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Abstract:

Background: The purpose of this study was to evaluate the effect of hydrochlorothiazide (HCTZ), a thiazide-type diuretic and an
antihypertensive drug, on the anticonvulsant activity of numerous antiepileptic drugs (AEDs: carbamazepine – CBZ, phenytoin –
PHT, valproate – VPA, phenobarbital – PB, oxcarbazepine – OXC, lamotrigine – LTG and topiramate – TPM).
Methods: The effects of HCTZ and AEDs on convulsions were examined in the maximal electroshock seizure (MES) test in mice.
Additionally, adverse effects of combined treatment with HCTZ and the AEDs in the passive avoidance task and chimney test were
assessed. All drugs were injected intraperitoneally (ip) at single doses.
Results: The data obtained indicate that HCTZ (100 mg ip) enhanced the anticonvulsant action of CBZ, decreasing its ED50 value
from 11.9 to 7.7 mg/kg (p < 0.05), and had no impact on the antielectroshock activity of the other AEDs. The observed interaction be-
tween HCTZ and CBZ was not pharmacokinetic in nature as HCTZ did not alter free plasma (non-protein-bound) and total brain
concentrations of CBZ. The combined treatment with HCTZ and the AEDs was free from side-effects on motor performance and
long-term memory in mice.
Conclusions: To the degree, the experimental data can be transferred to clinical conditions, the use of a single dose of HCTZ in pa-
tients receiving VPA, PHT, PB, OXC, LTG or TPM, seems neutral regarding their anticonvulsant potency. Acute HCTZ may posi-
tively influence the anticonvulsant action of CBZ in epileptic patients.
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Introduction

Epidemiological studies have indicated the higher risk
for hypertension in persons with epilepsy [8]. Such
a co-morbidity will require using simultaneously an-
tiepileptics and antihypertensive drugs in the treat-
ment that can lead to pharmacokinetic and/or pharma-

codynamic interactions. Thiazide diuretics are moder-
ately potent diuretics and are widely used as first-line
drugs for the treatment of hypertension [3, 6]. During
the first days of therapy, they reduce blood pressure
by decreasing plasma volume and extracellular fluids,
while in the long term the decrease in total peripheral
vascular resistance is the mechanism of the antihyper-
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tensive effect of thiazides [1]. It is noteworthy that
hydrochlorothiazide (6-chloro-3,4-dihydro-2H-1,2,4-
benzothiadiazine-7-sulfonamide 1,1-dioxide) (HCTZ),
a thiazide-type diuretic, is the most commonly pre-
scribed antihypertensive drug worldwide [20]. Thia-
zides have also uses in the treatment of edematous dis-
orders, diabetes insipidus or hypercalciuria [3]. In the
kidney, thiazide diuretics primarily inhibit the process
of sodium and chloride reabsorption in the distal tubule
[11]. In sufficient concentrations, thiazides have also
inhibitory activity toward carbonic anhydrase [3].

Recent epidemiological data have shown that thia-
zides can be protective for first unprovoked seizure in
adult patients [9]. In animal studies, chlorothiazide
dose-dependently suppressed convulsions in the
maximal electroshock seizure (MES) model, which is
used to evaluate a compound’s protective effects
against generalized tonic-clonic seizures [9, 14].
However, little is known about pharmacological inter-
actions between thiazide diuretics and antiepileptic
drugs (AEDs) in animal models of seizures. So far, it
has been documented that HCTZ did not affect the
convulsive threshold for tiagabine [16]. According to
our knowledge, HCTZ has not been tested in combi-
nations with AEDs in other models of seizures. In
contrast, the interactions between loop diuretics and
AEDs have been well studied [15, 17, 19]. Fu-
rosemide and ethacrynic acid, two potent loop diuret-
ics, have been found to enhance the anticonvulsant ac-
tion of valproate (VPA) in the MES test [17, 19]. Eth-
acrynic acid also potentiated the antiseizure action of
topiramate (TPM) [15]. In the current study, the effect
of HCTZ on the anticonvulsant activity of numerous
AEDs in the MES model was evaluated. We examined
the combinations of HCTZ with classical (carba-
mazepine – CBZ, phenytoin – PHT, phenobarbital –
PB and VPA), and some second-generation AEDs (ox-
carbazepine – OXC, lamotrigine – LTG and TPM).

