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ABSTRACT
Tinospora cordifolia (Guduchi) has been used for centuriesin Ayurvedic system of medicine for treating various ailmentsincluding cancer. Here, we report
that treatment with Tinosporacordifolia extracts (TCE) in vitroinhibited cell proliferation and induced cell death in adose-dependent (25-75pg/ml) and time-
dependent (24-120 hours) manner in ora squamous cell carcinoma cell line along with a significant cytostatic effect. Treatment of peripheral blood
mononuclear cells (PBMC) with TCE under identical conditions did not significantly affect their viability. Theeffectiveness of TCE in checking the growth
of KB cells without affecting the growth of normal PBMC indicates that Tinospora cordifolia has differential effect on normal and malignant cells hence; it

may have therapeutic potential in cancer.

Keywords: Tinospora cordifolia, anti-proliferative, KB cell line, Oral sqguamous cell carcinoma.

INTRODUCTION

Cancer is one of the most dreaded diseases of the 20™ cen-
tury and spreading further with continuance and increasing incidence
in 212 century. Cancer of theoral cavity isacommon diseasein Asian
country and oral squamous cell carcinoma (OSCC) is clinically the
most commonin Indian males. Itiswell known that OSCC isresistant
to cancer chemotherapy mediated apoptosis. Hence often chemo-
therapy protocol has alimited rolein eradication of the disease.

Out of 121 prescription drugsin usefor cancer treatment,90
are derived from plant species and 74% of these drugs were discov-
ered by investigating afolklore claim'2. Recently, agreater emphasis
has been given towards the research on complementary and alterna-
tive medicine that deals with cancer management. Several studies
have been conducted on herbs under amultitude of ethno botanical
grounds. For example, Hartwell3® has collected data on about 3000
plants, those of which possess anticancer properties and subse-
guently been used as potent anticancer drugs®.

According to Nighantu (Ayurvedic Pharmacopoeia),
Tinospora cordifolia commonly known as Guduchi is supposed to
be Amrita (which means that rejuvenates the dead cells). The term
Anrita refers to heavenly elixir, which was reputed to protect the
celestial peoplefrom senescence and keep them eternally young. As
per latest research it isknown as best immunomodul ator and antioxi-
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dant™!. Few reports have also demonstrated a potent anticancer ac-
tivity exerted by the plant extract on different types of cancer>4,
Some of these reports demonstrate involvement of immune systemt>
18 whereas others have shown role of the extracts on radiation in-
duced sensitivity®2t, however none of the study demonstrated the
mechanism of action and active component of Tinospora cordifolia.

The present study was conducted to evaluate the
antiproliferative and apoptotic activity of Tinospora cordifolia ex-
tractson malignant oral squamous carcinomacellsand normal PBMC
was used as control in this study.

MATERIALSAND METHODS

The present study was conducted at Tumor and Molecular
Immunology laboratory of Dept. of Biotechnology at All Indialnsti-
tute of Medical Sciences(AlIIMS), New Delhi. An oral squamous cell
carcinoma cell line (KB) was obtained from National Center for Cell
Sciences (NCSS), Pune, India. The KB cancer cell lineswere cultured
asmonolayersin DMEM (SIGMA-Aldrich, USA) supplemented with
10% heat-inactivated fetal calf serum (Hyclone, Logan, UT), 100ug/ml
penicillin, and 100pg/ml streptomycin (Invitrogen, Carlsbad, CA), and
maintained in an incubator with a humidified atmosphere of 95% air
and 5% CO, at 37°C. The drug (Tinospora cordifolia extract) was
obtained from a standard Ayurvedic Pharmacy. A stock solution of
thedrugwaspreparedinplainmedium DMEM (SIGMA-Aldrich, USA)
and desired concentrations (TCE1, TCE2, TCE3 with 25, 50, 75ug/mi
respectively) were drawn from time to time. Methotrexate with acon-
centration of ( 40pmol/L) was used as positive control through out
the study.
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Céell Proliferation by Alamar blue Assay

The effect of TCE on the proliferative capacity of the cels
was determined using Alamar Blue assay. The assay is based on
oxidation-reduction potential of Alamar Blue. The internal environ-
ment of the proliferating cellsis reduced that changes the colour of
the compound from indigo blue to fluorescent pink. The changein
colour can be measured at 570nm and 600nm, respectively. The per-
cent reduction of Alamar Blue correspondsto percent proliferation of
the cells, which is quantified by the formula given below.

