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ABSTRACT

In the present study, effect of Bauhinia varieg@®¥) was evaluated on chronic unpredictable st{€44S) induced
changes in plasma corticosterone and monoamineadnenaline (NA), dopamine (DA) and serotonin (5-HiT)
cortex and hippocampus regions of brain in ratsstéfi albino rats of either sex (200-250 g) werejsated to CUS
and treated with alcoholic extract of Bauhinia \@gata (200 and 400 mg/kg; p.o) and diazepam asdatan(4
mg/kg i.p.) for 7 days. Levels of plasma corticaste, triglycerides, glucose, cholesterol and bgibal amines
levels in cortex and hippocampus were estimatedS @sulted in significant elevation in plasma coysiterone
levels and biochemical parameters, whereas levelSA DA and 5-HT were significantly depleted inter and
hippocampus regions of brain, which was signifibamiountered by treatment with BV similar to théeefs of
diazepam at 4 mg/kg i.p. Hence, our study indicétes the adaptogenic activity of BV might be daettie
normalization of stress induced alteration in plasoorticosterone and levels of monoamines like N and DA
in cortex and hippocampus regions of the brain,oltdre more vulnerable to stressful conditions agals to the
effects of diazepam.

Key words: Bauhinia variegateDiazepam, Chronic unpredictable stress, Monoasni@erticosterone.

INTRODUCTION

Stressful stimuli can disrupt the physiological temstasis of the body and inability to cope withhsawersive
stimuli has widespread deleterious effects on timdopical system [1]. Emotional and environmentakssors
reportedly influence brain function and is knownbi a key factor in the genesis of neuropsychiaisorders [1,
2]. Exposure to such stressors are known to eveg&ponses such as reduced locomotor activity maakedexia,
decrease growth rate and hypertension [3]. Theralenervous system (CNS) is a crucial mediator rdusuch
stress related responses. Complex interactionseleetwentral nervous system viz. limbic system, thedamus-
pituitary- adrenal (HPA) axis and several composaitvisceral system occur in response to a vanéstressful
inputs [4] and some limbic structures, particulaatyygdaloid complex and its interactions with loveeain stem
areas, have been implicated in stress [5].

The HPA axis is activated to prepare the body faddptation” during stressful conditions. Chronicessful
conditions lead to consistent hyperactivity of HRAs and are known to influence several physiolaigiesponses
that adversely affect the normal psychosomatic lustesis [6]. HPA axis activation releases glucacoids
(corticosterone in rodents and cortisol in humamsdse actions are mediated through glucocorticedgptors that
are abundantly expressed in brain regions sucheasdrtex, hypothalamus, hippocampus, amygdal&@usbrain
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stem nuclei and pituitary involved in the stresspanse [7]. Central neurotransmitters are imponaadiators in
physiological and behavioural responses to sti&s8][ Among these central neurotransmitters nemaine (NA),

dopamine (DA) and 5-hydroxytryptamine (5-HT) areportant monoamines, which are widely distributedbiain

and are studied extensively and their role was asttblished in various stress-mediated disord€rd P]. Changes
in monoaminergic activity results in behaviourabobes as well as a cascade of hormonal releasetfredPA

axis. Dysfunction of these monoamines due to pgednstressful conditions has been associated wititle range
of central and peripheral disorders like depressimixiety, drug abuse, obsessive compulsive dispeding and
sleeping disorders, hyperglycaemia, and decreasenine response [13-17].

The drugs of plant origin are gaining importancd are being investigated for remedies of a numibelismrders
including stress.Bauhinia variegata(BV) Linn (Caesalpiniaceae) is a medium-sized deciduwmas found
throughout India. It is traditionally used in brduitts, leprosy, and tumours. The stem bark is uEedstringent,
tonic, and antihelmintic [18].

Since the flavonoids & polyphenolic compounds aesent in the stem bark Bf variegatethe present study was
designed to evaluate the effect of alcoholic bagtkaet of BV under chronic unpredictable stress (CUS) in rehati
to the changes in the level of plasma corticosterand noradrenaline, dopamine and serotonin im baaid
compared with Diazepam.

MATERIALS AND METHODS

Animals

Wistar strain albino rats of either sex weighin@®2850 g were used for this study. Animals were bdue cages at
an ambient temperature of 25%2 and 45-55% relative humidity with 12 h light/dasicle. They had free access to
standard pellet chow (Brook Bond, Lipton India) amaterad libitum Animals were divided in to 5 groups of six
animals each. The experimentations on animals epproved by the Institutional Animal Ethical Comtedé
(IAEC) under the regulation of Committee for thepase of Control and Supervision of ExperimentsAoimals
(CPCSEA), New Delhi. Approval no: 1018/SPIPS/WgH@/2010.

