@

Academic
Journals Inc.

International Journal of
Cancer Research

ISSN 1811-9727

www.academicjournals.com




International Journal of Cancer Research 5 (3): 95-104, 2009
ISSN 1811-9727
© 2009 Academic Journals Inc.
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Cytotoxic Effect on Human Cervical Cancer Cell Line
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Abstract: Cervical cancer is the second most common carcinoma in the world
among women and is highly chemoresistant and radio resistant, often resulting in
local treatment failure. For locally advanced disease, radiation is combined with
low-dose chemotherapy; however, this modality often leads to severe toxicity.
Prevention of cancer through dietary intervention recently has received an
increasing interest, and dietary agents have become not only important potential
chemopreventive, but also therapeutic agents when combined with chemotherapy
or radiotherapy. In this study, we observed that gemcitabine was highly cytotoxic
to both cancer and normal cells while clove extract (0.7-8 mg mIL.~") was found to be
comparatively more cytotoxic towards cancer cells. Notably, combination of low
dose gemcitabine and ethanolic clove extract (2 and 3 mg mL™") had more
pronounced cytotoxic effect on cancer cells than single modalities. Tt is noteworthy
that use of clove extract increased the efficacy of gemcitabine and importantly, it
was found to be minimally toxic to normal cells. Together, these results suggest a
novel mechanism may be involved in the synergistic effect of this combination.
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INTRODUCTION

Single modalities such as chemotherapy play a critical role in the local and regional
control of malignant tumors. However, its efficacy can be limited by a number of factors
including increased toxicity, normal tissue injury, diug resistance and increased side effects
(Candelaria et ad., 2006, Umanzor et al., 2006, Elst et al., 2007, Gonzalez-Cortijo et al., 2008).
Recent attempts to improve the therapeutic index for chemotherapy and minimizing its
cytotoxicity on normal tissues have focused on using conventional chemopreventive agents
as biological response modifiers, resulting in better survival (Hida et al., 2000, 2002;
Sarkar and L1, 2006; Piazza et al., 2009).

Use of dietary agents has gained importance owing to their relatively safe toxicity
profiles and their potential as chemosensitizers (Sarkar and Li, 2006; Raffoul et al., 2007).
Syzygium aromaticum (Clove) has been shown to be a potent chemopreventive agent, used
by the traditional Ayurvedic healers of India since ancient times to treat respiratory and
digestive ailments (Aggarwal and Shishodia, 2006; Banerjee et al., 2006). Several studies
have shown that clove has antiviral properties which can be exploited in the treatment of
cervical cancer as viruses like Herpes Simplex Virus (HPV) have been implicated in
its etiology (Banerjee and Das, 2005, Banerjee ef al., 2006). In addition, clove also
possesses both anti-inflammatory and antioxidant properties (Scott et al., 2009). A classic
pharmacologic strategy would be the more widespread use of low-dose combinations of
chemoth erapeutic and chemopreventive agents, with the goal of achieving a therapeutic
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synergy between individual drugs (Lev-Ari ef «l., 2007). These combinations may exert
enhanced antitumor activity through synergic action or compensation of inverse properties.
The combination treatment may also decrease the systemic toxicity caused by
chemotherapies or radiotherapies because lower doses could be used (Tannock, 1996;
Sarkar and L1, 2006; Park et al., 2008).

Contemplating the above mentioned facts, we proposed to test the potential
anti-inflammatory and anti-cancer effects of clove extract in combination with a
chemotherapeutic drug, gemcitabine to evaluate their synergistic effect to enhance the
efficacy of chemotherapy. Hence, further research into the present study could pave way to
improving the life style of millions of people who undergo excruciating periods of sufferings
with current chemotherapy.

MATERIALS AND METHODS

Cell Culture

This project was conducted at the Department of Biotechnology, Manipal University,
Dubai Campus during Sept., 2008 to May, 2009. Human cervical carcinoma cell line, Hel.a
used in this study was kindly provided by Dr. K. Satyamoorthy (Manipal University, India).
Tt was maintained in DMEM supplemented with 10% Fetal Bovine Serum (FBS). The cell line
was grown in 5% CO, at 37°C in a humidified incubator. Short term culture of lymphocytes
(isolated from healthy non-smoking donors), was established to evaluate the effect of clove
and gemcitabine. Lymphocytes were isolated using HiSep Media (HiMedia, India) as per the
manufacturer’s instruction (Boyum, 1968). Briefly, fresh blood was collected in heparinised
collection vials and HiSep media was added to blood in the ratio 1:3 (media:blood) and
centrifuged at 160 x g for 20 min. The lymphocytes were then separated into fresh tube and
equal volume of PBS was added. This was again centrifuged at 140 x g for 15 min for removal
of HiSep Media. A second wash in PBS was given followed by centrifugation at 140 x g for
15 min. The pellet was resuspended in RPMI media, counted and plated in triplicates in
96-well microplates.

