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Preface

The aim of Martindale is to provide healthcare professionals with unbiased
evaluated information on drugs and medicines used throughout the world. It
therefore has to develop as the body of knowledge on existing drugs grows, new
drugs emerge, new preparations are launched, and old preparations are
abandoned, reformulated, or redefined. It also has to reflect the changing needs
of those practising pharmacy and medicine. We try to ensure that each new
edition continues to meet all these needs.

In order to provide more up-to-date information the interval between the
publication of the printed versions of Martindale has been reduced over
successive editions and the book is now produced about every 2 years. For those
who require even more up-to-date information from Martindale there are various
electronic versions, sections of which are updated more frequently.

Martindale has been continuously expanded since it was first published in
1883, and to present all the extra information this edition of Martindale
maintains the recent return to a two-volume publication. The first volume
contains this preface and the drug monographs, and the second holds the
proprietary preparations and the indexes, as well as manufacturers’ contact
information.

As always the contents have been extensively revised, with all the text scanned
and revalidated where necessary by a team of experienced pharmacists. Over
240 monographs have been added, and 171 removed from the book (abbreviated
information on the latter remains available in the electronic versions). In our
continuing attempts to improve the usefulness of the book, the chapters on
Colouring Agents, Nonionic Surfactants, Organic Solvents, Paraffins and
Similar Bases, Soaps and Other Anionic Surfactants, and Stabilising and
Suspending Agents have been amalgamated and with additional material now
form the new chapter Pharmaceutical Excipients.

The disease treatment reviews, 675 in all and generally located in the chapter
introductions, have also been revised in order to reflect current trends and
provide key references. Cross-references to these reviews appear in the
monographs of the drugs cited; the reviews can also be accessed via the general
index. It is hoped that these reviews will be of use to readers who want an
overview of a particular disease and its drug treatment and will provide a useful
starting point for those who want to pursue particular aspects further.

Martindale contains much nomenclature information intended to assist the
reader in identifying a particular drug or compound, and for this edition we have
again greatly expanded our coverage of synonyms, with increased coverage of
Russian synonyms and ‘street names’ for substances of abuse. Coverage of ATC
codes has been expanded to include codes assigned to herbal medicines. This
edition also carries for the first time the unique ingredient identifiers (UNIIs) that
are generated by the joint FDA/USP Substance Registration System.

This edition of Martindale also sees the number of graphical representations
of the chemical structures increased.

The information on proprietary preparations, an important feature of
Martindale, has been updated and the number of countries covered has again
been increased. For this edition homoeopathic proprietary preparations have also
been listed at the end of the relevant monographs according to their ingredients.

Martindale is based on published information and more than 54 500 selected
references are included. The amount of drug information now published
electronically has increased significantly since the last printed edition of
Martindale and this edition -now includes over 3400 citations to material
available on the Internet as web pages. Because of the nature of the Internet,
there is no way to guarantee that the material referred to by a URL will remain
at that location, as many sites are subject to periodic reorganisation; additionally,
the content of Internet documents may change without warning. All URLs in
Martindale are rechecked shortly before publication to ensure that a document is
present. The accession date given in the citation represents the last date on which
the content of the document was referred to during revalidation.

Our objective is to evaluate the literature, covering important studies,
guidelines, and useful reviews and placing them in context. Multicentre studies,
meta-analyses, and systematic reviews play an important role in the study of
drug treatment, and their findings and conclusions are considered in many of our
chapters. However, there is also a place for the anecdotal report and the small
study, and information from such sources is included where appropriate. In
compiling the text of a Martindale monograph extensive use is made of the
drug's licensed product information as' published in various countries and

approved by the relevant regulatory health bodies. Acknowledgement is also
given to information referenced from a number of authoritative sources
including the British National Formulary, the British National Formulary for
Children, the British Pharmacopoeia, the European Pharmacopoeia, the United
States National Formulary, and the United States Pharmacopeia.

Martindale is not a book of standards. Inclusion of a substance or a preparation
is not to be considered as a recommendation for use, nor does it confer any status
on the substance or preparation. While considerable efforts have been made to
check the material in Martindale, the publisher cannot accept any responsibility
for errors and omissions. Also the reader is assumed to possess the necessary
knowledge to interpret the information that Martindale provides.

Philosophy and methodology
Martindale’s uses are as varied as its users. However, our primary aims are:

e to summarise clinically useful information on all drugs and medicines
around the world

e to provide accurate, unbiased, reasonably comprehensive, and regularly re-
evaluated information in a concise format

o to provide a lead-in to the published evidence base from which we derive our
information

In order to achieve the aims specified above, our working practices have to
optimise internal knowledge management.

MARTINDALE STAFF. Martindale is currently produced by a team of 21 people,
18 of whom are pharmacists or pharmacy technicians with relevant expertise.
The team is divided into 5 revising groups each of 2 or 3 staff editors, as well as
5 assistant editors, 1 editor-in-chief, a co-ordinator for the processing of
information on proprietary medicines, and 3 clerical and support staff. A number
of pharmacists work as external evaluators to maintain coverage of non-UK
preparations.

Staff editors receive formal training in literature evaluation and searching
techniques, as well as specific, ‘on-the-job’ training in internal procedures. Each
revision team has responsibility for the re-evaluation and update of a particular
group of chapters. Senior editorial staff edit and approve the output of the teams.
Staff are responsible for ongoing data collection as well as the revision process.

DATA COLLECTION. In order to reduce the amount of formal data collection
required at revision, a prospective data-collection roster is in operation. This
involves all staff members in hand-searching selected major medical journals, as
well as regular searches of the internet sites of regulatory authorities (EMEA,
FDA, Health Canada, and MHRA), and sources of high-quality systematic
reviews and guidelines (such as Clinical Evidence, Cochrane, and NICE), for
drug information. In addition, pharmacopoeial, governmental and WHO
publications are hand-searched for information relating to drugs and drug
therapy.

The list of sources used has been iteratively developed over many years by
analysis of previous citations, and is reviewed and updated regularly.

PROPRIETARY PREPARATIONS. The Martindale proprietary preparations team
evaluate licensed product information for 41 countries and regions, in order
to maintain the widest possible coverage of drugs in use internationally.
Preparation names, manufacturers, ingredients, and licensed uses are included in
the internal Martindale database for review during the revision process, and any
significant additional information is forwarded to the relevant revision team.

REVISION. In order to maintain the quality and currency of our content, it is
constantly revised and updated. Our revision processes cover both scheduled, in-
depth revision of the content of every chapter in the book on a chapter-by-
chapter basis, and updates in reaction to new information as it arrives. The
revision procedure involves the formalised re-evaluation of all standing
information, the assessment of new collected references for quality and
relevance, and the selective use of search techniques on bibliographic databases
and the Internet to identify further candidate information.

CHECKING. Once the material for a given chapter has been re-evaluated and
updated it undergoes a rigorous check, designed to ensure not only that all
changes are valid and appropriate, but also that important points have not been
missed.

EDITING. The chapter is then passed to a member of the senior editorial stafT,
who performs a second check and preliminary editing of the data. This process
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is designed to ensure consistency of approach and style, as well as offering an
opportunity to pick up any errors missed at the first check. Changes and
questions are fed back to the revision team in an iterative process that may
involve more than one cycle. Once past its preliminary edit the chapter is sent to
the Editor for a final check and approval, which again may require changes to be
made and checked, before passing it to the next stage.

KEYING, PROOF-READING, AND DOSE-CHECKING. Once approved by the Editor,
amendments can be incorporated into the database, which remains untouched
until this stage as a security measure. These changes are then proofiead for
errors, corrected if necessary, and any corrections checked. Extensive electronic
testing for spelling, style, and format is also carried out at all stages. The
amended chapter then undergoes an independent check of the dose information
against its recorded sources. This check is performed by a member of staff
outside the original revising and editing team, and is an additional safeguard
against the inadvertent introduction of potentially dangerous dose errors. Once
past these stages the data are cleared for release, and can be published in the next
update of the Martindale electronic products, and, at appropriate points in the
publishing cycle, in the book.

ADDITIONAL CHECKS FOR PUBLICATION. Some additional checks are made
before publishing a print edition of Martindale. An second independent dose
check of all chapters is made by an external expert, all cross-references are
revalidated, and tests of the typesetting and page structure are made. In addition
our extensive index is generated and carefully checked for accuracy, order, and
consistency. All URLs are also rechecked at this stage to ensure that they still
link to the material cited.

FEEDBACK. We are always grateful to get feedback from our users and,
whenever possible, we try to incorporate information or suggestions that
help us to improve Martindale. Anyone wishing to comment on the editorial
content of Martindale can contact us at the following e-mail address:
martindale@rpsgb.org

Arrangement

VOLUME A: ®* MONOGRAPHS ON DRUGS AND ANCILLARY SUBSTANCES (pages
1-2658). This section contains 5930 monographs arranged in 49 chapters. These
chapters generally bring together monographs on drugs and groups of drugs that
have similar uses or actions. The introductions of those chapters that describe
drugs used in the management of disease may contain disease treatment
reviews—descriptions of those diseases together with reviews of the choice of
treatments. The last chapter in this section consists of a series of monographs
arranged in the alphabetical order of their main titles. It includes monographs on
drugs not easily classified, on herbals, and on drugs no longer used clinically but
still of interest. There are also monographs on toxic substances, the effects of
which may require drug therapy.

VOLUME B: « PREPARATIONS (pages 2659-3554). This section contains over
161 700 proprietary preparations from a range of countries and regions. For this
edition we have covered Argentina, Australia, Austria, Belgium, Brazil, Canada,
Chile, Czech Republic, Denmark, Finland, France, Germany, Greece, Hong
Kong, Hungary, India, Indonesia, Ireland, Israel, Italy, Malaysia, Mexico, the
Netherlands, New Zealand, Norway, Philippines, Poland, Portugal, Russia,
Singapore, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey,
Ukraine, the United Arab Emirates, UK, USA, and Venezuela. We have also
included some proprietary preparations from Japan. The information provided
includes the proprietary name, the manufacturer or distributor, the active
ingredients with cross-references to the drug monographs, and a summary of the
indications as given by the manufacturer.

* DIRECTORY OF MANUFACTURERS (pages 3555-3636). In Martindale the
names of manufacturers and distributors are abbreviated. Their full names are
given in this directory together with the full address and website ifit is available.
This directory contains about 15 300 entries.

« MULTILINGUAL PHARMACEUTICAL TERMS (pages 3637-3656). This index
lists nearly 5600 of the commoner pharmaceutical forms and routes in 13 major
European languages. It is provided as an aid to the non-native speaker in
interpreting packaging, product information, or prescriptions written in another
language.

* GENERAL INDEX (pages 3657-4112). To make fullest use of the contents of
Martindale the general index should always be consulted. The exhaustive index,
prepared from 172 000 entries, includes entries for drugs (approved names,
synonyms, and chemical names), preparations, pharmacological and therapeutic
groups, and clinical uses (discase treatment reviews). As in previous editions, the
index is arranged alphabetically ‘word-by-word’ rather than ‘letter-by-letter’.
The index indicates the column in which the relevant entry appears as well as the

page and in which volume the entry rﬁay be found. To improve clarity and the
ease of location of index entries long chemical names have been omitted from
the index.

» CYRILLIC INDEX (pages 4113-4147). Both nonproprietary and proprietary
names in Russian may be found in Russian alphabetical order in this section.

Nomenclature ~

TITLES AND SYNONYMS. The title of each monograph is in English, with
preference usually being given to International Nonproprietary Names (INN),
British Approved Names (BAN), and United States Adopted Names (USAN).
These 3 authorities are shown where appropriate. A European Directive
(92/27/EEC) requires the use of Recommended International Nonproprietary
Names (rINNs) in the labelling of medicinal products throughout member states
of the European Community and where the BAN and INN differed in the past
the BAN has been changed to accord with the rINN. The major exception to this
convention is the retention of the names adrenaline and noradrenaline, these
being the terms used as the titles of the monographs in the European
Pharmacopoeia and therefore the official names in the member states. In some
approved names it is now general policy to use ‘f” for ‘ph” in sulpha, ‘t’ for ‘th’,
and ‘i” for ‘y’; for this reason entries in alphabetical lists and indexes should be
sought in alternative spellings if the expected spellings are not found. Inevitably
there may be some inconsistencies of style with older approved names but
wherever possible the names used for drugs or radicals in Martindale have been
altered in accordance with the guidelines on the use of INNs for pharmaceutical
substances. A table of contracted names for ions and groups used in approved
names and titles is given on page xi. INNs in the four other main official
languages (French, Latin, Russian, and Spanish) have also been included in the
list of synonyms where these differ from the English INN. BAN names for
substance combinations and United States Pharmacy Equivalent Names (PEN)
for dosage forms containing two or more active ingredients are given in the text
of the relevant monographs; these names start with the prefix ‘Co-’.

This section also includes names given as synonyms such as commonly used
abbreviated names; Latin versions of the titles in the European Pharmacopoeia;
English, American, and Latin synonyms; names used in other languages when
these may not be readily identifiable; manufacturers’ code numbers; and chem-
ical names. Official titles and synonyms used in the British, European, and US
Pharmacopoeias are given in the section on pharmacopoeias where the relevant
pharmacopoeial substance is described.

Graphical representations of the chemical strcutures for over 4100 of the drugs
are also included.
STREET NAMES. This edition of Martindale once again includes greatly
expanded coverage of 'street names' for substances of abuse. Street terms and
other slang names for drugs of abuse are included for guidance only and should
be used with caution. Because of the very nature of their origin they cannot be
relied upon for definitive identification of a substance. The use of such terms
changes rapidly, and can vary between different geographical locations, and any
given name may potentially be applied to more than one substance or even to a
mixture of substances. Furthermore, established or well recognised generic drug
names or herbal names have sometimes been misused as street terms for
completely unrelated substances. In order to enable the reader to distinguish
them from better validated synonyms, in the index, such names are included in
italics and in quotation marks.
CAS REGISTRY NUMBERS. Chemical Abstracts Service (CAS) registry numbers
are provided, where available, for each monograph substance to help readers
refer to other information systems. Numbers for various forms of the monograph
substance are listed with the variation in form given in parentheses.
ATC CoDES. Codes from the Anatomical Therapeutic Chemical (ATC)
classification system (see http://www.whocc.no) have been provided, where
available, for each monograph substance to help readers refer to other
information systems. The codes assigned in the equivalent classification system
for veterinary medicines (ATC Vet—see http:/www.whocc.no/atcvet) and
herbal medicines have been included where possible.
UNII CODES. The unique ingredient identifiers, which are generated by the joint
FDA/USP Substance Registration System have been provided, where available.
Numbers for various forms of the monograph or related substances are listed
with the variation in form given in parentheses.

Atomic and Molecular Weights

Atomic weights are based on the table of Atomic Weights as revised in 2007 by
the Commission on Atomic Weights and Isotopic Abundance, International
Union of Pure and Applied Chemistry (IUPAC) and based on the '*C scale (see
page xiii). Molecular weights are given corrected to one place of decimals or to
four significant figures for relative weights of less than 100.
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Pharmacopoeias

The selected pharmacopoeias in which each substance appears are listed. A
description of the substance and a summary of the pharmaceutical information
(see below) that appears in the British, European, or US Pharmacopoeias is also
included. Current copies of the pharmacopoeias and their addenda should be
consulted for confirmation and for details of standards.

The pharmacopoeias covered include: British, British Veterinary, Chinese,
European, French, German, International, Italian, Japanese, Polish, Spanish,
Swiss, United States (including the National Formulary), and Vietnamese. The
abbreviations for these pharmacopoeias are included in the list of abbreviations
used in Martindale, see page viii, which also includes details of the edition and/or
supplement(s) consulted.

Several countries are parties to the Convention on the Elaboration of a
European Pharmacopoeia. This means that they must adopt the standards of the
European Pharmacopoeia. These countries are currently Austria, Belgium,
Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, TItaly, Latvia, Lithuania, Luxembourg, Malta, Montenegro, the
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, the Former
Yugoslav Republic of Macedonia, and the European Union. Hence the European
Pharmacopoeia is cited in the drug monograph lists of pharmacopoeias rather
than these individual national pharmacopoeias.

Official preparations, mainly from the current British, European, and US
Pharmacopoeias, are listed at the end of drug monographs.

Pharmaceutical Information

Information on the chemical and physical properties of each substance is given
when it is likely to be of use or interest, but only when it is certain that it applies
to the form of substance being described in the monograph.

PERCENTAGE STRENGTHS. Unless otherwise stated, solutions of solids in liquids
are expressed as percentage w/v, of liquids in liquids as percentage v/v, and of
gases in liquids as percentage w/w.

SOLUBILITY. The figures given for solubility in each monograph have generally
been obtained from the major pharmacopoeias in which the substance is
described, but should not be considered absolute. Unless otherwise indicated in
the text, the figures are for solubility at temperatures between 15° and 25°. The
information usually relates to w/v solubilities but in some cases is v/v if the
monograph substance itself'is a liquid. Where solubilities are given in words, the
following terms describe the indicated solubility ranges:

solubility

very soluble 1 in less than 1
freely soluble linltolin10
soluble 1in 10 to 1 in 30
sparingly soluble 1in30to I in 100

1in 100 to 1 in 1000
1in 1000 to 1 in 10 000
1 in more than 10 000

slightly soluble
very slightly soluble
practically insoluble

STORAGE. Substances and preparations should be stored under conditions which
prevent contamination and diminish deterioration, and the conditions of storage
given in the text indicate the precautions recommended in specific cases. The
term ‘a cool place’ is generally used to describe a place in which the temperature
is between 8° and 15°. In general, the storage conditions apply to the monograph
substance and not its solutions or preparations.

TEMPERATURE. Temperatures are expressed in degrees Celsius (centigrade)
unless otherwise indicated.

