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ABSTRACT

Ovarian and Colon cancer accounts for inflated tumour-related mortality. As most of
the patients are diagnosed with ovarian and colon cancer at an advanced stage this provokes
an emergency to discover a new therapeutic strategy. In recent decades, the use of plant life
as a natural remedy has been extensively carried out in the Ayurvedic treatment of various
diseases, including cancer. The aim of this study was to evaluate the antiproliferative activity
of an ethanolic extract obtained from Solanum trilobatum on ovarian and colon cancer cells.
The antiproliferative activity of the extract was assessed using MTT assays on ovarian cancer
cell lines (PA1) and colon cancer cell lines (HCT116). Apoptotic induction was measured
using the AO/EB dual staining method. A reverse transcriptase-polymerase chain reaction
was done to determine the expressions of BAX, BCL2, Casp9 and mTOR genes to establish
apoptosis. The extract significantly inhibited cell growth in a dose-dependent manner in the
cell lines tested. The IC50 values for PA1 and HCT116 cells were 361 +24,160 pg/ml and
247.857 £ 10.545 ng/ml, respectively. Treatment with the extracts changed the morphology
of the cells, as cells diminished and distorted in shape. Gene expression was analysed in PA1
cell lines on ACT, BAX genes and in HCT116 cell line on Casp9 and mTOR genes. The
expression in treated cells and the untreated control indicated the activity of the extract
against ovarian cancer and colon cancer. Further investigations are needed to identify the
active compounds responsible for the observed effects and to elucidate the underlying
mechanisms of action. Nevertheless, the findings suggest that the ethanolic extract from this
plant has the potential as a natural antiproliferative agent for the treatment of ovarian and

colon cancers.
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Introduction

Cancer is a complex and heterogeneous disease characterized by uncontrolled cell
growth and proliferation, which can form malignant tumours (Ferlay et.al., 2020). Ovarian
and colon cancers are among the most prevalent types of cancer and are associated with high
morbidity and mortality rates (de Martel et.al., 2018). Despite the advances in cancer
treatment, the development of effective and safe therapies for these cancers remains a major
challenge (Carlotta Pucci et.al., 2019). In recent years, there has been increasing interest in
using natural products, including plant extracts, as potential sources of new anticancer agents
(Greenwell et.al., 2015).

Plant extracts have been widely studied for their potential as anticancer agents due to
their bioactive compounds that can modulate various cellular pathways involved in cancer
development and progression (Shrihastini et.al, 2021). Solanum trilobatum is a shrub
commonly found in Southern India that has been traditionally used for treating respiratory
diseases, asthma, chronic infections, tuberculosis, and liver and heart ailments
(Ramachandran (Venugopal et.al., 2007). In Siddha medicine, it is regarded as a specific
remedy and is used to prepare ghee for treating tuberculosis and as food for lung diseases
(Nadkarni, 1979). Studies have shown that the extract of Solanum trilobatum has free radical
scavenging activity and can inhibit skin carcinogenicity by reducing papilloma formation in
response to exposure to DMBA (Mohanan et al., 1997). Additionally, the extract has been
found to potentiate the protective effect of cyclophosphamide against toxicity. Furthermore,
studies have shown that Solanum trilobatum extract does not produce any cytogenetic effects
in mice bone marrow cells (Mohanan er al., 1996). However, the effect of leaf extracts on
ovarian carcinoma cells PA1 cells and colon cancer cells HT116 is still not known.
Therefore, in this, we investigated the anticancer activity of leaf extracts study, in PA1 and
HCT116 cell lines in order to evaluate the potential of extract for the treatment of Ovarian
and Colon cancer.

