe complex
carbohydrates (CHO) in diets. This prevent CHOoghtton and
therefore excretion without absorption.

Uses:For patients who do not achieve result with diehal
Adverse effectsWeight loss

v.Thiazolidinediones: Troglitazones: (Troglitazones Unrelated to
other antidiabetic drugs)

Mechanism of actionDecreases insulin resistance, and helps muscle
cells respond to insulin and effect to utilisatafrglucose.

Uses:May be used with sulfonylureas, metformin, or imsul

Adverse effectsSimilar to sulfonylureas but do not cause hypogiyoe

vi.Hyperglycaemic Drugs (Glucagon):
Mechanism of Action: A Hyperglycaemic hormone secreted by alpha
cells of the islets of Langerhans. Glucagon caums®sase blood sugar by
stimulating glycogenolysis (breakdown to glucosejhe liver (protects
body cells).

Uses: Insulin induced hypoglycaemia when other methods aot
available or not working

Adverse effects:Commonly causes hypoglycaemia
vii.Diazoxides (Proglycem)

This is chemically related to thiazides diuretics
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Mechanism of action:Increase blood sugar by inhibiting insulin release
from the beta cells and stimulating release of (edrenaline from the
adrenal medulla).

Uses:Chronic hypoglycaemia caused by hyperinsulinism wuislet cell
carcinoma or hyperplasia. Parenteral form is used rhalignant
hypertension.

Adverse effects:Usually do not cause hypoglycaemia.

3.4 Mode of Action of Drug Used in Cardiac Failure

Heart failure occurs when cardiac output is inadéguo provide the
oxygen needed by the body. As a state in whiclhé&zet cannot provide
sufficient cardiac output to satisfy the metabokeds of the body

It is commonly termed congestive heart failure (§HiRce symptoms of
increase venous pressure are often prominent. Hadrire is the final

common pathway for many cardiovascular diseases&hatural history
results in symptomatic or asymptomatic left ventiac dysfunction.

Cardinal manifestations of heart failure includspiyea, fatigue and fluid
retention. Risk of death is 5-10% annually in pasevith mild symptoms
and increases to as high as 30-40% annually irematwith advanced
disease.

3.4.1 Main causes of heart failure

Coronary artery disease, Hypertension, Valvular rihedisease,
Cardiomyopathy and Cor pulmonale.

Causes of left ventricular failure: This includes; Volume over load:
Regurgitate valve High output status, Pressure load@r Systemic
hypertension, outflow obstruction; Loss of musclas: in Post Ml,
Chronic ischemia Connective, tissue diseases InfedPoisons (alcohol,
cobalt, Doxorubicin) and Restricted Filling: Perdial diseases,
Restrictive, cardiomyopathy and tachyarrhythmia.

3.4.2 Cardiac Function

Dependent upon: Adequate amounts of ATP, Adequatriats of Ca++,
Coordinated electrical stimulus and Adequate AmewhtATP, which is
needed to maintain electrochemical gradients; Ryaigsaction potentials,
Power muscle contraction, Adequate Amounts of Qaici

Calcium is ‘glue’ that links electrical and mechaalievents.
Coordinated Electrical Stimulation

Heart capable of automaticity
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3.4.3 Pathophysiology of Cardiac Performance

From haemodynamic stand point HF can be secondargystolic
dysfunction or diastolic dysfunction

i.Preload: is the volume of the blood that fills the venteiglin diastole,

when it is increase, it causes the overfillingled heart which

increases the work load. Starling Law: within lisit the
Ventricular performance is related to the degréengocardial
stretching. When Lt Ventricular performance (esgoke volume
or CO) is plotted as a function of LV function ear therefore
when preload is increase, it leads to increasevantricular
stretching and will enhance the ventricular fumctiThe limit is
End Diastolic Pressure (EDP) of 15mmHg when plated
performance.

On the other hand, marked stretching causes detgan of ventricular
function and EDP of 20mmHg or more result in pul@grncongestion. In
HF, preload usually increases because of increasdood volume and
venous return. Reduction of preload is the goakalf restriction and
diuretic therapy. Vasodilators also reduce prelbgdedistributing the
blood into peripheral veins away from the heart.

Afterload — is the systemic vascular resistance againshdiagt

must pump the blood, this frequentlyincreases @Hilich leads

to decrease CO.

This set the stage for the use of drugs that dserarterial tone in
CHF.

Contractility: in patient with low output failure, there is
reduction in the intrinsic contractility of myocdnm resulting in
reduction of pump performance; here comes the oblerve
inotropic drugs

Heart Rate: which is the major determinant of CO (i.e. CO =
S.V. x Heart rate). The heart rate increases @St decreases,
this is the 1st compensatory mechanism

Neurohormonal changes

Neuro - hormonal reflex involves; The sympathe&owous and the renin—
angiotensin—aldosterone system. These compensatoeghanisms

increase the work of the heart and can furtherridmutie to the decline in

the cardiac function.

Myocardial Hypertrophy: Is the most important intrinsic
compensatory mechanism, the increase in myocamhsk helps
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to maintain cardiac performance in the phaseegsre or volume
overload. However, after initial beneficial effebypertrophy can lead to
ischaemic changes, impairment of diastolic filliagd alteration in
ventricular geometry (remodelling) due to prolifevas of abnormal
myocardial cells and CT which die at the acceleratge leaving the
remaining myocardial cells subject to even greaterioad.

Symptoms HF: Orthopnoea, paroxysmal nocturnal dyspnea, Low
cardiac output symptomsand Abdominal symptoms: Axia; nausea,
abdominal fullness, Rt hypochondrial pain.

3.4.4 Drug Used to treat CHF

i.Cardiac inotropic agents: Cardiac Glycosides (Rig, Digitoxin,
Ouabain)
i.SympathomimeticsR1 -adrenergic agonist): (dopamine, dopamine)
lii.Phosphodiesterase inhibitors (amrinone, milriep
iv.Diuretics (Loop diuretics e.g. Frusemide, K+ ©$p@ diuretics e.g.
Spironolactone)
v.ACI —Captopril, Enalapril, Lisinopril
Vi.ARB — Candesartan, Losartan, Valsartan
vii.Beta Blockers - Bisoprolol, Carvedilol
Viil. Other possible medications that might be prescrilee
anticoagulants (blood thinners). These drugs magréscribed if
you are a heart failure patient with atrial fikatibn, or have
another problem with your heart where adding thisgdis
indicated. Anticoagulants are not used to treatttiadure without
the presence of atrial fibrillation. Cholesterolwkring drugs
(statins)
Your doctor may prescribe this class of medicaifigou have high
cholesterol or have had a heart attack in the past.

CARDIAC GLYCOSIDES
I.Digoxin

Cardiac glycosides come from the plants of foxgléamnily (Digitalis
spp) & related plant. Digitalisis one of the oldéstigs in clinical use
(1200AD). There are two types in clinical udigoxin and Digitoxin
Digoxin -Chemistry: The basic structure of glycosides consists ofethre
components; A sugar moiety, A steroid moiety & Attme.

The sugar moiety consists of unusual 1 -4 chamket monosaccharides
A steroid nucleus containing an unsaturated lacéarf@ 17 position and
Glycosides residue at C-3. The lactone ring isrggddor activity and can
retain biological activity even when the steroisisemoved.
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Digoxin —Mode of Action

It is thought that digitalis increases vagal atgivand inhibits Na+/K+
ATPase in myocytes this leads to a transient irs&'saintracellular
concentration of Na+ leading to increases influxCaf++ via Na/Ca2+
exchanger. This result in increased contractiftggitive inotropic effect).
Increased parasympathetic (Vagal) tone and deateysepathetic effect
on the heart this suppressed AV node conductioreasing refractory
period, thereby decrease conduction velocity asdltrén decreased heart
rate.

This result in increased CO through their +ve iopit effect. They slow
heart rate by relieving the sympathetic tone & tigho their vagotonic
effects. They reduce the heart size by relivingikreStarling relationship.

They increase cardiac efficiency by increasing @@ce of cardiac
contractility, decrease O2 consumption (decreaae beze & rate).
Blood Pressure — Remain unchanged following theiaidtration of
cardiac glycosides.

In CCF, the CO is reduced but the total peripheral rasst is increased,
& these effects are reversed by cardiac glycosides.

Cardiac glycosides bring about diuresis by incregadioth CO & renal
blood flow; the latter in turn reverses the remahpensatory mechanism
activated in CCF. Consequently, the productionadsterone is reduced,
sodium retention is reversed, & the excretion afeyeatous fluid. Cardiac
glycosides have vagotonic effect & may decreaselisggformation in the
SA nodes. Although automaticity is not directlylignced by digitalis
conductance velocity is decreased. The electroplogc properties of
digitalis make it a useful compound in the treatbad@ratrial arrhythmias
(for its vagotonic effect).Atrial flutter (for itdepressant effect on
atrioventricular conductance). Atrial fibrillatiofalso for its vagotonic
effects)

Digoxin: Clinical Benefit: Decreases morbidity in patients with heart
failure, does not decrease mortality, improves spmg of CCHF, CHF
refractory to other drugs, can be combined witheptldrugs and
Withdrawal of digoxin in stable patients carriesisiolerable risk.
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Indications: Moderate/severe systolic CHF and bradycardia

Digoxin: Adverse Effects: This is frequent and may be fatal. Toxicity
may result from overdose or decrease in metabohsmh excretion.
Hypokalaemia (stemming from the use of thiazidesedics, diarrhoea &
vomiting), Arrhythmias occurring de novo —Atrial/Nkicular ectopic,
bradycardia (pulse < 60b/min). CHF exacerbatiorsudl disturbances
(blurred or yellow vision, halos), Gastrointestin@norexia, nausea,
vomiting and diarrhoea), Psychiatric (Delirium, idate, malaise,
confusion, dizziness and abnormal dreams and HbajlaPulmonary
disease, Renal insufficiency and Hypoestrogenism.

Contraindications: The following agent are C/I

Quinidine — Should not be used with digoxin because it disgd digoxin
from binding sites

Bretylium should not be used with digoxin because it rekease
Norepinephrine.

Carotid sinus stimulation should be discouragedt asay precipitate
ventricular fibrillation.

Drug treatment of Digoxin toxicity

Antidigoxin Antibodies: The antidigoxin or the antidigoxin antibodies
(Digibind) have been used to control digoxin int@ation.

p Stimulants: Dopamine; Peripheral dopaminergic receptor agards
useful in the useful in the treatment of CCF

Diuretics: These include;  Thiazides: (chlorothiazide &
hydrochlorothiazide

(HCTZ2), Loop Diuretics (furosemide, bumetanide) &wdassium Sparing
Diuretics (spironolactone).

Mechanism of Actions: Diuretics derived its mode of action from the
principle that water follows Sodium(Na+). 20-25% afl Na+ is
reabsorbed into the blood stream in the loop ofl&lef10% in distal
tubule & 3% in collecting ducts. If it cannot besabbed it is excreted with
the urine.

Diuretics reduces venous pressure and ventricular preldad.résults in
reduction of oedema and cardiac size, which imm@enp efficiency.

Aldosterone: Aldosterone may cause myocardial and vasculaogibr
and baroreceptor dysfunction in addition to itsateaffects. For this
reason, the aldosterone antagonists, spironolactore eplerenone,
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decrease morbidity and mortality in severe healira (M.H., Farjoo
Jan. 2007)

Adverse effects of DiureticsSide effects of diuretics include; electrolyte
losses [Na+ & K+], Dehydration fluid losses [dehstiion], Myalgia,
Nausea, Vomiting and diarrhoea, Dizziness and Hylpeemia.

Contraindications: Renal Failure.
iii.  Other drugs use in heart failure

Angiotensin Converting Enzyme Inhibitors (ACEI).

ACE Inhibitors & ARBs

These drugs reduce peripheral resistance andcaiterl

They also reduce salt and water retention andhanway, reduce preload.
The reduction in tissue angiotensin also reducegaghetic activity.
These drugs reduce the long-term remodelling ohtreet and vessels.

Calcium Channel Blockers (CCB) (iltiazem, verapamil, nifedipine)
Mechanisms of Action CCB:

I Decrease automaticity & conduction in SA & AV nodes
. Decrease myocardial contractility

1 Decreased smooth muscle tone

V. Decreased Peripheral vascular resistance (PVR)

Adverse effects of CCBsCardiovascular: hypotension, palpitations and
tachycardia, Gastrointestinal: constipation & naus@d Others: rash,
flushing & peripheral oedema

3.5ANTIHYPERTENSIVE DRUGS

3.5.1 Normal Blood Pressure Regulation

Blood Pressure = Cardiac output (CO) X Resistaoqeassage of blood
through precapillary arterioles (PVR)

Physiologically CO and PVR are maintained minute nnute by
arterioles

V. Post capillary venules and Heart

Vi. Kidney is the fourth site

vii.  Volume of intravascular fluid

viii. Baroreflex, humoral mechanism and renin-angiotensin
aldosterone system regulates the above 4 sites

IX. Local agents like Nitric oxide
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In hypertensives — Baroreflex and renal blood-va@uoontrol system —
set at higher level. All antihypertensives act wterfering with normal
mechanisms

Table 36: Classification of Blood Pressure levels

Category Systolic  blood Diastolic blood
Pressure Pressure
(mmHg) (mmHg)
Optimal blood pressu <12(C < 8C
Normal blood pressu < 13( <85
High -normal blood pressu 130-13¢ 85-89
Grade 1 Hypertension (Mil 140-15C 90-99
Grade 2 Hypertension (Modere | 160-17¢€ 90-10C
Grade 3 (Hypertensio > 18C > 11C
Isolated systemic hypertensi 140 -150 <90
(Garde 1
Isolated systemic hypertensiof > 160 > 90
(Garde

3.5.2 Causes of Hypertension

I.Genetics-some people are prone to hypertensioplgibecause of
their genetic makeup

ii.Family History- your risk for high blood pres&ihypertension
increases if it is in your family history

lii.Environment, Inactivity, Stress, Obesity, Aladh High Sodium
Diet, Tobacco Use, Age and Menopausal Medications

iv.intrauterine factors (the ‘Barker hypothesis’$ supported by the
finding that hypertension in adult life is stropglssociated with
low birth weight.

3.5.3 Antihypertensive Agents: Classifications

I Angiotensin-converting enzyme inhibitors (ACEI) &ngiotensin
Il receptor blockers (ARBS)
. Diuretics
ii. Calcium channel blockers
V. Adrenergic agents

Alphal blockers & Beta blockers (cardio selectind aonselective)
Centrally acting alpha blockers

Combined alpha-beta blockers

Peripheral-acting adrenergic agents

v.Vasodilators
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3.5.4 Mechanisms of Action of Specific Antihypertesive Agents

ACE inhibitors: Captopril, Lisinopril, Enalapril, ramipril and
fosinopril etc.

Mode of Action for ACEIs: ACE Inhibitors work in the lungs to inhibit
Angiotensin Converting Enzyme from turning Angiaien | into
Angiotensin Il. This result in decreased BP duetdecrease in blood
volume, PR, & cardiac load. ACEI causes an increabeadykinin which
causes protracted dry cough.

ACEI, inhibits vasoconstriction and release of atdoone which inhibits
the retention of sodium and water

Indications for Use

Hypertension: Hypertension especially for malignant hypertensaod,
Hypertension secondary to renal arterial sten@sE inhibitors reduce
the risk of cardiovascular mortality caused by hygresion.”

Heart Failure: By decreasing arteriolar tone & improves blood fltowv
the heart, by decreasing afterload, cardiac outpmreases and venous
dilation increase causing a decrease in pulmonamygestion and
peripheral oedema.

Dilates the vessels of the kidneys increasing réloat and helps to
excrete sodium and water. This helps to decreadena& and blood
volume. Prevents pathologic changes in the heartrésult from reducing
the angiotensin Il levels in the heart.

Myocardial Infarction (MI): Decreases the chance of heart failure after
an MI. Should be given for 6 weeks post MI. If Hef@ilure occurs, it
should be considered for permanent use.

Nephropathy: Slows renal disease of diabetic or nondiabeticimsig
Decreases glomerular filtration pressure.

Indications for Use: Type 2 Diabetes -It decreases morbidity in high ris
patients. Increased levels of angiotensin Il hawmelation to type 2
diabetes.

ACE inhibitors increase kinin levels, which increaproduction of
prostaglandins and nitric oxide. Prostaglandins @itrtt oxide improve
muscular sensitivity to insulin. May preserve pa&atic function and
prevent onset of diabetes especially with people hdwve hypertension.
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Adverse Effects

First-Dose Hypotension: Usually occurs with initial dose. Worse in
patients with severe hypertension, or are on dagebr are sodium or
volume depleted.

Cough: Persistent, dry, irritating, non-productive cougim clevelop with
all ACE inhibitors.” (Lehne, 2007, pg. 466) Due rise in bradykinin
which occurs due to inhibition of kinase II. Occums5-10% of patients
and is more common in women and the elderly.

Hyperkalaemia: Potassium levels rise due to the inhibition of
aldosterone, which causes potassium to be retéwyéuke kidneys.

Renal Failure: Can cause renal insufficiency in people who halsdrial
renal artery stenosis, because dropping the presgstine renal arteries in
these patients can cause glomerular filtratioraio f

Fetal Injury: In the second and third trimesters a foetus caerspce
hypotension, hyperkalaemia, skull hypoplasia, réamélre, and death.

Angioedema:swelling of lips, mouth, nose etc. Kinin accuntida may
also underhangioedemdpainful swelling in tissues which can be life-
threatening if it involves the airway).

Others (Rare): Rashes, urticaria, Dysgeusia: loss or alteratiotastie,
and Neutropenia etc.

Drug Interactions: Antihypertensive agents can cause an increasett effe
of medications especially with diuretics.

ACEI cause#’otassiumincreasing effects of result in an increased risk o
hyperkalaemia due to the suppression of aldosterone

Lithium: ACEI causes an increase to risk of lithium toxicity

Allopurinol: Increases hypersensitivity to medication

NSAIDS: Reduce antihypertensive effects of medication

Contraindications: Pregnancy: ACEI causes fetal death due bilateral
renal artery stenosis, hypersensitivity and hypadmia

ii.Angiotensin Receptor Blockers (ARBS)

Examples of ARBs: Candesartan, Losartan, Valsalthesartan,
Telmisartan, eposartan and Olmesartan
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Mode of Action of ARBSs: Inhibit synthesis of Angiotensin II, by
competitive inhibition of angiotensin -11 at tisdaeding sites. Resulting
in decrease in peripheral resistance and bloodwelBlock the receptors
in brain, kidneys, heart, vessels and adrenaldissu

Clinical indications of ARBs; Their uses include the following:
Hypertension, especially in:

a. young patients (who have higher renin than oldespn
b. diabetic patients
C. hypertension complicated by left ventricular hypsphy.

Heart failure.
Diabetic nephropathy.
Advantage

Less likely to cause hyperkalaemia

Persistence of cough is rare

Adverse effects of ARBs

Upper respiratory infections

May cause occasional dizziness, inability to sledprrhoea, dyspnea,
heartburn, back pain and fatigue

The AT antagonists are extremely well tolerated but are
TERATOGENIC.

iii. Direct Renin Inhibitors (Aliskiren)
Orally active renin inhibitors reduce plasma reractivity.
Licensed for treatment for essential hypertension.

iv.Calcium Channel Blockers (CCBSs) (
Phenylalkylamines: Verapamil
Benzothiazepines: Diltiazem
Dihydropyridines (DHPs); ¥ Generations: Nifedipine,"?2 Generations:
Isradipine, Nicardipine, Felodipine and Generations: Amlodipine

Mechanism of action (CCBs):CCBs blocks influx of Ca++ in smooth
muscle cells — relaxation of SMCs — decrease BRedhlypes Ca+
channels in smooth muscles. Normally, L-Type ofreieds admit Ca+

and causes depolarization (excitation), contractomupling through

phosphorylation of myosin light chain, contractiohvascular smooth
muscle — elevation of BP.
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CCBs block L-Type channeResulting irsmooth Muscle relaxation and
causes negative chronotropic, ionotropic and chropa effects in heart

Dihydropyridines (DHPs) drugs have highest smootiscte relaxation
and vasodilator action followed by verapamil antadiem
Other actions: DHPs have diuretic action

CCBs: Indications: Hypertension: Useful in hypertension as peripheral
arteries dilators leading to decrease peripheratwar resistance by
relaxing vascular smooth muscle. Dysrrhymias, Aagikligraine and
Headaches.

CCBs are used as monotherapy or in combinationsataderated well in
renal failure. Calcium Channel Blockers has advantages wilike
diuretics no adverse metabolic effects, except enilderse effects like —
dizziness, fatigue etc.

Do not compromise haemodynamic — no impairmentarkveapacity
No sedation or CNS effect

Can be given to asthma, angina and PVD patients

No renal and male sexual function impairment

No adverse fetal effects and can be given in pregna

Minimal effect on quality of life

Adverse effects:Cardiovascular: hypotension, palpitations, tachgizar
Gastrointestinal: constipation, nausea. Other:,rflsBhing, peripheral
oedema and dermatitis.

Contraindications: CCBs is contraindications unstable angina, Heart
failure, Hypotension, Post infarct cases and Seaergc stenosis.

v.Potassium (K+) Channel activators:Diazoxide, minoxidil, pinacidil
and nicorandil.
Mode of Action: Leaking of K+ due to opening anesult in
hyper polarization of SMCs and relaxation of SMCs

Vi.ADRENERGIC BLOCKERS
Centrally acting Adrenergic Blockers: Alpha Methyldopa,
Clonidine
alpha-adrenergic blockersi — adrenergic blockers: Prazosin,
Terazosin, Doxazosin, Phenoxybenzamine and Plaeniioé
Non selective alpha blockers: Phenoxybenzaminentltamine
Specific alpha-1 blockers: Prazosin, Terazosin@oxiazosin
Beta-adrenergic blockers
l. Non selective: Propranolol
. others: (nadolol, timolol, pindolahd labetolol) and
Cardioselective:
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Metoprolol (others: atenolol, acebutolol, esmot@taxolol)

Centrally acting Adrenergic Blockers (AlphaMethyldopa, Clonidine)
Mechanism of Action: They act on alpha-2 receptors in the brain and
causes inhibition of adrenergic discharge in mediihibit sympathetic
outflow)— fall in PVR and fall in BP.

Uses:Central acting Adrenergic blockers are use in hgoesion, either
alone or with other agents. Usually used afterragigents have failed due
to side effects.

Alpha-Methyldopa (Aldomet): Is a prodrug, a precursor of Dopamine
and Noradrenaline’. It is convertedaipha methyl noradrenalinewhich
acts on alpha-2 receptors in the brain and caunbkéition of adrenergic
discharge in medulla.

Uses:Drug of Choice in Hypertension during pregnancysdlmay be
used for treatment of severe dysmenorrhea, menapdushing, and
glaucoma.

Adverse effects:Various adverse effects —Sedation, Dry mouth, bllirr
vision, cognitive impairment, postural hypotens@rd positive coomb’s
test etc.

Contraindications — Depression, Caution in renal impairment.

.Beta-adrenergic blockers

Non selective: Propranolol (others: nadolol, timolol, pindolol and
labetolol) and Cardioselective: Metoprolol (otheatenolol, acebutolol,
esmolol, betaxolol)

Mechanism of Actions:Bind to beta adrenergic receptors and blocks the
activity. All beta-blockers have similar antihyparsive effects —
irrespective of additional properties. They cauesguction in CO but no
change in BP initially but slowly. Adaptation bysigtance vessels to
chronically reduced CO — antihypertensive action.

Other mechanisms included decreased renin releasekidney (beta-1
mediated), reduction decreased central NA outflaeduction in
glomerular filtration rate (non-selective ones) aeduction in heart rate
and CO (ISAs).

Contraindications: Partial and complete heart block, COAD and asthma,
Peripheral vascular disease.
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Adverse effects:Major drawbacks are Rebound hypertension, Raised
LDL and lowered HDL and impaired carbohydrate tatere in diabetics,
Fatigue, lethargy (low CO?) — decreased work cayalcoss of libido —
impotence, Cognitive defects — forgetfulness agthtnmares etc.

Difficult to stop suddenly, therefore cardio-seleetdrugs are preferred
now

Cardio- selectiveBeta-adrenergic blockeretoprolol (others: atenolol,
acebutolol, esmolol, cetamolol).

Mechanism of Action: Vasodilators: Directly relaxes arteriolar smooth
muscle Result: decreased systemic vascular respiemeased afterload,
and peripheral vasodilation.

Advantages of cardio-selective over non-selectiud aan be use in
patients with asthma, diabetes mellitus, peripheaaicular disease and
also lower incidence of changes in lipid profile

Advantages:Overall: beta-blockers as first line of drug

I No postural hypotension

. No salt and water retention
iii. Low incidence of side effects
V. Low cost

V. Once a day regime

Vi. Cardio protective potential

Preferred: In young non-obese patients, Prevention of sud@ediac
death in post infarction patients and progressic@tF, Angina pectoris
and post angina patients, Post Ml patients — usefuleventing mortality
and in old persons, carvedilol — vasodilatory attian be given

Uses:Treatment of hypertension, may be used in comlanatiith other
agents, Sodium nitroprusside and diazoxide IV asenved for the
management of hypertensive emergencies.

Adverse Effects:Hydralazine: dizziness, headache, anxiety, taclyaar
nausea and vomiting, diarrhoea, anaemia, dyspresenoa and nasal
congestion.

Sodium nitroprusside: bradycardia, hypotension, siipds cyanide
toxicity.

Vasodilators: Hydralazine: Directly acting vasodilator

Mechanism of Action: Hydralazine molecules combine with receptors in
the endothelium of arterioles causing NO releasseguent relaxation of
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vascular smooth muscle — fall in BP. Causes faBfhdue to stimulation
of adrenergic system leading to

Uses:Moderate hypertension when 1st line fails — wittabiglockers and
diuretics, Hypertension in Pregnancy,

Adverse Effects: Cardiac stimulation producing palpitation and rise
CO even in IHD and patients — anginal attack resylin tachycardia,
increased Renin secretion — Na+ retention. Thdsetsefare countered by
administration of beta blockers and diuretics (coversial).

Sodium Nitroprusside: Rapidly and consistently acting vasodilator

Mechanisms of Actions:RBCs convert nitroprusside to NO — relaxation
also by non-enzymatically to NO by glutathione arelaxes both
resistance and capacitance vessels and reduckpdofheral resistance
and CO (decrease in venous return). Unlike hydiaéazt produces
decrease in cardiac work and no reflex tachycardia.

