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ABSTRACT

في  الدوباميني  الجهاز  على  والجنسين  الوسين  أثر  تقييم  الأهداف:  
نموذج الفئران المصابة بالفصام.

عن  الناتج  الابومورفين  على  والجنسين  الوسين  أثر  دراسة  الطريقة:  
القدم  وصدمة  للجمدة،  المسبب  والهالوبيريدل  الغطية  السلوك 
المسبب للتعدي والابومبروفين المسبب للنشاط الحركي. أعطي كلا 
 30 لمدة  جرام/كلغ(  والجنسين )30  جرام/كلغ(  الوسين )0.7  من 
الحالية  الدراسة  هذه  أجريت  الفئران.  في  الاختبار  عمل  قبل  دقيقة 
خلال الفترة من أبريل 2011م حتى سبتمبر 2011م في ارانجال، ولاية 
اندرا براديش، الهند. عبرت النتائج بالمعدل + معدل الخطأ المعياري 
ثم  الأنوفا  اختبار  باستخدام  للبيانات  الإحصائي  التحليل  وأجري 
اختبار بنفوريني. كما أن القيمة الإحصائية اقل من 0.05 تعتبر قيمة 

مهمة إحصائياً.

خفاء  من  ورفع  الضربات  عدد  والجنسين  الوسين  قلل  النتائج: 
الضربات في صدمة القدم المسببه للتعدي. كما قللت من ابومبروفين 
ملغ/كلغ(.  الغطية )10  سلوك  و  والابومبروفين  ملغ/كلغ(،   5  (
يحفز  الإيجابية.  التحكم  مجموعة  مع  بالمقارنة  الحركي  والنشاط 
المسبب  إحصائي  بشكل  هالوبيريدل  والجنسين  بالوسين  العلاج 

للجمدة  بالمقارنة مع المجموعة التي استخدمت الهالوبيريدل.

الدوباميني  النشاط  من  يقلل  والجنسين  الوسين  استخدام  أن  خاتمة: 
بالمقارنة مع الاستخدام المرتبط. تشير هذه النتائج أن الوسين والجنسين 

له دور طبي في السيطرة على الأمراض النفسية.

Objectives: To evaluate the effect of leucine and 
genistein on the dopaminergic system in a rat model of 
schizophrenia.

Methods: Behavioral effects of leucine and genistein on 
apomorphine induced stereotyped behavior, haloperidol 
induced catalepsy, foot shock induced aggression, 
and apomorphine induced locomotor activity  were 
conducted. In each of these tests, the leucine (0.7g/kg 
p.o.) and genistein (30mg/kg i.p.) were administered 
30 minutes before performing the test in rats. Each 
experiment has 6 groups of rats with 6 rats in each 
group.  The current study was conducted between 

April 2011 and September 2011 at the Department of 
Pharmacology, St.Peters Institute of Pharmaceutical 
Sciences, Warangal, Andhra Pradesh, India. The results 
were expressed as mean ± S.E.M. and the statistical 
analysis of data was carried out using one-way analysis 
of variance (ANOVA), followed by Bonferroni multiple 
comparison test. Probability level (P) less than 0.05 was 
considered statistically significant.

Results: Leucine and genistein significantly (p<0.05) 
reduced the number of fights and increased latency to 
fights in foot shock-induced aggression; it also decreased 
apomorphine (5mg/kg, i.p.) induced stereotyped 
behavior and apomorphine induced (10mg/kg, s.c.) 
locomotor activity when compared with the positive 
control group. Pretreatment with leucine and genistein 
significantly (p<0.01, 55.5±5.898 minutes) potentiated 
the haloperidol induced catalepsy compared with the 
haloperidol treated group. 

Conclusion: The individual administration of leucine 
and genistein had less anti dopaminergic activity when 
compared with their combined administration. These 
results suggest that leucine and genistein may have a 
potential clinical application in the management of 
psychiatric disorders.
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Schizophrenia is a common and debilitating illness 
characterized by chronic psychotic symptoms and 

psychological impairments that strikes at some of the 
most advanced functions of the human brain. It is a 
highly prevalent mental illness in our society that 
inflicts an enormous burden of distress on the affected 
individuals and families. Genetics, early environment, 
neurobiology, psychological, and social processes appear 
to be important contributory factors. Symptoms can 
be divided into 3 main categories:1  1) Psychotic or 
positive that includes hallucinations, delusions, and 
thought disorder. 2) Deficit or negative symptoms 
that consist of severe disturbances in social interaction, 
motivation, expression of affect, and spontaneous 
speech.2 3) Cognitive impairment affects executive 
function, attention, memory, and general intellectual 
functioning.3 A hyperdopaminergic state is one of the 
underlying theories for the occurrence of schizophrenia. 
There is, however, accumulating evidence that 
schizophrenia is a dopamine dysregulating disorder. 
Striatal dopamine activity mediated by dopamine 
(D2) receptors is increased while prefrontal dopamine 
activity, transmitted by dopamine (D1) receptor 
activity, is decreased in schizophrenia.4 The strategy 
for discovering new antipsychotic drugs remains based 
on the dopamine hypothesis.5 In order to improve the 
pharmacotherapy of schizophrenia,6 it is necessary to 
discover and develop several important central nervous 
acting drugs7 from traditional remedies, which may 
provide pathways to discover innovative antipsychotic 
medications. 