Materials and Methods

Sample collection

Solanum trilobatum was amassed from Tenkasi (Tamil Nadu, India). The plant has been
identified utilizing plant taxonomy methodology. The leaves of the Solanum trilobatum were
taken and cleaned by utilizing water to abstract the soil residues, patted dry and stored for

further extraction analysis.
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Plant extraction

The leaves of Solanum trilobatum were cleansed with tap water first, then with
distilled water, and last they were carefully chopped into little bits. The leaves were then
pulverised after being shade-dried. The ethanol extract was made by blending 500 g of fresh
leaves with 1000 mL of analytical-grade ethanol for 15 minutes at room temperature. The
mixture was then filtered using analytical filter paper. The alcohol extract was condensed to a
semisolid paste using a rotavapor after being centrifuged at 30,000 g for 15 min. After being
lyophilized, this paste produced 5.6 g of a light-green powder that was kept at -20°C.
Cell culture maintenance

Ovarian Cancer (PA1) and Colon cancer (HCT116) cell lines were procured from the
cell repository of the National Centre for Cell Sciences (NCCS), Pune, India. Dulbecco’s
Modified Eagle Media (DMEM) was used for maintaining the cell line, which was
supplemented with 10% Fetal Bovine Serum (FBS). Penicillin (100 U/ml), and streptomycin
(100 pg/ml) were added to the medium to prevent bacterial contamination. The medium with
cell lines was maintained in a humidified environment with 5% CO2 at 37°C.
Subculturing

Subculturing involves transferring a small number of cells into a new vessel. A
confluent plate was taken for subculturing. For subculturing, firstly, remove media from the
flask. The flask was then washed twice with PBS and then 200 ul of trypsin (0.25% in
0.5 Mm EDTA) was added to the flask. Incubation was done for 2 min in a CO2 incubator.
Observe through a microscope for analysing whether the cells have detached or not. 7ml of
sample culture medium with 10% serum to the trypsinized cells and resuspend cells up and
down. Transfer the cell suspension to a 50ul conical tube. Place the tube in the centrifuge at
2000 rpm. The supernatant was removed and add 5 ml of fresh prewarmed culture medium to
the tube. Add to the new culture media according to the cell count.
Cell viability assay

The cytotoxicity of ethanolic extract of Solanum trilobatum on cells was performed
by MTT (3-(4, 5-dimethylthiazol 2-yl)-2, 5-diphenyl tetrazolium bromide) (Mosmann T,
1983). Cells PA1 and HCT116 were seeded at a density of 1x104 cells per well in 96-well
plates each in complete media. Then, cells were divided into two groups; the control group
and the treatment group. For the treatment group, cells were incubated with complete media
containing different concentrations of plant extract ranging from 50 pg/ml, 100 pg/ml, 200
pug/ml, 300 pg/ml, 400 pg/ml and 600 pg/ml. The control group was left as such without

adding the plant extract. After 24 h of incubation, after incubation, the drug-containing cells
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were washed with fresh culture medium and the MTT (5 mg/ml in PBS) dye was added to
each well, and the plate was incubated for 4 hours at 37 °C until the purple colour of
formazan crystal is visible. The suspension was aspirated, and 100 pl of DMSO was added to
stop the reaction and dissolved the formazan crystal. Finally, the intensity of the MTT
reaction was measured by Microplate Reader at 570 nm of absorbance. The results were
expressed at the percentage of stable cells with respect to the control. The half-maximal
inhibitory concentration (IC50) values were calculated. The IC50 values were determined
from the sample dose-responsive curve where inhibition of 50% cytotoxicity compared to
vehicle control cells. All experiments were performed in triplicate.
Morphological analysis

Morphological analysis was done to determine the morphological changes, like cell
shrinkage, membrane blebbing etc, as per (Srivastava et al., 2011). PA1 and HCT 116 cells
were seeded and the next day the cells were treated with ethanol extract for 24 h. The ethanol
effect on the PA1 and HCT116 cells on their morphology was assessed under the phase-
contrast microscope inverted after 24 h (at 10 X magnification). The cells which were not
treated with plant extract served as control.
Measurement of apoptotic induction