Chemicals

Pure HPLC grade corticosterone, Adrenaline, Noralnee, Dopamine, Serotonin (Sigma, St. Louis, USA)
Diazepam (Gift sample from Dr. Reddys laboratoridgderabad), HPLC grade Dichloromethane, Methanol,
Acetonitrile (Qualigene Fine chemicals, Mumbai).

Extraction of the Plant Material

The stem bark oBV Linn was collected from the Botanical Garden, anthenticated from the Dept. of Botany,
Kakatiya University (KU). Plant Specimen (voucher. KUH 1854) was submitted in the Herbarium, Degt.
Botany, KU. Bark was dried in shade and powderedsaly. Extraction was done according to standesdguures
using analytical grade solvent, 95% alcohol. Copmeder (240 gm) was soxhlet extracted with 95%tadt (2450
ml). The resultant alcoholic extract was conceptitdty rotary vacuum evaporator. The extracts weee freeze-
dried and stored in a vacuum desiccator (yield 26%@;). The extract was stored in an airtight comeaiin a cool
place and used throughout the project.

Acute Toxicity Study and Gross Behaviour in Rats

Acute toxicity study Up and down proceduré was carried out as per the guidelines set by Qrzgéion for
Economic Co-operation and Development (OECD). ifrah dies at particular dose, lower dose is givethe next
animal and if animal survives at a particular dosst higher dose was given for remaining animBg maximum
upper limit dose 2000 mg/kg &V was administered orally to mice. Animals were obsdrindividually after
dosing. Observation included mortality and clinisg@ns, such as changes in skin fur, eyes and nsuo@mbranes.
The gross behaviours, e.g. body positions, locamotiearing, tremors, gait was observed. The eff¢@&V on
passivity, grip strength, pain response, steregtypgalization, righting reflex, body weight and tesintake was
assessed [19]. Pilot study was carried out withouardoses (50, 100, 200 and 400 mg/kg, per otaéerto rats) of
BV. At doses of 200 and 400 mg/kg, it was active an80 mg/kg it was inactive. Based on this obséuaattwo
different doses (200 and 400 mg/kg)B¥ was selected in chronic unpredictable stress (Gu&jel.
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Drug Treatment Protocol

Animal are divided into six groups. Normal contgybup (Group |) received only vehicle (5% acacifuton)

without CUS, whereas animals from model controlugr¢Group II) received only CUS without any treatre
Animals from Group Ill to Group V received test gsusuch as standard drug diazepam (4 mg/kg, alegholic

extract ofBV, (200mg/kg, p.o.), alcoholic extract 8V (400 mg/kg, p.0.) respectively. Animals from group

received only highest dose (400 mg/kg, p.o.) dfwethout CUS, once daily for 7 days 45 minuteopto CUS.

Stress procedure

Chronic unpredictable stress model was used tougethe stress. Animals are divided into 6 grofash group
consists of 6 rats. 45 min after feeding the drugehicle, rats were subjected to stressors exbeptontrol group.
In CUS, the drugs were fed daily 45 min prior tpesure to stress regimen up to 7 consecutive daypethat the
rats were fasted overnight on the sixth day. A lpgrgroup of control group was also taken as dbsdrabove and
sacrificed on seventh day along with the CUS grolugts.

In our experiments, CUS regimen involves subjecangnals to two different stressors of variablesingity on
every day in an unpredictable manner for 7 daydessribed earlier [31]. Various stressors includmobilization
(150 min), forced swimming (20 min), overnight seilcage bedding, foot shock (2mA for 20 min), déghn
reversal and fasting (12 h).

Estimation of corticosterone

Immediately after the last stress regimen, animale sacrificed by decapitation and blood was ctélein EDTA
coated tubes kept in ice and centrifuged at 183020 min at AC. Plasma was separated and aliquots were stored
at —70°C for corticosterone estimation.

The plasma concentrations of Corticosterone weteriaiined by a HPLC assay according to WoodwardEndry
(1987) with minor modifications using Exemestanéhesinternal standard. Briefly, 15ul of Exemesté2tsig/ml),
as the internal standard, and 5ml of Dichlorometharre added to 0.5 ml of the plasma sample. Itthes mixed
for 5min using a cyclomixer (REMI co, Italy) andntefuged at 5000rpm for 15min. Then the Organigetawas
collected and evaporated to dryness. Then the ssmpére reconstituted with 100ul of methanol. 26fithis
reconstituted solution was taken into the Hamiligringe and injected directly into HPLC column.

