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The HT-29 colon cancer cell line was used in the current work to investigate the anti-cancer efficacy of Gymnema sylvestre
extracts. The viability, apoptosis, flow cytometry, and mode of action of the active fraction were also evaluated. The active
fractions of G. sylvestre caused cell cycle arrest at the S phase and G2/M phase, and also caused programmed cell death.
The alcoholic fractions showed anti-cancer effect in HT-29 cancer cells. By applying methanolic fraction of Gymnema

sylvestre to the 1TT-29 cells, IC, was observed at 140.39 ug/mlL, whereas for chloroform fraction of Gymnema sylvestre
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showed IC; at 154.44 pug/mL. The herbal extract for colon cancer treatment may be developed with the help of researchers
due to G. sylvestre’s anti-cancer propertics.
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INTRODUCTION

The basis of traditional medicine is the use of medicinal plants
(Ahvazi et al., 2012). Humans relied on the therapeutic effects
of medicinal plants before the development of modern drugs.
Because of an antiquated belief that plants were made to give man
food, medicine, and other benefits, people value these plants.
Various plants utilised in herbalism, some of which have medical
characteristics, are referred to as traditional herbs. These healing
plants are recognised as a significant source of components
for the creation and synthesis of medications (Hassan, 2012).
Medicinal plants are currently gaining popularity due to their
numerous benefits as a rich source of diagnostic phytochemicals
that may facilitate the creation of new medicines.

Most plant-derived phytocompounds, including flavonoids,
alkaloids, and phenolics, have been found to benefit health and
prevent cancer (Kasagana & Karumuri, 2011; Azwanida, 2015).
Oncogenesis expression is a critical event in the early stages of
tumor formation (Hassanpour & Dehghani, 2017). The world’s
second leading cause of death is cancer (Imran et al., 2017). One
typical form of fatal malignant tumour is colon cancer. Around
the world, there are 774,000 deaths from colon cancer each year
and 1.36 million new cases (Liu et al., 2021). Unbalanced diets,
which mainly affect persons over the age of 50, are to blame for
70% of occurrences of colorectal cancer.

Because of side effects and limited differentiation between
healthy and malignant cells, chemotherapy treatment for colon

cancer is still challenging (Nelson et al., 2019). For better colon
cancer treatment, more research into organic products and their
constituents with minimal toxicity and side effects is still necessary
(Arunet al., 2017). Numerous widely used anti-cancer medications
are made from strong herbal phytochemicals. As a result, medicinal
plants became a valuable source of anti-cancer agents. Herb-
based drugs would be developed following a thorough evaluation
and chemical modification (Zheng et al., 20106). G. sylvestre is a
perennial woody climber in the Asclepiadaceac family, also known
as the “milk weed” family (Tiwari et al., 2014).

Gymnema sylvestre 1s a large tropical plant native to the central
and western regions of India as well as Australia and Africa. It is
an Ayurveda and therapeutic herb that has been used to treat
diabetes in India for over 2,000 years. G. sylvestre leaves are in high
demand in the pharmaceutical industry these days because they
are an important anti-diabetic medicinal plant (Packialakshmi &
Sowndriya, 2019). Butyric acid, chlorophyll a, hentriacontane, phytin,
chlorophyll b, Pentriacontane, inositol, formic acid, d-quercitol,
tartaric acid, gymnemic acids, anthraquinone derivatives are all
found in this plant. According to pharmacological investigations,
G. sylvestre contains medicinal qualities such as anti-inflammatory,
anti-microbial impact, anti-atherosclerotic effect, larvicidal effect,
and anti-hepatoprotective action (Thirunavukkarasu et al., 2016).
The anticancer properties of Gymnema sylvestre on human colon
cancer have not yet been investigated. This study was intended on
nvestigating the anti-malignant effects of the methanol (GS-ME)
and chloroform (GS-CH) fraction of Gymnema sylvestre on HT
29 cells (human colorectal cancer cells).

changes were made.
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MATERIALS AND METHODS

Collection of Plant Samples, Extract Preparation and
Fractionation

The leaves of Gymnema sylvestre were collected in Bharathidasan
University campus, Trichy, Tamilnadu, India. The plant was
authenticated by Botanical Survey of India, Coimbatore,
Tamilnadu, India. Plant leaves were dried, powdered and
extraction was done using Soxhlet apparatus with alcoholic
solvent (Nowak et al., 2021). 50g of plant sample was loaded into
an extraction thimble and ran the Soxhlet for eight hours. Prior
to drying in a freeze dryer, the retrieved solvents were collected
and concentrated using a vacuum rotary evaporator set to -80°C.
The extract was obtained until it had thickened and become
viscous (Subramanian et al., 2016). After the extraction, the
concentrated extract was fractionated.