Uses: Hypertensive Emergencies: in saline/glucose afaséd slowly
with 0.02 mg/min initially and later on titrated twiresponse (wrap with
black paper).

Improves ventricular function in heart failure lducing preload

Adverse effects: palpitation, pain abdomen, disorientation, psychosi
weakness and lactic acidosis.

3.6  Mode Action of Drug Use in Pain Management
3.6.1 Introduction

Pain is the most COMMON reason clients seek meeidaice. Pain is a
protective mechanism or a warning to prevent furihjery

“But pain is a perfect misery the worst of evilscEgsive Overturns All
patience” John Milton in Paradise Lost.

3.6.2 Clinical types of pain

Pain stimuli (Mechanical / thermal stimuli) FastirpaSharp well
localized, pricking type.

Chemical stimuli; Slow pain: poorly localised, dulirobbing (K+, ADP,
ATP — Bradykinin, histamine — Serotonin, Prostadiag, Substance P,
CGRP)

Somatic, Visceral, Referred pain: Convergence élitaton theory
Projected pain: Radiating Pain, Hyperalgesia
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3.6.3 Analgesic classifications:

Analgesics: Drugs which relieve pain due to multiple causethaut
causing loss of consciousness.

Drugs which relieve pain due to single cause ocifipepain syndromes
(ergotamine, carbamazepine, nitrates) are notifiebsas analgesics.
Corticosteroids also not classified as analgesics

Analgesics are classified asOpioid analgesics e.g. Morphine and
morphine like drugs, Non-steroidal anti-inflammatalrugs (NSAIDS)
e.g. Paracetamol, diclofenac, ibuprofen etc.

Mechanisms of actions specific analgesics

.Opioid Analgesics:All opioid analgesics mimic endogenous endorphins

by stimulating opioid receptors in the central greftipheral nervous
systems which results in relief of pain. Opioids particularly useful in
pain management as they: Hyperpolarize second-palartransmission
neurons by increasing K+ conductance, evoking ahibiory
postsynaptic potential reduce transmitter releassm f presynaptic
terminals of nociceptive primary afferents the @esting control system,
showing the main sites of action of opioids on geamsmission.

Adverse Effects: The toxic effects of morphine are an extensiothefr
pharmacological effects. Idiosyncrasy and allergyUsticaria, itch,
swelling of lips and bronchospasm (these are radpcal reaction at
injection site may occur due to histamine releddlergy is uncommon
and anaphylactoid reaction is rare. Apnoea This owyr in new born
when morphine is given to mother during labour.edshare death due to
respiratory failure, Respiratory depression, Nauseal vomiting,
Constipation and Drowsiness and sedation.

Contraindications: Some reasons that people should not use opioids
include:

Significant respiratory disease; Comatose patiemigss near death; and
Pheochromocytoma (in some cases).

Precautions: Care should be exercise in the following conditidnfants

and the elderly, patients with Bronchial asthmaadHimjury, Hypotensive
states and hypovolemia, Undiagnosed acute abdomipain,

Hypothyroidism, liver and kidney disease and pasienith Unstable
personalities.

Drug interactions: Drugs which potentiate morphine are Phenothiazines
TCA, MAO inhibitors, Amphetamine and Neostigmineotghine retards
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absorption of many orally administered drugs byayelg gastric
emptying.

Uses:Morphine / parenteral congeners indicated as as@lgetraumatic,
visceral, ischaemic (myocardial infarction), Posti@tive, burns, and
cancer pain. Relieves anxiety and apprehensioeriaus and frightening
disease accompanied by pain: myocardial infarctBurgeries: Epidural
and intrathecal injection of Morphine is being uded analgesia in
abdominal, lower limb and pelvic surgeries, lab@astoperative, cancer
and other intractable pain.

Preanesthetic medication. produces segmental amalder 12 hours
without affecting sensory, motor or autonomic maa.

Codeine (Methyl Morphine)

Codeineis low-efficacy opioid a prodrug (t1/2 3 h). Icks efficacy for
severe pain, most of its actions 1/10th those ofpimoe. Large
doses cause excitement. Dependence much less thidn w
morphine.

Uses principal use: mild to moderate pain & coughislsaid that
60 mg codeine = 600 mg aspirin.

Pethidine

Pethidine differs from morphine in that it doest neefully

suppress cough, less likely to constipate, legbiito cause urinary
retention & prolong childbirth little hypnotic effé shorter
duration of analgesia (2-3 h).

Methadone

Principal feature of methadone is long duratioralgesia may last
for 24 h. If used for chronic pain in palliativereg12- hourly) an
opioid of short t %2 should be provided for brea&tigh pain rather
than an extra dose of methadone. Also used in @pidhdrawale
Dose: 2.5 mg to 10 mg oral or IM

Fentanyl: Pethidine congener 80-100 times potent than mogphi
in analgesia and resp. depression

Uses: Injectable form exclusively used in anaesthesian$dermal patch
available used in cancer or other types of chrpaio.

Dextropropoxyphene: Less analgesic, antitussive, and less
dependence. Its analgesic usefulness equal tormadgéommonly
combined with paracetamol. Dextropropoxyphene auisr with
warfarin, enhancing its anticoagulant effects.

Tramadol: Relieves pain by opioid as well as other mechasjsm
100 mg IV Tramadol = 100 mg IM morphine.
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Adverse effects: Less respiratory depression, sedation, constipatio
urinary retention, increase intraciliary pressurdeépendence than
morphine. As effective as pethidine for postopgmpain and as
morphine for moderate chronic pain.

viii. Pentazocine Weak p antagonist action and markedagonist
action. Analgesia is primarily spinal (K1). can sawa withdrawal
syndrome in addicts. shorter duration of pain fedié hrs, less
dependence, sedation & resp. depressidse: post-operative,
moderately severe burns.

IX. Non-opioid analgesics
Non-opioid analgesics include nonsteroidal aritammatory
drugs (NSAIDs), selective COX-2 inhibitors, and taceinophen.

Mechanisms of Actions:NSAIDs inhibit cyclooxygenases (COX-1 and

COX-2), thereby disrupting the production of prgsaadin, an
important mediator of pain and inflammation. Conssgly,
NSAIDs possess antipyretic, analgesic, and an@imihatory
effects, and are particularly effective in the ngeraent of
musculoskeletal pain (e.g., rheumatic disordefignmmatory joint
pain).
Acetaminophenpossesses antipyretic and analgf#eitseand is
the most commonly used over-the-counter (OTC) arwllgesic
drug. It is generally well tolerated, but overdasan result in
significant hepatotoxicity with the risk of acutedr failure.
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Table 37: Classification of NSAIDs

Drug Class | Common Activity Side effects
agents profile

Nonsteroidal | <Ilbuprofen *Analgesic | *Gastric and

anti- Diclofenac *Antipyretic | intestinal ulcers,

inflammatory| sindomethacin | *Anti- bleeding, and

drugs *Naproxen inflammatory| perforation
*Ketorolac *Antiplatelet | sRenal function
*Aspirin effect impairment
*Meloxicam *Acute renal failure

eDeterioration of
chronic renal failure
«Chronic analgesic
nephropathy
eIncreased risk of
heart attack and
stroke (with the
exception of aspirin
and naproxen

COX-2 *Celebrex Celebrex sIncreased

inhibitors (celecoxib) (celecoxib) | cardiovascular risk
(selective *Renal side effects
NSAID) *Deterioration 0

chronic renal failure
sIncrease in bloo
pressure

Other  non; *Acetaminophen sAnalgesic | *Hepatotoxicity
opioid *Antipyretic | *Acute liver failure
analgesics in cases 0
intoxication
Limited
nephrotoxicity

@AMBOSS

NSAIDs Agents: (buprofen, diclofenac, indomethacin, naproxen,
aspirin)

Mechanism of action

Reversible inhibition of the enzyme’s cyclooxygemdsand 2 (COX-1
and COX-2)— decreased prostaglandin synthesis.

Effects includes Analgesic, Antipyretic and Antilammatory
(antirheumatic).

With the exception of aspirin, only minor antipletefunction

Adverse effects:Gastric and duodenal ulcers with the risk of
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gastrointestinal bleeding and perforation, Riskeases with duration and
dose of treatment, Prophylaxis: simultaneous admation of proton

pump inhibitors, Increased risk of heart attack atiebke (with the

exception of aspirin and naproxen), Renal functionpairment:

prostaglandins normally maintain renal blood flowy bnducing

vasodilation of the afferent arterioles. NSAIDS ibits prostaglandin
production, which leads to harmful hypoperfusiontio¢ kidneys and
reduced GFR. Electrolyte and fluid abnormalities ed@ma,

hyperkalaemia, hyponatremia). Worsening of hypeiten In rare cases,
acute renal failure

Analgesic nephropathy: prolonged NSAID use resaltsbulointerstitial
nephritis and papillary necrosis (increase creagfBUN ratio, slight
increase K+). Pseudo allergic reactions, Urticama angioedema and
Asthma - Aspirin-exacerbated respiratory diseadeRB)

Indications

I Acute pain, rheumatoid arthritis, non-rheumatoidtpain

. Especially as an alternative to nonselective NSAl@rspatients
with a history of peptic ulcer disease and platdlsorders (e.g.,
Glanzmann thrombasthenia)

iii. Contraindications

Iv. Severe heart failure, recent myocardial infarctigastrointestinal
bleeding

Other non-opioid analgesics Agent
Acetaminophen

Mechanism of Action: Reversibly inhibits cyclooxygenase in the CNS.
Is peripherally inactivated no anti-inflammatoryfeet, minimal gastric
side effects

Effects: antipyretic and analgesic effects
Adverse effects

I Hepatotoxicity due to acetaminophen overdose
. Minimum toxic dose: 7.5 g/day in adults
iii. Leading cause of acute hepatic failure in the Ughaltstion of
hepatic metabolic pathways causes increased fionmatt a
toxic metabolite of acetaminophen, N-acetyl-p-
benzoquinoneimine (NAPQI). Glutathione initiallyhaictivates
NAPQI, but its reserves are eventually depletedding to
NAPQI build-up. NAPQI causes irreversible oxidativ
hepatocyte injury— liver cell necrosis.
iv.  Acute kidney failure occurs in approx. 50% of patgewith acute
hepatic failure.
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Uses:Fever and pain (Good tolerability)

Preferred analgesic/antipyretic drug during preggan
Contraindications: Severe liver impairment - Maximum daily dose of
acetaminophen: 4 g (adults).

3.7 Prescription in Pregnancy And Lactation
3.7.1 Introduction

The prevalence of medication use during pregnameyidespread and on
the rise. More than 80% of pregnant women take theecounter (OTC)
or prescription drugs during pregnancy, with ondg6of these patients
consulting a health care professional when selgéiproduct. There is a
delicate risk-benefit estimation concerning theltheaf both the mother
and the foetus that must be considered in the disdrums during
pregnancy. There is limited research data on ddug®g pregnancy and
breast-feeding. Women of reproductive age, infamd children were
historically excluded from drug research trialsnele data from adult men
had to be “translated” or “extrapolated” to pregianursing women as
well as children until in the 1990'’s, research d&ds shifted.

In general, drugs should NOT be used during pregnanless absolutely
necessary as many can harm foetus. About 2-3% birdd defects result
from drugs that are taken to treat disorder or spmp

Physicians, Pharmacists and Public health pragsoplay a vital role in
educating and counselling pregnant women on tke associated with a
drug. Informing a pregnant woman of the risks aassible fetal defects
can reduce the number of complications. Certaittiheanditions and/or
risk factors that may pose significant risks to veonand/or foetus. These
are; Asthma, Anaemia/ blood disorder, Diabeteslelgpy, Hypertension,
infection, pre-existing obesity and underlying naértealth conditions
etc. Others are maternal advanced age, maternabrndrand family
medical history and lifestyle choices etc.

3.7.2 How a drug affects the foetus:

How a drug affects the foetus depends on the fetatage of
development and the strength and dose of the Geigerally, women who
are at the risk of conceiving or who wish to becopnegnant should
withdraw all unnecessary medications 3-6 monthreetonception.
Certain drugs taken early in pregnancy (15-21 dsfyer fertilization)
during the period of blast genesis may act in &mrahothing fashion;
Killing the foetus or not affecting it at all. Dug this early stage the foetus
is highly resistant to birth defects.
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The foetus is highly vulnerable to birth defectsamen 3rd week and 8th
week after fertilization; which is the period ofj@nogenesis. At this stage
drugs may cause a miscarriage, an obvious birtectlebr a permanent
but subtle defect, that is noticed later in lifd. 3th week the embryo is
referred to as a foetus. Development during thmsetiis primarily
maturation and growth. Exposure to drugs during theriod is not
associated with major congenital malformations thety may alter the
growth and function of normally formed organs aisdues.

3.7.3 Potential impact of drugs on fetal growth at development

.Teratogen: a medicine or other chemical capable of producing a

permanent structural or functional birth defectrovgh
impairment, or fetal death.

Teratogen acts with specificity to produces a dmea@bnormality or
constellation of abnormalities. Example, thalidoenidproduces
phocomelia, and valproic acid produces neural tldgfects. Teratogens
demonstrate a dose-effect relationship.

Teratogen must reach the developing conceptusffitisnt amounts to
cause their effects. The effect that a teratogaegént has on a developing
foetus depends upon the stage during developmean whe foetus is
exposed.

.Teratogenic agents

Infections: collectively grouped under the acronym TORCH for
Toxoplasmosis, Other organisms (parvovirus, HIVstém-Barr, herpes
6 and 8, varicella, syphilis, enterovirus), Rubellytomegalovirus and
Hepatitis etc.

Maternal diet: the best characterised is the role of low foliadaend
Neural Tube Defects (NTDs). More recently the folsas been on dietary
iodine levels and the role they also play on nedeakelopment.

Maternal drugs: affects either prescription drugs (therapeutic
chemicals/agents, thalidomide limb development)-paescription drugs
(smoking), and illegal drugs (Cannabis/Marijuana,
Methamphetamine/Amphetamine, Cocaine, Heroin ansgetgic Acid
Diethylamide).

Environment Factors: (smoking, chemicals, heavy metals, radiation) and
maternal endocrine function (maternal diabetespibdydevelopment) and
maternal stress.

Teratogen synergism, different environmental effeetn act individually

or in combination on the same developing system.example, neural
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development can be impacted upon by alcohol (Etalhol syndrome),
viral infection (rubella) and/or inadequate dietdnyate intake (neural
tube defects). These effects may also not be seendirect effect on a
system or systems but result in a reduced birtlghteand the potential
postnatal developmental effects. Consider also ithiselation to the
increasing support to the fetal origins hypothesis

Table 38: Effects of teratogens at various stage$ fetal development

Stages of Fetal development Effects of teratogenmosure
Pre-implantation “All or Nothing”
Conceptior- week 2
Embryonic Period Gross Malformations,
Week 3-8 Anatomic abnormalitie
Fetal Period Effects are usually functional
Week 9-termr (Rather tharanatomic structur
Main Embryonic Peviod {in woaks] Fotal Porkod Hn wipths)] =——
1 2 3 q 5 6 7 8 L] 16 a2 8
Pancd of diiding | >
Tygetn, implantation, - = Fis ; fiC %
and belamnar ambyyo a @ g a ’n:' \ :I
Maral bube defocts (NTDg) ‘Wartnl metardation | CNG
| TA. ASD] and V5D | Heast |
[ dmoliaMocomata | Uppes lemb |
Sy | [ Amesameronaia | Lowe e |
™y (T [ Gloftip I Upper |
mi?m Amnice | Low-sat matiormad aars and deafess | Ears
= =Y ] icraphinialia, Casacts, giucama I s
Blnsiocys i v 1
T il | L sitafsy ol action [ tm : WﬁME -
: ﬁ*_____\d‘l pryssieny [ Cialt palain | Paiaia |
Entryonc dic (] s st i |Mascuteizaion of emal geeisatal Extemal goriain
Mot susceptitle 1o ___ j Highty tarnaitne parixd TA—Truncus anancss; ASD—Alra seglnl dedect ' '
taiatoganesa \'SD'—VI:I'.‘.IIEI.H:IFKDIJJ.L'MBE‘I ; i
Deeath ol gmibryg and ¥
SRS ket Commen Major l:D'Ii'P.'I'I'Iu'I.l anomakes Functional delscts and minor anomikss

Figure35: Effects of teratogens at various stagdsdevelopment of the
foetus. (@ Moore KL1993.)

iii. TeratogenesisA teratogen is a chemical substance that can induce
a malformation during development.
It is the greatest concern for many, the incidesferajor structural
abnormalities (i.e. life-threatening or requiregscal correction)
is between 1-3% of births. Half are identified atnbirth; half are
identified later or on autopsy. The incidence ohanistructural
abnormalities is unknown as well as the incidentcéunctional
abnormalities.
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Mechanisms of TeratogenesisGenetic interference (25%), gene
mutation, chromosomal breakage, interference witllular
function, enzyme inhibition, and altered membranaracteristics.
The response of the developing embryo to thesdt iedailure of
cell—cell interaction crucial for development, irieezence with cell
migration, or mechanical cellular disruption.

Iv. Pregnancy Risk categoriesFDA Risk Categories (Do the Benefits
Outweigh the Risks?)

Drug use during pregnancy continues to remain amnggncern due to
the unknown effects on mother and foetus. To heldegphysicians in
their selection and interpretation of the risksoasged with the drug, the
FDA introduced a drug classification system in 19¥&ble.). 1983 FDA
classified drugs into 5 categories according tdoabte risks to foetus see
table below. Most information provided in this ddgation is derived
from animal studies and uncontrolled studies in aasnsuch as post
marketing surveillance reports. To date, very fegl\wontrolled studies
have been conducted in pregnant women, most liklely to ethical
considerations. Two important limitations of thasdification include:

All new FDA-approved medications are classifiedCasegory C

There are no FDA regulations requiring further stacbr seeking more
data; therefore, changes in the classificatiorrane

In addition, the classification is often not chathgéhen new data become
available.

Drugs in categories A and B most likely carry &itdr no risk to the foetus.
Drugs in categories C and D most likely carry samsk to the foetus.
Drugs in category X are contraindicated during pesgy.

Table 39: Risk Category of drugs during Pregnancy

Category | Study outcome/Abnormality Examples

A Adequate studies in pregnant won inj. Mag sulfate
have failed to demonstrate a risk to | thyroxine

Foetu:
B Adequate human studies are lacking, Penicillin V,
animal studies have failed | Amoxicillin,
demonstrate a risk to foetus cofactor,

Or erythromycin,
Adequae studies in pregnant wom| paracetamol,
have failed to demonstrate a risk to | lignocaine
foetus, but animal studies have shq
adverse effects on the foe
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C No adequate studies in pregnant wol Morphine,
andanimal are lacking or have shown codeine,
adverse effect on foetus, but poten corticosteroids,
benefit may warrant use of the drug adrenaline,
pregnant women despite potential rigkiopentane,
bupivacain

D There is evidence dfuman foetal risk Aspirin,

but the potential benefit from use of 1 phenytoin,

drug may be acceptable despite | carbamazepine,

potential risk valproate,
lorazepar
E Studies in animals or humans hi Oestrogen,

demonstrated foetal abnormalities, i isotretiroin,
potential risk clearly outweighs tl ergometrine
possible benef

If possible, drug therapy should be delayed utitdrethe first trimester,

especially when there is danger of drug-inducecelbgpmental defects.
Potential fetal risks must be compared to matebeslefits when drug

therapy is required. Minimum therapeutic dose sthtwel used for as short
a time period as possible.

3.7.4 Clinical example of approach to drug therapyin pregnant
woman

Case 1: Thlama is a 30 years old farmer with auseidisorder who is
now pregnant. She presented you in antenatal tha&t i® on
Carbamazepine for epilepsy. She seeks your advickow to prevent
seizures during the pregnancy.

What would be your decision? To treat or not tattPe

I.Can the expectant woman safely go without meatinatto  control the
condition? -No, unsafe
ii.Can the condition be safely managed without feN®
li.What med does she currently use to preventses?

Carbamazepine (anticonvulsant, mood stabilizem iBregnancy
Category D, and is one of the “Drugs that ShouldA®ided during
pregnancy because of proven or strongly suspeetatbgenicity.”
Which antiepileptic drug (AED) is best for Thlama?

The drug should be with least teratogenic and gifedor her disorder.
AEDs such as valproate and phenobarbital were mdsdavith a higher
risk of major malformations than newer AEDs suchaasotrigine and
levetiracetam. Topiramate was associated with areased risk of cleft
lip compared with that of a reference population.
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Lamotrigine = C, levetiracetam = C. Pregnancy GatedC meds pose
LESS risk to foetus than Pregnancy Category D.

Decision: Discuss with Physician/neurologist and arrangevipes-
patient counselling discussion. Obtain new medcatiorder as
appropriate. Provide patient education.

3.7.5 Principles of Prescribing in Pregnancy

Prescribing in pregnancy is a balance betweenigieof adverse drug
effects on the foetus and the risk of leaving nratkedisease untreated.

Principles of minimise prescribing;

Where possible use non-drug therapy. Prescribesdoaty when
definitely needed.

As far as possible, avoid medication in initiaMi@eks of gestation
d Use ‘tried and tested’ drugs whenever possibler@ierence to
new agents; use the smallest effective dose;

remember that the foetus is most sensitive initBetfimester;
consider pregnancy in all women of childbearingeptital;

discuss the potential risks of taking or withholgitherapy with the
patient;

seek guidance on the use of drugs in pregnancyanBritish
National Formulary, Drug Information Services, Idatl
Teratology Information Service (NTIS);

As far as possible, avoid medication in initiaM€eks of gestation
Warn the patient about the risks of smoking, altobwer-the-
counter drugs and drugs of abuse.

Use drugs for the shortest period necessalypossible, give drug
intermittent

Over-the-counter drugs cannot be assumed to be safe

3.7.6 Medications You Should Avoid During Pregnancy

Rules about pregnancy medications are constandggihg, such that it
can be over whelming for the physician to know wiogbrescribe to sick
pregnant woman. It usually comes down to weighimg hhenefits for a
mother with a health condition even one as simpla headache, against
potential risks to her developing baby. The majdrallenges to
prescription in pregnancy are that Scientists catfiically perform drug
studies on a pregnant woman. Therefore, it's naumate to say a
medication is 100 percent safe for a pregnant wofsiamply because it's
never been studied or tested).

In the past, medications were assigned to fiveletategories based on
their level of risk. Category A was the safest gatg of drugs to take.

238



PHS 810 MODULE 2

Drugs in Category X were never to be used durirggmpancy. In 2015,
the Food and Drug Administration (FDA) started maplement a new
labelling system for drugs. Below is a samplingdéw of the drugs that
we know pregnant women should avoid.

The following drugs are common example of drugs sh@uld generally
be avoided in pregnant women.

Antibiotics: Some examples of antibiotics often linked to adwers

drug reactions in pregnant includes  Tetracycline,
Chloramphenicol, Ciprofloxacin and levofloxacinrirfaquine,
Sulfonamides, Trimethoprim, etc.

Tetracyclines: Discoularation and deformation of teeth, retardedeb
growth.

Chloramphenicol: Chloramphenicol is an antibiotic that's usually gav
as an injection. This drug can cause serious liismtders and Gray baby
syndrome.

Ciprofloxacin and levofloxacin: Ciprofloxacin and levofloxacin are also
the types of antibiotics drugs that ca cause problevith the baby’s
muscle and skeletal growth as well as joint paid aotential nerve
damage in the mother.

Fluoroquinolonescan increase the risk of aortic tears or ruptunested
Source. This can result in life-threatening blegdideople with a history
of aneurysms or certain heart diseases may beiataased risk of side
effects. Fluoroquinolones may also increase thenads of having a
miscarriage

Antimalarial - Primaquine: Primaquine is a drug that's used to

treat malaria. There isn’t a lot of data on humet®’ve taken
this drug during pregnancy, but animal studiesgssg it's
harmful to developing foetuses. It can damage dloells in a
foetus.

Sulfonamides:Sulfonamides are a group of antibiotic medications.

They're also known as sulfa drugs. The majorityhase types of drugs
are used to kill germs and treat bacterial infextioThey can cause
jaundice in new-borns. Sulfonamides may also irsgethe chances of
having a miscarriage.

Trimethoprim: Trimethoprim is a type of antibiotic. When takerridg

pregnancy, this drug can cause neural tube def€btse defects affect
brain development in a developing baby.
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lii.Analgesics

Vi.

Vil.

viii.

iX.

Codeine:Codeine is a prescription drug used to relieve.pée drug has
the potential to become habit-forming. It can leadithdrawal symptoms
in new-borns.

Ibuprofen: Most experts agree that ibuprofen is probably safese in
small to moderate doses in early pregnancy. If®eslly important to
avoid ibuprofen during the third trimester of pragay, however. During
this stage of pregnancy, ibuprofen is more likelgause heart defects in
a developing baby.

Indomethacin: Premature closure of ductus arteriosus
Thalidomide : Phaecomelias, multiple defects

Anticancer drugs: (Methotrexate) Cleft palate,
hydrocephalus, multiple defects, foetal death.

Antithyroid : Foetal goitre, other abnormalities
lotretitoin-  Craniofacial, heart and CNS defects

Contraceptives:

Androgens Virilization, limb, oesophageal, cardigdects,
Progestin  Virilization of female foetus

Stiboestrol  Vaginal carcinoma in teenage femalgpoing

Anticoagulants: Warfarin It can cause birth defects

Antihypertensives: ACI inhibitors : Hypoplasia of organs,
growth retardation, foetal loss

CNS Agents
Alcohol: Low IQ baby, growth retardation, foetal alcohohdyome

Lorazepam: birth defects or life-threatening withdrawal symps in a
baby after birth

Clonazepam: withdrawal symptoms in new-borns

Phenytoin: Hypoplastic phalanges, cleft lip/palate,
microcephaly

Phenobarbitone Various malformations

Carbamazepine Neural tube defects, other abnormalities

Valproate acid Spina bifida and other neural tube defects
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Lithium Foetal goitre, cardiac abnormalities, otid@rormalities
3.7.7 Drug Use during Lactation

Most drugs administered to lactating women areatialde in breast milk.

