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Background: The thyroid gland is endocrine gland located in front and lower
side of neck. Thyroid gland secretes two types of thyroid hormones that are
triiodothyronine (T3) and tetraiodothyronine (T4). The hypothalamus is a center
for regulation of thyroid hormones. It senses the low hormone levels and in turn
releases thyrotropin-releasing hormone (TRH). TRH stimulates anterior pituitary
to release TSH which then acts on the thyroid gland to maintain normal level of
T3 and T4. The objective of study is to determine the effects of carbamazepine
on TRH in euthyroid rabbits.
Methods: An experimental study performed on 30 rabbits. These were divided
into three groups having 10 rabbits in each group. 10 rabbits were treated with
10mg/kg/day of CBZ (OD), other 10 with 35mg/kg/day CBZ (three divided
doses) and 10 rabbits served as control. T3, FT4, TSH and TRH levels were
evaluated at baseline and after 21 days of treatment in all three groups by Electrochemiluminescence immunoassay and ELISA respectively.
Results: Comparison of the hormone levels of the control group and the group
having a dose of 10 mg/kg/day for 21 day of treatment. Comparative results
showed serum level of T3 (P=0.031), FT4 (P=0.030), and TRH (P=0.044) levels
significantly lower than the control group and TSH (P=0.057) levels remain
unaltered. It was also found that group having a dose of 35 mg/kg/day; TDS
showed decrease in T3 (P value 0.001), FT4 (P=0.001), TSH (P=0.003) and TRH
(P=0.001) level as compared to control group.
Conclusions: Our data suggest that Carbamazepine monotherapy does alter
thyroid hormones and its central regulatory hormone TRH. Decrease in TRH
level increase level of depression and suicidal thoughts and also risk of tertiary
hypothyroidism. These findings could have very important clinical implications.
Keywords: Carbamazepine, FT4, T3, Thyroid gland, Thyrotropin-Releasing
Hormone, TSH

INTRODUCTION
The thyroid gland is an endocrine gland located in front
and lower side of neck. Thyroid gland secretes two types
of thyroid hormones that are triiodothyronine (T3) and
tetraiodothyronine (T4). Hypothalamus is center for
regulation of thyroid hormones. It senses the low
hormones level and in turn releases thyrotropin-releasing
hormone
(TRH). Thyrotropin-releasing hormone
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stimulates anterior pituitary to release thyroid stimulating
hormone (TSH) which then acts on the thyroid gland to
maintain normal level of T3 and T4.1 Normal level of the
thyroid hormones in euthyroid adult are T3.
(Triiodothyronine)
total
(0.8-2.1
ng/ml),
T3
(Triiodothyronine) free (3.4-7.2 pmol/l), T4 (thyroxine)
total (42-120 ng/ml), T4 (thyroxine) free (11-24 pmol/l),
TSH (Thyroid stimulating hormone) 0.5-8.9 μlU/ml.2
Euthyroid is a condition of thyroid gland when it is
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functioning normally. Less amount of thyroid hormone
than the normal is called hypothyroidism, contrary to this
if levels of thyroid hormones are increased then it is called
hyperthyroidism.3 Causes of the hypothyroidism are many
like thyroid gland autoimmune diseases (Atrophic
thyroiditis,
Postpartum
thyroiditis,
Hashimoto’s
thyroiditis), thyroid surgery, iodine abnormality, different
drugs
like
lithium,
amiodarone,
Phenytoin,
carbamazepine, interferon, interleukins and some drugs
use in cancer chemotherapy (sunitinib, imatinib).4,5
Hyperthyroidism is caused by inflammatory conditions of
the thyroid gland, tumor (benign) of thyroid or pituitary
gland, large amount of tetraiodothyronine and iodine
intake.6 During 1993 new antiepileptic drugs were
introduced into the market, which included Levetiracetam,
oxcarbazepine,
felbamate,
tiagabine,
gabapentin,
lamotrigine, topiramate, and zonisamide. The old
antiepileptic drugs include carbamazepine, phenobarbital,
phenytoin, ethosuximide, valproate, and primidone. A
reason behind the development of the new antiepileptic
drugs is to avoid all the health related problems which arise
from the use of the antiepileptic drugs, like gingival
hyperplasia with phenytoin, osteoporosis with
carbamazepine, and endocrine functional abnormality with
lamotrigine,
valporate,
and
carbamazepine.7
Carbamazepine was included in the therapeutic regimen
for epilepsy during the 1960s and 1970s together with
valproic acid and benzodiazepines.8
Carbamazepine is used for epilepsy (generalized seizures,
mixed seizures, complex partial seizures), pain syndromes
(paroxysmal extreme pain disorder, complex regional pain
syndrome), Trigeminal neuralgia, Diabetes insipidus,
Attention deficit hyperactivity disorder (ADHD), Phantom
limb syndrome, Schizophrenia, post-traumatic stress
disorder (post Cerebrovascular accident thalamic pain) and
Neuromyotonia.9,10

