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Abstract: Problem statement: Natural products have long been a fertile sourteuwe for
cancer, which is projected to become the majoreafgleath in this century. Major classes of
anticancer compounds include alkaloids, terpendidsionoids and lignans. We have chosen
terpenoids (bacosides) because terpenoids likel tax® currently being used in cancer
chemotherapy. The anticancer activity of Bacosidg@ntaining Bacoside A3) isolated from the
whole plant of planBacopa monnieiri (Linn.) was evaluated iim vitro andin vivo experimental
models Approach: The Bacoside A was isolated from ethyl acetatelitde fraction (BM-2B) of
chloroform Methanol (2: 1) (BM-2) extract of B. monnieiri wieoplant. The cytotoxicityifi
vitro) of Bacoside A (BM2BEBSD) was carried out by means of MTT assay usingFVf
(Human breast cancer), HT-29 (Human colon adencirtana) and A-498 (Human kidney
carcinoma) cell lines. Thia vivo anticancer activity of Bacoside A was evaluatedirgt Ehrlich
ascites carcinoma (EAC) tumor bearing miBesults: The Bacoside A (31.38 %) rich fraction,
coded BM-2B containing Bacoside A3 (8.09 %) was vwehg potent cytotoxicity. Oral
administration of BM-2B to tumor bearing mice a¢ tiose of 250 and 500 mg kdody weight

for 10 days, showed significant reduction in petcielcrease in body weight, tumor volume,
packed cell volume, viable tumor cell count andéased non-viable cell count when compared to
the untreated mice of the EAC control group. Tretaeation of hematological parameters towards
normalcy was also observe@onclusion: The results suggests that the Bacoside A (31.38 %
Bacoside A containing 8.09 % Bacoside A3) rich fiac (BM-2B) exhibits significant anticancer
activity in bothin vitro andin vivo experimental models.

Key words: Ehrlich ascites carcinoma, cytotoxicity assaycpet increase, experimental models,
viable tumor, bearing mice, control grquimsoluble fraction,bacopa monnieiri,
tumor bearing mice

INTRODUCTION Many herbs have been evaluated in clinical
studies and are currently being investigated

Natural products have long been a fertile sourcdnytochemically to understand their tumoricidal
of cure for cancer, which is projected to becor th &ctions against various cancers. Major classes of
major cause of death in this century. There afeast ~ anticancer compounds include alkaloids, terpenoids,
2, 50,000 species of plants out of which more thailravonmds and Ilgna.ns..We have chosen terpenoids
one thousand plants have been found to posse§@m Bacopa monnieiri whole plant, because
significant  anticancer properties. While many terpenoids like taxol are currently being wideleds
molecules obtained from nature have shown wonderd] cancer chemotherapy (Spiridon, 2006; Kim and
there are huge number of molecules that still eithepark’ 2002). . .
remains untapped or studied in detail by the The Bapopa monnieiri (Scrophularlaceae) whole
medicinal chemists (Mukherjeg al., 2001).0ut of  Plant constitutes the well known drug brahmi.
121 prescription drugs in use today for cancer It iS astringent, laxative, carminative, digestiv
treatment, 90 are derived from plant species. Atmosdepurative, —cardiotonic, diuretic, bronchodilatory,
74% of these were discovered from folklore claim. | emmenogogue, febrifuge and tonic. It is also known
the period between 1981 and 2002, 48 of 65 drug¥ have anti-inflammatory, —anticonvulsant and
approved for the therapy of cancer were based o@ntiulcer properties. It is used in the indigenous
natural products or mimicked natural products ie on system of medicine for the treatment of asthma,
form or another (Shishodia and Aggarwal, 2004). hoarseness, insanity, epilepsy and as a potentnerv
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tonic (Warrier et al., 1994; The Wealth of India, Chemicals and reagents: 3-(4, 5-dimethyl thiazol-2-
1988). The drug forms an important ingredient of ayl)-2,5-diphenyl Tetrazolium Bromide (MTT),
number of Ayurvedic preparations such asDulbecco’s modified eagles medium (DMEM), Fetal
Brahmighritam, Brahmirasayanam. The juice ofBovine Serum (FBS) from Sigma Aldrich, Dimethyl
leaves is given to children for relief in bronckitind ~ Sulfoxide (DMSO) from E-Merck, Ethylenediamine

diarrhea. The paste of leaves is used as remedy fdietra Acetic Acid (EDTA) from Hi-media,

rheumatism (The Wealth of India, 1988). trichloroacetic acid from SD fine chemicals, 5-
The plantBacopa monnieiri has been reported to flurouracil (5-FU) was purchased from Sigma. The

contain steroidal and triterpenoidal saponins a@ma standard Bacoside A (Bacoside A saponins including