Isoflavones are the most well-known type of 
phytoestrogens. Genistein, the primary soybean 
isoflavone, has been shown to be beneficial for human 
health. It has a chemical structure similar to steroidal 
estrogen (Figure 1). 

The hydroxyl group and aromatic ring are important 
for binding effectiveness. However, very few studies have 
been conducted to investigate the effect of genistein on 
the CNS. Genistein can mimic the pharmacological 
actions of the endogenous steroid estrogen, with which 
it has structural similarities.8 Genistein can bind to 
the estrogen receptors and activates the number of 
estrogen-responsive genes in vitro.9,10 Estrogens play 
a significant role in the pathogenesis of psychosis.11 

Treatment with estrogens has been reported to offer 
benefits in schizophrenia.12 Unlike synthetic estrogen 
derivatives that are associated with serious adverse 
effects, phytoestrogens are considered to be safer.13 
Abnormal levels of amino acids have been reported 

in patients with schizophrenia and have also been 
investigated as a biomarker to monitor antipsychotic 
treatment. The synthesis of biogenic amines (dopamine, 
norepinephrine, serotonin, and histamine) is related to 
the availability of their amino acid precursors tyrosine, 
tryptophan, and histidine.14 The levels of these substrates 
in the CNS are influenced by the blood concentration 
of valine, leucine, isoleucine, and phenylalanine, 
which have affinity for the same carriers of tyrosine 
and tryptophan to cross the blood-brain barrier.15 
Administration of competing neutral amino acid (for 
example, leucine, tryptophan) reduces brain tyrosine 
and its rate of conversion to dihydroxyphenylalanine 
(DOPA). Changes in amino acid plasma concentrations 
might affect the susceptibility to psychotic disorders 
and influence their treatment outcome. Hence, in the 
current study, we evaluated the effect of leucine and 
genistein on the dopaminergic system in a rat model of 
schizophrenia.

Methods. Animals. Sixty Albino rats of Wistar 
strain, weighing 200-250 g were used. The animals 
were kept under a controlled 12 hour light-dark cycle 
with food and water available ad libitum throughout 
the experiment. Animals used in this study were 
maintained in accordance with the guidelines of the 
Committee for the Purpose of Control and Supervision 
on Experimental Animals (CPCSCEA). The current 
study was conducted between April 2011 to September 
2011 at the Department of Pharmacology, St.Peters 
Institute of Pharmaceutical Sciences, Warangal, Andhra 
Pradesh, India and approved by Institutional Animal 
Ethics Committee (IAEC) vide No. 023/SPIPS/WGL/
IAEC/2011.  

Reagents. The following drugs were used in the 
present study: Haloperidol (HAL) (RPG Life Sciences, 
Mumbai, India); Apomorphine (APO) (Sigma-Aldrich, 
St. Louis, MO,USA), Leucine (L) (Himedia, Mumbai, 
India); and Genistein (G) (Bioprex Labs, Mumbai, 
India).

Behavioral models. Assessment of apomorphine 
induced stereotyped behavior in rats. Rats were 
allowed 30 minutes to become acclimatized to the 
observation cage, prior to the experiment. The intensity 
of apomorphine-induced stereotypy was scored blind 
by an independent observer every 5 minutes for 30 
minutes and scored according to the method previously 
described by Barros and Leite16 using the following 
rating scale: 0, absence of stereotyped behavior; 1, 
intermittent sniffing; 2, constant sniffing; 3, constant 
sniffing with intermittent licking and/or false-biting; 4, 
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constant licking or false-licking; 5, constant licking; 6, 
constant biting and moving round; 7, constant biting 
and resisted to a small area in the cage. The rats were 
treated with the leucine (0.7 g/kg p.o.) and genistein 
(30 mg/kg i.p.) or normal saline and placed individually 
into the cage. Apomorphine (5 mg/kg i.p.) was given 30 
minutes after the leucine and genistein administration 
and the intensity of stereotyped behavior was recorded.

Haloperidol induced catalepsy. Haloperidol 
(1 mg/kg) was injected intraperitoneally to rats (n=6) 
pretreated with leucine (0.7 g/kg p.o.) and genistein 
(30 mg/kg i.p.). Leucine and genistein were administered 
30 minutes prior to the administration of haloperidol. 
The duration of catalepsy was measured at 30, 60, 120, 
and 360 minutes using the bar test.17 Both the forepaws 
of rats were placed on a horizontal bar raised 9 cm from 
the table, and the time required to remove the forepaws 
from the bar was recorded as the duration of catalepsy.