Fortunately, the concentration of drugs achievelr@ast milk is usually

low. Infant would receive in a day is substantiddlys than what would be
considered “therapeutic dose.”

However, if the nursing mother must take medicaiand the drug is a
relatively safe one, she should optimally take G+@0 minutes after
nursing and 3—4 hours before the next feedingidedat caution should
be applied to sedative-hypnotics, Lithium Tetraoyes, antihistamines,
morphine and tetracycline are excreted in milk lsoutd be avoided to
mothers who are breast feeding

Maternal Drug Actions

Effect on reproductive tissue may be altered byloerinal
environment due to pregnancy. Effect on other ésswt changed
much, but altered physiologic context may requieatiment e.g.
cardiac glycosides & diuretics for heart failuredaimsulin for
pregnancy induced diabetes

Therapeutic Drug Actions: The Foetus emerging area of ‘Fetal
Therapeutics’

Corticosteroids: e.g.dexamethasone for lung maturation in premature
labour

Phenobarbitone:for neonatal jaundice or decrease intra craniadiey

Zidovudine or nevirapine: alone or in combination to prevent vertical
transmission Pharmacodynamics.

Predictable Toxic Effects

Opioids: dependance, neonatal withdrawal syndrome, respirati
depression

ACE inhibitors: renal damage

Diethylstilboestrol: adenocarcinoma of vagina after puberty
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Teratogenic Drug Actions: Birth Defects

Incidence of major structural defects (abnormeditiis about 6%
of all pregnancies. 3% are caused by drugs or emviental

factors/exposure. 3% have a genetic or unknowneca( of the

birth defects are obvious at birth.

Toxic Effects of Drugs on the Embryo, Foetus, @oNate may
vary from no effect, Little, Serious- fetal toxigitSpontaneous
abortion, Death, Fetal malfunction to Fetal malfations.

Some abnormalities have multiple causes- genedictofs,

environmental factors, chemicals or drugs.

3.7 Special Issues Needing Prescription in Pregnancy
3.8.1 Drug Management of Cough, Cold, and Allergy in Pregancy

It is very common for women to experience coughd.cor allergy
symptoms during pregnancy. The use of multiple QWé&dications to
treat these symptoms increases from the firstedtihid trimester. It had
revealed that, 92.6% of the obstetric populatioterinewed self-
medicated with OTC medications.

The common coldis typically caused by numerous viruses and,
therefore, is usually self-limiting. Pregnant womshould be
advised to first try non-pharmacologic treatmenishsas a saline
nasal spray, the use of a humidifier, and incre&seldation. The
most commonly used cough, cold, and allergy praumtiude
antihistamines, decongestants, antitussives, goecéxrants.

It appears that the older sedating antihistamiatssy known as
first-generation agents, are safe in pregnancy.r€hemmended
first-line agent is chlorpheniramine (Piritin), whiis Category B.
According to the Collaborative Perinatal Projebtpepheniramine
use during pregnancy was not associated with aeased risk of
malformations.

Diphenhydramine (Benadryl) is also an option in patients who
need symptomatic relief from allergy or cold sympso It is also
Category B and was not associated with an increaiséd of
malformations; however, it can cross the placemid laas been
reported to have possible oxytocin-like effecthigh doses when
used during labour. The newer non-sedating or segeneration
antihistamines, such as loratadine, fexofenadind, @etirizine,
have not been extensively studied.

Cetirizine may be alternative to chlorpheniramine in the sdaam
third trimester if a first-generation antihistamisenot tolerated.
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Oral decongestants: Administration of both inhaled and oral
decongestants occurs during pregnancy. Pseudoépdednd
phenylephrine are the most common oral OTC decdagissused,
with 25% of pregnant women using pseudoephedrirtbes oral
decongestant of choice. However, its use shoulvbaled during
the first trimester due to associated risk of disféiom vascular
disruption known as gastroschisis. Inhaled decdagés such as
oxymetazoline and phenylephrine are both CategoapdCappear
to be safe for use.

Dextromethorphan: The primary cough remedy used during
pregnancy is dextromethorphan. Many studies howestgggest
that there is no association between dextrometlaorpise and an
increased risk of birth defects. However, manhef®TC products
containing dextromethorphan also contain alcohal simould be
avoided during pregnancy.

Guaifenesin: Guaifenesin is the expectorant typically found in
most OTC cold medications. Its use appears to e daring
pregnancy, with the exception of the first trimeste

3.8.2 Drug management of Pain in Pregnancy

Acetaminophen: is the most commonly used OTC analgesic in
pregnancy, with at least 65.5% of women taking is@me point
during pregnancy and 54.2% taking it during thetfirmester. The
use of single-ingredient acetaminophen productsidyregnancy
has not been associated with increased risk afadmange of birth
defects. Due to its antipyretic effects, singleredient
acetaminophen products have been associated détraased risk
of some birth defects arising from febrile infeaticduring
pregnancy.

Aspirin and other nonsteroidal anti-inflammatory drugs
(NSAIDs): should be avoided if possible, during pregnancy.
Although recent study found that the use of NSAiDsearly
pregnancy does not appear to be a major risk fdciombirth
defects, there were a few moderate associatiomgebatNSAIDs
and specific birth defects. Another major concerthe increased
risk of miscarriage that has been associated Wwethuse of non-
aspirin NSAIDs during pregnancy. The use of NSAI@sging
pregnancy is also associated with premature closiutiee ductus
arteriosus, foetal renal toxicity, and inhibitiohlabour. Although
there are limited reproductive studies involving tise of narcotic
analgesics in human pregnancies, these drugs heare used in
therapeutic doses for many years by pregnant wantéout a link
to an elevated risk of birth defects.
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Opioids: The use of opioids should be reserved for painithabdt
managed with acetaminophen and, when possible,lavest
effective dose should be used.

3.11.3 Management of GIT Disorders in Pregnancy:

The most common Gl problems that occur during pregy include
nausea, vomiting, acid reflux, diarrhoea, and dapason. Drug therapy
may be required when lifestyle modifications canpoivide adequate
relief of symptoms.
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Nausea & Anorexia: While nausea and vomiting are common
indicators of early pregnancy, an extreme manifestaof the
condition is termed hyperemesis gravidarum. Seligperemesis
gravidarum complications—including weight loss >%foinitial
body weight, electrolyte imbalance, and dehydratioare the
second most common reason for prenatal hospitalsah variety

of medications with different mechanisms of actioat have been
used to treat nausea and vomiting of pregnancy.
Dyspepsia:Acid reflux is another common problem estimated to
occur in 30% to 50% of all pregnancies. Due togfessure on the
uterus, acid reflux during pregnancy is less likiyrespond to
lifestyle modifications such as elevation of thadhehen sleeping,
eating small frequent meals, or avoiding eatindwi3 hours of
bedtime.

OTC antacids: OTC antacids are considered the agents of first
choice with the exception of magnesium trisilicaied sodium
bicarbonate, which should be avoided during pregnahong-
term use of high-dose magnesium trisilicate has lsssociated
with increased risk of foetal nephrolithiasis, higoa, and
respiratory distress; sodium bicarbonate has besoceated with
metabolic acidosis and fluid overload. A varietyagkents that have
been used to treat acid reflex during pregnancy-alusorbable
antacids like aluminium hydroxide [Cat B] If taken early
pregnancy, increase of congenital malformationsr&fate [Cat
B], H2 blockers [Cat B] are safe. All PPIs (Cat B)xcept
Omeprazole [Cat C], Lansoprazole Safest PPI inraegy.

Diarrhoea and constipationare also frequent problems associated
with pregnancy. Lists agents used to treat thesdittons includes
Loperamide (Cat3)

Castor oil and mineral oil should be avoided for the treatment of
constipation. Alosetron is only indicated for iatile bowel
syndrome (IBS)—associated diarrhoea. Bismuth sicyatie
(Pepto-Bismol, Kaopectate) should be avoided ingmaecy



\Y

PHS 810 MODULE 2

because the salicylate moiety can lead to incregmedatal
mortality.

.Bulk laxatives [Cat B] containing bran, isapghula or methylcellulose

are best for simple constipations.
3.8.4 Immunisations:

Women who are considering pregnancy or those alrpegjnant should
be advised on the importance of receiving vaccihefrming these
patients of the benefits of receiving certain vaations can significantly
reduce the occurrence of preventable diseases. attmany vaccines
available, and pharmacists at the front lines asumisers, it is important
to discuss the agents utilised for specific graafgsatients. The following
are a few of the current recommendations for vacause during
pregnancy.

The most current update to the immunisation scleedubhs the
recommendation to administer tetanus, diphthend,acellular pertussis
(Tdap) vaccine with each pregnancy during the 2@tl86th week of
gestation. This is different from prior recommenolas that were
dependent upon previous vaccination history. Waitimtil the second
trimester is reasonable to minimise concerns alpmgsible adverse
reactions. Healy et al concluded that the infaritenothers immunised
either before their pregnancy, or in early gesittsplayed insufficient
antibodies to aid in infant protection from diseaB@rthermore, the
antibodies that were transferred were lost withBraeek period, which
could possibly place the infant at risk of infeatio

Influenza vaccination should be recommended fqoraijnant women for
prevention of seasonal influenza and can be adtared in any trimester.
It is most beneficial when given as early as abéglan the flu season. The
immunisations contraindicated during pregnancy lee vaccinations,
which include Live attenuated vaccines (influent&Il{); measles,
mumps, zoster varicella, MMR & polio) should begiv3 months before
pregnancy or post-partum. Live virus vaccines aetra-indicated in
pregnancy secondary to potential risk of fetal atiten. Killed virus,
toxoid, or recombinant vaccines may be given dupregnancy

3.8.5 Learning deficits and /or behavioural abnorméties

There are certain situations that require judiciogs of drugs during
pregnancy such as Hypertension, Epilepsy, Dialeatesinfections that
could seriously endanger the mother and foetus.g®mwhich may
stimulate uterine smooth

muscles are contraindicated during pregnancy euggapves, anti-
malarial drugs and ergot alkaloids.
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Drugs capable of crossing placenta and affecting tbetus are
barbiturates, alcohol, narcotic and nonnarcotidgasic.

3.9 Principles of Drug Therapy During Breastfeeding

I Is the drug therapy necessary?

. What is the safest option for the infant?

1 If there is the possibility of harm, monitor infabliood levels of
the drug

V. Minimise infant exposure

a. Strategies to minimise infant exposure to drug

V. Postpone pharmacotherapy until the baby is wedpedsible; use
nonpharmacological strategies when possible.

vi.  Although most maternal medications probably posharm to the
breastfeeding infant, their effects have not bedlg tudied.

vii.  If drug needs to be used, then, when possible:

viii.  Mother should take the medication immediately AFTEeRding
the baby... to reduce (if possible) the amount ofjdruthe breast
milk

iX.  Avoid breast-feeding during peak effect

X. Avoid drugs with long half-life or active metabel#

Xi. Drugs that are highly protein-bound are preferred

xii.  Use caution if baby is severely ill; a neonatepmaterm. They may
not have adequate drug metabolizing enzymes

xiii.  Herbs: Herbs to Be Avoided During LactatioHerbal remedies

for nursing mothers pose a health risk to theiamt
40 CONCLUSION

In this unit, you have learnt examples of modeabioas of drugs used in
different diseases and outlined in pharmacodynaminciples.

5.0 SUMMARY

Digoxin, a Cardiac glycoside come from the plantgoxglove family
(Digitalis spp) & related plant. Digitalis-is ond the oldest drugs in
clinical use (1200AD). There are two types in daliuse —Digoxin and
Digitoxin

Digoxin is thought to increase vagal activity andibits Na+/K+ ATPase

in myocytes this leads to a transient increaseiadellular concentration
of Na+ leading to increases influx of Ca++ via Na2& exchanger. This
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result in increased contractility (Positive inotiopeffect), Increased
parasympathetic (Vagal) tone and decreased synipatféect on the
heart this suppressed AV node conduction increasfrgctory period,
thereby decrease conduction velocity and resulecreased heart rate.

This result in Increase CO through their +ve inpitceffect, they slow
heart rate by relieving the sympathetic tone & tigho their vagotonic
effects and reduce the heart size by reliving Fretarling relationship.
Digoxin: Clinical Benefit includes; decreases mdityl in patients with
heart failure, improves symptoms of CCHF

Toxicity may result from overdose or decrease intaielism and
excretion, hypokalaemia (stemming from the useh@zides diuretics,
diarrhoea & vomiting). Arrhythmias occurring de 1wov —
Atrial/Ventricular ectopic, visual — blurred or Yal vision, halos and
Psychiatric manifestations (— Delirium, fatigue, laige, confusion,
dizziness and abnormal dreams and Headache) etc.

Blood Pressure = Cardiac output (CO) X Resistaogeassage of blood
through precapillary arterioles (PVR). All antihyfmsives act via
interfering with normal mechanisms

Mode of Action of Specific Antihypertensive Agents

ACE inhibitors: Captopril, Lisinopril, Enalaprilamipril and fosinopril
etc. CE Inhibitors work in the lungs to inhibit Antensin Converting
Enzyme from turning Angiotensin | into Angiotendin This result in
decreased BP due to a decrease in blood volumeg&Rfgydiac load.
ACEI causes an increase of bradykinin which capsatsacted dry cough.

ACEI, inhibits vasoconstriction and release of atdoone which inhibits
the retention of sodium and water

Indications for Use in Hypertension, Heart Failuviy,ocardial Infarction
(MI) and type 2 Diabetes.

Adverse Effects are First-Dose Hypotension: Usuadlgurs with initial

dose. Worse in patients with severe hypertensioay® on diuretics, or
are sodium or volume depleted. Cough: Persistewt, iditating, non-

productive cough can develop with all ACE inhib#&drOther adverse
effects include Hyperkalaemia, Renal Failure, Fitplry, Angioedema
and Rarely Rashes, urticaria, Dysgeusia: lossteration of taste, and
Neutropenia etc.

Pain is the most COMMON reason clients seek medidalce. It is a
protective mechanism or a warning to prevent furihjeiry
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Analgesics are among drugs which relieve pain tdumultiple causes
without causing loss of consciousness. Drugs whatieve pain due to
single causes or specific pain syndromes (ergo@ntarbamazepine,
nitrates) are not classified as analgesics. Catigroids also not classified
as analgesics

Analgesics are classified as Opioid analgesics #&Igrphine and
morphine like drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) e.§aracetamol,
diclofenac, ibuprofen etc. adverse effects canllysaa extension of their
pharmacological effects, idiosyncrasy and allergyUsticaria, itch,

swelling of lips and bronchospasm (these are ratkey,gy is uncommon
and anaphylactoid reaction is rare, apnoea This ocayr in new born
when morphine is given to mother during labour.

Others are death due to respiratory failure, Ratpiy depression, Nausea
and vomiting, Constipation and Drowsiness and seulat

NSAIDs Agents such as Ibuprofen, diclofenac, inditraein, naproxen,
aspirin reversibly inhibition of the enzyme’s cyokygenase 1 and 2
(COX-1 and COX-2)— decreased prostaglandin synthesis resulting in
analgesic, Antipyretic and Anti-inflammatory (ahgumatic). with the
exception of aspirin, only minor antiplatelet funct

Adverse effects include gastric and duodenal ulegth the risk of
gastrointestinal bleeding and perforation, risknafreases with duration
and dose of treatment. Renal function impairmenosgaglandins
normally maintain renal blood flow by inducing vadation of the
afferent arterioles. NSAIDS inhibits prostaglangnoduction, which
leads to harmful hypoperfusion of the kidneys adliced GFR.

Pregnant and lactating women are commonly orphémoed benefits of
drug therapy, even when solid data on safety/afecess exist. If “Safe
use of a drug in pregnancy has not been establishetiould not be
administered to women of childbearing age unlesspinion of treating
physician, expected benefits to patient markedlyweigh possible
hazards to child or foetus”. Allow evidence-basedreselling and always
consider risk of untreated maternal condition

Drugs and Age of Patients - The adjustment of dogkdosing regimen
for children and the elderly needs a special camaitbn because of
several differences as compared to an adult indalidThe differences
may be due to many factors which include changd3hiarmacokinetic
parameter, Body weight, Surface area and Gene#&digposition. An
important determinant of drug distribution is th@ume of distribution,
and the determinant for drug metabolism and exames elimination half-
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life. It is an established fact that the volumelistribution and elimination
half-lives of drugs in new born, adults and eldengve considerable
differences.

SELF ASSESSED EXERCISES

I Discuss the medications to avoid in pregnancy.
. Give the classes of NSAIDs and the corresponditg sffects.

6.0 TUTOR- MARKED ASSIGNMENT

1. What is Teratogenesis? Briefly outline FDA 20g&&tegories
teratogenic drugs

2. What are the Principles of drug prescriptioregnancy?

3. Classify antihypertensives, discuss the phaotogy of cardiac
Glycosides

4, Lists tocolytics and the mechanisms of actiomsl adverse
effects.

5. Tabulate drugs use in the management of painntibte
mechanisms of action, indications and adversetsfief a named
analgesic.
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MODULE 3 PHARMACOTHERAPEUTICS IN PUBLIC
HEALTH
Unit 1 Taking Drug History & Evidence Based Medki
Unit.2 Pharmacovigilance/Pharmacovigilance in Rulkalth
Programmes
Unit 3 Rational Use of Medicines/Drug Dependernug a

Substance Abuse

UNIT 1 TAKING DRUG HISTORY AND EVIDENCE
BASED MEDICINE
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1.0 INTRODUCTION

A medication history taking is a detailed, accuiate complete account
of all prescribed and non-prescribed medicatioas #ghpatient had taken
or is currently taking prior to current admission medical care. It
provides valuable insights in to patient’s allerggndencies, adherence to
pharmacological and non-pharmacological treatmeamisself-medication
with complementary and alternative medicines eteriZiewing a patient
in collecting the data medical history is called dmation history
interview.

Without an accurate medication history, prescribeesy inadvertently
make incorrect decisions about a patient’s treatmesusing harm if
previously discontinued medicines are restartedf oarrent medicines
are omitted or prescribed at the wrong dose forptteent. In 2010, the
National Patient Safety Agency issued a rapid nespaeport about the
importance of avoiding missed doses of medicingsHighlighting the
need to identify a list of critical medicines (inding some long-term
medicines such as anticonvulsants and anti-Pankiasotreatments),
although this list does not exclusively apply todmation histories.

A study had reported that up to 67% of patients isidthto a general
medical ward had at least one error associated thgihr medication
history; the most common being an omission, medgiadded that the
patient did not take, and incorrect frequency aoshde. In a systematic
review by Tam et al. (Tam et al 2005) demonstraieat 41% of
medication history errors were clinically importawith 22% having the
potential to cause harm, and the EQUIP study detraded that 30% of
prescribing errors were due to medicines missingamission. Some of
these errors may be attributed to the limitatiohshe sources used to
obtain the history.

Health care professionals are increasingly requit@dbase clinical

decisions on the best available evidence. Evidbased medicine (EBM)
is a systematic approach to clinical problem s@wwhich allows the
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integration of the best available research evidente clinical expertise
and patient values.

An early critique of statistical methods in mede&inas published in 1835.
However, until recently, the process by which reslearesults were
incorporated in medical decisions was highly suijec Called "clinical
judgment" and "the art of medicine", the traditibapproach to making
decisions about individual patients depended onnigagach individual
physician determine what research evidence, if tmgonsider, and how
to merge that evidence with personal beliefs ahdrdactors.

In the case of decisions that applied to groupsabients or populations,
the guidelines and policies would usually be dewetbby committees of
experts, but there was no formal process for detengn the extent to
which research evidence should be considered oitsiwould be merged
with the beliefs of the committee members. Theres v@a implicit
assumption that decision makers and policy makergldvincorporate
evidence in their thinking appropriately, based teir education,
experience, and ongoing study of the applicabdedture.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

identify the significance of history taking

describe how to take medication history

explain the approach to patient while taking meiibcahistory

define evidence-based practice as it is used isipalytherapy

recognise the 5-step processes in Evidence-Basetider

compare and contrast arguments for and againsemrsgdbased

practice

o state the key research methods needed to locateicahed
evidence

o identify and describe the steps included in suppgrevidence-
based practice

o define and describe types of studies in evidensedaractice

o describe strategies to apply evidence-based peatticclinical

cases

3.0 MAIN CONTENT
3.1 Definition of Terms

Medication; a chemical substance or other form of medicineithased
to treat or prevent disease.
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Hospital admission;admission ofa Covered Person to a Hospital as an
Inpatient for Medically Necessary and Appropriaéeecand treatment of
an lliness or Injury.

Medical Care; the provision of what is necessary for a persoeéth and
wellbeing by a doctor, nurse, or other healthcaoégssional.

Medical treatment; the management and care of a patient to figletadie
or disorder

Short-term treatment; involves a treatment duration of approximately
one month.

Long-term treatment; a treatment which helps meet both the medical
and non-medical needs of people with a chronied#or disability who
cannot care for themselves for long periods.

3.2 Taking Drug History

In patients drug history, care should be taken to write ¢yeand
explicitly, all entries should be signed and dafeeichnician complying
the drug history should be able to identify anygdamissions, errors on
the drug chart or potential problems for dischargbese should be
highlighted to the relevant clinical pharmacist whitl be able to detect
the clinical significance and take the necessatipiac

3.2.1 Importance of accurate drug history

The goal of medication history interview is to ahtanformation on

aspects of drug use that may assist in overall chrpatient. The
information obtain can be utilised to: Compare mation profile with the

medication administration record and investigate tliscrepancies or
verify medication history taken by other staffs gombvide additional

information where appropriate.

Although doctors usually obtain medication histerauring their initial
patient interview, there is evidence that thosaioled cannot be accurate.
When doctors review a patient on admission, theeptnay not be able
to provide an accurate list of medicines, espeacifthey are confused or
particularly distressed by the cause of their adioms

[ Preventing prescription errors and consequentioigatients.

i Useful in detecting drug -related pathology or aem in
clinical signs that may be the result of drug #pst
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i It should encompass all currently and recently @ibed drugs,
previous adverse drug reactions including herbrablternative
medicines and adherence to therapy for betterpgtare

3.2.2 Informant (Information Sources)

[ Patient

ii Family or Caregiver

i Medication Vials / Bubble packs

v Medication List

v Community Pharmacy

Vi Medication Profile from other facility

Patients should always be consulted unless ifnbtsphysically possible
(e.g. they are unconscious or confused). If appeitgr the patient’s
parent, partner or career may be consulted ingteadt in addition to, the
patient. Direct discussion with the patient maydigyhlight issues with
medicines adherence and identify other medicinas tthe patient uses
(e.g. over the counter medicines, herbal medicoremedicines from
specialist clinics). Patients should also be cdedulto confirm any
previous allergies or intolerances to medicines.

3.2.3 Challenges with Difficult Clients

[ Belief — physician has information

ii Unfamiliar with medications and names
i Difficulty recalling

\Y Medicated clients (sedated, confused)

Y Disease affects mental status

Vi Language barrier

vii  Hearing impairment

viii  Elderly clients

IX Caregiver administers or sets up medications
X Medication vials or list unavailable

3.2.3 Interviewing the client

I Introduce yourself

. Inform client of reason for you being there

iii. Inform client of importance of maintaining a curremedication list
in chart

It is vital that the interviewer clearly introdubanself (in line with the
‘Hello my name is’ campaign Dr/Pharm. Bassi, angdlax the purpose
of their consultation with the patient. Careful gti@ning techniques must
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be used as some patients may not consider nonyadications (e.g.
inhalers, eye drops, creams or patches) as mesdiomntiey may fail to
mention medicines that they do not consider impdytauch as oral
contraceptives or hormone replacement therapy ttear @oroducts they
may be regularly taking, such as herbal medicimeBatary supplements.

Patients are encouraged to bring their medicinés hhospital to aid

medicines reconciliation, prevent missed dosesraddce undue costs.
The patient should always be consulted when asgpd$ieir own

medicines and pharmacy practitioners should alwaysider:

[ that some medicines may have been left at hombeifpatient
stores some separately (e.g. eye drops storeaeimefrigerator,
patients with most of their medicines dispensedaimmulti-
compartmental compliance aid [MCCA]);

i the doses that the patient takes may not be thasedson the
dispensed label because of deliberate action dypdtient, advice
from the prescriber (e.g. phosphate binder dos@istsil
according to their serum phosphate), or a dispgnsiror;

i medicines brought in may not belong to the patienhe or she
may have brought in the wrong medicines or “boediv
medicines from a relative;

\Y the patient may not be taking the medicine at Hfle date of
dispensing may indicate an adherence issue.

3.2.5 Issues Regarding manner

[ Use language that the patient understands
i Present facts and concepts in simple words logiacir
i Use open ended questions

3.2.6 Questions to Ask

Which community pharmacy do you use?
Any allergies to medications and what was the rea@t

Which medications are you currently taking:

[ The name of the medication

i The dosage forms

i The amount (specifically the dose)

\Y How are they taking it (by which route)?

Y, How many times a day
Vi Any specific times
vii  For what reason (if not known or obvious)
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What prescription medications are you taking org@ular or as needed
basis? How many do you take at a time? Do yoe b@acut the tablet?
What over-the-counter (non-prescription) medicaiare you taking on a
regular or as needed basis?

What herbal or natural medicines are you taking oegular or as needed
basis?

What vitamins or other supplements are you taking?

Have you recently started any new medicines?

Did a doctor change the dose or stop any of youicagons recently?
Are any of the medications causing side effects?

Have you change the dose or stopped any medicabecause of
unwanted effects? Do you sometimes stop taking ymdicine whenever
you feel better?

Do you stop taking your medicine if it makes yoalf@orse?

Have you recently started any new medications?

Did a doctor change the dose or stop any of youicagons recently?
Did you change the dose or stopped any of your caéidns recently?

3.2.7 Medication History Taking TIPS

Balance open-ended questions (what, how, why, wheth) yes/no
guestions

[ Ask non-biased questions

I Avoid leading questions

i Explore vague responses (non-compliance)

\Y Avoid medical jargon — Keep it simple

v Avoid judgmental comments

Vi Various approaches can be used:

- 24 hours’ survey (morning, lunch, supper, bedtime)
- Review of Systems (head to toe review)

- Link to prescribers (family physician, specialists)

Prompt for questions for: Pain medications, Stomac&dications,

Medications for bowels, sleeping aids and ask famfles. E.g. Eye or
ear drops, nose sprays, Patches, creams & ointptengders (puffers) or
Injections (needles).