. . ) . Bacoside A3 (12.5 %), bacopaside I, jujubogenim (a
constituents along with alkaloids (brahmin, comer of bacopasaponin C) and bacopasaponin

herpestine, nicotine), sterols (B sitosterol, séigterol  C) Lot no.: 00002005-T9K of purity 96.2% was

and stigmasterol esters), triterpenes (betulic aoid  purchased from Chromadex. All other chemicals and

betulinic acid), fatty hydrocarbons (dotriacontane,solvents used in this study were of analytical grad

triacontane, heptacosane, nonacosane and i

hentriacontane)  glycosides (phenyl glycosides!nstruments.  Linomat =V, Reprostar 3 from

mannitol) and aminoacids (aspartic acid, alpha/MAG. Switzerland, HPLC  system from
. - . - . Shimadzu, (ModelProminence).

alanine, glutamic acid and serine) as minor

constituents (Rastogi and Mehtrotra, 1995; Rastoggxtraction: The air-dried powdered material

and Mehrotra, 1991; Rastogi and Mehrotra, 1993). (7 kg) was subjected to repeated extraction by
The steroidal saponins, Bacoside A and Bacosidenaceration at room temperature with various sobsent

B are optical isomers and Bacoside B may be a®f different polarity such as chloroform (20 L),

artifact forming during the isolation of Bacoside A Chloroform Methanol (2:1) (20 L) and methanol (20

The other bacosides are Bacoside Al and Bacoside SUccessively for 7 days with each solvent. Each
A3 (Rastogi and Mehrotra, 1998). The Otherextract was filtered and concentrated and dried at

i - - reduced pressure and controlled temperature (40-
bacosides have been identified as dammarane typfyC) in a rotary evaporator, which yielded 110fg o
triterpenoid saponins known as bacopasaponin A-Glark greenish colored chloroform extract (BM-1),
and bacopasides I-V. The bacopasaponins A-G ané73 g greenish brown colored chloroform: Methanol
bacosides -V, contain either jujubogenin or(2: 1) extract (BM-2) and 520 g of brown colored
psedojujubogenin  as  aglycone  part andMethanol extract (BM-3).

L-arabinopyranosyl, D-glucopyranosyl as glycone
moieties (Chakravartyet al., 2001; Mahatoet al.,
2000; Garaiet al., 1996a; Garaiet al., 1996b;

Fractionation: The dried extracts of BM-1 (105 g),
BM-2 (570 g) and BM-3 (500 g) were once again
. : subjected to exhaustive fractionation by maceradion
Chakrayartyet al., 2003). Tr_'? '_[rlterpen0|ds rgported room temperature. The BM-1 extract was fractionated
from thls_ pIantBacopa monnieiri are bacoge_nm AL, \ith hexane (4 L) to separate hexane soluble (BM-
bacogenin A2 (an isomer of Al), bacogenin A3 andja) and insoluble (BM-1B) fractions, BM-2 extract
bacogenin A4 (embelin lactone) and known betulicyas fractioned with ethyl acetate (12.5 L) to safer
acid and betulinic acid (Rastogi and Mehrotra, 3993 ethyl acetate soluble (BM-2A) and insoluble (BM-
The standardized methanolic extract of this plantB) fractions and BM-3 extract was fractioned with
containing 38% of Bacoside A was reported to show_pytanol (7.5 L) to separate n-butanol soluble (BM
antiulcerogenic activity when administered at theza) ang insoluble (BM-3B) fractions. Each fraction
g%‘ses otf 10':_’.0 mlg Rbb.v\ét. ItW'CSe planyforzggfys N was then filtered, concentrated and dried at regiuce
ifferent gastric ulcer models (Sairaral., ): pressure and temperature using rotary evaporator,

Hence, in the present study, we investigated the :
anticancer properties of major terpenoids Bacoside Wwhich y'Eildeg ;i/lglgarflgreen COIQrﬁ%BM'lQI’\ASg Ag
(containing Bacoside A3) isolated from the whole 9'€€n colore s g greenish brown BM-2A,
plant of Bacopa monnieiri (Linn.) against Ehrlich 410 g brown colored BM-2B , 157 g brown colored

ascites carcinoma (EAC) tumor bearing mice. BM-3A and 240 g colored brown BM-3B.

MATERIALSAND METHODS I dentification and estimation of major terpenoids
or Bacosides (Bacoside A):
Plant materials. Bacoapa mamnieiri whole plant 1hin Layer Chromatography (TLC): All the BM
(BM)  collected fromp Ramanagaram zistrict extracts (BM-1, BM-2 and BM-3) and its fractions
. . ' (BM-1A, BM-1B, BM-2A, BM-2B, BM-3A and BM-
Karnataka, India. The plant was authenticated b B) were subjected to identification of major
Dr.Kannan, Botanist, R and D Center, The Himalayaerpenoids (Bacosides or Bacoside A) by TLC
Drug Company, Bangalore, Karnataka, India. method (Waganer and Bladt, 1996).
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ractions

Fig. 1: Identification of Bacosides in BM-2B and ftactions by TLC

mm), flow rate-1.6 mL mift and detection at UV
205 nm wave length.

