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Abstract

Cancer is one of the top causes of death in the prosperous countries.
Conventional plants are a precious source of novel cytotoxic agents and are
still performing superior role in health concerns. The study was aimed to
evaluate the effect of in vitro anticancer activity of Cassia fistula (CF) seed
extracts against the HelLa cell line and umbilical cord-derived mesenchymal
stem cells (UC-MSCs). CF seeds were extracted using three solvents (ethanol,
ethyl acetate and petroleum ether). For the estimation of anti-proliferation in
HelLa cells and UC-MSCs, MTT assay and for cell viability, trypan blue and
crystal violet assays were done. Angiogenic potential was checked via
immunocytochemistry and ELISA of vascular endothelial growth factor
(VEGF). Immunocytochemistry of annexin-V and p53 was performed for the
estimation of apoptosis in HeLa cells and UC-MSCs. Furthermore, ELISA for
annexin-V, lactate dehydrogenase (LDH) assay and antioxidant enzymes
activity assays were also performed. The seed extract showed reduced
viability, angiogenesis and proliferation of HelLa cells with increased
apoptosis. Whereas, anti-oxidative enzymes showed higher activity in seed
extract treated cancer cells as compared to untreated cells. It was observed
that the CF seed extract could induce apoptosis and improve the antioxidant
status of HeLa cells along with the inhibition of proliferation and
angiogenesis, especially, when extraction was done with ethyl acetate.

This work is licensed under the Creative Commons Attribution-Non Commercial
4.0 International License.
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Introduction

In spite of exceptional advances in the discovery
and development of novel cancer therapeutics,
cancer still the second leading cause of death
worldwide  whose uncontrolled progression,
invasiveness makes it resistant to conventional
treatment [1, 2]. The main reason behind the
cancer cell formation and progression is an
imbalance between proliferation and apoptosis [3,
4]. Cervical cancer is a very common form of
cancer and a leading cause of subsequent death
occurring in women [5, 6]. HelLa cells are used
widely in all kinds of cervical cancer research and
play an important role in the research of cervical
cancer cell biology, diagnosis, and treatment of
cervical cancer [1].

For a long time, plants derived compounds
have been at the leading edge as important
components  of anticancer therapies and have
assumed an indispensable part in the prevention
and treatment of cancer, because of easy
availability, and relatively low toxicity compared
to chemotherapy [1, 7-9]. The compounds of
plants can be readily administered orally as part of
the patient’s dietary intake. Naturally derived
compounds from plants also generally more
tolerated and non-toxic to normal human cells.
There are more than 3000 plant species to treat
cancer have been reported and about thirty plant-
derived compounds have been isolated and tested
in clinical trials for cancer [1]. Cassia fistula is a
pharmaceutical plant that has a huge association
with medicine and thought to be functioning as an
antioxidant, antibacterial and anti-inflammatory
agent [10]. Several findings related to Cassia
fistula plant based on the animal model have
confirmed the pharmacological safety and efficacy
and have opened a new window for human health
management.

Thus, the present study was designed for the
demonstration of targeted therapy via, Cassia
fistula seed extracts for the treatment of cancer
cell line through the inhibition of proliferation and
inhibition of angiogenesis in HelLa cells along
with the induced apoptosis and oxidative stress.
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Materials and Methods

Sampling of umbilical cord and HeLa cell lines
Umbilical cord-derived mesenchymal stem cells
(UC-MSCs) were taken from the hospital after
cesarean unit in a sterile container having normal
saline added with 100U penicillin (GIBCO, USA)
and 100pg/ml streptomycin (GIBCO, USA). The
HeLa cell line was acquired from cell culture
laboratory established at The University of Lahore.
The HeLa cell line was preserved in the liquid
nitrogen and restored for further use.