The cal cul ations were made as per the formula given below.

(117216x a 80586x b)

% Reduction in treated cells= X 100
(155677xd- 14652xc)
(117216x c - 80586x d)

% Reduction in control cells= x 100

(155677 f - 14652xC)

Test well
a&A 570 initial ~ A 570 final b=B 600 initial ~ B 600 final
Control well
c=C 570 initial ~ C570fina| d:_ DGOOini[ial - D600fina]
Negative control well
ek 570 initial - E 570 final f= F600initial b F600fina|

Briefly, 1 x 10* cells per well were plated in 96-well culture
plates. After overnightincubation, thecells weretreated with varying
concentrationsof TCE (25, 50, and 75 pg/ml) for 72 and 120 hourswith
two replicates. Absorbance was recorded with UV Spectrophotom-
eter ECIL-MS5608 at 570nm and at 600nm initially and after the addi-
tion of Alamar Bluetill the blue colour starts changing to pink. The
effect of TCE on cell proliferation was assessed as percent prolifera-

Figure.1l Effect of different concentrations of drug on viability (%)
of KB cells

tion in test group compared with vehicle-treated control cells, which
were arbitrarily assigned 100% proliferation. I n this experiment meth-
otrexate was used as positive control .

Céll viability by Trypan Blue exclusion test

The cytotoxic effects of TCE were determined using the
Trypan blue dye exclusion assay. Briefly, 1 x 10° cells were seeded
into each well of 24-well culture plates under standard culturecondi-
tions and kept overnight in an incubator at 37°C. The next day, the
cellswere treated with TCE (25, 50, and 75ug/ml final concentration)
for 24,48, 72, 120 and 144 hours.At the stipul ated time point, the cells
were harvested after brief trypsinization and the cells that had taken
the dye were counted using amicroscope with ahemocytometer. The
cytotoxic effects of TCE are expressed as the mean percentage (+ SE)
of dead cells in each treatment group from two independent experi-
ments.Normal PBMC was used as control cells in this experiment
along with methotrexate as positive control.

RESULTS

1. TCE reducesviability of KB cells

The effect of TCE wasdetermined on theviability of the KB
cell linesusing the Trypan blue dye exclusion assay. Treatment of KB
cellswith TCE at concentrationsof 25, 50 and 75ug/ml for 24, 48, and
72 and 120 hours resulted in significant cell death at 120 hr interval
with a dose of 50ug/ml (Chi square trend=45.03 at P<0.001) (Fig 1).
Further, it was tested whether TCE has any toxic effect on normal
PBMC but no significant cytotoxic effect or cell death by TCE was
found even after 120 hrs duration treatments with a concentration of
TCE 25,50 and 75ug/ml (at Pvalue>0.05). Moreover, the TCE-induced
death of PBMCat 50ug/ml dose and 120 hrs duration time point was
significantly less (P<0.001) than the effects of the same dose of TCE
onKB cells at the same time point (Fig 2). Thus, TCE seems to be
capable of exerting a cytotoxic effect on KB cells without incurring
cytotoxicity to normal PBMC under the present experimental condi-
tions.

Figure.2 Effect of different concentrations of drug on viability
(%) of PBMC
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Figure.3 Effect of different concentrationsof drugon total cell count
at different timeintervals
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2. TCE induces cytostatic effectsin KB Cells

Total cell count assay was performed to know the cytostatic
effect of the drug. The results indicate that there was significant
percent reduction in number of cellsin treated KB cells as compared
to the untreated control cells at p value <0.001 at all concentrations
(Fig 3). Reduction in number of cells was observed at all the three
selected doses demonstrating the maximum effect at 120 hrs stage at
all doses TCEL1 (37.24%), TCE2 (44.69%) and TCE3 (44.69%) respec-
tively, whereasthe effect accentuated in TCE3 treated KB cellsat 144
hrsinterval where the % reduction in cells was 46.73% as compared
to 84.05% in methotrexate treated KB cells. Whenever the time the
chi-sguare trend was applied to see the reduction in various treat-
ments, it was observed that in methotrexate significant reduction was
there at 48hrs and after that it attains constant value whereas in
TCE1, TCE2 and TCES3 reduction is not significant (P>0.05). This
depicts the cytostatic effect of the drug.

