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ABSTRACT: Natural product-derived molecules exhibit potential as
anticancer agents. Trilliumoside A, a new steroidal saponin, was obtained
from rhizomes of Trillium govanianum, and its anticancer activity was
investigated in the presented study. Trilliumoside A was investigated in a
panel of cell lines, and it exhibited promising cytotoxic activity on the AS49 \_
cells (human lung cancer cells) with an IC, of 1.83 uM. The mechanism of 7549 calls
cell death induced by Trilliumoside A in AS549 cells and its anticancer /
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cells by increasing the expression of various apoptotic proteins, such as Bax, I D B { cyclin A
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Trilliumoside A regulates the expression of p53, CDK2, and Cyclin A by
decreasing the mitochondrial membrane potential, elevating reactive oxygen
species, and stopping the growth of AS49 cells in the synthesis phase (S) of the cell cycle. Trilliumoside A showed a considerable
reduction in the tumor volume, the amount of ascitic fluid, and the total cell number without affecting the body weight of animals.
Our results demonstrate that Trilliumoside A inhibits the proliferation of human lung cancer cells by inducing DNA damage,
arresting the cell cycle, and activating the mitochondrial signaling pathway. The study demonstrated the potential of Trilliumoside A
as a potential anticancer agent.

1. INTRODUCTION

Unregulated and uncontrolled division of cells in a body leads

death occurs naturally. Drug-induced apoptosis is crucial in the
treatment of cancer.'’ The mitochondria apoptosis is the best-

to one of the deadliest diseases humanity has ever witnessed;
modern science calls it cancer, a word derived from concrum, a
Latin word meaning crab. Among all the cancers, lung cancer is
considered the second most diagnosed cancer, contributing to
the highest mortality."”> Lung cancer contributes 23% of the
total cancer-related deaths in humans all over the world.” Lung
cancer is one of the common cancers all over the globe due to
rapid progression, high incidence, and poor prognosis.’
Small-cell lung carcinoma (SCLC) and non-small cell lung
carcinoma (NSCLC) are the two types of lung cancer that
make up 85% of the cases. NSCLC is regarded as a prominent
and prevalent form of cancer.”® In the Asian subcontinent,
lung cancer exists as the potential reason for deaths and
reduces the S-year survival ratio by less than 15%.” Lung
cancer is also growing steadily in developing countries due to
the adoption of western culture, alcohol, sedentary life style,
consumption of tobacco, and obesity.” Due to tumor diversity,
limited understanding of cancer biology, development of
reluctance to therapies, and late disease presentation become
the leading causes of high mortality in patients with lung
cancer.” The process of apoptosis through programmed cell
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known pathway for cancer treatment acting by altering the
mitochondrial membrane permeability by releasing the
apoptosis vital substances, activating Bcl-2 family members'’
and downstream caspase proteins.'”

At present, chemotherapy is used as the potential tool for
the curing of lung cancer. The conventional cancer therapies
for enhanced survival and better quality of living for patients
affected are still limited and associated with various
limitations."” The lipophilic nature and usage of higher doses
of chemotherapeutics require surfactant-based solubilization to
enhance the systemic drug availability. In addition, due to the
first-pass metabolism, the oral dosage of cancer chemo-
therapeutics is restricted."*™'® The spreading of cancer is
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rapid depending on the progression and proliferation of cell
division.'” The present antitumor chemical drugs show some
consequential side effects'®'? due to which the continuous
exploration of new chemical treatment with less side effects is
vital. For cancer treatment, various chemotherapeutics of
plants are being used. These chemotherapeutics showed their
action via different mechanisms of action.”” The natural
product-derived molecules that showed anticancer properties
may belong to any of the categories of molecules such as
alkaloids, diterpenes, etc.”' Natural product-derived molecules
exhibited great potential for the treatment of cancer, and there
are a number of molecules including paclitaxel, vincristine,
vinblastine, bleomycin, zingiberene, and trabectedin, which
have been explored for the management of cancer.”

We have reported Trilliumoside A, a natural product isolated
for the first time from the rhizome of the Trillium govanianum
Wall. ex D. Don.””> The plant is one of the best potential
medicinal herbs with a lot of therapeutic value.”* The previous
literature suggested that the plant has cytotoxic properties on
the basis of how the plant was used for the treatment of lung,
liver, and breast cancers.”> In this study, we found that
Trilliumoside A showed anticancer activity against the lung
cancer by activation of mitochondrial signaling pathways and
inducing DNA damage.

2. METHODOLOGY

2.1. Reagents, Chemicals, and Antibodies. Ammonium
per sulfate, acrylamide, bromophenol blue, Coomassie Brilliant
Blue, Triton X100, N, N-methylene bisacrylamide, Trizma
base, EDTA, phosphate-buffered saline (PBS), sodium
bicarbonate, f mercaptoethanol, trypsin, RIPA buffer, rhod-
amine 123 (Rh123), SRB dye, TEMED, DCFHDA, RPMI
1640 medium, DMEM, DMSO, HEPES, 5 fluorouracil (SFU),
phenyl methyl sulfonyl fluoride (PMSF), protease inhibitor
cocktail, bovine serum albumin (BSA), Annexin V- FITC kit,
and propidium iodide (PI) were purchased from Sigma-
Aldrich Co. Fetal bovine serum (FBS) and penicillin—
streptomycin solution were procured from GIBCO Invitrogen
Corporation. Methanol, glycerol, and glycine were obtained
from Himedia Laboratories, Dindori, India; the chemilumi-
nescent horseradish peroxidase (HRP) substrate was obtained
from Millipore Corporation. Procaspase antibody sampler kit,
Cytochrome C, Puma, anti-actin antibody, anti-Bax, and anti-
Bcl2 were obtained from Cell Signaling Technologies (CST).
The CL-XPosure film and protein ladder have been purchased
from Thermo Scientific (Rockford).

2.2. Cell Culture and Optimum Growth Conditions.
Human cancer cell lines including colon cancer (HCT-116,
SW-620), lung cancer (A-549, HOP-62), pancreatic cancer
(MiaPaCa-2), breast cancer (MCF-7, MDA-MB 231), prostate
cancer (PC-3), and neuroblastoma (SH-SYSY) were obtained
from the National Cancer Institute (NCI). From the European
Collection of Authenticated Cell Cultures (ECACC), the non-
tumor human breast epithelial cell line FR2 was obtained. The
cell lines are maintained and passed serially in accordance with
the literature.”® RPMI-1640 and DMEM complete growth
media supplemented with 10% fetal bovine serum, 100 mg/mL
streptomycin, and 100 units/mL penicillin were used to grow
the human cancer cell lines in tissue culture flasks at 37 °C, 5%
CO,, and 95% RH.

