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Abstract

The purpose of this investigation was to charamtethe putative anxiolytic-like activity of
methanolic, ethyl acetate extract and alkaloid ricction prepared from the stem-bark of
Mitragyna parvifolia (Roxb.) Korth (Rubiaceae) using the elevated ptaze (EPM) and marble
burying test (MBT) in mice. The extracts increasieel time spent on and the number of entries
into the open arms of the EPM in doses of 200 &tmMg/kg p.o., respectively. This effect was
comparable to that of negative control group &eéatith 0.5 % CMC and positive control the
benzodiazepine diazepam (1.0 mg/kg p.o.) was usedstandard. When evaluated by MBT the
number of marbles buried by mice was decreasedfisgntly as compared to control group
CMC 0.5 %. Fluoxetine (10 mg/kg p.o.) was used asaadard for comparison. These results
indicate that all the extract were effective in @aependent manner and proved statistically
significant at higher doses but alkaloid rich fractwas found to be more potent in producing
anxiolytic effects by both test. It suggest thiag¢ &anxiolytic-like activities of this plant are
mainly mediated via the GABAergic system. Neith@azdpam nor the test extracts produced
any overt behavioral change or motor dysfunctiothenperformed tests.

Keywords. Anxiolytic effect, Benzodiazepine, Elevated plusz@amarble burying, GABA
receptor, Fluoxetine.

I ntroduction

Anxiety disorders are the most common mental iBneshe world and became a very important
area of research interest in psychopharmacologgz®bazepines are among the first line of
drugs that have been extensively used for thedlagtears to treat several forms of anxiety [1].
Benzodiazepines are the major class of compounreld insanxiety and they have remained the
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most commonly prescribed treatment for anxifl}. Although benzodiazepines have well-

known benefits, their side effects are prominemgluding sedation, muscle relaxation,

anterograde amnesia and physical dependencie¢8jever, the realization that benzodiazepines
present a narrow safety margin between the anigobffect and those causing unwanted side
effects has prompted many researchers to evaluate compounds in the hope that other
anxiolytic drugs will have less undesirable effddis Thus, there is a need of robust anxiolytic

compounds that have lesser side effects than bazamines and a more immediate onset of
action than currently available 5-HT1A receptoliragdrugs.

Mitragyna parvifolia (Roxb.) Korth (Rubiaceae) is commonly known asnKailt is a deciduous
tree found in well drained deep soil. Common inidiecus hilly forest tracts [5]. It is credited
with innumerable medicinal properties and is wideded by tribal peoples and other ayurvedic
practitioners. The bark and roots are used to fexar, colic, muscular pain, burning sensation,
poisoning, gynecological disorders, cough, edentbasraphrodisiac. [6-9].

It is very rich in alkaloids and many known arelaged from the leaves. Various indolic and
oxindolic alkaloids have been reported from thiscsgs are of significant biological importance
[10, 11]. Several indigenous drugs are being evetlbecause of their easy availability, lack of
adverse effects and cost-effectiveness. Traditioredicines are used by about 60 percent of the
world population in rural areas in the developiogmries as well as in the developed countries
where use of modern medicine predominates [12]His®rical use of such medicine provides
the source to study the specific plant species wittential to be used in a particular disease.
This study therefore carried out to evaluate thgiaytic effects of Mitragyna parvifolia
(Roxb.) Korth stem-bark extract on animal models.

Materials and M ethods

Plant material

Mitragyna parvifolia (Rubiaceae) stem-bark was collected from ToranHid$é of Satpuda
region from Maharashtra, India, during the month Joine. The plant got identified and
authenticated by Botanical Survey of India, Punad @ voucher specimen of the sample
(MPVB11) has deposited in the Herbarium collectmepartment. The stem-bark was cleaned
and dried in the shade, and then it was cuttednallspieces and powdered to 40 mesh and
stored in an airtight container.

Preparation of Extract
Methanolic extract (MPBM)

Dried stem-bark powder (900 gm) was extracted @ithof methanol by continuous hot extraction
using soxhlet extractor. The methanol containingaex was filtered and distilled on a water bath.
The resulting Methanol extract solution was congatl in vacuum using a Rota vapor to obtain
a brown powder 16% (144 g).