Use non-biased questions that do not lead the npaitdo answering
something that may not be true. E.g. Fosamax neusiken on an empty
stomach first thing in the morning and you must aemupright for 30
minutes. That is how you are taking it, right?ofd judgmental
comments such as: | see that you have been arejpam for quite some
time, you're likely addicted to them.
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If medication vials available: Review each medmatvials with patient,
confirm content of bottle and Confirm instructioms prescription vials
are current.

If bubble packs available: Review each medicatidih watient, confirm
patient is taking entire contents.

3.2.8Additional Questions to Explore (Effectiveneg€ompliance)

Are any of the medications causing side effects?

Have you changed the dose or stopped any medisabecause of
unwanted effects? Do you sometimes stop taking ymdicine whenever
you feel better?

Do you sometimes stop taking your medicine if ikesmyou feel worse?

Table 40: Cards for Medication History Script

Medication History script Additional questions
Allergies Do you have any:

Do you have any allergy to Eye or ear drops, no

needed basis?
When do you take them

avoid any medications due to si¢ sprays

effects? ) Patches, m®ams &
o what type of reactions do y( ointments

have? ) Inhalers (puffers)

o When do you take them o Injections (needle
Prescription Medication: Do you receive any:

o What prescription medicatiol e Needle (Injections)
are you taking on a regular or { e Sample from th

doctors consulting room

o Study medicatior

non-prescription Medication
What over-thezountet
medications are  you taking on
regular or as needed basis

Do you frequently take

° Pain medications

Stomach medications
Medications for bowel

or as needed basis?
What vitamins or othe
supplements are you taking?

When do you take the

o When do you take them o Sleeping aid

Herbal, supplements, Vitamins: Did you or your doctor
o What herbal or naturichange any of yol
medicines are you taking on a regulg medications

3.3 Client Education

Encourage ownership

Educate client to bring medications from home ahesgppointment
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Educate client to carry a list of current medicasiqprescription and
OTC)

Encourage family members/ caregivers to becomedvedo

Encourage one pharmacy

3.4  Reconciliation and Documentation
Upon discovering a discrepancy

i Update the list if minor (e.g. OTC taken as needed)
ii Include medications prescribed by other physic{arg. specialist)
i Inform physician if client is not taking as pre$enl

Medication histories have traditionally been docated in the ‘Drug
history’ section of a doctor’s clerking; if the @mviewer identified any
errors with this list, they would usually documémse in the subsequent
progress notes. To avoid having information scattegicross multiple
sections, and to facilitate improved documentatibohanges made to a
patient’s pre-existing medicines, some hospitals National health
insurance scheme (NHS) trusts have implementedfgpemformas for
recording medication histories. To view a sampldiciaes reconciliation
form. These proformas can be designed to prompeitwding of details
concerning the sources used to confirm the medicdtistory and any
additional relevant information about the patiemtedicines, including:

3.5 Adherence Problems

details, for patients taking warfarin, of the iration, target INR, most
recent INR and dose; details of a patient's MCCAy.(¢he name of the
community pharmacy that dispensed them, how mamgksvat a time
they're supplied with them, and how many they hafé at home);

restrictions on supplies issued in primary carg.(@atients issued a
maximum of seven days because of risk of overdose).

Maintaining and using an accurate medication hystor

Once an accurate medication history has been @atathis information
should be documented in the patient's medical ndtke medical team
should be informed if any changes to the inpatigrascription are
required, ensuring a patient’'s medicines prescrilmed admission
correspond to what the patient was taking beforisglon, unless there
are any deliberate changes. Any changes, deletioragiditions to the
patient’s regular medicine should be clearly docuimeé to facilitate the
provision of accurate information about changes entwl a patient’s
medicines during their admission for GPs.
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3.6 Documenting Medication Histories

Medication histories have traditionally been docated in the ‘Drug
history’ section of a doctor’s clerking; if pharnists identified any errors
with this list, they would usually document these the subsequent
progress notes. To avoid having information scatteicross multiple
sections, and to facilitate improved documentatibohanges made to a
patient’s pre-existing medicines, some NHS trusisehimplemented
specific proformas for recording medication hissriTo view a sample
medicine reconciliation form, click here. Thesefprmas can be designed
to prompt the recording of details concerning thierses used to confirm
the medication history and any additional relevafdrmation about the
patient’'s medicines.

3.7  Wrapping Up

I Thank the patient for their time and information.

ii.  Askthem if they have any other questions.

lii. Remind them that if questions do come up, theyttedir nurse
that they would like to talk to the pharmacist ame will stop
back in.

Iv. Remind patient that we will be in to discuss anyaraes to
medications and provided updated list prior tclkigsge.

3.8 Evidence Based Medicine

3.8.1 Introduction Evidence-based medicine is the application of the
scientific method into healthcare decision-makihgs the conscientious,
explicit, and judicious use of current best evident making decisions
about the care of individual patients. Medicine &dsng tradition of both
basic and clinical research that dates back at teasvicenna.

The term "evidence-based medicine", as it is ctiyersed, has two main
tributaries. Chronologically, the first is the ist&nce on explicit
evaluation of evidence of effectiveness when igsuhnical practice
guidelines and other population-level policies. Thecond is the
introduction of epidemiological methods into medliemlucation and
individual patient-level decision-making.

“Evidence-based medicine” was first introduced e tmainstream
medical literature in a 1992 article, “Evidencedxhsnedicine: A new
approach to teaching the practice of medicine,clwigresented EBM as
“a fundamentally new approach” emphasising “questiormulation,
search and retrieval of the best available evideacd critical appraisal
of the study methods to ascertain the validityesiuits”.

261



PHS 810 PHARMACOLOGY AND THERAPEUTICS ROBIEALTH

3.8 Sources of Information

As EBM gained prominence in the late 1990s and heythree streams
of evidence dissemination developed:

[ Systematic reviews gained increasing prominenddenmedical
literature,

ii Knowledge search engines (including internet ergjisech as
Google, and Medline interfaces such as Ovid) becatandard
tools for medical literature searching, and

i Knowledge distillation and “push” services develd@es a way to
compile and disseminate concise reviews of evident specific
topics or questions (e.g., ACP Journal Club, Péems, etc.).

In order to decide what to do in practice, we ased to know how we’ll
know when we are there — that is, what kind of ootes do we
seek?

Medical outcomes can be broadly grouped into 3gcates.

i Surrogate markers of disease Some outcomes (e.g. Hb Alc
blood pressure or cholesterol levels) are menglyogate markers
of disease. We measure these surrogate markeaadeewe think
they tell us something prognostic about the exggkcburse of a
person’s disease process, but they do not dirgafiact on how a
patient feels from day to day.

ii Stage or extent of diseaseOthers measure actual stage or extent
of disease (e.g. the stage of a diabetic ulceth@rangiographic
extent of disease). These may have a more dieatiiy on a
patient's quality of life or extent of sufferingput still do not
provide direct measures of long-term quality te.li

i Patient-oriented outcomes- The most important outcomes for
guiding medical decisions are those that affeet patients feel
and the quality of their lives — that is, pati@niented outcomes
such as mobility, suffering, longevity, and otlemsiderations
that bear directly on how a patient experiences @i her
quality of life. In short, patient-oriented outcesnhave primarily
to do with long-term morbidity or mortality

An even simpler way to break down the types of omes that may be
considered is into “disease oriented” outcomes sigdblood sugar, blood
pressure, flow rate, coronary plaque thickness,“patient oriented
outcomes” such as reduced morbidity, reduced nitystabymptom
improvement, improved quality of life, or lower ¢os
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3.10 Concepts of Evidence-Based Medicine

“Evidenced-based medicine is the concept of forsivadi the scientific
approach to the practice of medicine for identifma of “evidence” to
support our clinical decisions. It requires an ustbnding of critical
appraisal and the basic epidemiologic principlestofly design, point
estimates, relative risk, odds ratios, confidenotervals, bias, and
confounding. By using this information, cliniciansan categorise
evidence, assess causality, and make evidence-basethmendations.
Evidence-based medicine allows analysis of comi@ttanaterial so that
we can make the best possible clinical decisionghe populations we
serve.”

The concept of evidence-based medicine (EBM), dedfims the
“Integration of best research evidence with clatiexpertise and patient
values” is based on,

[ A process of Life-long self-directed learning in ialin caring for
patients creates the need for important infornmaéibout clinical
and other health care issues.

I EBM recognises that the research literature istemtly changing.
What the evidence point to as the best method adtige today
may change next month or next year. The task gfrglecurrent,
although never easy, is made much simpler by irmratmg the
tools of EBM such as the ability to track down acntically
appraise evidence, and incorporate it into everydagical
practice. The work of people in the field of Pa#utaand child
health centres on the problems of children and tlaenilies and
care givers. Questions about diagnosis, prognasd,treatment
often arise and sometimes the answers to thesdianeseed to
be sought. EBM allows the integration of good gyatiublished
evidence with clinical expertise and the opiniond galues of the
patients and their families or care givers.

Deciding on how to treat patients should not beebtasolely on the
available evidence. Other factors such as persxparience, judgement,
skills, and more importantly patient values andfemences must be
considered. The practice of EBM should therefone @i deliver optimal
patient care through the integration of current leesdence and patient
preferences, and should also incorporate expeartiperforming clinical
history and physical examination.
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3.11 The Five Steps Ebm Model

The practice of EBM involves five essential Stepsst, converting

information needs into answerable questions; secbnding the best
evidence with which to answer the questions; therdjcally appraising

the evidence for its validity and usefulness; fouapplying the results of
the appraisal into clinical practice; and fifth aavating performance.

3.11.1 Step 1: Formulating answerable clinical quésns

One of the difficult steps in practicing EBM may tiee translation of a
clinical problem into an answerable question. Wiaencome across a
patient with a particular problem, various questiomay arise for which
we would like answers.

These questions are frequently unstructured angbleognand may not be
clear in our minds. The practice of EBM should begiith a well
formulated clinical question.

This means that we should develop the skill to eohwur information

needs into answerable questions. Good clinicaltopressshould be clear,
directly focused on the problem at hand, and arsvlerby searching the
medical literature. A useful framework for makirigncal questions more
focused and relevant has been suggested by SatkettThey proposed
that a good clinical question should have four ¢ometimes three)
essential components: the patient or problem istiue the intervention,
test, or exposure of interest; comparison intengest (if relevant); and
the outcome, or outcomes of interest. Thus, an erae clinical

guestion should be structured in the PICO (Patient Problem,
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Intervention, Comparison, Outcome/s) or PIO (Patien Problem,
Intervention, Outcome/s) format.

To illustrate the concept of PICO/PIO,

Imagine that you have a 45-year-old male with higyesion presents to
your clinic for follow up. At a prior visit he wascreened for diabetes. His
haemoglobin A1C has been 7.0% on two occasions¢ghwis a new
diagnosis of diabetes.

His blood pressure is well controlled at 125/80. e no evidence of
microalbuminuria or kidney disease.

You recall from medical school that ACEI are goam preventing

diabetic kidney disease, but you're not sure if tfact applies to this
patient.

You want to find this answer.

We will walk you through the process of developanglinical question!
You decide to use “clinical score” as a measufengprovement. The
PICO format consists of 4 basic components to keapind. The key
components of your clinical question would be:

[ Problem and Population: What is the disease or condition?
What are the important characteristics of my pétie

i Intervention: What is the intervention | am looking for? Is it
realistic (availability, cost, convenience, etcl¥?this different
from how | currently practice?

i Comparison: What is the alternative to the intervention?

\Y Outcome: Is it something patients care about? Or is it sbimgt
only physiologists/pharmacists care about?
So, how do | develop a clinical question? Focusing PICO
guestion

v Population: Starting with your patient, ask "How would |
describe a group of patients similar to mine?" @ecise but
brief. —target the appropriate specificity (DM/HTpdtients who
are normotensive on medication without microalbtenus too
specific, etc.):In adult patients with diabetes mellitus Il and
hypertension”

Vi Intervention/Comparison: Ask “What is the main intervention |
am considering?”and “What is the main comparisomio|?” Be
specific, but consider feasible alternatives.

Ask “What is the main intervention | am considefitand “What is the
main comparison/control?”
In this Patient‘An ACEI”
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Outcomes: Ask "What can | hope to accomplish?" or "What cothlc
exposure really affect? “Select patient-orientettomes instead of “the
numbers.”

Ask "What can | hope to accomplish?" or "What cdhid exposure really
affect? “
Are these outcomes our patient cares about?

“Prevent development of microalbumuria?” OR “Prevent
worsening of eGFR?”

Ask yourself patient oriented question: Are thestcomes our patient
cares about?

The Patient Is What Matters
There two outcomes our patient cares about?

[ Disease-Oriented Evidence (DOE)Measures outcomes that are
markers for disease, the “Silent numbers”

I Patient-Oriented Evidence That Matters (POEMS): Measure
outcomes that our patients care about. They Hawgdtential to
change the way we practice!

Physicians may be focused on a number (e.g., GER, ADL, BP, etc.)

of disease-oriented evidence and overlook the bgoad in mind. What

matters is if it changes the patient’s overall niditis, morality, or quality

of life (patient-oriented evidence). For example,ame ever dies of high
blood cholesterol. They die from te#ectsof high cholesterol, like a fatal
heart attack or a stroke. We often get side-tradked tracking the

numbers when the patient is what truly matters.\&ed to look at the
evidence in the context of the patient and make & are doing things
that make them live longer or live better!

Characteristics of DOEs and POEMs

[ Disease-Oriented Evidence (DOE): Pathophysiological
parameters such as Laboratory values or Biochémeakers,
Pharmacology e.g. size of tumour, Blood pressnde/feetiology

ii Patient-Oriented Evidence That Matters (POEMs) thtludes;
Morbidity e.g. Symptoms or Daily function, Mortigliand Quality
of Life (as perceived by the patient)

Another way of looking at this is that the diseasented evidence
focuses on the mechanism of action (the internalggelials, or “settings”
that a patient has).
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Instead of looking at the patient-oriented outcothes the patient is able
to see, feel and detect (the external effectsaf their life, like symptoms,
their daily functioning or their quality of life.)

3.11.2 Step 2: Finding the evidence

Once you have formulated your clinical questiom, tiext step is to seek
relevant evidence that will help you answer thestjoa. There are several
sources of information that may be of help.

[ Traditional sources of information such as textmakd journals
are often too disorganized or out of date.

i You may resort to asking colleagues or “expersit the quality
of information obtained from this source is vakab
Secondary sources of reliable summarised evidertaiehwmay
help provide quick evidence-based answers to spediihical
guestions include Archimedes. Other important sesireof
evidence include the online electronic bibliographlatabases,
which allow thousands of articles to be searched melatively
short period of time in an increasing number off@als. The ability
to search these databases effectively is an imuogspect of
EBM. Effective searches aim to maximise the po&ntf
retrieving relevant articles within the shortestsgble time.
Studies have shown that, even in countries whespitads have
facilities for internet access allowing health cpegsonnel access
to a number of electronic databases, many peoplaatrfamiliar
with the process of carrying out efficient searclaasl often
conduct searches which result in too few or tooyraticles. It is
therefore important for health care professionalaridergo basic
training in search skills, either through theirdbtbrary services
or through the attendance at formal courses.

i basic search principles

Convert the clinical problem into an answerablestjoe.

The key to successful searching is to convert gtinical problem into a
clear answerable question, which should ideally fisened in the
PICO/PIO format as discussed above.

Generate appropriate keywords

A word list can be generated, based on keywordm fthe clinical

guestion. For example, from the clinical questidio\ee, the following
keywords could be used for the search:
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“In adult patients with diabetes mellitus Il andpleytension” such would
include words like; ACEI, Blood Glucose (Alc), BhboPressure,
Microalbumuria and Morbidity, mortality

Choose a bibliographic database: Numerous onlintabdaes are
available. These include the Cochrane Library detab,MEDLINE,
EMBASE, and CINAHL

I.Conduct the search
Once the key words and databases have been iddntifie next
thing is to run the search. You can limit your sedvy publication
type (for example, randomized controlled trialseriew articles);
by date of publication; by language, by study papah, and so
on. Example of a basic search strategy to trynd @vidence to
answer the clinical question | formulated earlisg can use the
keywords generated to search the Cochrane databagstematic
reviews and PUBMED, using the following searchtsgs:
When this search strategy was used to search tlohr&ee
database of systematic reviews in 2014, four asicivere
retrieved, but only one of these was relevant. Oshategies that
may be used to improve the sensitivity and spetyifaf literature
searches have been described by Sackett et al.

Table 41. Some compare and contrast examples of DQEand
POEMs.

Disease oriented evideng Patients oriented evidence tha
(DOE) matters

Intensive treatment carower| Intensive treatment in patier
blood glucose levelsn patients with type 2 diabetes does 1

with type 2 diabete decreasMortality

Beta —carotene and Vitamin | Neither beta — carotene gitamin

aregood-antioxidants E prevenCardiovascular diseas
or cancer

Your literature revealed, there is no evidence thiating an Alc below
9% decreases mortality and the outcomes that the8<study shows
only microvascular outcomes like less diabetic natiathy and the
ACCORD study shows that driving the Alc<6% is assed with

increased mortality.

Similarly, antioxidants have not panned out to destiate effects to
prevent heart disease or cancer. (for more infaomatsee the
accompanying reference).

The question is, do patients care enough about #yeis that they are
willing to risk dying earlier than they would othéase?
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Table 42: Here are some more examples.

Disease oriented evidence (DOE) Patients oriented
evidence that matters
The drugvarenicline can help smokel Varenicline increases tl
stop smoking (which should lead to | risk of cardiovascular
decrease in cardiovascular evel events.

Older antiarrhythmic medications ¢ Medical treatment ¢
decrease irregular heartbeats in|asymptomatic arrhythmis
patients with asymptomatic arrhythmiagicreases mortality by
10%.

The drug Varenicline (Chantix) can help smokers, duit has been shown
to itself, increase the risk of CV events.

Older antiarrhythmics that were commonly used ®vent arrhythmias
(according to the methods you may recall learnbmuain medical school
with class 1A-c) turned out to actually increasertality.

3.11.3 Step 3: Appraising the evidence

After you have obtained relevant articles on aetihjthe next step is to
appraise the evidence for its validity and cliniagkefulness. Although
there is a wealth of research articles availalfle, dquality of these is
variable. Putting unreliable evidence into practomild lead to harm
being caused or limited resources being wasteded®els evidence may
be appraised with regard to three main areas: itglistnportance, and
applicability to the patient or patients of intdre€ritical appraisal
provides a structured but simple method for assgssisearch evidence
in all three areas. A detailed discussion of thiical appraisal of
randomised controlled trials and systematic reviewbkbe provided in
the two articles of the series.

3.11.4 Step 4: Applying the evidence

When we decide after critical appraisal that a @ietevidence is valid
and important, we then have to decide whether ¢évalence can be
applied to our individual patient or population.deciding this we have to
take into account the patient's own personal valmes circumstances.
The evidence regarding both efficacy and risks khba fully discussed
with the patient or parents, or both, in order lova them to make an
informed decision. This approach allows a “thenatpealliance” to be

formed with the patient and the parents and is isterd with the

fundamental principle of EBM: the integration ofcgbevidence with
clinical expertise and patient values. The denidi® apply evidence
should also take account of costs and the avathaluf that particular

treatment in your hospital or practice. A practidlaktration of issues to
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consider before applying research evidence wilptoeided in the fourth
article of the series.

Reviewing the Patient with the evidence, “In aghdtients with diabetes
mellitus 1l and hypertension”

Intervention: “ACEi”

Comparison: “Placebo”

Outcome: “Prevent worsening of eGFR?”
Is eGFR an outcome

our patient cares about?

So, let's go back to one of our PICO questions. dtult patient with
DM/HTN, does an ACEi when compared to placebo prewsrsening of
eGFR?” Is eGFR an outcome our patient cares about?

The outcome measured “eGFR” is a disease-orientécbme (DOE).
eGFR is an intermediary marker. It is not sometlgatients care about if
it does not help them live longer or better

Can you think of a way to rephrase the questioméke the outcome
patient-oriented evidence that matters (POEM)?

Possible POEM Alternatives:In patients with diabetes, are ACEi
associated with lower mortality rates?” Or “In jeatis with
diabetes, do ACEi delay progression toward endestdgney
disease requiring dialysis?” Or “In patients withlzetes, do ACEi
delay progression toward end-stage kidney diseagqairing a
kidney transplant?”

You now search Ifthe audience wants to know the answer,
Cochrane 2012: Antihypertensive agents for premngndiabetic
kidney disease.

Related to our clinical questions,

ACEi reduced the risk of death (all-cause mortaltyhen compared to
placebo (POEM)

ACEi reduced the risk of new onset of microalbumiau
macroalbuminuria or both when compared to placelit, similar
benefits in people with and without hypertensiomd avhen
compared to calcium channel blockers (DOE)

ACEi were found to prevent new onset DKD and deatten in
normoalbuminuric people with diabetes, and theeet@n be used
for our patient.
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Alternate Clinical Queries

After developing a “best” case-based PICO questims next step
is exploring other searchable clinical queries. sehare a list of
flexible alternative questions since the answelyoor precise
guestion may not match the current scientific ditere. Typically,
the alternatives involve reasonable variations obury
interventions/comparison or alternative outcomes.

For example, for the DMII/HTN introductory case€@l2 Cochrane study
shows the following variants of what was ACTUALLYSDIED:

[ | & C: ACEi versus placebo, ACEi versus ARB, ACEgrsus
“other active agents” (BB, CCB), combination ACERB vs
ACEi alone

i O: POEM: all-cause mortality

i O: DOEs: microalbuminuria, macroalbuminuria, blomessure,
doubling of Cr/progression to ESKD

v O: time to dialysis/kidney transplant (while a drgaatient-
oriented measure, was not a measure because {fofioonly
ranged from 6—72 months.)

3.11.4 Step 5. Evaluating performance

As we incorporate EBM into routine clinical pragjave need to evaluate
our approach at frequent intervals and to decidetldr we need to
improve on any of the four steps discussed abogeStRauss and Sackett
have suggested, we need to ask whether we are ldmguanswerable
guestions, finding good evidence quickly, effedijivappraising the
evidence, and integrating clinical expertise antiepéis values with the
evidence in a way that leads to a rational, acbéptaanagement strategy.
Formal auditing of performance may be needed tavshioether the EBM
approach is improving patient care.

3.12 Anatomy of a good clinical question: PICO

PICO is a mnemonic that helps one remember thec&eyonents of a
well-Focused question. The question needs to ifyaihte key problem of

the patient, what treatment you are consideringther patient, what

alternative treatment is being considered (if aang what is the outcome
you want to avoid or promote.

i P = Patient or problem: How would you describe a group of
patients similar to yours? What are the most irgrar
characteristics of the patient? This may inclute primary
problem, disease, or co-existing conditions. Somex the sex,
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age or race of a patient might be relevant to dlagnosis or
treatment of a disease.

ii | = Intervention, prognostic factor, or exposure: Which main
intervention, prognostic factor, or exposure aoe gonsidering?
What do you want to do for the patient? Prescailokeug? Order a
test? Order surgery? What factor may influencepitognosis of
the patient? Age? Co-existing problems? Has thesrgabeen
exposed to something? Asbestos? Cigarette smoke?

i C = Comparison: What is the main alternative to compare with
the intervention? Are you trying to decide betwé&en drugs, a
drug and no medication or placebo, or two diagodssts? Your
clinical question does not always need a specdioparison.

\Y = Outcomes: What can you hope to accomplish, measure,
improve or affect? What are you trying to do foe tpatient?
Relieve or eliminate the symptoms? Reduce the eundd
adverse events? Improve function or test scores?

Table 43: Constructing A Clinical Question

P = Patient I =| C= O= Outcome
Intervention | Comparison

Who? What? Alternative | Outcomes

Interventiot

“‘“How would I}~ Which| “Compared tq What Is  the

describe a grou treatment, teg what othe| patient-oriented

of patientg or other treatment, tes| outcome - bettel

similar to thig intervention?”| or perhap{ prognosi® Higher

particular compared  t( rate of cure? Etc.?”

patient? doing nothing

3.13 Benefits: Why Evidence Based Medicine?

The most important reason for practicing EBM igrtprove quality of
care through the identification and promotion dcdgtices that work, and
the elimination of those that are ineffective orrhul. EBM promotes
critical thinking. It demands that the effectiveme®f clinical
interventions, the accuracy and precision of diggjndests, and the power
of prognostic markers should be scrutinised and tisefulness proven.
It requires clinicians to be open minded and lawkaind try new methods
that are scientifically proven to be effective andliscard methods shown
to be ineffective or harmful.

It is important that health care professionals tgvekey EBM skills
including the ability to find, critically apprais@and incorporate sound
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scientific evidence into their own practice. EBMvadates the use of up-
to-date "best" scientific evidence from health casearch as the basis for
making medical decisions.

For supporters, EBM has three main advantages:

i It offers the surest and most objective way to wheitee and
maintain consistently high quality and safety d&ds in medical
practice;

I It can help speed up the process of transferrimgcal research
findings into practice;

i It has the potential to reduce health-care cogtsfgiantly.

The approach, however, is not without its opposerthese
consider that EBM risks downplaying the importaéelinical
experience and expert opinion, and that the cimdit under
which clinical trials used to define best practieée place are
hard to replicate in routine practice.

3.14 LIMITATIONS OF EVIDENCE BASED MEDICINE

Although evidence-based medicine is regarded agofe standard of
clinical practice. There is however, a number difit@tions to its use.
According to Strauss and McAllister, the limitatsorare basically 3
namely:

[ limitations universal to the practice of medicine
i limitations unique to evidence-based medicine and
i misperceptions of evidence-based-medicine

Popular limitations include;

EBM produces quantitative research, especially froamdomized
controlled trials (RCTs). Accordingly, results magt be relevant for all
treatment situations.

Because RCTs are expensive, the priority assigmedsearch topics is
inevitably influenced by the sponsors' interests.

There is a lag between when the RCT is conductddndaen its results
are published.

There is a lag between when results are publishedwden these are
properly applied. Certain population segments hbgen historically

under-researched (racial minorities and people watimorbid diseases),
and thus the RCT restricts generalising.
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Not all evidence from an RCT is made accessibleatfnent effectiveness
reported from RCTs may be different than that aakdan routine clinical
practice.

Published studies may not be representative atadlies completed on a
given topic (published and unpublished) or may beeliable due to the
different study conditions and variables.