Drugs in Sport

Wherever possible we have attempted to indicate those drugs and substances
that may be subject to restriction in some or all sports, either in their own right,
or because they are a derivative of a restricted substance or a member of a
prohibited group. Proprietary preparations containing such compounds are also
marked in the preparation section in Volume B. The definitive guide used for
identifying restricted drugs for this edition is the 2010 Prohibited List issued by
the World Anti-Doping Agency (WADA—see www.wada-ama.org). However,
these regulations, which are issued annually, are subject to interpretation and
therapeutic exemption, and may vary from sport to sport; particular sporting
authorities may also issue additional restrictions, and competitors should always

Preface vii

check with the appropriate body. The rules are constantly evolving and the
absence of any indication of restriction in Martindale should not be taken as
absolute confirmation that the substance may legitimately be taken by a
competitor.

Pharmacological and Therapeutic Information

Information on adverse effects, treatment of adverse effects, precautions
(including contra-indications), interactions, pharmacokinetics, and uses and
administration of each substance is provided by concise statements and these
may be elaborated and expanded by referenced reviews and abstracts from
papers and other publications. This edition contains over 16 400 such abstracts
or reviews based on information in an ever widening range of publications.

Much information has been found in sources such as World Health
Organization publications, government reports and legislation, and other official
and standard publications. Licensed product information and manufacturers'
literature has been considered in the light of other available information.

The risks of giving drugs in pregnancy are well known and the general
principle is to give a drug only when the benefit to the individual mother
outweighs the risk to the fetus. Where there is a clear risk it is noted under the
Precautions or Adverse Effects heading but safety should not be inferred from
the absence of a statement for any drug.

Some drugs given to the mother are distributed into breast milk and therefore
may pose a risk to a breast-fed infant. Whenever possible, information has been
included to help determine the safety of continuing to breast feed while the
mother is receiving a particular drug. Safety during breast feeding should not be
inferred from the absence of a statement for any drug.

Doses

Doses are described under the Uses and Administration heading with as much
detail as is necessary and available. Unless otherwise stated the doses represent
the average range of quantities which are generally regarded as suitable for
adults when given orally. More information on doses and drug administration
may be given in the abstracts or reviews. Unless otherwise specified, glucose
injection is 5% w/v and sodium chloride injection is 0.9% w/v.

When doses for children are expressed as a range of quantities within specified
age limits, the lower dose applies at the lower age and the higher dose at the
higher age.
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Abbreviations

For abbreviations of the names of manufacturers or their distributors, see
Directory of Manufacturers, page 3555.

ACE—angiotensin-converting enzyme.
ADHD-—attention deficit hyperactivity disorder.

agg.—aggregate (in botanical names), including 2 or more species which
resemble each other closely.

AIDS—acquired immunodeficiency syndrome.

a.m.—ante meridiem, ‘before noon’.

ARC—AIDS-related complex.

Arg.—Argentina.

AT C—Anatomical Therapeutic Chemical classification.

AUC—area under the concentration-time curve.

Austral.—Australia.

AV-—atrioventricular.

BAN-—British Approved Name.

BANM-—British Approved Name Modified.

Belg.—Belgium.

BMA—British Medical Association.

BMI—body mass index.

BNF—British National Formulary.

BNFC—British National Formulary for Children.

b.p.—boiling point.

BP—British Pharmacopoeia. Unless otherwise specified, BP references are
to the 2010 edition.

BP(Vet)—British Pharmacopoeia (Veterinary) 2010.

BPC—British Pharmaceutical Codex.

Br.—British.

Braz.—Brazil.

Bulg.—Bulgaria.

BUN-—BIlood-urea-nitrogen.

°C—degrees Celsius (centigrade). Unless otherwise indicated in the text,
temperatures are expressed in this thermometric scale.

Canad.—Canada.

CAPD-—continuous ambulatory peritoneal dialysis.

CAS—Chemical Abstracts Service.

CCPD——continuous cycle peritoneal dialysis.

CDC—Centers for Disease Control and Prevention (USA) (formerly
Centers for Disease Control).

Chin. P—Chinese Pharmacopoeia 2005.

CHM-—Commission on Human Medicines (UK).

Cl—Colour Index.

CMV-—cytomegalovirus.

CNS—<central nervous system.

cP—centipoise(s).

CPMP—Committee on Proprietary Medicinal Products of the European
Union.

cs—Czech.

CSF—cerebrospinal fluid.

CSM-—Committee on Safety of Medicines (UK) (now subsumed within the
Commission on Human Medicines).

cSt—centistokes.

Cz.—Czech Republic.

D & C—designation applied in USA to dyes permitted for use in drugs and
cosmetics.

de—German. 5

d.c.—direct current.

DEFRA—Department for Environment, Food, and Rural Affairs (UK).
Denm.—Denmark.

DHSS—the former Department of Health and Social Security (UK).
dL—decilitre(s).

DNA—deoxyribonucleic acid.

DoH-—Department of Health (UK).

DTF—Drug Tariff Formulary.

ECG—<¢lectrocardiogram.

ECT—e¢lectroconvulsive therapy.

Ecuad.—Ecuador.

ed.—editor(s) or edited by or edition.

EEC—European Economic Community, now the European Union.
EEG—electro-encephalogram.

e.g.—exempli gratia ‘for example’.

el—Greek.

EMEA-—European Medicines Agency.

ENL—erythema nodosum leprosum.

es—Spanish.

ESRD—end-stage renal disease.

et al.—et alii, ‘and others’: for three or more co-authors or co-workers.
et seq.—and what follows.

EU—European Union.

Eur. P—see Ph. Eur.

Ext. D & C—designation applied in USA to dyes permitted for use in
external drug and cosmetic preparations.

°F—degrees Fahrenheit.

FAC—Food Additives and Contaminants Committee of the former
Ministry of Agriculture, Fisheries and Food (UK).

FAO—Food and Agriculture Organization of the United Nations.
FAO/WHO—Food and Agriculture Organization of the United Nations
and the World Health Organization.

FDA—Food and Drug Administration of USA.

FAAC—Food Advisory Committee of the former Ministry of Agricuiture,
Fisheries and Food (UK).

FD & C—designation applied in USA to dyes permitted for use in foods,
drugs, and cosmetics.

FEV |—forced expiratory volume in 1 second.

Fin.—Finland.

FIP—F¢édération Internationale Pharmaceutique.

f.p.—freezing point.

FPA—Family Planning Association (UK).

fr—French. ‘

Fr.—France.

Fr. P—French Pharmacopoeia 1982 (Pharmacopée Francaise, X¢ Edition)
and updates up to 2003.

g—gram(s).

Ger.—Germany.

Ger. P— German Pharmacopoeia (Deutsches Arzneibuch, 2007).
GFR—glomerular filtration rate.

G6PD—glucose-6-phosphate dehydrogenase.

Gr.—Greece.

HAART—highly active antiretroviral therapy.

viii
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Hb— haemoglobin.

Hib—Haemophilus influenzae type b.

HIV—human immunodeficiency virus.

HLA—human lymphocyte antigens.
HLB-—hydrophilic-lipophilic balance.
HRT-—hormone replacement therapy.

HSE-—Health and Safety Executive (UK).
hu—Hungarian.

Hung.—Hungary.

IARC—International Agency for Research on Cancer.
ibid.—ibidem, ‘in the same place (journal or book)’.
idem—*the same”: used for the same authors and titles.
i.e.—id est, ‘that is’.

Ig—immunoglobulin.

Indon.—Indonesia.

INN—International Nonproprietary Name.
INNM-—International Nonproprietary Name Modified.

Int. P—International Pharmacopoeia 4th ed., 2006, and Supplement 1,
2008.

IPCS—International Programme on Chemical Safety.
1Q—intelligence quotient.

Irl.—Ireland. .

ISH—International Society of Hypertension.
it—Italian.

It. P—Italian Pharmacopoeia 11th ed., 2002 (Farmacopea Ufficiale della
Repubblica Italiana, XI Edizione, 2002).

Ital.—Italy.

IUD—intra-uterine device.

IUPAC—International Union of Pure and Applied Chemistry.
IVF—in-vitro fertilisation.

J—joule(s).

Jpn—IJapan.

Jpn P—The Pharmacopoeia of Japan, 15th ed., 2006 and Supplement 1.
K—kelvin.

kcal—kilocalorie(s).

kg—kilogram(s).

kJ—kilojoule(s).

Ib—pound(s) avoirdupois.

LD50—a dose lethal to 50% of the specified animals or micro-organisms.
Lf—limes flocculation.

It—Lithuanian.

m-—metre(s).

mzﬁsquare metre(s).

m3—cubic metre(s).
M—molar.

MAFF—the former Ministry of Agriculture, Fisheries and Food (UK), now
Department of Environment, Food, and Rural Affairs (DEFRA).
MAOI—monoamine oxidase inhibitor.

max.—maximum,.

MBC-—minimum bactericidal concentration.

MCA-—Medicines Control Agency, now MHRA (UK).
mEqg—milliequivalent(s).

Mex.—Mexico.

mg—milligram(s). .

MHRA —Medicines and Healthcare products Regulatory Agency (UK).
MIC—minimum inhibitory concentration.

min—minute.

min.—minimum.

MJ—megajoule(s).

Preface ix

mL—millilitre(s).
mm-—millimetre(s).

mm2~square millimetre(s).

mm?3—cubic millimetre(s).
mmMHg—millimetre(s) of mercury.
mmol—millimole.

mol—mole.

mol. wt—molecular weight.
Mon.—Monaco.
mosmol—milliosmole.

m.p.—melting point.

MRC-—Medical Research Council (UK).
MRSA-—meticillin-resistant Staphylococcus aureus.
pg—microgram(s).
pm-—micrometre(s).

N-—normal.

n.b.—nota bene, note carefully.
Neth.—The Netherlands.

NICE—National Institute for Health and Clinical Excellence (formerly the
National Institute for Clinical Excellence) (UK).

NIH-—National Institutes of Health (USA).

nl—Dutch.

nm-—nanometre(s).

NMDA —N-methyl-D-aspartate.

NNRTI—non-nucleoside reverse transcriptase inhibitor.
Norw.—Norway.

NRTI—nucleoside reverse transcriptase inhibitor.
NSAID-—nonsteroidal anti-inflammatory drug.

NYHA—New York Heart Association.

NZ—New Zealand.

OP—over proof.

o/w—oil-in-water.

P—probability.

Pa—pascal(s).

Pak.—Pakistan.

pCO,—plasma partial pressure (concentration) of carbon dioxide.
PaCO,—arterial plasma partial pressure (concentration) of carbon dioxide.
PEN-—Pharmacy Equivalent Name, see page vi.
pg—picogram(s).

pH-—the negative logarithm of the hydrogen ion concentration.

Ph. Eur.—European Pharmacopoeia, 6th ed., 2008 and Supplements 6.1 to
6.8.

Pharm. Soc. Lab. Rep.—Royal Pharmaceutical Society’s Laboratory
Report.

Philipp.—Philippines.

PHLS—Public Health Laboratory Service (UK).

pINN—Proposed International Nonproprietary Name.
pINNM-—Proposed International Nonproprietary Name Modified.
pK,—the negative logarithm of the dissociation constant.

pl—Polish.

p.-m.—post meridiem, ‘afternoon’.

pO,—plasma partial pressure (concentration) of oxygen.

paO,—arterial plasma partial pressure (concentration) of oxygen.
Pol.—Poland.

Pol. P—Polish Pharmacopoeia 6th ed., 2002 (Farmakopea Polska VI, 2002)
and Supplement 2005.

Port.—Portugal.
ppm-—oparts per million.
PSGB-—The Pharmaceutical Society of Great Britain. Now the Royal
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Pharmaceutical Society.

pt—Portuguese.

PUVA—psoralen with UVA light irradiation.

PVC—polyvinyl chloride.

RCGP—Royal College of General Practitioners (UK).

RIMA—reversible inhibitor of monoamine oxidase type A.
rINN—Recommended International Nonproprietary Name.
rINNM—Recommended International Nonproprietary Name Modified.
RNA-—ribonucleic acid.

RPSGB—The Royal Pharmaceutical Society of Great Britain. Now the
Royal Pharmaceutical Society

RSV —respiratory syncytial virus.

Rus.—Russia.

S. Afr.—South Africa.

SGOT—serum glutamic oxaloacetic transaminase (serum aspartate amino-
transferase now preferred).

SGPT—serum glutamic pyruvic transaminase (serum alanine amino-
transferase now preferred).

SI—Statutory Instrument or Systeme International d’Unités (International
System of Units).

sic—written exactly as it appears in the original.

SLE—systemic lupus erythematosus.

sp.—species (plural spp.).

sp. gr.—specific gravity.

Span.—Spanish.

Span. P—Spanish Pharmacopoeia 2nd ed., 2002 (Real Farmacopoea
Espariola, Segunda Edicion, 2002) and Supplement 2.1.

SSRI—selective serotonin reuptake inhibitor.

St—stokes.

subsp.—subspecies.

suppl—supplement(s).

sv—Swedish.

Swed.—Sweden.

Swiss P—Swiss Pharmacopoeia 2006 (Pharmacopoea Helvetica, 10
Ausgabe, Deutsche Ausgabe).

Switz.—Switzerland.

Thai.—Thailand.

TNF—tumour necrosis factor.
THM-—traditional herbal medicine.
THMP—traditional herbal medicinal product.
TPN—total parenteral nutrition.
Turk.—Turkey.

UAE—United Arab Emirates.

UK—United Kingdom.

Ukr.—Ukraine.

UNICEF—United Nations Children’s Fund.
UP—under proof. )
Urug.—Uruguay.

US and USA—United States of America.
USAN-—United States Adopted Name.

USNF—The United States ‘National Formulary 28’, 2010, and Supplement
1.

USP—The United States Pharmacopeia 33, 2010, and Supplement 1.
UV—ultraviolet.

var.—variety.

Venez.—Venezuela.

Viet.—Vietnamese.

Viet. P—Vietnamese Pharmacopoeia 2002 (Pharmacopoeia Vietnamica,
Editio I1I).

vol.—volume(s).

v/v—volume in volume.
viw—volume in weight.
WHO-—World Health Organization.
wlo—water-in-oil.

wt—weight.

wt per mL—weight per millilitre.
wiv—weight in volume.
wlw—weight in weight.
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514 Antiepileptics

Barbexaclone (/N

Barbeksaklon; Barbexaclona; Barbexaclonum. Compound of (-)-
N,a-Dimethylcyclohexaneethylamine with 5-ethyl-5-phenylbar-
bituric acid .
Bap6ekcakaoH
CiaHiNyO3,CoHy N
CAS — 4388-82-3.
ATC — NO3AAO4.
ATC Vet — QNO3AA04.
UNIl — 291GX1YB65.

= 387.5.

H
OYN o
CHs | N CHs
NH
o
CH,

Profile

Barbexaclone is a compound of levopropylhexedrine (see under
Propylhexedrine, p.2363) with phenobarbital (p.536). It is used
in the treatment of various types of epilepsy (p.507). Usual adult
doses are 200 to 400 mg daily given orally in divided doses.

Preparations

Proprietary Preparations (details are given in Volume B)
Austria: Maliasin; Braz.: Maliasin; Gr.: Maliasin; Ital.: Maliasin; Switz.: Ma-
liasin; Turk.: Maliasin.

Benzobarbital (i)

Benzobarbitalum; Benzobarbitone; Benzonal; Benzonalum. |-
Benzoyl-5-ethyl-5-phenylbarbituric acid.

BerzobapbuTan

CioHgN,O; = 336.3.

CAS — 744-80-9.

UNIl — YNJ78BDOAH.

NoOTE. The name benzonal has also been used as a proprietary
name for benzonatate (p.1691).

Pharmacopoeias. In /nt.
Profile

Benzobarbital is a barbiturate that has been used in the treatment
of epilepsy.

Brivaracetam (Usan, iNN)

Brivaracétam; Brivaracetamum; UCB-34714. (25)-2-[(4R)-2-
Oxo-4-propylpyrrolidin- | -ylJoutanamide.

BpusapaueTtam

CyHoN,0, = 212.3.

CAS — 357336-20-0.

UNII — U863JGG2IA.

H3C Y (6]

N
NH,

0 H “—CHs

Profile

Brivaracetam is under investigation for the treatment of various
types of epilepsy including progressive myoclonic epilepsy and
n.fractory partial seizures,

O References.

. rSna;cgoctx;lT;“l:/lamr ML, e al. The pharmacokinetics, CNS phar-
e |yncre':ScI:13I:§d ;;(il\ erse event profile of brivaracetam after
e it 6}?0 2: oses in healthy males. Br J Clin Pharma-

All cross-references refer to entries in Volume A

2. Rolan P, er al. The phar CNS phar
and adverse event profile of brivaracetam after mulnple increas-
ing oral doses in healthy men. Br J Clin Pharmacol 2008; 66:
71-5.

. Malawska B, Kulig K. Brivaracetam: a new drug in development
for epilepsy and neuropathic pain. Expert Opin Invest Drugs
2008; 17: 361-9.

w

Carbamazepine @an, Usan, inn)

Carbamazepina; Carbamazépine; Carbamazepinum; G-32883;
Karbamatsepiini; Karbamazepin; Karbamazepinas; Karbamazepi-
num. SH-Dibenz[b flazepine-5-carboxamide.

Kap6amazsenux

CysHj,N,O = 236.3.

CAS — 298-46-4.

ATC — NO3AFOI.

ATC Vet — QNO3AFOI.

UNIl — 33CM23913M.

A

Pharmacopoeias. In Chin., Eur: (see p.vii), Int., Jpn, and US.
Ph. Eur. 6.8 (Carbamazepine). A white or almost white crystal-
line powder. It exhibits polymorphism. Very slightly soluble in
water; sparingly soluble in alcohol and in acetone; freely soluble
in dichloromethane. Store in airtight containers.