Foot shock induced aggression. Foot shock-induced 
aggression (FSIA) behavior was induced for 3 minutes 
by administering a train of impulses through an 
electronic stimulator to a grid floor. The animals were 
divided into 6 groups of 6 rats per group. Haloperidol 
(1 mg/kg, i.p.) as a standard, and leucine (0.7 g/kg p.o.), 
genistein (30 mg/kg i.p.) were administered 30 minutes 
prior to the experiment. Aggressive behavior was noted 
in pairs of rats using 2 parameters, namely, number of 
fights and latency to fight.18

Apomorphine induced locomotor activity. The study 
was carried out in rats (200-250gm) in 6 groups. The 
actophotometer equipment was turned on and checked 
to ensure that all the photocells were working, and 
each rat was placed individually in the activity cage for 
10 minutes. The basal activity score was noted for all 

Figure 2 - Effect of leucine and genistein on apomorphine 
(5 mg/kg i. p.) induced stereotyped behavior in rats. Effect of 
leucine and genistein on apomorphine(5 mg/kg i. p.) induced 
stereotyped behavior in rats. Each point is mean ± S.E.M. 
The above experiment has 6 groups of rats with 6 rats in each 
group. One way analysis of variance followed by Boenferoni’s 
multiple comparison test revealed significant difference 
between control and various groups.  *p<0.05, **p<0.01, 
***p<0.001 versus  vehicle. C - control group, PC - positive 
control group, STD - standard drug received group L - 
leucine, G - Genistein

Figure 1 - Chemical structure of genistein.  International Union of 
Pure and Applied Chemistry Name: 5,7-Dihydroxy-3-(4-
hydroxyphenyl)chromen-4-one.  Genstein found in many 
plants including soy beans to proved to be beneficial various 
medical illnesses.50

the animals. In this experiment the rats were divided 
into 6 groups (n=6). Haloperidol (1 mg/kg, i.p.) as a 
standard, and leucine (0.7 g/kg p.o.), and genistein (30 
mg/kg i.p.) were administered 30 minutes prior to the 
experiment, and after 30 minutes each rat was retested 
activity scores for 10 minutes.19

Statistical analysis. Results are expressed as mean ± 
S.E.M. and the statistical analysis of data was carried out 
using one-way analysis of variance (ANOVA), followed 
by Bonferroni multiple comparison test. The statistical 
analysis was carried out using Graph pad software 
(GraphPad Software Inc. La Jolla, CA, USA) version 
5. A probability level (P) less than 0.05 was considered 
statistically significant.

Results. Apomorphine induced stereotyped 
behavior. Animals were pretreated with leucine 
(0.7 g/kg), genistein (30 mg/kg), and a combination of 
leucine and genistein 30 minutes before apomorphine 
administration. Apomorphine (5 mg/kg i.p.) induced 
stereotyped behavior was characterized by intermittent 
or constant sniffing, intermittent or constant licking, and 
intermittent or constant biting. There was a significant 
(p<0.05) protection of rats from apomorphine induced 
stereotyped behavior by administering leucine and 
genistein. Genistein was more potent when compared 
with leucine individually, and a combination of both 
showed significant (p<0.01) protection (Figure 2).  

Haloperidol induced catalepsy. Animals were 
pretreated with leucine, genistein, and a combination of 
leucine (0.7 g/kg, p.o) and genistein (30 mg/kg, i.p) 30 
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Foot shock induced aggression. Intraperitoneal 
administration of haloperidol (1mg/kg, i.p.) showed a 
significant (p<0.001) decrease in the number of fights 
and increased the latency to fight compared with 
positive controls in foot shock induced aggression. The 
number of fights were less in the leucine and genistein 
treated groups (p<0.05). As shown earlier, the protection 
was high with a combination (p<0.01), when compared 
to individual treatment with leucine and genistein 
(Figures 4 & 5). 

Apomorphine induced locomotor activity. 
Apomorphine (10mg/kg s.c.) significantly (p<0.001) 

Figure 3 - Effect of leucine and genistein on haloperidol induced 
catalepsy in rats. Each point is mean ± S.E.M.  The above 
experiment has 6 groups of rats with 6 rats in each group. One 
way analysis of variance followed by Boenferoni’s multiple 
comparison test revealed significant difference between 
control and various treatment groups.  *p<0.05, **p<0.01 
versus  vehicle. C - control group, PC - positive control group, 
STD - standard drug received group L - leucine, G - Genistein

Figure 6 - Apomorphine induced locomotor activity. Each point is mean 
± S.E.M.  The above experiment has 6 groups of rats with 
6 rats in each group. One way analysis of variance followed 
by Boenferoni’s multiple comparison test revealed significant 
difference between control and various treatment groups.  
*p<0.05, **p<0.01, ***p<0.001 versus vehicle. C - control 
group, PC - positive control group, STD - standard drug 
received group L - leucine, G - Genistein

Figure 4 - Effect of leucine and genistein on latency of flights in rats.  
Each point is mean ± S.E.M. The above experiment has 6 
groups of rats with 6 rats in each group. One way analysis 
of variance followed by Boenferoni’s multiple comparison test 
revealed significant difference between control and various 
treatment groups.  *p<0.05, **p<0.01, ***p<0.001 versus 
vehicle. C - control group, PC - positive control group, STD 
- standard drug received group L - leucine, G - Genistein