Isolation and culturing of UC-MSCs and HelLa
cell line
The cord was taken and washed directly with normal

saline to remove contamination. After washing, it
was cut down into small pieces (explants). Further,
the pieces were placed on the culture plate with the
help of forceps. Dulbecco’s modified eagle’s medium
high glucose (DMEM-HG) (Caisson’s Lab, USA)
containing 100U penicillin, 100 pg/ml streptomycin
and 10% fetal bovine serum (FBS) (GIBCO, USA)
was added to explants and HelLa cells in a humidified
atmosphere of 5% CO, at 37°C. The medium was
changed after every two days until cells reached the
stage of sub-culturing. When cultivated HelLa cells
and UC-MSCs achieved 70-80% confluence, the cells
were subjected to sub-culturing. Trypsinization with
trypsin-EDTA (Caisson’s Lab, USA) was done to
make these cells detached from the surface. After
sub-culturing, these cells were re-plated and
propagated up to 2™ passage.

Cassia fistula seed extract

The seed extract of Cassia fistula (CF) was acquired
from Microbiology lab arranged in The University of
Lahore. The CF seeds were extracted using three
solvents separately: ethanol (CFS-E), ethyl acetate
(CFS-EA) and  petroleum  ether (CFS-PE).
Lyophilized types of these extracts were taken and 20
mg/ml stock arrangements were made by dissolving
them in Dimethyl sulfoxide.

Treatment of HeLa cell line and UC-MSCs with
plant extract
HeLa cell lines and UC-MSCs at 2™ passage were

cultured in 6-well (~2x10° per well) and 96-well
plates (~2x10* per well) for immunocytochemistry
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and for cell proliferation and biochemical assays. The
treatments were given as 1000 pg and 500 ug of the
CF seed extract in DMEM (pre-treatment medium)
according to the previously described method [11].
Both, HelLa cell lines and UC-MSCs were divided
into four groups. One group for untreated UC-MSCs
(UT-UCMSCs) and untreated HelLa cells (UT-HE)
served as controls. Remaining three groups were
UCMSCs and HelLa treated with CFS-E (T-
UCMSCs-CFS-E and T-HE-CFS-E), UCMSCs and
HelLa treated with CFS-EA (T-UCMSCs-CFS-EA
and T-HE-CFS-EA) and UCMSCs or Hela treated
with CFS-PE (T-UCMSCs-CFS-PE and T-HE-CFS-
PE). After 24 hours, 6 well plates were used for
immunocytochemistry and 96 well plates were used
for cell proliferation and viability assays, while after
treatment, medium collected from 96 well plates and
6 well plates were used for biochemical analysis.

Cell proliferation and viability assays

MTT assay

For the evaluation of the proliferative potential of
Hela cells after treatment, 3-(4, 5-dimethylthiazol-2-
yl) -2, 5-diphenyltetrazolium bromide (MTT)
(Invitrogen Inc., USA) assay was performed using a
96-well plate. A monolayer of cells was washed with
phosphate buffer saline (PBS) and incubated in 100pl
serum free DMEM medium and 25ul MTT solution
(5mg/ml) for 2 hours. The purple color formazan
crystals appeared were then solubilized with 10%
sodium dodecyl sulfate (SDS) and absorbance was
taken at 570 nm. Percentage viability was calculated
by previous method [12].

Experimental (ODs-()

% Cell viability = Control (0Dgg) x 100
7

Cell viability assays

Trypan blue was used for the evaluation of cell
viability as an exclusion agent for alive and dead
cells. The cells were washed with PBS three times
leading to incubation in trypan blue (Invitrogen Inc.,
USA) for 15 minutes. After 15 minutes, cells were
washed again with PBS three times and observed
under a microscope. Cells stained with trypan blue
were considered as dead. The cell viability
percentage was calculated by dividing the number of
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cells excluding trypan blue with a total number of
cells multiplying by 100.

For the crystal violet assay, the medium was
discarded from 96-well plate and the plate was
washed with PBS. 0.1% crystal violet dye mixed with
2% ethanol was added and incubated at room
temperature for 15 minutes. The dye was discarded
and washed carefully with water. After washing,
200ul of 1% SDS was added to solubilize the color
absorbed by viable cells and left for 5-10 minutes.
Absorbance was taken at 540 nm or 595 nm on a
microtiter plate.