2.3. Extraction and lIsolation of Trilliumoside A.
Trilliumoside A was isolated from shade-dried rhizomes of
the T. govanianum (1.9 kg, 20% aq. MeOH) extract (229.44 g)

and subjected to purification using HP-20 resin as the reverse
phase in an open glass column chromatograph; the column was
eluted with decreasing polarity of the (water/methanol)
solvent system. 250 mL volume of each collected flask was
concentrated using a rotavapor. On their similarity in the TLC
profile, 20 sub-fractions (HA-01-HA-20) were obtained. With
sub-fraction F-1D (1.2 g) on further purification using reverse-
phase column chromatography, HP-20SS dianion exchange
resin was used as a stationary phase and water:methanol as a
solvent system (0.5:9.5—8.5:2.5) 25 mL collected in SO mL
tubes; on the basis of TLC profile fractions (6.5:3.5), (8.5:2.5)
afforded compound 1 (27 mg) as a dark-brown crystalline
solid. The isolated compound was characterized by 1D and 2D
NMR, LC/MS, and HR/MS; HPLC purity of isolated
compounds used for all biological assays was >98%. Its
molecular formula was determined to be Cs;Hg;O,3, by LC/
MS data at (m/z 1064.13 [M + HJ]*) (caled for
Cs1Hgs0,37,1064.1911), together with its NMR data.'H
NMR (400 MHz, MeOD) & 5.38 (s, 1H), 5.19 (s, 1H), 4.83
(s, 1H), 449 (d, ] = 7.8 Hz, 1H), 423 (d, J = 7.8 Hz, 1H),
4.16—4.07 (m, 2H), 3.93 (d, J = 2.9 Hz, 1H), 3.88—3.82 (m,
2H), 3.78 (s, 1H), 3.68—3.63 (m, 3H), 3.63—3.60 (m, 2H),
3.59 (s, 1H), 3.43—3.35 (m, SH), 3.34 (s, 2H), 3.26 (s, 1H),
3.18 (q, J = 7.3 Hz, 7H), 2.44 (d, J = 9.8 Hz, 1H), 2.31-2.20
(m, 2H), 2.01 (d, ] = 8.1 Hz, 2H), 1.90 (s, 2H), 1.72—1.50 (m,
6H), 1.32 (s, 2H), 1.30 (s, 3H), 1.28 (s, 3H), 1.26 (s, 1H),
1.24 (s, 3H), 1.23 (s, 1H), 1.17 (t, ] = 7.0 Hz, 2H), 1.04 (s,
3H), 0.92 (m, 6H), 0.84 (s, 2H)."*C NMR (100 MHz,
MeOD) 638.67 (C-1), 30.55 (C-2), 79.45 (C-3), 39.58 (C-4),
141.95(C-5), 122.75(C-6), 32.33(C-7), 33.18(C-8), 51.52(C-
9), 38.01 (C-10), 21.18 (C-11),30.55 (C-12), 46.12(C-13),
$3.92(C-14), 33.01(C-1S5), 90.89(C-16), 91.62(C-17),
17.50(C-18), 20.10(C-19), $50.00 (C-20), 9.87(C-21),
112.46(C-22), 36.88(C-23), 28.55(C-24), 35.07(C-25),
$8.43(C-26), 76.11(C-27).3-0-Gles 100.50 (C-1'), 77.95
(C-2"), 78.16 (C-3’), 79.92 (C-4'), 76.69 (C-5"), 62.00 (C-
6'), 2-0-Rhal03.4 (C-1"), 71.75 (C-2"), 73.98 (C-3"), 79.32
(C-4"), 69.86 (C-5"), 18.14 (C-6"), 4-O-Rhal02.2(C-1"),
72.50 (C- 2"), 72.25 (C-3")’, 73.81 (C-4"), 70.72 (C-5"),
18.02 (C-6"), 26-0-Glc-104.66 (C-1""), 75.24 (C-2""), 78.19
(C-3""), 72.40 (C-4""), 78.04 (C-5""), 62.83 (C-6"").>*
2.4. Cell Viability Screening in Human Cancer Cell
Lines Using SRB Assay under In Vitro Conditions. In 96-
well flat-bottom plates, the optimal cell density per well was
seeded in order to perform the SRB assay according to a
previous protocol.”” Human cancer cell lines namely colon
cancer (SW-620, HCT-116), lung cancer (A-549, HOP-62),
prostate cancer (PC-3), breast cancer (MCF-7, MDA-MB
231), pancreatic cancer (MiaPaCa-2), and neuroblastoma
(SH-SYSY) were seeded at 100 uL/well in a 96-well plate. The
cells were exposed to test substances at varying concentrations
(0.5, 1, 2.5, 5, 10, and 20 M) and the plates were incubated
for 48 h. Furthermore, ice-cold TCA was used to fix cells.
Additionally, cells were fixed for one hour at 4 °C with ice-cold
TCA. The plates were given three water rinses after 1 h and
then left to air-dry. In the following step, 100 uL of 0.4% SRB
dye was applied, and plates were left at room temperature.
After that, plates were washed once with 1% acetic acid and
three times with water to remove the unbound SRB. The
bound dye was solubilized after drying at room temperature by
adding 100 uL of 10 mM Tris buffer (pH-10.4) to each well.
To dissolve the protein-bound dye, the plates were shaken for
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S min. OD was determined at 540 nm in a microplate reader
(Thermo Scientific) and cell viability was calculated.

2.5. Morphological Studies Using 4,6-Diamidino-2-
phenylindole (DAPI) Staining and Bright Field Micros-
copy. DAPI labeling was used to examine apoptosis in A-549.
Trilliumoside A was incubated with the cells for 48 h at doses
of 1, 2, 4, and 6 uM. Cells serving as positive controls received
camptothecin (CPT) at a concentration of 0.25 M. After 48 h
of incubation, cells were washed with PBS. At 4 °C, cells were
fixed in a 3:1 methanol/acetic acid fixing solution. To identify
the nuclear alterations, cells were first cleaned with PBS before
being stained for 30 min in the dark with 10 gmol/L working
solution of DAPI. Cells were washed with PBS after 30 min of
treatment, and then, under a fluorescence microscope,
apoptosis-related nuclear morphological alterations were
seen.”®”” Morphological investigation following exposure
with Trilliumoside A was also investigated using bright field
microscopy.

