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Abstract

Bipolar disorder is a psychiatric illness characterized by episodes of mania or hypomania that oscillate with depression.
In India around 1 in 150 people encounter this disorder but the majority of them remain untreated or misdiagnosed. The
review focuses on the FD A-approved Carbamazepine (CBZ), a mood stabilizer for bipolar illness. Additionally, it is
authorized for the management of generalized tonic-clonic seizures, complex partial temporal lobe epilepsy, and
trigeminal neuralgia. It is largely metabolized in the liver by the variants of cytochrome enzymes such as CYP3A4,
CYP3AS, CYP2C19, and CYP2CS. It manages to control maniac activities by modulating voltage-gated sodium
channels, reducing dopamine and glutamate turnover while increasing serotonin and Gaba Aminobutyric Acid
(GABA) levels through a variety of actions of synthesis and degradation. Though being used extensively for bipolar
diseases, it has shown adverse effects which cause anemia, hepatitis, rashes, neural tube abnormalities, weight gain,
hearing loss, and some cognitive effects. CBZ, either alone or in combination with other drugs, is effective in the
maintenance treatment of bipolar disorder in naturalistic clinical settings. With the aid of Therapeutic Drug Monitoring
(TDM), additional pharmacogenetic research may be required to more clearly define the effects of drug-metabolizing
polymorphisms in everyday situations.
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Introduction general population, the suicide rate is 5-17 times greater,

Bipolar disorder is a chronic recurring illness marked by swings withalifetime risk of 10%-20% (Miller and Black, 2020).

in mood and energy. Regardless of nationality, ethnic
background, or socioeconomic status, it affects more than 1% of
the world's populationl. It is marked by recurring episodes of
mania and depression in bipolar disorder (Carvalho et al., 2020)
and of hypomania and depression in bipolar disorder (Harrison
et al.,, 2018). Patients with bipolar disorder usually have
additional medical conditions in addition to their serious mental
disorders (Zareifopoulos et al., 2018). There is evidence of a
neurotransmission imbalance, polygenic inheritance, and
illness progression in these individuals. Patients frequently take
many medications at once, with varying degrees of therapeutic
efficacy, especially in the case of depression. Numerous people
commit suicide (Dome et al., 2019). In comparison to the
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Anticonvulsant medications are frequently prescribed for
these psychiatric purposes. Although various additional
anticonvulsant medications have been tested with conflicting
or inconclusive results, carbamazepine, valproate, and
lamotrigine are known mood stabilizers for bipolar disorder
(Simonetti et al., 2020). Carbamazepine (CBZ) is a crucial
second-line treatment for bipolar disorder when treatment
with a conventional antipsychotic alone fails. CBZ otherwise
is typically used in the treatment of seizure disorders and
neuropathic pain (Sparacino et al., 2022). CBZ is structurally
similar to tricyclic antidepressant imipramine. In 2002, the
FDA gave CBZ the drug approved for the treatment of acute
mania (Sparacino et al., 2022). Hence this review in detail
discusses carbamazepine for the treatment of bipolar
disorder, its underlying mechanism, and adverse effects.

Chemistry of CBZ

Systemic chemical name: SH-Dibenz[b,f]azepine-5-
carboxamide
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Figure 1: Structure of CBZ

Empirical formula: C,;H,,N,O
Pharmacodynamics: Mechanism of action of CBZ in the
treatment of bipolar disorder

CBZ does not appear to have a single mechanism of action. CBZ
therapy for bipolar disease works on multiple levels, including
ion channels, receptors, and signaling pathways. However, it is
yet unknown which particular mechanism is engaged in a given
context and how much each mechanism contributes to the
therapeutic action of CBZ. The various mechanism by which
CBZacts are:

(A). Voltage-Gated Sodium Channels

Voltage-Gated Ion Channels (VGICs) are transmembrane
proteins that play a crucial role in cell signaling. VGICs are
characterized as voltage-gated sodium, potassium, calcium, or
chloride channels based on the ions they conduct. The
membrane potential of a cell controls the activity of VGICs and
opens channels for ions to pass across cellular membranes along
an electrochemical gradient (de Lera Ruiz and Kraus, 2015).