3. TCE inhibits proliferation and viability and induces the death of
KB Cellsbut not of normal PBMC.

Treatment of KB cells with TCE (25, 50 and 75pg/ml) re-
sulted in asignificantreduction (p< .001 at each concentration) in cell
proliferation as compared to control (Fig 4). The growth inhibition
was dose dependent as at lower dose (25pg/ml) only 62.17% inhibi-
tion was observed in comparison to 71.46% and 87% inhibition at
higher doses of 50 and 75ug/ml respectively, after 72hrs of incuba-
tion. At 120 hrs of incubation the effect of all these concentrations
was relatively lower than that of the 72 hours treatment. A positive
control of methotrexate with (40pumol/L) concentration was used which
also depicted a significant reduction in proliferation of 93.24% and
95.20% (P<.001) at 72 and 120 hrsrespectively (Fig.4).

DISCUSSION

The evaluation of ancient herbal medicines may indicate
novel strategiesfor the treatment of cancer, which remainstheleading
cause of cancer-related deaths all over the world.In our present in-
vestigation, we show that naturally occurring Tinospora cordifolia
extracts significantly inhibits theproliferation and reducestheviabil-

Journal of Pharmacy Research Vol.3.Issue 2.February 2010

Figure4 Effect of different concentrationsof drug at different time
interval on growth inhibition (%)
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ity of KB cells, which suggests that it may be an effective chemo-
therapeutic agent against oral cancer cells. Importantly, we found
that TCE did not exhibit toxicity to PBM cells under the conditions
used, except for a moderate reduction in cell viability at higher con-
centrations (250pg/ml) when cells were treated in vitro for an ex-
tended period of time (120 hrs). There was a decline in the number of
total cells, similar to the results of Jagetia, Thippeswamy and
Salimath?>2® who have shown a dose-dependent decline in the
clonogenicity of Ehrlich ascites tumor (EAT) cells after treatment
with different concentrations of Tinospora cordifolia.

Control of cell cycle progression in cancer cellsis consid-
eredto be a potentially effective strategy for the control of tumor
growth?2 asthe mol ecul ar analyses of human cancershaverevealed
that cell cycle regulators are frequently mutated in most common
malignancies?®?’. Our in vitro data indicated that treatment of KB
cells with TCE resulted in significant G-phase arrest of cell cycle
progression, which indicates that one of the mechanisms by which
TCE may act to inhibit the proliferation of cancer cellsisinhibition of
cell cycle progression. The results of this study are similar to the
results obtained by Thippeswamy and Salimath?®inwhich TcHf (Hex-
ane extracts of Tinospora cordifolia) decreased cell number and in-
hibited the proliferation of Ehrlich ascitestumor (EAT) cellsby block-
ing cell cycle progression in the G-phase. G-phase arrest of cell
cycle progression provides an opportunity for cellsto either undergo
repair mechanisms or follow the apoptotic pathway. Similarly ber-
berine, a naturally occurring isoquinoline alkaloid, produced by
Tinospora cordifolia, has been shown to exert potent anti-inflamma-
tory and antitumor effects in in vitro as well asin vivo systems.
Berberine-induced antiproliferative effectsagainst prostate carcinoma
cellswas associated with G, -phase arrest that correlated with inhibi-
tion of expression of cyclinsD1, D2 and E; cyclin dependent kinases
(Cdk 2, Cdk4 and Cdk6) and increased expression of Cdk inhibitory
proteins p21Cipl and p27Kipl*2.

A number of mechanismsincluding alteration of antioxidant
activity, expression of some apoptotic proteins and immune status
linked parameters have been attributed to antiproliferative effects of
TCE. But from the results of present study, it seems that Tinospora
cordifolia exerts its antiproliferative activity probably by arresting
the G,-phase of cell cycle.
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CONCLUSION

Results of present investigation indicate that Tinospora
cordifolia has the capacity to exert toxic as well as cytostatic effect
on human oral squamous carcinoma (KB) cells. Tinosporacordifolia
exerted cytotoxic effect at an optimum dose of 50ug/ml at a time
interval of 120 hrs. It exerts its cytotoxic effect on KB cells without
affecting normal PBMC. The evaluation of ancient herbal medicines
may indicate novel strategies for the treatment of prostate cancer,
which remainsthe leading cause of cancer-related deaths all over the
world.In our present investigation, we show that a naturally occur-
ring Tinospora cordifolia extracts significantly inhibit the prolifera-
tion and reduces the viability of KB cells, which suggests that TCE
may be an effective chemotherapeutic candidate for human carcino-
mas.
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