Research tends to focus on populations, but indaliggersons can vary
substantially from population norms, meaning thatrapolation of
lessons learned may founder. Thus, EBM appliesdaps of people, but
this should not preclude clinicians from using thpgrsonal experience in
deciding how to treat each patient.

3.14.1 Values: while patient values are considered in the origina
definition of EBM, the importance of values is woimmonly emphasised
in EBM training, a potential problem under currstudy.

3.14.20Ider ProfessionalsAs with any concept, there are disadvantages
as well as advantages of applying evidence-basaticme to modern
healthcare; despite the integration of evidencedawedicine in the
curriculum for university medical studies coursas, a relatively new
practice the number of healthcare professionaldarotliar with such a
routine is still fairly high. Furthermore, manythibse who practiced long
before the implementation of evidence-based megli@el it undermines
their clinical expertise and the value of their exence to a degree.

3.14.3 CostsShort term cost is an obvious limitation but canjusgified
to some extent when considering the long-term etisttiveness of using
evidence-based medicine. The decision related tchwiasearch program
to fund raise ethical as well as economic issudsths obviously not
possible to fund research into every known illness.

3.14.4A Lack of Evidence:Critics of the evidence-based medicine
system have stated that most commonly a lack adifignfor research
means there is a lack of sufficient evidence featments associated with
many different illnesses, particularly those that i@elatively uncommon.

If no money is committed to researching certamefises then it is possible
that no progress will ever be made concerning tkatrnent of that
particular illness, despite advances in technolagy scientific research
possibilities. In addition to this, research suggésat not all data is made
available for all to see, with negative trials ofteot published; this infers
a degree of selectivity and bias.

3.14.5The Personal TouchWhilst the evidence supporting the benefits
of evidence based medicine is abundant in terndet@rmining effective
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treatments, this concept does not account for sssuweh as how an
individual patient feels from one day to the nexten if a drug is proven
scientifically to be effective it will still affeatach individual in a different
way and therefore some patients may not followptezlicted course of
recovery.

3.14.6Lack of Skills:Critics have expressed concern that those heaéthcar
professionals who have not previously been speadiyictrained to
interpret the data they receive do not have thessary skills to do so and
are therefore struggling to act in accordance ww guidelines.

Amidst these limitations and criticism, there aoeng advantages to its
use. These include

[ Patients satisfaction

i Improved efficiency

i With the explosion of scientific knowledge beingbfished, it's
difficult for clinicians to stay current on thetdst best medical

practices.

v Improved technology enables healthcare workersatee Hoetter
access to data and knowledge.

Y, Payers, employers, and patients are all drivingrihed for the
healthcare industry to show transparency, accouitya and
value.

4.0 CONCLUSION

In this unit, you have learnt the importance ofdng taking. This includes
the approach to patient while taking medicationtdms and proper
documentation and possible limitation to expectaking medication
history. The second part of this unit deals witidemce-based practice as
it is used in physical therapy. Students have b®gosed to how to
recognise the 5-step process in Evidence-Basedi¢&acompare and
contrast arguments for and against evidence-basedliqge, understand
the key research methods needed to locate medicdrnee and have
learnt how to describe strategies to apply eviddrased practice to
clinical cases

5.0 SUMMARY

This unit introduces you to the importance takirejail, accurate and
complete account of all prescribed and non-presdriibedications that a
patient had taken or is currently taking prior warrent admission or
medical care. Its emphasis that without an accursdication history,
prescribers may inadvertently make incorrect densiabout a patient’s
treatment, causing harm if previously discontinuegkdicines are
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restarted, or if current medicines are omitted r@spribed at the wrong
dose for the patient.

Medication history help in preventing prescriptiemors and consequent
risk to patients. It is useful in detecting druglated pathology or changes
in clinical signs that may be the result of drugrdpy and it should
encompass all currently and recently prescribegsjrprevious adverse
drug reactions including herbal or alternative rogdis and adherence to
therapy for better care plan.

The need to approach the patients properly intnogugourself and
purpose of interview as well as the content ansl dipphistory taking was
outlined.

Elements of client education such as encouragingergato take

ownership, educate client to bring medications frbome at each
appointment, and educate client to carry a liscwirent medications
(prescription and OTC) were outlined. The Unit dode with tips on how
to wrap up medication. For example, the need telcokle with thanking

the patient for their time and information and agkihem if they have any
other questions etc.

EBM aims to improve quality of care through theegmation of best
research evidence with clinical expertise and p#seand parents’
preferences. In this, it has explained the fiveeesal steps for practicing
EBM, which are: formulating answerable clinical gtiens; searching for
evidence; making a critical appraisal; assessiegagbplicability of the
evidence; and evaluating performance.

We have discussed The Five “A” and identify eacimponent of the
PICO pneumonic:

P = patient, problem, population

| = intervention
C = comparison
O = outcome

How to ask and identify and develop a well-artitedaquestion about
either patient care issues or research issues tsngICO Worksheet.
Then determine the study question category as reithagnosis,
therapy/prevention, prognosis, or aetiology.
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SELF ASSESSED EXERCISES

I Explain the anatomy of a good clinical question.
. Discuss the limitations of Evidence Based Matkc

6.0 TUTOR- MARKED ASSIGNMENT

1. You are asked to take a medication history. Whi important
for you to obtain a complete description of thetigrd’'s
medication history?

Outline steps in medications

Tabulate a sample of Cards for Medication Historyi®

Define EBM, outline the five steps of evidence-lshstodel
what PICO? Discuss it role in patients’ evidence

discuss the benefit and limitation evidence Basediane

onkwn
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UNIT2 PHARMACOVIGILANCE/PHARMACOVIGILANCE
IN PUBLIC HEALTH PROGRAMMES
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3.3.9 Threat to Pharmacovigilance Public Health
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4.0 Conclusion
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6.0 Tutor- Marked Assignment
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1.0 INTRODUCTION

Modern medicines/drugs have brought significantelfieshto our lives,
offering reduction in morbidity and mortality. Thaproving health status
of increasing number of the population can be aited to drugs.
However, even though medicines are generally sseheaeficial, all
medications including the excipients in medicine® a&apable of
producing adverse or unwanted effects. Governmerssveral countries
consider the need to ensure quality, safety, afichey of all medicines
and health products used in their country as aroitapt public health
function. Pharmacovigilance activities relating the detection,
assessment, understanding and prevention of adedfsets or any
other possible drug-related problems become amiatgart of health
care in recent times.
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Ensuring Pharmacovigilance in Public Health Progre® become
necessary because, many Public Health Programri3sjRire involved
in direct administration of medicines to large plapions and
communities for the prophylaxis, treatment andfadeation of diseases
The large number of patients who will receive thegd in a systematic
manner in these programmes generates the possilofitharm if
unmonitored and, at the same time, an opportuaitetelop systems for
generating valid and valuable data that will asgistlecision making.
Therefore, PHPs and Pharmacovigilance (PV) cawveenutual benefits
from each other; PV and adverse drug reactions tovamg in PHPs can
detect rare adverse events and risk factors ireqatiand can have a
tremendous positive impact on the implementatioth success of these
programmes; PHPs on the other hand can providepaortnity to
introduce PV in countries that lack a system fargdsafety monitoring.
Safety issues that are specific to various diseas&0ol programmes
(Chagas, HIV/AIDS, Malaria, Tuberculosis, etc.) dneing addressed
through different Projects.

Registers and databases are being created ancasissedoundation for
statistics that allow medical care providers torege potential risks and
minimise them. The success or failure of any phaowigilance activity

depends on the reporting of suspected adversearactVHO has played
a vital role in promoting the safety of medicinabgucts as a clinical and
public health issue? Duly, the data collected thlowspontaneous
reporting, national pharmacovigilance centres, taedVHO Programme
for International Drug Monitoring has led to chasge the labelling of

medicines. It has become an essential tool in dnogi the necessary
infrastructure for drugs programmes. Furthermdre cost of an effective
pharmacovigilance system is notably smaller whempared to the

national expenditure on medicines or the cost afagang ADRs.

2.0  OBJECTIVES
By the end of this, you will be able to:

identify what is and why we Need Pharmacovigilance
outline the goals, need and importance of pharmgiance
explain origin of modern PV: Era of Safety and &dfty

identify working knowledge of the guides & tools feporting
describe tools used for causality assessment dadab

assess severity and causality of ADRs

describe the importance of Pharmacovigilance inlieutealth
Programme (PHP).

State why PV should be integrated into PHPs

. describe practices to improve ADR reporting in PHP.
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o describe strategies to strengthen functioningetkpert Advisory
Committee.

3.0 MAIN CONTENT
3.1 Definition of Terms

I Organisations involved

WHO - World Health Organisation
CIOMS - Council of International Organisations of Medicale€hces
ICH — International Conference on Harmonisation

. Pharmacovigilance: Is define as the science and activities
relating to the detection, assessment, undersignaind
prevention of adverse effects or any other possilolig-

related problems.

iii. Spontaneous Report:An unsolicited communication by MAHSs,
healthcare professionals, or consumers that descane or

more adverse drug reactions in a patient who viangone or
more medicinal products and that does not deriva fa study or
any organised data collection scheme.

V. Serious Adverse Event or Reaction:Any untoward medical
occurrence that, at any dose, results in deathtifes

threatening; requires inpatient hospitalisatiopmmiongs current
hospitalisation; results in persistent or sigmificdisability,
incapacity, or congenital abnormality

V. Serious Adverse Event Or Reaction Any untoward medical

occurrence that at any dose

results in death

is life-threatening

requires inpatient hospitalisation or

prolongation of existing hospitalisation

results in persistent or significant disability onncapacity

results in a congenital abnormality

note on Serious adverse event or reaction

~PQoo o

To ensure no confusion or misunderstanding of itferdnce between the
terms 'serious' and 'severe’, the following notelaffication is provided:

The term 'severe' is not synonymous with seriguié English language,
'severe' is used to describe the intensity (seyesita specific event (as
in mild, maderate or severe); the event itself, however, may be of
relatively minor medical significance (such as seueeadache).
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Seriousness (not severity) which is based on pétsent outcome or
action criteria serves as guide for defining retra reporting
obligations.

Table 44:Frequency Of Adverse Drug Reactions (Cios):

Very common >1/10
Common (frequen < 1/10 bui> 1/10(C
Uncommon (infrequen < 1/100 but> 1/100(
Rare < 1/1000 bu> 1/1000(
Very rare < 1/10000 bu
Vi. Signal:Possible causal relationship between adverse ewet

drugs previously unknown or incompletely documedntMore
than one report is needed depending on; Quality thod
information or Seriousness of the event

vii.  Causality AssessmentThe process of assessing the likelihood
that the reported adverse reaction is actuallytdube suspected
medicine using pre-determined criteria such asfhO causality
assessment criteria.

viii.  Spontaneous Report:A system whereby case reports of adverse
drug events are voluntarily submitted by healtbhfggsionals and
MAHSs to the National Pharmacovigilance Centre.

IX. Health Product: Any product, substance or a mixture of
substances used or purported to be suitable for thiae is
manufactured or sold for use in the diagnosistrimeat, mitigation,
modification or prevention of a disease, abnormiayspgal or
mental state, or the symptoms thereof, in humaasionals; or for
restoring, correcting or modifying any somatic, @sg or organic
function in humans or animals. A health product @aclude
medicines, herbal products, vaccines, antiser&gdimal and blood
products.

X. Health Products Regulation: All the processes involved in the
pre-marketing evaluation, marketing authorisati@nd post-
marketing review of medicines, vaccines, devicasd other
health products to ensure compliance with estaddisstandards
of quality, safety, and efficacy.

Xi. Marketing Authorisation Holder (MAH): The holder (an
individual, institute, manufacturer, company, inpo,
distributor, development partner/donor agency)aomarketing
authorisation to market a medicinal product. Rergurpose of this
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policy document, the MAHs will have full respondityi and liability for
their product on the market and full responsibilityr ensuring that
appropriate action can be taken when necessary.

Xii.

Xiii.

3.2

Medication Errors: Any unintended preventable events that may
cause or lead to inappropriate medication use abieqt harm
while the medication is in the control of the hiehare
professional, patient or consumer. Such events Imeaselated to
professional practice, healthcare products, pna@sdand systems
including prescribing, order communication, produiebelling,
packaging and nomenclature, compounding, dispgnsin
distribution, administration, education, monit@inand use.
Cosmetics, chemicals/detergents medical devicesadindrinks
including packaged water.

Periodic Safety Update Report (PSUR)A report produced by
an MAH intended to provide an update of a worldawighfety
experience (with some focus on Nigeria) of a medicproduct to
the competent authorities at defined times potaisation.

Pharmacovigilance

Pharmacovigilance is defined as the science andtes relating to the
detection, assessment, understanding and preveritadaverse effects
or any other possible drug-related problems.

Recently, its concerns have been widened to inchetbals, traditional
and complementary medicines, blood products, biocklg, medical
devices and vaccines etc. Other issues relevdhistgcience include

Vi.
Vil.
Viil.

Substandard medicines

Medication errors

Lack of efficacy reports

Use of medicines for indications that are not appdoand for
which there is inadequate scientific basis

Case reports of acute and chronic poisoning

Assessment of drug-related mortality

Abuse and misuse of medicines

Adverse interactions of medicines with chemicalstheo
medicines and food'.

Pharmacovigilance is an arm of patient care. It aiat getting the best
outcome of treatment with medicines. No one wanit&tm patients, but
unfortunately, because of many different factorsy amedicine will
sometimes do this.
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3.2.10rigins of Pharmacovigilance: Era of Safety Moitoring

The P'reported case of ADR occurred over 150 yearsiagi§48, a 15-
year-old girl from Winlaton, north-east Englanddha routine general
anaesthetic while undergoing a surgical procedurar ingrown toenail.
The anaesthetic agent, chloroform, had only beteadaced into clinical
practice a year earlier, since it produces lessemand vomiting than
Ether. The girl died during the anaesthesia fronatwkas probably an
episode of ventricular fibrillation. The Lancet s@ta commission, which
invited doctors in Britain and its colonies to repanaesthesia-related
deaths. Their findings were subsequently publishededical journal in
1893. Thusthe forerunner of a Spontaneous reporting systenfor
suspected adverse drug reactions (ADRs) was edtabli at least for a
time.

Another early incident of harmful effects of drugswecorded in 1937,
where a formulation defect irlixir of sulphonamide resulted in
poisoning. DEG; US 105 deaths in 1937 Federal Foaa and Cosmetic
Act (1938) with the premarket notification requiremb. Though, the
sulphonamide incidence led to improvement in phasuacal
regulations, there was no define monitoring systerndrug safety until
Thalidomide: 1956 — 1962 about 10,000 children wemn with severe
malformations, including phocomelia. 16960 report of 2 grossly
deformed infants in Germanth@lidomide disastel). By 1961477 cases
of phocomelia in paediatric clinics, and withdraw@commended.
However, a delay of one month, lead to another B00-new cases and
by the time regulation was put in placélere than 4000 cases.

Thurs in 1962 the World Health Assemb({iefauver-Harris Drug
Amendment (1962) required proof of effectiveness safety before
marketing)requested the WHO Director General to study waysake
drugs safer including ‘securing prompt transmissiomational health
authorities of new information

on serious side effects of pharmaceutical premarstiAs a result, an
international system for monitoring adverse readito drugs (ADRS) —
Pharmacovigilance based on data from national centres was proposed.
Voluntary notification scheme (1961962: Kefauvearits Drug
Amendments

Figure 37: A child with Phocomelia. Due to thalidowhe disaster
(@Wikipedia

en.wikipedia.org )

passed to ensure drug efficacy and safety; firee #harma were required
to prove effectiveness before market entry Aftpil@t project was carried
out in the USA, an international database was bskeddl at WHO
headquarters in Genevalf7land moved to Uppsala, SwederlBv8
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3.2.2 How medicine safety is assured

All drugs undergo a significant amount of testimgl @&valuation before
marketing to ensure their effectiveness as wellsafety. Marketed
medicines undergo trials in animals (preclinicadtiteg) and humans
(clinical trials) to establish their efficacy, sbfeand quality.

arte

Francais

Dokumentarfilm

Contergan: Die Eltern |

' ar2004 b,
' Montag, 13- 18000 2,45 UhY

I. Pre-marketing evaluation

Pre-marketing evaluation involves animal studied alnical trials in
humans. Studies in two or more animal species arglucted to test
whether the drugs are harmful and whether they fmaynstance induce
cancer, damage an unborn child; etc. Once scismatistsure that the drug
Is safe, they start studies in human beings argktbtidies are known as
Clinical Trials.

Each phase involves increasing number of patiardsbg the end of full

pre- marketing clinical trials about 5000 patientsuld have taken the
drug. However, when the drug is marketed milliohgeople will take the
medicine. There is therefore the question of whethe clinical trials

involving just about 5000 people will provide enbumformation to

extrapolate the safety of a new drug to milliongpebple. Pre- marketing
safety evaluations have two significant drawbacks:

Under — identification of adverse drug reaction®©®Rs which occur

infrequently are difficult to identify. Statistidg reactions with an
incidence of less than 1% are frequently not idieti
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Over- identification of ADRs: Many adverse drug atens that are
identified in pre- clinical studies are not proverbe related to the drug,
but are nevertheless listed in the product liteeaas potentially causing
the ADR. This provides some measure of legal ptaec for
pharmaceutical company but is misleading to pracgtrs and patients, as
many of these reactions are not definitely proven.

. Post-marketing surveillance (PMS)

It is not possible to identify all of the safetglated problems that may
exist with a new drug during pre- market testingl @valuation. After
drugs have been released on the market, NAFDAC, the
manufacturers/importers and health care profeslsi@na responsible for
post-marketing surveillance of these products. Brugleased to the
market will be used not only by more people, bigoaby different
categories of people other than those in whom thg das tested. The
marketed drug will be used by older people, thogh wore serious
illness, and those from different ethnic groupggmant women and also
by children in whom drugs are rarely tested.

The medicines may also be used under many diffelesg regimens (not
necessarily the correct and approved dose) and toeyd also be
deliberately misused. These circumstances ineyitiald to a potential
for more adverse drug reactions. For these reagasspbvious that the
safety of a drug requires long-term surveillanderaharketing.
Regulations Around the world

USA — 1962 FDA required both safety and efficaciada

UK — 1963 committee on safety of drugs, and yeldand system

1965 — Committee on safety of medicine (CSM). MedicAct (safety,
guality, efficacy requirements)

EU — 1965 EC Directives 6565

WHO — 1968 Program for international Drug monitgfin

3.6  History of Withdrawals

I Therapeutic mishaps have catalysed medicines regula

. DEG poisoning from 1937-2008, about 600 deaths adlintries

iii. Heparin— 131 heparin-related deaths reported to FDA 1 0&7 2
and 13 April 2008

\2 125 products withdrawn for safety reasons over f@stears

V. FDA Amendment Act (2007)

Vi. Enhanced statutory authority regarding post-maskééty of

drugs
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Table 45: Number of deaths in different countries

Year Country # of deaths reported
1937 United state 10t
198t Spair 5
198¢ India 14
1987 South Africe 7
199( Banglades 51
199( Nigerie 47
1992 Argentine 7
1995/9¢ Haiti 88
199¢ India 33
200¢ Panam 12:
200¢ Nigerie 84
200¢ Banglades 25

3.7 Detection of Adverse Drug Reactions
3.7.1 Mode of Reporting

In Nigeria there are two modes of reporting susgecdverse drug
reaction. Voluntary and Mandatory.

Voluntary: is when a healthcare practitioner identifies satguk
adverse drug reaction and report it to the Nationa
Pharmacovigilance Centre (NPC). It is voluntaryr foealth
providers & traditional herbal medicine practitews. Although it

is voluntary it is a professional duty.

Mandatory: It is mandatory for all Marketing Authorisation
Holders (MAHS). These include Manufactures andirthecal
agents in Nigeria including public health programseport ADR
related to their product.

It should be noted that reporting does not suggektability. Adverse
drug reaction reports shall not be tendered aseacelin a legal dispute.
NAFDAC does not regulate medical practice.

The strategic methods for detection of ADR consighe following:

3.7.2 Passive pharmacovigilance (Spontaneous refiag of ADRS)

Spontaneous reporting of adverse events identifigthg the use of any
health product is mandatory for the manufacturer roarketing
authorisation holder (MAH) of that product. Serioadverse events
occurring during clinical trials conducted in Nigershould also be
mandatorily reported. Spontaneous reporting of es#vevents suspected
to be related to the use of a health product isthital responsibility for
all healthcare providers. No claims of medical madfice can be based
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solely on a submitted report. Reports receivedhagy @entre as part of
spontaneous reporting shall not be made availabsipport any legal,
administrative or any other action that may beidwtntal to the reporting
health professional or the patient.

3.7.3. Active pharmacovigilance.

Reporting of medication errors.

Reporting of suspected cases of substandard amtdecteit medicines
and other health products.

Detection of lack of effectiveness.

Collaboration with public health programmes.

Due to the inherent limitations of passive pharmagtance
(spontaneous reporting), the NPC shall undertatteeresolely or in
collaboration with relevant stakeholders’ active rnie of
pharmacovigilance when necessary. Active pharmgdawce could
be in the form of Cohort Event Monitoring, Prestop Event
Monitoring, Intensive Medicines Monitoring ProgrammRecord
Linkages, and Pregnancy Registers etc. as maybssageNPC shall
also put in place a process for the detectiongfads of public health
importance that require further evaluation throagtive surveillance.

3.8  Adr Reporting
3.8.1 Reporting of medication errors

The generation of information on medication eriamd its dissemination
minimises similar occurrence in clinical practice.

To achieve this goal, the National Pharmacovig#éa@entre shall ensure:
That healthcare providers report any case of medicarror to the
nearest pharmacovigilance centre/NPC.

The maintenance of a database for medication errors.

The carrying out of an appropriate root cause arsatys the reported
medication errors.

The dissemination of information on medication estorprevent future
occurrence.

Sources of ADR and other medicine related probleimadl include:
Individuals: doctors, pharmacists, nurses, trad#iderbal/alternative
medicine practitioners or other healthcare prowdarthe public or
private sector who, on their own initiative, seegarts of adverse drug
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reactions and other medicine related problems te tearest
pharmacovigilance centre/NPC.

Institutions: healthcare institutions, including spdals, clinics,
medical Centres, research institutes and PublidtiHézrogrammes
operating in the public or private sectors.

Traditional/herbal medicinal institutions/Centrestasations.

Other units of NAFDAC such as the Drug Quality QGoht
Laboratories, Drug Information Centres and the ComguAffairs
Division.

Manufacturers or importers/distributors (MAHs) abgucts covered
by this policy. Any other relevant sources.

3.8.2 Who is to report?

I Doctors, pharmacists, nurses, medical laboratasnssts and
traditional herbal medicine practitioners or healtare
practitioners or healthcare providers working ire thublic,
private and Non-Governmental sectors shall remwéese drug
reactions and other medicine related problems ¢éonsarest
pharmacovigilance centre/NPC.

. Patients/ consumers are strongly encouraged totrappdDRs
and medicine related problems to their healthceveigers who
will in turn forward the report to the nearest phacovigilance
centre/NPC.

. Importers/distributers, retailers, Marketing Autisation
Holders of pharmaceutical products, traditionalda¢medicinal
products and other related products.

3.8.3 What is to be reported

All response to medicines used in humans which atearmful and
unintended
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I No improvement after treatment
. Medication error

ii. Overdose

\YA Misuse and/or abuse of a medicine

V. Counterfeit or substandard medicine

Vi. Case reports of acute and chronic poisoning

vii.  Assessment of drug-related mortality

viii.  Abuse and misuse of medicines

IX. Adverse interactions of medicines with chemicalkeo
medicines and food

3.8.4. When Do | Report?

At the stage of Pharmacovigilance developmentNingéria is in, we need
to report all safety issues of concern. By the time would have
developed our capacity in detecting, reporting assessing of adverse
effects of medicines then we would be in a positmreport only serious
ADR's.

3.8.5 How to Report
Report Serious adverse event or reaction

A serious ADE or ADR is any untoward medical oceunge that
at any dose:

Results in death;

Results in inpatient hospitalisation or prolongatiof existing
hospitalisation;

Results in persistent or significant disabilityiecapacity;

Is life-threatening;

Is a congenital anomaly/birth defect.

NB: The term “SEVERE” is not synonymous with “SERJIS”. While
severe is used to describe the intensity (sevesftg)specific event (as in
mild, moderate or severe); the event itself, howeweay be of relatively
minor medical significance (such as severe heada8lssiousness (not
severity) which is based on the outcome of the ewvanthe patient or
action criteria serves as the guide for definingutatory reporting
obligations.
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Do you SUSPECT an ADR?

ﬂ YES
| = -
L
ls it a SERIOUS reaction? Report!

[] wo

YES
s ita NEW drug?
@ NO
YES
Are you UNSURE whether to ' Report!

report?

Figure 38: How to report adverse drug reaction (@RNBAC Nigeria
PhV training slideg

3.9 Causality Assessment and Signal Generation

Causality assessmernts theassessmenof relationship between a drug
treatment and the occurrence of an adverse evlnis also used to

evaluate and to check that the particular treatnerihe cause of an
observed adverse event or not. It is an esserdidlgl ADR report and

important task, conducted by National Pharmacoargie Programme
in each country.

3.9.10Dbjectives of Causality Assessment are to

I Provide relationship between the drug and events.

. Signal detection (“a possible causal relationshgiween an
adverse event and a drug, the relationship beirnghamn or
incompletely documented previously".)

iii. Provide better evaluation of the benefit/harm prefoédrugs.

\Y2 Play as an essential part of evaluating ADR reportgarly
warning systems and for regulatory purpose
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In order to assess the likelihood that the suspeatkverse reaction is
actually due to the medicine, a list of causalisgessment criteria for
deciding on the contribution of the medicine tovgitle adverse event.

3.9.2 How the Causality Assessment is performed

Many researchers developed various methods of thuaasessment
by using different criteria like

V. Chronological relationship between the administmatof the
drug and the occurrence of the ADR,

vi.  Screening for drug and non-drug related causes,

vii.  Confirmation of the reaction by in vivo or in vittest,

viii.  Previous information on similar events etc.