The fluorescence microscopic analysis of apoptotic cell death was carried out
according to Baskic et al. (2006). PA1 and HCT116 cells were seeded at 5 x 104 cells/well in
a 6-well plate each and incubated for 24 hours. After treatment with ethanolic extract 300 and
400 pg/ml for 24 h, the cells were detached, washed with cold PBS and then stained with a
mixture of AO (100pg ml—1)/ EB (100pug ml—1) ratio (1:1) at room temperature for 5 min.
The stained cells were observed by a fluorescence microscope at 20x magnifications. At the
end of treatment, the cells were collected and washed three times with PBS. The plates were
stained with acridine orange/ethidium bromide (AO/EB 1:1 ratio; 100 ug/ml) for 5 minutes
and examined immediately under a fluorescent microscope with 20x magnification. The
number of cells showing the feature of apoptosis was counted as a function of the total
number of cells present in the field.
Gene expression study

Total RNA was isolated using a total RNA isolation kit according to the
manufacturer's instructions (RNeasy Mini Kit). cDNA synthesis was performed using the
Thermo scientific Verso cDNA synthesis kit and amplification was performed using the

QuantiNova SYBR Green PCR kit according to the manufacturer's protocol.
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Results

Effect on cell viability

The Solanum trilobatum leaf extract showed the most potent cytotoxic effects against the
HCT116 cancer cell line, with an IC50 value of 247.857 + 10.545 pg/ml (Fig.1). In contrast,
the extract showed a noticeable cytotoxic effect against PA1 cells, with IC50 values of 361

+24,160 pg/ml.
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Figure 1. Effect of different concentrations of Solanum tribolyticum root extracts on cell
viability using MTT assay in PA1 and HCT116 cell line. The blue bar represents PA1 cell
line and red bar cell viability.
Morphological changes in control and sample-treated

The photomicrograph, captured by a fluorescent microscope at a magnification of
20X, shows that PA1(Fig.2.) and HCT116 (Fig.3.) cells treated with ethanolic extracts at
concentrations of 300 pg/ml and 400 pg/ml for 24 hours exhibited morphological changes
such as shrinkage, detachment, membrane blebbing, and distorted shape. In comparison, the
control group showed normal and intact cell morphology. This indicates that the ethanolic

extract treatment induced significant changes in the structure of cell lines.

Control 300 pg/ml 400 pg/ml
Figure 2. Effect of different concentrations of Solanum trilobatum leaf extract on the
morphology of PA1 cell line.
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Control 300 pg/ml 400 pg/ml
Figure 3. Effect of different concentrations of Solanum trilobatum leaf extract on the
morphology of HCT116 cell line.

Measurement of apoptotic induction

The aquas extract Sample was utilized to treat PA1 and HCT116 cells for a duration
of 24 hours at concentrations of 300ug/ml and 400 pg/ml. The cells were subsequently
examined via fluorescence microscopy utilizing a dual dye AO/EB, utilizing the Zoe
Fluorescent Cell Imager by Biorad. Living cells displayed green fluorescence with a typical
nuclear appearance. Apoptotic cells showed yellow fluorescence with fragmented nuclear
structures, whereas late apoptotic cells displayed orange fluorescence with chromatin
condensation or fragmentation producing uniformly red/orange-stained cell nuclei. It is

observed that the concentration of 400ug/ml induces more cell death than the concentration

of 300ug/ml in both cell lines.

a.1.Control

a.2.Control d.300 pg/ml e. 400 pg/ml
In Fig.3 of this experiment, the control of PA1(a.1) and HCT116 (a.2) contains live cells
which are all in green. However, (b), (c) depicts the PA1 and (d) and (e) depict the HCT116
cell line treated with different concentrations of plant extract respectively.
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Gene expression studies

Gene expression studies were conducted in mRNA isolated from the cells treated with
the Solanum trilobatum extract. Significant targets including BAX & BCL2 in the PAT cell
line and in HCT116 targets including Casp9 and mTOR were analysed for mRNA expression
level using RT PCR. BAX was upregulated and BCL2 was downregulated in the PA1 cell
line and in the HCT116 cell line Casp9 was upregulated and mTOR was downregulated upon
treatment with plant extract when compared with the untreated control samples. The
complete data for all the targets were depicted in Figures 4 and 5 and their respective ct
values were represented in Tables 1 and 2.