Ethyl acetate extract (MPBEA)

Total methanolic extract (60 g) was treated withyktacetate 2 L several times using a
separating funnel. The resulting layer of ethyltatewas separated, filtered and distilled using
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water bath and finally extract was obtained cormme¢ed in a Rota vapor to obtain light brown
powder 10% ( 6 Q)

Alkaloid rich Fraction (MPBAIK)

45gm of methnolic extract was dissolved in 700 2% hydrochloric acid and filtered after 6
h. The filtrate was extracted with CHGhrice and ammonia was added to adjust pH 9. Whs
subsequently extracted with CHCI3 several timed tiit CHCE layer showed negative to the
Dragendroff's reagent, to give alkaloid rich fracti[13]. The percentage yield of Alkaloid rich
fraction (Chloroform part) was 13% (6.5 g) respesli. Whereas alkaloids estimated in plant
part are 2.976%. [14]. The resulting Methanol (MPB&ktracts and Alkaloid rich fraction
(MPBAIK) was used for the pharmacological screening

Animals

Swiss albino mice of either sex weighing 20-25lgamed from Institute of Animal Health and
Veterinary Biological Products, Mhow, India wereedsfor behavioral experiments. Animals
were housed in acrylic cages (45x60x25 c¢cm) withewanhd food availablad libitum under an
artificial 12-h light/dark cycle (light on at 7:0@nd at a constant temperature (222 °C). Mice
were housed in the departmental room for 1 wee&rbdksting to ensure adaptation to the new
environment. All of the behavioral experiments wpegformed between 10:00 and 17:@4l.

the experimental procedures and protocols uselerstudy were reviewed by the Institutional
Animal Ethics Committee (Register Number: RCPIPRBELL/2008-09/13) and were in
accordance with the guidelines of the CPCSEA, Minisof Forests and Environment,
Government of India.

Drugsand Chemicals
Diazepam and Fluoxetine were used as standard tbug$M and MBT methods respectively.

Acute toxicity test

Acute toxicity tests were performed according toGDE- 2001 guidelines. Animals were
weighed and marked, A single high dose of MPBM, MERBand MPBAIk as recommended by
the OECD guidelines was administered to the firsinal. After single administration, animals
were observed for the sign of toxicity upto 24 rsouf mortality was observed, one step lesser
dose of previous administration was given to thet maimals. If the animal survived, the same
dose was given to the next five animals. Furthetha animals were observed for the presence
of signs of toxicity and mortality for 14 days. Thedy weights of the animal were also
recorded. The LD50 of the test drug was calculaisthg a computer assisted statistical
programme-AOT425statPgm.

Elevated plus maze test (EPM)

The EPM for mice (Lister, 1987) was used with fevodifications and designed as two
perpendicular open arms (16cmx5 cm) and two cleageds (16cmx5cmx 12 cm) also in a
perpendicular position. The open and closed arme w@nnected by a central platform (5cmx5
cm). The platform and the lateral walls of the ebsrms were made of transparent acrylic. The
floor was made of black acrylic. The maze was 25 above the floor. One hour after
intraperitoneal and oral treatments, respectivilg,animal was placed at the centre of the plus
maze with its nose in the direction of one of therarms, and observed for 5 min, according to
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the following parameters: number of entries in tygen and closed arms, and time of
permanence in each of them. The plus maze wasullgrefeaned with a wet towel after each

animal test. The time of permanence measures e $pent by the animal in the open and
closed arms. Anxiolytic compounds reduce the natamanal’s aversion to the open arms and
promote the exploration thereof. On the other hadhd, forced or voluntary passages of the
animal into the open arms of the elevated plus nmee@ssociated with hormonal and behavioral
changes indicative of increased anxiety. The micerewdivided into eleven groups (6

animals/group). Standard drug Diazepam (1 mg/ky) pised as the positive control and CMC
0.5% was used as vehicle contiditragyna parvifolia stem-bark extracts at doses of 100, 200,
and 400 mg/kg, p.o., were administered in remaimimg groups. All experiments were carried

out between 10:00 am and 5:00 pm. After each titied,EPM apparatus was wiped clean with
alcohol (70%) solution [15].