2.6. Examination of the A549 Cell Surface Using
Scanning Electron Microscopy (SEM). To examine the
effect of Trilliumoside A on the cell morphology of A549 cells,
scanning electron microscopy was used. Cells were treated
with four different doses of Trilliumoside A for this test, plated
on coverslips, and fixed with 2.5% glutaraldehyde for 24 h.
Following the incubation, the samples were washed with PBS
and fixed for 4 h at 4 °C in a solution of 1% osmium tetroxide.
We used graded ethanol solutions to dehydrate fixed cells.
Hexamethyldisilazane was used to dry cells at their critical
point. The specimens received a gold sputter coating.”’
Samples were analyzed using a scanning electron microscope
for any structural alterations post Trilliumoside A treatment.

2.7. Examination of Cell Apoptosis Using Acridine
Orange—Ethidium Bromide (AO-EtBr) Staining. AS49
cells were seeded in 6 wells for an overnight period at a density
of 1 x 10* cells per well. After 24 h of incubation, cells were
treated with Trilliumoside A at 1, 2, 4, and 6 uM
concentrations for 48 h. The dual dye mixture of 100 ug/
mL AO and 100 ug/mL EtBr in PBS’® was added after the
cells had been rinsed with ice-cold 1X PBS, and images were
taken using an Olympus IXS3 microscope.

2.8. Apoptosis and Necrosis Assessment by Annexin
V-Fluorescein Isothiocyante (FITC)/PI Dual Staining.
Using a flow cytometer, an analysis of Annexin V FITC was
performed in an effort to comprehend how Trilliumoside A
causes the induction of apoptosis. A-549 cells were plated in
six-well plates at a density of 1 X 10° cells per well.
Trilliumoside A was administered to cells at concentrations
of 1, 2, 4, and 6 uM. Following a 48 h incubation period, cells
were collected, labeled with Annexin V (a phosphatidylserine-
binding protein) in conjunction with FITC dye, and analyzed
using a BD FACS system.””*!

2.9. Scratch Assay. Scratch assay is an in vitro assay, which
was used to measure the migration and proliferation of
mammalian cells after treatment with cytotoxic drugs.”"**
AS49 cells were allowed to grow in a 6-well plate until a
monolayer of cells is formed, and then, a scratch in a horizontal
line is made in the monolayer with a sterile microtip.
Incubation of cells was done with different concentrations of
Trilliumoside A for 48 h. The scratched area was photo-
graphed at both 0 and 48 h, and the percentage of wound
closure or gap was calculated using the formula

wound areaat 0 h
% wound closure = X 100
wound areaat 48 h

2.10. Colony Forming Assay. Colony formation assay is a
cell survival assay done in in vitro conditions, which is based
on the fact that a single cell divides and forms colonies when
provided with optimal conditions to grow. A group of cells
consisting of S0 or more cells is said to be a colony. This assay
helps determine the loss of reproductive ability of a cell when
exposed to various external agents such as radiations and
cytotoxic drugs. Only fractions of treated cells retain this ability
of producing colonies. Cells were grown in a tissue culture-
treated six-well plate having a density of 3 X 10° cells per well.
Trilliumoside A was given to the cells for 48 h at
concentrations of 1, 2, 4, and 6 M. Following the treatment
with the test compound, cells were harvested and subjected to
PBS washing thrice and re-seeded 1000 cells/well for two
weeks. After the prescribed period, the visible colonies were
fixed with 4% paraformaldehyde for 30 min and staining of
fixed colonies was done with crystal violet dye for 20 min.*
Manual counting of the colonies or using Image J software was
done followed by photography. The percentage of colonies
formed was estimated using the following formula

colony formation rate(%)

number of colonies in treatment group
= X 100
number of colonies in control group

2.11. Assessment of Mitochondrial Membrane Depo-
larization. The cytoplasmic release of apoptogenic stimuli
causes the loss of mitochondrial membrane potential, which
results in cell death. 1 X 10° cells were sown into each well of a
six-well plate, and the cells were left in the incubator overnight
to develop their morphology. Cells were treated with
Trilliumoside A at concentrations of 1, 2, 4, and 6 yM along
with camptothecin as a positive control at a concentration of
0.25 uM, and the plates were left to incubate for 48 h. PBS
washing was given twice, and 1 mL of 200 nM of Rhodamine-
123 dye was added to each well and the plate was incubated for
1S min so as to allow the cells to take up the dye. After 15 min,
the wells were washed with PBS thrice and 1 mL of incomplete
media was added to each well and images were taken under a
fluorescence microscope.””*® The loss of mitochondrial
membrane potential was additionally investigated using
Mitotracker red dye.

2.12. Immunocytochemistry of A549 Cells. A549 cells
were treated with the Trilliumoside A at the concentrations of
1,2, 4, and 6 yM. Immunocytochemistry was performed using
the previously reported protocol.’® Following 48 h of
incubation, the cells were washed with PBS. After that, fixation
of cells was done with 4% paraformaldehyde for 15 min at
room temperature. Cell permeablility was achieved with 0.1%
Triton X-100 in PBS solution for § min and occluded with 1%
BSA for 1 h. The incubation of cells was done with specific
primary antibodies for 1 h and washed thrice with PBS to
detect cytochrome c expression/localization. The cells were
then incubated with Alexa Fluor 488 combined with the
secondary antibody (for cytochrome c) for 1 h. After
incubation, the cells were washed and stained with DAPI
and examined using a fluorescence microscope Olympus IXS3.

2.13. Determination of Intracellular Peroxides (ROS
Assay). The main sign that a cell is going through apoptosis
shows an increase in the production of reactive oxygen species.

https://doi.org/10.1021/acsomega.3c03649
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1 X 10° cells were seeded into each well of a six-well plate, and
the cells were left in the incubator overnight to develop their
morphology. Cells were exposed to Trilliumoside A at doses of
1, 2, 4, and 6 uM. Cells were rinsed with PBS after 48 h of
incubation, and then, 10 gmol/L DCFDA dye was added to
each well for 20 min. Once more, PBS washing was given, and
a fluorescence microscope was used to view images. Here,
H,0, was used as a positive control.”

2.14. Flow Cytometric Assessment of Cell Cycle
Phases. Incubation of A-549 cells was done with Trilliumo-
side A at different concentrations for 48 h. Cells were washed
with PBS and fixed in 70% ethanol overnight. Cells were
digested with RNase (0.1 mg/mL) for 90 min at 37 °C and
then stained with PI (50 ug/ mL).** Using a flow cytometer,
cells were analyzed. BD FACS calibre was used to determine
the final outcome of DNA distribution in distinct cell cycle
phases.”” FlowJo software, version 10.8.1 (BD Biosciences),
was used to analyze the data.

