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Abstract:

This study investigated the anticonvulsant activity of a new phthalazine tetrazole derivative, QUAN-0808 (6-(4-chlorophenoxy)-

tetrazolo[5,1-a]phthalazine), in the mouse maximal electroshock (MES) seizure model. The neurotoxicity of QUAN-0808 was in-

vestigated using the rotarod neurotoxicity test in mice. QUAN-0808 exhibited higher activity (median effective dose, ED�� = 6.8 mg/

kg) and lower neurotoxicity (median toxic dose, TD�� = 456.4 mg/kg), resulting in a higher protective index (PI = 67.1) compared

with carbamazepine (PI = 6.4). In addition, QUAN-0808 exhibited significant oral anticonvulsant activity (ED�� = 24 mg/kg)

against MES-induced seizure with low neurotoxicity (TD�� > 4500 mg/kg) in mice, resulting in a PI value of more than 187.5.

QUAN-0808 was also tested in chemically induced animal models of seizure (pentylenetetrazole [PTZ], isoniazid [ISO], thiosemi-

carbazide [THIO] and 3-mercaptopropionic acid [3-MP]) to further investigate the anticonvulsant activity; QUAN-0808 produced

significant anticonvulsant activity against seizures induced by ISO, THIO and 3-MP.
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Introduction

Epilepsy, a ubiquitous disease characterized by recur-

rent seizures, affects more than 60 million people

worldwide, according to epidemiological studies [15].

Nearly 95% of the drugs currently available to treat

epilepsy were approved before 1985, and they provide

satisfactory seizure control in 60–70% of patients.

However, these drugs are associated both with notable

adverse side effects, such as drowsiness, ataxia, gas-

trointestinal disturbance, hepatotoxicity and megalo-

blastic anemia [12, 13, 18], as well as potentially

life-threatening conditions [1]. Therefore, the contin-

ued search for safer and more effective new antiepi-

leptic drugs (AEDs) is both an imperative and a chal-

lenge for medicinal chemistry.

In our previous study, compound I (6-(4-chloro-

phenoxy)-[1,2,4]triazolo[3,4-a]phthalazine; Fig. 1) was

first identified for anticonvulsant activity with an

ED50 value of 7.1 mg/kg against MES-induced sei-

zures [22]. The anticonvulsant activity of compound I
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was slightly higher than that of the reference drug

(carbamazepine) in the MES test, but the adverse

effects of compound I were marked with a TD50 of

36.7 mg/kg. In our attempts to find compounds with

lower neurotoxicity, we replaced the –CH= in the tria-

zole by an N atom, according to the theory of bioi-

sosterism, and synthesized a series of tetrazolo[5,1-

a]phthalazine compounds that resulted in the com-

pound QUAN-0808 with a 4-chlorophenoxyl group

substitution at position 6. Bioisosterism is a useful

strategy for both medicinal chemistry and rational de-

sign of new drugs. Bioisosterism can be defined as the

property by which the substituents, or groups with

similar physical or chemical properties, impart similar

biological properties to a chemical compound. The te-

trazole and triazole moieties exhibit bioisosterism. In

recent years, tetrazole compounds have attracted in-

creasing attention both because of their pronounced

anti-inflammatory, antimicrobial [6], antibacterial

[10] and anti-hypertensive [9] biological activities

and because of their inhibition of benzodiazepine re-

ceptor binding [2]. The peak time of protection of

QUAN-0808 after oral administration was also evalu-

ated using the maximal electro-shock (MES) test, and

we compared the anticonvulsant activity of QUAN-

0808 with the reference drug, carbamazepine, at this

peak time.
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Materials and Methods

Animals

The experiments were carried out on adult KunMing

mice (18–22 g) of either sex; the two sexes were used

equally in each group. Mice were housed in a quiet,

temperature- and humidity-controlled room (22 ± 2°C

and 60 ± 5%, respectively) with a 12-h light/dark cy-

cle. All experiments were performed at the same time

of day during the light period. Each mouse was used

only once. All procedures in the present study were

performed in accordance with the Guide for the Care

and Use of Laboratory Animals as adapted by the Na-

tional Institutes of Health (Washington, DC, USA,

1996). Local ethical committee approval was also ob-

tained. All efforts were made to minimize animal suf-

fering and to reduce the number of animals used.

Drugs

The following drugs were used in this study:

QUAN-0808 was synthesized in our laboratory (China).

Its structure was characterized using IR, 1H-NMR,
13C-NMR, MS and elemental analysis techniques.