Isolation and char acterization of major ter penoids
or Bacosides (Bacoside A): As per HPLC analysis,
fraction BM-2B was rich in Bacoside A (31.38 %)
(containing 8.09 % Bacoside A3) was further sulejgct
to column chromatography to separate Bacoside A.
3 BMIEESESD BM-2B (400 g) subjected to separation by column
chromatography on Silica gel (60-120) by elutiothwi
chloroform (1 L), chloroform Ethyl acetate mixture
BM-2B (12.5 L), ethyl acetate (3 L), ethyl acetate: Matila

mixture (7.5 L) with increasing polarity up to mattol

(3 L) led to separation of 11 fractions designaasd
Fig. 2: Identification of Bacoside A in BM-2, BM2B-F, to k. Each fraction was subjected for the

BM-2B, BM2B-F8, BM2BF8-BSD by TLC identification of terpenoids or Bacosides by TLGy(F

1) (Waganer and Bladt, 1996).

The extracts and fractions were dissolved with, _1he green mixed creamish crystalline powder
respective soluble solvent at a concentration 10 mfraction BM2B- fraction (20 g) having Bacoside A
mL™ and filtered through Whatmann no 1 filter rich content by TLC and HPLC, subjected to repeated

paper. 10 uL of extract/fraction was spotted oncolumn chromat_ography on silica gel with chlorofqrm
CAMAG Linomat V as 10 mm band width on a Ethyl acetate mixture solvent system. The Bacoside

o ; ; ich fraction was recrystallized with methanol urati
precoated Silica gel 60, plate of uniform thickness "€ T . : .
(0.2 mm). Develop the plate in the solvent systenfrincipal spot is obtained by TLC (Fig. 2) and bk

chloroform: methanol: water 70: 30: 04 to a dise&anc PLC (Fig. 3), which is.d'esignate_d as BM2HFSD
of 8.5 cm. Identify the bands of Bacosides by digpi (Bacoside A). The remaining fractions BM2B6 F

the plate with vanillin sulphuric acid reagent and@"d b to F. were not significant enough to be
heating at 110°C for 5-10 min. considered for further purification.

The isolated compound BM2BBSD (Bacoside
A) was co-chromatographed with standard of
Bacoside A by TLC (Fig. 2) and HPLC (Fig. 3). The
mass spectra of isolated compound were matched
with standard Bacoside A.

Bacoside A

BEM2E-F3

Bm-2

High Performance Liquid Chromatography
(HPLC): The extracts BM-1, BM-2 and BM-3 and
its fractions BM-1A, BM-1B, BM-2A, BM-2B, BM-
3A and BM-3B were also subjected to HPLC to
estimate Bacoside A. One gram extract or fractionCell culture: Human breast cancer (MCF-7), Human
was dissolved by methanol sonication and made up tgolon adeno carcinoma (HT-29), Human kidney
100 mL with same solvent and filtered through Q22 carcinoma (A-498) and Ehrlich ascites carcinoma
syringe filter. Bacosides A (containing Bacoside) A3 (EAC) tumor cells were obtained from National
from Chromadex at 1 mg mt concentration was Centre for Cell Sciences (Pune, India). The cu#ture
used as standard. were maintained in Dulbecco’s Modified Eagles

Medium (DMEM) containing 10% heat inactivated
Solvent system: Water Acetonitrile (67: 33) HPLC, Fetal Bovine Serum (FBS), penicillin (100 units
Make-Shimadzu, Model Prominence, LC-20 AD mL™) and streptomycin (100 pg rifl) at 37°C in 5%
Pump, SIL-20 AC HT auto sampler, SPD-20 A UV- CO,. Cells were grown in 25 chiissue cultures flask
Vis detector, Column-C18/Thermo 5u (Size 250x4.6until confluent and used for cytotoxicity assays.
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Fig. 3: Identification of Bacoside A in BM-2, BM-2BM2B-F8 and BM2BF8-BSD by HPLC

Ehrlich ascites carcinoma (EAC) tumor cells wereplates were incubated at 37°C in a humidified
maintainedin vivo in Swiss albino mice, by i.p incubator with 5 % C@for a period of 3 days. The
transplantation. Tumor cells aspirated from theassay was done in triplicates. Cells were obseated
peritoneal cavity of mice were washed with salinedifferent time intervals during incubation in the
and were administered I.P. to induce ascites tumor. presence of the test item. Cellular viability was
determined by the standard MTT assay method
In vitro cytotoxicity of Bacosides: (Vijayan et al., 2003; Suthindhiran, 2009; Syamsudin
Preparation of sample suspension and solution: €t al., 2009; Chick, 2010).
Stock solution: Since the extract BM-2 and its ) o
fraction BM-2B was rich in Bacoside A (25.97 % and | N Vivo anticancer activity:
along with isolated compound BM2BBSD Ehrlich ascites carcinoma (EAC) tumor cells were
(Bacoside A). BM-2 extract, fraction BM-2B and carried out by using healthy adult Swiss albinoenic
isolated compound BM2BFBSD were separately Weighing 20-25 g. They were obtained from the
dissolved in DMSO and volume was made up withahimal house facility of The Himalaya Drug
MEM/DMEM supplemented with 2% inactivated COmpany, Bangalore. The Ehrlich ascites carcinoma
FBS/NBCS to obtain a stock solution of 5 mg thL (EAC) tumor cell induced study was carried out by
concentration, sterilized by filtration and storat  Using inbred fresh female BALB/c mice weighing 20-