2.15. Western Blot Analysis. A549 cells were treated with
Trilliumoside A at different concentrations for 48 h. Cells were
washed with PBS, pelleted using centrifugation, and then
resuspended for 45 min in an ice-cold RIPA buffer solution
with a protease inhibitor cocktail. At 4 °C, cell lysates were
centrifuged for 20 min at 12 000 rpm. Laemmli buffer was then
used to solubilize the cell lysates.”® The lysates were loaded,
separated by sodium dodecyl sulfate—poly(acrylamide gel)
electrophoresis at 70 V for 3 h, and then transferred to the
poly(vinylidene diflouride) (PVDF) membrane at 100 V for 2
h. Proteins in PVDF were blocked by using 5% non-fat skim
milk (in tris buffer saline supplemented with 0.1% Tween-20)
for 1 h. The membrane was incubated with the primary
antibody for a whole night at 4 °C and then with the secondary
antibody combined with HRP for an additional hour. The
protein blots were washed three times with TBST for five
minutes. To find the protein signal trapped on an X-ray film,
the ECL plus chemiluminescent (HRP) substrate was
utilized,” and Image J software was used for the densitometry.

2.16. In Vivo Anticancer Activity. The anticancer
potential of Trilliumoside A was examined in using the Ehrlich
ascites carcinoma (EAC) and Ehrlich solid tumor (EAT)
models. The in vivo animal experimentation protocols were
approved by the Institutional Animal Ethics Committee
(TAEC). On day 0, 1 X 107cells were injected into each
animal intramuscularly (right thigh) and intraperitoneally (i.p.)
to develop the EAT and EAC models, respectively.’”” On the
first day, the mice were randomly assigned to different groups
and given doses of Trilliumoside A intraperitoneally at 25, S0,
and 75 mg/kg for nine days. In the ascites and solid tumor
models, SFU was used as a positive control with doses of 20
and 22 mg/kg, respectively. Animals were sacrificed on day 12,
and ascitic fluid was collected from each mouse’s peritoneum
to measure tumor growth.”” Based on the total number of
tumor cells present in the peritoneal cavity of the treated and
untreated mice, the percentage of tumor growth inhibition was
computed.”” Tumor dimensions for the EAT (solid) model
were measured using a vernier calliper on days 9 and 13°* and
the formula shown below was used to determine the tumor’s
weight

length(mm) X [breadth(mm)]*
2

tumour weight(mg) =

2.17. Statistical Analysis. Results are shown as mean
standard deviation (SD) in this study. One-way analysis of
variance (ANOVA), followed by the Tukey or Bonferroni post-
test, was used to analyze the data in Image J and GraphPad
Prism (version S). Values with significance levels of *p < 0.0S,
**p < 0.01, and **¥p < 0.001 were used.

3. RESULTS

3.1. Screening of Isolated Compounds for Cytotox-
icity. Trilliumoside A and other pure isolated compounds were
screened against different cancer cell lines for cytotoxic activity
(Table S1). The ICy, values of Trilliumoside A against
different cancer cell lines are shown in Table 1. Based on initial

Table 1. IC;, Values (uM) of Trilliumoside A and
Camptothecin (CPT) against Various Cell Lines Using
Sulforhodamine B (SRB) Assay

cell line Trilliumoside A CPT
ICs, (M)

AS49 1.83 + 0.54 0.030 + 0.04
HCT-116 291 + 0.50 0.160 + 0.23
MCE-7 4.40 + 0.33 0.147 + 0.13
MDA-MB 231 1.90 + 0.26 0.125 + 0.03
MIAPACA-2 1.94 + 0.24 0.060 + 0.02
SW-620 1.85 + 0.52 0.093 + 0.03
SHSYSY 243 + 0.32

PC-3 3.18 + 0.37 0.170 + 0.03
HOP-62 1.92 + 0.62 0.065 + 0.04
EAC 8.45 + 0.87

FR2 13.75 + 0.42 <0.01 + 0.001

screening among all the isolated compounds, Trilliumoside A
was selected for further mechanistic studies. Trilliumoside A
has been isolated as a brownish solid. Its molecular formula
CsHgsO,; was deduced by LC/ESI/MS data; (m/z 1064.
1219 [M+H]* (calcd. for Cg1Hg, 0,3, 1063.13), along with its
'H,'3C and 2D NMR data. The structure of Trilliumoside A is
shown in Figure 1A. Trilliumoside A has the lowest half-
maximal inhibitory concentration and the maximum cytotox-
icity against all cancer cell lines with ICs, values of 2.91 and
1.85 pmol/L against colon (HCT-116 and SW—62 0), 1.83
and 1.92 ymol/L against lung (AS49,HOP-62), 3.18 ymol/L
prostate (PC3), 1.94 pmol/L pancreas (MiaPaCa-2), 4.40,
1.90 umol/L breast (MCF-7 and MDA-MB-231), 2.43 umol/
L neuroblastoma (SH-SYSY), and 13.75 umol/L normal
epithelial cell (FR2) lines, as treated with this compound for
48 h. The analysis revealed that the ICy, value of Trilliumoside
A was more than sevenfold higher against the normal breast
epithelial cell line FR-2 than the lung cancer cell line A549,
thereby indicating a greater selectivity index (Table S2).

3.2. Trilliumoside A Selectivity toward A549 Cells
over Time. Trilliumoside A’s in vitro anticancer activity
against A549 cell lines was examined, and the ICy, values of
Trilliumoside A at 6, 12, 24, and 48 h (Figure 1B and Table
S3) were observed to be 24.95, 16, 8.35, and 1.83 uM for
AS549. The results showed that the antiproliferation effect of
Trilliumoside A increases in a time-dependent manner. The
effective time period was found to be 48 h, and therefore, all
the mechanistic studies were carried out at 48 h time point.