Marble burying test (MBT)

The marble burying test was conducted as describeddamada et al. (2002) with slight
modifications. Individual mice were placed for 30inmin a plastic cage with the same
dimensions as their home cage and that containedisst as a bedding material; they were then
returned to their home cages (habituation trialyeffity four clear glass marbles (diameter, 15
mm) were spaced 3 cm apart in four rows of six, on appregnblayer of sawdust bedding
which was lightly pressed down to make a flat eseriace, in a plastibabituation cagessed

for each individual test. Mice were reintroducedhese cages (each test mouse was returned to
the same cage in which they had been habituatdth: 30 min, the test was terminated, and the
number of buried marbles (marbles more than 2/&l/with bedding materials) was counted.
After each trial, the sawdust was replaced, anddbieapparatus and glass marbles were washed
by water and cleaned with 70% alcohol [16,17,18,Ad8]the doses of test extracts were same as
used in EPM test except Fluoxetine (10 mg/kg, pwh)ch was used as standard drug for
positive control and vehicle treated group CMC 0Wwé6 taken as negative control.

Results

Acute toxicity test

No mortality or any signs of toxicity was obsenadter the administration dfl. parvifolia stem-
bark extracts at the dose of 5000 mg/kg, p. 0. Rlmresults of acute toxicity study, three doses
(200, 200, 400 mg/kg, p.o.) of were selected fothier pharmacological studies. Thus thes§.D
of M. parvifolia may be assumed as > 5000 mg/kg body weight.

Effect of MP on the Elevated Plus-Maze (EPM)

In the elevated plus maze test, our results shaabl€lr'1l.) that similarly to diazepam which
increased the time spent in the open arms , Alettteacts ofM. parvifolia in the doses of 100,
200 and 400 mg/kg also increased this parametes.€ftect was dose-dependent and, at the
doses of 200 and 400 mg/kg of MPBEA and MPBAIlknitreased the time spent in the open
arms significantly (P < 0.01). Furthermore, sigrafit increases in the number of entrances in
the open arms were also observed, after adminstrat MPBM, MPBEA and MPBAIk at both
doses, as compared to control (Table 2.). The sipgat in closed arm and numbers of entries in
closed arm were also observed. The MPBEA and MPBgtkwed significant (P < 0.01)
decrease in the time spent in closed arm (Tableb8f) number of closed arm entries were
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increased significantly (P < 0.01) at dose of #@fkg of MPBAIk and standard diazepam (1
mg/kg) (Table 4.).

Marble-Burying Test (MBT)

To examine this premise, we studied the effechefrepresentative dfl. parvifolia extracts on
burying behavior. MPBM at the dose of 400 mg/kguasti number of marbles buried by mice
significantly (P < 0.01), whereas MPBEA and MPBAikthe dose of 200mg/kg and 400mg/kg
reduced number of marbels buried very significaly< 0.01) as compare to vehicle control
group. As expected, positive control Fluoxetine (d§/kg, p.o.) exhibited significant decrease
in the marble burying behavior (Table 5.).

Table 1: Effect of oral administration of Mitragyna parvifolia stem-bark extracts of on
Time spent (Seconds) in open arm in elevated plus maze

Sr. Con | MPB | MPB | MPB | MPBE | MPBE | MPBE | MPBAI | MPBAI | MPB | STD.
No. trol | M M M A A A k k Alk (Diaz
100 | 200 |400 |100 200 400 100 200 400 | epam

)
1mg/

kg
1 2 2 3 4 5 6 5 5 12 11 22
2 1 4 2 5 4 7 7 8 9 16 14
3 3 2 3 5 4 7 3 10 10 19 18
4 2 1 4 4 3 8 7 4 11 14 12
5 1 2 4 6 2 6 6 3 13 8 19
6 4 2 2 5 3 7 6 5 11 9 20
2.2 | 2.2+0| 3.0+0 | 4.840 | 3.5+0.4| 6.8+0.3| 5.7+0.6| 5.8+1.1| 11.0+0.| 13.0+ | 18.0%
+0. | .40 .37 31 3 1x* 1* * 58** 1.7% | 1.5%