Lactate dehydrogenase (LDH) assay

LDH activity was estimated using pre and post
treatment media by using LDH assay kit (AMP
Diagnostics, Austria). The procedure adopted was,
according to manufacturer’s instructions. Briefly, Sul
medium was mixed with 100ul of working reagent in
a 96 well plate and incubate for 5 minutes.
Absorbance was taken by spectrophotometer at 340
nm.

Immunocytochemistry

HeLa cells and UC-MSCs plated onto 6 well plates
were subjected to immunocytochemistry after 24
hours treatment. Treatment medium was removed
and washing was given to each well 5 times with Tris
buffer saline containing 0.05% tween 20 (TBS-T).
Cells were fixed in 4% paraformaldehyde (PFA) for
15 minutes at room temperature and washed to
remove traces of PFA. Bovine serum albumin (BSA,;
5%) was used to block nonspecific binding for 30
minutes. Another washing was given with TBS-T and
now the cells were incubated with vascular

endothelial growth factor (VEGF) (Santa Cruz
Biotechnology, USA), annexin V (Santa Cruz
Biotechnology, USA) and p53 (Santa Cruz

Biotechnology, USA) rabbit polyclonal primary
antibodies for 90 minutes at 37°C. Further, the cells
were washed again and then incubate with FITC
conjugated donkey anti-rabbit secondary antibody
(Santa Cruz Biotechnology, USA) for 90 minutes at
37°C. Once more cells were washed and stained with
4',6-Diamidino-2-phenylindole dihydrochloride
(DAPI; Sigma-Aldrich, USA) and incubated at room
temperature for 15 minutes. Finally, cells were rinsed
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with TBS-T and preserved in mounting medium.
Later, the cells were observed under the FLoid® cell
imaging station (Life Technologies, USA).

Enzyme-linked immunosorbent assay (ELISA)
Solid phase sandwich ELISA was performed for
VEGF and annexin V (Santa Cruz Biotechnology,
USA) in 96-well plate (Corning, USA). The plate
was coated with VEGF and annexin V antibody and
incubated for 120 minutes. After washing three times
with TBS-T added 1% BSA for 30 minutes meant for
blocking. After blocking, 200 pl sample (for VEGF,
the post-treated medium was used while for annexin
V, post-treated cell lysate was used) was loaded to
each well and incubated for 60 minutes. The sample
was removed and washed well three times, added
horse reddish peroxidase (HRP) conjugated donkey
anti-rabbit  secondary antibody (Santa Cruz
biotechnology, USA) and incubated for 120 minutes
at 37°C. After washing, 100 pl of chromogenic
solution 3, 3, 5, 5-tetramethylbenzidine (TMB)
(Invitrogen Inc., USA) and 0.18 M (H,SO,) were
added after 15 minutes to stop reaction then
absorbance was taken at 450 nm.

Evaluation of antioxidant enzymes

Catalase (CAT) assay

Catalase assay was performed in 96-well plate. One
well contained 50mM KH,PO,4 (pH 7.0) and medium
from experimental groups served as blank while other
wells contained 12.5mM hydrogen peroxide (H,0,)
in 50mM KH,PO, (pH 7.0) and medium from
different experimental groups. After keeping in dark
for 45 to 60 seconds, optical density was measured at
240 nm against blank.

Superoxide dismutase (SOD) assay

The SOD assay was performed in 96 wells plate and
reaction mixture contained 100mM KH,PQ, buffer
(pH 7.8), 0.1mM EDTA, 13mM methionine, 2.25mM
nitro-blue tetrazolium chloride (NBT), 60uM
riboflavin and medium from pre-treatment and post-
treatment groups. Optical density was measured at
560nm against the blank via a spectrophotometer.

Ascorbate peroxidase (APOX) assay
APOX assay was performed in 96-well plate. The
reaction mixture contained 100mM KH,PO, buffer
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(pH 7.0), 0.5mM ascorbate and 0.3mM H,0, and
remaining was a medium from a different group of
HeLa cell line. After 3 minutes optical density was
measured at 290 nm.

Statistical analysis

All data of experimental groups were expressed as
mean = SEM in triplicate experiments. Quantitative
data obtained from different experimental groups
were statistically analyzed via graph pad software by
using one-way ANOVA for cell viability assays and
immunocytochemistry graphs. Two-way ANOVA
was used for MTT assay, ELISA, LDH, and
antioxidants. A P-value less than 0.05 was considered
as significant.