Materials and Methods

Animals

The experiments were conducted on adult male Swiss
mice weighing 22–27 g. The animals were housed in
colony cages with free access to food (chow pellets)
and tap water ad libitum. They were kept under stan-
dardized laboratory conditions (a 12-h light-dark cy-

cle and a temperature of 21 ± 1°C). The experimental
groups, consisting of eight animals, were made up at
random. The experimental protocols and procedures
described in this manuscript were approved by the
Local Ethics Committee for Animal Experiments at
the University of Life Sciences in Lublin and com-
plied with the European Communities Council Direc-
tive of 24 November 1986 (86/609/EEC).

Drugs

Hydrochlorothiazide (Hydrochlorothiazidum, Pol-
pharma S.A., Starogard Gdañski, Poland), carba-
mazepine (Amizepin, Polpharma S.A., Starogard
Gdañski, Poland), valproate magnesium (Dipromal,
ICN Polfa S.A., Rzeszów, Poland), phenytoin (Pheny-
toinum, Polfa, Warszawa, Poland), phenobarbital
(Luminalum, Unia, Warszawa, Poland), oxcar-
bazepine (Trileptal, Novartis Pharma GmbH, Nürn-
berg, Germany), lamotrigine (Lamitrin, GlaxoSmith-
Kline, Brentford, UK) and topiramate (Topamax,
Janssen-Cilag International N.V., Beerse, Belgium)
were used in this study. VPA was directly dissolved in
distilled water. HCTZ, CBZ, PHT, PB, OXC, LTG
and TPM were suspended in a 1% solution of Tween
80 (Sigma, St. Louis, MO, USA) in distilled water.
The studied drugs were injected intraperitoneally (ip)
at a volume of 5 ml/kg body weight and administered
120 min (HCTZ and PHT), 60 min (PB, LTG and
TPM), or 30 min (CBZ, VPA and OXC) before the
tests; control animals received injections of the vehi-
cle. Treatment times to provide maximum anticonvul-
sant effects were based on previous reports [9, 19].

Electroconvulsions

Electroconvulsions were produced with the use of
auricular electrodes and an alternating current (50 Hz,
500 V, 0.2 s stimulus duration) delivered by a genera-
tor (Rodent Shocker, Type 221, Hugo Sachs,
Freiburg, Germany). The criterion for the occurrence
of seizure activity was the full tonic extension of both
hind limbs. The convulsive threshold was evaluated
as CS50, which is the current strength (in mA) re-
quired to produce tonic hindlimb extension in 50% of
the animals tested. To calculate the convulsive thresh-
old, at least three groups of mice (eight animals per
group) were challenged with electroshocks of various
intensities. An intensity-response curve was calcu-
lated with a computer, based on a percentage of ani-
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mals convulsing in experimental groups. This experi-
mental procedure was performed for HCTZ at doses
of 25, 50 and 100 mg/kg, ip.

The protective efficacy of AEDs alone or in combi-
nation with HCTZ (50 and 100 mg/kg, ip) was deter-
mined as their ability to protect 50% of mice against
the MES-induced tonic hind limb extension and ex-
pressed as their respective median effective dose val-
ues (ED50 in mg/kg with 95% confidence limits). In
the MES test, a fixed current intensity of 25 mA was
applied. To evaluate the ED50 values, at least three
groups of mice (eight animals per group) were chal-
lenged with MES-induced seizures after receiving
progressive doses of an AED. A dose-response curve
for each AED was subsequently constructed on the
basis of the percentage of animals protected against
MES-induced seizure activity.

Passive avoidance test

The drug-treated mice were placed separately in an il-
luminated box (12 × 20 × 15 cm) connected to a dark
box (24 × 20 × 15 cm), which was equipped with an
electric grid floor. A 4 × 7-cm doorway was located at
floor level in the center of the connecting wall. En-
trance into the dark box was punished by an electric
foot shock (0.6 mA for 2 s; facilitation of acquisition).
Twenty-four hours after the training trial, a retention
test was conducted in which the same mice without
any treatment, were put into the illuminated box and
the latency (time) to enter the dark box was recorded.
The animals avoiding the dark compartment for 180 s
were considered to remember the task. The step-
through passive avoidance test is recognized as
a measure of long-term memory [26].