The voltage-dependent sodium channels are the primary target
of CBZ. CBZ and carbamazepine-epoxide lower the frequency
of prolonged repeated action potential firing. High-frequency
firing is inhibited by CBZ, whereas low-frequency firing is
unaffected (Wu et al., 2022). Carbamazepine blocks and
maintains the inactivated state of voltage-gated sodium
channels, reducing the number of channels that can be opened
later. Until the drug dissociates, the afflicted cells become less
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Figure 2: Diagrammatic representation of CBZ blocking sodium
ion channel.

excitable (Pal etal., 2021). The inactivated conformation of
sodium channels has a higher affinity for CBZ than the
resting conformation (Goodchild etal., 2023).

(B). GABA Neurotransmission

Gamma Amino Butyric Acid (GABA) is an amino acid that
serves as the central nervous system's major inhibitory
neurotransmitter. It works by blocking nerve transmission
to lower neuronal excitability (Lee etal., 2019). It regulates
dopamine and glutamate neurotransmission in the brain
(Ochoa-delaPazetal.,2021). The GABA levels are seen to
be decreased in bipolar disorder individuals, resulting in
excitotoxicity and the potential for apoptosis (Scotti-Muzzi
etal.,2021).

CBZ stimulates GABA receptors made up of al, 32, and y2
subunits, making it a GABA receptor agonist (Chen et al.,
2020). GABAB receptor levels are upregulated after long-
term CBZ treatment, While short-term treatment does not
affect GABAB levels (Chenetal.,2021).

(C.)Serotonergic System

Serotonin is a naturally occurring chemical that acts as a
neurotransmitter, allowing signals to travel between
neurons and throughout the body (Deneris et al., 2018).
Serotonin is involved in mood regulation and is known as a
feel-good chemical (Lv et al., 2017). In bipolar disorder,
cerebral serotonergic activity is diminished, which leads to
depression. When bipolar patients are euthymic, reduced
serotonin activity could be a characteristic diagnostic for
bipolar disorder (Maddaloni etal., 2018).

CBZ exerts dose-dependent anticonvulsant effects by
causing substantial increases in extracellular serotonin
levels. CBZ causes serotonin release through a method that
does not involve the serotonin transporter. CBZ is likewise
a potent inhibitor of serotonin reuptake. This inhibitory
property is linked with CBZ's ability to block biogenic
amine transporters. As a result, CBZ is a serotonin-
releasing agent as well as a serotonin reuptake inhibitor
(Rodrigues et al., 2023; Prakash et al., 2021; Rissardo and
Caprara, 2020).

(D). Glutamergic System

Glutamate is an excitatory neurotransmitter. Bipolar
disease causes an elevation in brain glutamate levels further
leading to excitotoxicity (Shen and Tomar, 2021). CBZ
inhibits glutamate release or ionotropic glutamate
receptors. Carbamazepine exerts anti-glutamatergic effects
by:

a). Reduced glutamate release. CBZ hinders glutamate
release elicited by potassium in the brain.

b). Limited calcium influx. Glutamate's postsynaptic
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Figure 3: Diagrammatic representation of CBZ blocking
calcium ion influx, and allowing only sodium ions to pass

effectiveness is reduced. Calcium influx through glutamate
receptors of the NMDA subtype is slightly blocked by CBZ
(Ghasemietal.,2014; Okadaectal.,2019; Aiyeretal.,2018).

Pharmacokinetics: Metabolism of CBZ in BD patients

A thorough understanding of pharmacokinetic interactions is
necessary for the best use of CBZ in pharmacotherapy.
Carbamazepine is effectively absorbed when ingested orally
(Missio et al., 2019; Grunze et al., 2021). Metabolism of CBZ
happens in the liver and a brief increase in the hepatic enzymes is
observed at 5-15% incidence. It is predominantly metabolized
by CYP 3A4 (Grunze et al., 2021). Carbamazepine-10,11
epoxide is carbamazepine's active metabolite. CBZ has an initial
half-life of 26-65 hours that decreases to 12—17 hours with
repeated dosages. The active metabolite has a half-life of about
34 hours (Ayano, 2016).