QUAN-0808 was dissolved in polyethylene glycol-

400 (Sigma, USA), and it was freshly prepared prior

to use at a concentration of 0.05 ml/20 g of mouse

weight. The dose, route and timing of administration

of each compound were based on preliminary experi-

ments and pharmacokinetic considerations. The

chemicals pentylenetetrazole (PTZ), isoniazid (ISO),

thiosemicarbazide (THIO) and 3-mercaptopropionic

acid (3-MP) were purchased from Sigma, and they

were dissolved in saline.

The MES test and the rotarod test

The MES and rotarod tests were carried out as de-

scribed by the Antiepileptic Drug Development Pro-

gram of the National Institutes of Health and in accor-

dance with previously described procedures (USA).

Electroconvulsions were produced by an electric

stimulation generator (JTC-1, ChengDu, China). The

seizures were elicited with a 60-Hz alternating current

of 50 mA intensity in mice. The current was applied

via ear-clip electrodes for 0.2 s. The criterion for the

onset of seizure activity was tonic hindlimb extension

[19]. Activities were evaluated in the MES test 15 min

after the administration of QUAN-0808.

In the rotarod test [20], at 15 min after the admini-

stration of the QUAN-0808, the ability of animals to

climb onto a 2.5-cm diameter plastic rod rotating at

6 rpm was measured. Neurotoxicity was indicated ac-

cording to the following: 1) an inability of the animal
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to maintain equilibrium and 2) the inability of the ani-

mal to remain on the rod for 3 min.

Effect of oral administration of QUAN-0808 on

MES seizures

To estimate the time course of effects of QUAN-0808

in the MES test, QUAN-0808 was suspended in

0.5 ml of 0.5% carboxymethyl cellulose sodium

(CMC-Na) saline solution. The mice were divided

into six groups (n = 10 per group). All mice received

a 30 mg/kg dose of QUAN-0808 suspension per os

(po). Subsequently, the animals underwent the MES

test at 15, 30, 60, 120, 240 or 480 min after admini-

stration. The peak time of protection was observed 2 h

after po injection. Then, QUAN-0808 was evaluated

for its oral activity against MES-induced seizures and

oral neurotoxicity; carbamazepine was used as a ref-

erence compound. In one condition, the dose of

QUAN-0808 was to exceed 3000 mg/kg, but we were

unable to suspend such a high dose in 0.5 ml of

CMC-Na saline solution. Therefore, in this condition,

QUAN-0808 was suspended in 1 ml of 0.5% CMC-

Na saline solution, divided into two equal portions

and administered twice within an interval of 0.5 h.

Chemically induced seizures [5]

PTZ and 3-MP were administered subcutaneously in

the scruff of the neck of the animals, and ISO and

THIO were administered intraperitoneally (ip). At 15 min

after the administration of various doses of QUAN-

0808, the animals were administered PTZ (85 mg/kg),

ISO (250 mg/kg), THIO (50 mg/kg) or 3-MP (40 mg/kg).

The dose of QUAN-0808 that prevented 50% of the

treated animals from clonic convulsion (for PTZ) and

tonic convulsions (for ISO, 3-MP, and THIO) was cal-

culated (ED50).

Statistics

Groups of 10 mice were each given a specific intrape-

ritoneal dose of QUAN-0808 until at least three points

were established in the range of 10–90% seizure pro-

tection or minimally observed neurotoxicity. From the

plots of these data, the respective ED50 and TD50 val-

ues, 95% confidence intervals, slopes of the regres-

sion line and the standard error of the slopes were cal-

culated using a computer program with the Trimmed

Spearman-Karber method [8].

Results and Discussion

The choice of appropriate animal models for the ini-

tial in vivo testing of potential anticonvulsant com-

pounds is one of the most important steps in the suc-

cessful search for new antiepileptic drugs. Notably,

the MES test is considered to be an effective and rele-

vant animal model in the routine laboratory screening

of new antiepileptic drugs [4]. In this study, we used

the MES model and four chemically-induced seizure

models to evaluate the anticonvulsant activity of

QUAN-0808.

Table 1 summarizes the anticonvulsant activities of

QUAN-0808 compared with reference drug in the

MES test. QUAN-0808 showed a dose-dependent an-

ticonvulsant effect with an ED50 of 6.8 mg/kg and

a TD50 of 456.4 mg/kg, resulting in a PI of 67.1.

These results show that QUAN-0808 possesses not

only greater anticonvulsant activity but also lower

toxicity than the reference drug in the MES test.

