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ABSTRACT 
 

Neuroleptic drugs (D2 blockers) used in the treatment of psychotic disorders especially in schizophrenia 
are known to produce extrapyramidal side effects (EPS). Catalepsy was induced by these drugs in animals and 
these have been used as models for the extrapyramidal side effects associated with antipsychotic agents in human 

beings. In the present study, we have find out the antioxidant effect of the ethanolic extract of black tea  in 
catalepsy on haloperidol (2.0mg/kg p.o administration) induced catalepsy in mice by employing the standard bar 
test and locomotor activity. Mice were allocated to seven groups, each group containing seven animals the 

standard drugs trihexphenidyl HCl (0.1mg/kg) were assessed after repeated dose a dministration for twelve days, 
30 minutes prior to the haloperidol. Mice were sacrificed on the twelve days and TBARS ( Thiobarbituric Acid 
Reactive Substances), GLUTATHION (GSH), SOD (Superoxide dismutases) and CATALASE (CAT) activity in the brain 
tissue was estimated by using standard procedure. A maximum reduction in the cataleptic scores was observed in 

test drug treated groups at 8 mg/kg dose and which was significant (P<0.001). Maximum reduction in TBARS 
(P<0.001) was also observed in the dose 4  mg/kg and 8 mg/kg group. Our study suggests that black tea has 
significantly reduced oxidative stress and the cataleptic score and increase locomotor activity induced by 
haloperidol. It could be used to prevent drug - induced extrapyramidal side effec ts. 
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INTRODUCTION 

 
Haloperidol is an antipsychotic drug, which is used in the treatment of schizophrenia 

and other affective disorders. It blocks the dopaminergic action in the nigro-strial pathway 
leading to high frequency of extrapyramidal motor side effects [1]. In animal models, 

haloperidol induces a behavioral state known as catalepsy in which the animals are unable to 
correct externally imposed postures [2]. The use of haloperidol has been associated with an 

increased level of oxidative stress in the brain [3]. This evidence suggests a possible role for 
antioxidants in the treatment of haloperidol-induced catalepsy. Oxidative stress, a cause in 

many human diseases has been implicated in haloperidol toxicity and extrapyramidal symptom 
(EPS) [4, 5].  The blockade of dopamine receptor by haloperidol increases dopamine turn over in 
humans and rats [6]. It has been proposed that haloperidol induced oxidative stress arises from 
the generation of free radical catecholamine metabolism by monoamine oxidases (MAOs) [7]. 
Acute and chronic administration of haloperidol to mice resulted in the generation of significant 
oxidative stress in brain regions as evidenced by loss of the nonprotein thiol antioxidant 
glutathione (GSH) and increase in the lipid peroxidation product malonaldehyde [8,9].  Brain 

system is highly susceptible to oxidative damage [10].   Hong et al. suggested that the 
minimizing effect of black tea extract on the eicosanoid accumulation and oxidative damage in 

addition to the reduction of neuronal cell death could eventually result in protective effect on 
ischemia/reperfusion-induced brain injury and behaviour deficit [11].  So, new approaches  to 

treat the oxidative damage in brain by administration of black tea   as antioxidant [12]. 
 

Tea is one of the most widely consumed beverages in the world today, second only to 
water, well ahead of coffee, beer, wine and carbonated soft drinks [13,14]. The tea plant, 
Camellia sinensis, is a member of the Theaceae family, and black, oolong, and green tea are 
produced from its leaf and buds. Tea consumption began about 5000 years ago in southwest 
China. Western cultures favour black tea, which is prepared through the oxidation, curing 
process of maceration and exposure to atmospheric oxygen [15]. Several epidemiological 
studies and clinical trials showed that tea might reduce the risk of many chronic diseases, 
including cardiovascular disease, reduce the risk of stroke and coronary heart disease [16, 17]. 

Of the total amount consumed in the World, 78% is black, 20% green and 2% oolong tea [15].  
 