upon the sex of the patient. Such as in the male valproate
increases the dehydroepiandrosterone sulfate and
decreases the luteinizing and follicle-stimulating hormone
levels. Increases the levels of testosterone and decreases
the estradiol release and follicle stimulating hormone
levels by valproate in females. Monotherapy of valproate
has no effect on the T4 level but if combined with
carbamazepine it decreases the T4 level and having no
effect on the TSH. The enzymes induction property of the
phenytoin, primidone, Phenobarbital decrease the bounded
thyroxine level. Newer antiepileptic drugs like vigabatrin,
tiagabine, lamotrigine, and levetiracetam have an effect on
the thyroid hormones. Insulin and leptin levels increased
in the case of valproate use, results in increase in the body
weight. An opposite effect was shown by topiramate. Very
less data is present regarding antiepileptic dugs effects on
HPA axis as compared to its effects on thyroid, gonadal
hormones.12
Decline in the levels of T3, free T4 and T4 occurs after
treatment with the carbamazepine. Increase in the serum
thyrotropin occurs. Over all the carbamazepine has an
effect on the hypothalamic-pituitary- thyroid axis.13
METHODS
This experiment was performed in the Institute of Basic
Medical Sciences (IBMS), Khyber Medical University,
Peshawar Animals House. This study was approved in the
29th meeting of KMU-AS and RB under the reference no
KMU-AS &RB (Advance studies & Research Board).
This study was performed with the approval of Ethical
Committee of Khyber Medical University, Peshawar
under reference number DIR/KMU-EB/EC/000207.
Duration of the study was 1 year.
Inclusion criteria

Carbamazepine decreases the testosterone level in serum
and decreases the free androgen indexes. Serum sex
hormone binding globulin level increases because of
carbamazepine use.11
Antiepileptic drugs and epilepsy both induce change in the
hormonal system. The main interaction of antiepileptic
drugs with thyroid, gonadal and adrenal gland is of much
importance.
As it was established that the antiepileptic drugs act on
voltage gated calcium and sodium channel. It also
decreases the glutamenergic transmission and increases
the gabanerigic transmission. The scientists expected that
the similar mechanism is involved in the interaction of
antiepileptic drugs with the hypothalamic hormones such
as TRH, gonadotropin-releasing hormone (GnRH), growth
hormone–releasing hormone (GHRH), and corticotropinreleasing hormone (CRH). One possible mechanism in
which hormones is affected is via stimulation and
inhibition of the enzymes by these drugs. The effect of the
drugs on the hypothalamic-pituitary-gonadal axis depends

Euthyroid rabbits having 1.5 to 2.5 kgs body weight.
Exclusion criteria
•
•
•

Animals which are pregnant.
Animals which are in diseased state.
Animals which are not euthyroid.

Rabbits were divided into 3 groups; each group contained
10 animals. The groups were treated according to the
following plan.
Group 1
Normal control.
Group 2
Minimum recommended dose of carbamazepine (10
mg/kg/day) OD for 21days.