Preparation of Gemcitabine Solution

A stock solution of 133 mM (40 mg mI.~") of Gemcitabine (Intas Biopharmaceuticals,
India) was prepared in 2% DMEM media and further diluted to required concentrations
between 1-100 mM for treatment.

Preparation of Crude Extract of Clove

Powdered clove was weighed (0.25 g) and extracted in 1000 L of 50% ethanol in water
tfor 7 days at 4°C. The extract obtained was then centrifuged at 180x g for 20 min. Supernatant
was collected and filtered using 0.2 pm filter (Whatmann Tne. UK). Dilutions of crude extract
(0.7-8 mg mL.™") were prepared in 2% DMEM (Banerjee and Das, 2005; Mazzio and
Soliman, 2009).

Cell Viability Assay

Hel.a cells were harvested and counted using hemocytometer (Marienfeld, Germany).
~7000 cells/well were plated (in triplicates) in 96-well microtiter plates. After 24 h incubation,
the cells were exposed to different concentrations of gemcitabine (1-100 mM) or clove extract
(0.5-5 mg mL. ") /gemcitabine (5 mM) alone, clove extract (2, 3 and 4 mg mL.™") alone and their
combinations for 24 h. MTT (Sigma-Aldrich) (final concentration 0.5 mg mL ™"} was added to
each well at appropriate time and incubated for 4 h. Viable cells have intact mitochondria and
dehydrogenases present therein convert the tetrazolium salt to insoluble formazan violet
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crystals (Cartwright et al., 1997; Dash et al., 2003). The formazan crystals were dissolved in
100 pL of DMSO (Sigma, Aldrich). The absorbance was read at 570 nm using an Absorbance
Microplate Reader (BioTek, TI.S.A). Similarly, lymphocytes were also treated with
gemcitabine (5-100 mM) or clove extract (0.5-8 mg mL ™"} for 24 h. MTT assay was then
performed as described above. All the experiments were repeated at least three times. The
concentration which caused 50% decrease mn cell viability (LDs;) was calculated as follows:

Average OD of individual test group 100
Average OD of controls

Cell viability (%) =
Morphological Studies of Cell Line using Normal Inverted Microscope
Morphological changes in Hel.a cells elicited by gemcitabine and clove extract were
documented using normal mverted microscope (Labomed, USA) (Sumlson ef af., 2009). The
concentration of LD, value of the respective drugs was used for the morphological studies.
HelLa cells were treated with 35 mM gemcitabine or 2 mg mL ™" clove extract for 24 h. The
untreated cells were used as negative control. Morphological changes were visualized using
normal inverted microscope 24 h post-treatment.

RESULTS

HeL a cells showed growth inlubition in a dose-dependent manner (Fig. 1) when treated
with gemcitabine at concentrations ranging from 1-100 mM for 24 h. The LD, value of
gemecitabine was found to be 35 mM on HeLa cells. The morphological changes observed
using the normal inverted microscope show characteristic rounding off of dying cells on
treatment with 35 mM gemecitabine for 24 h compared to untreated control (Fig. 2a, b). Similar
effect on cell viability was observed when lymphocytes were treated with gemcitabine with
LD at 50 mM (Fig. 3). Thus gemcitabine was slightly more toxic to cancer cells than normal
lymphocytes. As cancer cells are highly proliferating, they show more sensitivity towards
the cytotoxic drug because the drug directly causes damage at DNA level, impairing their cell
cycle and thus causing more cancer cells to die at a lower concentration of the drug.

Clove (Syzygium aromaticum) is a potent antioxidant, it has been hypothesized that its
active components can result in differential cell death of cancer cells. HeLa cells treated with
clove extract (0.5-5 mg mL™") for 24 h showed dose-dependent inhibition of cell growth

0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100105
Congentration (mM)

Fig. 1: Dose dependent curves of Hel.a cells treated with Gemcitabine (1-100 mM) for 24 h
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Fig 2: Microscopic featres of Hela cells (4 before treatment and (W) af'ter treatment with
35 mM gem citabine for 24 hihlagrifi cati o 10030
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Fig 3: Dose dependent cwrve of Gemeitabine (5-100 mbD) on anphooytes treatedfor 24 h
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Fig. 4: Dose dependert cwrve of & aromaficeem extract (0.5-5mgml ™" onHel a cells