BT production involves enzymatic transformation (by POD) of 75% of catechins 
contained in tea leaves into multimeric polyphenols – theaflavin (TF; dimeric) and thearubigin 
(TR; polymeric) which imparts distinctive color and taste to BT.  During these processes, the 
catechins are converted to theaflavins and thearubigins [18]. The most common flavonoids in 
BT are the flavan-3-ols which are mainly epicatechin (EC), epicatechin gallate (ECG), 
epigallocatechin (EGC) and epigallocatechin gallate (EGCG). The TFs are dimmers – theaflavin 
(TF1), theaflavin 3-gallate (TF2A), theaflavin 3'-gallate (TF2B), and theaflavin 3, 3’-gallate (TF3) 
[19]. 
 

Polyphenols found in tea have a greater antioxidant activity than do either vitamins C or 
E and are believed to be suitable for protection against reactive oxygen species (ROS) and their 

http://www.ijp-online.com/article.asp?issn=0253-7613;year=2007;volume=39;issue=3;spage=151;epage=154;aulast=Arjuman#ref1#ref1
http://www.ijp-online.com/article.asp?issn=0253-7613;year=2007;volume=39;issue=3;spage=151;epage=154;aulast=Arjuman#ref2#ref2
http://www.ijp-online.com/article.asp?issn=0253-7613;year=2007;volume=39;issue=3;spage=151;epage=154;aulast=Arjuman#ref3#ref3
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associated pathologies [20]. Green tea polyphenols (GTPs) and especially the gallic acid moiety 

are known to scavenge O-2, HO. and ROO. [21]. It was reported that GTPs can scavenge ROS in 
all cellular compartments, in a variety of cells and in different body compartments before they 

have time to cause damage [22]. Yokozawa et al. [23] reported that green tea polyphenol was 
administered to rats at a daily dose of 50 or 100 mg/kg body weight for 30 days with a 2% w/w 

arginine diet. In rats given tea polyphenol the SOD and catalase activities, which were 
suppressed by excessive arginine administration, were increased dose-dependently, implying 

the biological defense system was augmented because of free radical scavenging activity. 
Young rats when drunken green tea for five weeks, GSH content of serum increased slightly, 

whereas the index of the total antioxidant status increased significantly and lipid peroxidation 
products, particularly malondialdehyde (MDA) was significantly diminished [24]. In the central 
nervous tissue, the activity of SOD and glutathione pe roxidase (GSHpx) decreased, while the 
activity of glutathione reductase and catalase increased after drinking green tea for five weeks 
by young rats. Moreover, the level of LOOH, 4-HNE and MDA significantly decreased [11, 24]. 
Therapeutic uses of BT are Cardio protective, Antiulcer Antidiabetic Antimutagenic 
Anticlastogenic Antiproliferative, Anticancer, Anti-inflammatory and Antipathogenic [25-27]. 

 
Since haloperidol induced catalepsy has underlying pathology of increased oxidative 

stress.  Present study was designed to evaluate the effect of ethanol extract of black tea on 
haloperidol induced catalepsy by using Trihexyphenidyl HCl as standard drug [28].  

         
MATERIALS AND METHODS 

 
Anti cataleptic study: 
 
Plant material: The plant materials were collected locally from Delhi, India. The   plants were 
authenticated by Dr. M.P. Sharma, professor, Department of Botany, Faculty of Science, 
Hamdard University, New Delhi.   
 
Preparation of Extract: The sample was air dried and extracted with ethanol by refluxing for 12 

hour. The extract was evaporated to dryness under reduced pressure and controlled 
temperature. The ethanol extracts yielded brownish solids and stored in desiccators till further 

used. 
 