International Journal of Basic & Clinical Pharmacology | June 2019 | Vol 8 | Issue 6 Page 1350

Kalsoom U et al. Int J Basic Clin Pharmacol. 2019 Jun;8(6):1349-1355

Group 3

Data analysis procedure

Maximum recommended dose of carbamazepine (35
mg/kg/day) was given in three divided doses for 21
days.14,15

Data was analyzed using graph pad prism 2006. Same tool
was used for construction of graphs. ANOVA (Dunnett's
test) at 95% of confidence level, p≤0.05 was used.

Their hormones levels were checked on baseline and after
treatment with drug as per schedule. Blood were collected
from the marginal ear vein of rabbits. T3, free T4, TSH
levels
will
be
checked
through
ElectroChemiluminescence Immunoassay (ECLIA) and TRH by
ELISA kit.16

RESULTS

Procedure of TRH Assay
Before using samples were brought to the room
temperature. After thawing the samples were centrifuged.
All reagents were placed at room temperature before use.
All the liquid reagents were gently mixed before use.50 µL
of prepared sample and standard was added to the wells.
50 µL of Biotinylated Detection Ab working solution was
added immediately to the well. The plate was covered with
plate sealer and incubated at 37°C for 45 minutes. The
plate was washed with the washing buffer three times. The
solution was decanted from the well properly and inverted
against absorbent paper.100 µL of diluted HRP conjugate
was added to each well. Again, plate was covered with
plate sealer and was incubated at 37°C for 30 minutes.
Washing was repeated for five times. Completely the
solution was decanted from the wells and the decanted
liquid was discarded.90 µL chromogenic substrate was
added to the each well. Plate was covered with a plate
sealer at 37°C for 15 minutes. Plate was protected from the
light. Plate was developed in the dark at room temperature
for half an hour.50 µL of stop solution was added to the
each well. The change in the color from blue to yellow was
observed. After half an hour of stopping of reaction the
plate was observed. The absorbance of each well was read
at 450 nm.
Procedure of T3, FreeT4 and TSH Assay
Analyzer was Cobas e 411, Disk base. Reagents inventory
was maintained. First of all system reagents procell and
clean cell were loaded in analyzer and their caps were
opened. Inventory of the cups and the tips were
maintained. System water was filled up to the 3 liter and
35ml of SysWash was added. Liquid waste was disposed
of. Ready to use reagent in special cassette were placed in
a rack. Calibrator and control were also loaded. Reagent
scan was clicked and analyzer did complete reagents
inventory. In daily hand on maintenance analyzer was sent
into the sleep mode and any condensation in reagent
compartment and system reagent area were checked and
the sample reagent probe was cleaned. Samples were
loaded into the specific rack. Workplace option was
clicked on the screen, sample ID, rack no, position and test
types were selected in the software. Start option was
clicked and the samples were analyzed automatically and
the results were displayed on the screen.

Estimation of serum levels of thyroid hormones of normal
control and carbamazepine treated groups of rabbits were
done after 21 days.
The mean Thyrotropin-releasing hormone (TRH) level of
Group I (Normal Control) was (154.53±8.30), Group II
(Dose: 10 mg/kg/day) was (146.40±5.94) and Group III
(Dose: 35 mg/kg/day) was (140.31±8.26), data was
analyzed having P value 0.001.
Dunnett’s multiple comparisons test results
•
•

Group I was compared with Group II having P value of
0.044, which is statistically significant
Group I was compared with Group III having P value
0.001, which is statistically significant (Figure A)