CBZ evokes cytochromes (CYP P4502D6, 3A4), glucuronizing
enzymes, and P-glycoprotein in the body leading to interactions
with other drugs' metabolism (Zaccara and Franco, 2023). It is
important to note that CBZ is a CYP450 3A4 inducer in addition
to being its substrate (Fuhr et al., 2021). The extent of CBZ
autoinduction is slightly dose sensitive but is typically resolved
after 3-5 weeks of medication (Gaies et al., 2021). Only 1% of
CBZ is removed through biliary excretion, thus the kidneys are
responsible for the majority of excretion (Ngo et al., 2022;
Methaneethorn et al.,2020).

Pharmacogenomics: CBZ and BD

Pharmacogenomics can detect polymorphisms in the genes that
control the pharmacokinetics and pharmacodynamics of drugs,
resulting in variations in their safety and efficacy in the body
(Dadwai et al., 2021). It investigates how a person's unique
genetic variation affects their response to medication to
customize therapy and achieve optimal efficacy (Cuéllar-
Barbozaetal.,2020).

Due to the clinical and biological variability of the disease,
pharmacodynamic and pharmacokinetic changes brought
on by polytherapy, the presence of comorbidities, and poor
treatment compliance, the response to CBZ for the
treatment of BD is highly diverse (Corponietal.,2018).

The existence of polymorphisms in the genes encoding the
enzymes involved in CBZ metabolism helps partially
explain individual and ethnic heterogeneity in how patients
respond to CBZ medication. A few of the gene
polymorphisms are:

EPHX1: CBZ 10,11-epoxide is converted to CBZ 10,11-
diol by the microsomal epoxide hydrolase encoded by the
epoxide hydrolase 1 (EPHX1) gene (Balestrini and
Sisodiya, 2018). The 9 exons and 8 introns of the
polymorphic EPHX1 gene are found on chromosome 1q42.
EPHXI1 activity and plasma concentrations of CBZ are
impacted by two frequently polymorphic regions in the
gene.

(a) Tyrosine to histidine conversion on exon 3 decreases the
enzyme activity.

(b) Histidine to arginine conversion on exon 4 increases the
enzyme activity (Venkatraman et al., 2023).

CYP3A4: The activity of CBZ metabolizing enzymes is
regulated in part by CYP3 A4. Inter-individual variability in
CBZ metabolism is greatly influenced by the CYP3A4*22
polymorphism, which is prominently associated with
reduced cytochrome activity (Laska etal., 2017).

CYP3AS: Due to the high polymorphism of CYP3AS5, the
most prevalent non-functional variant, the CYP3A5*3
allele, affects plasma CBZ concentrations (Shnayder et al.,
2020). To maintain steady-state CBZ concentrations,
functional CYP3AS polymorphisms are crucial, and as a
result, they are directly related to drug toxicity. Patients with
the CYP3AS mutant allele typically experienced CBZ
toxicity and had slower clearance rates and longer half-lives
than those with the wild type (Iannaccone etal., 2021).

CYP2C19: The bioactivation of CBZ is mediated by
CYP2C19 in the body (Fricke-Galindo et al., 2018).
Following CBZ treatment, Stevens-Johnson syndrome and
toxic epidermal necrolysis (SIS/TEN) propensity are linked
to CYP2C19*2 and CYP2C19*3 polymorphisms of
CYP2Cl19respectively (Husain and Yatham, 2023).

