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ABSTRACT

Bacopa monnieri isamedicinal herb which has been valued in ayurvedic medicine for itsdifferent activities. In
the present studies, Bacopa methanolic extract was prepared by Soxhlet extraction and then evaluated for the
Cytotoxicity and Genotoxicity in cultured human peripheral blood lymphocytes. Mitotic Index (M) Cell Prolif-
eration Kinetics (CPK) and Sister-chromatid exchanges (SCE) were scored to measure the cytotoxic and genotoxic
effects of the Bacopa extract in cultures set up from the three different healthy donors. The treatment of the cell
culture was done empl oying two different Bacopamethanolic extract concentrations (500 & 1000 pg/ml) and the
control (did not receive any additive). Our present studies revealed that the MI, CPK and SCES for control are
4.28, 0.472 and 5.813 respectively where asthe Bacopa extracts hasthe M1, CPK and SCESfor 500ug/ml are 4.09,
0.46 and 5.386 respectively and for 1000 pg/ml are 3.62, 0.468 and 5.35 respectively. From the results, we can
concludethat the M1 and frequency of SCES of Bacopa methanolic extracts are almost similar to that of control
which indicates that the Bacopa plant extracts has no significant cytotoxicity and genotoxicity effects in cul-

tured human peripheral blood lymphocytes.

INTRODUCTION

In recent years that has been a surgein the de-
mand for the plant based drugs and food additives.
Medicina plants, herbsand spicesasherba remedies
areknowntoAyurvedain Indiasincelongtimes. The
value of medicina plants, herbs, spicesasherbal rem-
ediesisbeinglost dueto lack of awareness and de-
forestation. Theresultismany vauablemedicina herbs
are becoming rare and preciousinformationislost.
Medicinal herbshave been used infolk medicinefor
millennia. Simply, in recent times, scientific study of
their effectshasflourished. Nevertheless, someof them
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can cause adverse effects or havethe potentia toin-
teract with other medications™. Moreover, thereis
littleinformation onthe potentia risk to health of such
herbs. Based on their long-term use by humans, one
might expect herbsused intraditional medicineto have
low toxicity. It isknown that green plantsin general
areaprimary source of antimutagensaswell as natu-
ral toxic agentd?, and many plants contain cytotoxic
and genotoxic substances. Recent investigations have
revealed that many plants used asfood or in tradi-
tional medicine have mutagenic, cytotoxic and
genotoxic effectsinvitro and invivo assays®.
Bacopa monnieri isaperennid creeper, faintly aro-
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matic and avauablemedicina herb of whichisdistrib-
uted throughout tropical and subtropical regions of
World such asIndia, China, Nepal, Srilanka, and In-
donesiaetc. Traditionally, Bacopa monnieri hasbeen
vaued for centuriesin ayurvedic medicinefor thetreat-
ment of leprosy, ulcer, asthma, bronchitis, elephantia-
sis, anxiety, urethritis, eyetroubles, diarrhoeaamong
children, skindiseases, wound heding etc., Phytochemi-
ca analysisof Bacopamonnieri plant extractsreveded
the presence of variousbiochemica compoundssuch
asakaoids, flavonoids, glycosides, triterpenoidsand
Saponins etc. Severa pharmacological studies on
Bacopa monnieri reported that it has anti-inflamma-
tory!, antibacterial, antimicrobial™, antispasmodic,
antioxidant®, antitubercular®, immunomodul atory, an-
tiarthriticl”, anticancer®® and antiul cer activities. Inthis
study, Cytotoxic and genotoxic effects of Bacopa
monnieri in cultured human periphera blood lympho-
cytes have been evauated.

