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ABSTRACT

Citrullus colocynthis is a traditional medicinal plant that belongs to the cucurbitaceae family. The
extract of the fruit is rich in therapeutic phytochemicals. Lung cancer is a disease with high mortality
and morbidity rates. Recently the research has been focused on herbal medicine as a treatment
approach for cancer because of its no or less side effects. The aim of the study is to know about
the anticancer effect of hydroethanolic extract of Citrullus colocynthis fruit against human lung
cancer cell line through apoptosis pathway. Cell viability test was done by MTT assay. The mRNA
expression of Bcl2 and Bcel-xL was done using the real-time PCR. The obtained data was analysed
statistically by one way analysis of variance and Duncan multiple range test with graph prism
version 5 to analyse the significance. The significance was considered at p<0.05 level in Duncan’s
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through apoptosis pathway.

test. Citrullus colocynthis fruit extract increased the inhibition of growth of lung cancer cells. The
activity of Bcl2 and Bcl xL was significantly down regulated at 400pg. The study concludes that
Citrullus colocynthis fruit extract has anticancer activity on A549 human lung cancer cell line

Keywords: Citrullus colocynthis; lung cancer cell line; innovative techniques; phytochemicals;

anticancer activity.
1. INTRODUCTION

Medicinal plants have been a resource for
healing in communities. Medicinal plants are the
source of anti cancer agents. It has anti
mutagenic and antioxidant compounds against
chemicals with low cost, low side effects [1].
Owing to the strong therapeutic effects, the
medicinal plants are being traditionally used to
treat several diseases [2-4]. Different parts of
medicinal plants have numerous nutraceutical

values and are enriched with proteins,
carbohydrates, vitamins, fibre, potassium,
calcium and also the presence of

phytoconstituents contributes to its significant
medicinal property [5-8]. A well known traditional
medicinal plant is Citrullus colocynthis belonging
to the Cucurbitaceae family of plants [9].

The fruit extract of Citrullus colocynthis is rich in
therapeutic phytochemicals such as alkaloids,
flavonoids, glycosides, terpenoids, tannins,
flavones, saponins and phenols [10,11]. Fruit
pulp is the main medicinal part of the plant used
to report many biological activities [12,13]. Anti-
inflammatory  activity, antioxidant activity,
antidiabetic activity and hypolipidemic activity are
seen in fruit extract of Citrullus colocynthis [14—
18].The main chemical compound found in
Citrullus colocynthis is cucurbitacins [17].

The non communicable disease responsible for
63% of worldwide deaths is reported as cancer
by the World Health Organization (WHO).
Cancer is the second cause of death in Western
countries and it was also reported by WHO
[19,20]. The collection of heterogeneous genetic
diseases united by common alterations in
multiple cellular signaling pathways is known as
cancer [19]. Lung cancer accounts for the
highest mortality worldwide. Lung cancer causes
a higher death rate among the population
because it is detected at substantial progression
of the illness that causes significant reduction in
quality of life of the patients [20]. Possible factors
that are responsible for the cause of lung cancer
are active cigarette smoking, pipe and cigar
smoking, second hand cigarette smoking
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(passive smoking), exposure to indoor and
outdoor air pollution, occupational exposure to
agents such as asbestos, chromium, nickel and
arsenic and the common cause is exposure to
indoor and outdoor air pollutions [21]. Smoking is
an important factor in lung cancer [22].

Treatment of lung cancer and major sources of
new drugs have a long history in plants [23].
Herbal medicines have attractive approaches for
lung cancer therapy by proving that they prevent
the side effects of chemotherapy and improve
quality of life in lung cancer patients [24]. Both
Bcl2 and Bcl xL genes are anti-apoptotic genes
[25,26]. Our team has extensive knowledge and
research experience that has translated into high
quality publications [27—-43]. The aim of the study
is to know about the cytotoxic effect of
hydroethanolic extract of Citrullus colocynthis
fruit against human lung cancer cell line (A549
human lung cancer cells).