-20°C. Serial working solutions were prepared from25 9. All the animals were kept under standard

stock solution at concentrations of 200, 100, 3B, 2 laboratory conditions with a 12 h light-dark cycle.

and 12.5g mL™ with MEM/DMEM medium. Animals were provided with commercial pelleted diet
Stock cells of MCF-7, HT-29 and A-498 cell (Provimi Animal Nutrition India Pvt. Ltd.,,

lines were cultured in RPMI-1640 and DMEM Doddaballapur, Bangalore) and purified water ad lib

supplemented with 10% sheep serum, penicillin (100rhe study protocol was approved by the institutiona

IU mL™) and streptomycin (100 pg fif) in a  Animal Ethics Committee.

humidified atmosphere of 5% GQat 37C until

confluent. The cells were dissociated with 0.2 %

trypsin, 0.02 % EDTA in PBS. The cytotoxicity assay Fnrgli';z :i::fm;ar;':;r;a éﬁt@cf)outrumi:re (\:S;e

was carried out by adding 0.1 mL of cell suspensmnd ded in 1o 5 1 ¢ 6 |
containing 10,000 cells to each well of a 96 well evided in to 5 groups, group 1 containing 6 ansma

microtitre plate and fresh medium containing served as normal control, for which inoculation of
different concentrations of the extract, fractionda tumor cells was not done. The remaining animals
isolated compound were added at 24 h after seeding/ere inoculated with EAC tumor cells (1 x°i@lis
Control cells were incubated without the test itemdl ~ /mouse) intraperitoneally and divided into 4 groups
with DMSO (solvent). The very small percentage ofcontaining 12 mice in each group. Group I, serasd
DMSO present in the wells (maximum 0.2%) wasthe tumor control. Groups | (Normal control) and Il
proved not to affect the experiment. The microtitre(EAC control) received an oral dose of 10 mL g
14
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b.wt. Sodium CMC suspension (0.3%). Group IIl, ANOVA followed by the Dunnet't multiple
served as a reference drug, was treated orally Svith comparison post hoc test. Value of p<0.05 was
Flurouracil (5-FU) at the dose of 20 mg kdody considered as statistically significant. The 5JC

weight. Groups IV and V were treated with BM-2B concentrations were calculated using linear regrass
fraction at 250 and 500 mg Kgbody weight analysis. The statistical analysis was performeadgus

respectively. All the treatments were given oralty GraphPrism software (version 4.03).
24 h after tumor inoculation and continued oncdydai
for 10 days. On the f1day, six animals from each
group was anesthetized WIFh anesthetic ether amﬂbl | dentification and estimation of major terpenoids
was collected by retro-orbital puncture for evalrat (bacosides):

of hemgtological parameters,  which incIudedThin Layer Chromatography (TLC): The
Hemoglobin (HB) content, Red Blood cell count {erpenoidal compounds of BM were distributed
(RBC), White Blood Cell count (WBC) and petween BM-1, BM-2 and BM-3 extracts. Some
differential leucocyte count. The remaining animals terpenoidal compounds were present in BM-1 extract,
each of the groups were kept to check the Meamvere equally distributed between BM-1A but BM-1B
Survival Time (MST) and percent increase in lifarsp contained negligible terpenoidal compounds. BM-2
of the tumor bearing hosts (Natestal., 2007). extract contained maximum compounds of terpenoids
or bacosides, which when fractionated with ethyl
acetate remained in the BM-2B. BM-3 extract that

Tumor growth response: Antitumor effect of BM- . - ; ;
B d by ob i £ ch it ontained negligible or nil content of bacosidewpounds
was assessed Dy observalion of change witf. .o portioned between BM-3A and BM-3B.

respect of body weight, ascitic tumor volume, packe

cell volume and viable tumor cell count, Mean High Performance Liquid Chromatography

Survival Time (MST) and percentage Increase In Life(HPLC): BM-1, BM-1A and BM-1B did not contain

Span (%ILS). any major Bacosides compounds, BM-2 and its
fraction BM-2B (Fig. 2) contained major bacosides.

Tumor cell count and packed cell volume: The The BM-2 contains 25.97% of Bacoside A

mice were dissected for collecting ascitic fluigrfr ~ (Containing 5.55 % Bacoside A3), BM-2B contains

eritoneal cavity. The transplantable murine tumor?’l'38 % of Bacoside A (containing 8.09 % Bacoside
P Y. P A3), but BM-2A, BM-3, BM-3A and BM-3B was

was carefully collected with the help of 5 mL steri  containing negligible or nil Bacoside A (Table 1).
syringe to measure the tumor volume and the ascitic _ o _
fluid was transferred to a graduated glass cemgeifu |solation and characterization of Bacoside A: As

tube and packed cell volume was determined b€ the TLC, out of BM2B-Fto F, fractions only
centrifuging at 1000 rpm for 5 min. M2B-Fs (Fig. 1) fraction was rich in Bacoside A.