Chimney test

The effects of HCTZ and AEDs on motor perform-
ance were quantified with the chimney test [2]. In this
test, mice had to climb backwards up a plastic tube
(3 cm inner diameter and 25 cm in length). Motor im-
pairment was indicated as the inability of animals to
climb backward up the tube within 60 s.

Plasma and brain concentrations

of carbamazepine

The estimation of the free (non-protein-bound)
plasma and total brain concentrations of CBZ was

performed at a dose of the AED corresponding to its
ED50 value in combination with HCTZ (100 mg/kg)
in the MES test. The mice were decapitated at times
scheduled for MES and blood samples of approxi-
mately 1 ml were collected into heparinized Eppen-
dorf tubes. Simultaneously, the whole brains of the
mice were removed from their skulls, weighed and
homogenized using Abbott buffer (1:2, w/v) in an
Ultra-Turrax T8 homogenizer (Staufen, Germany).
The homogenates were centrifuged at 10,000 × g for
10 min. Blood samples were centrifuged at 5,000 × g
for 5 min, and plasma samples of 300 µl were pipetted
into a micropartitioning system, (Amicon MPS-1, Dan-
vers, MA, USA), for the separation of free from protein-
bound microsolutes. The MPS-1 tubes were centrifuged
at 5,000 × g for 10 min, and samples of 75 µl of filtrate or
75 µl of supernatant were analyzed for CBZ content by
fluorescence-polarization immunoassay using a TDx ana-
lyzer and reagents exactly as described by the manufac-
turer (Abbott Laboratories, North Chicago, IL, USA).
The free plasma and total brain concentrations of CBZ
were expressed in µg/ml of plasma or brain supernatant
as the means ± SD of eight determinations.

Statistics

Both CS50 values for HCTZ and ED50 values for
AEDs were calculated by computer log-probit analy-
sis according to Litchfield and Wilcoxon [13]. The
95% confidence limits obtained were transformed
into standard errors of the mean (SE) as described
previously [18]. Then, the data were analyzed using
a one-way ANOVA followed by the post-hoc Dunnett’s
test for multiple comparisons. The results from the
passive avoidance test were compared with a Kruskal-
Wallis non-parametric ANOVA followed by Dunn’s
multiple-comparisons test. The data obtained in the
chimney test were compared using Fisher’s exact-
probability test. Free (non-protein-bound) plasma and
total brain concentrations of CBZ were evaluated with
the unpaired Student’s t-test. Group differences were
considered statistically significant at p < 0.05.

Results

Administration of HCTZ at single doses up to
100 mg/kg, ip did not affect the threshold for electro-
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Tab. 1. Effect of hydrochlorothiazide (HCTZ) on the convulsive
threshold in mice

Treatment (mg/kg) CS50 (mA) N SE

Control

HCTZ (25)

HCTZ (50)

HCTZ (100)

5.2 (4.0 – 6.8)

5.8 (4.6 – 7.6)

6.0 (4.6 – 8.2)

6.6 (5.2 – 8.4)

16

16

24

16

0.689

0.759

0.916

0.789

CS50 values (in mA; with 95% confidence limits in parentheses) rep-
resent median current strengths required to produce tonic hindlimb
extension in 50% of animals tested. N – the number of animals at cur-
rent strengths used to determine the threshold, for which convulsant
effects ranged between 4 and 6 probit according to Litchfield and
Wilcoxon [13]. SE – standard error of the mean of CS50 value. Not sig-
nificant vs. control group (ANOVA/Dunnett’s test)

Tab. 2. Anticonvulsant potency of antiepileptic drugs alone and in
combinations with hydrochlorothiazide (HCTZ) in the MES test

Treatment (mg/kg) ED50 (mg/kg) N SE

PB + vehicle

PB + HCTZ (100)

PB + HCTZ (50)

CBZ + vehicle

CBZ + HCTZ (100)

CBZ + HCTZ (50)

PHT + vehicle

PHT + HCTZ (100)

PHT + HCTZ (50)

VPA + vehicle

VPA + HCTZ (100)

VPA + HCTZ (50)

OXC + vehicle

OXC + HCTZ (100)

OXC + HCTZ (50)

LTG + vehicle

LTG + HCTZ (100)

