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Anticonvulsant Activity of The Combined 
Extract of Haliotis asinina Linnaeus and 

Zanthoxylum limonella Alston

 Abstract: Epilepsy is one of the 

most neurological disorders that affecting 

oxidative stresses status. Herbal medicine 

suggests that many herbal have anticonvulsant 

activity and antioxidant property. 

Haliotis asinina and Zanthoxylum limonella 

have been reported the antioxidant and 

related to GABAergic system. Therefore, 

we aimed to determine the anticonvulsant 

activity and antioxidant property of 

the combined extract of H. asinina and 

Z. limonella extract at doses of 4, 40 and 

400 mg.kg-1 BW in mice that induced by 

pentylenetetrazole. The results showed that 

the combined extract of H. asinina and Z. 

limonella extract at dose 40 mg.kg-1 BW 

could prolong latency to death. In addition, 

the GABA-transaminate (GABA-T) activity 

and oxidative stress enzymes were also 

investigated. We found that the combined 

extract of H. asinina and Z. limonella at 

doses of 40 and 400 mg.kg-1 BW decreased 

GABA-T activity in cerebral cortex and all 

doses increased activities of superoxide 

dismutase, catalase and glutathione 

peroxidase enzyme in cerebral cortex and 

brainstem. However, the KW56 did not 

show any changes in malondialdehyde 

level. Further researches are still essential 

to determine the consumption safety.

 Key words: anticonvulsant, Haliotis 

asinine, Zanthoxylum limonella, oxidative 

stress
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1. Introduction
 Epilepsy is one of the most chronic 

neurological disorder that wide spread in 

human population1. Epilepsy is characterized 

by recurrent seizures by reason of excessive 

discharge of neurons in the brain2. The 

manifestation of seizure is depended on 

location of onset in the brain which can 

affect to the sensory, motor and autonomic 

functions. In addition, epilepsy often have 

psychological sequences in the patient and 

family3. Antiepileptic drug is the best choice 

to treat epilepsy4, but it has adverse effects 

such as fatigue, somnolence, dizziness 

and skin rash5. In addition, effi cacy and 

drugs tolerance are major problem in patient 

who have long term treatment5.

 Traditional herbal medicines has high 

effi cacy, safety and less of side effects. It 

prefer therapeutics for age-related disorders 

as loss of memory, osteoporosis, immune 

disorders, etc6. Moreover, it prefer to use 

in non-communicable diseases such as 

diabetes, cardiovascular, hypertension and 

gastrointestinal diseases7. Knowledge from 

the use of herbs and active components 

has served as the base for new modern 

pharmacology and drugs that have original 

from plants sources8. 

 Haliotis asinina has the numerous 

of GABAergic cells in the cerebral, 

pleuropedal,  and visceral ganglia9. 

Therefore, the H. asinina may have an 

effect on antiepileptic activity. Moreover, H. 

asinina have the essential amino acid such 

as leucine (8.69 g) and threonine (5.53 g) 100 

g-1 of dry weight10.

 The crude extract of Zanthoxylum 

limonella can exhibit antimalarial activity 

against Plasmodium falciparum and 

an t i tube rcu lous  ac t i v i t y  aga ins t 

Mycobacterium tuberculosis11. Therefore, 

the Z. limonella have an antioxidative 

potential on 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) and trolox equivalent antioxidant 

capacity (TEAC) assays12.

 According to review herbal medicines 

and epilepsy of Marcello Spinella suggestion, 

many herbal medicines may have the 

potential for adverse effects in patients with 

seizure disorders13. Therefore, this study is 

designed to investigate the anticonvulsant 

activity of the combined extract of H. 

asinina and Z. limonella in mice.
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2. Materials and Methods
 Plant materials and preparation

 H. asinina was harvested from Phuket 

Abalone Farm, Phuket, Thailand, during 

December 2013 to February 2014. It was 

extracted by maceration process with 

distilled water at a ratio of 1:10 (w/v). The Z. 

limonella was harvested from Nan province, 

Thailand, during November 2013 to January 

2014. It was extracted by decoction process 

at a ratio 1:10 (w/v) for 30 minutes with 

a continuous stirring. These liquid were 

fi ltered using Whatman No. 1. The fi ltrates 

were evaporated under reduced pressure 

using a rotary evaporator. The combined 

extract of H. asinina and Z. limonellaat ratio 

of 5:3 based on the optimum potential 

benefi t in vitro. The combined extract of 

H. asinina and Z. limonella was kept in the 

dark bottle at 25 ˚C until used.

