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ABSTRACT: Integrative oncology comprises a range of therapies that can complement standard cancer treatments, such as
chemotherapy, surgery, and radiotherapy. One commonly used approach to complementary medicine involves using naturally
occurring antioxidants, such as Ayurvedic herbal extracts, to assist in reducing the adverse effects of cancer treatment on healthy
cells. Swastharakshak Plus® (SR plus®) is a polyherbal formulation consisting of Tinospora cordifolia, Curcuma longa, and Camellia
sinensis, known for their phytochemical content. This research paper hypothesized that SR plus® has anti-oxidant properties and a
cytotoxic effect on HeLa cancer cells. The study found significantly lower IC50 values for SR plus® ethanol extract after both 24
hours (22 pg/ml) and 48 hours (8.65 pg/ml) of exposure, compared to methanol and water extracts of SR plus®. Also, fluorescence
staining using Hoechst dye, DAPI, and dual staining (acridine orange and propidium Iodide) revealed the occurrence of apoptosis
in HeLa cells treated with the IC50 concentration of SR plus® ethanol extract for 48 hr. HeLa cells showed 43% cell death SR
plus® ethanol extract. In conclusion, the SR plus® formulation exhibited cytotoxicity activity against the HeLa cell line, possibly
due to apoptosis. By investigating complementary therapies like SR plus®, we may find valuable additions to existing cancer
treatments that can enhance their efficacy and reduce side effects.
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B Introduction

Typically, when a cell is damaged or reaches senescence, it
undergoes apoptosis, and new cells are produced through di-
vision to replace it. However, in certain instances, instead of
normal cell division, the damaged cell undergoes uncontrolled
proliferation, leading to the formation of tumors that can
spread to other parts of the body. This condition is known
as cancer." Cancer cell lines play an important role in in vi-
tro medical research, providing a valuable tool in areas such
as research and drug discovery. Cell lines have a high level of
accuracy if created in the right conditions and using the correct
protocol.” We used Hela cells in this study because HeLa cells
are a form of cervical cancer cells. Given that cervical cancer
represents a significant cause of mortality in females. HeLa
cells are commonly used in anticancer research due to their
robust proliferation, genetic stability, and resemblance to can-
cerous properties.® There are many ways to approach cancer
treatment. Patients often have to undergo multiple treatments
rather than relying on a single one. Some common standard
cancer treatments include surgery, chemotherapy, and radi-
ation.* Nevertheless, standard cancer treatments often come
with some side effects, including appetite loss, drug resistance,
hair loss, and relapse.” Additionally, patients can also relapse if
all the cancer cells were not killed in the first round of treat-
ments or if the cells spread to different parts of the body and
create other tumors.® Each type of cancer has a different per-
centage of patients who experience relapse. This variation is
influenced by factors such as the cancer stage and genetic fac-
tors.”

Integrative oncology addresses things such as symptom
control. It consists of non-invasive therapies that complement
mainstream cancer treatments.® There are many complemen-
tary therapies with anti-cancerous effects, such as acupuncture,
yoga therapies, or herbal and polyherbal drugs.® Phytochem-
icals have many anti-cancerous properties. In particular, they
have anti-cancerous effects when talking about phytochem-
icals, alkaloids, tannins, saponins, flavonoids, and phenolic
compounds.” Alkaloids are compounds that originate from
plants like other phytochemicals. They have many effects on
humans. There are various types of Alkaloids; the major ones
include true alkaloids, proto-alkaloids, and pseudoalkaloids.'

Phytochemicals with high antioxidant properties, such as
phenolic compounds, flavonoids, and saponins, are useful in
treating cancer, including cellular invasion inhibition and in-
duction of apoptosis.'™ > Tannins constitute a large group of
polyphenolic compounds found in nature and show significant
potential in both preventing and treating cancer."®

Ayurvedic formulations have been proven to have various
positive effects when used as a complementary treatment to
mainstream cancer treatments. For example, various Chinese
herbal medicines can be used along with standard cancer treat-
ments such as radiotherapy or chemotherapy, which may reduce
the side effects.™ Integrative oncology blends complementary
and integrative medicine (CIM) with traditional therapy to
treat cancer patients. Since ancient times, herbal remedies have
been utilized to cure various illnesses.'® India is a hub for me-
dicinal plants that can be used alone or combined to create
polyherbal preparations. One such composition is SR plus® (in
the form of power), which contains the widely available Indian
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plants of giloy, turmeric, and green tea. Numerous therapeutic
actions of these plants or herbs have been reported.