CYP2C8: Despite not being the primary enzyme, CYP2C8
can aid in the conversion of CBZ into its active metabolite,
CBZ 10,11-epoxide. The CYP2C8*5 variant is a rare
polymorphism of CYP2CS, but it has the potential to result
in a variant of the enzyme that is completely inactive as it
could decide a shortened form of the cytochrome (Bobo,
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Figure 4: Metabolism of CBZ in liver

2017). The most prevalent non-synonymous mutation,
CYP2C8%*3, is commonly linked to lower enzyme activity and
elevated CBZ blood concentrations (Schwarzetal., 2021).

To thoroughly understand the role of these polymorphisms as
potential indicators of responsiveness to CBZ therapy, extensive
research is necessary (Fricke-Galindo etal., 2018).

Adverse drug reactions

Understanding CBZ-induced adverse drug reactions is crucial
for achieving safer treatment outcomes. Adverse drug reactions
can have a detrimental effect on a patient's life and ramp up
medical expenses (Ayano, 2016). The most frequent adverse
effects of CBZ administration include dizziness, ataxia,
forgetfulness, drowsiness, nausea, vomiting, constipation, and
diarrhea. These can be avoided or considerably diminished by
gradually raising the regular dosage (Sadock et al., 2009).

A) BLOOD: In 0.005% of patients, CBZ may result in aplastic

anemia, agranulocytosis, and life-threatening
thrombocytopenia. Transient and small drops in blood cell
indices during the initial stages of treatment are possible but do
not necessitate stopping CBZ. If the WBC falls below 3000 mm,
the absolute neutrophil count falls below 1500 mm, or the
platelet count falls below 100,000 cells per mm, carbamazepine

should be stopped (Dean, 2012; Shah etal.,2017).

B) LIVER: Rare reports of severe hepatitis have been linked to
carbamazepine, and elevated enzyme levels have been linked to
cholestatic jaundice. If the patient contracts hepatitis, the drug needs
to be stopped right away (Grunze et al., 2021; Sadock et al., 2009).

C) SKIN: Urticaria and rash are rather typical adverse drug
reactions with CBZ. Exfoliative dermatitis and toxic epidermal
necrolysis (Stevens-Johnson syndrome) are two potentially

serious, though extremely rare, dermatological side effects
that frequently call for prompt drug withdrawal (de Kleine
etal.,2022; Wittetal.,2013).

D) Teratogenic effects: CBZ use during pregnancy is
particularly linked to teratogenic effects, including neural
tube abnormalities such as spina bifida. Pregnant women
should all receive preconception information and folate-
vitamin B complex supplements (Fricke-Galindo et al.,
2018;Imetal.,2019).

C) WEIGHT GAIN: The use of CBZ over an extended
period is linked to slight weight gain (Ahmed etal.,2021).

D) AUDITORY AND VESTIBULAR: A reduction in
conduction in the auditory and vestibular pathways is likely
a contributing factor in CBZ-induced ADRs. But no proof
taking CBZ can cause permanent hearing loss.

Cognitive side effect: Numerous cognitive and psychomotor
traits, primarily in the areas of attention and language, have
been associated with CBZ, including lower information
processing speed and attention, memory impairment, and
subpar arithmetic skills. The tolerability, compliance, and
long-term retention of medication, as well as everyday
functioning and quality of life, can all be negatively impacted
by cognitive side effects. The cognitive condition of patients
using CBZ medication should be evaluated on several
occasions. A baseline examination should be finished before
starting or changing a treatment, and regular assessments
should follow (Barr etal., 2019).

Conclusion

A growing focus on personalized medicine is intended to
confirm the significance of a patient's genetic background
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in the course of their treatment. Pharmacogenomics, which
studies the relationship between certain human genome
polymorphisms and the variety of neuropsychiatric medication
responses, has advanced significantly in recent years. Despite
the widespread use of anticonvulsants with mood stabilizer
activity, such as CBZ, in the treatment of bipolar disorder and
other therapeutic areas, it is still challenging to predict each
patient's unique response to treatment in terms of genetic
susceptibility. The advancement of pharmacogenetic studies has
made it possible to investigate a significant number of potential
genes that may influence the Pharmacokinetics variability of
CBZ. However, there have been inconsistent findings. The
majority of investigations have concentrated on the SNPs of the
CYPand UGT genes.