2. MATERIALS AND METHODS
2.1 Materials

Dimethyl sulfoxide (DMSO0), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) were purchased from Sigma
Chemical Pvt Ltd, USA. Trypsin-EDTA, fetal
bovine serum (FBS), antibiotics-antimycotics,
RPMI 1640 medium and phosphate buffered
saline (PBS) were purchased from Gibco,
Canada. (5,5,6,6-tetrachloro-1,1,3,3
tetraethylbenzimidazolocarbocyanine iodide) and
Real Time PCR kit was purchased TAKARA
(Meadowvale Blvd, Mississauga, ON L5N 5S2,
Canada).

2.2 Preparation of Plant Material

Hydroalcoholic extract (70:30 alcohol:water) of
fruit was prepared by maceration method (3
times), supernatants were filtered through double
layer of Whatman filter paper. A Rotary
Evaporator was used to extract the solvent. The
obtained extract was stored at airtight bottles
at4° C.
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2.3 Cell Lines and Cell Culture

Human lung cancer cell line (A549 ) was
purchased from the National Centre for Cell
Sciences (NCCS), Pune, India. Cells were
cultured in DMEM medium (Thermo Fisher
Scientific, CA, USA) containing 10% fetal bovine
serum (Thermo Fisher Scientific, CA, USA), 100
U/ml penicillin and 100 upg/ml streptomycin
(Thermo Fisher Scientific, CA, USA) at 37°C with
5% COs,.

2.4 Cell Viability by MTT Assay

Cell viability was assayed using a modified
colorimetric technique that is based on the ability
of live cells to convert MTT, a tetrazolium
compound into purple formazan crystals by
mitochondrial reductases (Mosmann, 1983).
Briefly, the cells (1 x10*well) were exposed to
different concentrations of Citrullus colocynthis
fruit extract (100-500ug/ml) with  A549 cells for
48 h. At the end of the treatment, 100 pl of
0.5mg/ml MTT solution was added to each well
and incubated at 37-C. Then the formed crystals
were dissolved in dimethyl sulfoxide (100 pl) and
incubated in a dark room. Then the intensity of
the color developed was assayed using a Micro
ELISA plate reader at 570 nm. The number of
viable cells was expressed as the percentage of
control cells cultured in extract free medium. Cell
viability in the control medium without any
treatment was represented as 100%. The cell
viability is calculated using the formula: % cell
viability = [A570 nm of treated cells/A570 nm of
control cells] x 100.

2.5 Gene Expression Analysis by Real
Time-PCR

Samples from each group were submerged in 2
ml Trizol (Invitrogen, Carlsbad, CA, USA) for
RNA extraction and stored at —80°C until further
processed. cDNA synthesis was performed on 2
Mg RNA in a 10 pl sample volume using
Superscript Il reverse transcriptase (Invitrogen)
as recommended by the manufacturer. Real-time
PCR array analysis was performed in a total
volume of 20 pl including 1 pl cDNA, 10 pyl gPCR
Master Mix 2x (Takara, USA) and 9 ul ddH20.
Reactions were run on an CFX96 Touch Real-
Time PCR Detection System (Bio-Rad, USA)
using universal thermal cycling parameters (95°C
for 5 min, 40 cycles of 15 sec at 95°C, 15 sec at
60°C and 20 sec at 72°C; followed by a melting
curve: 5 sec at 95°C, 60 sec at 60°C and
continued melting). For quality control purposes,
melting curves were acquired for all samples.

The specificity of the amplification product was
determined by melting curve analysis for each
primer pair. The data were analyzed by
comparative CT method and the fold change is
calculated by 2-AACT method described by
Schmittgen and Livak (2008) using CFX
Manager Version 2.1 (Bio Rad, USA).

2.6 Statistical Analysis

The obtained data were analyzed statistically by
one-way analysis of variance (ANOVA) and
Duncan's multiple range test with a computer-
based software (Graph Pad Prism version 5) to
analyze the significance of individual variations
among the control and experimental groups. The
significance was considered at p<0.05 level in
Duncan's test.