 Experimental Animal

 Mice, weighting 20-30 g, were 

obtained from the National Laboratory 

Animal Center, Mahidol University, Salaya, 

Nakorn Pathom, Thailand. All mice were 

housed under constant temperature and 

exposed to 12:12 light dark cycle at the 

Animal Care Unit of Faculty of Medicine, 

KhonKaen University. They were fed with 

a standard chow diet. The experimental 

protocols were approved by the Animal 

Ethics Committee of Khon Kaen University 

according to the ethical guideline for animal 

use of the National Research Council of 

Thailand (record no. AEKKU 48/2557).

 Seizure induction by Pentylenetet-

razole (PTZ)

 The animals were separated into 5 

groups of 6 mice and received different 

treatments.

 Group I: Vehicle treated group. The 

animals in this group were treated with 

distilled water.

 Group II: Positive control treated 

group. The animals in this group were 

treated with diazepam at dose of 5 mg.kg-1 

BW.

 Group III-V: H. asinina and Z. limonella 

treated group. The animals in group III-V were

treated with the combination extract of H. 

asinina and Z. limonella at various doses 

ranging 4, 40 and 400 mg.kg-1 BW.

 All of treatments administered 

orally daily for 7 days. They were induced 

generalized tonic-clonic seizures by the

 intraperitoneal administration of PTZ at dose 

of 85 mg.kg-1BW14 at day 8 after treatments

30 minutes. Duration time after injection 
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of PTZ to fi rst convulsant and time after

injection of PTZ to death were observed.

 Determination of GABA-transaminase 

Activity

 Cerebral cortex homogenate was 

prepared by mixing the sample tissue with 

the chilled buffer consisting of Triton X-100, 

0.5% (v/v); dithiothreitol, 5 mM; pyridoxal 

phosphate, 1 mM; and sodium phosphate 

buffer, 10 mM, pH 7.0. The solution was 

centrifuged at 2000g for 20 min at 0 oC. 

The supernatant was removed and used 

for the determination of GABA-T activity. 

In brief, GABA-T buffer consisting of GABA 

(20 mM); α-ketoglutarate (10 mM); and 

NAD (0.5 mM) in sodium phosphate buffer 

(0.05 M, pH 8.0) was mixed with the tissue 

sample at a ratio of 4:1 and incubated at 

room temperature for 30 min at 21 oC. Then 

NADH was added and the optical density 

was measured at 310 nm15.

 Determination of Malondialdehyde 

(MDA) level

 The measurement of MDA level 

was described by Gupta and co-worker in 

200316. The mixture was composed of 50 μl 

of homogenate tissue, 50 μl of 8.1% sodium 

dodecyl sulphate (SDS), 375 μl of 20% acetic 

acid, 0.8% of thiobarbituric acid (TBA) and 

150 μl of distilled water. Then the mixture 

was boiled at 100° C for 60 minutes. The 

mixture was cooled with tap water, then 

added 250 μl of distilled water and 1,250 μl 

n-butanol:pyridine (15:1). The mixture was 

vortexed and centrifuged at 4000 rpm for 10 

minutes. The organic layer was separated. 

The absorbance was measured at 532 nm. 

The level of MDA was expressed as nmol/

mg protein.

 Determination of Superoxide

dismutase (SOD) activity

 This method was described by

McCord and Fridovich (1969)17. Briefly, 

25 μl of homogenate tissue was added with 

cocktail which consisted of 0.2 M potassium 

phosphate buffer, 10.7 mM EDTA, 1.1 mM 

cytochrome C and 0.108 mM of xanthine. 

The mixture was added with 25 μl of 

xanthine oxidase (XOD). The reaction of 

SOD inhibited the reduction of cytochrome 

C by superoxide radical was measured at 

0 and 5 minutes time point at 550 nm. The 

data was expressed as unit/mg protein.

 Determination of Catalase (CAT) 

activity

 CAT activity was determined based 

on the method of Lu and coworker in 200718. 

Briefl y, 50 μl of homogenated tissue was 
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added into tube that contains 0.65 ml of 

the phosphate buffer (50 mmol/l; pH 7.0). 

The reaction was started by addition of 

0.3 ml of 30 mM hydrogen peroxide (H
2
O

2
). 