The chromatographic system was composed of LC-2@&dminence liquid chromatograph pump, Rheodyne
injector, SPD-20A/SPD-20AV Prominence UV-Vis detectShimadzu, Kyoto, Japan). The detector wavelengt
was set to 250 nm, with the sensitivity of 0.005A8J&nd the column, Luna C18 (2) 100A (250x4.6mm, byas
used at room temperature. Mixtures of methanol:aW@&t0:30 v/v) was used as the mobile phase aiva rihte of
1.0 ml/min. The retention times are as followseingl standard, 8.7 min; Corticosterone, 7.0 mhre €alibration
curve of Corticosterone was linear within range-®4ug/ml (f = 0.9934). Detection limit was defined below 25
ng/ml.

Estimation of monoamines
Estimation of Dopamine, Noradrenaline, and 5-HTels\un the Brain (both in cortex and hippocampuay wone
by LC-MS/MS using Adrenaline as the internal stadda

Sample Extraction

The brain (cortex and hippocampus separately) wasolgenized with Ringer’s solution under the coldditons
(approximately, -4€C), sample (20uL) was acidified with 50 of formic acid (98-100%, J.T Baker, USA),
Samples were extracted from the supernatant byg-pblase extraction using mixed-mode strong catiam&nge
and reversed-phase cartridges (Oasis MCX 150 mg, Waters, MA). The cartridge was conditioned vatimL of
methanol and 3 mL of 0.1% aqueous formic acid. rAdidition of 5 mL of supernatant, the cartridgeswashed
with 4 mL of 2% aqueous formic acid and 4 mL of hatol, and the compounds were eluted with 10 mL of
methanol containing 2% ammonia. To the collectigres, 2 mL of methanol and 750 of formic acid were added

to neutralize the ammonia used in the elution.

Methanol was evaporated with a rotary evaporatod, mmonoamines was fractionated from the residué wait
Agilent HP 1200 liquid chromatography (Hewlett-Pack GmbH, Waldbronn, Germany) equipped with a
quaternary pump, an auto sampler, a column compattinV diode array detector, and fraction collecfthe
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separation of monoamines and Adrenaline was peddran a Discovery HS F5 column (150 mm x 4 mmn8
Sigma-Aldrich, Bellefonte, PA) using AcetonitrilACN) and aqueous 0.1% formic acid as eluents.

Flow gradient
Buffer: 0.1% TFA (Trifloro acetic acid) containindPLC grade water.

A linear gradient of 5-25% ACN for 0-1 min, 25-808&N for 1-1.5 min, 80% ACN for 1.5-2.5 min, 80-5%CA
for 2.5-3.0 min, and 5% ACN for 3.0-3.5 min wasdise

The flow rate was 0.6 mL/min, and injection volumas 20uL.

Estimation of biochemical parameters

Biochemical parameters like blood glucose by GOMP@ethod (Trinder, 1969), triglycerides by GPO/PAP
method [20], and cholesterol by CHOD/PAP method,[@@re performed using standard procedures repantthe
literature using the auto analyser (Biological egss$ international Arezzo, Italy).

Statistical analysis

Results are reported as mean + S.E.M. Statisticalysis was performed using one-way analysis ofanae
(ANOVA). If the overall P-value was found statistically significar® € 0.05), further comparisons among groups
were made according to post hoc Tukey's test. fdtistical analyses and the diagrammatic representaf the
data were performed by using Graph pad PRISM, ¥erSisoftware.

RESULTS

Effect of BV in acute toxicity and gross behavioursn rats

We found that there was no mortality up to 2000kgglose. The rats treated wlY at the dose of 2000 mg/kg
were well tolerated and exhibited normal behavidtats were alert with normal grooming, touch resgorpain
response and there was no sign of passivity, dtgrngoand vocalization. There was no abnormal changnotor
activity, secretary signs as well as their bodygheand water intake.

Effect of BV on Plasma Corticosterone Levels

The results were graphically represented in Figexhosure to CUS (311.9,< 0.001) significantly increased the
plasma corticosterone level compared to untreadett@ group. Pretreatment with Diazepapn<(0.001) andBV

at 400 mg/kg f§ < 0.001) and 200 mg/kgp (< 0.01) significantly countered CUS induced eleatin levels of
plasma corticosterone. Dose dependent increasetivitya was found.BV at 400 mg/kg showed similar results as
that of standard drug diazepam. We found no sicgnifi change in corticosterone levels in animalatéa: with
highest dose (400 mg/kg) of test drug without angss.