3. RESULTS

3.1 Effect of Citrullus Colocynthis on
Cell Viability in A549 Cells

In the present study, Citrullus colocynthis extract
significantly increased (p<0.05) inhibiting the
growth of the lung cancer cell dose dependently
compared to untreated control cells. However,
400 to 500pg/ml concentration of the extract
showed maximum inhibition of the viability of the
lung cancer cells suggesting that Citrullus
colocynthis induces apoptosis in A549 cells

(Fig.1).

3.2 Effect of Citrullus colocynthis on
Bcl2 mRNA Expression in A549 Cells

The activity of Bcl2 was assessed in a dose
dependent manner. In the treated A549 lung
cancer cell line, the Bcl2 was significantly down
regulated by Citrullus colocynthis at a dose of
300ug. The decrement reached a higher amount
when the cells were treated with 400ug. Thus,
the decrease of Bcl2 was in dose dependent
manner.(Fig.2).

3.3 Effect of Citrullus colocynthis on Bcl
xL mRNA Expression in A549 Cells

The activity of Bcl xI was assessed in a dose
dependent manner. In the treated A549 lung
cancer cell line, the Bcl xL was significantly down
regulated by Citrullus colocynthis at a dose of
300ug. The decrement reached a higher amount
when the cells were treated with 400pg. Thus,
the decrease of Bcl xL was in dose dependent
manner (Fig. 3).
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Fig. 1. Effect of Citrullus colocynthis fruit extract on cell viability in A549 cells. Each bar
represents mean + or - SEM of 6 observations. The X axis represents the concentration of
Citrullus colocynthis fruit extract (ug/ml) and the Y axis represents the percentage of cell

viability. Significance at p<0.05, a-compared to untreated control cells, b-compared with 1nM
treated A549 cells
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Fig. 2. Effect of Citrullus colocynthis fruit extract on Bcl2 mRNA expression in A549 cells.
Each bar represents mean + or - SEM of 6 observations. The X axis represents different
concentrations of Citrullus colocynthis and the Y axis represents fold change over control
cells. There is a statistically significant difference between the control and treated groups with
p value. Significance at p<0.05, a-compared with untreated control cells
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Fig. 3. Effect of Citrullus colocynthis fruit extract on Bcl XL mRNA expression in A549 cells.
Each bar represents mean + or - SEM of 6 observations. The X axis represents different
concentrations of Citrullus colocynthis and the Y axis represents fold change over control
cells. There is a statistically significant difference between the control and treated groups with
p value. Significance at p<0.05, a-compared with untreated control cells

4. DISCUSSION

The present study showed that the cytotoxic
effect of Citrullus colocynthis was found to be
maximum at concentration of 400ug. Thus
Citrullus colocynthis has inhibited the cancer cell
proving its beneficial activities. The previous
study has shown that alkaloid rich Citrullus
colocynthis fruit extract has promising anticancer
activity in breast and liver cancer cell lines [44].
Then the whole extract seems to have effective
anticancer activity on larynx cancer cells [45].
Previously many medicinal plants like Selaginella
tamariscina were found to have antimetastatic
effects against human lung cancer cell lines [46].
Crocus sativus L. (Saffron) agueous extract used
in traditional medicine for lung cancer [47]. The
anti lung cancer activity of this plant was linked
with induction of apoptosis [48].

Apoptosis is programmed cell death that is
mediated by activation of a conserved
intracellular pathway. Currently the relation of
apoptosis and cancer has been emphasized [49].
Some clues are given by apoptosis for anticancer
therapy and a number of chemotherapeutic
agents show to exert anti tumor effect inducing
apoptosis of lung cancer. In this present study it
was found that both Bcl2 and Bcl xL, anti
apoptotic genes were increased in control group,

but when these cancer cell lines were treated
with Citrullus colocynthis fruit extract, it has
reduced the mRNA expression of both Bcl2 and
Bcel xL [32,34,40].