Figure 5 - Effect of leucine and genistein on foot shock induced 
aggression in rats. Each point is mean ± S.E.M.  The above 
experiment has 6 groups of rats with 6 rats in each group. One 
way analysis of variance followed by Boenferoni’s multiple 
comparison test revealed significant difference between control 
and various treatment groups.  *p<0.05, **p<0.01, ***p<0.001 
versus vehicle.  C - control group, PC - positive control group, 
STD - standard drug received group L - leucine, G - Genistein

minutes prior to haloperidol administration. In positive 
control animals, haloperidol (1 mg/kg i.p.) produced 
maximum catalepsy at 360 minutes (29.5±2.7425). 
There was significant (p<0.05) potentiation of rats 
from haloperidol induced catalepsy by administering 
leucine and genistein. Genistein was more potent when 
compared with leucine individually, and a combination 
of both showed significant (p<0.01) potentiation. 
The rats treated with leucine (55.5±5.898 seconds), 
genistein (44±4.933 seconds), and leucine + genistein 
(53.167±3.582 seconds) exhibited maximum catalepsy 
at 120 minutes (Figure 3).
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potentiated the locomotor activity when compared 
with the control group. Animals were pretreated 
with leucine, genistein, and a combination of leucine 
and genistein 30 minutes prior to apomorphine 
administration. Haloperidol significantly (p<0.01) 
decreased locomotor activity in apomorphine induced 
locomotion when compared with positive controls. 
Leucine, genistein, and a combination of leucine and 
genistein showed a significant (p<0.01) reduction in 
locomotor activity compared with positive controls. 
When leucine and genistein were given in combination, 
there was a significant (p<0.01, 70.50±4.53 counts or 
digital score) decrease in locomotor activity compared 
with the individual leucine and genistein treated groups 
(Figure 6).

Discussion. The estrogen hypothesis suggests that 
estrogen provides protection from the development 
of schizophrenia and decreases the severity of 
negative symptoms.20,21 Preclinical data supports the 
involvement of estrogen in the regulation of several 
neurotransmitter systems (dopamine, serotonin, 
noradrenalin, and glutamate).22,23 Beside the direct 
influence on neurotransmission, estrogen may play a 
role in schizophrenia by susceptibility gene regulation.24 

Estrogen affects a variety of processes during brain 
development including neuronal differentiation, 
survival, and excitability.25,26

Apomorphine is specific for the dopaminergic 
system acting as a receptor agonist. The nucleus 
accumbens and the caudate-putamen nucleus27-29 
are the important anatomic regions, which are 
involved in the stereotypic behavior. Dopaminergic 
over stimulation leads to stereotyped behavior and 
it can be induced by the dopamine receptor agonist 
apomorphine,30,31 or by the dopamine releasing agent, 
amphetamine.32 It is a measure of dopamine (D2) 
receptor reactivity. Apomorphine decreases motor 
activity at lower doses and causes hyperactivity and 
stereotypy in high doses.33-35 Leucine and genistein 
and its combination decreased the stereotype behavior 
in rats, suggesting that these compounds are having 
antidopaminergic activity. Leucine and genistein in 
combination significantly decreased the apomorphine 
induced stereotypic behavior compared with individual 
administration. Most drugs, such as phenothiazines, 
thioxanthines, and butyrophenones, which are 
used in the treatment of psychosis are known to 
have a preference for D2 receptors,36 and abolished 
apomorphine induced stereotyped behavior,16 based on 
this, further investigation is required to investigate the 
antipsychotic potential of leucine and genistein. 

Catalepsy is a trans like state of self-hypnotic sleep 
during which there is long term maintenance of an 
animal in an abnormal posture. The striatum and nucleus 
accumbens are the major brain structures involved 
in neuroleptic induced catalepsy, which appears due 
to blockade of dopamine neurotransmission.37 In the 
present study, leucine and genistein and its combination 
significantly increased the haloperidol increased 
catalepsy. This potentiation of cataleptic effect suggests 
the antidopaminergic effect of leucine and genistein. 
The dopamine agonist apomorphine and amphetamine 
can exacerbate psychosis in patients suffering from 
schizophrenia.38,39 These clinical findings have led 
to the development of the dopamine hypothesis of 
schizophrenia.40 Therefore, the behavioral sensitization 
of rats to dopamine agonists could be a good experimental 
murine model for finding newer antipsychotic drugs. 
Dopamine agonists such as apomorphine induce a 
strong increase in locomotor activity when injected into 
rodents. There is evidence that this increased locomotor 
activity is due to increased dopaminergic activity in the 
mesolimbic system, particularly, forebrain structures, 
nucleus accumbens, and olfactory tubercle are known to 
be involved in mediating locomotor activity. According 
to existing evidence, the dopamine receptors located 
in the nigrostraital system are responsible for the 
stereotyped behavior; whereas induction of locomotor 
activity is related to the mesolimbic dopamine 
system.41,42 Administration of the dopamine antagonist 
effectively antagonized apomorphine-induced increase 
in the locomotor activity in experimental animals. 
It has been shown that the drugs display selectivity 
for the dopamine receptors.43 Administration of 
leucine and genistein in combination compared to 
their individual administration showed a significant 
decrease in apomorphine induced locomotor activity 
suggesting that leucine and genistein having dopamine 
antagonistic activity.  Dopamine levels, measurement of 
dopamine synthesis, and turnover in the whole brain 
have increased in aggressive strains of rats, and in rats 
that have just engaged in aggressive behavior.44 In the 
foot-induced aggressive behavior model, the level of 
dopamine increases in the striatum.45 A postmortem 
study46 showed that the levels of GABA and glutamic 
acid decarboxylase were low in brain areas such as the 
striatum and olfactory lobes, and there was increased 
dopamine levels in rats that exhibited aggressive 
behavior. 