3.3. Trilliumoside A Induces Apoptosis of A549 Cells
(DAPI Staining). Apoptosis induced by the cytotoxic effect of
Trilliumoside A was investigated in AS49 cells. Apoptotic
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Figure 1. (A) Structure of Trilliumoside A. (B) Graph represents time-dependent antiproliferative activity of Trilliumoside A against AS49 cancer

cells detetmined by SRB assay.
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Figure 2. (A) Trilliumoside A induced apoptosis in A549 cells. Fluorescence microscopic images of DAPI (4,6 diamidine-2 phenylindole)-stained
AS549 cells. Treatment with Trilliumoside A for 48 h exhibited concentration-dependent nuclear morphological changes, including nuclear
fragmentation, nuclear condensation, and membrane blebbing. (B) Bright-field microscopic study of AS49 cells. After being exposed to
Trilliumoside A for 48 h, cells exhibited the morphological alterations associated with apoptosis, including roundness, decreased cell quantity, and
rough surface. (C) Scanning electron microscopy of Trilliumoside A-treated cells displayed the surface ultrastructure of AS49 cells. SEM analysis
displaying apoptotic cell death hallmarks, including smoothing of the plasma membrane, disappearance of micro villi, membrane blebbing, and
production of apoptotic bodies. (D) Trilliumoside A induces cell death in AS49 cells. After being incubated with Trilliumoside A for 48 h, A549
cells exhibit acridine orange—ethidium bromide staining. Camptothecin (CPT) was the positive control. Indicators of concentration-based
activation of cell death included increased orange and red fluorescence.

changes were revealed by different studies such as fluorescence
and bright -field microscopy studies, by using nuclear staining
of the DAPI (4,6 diamidine-2 phenylindole) dye. Numerous
abnormalities or morphological changes such as membrane
flattening, blebbing, enlarged, and uneven patterns in the cell
shape with some projections were observed in various
Trilliumoside A-treated cells and were compared with
untreated cells. DAPI staining in Trilliumoside A-treated
cells also revealed that AS49 cells had died as a result of their
nucleus becoming condensed, fragmented, and distorted, and
the production of apoptotic bodies was observed. In
comparison to the control, these alterations were more
prevalent in cells treated with Trilliumoside A and the positive
control camptothecin (Figure 2A). Also, bright-field micro-
scopic study of AS49 cells following exposure to Trilliumoside

31918

A for 48 h showed morphological alterations associated with
apoptosis, including roundness, decreased cell quantity, and
rough surface (Figure 2B).

3.4. Surface Ultrastructural Studies. AS49 cells upon
treatment with Trilliumoside A showed the formation of
apoptotic bodies as seen in the images obtained with the help
of SEM (Figure 2C). AS49 cells showed the characteristic
features of programmed cell death including loss of microvilli,
blebbing, and condensation. Control or untreated cells
exhibited characteristics of typical cancer cells, including
mature shape and unaltered microvilli.

3.5. Acridine Orange—Ethidium Bromide (AO-EtBr)
Staining. Cancer drugs usually induced apoptosis in cancer
cells and necrosis in some cases. Apoptosis is a widely studied
cell death pathway mediated by complexes. Qualitative
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Figure 3. Trilliumoside A-induced apoptosis analysis employing flow cytometry and Annexin V-FITC. As a positive control, CPT was used.
Nontreated and treatment groups include the control group, CPT (0.25 yM), Trilliumoside A (1 M), Trilliumoside A (2 uM), Trilliumoside A (4

uM), and Trilliumoside A (6 uM) and are denoted by a—f, respectively.

evaluation of apoptosis was done by acridine orange—ethidium
bromide (AO-EtBr) staining to evaluate apoptosis in the
treated cancer cells. After staining, difference among treated
and nontreated cells will appear on the basis of the color of
fluorescence like uniform green fluorescence is displayed by
live cells, and orange and red fluorescence shows apoptotic and
dead cells, respectively. The cytological reaction of AS49 cells
after treatment with Trilliumoside A was done using AO/EtBr
double staining. As shown in Figure 2D, control cells
(untreated) exhibited uniform light-green fluorescence, in-
dicating that all cells were viable. In contrast, after being
exposed to Trilliumoside A at various doses for 48 h, an
increase in orange fluorescence was observed due to increased
apoptotic cells. Cells showed relatively higher death as the
concentration of Trilliumoside A increased.

3.6. Estimation of Trilliumoside A-Induced Cellular
Apoptosis (Annexin V-FITC/PI). A549 cells displayed an
increase in early apoptotic cells from 0.4 to 15.3% at 2 uM
concentration, while late apoptotic cells were increased from
0.7 to 3%, 6.9, 12.6, and 15.2% at a concentration of 1, 2, 4,
and 6 uM (Figure 3). The positive control used is
camptothecin (0.25 M), indicating an early and late apoptotic
population of 10.4 and 22.8%, respectively.

3.7. Trilliumoside A Inhibits A549 Cell Ability to
Migrate and Invade. The effect of Trilliumoside A was
investigated by cell scratch assay to inspect the invasive
prospects and migration of cells. Trilliumoside A decreases the
migration of A549 cells toward the margins of the wound by
creating a small amount of gap closure. On the contrast,
proficient gap closure was seen between the cells in untreated
control cells. Trilliumoside A was used in A549 cells at
concentrations of 1, 2, 4, and 6 ymol/L, and the percentage of
wound closure was shown to have decreased from 60.27% in
the control to 29.5, 25.38, 9.76, and 5.9% in treated cells,
respectively (Figure 4A,D).

3.8. Colony Assay. Trilliumoside A’s antiproliferative
effects were further investigated using a colony formation
assay, in which AS49 cells were exposed to different
concentrations (1, 2, 4, and 6 ymol/L) for 48 h. The results
showed that Trilliumoside A brings forth the irreversible
growth arrest capability, which in turn leads to a decrease in

the number of colonies formed as compared to control cells
(Figure 4B,C,E).

3.9. Effect of Trilliumoside A on Mitochondrial
Membrane Integrity and Release of Cytochrome C in
A549 Lung Cancer Cells. Treatment of A549 cells with
varying dosages of Trilliumoside A for 48 h resulted in loss of
mitochondrial membrane integrity and other forms of
malfunction. The cells were seen under a fluorescence
microscope labeled with Rh-123. The control had the strongest
fluorescence impact (100%) as shown by Figure SA,B,D,E.
When compared to the control, cells treated with Trilliumoside
A showed decreasing fluorescence intensities of 55, 18.33,
1148, and 5.4% at 1, 2, 4, and 6 pmol/L, respectively (P <
0.05). This demonstrates that the depolarization of the
mitochondria in AS49 cells was apparently induced by
Trilliumoside A, resulting in enhanced loss of MMP (AW
m). Similarly, MMP of AS49 cells dosed with camptothecin
turned down to 10%. The cytosolic release of cytochrome ¢
was examined using western blot analysis in order to establish
the loss of MMP and the breakdown of the mitochondrial
membrane. These tests revealed that Trilliumoside A enhanced
the release of cytochrome c in AS49 cells (Figure SF,G).

3.10. Trilliumoside A Causes the Release of Cyto-
chrome C (Immunocytochemistry). A549 cells treated with
Trilliumoside A show more release of cytochrome c¢ as
compared to the untreated cells. Figure SC depicts diffused
staining of treated cells and undispersed staining of control
cells, thereby confirming the movement of cytochrome C from
the mitochondria to the cytoplasm.