But there is no universally accepted method foesasimg causality of
ADRs

3.9.3 Methods of causality

Causality is broadly classified under three broatkégories

.Expert Judgement/ Global Introspection

o Swedish method by Wilholm et al.
o World Health Organisation (WHO) - Uppsala Monitagin
o Centre (UMC) causality Assessment criteria.

I Algorithms: It consists of a problem-specific flow chart wites-
by-step instruction on how to arrive at an answatually, its
form contains some questionnaire, whose answesside the
causality of particular ADR. It gives structureddastandardized
methods of assessment in a systematic approacessment of
ADRs based on parameters suchtiase to onset of the ADR or
temporal sequence, Previous drug/adverse reachistory,
Dechallenge and Rechallenge

Types of Algorithms Method

There are many algorithmic methods of causalitgss®ent but no single
algorithm is accepted as the “gold standardhecause of many
shortcomings. Important Algorithmic Methods are-

I Dangaumou’s French method

. Kramer et al. method

iii. Method Naranjo scale (Naranjo et al (9181)
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\2 Balanced assessment method (Lagier et al.1983)

V. Summary time plot (Castle et al.1984)

Vi. Ciba geigy method (Venulet et al. 1980)

vii.  Roussel Uclaf causality assessment method (RUCAM)
viii.  Maria and Victorino (M and V) scale

IX. Drug Interaction Probability Scale (DIPS)

Naranjo Algorithms -Naranjo et al. method (Naranjo scale)

Widely accepted method. The method used to deterthi@ causal link
between drug and clinical event. Likelihood of wiestan adverse drug
reaction is actually due to the drug rather thanrésult of other factors.
It is a systematic causality assessment consistsnofuestions that are
answered as “yés“no®, “unknown” (don’t know)

These answers are assigned via a score termedtBdfrobable, Possible
or Doubtful. Definite- when a total score ®f9. Probable- when a total
score of 5-8. Possible- when a total score of Detibtful- when a total
score o 0.

Table 46: The Naranjo ADR Probability Scale

Questions Yes| No| Don't
Know
1) Are there previous conclusive reports| +1 | O 0

this reaction
2) Did the ADR appear after the suspe(+2 | -1 0
drug was administere
3) Did the ADR improve when the drugw +1 | O 0
discontinued
4) Did theADR appear with r-challenge +2 | -1
5) Are there alternative causes for the Al | -1 | +2
6) Did the reaction appear when placebo| -1 +1 | O
given’
8) Was the reaction more severe when +1 | O 0
dose was increased, or less severe whe
dose wadecreasec

9) Did the patient have a similar reaction +1 | O 0
the same or similar drug in any previ
exposure

10) Was the ADR confirmed by any object +1 | O 0
evidence

o

o

The Naranjo Probability Scale

The score: -

> 8 = highly (Definite) probable
5-8 = probable

1-4 = possible
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0 = doubtful
Limitation-:

- Method only explains the causality of one indivibdiaug
- Not explains the causality occur due to drug irdtoas

Probabilistic or Bayesian Approaches

I Australian method

. Bayesian Adverse Reactions Diagnostic InstrumeARBI)

ii. MacBARDI spreadsheet
Causality assessment based on study of prior pildlgaand
posterior probability. iThe prior probability is calculated from
epidemiological information.

The posterior probability combines this pedological background
information with the evidence in the individuakea
This method allows the simultaneous assessmentufiple
causes.

lii.Bayesian Adverse Reactions Diagnostic Instrun{8ARDI)
iv.BARDI is used to calculate the odds in favour afparticular drug

causing an adverse event compared with an alieenaause
(posterior odds)

v.The posterior odds factor is calculated by comsigy Six assessment

subsets: one deals with background epidemiologicatinical trials
information (the prior odds) and the other fiveldea with case specific
information (the likelihood ratios).

PsO = PrO x LR(Hi) x LR(Ti) x LR(Ch) x LR(De) x LAXe)

I Pro (the prior odds) - epidemiologic or clifitaals information

. The five likelihood ratios (LRs) deal with anpformation of
differential diagnostic value under

iii. patient history (Hi)

\2 timing of the adverse event with respect tagdadministration
(Ti)

V. characteristics of the adverse event (Ch)

Vi. drug dechallenge (De)

vii.  drug rechallenge (Re)

3.9.4 Causality Assessment of Vaccine Related Adse Events

Vaccines are administered on large scale totimgahdividuals,
children, infants and neonates. So, vaccines mest with high
degree of safety.

Method developed by the Advisory Committee omu€ality
Assessment (ACCA) in Canada.
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ACCA is composed of specialist in paediatrie@pidemiology,
infectious diseases, immunology, neurology, paity| adverse
event surveillance, and microbiology

They review individual cases in a systemat&pstise manner to
categorize them on a specially designed causaliiyessment
form.

This causality assessment form consists of segetions. Section
one, Section two, Section three, Section four,tiGecfive,
Section six and Section seven

Section one: Section one relates to the reason for repodimd) whether
the committee agreed with both the diagnosis thas wade and the
statement of severity.

Section twa: Section two takes the evaluators through severabrtant
factors like frequency of occurrence of adversentsesimilar events
known to occur with other diseases, vaccine-evetdrval compatible
with event, similar symptoms in past, concomitamugd or other
conditions; for assessment of causality.

Section three: Section three relates to causality assessmenising
WHO-UMC criteria.

Section four-: Section four permits brief summary of case witipariant

elements andliscussionwhich contributed to the final assessment of
causality.

Section five: Section five permits recommendations for impngyvi
Immunization or case reporting procedures to bé&ewri

Section six-:Section six considers whether the case could bilufor
Educational purpose

Section sever Section seven considers whether the case ceulcséful
for publication.

3.9.5 Expert Judgement/Global Introspection

It is a process in which an expert expresses juégéabout possible drug
causation by considering all available data relet@a suspected ADR.

I Assessment of ADR is either done by single expealuator or
by a group of expert evaluators.
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. As evaluation and assessment of ADR by thege®s is purely
based on their respective knowledge and experiaboait the
subject of interest.

Two methods based on expert opinion or global intrgpection.

I Swedish method by Wilholm et al.
. World Health Organisation (WHO) - Uppsala Monitgi@entre
(UMC) causality assessment criteria

World Health Organisation (WHO) - Uppsala Monitgri@entre (UMC)
causality assessment criteria. Widely and globatiyepted method.
WHO-UMC system provides practical tool for assessnoé case reports
for International drug monitoring arssystem is used to detect unknown
and unexpected adverse drug reaction.

Assessment is based on following four criteria-:

Iii. Time relationships between the drug use and theradwevent.

\2 Absence of other competing causes (medicationsadesprocess
itself).

V. Response to drug withdrawal or dose reduction (detenge).

Vi. Response to drug re-administration (re-challenge).

The level of causal association is grouped into frategories which are
based on a number of the above criteria being met.

3.9.6 WHO Causality Categories

I. C1 — Certain

il. C2 — Probable

ii .C3 — Possible

v C4 — Unlikely

V. C5 — Unclassifiable

WHO Causality Categories

Certain causality: a clinical event (including laboratory test abnality)
occurs in a plausible time relationship to drug emstration and cannot
be explained by concurrent disease or other drugshemicals; re-
administration of the drugs causes a similar reacti

Probable or likely causality: a clinical event occurs within a reasonable

time sequence to drug administration and is unjikel be due to any
concurrent disease or other drug administration
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Possible causality:a clinical event occurs within a reasonable time
sequence to drug administration, but could be ax@thby concurrent
disease or another drug administration

Unlikely: a clinical event, including laboratory test abnolitpaoccurs
with no temporal relationship to drug administratend which makes a
causal relationship improbable, and in which otthergs, chemicals or
underlying disease provide plausible explanations
Conditional/unclassified: a clinical event, including laboratory test
abnormality, reported as an adverse reaction inchvimore data is
essential for a proper assessment, or the additidata is under
examination.

Unassessable/unclassifiablex report suggesting an adverse reaction that
cannot be judged because information is insufficogrcontradictory and
cannot be supplemented or verified

3.9.7 Assessment of Relationship and Causality

Assessment of each event 1
Initially, what we are really doing is assessing $trength of the

relationship between the drug and the event.

We can seldom say without any doubt that a speshifig caused a specific
reaction

We work with imperfect data and our conclusionsthose of probability.

Assessment of each event 2

Relationship assessment is an essential disciplink.ensures
I careful review of report details

. standardised assessment

1 an in-depth understanding of the data

Iv. standardised data for later evaluation

V. the ability to sort reports by quality

Relationship Categories

1. Certain

Vi. Event with plausible time relationship
vii.  No other explanatiordisease or drugs
viii.  Event definitive specific problem

IX. Positive dechallenge

X. Response to withdrawal plausible

Key feature: Positive rechallenge
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2. Probable

I Event with plausible time relationship to drug kea

. No other explanation

iii. Response to withdrawal (dechallenge) clinicallysoeable
Iv. No rechallenge, or result unknown

Key feature: Positive dechallenge

3. Possible

V. Event with plausible time relationship to drug kea

Vi. Could also be explained by disease or other meskcin
vii.  Information on drug withdrawal lacking or unclear

Key feature: other explanations for the event are possible

4. Unlikely

viii.  Event with a duration to onset that makes a raiah@ improbable
IX. Diseases or other drugs provide plausible explansti

X. Event does not improve after dechallenge

Key feature: several factors indicate strongly that the event igot a
reaction.

3.9.8 Uses and Limitation of Causality Assessment.

What it can do:

Xi. Decrease disagreement between accessor.
xii.  Classify uncertainty
xiii.  Mark individual case reports

xiv. Improve the scientific basis of  assessment

What it cannot do;

xv.  Give and accurate quantitative measurement ofikkeHood of a
relationship.

xvi.  Distinguish valid from invalid cases

xvii. Quantify the contribution of a drug to the devel@mh of an
adverse event

xviii. Change uncertainty to certainty
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3.10 Pharmacovigilance In Public Health Programmes

3.6.1 Goals and objectives of pharmacovigilance in Publihealth
Programmes
xix.  the rationale and safe use of drugs
xX.  to contribute to the assessment and communicatiobepefit,
harm, effectiveness and risk of medicines,
l.identification of risk factors and possible megitsans underlying
ADRs
li.educating and informing patients

Specific objectives

I early detection of hitherto unknown ADRs

. detection of increases in frequency of known ADRs
iii. estimation of benefit/risk

Iv. dissemination of information

V. to improve patient care and safety

vi.  to improve public health and safety

vii.  to promote education and clinical training

viii.  to promote effective communication to the public
iX.  to promote rational and safe use of medicines

3.10.2 Types of Public Health Programmes

Education, Lifestyle and behavioural changes, Emmental
modifications, Nutritional interventions and Drugdnainistration
programmes (Mass control programmes, case contogrgmmes and
individual treatment programmes)

3.10.3 Characteristics of Public Health Programmes

1. Vertical and intensive programmes

X. Vaccination, préventive treatment (lvermectine, etazole,
antibiotic and antiparasitic prophylaxis...)

xi.  Artémisinine dérivatives against malaria, ARVs, @rtduloses,
Schistosomiasis.

xii.  Lymphatic filariasis, Trachomatis, Leprosy, poliosfitis
elimination programmes...Involve - Drug and vaccines.
xiii.  Procurement agency

Xiv.  In 2009 delivered over 2.4 million patients’ treaimh
Xxv. In 2011 brought up to 60,000 additional MDR-TB pats’
treatment.
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3.10.4Current situation in Public Health Programmes
Pharmacovigilance in Public health Programme and
medicinal products

I Accelerated access the use of new drugs in newamaent,
which are mostly devoid of pharmacovigilance atw@g for
priority disease

. Faster large-scale ups of public health prograndunedo available
new funding’s from major donors such as Global fui¢brid
Bank, PEPFAR, PMI etc.

iii. Mass distribution of medicines with often presumgtireatment

\2 New drug is reaching developing countries in greatenbers and
more quickly because of new funding's from sevedahors
including Bill and Melinda gates foundations

V. Often there is rarely records adverse drug reagtion

Vi. In most in setting pharmacovigilance and public lthea
programmes operate in isolation, as independentticakr
programmes.

3.10.6 Why PV should be integrated into PHPs

PHPs definition range and changed over time toudl disease
prevention, and health promotion through organie#drts amongst the
population as a whole. It focusses on entire pdjauanot individuals and
disease and involves healthy as well as sick peojile the goal to reduce
morbidity and mortality due to major and common edise.

Pharmacovigilance into Public Health Programme bgea

vii.  Old medinas in different populations combinatiod ardication

viii.  Integration can increase public trust in programare being
dispense

IX. Infection collected can be provided to the publicreasing
compliance

X. Integration can help take appropriate measurescananunicate
effectively in a crisis.

Xi. Integration  can help  strengthen existing national

pharmacovigilance or provide leverage for setting @
pharmacovigilance where it does not exist.

3.10.7Challenges of pharmacotherapy in PHPs
One key challenge that has emerged is the issu®oitoring the safe use
of medicines in countries with no active regulatorysafety monitoring

system in place. In this scenario, the use of nmeelc in specific
communities, such as the treatment of diseasesiétaria, leishmaniasis
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and schistosomiasis, or HIV/AIDS and tuberculosegsomes a matter of
great concern and the subject of coordinated sftorteduce the risks.

Xii.  may use agencies and staff with a wide varietkititsand patients
may not be seen by a physician insufficient diagnaad follow
up large numbers exposed, may include special papuok i.e.
pregnant & breast-feeding mothers

xiii.  use of new drugs with limited experience, i.e. ARXETS; use of
substandard drugs; incorrect use of drugs; cowmtehfugs

Xiv. weak health care systems, often poor drug corggpglation

3.10.3Strengths of PHPs

xv.  Well established programmes using a limited nundbetrugs or
vaccines

xvi.  Operate according to standard guidelines

xvii. Well-funded with international support

xviii. Monitoring and evaluation procedures

xix.  Quality of product can be assured

xX.  Good databases

xxi.  Expertise in assessment of drug safety

xxii.  training in benefit/risk assessment

xxiii. Good international support, WHO, UMC

Public health programmes (PHP) are well establistmeborganised. PHP
use limited number of medicines a¥12" lines, this may not be same
with other health conditions where choice of mewksi may be less
restricted. Ensuring the quality of those limitegucts is an issue of
public health importance, hence the WHO has thguyaiication scheme
for such products. Large, defined populations arelved in PHP,
example ART/TB/Malaria/lmmunisation, etc. and detamore readily
available. There is stricter use of STGs in PHPer&his extensive
international support in PHP programmes throughFPH Global funds
and others.

3.10.9 Weaknesses of PHPs

xxiv. No direct contact with a Physician

xxv. Diagnosis may not be well diagnosed/presumptive

xxvi. lack experience in drug safety monitoring, insuét follow -up
xxvii. drugs used in PHPs considered safe

xxviii. lack of coordination between PHPs, duplication

XXiX. may cover special populations

XXX. relatively new concept

xxxi. role not well recognised

xxxii. poorly funded, considered a luxury

301



PHS 810 PHARMACOLOGY AND THERAPEUTICS ROBIEALTH

XXxiii. not seen as a component of PHPs

Ensuring rational use of medicines can be verylehging in PHP. In

PHP, it may not always be possible to tailor mewisi to individual

patient needs to reflect co-morbid conditions, itiotral status or for
pregnant women, nursing mothers, Paediatrics, laedly. Even with the

attention to quality, widespread use of generickranltisource products
still makes it challenging to ensure quality. Dmegistance may quickly
manifest as in HIV/AIDS/TB/Malaria, at times aideg drug interactions
and poor adherence.

3.10.10 Opportunities
Together, PV and PHPs may greatly benefit eachr.othe

l. PV will assist in the early identification andepention of ADRs
and product quality problem.

ii.  Improve compliance thereby reduce drug resistan

iii.  PHPs may provide resources, reliable

iv. PV can improve knowledge and there improvegqrdas care

v. Databases, M and E tools leading to .......

The importance of PhV to PHP is reflected in thet fdoat both are
mutually beneficial to each other. PHP can servpadkfinders for PhV
in RLS patrticularly in introducing or strengthenisigontaneous reporting,
and the initiation of active surveillance activitiePHP also have large
cohorts of patients which is very beneficial in toduct of PhV studies.
PhV can support PHP in providing important outcalat on toxicity and
safety of PHP medicines. Such data can be useddi@ss safety scares
or spurious claims when they arise and improve @ebdity of the
programs. PhV also ensures rational use sinceysakifactors identified
through PhV studies can be used to inform betteempamanagement.

3.10.11 Threat to Pharmacovigilance Public Health i®dgrammes

I Lack of political/public support

. funding shortfalls

lii.  misunderstanding of each other’s roles
iv.  The malaria PV project — an update

40 CONCLUSION
This unit exposes the you to the understand whahéswhy we Need
Pharmacovigilance as a science and activity redaton assessment,

detection and reporting adverse drug reactiondestcribes the goals,
need and importance of pharmacovigilance and hewotigin of modern
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PV (Era of medicine safety and efficacy) developéute course discussed
thetools used for causality assessment and ab#sdess severity and
causality of ADRs. The importance of Pharmacovigila in Public
Health Programme (PHP) and why PV should be intedranto PHPs
including the strategies to strengthen functioritvgin PHP.

5.0 SUMMARY

Pharmacovigilance (PV): Is a science and activitiemting to the
detection, assessment, understanding and preveritadaverse effects
or any other possible drug-related problems. Théging of
pharmacovigilance dates back to thieréported case of ADR occurred
over 150 years ago, in 1848, when a 15-year-oldigid a routine general
anaesthetic while undergoing a surgical procedurar ingrown toenail.
The anaesthetic agent, chloroform, had only beteadaced into clinical
practice a year earlier. That become, the foremummfiea spontaneous
reporting system for suspected adverse drug reect{@DRs) was
established, at least for a time. There was namdefionitoring system for
drug safety until Thalidomide in 1960 report ofr@gsly deformed infants
in Germany (thalidomide disaster). By 1961 477 sadephocomelia in
paediatric clinics, and withdrawal recommended.

There exist strategic methods for detection of Ab&nsist of the
following: 1. Passive pharmacovigilance (spontaseaaporting of
ADRs), Active pharmacovigilance. Active pharmagphance could be
in the form of (Cohort Event Monitoring, PrescrgstiEvent Monitoring,
Intensive Medicines Monitoring Programme, Recordkiages, and
Pregnancy Registers etc. as maybe necessary), tRegpof medication
errors, Reporting of suspected cases of substanaadd counterfeit
medicines and other health products, and Detectibnlack of
effectiveness.

Causality assessment is the assessment of relapobstween a drug
treatment and the occurrence of an adverse ekamhy researchers
developed various methods of causality assessmeusibng different
criteria like

1. Chronological relationship between the admraisbn of the
drug and the occurrence of the ADR, 2. Screenangdfug and
non-drug related causes, 3 Confirmation of thectiea by in
vivo or in vitro test, 4Previous information omslar events
etc. But there is No universally accepted methmdafssessing
causality of ADRs

Causality is broadly classified under three broaategories 1.

Algorithms, 2. Probabilistic Methods and 3. Expartigement/ Global

Introspection. The level of causal association lieuged into four
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categories which are based on a number of the atrtteeia being met.
WHO Causality Categories C1 — Certain, C2 — PrahabB — Possible,
C4 — Unlikely and C5 — Unclassifiable?

Good progress made in early implementation with pensonnel in place
and active. Need: to scale up activities with stahan of reporting and
data collection

The potential benefits of a public health progranaimeed at reducing or
eliminating a specific condition will depend on thealth burden due to
that condition, which is a function of the serioess of the condition and
its frequency, as well as the likely efficacy o€ throgramme in reaching
its goals. The present article has outlined an a@pr to
pharmacovigilance for such a donor-funded programnusing
pharmacovigilance in leishmaniasis as an example.

SELF ASSESSED EXERCISES

Justify the importance of pharmacovigilance in RuBlealth Practice.
What is the role of pre-marketing evaluation andstpmarketing
surveillance in Determining drug safety?

6.0 TUTOR MARKED ASSIGNMENT

1. Exercise: Using WHO Criteria determine the aditis
relationship of the events

An event with:

a plausible time to onset

no dechallenge information

other medicines could have caused the event
Relationship =.........ccvvviiiiiiciiies

. An event with:

. a plausible time to onset

. no other obvious causes of the event
. positive dechallenge & rechallenge

. Relationship =.........ccccccvviiiiiiiieeeeiiin,

iii. An event with:

a plausible time to onset

no other obvious causes of the event

event resolved on dechallenge

a rechallenge was undertaken, but the result ikmmit/n
Relationship =........ccccccceiiiiieii e,
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\V2 An event with:

. unknown duration to onset

. positive dechallenge

. rechallenge not stated

] no other obvious cause

. Relationship =........cccccccvviiiiiiiieeeeiiin,

Vi. An event with:

. a plausible time to onset

. no other obvious cause

. event outcome ‘death’

. cause of death was a known reaction to the medicine
. Relationship =........cccccviiiiieii e,

vii.  An event with:

. a plausible time to onset

. no other obvious causes of the event

. a dechallenge was undertaként the event did not resolve
. Relationship =.........cccccceiiiiieii e,

2. A 24years pregnant woman with normal LFTs was conued
on lamivudine, zidovudine, and nelfinavir at 16eke gestation.
event -jaundice leading to liver failure

. onset after 13 weeks (29weeks Gestation)

. outcome: recovered completely after drug stoppeld an

. commenced on: Efavirenz, Emtricitabine, tenofovir

. well at 12 months

What is the Causality Relationship
?

.Discuss advantages, opportunities and of Pharmgitavce integrated
in Public Health Programmes

305



PHS 810 PHARMACOLOGY AND THERAPEUTICS ROBIEALTH

7.0 REFERENCES/FURTHER READING

Edwards, I.R. (2001). The importance of pharmagitance safety
monitoring of medicinal plant®rug Safety22(6):416-423.

Uppsala Monitoring Centre (UMC), the WHO Collabangt Centre for
International Drug Monitoring. Glossary of termseds in
pharmacovigilance. Available under http://www.who-
umc.org/graphics/8321.pdf.

CIOMS Working Group VIIl.Practical aspects of signal detection in
pharmacovigilance. Geneva: Council for International
Organizations of Medical Sciences. 2010.

Nigerian National Pharmacovigilance Policy and Ilmplentation
Framework 2012. Federal Ministry of Health.

National Agency for Food and Drug Administration darControl
(NAFDAC)2010. Safety of Medicines in Nigeria: National
Pharmacovigilance Training Curriculum Trainers Maaiu
Federal Ministry of Health, Abuja, Nigeria.

Naranjo, C.A., Busto, U., Sellers, E. M., Sandor,RRiiz, I., Roberts, E.
A., Janecet, E., Domecq, C., Greenblatt, D.J. 1L9& method
for estimating the probability of adverse drug teas". Clin.
Pharm Therap, 30 (2), 239-245. Http: Il
doi:10.1038/cIpt.1981.154.

Castle, W.M. (1984). Assessment of causality inugtdal settingsDrug
Inf J 18 (3-4), 297-
302.https://doi.org/10.1177/009286158401800317.

Venulet, J., Ciucci, A. & Berneker, G.C. (1980)asdardised assessment
of drug-adverse reaction associations: rationadeexiperiencelnt
J Clin Pharmacol Ther ToxicplL8(38)1-8.

Lagier, G., Vincens, M., &Castot, A. (1983Imputability in drug
monitoring. Principles of the balanced drug reactassessment
method and principal errors to avoicherapie38(3), 303-318.

Gbabiaka, T.B., Savo& J. & Ernst, E. (2008). Methods for
CausalityAssessment of Adverse Drug Reactibnsg-Safety 31,
21-37 .https://doi.org/10.2165/00002018-200831010-00003

NAFDACGood Pharmacovigilance Practice Guidelir&316.

306



PHS 810 MODULE 3

World Health Organisation (WHO), Uppsala Monitori@gntre The use
of the WHO-UMC system for standardized case caysali
assessment. WHO  [online].  Available from  URL:
http://www.whoumc.org/graphics/4409.pdf.[ Access2d April
2020].

Safety of medicine in Public health
Programmattps://www.who.int/medicines/areas/quality _safety/
afety_efficacy/Pharmacovigilance_B.pdf?ua=1.

Shanti, P. (2013)Pharmacovigilance in Public Health Programmes
WHO essential medicines and health Products

307



PHS 810 PHARMACOLOGY AND THERAPEUTICS ROBIEALTH

UNIT 3 RATIONAL USE OF MEDICINES/DRUG

DEPENDENCE AND SUBSTANCE ABUSE

CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content

4.0
5.0
6.0
7.0

308

3.1  Definition of Terms
3.2 Rational Use of Medicines
3.3 Irrational Use of Medicines
3.3.1 Examples of Common Inappropriate Prescribing
Practices
3.3.2 Example of Over the Counter (OTC) Drugs
3.3.3 Examples of Irrational Drug Combinations
3.3.4 Obstacles/Reasons Irrational Use Continue
3.3.5 Factors Underlying Irrational Use of Drugs
3.3.6 Impact of Inappropriate Use of Drugs
3.4 The Role of Hcps in Promoting Rational Drutge
Objectives
3.5 Changing A Drug Use Problem: An Overview Tie
Process
3.5.1 Steps in rational drug use
3.6 Strategies to Improve Use of Drugs
3.6.1 Educational Strategies
3.6.2 Training for prescribers
3.6.3 Managerial strategies
3.6.4 Economic strategies
3.6.5 Avoid perverse financial incentives
3.6.6 Regulatory strategies: Goal: to retstir limit
decisions
3.7 Drug Dependence and Substance Abuse
3.7.1 Introduction:
3.7.2 Causes of Substance Use Disorders
3.7.3 Classification of Drug Dependencei3aiice Abuse
3.7.4 Diagnosis of Drug Dependence / Sulest@#buse
3.7.5 Principles of Effective Treatment
3.7.6 Management of Substance Abuse/Deperde
Conclusion
Summary
Tutor- Marked Assignment
References/Further Reading



PHS 810 MODULE 3

1.0 INTRODUCTION

Rational use of medicines requires that patierdsive medications appr
opriate to their clinical needs, in doses that ntleeit requirements, for a
n adequate period of time, and at the lowest coftem and their comm
unity. Unfortunately, more than 50% of all med&srare prescribed, dis
pensed, or sold inappropriately on a global basik5% of patients fail
to take their medicines correctly according tanestes based on various
ad hoc reviews. Common types of inappropriate owees use include,
Polypharmacy (the use of too many medicines peiemiat overuse
ofinjections, inappropriate use of antimicrobidslure to prescribe in a
ccordance withclinical guidelines, and inapprogis¢lfmedication,

often with prescriptioronly medicines. Inappropriate use of medicines
is harmful for patients in terms of poorpatientdal outcomes and avoi
dable adverse drug reactions. Overuse of antimigisg#xerts pressure to
increase rates of antimicrobial resistance. Ni@mile injections
contribute to the transmission of hepatitis, HIMDS and other blood
borne diseases. Inappropriate medicines use wssdese economic
resources that could be used for food or other ssties. Unnecessary
overuse of medicines can stimulate inappropriatieipedemand and lead
to medicine stockouts and loss of patient confiden the health
system.