In the present study, the results showed that there 
was a significant decrease in foot shock induced 
aggression, which may be mediated by the dopamine 
antagonistic activity of leucine and genistein. Based 
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on the results of these behavioral studies, we confirm 
that the administration of leucine and genistein 
reduces schizophrenia, and this can be attributed to 
their antidopaminergic activity. We provided evidence 
that phytoestrogen genistein, is similar to the action 
of estrogen and can have positive influences on 
dopaminergic function via estrogen mediated receptors.

Further studies are required, taking into considering 
the limitations of this study, which include identification 
of the exact mechanisms. These further studies will 
prove the role of leucine and genistein in potential 
clinical applications in the management of psychiatric 
disorders. 

In conclusion, the administration of leucine and 
genistein showed a decrease in apomorphine induced 
stereotyped behavior, foot shock induced aggression, 
apomorphine induced locomotor activity, and 
increased haloperidol induced catalepsy. The individual 
administration of leucine and genistein resulted in 
lower antidopaminergic activity when compared with 
their combined administration. 

Acknowledgements. We are very thankful to the management 
of St. Peters Institute of Pharmaceutical Sciences, Warangal, India for 
supporting this work.

References

  1. Kuperberg GR. Language in schizophrenia Part 1: an 
introduction. Lang Linguist Compass 2010; 4: 576-589.

  2. Wong AH, Van Tol HH. Schizophrenia: from phenomenology 
to neurobiology.  Neurosci Biobehav Rev 2003; 27: 269-306.

  3. Weickert TW, Goldberg TE, Gold JM, Bigelow LB, Egan 
MF, Weinberger DR. Cognitive impairments in patients with 
schizophrenia displaying preserved and compromised intellect. 
Arch Gen Psychiatry 2000; 57: 907-913.

  4. Abi-Dargham A. Do we still believe in the dopamine hypothesis? 
New data bring newevidence. Int J Neuropsychopharmacol 
2004; 7: 1-5.

  5. Carlsson A. Antipsychotic drugs, neurotransmitters, and 
schizophrenia. Am J Psychiatry 1978; 135: 165-173.

  6. Krystal JH, D’Souza DC, Mathalon D, Perry E, Belger A, 
Hoffman R. NMDA receptor antagonist effects, cortical 
glutamatergic function, and schizophrenia: toward a paradigm 
shift in medication development. Psychopharmacology (Berl) 
2003; 169: 215-233.

  7. Heinrich M, Gibbons S. Ethnopharmacology in drug discovery: 
an analysis of its role and potential contribution. J Pharm 
Pharmacol 2001; 53: 425-432.

  8. Vegeto E, Bonincontro C, Pollio G, Sala A, Viappiani S, Nardi 
F, et al. Estrogen prevents the lipopolysaccharide-induced 
inflammatory response in microglia. J Neurosci 2001; 21: 
1809-1818.

  9. Jørgensen M, Vendelbo B, Skakkebaek NE, Leffers H. 
Assaying estrogenicity by quantitating the expression levels of 
endogenous estrogen-regulated genes. Environ Health Perspect 
2000; 108: 403-412.

10. Leung LK, Po LS, Lau TY, Yuen YM. Effect of dietary flavonols 
on oestrogen receptor transactivation and cell death induction. 
Br J Nutr 2004; 91: 831-839.

11. Huber TJ, Borsutzky M, Schneider U, Emrich HM. Psychotic 
disorders and gonadal function: evidence supporting the 
oestrogen hypothesis. Acta Psychiatr Scand 2004; 109: 
269-274.

12. Kulkarni J, Riedel A, Rde AR, Castella. Estrogen-a potential 
treatment for schizophrenia. Schizophr Res 2001; 48: 137-144.

13. Munro IC, Harwood M, Hlywka JJ. Soy isoflavones: a safety 
review. Nutr Rev 2003; 61: 1-33.

14. Blomstrand E. A role for branched-chain amino acids in 
reducing central fatigue. J Nutr 2006; 136: 544S-547S.

15. Fernstrom JD, Fernstrom MH. Tyrosine, Phenylalanine, and 
Catecholamine Synthesis and Function in the brain. J Nutr 
2007; 137: 1539S-1547S.

16. Barros HM, Leite JR. Effects of acute and chronic carbamazepine 
administration on apomorphine-elicited stereotypy. Eur J 
Pharmacol 1986; 123: 345-349.

17. Champatisingh D, Sahu PK, Pal A, Nanda GS. Anticataleptic 
and antiepileptic activity of ethanolic extract of leaves of 
Mucuna pruriens: A study on role of dopaminergic system in 
epilepsy in albino rats. Indian J Pharmacol 2011; 43: 197-199.

18. Kasture SB. A Handbook of Experiments in Pre-clinical 
Pharmacology. 1st ed. India: Career Publications; 2006. p. 
43-10.

