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Abstract: Apoptosis poses a barrier against cancer formation by eliminating pre-cancerous cells
from survival and multiplication. Herbal medicines are of special interest because of their lower
toxicities. The plant chosen for the present study is Bacopa monnieri. Bacopa monnieri is a
creeping perennial with small oblong leaves and purple flowers, found in warm wetlands. The
entire plant is used medicinally. In the present study, the effect of bacoside fraction at a
concentration of 50µg/ml was studied on the apoptotic events under oxidative stress induced
conditions. The anticancer effect of the bacoside fraction was studied in an oral carcinoma (KB)
cell line. The primary cultures of human buccal cells were as a control. The extent of cell death,
and the events associated with it, was studied, both in the presence and the absence of an
oxidizing standard chemotherapeutic agent, namely etoposide. The results clearly proved that
bacoside fraction exhibits a differential effect between the non-cancerous and cancerous cells,
in that, it protects the non-cancerous buccal cells from etoposide-induced cell death, while
rendering the cancerous KB cells more susceptible to the chemotherapeutic agent.
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INTRODUCTION
Cancer is a public health problem worldwide, affecting all categories of persons, and a major
cause of death in developed and developing countries [1]. It is the major cause of human death
because of high incidence and mortality [2]. The International Agency for Research on Cancer
(IARC) estimate of the incidence of mortality and prevalence from major types of cancer for 184
countries of the world revealed that there were 14.1 million new cancer cases, 8.2 million cancer
deaths and 32.6 million people living with cancer (within 5 years of diagnosis) in 2012 worldwide.
By 2030, it is projected that there will be 26 million new cancer cases and 17 million cancer deaths
per year [3]. Oral cancer is a major problem in Asia, especially in the Indian subcontinent. It is the
third most common type of cancer, which accounts for over 30% of all cancers in the country.
Two-third of the oral cancer is prevalent in males, whereas there is much variation in females [4].
Millions of cells in our body undergo a regulated form of cell death called apoptosis. This process
plays a vital role in keeping us healthy, not only in protecting us from conditions like cancer, but
also maintains tissue homeostasis. Many oncogenic stresses, including uncontrolled proliferation
or DNA damage trigger apoptosis and, consequently, kill the cells at risk of transformation,
thereby effectively preventing cancer. Apoptosis also suppresses tumourigenesis [5]. Decreased
cell death by apoptosis can contribute to carcinogenesis as well as to progression of cancer once
it has been established. Defects in apoptosis programs can lead to resistance to treatment, since
most anticancer therapies, including chemotherapy, radiation or immunotherapy, primarily act
by engaging this intrinsic cell death program in cancer cells [6].
Cancer is not only a result of uncontrolled proliferation, but also of reduced apoptosis. Therefore,
inducing cell apoptosis is one of the key strategies in anticancer therapy [7]. Natural compounds
in medicinal plants have diverse pharmacological activities and also advantages over synthetic
drugs, such as moderate action and better tolerance [8]. Natural plant extracts offer a promising
hope in the treatment of cancer arising from genetic mutations [9]. Present modes of treatment
based on synthetic drugs have limited potential, because they are toxic and expensive and also
alter cell signaling pathways. Natural drugs that are safe, affordable, and effective are needed to
control cancer development and progression. Natural products have been used for thousands of
years in the management of several diseases including various types of cancer [10].
With this background, the candidate plant chosen for the present study was Bacopa monnieri.
Bacopa monnieri, a nootropic plant, belongs to Scrophulariaceae family, and is found in wet,
damp and marshy areas of tropical regions. The presence of active saponins like bacosides A and
B has been reported in Bacopa monnieri, which act as antioxidant and memory enhancers [11].
Bacopa monnieri is an important Ayurvedic drug and, traditionally, it is reported to be used for
skin diseases, fever, inflammation, anaemia, urinary disorder and psychiatric disorders. It is also
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considered to be a cardiotonic, a potent nerve tonic, for the treatment of asthma, hoarseness,