This result of the present study was supported by
previous study which showed that Sesbania
grandiflora fruit found to have antiproliferative
effects against human lung cancer cell lines by
inducing apoptosis [50]. In this present study the
phytochemicals present in Citrullus colocynthis
fruit extract could be responsible for the
anticancer activity against human lung cancer
cell line (A549 human lung cancer cell). Our
previous research experience on various herbal
plants has led us to focus on current topic which
has showed the anticancer effect of Citrullus
colocynth and the enriched presence of
phytochemicals in the plant could have
contributed to its anticancer effect [51-53].

5. CONCLUSION

The present study has concluded that Citrullus
colocynthis have abundant bioactive
phytochemicals that have potential in combating
carcinoma by activation of apoptosis. More
scientific study must be done to develop our
understanding on anticancer activity of Citrullus
colocynthis fruit extract. Further research is
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the promising results towards

treatment of lung cancer.

SOURCE OF FUNDING

The study is funded by

The International Association of Lions
Club, District 324 A2.

Saveetha Dental College and Hospitals ,
Saveetha Institute of Medical and
Technical Science ,

Saveetha University.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENT

We thank Saveetha Dental College for their
support to conduct this study.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Khalighi-Sigaroodi F, Medicinal Plants

Research Center, Institute of Medicinal
Plants, ACECR, Karaj, Iran. Journal of
medicinal plants from the beginning to the

present. Journal of Medicinal Plants.
2020;19(75):1-3.
DOI:10.29252/jmp.19.75.1

In  Vitro Antibacterial, Free Radical

Scavenging Activity of Aqueous and
Ethanolic Extracts of Capparis Decidua.
International Journal of Pharmaceutical
Research. 2020;12(spl).
DOI:10.31838/ijpr/2020.sp1.450

In-vitro  Free  Radical  Scavenging,
Antibacterial, Cytotoxicity of Ethanolic/
Hydroethanolic Extract Of Capparis
Decidua. International Journal of

Pharmaceutical Research. 2020;12(spl).
DOI:10.31838/ijpr/2020.sp1.438

Lakshme PST, Preetha, Jeevitha M,
Rajeshkumar S. Evaluation of Antioxidant
and Cytotoxic Effect of Selenium

10.

11.

12.

103

Nanoparticles Synthesised Using Capparis
decidua. J Pharm Res Int. 2020:60-66.

PA, Anushya P, Preetha S, Prathap L,
Jeevitha M. Enhanced Antibacterial activity

of Capparis decidua fruit mediated
Selenium Nanoparticle against
Enterococcus faecalis. International

Journal of Research in Pharmaceutical
Sciences. 2021;12(1):6-11.
DOI:10.26452/ijrps.v12i1.3905
Chockalingam S, Preetha S, Jeevitha M,
Pratap L. Antibacterial Effects of Capparis
decidua  Fruit  Mediated  Selenium
Nanoparticles. Journal of Evolution of
Medical and Dental Sciences. 2020;9(40):
2947-2950.
DOI:10.14260/jemds/2020/646

KJ, Janani K, Preetha S, Jeevitha,
Rajeshkumar S. Green synthesis of
Selenium nanoparticles using Capparis
decidua and its anti-inflammatory activity.

International Journal of Research in
Pharmaceutical ~Sciences. 2020;11(4):
6211-6215.

DOI:10.26452/ijrps.v11i4.3298

Ali SJ, Preetha S, Jeevitha M, Prathap L,
S. R. Antifungal Activity of Selenium
Nanoparticles Extracted from Capparis
decidua Fruit against Candida albicans.
Journal of Evolution of Medical and Dental
Sciences. 2020;9(34):2452-2455.
DOI:10.14260/jemds/2020/533

Bharath B, Perinbam K, Devanesan S,
AlSalhi MS, Saravanan M. Evaluation of
the anticancer potential of Hexadecanoic
acid from brown algae Turbinaria ornata on
HT-29 colon cancer cells. Journal of
Molecular Structure. 2021;1235:130229.
DOI:10.1016/j.molstruc.2021.130229
Ahmed M. Phytochemical screening, total
phenolic and flavonoids contents and
antioxidant activities of citrullus colocynthis
I. and cannabis sativa L. Applied Ecology
and Environmental Research. 2019;17(3).
DOI:10.15666/aeer/1703_69616979
Ahmed M, Mingshan J, Qin P. Antioxidant,
Antifungal and Insecticidal Activity of
Triterpenoids Spinasterol, 22,23-
Dihydrospinasterol Isolated from
Colocynthis  (Citrullus  colocynthis  L.)
Leaves.