The decomposition of H
2
O

2
 was monitored 

at 240 nm. The data was expressed as unit 

catalase/mg protein.

 Determination of  Glutathione

peroxidase (GSH-Px) activity

 GSH-Px activity in homogenated

tissue was measured indirectly by 

measured the reaction of glutathione and 

DTNB19. Glutathione peroxidase was used 

as a standard. Briefly, 20 μl of sample 

was added with 10 μl of NaH
2
PO

4
 + DTT 

solution, 100 μl of sodium azide, 10 μl of 

glutathione and 100 μl of 30% hydrogen 

peroxide. Then, the mixture was shaked for 

10 minutes and added with 10 μl of DTNB. 

The reaction of glutathione and DTNB was 

measured at 415 nm. The data was express 

as unit/mg protein.

 Statistical Analysis

 All data were expressed as mean + 

SEM. The signifi cant differences among 

various groups were determined by 

ANOVA followed by Duncan’s post hoc 

LSD test P < 0.05 were considered as 

signifi cance.

3. Results
 The anticonvulsant activity of KW56

 The anti-seizure effect of the 

combined extract of H. asinina and Z. 

limonella was shown in fi gure 1 and table 

1. The results showed that mice which 

received diazepam  at dose of 5 mg.kg-1 BW 

plus PTZ showed the increased latency to 

seizure (p-value < 0.001 compared to vehicle 

plus PTZ treated group) and could protect 

mice from death.  Mice which received 

the combined extract of H. asinina and Z. 

limonella at doses of 4, 40 and 400 mg.kg-1 

BW plus PTZ failed to show the signifi cant 

changes of latency to seizure. However, 

mice which received the combined extract 

of H. asinina and Z. limonella at dose 

of 40 mg.kg-1 BW plus PTZ showed the

increased the latency to death (p-value < 0.01; 

compared to vehicle plus PTZ treated 

group).
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Figure 1  The effect of the combined extract of H. asinina and Z. limonella on latency to 

  seizure. Data are presented as mean+SEM (n = 6/group).
  *** p-value < 0.001 compared to vehicle plus PTZ treated group.

Table 1  The effect of the combined extract of H. asinina and Z. limonella on latency to 

  death. Data are presented as mean +SEM (n = 6/group).

Treatment Latency to death (seconds)

Vehicle + PTZ 134.500 + 9.824

Diazepam 5 mg.kg-1 BW + PTZ Protected

KW56 4 mg.kg-1 BW + PTZ 171.142 + 17.736

KW56 40 mg.kg-1 BW + PTZ 187.571 + 8.739*

KW56 400 mg.kg-1 BW + PTZ 142.428 + 11.763
* p-value < 0.05 compared to vehicle plus PTZ treated group.
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 Effect of the combined extract of 

H. asinina and Z. limonella on GABA-T 

activity

 Since GABAergic system is the major 

inhibitory system in the brain, the effect 

of the combined extract of H. asinina and 

Z. limonella on the activity of GABA-T in 

cerebral cortex. It was found that mice 

which received either Diazepam or received 

the combined extract of H. asinina and Z. 

limonella at doses of 40 and 400 mg.kg-1 BW 

signifi cantly decreased GABA-T activity 

in cerebral cortex (p-value<0.001 and 0.01 

respectively; compared to vehicle plus PTZ 

treated group) as shown in fi gure 2. 

Figure 2  The effect of the combined extract of H. asinina and Z. limonella on the

  activity of gamma aminobutyric acid transaminase (GABA-T) in cerebral cortex. 

  (Data are presented as mean + SEM (n = 6/group).
  **,*** p-value < 0.01 and 0.001 respectively compared to vehicle plus PTZ 

  treated group.
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 Effect of the combined extract of H. 

asinina and Z. limonella on Malondialdehyde 

(MDA) level and oxidative marker in 

cerebral cortex and brainstem

 The effect of the combined extract 

of H. asinina and Z. limonella on oxidative 

stress markers including MDA level and the 

activities of the main scavenger enzymes 

such as SOD, CAT and GSH-Px in cerebral 

cortex and brain stem were also investigated 

and the results were shown in table 2 and 

3.The current data showed that mice which 

received the  combined extract of H. asinina 

and Z. limonella at doses of 4, 40, and 400 

mg.kg-1 BW plus PTZ failed to show the 

significant changes of level of MDA in 

cerebral cortex and brainstem. Interestingly, 

mice which received all doses of the 

combined extract of H. asinina and Z. limonella 

treated groups showed signifi cant increased 

SOD activity in cerebral cortex (p-value < 

0.01 all; compared to vehicle plus PTZ 

treated group) and brainstem (p-value < 0.01; 