BM2B-F; fraction was subjected to repeated column
. ) . chromatography followed by repeated crystallization
Viable and non viable cell count: Viable and non | ntil to get principal spot by TLC (Fig. 2) and fea
viable cell counting of ascitic cells were perfodne py HPLC (Fig. 3). The purified compound after
by dye exclusion test using trypan blue stain (0id% crystallisation yielded 7 g of Bacoside A (BM28F
normal saline). The cell counts were determined in BSD) with purity 76.44 % containing 13.79 %
Neubauer counting chamber. Bacoside A3. The co-chromatography of isolated
BM2BFg-BSD was exactly matched with chromadex
Bacoside A standard (Fig. 2-3). The same was
confirmed by mass spectra.

RESULTS

Mean Survival Time (MST) and percent increase
in life span: The effect of BM-2B on tumor growth
was observed by MST and %ILS. MST of each grouprable 1: Comparative analysis of Bacoside A (conag

containing 6 mice were monitored by recording the fﬁ;‘;ﬂﬂﬁ dA3) in different extracts, fractions asdated

mortality daily for 6 weeks and % ILS was calcuthte Bacoside A3 Bacoside A

by using following equation (Natesast al., 2007;  Extract/fraction % wiw % wiw
Gothoskar and Ranadive, 1971; Joharapuekal., gm&:)}ftrafﬁ m‘ m‘
VT . - raction 1 |
2003; Vijayabaskaraet al., 2010): BM-1B fraction Nil Nil

BM-2 extract 5.55 25.97

) BM-2A fraction 0.90 1.26

Death MsT= D2y of firstdeath Day of las BM-2B fraction 8.09 31.38

2 BM2BFs-BSD (Bacoside A) 13.79 76.44
L. . X BM-3 extract Nil Nil
Statistical analysis. The experimental results were gpm-3a fraction Nil Nil
expressed as mean + SEM. Data was assessed BM-3B fraction Nil Nil
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Table 2:Invitro cytotoxicity of BM-2 extract, fraction BM-2B and\BR2BFs-BSD (Bacoside A)

Cytotoxicity (%) CTGo(ug mLY
Concentration
Extract/ fraction (ug mL_l) MCF-7 HT-29 A-498 MCF-7 HT-29 A-498
BM-2 extract 200.0 76.53 63.25 94.11
100.0 37.71 32.10 47.66
50.0 18.56 16.04 24,51 131.21 157.60 105.56
25.0 9.42 8.11 11.95
125 5.21 4.05 5.87
BM-2B fraction 200.0 98.64 99.46 99.15
100.0 70.58 51.78 68.48
50.0 38.59 26.84 44.21 85.24 99.16 77.51
25.0 15.96 13.05 28.28
125 7.43 6.58 12.45
BM2BF8-BSD 200.0 98.75 99.47 99.15
(Bacoside A) 100.0 82.47 72.36 78.95
50.0 72.31 54.21 68.67 46.84 76.31 38.04
25.0 36.42 17.45 48.76
125 18.42 9.26 22.47

Table 3: Effect of BM-2B extract dacopa monnieiri on survival time of EAC bearing mice

Experimental groups Mean Survival Time (MST) days %) (ncrease in life span
Normal control - -

EAC control 21.45+1.58 -

EAC+BM-2B (250 mg kél) 22.48+1.64 4.80 %

EAC+BM-2B (500 mg kél) 24.95+1.48 16.31%
EAC+5-flurouracil 27.48+1.40 28.11%

Values are mean + SEM; Number of mice in each gfosfi2); p<0.05,” p<0.01 as compared with EAC control

Table 4: Effect of BM-2B fraction oBacopa monnieiri on tumor volume, packed cell volume, viable and wiable tumor cell count on
EAC bearing mice

BM-2B BM-2B 5-FU
Parameters EAC control (250 mg Ky (500 mg kg?) (20 mg kg%
Body weight (g) 27.510.52 25.580'18 23.8120.27 22.66+0.83
Tumor volume (mL) 5.60+0.1 4.800.5 4.100.6 3.500.1
Packed cell volume (mL) 2.90+0.1 2.60£0.5 2.30+0.30 1.70+0.10
Viable tumor cell count 11.34+0.03 8.60+0.03 5.45£0.05 4.82+0.0T
(10" cells mLY)
Non viable tumor cell count 0.54+0.01 0.9+0.01 1.24+0.02 1.52+0.0T
(<107 m 1

Values are mean = SEM; Number of mice in each gfoup12);'p<0.05,” p<0.01 as compared with EAC control