This study aims to examine the different phytochemicals
present in SR plus®, the cytotoxicity of SR plus®, and apop-
totic cell death in HeLa cells. It also seeks to compare the
effectiveness of SR plus® (a polyherbal formulation) with that
of its different solvent extracts.

B Methods

Extract formation:

This experiment used one gram of the insoluble SR plus®
powder, along with 10 mL of the non-polar solvent acetone,
polar solvents like methanol, ethanol, water, and chloroform, a
bipolar solvent. After mixing, the solutions were incubated on
a rocker for 24 hours and centrifuged for 20 minutes at 3000
rotations per minute (r.p.m.). Approximately 7-8 mL of each
resulting extract was collected for further experimentation.'®

Lambda max:

Lambda max (Amax) refers to the specific wavelength at
which a compound exhibits its greatest absorption when
measured using a spectrophotometer. Phytocomponents are
biologically active substances derived from plants, and this
Amax value identifies a peak in the absorption spectra that
represents their existence (Figure 1). In this test, undiluted
(crude) samples were used to check the Amax. Alkaloids, sa-
ponins, flavonoids, polyphenols, and tannins are measured in
the sample to determine the total amount of these chemicals
during phytochemical screening. This screening process helps
identify and quantify the various bioactive substances in the
sample, providing valuable insights into their potential medic-
inal or therapeutic properties.'”

Qualitative analysis:

Rahman Gul and Kokate carried out qualitative analyses
utilizing particular procedures.'®"

Table 1: Protocol for qualitative analysis of phytochemicals

Phytochemicals Procedure Used Observation

Alkaloid 1 mL Dragendorff's reagent + 0.2 mL of
the sample +0.2 L dilute HCI (1:1)

Orange-brown precipitate in the

presence of alkaloids

Saponin Olive oil test + 0.5 mL of each sample Formation of a soluble emulsion if

saponins are present

Flavonoid Treatment of 0.5 mL of the sample + 5 | Alkaline reagent testing for the presence
drops of 5% NaOH of flavonoids if solution becomes

colorless

Polyphenol Test 0.2 mL of the extract, 4 drops of FC Color change recorded after 20 min
reagent_ 4 drops of NaCO3 incubation in the dark at room
temperature indicates the presence of
polyphenols
Tannins 0.2 mL of sample + 5 drops of FeCI3 Blue color indicates the presence of
Solution (5% v/v) tannins
Quantitative Analysis

The test for Polyphenols was taken from -. 0.2 ml of each
test sample was mixed with 0.6 ml of water and 0.2 ml of Folin
Ciocalteu’s reagent. They were then incubated for 5 minutes.
After incubation, 1 ml of 8% w/v of Na2CO3 was added to the
solutions, and the volumes were then made up to 3 ml using
water. A 30-minute incubation and centrifuging followed this.

The absorbance of the blue color at 765 nm was measured.
The phenolic content was calculated as a gallic acid equivalent
based on a standard curve.?

The pH was maintained at 2-2.5 using 1M HCI, and then
2 mL of Dragendorft’s solution was added to measure the
alkaloids in the extracts. After centrifugation, 2 mL of 5%
disodium sulfide solution was added to the pellet to form a
brown-black precipitate. 2 mL of concentrated nitric acid was
added, and the volume was up to 10 mL with distilled water.
1 ml of the solution was discarded, and 5 ml of thiourea was
added. The absorbance was recorded at 435 nm. Bismuth ni-
trate was used as a standard.?’