Mitoticindex (M1) asa measur e of cytotoxicity

Cdl population growth occursas cdlspassthrough
interphase and mitosisto completethecdl cycle. Many
cellslosethe capacity to divide asthey mature or di-
videonly rarely. Other cellsare capableof rapid cell
divison. Cytotoxicity isaqudity of being toxic to cells.
Tresating cellswith acytotoxic compound canresultina
variety of cell fates. Examples of toxic agents are
achemical substance, plant extract, an immune cell or
sometypesof venom. By quantifying aspects of a di-
viding cdl population; wecan examinehow cdlsdiffer
intheir capability to divide. Experimentally, we can
change propertiesof the cell’s environment and quan-
tify theeffectson cdl division “as discussed by Kannan
T.Petd.¥, Theway to quantify cdll divisionisby using
themitoticindex. If you administer colchicineor other
colchidne-derivativemedicaions(i.e colcemid) you can
arrest the cell cycleat thispoint leaving the chromo-
somesintheir visbleform. Colchicinedisruptsthemi-
crotubuleformation whichisnecessary for thespindle
fibersto separate the chromosomes during anaphase.
Mitoticindex is a measure for the proliferation status of
acdl population. It isdefined astheratio between the
number of cells in mitosis and the total number of
cdls. The mitotic index can be worked out from a slide,
even with light microscopy. It isthe number of cells
containing vis ble chromosomes divided by thetotal

—=> RegUlOr Paper
number of cellsinthefied of view.

Sister chromatid exchange test as a measur e of
genotoxicity

Genotoxicity isaqudity of beingtoxictocell’s ge-
netic materid affectingitsintegrity. Genotoxic substances
areknownto bepotentialy mutagenic or carcinogenic,
specificaly those cgpableof causing genetic mutation and
of contributing to the devel opment of tumors. Thisin-
cludescertain chemical compounds, plant extracts and
certaintypesof radiation. The Sister Chromatid Exchange
(SCE) assay isashort-termtest for the detection of re-
ciprocal exchangesof DNA between two sister chro-
matids of aduplicating chromosome. The SCE testis
usua ly performed on human peripheral blood lympho-
cytes. Asperiphera lymphocytesareintheresting G,
stage of the cell cycle, they haveto bestimulatedto di-
videby an aspecific antigen, like phytohaemaggl utinin.
To collect asufficient number of mitotic cells, aspindle
inhibitor likecol cemid may beadded shortly beforefixa:
tion (at 72 hours), to block cellsin (pro) metaphase of
thesecond mitosis Todlow for adifferentid sainingthat
enablestheresearcher to distinguish both chromatids,
BrdU (bromo-deoxy-uridine) is added to the culture
mediumfor theduration of two completecdll cydles. The
Giemsagtaining wasableto stain dueto the presence of
bromo-deoxy-uridine (BrdU) analogous base which was
introduced to thedesired chromatid.

Chromatidsinwhich only onestrand of DNA incor-
porated BrdU show a normal dark Giemsa staining,
whereas those with two substituted strands stain less
darkly. If an exchange occurred, thiscan be seen asthe
dark part changesto the other arm: “harlequin chromo-
somes”. The technique can also be used to estimate the
divisonrate, asfirst metgphasesstain uniformly dark “as
discussedby Kannan T Pet d.®and “Maria P etal.,.’

MATERIALSAND METHODS

Extraction and processing of the plant material

Thefreshwholeplant of Bacopamonnieri wascol-
lected from Araku Valley, Near Visakhapatnam, and
AndhraPradesh, India. Theplant materia wasgarbled
and air dried under the shade up to 48 days. By using
thekitchen blender the plant material wasgrounded to
afine powder form. Powdered plant materia (5g) was
mixed with 500 ml of methanol. Using the Soxhl et ap-
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paratus continuous extraction was donefor 24 hrs.
The extract wasfiltered and methanol was evaporated
on arotary evaporator under vacuum at alower tem-
perature of 50°C to dryness. These plant extracts were
weighed and preserved at 4°C in a desiccator.

Blood samplecollection

Threefresh blood samplesfrom thevolunteerswere
collected, generally fromthe arm by venipuncture, and
placed into a heparinised tube.