Cell Culture

HT-29 cells were obtained from the National Centre for
Cell Sciences (NCCS) in Pune, India, and were cultured in
Dulbecco’s modified Eagles medium, DMEM. In a 25 cm? tissue
culture flask, the cell line was cultured in DMEM supplemented
with an antibiotic solution containing Penicillin (100 pg/mL),
Streptomycin (100 pg/mL), 10% FBS (L-glutamine, sodium
bicarbonate) and Amphotericin B (2.5 g/mL). Cell lines were
cultured at 37°C in a humidified 5% CO, incubator. Cell viability
was determined by observation of cells using an inverted phase
contrast microscope (Venkatadri et al., 2020).

Cytotoxic Potential of G. Sylvestre Against Colon Cancer
Cell Line

In the tissue culture plate (96 wells), HT-29 cells were seeded
and incubated for 24 hours consisting of DMEM. In yellow MTT
(0.5 mg/mlL) solution, cells were incubated and then treated
with G. sylvestre alcoholic fraction in triplicates of aliquots of
two fold dilution as mentioned above in 500 ul of DMEM. After
incubation, the MT'T solution was extracted from the medium
and add 200ul DMSO to dissolve the purple formazan salt
crystals. Then it was observed under the microscope (inverted
phase contrast) (Olympus CKX41 with Optika Pro5> CCD
camera) (Nelson et al., 2020). At a wavelength of 540nm, the
absorbance values were measured using a micro plate reader.

The growth of inhibition percentage was calculated by this
formula:

Mean OD Samples
Mean OD of control group

% of viability = x100

Flow Cytometry Assay

G. sylvestre alcoholic fraction treated with HT-29 cells. The
sample was taken in a 12X75 mm polystyrene tube and then
centrifuged at 3000 rpm for 5 mins. Discard supernatant
and do not disturb the pellet, it will look like a white film
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at the bottom of the tube. PBS was added and gently vortex
by pipetting. Centrifuged the cells at 3000 rpm for 5 mins.
Remove the supernatant and resuspend the cell pellet with
PBS by pipetting gently for several times. Drop by drop, the
resuspended cells were added to a vial containing 1ml of ice
cold 70% ethanol while vortexing at moderate speed. Close the
tube and keep it in the freezer at -20°C (Nithya & Sumalatha,
2014).

Staining of Cell Cycle

The samples were centrifuged at 3000 rpm for 5 minutes
at RT after the overnight incubation. After removing the
supernatant, 250 pl PBS was added to the pellet. Repeat the
centrifugation process at the same rpm and time. After removing
the supernatant, the pellet was taken and 250 pl of cell cycle
reagent propidium iodide (PI) was added. It was incubated
in the dark for 30 minutes (it is sensitive to light). Following
that, it was examined with a Flow Cytometer. To compare the
untreated control cells and samples were analyzed by gating
(Kim et al., 2021).

Apoptosis

According to standard procedures H1-29 cells were cultured and
treated for 24 hours with IC,  values of samples GS-ME (154.438
ug/mL) and GS-CII (140.387 pug/mL). The cells were stained
with a mixture of acridine orange (AO) 100 ug/mL and ethidium
bromide (EtBr) 100 pg/mL for 10mins at room temperature
before the staining process washed with cold PBS (Zhenget al.,
2016). The stained cells were washed twice with 1X PBS before
being examined under a fluorescence microscope with a blue
filter (Olympus CKX41 with Optika Pro5 camera) (Manosroi
et al., 2015).