Effect of BV on monoamine changes in brain with CUS
CUS exposure significantly decreased the leveldAf(92.07 and 103.8 in cortex and hippocampus sy, p
< 0.001) (fig.2).

Continuous stress exposure for 7 days resulteyificant depletion in levels of DA (53.05 and 98,p < 0.001)
(fig.3) and 5-HT (39.22 and 56.1p, < 0.001) (fig.4) in both cortex and hippocampuspessively. However,
pretreatment witlBV and Diazepam significantly countered the deleterieffect of CUS resulting in significant
elevation in levels of three monoamines in corted hippocampus. Decrease in monoamine levels wereuated
by pretreatment witBV in a dose dependant manner. 400 mg/kg dose shibvwedsults similar to diazepam.
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Fig.1. Bar diagram representing the changes in lel@of plasma corticosterone in CUS
All the data were expressed as mean + SEM, n =6p& 0.001 vs control; b = p< 0.001, ¢ = p<0.01 @UJS. Where BV= Bauhinia variegata,
CUS = chronic unpredictable stress.
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Fig.2. Bar diagram representing the changes in lel®noradrenaline in cortex and hippocampus regions CUS
All the data were expressed as mean + SEM, n =6p& 0.001 vs control; b = p< 0.001vs CUS. Whené¢=BBauhinia variegata, CUS =
chronic unpredictable stress.
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Fig.3. Bar diagram representing the changes in lel®of dopamine in cortex and hippocampus regions iGUS
All the data were expressed as mean + SEM, n =6p& 0.001 vs control; b = p< 0.001vs CUS. Whené¢=BBauhinia variegata, CUS =
chronic unpredictable stress.
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Fig.4. Bar diagram representing the changes in leleof serotonin in cortex and hippocampus region$iCUS
All the data were expressed as mean + SEM, na$6p< 0.001 vs control; b = p< 0.001vs CUS. Wh&¢= Bauhinia variegata, CUS =
chronic unpredictable stress.
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Effect of BV on Biochemical Parameters

We observed that there are increased levels ofly€egdes, Glucose, and Cholesterol in stress obmroup
compared to vehicle control group. Pretreatmenh\BY significantly (p < 0.001) (fig.5) reverted the ed¢ed
levels, compared to stress control group. Test @tug00 mg/kg dose was found to be showed goodbitohy
action on elevated levels of triglycerides, glug@s®l cholesterol than diazepam.
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Fig.5. Bar diagram representing the changes in leleof plasma Triglycerides, Glucose and Cholesterad CUS
All the data were expressed as mean = SEM, n =6p& 0.001 vs control; b = p< 0.001, ¢ = 0.01 v&JS. Where BV= Bauhinia variegata,
CUS = chronic unpredictable stress.
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DISCUSSION

In our previous studies we found that there is éase in the total protein, lipid peroxidation anecreéased
antioxidant enzymes in CUS. The hypothalamus isasppmintegrating center for receiving messages fdivergent
centers and converting them to hormonal signaésthé control of the pituitary gland and by neyrathways [21].
The activation of this HPA system results in secreof corticotrophin hormone, adrenocorticotrofiarmone
(ACTH), B-endorphin and glucocorticoids into the circulatidtelease of ACTH in stress stimulates adrenals to
increase production of hormones- epinephrine, noeghrine and corticosteroids [22]. These hormohage
profound effect on metabolic functions. Increasémsma cortisol influences the mobilisation of stbifat and
carbohydrate reserves [23], which in turn incrdased glucose, cholesterol and triglyceride levels.

In present study, in chronic stress model, theifsigmt increase in blood glucose level was obsgtwecause; under
stressful conditions adrenal cortex secretes abrits man and corticosterone in rats. Hyper seanetf cortisol
helps in maintenance of internal homeostasis thrdbg process of gluconeogenesis and lipogenedjs D&iring
CUS release of various adrenal hormones such ashmdémines and glucocorticoids results in elevaiasma
glucose levels because excess of cortisol causmasdinnresistance leading to increased gluconeogersex
eventually hyperglycaemia. During CUS, the increldseel of glucose may be important for maintainthg ATP
availability to muscles, CNS, and the organ of dednf25, 26]. Pretreatment with th& variegataas well as
reference standard drug diazepam significantly (B.G01) reduced the elevated glucose levels indigaheir
suppressant effect on hyper activity of adrenatesoand maintained the homeostatic mechanism. diyaeremic
effect of corticosterone is reportedly due to imsed glycogenolysis of glycogen in liver duringess [25, 27].