Discussion

Ovarian and colon cancer are two of the most common cancers affecting women

(Momenimovahed et al., 2017) and men (Maria Abancens et al, 2020) worldwide,
respectively. The search for effective treatments for these cancers is ongoing, with traditional
plant-based medicine proving to be a valuable source of potential therapeutics (Atanasov et
al., 2021) Solanum tribolactum, a plant commonly found in Southern India, due to the
availability of phytochemicals that may be used to treat numerous ailments, represents a
potential source of valuable adulticidal medicine Solanum tribolactum is a member of the
Solanaceae family and is commonly used in traditional medicine to treat a variety of
ailments. The plant has been shown to possess a range of biological activities, including
antiproliferative, antioxidant, and anti-inflammatory properties. These properties are
attributed to the presence of various phytochemicals, including alkaloids, flavonoids, and
terpenoids(Ranjith et al., 2010; Balakrishnan ez al., 2015)
The ovarian teratocarcinoma cell line PA-1 demonstrated a single chromosomal aberration
and is reported to be a useful model cell line used to demonstrate the anticancer efficacy of
the investigated agent in vitro studies (Ranjith et al., 2010; Balakrishnan e? al., 2015; Sahu et
al., 2013; Balakrishnan er al., 2015).

HCT116 is a commonly used cell line for colorectal cancer studies and the target gene
responsible for the function of miR-224 has been identified to be elevated in colorectal cancer
(Gordon et al., 2018). Our studies showed a decrease in cell viability as per the method of
cell viability assay which is a common method to find cell viability (Moongkarndi et al.,
2004), 1C50 values for PA1 and HCT116 cells were 361 +24,160 ug/ml and 247.857 +
10.545 pg/ml, respectively. The values denoted that the plant extract has an antiproliferative
effect against ovarian as well as colon cancer cell lines, and their effect more is found in

colon cancer cells.
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House keeping Gene - ACT __ Gene of Interest - BAX _

Sample ctl ct? ct3 Avgct | Sample | ctl ct2 ct3 Avgct Act AAct | 2A-AAct
Control | 8.45 8.72 8.54 8.57 | Control | 22.07 22.17 23.01 22.42 13.85 0.00 1.00
B 8.72 8.62 8.61 8.65 T1 19.09 19.05 20,01 19.38 10.73 -3.11 8.65

AvgAct| 13.85

House keeping Gene - ACT . eres : _. . |
Sample | ctl ct? ct3 Avgct | Sample | ctl ct2 ct3 Avgct Act AAct | 2A-AAct
Control |  8.45 8.72 8.54 8.57 | Control | 15.09 | 14.98 | 1505 | 15.04 | 647 0.00 1.00
T1 8.72 8.62 8.61 8.65 T1 18.07 18.14 18.13 18.11 2.99 0.13
6.47

Sample| ctl ct2 ct3 Avgct |Sample| ctl ct2 ct3 Avg ct Act AAct 27-AAct
Control| 18.56 18.57 18.56 18.56 |Control| 17.09 17.21 17.2 Y77 -1.40 0.00 1.00
T1 18.62 | 18.61 | 18.65 | 18.63 T1 16.19 | 16.21 | 16.08 | 16.16 -2.47 -1.07 2.10
AvgAct| -1.40
0 eep BNe O Ores O
Sample| ctl ct2 ct3 Avgct |Sample| ctl ct2 ct3 Avg ct Act AAcCt 2M-AACt
Control| 18.56 18.57 18.56 18.56 |Control| 11.02 11.05 11.02 11.03 -7.53 0.00 1.00
T1 18.62 18.61 18.65 18.63 T1 14.21 14.2 14.3 14.24 -4.39 3.14 0.11
AvgAct| -7.53

Tablel. Cycle threshold value of HCT116 cell line using RTPCR
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Figures 4 and 5: Gene expression analysis graph of PA1 and HCT116 cell lines respectively

Morphological changes in the cell are an indicator of apoptosis. In PA1 and HCT116
cells, morphological alterations including shrinkage, detachment, membrane blebbing, and
deformed shape were seen. This is because the ethanolic extract caused considerable
alterations in the cell lines' structural membrane. The control group, in contrast, had healthy
and undamaged cell morphology. This shows that the treatment with ethanolic extract
resulted in apoptotic induction of cell lines.

