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ABSTRACT

Carbamazepine (CBZ) is a widely-used anticonvulsant drug, with a high
prescription rate. However, there seem to be certain inconsistencies
regarding the number of reported impurities of the drug. A monograph
study of the drug reveals the difference in the numbers of reported
impurities of the drug, i.e., different monographs have reported dissimilar
number of impurities for the same drug. Literature survey reveals that over
10 routes of synthesis are currently existing for the synthesis of CBZ, as
well as employing over 25 reactants across the synthetic routes. There also
appears to be a lack of mention of the number of carcinogenic impurities
of the drug. This review article aims to summarize the potential for the
presence of potential carcinogenic impurities and its carcinogenicity in the
drug of CBZ. Which can arise from the various reactants involved in the

INTRODUCTION

Carbamazepine (CBZ),! a known compound for anticonvulsant and
analgesic activity, is used to control seizures and treat pain resulting
from trigeminal neuralgia. The drug Carbamazepine is a first-generation
anticonvulsant approved by United States by 1967 and UK in 1965,
CBZ developed by J. R. Geigy (Novartis) in the 1950s and has been
commercialized under the trade name of Tegretol®* for the treatment of
epilepsy, trigeminal neuralgia (in 1962) and mania. This anticonvulsant
molecule was approved by the FDA in the year 1965. Since then, it has
become the most normally prescribed first-line drug for epilepsy. Apart
from that, Carbamazepine is also used to treat bipolar disorder.’ The
chemical name of the drug is 5H-dibenzo [b,f]azepine-5-carboxamide.
The molecular formula is C,,H ,N,O. The physical description of the
drug is a white to yellowish-white, crystalline powder;*” odourless
practically insoluble in water and ether but soluble in ethanol.® The
molecular weight of the drug is 236.27 g/mol. There are various
methods such as LC-MS/MS,>® HPLC,''** HPTLC,* UV-Visible
spectroscopy** micellar electro kinetic chromatography and UFLC*
available for the profiling quantitative analysis of carbamazepine.

Mechanism of Action and Clinical Uses

CBZ is a sodium channel blocker and it is mainly work by binds
deferentially to energies gated sodium channel in there inactive
conformation.” It has also consequence on the serotonin system but
also the relevance to its anti-seizure effect is tentative. CBZ is moderately
slowly but well engaged in oral running. In the drug structure, the
double bond between C-10 and C-11 is the most reactive site chemically,
pharmacologically and metabolically.? The mechanism of action of CBZ
has not yet been fully revealed and is widely discussed. One of the major
hypotheses is that the drug carbamazepine impedes sodium channel

manufacturing process of the drug and their individual role in imparting
carcinogenicity to the final formulation.
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firing, treating seizure bustle.”” Animal research studies have established
that carbamazepine wields its effects by lowering polysynaptic nerve
response and inhibiting post-tetanic potentiation. In both cats and rats,
carbamazepine has shown that decrease in pain is caused by infraorbital
nerve stimulation.” Decrease in the action potential in the nucleus
ventrals of the thalamus into the brain and reticence of the lingual
mandibular reflex was observed in other studies after carbamazepine
use. Carbamazepine works by binding to voltage-dependent sodium
channels and preventing action potentials that generally leads to
stimulatory effects on the nerves.”! In bipolar disorder, carbamazepine is
also used to increase dopamine turnover which leads to increase GABA
transmission, treating manic and depressive symptoms.* It’s delivered
that, CBZ used for many purposes from last five decades.

Bioavailability and Pharmacokinetics

The range of the bioavailability of CBZ is 75-85% of an ingested dose.
The plasma protein binding affinity to CBZ is 75%-80%.?**° The maximum
portion of Carbamazepine is largely metabolized in the liver. CYP3A4
hepatic enzyme is one of the primary enzymes which metabolizes
CBZ into its active metabolite, carbamazepine-10, 11-epoxide,*® which
is further metabolized to its trans-diol form by the enzyme epoxide
hydrolase. But the major problem about this drug is the resistance to the
drugs rise by 30% in an epileptic patient.

Side Effect of Carbamazepine

Nowadays one major problem is the rise in resistance to drugs by 30%
in epileptic patients, which may be attributed to the altered metabolism
in the patients with modified genotypes. Though it is very effective, the
drug suffers from undesirable side effects. There are several side effects
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reported in the patients and the commonly reported ones include ataxia,
dizziness, drowsiness, nausea and vomiting. More common side effects
include blurred vision or double vision, continuous back-and-forth
eye movements. Meanwhile less common effects are actions that are
out of control, behavioural changes, confusion, agitation, or hostility,
diarrhoea, discouragement, drooling, fear, feeling of unreality, feeling sad
or empty, headache, increase in seizures, irritability, lack of appetite, loss
of balance control, loss of interest or pleasure, muscle trembling, jerking,
or stiffness, nausea, other problems with muscle control or coordination,
sense of detachment from self or body, shakiness and unsteady walk,
shuffling walk, stiffness of the arm or leg, sudden, wide mood swings,
talking, feeling and acting with excitement, thoughts or attempts of
killing oneself, tiredness, trouble concentrating, trouble sleeping,
twisting movements of the body, uncontrolled movements, especially of
the face, neck and back, unusual drowsiness vomiting. Other side effects
include pruritus, speech disturbance, amblyopia and xerostomia.