insanity and epilepsy. Ethnobotanically, the leaves are used in speech disorders, in premature
ejaculation, flatulence, abdominal pain, cough and cold. The major therapeutically important
chemical constituents of this plant are the triterpenoid saponins, bacosides [12].
Many studies have been conducted on the memory enhancing property of Bacopa monnieri.
Limited studies have been reported for the anticancer effect of Bacopa monnieri. Earlier studies
reported that methanolic extract of Bacopa monnieri exhibited good antioxidant and anticancer
property in Hep2 cell line (laryngeal carcinoma) [13]. In the present study, the anticancer effect of
the bacoside fraction was studied in an oral carcinoma (KB) cell line. In order to understand the
effect of the fraction on non-cancerous oral cells, as a control, primary cultures of human buccal
cells were used. The protocol for the collection and use of the buccal cells from healthy human
volunteers was scrutinized and approved by the Institutional Human Ethics Committee (Approval
No. AUW/IHEC-14-15/XPD-08).
In these cell types (KB and buccal cells), the extent of cell death, and the events associated with
it, were studied, both in the presence and the absence of an oxidizing standard chemotherapeutic
agent, namely etoposide. Etoposide was used at a final concentration of 200 µM for the duration
of 24 hours.
METHODODLOGY
Preparation of bacoside fraction
The bacoside fraction was prepared from the shade dried aerial parts of Bacopa monnieri [14]. The
concentration of the bacoside fraction used in the present study is 50µg/ml.
Culturing of buccal cells
Buccal cells are the first barrier for the inhalation or ingestion route and are capable of
metabolizing proximate carcinogens to reactive products [15]. Buccal cells are a source of material
that can be obtained from non-invasive collection methods. Buccal cells isolated from healthy
individuals were cultured in DMEM, with minor modifications of the method [16].
The cells were washed twice with PBS. The cells were resuspended in DMEM supplemented with
2% FBS, 50U/ml penicillin and 50µg/ml streptomycin solution with 1.2µg/ml flucanazole in the
culture flask. The cells were incubated overnight at 37ºC in a CO2 incubator (Napco, UK).
Following this, the medium was replaced with one containing 5% FBS, antibiotics and flucanazole.
The cells were incubated overnight at 37ºC in a CO2 incubator (Napco, UK). The cells (105 cells/ml)
were seeded in a 96-well plate and the suspension culture was incubated at 37ºC for 24 hours.
At the end of the incubation period, the cells were treated with etoposide, in the presence and
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the absence of the bacoside fraction. The exposure of etoposide was given for 24 hours at 37ºC.
The treated cells were harvested by rapid pipetting. The collected cells were centrifuged at 4000
rpm for 3 minutes, washed twice with PBS and finally suspended in PBS. The cell suspension was
then used for the viability assays and staining analysis.
Culturing of KB Cell Line
The cell line was procured from National Centre for Cell Science, Pune, India. The cells were
maintained in a CO2 incubator (Innova, UK) with 5% CO2 and 95% humidity, in DMEM
supplemented with 10% FBS. Penicillin and streptomycin (MP Biomedicals, USA) were also added
to the medium to 1X final concentration from a 100X stock. Once the cells had attained confluent
growth, the cells were trypsinized using Trypsin–EDTA (MP Biomedicals, USA) and 105 cells were
seeded into sterile 6-well and 96 well plates. In each well of the 6-well plate, a sterile coverslip
was placed before the cells were seeded. Then the plates were incubated in a CO 2 incubator
(Innova, UK) with 5% CO2 and 95% humidity.
The cells were treated with etoposide, both in the presence and the absence of the bacoside
fraction. The exposure of etoposide was given for 24 hours at 37ºC. The time points were arrived
at by conducting a time related response analysis of each cell type. After treatment, the
coverslips from the 6-well plates were removed and placed on a glass slide and sealed with
vaseline. These slides were used for various staining techniques, whereas in 96-well plates, the
medium was removed and replaced with fresh medium to study cell viability.
Parameters analyzed
The cell viability was assessed by MTT and SRB assays. The characteristic features of apoptosis
were studied by analyzing various parameters like morphological changes (Giemsa staining),
apoptotic index (propidium staining) and nuclear events (EtBr, AO/EtBr and DAPI staining).
The following treatment groups were set up in both the cell types to study the extent of death
and the morphological and nuclear changes associated with it.