48

Table 2:Effect of oral administration of Mitragyna parvifolia stem-bark extracts of on
No. of entriesin open arm in elevated plus maze

S |Con |MPB |MPB |MPB | MPBE | MPBE | MPBE | MPBA | MPBAI | MPBA | STD.
r. [trol | M M M A A A Ik k Ik (Diazepam)
N 100 200 400 100 200 400 100 200 400 1mg/kg
0.
1|0 1 1 1 2 2 2 2 2 4 4
210 0 0 0 0 1 2 2 1 3 1
3|1 0 1 2 1 2 2 1 3 2 3
410 0 2 0 1 1 1 2 2 3 5
510 1 1 1 2 2 3 2 2 2 4
6 |0 0 0 2 1 1 1 1 1 3 5
0.17| 0.33+0| 0.83+0| 1.0+0. | 1.2+0. | 1.5+0. | 1.840. | 1.7+0. | 1.8+0.31| 2.84£0. | 3.7£0.61**
+0.1|.21 31 37 31 22* 31** 21* ** 31**
7

Table 3: Effect of oral administration of Mitragyna parvifolia stem-bark extracts of on
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Time spent (Seconds) in closed arm in elevated plus maze.

S| Contr| MP | MPB | MPBM | MPBE | MPBE | MPBE | MPBAI | MPB | MPBAI | STD.
r. | ol BM | M 400 A A A k Alk k (Diazepam
N 100 | 200 100 200 400 100 200 | 400 ) Img/kg
o]
1298 | 284| 280 270 271 250 237 254 240 205 175
2| 295 | 287 | 273 263 263 246 249 250 235 215 187
3|275 | 280| 265 253 256 261 247 247 231 201 200
41284 | 278| 277 261 275 245 255 245 224 217 208
51295 | 271| 269 268 269 258 235 258 242 210 197
6| 270 | 281| 274 251 261 260 239 249 230 219 192
290+ | 280 | 270+ | 26043. | 270+2. | 250+2. | 240+£3. | 250+1. | 230+ | 210+2. | 190+4.7**
4.8 |+2.2]2.2% |2* Q** ** 2%* Q** 2.7 | 9**
Table 4: Effect of oral administration of Mitragyna parvifolia stem-bark extracts of on
No. of entriesin Closed arm in elevated plus maze.
Sr.|Con|MP | MP | MP | MPBE | MPBE | MPBE | MPBAI | MPBAI | MPBAI | STD.
No |trol |BM |BM |BM |A A A k k k (Diazepam)
. 100 | 200 | 400 | 100 200 400 100 200 400 1mg/kg
1 |1 1 1 4 2 5 5 5 6 11 20
2 |1 4 5 2 4 3 4 6 5 9 3
3 |4 2 7 7 5 2 9 2 8 13 9
4 |6 3 3 5 7 7 8 5 6 6 3
5 |2 4 6 2 2 4 7 7 9 12 12
6 |3 7 4 7 5 8 10 7 4 15 30
2.8+| 3.5+ | 4.3+ | 4.5+ | 4.240. | 4.840. | 7.2+0. | 5.3+0.76| 6.3+0.76| 11.0+£1.3| 13.0+4.3**
0.79]0.85 | 0.88 | 0.92 | 79 95 95 **

Values represent mean = SEM, n=6, One way ANOVfofeed by Dunnett’s multiple comparison test
*p < 0.05, **p < 0.01 compare with control group

Statistical analysis
The data are presented as mean + SEM. The staltistnalysis was performed by one-way
ANOVA followed by Dunnett's multiple comparison te® < 0.05 was considered statistically

significant.