Animal: Studies were conducted in Eight-week-old Swiss albino mice (weighing 20–30 g) and 
obtained from the central animal house Jamia Hamdard, New Delhi, was used in the study. The 
animals were housed under standard 12hr: 12hr light/dark cycles and were provided with food 
and water ad libitum. The animals were acclimatized to laboratory conditions before testing. 
Each animal was used once. Experiments were performed between 10.00 and 16.00hrs.The 
studies was approved by Institutional ethical committee Jamia Hamdard  and the study was 
conducted according to the Indian National Science Academy Guidelines for the use and care of 

experimental animals. 
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Drugs and Dosage: Trihexyphenidyl HCl (Wyeth Limited, Goa) and haloperidol (RPG Life Science 

Ltd. Ankleshwar) were suspended/ dissolved in 1% carboxymethyl cellulose solution. The group 
was received normal saline (10ml/kg) served as control, Trihexyphenidyl HCl (0.1mg/kg), black 

tea (4 mg/kg and 8 mg/kg) and haloperidol (2 mg/kg) were given orally to the test animals [29, 
30]. 

 
Experimental design 

 
Haloperidol Induced Catalepsy (HIC): Catalepsy was induced with haloperidol (2.0 mg/kg orally) 

and was assessed at by means of a standard bar test and locomotor activity in every fourth, 
eight and twelve day of drugs treatment [31, 32]. Catalepsy was assessed in terms of the time 
for which the mouse maintained an imposed position with both front limbs extended and 
resting on a 4 cm high wooden bar (1.0cm diameter). The end point of catalepsy was 
considered to occur when both front paws were removed from the bar or if the animal moved 
its head in an exploratory manner. A cut-off time of 300 second was applied. All observations 
were made between 10.00 and 16.00 hrs in a quiet room at 23-25º C. 

 
Scoring method: If the animal maintained the imposed posture for at least 20 seconds, it was 

considered cataleptic and time was recorded in second.  The animals were tested in every 4th, 
8th and on the 12th day of drugs treatment and only the greater duration of immobility were 

considered. 
 

In this study, black tea was administered once daily, 30 min prior to the haloperidol 
administration for twelve days. Catalepsy was determined 30 min after haloperidol 
administration on the 4th, 8th and on the 12th day of treatment. The animals were then 
sacrificed by cervical dislocation and the TBARS, GSH, CAT and SOD activity of the whole brain 
tissue was estimated [33-36]. 
 
Assessment of locomotor activity 
 

Photoactometer test: This test measures exploration and voluntary locomotion within an 
enclosed area. Objective value for spontaneous motor activity was  obtained with a 

photoactometer (Techno electronics, Lucknow, India). Mice were placed individually in a 30x30 
cm black metal chamber with a screen floor and a light-tight lid. Six beans of red light will be 
focused 2 cm above the floor in to photocells on the opposite side. Each beam interruption was 
registered as an event on the external counter. The floor of the chamber was wiped clean with 
damp towel before each use. Mice were placed in the chamber one hour after oral 
administration of the drug. They were allowed to acclimate for 2 min, and then light beam 
breaks would be counted for the next 10 min [32].  
 
Statistical analysis 
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For each group, mean± SEM was calculated and the data was analyzed by one way 

ANOVA, followed by Dunnett’s Multiple Comparison test by using SPSS-10. P values <0.05 was 
considered to be statistically significant. 

 
RESULTS 

 
The effects of oral administration of ethanol extract of black tea on haloperidol induce 

catalepsy in mice are analyzed.  Oral administration of the standard drug and all doses of the 
test drugs are given 30 min before the haloperidol dose for the twelve days continuously as 

shown in Table 1. 
 

Table 1: Administration of drugs pattern for 12days  
 

Group 
(n=7)  

Drug Treatment Dose (mg/kg) for 12 days)  

I Control 10 ml / kg 

II HAL(toxic control) 2 mg / kg 

III BTE (D2) per se 8 mg/kg 

IV THP +HAL 0.1 mg / kg +2 mg/kg 

V BTE (D1) +HAL 4 mg / kg + 2 mg / kg 

VI BTE (D2) +HAL 8 mg /kg + 2 mg / kg 

VII THP+BTE (D2)+HAL 0.1 mg / kg  + 8 mg / kg + 2 mg / kg  

 
HAL=Haloperidol , THP=Trihexyphenidyl HCl, BTE=Black tea extract, D1 and D2 = different dose 