Reverse transcriptase PCR was done to check the effect of plant extract on the
expression of BAX and BCL2 in PA1 cell lines and in HCT116 the expression was analysed

on Casp9 and mTOR genes. Bax is found in homodimers, and an apoptotic signal results in
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cell death, suggesting a crucial role of the Bax/Bcl-2 balance in the regulation of proliferation
or cell suicide (Marx et al., 2001).
Conclusion

The results indicate that the ethanolic extract obtained from the plant has potent
antiproliferative activity against ovarian and colon cancer cells and that this activity may be
mediated by the induction of apoptosis. These findings support the potential use of the extract
as a natural anticancer agent for the treatment of ovarian and colon cancers. Further studies
are needed to identify the active components responsible for the observed effects and to
evaluate the extract's safety and efficacy in preclinical and clinical studies.
Abbreviations
FBS: Fetal bovine serum; DMEM: Dulbecco's Modified Eagle Media; IC50: Inhibitory
concentrations 50%; PA1: Ovarian cancer cell line; HCT116: Colon cancer cell line.
Acknowledgements
The authors thank the staff of Clinbiocare Technology, Tenkasi, Tamil Nadu for their help
and support during the work and for providing the cell lines.

Reference

1. Baskic, D., Popovic, S., Ristic, P., & Arsenijevic, N. N. (2006). Analysis of
cyclohexamide-induced apoptosis in human leukocytes: Fluorescence microscopy
using annexin V/propidium iodide versus acridin orange/ethidium bromide. Cell
Biology International, 30(11), 924-932. https://doi.org/10.1016/j.cellbi.2006.07.004

2. Bhosle, S. M., Huilgol, N. G., & Mishra, K. P. (2005). Enhancement of radiation
induced oxidative stress and cytotoxicity in tumor cells by ellagic acid. Clinica
Chimica Acta, 356(1-2), 89—100. https://doi.org/10.1016/j.cccn.2005.01.009

3. Pucci, C., Martinelli, C., & Ciofani, G. (2019). Innovative approaches for cancer
treatment: Current perspectives and new challenges. Ecancermedicalscience, 13, 961.
https://doi.org/10.3332/ecancer.2019.961

4. de Martel, C., Georges, D., Bray, F., Ferlay, J., & Clifford, G. M. (2020). Global
burden of cancer attributable to infections in 2018: A worldwide incidence analysis.
The Lancet Global Health, 8(2), el80-e190. https://doi.org/10.1016/S2214-
109X(19)30488-7

5. Ferlay, J., Ervik, M., Lam, F., Colombet, M., Mery, L., Pifieros, M., ... & Bray, F.
(2020). Global Cancer Observatory: Cancer Today. Lyon: International Agency for
Research on Cancer. https://gco.iarc.fr/today (accessed February 2021).

6. Greenwell, M., & Rahman, P. K. S. M. (2015). Medicinal plants: Their use in
anticancer treatment. International Journal of Pharmaceutical Sciences and Research,
6(10), 4103—4112. https://doi.org/10.13040/IJPSR.0975-8232.6(10).4103-12

7. Mohanan, P. V., Rathinam, K., & Devi, K. S. (1996). Lack of micronucleus induction
by sobatum in bone marrow erythrocytes of Swiss mice. Mutation Research, 361(1),
23-27. https://doi.org/10.1016/0165-1218(95)00199-9

8. Mohanan, P. V., Rathinam, K., & Devi, K. S. (1997). Effect of sobatum on ultra violet
induced damage and superoxide production. Indian Journal of Pharmacology, 29(3),
129-131.