(Fig 4. The LDy of & aromaficem extract onHel a cellawas foundto be 2 mgml™ far
24h The morphalogical changes ontreatment with2 mg mL™ clove extract (for 24 H were
exatmited using the nommal inverted microscope. Clove extract teated cells showed
characteristic rounding off of dying cells comparedto untreated control (Fig 5a, k). It is well
established that chemopreventive dnags have differential effect on cancer cells and normal
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Fig 5 Microscopic features of Hela cells () before treatment and () after treatment with
2meml ™" clove extract for 24 b (Mlagnificati on 100
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Fig. 6:Dose dependent cuwrve of & aromaficum extract (0.5-8 mg mL™" treatment on
Iynphooyes for 24 h

cells im wive and i vifro. In the light of this fact, we assessed the effect of 5 aromaficm
extract on Iymphocytes (as normal). Isolated lymphocytes treated with clowe extract at
varying dogses of 0.5-8 mg mL ™" for 24 b (Fig, 6) showed no s grifi cant effect on cell wiability,
Oy shady re-affirms the cancer preventive properties of clove and the fact that it
hias relatively less (or ng) toxicity to normal cells.

To minimize these froblems t elated to chemotherspy as well as to inerease the
efficacy of chemotherapewtic rugs, we ypothesized that chemopreventive agent such as
clove (5 @omaficesn)  an be used in combination with chemotherapeutic drugs To
cotfirm thiz asmunption the combined effect of gemeitabine and 5 aromaficien extract
ontHela cells was studied Sub-lethal dosge (5 mI) of gemcitabine was uged in combination
with increasing concertrations of & @romaficem extract (2, 3 and 4 mg wmL™ ta
treat Hela cells for 24 h (Fig. 7). Five millimolor gemcitabine was uged in combination
with 2 mg mL™" of the clove extract resilted in significant decrease in cell viability
(35.5%) compared to either of the compounds  slone (73 and  62%, respectively for
gemeitabine and clove extrac). Thus, sub-lethal doses of gemcitabine in combination
with & aromaficum  extract  increased effectiveness of the chemotherapestic diag
hetwe, reducing its cytotoxicity, Similar experitiert was also performed with norm al cells
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Fig. 7. Combination study of gemcitabine and S. aromaticum. Hel.a cells were treated with
S. aromaticum (2, 3 and 4 mg mL ™) and gemcitabine (5 mM) alone and in combination
for24h

(data not shown). There was no significant decrease in cell viability on treatment of
lymphocytes with combination of sub-lethal dose of gemcitabine (5 mM) and clove extract
(2,3 and 4 mg mL™Y).

DISCUSSION

Cervical cancer is one of the most common cancers in women worldwide. Surgical
resection and/or radiation ablation or systemic chemotherapy 1s the main lines of treatment
for cervical cancer, but post-treatment recurrence 1s quite frequent. All anti-cancer drugs
currently in use are highly cytotoxic agents and may be toxic to normal cells specially to
rapidly dividing cells like bone marrow, fetal cells, germ cells, hair follicles cells, intestinal
cells, etc (Elst et al., 2007, Gonzalez-Cortyjo ef al., 2008). Gemcitabine 15 a pro-drug and is
metabolized mtracellularly to the active diphosphate (dFdCDP) and triphosphate (dFdCTP)
nucleosides. Gemcitabine exhibits cell phase specificity, primarily killing cells undergoing
DNA synthesis (S-phase) and also blocking the progression of cells through the G/S phase
boundary (Abratt ef al., 1994). Owing to its mhubitory effect on DN A replication, gemeitabine
has been toxic to normal cells as well. However, the effect of chemotherapeutic drugs on
tumor cells 1s greater than that on normal cells (Suman and Kaiser, 2006).

In view of the previous studies, we attempted to confirm the differential effect of
chemotherapeutic drug (Gemecitabine) on cancer and normal cells. We observed that on
treatment with same concentratiors of Gemcitabine, growth mhibition was higher in cervical
cancer cells than normal cells. The 1L.D,, value of gemcitabine for Hel.a (cervical cancer cell
line) was determined to be 35 mM and for lymphocytes LDy, was 50 mM. Moreover,
microscopic examination also confirmed the cytotoxic effect of 35 mM gemcitabine on HeLa
cells. This study thus confirms that in addittion to targeting the cancer cells, the
chemotherapeutic drugs also affect the normal proliferating cells. Williams et al. (1987) have
shown that tumor cells are more sensitive to cell death by chemotherapeutic drugs than
normal cells. This differential effect of gemcitabine on cervical cancer and normal cells can
be attributed to their biochemical differences. Also, tumor drug selectivity may be based on
differences in the cell kinetics of normal and cancer cells (Abratt et al., 1994, Aapro et al.,
1998; Suman and Kaiser, 2006; Franklin et al., 2007; Khan et al., 2008).
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In addition to their therapeutic effects, chemotherapeutic drugs also have side-effects
at physiological and cellular levels. Therefore, another approach that focuses on the
reducing the toxic effects and enhanced efficacy of the chemotherapeutic drugs is gamning
ground. An alternative and novel approach for the management of cancer is
chemoprevention through the recommended intake of health protective food especially those
present in vegetables, fruits, beverages and spices in daily diet (Weinstein, 1991; Hursting,
1999; Singh et al., 2004; Baneerjee et al., 2006, Hail ef al., 2008; Pan and Ho, 2008). Various
studies have shown that components of clove like eugenol have apoptosis-inducing effects
(Zheng et al, 1992, Ghosh et al., 2005, Banerjee et al, 2006; Sarkar and T.i, 2006;
Soobrattee et al., 2006).