RESULTS

Extraction and Fractionation of Plant Sample

The air-dried alcoholic extract (5 g) was made into fractions
such as petroleum ether, ethyl acetate, chloroform and methanol
(100%) of gradient organic solvents in increased polarity in
equal amounts as per sample. The supernatant was taken as a
fraction of respective solvents by centrifuging at 3000 rpm for
10 mins. The methanolic and chloroform fractions (GS-ME and
GS-CH) were taken for further studies based on high cytotoxic
potentials on HT-29 cell line.

Cytotoxic Evaluation of Gymenema Sylvestre Fractions
on HT- 29 Cell Line

2,5- diphenyltetrazolium bromide assay was done to check the
anti-cancer effect of GS fraction in a human colon cancer cell
line (HT-29). This is a qualitative measurement which results
in the formation of purple formazan crystals and diluted with
200 uLL of DMSO. The lethal concentration value of HT-29 was
found to be 154.438 pg/mL & 140.387 pg/mL for GS-ME & GS-
CH fractions which was calculated using Software (ED50 PLUS

JPhytol e 2022 ¢ Vol14



V1.0). The max viability showed in the least concentration.
Figures 1 & 3 shows the % viability of HT-29 and Figures 2
& 4 shows the photographic image of HT-29 treated with the
methanol and chloroform fraction of Gymenema sylvestre.

Apoptosis

The AO/EtBr staining methods provide impact results of
G. sylyestre fractions that cause apoptosis (a systematic death)
in HT-29 cells. With the LC, value obtained in the MT'T assay,
the experiment was carried out for the drug treatment and
stained further. The HT-29 cells were classified as normal green
nucleus (living cells), bright green nucleus with condensed or
fragmented chromatin (early apoptotic), orange-stained nuclei
with chromatin condensation or fragmentation (late apoptotic)
and uniformly orange-stained cell 21 nuclei (necrotic). Cells
were viewed at 20X magnification in a fluorescence microscope
(Figure 5). HT-29 cells were retrieved as per the standard
protocols and treated with LC;; values of samples GS-ME
(154.438 pug/mL) and GS-CH (140.387 ug/mL).

u GS-ME
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Figure 1: Cytotoxic effects of Gymnema sylvestre methanolic fraction
against HT-29 cell lines: LC_, VALUE = 154.44 ug/mL
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Flow Cytometry Analysis

Flow cytometry analysis confirms that the G. sylvestre-alcoholic
fraction has high activity against IH'T-29 cell lines. To clarify whether
G. sylvestre exerts anticancer activity effect only by inducing
programmed cell death or they also induce cessation of cell cycle
assessed its distribution by FACS analysis in H1-29 colon cancer
cellline. The effect of the sample is represented in (Figures 6 & 8).
The fraction arrests the cell cycle process at the G2/M and S phases
as shown in the figures. Treatment with the isolated fractions at
alow dose of 6 ug/mL, medium dose of 25 ug/mL and high IC,
dose shifted 20 the population of ITT-29 cells into phase Gl from
G2/M. At 6 ug/mL, 20% of cells were in the S phase while at 25
ug/mlL cells are in the phase of G2/M were increased to 30% of
the cell cycle Arrest at G1 phase as compared to the control. As a
result of the analysis, we can conclude that the GS-ME fraction
induces cell cycle arrest in the S phase, meanwhile, the GS-CH
fraction provokes cell cycle arrest in the G2 phase (Figures 7 & 9).

DISCUSSION

In this study, GS-ME & GS-CH was incubated with HT-29
cell lines at various doses. In vitro research on the effects of
GS on colon cancer cells revealed that it may trigger apoptosis.
Cell cycle analysis revealed that the GS extracts arrest cellular
proliferation in the S phase (Changet al., 2013). According to the
efficiency of GS on colon cancer cells, the growth of cancer cells
is greatly reduced. The findings imply that G. sylvestre therapy
may reduce colon cancer cell growth. The use of G. sylvestre to
treat colon cancer cells may not result in necrosis. The current
data imply that after G. sylvestre treatment, carcinogen damages
the colon cells which further decrease the growth. The extracts
of Gymnema sylvestre is thought to prevent the development of
colon cancer (Yadav et al,, 2021).