0.01 and 0.001 respectively; compared to 

vehicle plus PTZ treated group). Moreover, 

mice which received diazepam plus PTZ 

group and all doses of the combined extract 

of H. asinina and Z. limonella treated groups 

showed signifi cant increase CAT activity in 

cerebral cortex (p-value < 0.05, 0.001, 0.01 

and 0.001 respectively; compared to vehicle 

plus PTZ treated group) and in brain stem 

(p-value < 0.01, 0.01 and 0.05 respectively; 

compared to vehicle plus PTZ group). In 

addition mice which diazepam plus PTZ 

group and all doses of the combined extract 

of H. asinina and Z. limonella treated 

groups showed signifi cant increase GSH-Px 

activity in cerebral cortex (p-value < 0.01, 

0.01, 0.05 and 0.01 respectively; compared 

to vehicle plus PTZ treated group) and brain 

stem (p-value < 0.05, 0.01, 0.01 and 0.01 

respectively; compared to vehicle plus PTZ 

treated group)
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Table 2 The effect of the combined extract of H. asinina and Z. limonella on 

  malondialdehyde (MDA) level and oxidative stress markers in cerebral cortex. 

Treatment

MDA level SOD activity CAT activity
GSH-Px 
activity

nmol/mg 
protein

units/mg protein

Vehicle + PTZ 2.095 + 0.027 4.009 + 0.201 13.608 + 1.270 0.830 + 0.069

Diazepam 5 mg.kg-1 BW + PTZ 2.176 + 0.148 4.710 + 0.269 33.625 + 6.627* 1.416 + 0.199**

KW56 4 mg.kg-1 BW + PTZ 2.197 + 0.090 5.200 + 0.139** 46.946 + 4.207*** 1.339 + 0.110**

KW56 40 mg.kg-1 BW + PTZ 2.086 + 0.178 5.084 + 0.327** 41.944 + 5.110** 1.227 + 0.080*

KW56 400 mg.kg-1 BW + PTZ 2.144 + 0.123 5.315 + 0.299** 47.289 + 7.075*** 1.343 + 0.018**

Data are presented as mean + SEM (n = 6/group).
*,**,*** p-value < 0.05,0.01,0.001 respectively compared to vehicle plus PTZ treated group.

Table 3  The effect of the combined extract of H. asinina and Z. limonella on 

  malondialdehyde (MDA) level and oxidative stress markers in brainstem. 

Treatment

MDA level SOD activity CAT activity GSH-Px activity

nmol/mg 
protein

units/mg protein

Vehicle + PTZ 1.835 + 0.165 4.818 + 0.355 28.305 + 5.270 0.948 + 0.124

Diazepam 5 mg.kg-1 BW + PTZ 1.807 + 0.234 5.577 + 0.376 35.308 + 3.708 1.358 + 0.048*

KW56 4 mg.kg-1 BW + PTZ 1.958 + 0.076 6.291 + 0.358** 49.424 + 5.259** 1.445 + 0.148**

KW56 40 mg.kg-1 BW + PTZ 2.267 + 0.105 6.528 + 0.274** 49.949 + 5.000** 1.407 + 0.074**

KW56 400 mg.kg-1 BW + PTZ 2.131 + 0.123 7.120 + 0.302*** 46.636 + 5.293* 1.472 + 0.082**

Data are presented as mean + SEM (n = 6/group).
*,**,*** p-value < 0.05,0.01,0.001 respectively compared to vehicle plus PTZ treated group.



1010

Vol.10 No.4

4. Discussion
 The current data clearly demonstrated 

that the combined extract of H. asinina and 

Z. limonella increased the latency to death 

and suppress activity of GABA-T activity. 

Moreover the combined extract of H.

asinina and Z. limonella increased activities 

of SOD, CAT and GSH-Px. in cerebral cortex 

and brain stem. GABA, a major inhibitory 

neurotransmitter in the CNS, has been 

reported to play a crucial role on seizure 

disorders20,21,22. Seizure occurs as the result 

of the imbalance between excitatory and 

inhibitory neurotransmitters in the brain23. 