Results

Decreased proliferation and viability in CF seed
treated Hel a cells
After treatment of HelLa cells with CF seed extracts,

cell viability was assessed by trypan blue to detect
dead and live cells. HeLa cells and UC-MSCs both
treated with ethanol, ethyl acetate and petroleum
ether extract, were stained with trypan blue. A
significantly large number of blue colored cells were
observed in T-HE-CFS-E, T-HE-CFS-EA and T-HE-
CFS-PE groups, indicating more dead cells as
compared to normal HelLa cells. Whereas, less
numbers of blue color cells were observed in T-
UCMSCs-CFS-E, T-UCMSCs-CFS-EA  and  T-
UCMSCs-CFS-PE groups (Fig. 1).

The cell viability was also estimated using crystal
violet staining of HeLa cell line and UC-MSCs. When
these (T-HE-CFS-E, T-HE-CFS-EA, and T-HE-CFS-
PE) groups were treated with CF seed extract, those
showed fewer numbers of living cells as compared to
untreated HeLa cells. Both normal UMSCs and treated
groups (T-UCMSCs-CFS-E, T-UCMSCs-CFS-EA,
and T-UCMSCs-CFS-PE) showed similar results.
Cancer cell (HeLa cells) death was observed in all
groups, treated with ethanol, ethyl acetate, and
petroleum ether CF seed extracts. MTT reagent was
used for the analysis of cell proliferation and
significantly lower proliferation in T-HE-CFS-E, T-
HE-CFS-EA and T-HE-CFS-PE groups were observed
in treated cells compared to untreated HelLa cells (Fig.
2).
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Fig. 1 Cytotoxicity analysis of different doses (100ug/ml-1000ug/ml) of Cassia fistula seed extracts. (A) Cytotoxicity analysis of CFS-E on HelLa
cells; (B) cytotoxicity analysis of CFS-EA on Hela cells; (C) cytotoxicity analysis of CFS-PE on HeLa cells; (D) cytotoxicity analysis of CFS-E
on UC-MSCs (E) cytotoxicity analysis of CFS-EA on UC-MSCs; (F) cytotoxicity analysis of CFS-PE on UC-MSCs. Values were taken as mean
+ SEM and o shows the significant difference between viabilities of treated groups and untreated controls (p<0.05).
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Fig. 2 Cell viability analysis of HeLa cell line and UC-MSCs after treatment with Cassia fistula seed extracts. (A) Percentage of dead cells in both
untreated and treated HeLa cell lines; (B) numbers of living cells in both untreated and treated HeLa cell line; (C) Percentage of dead cells in both
untreated and treated UC-MSCs; (D) number of living cells in both untreated and treated UC-MSCs. Values were taken as mean
+ SEM and a shows the significant difference between viabilities of treated groups and untreated controls (p<0.05).

Reduced angiogenic potential of HelLa cells after  level in cancer cells. The VEGF levels were

treatment with Cassia fistula seed extract

After treatment, reduced angiogenesis was
observed in HeLa cells with CF seed extracts via
estimating the level of vascular endothelial growth
factor (angiogenesis protein) in post-treated Hela
cells. According to our results, treatment of cell
line with seed extracts lowered the angiogenesis