USP 33 (Carbamazepine). A white or off-white powder. Practi-
cally insoluble in water; soluble in alcohol and in acetone. Store
in airtight containers.

O

NH,

Incompatibility. Carbamazepine suspension should be mixed
with an equal volume of diluent before nasogastric use as undi-
luted suspension is adsorbed onto PVC nasogastric tubes.!
The FDA has received a report of a patient who passed an orange
rubbery mass in his faeces the day after taking a carbamazepine
suspension (7Tegretol; Novartis, USA) followed immediately by
chlorpromazine solution (7horazine; GSK, USA). Subsequent
testing showed that mixing the same carbamazepine suspension
with a thioridazine hydrochloride solution (Mellaril; Novartis,
USA) also resulted in the precipitation of a rubbery orange mass.
1. Clark-Schmidt AL, er al. Loss of carbamazepine suspension
through nasogastric feeding tubes. Am J Hosp Pharm 1990; 47:
2034-7.
Stability. FDA studies indicate that carbamazepine tablets
could lose up to one-third of their efficacy if stored in humid con-
ditions." This appears to be due to formation of a dihydrate form
which leads to hardening of the tablet and poor dissolution and
absorption.? As the dihydrate has also been detected after stor-
age under ambient conditions some suggest that storage with sil-
ica gel sachets may be necessary to avoid physical deterioration
of carbamazepine tablets.”
1. Anonymous. Moi: hardens cart
finds. Am J Hosp Pharm 1990; 47: 958.
. Lowes MMJ. More information on hardening of carbamazepine
tablets. Am J Hosp Pharm 1991; 48: 2130-1.
Wang JT, et al. Effects of humidity and temperature on in vitro
dissolution of carbamazepine tablets. J Pharm Sci 1993; 82:
1002-5.

tablets, FDA

[ZIN)

Adverse Effects

Fairly common adverse effects of carbamazepine, par-
ticularly in the initial stages of therapy, include dizzi-
ness, drowsiness, and ataxia. Gastrointestinal distur-
bances, such as nausea and vomiting, and mild skin
reactions are also common. These effects may be min-
imised by starting therapy with a low dose. Drowsiness
and disturbances of cerebellar and oculo-motor func-
tion (with ataxia, nystagmus, and diplopia) are also
symptoms of excessive plasma concentrations of car-
bamazepine, and may disappear spontaneously with
continued treatment or at reduced or divided dosage.
Although rare, generalised erythematous rashes can be
severe and treatment may have to be withdrawn. Pho-
tosensitivity reactions, urticaria, alopecia, exfoliative
dermatitis, toxic epidermal necrolysis, erythema multi-
forme and Stevens-Johnson syndrome, and SLE (but
see below) have also been reported.

Transient leucopenia is common and usually resolves
with continued therapy; however, rarer blood disorders
reported include agranulocytosis, aplastic anaemia,
eosinophilia, persistent leucopenia, leucocytosis,
thrombocytopenia, and purpura. Lymphadenopathy,

splenomegaly, pneumonitis, abnormalities of liver and
kidney function, hepatitis, and cholestatic jaundice
have occurred. Some or all of these symptoms as well
as fever and rashes may represent a generalised hyper-
sensitivity reaction to carbamazepine.

Gastrointestinal symptoms reported to be less common

_include dry mouth, abdominal pain, anorexia, and diar-

rhoea or constipation. Hyponatraemia, and sometimes
oedema, have occurred. Other adverse effects reported
include paraesthesia, headache, arrhythmias and heart
block, heart failure, impotence, male infertility, gynae-
comastia, galactorrhoea, and dystonias and dyskinesias
with asterixis. Rectal use has resulted in local irritation.

Overdosage may be manifested by many of the ad-
verse effects listed above, especially those on the CNS,
and may result in stupor, coma, convulsions, respirato-
ry depression, and death.

In rare cases, carbamazepine has been reported to ex-
acerbate seizures in patients suffering from mixed-type
epilepsy—see Precautions, below.

Congenital malformations have been reported in in-
fants born to women given carbamazepine during

pregnancy.

Effects on the blood. Occasional reports of fatal haematolog-
ical reactions associated with cart pine led the

ers to recommend extensive blood momtonng during Lherapy.
However, because of the rarity of such reactions these recom-
mendations were questioned and the manufacturers subsequent-
ly modified their guidelines (see Precautions, below).

Case reports and studies of carbamazepine’s haematological ef-
fects have been reviewed.! The incidence of haematological re-
actions to carbamazepine has been estimated to range between
1:10 800 and 1:38 000 per year while one group reported the rate
of bone marrow suppression to be between 1:10 000 and
1:50 000 cases. The incidence of aplastic anaemia has been cal-
culated to be 1:200 000 per year. Another investigator indicated
that 2.2 deaths per million exposures were associated with aplas-
tic anaemia and agranulocytosis. However, of 27 reports of
aplastic anaemia (16 fatal) associated with carbamazepine many
were found to have had co-incidental disease or were receiving
multiple-drug therapy. Benign or clinically insignificant leuco-
penia has occurred, usually during the first 3 months of treat-
ment, in about 12% of children and 7% of adults but in most
patients this resolved despite continuation of therapy. Mild tran-
sient thrombocytopenia has occurred in about 2% of patients;
transient eosinophilia has also occurred.

The reviewers' suggested that all patients should have blood and
platelet counts before treatment. Patients with low white cell and
neutrophil counts were at risk of developing leucopenia and
should be monitored every 2 weeks for the first 1 to 3 months. If
counts fell further the dose should be reduced or treatment
stopped. It should be noted that the BNF' 59 doubts the practical
value of routine monitoring: in particular, aplastic anaemia,
agranulocytosis, and thrombocytopenia have a rapid onset and
are best monitored by instructing the patient to report waming
symptoms (see Precautions, below).

For a discussion of the effects of antiepileptics, including car-
bamazepine, on serum folate, see Folic Acid Deficiency, under
Phenytoin, p.540.

1. Sobotka JL, et al. A review of carbamazepine’s hematologic re-

actions and monitoring recommendations. DICP Ann Pharmaco-
ther 1990; 24: 1214-19.

Effects on bone. For the effects of antiepileptics including car-
bamazepine on bone and on calcium and vitamin D metabolism,
see under Phenytoin, p.540.

Effects on electrolytes. There have been reports of iiyponat-
raemia or water intoxication in patients receiving car-
bamazepine."”7 One review® states that although hyponatraemia
oceurs in 10 to 15% of patients taking carbamazepine, it is sel-
dom symptomatic or severe enough to cause fluid retention.
However, care should be taken to distinguish the confusion, diz-
ziness, nausea and headache of water intoxication from the cen-
tral and gastrointestinal effects of the drug. The mechanism is
uncertain; although some studies suggest an increase in secretion
of antidiuretic hormone in subjects given carbamazepine,**®
others indicate the reverse,*” and the fact that the hyponatraemic
effects of carbamazepine can be partly reversed by
demeclocycline® is cited as evidence for an effect on the kidney,
either directly upon the distal tubule or by increasing sensitivity
to the effects of antidiuretic hormone. Risk factors for develop-
ing carbamazepine-induced hyponatraemia include age of over
40 years, use of sodium-depleting drugs, and low pre-treatment
plasma-sodium concentrations; it is unclear whether this adverse
effect is dose-related.”
1. Henry DA, er al. Hyp
ment. BMJ 1977; 1: 83-4.

2. Stephens WP, er al. Water intoxication due to carbamazepine.
BMJ 1977; 1: 754-5.

ia during cart treat-
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. Ashton MG, et al. Water intoxication associated with car-
bamazepine treatment. BMJ 1977; 1: 1134-5.
. Smith NJ, et al. Raised plasma arginine vasopressin concentra-
tion in carbamazepine-induced water intoxication. BMJ 1977 2:
4,

IS

. Ballardie FW, Mucklow JC. Partial reversal of carbamazepine-
induced water intolerance by demeclocycline. BrJ Clin Pharma-
col 1984; 17: 763-5.

Sorensen PS, Hammer M. Effects of long-term carbamazepine
treatment on water metabolism and plasma vasopressin concen-
tration. Eur J Clin Pharmacol 1984; 26: 719-22.

. Kuz GM, M ian A. Cart duced hyponatrem-
ia: assessment of risk factors. Ann Pharmacother 2005; 39:
1943-6.

Mucklow J. Selected side-effects 2: carbamazepine and hyponat-
raemia. Prescribers’J 1991;31: 61-4

Stephens WP, er al. Plasma arginine vasopressin concentrations
and antidiuretic action of carbamazepine. BM/ 1978; 1: 1445-7.

o

*
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L
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Effects on the endocrine system. Carbamazepine may re-
duce serum concentrations of #/yroid hormones through enzyme
induction—see under Interactions of Levothyroxine, p.2373.
For mention of the effects of antiepileptics on sexual function in
male epileptic patients, see under Phenytoin, p.540.

Effects on the eyes. On rare occasions lenticular opacities
have been associated with carbamazepine.! Retinotoxicity asso-
ciated with long-term carbamazepine use has been reported” in 2
patients. After stopping the drug visual ﬁmcuon and retinal mor-
phological changes improved. A review? of the effect of anuepl-
leptics on the eyes noted that despite reports of colour vision dis-
turbances and impaired contrast sensitivity associated with
carbamazepine therapy, studies in healthy subjects had shown
conflicting results.

. Anonymous. Adverse ocular effects of systemic drugs. Med Lett

Drugs Ther 1976; 18: 63—4.

Nielsen NV, Syversen K. Posslble retinotoxic effect of car-

bamazepine. Acta Ophthalmol (Copenh) 1986; 64: 287-90.

Hilton EJR, et al. The effect of antiepileptic drugs on visual per-

formance. Seizure 2004; 13: 113-28.

Effects on the heart. A review' of reports of cardiac effects

associated with carbamazepine revealed that patients could be

divided into 2 distinct groups based on their symptoms. One
group consisted mainly of young patients with non life-threaten-
ing sinus tachycardia after carbamazepine overdosage while the
other group was composed of older female patients with poten-
tially life-threatening bradycardia or AV block associated with
therapeutic or modestly raised blood concentrations of car-
bamazepine. However, there has been a report of fatal syncope,

probably due to ventricular asystole, in a 20-year-old patient. 2

Carbamazepine should be avoided in patients who develop con-

duction abnormalities, or who have conditions such as myotonic

dystrophy in which conduction abnormalities are likely.'

Elevation of ventricular and atrial stimulation thresholds was re-

ported in a 59-year-old man with a permanent dual-chamber

pacemaker, 5 days after starting carbamazepine for mania.’

For a report of carbamazepine producing fatal eosinophilic myo-

carditis, see under Hypersensitivity, below.

. Kasarkis EJ, et al. Cart ine-induced cardiac d ion:
characterization of two distinct clinical syndromes. Arch Intern
Med 1992; 152: 186-91.

. Stone S, Lange LS. Syncope and sudden unexpected death attrib-
uted to carbamazepine in a 20-year-old epileptic. J Neurol Neu-
rosurg Psychiatry 1986; 49: 1460-1.

. Ambrosi P, ef al. Carbamazepine and pacing threshold. Lancet
1993; 342: 365.

Effects on the immune system. There have been reports of
hypogammaglobulmaemla associated with carbamazepine.'*
The authors of one report” stated that this was a recognised but
rare adverse effect of carbamazepine and noted that the UK CSM
had 9 reports on file of hypogammaglobulinaemia or gamma-
globulin abnormalities related to the use of carbamazepine.
. Moschione Castro APB, et al. Secondary hypogammaglobiline-
mia after use of carbamazepine: case report and review. Rev
Hosp Clin Fac Med Sao Paulo 2001; 56: 189-92.
Hayman G, Bansal A. Antibody deficiency associated with car-
bamazepine. BMJ 2002; 325: 1213.
. Rice CM, et u/ Recurrent herpes slmple‘( virus encephahm sec-
ondary to cart induced | Ji
Neurol Neurosurg Psychiatry 2007; 78 1011-12.
Tamada T, et al. Secondary bronchmllus obllterans organising
pneumonia in a patient with cart ed
maglobulinemia. Thorax 2007; 62: 100.
Effects on the liver. A report in 1990 commented that of 499
reports of unwanted effects of carbamazepine on the liver about
half comprised only abnormal results from liver function tests;'
however, deaths have occurred from liver failure' or hepatic
necrosis.’ Reversible vanishing bile duct syndrome has been as-
sociated with long-term use of carbamazepine.*

Hepatotoxicity may form part of the antiepileptic hypersensitiv-

ity syndrome reported with carbamazepine (see below).

. Hadzi¢ N, ef al. Acute liver failure induced by carbamazepine.

Arch Dis Child 1990; 65: 315-17.

Zucker P, et al. Fatal carbamazepine hepatitis. J Pediatr 1977; .

91: 667-8.

Smith DW, et al. Fatal hepatic necrosis associated with multiple

anticonvulsant therapy. Aust N Z J Med 1988; 18: 575-81.
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4. Ramos AMO, et al. Reversible vanishing bile duct syndrome in-
duced by cart ine. Eur J G [ Hepatol 2002; 14:
1019-22.

Effects on mental function. Carbamazepine therapy has been
associated in a few patients with the development of acute psy-
chotic and paranoid symptoms'= and with phobias® and mood

disturbances, including mania* and melancholia.’ One case of
acute paranoid psychosis was associated with the addition of car-
bamazepine to long-term sodium valproate therapy in a patient
subsequently diagnosed as having a schizotypal personality.® For
nonconvulsive status epilepticus associated with carbamazepine
presenting as psychiatric disorders, see under Effects on the
Nervous System, below. The problems of antiepileptic therapy
adversely affecting cognition and the risk of mood disorders, in-
cluding suicidal ideation, are discussed on p.510.

. Berger H. An unusual manifestation of Tegretol® (car-

bamazepine) toxicity. Ann Intern Med 1971; 74: 449-50.

2. Mathew G. Psychiatric symptoms associated with car-
bamazepine. BMJ 1988; 296: 1071.
3. McKee RIW, et al. Acute psychosis with carbamazepine and so-

dium valproate. Lancet 1989; i: 167.

4. Reiss AL, O’Donnell DJ. Carbamazepine-induced mania in two
children: case report. J Clin Psychiatry 1984; 45: 272-4.

. Gardner DL, Cowdry RW. Development of melancholia during
carbamazepine treatment in borderline personality disorder. J
Clin Psychopharmacol 1986; 6: 236-9.

Effects on the nervous system. ASEPTIC MENINGITIS. Asep-
tic meningitis has developed in a patient with Sjogren’s syn-
drome given carbamazepine. It abated when the drug was
withdrawn and symptoms recurred on rechallenge.! Aseptic
meningitis has also been associated with carbamazepine in
patients without Sjégren’s syndrome.>*

. Hilton E, Stroh EM. Aseptic meningitis associated with admin-
istration of carbamazepine. J Infect Dis 1989; 159: 363—4.

w

2. Simon LT, er al. Carbamazepine-induced aseptic itis. Ann
Intern Med 1990; 112: 627-8.

3. Hemet C, e al. Aseptic ingitis secondary to cart
treatment of manic- depressne illness. Am J Psychiatry 1994;
151: 1393,

4. Dang CT, Riley DK. Aseptic meningitis secondary to car-

bamazepine therapy. Clin Infect Dis 1996; 22: 729-30.

ENCEPHALOPATHY. Carbamazepine-induced encephalopathy
with symptoms resembling Creutzfeldt-Jakob disease was re-
ported in a 71-year-old man; the cognitive decline, bradyki-
nesia, tremor, and abnormal EEG improved on stopping car-
bamazepine.! In another report,” carbamazepine use was
associated with the development of hyperammonaemia and
associated behavioural changes on2 occasmns

1. Horvath J, et al. Cart di
as Creutzfeldt-Jakob disease. Neurolozv 2005 65 650-1.
2. Adams EN, et al. Cart duced hyper

Am J Health-Syst Pharm 2009; 66: 1468-70.

EXTRAPYRAMIDAL EFFECTS. Although carbamazepine has been

associated with extrapyramidal adverse effects,' it has also

been tried in the treatment of movement disorders—see under

Uses and Administration, below.

. Schwartzman MJ, Leppik IE. Carbamazepine-induced dyski-

nesia and ophthalmopleﬂm Cleve CImJMed 1990; 57: 367-72.

Soman P, et al. Dy rare mani ion of cart

toxicity. Poxlgruzl Med J 1994; 70: 54-5.

Lee JW. Persistent dy i iated with cart

apy: a case report. NZ Med J 1994; 107: 360-1.

. Stryjer R, er al. Segmental dystonia as the sole manifestation of
carbamazepine toxicity. Gen Hosp Psychiatry 2002; 24: 114-15.

[
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sTATUS EPILEPTICUS. Nonconvulsive status epilepticus, misdi-
agnosed as behavioural and psychiatric disorders, was
reported' to have been precipitated by carbamazepine in 2 pa-
tients; seizure control and behaviour improved when car-
bamazepine was stopped and replaced with valproate.