In conclusion, there are potential biomarkers for CBZ therapy,
but they are not sufficiently robust to allow for the
personalization of treatment in BD patients, and no guidelines
have yet been published. With the aid of Therapeutic Drug
Monitoring, additional pharmacogenetic research may be
required to more clearly define the effects of drug-metabolizing
polymorphisms in everyday situations.

Conflict of interest: The authors declare no conflict of interest.
Financial support: Notapplicable
Ethics statement: None.

References

Ahmed GK, Elbeh K, Elserogy Y, Mostafa S. 2021. Effect of
long-term administration of clonazepam, carbamazepine,
and valproate on cognitive, psychological, and personality
changes in adult epilepsy: a case—control study. Middle East
Current Psychiatry. 28:1-0.

Aiyer R, Mehta N, Gungor S, Gulati A. 2018. A systematic
review of NMDA receptor antagonists for treatment of
neuropathic pain in clinical practice. The Clinical Journal of
Pain. 34(5):450-67.

Ayano G. 2016. Bipolar Disorders and Carbamazepine:
Pharmacokinetics, Pharmacodynamics, Therapeutic Effects
and Indications of Carbamazepine: review of articles.
Clinical Neuropsychology: Open Access, 1(4): 1-5.
https://doi.org/10.4172/2472-095X.1000112

Ayano G. 2016. Bipolar disorders and carbamazepine:
pharmacokinetics, pharmacodynamics, therapeutic effects
and indications of carbamazepine: review of articles. Journal
of Neuropsychopharmacology & Mental Health 1(112):2.

Balestrini S, Sisodiya SM. 2018. Pharmacogenomics in
epilepsy. Neuroscience letters. 667:27-39.

Barr WB. 2019. Understanding the cognitive side effects of
antiepileptic drugs: can functional imaging be helpful?.
Epilepsy Currents. 19(1):22-3.

Bobo WV. 2017. The diagnosis and management of bipolar I
and II disorders: clinical practice update. In Mayo Clinic
Proceedings 92:1532-1551).

Carvalho AF, Firth J, Vieta E. 2020. Bipolar disorder. New
England Journal of Medicine. 383(1):58-66.

Chen H, Gu X, Zeng Q, Mao Z, Martyniuk CJ. 2021.
Characterization of the GABAergic system in Asian clam
Corbicula fluminea: Phylogenetic analysis, tissue
distribution, and response to the aquatic contaminant
carbamazepine. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology.
239:108896.

Chen H, Yang H, Zhao Y, Gu X, Martyniuk CJ. 2020.
Development and molecular investigation into the effects
of carbamazepine exposure in the zebrafish (Danio rerio).
International Journal of Environmental Research and
Public Health. 17(23):8882.

Corponi F, Fabbri C, Serretti A. 2018. Pharmacogenetics in
psychiatry. Advances in Pharmacology. 83:297-331.

Cuéllar-Barboza AB, McElroy SL, Veldic M, Singh B, Kung
S, Romo-Nava F, Nunez NA, Cabello-Arreola A,
Coombes BJ, Pricto M, Betcher HK. 2020. Potential
pharmacogenomic targets in bipolar disorder:
considerations for current testing and the development of
decision support tools to individualize treatment
selection. International Journal of Bipolar Disorders. 8:1-
7.

Dadwai A, Navar K, Bagilipeddola M, Rajannagari R, Nittu
SR. 2021. Pharmacogenomics and Adverse Drug
Reactions: Carbamazepine Induced Steven Johnsons
Syndrome. Indian Journal of Pharmacy Practice.
2021;14(2).

de Kleine E, Maat B, Metzemaekers JD, van Dijk P. 2022.
Carbamazepine induces upward frequency shifts of

spontaneous otoacoustic emissions. Hearing Research.
420:108492.

de Lera Ruiz M, Kraus RL. 2015. Voltage-Gated Sodium
Structure, Function, Pharmacology, and
Clinical Indications. Journal of Medicinal Chemistry,
58(18): 7093—7118. https://doi.org/10.1021/jm501981g

Dean L. 2015. Carbamazepine Therapy and HLA Genotype.
In: Pratt VM, Scott SA, Pirmohamed M, et al., editors.
Medical Genetics Summaries (Internet). Bethesda (MD):
National Center for Biotechnology Information (US);
2012.