To quantitatively test for Flavonoids, the procedure was tak-
en from-. 1 ml of the test samples were taken in test tubes,
and 4 ml of distilled water was added. Then 0.3 ml of 5% so-
dium nitrite solution was added to each tub and incubated for
5 minutes. After incubation, 0.3 ml of 10 % AICl; and 2 ml of
1 molar sodium hydroxide were added. Then, the volume was
made up to 10 ml with distilled water and mixed. The absor-
bance at 630 nm of the orange color was measured. Quercetin
was used as a standard.?!

To quantitatively test for saponins, the protocol was taken
from -. 0.25 ml of the samples were taken, and 0.25 ml of 8%
Vanillin in ethanol was added to each sample. Then 2.5 ml of
72% sulphuric acid was added to the solutions and incubated
at 60°C. After the solutions cooled down, the absorbance was
measured at 765 nm. Diosgenin was used as a standard for the
saponin test. 222

Anti-oxidant assay:

To observe the Anti-oxidant activity of SR plus® 2,2-di-
phenylpicrylhydrazyl (DPPH) assay was used. Here, 10pL, 50
pL, 150 pL and 200 pL of SR plus® were put in different test
tubes. The volumes were made up to 1 ml with methanol, and
3 ml of DPPH assay was added. The test tubes were incubated
in the dark and at room temperature for 15 minutes, and the
readings were then taken at 517 nm using a spectrophotom-
eter.?%

The percentage inhibition (inhibition of reactive oxygen
species, such as the superoxide radical) was calculated accord-
ing to the formula:

0D control =0D sample

% inhibition = x 100

0D control

A concentration (pg/mL) graph on the x-axis against % in-
hibition along the y-axis was plotted for the DPPH assay. The
IC50 value was found after fitting the data to a linear equation
(y = mx + ¢). The point at which 50% inhibition of the reactive
oxygen species had occurred was hence determined:

50 —c¢
m

BO)=mx+c—rx=

Cell culture:

HeLa cells were purchased from NCCS (National Centre
for Cell Science), Pune. Passage number seven was used for
this study. After rapid thawing, cells were cultured in Dulbac-
co’s Modified Eagle Media (DMEM/F-12) with 10% serum
(Himedia). After centrifugation (1500rpm, 10 minutes). Cells
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were counted using a hemocytometer after centrifugation
(1500rpm, 10 minutes). They were cultured and maintained at
37°C with 5% CO2. When reaching 80-85% confluency, the
cells were harvested using 0.25% trypsin-EDTA solution (Hi-
media) and subcultured for further assays.

Cytotoxicity assay:

The MTT (4, 5-dimethyl tetrazolium-2-yl, 2, 5-diphenyl
tetrazolium bromide) test parameters were established based
on earlier phytochemical analyses, 24 which identified the
presence of secondary metabolites (phytochemicals). The es-
sential groups of SR plus® were categorized separately during
the phytochemical research.

The MTT assay procedure was adapted from the description
by Morgan D.M.L.26 HeL a cells were counted using a hemo-
cytometer, and 0.3 x 106 cells were seeded in a 96 well plate
with Dulbecco's Modified Eagle Medium (DMEM) contain-
ing 10% Fetal Bovine Serum (FBS) (100pL, 3000- 5000 cells
per well). The cells were cultured and maintained at 37°C with
5% CO2 for 24 hours to ensure cell adhesion. After 24 hours
of incubation, older media was removed to get rid of dead cells.
For the treatment of cells, concentrations such as 330, 165,
82.5,41.25,20.63,10.31, and 5.16 pg/mL (two-fold serial di-
lutions) of SR plus® extracts were used; the incubation periods
were 24 hours and 48 hours. After the respective incubation
times, 20 pL of MT'T solution was added to all the wells, and
the plates were further incubated for 4 hours. Subsequently, the
medium was removed, and 100 pL. of DMSO was added to
dissolve the purple formazan crystals. The presence of purple
formazan crystals indicated the viability of living cells. Absor-
bance readings were taken at a wavelength of 545 nm using
a spectrophotometer (Thermo Scientific). To minimize errors,
three individual sets of experiments were conducted in tripli-
cate. The percentage of cell cytotoxicity was calculated using
a specific formula based on the obtained absorbance readings,