LTG + HCTZ (50)

TPM + vehicle

TPM + HCTZ (100)

TPM + HCTZ (50)

19.5 (12.4 – 30.6)

16.7 (13.9 – 20.1)

15.4 (11.7 – 20.3)

11.9 (9.2 – 15.3)

7.7 (6.5 – 9.3)*

12.9 (11.5 – 14.4)

12.1 (10.2 – 14.5)

10.7 (9.2 – 12.5)

10.5 (9.0 – 12.4)

225.6 (193.4 – 263.2)

163.0 (143.0 – 184.7)

195.6 (169.2 – 226.2)

12.0 (9.7 – 14.9)

9.5 (7.7 – 11.8)

9.7 (7.6 – 12.4)

4.8 (4.1 – 5.7)

4.3 (3.8 – 4.8)

4.8 (3.9 – 5.8)

38.1 (32.8 – 44.2)

25.8 (19.6 – 34.0)

32.4 (24.9 – 42.2)

24

16

24

24

16

8

8

16

16

16

8

16

16

16

16

24

8

24

8

24

8

4.493

1.575

2.515

1.525

0.858

0.742

1.892

1.018

0.606

21.650

14.621

14.317

1.317

1.027

1.215

0.420

0.346

0.548

2.891

3.631

4.359

ED50 values (in mg/kg; with upper–lower 95% confidence limits) rep-
resent the protective potency of AEDs alone and injected with HCTZ.
N – the number of animals at doses of AEDs, for which anticonvulsant
effects ranged between 4 and 6 probit according to Litchfield and
Wilcoxon [13]. SE – standard error of the mean of ED50 value. PB –
phenobarbital, CBZ – carbamazepine, PHT – phenytoin, VPA – val-
proate, OXC – oxcarbazepine, LTG – lamotrigine, TPM – topiramate.
* p < 0.05 vs. CBZ + vehicle-treated mice (ANOVA/Dunnett’s test)

Tab. 3. Combined treatment with hydrochlorothiazide (HCTZ) and
antiepileptics in the passive avoidance test

Treatment (mg/kg) N Latency (s)

Control

HCTZ (100)

CBZ (7.7) + HCTZ (100)

PB (16.7) + HCTZ (100)

PHT (10.7) + HCTZ (100)

VPA (163) + HCTZ (100)

OXC (9.5) + HCTZ (100)

LTG (4.3) + HCTZ (100)

TPM (25.8) + HCTZ (100)

8

8

8

8

8

8

8

8

8

180 (180, 180)

180 (117, 180)

180 (180, 180)

180 (180, 180)

180 (180, 180)

123 (58, 180)

180 (180, 180)

180 (180, 180)

180 (180, 180)

Results are presented as the median values (in s) along with the 25th
and 75th percentiles. N – the number of animals. Not significant vs.
control group (Kruskal-Wallis non-parametric ANOVA/Dunn’s test).
For abbreviations see Table 2

Tab. 4. Combined treatment with hydrochlorothiazide (HCTZ) and
antiepileptics in the chimney test

Treatment (mg/kg) N Percentage of
mice impaired

(%)

Control

HCTZ (100)

CBZ (7.7) + HCTZ (100)

PB (16.7) + HCTZ (100)

PHT (10.7) + HCTZ (100)

VPA (163) + HCTZ (100)

OXC (9.5) + HCTZ (100)

LTG (4.3) + HCTZ (100)

TPM (25.8) + HCTZ (100)

8

8

8

8

8

8

8

8

8

0

0

0

0

0

0

0

25

0

Data are expressed as the percentage of animals that failed to per-
form in the chimney test. N – the number of animals. Not significant
vs. control group (Fisher’s exact-probability test). For abbreviations
see Table 2

Tab. 5. Plasma and total brain concentrations of carbamazepine
(CBZ) alone and in combination with hydrochlorothiazide (HCTZ)

Treatment
(mg/kg)

Plasma
concentrations

(µg/ml)

Brain
concentrations

(µg/ml)

CBZ (7.7) + vehicle

CBZ (7.7) + HCTZ (100)

1.312 ± 0.147

1.201 ± 0.165

1.290 ± 0.323

1.108 ± 0.216

Data are shown as the means ± SD of eight separate determinations.
They were statistically verified by using the unpaired Student’s t-test



convulsions in mice (Tab. 1). However, HCTZ
(100 mg/kg, ip) potentiated the anticonvulsant activ-
ity of CBZ, decreasing its ED50 value from 11.9 to
7.7 mg/kg (p < 0.05). HCTZ at the lower dose
(50 mg/kg, ip) had no impact on the antiseizure action
of CBZ. Further, the protective action of the remain-
ing AEDs (PB, VPA, PHT, OXC, LTG and TPM) was
not influenced by HCTZ at doses of 50 and
100 mg/kg, ip (Tab. 2).