The peak effect of the oral dose of 30 mg/kg

QUAN-0808 occurred between 0.25 and 6 h after ad-

ministration (Fig. 2). Different routes of administra-

tion are known to affect the time to peak effect.

Enterogastric absorption is slow; the time to peak ef-

fect of QUAN-0808 was 2 h after po administration.

Accordingly, QUAN-0808 was evaluated for its oral

activity against MES-induced seizures and oral neuro-

toxicity in mice (Tab. 2), with carbamazepine as the

reference drug. The time to peak effect was 2 h, which
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time (min)
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5.2
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(334.9–621.9)
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Carbamazepine 30 11.8
(8.7–16.1)

76.1
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6.4

/���������� ���&	���
�� ���� �  �&� 5��
� ���� �� ��
����� ip8�
� ;<��0  ���� ����&���� �	
� 5�7���

�� �  �=>� ?��� )#@ &	��.
��&� �� ��
 � �������
�
8 ��	����� ���&	���
�� ��	��&��	 �
#!@ 	� ���  �&� ����
� �;�.���&�� 
��1���
� � �<��0  ���� �	7�&
�	
� 5�7���

�� �  �=>� ?��� )#@ &	����&� �� ��
 � �������.

�
8 ��	��&��  �� �� ���	�	��&�� �	7�&��� � #!@ 	� ���  �&� 
�(.
,�&��� �	 ��� �	���	� ��
�� � %�0 ��	��&���� ���7 5�<��=;<��8�

� )#@
&	����&� �� ��
 ���� � �������
�




was comparable to the peak effect of carbamazepine.

The data presented in Table 2 clearly indicate an in-

crease in the anticonvulsant potency and neurotoxic-

ity of QUAN-0808 when administered orally, com-

pared to ip administration. No neurotoxicity was

found after oral administration at the very high dose

of 4500 mg/kg. Therefore, the PI for oral administra-

tion exceeded 187.5, which was both higher than the

PI of ip administration and better than the PI of most

of clinical drugs.

The anticonvulsant activity of QUAN-0808 was

also investigated against seizures induced chemically

by the administration of PTZ, 3-MP, ISO and THIO to

confirm the above findings and to investigate the pos-

sible mechanisms involved in the activity of QUAN-

0808. As shown in Table 3, QUAN-0808 protected

against seizures induced by PTZ, ISO, THIO and

3-MP, with ED50 values of 22.8, 9.5, 2.2 and 1.5 mg/kg,

respectively. The anticonvulsant profile showed that

QUAN-0808 had positive effects in both electrical

and chemical tests. These animal models are usually

considered suitable for identifying anticonvulsant ac-

tivity, they have been applied for all of the com-

pounds currently used for the treatment of a variety of

seizure types. These models may be helpful in pre-

dicting the clinical efficacy and the mechanism of

drug action [3, 11, 21].

The chemical models of seizure, such as PTZ-

induced seizures, represent experimental models of

‘myoclonic seizure’ that produce both clonic and

tonic seizures when administered parenterally. A pro-

gression of symptoms is observed depending on the

dose and route of administration. These symptoms

follow a pattern of focal activation of the CNS, such

as myoclonic jerks and clonic spasms followed by

a generalized tonic seizure. The MES test, which is

the most frequently used animal model, was used for

the identification of anticonvulsant activity of drugs

against ‘grand mal’ seizures. QUAN-0808 was able to

control the seizures induced by PTZ, ISO, THIO and

3-MP, suggesting that it exhibits a broad spectrum of

anticonvulsant activity in animal models of partial

and generalized epilepsy.

PTZ and ISO are believed to induce seizures by in-

hibiting �-aminobutyric acid (GABA) neurotransmis-

sion [16, 17]. GABA is the main inhibitory neuro-

transmitter in the brain, and it is strongly implicated

in epilepsy. Inhibition of GABAergic neurotransmis-

sion or activity promotes and facilitates seizures [7],

while enhanced GABAergic neurotransmission inhib-

its or attenuates seizures. The findings of the present

study suggest that QUAN-0808 inhibits or attenuates

PTZ- and ISO-induced seizures in mice by enhancing

GABAergic neurotransmission.
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3-MP and THIO are competitive inhibitors of the

enzyme glutamate decarboxylase (GAD) that decrease

the synthesis and level of GABA in the brain [14].

In conclusion, QUAN-0808 showed greater anti-

convulsant activity, considerably lower neurotoxicity,

and a larger PI than the clinical drug carbamazepine

in the MES test. In addition, QUAN-0808 elicited sig-

nificant antagonism toward seizures induced by PTZ,

3-MP, THIO and ISO.
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