19. Krantz JC, Jelleff Carr C, Aviado DM.  Pharmacologic 
principle of medicinal practice. Pharmacy and dentistry. 8th ed. 
Baltimore: Williams & Wilkins; 1972. p. 276- 87.

20. Pregelj P. Neurobiological aspects of psychosis and gender. 
Psychiatr Danub 2009; 21 Suppl 1: 128-131.

21. Cyr M, Calon F, Morissette M, Di Paolo T. Estrogenic 
modulation of brain activity: implications for schizophrenia 
and Parkinson’s disease. J Psychiatry Neurosci 2002; 27: 12-27.

22. McEwen B. Estrogen actions throughout the brain.  Recent 
Prog Horm Res 2002; 57: 357-384.

23. Cyr M, Calon F, Morissette M, Di Paolo T. Estrogenic 
modulation of brain activity: implications for schizophrenia 
and Parkinson’s disease. J Psychiatry Neurosci 2002; 27: 12-27.

24. Olsen L, Hansen T, Jakobsen KD, Djurovic S, Melle I, Agartz 
I, et al.   The estrogen hypothesis of schizophrenia implicates 
glucose metabolism: association study in three independent 
samples. BMC Med Genet 2008; 9: 39.

25. Boulware MI, Mermelstein PG. The influence of estradiol 
on nervous system function. Drug News Perspect 2005; 18: 
631-637.

26. Garcia-Segura LM, Azcoitia I, DonCarlos LL. Neuroprotection 
by estradiol. Prog Neurobiol 2001; 63: 29-60.

27. Vanderschuren LJ, Kalivas PW. Alterations in dopaminergic and 
glutamatergic transmission in the induction and expression of 
behavioral sensitization: a critical review of preclinical studies. 
Psychopharmacology (Berl) 2000; 151: 99-120.

28. Weiss F, Tanzer DJ, Ettenberg A. Opposite actions of CCK-8 
on amphetamine induced hyperlocomotion and stereotypy 
following intra cerebro ventricular and intraaccumbens 
injections in rats. Pharmacol Biochem Behav 1988; 30: 
309-317.

29. Antoniou K, Kafetzopoulos E. Behavioral effects of 
amphetamine and apomorphine after striatal lesions in the rat. 
Pharmacol Biochem Behav 1992; 43: 705-722.

http://www.ncbi.nlm.nih.gov/pubmed/20936080
http://www.ncbi.nlm.nih.gov/pubmed/20936080
http://130.14.29.110/pubmed/12788337
http://130.14.29.110/pubmed/12788337
http://dx.doi.org/10.1001/archpsyc.57.9.907
http://dx.doi.org/10.1001/archpsyc.57.9.907
http://dx.doi.org/10.1001/archpsyc.57.9.907
http://dx.doi.org/10.1001/archpsyc.57.9.907
http://dx.doi.org/10.1017/S1461145704004110
http://dx.doi.org/10.1017/S1461145704004110
http://dx.doi.org/10.1017/S1461145704004110
http://www.ncbi.nlm.nih.gov/pubmed/23684
http://www.ncbi.nlm.nih.gov/pubmed/23684
http://dx.doi.org/10.1007/s00213-003-1582-z
http://dx.doi.org/10.1007/s00213-003-1582-z
http://dx.doi.org/10.1007/s00213-003-1582-z
http://dx.doi.org/10.1007/s00213-003-1582-z
http://dx.doi.org/10.1007/s00213-003-1582-z
http://dx.doi.org/10.1211/0022357011775712
http://dx.doi.org/10.1211/0022357011775712
http://dx.doi.org/10.1211/0022357011775712
http://130.14.29.110/pubmed/?term=11245665
http://130.14.29.110/pubmed/?term=11245665
http://130.14.29.110/pubmed/?term=11245665
http://130.14.29.110/pubmed/?term=11245665
http://dx.doi.org/10.1289/ehp.00108403
http://dx.doi.org/10.1289/ehp.00108403
http://dx.doi.org/10.1289/ehp.00108403
http://dx.doi.org/10.1289/ehp.00108403
http://dx.doi.org/10.1079/BJN20041122
http://dx.doi.org/10.1079/BJN20041122
http://dx.doi.org/10.1079/BJN20041122
http://www.ncbi.nlm.nih.gov/pubmed/15008800
http://www.ncbi.nlm.nih.gov/pubmed/15008800
http://www.ncbi.nlm.nih.gov/pubmed/15008800
http://www.ncbi.nlm.nih.gov/pubmed/15008800
http://dx.doi.org/10.1016/S0920-9964(00)00088-8
http://dx.doi.org/10.1016/S0920-9964(00)00088-8
http://dx.doi.org/10.1301/nr.2003.janr.1-33
http://dx.doi.org/10.1301/nr.2003.janr.1-33
http://130.14.29.110/pubmed/?term=16424144
http://130.14.29.110/pubmed/?term=16424144
http://jn.nutrition.org/content/137/6/1539S.abstract
http://jn.nutrition.org/content/137/6/1539S.abstract
http://jn.nutrition.org/content/137/6/1539S.abstract
http://www.ncbi.nlm.nih.gov/pubmed/3720822
http://www.ncbi.nlm.nih.gov/pubmed/3720822
http://www.ncbi.nlm.nih.gov/pubmed/3720822
http://www.ncbi.nlm.nih.gov/pubmed/?term=19789497
http://www.ncbi.nlm.nih.gov/pubmed/?term=19789497
http://www.ncbi.nlm.nih.gov/pubmed/?term=11836973
http://www.ncbi.nlm.nih.gov/pubmed/?term=11836973
http://www.ncbi.nlm.nih.gov/pubmed/?term=11836973
http://www.ncbi.nlm.nih.gov/pubmed/?term=12017552
http://www.ncbi.nlm.nih.gov/pubmed/?term=12017552
http://www.ncbi.nlm.nih.gov/pubmed/?term=11836973
http://www.ncbi.nlm.nih.gov/pubmed/?term=11836973
http://www.ncbi.nlm.nih.gov/pubmed/?term=11836973
http://www.ncbi.nlm.nih.gov/pubmed/18460190
http://www.ncbi.nlm.nih.gov/pubmed/18460190
http://www.ncbi.nlm.nih.gov/pubmed/18460190
http://www.ncbi.nlm.nih.gov/pubmed/18460190
http://dx.doi.org/10.1358/dnp.2005.18.10.959577
http://dx.doi.org/10.1358/dnp.2005.18.10.959577
http://dx.doi.org/10.1358/dnp.2005.18.10.959577
ttp://dx.doi.org/10.1016/S0301-0082(00)00025-3
ttp://dx.doi.org/10.1016/S0301-0082(00)00025-3
http://dx.doi.org/10.1007/s002130000493
http://dx.doi.org/10.1007/s002130000493
http://dx.doi.org/10.1007/s002130000493
http://dx.doi.org/10.1007/s002130000493
http://dx.doi.org/10.1016/0091-3057(88)90460-1
http://dx.doi.org/10.1016/0091-3057(88)90460-1
http://dx.doi.org/10.1016/0091-3057(88)90460-1
http://dx.doi.org/10.1016/0091-3057(88)90460-1
http://dx.doi.org/10.1016/0091-3057(88)90460-1
http://dx.doi.org/10.1016/0091-3057(92)90399-Z
http://dx.doi.org/10.1016/0091-3057(92)90399-Z
http://dx.doi.org/10.1016/0091-3057(92)90399-Z