The marked increase in serum cholesterol, trigigesrand levels in stress-induced animals is diginaulation of
hypothalamo—- pituitary axis (HPA) and sympathetistam, resulting in, liberation of catecholaminesd a
glucocorticosteroids, which inhibits the immune teys at multiple sites like liver, kidney [28]. Rake of
corticosteroids may also induce hyperinsulinemisulteng in an increased synthesis of cholestertilesS has
profound effect on metabolic functions of body [2B] variegataas well as reference standard drug diazepam
significantly (P < 0.001) reduced the elevated seaholesterol, and triglycerides, which may be tluehibition

of stimulation of sympathetic nervous system.

The increase in weight of adrenals in stressedalsiia due to the stress-induced adrenomedullaporese leading
to increased production of corticotropic hormonat fleads to increase in weight of adrenals [B4variegataand
diazepam has significantly (P < 0.001) reducedittee, adrenal gland weight; this may be due tortheersal of the
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stress-induced adrenomedullary response and heeceaded production of corticotropic hormone. Téerelse in
weight of spleen may be due to recruitment of lyompttes to blood from spleen which results in sqinggaf the
spleen [30, 31]. The pretreatment with Bievariegataand reference standard diazepam significantly (P061)
increased the spleen weight. This may be due fbitidn of recruitment of lymphocytes to blood fraspleen.

Chronic unpredictable stress resulted in signifidaorease in adrenal gland weight with concomit@detrease in
spleen weight in stress control group, which wasificantly reverted byBV pretreatment at 200 mg/kg and 400
mg/kg (data not mentioned here). Pretreatment ohals with BV at both doses also significantly restored back
CUS induced alterations in plasma corticosterodaecage, triglyceride, and cholesterol levels. FerthCUS
significantly decreased NE, DA and 5-HT levels raib.

Diazepam is reported to possess a non-specifie stntiss activity involving the mesocortical dopaensystem and
the norepinephrine and 5HT levels of whole braid Byppothalamus [32-34]. The mesocortical dopamirséesn is
thought to play an important role in the etiologlythe stress response. Dopamine (DA) has been shown
accumulate in the rat frontal cortex in responseatovide variety of stressors. Diazepam, an aniolyt
benzodiazepine, can reverse the effects of stnessodical DA levels. It is proposed that this effés produced
through an enhancement of GABAergic neurotransoissby diazepam [32]. Exposure of animals to
immobilization stress markedly and rapidly decrsase concentration of NE in brain and hippocanipu$]. But
pretreatment of rats with diazepam significantlyeatiated stress-induced depletion of NE of cortex a
hippocampus. As NE has been implicated in the atitia of H-H-A axis (hypothalamo-hypophyseal-adreortical
axis) [9, 35] during stress. Simultaneous attelmatif stress- induced elevation of plasma corteraste justifies
the anti-stress action, though diazepam does fettahe cortex and hippocampal 5-HT and plasm#aosterone
in control rats; it attenuates stress-induced digwleof cortex and hippocampus 5-HT and also siamdbusly
diminishes the stress induced enhancement of plasniaosterone levels.

Pretreatment with both the dosesB¥ effectively reduced the CUS induced elevationtia tevels of plasma
corticosterone. This normalizing effect on plasrogicosterone is one of the possible reasons $ofailaptogenic”
properties. The adaptogenic effects were furthppsried by measuring biochemical markers like peghucose,
triglycerides and cholesterol which are sensitivetlie levels of plasma corticosterone. However, riegor
constituents responsible for this effects needwmteesolved in future studies.

Stress effects depend on the type and durationtre§sor. In CUS, overload by stressors lead toupisthe
homeostatic conditions, which is generally achiebgdmeans of unpredictable schedule by which tifeces of
stressors are more prominent. CUS is consideredetomore clinically relevant model to observe stress
manifestations. Severe stressful conditions deereasnoamine levels which are mainly due to incréasteess
sensitization and their preferential and highelizatiion during severe stressful conditions [36]. 3@ our study,
CUS significantly decreased monoamines in all thth bbrain regions i.e cortex and hippocam@M.at a dose of
200 and 400 mg/kg was effective in normalizing ND® and 5-HT in cortex, and in hippocampus of brain.

From our study it is clearly evident th&V normalizes stress mediated transient deregulatibrplasma
corticosterone and monoamine changes in brain wiai be one of the reasons for its adaptogenieigcfB0].
Deregulated function of monoamines is one of thiacple reasons for memory dysfunction during sfels
conditions. Further this study provides an insigld the central mechanisms responsible for ada&ptiogeffect of
BV similar to the effects of diazepam.
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