1. Marini C, et al. l\onconvulsne status epilepticus precipitated by

Barbexaclone/Carbamazepine 515

Hypersensitivity. An antiepileptic hypersensitivity syndrome,
comprising fever, rash, and lymphadenopathy and less common-
ly hepatosplenomegaly and eosinophilia, has been associated
with some antiepileptic drugs including carbamazepine.'” Al-
though a literature search' was only able to find 20 published
cases to 1986, 22 cases had been reported to the Australian Ad-
verse Drug Reactions Advisory Committee between 1975 and
1990. Some have estimated the incidence at 1 in 1000 to 1 in
10 000 new exposures to aromatic anticonvulsants,> but the true
incidence is uncertain due to variations in presentation and re-
porting. Most reactions occurred within 30 days of the start of
carbamazepine treatment,' although symptoms may occur any-
where between 1 and 8 weeks after exposure.? In previously sen-
sitised individuals the reactions may occur within 1 day of re-
challenge. The potential for cross-reactivity between
carbamazepine, phenobarbital, and phenytoin is about 75%, and
patients who develop the syndrome, and their close relatives,
should be warned of the risk associated with use of these antiep-
ileptics.” Suspected cross-sensitivity between carbamazepine
and lamotrigine has also been reported in a patient.*
Carbamazepine antibodies were detected in an 8-year-old child
who developed symptoms of serum sickness including fever,
skin rash, oedema, and lymphadenopathy during treatment with
carbamazepine.® Hypersensitivity to carbamazepine with multi-
system effects clinically resembling a mononucleosis syndrome
was reported in a 15-year-old boy 2 weeks after starting mono-
therapy with carbamazepine;® all symptoms resolved on stop-
ping carbamazepine and giving prednisone. There have been
other cases”™ of an infectious mononucleosis syndrome associ-
ated with hypersensitivity to carbamazepine, leading the authors
to suggest that reactivation of human herpesvirus 6 or 7 infection
is a cofactor and an early manifestation of carbamazepine hyper-
sensitivity syndrome; however, further studies are warranted.

A hypersensitivity reaction producing fatal eosinophilic myocar-
ditis has been reported in a 13-year-old patient; initial symptoms
mimicked scarlet fever.'® A 21-year-old woman developed fatal
fulminant hepatic failure after taking carbamazepine for about 2
months; she had presented with initial symptoms of fever,
breathlessness, bloody diarrhoea, and a spreading rash."!
Generalised erythroderma with renal, hepatic, and bone-marrow
failure (characterised by hypercellularity and dyserythropoiesis)
has been reported'? in an 81-year-old man 50 days after starting
carbamazepine therapy. Symptoms recurred following an inad-
vertent rechallenge. The presence of underlying lymphoprolifer-
ative disease may have potentiated the severe drug-induced reac-
tion.

If the antiepileptic hypersensitivity syndrome develops, immedi-
ate withdrawal of carbamazepine is recommended. In most cases
this is all that is required and does not seem to precipitate an in-
crease in seizures, compared with gradual withdrawal.'?
Successful desensitisation to carbamazepine was reported'* in a
12-year-old boy who was sensitive to carbamazepine, sodium
valproate, and phenytoin. Starting with a low dose of car-
bamazepine 100 micrograms daily the dose was doubled, gener-
ally every 2 days, up to 100 mg daily. The dose was then gradu-
ally increased over 4 weeks to a maintenance dose of 200 mg
twice daily. The same technique was used to desensitise 7 pa-
tients, all of whom developed dramatic skin rashes when first ex-
posed to carbamazepine.'> Carbamazepine therapy in full doses
was achieved without problem in about 6 weeks. Some? consider

car pine presenting as d ve and affective disorders
in adolescents. J Child Neurol 2005; 20: 693-6.
Effects on the skin. Rashes occurring with carbamazepine
may form part of an antiepileptic hypersensitivity syndrome (see
below). In a report,' erythema multiforme occurred when a ge-
neric formulation was given instead of a proprietary brand of car-
bamazepine. Skin lesions resolved when the patient stopped tak-
ing the generic formulation and did not recur when the
proprietary brand was restarted. In another report, a 6-year-old
boy developed Stevens-Johnson syndrome 5 weeks after car-
bamazepine was added to valproic acid, which he had been tak-
ing as sole antiepileptic therapy for several weeks.? Car-
bamazepine was stopped and the patient eventually made a full
recovery; valproic acid was continued because it was not thought
to be the causative agent (but see under Valproate, p.554). Fatal
toxic epidermal necrolysis has been seen when carbamazepine
was given to a patient who had previously had Stevens-Johnson
syndrome during carbamazepine treatment.’ Pseudo mycosis
fungoides with lymphoid cell infiltration of the dermis and raised
liver enzymes has been reported* in a 54-year-old man who was
taking carbamazepine for seizures; symptoms resolved within
about 2 weeks of stopping therapy.
For a warning that severe skin reactions may be more likely in
patients of certain genotypes, see Skin Reactions, under Precau-
tions, below. For the relative incidence of skin reactions to differ-
ent antiepileptics, see under Phenytoin, p.540.
1. Busch RL. Generic carbamazepine and erythema multiforme:
generic-drug nonequivalency. N Engl J Med 1989; 321: 692-3.
. Keating A, Blahunka P. Carbamazepine-induced Stevens-John-
son syndrome in a child. Ann Pharmacother 1995; 29: 538-9.

. Huang L-Y, ef al. Fatal toxic epidermal necrolysis induced by
carbamazeplne treatment in a patient who previously had car-

d St Johnson synd . J Formos Med
Assoc 2007; 106: 1032-7.
Giil U, er al. Carbamazepine-induced pseudo mycosis fungoides.
Ann Pharmacother 2003; 37: 1441-3.
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that d itisation is not to be recommended in patients with

full-blown antiepileptic hypersensitivity syndrome.

1. Anonymous. Anticonvulsants and lymphadenopathy.
Drug Inf1991; 5: 11.

Knowles SR, er al. Anticonvulsant hypersensitivity syndrome:

incidence, prevention and management. Drug Safety 1999; 21:

489-501.

. Bessmertny O, et al. Antiepileptic hypersensmvuy syndrome in

children. Ann Pharmacother 2001; 35: 533

. Aouam K, ef al. Hypersensitivity syndrome mduced by anticon-
vulsants: possible cross-reactivity between carbamazepine and
lamotrigine. J Clin Pharmacol 2009; 49: 1488-91.

. Hosoda N, er al. Anticarbamazepine antibody induced by car-
bamazepine in a patient with severe serum sickness. Arch Dis
Child 1991; 66: 722-3.

. Merino N, ef al. Multisystem hypersensitivity reaction to car-
bamazepine. Ann Pharmacother 1994; 28: 402-3.

7. Zeller A, et al. Drug hypersensitivity syndrome to car-
bamazepine and human herpes virus 6 infection: case report and
literature review. Infection 2003 3] 254-6.

. Aihara Y, et al. Cart d hyp y syn-
drome associated with transient hypogammaglobulmaemm and
reactivation of human herpesvirus 6 infection demonstrated by
real-time quantitative polymerase chain reaction. Br J Dermatol
2003; 149: 165-9.

. Oskay T, er al. Association of anticonvulsant hypersensitivity
syndrome with Herpesvirus 6, 7. Epilepsy Res 2006; 70: 27-40.
10. Salzman MB, e al. Carbamazepine and fatal eosinophilic myo-

carditis. N Engl J Med 1997; 336: 878-9.

11. Syn W-K, er al. Carbamazepine-induced acute liver failure as
part of the DRESS syndrome Int J Clin Pract 2005; 59:
988-91. Correction. ibid.;

12. Lombardi SM et al. SC\ere mullls)slcmlc hypersensitivity re-
action to cart epine incl yserythropoietic anemia.
Ann Pharmacother 1999; 33: 571-5.

13. Pirmohamed M, er al. Hypersensitivity to carbamazepine and
lamotrigine: clinical considerations. BrJ Clin Pharmacol 2000;
49: 519P-520P.

14. Smith H, Newton R. Adverse reactions to carbamazepine man-
aged by desensitisation. Lancet 1985; i: 753.

15. Eames P. Adverse reactions to carbamazepine managed by de-
sensitisation. Lancer 1989; i: 509-10.
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516 Antiepileptics

Sudden unexplained death in epilepsy. Sudden unex-
plained death in epilepsy (SUDEP), a common cause of seizure-
related mortality in patients with chronic epilepsy, has been re-
viewed.!? Risk factors may include early onset of epilepsy, fre-
quent generalised tonic-clonic seizures, intractability, frequent
medication changes, and polytherapy. Carbamazepine use has
also been implicated but the evidence was considered to be ten-
uous although frequent dose change resulting in plasma-car-
bamazepine levels outside the therapeutic range was found to be
an independent risk factor. Although the FDA in the USA had
required data about the specific risk of SUDEP to be included in
Ihe prescribing information for the newer antiepileptic drugs
gabap lamotri; :qme topiramate, and zonisamide,
some commentators® consider that none of these antiepileptics
have shown an associated change in the risk of SUDEP. It has
been suggested”” that the incidence of SUDEP is related to the
disease rather than a specific drug effect.

. Walczak T. Do antiepileptic drugs play a role in sudden unex-
pected death in epilepsy? Drug Safety 2003; 26: 673-83.

. Nashef L, er al. Risk factors in sudden death in epilepsy
(SUDEP): the quest for mechanisms. Epilepsia 2007; 48:
859-71.

. Lathers CM, Schraeder PL. Clinical pharmacology: drugs as a
benefit and/or risk in sudden unexpected death in epilepsy? J
Clin Pharmacol 2002; 42: 123-36.
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Systemic lupus erythematosus. A review' of 80 cases of

SLE-like syndromes associated with carbamazepine that had
been reported to the manufacturer suggested that the frequency
of reports (less than 0.001%) was below that for idiopathic lupus.
There have been subsequent reports® of late-onset SLE occur-
ring after up to 8 years of carbamazepine therapy without previ-
ous adverse effects. The symptoms due to carbamazepine usual-
ly resolved on stopping treatment.

. Jain KK. Systemic lupus eryth (SLE)-like synd
associated with carbamazepine therapy. Drug Safety 1991; 6:
350-60.

. Toepfer M, et al. Drug-induced sy lupus ery
after 8 years of treatment with carbamazepine. Eur J Clin Phar-
macol 1998; 54: 193-4.

. Pelizza L, et al. Drug-induced systemic lupus erythematosus af-

ter 7 years of treatment with carbamazepine. Acta Biomed 2006,

77:17-19.

Amerio P, ef al. Drug-induced cutaneous lupus erythematosus

after 5 years of treatment with carbamazepine. Eur J Dermatol

2006; 16: 281-3.
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Treatment of Adverse Effects

In the treatment of carbamazepine overdosage repeat-
ed doses of activated charcoal may be given orally to
adults and children who have ingested more than
20 mg/kg; the aim is not only to prevent absorption but
also to aid elimination. Gastric lavage may be consid-
ered if undertaken within 1 hour of ingestion. Support-
ive and symptomatic therapy alone may then suffice,
with particular attention to correcting hypoxia and hy-
potension; haemoperfusion has been suggested for se-
vere poisoning. If there is doubt about the diagnosis, or
if multiple-dose oral activated charcoal is being con-
sidered, then monitoring plasma-carbamazepine con-
centration can be useful; it may also help determine
when carbamazepine therapy should be restarted. See
also Overdosage, below.

Hypersensitivity reactions. For reference to successful de-
sensitisation in patients sensitive to carbamazepine, see Hyper-
sensitivity under Adverse Effects, above.

Overdosage. Carbamazepine poisoning and its management
has been reviewed.! Management is mainly supportive, with
prompt attention to airway management and seizure control. Ac-
tivated charcoal should be given; although multiple-dose activat-
ed charcoal has been recommended for carbamazepine overdos-
age, care must be taken to protect the airway since
carbamazepine inhibits intestinal motility and there is a signifi-
cant risk of aspiration. In patients with seizures unresponsive to
benzodiazepines phenobarbital should be used; phenytoin is not
a drug of choice in this situation. Hypotension is rare, and should
be managed with fluid and vasopressor support; hypotension
with refractory seizures should be treated aggressively as it has
led to permanent neurological disability and death.

Haemodialysis or haemoperfusion may be warranted in patients
with unstable cardiac status or status epilepticus complicated by
bowel hypomotility and unresponsive to more conventional ther-
apy. However, a report® of the use of plasmapheresis in the treat-
ment of an acute overdose of carbamazepine concluded that plas-
mapheresis removed a very small percentage of the total body
:;:::i atlfcarbmn(uupme and could not be recommended. As car-
e \:ﬁ:)nvcc :ﬁ:xg}hly protein-bound, albumin-enhanced contin-
tive in the ln.almbcl\’la:ll}:)%aI'y*s-l5 “;?15 -"!ed'and t'ound FB v
of carbamazeping year-old child after ingestion of 1.4 g

1. Spiller HA. Management of ¢

Emerg Care 2001: 17: a0g arbamazepine overdose. Pediatr

All cross-references refer to entries in Volume A

o

Kale PB, er al. Evaluation of plasmapheresis in the treatment of
an acute overdose of carbamazepine. Ann Pharmacother 1993;
27: 866-70.

. Askenazi DJ, et al. Managemenl of a severe carbamazepine
overdose using alb c he-
modialysis. Pediatrics 2004; 113: 406-9.

w

Precautions

Carbamazepine should be avoided in patients with AV
conduction abnormalities. It should not be given to pa-
tients with a history of bone marrow depression. Car-
bamazepine should be given with caution to patients
with a history of blood disorders or haematological re-
actions to other drugs, or of cardiac, hepatic, or renal
disease. Patients or their carers should be told how to
recognise signs of blood, liver, and skin toxicity and
they should be advised to seek immediate medical at-
tention if symptoms such as fever, sore throat, rash,
mouth ulcers, bruising, or bleeding develop. Car-
bamazepine should be withdrawn, if necessary under
cover of a suitable alternative antiepileptic, if severe,
progressive, or symptomatic leucopenia develops, or if
symptoms suggestive of Stevens-Johnson syndrome or
toxic epidermal necrolysis occur. Licensed product in-
formation recommends blood counts and hepatic and
renal-function tests before starting carbamazepine
therapy and periodically during treatment, but the
BNF 59 considers the evidence of practical value
unsatisfactory. Clinical monitoring is of primary im-
portance throughout treatment. Some patients of Asian
ancestry may be at increased risk of severe skin reac-
tions; for recommendations that such patients” geno-
type should be tested before beginning carbamazepine,
see Skin Reactions, below.

Care is required in identifying patients with mixed sei-
zure disorders that include generalised absence or atyp-
ical absence seizures, who may be at risk of an increase
in generalised seizures if given carbamazepine. Car-
bamazepine may also exacerbate absence and myo-
clonic seizures.

Care is required when withdrawing carbamazepine
therapy—see also Uses and Administration, below.

Since carbamazepine has mild antimuscarinic proper-
ties caution should be observed in patients with glauco-
ma or raised intra-ocular pressure; scattered punctate
lens opacities occur rarely with carbamazepine and it
has been suggested that patients should be examined
periodically for eye changes.

Abuse. Overdosage requiring hospital admission has been re-

ported after abuse of carbamazepine.'

1. Crawford PJ, Fisher BM. Recreational overdosage of car-
bamazepine in Paisley drug abusers. Scott Med J1997; 42: 44-5.

Breast feeding. The American Academy of Pediatrics
considers' that carbamazepine is usually compatible with breast
feeding, although there have been reports? of transient cholestat-
ic hepatitis in breast-fed infants.

For further comment on antiepileptic therapy and breast feeding,
see p.509.

. American Academy of Pediatrics. The transfer of drugs and oth-
er chemicals into human milk. Pediatrics 2001; 108: 776-89.
[Retired May 2010] Correction. ibid.; 1029. Also available at:
http://aappolicy.aappublications.org/cgi/content/full/
pedlalrlcs%3b108/3/776 (acuessed 09/06/08)

Frey B, etal. N itis from cart

exposure during pregnancy and breast feeding. Ann Pharmaco-
ther 2002; 36: 644-7.

Driving. For comment on antiepileptic drugs and driving, see
p.510.

o

Multiple sclerosis. Exacerbation of symptoms of multiple '

sclerosis has been reported' in 5 patients on starting car-
bamazepine therapy for paroxysmal neurological symptoms and
pain. There was a close temporal association between starting
carbamazepine and worsening of symptoms, followed by resolu-
tion when it was stopped. A 3-year follow-up observational
study” found that out of 36 multiple sclerosis patients who re-
ceived carbamazepine therapy, 12 developed neurological ad-
verse effects that mimicked a relapse. The authors concluded that
carbamazepine was associated with higher rates of adverse ef-
fects and stopping therapy than gabapemin or lamotrigine.
1. R g G, et al. We 15 of multiple scle-
rosis associated with c'|rbamnzepme BMJ 2000; 320: 1113.
. Solaro C, et al. Antiepileptic medications in multiple sclerosis:
adverse effects in a three-year follow-up study. Neurol Sci 2005;
25: 307-10.

Porphyria. Carbamazepine has been associated with acute at-
tacks of porphyria and is considered unsafe in porphyric patients.

Pregnancy. For comments on the management of epilepsy dur-
ing pregnancy, see p.510.

There is an increased risk of neural tube defects in infants ex-
posed in utero to antiepileptics including carbamazepine; syn-
dromes such as craniofacial and digital abnormalities and, less
commonly, cleft lip and palate have also been described. Expo-
sure to carbamazepine has been calculated to carry a 1% risk of
spina bifida.' A ‘carbamazepine syndrome’ characterised by fa-
cial dysmorphic features and mild mental retardation has been
described;? such syndromes are now often seen as aspects of a
single ‘fetal antiepileptic syndrome’. There is also a risk of neo-
natal bleeding.

. Rosa FW. Spina bifida in infants of women treated with car-
bamazepine during pregnancy. N Engl J Med 1991; 324: 674-7.
Ornoy A, Cohen E. Outcome of children born to epileptic moth-
ers treated with carbamazepine during pregnancy. Arch Dis
Child 1996; 75: 517-20.