This drug also exhibits serious and sometimes fatal dermatologic
reactions, especially with the hereditary allelic variant HLA-B*1502.
Hence, at-risk patients are to be separated prior to prescribing CBZ. The
treatment should not be started in patients that tested positive unless the

Table 1: List of Pharmacopoeia impurities Carbamazepine.

benefits outweigh the risks. If there is any type of dermatologic effect
then the drug must be discontinued. Research has also reported aplastic
anaemia and agranulocytosis. Pre-treatment haematological trying has
to be obtained and CBC must be sporadically screened. Drug
termination should be considered if substantial bone marrow

depression evolutions are observed.

LIST OF IMPURITIES PRESENTED AS PER
STANDARD MONOGRAPH BOOKS

In the CBZ the current problem is the reported number of impurities®”
in the official monographs for the drug CBZ. To illustrate, the Indian
Pharmacopoeia mentions only two impurities, while the British
pharmacopoeia mentions a total of seven impurities and the Japanese
and the United State Pharmacopoeia mention five and two impurities
respectively [Table 1].

This implies that, there exists a lack of uniformity with respect to the
officially reported impurities. That may be chalked up to the fact that,
there appear to be several routes of synthesis available for CBZ (Figure 1).
Among the several routes of synthesis, there seem to be several reactants.
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It was also observed that a few of those reactants have the potency of
carcinogenicity. However, there is also lack of a proper justification
that, whether the mutagenic reactants are present in the final product
as an impurity. Even though CBZ is a drug that came into the market
over fifty years ago, there is no clear opinion on the possible presence
of genotoxic impurities in the official monographs. The presence of any
such manufacturing process-related impurities has not been reported in
any official monographs as well.

CARCINOGENIC RESULT OF PRESENT
IMPURITIES IN THE MANUFACTURING PROCESS
OF CARBAMAZEPINE

This argument is also evidenced by the statement in the recent
USFDA file for CBZ stating that the carcinogenic effect of the drug is
yet unknown in humans. Hence, the confirmation that such reactants
possess carcinogenicity will confirm the fact that the final marketed
product will also possess carcinogenic substances. The list of reactant
names are given in Table 2.

Table 2: List of reactants used in the routes of synthesis of CBZ and
their possible carcinogenicity.’

Carcinogenic

Reactant Structure
effect
N Officially
Iminostilbene Shf)wmg 4
Carcinogenic
— effect

10-bromo-5H-dibenz [b,f]
azepine-5-carboxamide

O Q NM

11-dihydro-5-carbamoyl-

5H-dibenz [b,f]azepin NM

Officially
showing
Carcinogenic
effect

Sulfuryl chloride isocyanate =~ O=—=C=—=N——8——-Cl

Officially
showing
Carcinogenic
effect

Sulfurisocyanatidic chloridle =~O=—=C=—=N

O NH
N-glycyl carbamazepine T Q NM
Hel
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T Officially
Bromobenzene sh.0w1ng .
Carcinogenic
effect

Phenylindole NM
N
H

e

TIodophenyl

Todo-benzene NM
COOH COOH
N
Diphenylamine-2,2’-
dicarboxylic acid
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showin,
1H-Benzo[b]pyrrole Eoriiey e’(’; ic
effect
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carbonitrile

NM means Not mentioned

CONCLUSION

The drug CBZ is a quite old and yet highly prescribed anti-epileptic
still in use. However, the existing analytical methods for the impurity
profiling of the drug have seemingly reported the same compounds
as those in the official monographs. Thorough monograph study on
the drug, it was observed that the USP, the BP, the JP and the IP have
reported different numbers of impurities for the same drug. Additionally,
it was also identified that, were over 10 different routes of synthesis for
the drug, all of which have a combined total of over 26 reactant molecules
going into the process of synthesis. This raises a question about the actual
number of impurities for the drug. Another revelation is the potential
carcinogenicity of the reactants utilised. If a reactant is deemed to be
a carcinogenic agent, using it for the synthesis of the drug might lead
to the imparting of carcinogenic character to the final product. This
becomes an issue especially when such carcinogenic reactants have not
been identified for the drug. Hence, this review article highlighted the
various monograph- listed impurities for the drug Carbamazepine and
the several official and unofficial routes of synthesis for the same and
the possible reactants that may have a role in imparting carcinogenic
behaviour to the final product.
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Figure 1: The several reactants utilised among the various existing routes of
synthesis of the drug CBZ.
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ABBREVIATIONS

CBZ: Carbamazepine; LC-MS/MS: Liquid chromatography mass
spectroscopy; HPLC: High performance liquid chromatography;
HPTLC: High performance thin layer chromatography; UFLC: Ultra-
fastliquid chromatography; FDA:Foodand drugadministration; USFDA:
U S food and drug administration; USP: United States pharmacopoeia;
BP: British pharmacopoeia; JP: Japanese pharmacopoeia; IP: Indian
pharmacopoeia.
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