PTZ, a GABA receptor antagonist, is 

widely used as rodent seizure models. PTZ 

might interact with GABA
A
 receptors and 

antagonized chloride ions fl ow induced by 

the GABA24 leading to epileptic seizure. 

The suppression of GABA-T activity which 

in turn increased the GABAergic system. 

Free radicals have been implicated in the 

development of seizures25. The production 

of free radicals increases can cause cellular 

dysfunction and leading to lipid peroxidation 

increased16. Antioxidants have been 

shown to be effective in reducing the 

oxidative stress in the models of epilepsy 

and increased survival rate16,26. Therefore, 

we also evaluated the effect of the combined 

extract of H. asinina and Z. limonella on 

GABAergic system and oxidative stress in 

PTZ. In this study the combined extract of 

H. asinina and Z. limonella medium and 

high doses suppress GABA-T activity. 

However, no changes of anti-seizure

parameter. Mice which received the 

combined extract of H. asinina and Z. 

limonella at doses of 4, 40 and 400 mg.kg-1 

BW showed increased activities of SOD, 

CAT and GSH-Px in cerebral cortex and 

brain stem. Therefore, the ability to delay 

the latency to death might be related to 

decrease the oxidative stress in both of 

cerebral cortex and brainstem area27.

 In conclusion, the current data 

demonstrated the anticonvulsant activity 

of the combined extracts of H. asinina 

and Z. limonella delay latency to death. 

The possible underlying mechanism may 

be associated partly with the increased 

GABAergic function via the suppression 

of GABA-T activity in cerebral cortex and 

suppress oxidative stress via SOD, CAT 

and GSH-Px enzymes activities. Therefore, 

the combined extract of H. asinina and 

Z. limonella may be served as functional 

food to prevent oxidative stress from 
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seizure. However, further investigations 

concerning the precise underlying 

mechanism and possible active ingredient 

are necessary.  
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7. Abbreviations
CAT catalase

DPPH 2,2-diphenyl-1-picryhydrazyl

GSH-Px glutathione peroxidase

H. asinina Haliotis asinina

MDA malondialdehyde

PTZ pentylenetetrazole

SOD  superoxide dismutase

TEAC trolox equivalent antioxidant 

 capacity

Z. limonella Zanthoxylum limonella

8. References
1. Bharucha NE. Epidemiology of 

epilepsy in India. Epilepsia 2003; 44 

Suppl 1: 9-11.

2. Loscher W, Leppik IE. Critical re-

evaluation of previous preclinical 

strategies for the discovery and the 

development of new antiepileptic 

drugs. Epilepsy Res 2002; 50(1-2): 17-20.

3. Fisher RS, van Emde Boas W, Blume 

W, Elger C, Genton P, Lee P, et al. 

Epileptic seizures and epilepsy: 

de f in i t i ons  p roposed  by  the 

International  League Against 

Epilepsy (ILAE) and the International 

Bureau for Epilepsy (IBE). Epilepsia 

2005; 46(4): 470-2.

4. Yu P-m, Zhu G-x, Ding D, Xu L, 

Zhao T, Tang X-h, et al. Treatment 

of epilepsy in adults: Expert opinion 

in China. Epilepsy & Behavior 2012; 

23(1): 36-40.

5. Bootsma HP, Ricker L, Hekster YA, 

Hulsman J, Lambrechts D, Majoie 

M, et al. The impact of side effects 

on long-term retention in three new 

antiepileptic drugs. Seizure 2009; 

18(5): 327-31.

6. Kamboj VP. Herbal medicine. Current 

Science 2000; 78(1): 35-9.

7. Chintamunnee V, Mahomoodally MF. 

Herbal medicine commonly used 



1212

Vol.10 No.4

against non-communicable diseases 

in the tropical island of Mauritius. 

Journal of Herbal Medicine 2012; 2(4): 

113-25.

8. Ang-Lee MK, Moss J, Yuan CS. Herbal 

medicines and perioperative care. 

JAMA 2001; 286(2): 208-16.

9. Soonklang N, Stewart MJ, Wanichanon 

C, Stewart P, Hanna PJ, Sobhon P. 

Distribution of Gaba in the Nerve 

Ganglia of Haliotis asinina Linnaeus. 

Journal of Shellfi sh Research 2013; 

32(1): 59-66.