VOLUME 18, ISSUE 9, 2024 858 http://xadzkjdx.cn/


https://gco.iarc.fr/today

Journal of Xidian University https://doi.org/10.5281/Zenodo.13884998 ISSN No:1001-2400

9. Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and survival:
Application to proliferation and cytotoxicity assays. Journal of Immunological
Methods, 65(1-2), 55-63. https://doi.org/10.1016/0022-1759(83)90303-4

10. Nadkarni, K. M. (1979). Indian Materia Medica (3rd ed.). Popular Prakashan Pvt.
Ltd.

11. Pereira, C., Santos, M. S., & Oliveira, C. (n.d.). Involvement of oxidative stress on the
impairment of energy metabolism induced by AP peptides on PC12 cells: Protection
by antioxidants.

12. Venugopal, R., Senthilnathan, P., Magesh, V., Rajkapoor, B., & Sakthisekaran, D.
(2007). Chemotherapeutic efficacy of Solanum trilobatum along with paclitaxel in
lung cancer bearing Swiss albino mice. International Journal of Cancer Research,
3(2), 119-126.

13. Shrihastini, V., Muthuramalingam, P., Adarshan, S., Sujitha, M., Chen, J. T., Shin, H.,
& Ramesh, M. (2021). Plant derived bioactive compounds, their anti-cancer effects
and in silico approaches as an alternative target treatment strategy for breast cancer:
An updated overview. Cancers, 13(24), 6222.
https://doi.org/10.3390/cancers 13246222

14. Momenimovahed, Z., Ghoncheh, M., Pakzad, R., Hasanpour, H., & Salehiniya, H.
(2017). Incidence and mortality of uterine cancer and relationship with human
development index in the world. Cukurova Medical Journal, 42(2), 233-240.
https://doi.org/10.17826/cutf.322929

15. Abancens, M., Bustos, V., Harvey, H., McBryan, J., & Harvey, B. J. (2020). Sexual
dimorphism in colon cancer. Frontiers in  Oncology, 10, 2020.
https://doi.org/10.3389/fonc.2020.553277

16. Atanasov, A. G., Zotchev, S. B., Dirsch, V. M., & Supuran, C. T. (2021). Natural
products in drug discovery: Advances and opportunities. Nature Reviews Drug
Discovery, 20, 200-216. https://doi.org/10.1038/s41573-020-00114-z

17. Royo, V. A., Matias, L. J., Rocha, J., Menezes, E., Junior, A. M., & de Oliveira, D.
(2019). Phytochemistry in medicinal species of Solanum L. (Solanaceae).
Pharmacognosy Research, 11(1), 47-50. https://doi.org/10.4103/pr.pr_13_19

18. Ranjith, M. S., Ranjitsingh, A. J. A., Shankar, S. G., et al. (2010). Solanum trilobatum
in the management of atopy: Through inhibition of mast cell degranulation and
moderation of release of interleukins. Pharmacognosy Research, 2(1), 10-14.
https://doi.org/10.4103/0974-8490.60581

19. Balakrishnan, P. P., Ansari, T., Gani, T. A. M., Sreenath, S., & Kumaran, S. (2015). A
perspective on bioactive compounds from Solanum trilobatum. Journal of Chemical
and Pharmaceutical Research, 78, 507-512.

20. Gordon, J. L., Brown, M. A., & Reynolds, M. M. (2018). Cell-based methods for
determination of efficacy for candidate therapeutics in the clinical management of
cancer. Diseases, 6(4), 85. https://doi.org/10.3390/diseases6040085

21. Moongkarndi, P., Kosem, N., Kaslungka, S., Luanratana, O., Pongpan, N., &
Neungton, N. (2004). Antiproliferation, antioxidation and induction of apoptosis by
Garcinia mangostana (mangosteen) on SKBR3 human breast cancer cell line. Journal
of Ethnopharmacology, 90(1), 161-166. https://doi.org/10.1016/j.jep.2003.09.047

22. Marx, D., & Meden, H. (2001). Differential expression of apoptosis-associated genes
bax and bcl-2 in ovarian cancer. In D. E. Fisher (Ed.), Methods in Molecular
Medicine: Vol. 39. Apoptosis, Senescence, and Cancer (pp. 687—691). Humana Press.
https://doi.org/10.1385/1-59259-071-3

VOLUME 18, ISSUE 9, 2024 859 http://xadzkjdx.cn/