3.11. Generation of ROS in A549 Lung Cancer Cells.
Reactive oxygen species (ROS) are primarily produced by the
mitochondria in mammalian cells, and ROS production is
frequently triggered by MMP deficiency. Therefore, we
investigated whether the MMP reduction brought on by
Trilliumoside A has an effect on ROS production in A549 cells.
We determined the degree of ROS production in A549 cells
using the DCFH -DA fluorescent probe for ROS. Fluorescence
microscopy analysis showed 30, 65, 80, and 95% elevation of
ROS at 1, 2, 4, and 6 uM concentrations of Trilliumoside A,
respectively, as compared to the negative control (Figure
6A,B).
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Figure 4. (A) In vitro scratch assay was performed on A549 cells. Phase contrast microscopy was used to capture images at 0 and 48 h. The
migration rate was determined by quantifying the gap left by the scratch. Trilliumoside A significantly decreases the migratory of A549 cells in a
concentration-dependent manner; in contrast, the control (untreated) well gap was almost filled in 48 h. (B) Trilliumoside A inhibits colony
formation in A549 cells. The images from the clonogenic experiment on the A549 cell line showed the inability of single cells to multiply and grow
into a colony after being treated with Trilliumoside A. (C) Microscopic images of a single colony at different treatments of Trilliumoside A at 20X
magnification showing a less number of colonies with reduced size were formed in contrast to the negative control well. (D) Graph showing the %
wound closure decreases as the concentration of Trilliumoside A increases. (E) Graph showing the number of colonies reduced with elevated levels
in a drug concentration of Trilliumoside A. Data were expressed as mean + SD, **P < 0.01 and ***P < 0.001 represent significant difference

compared to the control.

3.12. Effects of Trilliumoside A on the Cell Cycle. Flow
cytometric analysis was used to estimate the DNA phase
distribution of Trilliumoside A-treated AS549 cells. On
Trilliumoside A treatment, the percentages of the G1 phase
population were 69.2, 64.9, 57.6, and 50.2% and those of the S
phase population were 21.3, 28.5, 31.6, and 37.9% at 1, 2, 4,
and 6 yM concentrations, respectively. However, little changes
were noted in the G2 phase as shown in Figure 6C,D.
Camptothecin was used as a positive control with G1, S, and
G2 populations of 2.17, 63.5, and 34.5% at 025 uM
concentration.
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3.13. Trilliumoside A Causes Apoptosis in A549 Cells
through the Intrinsic Apoptotic Pathway. We inves-
tigated how Trilliumoside A affected the production of
different caspase proteins because the caspase cascade is
thought to be one of the most important aspects of
programmed cell death. The results revealed that Trilliumoside
A-treated cells experience enhanced activity of caspases as the
cleavage of caspase-3 and -9 got increased in a dose-dependent
fashion, on comparison with control or untreated cells.
Trilliumoside A activated PARP protein also by cleaving it,
initiating the cell death via intrinsic mode of apoptosis [Figure
7Aa, Ba]. As a positive control, camptothecin was used, and as
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Figure 5. Trilliumoside A caused mitochondrial membrane depolarization in AS49 cells. (A, D) Cells stained with Rhodamine 123 and (B, E)
Mitotracker red dye. MMP loss was assessed using fluorescence microscopy upon treatment with Trilliumoside A at concentrations of 1, 2, 4, and 6
UM. The fluorescence intensity decreased with the increase in the concentration. CPT was used as a positive control. (C) Immunocytochemistry
images depicting the release of cytochrome C at 48 h in AS49 cells and fluorescence intensity increases with increasing concentration of
Trilliumoside A. Secondary antibody used here is AlexaFlour 488 (green). (D, E) Bar graph showing the fluorescence intensity decreases as the
concentration of Trilliumoside A increases. Data were expressed as mean + SD, **P < 0.01 and ***P < 0.001 represent significant differences as
compared to the control. (F) Cytochrome C protein expression shows an increase in its expression in a concentration-dependent manner as
analyzed by western blotting and (G) graph showing relative protein expression. Data were expressed as mean + SD.

a loading control, f -actin was used. Bcl-2 family-associated
protein expression was used to highlight the molecular
mechanism of Trilliumoside A-induced apoptosis in AS549
cells. As the Trilliumoside A concentration was increased, Bcl-
2 was reduced, while the expression of pro-apoptotic proteins,
including Bax, Bak, Bid, and Puma, appeared to be increased
[Figure 7Ab, Ac and Bb, Bc].

3.14. Trilliumoside A Affects the p53/Mdm2 and
Cyclin A/Cdk2 Complex Expression. The development of
mechanism-driven anticancer therapies must focus on the
tumor suppressor protein pS3 since it is critical in the repair of
DNA damage. For pS3 to become activated upon DNA
damage and apoptotic cell death, it must be phosphorylated.
The most important site to investigate pS3-dependent
apoptosis induction is serine 46 phosphorylation of pS3.
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Figure 6. (A) Reactive oxygen species (ROS) are produced after treatment with Trilliumoside A. Trilliumoside A was incubated with AS49 cells at
various concentrations for 48 h to produce ROS. Fluorescence microscopy was used to measure the fluorescent intensity of the DCFH-DA dye.
The fluorescence intensity increases with the increase in the concentration. H,O, was used as a positive control. a—f indicate different groups, i.e.,
control, H,0,, Trilliumoside A (1 yM), Trilliumoside A (2 uM), Trilliumoside A (4 uM), and Trilliumoside A (6 uM), respectively, and (B) bar
graph showing fluorescence intensity and data were denoted as mean + SD, **P < 0.01 and ***P < 0.001 represent significant difference as
compared to the control. (C) Cell cycle arrest in Trilliumoside A-treated AS49 cells. Following treatment with Trilliumoside for 48 h, the cell
population distribution in the cell cycle was analyzed by flow cytometry after staining with the PI dye. Control, CPT (0.25 uM), Trilliumoside A (1
uM), Trilliumoside A (2 yM), Trilliumoside A (4 M), and Trilliumoside A (6 uM) are denoted by a—f, respectively. (D) Histogram represents
the quantification of cell cycle phase data. Data were expressed as mean + SD.