Channels:

Deneris E, Gaspar P. 2018. Serotonin neuron development:
shaping molecular and structural identities. Wiley
Interdisciplinary Reviews: Developmental Biology.
7(1):e301.

wWwWw.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2023; 9(6):189-195 194

Dome P, Rihmer Z, Gonda X. 2019. Suicide risk in bipolar
disorder: a briefreview. Medicina. 55(8):403.

Fricke-Galindo I, LLerena A, Jung-Cook H, Lopez-Lopez M.
2018. Carbamazepine adverse drug reactions. Expert Review
of Clinical Pharmacology. 11(7):705-18.

Fricke-Galindo I, LLerena A, Jung-Cook H, Lépez-Lopez M.
2018. Carbamazepine adverse drug reactions. Expert Review
of Clinical Pharmacology, 11(7):705-718.

Fricke-Galindo I, LLerena A, Jung-Cook H, Lopez-Lopez M.
2018. Carbamazepine adverse drug reactions. Expert Review
of Clinical Pharmacology, 11(7):705-718.
https://doi.org/10.1080/17512433.2018.1486707

Fuhr LM, Marok FZ, Hanke N, Selzer D, Lehr T. 2021.
Pharmacokinetics of the CYP3A4 and CYP2B6 inducer
carbamazepine and its drug—drug interaction potential: a
physiologically based pharmacokinetic modeling approach.
Pharmaceutics. 13(2):270.

Gaies E, Zgolli F, Charfi R, Sassi MB, Jebari HE, Salouage I,
Daghfous R, Trabelsi S. 2021. Drug interaction between
carbamazepine and other antiepileptic drugs in Tunisian
epileptic patients. La Tunisie Medicale. 99(08-09):877.

Ghasemi M, Phillips C, Trillo L, De Miguel Z, Das D, Salehi A.
2014. The role of NMDA receptors in the pathophysiology
and treatment of mood disorders, Neuroscience &
Biobehavioral Reviews. 47:336-358

Goodchild SJ, Shuart NG, Williams AD, Ye W, Parrish RR,
Soriano M, Thouta S, Mezeyova J, Waldbrook M, Dean RA,
Focken T. 2023. Molecular pharmacology of selective NaV1.
6 and dual NaV1. 6 and NaV1. 2 channel inhibitors that
suppress excitatory neuronal activity ex vivo. bioRxiv. 2023-
08.

Grunze A, Amann BL, Grunze H. 2021. Efficacy of
Carbamazepine and Its Derivatives in the Treatment of
Bipolar Disorder. Medicina. 57(5):433.

https://doi.org/10.3390/medicina57050433

Grunze A, Amann BL, Grunze H. 2021. Efficacy of
carbamazepine and its derivatives in the treatment of bipolar
disorder. Medicina. 57(5):433.

Harrison PJ, Geddes JR, Tunbridge EM. 2018. The emerging
neurobiology of bipolar disorder. Trends in Neurosciences.
41(1):18-30.

Husain MI, Yatham LN. 2023. Treatment options for acute
bipolar depression: an urgent unmet clinical need. The Lancet
Psychiatry. 10(9):655-7.

Tannaccone T, Sellitto C, Manzo V, Colucci F, Giudice V,
Stefanelli B, Tuliano A, Corrivetti G, Filippelli A. 2021.
Pharmacogenetics of carbamazepine and valproate: Focus on
polymorphisms of drug metabolizing enzymes and
transporters. Pharmaceuticals. 14(3):204.

Im DU, Kim SC, Chau GC, Um SH. 2019. Carbamazepine
enhances adipogenesis by inhibiting Wnt/B-catenin
expression. Cells. 8(11):1460.