Untreated (negative) control cells



Etoposide treated (positive control) cells



Cells treated with bacoside fraction



Cells treated with bacoside fraction + etoposide
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Cell viability assays
MTT dye reduction assay
The MTT [3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide] reduction assay, was
employed to elucidate the cytotoxicity of the sample[17].
Sulphorhodamine B (SRB) assay
The SRB assay was employed to determine the cell viability in the presence and the absence of
bacoside fraction in the oxidant-treated cells[18].
Morphological changes of apoptosis
The treated cells were stained with Giemsa and the morphological changes were viewed under
phase contrast microscope (Nikon, Japan) [19].
Nuclear changes of apoptosis
The etoposide-treated cells with or without the bacoside fraction and the untreated control cells
were scored by propidium iodide staining[20], ethidium bromide staining[21], DAPI staining[22] and
acridine orange / ethidium bromide staining[23] using an inverted fluorescent microscope (Motic,
Hong Kong).
Satistical analysis
The parameters analyzed were subjected to statistical analysis using SigmaStat (Version 3.1).
Statistical significance was determined by one-way ANOVA, with p<0.05 considered significant.
RESULTS
Effect of the bacoside fraction on the viability of primary cultured buccal cells and KB oral
carcinoma cells
The per cent viability obtained in the various treatment groups in buccal cells and KB cells are
represented schematically in Figures 1 and 2 respectively for the MTT assay, and Figures 3 and 4
respectively for the SRB assay.
The etoposide treatment caused a steep decrease in the survival of both buccal and KB cells,
indicating that it does not discriminate between the two types of cells. The viability of the buccal
cells improved markedly in the presence of the bacoside fraction in the buccal cells. The fraction,
by itself, showed mild toxicity to these (normal) cells.
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On the other hand, in KB cells, the fraction, by itself, caused a steep decrease in the viability,
which was comparable to that of etoposide treatment. This observation implies the anticancer
effect of the bacoside fraction. It was interesting to note that the bacoside fraction decreased
the survival of only the KB cells to such an extent, and not the buccal cells.
When etoposide and the bacoside fraction were co-administered to the KB cells, there was a
further reduction in the survival of the cells, which was more evident in the SRB assay. This
showed that the bacoside fraction exhibits a differential effect between the non-cancerous and
cancerous cells, in that, it protects the non-cancerous buccal cells from etoposide-induced cell
death, while rendering the cancerous KB cells more susceptible to the chemotherapeutic agent.
Effect of the bacoside fraction on the morphological and nuclear changes in etoposide induced
stress in primary buccal cells and KB cells
The morphological changes observed in primary buccal cell culture and KB cells stained with
Giemsa and the nuclear changes were analysed using the various nuclear stains, namely EtBr, PI,
DAPI and AO/EtBr. The number of apoptotic cells was counted and the apoptotic ratio was
calculated for each treatment group. The results are shown in the Table 1 and Figures 5 and 6.
In both primary buccal cells and KB cells, there was a drastic increase in the number of apoptotic
cells with apoptotic morphology in the etoposide treated groups compared to that of untreated
control. In the buccal cells, the co-administration of the bacoside fraction with etoposide, caused
a decrease in the number of apoptotic cells when compared to that of the etoposide treated
group. However, in KB cells, this co-treatment increased the proportion of apoptotic cells. This
showed the differential response of the bacoside fraction exhibited in untransformed and
transformed cells.
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Figure 1

Percent cell viability

Effect of the bacoside fraction on the viability of buccal cells subjected to oxidative stress as
determined by MTT assay
100
80
60
40
20
0
Cells

Bacoside Fraction

Without Etoposide

With Etoposide

The values are mean ± SD of triplicates.
The viability of the untreated (negative) control group was fixed as 100% and the per cent
viabilities in the other groups were calculated relative to this.
Figure 2
Effect of the bacoside fraction on the viability of KB cells subjected to oxidative stress as
determined by MTT assay

Percent cell viabilty

100
80
60
40
20
0
Cells
Without Etoposide

Bacoside Fraction
With Etoposide

The values are mean ± SD of triplicates.
The viability of the untreated (negative) control group was fixed as 100% and the per cent
viabilities in the other groups were calculated relative to this.
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Figure 3
Effect of the bacoside fraction on the viability of buccal cells subjected to oxidative stress as
determined by SRB assay
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The values are mean ± SD of triplicates.
The viability of the untreated (negative) control group was fixed as 100% and the per cent
viabilities in the other groups were calculated relative to this.
Figure 4
Effect of the bacoside fraction on the viability of KB cells subjected to oxidative stress as
determined by SRB assay
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The values are mean ± SD of triplicates.
The viability of the untreated (negative) control group was fixed as 100% and the per cent
viabilities in the other groups were calculated relative to this.
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Table 1: Effect of the bacoside fraction in buccal and KB cells subjected to oxidative stress
Staining

Giemsa
EtBr
PI
DAPI
AO/EtBr

Treatment Groups

Without bacoside fraction
With bacoside fraction
Without bacoside fraction
With bacoside fraction

Number of Apoptotic cells / 100 cells
Buccal cells
KB cells
Without
With
Without
Etoposide
Etoposide
Etoposide
7±2
46 ± 1 a
11 ± 2
12 ± 1 a
29 ± 2 a,b,c
71 ± 3 a
6±1
43 ± 3 a
10 ± 1
a
13 ± 2
27 ± 2 a,b,c
69 ± 2 a