In vitro cytotoxic activity of Bacosde A 21.45+1.58 days. BM-2B at the doses of 250 mg kg
(Bacosides): body weight no significant change in the averafge li
Cytotoxicity of Bacosde A: Since only BM-2 and its span as Compared to EAC control. BM-2B at a dose
fraction BM2B, which were rich in Bacoside A was of 500 mg kg' body weight showed a significant
subjected to cytotoxicity along with isolated change in the average life span as compared to EAC
compound BM2BE-BSD (Bacoside A). BM-2 control. The average life span of 5-FU treatmens wa
extract showed an lgconcentrations 131.21, 157.60 found to be 27.48 + 1.40 days, indicating its pbten
and 105.56 pg mt against MCF-7, HT-29 and antitumor nature (Table 3). The antitumor nature of
A-498 cell lines respectively. BM-2B fraction BM-2B at both doses was evidenced by the significan
showed an 1§, concentrations 85.24, 99.16 and reduction in increase in body weight as compared to
77.51 ug mC* against MCF-7, HT-29 and A-498 cell EAC tumor bearing mice. Treatment with BM-2B also
lines respectively. Bacoside A (BM2BBSD) showed a significant reduction in tumor volume,
compound exhibited an kg concentrations 46.84, packed cell volume and viable tumor cell count and
76.31 and 38.04 pg mtagainst MCF-7, HT-29 and non-viable tumor cell count in both the doses as
A-498 cell lines respectively (Table 2). compared to the EAC tumor control (Table 4).

In vivo anticancer activity of bacosides: . )
Ehrlich asxites carcinoma (EAC) induced Effect of hematological parameters. EAC tumor

antitumor studies; Effect on tumor growth: In the bearing mice showed a significant decrease in the

Ehrlich ascites carcinoma (EAC) tumor control RBC count and a significant increase in the WBC

group, the average life span of animals was foand tcount as compared to the normal control.
16
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Table 5: Effect of BM-2B fractioBacopa monnieiri on hematological parameters of EAC bearing mice

Parameters Normal control EAC control EAC+ EAC+ EAC

BM-2B BM-2B +5FU

(250 mg k@) (500 mg k@) (20 mg kg")
Hemoglobin (gm) 12.36 £ 0.16 9.61+0.13 10.85 + 0.06 11.54 +0.0 11.68 £ 0.10
Total RBC count (million/cu.mm)  7.51 +0.12 3.46 £ 0.06 4.48+0.12 5.52 +0.06 6.01+0.02
Total WBC count (1&cu.mm) 7.96 +0.05 18.08 +0.09 11.52+0.15  9.48+0.05 8.96 £ 0.15
Differential leucocyte count (%)
Lymphocyte 68.34 £ 0.52 35.62 £ 0.16 45.45 +0.36 54.27 +0732  63.6320.60 Monocyte

2.96 +0.03 0.96 +0.01 1.42 +0.02 1.82+0.0 1.76 £0.02

Granulocyte 27.46 £ 0.26 65.20 £ 0.61 52.18 + 0.62 35.42 +0.81 33.48 £0.12

Values are mean = SEM; Number of mice in each g(oep); p<0.05,” p<0.01 as compared with EAC control

There was also a significant decrease in the lyroytieo  Treatment with BM-2B also showed a significant
count with an increase in the neutrophil countEXC  decrease in the tumor volume, packed cell volunk an
tumor bearing mice as compared to normal controlviable tumor cell count, thereby indicating the
Treatment with BM-2B significantly reversed EAC anticancer nature of BM-2B. These results indicate
tumor-induced changes in the hematological profilegtither a direct cytotoxic effect on the tumor cetis
(Table 5). Similar observations were observed withlocal cytotoxic effect of BM-2B.

5-FU (Reference drug). In cancer chemotherapy the major problem are of
myelosuppression and anemia (Masekial., 1981;
DISCUSSION Badamiet al., 2003). The anemia encountered in the

tumor bearing mice is due to the reduction in tHBCR

Natural products have been regarded as importarfount or hemoglobin percentage and this may oceer d
sources that could produce potential chemotheragpeutt© iron deficiency or due to hemolytic or myelopath
agents. Plant derived compounds; in particular hav&onditions. Treatment with BM-2B restored the
gained importance in anticancer therapy and sontieeof hematological profiles as compared to EAC micesThi
new chemotherapeutic agents currently availableiger ~ indicates BM-2B possess protective action on the
includes paclitaxel, vincristine, podophyllotoximda ~hemopoietic system.
camptothecin, a natural product precursor from wate  Excessive production of free radical resulted in
soluble derivatives. Obviously natural products areoxidative stress, which leads to damage of
extremely an important source of medicinal agentsmacromolecules such as lipids can induce lipid
Although there are some new approaches to drugeroxidationinvivo. Increased peroxidation would cause
discovery, such as combinatorial chemistry and egerp degeneration of tissues. Lipid peroxide formed he t
based molecular modeling design, none of them caprimary site would be transferred through the dation
replace the importance of natural products in drugand provoked damaged by propagating the process of
discovery and development (Jagetia and Rao, 2006).  lipid peroxidation. Malondialdehyde (MDA), the end
The present investigation was carried out toproduct of lipid peroxidation was reported to bghieir in
evaluate the anticancer activity of Bacoside Acancer tissues than in non diseased organs. The
(containing Bacoside A3) isolated from BM-2B fi@ot  methanolic extract of this plant was reported digat
of Bacopa monnieiri. In vitro cytotoxicity study using protective effect on pO,-induced toxicity and DNA
MCF-7, HT-29 and A-498 cell lines showed potentyamage in human non-immortalized fibroblasts. & ha
activity with BM-2B as well as its isolated compaun ghqyn dose dependent free radical scavenging Bctivi
BM2BFy-BSD (Bacoside A). These observationsgjnce hacosides induced elevation of antioxidant
provided a basis for the conductiofvivo study of BM- activity could be responsible for anticancer atyivi