Mean Thyroid Stimulating hormone level of Group I
(Normal Control) was (0.04±0.006), Group II (Dose: 10
mg/kg/day) was (0.03±0.04) and Group III (Dose: 35
mg/kg/day) was (0.03±0.006), data was analysed having P
value 0.005.
Dunnett’s multiple comparisons test results
• Group I was compared with Group II having P value of
0.057, which is statistically significant
• Group I was compared with Group III having P value
0.003, which is statistically significant (Figure B)
Mean Triiodothyronine level of Group I (Normal Control)
was (1.52±0.22), Group II (Dose: 10 mg/kg/day) was
(1.15±0.21) and Group III (Dose: 35 mg/kg/day) was
(0.96±0.47), data was analysed having P value 0.002.
Dunnett’s multiple comparisons test results
• Group I was compared with Group II having P value of
0.031, which is statistically significant
• Group I was compared with Group III having P value
0.001, which is statistically significant (Figure C)
Mean Free Thyroxine level of Group I (Normal Control)
was (10.48±1.67), Group II (Dose: 10 mg/kg/day) was
(8.06±2.74) and Group III (Dose: 35 mg/kg/day) was
(6.55±1.74). Data was analysed having P value 0.001.
Dunnett’s multiple comparisons test results
• Group I was compared with Group II having P value of
0.030, which is statistically significant
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• Group I was compared with Group III having P value
0.001, which is statistically significant (Figure D)
(Table 1).
Table 1: Groups with respective hormones levels. (Mean±SD, n=10) P values.

Hormones
Levels

Group I
(Normal
Control)

Group II
(10mg/kg/day)

Group III
(35mg/kg/day)

P Value

TRH (pg/ml)
TSH (µIU/ml)
T3 (nmol/l)
FT4 (pmol/l)

154.53±8.30
0.04±0.006
1.52±0.22
10.48±1.67

146.40±5.94
0.03±0.007
1.15±0.21
8.06±2.74

140.31±8.26
0.03±0.006
0.96±0.47
6.55±1.74

0.001
0.005
0.002
0.001

Group I
vs.
Group II
(P value)
0.044
0.057
0.031
0.030

Group I
vs.
Group III
(P Value)
0.001
0.003
0.001
0.001

Figure 1: Graphical Representation of TRH, TSH, T3 and T4 Levels of Animals Groups. A) Comparative
Graphical Representation of TRH Levels of Group I (Control), Group II (Dose.10mg/kg/day) and Group III (Dose.
35mg/kg/day), B) Comparative Graphical Representation of TSH Levels of Group I (Control), Group II
(Dose.10mg/kg/day) and Group III (Dose. 35mg/kg/day), C) Comparative Graphical Representation of
Triiodothyronine Levels of Group I (Control), Group II (Dose.10mg/kg/day) and Group III (Dose. 35mg/kg/day),
D) Comparative Graphical Representation of free T4 Levels of Group I (Control), Group II (Dose.10mg/kg/day)
and Group III (Dose. 35mg/kg/day).

DISCUSSION
This study focuses on the possible effects of
carbamazepine on thyrotropin releasing hormone and
other thyroid hormones related to its regulation.

As there are reports of subclinical signs of hypothyroidism
with carbamazepine therapy with no significant effect on
TSH and TRH levels.17 However, the final judgment is
controversial regarding the possible inhibition on TRH
level, which may be attributed to tertiary or central
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hypothyroidism. Though studies have shown that there are
no significant change in TSH level, decrease in FT4 level
and T3 level, yet a comprehensive and controlled model
was necessary to answer the possible effect of
carbamazepine on TRH level.18-23
Our results show a decrease in the T3 level similar to study
done by Jouko I T Isojairvi et al.18 A decrease in the FT4
level is similarly to research done by JiriHoracek et al,
Jouko I T Isojairvi et al, Kirimi E et al, Alberto Verrotti
and his colleague, Aggarwal A and his co-workers.18,20-23
TSH level remains unaltered at 10 mg/kg dose similar to
studies al- ready done by Jouko I T Isojairvi et al,
Amirsalari- S and his co-worker and Kirimi E et al.18-20
TSH level decreases at maximum dose (35 mg/kg/day) of
carbamazepine, which is a new finding as compared to the
old studies, which shows an increased or unaltered TSH
level as compared to the control group.17-20, 22,23 The least
variation in the results as compared to old studies may be
of difference in the doses, assay technique, environmental
factors, and species variation. Level of TRH was decreased
significantly after 21 days of treatment with maximum and
minimum dose of carbamazepine. Induction of hepatic
microsomal enzymes by carbamazepine increase the
metabolism of the thyroid hormone (T3, FT4) is may be
one of the reasons behind the decrease in the thyroid
hormones level.24 TRH synthesis takes place in the
neurons of the hypothalamus. It is transported from
hypothalamus to median eminence presynaptic terminal
region and store in synaptic vesicles. Release of the TRH
contents from the synaptic vesicles takes place by
depolarization.25 The release of the TRH depends upon the
action potential firing and carbamazepine is the inhibitor
of sodium and potassium channel. It was also investigated
that carbamazepine blocks L-type calcium channel in rat
hippocampal neurons.26-28 It may be possible that the
inhibition of action potential decreases TRH secretion.
TRH is responsible for the regulation of the prolactin and
probably hyperprolactinemia is one of the side effects of
the carbamazepine.29,30 This may be the reason behind the
decrease in TRH level after carbamazepine therapy.