 

The effects of oral administration of ethanol extract of black tea on haloperidol induce 
catalepsy activity in mice are analyzed (Table-2).Black tea pre-treatment in the doses of 4 

mg/kg (D1) and 8 mg/kg (D2) significantly reduced (p<0.001) the duration of catalepsy 
produced by 2 mg/kg haloperidol treatment. Results shows significant and dose dependent 

recovery on haloperidol induced catalepsy of animal due to black tea D1 and D2 pre-treatment. 
 

Table 2:  Effect of haloperidol, Trihexyphenidyl HCl, Black tea extract on cat alepsy score 
 

Group 
Drug treatment 

Mean catalepsy score ± SEM , n= 7  

4
th

 day 8
th

 day 12
th

 day 

I Control 1.42±0.05* 1.42±.05* 1.42±0.05* 

II HAL(toxic control) 220.71±11.15 231.42±11.21 237.14±8.29 

III BTE (D2) per se 1.34±.06 1.34±.06 1.34±0.06 

IV THP +HAL 26.42±1.28* 27.85±1.01 30.14±2.44* 

V BTE (D1) +HAL 73.57±3.56* 73.42±3.25* 76.4±2.42* 
VI BTE (D2) +HAL 60.14±2.55* 61.57±2.56* 64.28±3.15* 

VII THP+BTE(D2) +HAL 20.14±1.10* 22.0±1.17* 22.85±0.96* 

 

* Vs. group II: * p < 0 .001, ** p < 0.01, *** p < 0.05 
 

Black tea pretreatment in the doses of 4 mg/kg (D1) and 8 mg/kg (D2) significantly 

increased (p<0.001) the locomotor activity which was impaired by 2 mg/kg p.o. haloperidol 
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treatment, represented in Table-3. A significant and dose dependent recovery on locomotor 

impairment was found in black tea D1 and D2 groups. 
 

Table 3:  Effect of haloperidol, trihexyphenidyl HCl, black tea extract alone and in combination on locomotor 

activity on 4
th

, 
  
8

th
 and 12

th
 day of drugs treatment 

 

Group Drug treatment 
Mean locomotor activity ±SEM, n=7  

4
th

 day 8
th

day 12
th

day 

I Control 400±10.24* 398.1±9.72* 388.85±12.05* 

II HAL(toxic control) 135.33±4.26 125.33±2.40 107.83±7.48 

III BTE (D2) per se 398.57±10.10 391.42±12.03 382.14±13.08 

IV THP +HAL 347.57±9.99** 338.57±9.11* 331.57±11.30** 
V BTE (D1) +HAL 206.20±8.27* 201.42±5.96* 191.42±8.07* 

VI BTE (D2) +HAL 262.85±12.28* 254.28±10.65* 247.28±11.29* 

VII THP+BTE(D2) +HAL 358.57±7.99* 241.57±6.62 333.14±5.88* 

 

* Vs. group II: * p < 0 .001, ** p < 0.01, *** p < 0.05 
 

The level of biochemical parameters TBARS, Glutathione, SOD and CAT were analyzed 
and tabulated in Tabel-4.  TBARS levels were found to be significantly increased (p<.001) in 
brain tissue of haloperidol (2 mg/kg.) in all drug treated animals. There was a significant 
increase (p<.001) in the levels of GSH in pre-treated mice as compared to haloperidol 2 mg/kg 
treated mice. In the mice pretreated with black tea as well as p.o. (D2) the level of SOD were 
significantly reduced (p<.001) as compared to haloperidol 2 mg/kg p.o. Results showed 
significant and dose dependent recovery on haloperidol induced elevation of SOD level in 

animal. There was a significant increase (p<.001) in the levels of catalase in black tea pretreated 
mice as compared to haloperidol 2 mg/kg treated mice. 
 