In the present study we observed a dose dependent decrease in cell viability of HeLa
cells treated with 50% ethanclic clove extract at dose ranging from 0.5-2 mg mL ™" for duration
of 24 h. This is consistent with previous studies which also showed that the dose of
1.5 mg mL~" was cytotoxic to the cancer cells (Mazzio and Soliman, 2009). This is the first
time that the chemopreventive effect of clove extract has been studied in cervical cancer.
However, we observed an increase in cell viability on treatment with clove extract at hugher
doses (>2 mg mL™"). This could be due to the over expression of Bcl-2 or Bel-x which could
protect against the chemotherapy induced release of mitochondrial cytochrome ¢, caspase
activation and DNA fragmentation (Harliansyah ef al., 2007; Tong et al., 2004). However,
when observed microscopically, more cell death was visible at these doses than doses below
and at 2 mg mL~". Hence, the increase in absorbance (at 570 nm) cbserved could be
attributed to the color of the clove extract that interferes with absorbance.

Next, we wanted to evaluate the cytotoxic effect of clove extract at same concentrations
on lymphocytes (normal cells). We found that the extract had no sigmficant effect on cell
viability of lymphocytes. These findings are consistent with the previous studies which have
also shown that chemopreventive agents have no systemic toxicity even at high
concentrations (Ghosh ef al., 2009). A clinical study showed that curcumin 1s well tolerated
even at very high doses (Land ef al., 2004; Lao et al., 2006). This finding strengthens our
hypothesis to develop this property for augmenting the efficacy of cancer therapy while
simultanecusly reducing the toxicity on normal cells.

Chemopreventive compounds exert the antitumor activities through regulation of
different cell signaling pathways. Therefore, common cancer therapies combined with these
dietary compounds may exert enhanced antitumor activity through synergistic action or
compensation of inverse properties. The combination treatment may also decrease the
systemic toxicity caused by chemotherapies or radiotherapies because lower doses could be
used (Surh, 2003; Banerjee and Das, 2005, Banerjee ef al., 2006; Adhami et al., 2007). Studies
have reported that genistein (a chemopreventive) in vitro potentiated growth inhibition and
apoptotic cell death caused by cisplatin, docetaxel, doxorubicin and gemcitabine
(chemotherapeutic drugs) m prostate, breast, pancreas and lung cancers (Banerjee et al.,
2006; Sarkar and Li, 2006; Guo et al., 2009).

At this juncture, we report for the first time the proliferation-inhibiting and
apoptosis-inducing effects of treatment with gemcitabine in combination with S. aromatictim
extract in vitre on HeLa cells and lymphocytes. Our results showed that S. aromaticum
enhanced the growth mhibitory effects of gemcitabme at sub lethal doses. The percentage
cell death using combination of 5 mM gemcitabine and 2 mg mI. ™" of S. aromaticum extract
was significantly higher (~65%) than the cell death when either of the compounds was used
alone. A similar effect was observed with the combination of 3 mg mL S. aromaticum extract
and 5 mM gemcitabine. This combination resulted in 77% cell death which was more than the

101



Int. J. Cancer Res., 5 (3): 95-104, 2009

cell death caused by either of them alone. This ir vitro study suggests that clove may serve
as potent agent for enhancing the therapeutic effects of chemotherapy for the treatment of
cervical cancer. These results are in line with the previously discussed studies which
observed a synergistic crosstalk between these two probable therapies (Banerjee et al., 2006,
Sarkar and Li, 2006). However, on increasing the concentration of S. aromaticum extract to
4 mg mL™", the absorbance was found to increase. Here again cell death was visible on
microscopic observation and hence as discussed above, the mcrease in absorbance by MTT
could be attributed to colour of the clove extract. Thus, we can infer that combination of
gemcitabine with clove can be used effectively for overcoming the problems associated with
chemotherapy. The key findings of this study advocate that clove may be used to potentiate
the cytotoxic effects of gemcitabine on cervical cancer cells.

CONCLUSION

Thus, concurrent chemotherapy and chemopreventive improves the cancer treatment
by mimimizing the cytotoxic effects and maximizing the efficiency of drugs, should the agent
be developed for human cancer treatment. However, further in-depth mechamnistic studies,
in vivo ammal experiments and clinical trials are needed to bring this concept mto practice
to fully appreciate the value of chemopreventive agents i combination therapy of human
cancers.
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