Skin reactions. The FDA has issued a warning' that severe and
potentially fatal skin reactions such as Stevens-Johnson syn-
drome and toxic epidermal necrolysis are significantly more
common in patients with the HLA allele HLA-B*1502, which
occurs almost exclusively in persons of Asian ancestry. They
recommend that patients with such ancestry should be screened
for the presence of this allele before beginning therapy with car-
bamazepine, and if present the risks and benefits of therapy
should be considered with particular care; those who have al-
ready taken carbamazepine for more than a few months without
developing skin reactions are, however, at low risk of them ever
developing, regardless of genotype. Similar recommendations
have since been issued in the UK by the MHRA 2 See also under
Phenytoin, p.541.

. FDA. Information for healthcare ionals: d
even fatal skin nacuonsﬂ:arbamucplne (marketed as Carban'ol
Equetro, Tegretol, and generics) (issued 12th December, 2007).
Available at: http://www.fda.gov/Drugs/DrugSafety/
PostmarketDrugSafetyInformationforPatientsandProviders/
ucm124718.htm (accessed 25/08/10)
MHRA/CHM. Carbamazepine: genetic testing recommended in
some Asian populations. Drug Safety Update 2008: 1 (9): 5.
Available at:
http://www.mhra.gov.uk/home/idcplg?IdcService=GET _
FILE&dDocName=CON014506&RevisionSelectionMethod=
Latest (accessed 09/06/08)
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Interactions

There are complex interactions between antiepileptics
and toxicity may be enhanced without a corresponding
increase in antiepileptic activity. Such interactions are
very variable and unpredictable and plasma monitor-
ing is often advisable with combination therapy.

The metabolism of carbamazepine is reported to be
less susceptible to inhibition by other drugs than that of
phenytoin but a few drugs are reported to inhibit its
metabolism by the cytochrome P450 isoenzyme
CYP3A4, resulting in raised plasma concentrations
and associated toxicity. Conversely, drugs that induce
CYP3A4 may increase the metabolism of car-
bamazepine, leading to reduced plasma concentrations
and potentially a decrease in therapeutic effect. Li-
censed product information advises that, in such situa-
tions, the dose of carbamazepine should be adjusted
accordingly and/or the plasma concentrations moni-
tored.

Carbamazepine is itself a hepatic enzyme inducer, and
induces its own metabolism as well as that of several
other drugs including some antibacterials (notably,
doxycycline), anticoagulants, and sex hormones (nota-
bly oral contraceptives). Carbamazepine and pheny-
toin may mutually enhance one another’s metabolism.
The metabolism of carbamazepine is similarly en-
hanced by enzyme inducers such as phenobarbital.

O General references.

1. Spina E, et al. Clinically significant pharmacokinetic drug inter-
actions with carbamazepine: an update. Clin Pharmacokinet
1996; 31: 198-214.

Alcohol. Alcohol may exacerbate the CNS adverse effects of

carbamazepine and vice versa.

Analgesics. Dextropropoxyphene has been reported to cause

substantial elevation of serum-carbamazepine concentrations'

and carbamazepine tu\icity,” probably due to inhibition of car-

bamazepine mulabollsm

Use of enzyme-i such as cart pine

affects the threshold for use of antidote in the treatment of pm a-

cetamol poisoning, see p.115.

For the effect of carbamazepine on methadone, see p.87, and on

tramadol, see p.136.

1. Dam M, Christiansen J. Interaction of propoxyphene with car-
bamazepine. Lancer 1977, ii: 509.

2. Yu YL, et al. Interaction between carbamazepine and dextropro-
poxyphene. Postgrad Med J 1986; 62: 231-3.
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Anthelmintics. For the effect of carbamazepine on mebenda-
zole and praziquantel, see p.156 and p.162, respectively.

Antibacterials. The antimycobacterial isoniazid'? and

macrolides® such as clarithromycin, erythromycin, and trolean-

domycin have been reported to cause substantial elevations of se-

rum concentrations of carbamazepine and symptoms of car-

bamazepine toxicity. Clarithromycin has also been reported to

have caused hyponatraemia when added to carbamazepine ther-

apy in a 30-year-old epileptic woman.* Rifampicin and isoniazid

decreased the serum concentrations of carbamazepine in a 44-

year-old woman being treated for blpolar disorder and suspected

tuberculosis, resulting in hypomania.®

Use of carbamazepine with isoniazid may increase the risk of

isoniazid-induced hepatotoxicity.

. Valsalan VC, Cooper GL. Carbamazepine intoxication caused by
interaction with isoniazid. BMJ 1982; 285: 261-2.

. Wright JM, et al. Isoniazid-induced carbamazepine toxicity and
vice versa. N Engl J Med 1982; 307: 1325-7.

. Pauwels O. Factors contributing to carbamazepine-macrolide in-

teractions. Pharmacol Res 2002; 45: 291-8.

Kanbay M, et al. Hyponatremia due to an additive effect of car-

bamazepine and clarithromycin. South Med J 2007; 100: 222.

. Zolezzi M. Antituberculosis agents and carbamazepine. Am J
Psychiatry 2002; 159: 874.

Anticoagulants. For the effect of carbamazepine on warfarin,

see p.1567.

Antidepressants. As with all antiepileptics, antidepressants
may antagonise the antiepileptic activity of carbamazepine by
lowering the convulsive threshold.
Antidepressants such as desipramine, fluoxetine,* ﬂuvoramme
nefazodone* (and perhaps trazodone®), and viloxazine® increase
plasma concentrations of carbamazepine and may induce car-
bamazepine toxicity. A toxic serotonin syndrome (see p.447) has
been reported in a patient who received fluoxetine with car-
bamazepine.” Severe neurotoxicity reported during therapy with
lithium and carbamazepine®’ may be due to a synergistic effect
as reports indicate that either drug was tolerated when not given
with the other and measured plasma concentrations did not indi-
cate overdosage.” However, toxic serum concentrations of lithi-
um have also been reported, due to carbamazepine-induced acute
renal failure (see p.435).
Because of the structural similarity to tricyclic antidepressants
licensed product information suggests that carbamazepine
should not be given to patients taking an MAO/ or within 14 days
of stopping such treatment.
St John's wort has been shown to induce several drug metabolis-
ing enzymes (see p.454) and consequently it has been suggested
that it might reduce the blood concentrations of carbamazepine
leading to an increased risk of seizure.'” However, a multiple-
dose study'" in healthy subjects reported that St John’s wort had
no significant effect on the pharmacokinetics of carbamazepine
or its active epoxide metabolite.
For the effect of carbamazepine on antidepressants, see Bupropi-
on (p.415), Fluoxetine (p.427), Mianserin (p.440), Nefazodone
(p-444), and Amitriptyline (p.410).
. Lesser I. Carbamazepine and desipramine: a toxic reaction. J
Clin Psychiatry 1984; 45: 360.
Pearson HI. I of fl
Clin Psychiatry 1990; 5] 126.
. Fritze I, et al. Interaction between carbamazepine and fluvox-
amine. Acta Psychiatr Scand 1991; 84: 5834
Ashton AK, Wolin RE. Nefazodone-induced carbamazepine
toxicity. Am J Psychiatry 1996; 153: 733.
. Séanchez Romero A, et al. Interaction between trazodone and
carb. ine. Ann Phar) her 1999; 33: 1370.
. Scarpello JHB, Cotirell N. Overuse of monitoring of blood con-
centrations of antiepileptic drugs. BMJ 1987; 294: 1355.
. Dursun SM, er al. Toxic serotonin syndrome after fluoxetine
plus carbamazepine. Lancet 1993; 342: 442-3.
Andrus PF. Lithium and carbamazepine. J Clin Psychiatry
1984; 45: 525.
. Chaudhry RP, Waters BGH. Lithium and carbamazepine inter-
gflyk]m: possible neurotoxicity. J Clin Psychiatry 1983; 44:
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10. CSM/MCA. Reminder: St John’s wort (Hypericum perforatum)
interactions. Current Problems 2000; 26: 67
. Burstein AH, et al. Lack of effect of St John’s Wort on car-
bamazepine pharmacokinetics in healthy volunteers. Clin Phar-
macol Ther 2000; 68: 605-12. i
Antiepileptics. Interactions of varying degrees of clinical sig-
nificance have been reported between carbamazepine and other
antiepileptics.
Serum concentrations of carbamazepine are reported to be re-
duced by phenobarbital, but without loss of seizure control;'?
this reduction is probably due to induction of carbamazepine me-
tabolism.
The interaction with phenytoin is somewhat more complex and
the consequences vary. There is evidence of a lowering of serum-
carbamazepine concentrations, presumably due to induction of
metabolism by phenytoin;'> in return carbamazepine has been
reported both to lower and increase serum phenytoin—see
P.542. Again, these reports do not indicate a loss of seizure con-
trol or toxicity resulting from the interaction, although the possi-
bility presumably exists. Gradually withdrawing phenytoin from
2 patients who had been receiving carbamazepine and phenytoin
resulted in a dramatic increase in plasma-carbamazepine concen-
trations;* one patient exhibited neurotoxic symptoms. The au-
thors recommended that plasma-carbamazepine monitoring

should be carried out whenever phenytoin is withdrawn in pa-
tients taking these two drugs together.

Valproic acid produces an increase in serum concentrations of

the active epoxide metabolite of carbamazepine. This is usually
attributed to inhibition of its hydrolysis by epoxide hydrolase,
although an additional proposed mechanism® is inhibition of the
glucuronidation of carbamazepine-10,11-trans-diol, the com-
pound to which the epoxide is converted under normal circum-
stances. Adverse effects may be a problem if unusually high

epoxide concentrations arise but, in general, this interaction is of

limited clinical significance. However, valpromide, the amide
derivative, is a much more powerful inhibitor of epoxide hydro-
lase than valproic acid,*® and therefore produces greater increas-
es in epoxide plasma concentrations with clinical signs of toxic-
ity.” Switching from sodium valproate to valpromide has resulted
in toxicity in patients also receiving carbamazepine.” Neither
valproic acid nor valpromide have any significant effect on plas-
ma concentrations of the parent drug, carbamazepine. Valnocta-
mide, an isomer of valpromide, appears to be at least as potent as
valpromide in mhlbmng the elimination of the epoxide metabo-
lite of carbamazepme Valnoctamide has been used as an anxio-
Iytic, although it does appear to possess some antiepileptic activ-
ity. For a report of acute psychosis associated with the
combination of carbamazepine and sodium valproate, see Ef-
fects on Mental Function under Adverse Effects, above. For the
effects of carbamazepine on valproate, see p.556.

Of the other antiepileptics stiripentol'®'! has been reported to in-
hibit carbamazepms metabolism, while felbamate causes a sig-
nificant fall in plasma-carbamazepine concentrations which may
require an increase in the dose of carbamazepine. 12 However, an-
other study'? has shown a significant increase in plasma-concen-
trations of the active epoxide metabolite, which may counteract
the effect of the decrease in plasma concentrations of the parent
compound. Neurotoxicity has been seen after use of car-
bamazepine with lamotrigine.' The suggestion that this was due
to raised concentrations of carbamazepine epoxide was not con-
firmed in a controlled study in \\'hl(,h the 2 drugs were used to-
gether safely and effectively.'s Toxic epidermal necrolysis
occurred'® when lamotrigine was added to carbamazepine thera-
py in a patient who had been taking carbamazepine for 3 years;
symptoms resolved progressively when both drugs were
stopped. Symptoms of carbamazepine toxicity have been
reported'” when levetiracetam was added to carbamazepine ther-
apy: this interaction appeared to be due to a pharmacodynamic
mechanism as blood levels of carbamazepine and its epoxide

metabolite were not altered. There have also been reports'® of

carbamazepine toxicity when topiramate was added to car-
bamazepine therapy; symptoms resolved when the dose of car-
bamazepine was reduced. Fulminant liver failure has been
reported'? after an increase in adjunctive topiramate dose in a pa-
tient maintained on carbarhazepine for 2 years without any signs
of hepatotoxicity. The GABA agonist progabide has increased
plasma concentrations of the epoxide metabolite, probably due
to inhibition of microsomal epoxide hydrolase.?’ Vigabatrin is
reported?! to increase the clearance of carbamazepine by about
35%.
For the effects of carbamazepme on ethosuximide, see p.523, on
lamotrigine, see p.530, on oxcarbazepine, see p.535, on primi-
done, see p.548, on tiagabine, see p.550, and on topiramate, see
p.551. For interactions with benzodiazepines, see below.
1. Cereghino JJ, et al. The efficacy of carbamazepine combina-
tions in epilepsy. Clin Pharmacol Ther 1975; 18: 733-41.
. Rane A, et al. Kinetics of carbamazepine and its 10,11-epoxide
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nylhydantoin on plasma carbamazepine levels in patients with
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Chapron DJ, et al. Unmasking the significant enzyme-inducing
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during phenytoin withdrawal. Ann Pharmacother 1993; 27:
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two case reports and a review of clinical experience. Seizure
2002; 11: 464-7.

19. Bjoro K, et al. Topiramate and fulminant liver failure. Lancet
1998; 352: 1119.

20. Kroetz DL, et al. In vivo and in vitro correlation of microsomal
epoxide hydrolase inhibition by progabide. Clin Pharmacol
Ther 1993; 54: 485-97.

21. Sanchez-Alcaraz A, ef al. Effect of vigabatrin on the pharma-
cokinetics of carbamazepine. J Clin Pharm Ther 2002; 27:
427-30.

Antifungals. Malaise, myoclonus, and trembling were
reported' to have developed in a patient receiving carbamazepine
after the addition of miconazole to therapy. Ketoconazole was as-
sociated with a significant increase in plasma-carbamazepine
concentrations in 8 epileptic patients stabilised on car-
bamazepine; plasma concentrations of the epomde metabolite
were unchanged. A threefold i in serum-carb
concentrations, reported® in a patient after addition of ﬂumna-
zole to carbamazepine therapy, did not result in toxicity; howev-
er, the latter has been reported4 3 in 2 patients stabilised on car-
bamazepine who were given fluconazole. Terbinafine has also
been reported® to cause possible carbamazepine toxicity.
For the effect of carbamazepine on itraconazole, see p.583.
. Loupi E, ef al. Interactions médicamenteuses et miconazole.
Therapie 1982; 37: 437-41.
Spina E, et al. Elevation of plasma carbamazepine concentra-
tions by ketoconazole in patients with epilepsy. Ther Drug Monit
1997; 19: 535-8.
Finch CK, et al. Fluconazole-carbamazepine interaction. South
Med J 2002; 95: 1099-1100.
Nair DR, Morris HH. Potential fluconazole-induced car-
bamazepine toxicity. Ann Pharmacother 1999; 33: 790-2.
Ulivelli M, er al. Clinical evidence of fluconazole-induced car-
bamazepine toxicity. J Neurol 2004; 251: 622-3.
Baath NS, er al. Possible carbamazepine toxicity with terbin-
afine. Can J Clin Pharmacol 2006; 13: ¢228-e231.
Antihistamines. Terfenadine and carbamazepine are both
highly protein bound and therefore may compete for protein
binding sites. An 18-year-old woman receiving carbamazepine
as an antiepileptic had symptoms of neurotoxicity shortly after
starting treatment with terfenadine for rhinitis." The concentra-
tion of free carbamazepine in the plasma was higher than normal
and returned to normal on stopping terfenadine.

1. Hirschfeld S, Jarosinski P. Drug interaction of terfenadine and

carbamazepine. Ann Intern Med 1993; 118: 907-8.

Antimalarials. Chloroquine and mefloquine may antagonise

the antiepileptic activity of carbamazepine by lowering the con-

vulsive threshold.

Antiprotozoals. A patient receiving carbamazepine for bipolar
disorder developed dizziness, diplopia, and nausea 4 days after
the addition of metronidazole for diverticulitis.'
1. Patterson BD. Possible interaction between metronidazole and
carbamazepine. Ann Pharmacother 1994; 28: 1303-4.
Antipsychotics. As with all antiepileptics, antipsychotics may
antagonise the antiepileptic activity of carbamazepine by lower-
ing the convulsive threshold.
Increased plasma concentrations of carbamazepine epoxide have
been reported to occur during therapy with carbamazepine and
loxapine' or quetiapine,* possibly due to induction of car-
bamazepine metabolism or inhibition of metabolism of the epox-
ide. Raised serum concentrations of carbamazepine have also
been reported in patients receiving haloperidol ?
For the effect of carbamazepine on antipsychotics, see under
Chlorpromazine, p.1077.
. Collins DM, er al. Potential interaction between carbamazepine
and loxapine: case report and retrospective review. Ann Pharma-
cother 1993; 27: 1180-3.
Fitzgerald BJ, Okos AlJ. Elevation of carbamazepine-10,11-
epoxide by quetiapine. Pharmacotherapy 2002; 22: 1500-3.
Iwahashi K, et al. The drug-drug interaction effects of haloperi-
dol on plasma carbamazepine levels. Clin Neuropharmacol
1995; 18: 233-6.
Antivirals. Ritonavir inhibits several microsomal liver enzymes
and therefore may potentially increase plasma concentrations of
carbamazepine. Licensed product information for ritonavir ad-
vises that such combinations may require monitoring. Car-
bamazepine toxicity has been reported' after interaction with
ritonavir. In one report,® the patient was also taking nelfinavir
and lopinavir, both of which are substrates and inhibitors of cy-
tochrome P450 isoenzymes.
For the effect of carbamazepine on HIV-protease inhibitors, see
p.975.
. Mateu-de Antonio J, Grau S. Ritonavir-induced carbamazepine
toxicity. Ann Pharmacother 2001; 35: 1

2. Bates DE, Herman RJ. Carbamazepine toxicity induced by lopi-
navir/ritonavir and nelfinavir. Ann Pharmacother 2006; 40:

1190-5.
Anxiolytics. For a discussion of the potential interaction be-
tween carbamazepine and the anxiolytic valnoctamide, an iso-
mer of the antiepileptic valpromide, see Antiepileptics, above.
See also Benzodiazepines, below.
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Benzodiazepines. The metabolism of benzodiazepines may
be enhanced by induction of hepatic drug-metabolising enzymes
in patients who have received long-term therapy with car-
bamazepine; benzodiazepine plasma concentrations are reduced,
half-life is shorter, and clearance is increased' (see also Antiep-
ileptics, under Interactions of Diazepam, p.1094).
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Some benzodiazepines may also affect carbamazepine. One
group of workers reported that after addition of clobazam to car-
bamazepine therapy a dose reduction for the latter was required
due to increased blood concentrations.® In a later study* it ap-
peared that clobazam could produce a moderate increase in the
metabolism of carbamazepine. The plasma ratio of metabolites
of carbamazepine, including carbamazepine-10,11-epoxide, to
parent compound was increased in patients taking clobazam and
carbamazepine.