Figure 2: Regulation of TRH synthesis at
hypothalamus level and possible inhibitory
effect of CBZ.35
Reduction in the thyroid hormones leads to
hypothyroidism. In the primary hypothyroidism, there is a
decrease in the thyroid hormones because of an abnormal
condition of the thyroid gland.36 In central
hypothyroidism, there is a decrease in the normal
functioning thyroid gland hormones because of
insufficient stimulation of the thyroid gland by pituitary
TSH. There may be defects in the pituitary gland, which is
called as secondary hypothyroidism. There may be the
dysfunction of the hypothalamus, which is called as
tertiary hypothyroidism. Disease of pituitary or
hypothalamus causes central hypothyroidism. The
decrease or normal level of FT4 and normal, slightly
increased or disproportionately low thyroid stimulating
hormones is used to diagnose central hypothyroidism
(Figure 3).37

The basic mechanism involved in the thyroid feedback
mechanism is the conversion of the circulating T4 to T3 in
the tanycytes and Astrocyte.31 T3 is transported in to the
PVN by MCT8(A protein transporter, transport various
iodothyronines). T3 cause the regulation of TRH at
periventricularnuclei, by first formation of prepro-TRH
transcript and processing of that transcript into mature
TRH peptides.32
5′D-II is one of the enzymes responsible for the conversion
of T4 in to biological active T3. Carbamazepine enhances
the activity of 5′D-IIenzyme in experimental animals.33 It
leads to increase T3 concentration in different regions of
brain including hypothalamus. A finding of the study
shows that increased in the amount of T3 at the
hypothalamus level decreased the pro-TRH significantly.34
It may be the possible inhibitory effect of Carbamazepine
on TRH synthesis (Figure 2).

Figure 3: Hypothalamic-pituitary-thyroid axis.38
Studies have shown that the carbamazepine is involved in
the reversible hypothyroidism.39 TRH has antidepressant
property and use as a therapy for the patient suffering from
unipolar depression.40 Besides, the study demonstrates the
significant decrease in T3 and FT4 levels which are
already studied may be attributed to the central effects of
carbamazepine which causes tertiary hypothyroidism. A
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current research found out that carbamazepine decreases
the serum level of TSH (at maximum recommended dose
of CBZ) and TRH (at minimum and maximum
recommended dose of CBZ) significantly, which exhibits
that the drug has an inhibitory effect on the hypothalamus
and may be involved in the central hypothyroidism so
precautionary measure should be taken in order to
prescribe this drug for the patients already suffering from
hypothyroidism and depression and require antiepileptic
therapy with carbamazepine. An alternative therapy may
be opted rather than to produce another disease in shape of
an iatrogenic hypothyroidism and to avoid suicidal
thoughts in the patients.

7.

8.

9.

10.
CONCLUSION
Carbamazepine decreased the level of T3, FT4 and TRH at
maximum and minimum recommended dose of
carbamazepine. TSH level remain unaltered at 10 mg/kg
dose but decreased at 35 mg/kg. The results show that
carbamazepine has an inhibitory effect on level of
hypothalamus.
It needs further molecular level study to find out what is
the main mechanism involved at the hypothalamus level to
reduce TRH concentration by carbamazepine.
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