Absorbance of the Sample

x 100

Absorbance of the control

The formula calculated the percentage cytotoxicity:

Abscontrol —AbSsample x 100
AbScontrol

The percentage cytotoxicity graphs were plotted against the
sample concentration for all groups from the absorbance read-
ings obtained. The IC50.tk software was used to determine the
IC50 value obtained from the MTT assay (after both 24 and
48 hours of drug action). Based on earlier study references, cell
death exceeded 90% for the highest concentration for SR plus®
at 48 hours; the 24-hour and 48-hour time points were se-
lected to determine IC50 values. A 24-hour treatment reveals
initial effects while extending to 48 hours assesses cumulative
or delayed responses of the polyherbal drug on cell viability.
These time points mimic physiological conditions, which are
crucial for assessing toxicity within a clinically relevant window
due to drug metabolism and excretion. We did not perform the
preliminary study for 72 and 96-time points because limiting

assays to 24 and 48 hours balances thorough data collection
with efficient resource use, capturing significant effects with-
out unnecessary experimental duration.?’

Staining and microscopy:

HeLa cells were cultured in Dulbecco's Modified Eagle Me-
dium (DMEM) using a 24-well plate with 10% Fetal Bovine
Serum (FBS) (1 mL, 0.1 x 106 cells per well), kept at 37 °C
with 5% CO2, and treated with SR plus® at the IC50 dose
used in the MTT assay (21.09 pg/mL), along with control
cells (untreated). The HeLa control group consists of cells not
exposed to SR plus® ethanol extract, while the HelLa treated
group comprises cells treated with SR plus® ethanol extract.
After 48 hours of drug activity, the medium was removed, and
the cells were then washed with 1X PBS (pH-7.4) solution and
incubated for 5 minutes at room temperature. The wells were
then filled with 4% paraformaldehyde (a fixative chemical) and
incubated for another five minutes. The cells were then given
one additional PBS washing in ice-cold water. They were em-
ployed in the dark and covered to prevent fluorescent stains
from exposure to light.

Dual staining: Mascotti e al. adopted the dual staining
technique.”® The cells were given 50 pL each of 1 mg/mL
propidium iodide and 1 mg/mL acridine orange. The treated
and control samples were then examined under a fluorescence
microscope in a dark environment at 490 nm (excitation) and
630 nm (emission).

Hoechst staining: The Crowley e# al. procedure was used to
create the Hoechst staining method.”” Both the treated and
control cells received 50 pL (0.5 g/mL) of Hoechst stain,
which was then viewed at 350-460 nm under a fluorescence
microscope.

DAPI staining was used to see how cells died. DAPI stands
for 4',6-diamidino-2-phenylindole. Both the control and the
treated cells received 50 pL (1000 mg/mL) of DAPI dye,
which was then applied. The cells were observed at 450 nm
under a fluorescence microscope in a dark environment. The
pictures were taken with ProgRes® Capture Pro software using
an Olympus microscope with a 0.34 numerical aperture (NA)
and a 20X magnification. ***! Five different areas were chosen
to cover the whole 24-well plate and counted the cells based on
the morphology. Cellular shrinkage, nuclear and cytoplasmic
condensation, bleb formation, and fragmented bodies are con-
sidered to be apoptotic cells.

Statistical analysis:

The data was analyzed using Microsoft Office Professional
Plus 2016 software. The statistical difference between groups
was examined using a paired t-test. n=3, p - value<0.05 consid-
ered significant.

B Results and Discussion

Phytochemical screening of SR plus® was carried out us-
ing spectrophotometry. SR plus® was diluted with various
solvents to identify the most suitable solvent for further exper-
iments. The screening revealed the presence of phytochemicals
at different concentrations in each solution of the SR plus®.
Saponins, alkaloids, and phenolic compounds are essential cat-
egories of bioactive constituents in herbal products.
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Lambda max:

The preliminary screening in the Lambda Max run showed
that methanol, ethanol, and water absorbed the largest amounts
of Phytochemicals (Figure 1).