2B using EAC tumor in mice. ; .
The reliable criteria for judging the potency af a (Masekietal., 1981; Rosset al., 2003).

anticancer drug is the prolongation of the life rejmd CONCLUSION
tumor bearing animals. There is also a significant
increase in the body weight in the EAC tumor begrin From the above findings it could be concluded that

mice due to the regular rapid increase in the iascit Bacosides rich fraction BM-2B (31.38 % Bacoside A
tumor volume (Price and Greenfield, 1958). The micecontaining 8.09% Bacoside A3) froBacopa monnieiri
bearing EAC tumor when orally administered with BM- whole plant exhibited potent anticancer activity as
2B showed a significant increase in the life spad a demonstrated byn vitro cytotoxicity using MCF-7,
also a significantly prevented the increase in bodyHT-29 and A-498 cell lines as well as EAC induced
weight that was observing in the EAC control mice.tumor in mice.

17



Am. J. Pharm. & Toxicol., 5 (4): 11-19, 2011

ACKNOWLEDGEMENT Mahato, S.B., S. Garai and A.K. Chakravarty, 2000.
Thanks for The Himalaya Drug Company, Bacopasaponins E and F: Two Jujubogenin

Bangalore, India for the supply of study medicadion Bisdesmosi-des from  Bacopa monnieiri.
and facilities. Phytochemistry, 53: 711-714. PMID: 10746885

Maseki, M., I. Nishigaki, M. Hagishara, Y. Tomadada
REFERENCES K. Yagi, 1981. Lipid Peroxide Levels and Lipid
The Wealth of India, 1988. A Dictionary of Indian Content of Serum Lipoprotein Fractions of

Raw materials and Industrial products; Raw Pregnant subjects with or without Preeclampsia. J.
materials Publications and Information Directorate.  Clin. Chim. Acta., 41: 424-426. PMID: 7285362

2:2-3. ISBN: 8185038031 ) Mukherjee, A.K., S. Basu, N. Sarkar and A.C.
Badami, S., S.M. Reddy, E.P. Kumar, P. Vijayan and  Ghosh, 2001. Advances in Cancer therapy with
B. Suresh , 2003. Antitumor Activity of total Plant based Natural Products. Curr. Med. Chem., 8:

Alkaloids fraction of Solanum pseudocapsicum ) )

leaves. Phytochem. Res., 17: 1001-1004. PMID: 1467-1486. PMID: 11.562277

14595576 Natesan, S., S. Badani, S.H. Dongre and Ashok
Chakravarty, A.K. and S. Garai, K. Masuda, T. Naka Godavarthi  2007.  Antitumor  Activity ~and

and N. Kawahara, 2003. Bacopasides IlI-V: Three  Antioxidant status of the Methanol Extract of

new _T_riterpenoid Glycosides fromBacopa Careya arborea bark against Dalton’s Lymphoma
monnieiri.  Chem. Pharma. Bull., 51: 215-217. Ascites-Induced Ascitic and solid tumor in Mice. J.
PMID: 12576661 Pharm. Sci., 103: 12-23. PMID: 17251685

Chakravarty, AK., T. Sarkar, K. Masuda, K. Shigim Price, V.E. and R.E. Greenfield, 1958. Anemia in

T. Nakane and T. Kawahar@t al., 2001. Cancer. In: Advances in Cancer Research,

Bacopaside | and Il: Two Pseudojujubogenin . .
Glycosides from Bacopa monnieiri. Greenstein, J.P. and A. Haddow (Eds.)., Academic

Phytochemistry58: 553-556. PMID: 11576596 Press, New York, pp: 199-200. PMID: 13533058
Garai, S., S.B. Mahato, K. Ohtani and K. Yamasaki Rastogi, R.M. and B.N. Mehrotra, 1991. Compendium

al., 1996b. Bacosaponin D- A Pseudojujubogenin Indian Medicinal Plants. Vol. I: 1960-1969. CDRI,

Glycoside fromBacopa monnieiri. Phytochemistry, Loknow and Publication and Information

43: 447-449. PMID: 8862037 Directorate, New Delhi, pp: 53-54. ISBN:
Garai, S., S.B. Mahato, K. Ohtani and K. Yamasaki, 8185042055