Without bacoside fraction

5±3

45 ± 2 a

5±2

75 ± 2 a

With bacoside fraction

14 ± 1 a

30 ± 1 a,b,c

67 ± 1 a

79 ± 3 a,b,c

Without bacoside fraction
With bacoside fraction
Without bacoside fraction

4±3
12 ± 1 a
7±1

48 ± 1 a
29 ± 3 a,b,c
45±3 a

5±4
65 ± 2 a
7±3

78 ± 1 a
84 ± 2 a,b,c
79±1 a

With bacoside fraction

15±2 a

30±1 a,b,c

63±1 a

84±2 a,b,c

With
Etoposide
81 ± 1 a
85 ± 2 a,b,c
76 ± 3 a
81 ± 2 a,b,c

Figure 5: Effect of bacoside fraction on the morphological and nuclear changes in buccal cell
culture
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Figure 6
Effect of bacoside fraction on the morphological and nuclear changes in KB cells

It is clear from the results obtained with the viability assays and the staining techniques that the
bacoside fraction exhibits an anticancer effect on KB oral carcinoma cells, but was non-toxic in
normal buccal cells at the same dose.
DISCUSSION
Programmed cell death via apoptosis is characteristically disturbed in human cancers. This not
only facilitates tumour formation and progression, but also treatment resistance. In order to
bypass the resistance, a better understanding of the regulatory mechanisms that control cell
death signaling pathways is needed. Many anticancer treatment strategies rely on intact cell
death signaling pathways for their therapeutic efficacy. Thus, reactivation of cell death programs
in cancer cells may open up new perspectives for more effective and more tumour-selective, yet
less toxic anticancer therapies [6].
The MTT reduction assay was the first homogeneous cell viability assay developed for a 96-well
format that was suitable for high throughput screening. The MTT tetrazolium assay has been
widely adopted and remains popular in academic laboratories as evidenced by thousands of
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published articles[24]. SRB cell viability assays were used to quantify growth inhibition after
exposure to single drug and in combinations with other chemotherapeutic agents using the
median effect principle[25].
The results of MTT and SRB assays demonstrated that the etoposide treatment caused a
significant reduction in t he viability of the buccal cells. This was reverted back in the presence of
the bacoside fraction indicating the anti-apoptotic effect in the primary buccal cell culture. In the
case of KB cells, it caused an steep increase in the proportion of apoptotic cells in bacoside
fraction treated group, which indicates the anticancer activity of the bacoside fraction.
These observations clearly indicate that, not only does the bacoside fraction possess anticancer
activity against KB cells, but it also enhances specific cytotoxicity in the cancer cells alone. This
differential pattern of action suggests that the bacoside fraction can be effectively used as a
combinational therapy during chemotherapy to decrease the undesirable side effects.
Cell viability in a prostate cancer cell line was significantly lower in the micro-ribonucleic acid 29b
plus cisplatin group, compared to that of the cisplastin control group[26]. A dose-dependent
inhibiton of cell viability was observed in human urinary bladder cancer cells (TSGH-8301) when
treated with various concentrations of apple polyphenols[27].
In the present study, Giemsa and the EtBr, PI, DAPI and AO/EtBr fluorescent stains were
effectively used to characterize the extent of cell death in buccal and KB cells, in the presence
and the absence of etoposide and / or bacoside fraction. The effect of bacoside fraction on both
morphological and nuclear changes in both primary and cancer cells also proved the differential
effect exhibited by the bacoside fraction in selectively killing the cancer cells and protecting the
normal cells.
Light microscopic observation of breast cancer MCF-7 cells and normal human skin fibroblasts
treated with the aqueous extract of Lepidium sativum showed typical apoptotic features in the
cancer cells, but exhibited protective effect in the normal cells[28]. DAPI staining showed
significant increase in the apoptotic cells with nuclear changes in IK and cisplatin-treated
metastatic oral cancer cells HN4 and HN12 cells compared with the normal cells, which also
confirmed the differential effect[29]. Various staining procedures, such as AO/EtBr, Giemsa, EtBr,
propidium iodide and Hoechst 33342, showed that the methanolic extract of both the leaves and
the rhizomes of Curcuma amada induced cell death in cancer cells through apoptotic pathway in
breast cancer cell lines MCF-7 and MDA MB 231, at the same time protecting the non-cancerous
HBL-100 breast cells, which confirmed the differential effect of the extract in killing the cancer
cells along with normal cells[30]. Licochalcone A, a natural phenol licorice compound, induced the
apoptotic effects in KB human oral cancer cells, but did not have any effect on primary normal
human oral keratinocytes[31].
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Thus, the present study showed the differential effect of the bacoside fraction, which selectively
kills the cancer cells and protect the normal cells.
CONCLUSION
This is a very significant observation, as the bacoside fraction discriminates between the noncancerous and cancerous cells, and targets its action on the cancer cells. It is inferable that the
fraction is able to selectively recognize a specific component expressed by the cancer cells alone.
More in-depth mechanistic studies are needed to confirm this influence and to identify the signal
process involved.
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