DOI:10.21203/rs.3.rs-96914/v1

Clarizia G, Bernardo P. Diverse
Applications of Organic-Inorganic
Nanocomposites: Emerging Research and
Opportunities: Emerging Research and
Opportunities. IGI Global; 2019.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sowmya et al.; JPRI, 33(57B): 98-106, 2021; Article no.JPRI.78926

Egbuna C, Mishra AP, Goyal MR.
Preparation of Phytopharmaceuticals for
the Management of Disorders: The
Development of Nutraceuticals and
Traditional Medicine. Academic Press;
2020.

Marzouk B, Marzouk Z, Haloui E, Fenina
N, Bouraoui A, Aouni M. Screening of
analgesic and anti-inflammatory activities
of Citrullus colocynthis from southern
Tunisia. J Ethnopharmacol.
2010;128(1):15-19.

Huseini HF, Darvishzadeh F, Heshmat R,
Jafariazar Z, Raza M, Larijani B. The
clinical investigation of Citrullus colocynthis
(L)) schrad fruit in treatment of Type Il
diabetic patients: a randomized, double
blind, placebo-controlled clinical trial.
Phytother Res. 2009;23(8):1186-1189.
Kumar S, Kumar D, Manjusha, Saroha K,
Singh N, Vashishta B. Antioxidant and free
radical scavenging potential of Citrullus
colocynthis (L.) Schrad. methanolic fruit
extract. Acta Pharm. 2008;58(2):215-220.
Chawech R, Jarraya R, Girardi C, et al.
Cucurbitacins from the Leaves of Citrullus
colocynthis  (L.) Schrad. Molecules.
2015;20(10):18001-18015.
DOI:10.3390/molecules201018001

Kashfi K. Dysfunctional cell signaling
dynamics in  oncology: Diagnostic,
prognostic and treatment opportunities.
Biochemical Pharmacology.
2013;85(5):595-596.
DOI:10.1016/j.bcp.2012.12.020

Luo J, Solimini NL, Elledge SJ. Principles
of Cancer Therapy: Oncogene and Non-
oncogene Addiction. Cell.
2009;138(4):807.
DOI:10.1016/j.cell.2009.08.006

Ford DW, Koch KA, Ray DE, Selecky PA.
Palliative and End-of-Life Care in Lung
Cancer. Chest. 2013;143(5):e498S -
e512S.

DOI:10.1378/chest.12-2367

Alberg AJ, Brock MV, Ford JG, Samet JM,
Spivack SD. Epidemiology of Lung Cancer.
Chest. 2013;143(5):elS - e29S.
DOI:10.1378/chest.12-2345

Rom WN, Tchou-Wong K-M. Molecular
and Genetic Aspects of Lung Cancer. Lung
Cancer.:03-26.
DOI:10.1385/1-59259-324-0:03

Cragg GM, Kingston DGI, Newman DJ.
Anticancer Agents from Natural Products.
CRC Press; 2005.

24.

25.

26.

27.

28.

29.

30.

31.

32.

104

Jeong S-J, Koh W, Kim B, Kim S-H. Are
there new therapeutic options for treating
lung cancer based on herbal medicines
and their metabolites? J Ethnopharmacaol.
2011;138(3):652-661.

Mudigonda SK, Murugan S, Velavan K,
Thulasiraman S, Krishna Kumar Raja VB.
Non-suturing microvascular anastomosis in
maxillofacial reconstruction- a comparative
study. J Craniomaxillofac Surg.
2020;48(6):599-606.