A B

Acetone extract of SR Plus®

Wavelength ()

Water extract of SR Plus®

Wavelength )

b

A

c D

Methanol extract of SR Plus®

Wavelength ()

Ethanol extract of SR Plus®

Wavelength ()

Figure 1: The Lambda max (Amax)

The graphs obtained here through a UV/Vis spectropho-
tometer show the presence of various phytochemicals in the
various solutions through the peaks. A wide range of flavo-
noids were detected in SR plus® acetone extract (Figure 1A).
Saponins, polyphenols, and alkaloids were detected in SR
plus® water extract (Figure 1B). Saponins and polyphenols
were detected in SR plus® methanol extract (Figure 1C). Fla-
vonoids, polyphenols, and alkaloids were detected in SR plus®
ethanol extract (Figure 1D). The range used here was 200 —
800 nm. The results of the phytochemical screening, displayed
in Figure 1, with the lambda max values, clearly showed that
different solvent extracts of SR plus® had considerable quanti-
ties of all the phytochemicals.

Qualitative analysis:

The qualitative analysis showed a high concentration of tri-
terpenoids in the methanol and ethanol solutions. However,
Figure 1 shows that saponins were only found in methanol and

water (Table 2).
Table 2: The Qualitative analysis of different solvent extracts of SR pluse

Saponins Flavonoids Poly Phenols Alkaloid Tannins
Methanol + - + o =
Ethanol - + + + -
Water + - + ax _

Acetone - + - - -

The Qualitative analysis was measured using “+” and “-” to
show the presence or absence of the phytochemicals in the re-
spective solutions. The table shows how to qualitatively find
the desired phytochemical for the preliminary screening of
phytochemicals in different extracts of SR pluse.

Quantitative analysis:

The concentration of desired phytochemicals present in dif-
ferent extracts of SR plus® are shown below (Figure 2)
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Figure 2: Quantitative analysis of SR plus® extracts. Bar graph showing
the quantitative Analyse of different phytochemicals in various plant extracts
using other solvents. A. polyphenol, B. flavonoid, C. saponins, and D. alkaloid
using other solvents. A. polyphenol, B. flavonoid, C. saponins, and D. alkaloid
concentration (pg/ml) in various extracts. Finding the solvent extract with
the highest concentrations of a specific desired phytochemical was the first
objective of the quantitative phytochemical screening.

Ethanol extract of SR plus® showed higher concentrations
of desired phytochemicals than methanol and water extracts.
This quantitative analysis data emphasizes the importance of
solvent selection on phytochemical extraction efficiency. The
outcomes provide valuable insights contributing to the broad-
er understanding of channeling plant-derived compounds for
various applications, including pharmaceutical and natural
product development.

Anti-oxidant properties:

After the phytochemical analysis,a 2,2-diphenylpicrylhydra-
zyl (DPPH) assay was carried out to observe the anti-oxidant
activity of SR plus®. The IC50 values for the whole plant and
methanolic, ethanolic, and water extracts, respectively, were
250.55 pg/mL, 249 pg/mL, and 251.02 pg/mL. SR plus®
may be used in conjunction with cancer treatment to protect
healthy cells from oxidative damage by free radicals (Figure 3).

This formulation's antioxidant property is significant be-
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Figure 3: The graph for the DPPH assay. The graph depicts the %
inhibition of free radicals with an increase in the concentration of SR plus®
in pg/mL. A. methanol extract, B. ethanol extract, C. water extract, and D.
IC50 values. This graph represents the formulation's antioxidant properties
regarding free radical scavenging capacity. The IC50 value was determined
using the graph. As a result, the SR plus® formulation represents an
antioxidant activity.

cause it may be used as a supplement to cancer therapy, helping
to shield healthy body cells from potential damage brought on
by harmful free radicals produced during treatment.
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Cytotoxic effect:

MTT (3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl tetrazoli-
um bromide) assay was used to observe the cytotoxicity of SR
plus® on HeL a cells.