Table5: Effect of oral administration of Mitragyna parvifolia stem-bark extracts of on
number of marble burying in mice.
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Values represent mean + SEM, n=6, One way ANOVoweéd by Dunnett’'s multiple comparison test
*p < 0.05, **p < 0.01 compare with control group

S| Contr | MPBM | MPBM | MPBM | MPBE | MPBE | MPBEA | MPBA | MPBAIk | MPBAIk | STD.
r | ol 100 200 400 A A 400 Ik 200 400 (Fluoxe
: 100 200 100 tine) 10
N mg/kg
0
1] 21. 13. 23. 5. 9. 9. 8. 2. 3. 7 1.
2| 22. 16. 15. 8. 21. 11. 7. 5. 8. 0 2.
3| 20. 17. 21. 11. 18. 12. 10. 7. 5. 4 2.
4| 23. 21. 8. 10. 12. 14. 13. 6. 5. 3 1.
5| 22. 12. 12. 14. 22. 8. 11. 4. 4. 5. 0.
6 | 20. 24, 18. 9. 6. 12. 10. 9. 6. 2. 1.
21+0. | 1741.9 | 16£2.3| 9.5+1.215+2.7 | 11+0.8 | 9.8+0.87 | 5.5+£0.9| 5.24+0.7* | 3.5+0.99 | 1.2+0.3
49 ** * 9** *%* 9** * ** 1**
Discussion

There has been a considerable popular interesteiruse of the so-called natural remedies, or
herbal products, to treat anxiety and depressi@teRtly, several plants have been reported to
possess anxiolytic effects in different animal medef anxiety. Various traditional herbal
medicines have also been suggested to possessytinxactivity. Some herbs such as St. John’s
wort and ginseng clinically have been introduced tfte treatment of anxiety [20-23]. The
elevated plus-maze is one of the many tests forideetification of anxiolytic or anxiogenic
effect of a drug in rodents [24]. Several plantsréase the exploration of open arms in the
elevated plus-maze test and are used to diminisietgrin folk medicine.

Effects of diazepam on mice anxiety behavior in EPM

The elevated plus-maze is currently one of the mudely used model of animal anxiety, having
been employed by many research laboratories inlabe decade and has been extensively
validated for use with both rats and mice [15,285]validity in our study was supported by the
observation that diazepam, a classic anxiolytgnificantly increased the time spent in the open
arms. The behavior observed using the EPM in tlesgmt study confirmed the anxiolytic
activity of diazepam as reported previously [26]heTclassic anxiolytic benzodiazepine,
diazepam 10 mg/kg was used as positive controtis8tal analysis of plus maze data revealed
that diazepam significantly increased the time speropen arms. These results confirm the
suitability of the method used in the present study

Effectsof MPBM, MPBAIk and MPBEA extract on the EPM

In the present study, MPBM extract does not prodymen arm exploration significantly at all
doses administered, since we have demonstratedatia MPBAIK (100, 200 and 400 mg/kg)
and MPBEA (100, 200 and 400 mg/kg), following acatal administration, produced a dose-
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dependent anxiolytic-like effect in mice as meadubrg an increased open arm exploration in the
EPM.

MPBAIk doses upto 400 mg/kg were chosen to claafyxiety effects in EPM model.
Benzodiazepines (BDZs) are the most widely presdrilass of psychoactive drugs in current
therapeutic use, despite the important unwanteelefidcts that they produce such as sedation,
muscle relaxation, ataxia, amnesia, ethanol anbitoeate potentiation and tolerance. Alkaloids
are the most important secondary metabolites inynpdents that are held responsible for their
sedative and anxiolytic actions [27]. Since anxiolgffect ofMitragyna parvifolia might be due

to the presence of various indole and oxindolelai#la [10,11]. These alkaloids are responsible
for regulation of fear and anxiety which is stronglssociated with the central GABA and
serotonergic (5-HT) systems. Recently however, rotheurotransmitter systems (such as
cholinergic, dopaminergic and glutamatergic) in mlatng emotional behavior have received
attention . It has been suggested that NMDA antiatpiare potential nonclassical anxiolytics
[27].

The MPBAIK extract, similarly to diazepam, incredgbe time spent and number of entries in
the open arms. Whereas time spent in closed armdeeseased significantly and in dose
dependent manner. These results are suggestivdBiaAlk has an anxiolytic-like effect in the
plus-maze test. The behavioral profile induced WBWAIk extract is similar to that induced by
diazepam. Our data represents that this alkal@dtibn of plant has a significant and very
potent anxiolytic effect similar to diazepam.

