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ABSTRACT

The study's objective is to identify the phytoconstituents and determine the anti-cancer potential of
Carica papaya leaves against the MCF 7 cell line. Chloroform, ethyl acetate, and methanol extracts of
C. papaya leaves were prepared by cold maceration method and qualitative phytochemical analysis was
performed. The anti-proliferative effect of these extracts was determined by 3-(4,5- dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) assay and apoptotic assay by acridine orange/ethidium
bromide staining method on MCF 7 cells. The effect of the extracts, with different concentrations, on
DNA fragmentation, was also performed on MCF 7 cells. Qualitative analysis revealed the presence of
alkaloids, flavonoids, terpenoids, steroids, saponins, tannins, glycosides, phenols, anthraquinones,
proteins, and carbohydrates. Chloroform, methanol, and ethyl acetate extracts of C. papaya leaves were
observed with potential DPPH free radical scavenging activity with 72%, 75%, and 78% respectively.
Of these extracts, the chloroform extract (72%) was found to possess a more free radical scavenging
effect against DPPH and also showed a dose-dependent effect, the maximum at 100ug/ml, on DNA
fragmentation in MCF 7 cells. Further, chloroform extract showed a maximum anti-proliferative effect
on MCF-7 cells with ICsp at 22+1.5ug/ml, whereas methanol and ethyl acetate extract at 30+0.5 pg/ml
and 28+0.5 pg/ml respectively. Increased apoptosis in MCF 7 cells was observed with an increased
concentration of chloroform extract of C. papaya. From the results of this study, it can be concluded that
leaf extract of C. papaya found to possess an anti-proliferative effect and antioxidant potential and it
could be due to the presence of rich secondary metabolites of the plant.
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Anti-proliferative potential of Carica papaya leaves on Breast cancer Cells — MCF-7

1 Introduction

Breast cancer is among the most common type of cancer in women
around the globe (Yahyea et al., 2019). It is developed due to the
inheritance of proto-oncogenes such as BRCA1, BRCA2 and by a
genetic mutation. Most breast cancer is contributed by carcinoma,
while sarcoma is rarely associated with this cancer (Feng et al.,
2018). If the tumor is diagnosed early, it could be treated easily
(Fadi & Ferguson, 2020). Although it is seen primarily in women,
men can also get breast cancer (Farr et al., 2017). Chemotherapy
and radiation therapy are the commonly used treatment to treat
breast cancer. But, these treatments produce adverse side effects
(Alam et al., 2013). The tumor development can be reversed or
inhibited by synthetic drugs. Plant extract might play an essential
role in preventing and curing breast cancer (Levitsky &
Dembitsky, 2015). Medicinal plants are well recognized and have
been used in the preparation of traditional medicines with fewer
side effects to treat various diseases especially cancer (Richard et
al., 2015). The active phytochemical constitutes of herbal plants
are carotenoids, flavonoids, ligands, terpenoids, and sulfides
stimulate glutathione-transferase that helps protect the cell and
prevent the proliferation of the cell (Shareef et al., 2016).

Carica papaya belongs to the family of Caricaceae (Figure 1). It is
diploid, dicotyledon, and polygamous plants. The papaya is
consumed in the form of jam, juices, or dry fruit. The ripe fruit of
C. papaya is rich in Vitamin C, A, and calcium. The different
product of C. papaya is used to produce a variety of commercial
products. Chymopapain and papain are made from latex, stem,
leaves, and fruit. For many centuries, papaya leaves have been
used as folk medicine. Recently researchers proved the wound
healing, anti-inflammatory, anti-oxidant, immune-modulatory, and
anti-tumor effect of this plant (Saurabh et al., 2016). Hence, the
present study aims to analyze the phytoconstituents and to evaluate
the anticancer potential of C. papaya leaves against the breast
cancer cell line MCF 7 cells.

Figure 1 Caia papaya leaves
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2 Materials and Methods
2.1 Collection of Plant material

The leaves of C. papaya were collected from Kumbakonam,
Thanjavur District, Tamil Nadu, India. The leaves were shade-
dried, powdered with an electrical blender, and stored in an airtight
container till use.

2.2 Preparation of plant extract

About 25¢ of powder was immersed in 100 ml of chloroform, ethyl
acetate, and methanol separately for 72 hours with occasional
shaking at room temperature. The extract was collected after
filtering using Whatman No1 filter paper and stored at 4°C till use.
Then, the extracts were condensed and used for experiments
(Kiruthika et al., 2020).

2.3 Qualitative analysis of phytochemical constituents

Qualitative analysis of phytochemical constituents was carried out
by the methods of Harbone et al. (1998). The detail of the used
method for qualitative analysis was given in table 1.