Nambi G, Kamal W, Es S, Joshi S, Trivedi
P. Spinal manipulation plus laser therapy
versus laser therapy alone in the treatment
of chronic non-specific low back pain: a
randomized controlled study. European
Journal of Physical and Rehabilitation
Medicine. 2019;54(6).
DOI:10.23736/s1973-9087.18.05005-0
Saraswathi |, Saikarthik J, Senthil Kumar
K, Madhan Srinivasan K, Ardhanaari M,
Gunapriya R. Impact of COVID-19
outbreak on the mental health status of

undergraduate medical students in a
COVID-19 treating medical college: a
prospective longitudinal study. PeerJ.

2020;8:€10164.

Santhakumar P, Roy A, Mohanraj KG,
Jayaraman S, Durairaj R. Ethanolic Extract
of Capparis decidua Fruit Ameliorates
Methotrexate-Induced Hepatotoxicity by
Activating Nrf2/HO-1 and PPARy Mediated
Pathways. Ind J Pharm Educ.
2021;55(1s):5265-s274.

Nambi G, Kamal W, Es S, Joshi S, Trivedi
P. Spinal manipulation plus laser therapy
versus laser therapy alone in the treatment
of chronic non-specific low back pain: a
randomized controlled study. Eur J Phys
Rehabil Med. 2018;54(6):880-889.
Rajakumari R, Volova T, Oluwafemi OS,
Rajesh Kumar S, Thomas S, Kalarikkal N.
Grape seed extract-soluplus dispersion
and its antioxidant activity. Drug Dev Ind
Pharm. 2020;46(8):1219-1229.

Prakash AKS, Devaraj E. Cytotoxic
potentials of S. cumini methanolic seed
kernel extract in human hepatoma HepG2
cells. Environmental Toxicology.
2019;34(12):1313-13109.
DOI:10.1002/tox.22832

Tahmasebi S, Qasim MT, Krivenkova MV,
et al. The effects of oxygen-ozone therapy
on regulatory T-cell responses in multiple
sclerosis patients. Cell Biol Int. 2021;
45(7):1498-15009.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Sowmya et al.; JPRI, 33(57B): 98-106, 2021; Article no.JPRI.78926

Wadhwa R, Paudel KR, Chin LH, et al.
Anti-inflammatory and anticancer activities
of Naringenin-loaded liquid crystalline
nanoparticles in vitro. J Food Biochem.
2021;45(1):e13572.

Vivekanandhan K, Shanmugam P,
Barabadi H, et al. Emerging Therapeutic
Approaches to Combat COVID-19: Present
Status and Future Perspectives. Front Mol
Biosci. 2021;8:604447.

Ezhilarasan D. Critical role of estrogen in
the progression of chronic liver diseases.
Hepatobiliary Pancreat Dis Int.
2020;19(5):429-434.

Egbuna C, Mishra AP, Goyal MR.
Preparation of Phytopharmaceuticals for
the Management of Disorders: The
Development of Nutraceuticals and
Traditional Medicine. Academic Press;
2020.

Kamath SM, Manjunath Kamath S, Jaison
D, et al. In vitro augmentation of
chondrogenesis by Epigallocatechin
gallate in primary Human chondrocytes -
Sustained release model for cartilage
regeneration. Journal of Drug Delivery
Science and Technology. 2020;60:101992.
DOI:10.1016/j.jddst.2020.101992
Barabadi H, Mojab F, Vahidi H, et al.
Green synthesis, characterization,
antibacterial and biofilm inhibitory activity
of silver nanoparticles compared to
commercial silver nanoparticles. Inorganic

Chemistry Communications. 2021;129:
108647.
DOI:10.1016/j.inoche.2021.108647
Gowhari Shabgah A, Ezzatifar F,

Aravindhan S, et al. Shedding more light
on the role of Midkine in hepatocellular
carcinoma: New perspectives on diagnosis
and therapy. IUBMB Life. 2021;73(4):
659-669.

Sridharan G, Ramani P, Patankar S,
Vijayaraghavan R. Evaluation of salivary
metabolomics in oral leukoplakia and oral
squamous cell carcinoma. J Oral Pathol
Med. 2019;48(4):299-306.