Searching for safer BDZ-receptor (BDZ-R) ligand$ats been demonstrated the existence of a
new family of ligands which have a flavonoids sture, first isolated from plants used as
tranquilizers in folkloric medicine, some naturdlavonoids have been shown to for
benzodiazepine receptors. Some of those composndk, as 6,3-dinitroflavone were found to
have a very potent anxiolytic effect [28]. Thesempounds exhibit a high affinity for the
benzodiazepine receptors. Due to their selectivarmphacological profile and low intrinsic
efficacy at the benzodiazepine receptors, flavanaierivatives, such as those described, could
represent an improved therapeutic tool in the tneat of anxiety.

Since MPBEA doses upto 400 mg/kg were taken tofglanxiety effects of flavonoids in EPM
model. Some members of the family of flavonoidsehéieen demonstrated to have moderate
binding affinities for the benzodiazepine-site. ivo studies revealed that these compounds
were mostly partial agonists of GARAreceptors, and only a few flavonoids were shown to
possess antagonistic activities [29]. Consideriognes plant species, Wolfman et al. [30] have
postulated that chrysin, a natural monoflavonoisl, ai ligand for central benzodiazepine
receptors. A major problem of anxiolytic compounsighat their anxiolytic activity cannot be
easily separated from sedation [31, 32]. At highedp for example, diazepam starts to reduce the
activity of the rats, as hinted at by the signifita reduced unpunished licks in the Vogel
conflict test, a parameter related to locomotoivaygt [33, 34]. The anxiolytic-like effect of
MPBEA observed in the present study seems not tasbeciated with any motor effects, since
no significant behavior change of mice was obserwvedhe open field. This leads to the
assumption that the anxiolytic-like effect bfitragyna parvifolia extracts is selective without
producing benzodiazepine-like side effects suckedation, muscle relaxation or ataxia.
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Using this test thIPBEA increased the time spent and number ofe&ntn the open arms. The

MPBEA extract, similarly to diazepam, increased tinee spent and number of entries in the
open arms. These results are suggestive that MPSAan anxiolytic-like effect in the plus-

maze test. The behavioral profile induced by MPB&#&ract is similar to that induced by

diazepam. Our data represents that ethyl acetatacexf plant has a significant but not very
potent anxiolytic effect.

Effects of MPBM, MPBAIk and MPBEA extract on the Marble burying test (MBT)

MPBM does not decreased number of marbles burientibg significantly, while MPBAIk and
MPBEA decreased the number of marbles buried. abtsvity is similar to marble burying
which was reduced by acute administration of d#f¢rclasses of antidepressants with slow-
onset anxiolytic properties in the clinic such aslective serotonin reuptake inhibitors, SSRIs
(citalopram, paroxetine, fluoxetine), an serotoaird noradrenaline reuptake inhibitors, SNRI
(duloxetine), an tricyclic antidepressants, TCAofolpramine) and an MAOI (phenelzine) [35].
Our data represents that MPBAIk and MPBIEEAtractof plant has a highly significant and
potent anxiolytic effect.

Conclusion

The Mitragyna parvifolia stem bark extracts produced significant anxiolygifects when
subjected to EPM and MBT models of anxiety. The NP&«tracts showed satisfactory effects
but MPBEA and MPBAIk extracts showed highly sigcéfint activities. MPBAIk extract was
very potent in effect similar to standard such @ze&pam and Fluoxetine in experimental
animals. Since MPBEA and MPBAIk contains flavonomisd alkaloids respectively, further
investigation of constituents responsible for ab@ativity can be done by isolating and
characterizing them for future research.

Acknowledgements

The authors would like to thank Principal, R.C.dPanstitute of Pharmaceutical Education and
Research, Shirpur, India for the facilities prowde

References

1. Jordan AD; Kordik CP; Reitz AB,; Sanfillipo PHxpert Opin Therapeut Patents, 1996, 6,
1047-60.

2. Lader M; Morton SBr J Addict, 1991, 86, 823—-828.

3. Kaplan HI; Sadock BJ. Comprehensive TextbookPsfchiatry, 8th edition, Lippincot
Williams and Wilkins, New York2005; pp 1788-1799.