To investigate the pro-apoptotic effect of SR plus® ethanol
extract on Hel.a cells, the extract demonstrated a low IC50
value, indicating its heightened potential for inducing cell
death at lower concentrations. Other therapies were not used
in this study. The fact that SR plus® ethanol extracts IC50 on
HeLa cells was much lower than other extracts of SR plus®
indicates its potential for powerful anti-cancer properties (Fig-

ure 4).
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Figure 4: 1C50 values for SR pluse. Bar graph showing the IC50 values
for the MTT cell viability assay for the five groups tested. The concentration
was expressed in pg/ml (N=3, mean+SD). HeLa cell viability decreases with
increasing concentrations of - SR plus® derived extracts using MTT assay.
The effects of different extracts at 24h and 48h on the HeLa cell line were
compared to HeLa cells. Groups such as SR plus methanol extract and
water extract were compared to SR plus ethanol extract. These groups were
considered statistically significant if p<0.01 (**) and p<0.001 (***).

The study results have significant ramifications for integra-
tive oncology since they show that the phytochemical extracts
from SR plus® have notable cytotoxic effects on HeLa cells.
As a result, it is possible that this SR plus® extract could be
utilized in addition to or instead of conventional cancer treat-
ments. The objective is to lessen the unfavorable side effects
of conventional medicines while improving their anti-cancer
capabilities.

Pro-apoptotic properties using fluorescence staining:

Finally, ~ Various  stains, including 4’,6-diamidi-
no-2-phenylindole (DAPI), Hoechst, and Dual staining, were
used to observe the pro-apoptotic effect of SR plus® ethanol
extract on Hela cells.

Dual staining of the treated and control groups of Hela
cells revealed that the treated group had 50% more cell death
than the control group. According to the fluorescence stain-
ing study results, the treated HeLa cells had 43% cell death in
DAPI compared to the control group (Figure 5).

HeLa (control)

HeLa + SR plus

A

Duel staining

Hoechst
staining

HeLaControl) HeLa+ SR plus
G

DAPI staining

Figure 5: Fluorescence staining to observe the mode of cell death on HeLa
cells treated with SR plus®. Apoptosis caused by SR plus® on treated groups:
HeLa (control) and HeLa+ SR plus® cells were observed under a fluorescent
microscope using acridine orange and propidium iodide (dual) staining

(20x) (top) (A, B) and Hoechst (middle) (C, D) and DAPI staining (20x)
(bottom) (E, F) with NA of 0.34. The fluorescent nuclear fragmentation

and blebs indicate apoptosis marked as a white arrow in acridine orange and
propidium iodide (dual) and also in Hoechst and DAPI staining. Scale bar:
100puM. HeLa (control) and HeLa + SR plus® were considered statistically
significant, which is shown in the graph if p<0.001 (**).

The efficacy of SR plus® in destroying cancer cells is evi-
dent, as demonstrated by its impact on HeLa cells treated with
IC50 of SR plus®. Furthermore, the Hoechst stain revealed
a significantly higher number of apoptotic cells in the group
treated with SR Plus®, providing additional evidence of the
drug's ability to induce apoptosis in cancer cells.

® Conclusion

SR plus® acetone did not show the presence of phyto-
chemicals as compared to methanol, ethanol, and water
extracts. In comparison to the methanol and water extracts of
SR plus®, the study revealed significantly lower IC50 values
for SR plus®'s ethanol extract, particularly at 24 hours (22 pg/
mL) and 48 hours (8.65 pg/mL) of exposure to HeLa cells.
Additionally, exposure of HeLa cells to the SR plus® ethanol
extract at IC50 resulted in apoptosis, as indicated by fluo-
rescent staining with Hoechst dye, DAPI, and dual staining
(acridine orange and propidium iodide). In conclusion, SR
plus® exhibits significant cytotoxicity against HelLa cancer
cells, with ethanol extract proving particularly effective. The
observed mechanism of action is apoptosis, although further
research is warranted for a comprehensive understanding.
Additional experiments are required to confirm the potential
synergy of SR plus® with standard treatments, using it as an
integrative medicine. In this preliminary study, SR plus® can
be considered a prospective option in integrative medicine.
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