R H, Ramani P, Ramanathan A, et al.
CYP2 C9 polymorphism among patients
with oral squamous cell carcinoma and its

role in altering the metabolism of
benzo[a]pyrene. Oral Surg Oral Med
Oral Pathol Oral Radiol. 2020;130(3):
306-312.

J PC, Marimuthu T, C K, Devadoss P,
Kumar SM. Prevalence and measurement
of anterior loop of the mandibular canal

43.

44.

45.

46.

47.

48.

49.

50.

51.

105

using CBCT: A cross sectional study. Clin

Implant Dent Relat Res. 2018;20(4):
531-534.
Wahab PUA, Madhulaxmi M,

Senthilnathan P, Muthusekhar MR, Vohra
Y, Abhinav RP. Scalpel Versus Diathermy
in Wound Healing After Mucosal Incisions:
A Split-Mouth Study. J Oral Maxillofac
Surg. 2018;76(6):1160-1164.

Murthy KNC, Chidambara Murthy KN,
Jayaprakasha GK, Patil BS. The natural
alkaloid  berberine  targets  multiple
pathways to induce cell death in cultured
human colon cancer cells. European
Journal of Pharmacology. 2012;688(1-
3):14-21.
DOI:10.1016/j.ejphar.2012.05.004

Ahrari F, Tavakkol Afshari J, Poosti M,
Brook A. Cytotoxicity of orthodontic
bonding adhesive resins on human oral
fibroblasts. The European Journal of
Orthodontics. 2010;32(6):688-692.
DOI:10.1093/ejo/cjq019

Yang SF, Chu SC, Liu SJ, Chen YC,
Chang YZ, Hsieh YS. Antimetastatic
activities of Selaginella tamariscina
(Beauv.) on lung cancer cells in vitro and in
vivo. Journal of Ethnopharmacology.
2007;110(3):483-489.
DOI:10.1016/j.jep.2006.10.010
Santhakumar P, Roy A, Mohanraj KG,
Jayaraman S, Durairaj R. Ethanolic Extract
of Capparis decidua Fruit Ameliorates
Methotrexate-Induced Hepatotoxicity by
Activating Nrf2/HO-1 and PPARy Mediated
Pathways. Indian Journal of
Pharmaceutical Education and Research.
2021;55(1s):5265-s274.
DOI:10.5530/ijper.55.1s.59
Samarghandian S, Borji A, Farahmand SK,
Afshari R, Davoodi S. Crocus sativus L.
(saffron) stigma aqueous extract induces
apoptosis in alveolar human lung cancer
cells through caspase-dependent
pathways activation. Biomed Res Int.
2013;2013:417928.

Bold RJ, Termuhlen PM, McConkey DJ.
Apoptosis, cancer and cancer therapy.
Surg Oncol. 1997;6(3):133-142.
Pajaniradje S, Mohankumar K,
Pamidimukkala R, Subramanian S,
Rajagopalan R. Antiproliferative and
apoptotic effects of Sesbania grandiflora
leaves in human cancer cells. Biomed Res
Int. 2014;2014:474953.

Preetha S, Roy A, Ganesh MK, Selvaraj J.
Ethanolic extract of capparis decidua fruit



52.

Sowmya et al.; JPRI, 33(57B): 98-106, 2021; Article no.JPRI.78926

ameliorates methotrexate-induced
hepatotoxicity by suppressing oxidative
stress and inflammation by modulating
nuclear factor-kappa B signaling pathway.
Phcog Mag. 2021;17:5S143-50

Preetha S, Lavanya Prathap, Anitha Roy,
Selvaraj  Jayaraman, M.  Jeevitha,
Molecular docking analysis of furfural and
isoginkgetin with heme oxygenase | and

53.

PPARYy, Bioinformation.
362.

Lavanya Prathap,
Anitha Roy, Preetha S, Jeevitha M.
Molecular docking analysis of
stachydrine and sakuranetin with IL-6
and TNF-a in the context of
inflammation, Bioinformation. 2021,
17(2):356-362.

2021;17(2):356-

Selvaraj Jayaraman,

© 2021 Sowmya et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/78926

106


http://creativecommons.org/licenses/by/2.0