. Dhillon S, Richens A. Pharmacokinetics of diazep pilep
patients and normal volunteers following intravenous adminis-
tration. BrJ Clin Pharmacol 1981; 12: 841-4.

. Lai AA, et al. Time-course of interaction between car-
bamazepine and clonazepam in normal man. Clin Pharmacol
Ther 1978; 24: 316-23.

. Franceschi M, er al. Clobazam in drug-resistant and alcoholic

withdrawal seizures. Clin Trials J 1983; 20: 119-25.

Muiioz JJ, et al. The effect of clobazam on steady state plasma

ions of cart pine and its bolites. Br J Clin

Pharmacol 1990; 29: 763-5.
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Calcium-channel blockers. Six patients with steady-state
carbamazepine concentrations had symptoms of neurotoxicity
consi with carb. pine intoxication within 36 to 96 hours
of the first dose of verapamil.' In 5 patients, in whom plasma
concentrations were measured, there was a mean increase of
46% in total carbamazepine and 33% in free carbamazepine; no
effect on the plasma protein binding of carbamazepine was seen.
The results suggested that verapamil inhibits the metabolism of
carbamazepine to an extent likely to have important clinical re-
percussions. There has also been a report® of a patient in whom
diltiazem, but not nifedipine, precipitated carbamazepine neuro-
toxicity.
For the effect of carbamazepine on dihydropyridine calcium-
channel blockers, see under Nifedipine, p.1485.
1. Macphee GJA, et al. Verapamil potentiates carbamazepine neu-
ty: a cligically important inhibitory interaction. Lancet
00-703.

2. Brodie MJ, Macphee GJA. Cart pi Xicity precip-

itated by diltiazem. BMJ 1986; 292: 1170-1.
Ciclosporin. For the effect of carbamazepine on ciclosporin,
see p.1985.

Corticosteroids. For the effect of carbamazepine on corticos-
teroids, see p.1632.

Danazol. Use of danazol with carbamazepine has been reported
to increase the half-life and decrease clearance of carbamaz-
epine,' resulting in increases in plasma-carbamazepine concen-
trations of up to 100%' and resultant toxicity in several pa-
tients.”?

. Krimer G, et al. Carbamazepine-danazol drug interaction: its

mechanism examined by a stable isotope technique. Ther Drug
Monir 1986; 8: 387-92.

. Zielinski JJ, et al. Clinically significant danazol-carbamazepine
interaction. Ther Drug Monit 1987; 9: 24-7.

N

Dermatological drugs. Addition of isotretinoin to regular car-
bamazepine therapy appeared to reduce plasma concentrations
of the latter and its active epoxide metabolite.! However, no ad-
verse events were noted during a 6-week period of treatment
with isotretinoin. Nonetheless, licensed product information for
carbamazepine recommends that the levels of carbamazepine are
monitored if both are used together.

1. Marsden JR. Effect of isotretinoin on carbamazepine pharma-

cokinetics. BrJ Dermatol 1988; 119: 403-4.

Diuretics. There has been a report of symptomatic hyponatrae-
mia associated with use of carbamazepine and a diuretic (siydro-
chlorothiazide or fu ide—see under Interactions of Furo-
semide, p.1423). Carbamazepine serum concentrations are
increased by acetazolamide.'

1. McBride MC. Serum carbamazepine levels are increased by
acetazolamide. Ann Neurol 1984; 16: 393.

Gastrointestinal drugs. Cimetidine is reported to produce a
transient increase in plasma-carbamazepine concentrations, with
aretumn to pre-cimetidine values within about a week;' some in-
crease in adverse effects was seen. Ranitidine does not appear to
affect plasma-carbamazepine concentrations.? Neurotoxicity has
been seen in a patient receiving carbamazepine and metoclopra-
mide.
. Dalton MJ, et al. Cimetidine and carbamazepine: a complex drug
interaction. Epilepsia 1986; 27: 553-8.
. Dalton MIJ, er al. Ranitidine does not alter single-dose car-
bamazepine pharmacokinetics in healthy adults. Drug Intell Clin
Pharm 1985; 19: 941-4.
Sandyk R. Carbamazepine and metoclopramide interaction: pos-
sible neurotoxicity. BMJ 1984; 288: 830.

Grapefruit juice. The bioavailability and plasma concentra-
tions of carbamazepine have been reported' to be increased by
grapefruit juice.

1. Garg SK, e al. Effect of grapefruit juice on carbamazepine bio-

az:i;lgiig in patients with epilepsy. Clin Pharmacol Ther 1998;
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Levothyroxine. For i
v . For th : i fhic &
frtvaine, e effect of carbamazepine on levothy:
Neuromuscular blockers. For the effe

5 ct of carbamazepine on
suxamethonium, see p.2075 and on ¢ - ul

itive neur

Sex hormones. For the effect of carbamazepine on oral con-

traceptives, see p.2272 and for the possible effect on tibolone,

see p.2343.

See also Danazol, above

Theophylline. A decrease in serum-carbamazepine concentra-

tions of about 50% was reported' in an epileptic patient given

theophylline. The patient had seizures and the proposed mecha-

nism was that theophylline had increased the metabolism of car-

bamazepine.

For the effect of carbamazepine on theophylline, see p.1259.

1. Mitchell EA, et al. Interaction between carbamazepine and the-
ophylline. N Z Med J 1986; 99: 69-70.

Vitamins. The plasma concentration of carbamazepine was in-

creased in 2 patients given nicotinamide."

For the effect of antiepileptics, including carbamazepine, on vi-

tamin D concentrations, see Effects on Bone under the Adverse

Effects of Phenytoin, p.540.

1. Bourgeois BFD, er al. Interactions between primidone, car-
bamazepine, and nicotinamide. Neurology 1982; 32: 1122-6.

Pharmacokinetics

Carbamazepine is slowly and irregularly absorbed
from the gastrointestinal tract and has a bioavailability
of 85 to 100%. It is extensively metabolised in the liver,
notably by the cytochrome P450 isoenzymes CYP3A4
and CYP2CS8. One of its primary metabolites, car-
bamazepine-10,11-epoxide, is also active. Car-
bamazepine is excreted in the urine almost entirely in
the form of its metabolites; some are also excreted in
faeces. Elimination of carbamazepine is reported to be
more rapid in children and accumulation of the active
metabolite may often be higher than in adults.

Carbamazepine is widely distributed throughout the
body and is about 70 to 80% bound to plasma proteins.
It induces its own metabolism so that the plasma half-
life may be considerably reduced after repeated dos-
age. The mean plasma half-life of carbamazepine on
repeated dosage is about 12 to 24 hours; it appears to
be considerably shorter in children than in adults.
Moreover, the metabolism of carbamazepine is readily
induced by drugs that induce hepatic microsomal en-
zymes (see Interactions, above).

Monitoring of plasma concentrations may be per-
formed when clinically indicated and the therapeutic
range of total plasma-carbamazepine is usually quoted
as being about 4 to 12 micrograms/mL (17 to
50 micromoles/litre), although this is subject to consid-
erable variation. It has been suggested by some, but not
all investigators, that measurement of free carbamaz-
epine concentrations in plasma may prove more relia-
ble, and concentrations in saliva or tears, which contain
only free carbamazepine, have also been measured.

Carbamazepine crosses the placental barrier and is dis-
tributed into breast milk.

The pharmacokinetics of carbamazepine are affected
by use with other antiepileptics (see under Interactions,
above).
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Uses and Administration

Carbamazepine is a dibenzazepine derivative with an-
tiepileptic and psychotropic properties. It is used to
control secondarily generalised tonic-clonic seizures
and partial seizures, and in some primary generalised
seizures. Carbamazepine is also used in the treatment
of trigeminal neuralgia and has been tried with variable
success in glossopharyngeal neuralgia and other severe
pain syndromes associated with neurological disorders
such as tabes dorsalis and multiple sclerosis. Another
use of carbamazepine is in the management of bipolar
disorder unresponsive to lithium.

In the treatment of epilepsy (below), the dose of
carbamazepine should be adjusted to the needs of the
individual patient to achieve adequate control of
seizures; this usually requires total plasma-carbamaz-
epine concentrations of about 4 to 12 micrograms/mL
(17 to 50 micromoles/litre). A low initial dose of
carbamazepine is recommended to minimise adverse
effects. The suggested initial oral dose is 100 to
200 mg once or twice daily gradually increased by in-
crements of up to 200 mg daily every week to a usual
maintenance dose of 0.8 to 1.2 g daily in divided doses;
up to 2 g daily may occasionally be necessary.

For details of doses in children, see below.

Oral carbamazepine is usually given in divided doses 2
to 4 times daily. A twice-daily regimen may sometimes
be suitable for monotherapy, and be associated with
improved compliance but can produce widely fluctuat-
ing plasma-carbamazepine concentrations that lead to
intermittent adverse effects. Modified-release formula-
tions can minimise fluctuations in plasma concentra-
tion and may also allow effective twice-daily use. The
time and manner of taking carbamazepine should be
standardised for the patient since variations might af-
fect absorption with consequent fluctuations in the
plasma concentrations. Different preparations vary in
bioavailability and it may be prudent to avoid changing
the formulation.

Carbamazepine may be given by the rectal route in
doses up to a maximum of 250 mg every 6 hours to
patients for whom oral treatment is temporarily not
possible. The dosage should be increased by about
25% when changing from an oral formulation to sup-
positories, and it is recommended that the rectal route
should not be used for longer than 7 days.

As with other antiepileptics, withdrawal of car-
bamazepine therapy or transition to or from another
type of antiepileptic therapy should be made gradually
to avoid precipitating an increase in the frequency of
seizures. For a discussion on whether or not to with-
draw antiepileptic therapy in seizure-free patients, see
p.507.

The treatment of trigeminal neuralgia (below) is typ-
ically begun with low oral doses, such as 100 mg of
carbamazepine twice daily (although up to 200 mg
twice daily has been suggested in the UK), and in-
creased gradually as needed to maintain freedom from
pain. This is usually at maintenance doses of 400 to
800 mg in divided doses; up to 1.2 g is the maximum
daily dose recommended in the USA, while UK [i-
censed product information considers that up to 1.6 g
daily may be needed in some patients. When pain relief
has been obtained attempts should be made to reduce,
and if possible stop, therapy, until another attack oc-
curs.

For the management of bipolar disorder (below), car-
bamazepine is given in an initial oral dose of 400 mg
daily in divided doses, increased gradually as neces-
sary up to a maximum of 1.6 g daily; the usual mainte-
nance dose range is 400 to 600 mg daily.
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Administration. A modified-release formulation of car-
bamazepine can reduce fluctuations in carbamazepine concen-
trations,' and tolerability and seizure control in patients with ep-
ilepsy may be improved.>> Such formulations should be
considered in patients receiving high doses who suffer intermit-
tent adverse effects, and might also permit a reduction to twice-
or even, in some patients, once-daily dosage.>* However, bioa-
vailability appears to be slightly less than conventional prepara-
tions and dosage adjustments may be required when changing
between formulations.'
. McKee PJW, ef al. Monotherapy with conventional and control-
led-release cart pine: a double-blind, double-d y com-
parison in epileptic patients. Br J Clin Pharmacol 1991; 32:
4.

b

Anonymous. Carbamazepine update. Lancet 1989; ii: 595-7.

. Ryan SW, er al. Slow release carbamazepine in treatment of
poorly controlled seizures. Arch Dis Child 1990; 65: 930-5.

. McKee PJW, ef al. Double dummy comparison between once

and twice daily dosing with modified-release carbamazepine in

epileptic patients. Br J Clin Pharmacol 1993; 36: 257-61.
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Administration in children. In the UK, the usual recom-
mended oral dose of carbamazepine for generalised tonic-clonic
and partial seizures in children is 10 to 20 mg/kg daily in divided
doses. Alternatively the daily dose may be given according to
age as follows:

« up to 1 year: 100 to 200 mg
* 1to 5 years: 200 to 400 mg
* 5to 10 years: 400 to 600 mg
* 10to15years: 0.6t0 1 g

As with adults, children should be started on a low initial dose of
carbamazepine to minimise adverse effects; the BNFC 2010/11
suggests that those aged 1 month to 12 years may initially be
given 5 mg/kg at night or 2.5 mg/kg twice daily, increasing by
2.5 to 5 mg/kg every 3 to 7 days as necessary to a usual mainte-
nance dose of 5 mg/kg 2 or 3 times daily. Older children may be
given the usual adult dose (see above) although a maximum of
1.8 g daily has been suggested.

The BNFC 2010/11 also states that these doses may be used for
the treatment of trigeminal neuralgia and prophylaxis of bipolar
disorder.

Carbamazepine may be given rectally to children in whom oral
treatment is temporarily not possible; the BNFC 2010/11 sug-
gests this route may be used from 1 month of age. Doses should
be about 25% greater than the corresponding oral dose, to a max-
imum of 250 mg, and given up to 4 times daily.

Bipolar disorder. Carbamazepine may be given as an alterna-
tive to lithium or valproate in patients with bipolar disorder
(p.402). Studies of its efficacy have been conflicting; although
clearly effective in some patients, at least one early study sug-
gested that short-term benefit was not sustained in the longer
term.! More recent results>> have suggested that lithium or val-
proate are generally more effective, but that carbamazepine may
conceivably have a role in patients with nonclassical features.
Carbamazepine has also been used with lithium, particularly in
patients unresponsive to either drug alone; although there are
suggestions that the combination may be more effective than
monotherapy, particularly in patients with a history of rapid cy-
cling,! it is associated with a potential risk of serious neurotoxic-
ity—see Antidepressants, under Interactions, above. While some
commentators have suggested that carbamazepine is falling out
of favour with specialists prescribing for bipolar disorder, more
recent reviews® have concluded that it may still be a feasible
treatment option.
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Clin Psychiatry 1997; 58: 470-8.

. Ferrier IN. Developments in mood stabilisers. Br Med Bull 2001

57: 179-92.

Stoner SC, et al. Historical review of carbamazepine for the

\Grgeaéglent of bipolar disorder. Pharmacotherapy 2007; 27:

Ceron-Litvoc D, ef al. Comparison of carbamazepine and lithi-

um in treatment of bipolar disorder: a systematic review of ran-

domized controlled trials. Hum Psychopharmacol 2009; 24:
19-28.
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Depression. Carbamazepine has been tried' for the augmen-
tation of antidepressant therapy in the treatment of resistant de-
pression (p.403). However, such combined therapy may lead to
l|1bteraclions~see also Antidepressants, under Interactions,
above.

. De la Fuente JM, Mendlewicz J. Carbamazepine addition in tri-
cyclic antidepr istant unipolar depression. Biol Psychi-
atry 1992; 32: 369-74.

Otani K, et al. Carbamazepine augmentation therapy in three pa-
tients with trazodone-resistant depression. /nt Clin Psychophar-
macol 1996; 11: 55-7. U

~

3. Ciusani E, ef al. Combination therapy with venlafaxine and car-
bamazepine in depressive patients not responding to venlafax-
ine: pharmacokinetic and clinical aspects. J Psychopharmacol
2004; 18: 559-66.

4. Zhang Z-J, et al. The effectiveness of carbamazepine in unipolar
depression: a double-blind, randomized, placebo-controlled
study. J Affect Disord 2008; 109: 91-7.

Diabetes insipidus. Cranial diabetes insipidus (p.2380) is usu-
ally treated by replacement therapy with antidiuretic hormone
(ADH) in the form of desmopressin. Carbamazepine is one of a
variety of other drugs that have been tried to promote ADH se-
cretion, although some consider that it is usually ineffective and
has unwanted effects."? Oral doses of 200 to 600 mg daily have
been given. See also Effects on Electrolytes, under Adverse Ef-
fects, above.

i Secsklzj, Dunger D. Postoperative diabetes insipidus. BMJ 1989;
298: 2-3.

2. Singer 1, et al. The management of diabetes insipidus in adults.
Arch Intern Med 1997; 157: 1293-1301.

Epilepsy. Carbamazepine is one of the drugs of choice for par-
tial seizures with or without secondary generalisation (p.507). It
has been used for generalised tonic-clonic seizures (although val-
proate is the drug of choice where these occur in primary gener-
alised epilepsy), but it may exacerbate absence and myoclonic
seizures.

Hemifacial spasm. Carbamazepine has been reported to have
been of help in the treatment of hemifacial spasm (p.2055).

Hiccup. For the management of intractable hiccups see under
Chlorpromazine, p.1079. Carbamazepine may be of value for the
treatment of neurogenic hiccups such as those that occur in mul-
tiple sclerosis.! Carbamazepine has also been reported to have
been of benefit in 3 patients with diaphragmatic flutter,” a rare
disorder associated with involuntary contractions of the dia-
phragm.

1. McFarling DA, Susac JO. Hoquet diabolique: intractable hic-
cups as a manifestation of multiple sclerosis. Neurology 1979,
29: 797-801.