10. Angell AR, Pirozzi I, de Nys, R, Paul 

A. Feeding Preferences and the 

Nutritional Value of Tropical Algae for 

the Abalone Haliotis asinina. PLOS 

ONE 2012; 7(6): e38857.

11. Charoenying P, Laosinwattana C, 

Phuwiwat W, Lomratsiri J. Biological 

Activities of Zanthoxylum limonella 

Alston Fruit Extracts. KMITL Sci 2008; 

8(1): 12-5.

12. Tangjitjaroenkun J, Supabphol R, 

Chavasiri W. Antioxidant effect of 

Zanthoxylum limonella Alston. Journal 

of Medicinal Plants Research 2012; 

6(8): 1407-14.

13. Spinella M. Herbal Medicines and 

Epilepsy: The Potential for Benefi t and 

Adverse Effects. Epilepsy & Behavior 

2001; 2(6): 524-32.

14. Mahendran S, Thippeswamy BS, 

Veerapur VP, Badami S. Anticonvulsant

activity of embelin isolated from 

Embelia ribes. Phytomedicine 2011; 

18(2-3): 186-8.

15. Jacob JN, Hesse GW, Shashoua VE. 

Synthesis, brain uptake, and pharma-

cological properties of a glyceryl lipid 

containing GABA and the GABA-T 

inhibitor gamma-vinyl-GABA.  J Med 

Chem 1990; 33(2): 733-6.

16. Gupta YK, Veerendra Kumar MH, 

Srivastava AK. Effect of Centella 

asiatica on pentylenetetrazole-induced 

kindling, cognition and oxidative 

stress in rats. Pharmacol Biochem 

Behav 2003; 74(3): 579-85.

17. McCord JM, Fridovich I. Superoxide 

dismutase. An enzymic function for 

erythrocuprein (hemocuprein). J Biol 

Chem 1969; 244(22): 6049-55.

18. Lu J, Zheng Y-L, Wu D-M, Luo L, Sun 

D-X,Shan Q. Ursolic acid ameliorates 

cognition deficits and attenuates 

oxidative damage in the brain of 



1313

Vol.10 No.4

senescent mice induced by d-galactose. 

Biochemical Pharmacology 2007; 

74(7): 1078-90.

19. Eyer P, Podhradsky D. Evaluation of 

the micromethod for determination of 

glutathione using enzymatic cycling 

and Ellman’s reagent. Anal Biochem 

1986; 153(1): 57-66.

20. Holmes GL. Effects of seizures on 

brain development: lessons from the 

laboratory. Pediatr Neurol 2005; 33: 

1-11.

21. Ben-Ari Y. Seizures beget seizures: 

the quest for GABA as a key player. 

Crit Rev Neurobiol 2006; 18: 135-44.

22. Briggs SW, Galanopoulou AS. Altered 

GABA signaling in early life epilepsies.

Neural Plast 2011; 2011: 527-605.

23. Huguenard J. Neurotransmitter 

Supply and Demand in Epilepsy. 

Epilepsy Currents 2003; 3: 61-3.

24. Huang RQ, Bell-Horner CL, Dibas 

MI, Covey DF, Drewe JA, Dillon GH. 

Pentylenetetrazole-induced inhibition 

of recombinant gamma-aminobutyric 

acid type A (GABA(A)) receptors: 

mechanism and site of action. J 

Pharmacol Exp Ther 2001; 298: 986-95.

25. Rauca C, Zerbe R, Jantze H. Formation 

of free hydroxyl radicals after 

pentylenetetrazol-induced seizure 

and kindling. Brain Res 1999; 847: 

347-51.

26. Koutroumanidou E, Kimbaris A, 

Kortsaris A, Bezirtzoglou E, Polissiou 

M, Charalabopoulos K, et al. Increased 

seizure latency and decreased 

severity of pentylenetetrazol-induced 

seizures in mice after essential oil 

administration. Epilepsy Res Treat 

2013; 53; 26-57.

27. Gonzalez-Ramirez M, Razo-Juarez LI, 

Sauer-Ramirez JL, Gonzalez-Trujano 

ME, Salgado-Ceballos H, Orozco-Suarez 

S. Anticonvulsive effect of vitamin 

C on pentylenetetrazol-induced 

seizures in immature rats. Pharmacol 

Biochem Behav 2010; 97(2): 267-72.