4. Griffiths RR; Ator NA; Roache JD; Lamb RBsychopharmacol, 1987, 3, 83-87.

5. Anonymous. The wealth of India, Raw materi&ls| VI — L-M, Council of scientific and
Industrial Research, New Dell2003; pp. 393-396.

6. Indian Medicinal Plants. A Compendium of 50@a@ps, vol 1V, orient Longman limited,
1995; pp. 45-47.

Scholar Research Library 180



Badgujar V B et al Der Pharmacia Lettre 2009, 1 (2) 172-181

7. Panwar J; Tarafdar J8ppl Soil Eco, 2006, 34, 200-208.

8. Prajapati ND; Purohit SS; Sharma AK; Kumar THandbook of medicinal Plants.
Agrobios India, New Delhi2003; p. 346.

9. Shellard EJ; Houghton RIPharm Pharmacol, 1971, 23, 245.

10. Shellard EJ; Phillipson JD; Gupta®anta Med, 1969, 17, 51-58.

11. Stuppner H; Sturm S; Geisen G; Zillian U; Kofinkea G. Planta Med, 1993, 59, A583.

12. Kamboj VP Curr Med, 2000, 78, 35-39.

13. Rumalla CS; Jadhav AN; Smillie T; Frank R; a@pek B; lkhlas A; Khan AC.
Phytochemistry, 2008, 69(8), 1756-62.

14. Mammen D. Methods in plant chemistry & Econorbatany, Kalyani Publishers, New
Delhi, pp. 94-95.

15. Lister RG Psychopharmacology, 1987, 92(2), 180-185.
16.www.har.mrc.ac.uk/services/phenotyping/behaabwand_cognitive_phenotypes/marble_bu
rying.html.

17. Yamada K; Wada E; Yamano M; Sun YJ; Ohara-lomaizM; Nagamatsu SBrain Res
,2002, 942, 71-78.

18. Broekkamp CL; Rijk HW; Joly-Gelouin D; Lloyd KIEuropean Journal of Pharmacology,
1986, 126(3), 223-229.

19. Njung’e K; Handley SLPharmacology Biochemistry and Behavior, 1991, 38(1), 63—67.

20. Friede M; FreudensteinBur Psychiatr, 2002, 17 (1), 96.

21. Bhattacharya SK; Mitra SK.Ethnopharmacol, 1992, 43, 87-92.

22. Park JH; Cha HY; Seo JJ; Hong JT; Han K; Oh K\bg Neuro-Psychopharmacol Biol
Psychiatry, 2005, 29, 895-900.

23. Cha HY; Park JH; Hong JT; Yoo HS; Song S; HwBiNg Biol Pharm Bull, 2005, 28,1621
1625.

24. Pellow S; Chopin P; File SE; Briley NINeurosci Methods, 1985, 14, 149-67.

25. Espejo EBehav Brain Res, 1997, 86,105-112.

26. SPSS for Windows Rel. 10.0.5. SPSS Inc. Chidagé.

27. Elisabetsky E; Costa-CamposeCAM, 2006, 3,39-48.

28. Wolfman C; Viola H; Marder M; Wasowski C; Ardgn P; lzquierdo I; Paladini AC;
Medina JH Eur J Pharmacol, 1996, 318, 23-30.

29. Wang F; Shing M; Huen Y; Tsang SY; Xue Burrent Drug Targets.CNS and
Neurolological Disorders, 2005, 4, 575-585.

30. Wolfman C; Viola H; Paladini A; Dajas F; Medid&l. Pharmacology Biochemistry and
Behavior, 1994, 47, 1-4.

31. Costa E; Guidotti ATrends in Pharmacological Sciences, 1996, 17, 192—200.

32. Atack JRCurrent drug targets. CNSand Neurolological Disorders, 2003, 2, 213-232.

33. Nazar M; Jessa M; Plaznik 2ournal of Neural Transmision, 1997, 104, 733—746.

34. Kennett GA; Trail B; Bright ANeuropharmacology, 1998, 37, 1603—-1610.

35. Borsini F; Podhorna J; Marazziti Bsychopharmacology, 2002, 163,121-141.

Scholar Research Library 181