. Vantrappen G, et al. High-frequency diaphragmatic flutter:

and by cart ine. Lancet 1992; 339:
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Hyperactivity. When drugs are indicated for attention deficit

hyperactivity disorder (p.2347) initial treatment is usually with a

central stimulant but meta-analysis of a small number of studies

has provided evidence that carbamazepine may be effective.!

1. Silva RR, et al. Carbamazepine use in children and adolescents
with features of attention-deficit hyperactivity disorder: a meta-
analysis. J Am Acad Child Adolesc Psychiatry 1996; 35: 352-8.

Lesch-Nyhan syndrome. The severe self-mutilation that oc-

curs in patients with Lesch-Nyhan syndrome (p.1079) has been

reported to improve in those given antiepileptics such as car-
bamazepine.'

1. Roach ES, ef al. Carbamazepine trial for Lesch-Nyhan self-mu-
tilation. J Child Neurol 1996; 11: 476-8.

Movement disorders. Carbamazepine is one of many drugs

that have been tried in the symptomatic treatment of chorea

(p.1055); there have been anecdotal reports of benefit in both

non-hereditary'? and hereditary choreas.’ Carbamazepine is also

among the drugs that have been tried in the treatment of dysto-
nias (p.894) that have not responded to levodopa or antimus-
carinics. Although some patients may benefit from car-

bamazepine, it is not generally recommended because of a

relatively low success rate and the possibility of adverse effects.*

Carbamazepine therapy has also been associated with movement

disorders—see Effects on the Nervous System: Extrapyramidal

Effects, under Adverse Effects, above.

Carbamazepine has also been used in resistant cases of tardive

dyskinesia (see under Extrapyramidal Disorders, p.1074).

. Roig M, et al. Carbamazepine: an alternative drug for the treat-

ment of nonhereditary chorea. Pediatrics 1988; 82: 492-5.

Garcia Gonzilez MM, er al. Corea de Sydenham: presentacion

de un caso tratado con carb pina con excel

clinica. An Pediatr (Barc) 2007; 66: 80-3.

Roulet E, Deonna T. Successful treatment of hereditary domi-

nant chorea with carbamazepine. Pediatrics 1989; 83: 1077.

Anonymous. Dystonia: underdiagnosed and undertreated? Drug

Ther Bull 1988; 26: 33-6.

Neonatal seizures. Carbamazepine has been tried in the man-

agement of neonatal seizures (p.513).
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Neuropathic pain. As well as being used to ease the pain of
trigeminal neuralgia (see below) carbamazepine may be of use in
other neuropathic pain including that associated with diabetic
neuropathy (p.6). A systematic review' concluded that about
two-fifths of patients who take carbamazepine for neuropathic
pain will achieve moderate pain relief, but this was based on
small studies. The authors found no evidence that carbamazepine
was effective for acute pain.

Carbamazepine has also been tried in an attempt to prevent the

painful sensory neuropathy associated with oxaliplatin treatment

(see Effects on the Nervous System, p.833); results of small stud-

ies have been conflicting.>*

. Wiffen PJ, ef al. Carbamazepine for acute and chronic pain in
adults. Available in the Cochrane Database of Systematic Re-
views; Issue 3. Chichester: John Wiley; 2005 (accessed
09/06/08).

. Eckel F, et al. Prophylaxe der Oxaliplatin-induzierten Neuropa-
thie mit Carbamazepin: eine Pilotstudie. Dsch Med Wochenschr
2002; 127: 78-82.
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. Wilson RH, et al. Acute oxaliplatin-induced peripheral nerve hy-
perexcitability. J Clin Oncol 2002; 20: 1767-74.

von Delius S, er al. Carbamazepine for prevention of oxaliplatin-
related neurotoxicity in patients with advanced colorectal can-
cer: final results of a randomised, controlled, multicenter phase
11 study. Invest New Drugs 2007; 25: 173-80.

Nocturnal enuresis. Carbamazepine has been reported to be
of benefit in the treatment of primary nocturnal enuresis; a dose
0f 200 mg at night for 15 nights markedly decreased the frequen-
cy of bed-wetting episodes in 8 children.!

For the conventional management of nocturnal enuresis see
p.2381.

1. Al-Waili NS, et al. Effect of carbamazepine on urinary volume
and osmolality, water clearance, and serum osmolality in pa-
tients with primary enuresis. Eur Urol 2006; 50: 844-9.

>

Psychiatric disorders. Carbamazepine has psychotropic prop-
erties and has been tried in the of several psychiat-
ric disorders, particularly in patients with bipolar disorder (see
above). Carbamazepine has also been used with mixed results in
various disorders for the control of symptoms such as agitation,
aggression, and rage'* (see Disturbed Behaviour, p.1056). Tt
may produce modest benefit when used as an adjunct to antipsy-
chotics in the management of refractory schizophrenia (p.1058)
but any improvement appears to be related to its mood stabilising
effect.” However, a more recent systematic review,” albeit based
on small studies, found carbamazepine to have no significant
benefit either as monotherapy or as an adjunct to antipsychotics;
the authors considered that further randomised studies may be
warranted. Carbamazepine also has the potential to reduce serum
concentrations of antipsychotics, resulting in clinical deteriora-
tion (see under Interactions of Chlorpromazine, p.1077). Car-
bamazepine has also been tried” in post-traumatic stress disorder
(p.1055).

. Mattes JA. Comparative effectiveness of carbamazepine and

propranolol for rage outbursts. J Neuropsychiatr Clin Neurosci

1990; 2: 159-64.

Gleason RP, Schneider LS. Carbamazepine treatment of agita-

tion in Alzheimer’s outpatients refractory to neuroleptics. J Clin

Psychiatry 1990; 51: 115-18.

Tariot PN, ef al. Efficacy and tolerability of carbamazepine for

agitation and aggression in dementia. Am J Psychiatry 1998;

155: 54-61.

. Cueva JE, et al. Carbamazepine in aggressive children with con-
duct disorder: a double-blind and placebo-controlled study. J Am
Acad Child Adolesc Psychiatry 1996; 35: 480-90.

. Okuma T. Use of antiepileptic drugs in schizophrenia: a review
of efficacy and tolerability. CNS Drugs 1994; 1: 269-84.

. Leucht S, ef al. Carbamazepine for schizophrenia. Available in
The Cochrane Database of Systematic Reviews; Issue 3. Chich-
ester: John Wiley; 2007 (accessed 09/06/08).

. Wolf ME, ef al. Posttraumatic stress disorder in Vietnam veter-
ans: clinical and EEG findings; possible therapeutic effects of
carbamazepine. Biol Psychiatry 1988; 23: 642—4.

Restless legs syndrome. The actiology of restless legs syn-
drome (see Sleep-associated Movement Disorders, p.1060) is
obscure and treatment has been largely empirical. In a double-
blind study involving 174 patients carbamazepine appeared to be
more effective than placebo.' Oxcarbazepine has been reported?
to be of benefit in restless legs syndrome induced by paroxetine.
1. Telstad W, et al. Treatment of the restless legs syndrome with
carbamazepine: a double blind study. BMJ 1984; 288: 444-6.
2. Ogztiirk O, et al. Oxcarbazepine t for paroxetine-induce
restless leg syndrome. Gen Hosp Psychiatry 2006; 28: 264-5.
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Tinnitus. Treatment of tinnitus (p.2027) is difficult, and many
drugs have been tried. Although carbamazepine has been report-
ed to be effective in some patients, it is rarely used because of its
adverse effects.

Trigeminal neuralgia. Carbamazepine is the drug of choice in
the treatment of the acute stages of trigeminal neuralgia (p.10).
Satisfactory pain relief may be achieved in 70% or more of pa-
tients, although increasingly larger doses may be required and
adverse effects can be troublesome.

Although not licensed in the UK for trigeminal neuralgia in chil-
dren, the BNFC 2010/11 suggests that carbamazepine may be
tried in doses similar to those used for the treatment of epilepsy
(see Administration in Children, above).

Withdrawal syndromes. Carbamazepine has been tried in the
prophylaxis and treatment of various withdrawal syndromes. Re-
duction in cocaine use associated with carbamazepine treatment
was found in one short-term controlled study,' although a sys-
tematic review? of data from later studies concluded that there
was no evidence to support the use of antiepileptics, including
carbamazepine, in the treatment of cocaine dependence
(p-2021). It has been reported®* to be of benefit in some patients
during benzodiazepine withdrawal but such adjunct therapy is
not usually indicated (see p.1090). Carbamazepine has been
shown™ to be effective in the treatment of symptoms of the al-
cohol withdrawal syndrome (p.1769) but as there are limited data
on its efficacy in preventing associated delirium tremens and sei-
zures it is usually recommended that it should only be used as an
adjunct to benzodiazepine therapy. Carbamazepine has also been
studied” as an aid in the treatment of alcohol dependence.

. Halikas JA, et al. Cocaine reduction in unmotivated crack users
using carbamazepine versus placebo in a short-term, double-
blind crossover design. Clin Pharmacol Ther 1991; 50: 81-95.

. Minozzi S, et al. Anticonvulsants for cocaine dependence. Avail-
able in The Cochrane Database of Systematic Reviews; Issue 2.
Chichester: John Wiley; 2008 (accessed 24/07/09).
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. Schweizer E, ef al. Carbamazepine treatment in patients discon-
tinuing long-term benzodiazepine therapy: effects on withdrawal
severity and outcome. Arch Gen Psychiatry 1991; 48: 448-52.
Klein E, et al. Alprazolam withdrawal in patients with panic dis-
order and generalized anxiety disorder: vulnerability and effect
of carbamazepine. Am J Psychiatry 1994; 151: 1760-6.
Malcolm R, et al. Double-blind controlled trial comparing car-
bamazepine to oxazepam treatment of alcohol withdrawal. Am J
Psychiatry 1989; 146: 617-21.

Stuppaeck CH, er al. Carbamazepine versus oxazepam in the
treatment of alcohol withdrawal: a double-blind study. Alcohol
Alcohol 1992; 27: 153-8.
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i3 Mugllu‘ TI, et al. A double-blind, placebo-controlled pilot study
of cart ine for the of alcohol d d Alco-
hultlm Exp Res 1997; 21: 86-92.

Preparations

BP 2010: Carbamazepine Tablets;
USP 33: Carbamazepine Extended-Release Tablets; Carbamazepine Oral
Suspension; Carbamazepine Tablets.

Proprietary Preparations (details are given in Volume B)

Arg.: Actinerval; Carbagramon; Carbamat; Conformal; Elebet; Tegretol;
Austral.: Tegretol; Teril; Austria: Deleptin; Neurotop; Sirtalt; Tegretol;
Belg.: Tegretol; Braz.: Carmazin; Convulsan; Tegretard; Tegretol, Tegrex;
Tegrezint; Uni Carbamaz; Canad.: Mazepine; Novo-Carbamaz; Tegretol;
Chile: Eposal; Tegretal; Cz.: Biston; Neurotop; Tegretol; Timonil; Denm.:
Tegretol; Trimonil; Fin.: Neurotol, Tegretol; Fr.: Tegretol; Ger.: Carba;
Carbabeta; Carbadurat; Carbaflux; Carbagamma; Carbiumt; espa-lepsint;
Finlepsin; Fokalepsing; Sirtalt; Tegretal, Timonil; Gr.: Tegretol; Hong Kong:
Carzepint; Convulzine; CP-Carba; Tegretol; Teril; Hung.: Azepalt; Finlep-
sint; Neurotop; Stazepine; Tegretol; Timonil; India: Carbacontint; Cizetol;
Mazetol; Tegrital; Indon.: Bamgetol; Lepsitol; Tegretol; Teril; Irl.: Gericarb;
Tegretol, Temporolf; Israel: Carbif; Tegretol; Teril; Timonil; Ital.: Tegretol;

Malaysia: Taver; Tegretol; Mex.: Apobacet; Bioneuril; Carbalan; Carbasal;
Carbaval; Carbazep; “Carbazina; Carpin; Cinazel; Clostedal; Dateril}; Neu-
geron; Neurolep; Sepibest; Tegretol; Trepinat; Ultrepyl; Zepiken; Neth.: Te-
gretol; Norw.: Tegretol; Trimonil; NZ: Tegretol; Teril; Philipp.: Carbapsy,

Carbileppt; Epazin; Epikor; Lestremor; Tegrepin; Tegretol; Pol.: Amizepin;
Finlepsin; Neurotop; Tegretol; Timonil, Port.: Tegretol; Rus.: Carbalepsin
(KapBasencuH); Carbapin (Kap6anuH)t; Finlepsin (Quraencun); Mazepine
(Mazenuny); Tegretol (TerpeTon); Zeptol (3enTon); S.Afr.: Degranol; Tegre-
tol; Smgapore Carbatol, Neurotop; Tegretol, Spain: Tegretol, Swed.:

Hermolepsin; Tegretol; Trimonil; Switz.: Carsol; Neurotop; Tegretol; Ti-
monil; Thai.: Antafit; Carbatolt; Carbazene; Carmapine; Carpine;

Carzepine; Mapezine; Panitol; Taver; Tegretol; Zeptol; Turk.: Karazepin; Kar-
balex; Karbasif; Karberol: Kazepin; Tegretol; Teril; UAE: Fitzecalm; UK: Arbil;
Carbagen; Epimaz; Tegretol; Ukr.: Finlepsin (@unaencun); Tegretol
(Terpeton); USA: atrol; Epitol; Equetro; Tegretol; Teril; Venez.: Con-
wvulex; Gaboxt; Tanfedin; Tegretol.

Clobazam @an, usan, iNN)

Clobazamum; H-4723; HR-376; Klobatsaami; Klobazam; Kloba-
zamas; LM-2717. 7-Chloro-1,5-dihydro- |-methyl-5-phenyl-1,5-
benzodiazepine-2,4(3H)-dione.

Knobazam

CeH3CIN,O, = 300.7.

CAS — 22316-47-8.

ATC — NO5BA09.

ATC Vet — QNO5BA0Y.

UNIl — 2MRO291B4U.

Cl

Pharmacopoeias. In Eur (see p.vii).

Ph. Eur. 6.8 (Clobazam). A white or almost white crystalline
powder. Slightly soluble in water; sparingly soluble in alcohol;
freely soluble in dichloromethane.

Dependence and Withdrawal
As for Diazepam, p.1090.

Adverse Effects, Treatment, and Precau-
tions
As for Diazepam, p.1090.

Breast feeding. Benzodiazepines, such as clobazam, given to
the mother may cause neonatal sedation and breast feeding
should be avoided. For comments on antiepileptic therapy and
breast feeding, see p.509.

rC))glvmg. For a comment on antiepileptic drugs and driving, see
Effects on menstruation.
before menslruauon for catar
the period.!

1. Feely M. Prescribin,
S 2 anti
clobazam. Prescribers’ J Ic‘;;il:; uzl;anlll(lii‘Igs A

Occasionally the use of clobazam
menial epilepsy appeared to delay

All cross-references refer to entries in Volume A

Effects on mental function. For a review of the effects of

antiepileptic therapy, including clobazam, on cognition and

mood, including risk of suicidal ideation, see p.510.

Effects on the skin. Report' of toxic epidermal necrolysis that

developed in light-exposed areas in a patient being treated with

clobazam.

1. Redondo P, ef al. Photo-induced toxic epidermal necrolysis
caused by clobazam. Br J Dermatol 1996; 135: 999-1002.

Porphyria. Clobazam is considered to be unsafe in patients with

porphyria although there is conflicting evidence of porphyrino-

genicity.

For comments on the use of benzodiazepines in porphyria, see

p.513.

Pregnancy. For comments on the management of epilepsy dur-

ing pregnancy, see p.510.

Interactions
As for Diazepam, p.1093.

Antiepileptics. For reference to the interactions of clobazam
with felbamate and stiripentol, see under Diazepam, p.1094.

Pharmacokinetics

Clobazam is well absorbed from the gastrointestinal
tract and peak plasma concentrations occur 1 to 4 hours
after oral doses. It is about 85% bound to plasma pro-
teins. Clobazam is highly lipophilic and rapidly crosses
the blood-brain barrier. It is metabolised in the liver by
demethylation and hydroxylation; the cytochrome
P450 isoenzyme CYP2C19 plays a role in its metabo-
lism. Unlike the 1,4-benzodiazepines such as di-
azepam, clobazam, a 1,5-benzodiazepine, is hydroxy-
lated at the 4-position rather than the 3-position (see
also Metabolism, under Diazepam, p.1096). Clobazam
is excreted unchanged and as metabolites mainly in the
urine. Mean half-lives of 18 hours and 42 hours have
been reported for clobazam and its main active metab-
olite N-desmethylclobazam, respectively.

O References.
. Greenblatt DJ, et al. Clinical pharmacokinetics of the newer ben-
di i Clin Phar kinet 1983; 8: 233-52.

. Ochs HR, et al. Single and multiple dose kinetics of clobazam,
and clinical effects during multiple dosage. Eur J Clin Pharma-
col 1984; 26: 499-503.

. Kinoshita M, er al. Efficacy of low-dose, add-on therapy of

clobazam (CLB) is produced by its major metabolite, N-desme-

thyl-CLB. J Neurol Sci 2007; 263: 44-8.

Seo T, et al. Impact of CYP2C19 polymorphisms on the efficacy

of clobazam therapy. Pharmacogenomics 2008; 9: 527-37.
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Uses and Administration

Clobazam is a long-acting 1,5-benzodiazepine with
uses similar to those of diazepam (a 1,4-benzodi-
azepine; see p.1096). It may be used as an adjunct in
the treatment of epilepsy with other antiepileptics, al-
though its use may be limited by the development of
tolerance or sedation (but see below). It is also used in
the short-term treatment of acute anxiety (p.1054).

As an adjunct in epilepsy usual oral doses in the UK
are 20 to 30 mg daily, increased if necessary to a max-
imum of 60 mg daily.

For doses in children, see below.