Trilliumoside A was given to A549 cells at various dosages to
see if pS3 was phosphorylated at serine 46. Trilliumoside A
increased the phosphorylation of pS3 at site ser46 in a
concentration-dependent manner, which increased pS3 activity
as shown in Figure 7Ad, Bd. As p53 is known to be negatively
regulated by Mdm2 due to its ubiquitin ligase activity, the
western blot results showed that pMdm?2 is downregulated in
response to Trilliumoside A in a concentration-dependent
manner, maintaining the p53 function. We also used western
blots to examine how Trilliumoside A therapy affected the
concentration of proteins that control the cell cycle. In A549
cells treated with Trilliumoside A, cyclin A was downregulated,
whereas p21 and p27 (CDK inhibitors) were upregulated in a
concentration-dependent manner [Figure 7Ae, Af and Be, Bf].
These results demonstrate that Trilliumoside A treatment in
AS549 cells affects the S phase of the cell cycle.

3.15. In Vivo Studies on Trilliumoside A against
Tumor Models. As in vitro investigations showed that
Trilliumoside A triggered apoptosis in A549 cells; therefore,
it was further tested for its in vivo anticancer effectiveness
against murine tumor models.
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3.15.1. Anticancer Efficacy of Trilliumoside A in Ehrlich
Ascites Carcinoma (EAC). Trilliumoside A at doses of 25, SO,
and 75 mg/kg (IP) was administered to EAC tumor-bearing
mice for nine days in a row, and their responses were assessed
on the twelfth day. S-FU (20 mg/kg, IP) was employed as the
positive control. In this ascitic tumor model, Trilliumoside A
successfully reduced tumor growth. It showed a percent tumor
growth inhibition of 39% at 25 mg/kg, 60% at 50 mg/kg, and
67.06% at 75 mg/kg dose in ehrlich ascites carcinoma (Figure
8A). Tumor cell count in animals treated with Trilliumoside A
was lower than that of the saline-treated group of animals and
thus exhibited significantly (p < 0.001) lower tumor growth.
On day 12 of the experiment, S-FU (positive controls) also
exhibited significantly reduced tumor cell numbers in the
treated animal peritoneal cavities.

3.15.2. Anticancer Activity against Ehrlich Tumor (Solid)
Model. Trilliumoside A was administered in animals at doses
of 50 and 75 mg/kg (IP) for nine consecutive days and
evaluated on day 13 of the experiment. 5-FU (positive control)
was given to one group at a dose of 22 mg/kg. Trilliumoside A
inhibited the tumor growth in this murine solid tumor model

https://doi.org/10.1021/acsomega.3c03649
ACS Omega 2023, 8, 31914-31927


https://pubs.acs.org/doi/10.1021/acsomega.3c03649?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03649?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03649?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c03649?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c03649?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf
A - - 1 2 4 6 TrilliumosideA (M)
- 025 - - - - CPT (uM)
(@)= - «Pro Caspase-3
(35 kDa)
e | e=Cleaved Caspase-3
19,17 kD
( 2) (a) 12.0 W Pro caspase-3 (b) 1.29 = Bcl2
—_ — — —— Cleaved Caspase-9 mm Cleaved Caspase-3 = Bax
e § 10.5-
(47, 37 kDa) z mn Cleaved Caspase-3 8
Parp (116 kDa) g 901  mm pap
- — Cleaved Parp (89 kDa)s' 7.5
— B-Actin
* (42 kDa) % 6.0
(b) - - « o2 g 451
(26 kDa) = 3.0
5
-— - Bax 2 1.5
(20 kDa) « 00
B-Actin ’
(42 kDa) é\\«"\ & > & & 8
. . < Q" .
-1 2 4 6 - Trilliumoside A (uM) Q«\ Trilliumoside A Q«\Q Trilliumoside A
(c) - - - - - 0.25 CPT (]JM) (c) <o (d) (9
109 = Bak
p— Bak 1.24 =l p53 (serd6)
— -
——— (25 kDa) § 91 ®m Puma 5 == p-MDM2 (ser116)
e P 'g 84 m Bid g 1.0
uma
W [T (23 kDa) s 7 § o
B | Bid 3 6 5
(22 kDa) § & § 0.
' 3 3
B-Actin 4
R (& «Da) ;; N go‘_
2 2
(d) & 24 &
p53 (serd6) ® o 0.2
. . i‘i +'(53kDa) 14 [
o-
p53 > N o S S 3
* "(53 kDa) Go‘:éo \Q“ q,v“ u\“‘ @?“ *;}“ ooo“ AY w W o ,f,‘?“
1 o)
<N " N AN
_— p-MDM2 (ser116) Trilliumoside A R Trilliumoside A &R
R o 4= PR N
e) 1.2 (f) 1.84
S+~ A (e) «
(42 kDa) SN CDK2 5 1.6
1.04 mu Cyclin A g 14
(e) 4
- CDK2 S 08 8 1.2
L . - o 2 08 g12
& CyelinA § 064 §'
- e e (52 kDa) 3 3 0.8
a a
B-Actin 0.4 o 0.61
W c—— + (42 kDa) 3 2 04
P o'z- 2
® 2 3o
T p21
(21 kDa) 005 NI N N 0.0
27 o°‘$° v i ¥ < 'f§ &
<« b Al
AR oo Triliumoside A § Triliumoside A ¢S
B-Actin
..“.. (42 kDa)

Figure 7. In AS49 cells, Trilliumoside A induces cell death via an intrinsic pathway. (A) Western blot analysis and (B) bar graphs of protein
expression of respective blots. Western blot analysis of apoptosis including various Caspases such as (a) cleaved caspase —3, 9, and PARP. (b, c)
Trilliumoside A affects the expression of pro-apoptotic proteins, i.e., Bak and anti-apoptotic proteins like Bcl-2. Other pro-apoptotic proteins such
as Bax, Puma, and Bid were analyzed. f-Actin was used as a loading control. (d) Western blot analysis demonstrated the increased expression of
phosphorylated pS3 and decreased expression of p-MDM2 compared to the negative control in cell lysates of A549 cells subjected to Trilliumoside
A treatment for 48 h. (e) Expression of CDK2 and Cyclin A was decreased, whereas (f) there is an increase in the expression of CDK inhibitors
such as p21 and p27, thereby confirming that in AS49 cells, Trilliumoside A restricts the cell cycle in the S phase. Data were presented as mean +

SD.

and on the 13th day, 22.18 and 51.18% tumor growth
inhibition was observed at 50 and 75 mg/kg, respectively. S-
FU at the 22 mg/kg dose level resulted in 68.19% tumor
growth inhibition. The tumor growth inhibition by Trilliumo-
side A was significant (p < 0.05) at 75 mg/kg, and no mortality
was observed in the Trilliumoside A treatment group (Figure
8B).