Table 4:  Effect of haloperidol, trihexyphenidyl HCl, black tea extract alone and in combination on 
oxidative stress markers. 

 

Group 

Mean  ±S EM (n=7 ) level of reactive 
components 

Mean  ±S EM (n=7 ) activity of enzymes 

TBARS  (nmoles 
MDA/mg   
protein) 

GSH(µg/mg 
protein) 

SOD(Units/mg 
protein) 

CAT(nmol H2O2/mg 
protein) 

I 3.27±0.08* 3.87±0.14* 2.41±0.17* 39.28±1.47 

II 8.88±0.13 2.17±0.18* 7.07±0.14* 20.7±1.59* 

III 3.38±0.17 3.81±0.14 2.38±0.17 39±1.15 

IV 4.01±0.15  * 3.52±.04* 2.51±0.14* 32.42±1.32*** 

V 5.11±0.18 * 2.5±0.13* 3.97±.09* 27.85±1.26* 

VI 4.95±0.32 * 3.05±0.18* 3.14±0.23* 29.0±1.55* 

VII 3.65±0.30 * 3.55±0.04* 2.78±0.18* 33.40±0.922* 

 
* Vs. group II: * p < 0 .001, ** p < 0.01, *** p < 0.05 
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DISCUSSION 

 
Typical neuroleptic agents like chlorpromazine, haloperidol and reserpine induce a 

cataleptic state in rodents and these are being used as models to test the extrapyramidal side 
effects involved with it. Neuroleptic induced catalepsy has been linked to a blockade of 

postsynaptic striatal dopamine D1 and D2 receptors [37]. Despite this evidence, several other 
neurotransmitters such as acetylcholine, serotonin, angiotensin, adenosine, or opioids have 

also been implicated. In addition to implications of various neurotransmitters in catalepsy, 
many preclinical and clinical studies have proposed reactive oxygen species in haloperidol 

induced toxicity. Evidence indicates that drugs which potentiate or attenuate neuroleptic 
catalepsy in rodents might aggravate or reduce the extrapyramidal signs respectively, in human 
beings. In the present study, BT was found to effectively reduce the HIC and it is comparable to 
that produced by the standard drugs, trihexyphenidyl HCl. 
 

BT has been found to significantly decrease the SOD and TBARS levels and increase the 
level of GSH and CAT in mice brain; this suggested that it shows significant antioxidant 

properties in rat brain. The super oxide dismutase enzyme (SOD) is a major factor in oxygen 
toxicity and the SOD enzyme constitutes an essential defence against it. In the presence of a 

free radical quenching agent, the induction of the antioxidant enzyme is minimised. It is well 
established that the administration of haloperidol leads to an increase in the oxidative stress in 

the brain tissue. The increase in SOD observed in the present study supports the above 
concept. This study reveals that the BT treated groups significantly reduce (P<0.001) both 
oxidative stress and the catalepsy score induced by haloperidol. 

 
Treatment with haloperidol often because distressing side effect involving the 

extrapyramidal tract, these adverse reactions comprise of variety of movement disorders, 
including drug induced Parkinsonism [38]. Which occurs in 20-40% of patient population? The 
chronic use of haloperidol sometimes leads to irreversible extra pyramidal disturbances such as 
tardive dyskinesia. Similar disorders are reproducible in normal monkeys treated for many 
months with haloperidol, so that these symptom are not merely an interaction between 

psychotic state and the drug effect are largely due to drug alone. Since haloperidol induced 
catalepsy has underlying pathology of increased oxidative stress and black tea is  high in anti 

oxidant constituent. Therefore the present study effect of black tea was evaluated on 
haloperidol induced catalepsy. 
 