As with other antiepileptics, withdrawal of clobazam
therapy or transition to or from another type of antiep-
ileptic therapy should be made gradually to avoid pre-
cipitating an increase in the frequency of seizures. For
a discussion on whether or not to withdraw antiepilep-
tic therapy in seizure-free patients, see p.507 and under
Clonazepam, below.

For the short-term management of acute anxiety usual
oral doses of 10 to 30 mg daily may be taken in divided
doses or as a single dose at night; up to 80 mg daily has
been used in hospitalised patients with severe anxiety
states. Low initial doses and cautious increments to a
usual daily dose of 10 to 20 mg are recommended in
elderly or debilitated patients.

Administration in children. In the UK, clobazam is licensed
for use as an adjunct in epilepsy in children over 3 years of age;
no more than half the adult dose (see above) should be given.

Alternatively, the BNFC 2010/11 suggests the following oral

doses according to age:

* 1 month to 12 years: initially 125 micrograms/kg twice daily,
increased every 5 days to a usual maintenance dose of
250 micrograms/kg twice daily. The maximum dose is

500 micrograms/kg twice daily and should not exceed 15 mg
twice daily
« 12 to 18 years: initially 10 mg twice daily, increased every 5
days to a usual maintenance dose of 10 to 15 mg twice daily.
The dose should not exceed 30 mg twice daily
The BNFC 2010/11 also suggests that clobazam may be given
for cluster seizures and as monotherapy under specialist supervi-
sion for catamenial seizures (usually for 7 to 10 days each month
just before and during menstruation).

Epilepsy. Benzodiazepines are sometimes used in the manage-

ment of epilepsy (p.507), but their long-term use is limited by

problems of sedation, dependence, and tolerance to the antiepi-

leptic effects.

Clobazam, a 1,5-benzodiazepine, is considered to be somewhat

better tolerated than conventional benzodiazepines, and has been

widely used for adjunctive oral therapy in patients with epilep-

sy."? Clobazam is active against partial and generalised seizures

in epilepsy of widely differing actiology in patients of all ages

and has also been used for short-term cover in patients with in-

termittent seizures, including in women with catamenial epilepsy

(seizures associated with menstruation) or patients whose epilep-

tic attacks occur in clusters. Clobazam has also been tried with

some success in children, including those with refractory epilep-

Y>3 epileptic encephalopathy,® and Lennox-Gastaut syn-

drome 7 However, a systematic review® concluded that although

clobazam may reduce seizure frequency and may be most effec-

tive in partial onset seizures, it was not clear who would best ben-

efit from its use and over what time-frame.

. Trimble MR. On the use of tranquillisers in epilepsy. Epilepsia
2002; 43 (suppl 2): 25-7.

. Ng Y-T, Collins SD. Clobazam. Neurotherapeutics 2007; 4:
138-44.

. Munn R, Farrell K. Open study of clobazam in refractory epilep-
sy. Pediatr Neurol 1993; 9: 465-9.

. Sheth RD, et al. Clobazam for intractable pediatric epilepsy. J
Child Neurol 1995; 10: 205-8.

. Canadian Study Group for Childhood Epilepsy. Clobazam has

equivalent efficacy to carbamazepine and phenytoin as mono-

therapy for childhood epilepsy. Epilepsia 1998; 39: 952-9.

Silva RC, et al. Clobazam as add-on therapy in children with

epileptic encephalopathy. Can J Neurol Sci 2006; 33: 209-13.

. Conry JA, et al. Clobazam in the treatment of Lennox-Gastaut

syndrome. Epilepsia 2009; 50: 1158-66.

Michael B, Marson AG. Clobazam as an add-on in the manage-

ment of refractory epilepsy. Available in The Cochrane Database

of Systematic Reviews; Issue 2. Chichester: John Wiley; 2008

(accessed 16/06/08).

Neuropathic pain. There has been a mention' of the complete

relief of phantom limb pain (p.9) refractory to other therapy in an

elderly patient given clobazam 10 mg three times daily.

1. Rice-Oxley CP. The limited list: clobazam for phantom limb

pain. BMJ 1986; 293: 1309.

Preparations
BP 2010: Clobazam Capsules.

Proprietary Preparations (details are given in Volume B)

Arg.: Clozam; Karidium; Austral.: Frisium; Austria: Frisium; Belg.: Frisium;
Braz.: Frisium; Urbanil; Canad.. iurn; Chile: Grifoclobarm; Cz.: Frisium;
Denm.: Frisium; Fin.: Frisium; rbanyl; Ger.: Fnsxum Gr.: Etaco; F
um; Hong Kong: Frisium; Hung.: Frisium; India: Frisium; Indon.: Anxi-
bloc; Asabium; Clobium; Clofri um; Proclozam; Irl.: Frisium; Israel:
Frisium; Ital.: Frisium; Malaysia: Frisium; Mex.: Frisium; Neth.: Frisium;
NZ: Frisium; Pol.: Frisium; Port.: Castilium; Urbanilt; S.Afr.: Urbanol; Sin-
gapore: Frisium; Spain: Noiafren; Switz.: Urbanyl; Thai.: Frisium; UK:
Frisium; Venez.: Frisium.
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Clonazepam (AN, UsAN, ANN)

Clonazépam; Clonazepamum; Klonatsepaami; Klonazepdm;
Klonazepam; Klonazepamas; Ro-5-4023. 5-(2-Chlorophenyl)-
|,3-dihydro-7-nitro- | 4-benzodiazepin-2-one.

KaoHasenam

CisHoCIN;O3 = 315.7.

CAS — 1622-61-3.

ATC — NO3AEOI.

ATC Vet — QNO3AEO]!.

UNIl — 5PE9FDE8GB.

HN

N

Street names. The following terms have been used as ‘street
names’ (see p.vi) or slang names for various forms of clon-
azepam:

K-Pins; Klondike Bars; Klonnies; Klons; La Roche; Pin; Pins;
R2; R-2; Roaches; Roachies; Roche.
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2242 Pharmaceutical Excipients
Red Cherry

Cerasus; Cerise Rouge; Rojo cereza; Sour Cherry.
BuwhHa Kucaas

UNIl  —  1L29G6428X  (Prunus
4XTQ10247Y (Prunus cerasus fruit juice).

Pharmacopoeias. USNF includes cherry juice.

Fr: includes, under the title Griottier, cherry stalks from either the
red (sour) cherry, Prunus cerasus, or from the sweet cherry, P,
avium.

USNF 28 (Cherry Juice). The liquid expressed from the fresh
ripe fruit of Prunus cerasus (Rosaceae). It contains not less than
1.0% of malic acid. pH 3.0 to 4.0. Store in airtight containers.
Protect from light.

Profile
Red cherry is used as a colouring and flavouring agent.

cerasus

fruit);

Inflammation. A small placebo-controlled crossover study' in-
dicated that some symptoms of muscle damage (pain and
strength loss) induced by eccentric exercise could be reduced by
drinking cherry juice. It was suggested that anthocyanins and fla-
vonoids present in tart cherry juice might have anti-inflammato-
ry properties.
1. Connolly DAJ, er al. Efficacy of a tart cherry juice blend in pre-
venting the symptoms of muscle damage. Br J Sports Med 2006;
: 679-83.

Preparations
USNF 28: Cherry Syrup.
Proprietary Preparations (details are given in Volume B)

Multi-ingredient: Arg.: Vitamina C-Complext; Fr.: Evacrine; Hydracur;
Switz.: Drosana Resiston avec vitamine C.

Red 2G

Acid Red |; Azogeranina; Azogeranine; Cl Food Red 10; Colour
Index No. 18050; E128; Ext. D & C Red No. | I; Geranine 2G;
Rojo 2G; Rouge 2G. Disodium 5-acetamido-4-hydroxy-3-phe-
nylazonaphthalene-2,7-disulphonate.

KpacHbit 2G

CgH|3N3N2a,04S, = 509.4.

CAS — 3734-67-6.
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Profile

Red 2G may be used as a colouring agent in cosmetics. It has also
been employed as a food colour but this use was suspended in the
EU in 2007 on the basis that its main metabolite, aniline, has both
genotoxic and carcinogenic effects in rodents.

Red-Poppy Petal

Aguony biruliy Ziedai; Coquelicot; Coquelicot, pétales de; Corn
Poppy Petal; Klatschrose; Kornvallmo, kronblad; Kvét méku vitiho;
Papaveris rhoeados flos; Pétalos de amapola; Rhoead. Pet,; Rho-
eados Petalum; Unikonkukan terdlehdet.

Maka Camocestku AenecTku

ATC Herb — HNO5CMS5018 (Papaver rhoeas: flower);
HRO5DB5009 (Papaver rhoeas: flower); HNO2BG50! |
(Papaver rhoeas: flower).

Pharmacopoeias. In Eur (see p.vii).

Ph. Eur. 6.8 (Red Poppy Petals). The dried, whole or fragmented
petals of Papaver rhoeas.

Profile

Red-poppy petal has been used as a colouring agent. It is also
included in several herbal preparations.

Preparations

Proprietary Preparations (details are given in Volume B)

Multi-ingredient: Canad.: Formula T13 Tea; Fr.: Calmotisan; Nocva-
lene; Ital.: Altuss; Gastrotuss; Switz.: Baume; Pectosan Nt; Pommade au
Baume; Tisane pectorale et antitussive.

Red-Rose Petal

Fleur de Rose; Flos Rosae; Pétalos de rosa; Red Rose Petals; Ros.
Pet; Rosae Gallicae Petala; Rosae Petalum; Rose Rouge; Rosen-
bliite.

Aenectku Po3sbl

ATC Herb — HAOI WX5002 (Rosa gallica: flower).

UNII — 9691QC5YJU (rose petal extract).
Pharmacopoeias. In /7

Profile

Red-rose petal, the petals of the red or Provins rose, Rosa gallica
(Rosaceae), has been used as a colouring agent and for its mild
astringent properties.

Preparations

Proprietary Preparations (details are given in Volume B)

Multi-ingredient: Arg.: Expectosan Hierbas y Miel; Fr.: Ophtalmine;
Spain: Natusor Infenol.

Homoeopathic: Fr.: Poconeol no 8.

Saccharin

Benzoic Acid Sulphimide; Benzoic Sulfimide; Benzosulphimide;
E954; Gluside; Sacarina; Saccarina; Saccharine; Saccharinum; Sa-
charin; Sacharinas; Sacharyna; Sackarin; Sakkariini; o-Sulfobenzim-
ide; Szacharin; Zaharina. |,2-Benzisothiazolin-3-one |, |-dioxide.

CaxapuH

C;HsNO,S = 183.2.
CAS — 81-07-2.
UNII — FST467XS7D.

0]

NH
S/
\

Pharmacopoeias. In Eur: (see p.vii) and Jpn. Also in USNF.
Ph. Eur. 6.8 (Saccharin). A white or almost white, crystalline
powder or colourless crystals. Slightly soluble in cold water;
sparingly soluble in boiling water and in alcohol. It dissolves in
dilute solutions of alkali hydroxides and carbonates. A saturated
solution, prepared without heating, is acid to litmus.

USNF 28 (Saccharin). White crystals or white, crystalline pow-
der. Is odourless or has a faint, aromatic odour. In dilute solu-
tions, it is intensely sweet. Soluble 1 in 290 of water, 1 in 25 of
boiling water, and 1 in 31 of alcohol; slightly soluble in chloro-
form and in ether; is readily dissolved by dilute solutions of am-
monia, by solutions of alkali hydroxides, and by solutions of al-
kali carbonates with the evolution of carbon dioxide. Its solutions
are acid to litmus.

Saccharin Calcium

Benzosulfimida célcica; Calcium Benzosulphimide; Calcium Sac-
charin; E954; Sacarina cdlcica; Saccharine calcique; Saccharinum
calcicum.

Kanbums Caxapat

C 4HgCaN,O,S,,3'H,0 = 467.5.

CAS — 6485-34-3 (anhydrous saccharin calcium); 6381-
91-5 (hydrated saccharin calcium).

UNIl — 5101 0P7P2I.

Pharmacopoeias. In US. .
USP 33 (Saccharin Calcium). White crystals or white, crystallin
powder. Is odourless, or has a faint, aromatic odour, and has an
intensely sweet taste, even in dilute solutions. Its dilute solution

is about 300 times as sweet as sucrose. Soluble 1 in 2.6 of water
and 1 in 4.7 of alcohol.

Saccharin Potassium

E954; Potassium Benzosulphimide; Potassium Saccharate; Potas-
sium Saccharin.

Kaana Caxapat

CyHsNO5SK = 222.3.

CAS — 10332-51-1.

NOTE. Although the name Potassium Saccharate has been applied

to saccharin potassium do not confuse with Potassium Glucarate,
the potassium salt of saccharic acid, which may also be named

All cross-references refer to entries in Volume A

ol saccharate.

Saccharin Sodium

Benzosulfimida sédica; E954; Sacarina sédica; Saccharin Sod.; Sac-
charine sodique; Saccharinnatrium; Saccharinum natricum; Sac-
charoidum Natricum; Sacharin sodnd sdl; Sacharino natrio drus-
ka; Sacharyna sodowa; Sackarinnatrium; Sakkariininatrium; Sodi-
um Benzosulphimide; Sodium Saccharin; Soluble Gluside; Soluble
Saccharin; Szacharin-ntrium.

~Hatpua Caxapar
C5H,NNaO,S = 205.2.
CAS — 128-44-9 (anhydrous saccharin sodium); 6155-
57-3 (saccharin sodium dihydrate).
UNIl — SB8ZUXA40TY (saccharin sodium); 14807BK602
(anhydrous saccharin sodium).
Pharmacopoeias. In Chin., Eur: (see p.vii), Int., Jpn, and US.
Some pharmacopoeias specify the dihydrate but it may contain a
variable quantity of water as a result of efflorescence.
Ph. Eur. 6.8 (Saccharin Sodium). A white or almost white, crys-
talline powder or colourless crystals. It may contain a variable
quantity of water. Efflorescent in dry air. Freely soluble in water;
sparingly soluble in alcohol. Store in airtight containers.
USP 33 (Saccharin Sodium). White crystals or white, crystalline
powder. Is odourless, or has a faint, aromatic odour, and has an
intensely sweet taste, even in dilute solutions. Its dilute solution
is about 300 times as sweet as sucrose. When in powdered form,
it usually contains about one-third the theoretical amount of wa-
ter of hydration as a result of efflorescence. Soluble 1 in 1.5 of
water and 1 in 50 of alcohol.

Adverse Effects

There have been rare reports of hypersensitivity and photosensi-
tivity reactions with saccharin.

Saccharin-associated bladder tumours in rats given high doses
haye been the cause of much concern and investigation. Howev-
er, it is now generally accepted that these findings are not rele-
vant to the use of saccharin as a sweetener in man.

Effects on the liver. Elevated liver enzyme values in an elderly

woman followed use of two different medications sweetened

with saccharin sodium.! Findings resolved on stopping all prep-

arations containing saccharin, and recurred on rechallenge with

a small amount of saccharin sodium.

1. Negro F, et al. Hepatotoxicity of saccharin. N Engl J Med 1994;
331: 134-5.

Pharmacokinetics

Saccharin is readily absorbed from the gastrointestinal tract. It is

almost all excreted unchanged in the urine within 24 to 48 hours.

Uses and Administration

Saccharin and its salts are intense sweeteners, dilute solutions
having about 300 times the sweetening power of sucrose. They
are used in pharmaceuticals and in foods and beverages and are
heat stable. They have no food value. The salts are more often
used than saccharin itself as they are considered to be more pal-
atable.

Preparations

USP 33: Saccharin Sodium Oral Solution; Saccharin Sodium Tablets.
Proprietary Preparations (details are given in Volume B)
Chile: Dul-Suc; Sukar-Sin; Fr.: Sucredulcort; NZ: Sactabs; Turk.: Herme-
setas; Venez.: Hermesetas.

Multi-ingredient: Arg.: Chuker; Rondo; Semble; Sucaryl; Suimel; Aus-
tral.: Sucaryl; Braz.: Finn Cristal; Chile: Sukar-Sin; Fr.: Sucaryl; Israel: Su-
crin; Ital.: Diet Sucaryl; NZ: Sucaryl; Port.: Dulcerilt; Rus.: Zuckli
(Lloram)t: Thai.: Corinap; Turk.: Dolcet; Tadalin.

Saffron

Acafrio; Azafrdn; Cl Natural Yellow 6; Colour Index No. 75100;
Croci stigma; Crocus; Estigmas de Azafrdn; French Saffron; Kes-
har; Saffran; Safraan; Safran; Sahrami; Spanish Saffron.

Lappar
UNIl — E849G4X5Y].

NOTE. Do not confuse with the meadow saffron (Colchicum au-
tumnale), the source of -colchicum (p.607) and colchicine
(p.604), or Indian saffron, which is a name sometimes used for
Turmeric (p.2252).

Pharmacopoéias. In Chin. and Jpn.

Eur: (see p.vii) includes Saffron for Homoeopathic Preparations.
Ph. Eur. 6.8 (Saffron for Homoeopathic Preparations). The dried
stigmas of Crocus sativus usually joined by the base to a short
style. It has a characteristic, aromatic odour. Protect from light.

Profile

Saffron consists of the dried stigmas and tops of the styles of
Crocus sativus (Iridaceae), containing crocines, crocetins, and
picrocrocine. Saffron is used to colour medicines, foods, and cos-
metics. It is also used as a flavouring agent. Saffron has been
included in preparations for teething pain. It is being investigated
for the treatment of depression. There have been reports of poi-
soning with saffron, but in some cases these may have been due
to meadow saffron, Colchicum autumnale.

Homoeopathy. Saffron has been used in homoeopathic medi-
cines under the following names: Croci stigma; Crocus sativus;
Crocus; Croc. s.
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