241     Neurosciences 2013; Vol. 18 (3) 

Antidopaminergic effects of leucine and genistein on shizophrenic rat models … Suresh et al

www.neurosciencesjournal.org

30. Ljunberg T, Ungerstedt U. Different behavioural patterns 
induced by apomorphine: evidence that the method of 
administration determines the behavioural response to the 
drug. Eur J Pharmacol 1977; 46: 41-50.

31. Ljunberg T, Ungerstedt U. Classification of neuroleptic drugs 
according to their ability to inhibit apomorphine-induced 
locomotion. Psychopharmacol 1978; 56: 239-247.

32. Robbins TW. The acquisition of responding with conditioned 
reinforcement: effects of pipradrol, methylphenidate, 
d-amphetamine, and nomifensine. Psychopharmacol 1978; 58: 
79-87.

33. Strombom U. Central receptor agonist’s affects on motor 
activity and rate of tyrosine hydroxylation in mouse brain 
Naunyn–Schmied archive. Pharmacology 1976; 292: 167.

34. Costall B, Lim SK, Naylor RJ. Characterization of the 
mechanisms by which purported dopamine agonists reduced 
spontaneous activity of mice. European Journal of Pharmacology 
1981; 73: 175.

35. File SE, Lucy JN, Nabbuh PS. The role of benzodiazepine 
receptor in mediating longlasting anticonvulsant effect and 
the lateappearing reduction in motor activity exploration. 
Psychopharmacology 1989; 97: 349-354.

36. Rang HP, Dale MM, Rilter JM. Pharmacology. 4th ed. 
Edinburgh: Churchill Livingstone; 1999.  

37. Baldessarini RJ. Drugs and treatment of psychiatric disorders. 
In: Gilman AG, Goodman, LS. Goodman & Gilman’s the 
pharmacological basis of therapeutics. 8th ed. New York, 
Pergamon Press; 1990. p. 383-335.  

38. Bowers JR. The role of drugs in the production of 
schizophreniform psychoses and related disorders. In: Meltzer 
HY, editor. Psychopharmacology: the Third Generation of 
Progress. New York (NY): Raven Press; 1987. p. 819-823. 

39. Losonczy MF, Davidson M, Davis KA. The dopamine hypothesis 
of schizophrenia. In: Meltzer HY, editor. Psycho-pharmacology: 
the Third Generation of Progress. New York (NY): Raven Press; 
1987. p. 715-726.  

40. Seeman P. Dopamine receptors and the dopamine hypothesis of 
schizophrenia. Synapse 1987; 1: 133-152.

41. Fields JZ, Drucker GE, Wichlinski L, Gordon JH. 
Neurochemical basis for the absence of overt ‘stereotyped’ 
behaviors in rats with up-regulated striatal D2 dopamine 
receptors. Clin Neuropharmacol 1991; 14: 199-108.