Peripheral blood cultureinitiation

Few dropsof whole blood (0.5ml) was cultured
in medium RPMI 1640 and amitogen phytohemag-
glutinin (PHA) 100uL was added. Bacopa monnieri
plant extractsof 2 different doses (500ug/ml and 1000
ug/ml) were added. And for mutagen cultures we were
added Mitomycin-c 0.1 ug. After 24" hour of thecul-
tures BrdU was added. Peripherd blood cultureswere
placed ina37°C incubator for 72 hrs.

Harvesting of theblood cultures

By administering colchicineor other colchicine-de-
rivative medications(i.e. colcemid) you can arrest the
cdl cycleat thispoint leaving thechromosomesintheir
visibleform. Colchicinedisruptsthe microtubulefor-
mationwhichisnecessary for the spindlefibersto sepa
rate the chromosomes during anaphase. To arrest the
cel division at metaphase, 0.1 ml (1 ug) of colchicine
was added to the culturesjust 90 minutes before har-
vesting. After addition of colchicinethecultureswere
incubated for 40 minutesand centrifuged at 1200 RPM
for 10 minutes. To the pellet pre-warmed hypotonic
solution (0.75M KCI) of 6ml was added. Incubated
for 20minutesand centrifugation wasdonea 1200RPM
for 10 minutes.

Fixation of blood cultures

Tothepellet 5ml of fixative solution (3:1 ratio of
methanol and acetic acid) was added and centrifuged.
4-5timesof fixativewashesweregiven. Thefine pel-
|et was dropped onto microscopic sterileand chilled
dides.

Prepar ation of metaphase chromosome spreads

Chromosome spreads were prepared by gently
dropping the cell suspension from aheight of 1 foot
ontoaclean greasefreechilled slideand air-dried.

Mitoticindex (M) assay

Thedideswerestained with 10 per cent Leishman’s
stainin phosphate buffer saline (pH 6.8) for 5 minutes.
Thedidesweredried, mounted and the chromosomes
were observed under the microscope?. Slideswere
prepared from each blood culture and atotal of 1000
lymphocyteswere counted per cultureto determinethe
mitoticindex. Themitoticindex wasused to determine
if the Bacopa monnieri plant extracts produced any
Cytotoxicity. Itisameasurefor theproliferation status
of acell population. It can defined astheratio between
thenumber of cells in mitosis and the total number of
cellsor thenumber of cellscontaining visiblechromo-
somesdivided by thetotal number of cdllsinthefield of
view. It can beca culated asfollows:

Number of dividing cells
Total number of cells

x100

MitoticIndex (M) =

Cédll proliferation kinetics (CPK)

Cdl-cycdlespecific paternsweredetermined by M,
M., and M, metaphases. These were defined by the
number of cell cyclescompleted. M, metaphases sub-
stituted BrdU unifilarly in both chromatidswithout dif-
ferential staining. Chromosomesof M, metgphases con-
tained abifilar substitution of BrdU in onechromatid,
which, consequently, waslightly stained, thus display-
ing thetypical sister chromatid differentiation pattern.
Bifilar incorporation of BrdU in thethird cell cycle
yielded light staining of both chromatids. Such
metaphaseswereclassified asM, metaphases. Thecdll
proliferationkineticindex isca culated using
M, +M,+M,

100

Where M are Dark stained metaphases, M, are Dif-
ferential stained metaphasesand M, areLight stained
metaphases.

Cell Proliferation Kinetics (CPK) =

Sister chromatid exchange assay

After thethird day of the preparation of thedlides,
then they were used for Sister Chromatid Exchange
assay. For thisassay wekept adrop of Hoechst 3325
solution onto thedide and mounted with cover dipfor
25 minutes. Washed the dlideswith water and kept for
dryinginthedark chamber and then placed thedidesin
petridish which contains 2XSSC, for 25 minutesand
exposed to UV for 40 minutes. Washed thedideswith
water and dried for few minutes. Incubatethedidesin
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2XSSC at 56°C for 2hrs. Stain the slide with 2%
Giemsa’s stain with Sorenson’s buffer.® 1 The sister
chromatid exchanges were used to determine if the
Bacopa monnieri plant extracts produced any
genotoxicity. Slideswere prepared from each blood
cultureand No. of sister chromatid exchangesin the
centromere was counted in 1000 M2 Metaphasesin
the chromosome spreads per culture was assessed to
score for any chromosomal aberrations that may be
induced due to the Bacopa monnieri plant extracts.
SCEscan becaculated using theformulaasfollows:

Total no.of sister chromatid

_ exchangesobser ved N
~ Total no. of metaphases observed

with sister chromatid exchanges

SCE 100

RESULTSAND DISCUSSIONS

Deter mination of mitoticindex (M1)

For thecal culation of mitoticindex, number of di-
viding cells has to be counted for every 1000 cells
counted. From thedides, we have observed the 2 types
of dividingcdls

Prophase-stage of mitosis in which the chromatin
condenses (it becomes shorter and fatter) into ahighly
ordered structure called a chromosome in which the
chromatin becomesvisible. Thisprocess, called chro-
matin condensation

Metaphase - dageof mitosis in the eukaryotic cell
cycle in which condensed & highly coiled chromosomes,
carrying genetic information, align in the middle of
the cell before being separated into each of the two
daughter cells.

From the observed dlides, dividing and non divid-
ing cellswere counted to determinethe mitotic index
for the assessment of the cytotoxicity in the control and
Bacopa monnieri plant extractsof concentration 500
& 1000 pg/ml using three blood samples for the accu-
racy. The Mean Mitotic Index (M) values of the cul-
tureswhich areexposed to two dosesof plant extracts
and control are obtained as shown inthe TABLE 1.
Themean vaueof Ml of the control is4.39 whereas
the Bacopa monnieri extracts have the mean val ue of
M1 of the 500ug/ml is4.09 and the mean value of Ml
of the 1000 pg/ml is 3.62. M| of Bacopa monnieri
plant extracts was not much different fromthe M| of

> Regulor Paper

control.

From the Figure 1 of M1 VsType of culture, ob-
tained equationwasy =-0.385x +4.803 and R?=0.984,
whichindicatesthat M| of Bacopa monnieri plant ex-
tractswere not significantly different fromthe M1 of
control.

TABLE 1: Mitoticindex of Bacopa monnieri plant extracts
(500 & 1000 pg/ml) and control using three blood samples.

S.No Sample Control 55(? f;og?il 10%3(:;(1)52111
1. Samplel 444 4.36 3.67
2. Sample2 423 3.92 4.21
3. Sample3 45 3.98 2.97
4. Mean 439 4.09 3.62

Mean MI Vs Type of culture

4.5

4 \\
35
-0.385x + 4.803
R?=0.984

25 Y

Mean MI

1.5
0.5

control 500 1000

Type of culture

Figurel: Graphical representation of theoverall mean mi-
toticindex (M 1) of Bacopa monnieri extracts (500 & 1000
pg/ml) and control

Deter mination of thefrequency of sister chroma-
tid exchanges (SCES)

Slideswere prepared from each blood culture and
1000 metaphase chromosome spreads were counted
per culturewas assessed to scorefor any chromosomal
aberrations (sister chromatid exchanges) that may be
induced dueto the Bacopa monnieri plant extract of
concentration 500 & 1000pg/ml using three blood
samplesfor accuracy.

The Mean Sister chromatid exchanges (SCES)
vaues of the cultureswhich are exposed to two doses
of plant extractsand control are obtained asshownin
TABLE 2. Themean value of SCES of thecontrol is
5.813 where as the Bacopa monnieri extracts have
themean value of SCES of the 500ug/ml is 5.386 and
the mean value of SCES of the 1000 pg/ml is 5.35.
SCES of Bacopa monnieri plant extracts were not



262

Cytotoxic and genotoxic effects of Bacopa monnieri

RRBS, 6(9) 2012

Reguler Peper

much different fromthe SCES of control.