In the present study, twelve days haloperidol treated animals showed severe cataleptic 
response, decreased level of glutathione and catalase and increased the level of lipid 
peroxidation products and super oxide dismutase as compared control animals. This result is in 
agreement with the previous studies of haloperidol on extra pyramidal symptom and markers 
of oxidative stress (GSH, SOD, CAT and TBARS). Thus, suggesting the possible induction of free 
radical generation by haloperidol treatment that is corroborating our study with haloperidol 

induced oxidative stress.  However, the exact mechanisms by which haloperidol increases free 
radical production are not clear. A group of workers reported that MAO is associated with 
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production of hydrogen peroxide, which is readily converted to hydroxyl radical and thus 

initiate a destructive lipid peroxidation cascade mechanism. Haloperidol are reported to 
suppress the activity of certain detoxifying enzymes, leaving cell unprotected especially if the 

basal enzyme activity is low or free radical scavenging mechanism are less effective. Haloperidol 
(HP) is converted to potentially toxic (HHP+) metabolites that may play a role in extrapyramidal 

side effect observed in patients treated with haloperidol [39]. 
 

Another possible mechanism could be effect of neuroleptics on mitochondrial 
respiration. Metabolites of haloperidol inhibit complex-I of electron transport chain [40]. The 

capability of antipsychotic drugs to clinically induce extrapyramidal syndrome seems to 
correlate well with their inhibitory effect on complex- I inhibition. Whatever be the mechanism 
of unbalanced production of reactive oxygen species (ROS) and oxidative stress by haloperidol, 
black tea were found to be effective in decreasing the oxidative stress in haloperidol treated 
animals. 
 

Black tea having anti oxidative properties reduced the duration of catalepsy and 

increase locomotor activity and decreased the elevated level of lipid peroxidation in haloperidol 
treated animals, elevated the cellular defense mechanism such as glutathione, further 

suggesting the role of free radicals in the pathophysiology of haloperidol induced 
extrapyramidal syndrome. 

  
The antioxidant activity of black tea could be possibly due to the direct scavenging of 

the superoxide radicals by the polyphenols  or the flavonoids known to be present in these 
drugs.  From the present study, it can be concluded that the black tea may prove to be 
beneficial adjuvant in the treatment of drug-induced extrapyramidal side effects and related 
disorders. The above results give strong evidence for further evaluation of use of black tea in 
combination therapy along with typical antipsychotic agents  
 

We are grateful to Dr. M.P. Sharma, Professor, Dept. of Botany, Faculty of Science, 
Hamdard University, New Delhi for identification of test drug. We also appreciate the technical 

assistance offered to us by Md. Mustaque (Postgraduates, Dept. of Pharmacology, faculty of 
pharmacy, Jamia Hamdard New Delhi). 

 
REFERENCES 

 
[1] Goldstein SR, Matsummoto RR, Thompson TL, Patrick RL, Bowen WD, Walker JM. Synapse 

1998; 4:254-258. 
[2] Seeman P, Corbett R, Nam D & Van Tol HH. Jpn J Pharmacol 1996; 71:187-204. 
[3] Kulkarni SK, Naidu PS. An update. Drugs of Today 2001; 37:97-119. 
[4] Cadet JL, Lohr JB, Jested V. Trends Neurosci 1986; 9:107-108. 
[5] Eranti VS, Gangadhar BN, Jankiramaiah N. Psychopharmacol 1998; 140:418-420. 

[6] Mackay AVP, Iversen LL, Rosser M, Spokes E, Brid E, Arregui A, Creese I, Snyder SH. Arch 
Gen Psychiatry 1982; 39:991-997. 



          ISSN: 0975-8585 
 

October – December       2011           RJPBCS             Volume 2 Issue 4            Page No. 1013 
 

 

[7] Mahdik SP, Mukherjee S. Schizophr Res 1996; 19:1-17. 

[8] Shivakumar BR, Ravindranath V. Brain Research 1992; 595:256-262. 
[9] Shivakumar BR, Ravindranath V. J Pharmacol Exp Ther 1993; 265:1137-1141. 

[10] Floyd RA, Carney JM. Ann Neurol 1992; 32:S22-27. 
[11] Hong JT, Ryu SR, Kim HJ, Lee JK, Lee SH, Yun YP, et al. Brain Res 2001; 888:11-18. 