About 275 million people worldwide, which is rougtd.6 per cent of the
global population aged 15-64 years, used drugsast bnce during 2016.
Some 31 million of people who use drugs suffer fidmng use disorders,
meaning that their drug use is harmful to the pwaihere they may need
treatment. Initial estimations suggest that, gliyhal3.8 million young
people aged 15-16 years used cannabis in the past gguivalent to a
rate of 5.6 per cent. Roughly 450,000 people dged eesult of drug use
in 2015, according to WHO. Of those deaths, 167,#&0de directly
associated with drug use disorders (mainly overslosEhe rest were
indirectly attributable to drug use and includedttis related to HIV and
hepatitis C acquired through unsafe injecting pcast

Opioids continued to cause the most harm, accoyifidn76 per cent of
deaths where drug use disorders were implicatedlDPWsome 10.6
million worldwide in 2016 - endure the greatestltieaisks. More than
half of them live with hepatitis C, and one in dighe with HIV.

The headline figures for drug users have changglil recent years, but
this stability masks the striking ongoing changesiug markets. Drugs
such as heroin and cocaine that have been avaitabla long time
increasingly coexist with NPS and there has beein@ease in the non-
medical use of prescription drugs (either diveffiean licit channels or
illicitly manufactured). The use of substances otlaar origin supplied
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through llicit channels that are sold as purporteddicines but are
destined for non-medical use is also on the inered$e range of
substances and combinations available to usemsdwas been wider.

Psychoactive drugs are substances that, when irmkeadministered into
one's system, affect mental processes, e.g. pa&ggem@onsciousness,
cognition or mood and emotions. Psychoactive dhedsng to a broader
category of psychoactive substances that inclusteadtohol and nicotine.
“Psychoactive” does not necessarily imply dependemroducing, and in
common parlance, the term is often left unstated,ina“drug use”,
“substance use” or “substance abuse”.

Production, distribution, sale or non-medical uéenany psychoactive
drugs is either controlled or prohibited outsidgaldy sanctioned channels
by law. Psychoactive drugs have different degrekesestriction of
availability, depending on their risks to healtlddaherapeutic usefulness,
and classified according to a hierarchy of scheslateboth national and
international levels. At the international levélete are international drug
conventions concerned with the control of productmd distribution of
psychoactive drugs: the 1961 Single Convention @amcbtic Drugs,
amended by a 1972 Protocol; the 1971 ConventiorPsychotropic
Substances; the 1988 Convention Against lllicitfflcan Narcotic Drugs
and Psychotropic Substances.

Note: Public health practitioners have attempted to labkubstance use
from a broader perspective than the individual, leasgzing the role of
society, culture, and availability. Some healthfgssionals choose to
avoid the terms alcohol or drug "abuse" in favof@irlamguage they
consider more objective, such as "substance amdhalltype problems"
or "harmful/problematic use" of drugs.

2.0 OBJECTIVES

By the end of this unit, you will to be able to:

o define rational use of medicines and identify thegnitude of the
problem

o state the problems of irrational drug use

o outline the reasons underlying irrational use

o identify factors which influence the behavior oegcribers and
patients

o explain the role of HCPs in promoting rational dusg

o describe strategies and interventions to promaiena use of
medicines

o define of various terms used in substance abuse

o classify drug of abuse and its management
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o list factors responsible for substance abuse
o analyse pharmacological and harmful effects of wulze abuse.
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3.0

3.1

Vi.

Vil.

312

MAIM CONTENT
Definition of Terms

Rational Use of Medicines:The rational use of drugs requires
that patients receive medications appropriate hiir tclinical
needs, in doses that meet their own individualiregnents for an
adequate period of time, and at the lowest coghém and their
community.(WHO conference of experts Nairobi 1985)

Irrational Use of Medicines

Irrational (inappropriate, improper, incorrecteusf medicines is
when one or more of these conditions is not mee. 0¢$e of drugs
when no drug therapy is indicated, the use of wrdngs for a
specific condition requiring drug therapy, the wsedrugs with
doubtful or unproven efficacy, the use of drugsioéertain safety
status, failure to prescribe available, safe, &edffre drugs or
incorrect administration, dosages, or duration

Meaning of Appropriate Use The term "appropriate drug use"
means different things to different people. Wheagent received
correctly prescribed, dispensed or sold medicimes take their
medication as prescribed or dispensed. This is @ifgparational
use which may take many different forms, for exampl
polypharmacy, over-use of antibiotics and injectiofailure to
prescribe in accordance with clinical guidelined arappropriate
self-medication.

Medical definition of Abuse is defined by the WHO Expert
Committee on Drug Dependence as “persistent or asipor
excessive drug use inconsistent with or unrelateddceptable
medical practice”. The term *“abuse” is sometimesedus
disapprovingly to refer to any drug use at all tigafarly of illicit
drugs.

Analgesicis a medicine that reduces pain.

Controlled medicines are medicines containing controlled
substances.

Drug includes any substance or mixture of substances
manufactured, sold or advertised for use in thgrbais, treatment,
mitigation or prevention of any diseases or disgr@dnormal
physical state or symptoms thereof, in man or imats; restoring,
correcting or modifying organic functions in man animal’s
disinfection or the control of vermin, insects, ftsesor
contraception.
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Drug abuseis an intense desire to obtain increasing amourds o
particular substance.

Drug dependences the body's physical need, or addiction, to a
specific agent. Over the long term, this dependeresults in
physical harm and behavior problems which causlesance and
cross tolerance. Thus, it creates a vicious cycle.

Dependences defined by the WHO Expert Committee on Drug
Dependence as “A cluster of physiological, beharab and
cognitive phenomena of variable intensity, in whtbe use of a
psychoactive drug takes on a high priority. Thecessary
descriptive characteristics are preoccupation vathdesire to
obtain and take the drug and persistent drug-sgdiehaviour.

Hard drug (lead to severe physical addiction)— Drug that is
generally considered to be more dangerous, whifgler risk of
dependence that soft drugs. E.g.: Heroin, methatapfine,
cocaine.

Medicine: Any substance in a pharmaceutical product thaseslu
to modify or explore physiological systems or étlgical states
for the benefit of the recipient.

Misuse (of a controlled substance) for the purposes @séh
guidelines, is defined as the nonmedical and namstic use of
substances controlled under the international dargrol treaties
or under national law.

Narcotics are derived from the opium and its derivatives \whic
include morphine and codeine. They are also defivad cannabis
and coca leaf plants. Also included are synthe#chitics, such as
Pethidine, Fentanyl, and Methadone. Legally theysarbstances
contained in Schedule I, 11, Il and IV of the UNh§le Convention
on Narcotics as amended 1961. The differenceseirstheduling
relate only to the control measures to be applied.medicines are
indispensable for the relief of pain and the comeenseeks to
make them adequately available for medical andhstiepurposes
only.

Opioids means literally “opium-like substance”. It canuseed in
different contexts with different but overlapping eamings:
Opioids Substitution Therapy refers to treatment Opioids
Substitution Therapy refers to treatment of opioigpendence
with relatively stable doses of the long acting rags (usually
methadone or buprenorphine) prescribed over preldpgriods of

313



XVI.

XVii.

XViil.

XiX.

XX.

XXI.

PHS 810 PHARMACOLOGY AND THERAPEUTICS ROBIEALTH

314

time (usually more than six months), which allowabdisation of
brain functions and prevention of craving and wigval.
Precursors are raw materials which when used in the produocti
of a drug become part of a finished product. Rebged Solvents
are also listed as precursors but usually not agéahe finished
product. They are however used in the manufactulepeocessing
of some Narcotic drugs and psychotropic substaloesnples are
ephedrine used in the manufacture of methamphe&gmutphuric
acid is a reagent and acetone are a solvent.

Psychotropic Substancesire drugs that alter the central nervous
system such as sedatives, hypnotics, hallucinogetstimulants.
Under the UN Convention on Psychotropic Substamdéesd71,
these substances are listed under Scheduledll, #nd IV. Some

of these medicines are employed in anaesthesiasudogical
procedures (such as thipopentone and midazolaregngal in
emergency obstetrics (ergometrine) or used as bytix® and
hypnotics (benzodiazepines) or as antiepileptibsifpbarbital and
benzodiazepines).

Rational drug use requires that patients receive medications
appropriate to their clinical needs, in doses thatt their own
individual requirements for an adequate periodrogtand at the
lowest cost to them and their community. This irplrational
prescribing; good this implies rational prescrihiggod dispensing
practices and concordance.

Soft drug (do not cause physical addiction) While they do not
cause physical addiction, some of them may stiidleto
psychological dependency. Psychological dependexya
dependency of the mind. This means that peoplebietér when
they have the drug. E.g.: lysergic acid diethylaaniL.SD),
Cannabis.

Street drug: Drug that is taken for non-medicinal reasons (ugual
for mind-altering effects); drug abuse can leadbhysical and
mental damage and (with some substances) dependarte
addiction. e.g.: Alcohol, heroin, methamphetamarack, cocaine
and marijuana (Cannabis).

Tolerance is definedas a person’s diminished response to a drug
that is the result of repeated use. People canlaetelerance to
both illicit drugs and prescription medications. stated above,
tolerance is a physical effect of repeated use afrug, not
necessarily a sign of addiction. For example, p&igith chronic
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pain frequently develop tolerance to some effe€tgrescription
pain medications without developing an addictiothim.

3.2 Rational Use of Medicines

The rational use of drugs requires that patienteive medications
appropriate to their clinical needs, in doses the¢t their own individual
requirements for an adequate period of time, atitedbwest cost to them
and their community(WHO conference of experts Nairobi 1985)

Criteria’ for Using Medicine

correct drug

appropriate indication

appropriate drug considering efficacy, safety,ahility for the
patient, and cost

appropriate dosage, administration, duration

no contraindications

correct dispensing, including appropriate informatior patients
patient adherence to treatment.

3.3 Irrational Use of Medicines

Irrational drug use consists of poly pharmacy, okdrugs that are not
related to diagnosis, or unnecessarily expensnap@ropriate use and
irrational self-medication, with many insufficieguiantities’ consumption
of drugs.

3.3.1 Examples of Common Inappropriate Prescribind’ractices

The overuse of antibiotics and antidiarrhoeals fionspecific
childhood diarrhea

Indiscriminate use of injections

Multiple or over-prescription

Wrong Diagnosis

Use of antibiotics for mild, non-bacterial infectice.g., common
cold URI

Tonics and multivitamins for malnutrition

Unnecessary use of expensive antihypertensives

Adequacy of diagnostic process
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Inappropriate antibiotic use

Overuse and misuse of antibiotics is a particulseifous global problem.
Established and newly emerging infectious diseases increasingly
threatening the health of populations. If antilmstbecome ineffective,
these diseases will lead to increased morbidityglthecare use and
eventually premature mortality. Furthermore, awotilos are required for
other treatments (taken for granted in developednt@s), such as
surgery and cancer chemotherapy, which would beaoraeailable with
the disappearance of effective antibiotics. Unfioately, while resistance
to older antibiotics is increasing, the developmafimew generations of
antibiotic medicines is stalling. Therefore, effict use of existing
antibiotics is needed to ensure the availabilitthelong term of effective
treatment of bacterial infections. Efficient useludes both restrictive and
appropriate use. However inappropriate and incomee of antibiotics
occurs in both developing and developed countiesctors prescribe
antibiotics to patients who do not need them, wpdgents do not adhere
to their treatment causing the risk of antibiogsistance. Two thirds of
all antibiotics are sold without prescription, thgh unregulated private
sectors. Even in those European countries whemetbeecounter delivery
of antibiotics is not allowed, patients use antils®without prescription.
Low adherence levels by patients are common, maxergs taking
antibiotics in under-dose or for shortened duratield instead of 5 days.

Since there is very little information on medicinesg for chronic diseases
or on the use of over-the-counter (OTC) medicinesdeveloping
countries, the focus of this discussion would maam use of prescription-
only medicines in acute disease, particularly amiiits, although mention
will be made of treatment of chronic diseases, @sflg in terms of
adherence to medication.

Absolutely Irrational Use

I Injudicious use of antimicrobials: Antibiotics inirdl fever and
diarrhoea

. Unnecessary combinations

1 Use of drugs not related to diagnosis

V. Incorrect route

V. Incorrect dosing — under or overdose

Vi. Incorrect duration — prolong or short-term use
vii.  Unnecessary use of expensive medicines

viii. Unsafe use of corticosteroids
IX. Polypharmacy
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3.3.2 Example of Over the Counter (OTC) Drugs

Vi.
Vil.
Viii.

Xi.

Xil.

Xiii.

XIV.

3.3.2

Topical anti-bacterial, anti-fungal OTC drugs: - Bacitracin,
Clotrimazole (vaginal, topical use) Miconazole 2¥timent etc.
Pain reliever OTC drugs: Acetaminophen, Aspirin, NSAIDs,
Ibuprofen, Naproxen etc.

Smoking cessation OTC drugsNicotine patch

Topical Dermatological (skin, scalp) OTC drugs: Capsaicin,
Doak tar distillate oil, Hydrocortisone, Permethiftyrethrin, Zinc
oxide ointment.

Diabetes OTC drugs:Insulin OTC vials (Humulin 50/50 vial,
Humulin N, Humulin R, Novolin 70/30 vial, Novolin Rial etc)
Glucose chewable tablet.

Digestion OTC Drugs Anti-diarrheal drug: - Loperamide
Anti-ulcer drugs: Cimetidine, Famotidine, Ranitidine Nizatidine.
Proton pump inhibitors: -Omeprazole Laxatives &Cathartics: -
Bisacodyl, Docusate, Glycerine, Psyllium, Sorbitol.

Other digestion drugs: Aluminium hydroxide gel, Antacid liquid
suspension, Calcium antacid tablets, Simethicoopsietc.

OTC Vitamins: - Calciferol, Ergocalciferol drops, Calcium
carbonate, Calcium carbonate 600mg+vit. D, Calcicitnate,
Ferrous fumarate, Ferrous gluconate, Ferrous sulfdagnesium
oxide, Multivitamins etc.

Eye care OTC drugs -Artificial tears, Refresh tears, liquate (15ml
or 30ml bottle only), Sodium chloride 5% drops,toient, Systane
etc.

Cough/Cold/allergy OTC drugs Anti —histamine: Cetirizine tab,
Cetirizine-D tab, Cetirizine sol., Diphenhydramiriegratadine,
Loratadine-D,

Anti-histamine/DecongestantCombinations -
Brompheniramine- Pseudoephedrine elixir.

Other drugs: - Nasal spray, Pseudoephedrine

Examples of Irrational Drug Combinations

If the combination of drugs is illogical in termEmasma half-life
and pharmacokinetics of the drug, the combinatibaukl be
termed as irrational drug combination. Large nurabefr such
irrational drug combinations are available in tharket which
unnecessarily increase the cost of medication addt@ the side
effects of the therapy.

Ampicillin + Cloxacillin Ampicillin is effective against Gram
negative bacilli but Cloxacillin is an Anti-staplogloccal penicillin
and not effective against Gram negative bacillixéi Gram
negative and Staphylococcal (Gram positive) intattirarely
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coexists. So, in a patient with a single infectione of the drugs of
the combination would be useless. In addition &dbst of therapy
it would add to adverse side effects and resistahbacteria to the
drug. On the other hand, the combination would cedtie dose of
effective drug to the half and the patient woulddhénger course
of therapy.

Antibacterial + Antiamoebic Combinations: Ciprofloxacin +
Metronidazole, Norfloxacin + Tinidazole and Ofloxac+
Ornidazole are such commonly available fixed dosegd
combinations. In bacterial diarrhoea only anti-bael drug is
effective and antiamoebic drug is useless. Sinyilan intestinal
amoebiasis only antiamoebic drug is effective whihdibacterial
drug is useless. Amoebiasis and bacterial diarrineedy coexist.
The therapy should be based on the diagnosis tweeithe cost of
treatment since in a given case, only one drugn@fcombination
would be effective and the other one would be ssele

NSAIDs Combinations Nimesulide, diclofenec, ibuprofen and
Paracetamol are some non-steroidal anti-inflammgatdrugs
(NSAIDs). There is no justification in combining @MNSAID
(nimesulide, diclofenec, ibuprofen) with another AB
(paracetamol) having same pharmacological actibmsincreased
risk of hepatotoxicity has been reported due to tise of
combination of nimesulide with paracetamol. Thexanicreased
risk of nephrotoxicity with NSAIDs combinations.

H2 Blocker + Domperidone: Ranitidine and Famotidine are H2
blockers. H2

blockers reduce gastric acid production in pegseases and give
symptomatic relief. The combination of these drugsh
antiemetic drug (Domperidone) is an irrational doggnbination
as peptic ulcer is not always associated with viogritEven in
gastro-oesophageal reflux disease (GERD), the dodqgue is less
effective as compared to metoclopramide, so comgind2
blockers with domperidone seems to be an irratiohaice.

H2 Blocker (Ranitidine) + Antispasmodic Drug (Ocyclomine):
The pain of peptic ulcer is due to high level o$tga acid but not
due to spasm of smooth muscles and will subsidg enth
reduction in gastric acid in stomach by use of Hacker
(Ranitidine) or proton pump inhibitor drugs (Omewoie,
Pantoprazole or Lansoprazole). So, there is nafigston in
combining H2 blocker (Ranitidine) with antispasnmdirug
(Dicyclomine).
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Vil.

Mucolytic Agent + Antibacterial Ambroxol + Cip rofloxacin or
Cefadroxil or Roxithromycin.: Ambroxol is a mucolytic agent
used to liquefy thick respiratory secretions. Themo justification
in combining mucolytic agent with antibacterial thisk secretions
in respiratory tract are always not due to respisainfections.
Also, the antibacterial therapy always does notuireq an
associated dose of mucolytic agent.

Metformin + Glimepiride + Pioglitazone: Metformin is

indicated drug in obese type -2 diabetes mellituser&as
Sulfonylurea (Glimepiride) is indicated drug in Robese type-2
diabetes mellitus. As per pharmacological pringipleother drug
should be added only when monotherapy fails. Matior

(biguanide) is to be administered after meal wre@bmepiride

(sulfonylurea) drug is to be administered beforeaalmtherefore
even when both the drugs are required, it wouldbbter to

administer them separately. Pioglitazone is ineéidan suspected
cases of insulin resistance. So, the combinatioalldhese drugs
in one formulation is an irrational drug combinatio

Codeine+NSAID (paracetamol) This combination is used to
treat severe pain or to inhibit pain perceptiont lbese

combinations can cause excessive sedation whiah lba
dangerous. Needs further examination. Multi vitarieparations
Multivitamin combination is considered to be iroa@al.

Excessive use may lead to several side effects.

Expectorant central cough suppressants:antihistaminics +
bronchodilator mucolytic agent Bromhexine Hydraclde 8 mg

+ Terbutaline sulphate 2.5 mg + Guaiphenesin 1§6-rvMenthol

5 mg, this combination of expectorants is a cestliay of helping
a condition which is often self- resolving. Expmeint given in

effective doses are often not tolerated and predadverse drug
reaction.

3.3.4 Obstacles/Reasons Irrational Use Continue

Very few low- and middle-income countries regulargnitor drug use
and implement effective nation-wide interventiobscause...

They have insufficient funds or personnel?

Lack of objective information & of continuing eddima & training
in pharmacology.

There is insufficient knowledge of concerning theste
effectiveness of interventions? They lack of awassnabout the
funds wasted through irrational use?
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Presence of large number of drugs in the markethelacrative
methods of promotion of drugs employed by pharmtcau
industries.

Lack of well-organised drug regulatory authority supply of
drugs.

The prevalent belief that “every ill has a pill.

3.3.5 Factors Underlying Irrational Use of Drugs

There is strong interrelationship of factors andpesblems rarely have
single cause

Patients: drug misinformation, misleading beliefs and indiitio
communicate problems

Prescribers: lack of education and training, lack of drug
information, heavy patient load, pressure to pibscr
generalisation of limited beliefs and misleadingidie about
efficacy

Drug Supply: inefficient management and non-availability of
required drugs

Industry: promotion or misleading claims

Drug Regulation: availability of unsafe drugs, informal
prescribers etc.

Adverse drug events are thel-6th leading cause of death in the
USA, estimated costs from drug-related morbidityn&rtality 30
million-130 billion US$ in the USA, 4-6% of hospligations in the
USA & Australia. commonest, costliest events ineludeeding,
cardiac arrhythmia, confusion, diarrhoea, fevempdtension,
itching, vomiting, rash, renal failure.

3.3.6 Impact of Inappropriate Use of Drugs

320

Reduced quality of therapy— Ineffective & unsafe treatment,
over-treatment of mild illness, inadequate treatmai serious
illness and exacerbation or prolongation of illndsading to
increase morbidity & mortality

Waste of resources -Reduced availability & increased cost.
Irrational use is wasteful and can be harmful fmthtthe individual
and the population.

Risk of unwanted effects - adverse reactions & bacterial
resistance; Antimicrobial resistance is dramatycahlcreasing
worldwide in response to antibiotic use much ofirgppropriate
overuse (and is causing significant morbidity armitadity. It has
been estimated that antimicrobial resistance castaially US$
4000-5000 million in the USA and €9000 million inrgpe.
Psycho-social impacts patients rely on unnecessary drugs
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V. Adverse drug events—commonest, costliest consequences of
inappropriate use of medicines. These includesideclbleeding,
cardiac arrhythmia, confusion, diarrhoea, feverpdignsion,
itching, vomiting, rash, renal failure. A 4-6th tklag cause of death
in the USA, ADR is estimated costs from drug-redateorbidity &
mortality 30 million-130 billion US$ in the USA. Asrse
medicines events cause significant morbidity andtatity and
rank among the top 10 causes of death in the UrStatkes of
America. They have been estimated to cost £466omidnnually
in the United Kingdom of Great Britain and Northdraland and
up to US$ 5.6 million per hospital per year in th8A. (Source:
Review by White et al, Pharmacoeconomics, 199%)1445-458)

Vi. The use of unsterile injections is associated thiéspread of blood
borne infections, such as hepatitis B and C and /ANDS.
Although evidence-based medicine has gained impogtéhe use
of both diagnostic and treatment guidelines is gptimal and
could be greatly improved.

3.4  The Role of Hcps in Promoting Rational Drug Us Objectives

Thing to Ponder: Case Report -A 20yrs. female student, suffering from
tonsillitis, was seen by an OPD doctor in a 6004eshital. She obtained
a drug from the hospital pharmacy and took it atrircted. She felt very
weak after taking the drug. 3 days later she becmwerely comatose and
was admitted to the same hospital. She took cldpgmide 250 mg four
times a day as dispensed to her at the Pharmacises.OPD doctor
claimed that he prescribed chloromycetine 4x250 dagy for her
tonsillitis. The patient eventually died two weelger hospital admission.
Discuss possible cause of Death — Identify any egstailure

3.5 Changing A Drug Use Problem: An Overview of e
Process

I Examine: measure existing practice (Descriptive Quantitative
studies) improve diagnosis

. Diagnosis: ldentify specific problems and causes (in-depth
gualitative and qualitative studies)

iii. Treat: Design and implement intervention (Data collectadtat
measure outcome

V. Follow up: measure changes in outcomes (qualitative and
evaluation)

321



PHS 810 PHARMACOLOGY AND THERAPEUTICS ROBIEALTH

3.5.1 Steps of rational drug use

Step:- | Identify the patient’s problem based on symptd&nsecognise
the need for action

Step: - Il Diagnosis of the disease — define tlaguiosis

Step: - Il List possible intervention or treatmedirug or no drug) —
Identify the drug

Step: - IV Start the treatment by writing an acteir& complete
prescription e.g. name of drugs with dosage fortlosage schedule &
total duration of the treatment.

Step: -V Give proper information, instruction & warg regarding the
treatment given e.g. side effects (ADR), dosageduale & dangers/risk
of stopping the therapy suddenly

Step: -VI Monitor the treatment to check, if thetmaular treatment has
solved the patient’s problem.

Passive monitoring— done by the patient himself. Explain him
what to do if the treatment is not effective ortab many side
effects occurs

Active monitoring - done by physician and he make an
appointment to check the response of the treatment

3.6  Strategies to Improve Use of Drugs

3.6.1. Educational StrategiesGoal: to inform or persuade

I Training for Providers

Undergraduate education

Continuing in-service medical education (seminaxakshops)
Face-to-face persuasive outreach e.g. academidirtpta
Clinical supervision or consultation

. Printed Materials

Clinical literature and newsletters

Formularies or therapeutics manuals
Persuasive print materials
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iii. Media-Based Approaches
Posters

Audio tapes, plays

Radio, television

3.6.2. Training for prescribers: The Guide to Good Prescribing
WHO has produced a Guide for Good Prescribing fablpm-based
method?

Developed by Groningen University in collaboratiaith 15 WHO
offices and professionals from 30 countries Fiektdad in 7 sites Suitable
for medical students, post grads, and nurses widigslated and
available on the WHO medicines website

3.6.3. Managerial strategiesGoal: to structure or guide decisions

I Changes in selection, procurement, distribution @asure
availability of essential drugs. - Essential Druigts, morbidity-
based quantification, kit systems

. Strategies aimed at prescribers - targeted fadae®-supervision
with audit, peer group monitoring, structured ord@rms,
evidence-based standard treatment guidelines

Iii. Dispensing strategies - course of treatment paokadabelling,
generic substitution

3.6.4. Economic strategiesGoal: to offer incentives to providers a

consumer

V. Promotes positive financial incentives and also elating
perverse

V. incentives for prescribers.

Vi. Implements significant changes in service providers
reimbursement

vii.  schemes or disallowing prescribers to sell medgcthemselves

viii. Removes the financial motivation for over-presargpi are
economic

i interventions that may be used.