HCTZ alone (100 mg/kg, ip) or in combinations
with the AEDs did not impair memory retention in the
passive avoidance test (Tab. 3) or motor performance
of mice in the chimney test (Tab. 4).

As shown in Table 5, free plasma (non-protein-
bound) and total brain concentrations of CBZ were
not significantly affected by HCTZ. Therefore, the
observed interaction between HCTZ and CBZ could
be pharmacodynamic in nature.

Discussion

The current study showed that HCTZ at the
subthreshold dose of 100 mg/kg ip enhanced the anti-
convulsant action of CBZ. This interaction was not of
a pharmacokinetic nature as HCTZ did not alter either
free plasma (non-protein-bound) or total brain con-
centrations of CBZ. HCTZ did not affect the action of
the studied AEDs either in the passive avoidance or
the chimney test.

Although some studies, as it has been mentioned in
the Introduction, demonstrate that thiazide use is pro-
tective for the development of seizures [9], little is
known about the potential anticonvulsive mechanisms
of thiazide diuretics. HCTZ is structurally related to
acetazolamide (AZA) and similarly to AZA is capable
to inhibit carbonic anhydrase (CA) isozymes [25].
AZA has been used as an AED in the treatment of epi-
lepsy for several decades and it is still a beneficial ad-
junctive agent in the pharmacotherapy of epilepsy in-
cluding refractory epilepsy [22]. Additionally, AZA
has been shown to be protective against MES-induced
convulsions in mice [4]. HCTZ is an inhibitor of iso-
zymes CA I, II, VA, VB, VI, VII, IX, XII, XIII, and
XIV [23]. It is important to note that isoforms CA VII,
XII and XIV have been pointed out for their contribu-
tion to generating neuronal excitation [24]. The antie-
pileptic action of AZA is considered to be due to the

inhibition of CA in the brain [10]. So, we cannot ex-
clude that a similar mechanism may be responsible
for the anticonvulsant activity of HCTZ. Further,
there are clinical data showing that the combined
treatment with AZA and CBZ was more efficient than
CBZ monotherapy. For example, addition of AZA to
a treatment with CBZ was effective in the long-term
control of seizures in some children with grand mal or
temporal lobe seizures not responding to CBZ [7]. In
the current study, HCTZ which might possess the
similar anticonvulsant mechanism as AZA, enhanced
the antielectroshock action of CBZ against MES-
induced seizures. However, the basis for the phe-
nomenon remains to be elucidated. In contrast to
HCTZ, CBZ does not affect CA isozymes [24]. CBZ
primarily limits the high frequency-sustained repeti-
tive firing of cortical or spinal neurons [12]. Despite
of the fact that drugs with diverse mechanisms of ac-
tion may complete their own activities and, thus, pro-
duce a synergistic interaction [5], to elucidate the ex-
act mechanisms of action of HCTZ, contributing to
the enhancement of anticonvulsant activity of CBZ in
the MES test, more advanced neurochemical and
electrophysiological studies are required.

In summary, the present study showed that HCTZ
enhanced the anticonvulsant activity of CBZ and this
interaction was not pharmacokinetic in nature. Based
on the current preclinical data, the use of a single dose
of HCTZ in patients receiving the studied AEDs –
VPA, PHT, PB, OXC, LTG and TPM, is suggested to
be neutral regarding their anticonvulsant potency.
Acute HCTZ may positively influence the anticonvul-
sant action of CBZ in epileptic patients. However,
each of these two drugs may cause hyponatremia and
there is a potential for an additive effect between
HCTZ and CBZ to reduce serum sodium levels [21].
Therefore, physicians should be aware of that when
prescribing HCTZ and CBZ to patients.
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