[12] Nair V, Arjuman A, Gopalakrishna HN, Nandini M, Rao UC, Mohan L. Ind J Pharmacol 
2007; 39:151-154.  

[13] Costa LM, Gouveia ST, Nobrega JA. Ann Sci 2002; 18:313-318. 
[14] Rietveld A, Wiseman S. J Nutr 2003; 133:3275-3284.  

[15] Wu CD, Wei GX. J Nutr 2002; 18:443–444.  
[16] Hiroshi Y, Hiroshi W. Cardiova Res 2007; 73:439-440.  
[17] Adak M, Gabar M A. Res J Bio Pharm Chem Sci 
[18] Ahmad N, Cheng H, Mukhtar H. Biochem Biophys Res Commun 2000; 275: 328-334. 
[19] Halder B, Pramanick S, Mukhopadhyay S, Giri AK. Food Chem Toxicol 2005; 43:591-597. 
[20] Mitscher LA, Jung M, Shankel D, Dou JH, Stele L, Pillai SP. Med Res Rev1997;17:327-365.  
[21] Lin JK, Chen PC, Ho CT, Lin-Shiau SY. J Agric Food Chem 2000; 48:2736-2743. 

[22] Demeule M, Michaud-Levesque J, Annabi B, Gingras D, Boivin D, Jodoin. Cur Med Chem 
2002; 2:441-463.  

[23] Yokozawa T, Cho EJ, Nakagawa T. J Agric Food Chem2003; 51:2421-2425.  
[24] Skrzyddlewska E, Ostrowska J, Farbiszeski R, Michalak K. Phytomedicines 2002; 9:232-239. 

[25] Chaturvedi RK, Shukla S, Seth K, Chauhan S, Sinha C, Shukla y, Agrawal AK.  Neurobiol     
Dis 2006; 22(2):421-434. 

[26] Das M, Chaudhary T, Goswami SK, Murmu N, Gomes A, Misra S, Besra SE, Sur P, 
Vedasiromoni JK. J Exp Clin Cancer Res 2002; 21:563-568. 

[27] Nag Chaudhary AK, Karmakar S, Roy D, Pal S, Pal M, Sen T. Pharmacol Res       2005; 
51(2):169-175.     

[28] Yamada H, Momose T, Okada M, Kuroiwa Y. J Neurol Neurosurg Psychiatry 2002;    
72(1):111-3. 

[29] Jose LG, Villnueva J, Gutierrez G, Fernando j, Alvarez C, Francisco J, Heredia L, Jose LA. 
Pharmacol Biochem Behav 2007; 86(1):68-78.  

[30] Nair V, Arjuman A, Dorababu P, Gopalakrishna HN, Rao UC, Mohan L. Ind J Med  2007; 
126:480-484. 

[31] Sanjay N Mandhane, Rahul T. Psychopharmacol 1999; 144:398-404. 
[32] Lennert H, Hoyer S. Behav Neurosci 1998; 112:1199-1208. 
[33] Ohkawa H, Ohishi N, Yagi K. Anal Biochem 1979; 95:359-364. 
[34] Sedlak J and Lindsay RH. Anal Biochem 1968; 25:192-205. 
[35] Clairbone A. Boca Raton, Fla; CRC press 1985:283-284. 
[36] Marklund S, Marklund G. Eur J Biochem 1974; 47:469-474. 
[37] Sanberg PR. Nature 1980; 284:472-473. 
[38] Marsedan CD, Jenner P. Pshchol Med 1980; 10:55-72. 
[39] Garrod JW, Fang J. Xenobiotica 1993; 23:495-508. 

[40] Burkhardt C, Kelly JP, Lim YH, Filley CM, Prker WDJ. Ann Neurol 1993; 33:512-17. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yamada%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Momose%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Okada%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kuroiwa%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Neurol%20Neurosurg%20Psychiatry.');