Laska AJ, Han MJ, Lospinoso JA, Brown PJ, Beachkofsky
TM.2017. CYP2C19, 2 Status in patients with Stevens-
Johnson syndrome and toxic epidermal necrolysis.
Pharmacogenomics and Personalized Medicine.
2017:183-6.

Lee SE, Lee Y, Lee GH. 2019. The regulation of glutamic
acid decarboxylases in GABA neurotransmission in the
brain. Archives of Pharmacal Research. 42:1031-9.

Li H, Zhang M, Xiong L, Feng W, Williams III RO. 2020.
Bioavailability improvement of carbamazepine via oral
administration of modified-release amorphous solid
dispersions inrats. Pharmaceutics. 12(11):1023.

LvJ,LiuF.2017. The Role of Serotonin beyond the Central
Nervous System during Embryogenesis. Frontiers in
Cellular Neuroscience 11:74. doi:

10.3389/fncel.2017.00074.

Maddaloni G, Migliarini S, Napolitano F, Giorgi A, Nazzi
S, Biasci D, De Felice A, Gritti M, Cavaccini A,
Galbusera A, Franceschi S. 2018. Serotonin depletion
causes valproate-responsive manic-like condition and
increased hippocampal neuroplasticity that are reversed
by stress. Scientific Reports. 8(1):11847.

Methaneethorn J, Lohitnavy M, Leelakanok N. 2020. A
systematic review of population pharmacokinetics of
carbamazepine. Systematic Reviews in Pharmacy
11(10):653-73.

Miller JN, Black DW. 2020. Bipolar disorder and suicide: a
review. Current Psychiatry Reports. 22:1-0.

Milovanovic DD, Milovanovic JR, Radovanovic M,
Radosavljevic I, Obradovic S, Jankovic S, Milovanovic
D, Djordjevic N. 2016. The influence of on
carbamazepine serum concentration in epileptic
pediatric patients. Balkan Journal of Medical Genetics.
19(1):21-8.

Missio G, Moreno DH, Demetrio FN, Soeiro-de-Souza
MG, dos Santos Fernandes F, Barros VB, Moreno RA.
2019. A randomized controlled trial comparing lithium
plus valproic acid versus lithium plus carbamazepine in
young patients with type 1 bipolar disorder: the
LICAVAL study. Trials. 20:1-9.

Ngo LT, Yang SY, Shin S, Cao DT, Van Nguyen H, Jung S,
LeeJY, Lee JH, Yun HY, Chae JW. 2022. Application of
physiologically-based pharmacokinetic model
approach to predict pharmacokinetics and drug—drug
interaction of rivaroxaban: A case study of rivaroxaban
and carbamazepine. CPT: Pharmacometrics & Systems
Pharmacology. 11(11):1430-42.

wWwWw.ajpp.in



Asian Journal of Pharmacy and Pharmacology 2023; 9(6):189-195 195

Ochoa-de la Paz LD, Gulias-Cailizo R, Ruiz-Leyja ED,
Sanchez-Castillo H, Parodi J. 2021. The role of GABA
neurotransmitter in the human central nervous system,
physiology, and pathophysiology. Revista Mexicana de
Neurociencia. 22(2):67-76.

Okada M, Fukuyama K, Shiroyama T, Ueda Y. 2019.
Carbamazepine attenuates astroglial l-glutamate release
induced by pro-inflammatory cytokines via chronically
activation of adenosine A2A receptor. International Journal
of Molecular Sciences. 20(15):3727.

Pal R, Kumar B, Akhtar MJ, Chawla PA. 2021. Voltage gated
sodium channel inhibitors as anticonvulsant drugs: A
systematic review on recent developments and structure
activity relationship studies. Bioorganic Chemistry.
115:105230.

Prakash S, Rathore C, Rana K, Patel H. 2021. Antiepileptic drugs
and serotonin syndrome-A systematic review of case series
and case reports. Seizure. 91:117-31.