4. DISCUSSION

18.4% of all cancer-related deaths are caused by lung cancer,
which is also the greatest cause of cancer-related mortality in

women.*" Although cutting-edge therapeutic approaches have
been explored, patients with lung cancer still have a very bad
prognosis. Clinicians and researchers have discovered over the
past few decades that chemical compounds isolated from
natural products may be helpful for treating lung cancer. For
the treatment of lung cancer, drug formulations made from
natural substances including paclitaxel, doxorubicin, and
camptothecin have been effective. Through fundamental and
subclinical research, hundreds of novel natural substances that
can be utilized to treat lung cancer have been discovered in
recent years. Nevertheless, there has not been a comparable
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Figure 8. (A) Antitumor activity of Trilliumoside A against ehrlich ascites carcinoma (EAC) at different dose levels, i.e., 25, 50, and 75 mg/kg. The
SFU at 20 mg/kg dose was taken as a positive control. The bar graph shows (a) tumor growth was significantly inhibited in treatment groups as
compared to the control group, reduced (b) tumor weight, and (c) a number of tumor cells were observed in treatment groups. (d) No significant
reduction in body weight was obtained in treatment groups at different intervals. (B) Trilliumoside A’s antitumor efficacy against ehrlich tumor
(solid) was performed at various doses, i.e., SO and 75 mg/kg. The SFU at 22 mg/kg dose was taken as a positive control. The bar graph shows (a)
tumor growth and (b) tumor weight significantly reduced in treatment groups as compared to the control group. (c) Body weight of different
treatment groups at a fixed interval. Values are mean =+ S.E. (n = 7, 10 for the control) *P < 0.0S, **P < 0.01, and ***P < 0.001. Trilliumoside A-

treated versus control (normal saline).

rise in the number of medications explored in clinical settings.
Low solubility, restricted absorption, an unfavorable metabo-
lism, and significant side effects are possible causes.

Plants have an ancient legacy of being used in cancer
treatment. A study has reported nearly 3000 plant species that
have anticancer properties.”” The development of numerous
anticancer medications currently being used in clinical settings
is due to plant-based pharmaceuticals.” Vinca alkaloids,
epipodophyllotoxin lignans, taxane, diterpenoids, steroidal
saponins, and derivatives of camptothecin quinoline alkaloids
make up the majority of the plant-based anticancer drugs. The
genus Trillium yielded a large number of secondary
metabolites. Terpenoids, sterols, flavonoids, saponin deriva-
tives, and steroidal glycosides are only a few of the biologically
active substances found in the genus.**** Four human cancer
cell lines—liver (HEPG2), breast (MCF?7), lung (A549), and

31924

urinary bladder (EJ138)—show cytotoxic activity against the
steroidal saponins found in the genus.*

Trilliumoside A, a naturally occurring chemical that was
isolated from the rhizome of T. govanianum, exhibits excellent
cytotoxicity against the AS49 (lung cancer) cell line when
tested against a panel of cancer cell lines. DAPI staining and
ultrastructural observations through SEM revealed multiple
abnormalities and morphological changes such as membrane
blebbing, enlarged, flattened, and irregularly shaped cells with
some projections in Trilliumoside A-treated cells as compared
with untreated cells. To validate the apoptotic induction, AO/
EtBr staining was done, which shows uniform green
fluorescence by live cells and orange-red fluorescence in
apoptotic and dead cells, respectively. The Annexin V FITC
assay was used to further demonstrate Trilliumoside A’s ability
to cause apoptosis in A549 cells. The migration and clonogenic
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potential of A549 cells also decreases as the concentration of
Trilliumoside A was increased.

Trilliumoside A causes loss in mitochondrial membrane
integrity that led to a significant loss of MMP, thereby
confirming the release of cytochrome c. Reactive oxygen
species (ROS) are mostly generated in the mitochondria of
human cells, and ROS are frequently produced when MMP
breaks down.”” In A549 cells, Trilliumoside A causes MMP
loss, thereby affecting the intracellular ROS level. Using the
expression of Bcl-2 family-associated proteins, the molecular
mechanism of Trilliumoside A-induced apoptosis in A549 cells
was demonstrated.*® Bcl-2 was reduced, but there was an
increase the expression of pro-apoptotic proteins such as Bax,
Bak, Bid, and Puma. Trilliumoside A-treated cells experience
enhanced activity of caspases as the cleavage of caspase-3 and
-9 got increased in a dose-dependent fashion, on comparison
with control or untreated cells. Trilliumoside A activated
PARP protein by cleaving it, initiating the cell death via
intrinsic mode of apoptosis. Flow cytometric analysis was
adopted to evaluate the DNA phase distribution® of A349
cells, and it was observed that Trilliumoside A inhibited cell
cycle regulators of the S-phase.

The tumor suppressor protein pS3 is essential in the repair
of DNA damage and is a crucial target for mechanism-driven
anticancer therapy development.”® Phosphorylation of p53 is
essential for activating pS3 after DNA damage and apoptotic
cell death. P53 phosphorylation at serine 46 is the leading site
to explore pS3-dependent apoptosis induction.”’ To find
whether p53 is phosphorylated at serine 46, Trilliumoside A
treatment was given to A549 cells at various doses. According
to a Western blot examination of whole-cell lysates, Trilliumo-
side A boosted pS3 activity by phosphorylating it at ser46 in a
concentration-dependent manner. Due to Mdm?2’s ubiquitin
ligase activity, which is known to be a negative regulator of
pS3, pMdm?2 is downregulated in a concentration-dependent
manner, which aids in maintaining the p53 function.>” We also
examined how Trilliumoside A therapy affected the concen-
tration of proteins that control the cell cycle. Treatment with
Trilliumoside A caused the CDK inhibitors p21 and p27 to be
upregulated and Cyclin A to be downregulated in a
concentration-dependent manner in A3549 cells.”’ These
findings showed that AS49 cells on treatment with Trilliumo-
side A affect the S phase of the cell cycle. In vivo anticancer
efficacy of Trilliumoside A was also tested against murine
tumor models such as ehrlich ascites carcinoma and ehrlich
tumor (solid). A considerable reduction in tumor volume,
amount of ascitic fluid, and total cell number was observed
without affecting the body weight of animals as compared to
that of control group animals. No mortality was seen in
animals at the administered doses.

5. CONCLUSIONS

In conclusion, our findings showed that Trillilumoside A
inhibits the growth of A549 cells by inducing DNA damage,
elevating the intracellular ROS level, by activating mitochon-
dria-mediated apoptosis, and by arresting the cell cycle at the
S-phase. Moreover, Trilliumoside A also showed notable
tumor suppression without mortality in in vivo mouse tumor
models. These findings support the potential of Trilliumoside
A as a promising anticancer agent. The antitumor potential of
Trilliumoside A in combination with the conventional
anticancer agent would be of interest and requires further
studies.
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