Table 1 Qualitative analysis of various phytochemical constituents

S.No Phytochemical ~ Appeared colour/

Characteristics Reference

Constituents

. Creamy white Mustikasari &
L Alkaloids precipitate Ariyani, 2010
. Chang et al.,
2. Flavonoids Intense red color 2002
. Reddish-brown Indumathi et al.,
3. Terpenoids color 2014
4. Steroids Blue-green color  Silas et al., 2019
. Appearance of Kokate et al.,
5. Saponins froth 2001
6. Tannins Green-blue is Schanderl,1970
formed
7 Glvcosides Formation of Kokate et al.,
) Y Green color 2001
Development of McDonald et al.,
8 Phenols Blue color 2001
. Appearance of .
9. Anthraquinones Rose pink color Silas et al., 2019
. . Padmapriya &
10. Proteins Vlollgtr:gc?r 15 Maneemegalai,
2014
Padmapriya &
11. Carbohydrates Ap_p earance of Maneemegalai
violet color 2014

2.4 In-vitro anti-oxidant activity

The anti-oxidant assay was carried out by the method of Mensor et
al. (2001). In these assays, DPPH was used as the standard free
radical, when it reacts with anti-oxidants, gets reduced to DPPHH.
Due to the reduction reaction, the absorbance of DPPHH
decreases in comparison to DPPH. The anti-oxidant activity of
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compounds or extracts is indicated by the degree of discoloration
in terms of hydrogen donating ability. The anti-oxidant activity of
the fraction was measured in vitro by 1, 1 diphenyl- 2-
picrylhydrazyl (DPPH) assay (Mensor et al., 2001). In brief, 0.5
mM DPPH was prepared in 95% methanol, and 1 ml of this
solution was added to the tubes containing 3ml of leaf extracts
(chloroform, methanol, and ethyl acetate) at different
concentrations. The contents of the tubes were mixed well, left at
room temperature for 30 minutes, and the absorbance was
measured at 515 nm in a spectrophotometer. The antioxidant
activity was expressed as:

control —sample

% of disappearance = x100 (Control - Sample)

control

2.5 Cell line and culture conditions

The human breast cancer cells (MCF-7) were purchased from the
National Center for Cell Sciences (NCCS), Pune, India. The cancer
cells were maintained in MEM medium (MEM+FCS)
supplemented with 2mM/L glutamine and balanced salt solution
(BSS) adjusted to contain 1.5 g/L Na,COs, 0.1 mM nonessential
amino acids, 1 mM sodium pyruvate,2 mM /L glutamine, 1.5 g/L
glucose, 10 mM (4-(2-hydroxyethyl)-1-piperazineethane sulfonic
acid) (HEPES) and 10% fetal bovine serum (GIBCO, USA).
Penicillin and streptomycin (100 1U/100pg) were adjusted to
ImL/L. The cells were maintained at 37°C with 5% CO, in a
humidified CO; incubator (Saravanan et al., 2017).

2.6 MTT assay

MTT [3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide] assay was used to evaluate the Inhibitory Concentration
(ICsp) of the plant extracts (Joseph et al., 2020). The MEM
(1x10%cells/well) was used to grow the cells in a 96-well plate for
48 hours in 85% confluence. The medium was replaced with a
fresh medium containing a serially diluted compound. The cells
were then incubated for 48 hours. 100uL of the MTT [3-(4, 5-
dimethylthiozol-2-yl)-3,5-diphenyl tetrazolium bromide] solution
was added to each well after the removal of the culture medium.
Incubate the mixture at 37°C for 4 hours. After removing the
supernatant, 50 pL of DMSO/ isopropanol was added to each of
the wells and incubated for 10 minutes to solubilize the formazan
crystals. The absorbance was measured at 620 nm in an ELISA
multi-well plate reader (Thermo Multiskan EX, USA). The
recorded absorbance was used to calculate the percentage of
viability using the following formula:

T OD value of the experimental sample
% of viability = i Ple 100

OD value of the experimental control

2.7 Apoptotic analysis by Fluorescent Microscopy

Fluorescence assay was carried out by the methods of Engin et al.
(2011). For this, 0.9 ml of cell suspension (1x10° cells/mL) was
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mixed with 1puL of a dye mixture having 100 mg/mL acridine
orange (AO) and 100 mg/mL ethidium bromide (EtBr) in distilled
water on a clean coverslip. The phosphate-buffered saline (PBS)
(pH 7.2) was used to wash pre-treated cancer that was collected.
Then, using 10pL of AO/EtBr, the cells were stained; they were
incubated for 2 minutes. After incubation, the cells were washed
twice with PBS (5 min each) and visualized under a fluorescence
microscope (Nikon Eclipse, Inc, Japan) at 400x magnification with
an excitation filter of 580nm. The cells were treated with complex
for 2 hrs by placing it on a glass coverslip in a 6-well plate. Using
2% Triton X-100 (50ul), the fixed cells were permeabilized for 10
min at room temperature and incubated for 3min with 10pl of
DAPI by placing a coverslip over the cells to enable uniform
spreading of the stain. The cells were observed under (Nikon
Eclipse, Inc, Japan) fluorescent microscope. The MCF-7 cells
treated without plant extract were used as a control (Engin et al.,
2011).

2.8 DNA Fragmentation assay

DNA fragmentation assay was carried out by the method of Ramar
et al. (2012). In 10mM of Tris-Hcl and 10mM EDTA (pH 8.0),
MCF-7 (1 x10%ells) were suspended independently. Then, the
cells were treated with 10 mM Tris-HCI, 10mM EDTA (pH 8.0),
2% SDS, and 20 mg/mL proteinase K, and the mixture was kept at
37°C for 3h. Later, 9the mixture was extracted with phenol:
chloroform: isoamyl alcohol solution in the ratio of 25:24:1,
respectively. The extracted DNA was treated with DNase-free
RNase at 20 mg/mL concentration at 4°C for 45 min and
precipitated with 100 mL of 2.5 M sodium acetate and 3 volumes
of ethanol. About 10ug of isolated DNA was taken from control
and treated cells and electrophoresed on a 2% agarose gel
containing ethidium bromide.

3 Results

Results presented in table 2 revealed the phytoconstituents of
chloroform, methanol, and ethyl acetate extract of C. papaya
leaves. The chloroform extract of the C. papaya leaves was found
to contain alkaloids, saponins, tannins, glycosides, proteins, and
carbohydrates. Similarly, methanol extract of the C. papaya leaves
contains flavonoids, terpenoids, steroids, tannins, glycosides,
proteins, and carbohydrates. The ethyl acetate extract of C. papaya
leaves contains alkaloids, saponins, tannins, glycosides, phenols,
anthraquinones, proteins, and carbohydrates.

Figures 2, 3, 4 represent the anti-oxidant activity of the
chloroform, methanol, and ethyl acetate extract of the C.
papaya leaves respectively. Of these extracts, chloroform
extract exerted more DPPH free radical scavenging activity
than methanol and ethyl acetate extracts, but lesser with the
standard ascorbic acid.
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Figure 2 DPPH scavenging activity of chloroform extract of
C. papaya leaves

Table 2 Phytochemical screening of the various extracts of the
C. Papaya leaves

Phytoconstituents Chloroform Methanol aigt];ltle

extract extract extract
Alkaloids + - +
Flavonoids - + -
Terpenoids - + -
Steroids - + -
Saponins + - +
Tannins + + +
Glycosides + + +
Phenols - - +
Anthraquinones - - +
Protein + - +
Carbohydrates - + +

(+) Presence (-) Negative

Figures 5, 6, 7 depict the cytotoxic effect of chloroform, methanol,
and ethyl acetate of C. papaya leaves at 10ug/ml, 20pg/ml,
40ug/ml against MCF-7 cells. The percentage of viability was
analyzed by MTT assay after treatment of C. papaya leaves
extracts. The ICsp values of chloroform, methanol, ethyl acetate
extracts on MCF-7 cells was found to be 22+1.5 pg/ml, 30£0.5,
and 28+0.5 pg/ml, respectively. Of these three extracts, chloroform
extract showed a good cytotoxic effect on MCF-7 cells (22+1.5

ug/ml).

Figure 8 represents the apoptotic effect of chloroform extract of C.
papaya leaves at 10pg/ml, 20pg/ml, and 40pg/ml on MCF-7 cells
and analyzed through fluorescence microscopy. With the
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Figure 3 DPPH radical scavenging activity of methanolic extract
of C. papaya leaves
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Figure 4 DPPH radical scavenging activity of ethyl acetate extract of
C. papaya leaves

increasing concentration of plant extract, a gradual shift from green
to red fluorescence was observed in MCF 7 cells, the shift is
considered as an index of apoptosis. This is further, supports the
apoptotic effect of chloroform extract of C. papaya on MCF-7
cells.