3.6.5 Avoid perverse financial incentives

IX. prescribers’ salaries from drug sales

X. insurance policies that reimburse non-essentiaddar incorrect
doses

xi.  flat prescription fees that encourage polypharnmcgharging the
same amount irrespective of number of drug itemguamtity of
each item

xii.  (reverse — Quebec, dispensing fee is given eveimafmacist does
not dispense for good reason)
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xiii.  Reimburse without treatment guidelines (ceftriaxasean OPD
medicine)

3.6.6 Regulatory strategiesGoal: to restrict or limit decisions

I Drug registration

. Banning unsafe drugs - but beware unexpected seSubstitution
of a second inappropriate drug after banning aifiepppropriate or
unsafe drug

iii. Regulating the use of different drugs to differentls of the health
sector e.g.
a. licensing prescribers and drug outlets
b. scheduling drugs into prescription-only & over-ttainter

V. Regulating pharmaceutical promotional activities

Only work if the regulations are enforced
3.7 Drug Dependence and Substance Abuse
3.7.1Introduction:

Public health practitioners have attempted to lab&ubstance use from a
broader perspective than the individual, emphagiiie role of society,
culture, and availability. Some health professisn@ioose to avoid the
terms alcohol or drug "abuse" in favour of langu#iggy consider more
objective, such as "substance and alcohol type lgmd) or
"harmful/problematic use" of drugs. The Health Gdfis Council of
British Columbia — in their 2005 policy discussigaper, A Public
Health Approach to Drug Control in Canada — haspsehb a public
health model of psychoactive substance use thdeolgas the simplistic
black-and-white construction of the binary (or cdempentary) antonyms
"use" vs. "abuse”. This model explicitly recognizespectrum of use,
ranging from beneficial use to chronic dependence.

3.7.2 Causes of Substance Use Disorders

The cause of substance use disorders is still mmknthough genetics are
thought to account for 40% to 60% of a personls i&ibstance use often
starts as a way to feel good or out of curiositycmldhood or early
adolescence. Repeated use of the substance arddgadrtolerance pave
the way to substance use disorder and addictioneSalults who develop
a substance use disorder have a co-occurring méeim@ss, such as
depression, anxiety, or bi-polar disorder, and b&ging drugs or alcohol
to cope with their symptoms. Other risk factorstthzay lead to a
substance use disorder include:
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Vi.

Vil.

Family history of addiction: Drug addiction is more common in
some families and likely involves genetic predispos to mental
health disorder.

Peer pressure:This is most common reason among young adults
and teenagers. They start to use drugs becausevirgyto fit in.
Being rebellious as a teenager or young adultng @@mmon. In a
lot of cases, young adults and teenagers donit tuiderstand the
severity of drug use and addiction.

Sleep problems & Chronic pain:In many cases, substances like
Alcohol, Marijuana and prescription painkillers asta gateway to
drugs that have a more intense and mind-alterifegefCurrently,
the Opioid epidemic is forcing people to turn teest drugs, like
Meth or Heroin, when their doctor stops writingilteffor their
prescriptions.

Experimenting: Mind-altering substance, like Cocaine and
Alcohol, promise to heighten experience and thadeernce is
worth exploring. Unfortunately, there are drugselilderoin,
Ecstasy, and Meth that are so addictive that tihsgopewill begin a
pattern of abuse, which can eventually lead todaicéion.

Self- Medications: Self-medicating is the top reason people abuse
drugs and Alcohol. Stress, anxiety, reoccurringipandiagnosed
mental ilinesses, severe depression, lonelinessntx; these are all
reasons why people would self-medicate with mindradg
substances to cope with what they are feeling atwtrey do not
want to feel.

Also, Financial difficulties, Divorce or the loss of avked one,
Tense home environment, Lack of parental attachment
childhood, Relationship issues, Long-term tobacaitretc.

None of these risk factors guarantees that a pevd#bdevelop a
substance abuse disorder, but a combination ofor&cplus
repeated substance use significantly increasesikbkéhood of
addiction.

3.7.3 Classification of Drug Dependence/Substancdise

The commonly types of drugs of abuse and dependence

viii.

CNS Stimulants: methamphetamine (Desoxyn: meth, ice, crank,
chalk, crystal, fire, glass, go fast, speed), Anahnes
(Biphetamine, Dexedrine: bennies, black beautiesses, hearts,
LA turnaround, speed, truck drivers, uppers), QoegiCocaine
hydrochloride: blow, bump, C, candy, Charlie, cokeck, flake,
rock, snow, toot), Methphenidate and Khat etc.

CNS Depressant.  Alcohol, Disulfiram, Naltrexone,
Benzodiazepines, Barbiturates
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X. Cannabinoids: Hashish (Boom, gangster, hash, hash oil, hemp),
Marijuana. (Blunt, ganja, grass, green, trees, veted 3. Bango.
Xi. Opioids: Heroin (Diacetylmorphine: smack, horse, brown sugar

dope, H, junk, skag, skunk, white horse, China &tuheese (with
OTC cold medicine and antihistamine)), Opium, (Laugmn,
paregoric: big O, black stuff, block, gum, hop), idioine, Codeine
and Codeine-containing cough sedatives and Metlgdon
Buphrpnorphine.

I.Hallucinogens: (Psychedelic); LSD, Anticholinergics and

Mescaline etc.
ii. Club Drugs:

MDMA (Methylenedioxymethamphetamine): Ecstasy, Adanayitgl
Eve, lovers' speed, Molly, peace, uppers

Flunitrazepam: Rohypnol (date rape drug): forget-me pill, Mexican
Valium, R2, roach, Roche, roofies, roofinol, ropephies

GHB: Gamma-hydroxybutyrate: G, Georgia home boy, gusvbodily
harm, liquid ecstasy, soap, scoop, goop, liquid X

iii.
DISSOCIATIVE DRUGS;

Ketamine: Ketalar SV: cat Valium, K, Special K, vitamin, RCP and
AnalogsPhencyclidine: angel dust, boat, hog, love boat, peace pill

Salvia Divinorum: Salvia, Shepherdess’s Herb, Maria Pastora, magic
mint, Sally-D

iv.Dextromethorphan (DXM): Found in some cough and cold medications:
Robot ripping, Robo, Triple C.

OTHER COMPOUNDS:

Anabolic Steroids: Anadrol, Oxandrin, Durabolin, Depo-Testosterone,
Equipoise: roids, juice, gym candy, pumpers

Inhalants: Solvents (paint thinners, gasoline, glues); gadmgane,
propane, aerosol propellants, nitrous oxide); tegrilisoamyl, isobutyl,
cyclohexyl): laughing gas, poppers, snhappers, wiigp

Caffeine: Whether consuming caffeine in large amounts camease
perinatal risk is unclear. Consuming caffeine iraBramounts (e.g. 1 cup

of coffee/day) appears to pose little or no riskhe fetus. Some data,
which did not account for tobacco or alcohol usgigest that consuming
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large amounts increases risk of stillbirths, pratekeliveries, low birth
weight & spontaneous abortions

Smoking: Carbon monoxide & nicotine - hypoxia & vasoconsioig,
increasing risk of spontaneous abortion, fetal ghosgstriction, abruptio
placentae, placenta previa, premature rupture ahlmnanes, preterm
birth, chorioamnionitis & stillbirth, Anencephalypngenital heart defects,
orofacial clefts, sudden infant death syndromeictgfcies in physical
growth & intelligence & behavioral problems, Smakiduring pregnancy
- childhood asthma

3.7.4 Diagnosis of Drug Dependence / Substance Abus
Most of substances known to be amenable for abodedapendence
(Addiction) can be grouped into the following cless

I CNS Stimulants: Cocaine An alkaloid derived from cocoa
leaves or synthesised from ecgonine or its dewwatCocaine is
one of the most addictive of commonly abused sulcsts and
one of the most dangerous. Various street nameoadine, is
referred to as crack, snow, cock, girl and lady #tis awhite
powder that is inhaled, smoked or injected

Effect of cocaine on CNS:Cocaine is a psychoactive stimulant. Its
primary pharmacological action is related to itsnpetitive blockade of
dopamine reuptake by dopamine transporters. Thadglsleeo marked
elevation of dopamine in synaptic clefts. Cocdiae powerful addictive
gualities. Psychological dependence on cocaineleaelop after a single
use.

Withdrawal symptoms of cocaine Withdrawal symptoms are mild
compared to those of opioids. They include depressaeod, dysphonia,
fatigue, hyper somnolence. Suicidal ideations magun Symptoms
persist for a few days up to one week. Cravingely strong.

Over dose of cocainelntoxication by high doses is associated with
delirium, seizures, cerebrovascular diseases anacanglial infarction
which may lead to death.

Psychiatric disorders with cocaine abuse they dhlupsychotic
disorders, mood disorders, anxiety disorders, dakshunction and sleep
disorder.

. CNS  Depressant. Alcohol, Disulfiram, Naltrexone,
Benzodiazepines and Barbiturates.

Alcohol: These are a large group of organic compounds/ekkrfrom
hydrocarbons and containing one or more hydroxyl@roup. Ethanol
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is one of these class of compounds and it is then mpaychoactive
ingredient in alcoholic beverages. Non-beverageohat includes
methanol, isopropyl alcohol and ethylene glycol algo occasionally
consumed alcohol e.g. Disu. 90% of USA populatios using alcohol,
whereas only 12% or 18% have abuse or dependenaklepr,
respectively

Effects on Pregnancy:Causes vasoconstrictor leading to increased risk
of

I spontaneous abortion with decrease birth weightlbio 1.3 kg, if
regular drinking, Binge drinking in particular - t& alcohol
syndrome

. Dysmorphic facial features (all 3 are required)ma8 palpebral
fissures, thin vermilion border & smooth philtrum

1 Prenatal and/or postnatal growth impairment 3. @NSormalities
(1 required)

\Y2 Structural: head size < 10th percentile, significaorain
abnormality on imaging

V. Neurological:

Effect of alcohol on the brain Alcohol is a CNS suppressant. It exerts
this suppressant effect in a descending mannerrewhigher cortical
centres are inhibited first, resulting in eupharal then disinhibition. In
larger doses, lower vital centres are inhibiteddieg to hypotension and
respiratory depression. Also, functional such asbal cognitive or
intellectual deficits, functional deficits in atast three domains

Effect of alcohol on neurotransmitters It is found that ion channel
activities associated with acetyl choline, seratoand GABA receptors
are enhanced by alcohol. lon channel activitiee@ated with glutamate
receptors are inhibited. Death is due to centrgppiratory depression or
inhalation of vomitus.

Alcohol-Related Disorders: Alcohol abuse and dependence, Alcohol
withdrawal, Alcohol induced dementia, Alcohol ingédc amnestic
disorders, Alcohol induced psychotic disorders Alabhol related mood
disorders.

Alcohol withdrawal: the classic signs of alcohol withdrawal are tue
sympathetic over activity and tendency to develaifeptic convulsions.
Symptoms include tremulousness, sweating, restessrand even
excitement. They may include psychotic symptomshl{ss delusions and
hallucinations). Seizures and symptoms of delirilmramens may
eventually develop.
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Foetal alcohol syndromelt occurs when foetuses are exposed in utero to
alcohol by their mothers' drinking alcohol. Thisxdyome is the leading
cause of mental retardation in the United Statesm@h with alcohol
related disorders have a 35 percent risk of haaingild with deficits.

Cannabinoids: Hashish (Boom, gangster, hash, hash oil, hemp),
Marijuana. (Blunt, ganja, grass, green, trees, veted, Bango.

liil. CANNABINOIDS (Cannabis): A generic term used to denote the
several psychoactive preparations of the marijughemp) plant,
Cannabis Sativa. The psychoactive compound in ¢anoias is delta-
9tetrahydrocannabinol (THC). Cannabinoids are gsaioked, but may
be taken orally and are sometimes mixed with tdaad.

Common forms of Cannabinoids include marijuana (eaétreet jargon:
grass, pot, dope, weed or reefers), bhang (BHO3hidh (derived from
the resins of the flowering heads of the plant) laashish oil.

THC is lipid soluble and rapidly absorbed after alation. It is
redistributed from blood into other tissues. Itthen released from its
adipose tissue stores into the blood stream. Ttptams the prolonged
effects of THC after acute intake

Effect of cannabinoids: Cannabinoids exert many of their actions by
influencing several neurotransmitter systems. Theseclude
acetylcholine, dopamine, gammaamino-butyric acidB®&), histamine,
serotonin, norepinephrine, opioid peptides, andtaglandins.

Cannabis intoxication

Acute Effects Euphoria; relaxation; slowed reaction time; distd
sensory perception; impaired balance and coordimatncreased heart
rate and appetite; impaired learning, memory; dgxiganic attacks and
psychosis.

Cannabis withdrawals have been described in association with the use
of high doses in the form of: Irritable or anxiomsood, Tremor,
Perspiration, Nausea and Sleep disturbances.

Health Risks: Cough; frequent respiratory infecsiopossible mental
health decline; addiction.

Hazards of cannabinoids- Chronic cannabinoids use is associated with
poor social and vocational functioning due to thevelopment of
Amotivational Syndrome. A number of psychiatric atders such as
bipolar mood disorder, anxiety, depersonalisatiand dissociative
episodes are reported as a consequence of caniusbabuse. Affective
disorders and paranoid symptoms may be exacerbftezdcannabinoids
abuse.
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V. Opioids: This generic term applies to alkaloids from opium
poppy (Paperver Somniferum) Opioids are highlyietdub.

Natural Opioids alkaloids (Morphine and Codeine) and their semi
synthetic derivatives includes Semi synthetic asohydromorphone, it
is also known as dihydromorphinone diacetyl morphfdiamorphine,
heroin), Hydrocodone is chemically altered codei@gycodone which
derived from thebaine. Other examples are oxyhnamp, ethyl morphine
and buprenorphine.

Fully synthetics opioids: fentanyl, pethidine, levorphanol, methadone,
tramadol, tapentadol and dextropropoxy.

Acute Effects: Euphoria; drowsiness; impaired cowtion; dizziness;
confusion; nausea,; sedation; feeling of heavineshe body; slowed or
arrested breathing Health Risks: Constipation; eacdtitis; hepatitis;
HIV; addiction; fatal overdose

Nervous system suppressantg¢endogenous opioids receptors). Their
effects include: Analgesia, Mood changes, "Mentaliding”, Sedation,
Central nausea and vomiting, gastrointestinal &ffecpupillary
constriction and Respiratory depression.

Over dose of opiatesSevere intoxication is diagnosed by the triad of:
Coma, Pinpoint pupils and Respiratory depressidi.is a medical
emergency that requires immediate attention.

Opioids Withdrawal Syndrome; Time of onset differs according to the
half-life of the drug used: e.g. 4-6 hours after st use of heroin but up
to 36 hours after the last use of methadone. Sgwaries with the dose
and duration of drug use. Early findings may ineluthchycardia,
hypertension, pupillary dilatation, and diffuse rwiar-skeletal pain.
Central nervous system symptoms include restlessnegtability
andinsomnia Gastrointestinal symptoms are anorexiamiting,
abdominal colics, and diarrhoea Cutaneous and nut&eeous symptoms
includes lacrimation, rhinorrhoea and piloerecticalso known as
"gooseflesh” Opioids Craving.

V. Hallucinogens Agents that induce a state of marked perceptual
alterations. They are CNS stimulants. Exampleslgsergic acid
diethylamide (LSD) and amphetamines. They haveh ban
antagonist and an agonist effect on serotoneygies

Vi. Lysergic acid diethylamide (LSD):LSD is synthetic derivative
of ergot fungus. It is extremely potent and iseefiive in
extremely low doses. It is ingested orally or tighb other mucous
membranes (sublingual, orally or corneal). Toleearquickly
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develops, leading to ingestion of larger dosesimareased
frequency of use. It is not highly addicting.

Hazards of hallucinogen usg

I A drug precipitated psychosis may continue follagvihe cessation
of hallucinogen use.

. Flashbacks are brief spontaneous recurrences aofepeal
changes, such as experienced while using halluemad hey have
been reported days, months or years after drug use.

I Amphetamines is Pegnancy (Cat C). Causd3efects in Oral
clefts, Cardiovascular abnormalities: Phencyclid{R€P, angel
dust) - Possible malformations & behavioral distumtes

. Benzodiazepines (BDZ): Benzodiazepines are psychoactive
depressant drugs that are used to control anxretyepilepsy and
in induction of anaesthesia. Tolerance to benzegiazs is
common. Benzodiazepines are widely used in comibmatith
heroin, cocaine, alcohol and stimulants.

Intoxication of BDZ, includes somnolence and behavioural disinhibition
In higher doses, they cause hypotension and cemgsapiratory
depression, particularly if taken with another dssant drug (e.g.,
alcohol)

Withdrawal of BDZ symptoms include rebound anxietgstlessness,
agitation, hypertension, and d tachycardia. Epidegeizure is a serious
emergency and may be fatal. Hospitalisation andwgiwithdrawal of

benzodiazepines are the main lines of treatmenbearizodiazepine
addiction. Prevention of seizures by antiepileptnzs/ be needed

Vi. Nicotine: Nicotine, in mild to moderate doses, is a cemntaabous
system stimulant. It enhances central cholinergeceptors
(activated by acetyl choline). The dependenceymidg) effects
of nicotine appear to be modulated by dopamineofmic-
cholinergic receptors lie on dopamine neuronsptimie increases
dopamine)

3.7.5 Principles of Effective Treatment

Addiction is a complex but treatable disease tffatts brain function and
behaviour. No single treatment is appropriate f@rgone.

I Treatment needs to be readily available.

. Effective treatment attends to multiple needs efitidividual, not
just his or her drug use or misuse.

iii. Remaining in treatment for an adequate periodnoé tis critical.
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V. Behavioural therapies—including individual, familgr group
counselling—are the most commonly used forms ofgdunse
disorder treatment.

V. Medications are an important element of treatmemt rhany
patients, especially

Vi. when combined with counselling and other behavidherapies.

vii.  An individual's treatment and services plan must assessed
continually and modified as necessary to ensuratth@eets his or
her changing needs.

viii. Many drug-addicted individuals also have other rakedisorders.

IX. Medically assisted detoxification is only the fissage of addiction
treatment and by itself does little to change loergn drug use and

misuse.

X. Treatment does not need to be voluntary to be tafeec

Xi. Drug use during treatment must be monitored cootisly, as
lapses during treatment do occur.

xii. ~ Treatment programs should test patients for thesgomee of

HIV/AIDS, Hepatitis B and C, tuberculosis, and atlfectious
diseases, provide risk-reduction counselling, ankl patients to
treatment if necessary.

3.7.6 Management of Substance Abuse/Dependence
Management of Substance Abuse/Dependence

Two major goals: the first is abstinence from thbssance; the second is
physical, psychiatric, and psychosocial well-bein§ the patient.
Management of Substance Abuse/Dependence. Inpairenutpatient
settings, Detoxification, and Rehabilitation.

Throughout treatment, individual, family, and graherapies (alcoholic
& narcotic anonymous) can be effective. Any undeylipsychiatric
disorder should be

xiii. ~ Pharmacological Treatment of Substance AbuseBecause
substance abuse/dependence is in part a neuroptwogiaal
phenomenon, there is at present an aggressivendeaagents that
may; decrease the reinforcing properties of substiiblock the
drug euphoric effect), decrease craving associaittdsubstances
or function as replacements for the drug of abuse.

xiv.  Naltrexone (an opiate receptor blocking agent) decreases allcoh
consumption and relapse in alcoholic patients, ialspiate abuse.

xv.  Nicotine replacement using nicotine gum, patch, spray and
inhalation have been used with successful resultsicotine
dependence.
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.Methadone - an opiate receptor agonist proved to be higldifective

in abstinence from opiate use
4.0 CONCLUSION

In this section you have learnt about definitiorfsrational use of
medicines and identify the magnitude of the prolakimational drug use.
Also, the reasons underlying irrational use antbfaovhich influence the
behavior of prescribers and patients. The strasegmal interventions to
promote rational use of medicines were also exptiito you. In the
second part of the units the definition of drugablise/ substance abuse,
which is using chemicals for nontherapeutic effertshe body or mind
and that excessive use or misuse of drugs or aldohantoxicating or
mind-altering effects. Other various terms useduhstance abuse was
defined, the factors responsible for substanceeahnd classification of
drug of abuse and its management was discussed.

5.0 SUMMARY

Rational use of medicines requires that patierdsive medications appr
opriate totheir clinical needs, in doses that ntleeit requirements,

for an adequate period oftime, and at the lowest twothem and their
community. Unfortunately, more than 50% of all ncatks are
prescribed, dispensed, or sold inappropriately global basis and

50% of patients fail to take their medicines catlyeaccording to
estimates based on various ad hoc reviews. Comypes Df
inappropriate medicines use include, Polypharm#woy (se of too many
medicines per patient), overuse
ofinjections, inappropriate use of antimicrobidslure to prescribe in a
ccordance withclinical guidelines, and inapprogiself

medication, often with prescription

onlymedicines. Inappropriate use of medicines rafidl for patients in t
erms of poorpatientclinical outcomes and avoidabeerse drug reactio
ns. Unnecessary overuse ofmedicines can stimini@ppropriate patient
demand and lead to medicinestockouts and losatat confidence in
the health system.

Examples of common inappropriate prescribing pcastiincludes; the
overuse of antibiotics and antidiarrhoeals for mpeedic childhood
diarrhea, indiscriminate use of injections, mu#igr over-prescription,
wrong Diagnosis, use of antibiotics for mild, nometerial infection, e.qg.,
common cold URI, tonics and multivitamins for mathition, unnecessary
use of expensive antihypertensives and aadequady@hostic process.
Examples of irrational drug combinations; Antibaigte+ Antiamoebic
Combinations: Ciprofloxacin + Metronidazole, Noxaxin + Tinidazole
and Ofloxacin + Ornidazole are such commonly abéeldixed dose drug
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combinations. In bacterial diarrhoea only anti-bael drug is effective
and antiamoebic drug is useless. Similarly, ingtite@l amoebiasis only
antiamoebic drug is effective while antibacterialugl is useless.
Amoebiasis and bacterial diarrhoea rarely coeXise therapy should be
based on the diagnosis to reduce the cost of tesdtsmce in a given case,
only one drug of the combination would be effectared the other one
would be useless. NSAIDs Combinations: Nimesulidelofenec,
ibuprofen and Paracetamol are some non-steroid@irflammatory
drugs (NSAIDs). There is no justification in comibip one NSAID
(nimesulide, diclofenec, ibuprofen) with another NS (paracetamol)
having same pharmacological actions. The increased of
hepatotoxicity has been reported due to the useoofbination of
nimesulide with paracetamol. There is increasekl eisnephrotoxicity
with NSAIDs combination. Impact of inappropriateeusd drugs includes,
reduced quality of therapy with exacerbation orlgmgation of illness
leading to increase morbidity & mortality, Wasteresources - reduces
availability & increased cost. Adverse drug evestemmonest, costliest
consequences of inappropriate use of medicineselmeludes include
bleeding, cardiac arrhythmia, confusion, diarrhdeager, hypotension,
itching, vomiting, rash, renal failure.

The cause of substance use disorders is still mmknthough genetics are
thought to account for 40% to 60% of a personis i®ibstance use often
starts as a way to feel good or out of curiositycmldhood or early
adolescence. Repeated use of the substance ardsadrtolerance pave
the way to substance use disorder and addictioneSalults who develop
a substance use disorder have a co-occurring méimass, such as
depression, anxiety, or bi-polar disorder, and b&ging drugs or alcohol
to cope with their symptoms. Other risk factorstthzay lead to a
substance use disorder include; Family historyddi&ion, Peer pressure,
Sleep problems & Chronic pain, experimenting mifidrang substance,
like Cocaine and Alcohol, promise to heighten eigrere and that
experience is worth exploring, self- Medicationsatlay Stress, anxiety,
reoccurring pain, undiagnosed mental illnesses,ersevdepression,
loneliness, trauma; these are all reasons why paepuld self-medicate
with mind-altering substances to cope with whay taee feeling or what
they do not want to feel. Financial difficultiesyadrce or the loss of a
loved one, tense home environment, lack of pareat&chment in
childhood, relationship issues and, long-term tabdwabit.

The commonly types of drugs of abuse and dependareel. CNS
Stimulants e.g. Methamphetamine, Amphetamines 2S @ pressant
like Alcohol, disulfiram, Benzodiazepines, 3. Cabimaids: 1. Hashish,
Marijuana.4. Opioids e.g. Morphine, Codeine and &€oelcontaining
cough sedatives, 5. Hallucinogens Psychedelic); ,L&Rmicholinergics
and Mescaline, Club Drugs like MDMA
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(Methylenedioxymethamphetamine, Flunitrazepamanddigsociative
drugs, ketamine, dextromethorphan (DXM), 8. oth@npounds such as
Anabolic Steroids, Inhalants: and Caffeine etc.

Addiction is a complex but treatable disease tffatts brain function and
behaviour. No single treatment is appropriate feergone. Effective
treatment attends to multiple needs of the india@iduaot just his or her
drug use or misuse etc.

Pharmacological management of Substance Abuse/depea is divided
into two major goals: the first is abstinence fribra substance; the second
is physical, psychiatric, and psychosocial wellAgeiof the patient.
Throughout treatment, individual, family, and graherapies (alcoholic
& narcotic anonymous) can be effective. Any undeylipsychiatric
disorder should be managed appropriately.

Common drugs use includes Naltrexone (an opiateptec blocking
agent) decreases alcohol consumption and relapakaholic patients,
also in opiate abuse, Nicotine replacement usimgtime gum, patch,
spray and inhalation have been used with successfults in nicotine
dependence and Methadone - an opiate receptor shgmaved to be
highly effective in abstinence from opiate use.

SELF ASSESSED EXERCISES

l. Explain the following terms: a) Dependence Ryschotropic
drugs
c) Narcotics d) Tolerance.
. What is the criteria for using medicines?

6.0 TUTOR -MARKED ASSIGNMENT

1. Identify the magnitude and nature inappropriateydrtlization in
your facility with life examples

2. Describe the reasons underlying irrational use by
prescribers/patients in your facilities

3. Outline the adverse impacts of inappropriate usdradgs

4. Discuss strategies and interventions to promotemnalt use of
medicines in Nigeria.

5. List the five most common substances of abused
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