1996a. Dammarane- Type Triterpenoid SaponinRastogi, R.M. and B.N. Mehrotra, 1993. Compendium

from Bacopa monnieiri. Phytochemistry, 42: 815- Indian Medicinal Plants. Vol. Il: 1970-1979. CDRI,
820. PMID: 8768327 Loknow and Publication and Information
Gothoskar, S.V. and K.J. Ranadive, 1971. Antitumor  pjrectorate, New Delhi, pp:  91. ISBN:
Activity and Antioxidant status ofSymplocus 818504208X
racemosa. Ind. J. Exp. Biol. 9: 372-375. ISSN: Rastogi, R.M. and B.N. Mehrotra, 1995. Compendium
0975-8585 Indian Medicinal Plants. Vol. IV: 1985-1989.
Jagetia, G.C. and S.K. Rao, 2006. Evaluation of CDRI, Loknow and Publication and Information
Antineoplastic ~ Activity Guduchi Tinospora Directorate, New Delhi, pp: 96. ISBN: 8185042136
cordifalia) in Ehrlich Ascites Carcinoma bearing. Rastogi, R.M. and B.N. Mehrotra, 1998. Compendium
Mice. Biol. Pharm. Bull., 29: 460-466. PMID: Indian Medicinal Plants. Vol V: 1990-1994. CDRI,
16508146 Loknow and Publication and Information
Joharapurkar, A.A., S.P. Zambad, M.M. Wanjari and  Directorate, New Delhi, pp: 120. ISBN:
S.N. Umathe, 2003. In vivo Evaluation of 8185042144

of Rubia Russo, A., Izzo, A.A. Borrelli, F. Rgnis and I\A..
cordifolia Linn and its Influence on Ethanol Vanellget al., 2003 F_ree Radical Scavenging
Induced Immunosuppression. Ind. J. Phar., 35: 232- Capa_c!ty and Protective  Effect ofBacopa

R e monnieiri | on DNA damage. Phytochem. Res., 17:
~ 236. PMID: 15091887 _ , 870-875. PMID: 13680815
Kim, J. and E.J. Park, 2002. Cytotoxic Anticancergajram, K., C.V. Rao, M.D. Babu and R.K. Geehl.,
Candidates from Natural Resources. Curr. Med.  2001. Prophylactic and Curative Effect Bécopa
Chem. Anticancer Agents, 2: 485-537. PMID: monnieiri in Gastric Ulcer Models.
12678733 Phytochemistry, 8: 423-430. PMID: 11824516
18

Antioxidant of Alcoholic Extract



Am. J. Pharm. & Toxicol., 5 (4): 11-19, 2011

Shishodia, S. and B.B. Aggarwal, 2004. Guggulsteron Vijayabaskaran, M., K. Amol, G. Badkhal, Babu and
Inhibits nf-kb and iklx kinase activation, P. _Sivakumaret al., 2010. Antitumor activity and
Suppresses Expression of Anti-Apoptotic Gene Antioxidant status ofSymplocos racemosa Roxb

. . against Ehrlisch Ascites Carcinoma in Swiss
Products and Enhances Apoptosis. J. Biol. Chem., Albino Mice. Res. J. Pharm. Biol. Chem. Sci., 1

Spiridon, K.E., 2006. Terrestrial Plant-Derived vijjayan, P., S. Vinod Kumar, S.A. Dhanaraj, P. K.
Anticancer Agents and Plants used in Anticancer Mukherjee and B. Sureskt al., 2003.In vitro
Research. Crit. Rev. Plant Sci., 25: 79-113. DOI:  Cytotoxicity and Antitumor  properties  of
10.1080/07352680500348824 Hypericum mysorense and Hyperium patulum.

Suthindhiran, K and K. Kannabiram, 2009. Cytotoxic__ Phytochem. Res., 1: 952-956. PMID: 13680832
and Actinomycete Species Saccharopolyspora\lN

aganer, H. and S. Bladt, 1996. Plant Drug Anajysis
salina VITSD.K4 Isolated from Bay of Bengal éd:'hmarl"iﬁr3c§:6hr|%rgﬁ?ggi%@%1(0A2tlfls)’ Second
Coast of India Am. J. Infect. Dis.,5: 90-98. \wan cChik, W.D., A. Amid and P. Jamal, 2010.
DOI:10.344 Purification and cytotoxicity assy of tomato
Syamsudin, Sudjaswadi Wiryowidagdo, Partoman (Lycopersion esculent tum) leaves methanol extract
Simanjuntak and Wan Lelly Heffen, 2009. as potential anticancer agent. J. Applied Sci.,
Chemical Composition of Propolis from Different 10:3283-3288.
Regions in Java and their Cytotoxic Activitym.

Warrier, P.K., V.P.K. Nambiar and C. Ramankutty,
J. Biochem. Biotechnql5: 180-183. DOI:10.3844, 1994. Indian Medicinal Plants: A Compendium of

500 species. Orient Longman, 2: 235. ISBN:
8125003010

19