Figure 9 represents the DNA fragmentation assay of chloroform
extract of C. papaya leaves on MCF-7 cells. In the image, "M"
represents the marker DNA. The concentrations of the sections
were 10pg, 20ug, 30ug, and 100ug, respectively. The DNA
fragmentation has increased with the increasing concentration of
the extract. Thus, results showed that 100ug of chloroform extract
of C. papaya leaves exhibit more DNA fragments.
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Figure 5 Cytotoxic effect of chloroform extract of C. papaya leaves on MCF-7 (MTT Assay)
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Figure 6 Cytotoxic effect of methanolic extract of C. papaya leaves on MCF-7 (MTT Assay)
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Figure 7 Cytotoxic effect of ethyl acetate extract of C. papaya leaves on MCF 7 cells (MTT Assay)
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Figure 8 Fluorescence microscopic analysis of chloroform extract of C papaya leaves on MCF-7 ( a - Phase contrast image of MCF-7-cells;
b - Acridine orange and Ethidium bromide image of MCF-7 cells; ¢ - Propidium lodide of MCF-7 cells; d- DAPI image of MCF-7 cells)

M 1 2 3 4

Figure 9 DNA fragmentation analysis of chloroform extract of C. papaya leaves on MCF-7 cells (M - Marker DNA; 1 - 10pg/ml treated
MCEF-7 cells; 2 - 20pg/ml treated MCF-7 cells; 3 -30pg/ml treated MCF-7 cells 4) 100ug/ml treated MCE-7 cells)

4 Discussion metabolites, derived from aerial portions of the plants such as

leaves, roots, flowers, seeds, barks, and pulps used to combat
Plants have been used for medical purposes since time immemorial several disorders such as asthma, arthritis, cancer, etc. (SahiraBanu
and are the basis of modern medicine. Phytochemicals, secondary & Cathrine, 2015). In this study, leaves of C. papaya were found to
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possess several secondary metabolites, and it is in line with Javed
et al. (2017). It has also been reported that they activate proteins
and signaling pathways against cancer cell progression.

Secondary metabolites have been gaining attention as an
alternative therapeutic agent against cancer as they act particularly
on cancer cells without disturbing normal cells (Rastogi et al.,
2016; Javed et al., 2017). Evidence indicates that the free radicals
stimulate oxidative damage to biomolecules which ultimately
causes aging, diabetes mellitus, inflammation, atherosclerosis,
AIDS, cancer, and numerous degenerative diseases in humans.
Flavonoids and free radical scavengers that prevent oxidative cell
damage possess good anticancer action (Efferth, 2017). In this
study, a similar free radical scavenging effect was observed with
C. papaya leaves and this could be due to the presence of the
flavonoids in the plant.

Administration of antioxidants for patients with cancer was found
to enhance the therapeutic efficacy and longevity of the patients
(Singh et al., 2018). Free radical scavenging ability of chloroform
extract was found to be more than methanol and ethyl acetate
extracts of C. papaya leaves.

Further, the anti-proliferative effect of chloroform extract against
MCF 7 was also found to be promising as compared with the other
two extracts. Thus, the plant extract possesses antioxidant and
cytotoxic effects, researchers suggest that increased free radical
scavenging activity, in turn, enhances the cytotoxic effect of plant
extract (Suman et al., 2012; Sammar et al., 2019).

Studies on the effect of plant extracts represented major
morphological changes, apoptotic characteristics such as
shrinkage of the cell, membrane blebbing, and cell density
reduced which imply the anticancer activity of the plant extracts
(Elumalai et al., 2012; Thangama et al., 2012). The data obtained
from the study is in line with previous studies. Similarly, Lu et
al. (2014) reported the apoptotic effect of curcumin on MCF-7
cells and observed the characteristic changes of apoptosis. These
staining results suggest that the extract triggered apoptosis-
mediated cell death in MCF-7.

The DNA fragments generated as the result of apoptosis were
visualized after electrophoretic separation. From the results, a
'ladder’ pattern of DNA fragments was observed and this is in line
with Harshitha et al. (2019). An increased DNA fragment from the
MCF 7 cells treated with chloroform extracts further supports the
ant-cancer potential of the leaves extract. Previous studies reported
that anti-cancer potential may be attributed to either apoptosis
induction or DNA fragmentation or caspase -3 activation of poly
(ADP) ribose polymerase cleavage caused by these extracts (Desai
et al., 2008)

Mariyappan et al.
Conclusion

In this study, C. papaya leaves extract was selected and screened
for its anti-proliferative effect against MCF 7 cells. Qualitative
analysis of different extracts revealed the presence of several
secondary metabolites which were proven anti-cancer
phytoconstituents. From the data obtained, it may be concluded
that the C. papaya could be used as an alternate anticancer agent
and as a good antioxidant.
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