Rissardo JP, Caprara AL. 2020. Carbamazepine-,
oxcarbazepine-, eslicarbazepine-associated movement
disorder: A literature review. Clinical Neuropharmacology.
43(3):66-80.

Rodrigues P, Guimaraes L, Carvalho AP, Oliva-Teles L. 2023.
Carbamazepine, venlafaxine, tramadol, and their main
metabolites: toxicological effects on zebrafish embryos and
larvae. Journal of Hazardous Materials. 448:130909.

Sadock BJ, Sadock VA, Ruiz P 2009. Kaplan and Sadock's
Comprehensive Textbook of Psychiatry (9th edn.) Lippincott
Williams & Wilkins, Philadelphia

Schwarz A, Strakos C, Weihrich R. 2021. A Brief Review on
Carbamazepine — History, Pharmacological Properties and
Environmental Impact. Insi in Chem and Biochem. 1(4):
2021.

Scotti-Muzzi E, Chile T, Moreno R, Pastorello BF, da Costa
Leite C, Henning A, Otaduy MC, Vallada H, Soeiro-de-
Souza MG. 2021. ACC GIlu/GABA ratio is decreased in
euthymic bipolar disorder I patients: possible in vivo
neurometabolite explanation for mood stabilization.
European archives of psychiatry and clinical neuroscience.
271:537-47.

Shah N, Grover S, Rao GP. 2017. Clinical practice guidelines for
management of bipolar disorder. Indian Journal of
Psychiatry. 59(Suppl 1):S51.

Shen J, Tomar JS. 2021. Elevated Brain Glutamate Levels in
Bipolar Disorder and Pyruvate Carboxylase-Mediated
Anaplerosis. Frontiers in psychiatry, 12:640977.
https://doi.org/10.3389/fpsyt.2021.640977

Shnayder NA, Bochanova EN, Dmitrenko DV, Nasyrova RF.
2020. Pharmacogenetics of carbamazepine. Epilepsy and
Paroxysmal Conditions. 11(4):364-78.

Simonetti A, Koukopoulos AE, Kotzalidis GD, Janiri D, De
Chiara L, Janiri L, Sani G. 2020. Stabilization beyond
mood: stabilizing patients with bipolar disorder in the
various phases of life. Frontiers in Psychiatry. 11:247.

Sparacino G, Verdolini N, Vieta E, Pacchiarotti 1. 2022.
Existing and emerging pharmacological approaches to
the treatment of mania: A critical overview. Translational
Psychiatry. 12(1):169.

Venkatraman S, Ramasamy K, Nair PP. 2023. Genetic
polymorphisms of microsomal epoxide hydrolase and
UDP-glucuronosyltransferase (UGT) and its effects on
plasma carbamazepine levels and metabolic ratio in
persons with epilepsy of South India: A cross-sectional
genetic association study. Indian Journal of
Pharmacology. 55(3):149.

Witt J-A, Helmstaedter C. 2013. Monitoring the cognitive
effects of antiepileptic pharmacotherapy--approaching
the individual patient. Epilepsy Behav. 26(3):450-456.

Wu PM, Cho HY, Chiang CW, Chuang TH, Wu SN, Tu YF.
2022. Characterization in inhibitory effectiveness of
carbamazepine in voltage-gated Na+ and erg-mediated
K+ currents in a mouse neural crest-derived (Neuro-2a)

cell line. International Journal of Molecular Sciences.
23(14):7892.

Zaccara G, Franco V. 2023. Pharmacokinetic interactions
between antiseizure and psychiatric medications.
Current Neuropharmacology. 21(8):1666-90.

Zareifopoulos N, Bellou A, Spiropoulou A, Spiropoulos K.
2018. Prevalence of comorbid chronic obstructive
pulmonary disease in individuals suffering from
schizophrenia and bipolar disorder: a systematic review.
COPD: Journal of Chronic Obstructive Pulmonary
Disease. 15(6):612-20.

wWwWw.ajpp.in