42. Kalivas PW, Stewart J. Dopamine transmission in the initiation 
and and expression of drug- and stress-induced sensitization of 
motor activity. Brain Res 1991; 16: 223-244.

43. Seeman P. Dopamine D1 and D2 receptor selectivities of 
agonists and antagonists. Adv Exp Med Biol 1988; 235: 55-63.

44. Bernard B, Finkelstein ER, Everett GM. Alterations in mouse 
aggressive behavior and brain monoamine dynamics as a 
function of age. Physiol Behav 1975; 15: 731-36.

45. Tizabi Y, Thoa NB, Maengwyn-Davies GD, Kopin IJ, 
Jacobowitz DM. Behavioral correlation of catecholamine 
concentration and turnover in discrete brain areas of three 
strains of mice. Brain Res 1979; 166: 199-105.

46. Clement J, Simler S, Ciesielski L, Mandel P, Cabib S, Puglisi-
Allegra S. Agedependent changes of brain GABA levels turnover 
rates and shock- induced aggressive behavior in inbred strains of 
mice. Pharmacol Biochem Behav 1987; 26: 83-88.

STATISTICS

Excerpts from the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals updated November 2003. 

Available from www.icmje.org

Describe statistical methods with enough detail to enable a knowledgeable 
reader with access to the original data to verify the reported results. When 
possible, quantify findings and present them with appropriate indicators of 

measurement error or uncertainty (such as confidence intervals). Avoid relying 
solely on statistical hypothesis testing, such as the use of P values, which fails to 
convey important information about effect size. References for the design of the 
study and statistical methods should be to standard works when possible (with 
pages stated). Define statistical terms, abbreviations, and most symbols. Specify 

the computer software used.

http://dx.doi.org/10.1016/0014-2999(77)90142-X
http://dx.doi.org/10.1016/0014-2999(77)90142-X
http://dx.doi.org/10.1016/0014-2999(77)90142-X
http://dx.doi.org/10.1016/0014-2999(77)90142-X
http://dx.doi.org/10.1007/BF00432845
http://dx.doi.org/10.1007/BF00432845
http://dx.doi.org/10.1007/BF00432845
http://dx.doi.org/10.1007/BF00426794
http://dx.doi.org/10.1007/BF00426794
http://dx.doi.org/10.1007/BF00426794
http://dx.doi.org/10.1007/BF00426794
http://dx.doi.org/10.1016/0014-2999(81)90089-3
http://dx.doi.org/10.1016/0014-2999(81)90089-3
http://dx.doi.org/10.1016/0014-2999(81)90089-3
http://dx.doi.org/10.1016/0014-2999(81)90089-3
http://dx.doi.org/10.1007/BF00439449
http://dx.doi.org/10.1007/BF00439449
http://dx.doi.org/10.1007/BF00439449
http://dx.doi.org/10.1007/BF00439449
http://www.us.elsevierhealth.com/Veterinary-Medicine/Pharmacology/book/9780702034718/Rang-and-Dales-Pharmacology/
http://www.us.elsevierhealth.com/Veterinary-Medicine/Pharmacology/book/9780702034718/Rang-and-Dales-Pharmacology/
http://subjectguides.uwaterloo.ca/content.php?pid=243188&sid=2008644
http://subjectguides.uwaterloo.ca/content.php?pid=243188&sid=2008644
http://subjectguides.uwaterloo.ca/content.php?pid=243188&sid=2008644
http://subjectguides.uwaterloo.ca/content.php?pid=243188&sid=2008644
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://onlinelibrary.wiley.com/doi/10.1002/mds.870040114/abstract
http://www.ncbi.nlm.nih.gov/pubmed/2905529
http://www.ncbi.nlm.nih.gov/pubmed/2905529
http://dx.doi.org/10.1097/00002826-199106000-00002
http://dx.doi.org/10.1097/00002826-199106000-00002
http://dx.doi.org/10.1097/00002826-199106000-00002
http://dx.doi.org/10.1097/00002826-199106000-00002
http://dx.doi.org/10.1016/0165-0173(91)90007-U
http://dx.doi.org/10.1016/0165-0173(91)90007-U
http://dx.doi.org/10.1016/0165-0173(91)90007-U
http://dx.doi.org/10.1007/978-1-4899-2723-1_5
http://dx.doi.org/10.1007/978-1-4899-2723-1_5
http://dx.doi.org/10.1016/0031-9384(75)90126-2
http://dx.doi.org/10.1016/0031-9384(75)90126-2
http://dx.doi.org/10.1016/0031-9384(75)90126-2
http://dx.doi.org/10.1016/0006-8993(79)90665-6
http://dx.doi.org/10.1016/0006-8993(79)90665-6
http://dx.doi.org/10.1016/0006-8993(79)90665-6
http://dx.doi.org/10.1016/0006-8993(79)90665-6
http://dx.doi.org/10.1016/0091-3057(87)90538-7
http://dx.doi.org/10.1016/0091-3057(87)90538-7
http://dx.doi.org/10.1016/0091-3057(87)90538-7
http://dx.doi.org/10.1016/0091-3057(87)90538-7

	Title
	Authors
	Abstract
	Affiliation
	Correspondence Address
	Methods
	Results
	Figure 1
	Discussion
	References