From the Figure 2 of SCES Vs Type of culture,
obtained equation wasy = -0.239x +5.989 and R*=
0.829, whichindicatesthat thefrequency of SCESin
Bacopa monnieri plant extractswerenot significantly
different from the SCES of control.

TABLE 2: Sister Chromatid exchanges (SCES) of Bacopa
monnieri plant extracts (500 & 1000 pg/ml) and control
usingthreeblood samples.

Bacopa Bacopa
Control 500 g 1000 pg
Sample- 1 5.81 5.6 5.45
Sample- 2 5.75 5.16 51
Sample- 3 5.88 54 55
Mean 5.813 5.386 5.35
Mean SCEC Vs Type of culture
5.9
5.8
v 57 y=-0.239x + 5.989
T 5.6 R?=0.829
2 ss
§ 5.4
= 53
5.2
5.1
5
control 500 1000

Type of culture

Figure?2: Graphical representation of theoverall mean Sster
chromatid exchanges (SCES) of Bacopa monnieri extracts
(500 & 1000 pg/ml) and control.

Determination of cdll proliferation kinetics (CPK)

Slideswhichwereprepared for genotoxicity stud-
iesare also used to assess cell proliferation kinetics
(CPK) and 25 metaphase chromosome spreads per
culturewere counted to determinethecell proliferation
kinetics (CPK) in the control and Bacopa monnieri
plant extracts of concentration 500 & 1000 pg/ml us-
ing three blood samplesfor the accuracy. The Mean
Cdll proliferation kinetics (CPK) values of the cul -
tures which are exposed to two doses of plant ex-
tractsand control are obtained asshownin TABLE
3. The mean value of CPK of the control is0.472
whereasthe Bacopa monnieri extracts have the mean
value of CPK of the 500pg/ml is0.46 and the mean
value of CPK of the 1000 pug/ml is 0.468. CPK of
Bacopa monnieri plant extractswere not much dif-
ferent from the CPK of control.

Fromthe Figure 3 of CPK VsTypeof culture, ob-
tained equation was 'y = -0.0055x +0.478 and R?=
0.9758, whichindicatesthat CPK of Bacopamonnieri
plant extractswerenot significantly different fromthe
CPK of control.

TABLE 3: Céll proliferation kinetics (CPK) of Bacopa
monnieri plant extracts (500 & 1000 pg/ml) and control
usingthreeblood samples.

Sr.  Sample Control CPK CPK
No ID (500 pg/ml) (1000 pg/ml)
1 Samplel 0.47 0.49 0.49
2 Sample2 0.49 0.45 0.45
3 Sample3 0.48 0.41 0.49
Mean 0.472 0.46 0.468

0.474

0.472

, -0.0055x + 0.478

0.47 R=0.9758
’_f. 0.468
L=
£ .66
=
= 0.464

0.462

0.46

0 1 2 3 4

Typeof culture

Figure 3: Graphical representation of the overall means
Cell Proliferation Kinetics (CPK) of Centella asiatica ex-
tracts (500 & 1000 pg/ml) and control.

CONCLUSION

In the present studies, Bacopa monnieri
methanolic crude extract was prepared by soxhlet
extraction and then eval uated for the cytotoxicity and
genotoxicity in human peripheral blood lymphocyte
cultures. However, working with crude extracts also
meansworking with complex mixturesof biologicaly
active compounds. Some of these compounds can be
Cytotoxic and/or Genotoxic; others can be
Cytoprotective and/or antigenotoxic.

Mitotic Index (MI) Cell Proliferation Kinetics
(CPK) and Sister-chromatid exchanges (SCE) were
scored to measure the cytotoxic and genotoxic ef-
fects of the Bacopa monnieri extract in cultures set
up from thethree different healthy donors. From the
results, the M1 and frequency of SCES of Bacopa
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monnieri methanolic extractsareamost Smilar to that
of control which indicatesthat the Bacopa monnieri
plant extracts has no significant cytotoxicity and
genotoxicity effectsin cultured human periphera blood

lymphocytes.
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