Gymnema sylvestre fractions ability to lower cancer cell viability
is evaluated using the MTT assay. The cytotoxicity assay was

Figure 2: Phase contrast inverted microscopic image of treated HT-29 in MTT assay against Gymnema sylvestre methanolic fraction at different

concentration. a) 6.25, b) 12.5, c) 25, d) 50 and e) 100 ug/mL
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used to evaluate G. sylvestre’s effects on HT-29 cells after 72
hours, and the IC, | concentration that killed 50% of the cells was
graphically determined. In screening results, G. sylvestre shown
wide-ranging cytotoxicity with the most notable cytotoxic
activity against colon cancer cells (Xu et al., 2014). G. sylvestre
has demonstrated significant growth inhibition in the cancer
cell line at low 1C; values. G. sylvestre therapy on HT-29 cell
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Figure 3: Cytotoxic effects of Gymnema sylvestre Chloroform Fraction
against HT-29 Cell lines: LC, Value = 140.39 ug/mL

VIABILITY (%)

100 um

lines led to a significant decrease in growth rate when compared
to the control (Revathi et al., 2019).

The detrimental effects of G. sylvestre on M'TT have been
further confirmed by morphological investigations employing
fluorescence microscopy, acridine orange, propidium iodide
staining assay and flow cytometric cell cycle analysis on H'T-
29 cells. A minimum of 300 counted cells were studied under a
fluorescent microscope to confirm the autophagy characteristics.
The proportion of apoptotic cells was determined from the
total cell populations, and the apoptotic cells were estimated
as the fraction of apoptotic bodies. The graph and apoptotic
cell percentage showed that G. sylvestre treatment increased
the fraction of apoptotic cells got larger with time. Morphologic
description was achieved by identifying and quantifying
apoptosis using fluorescence and phase contrast microscopy

(Yang et al., 2016).

Quantitative analysis of the cell cycle is crucial in the
investigation of molecular mechanisms underlying cell death and
cell cycle advancement. In order to measure apoptosis, DNA flow
cytometry (FCM) was used on untreated and treated HT-29 cells
to count the number of apoptotic cells (Alabsi et al., 2012).

Figure 4: Phase contrast inverted microscopic image of treated HT-29 in MTT assay against Gymnema sylvestre Chloroform Fraction at different

concentration. a) 6.25, b) 12.5, c) 25, d) 50 and e) 100 ug/mL

100 umw

Figure 5: Fluorescence microscopic images of Apoptotic activity of Gymnema sylvestre Fraction against HT-29 cell line. a) Control, b) HT-29

Against GS-Methanolic fraction, ¢) HT-29 against GS-Chloroform fraction
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Figure 6: Flow Cytometry analysis cell population profile. a) DNA
content index — control, b) DNA content index of Gymnema sylvestre
methanolic fraction treated cells.
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Figure 7: Flow cytometry analysis of Gymnema sylvestre methanolic
fraction on HT-29 cell lines
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Figure 8: Flow Cytometry analysis cell population profile. a) DNA
content index — control, b) DNA content index of Gymnema sylvestre
chloroform fraction treated cells
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Figure 9: Flow cytometry analysis of Gymnema sylvestre chloroform
fraction on HT-29 cell lines

Flow cytometry analysis of the cell cycle evaluates apoptotic
changes in cells by colouring cells with DNA dyes. The crucial
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dye, PI, was taken up more readily by apoptotic cells than by live
cells, most likely due to a decrease in membrane permeability.
This technique works well for quantitatively determining the
percentage of cells at each stage of the cell cycle (Kuppusamy et
al., 2016). In this work, treatment of GS-ME caused the S phase
cell cycle to be arrested and the death of HT-29 cells. Cell cycle
patterns revealed that treatment of GS-CH results in cell cycle
arrest and death at the G2/M phase. According to our research, G.
sylvestre inhibits HT-29 cell proliferation by inducing apoptosis,
which results in cell cycle arrest at S phase by GS-ME and cell
cycle arrest at G2/M by GS-CH.

CONCLUSION

The findings of the present study suggest that G. sylvestre has
the potential to inhibit colon cancer cell lines, implying that
more research is needed to isolate an active molecule and should
be scientifically evaluated using animal models and clinical trials
in the future. The study also supports the anticancer properties
of medicinal plant species in Indian medicine systems, as well
as further evaluation of the selected plants for an effective
anticancer drug with minimal side effects. As a result, enhancing
a healthy diet with Gymnema sylvestre leaves may help to treat
colon cancer.
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