estimated via immunocytochemistry and ELISA.
Immunocytochemistry showed decreased levels of
VEGF in T-HE-CFS-E, T-HE-CFS-EA, and T-HE-
CFS-PE groups compared to non-treated Hela
cells; whereas, in T-UCMSCs-CFS-E, T-UCMSCs-
CFS-EA and T-UCMSCs-CFS-PE groups, the
levels of VEGF remained same as that of non-
treated UC-MSCs (Fig. 3).
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Fig. 3 Expression analysis of VEGF in untreated and treated groups. (A1-A3) Untreated HeLa cells (Al: anti-VEGF, A2: DAPI, A3: merge anti-
VEGF/DAPI); (B1-B3) HelLa cells treated with ethanol Cassia fistula seed extract (B1: anti-VEGF, B2: DAPI, B3: merge anti-VEGF/DAPI);
(C1-C3) HeLa cells treated with ethyl acetate C. fistula seed extract (C1: anti-VEGF, C2: DAPI, C3: merge anti-VEGF/DAPI); (D1-D3) HelLa
treated with petroleum ether C. fistula seed extract (D1: anti-VEGF, D2: DAPI, D3: merge anti-VEGF/DAPI) (antibody stained in green, nuclei
stained with DAPI were in blue color) (X200). (E) The graphical representation shows low percentage level of VEGF in Hela cells treated with
ethanol, ethyl acetate and ether extract of C. fistula seed as compared to untreated cells. (F) The graphical demonstration shows a significantly
reduced level of VEGF in HeLa cells in different treatment groups measured via ELISA. (G) The graph shows no significant change in VEGF
level in UC-MSCs treated with ethanol, ethyl acetate and ether extract of C. fistula seed in comparison to untreated UC-MSCs cells and shows
that C. fistula seed treatment does not affect the untreated cells. Values were taken as mean + SEM and o shows the significant difference between

viabilities of treated groups and untreated controls (p<0.05).
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Enhanced apoptosis in HelLa cells treated with
Cassia fistula seed extract

ELISA and Immunocytochemistry were also done to
evaluate the apoptosis level by using annexin-V
antibody. As Annexin-V is a principal factor of
apoptosis, untreated HeLa cells showed low apoptosis
level, whereas T-HE-CFS-E, T-HE-CFS-EA, and T-
HE-CFS-PE groups showed high apoptosis level.
While in T-UCMSCs-CFS-E, T-UCMSCs-CFS-EA
and T-UCMSCs-CFS-PE groups, there was the non-
significant difference in VEGF level (Fig. 4). To
evaluate the apoptosis level using p53 antibody,
immunocytochemistry was done. In our findings,
untreated Hela cells showed low apoptosis level,
whereas, in T-HE-CFS-E, T-HE-CFS-EA and T-HE-
CFS-PE groups, the level of apoptosis was high.
However, the ethyl acetate extract showed high p53
level compared to other two extracts. Our results
showed high LDH released in post-treatment groups of
HeLa cell line. The LDH release in T-HE-CFS-E, T-
HE-CFS-EA, and T-HE-CFS-PE groups was higher
compared to untreated group (Fig. 5)

Increased antioxidant potential of HelLa cells after
treatment with Cassia fistula seed extract

After treating Hela cells with CF seed extracts using
ethanol, ethyl acetate, and petroleum ether, and then
co-culturing these cancer cells separately, the medium
was collected from each of the treated cells and
analyzed for ascorbate peroxide (APOX), catalase
(CAT) and superoxide dismutase (SOD) activity. It
was observed that APOX, CAT, and SOD activities
were significantly increased compared to untreated
one (Fig. 6)

Discussion

Efforts to work with new anti-tumorigenic
compounds, which extremely effect the cancer cell
proliferation, are extending to address the problematic
issue of chemotherapy resistance of many tumors.
Though there are some drugs that have low toxicity
but still inhibit the angiogenic potential of the cancer
cell. Nowadays, naturally occurring agents, especially
from plant sources are considered to be the key players
in the development of potential drugs for life-
threatening diseases [14, 15]. Studies suggested that
the cause of many cancers is dietary imbalance and

Science Letters 2017; 5(1):93-104

diet changes can eliminate the risk of these cancers
[13, 16]. Further, studies also proved that food with
high antioxidant activities like fruits and vegetables
could affect the prevalence of cancer [16, 17]. Thus,
there is a dire need to discover the new anticancer
agents from plants that have high antioxidant
activities. The major aim of the present study was to
investigate the anti-cancer activity of CF seed extracts
against the HelLa cell line. For this purpose, seeds were
extracted using different solvents, i.e., ethyl acetate,
ethanol, and ether. Four main compounds are reported
to be present in CF seed including rhein which is most
active anti-cancer compound; other three are thymol,
oleic acid and palmitic acid [11]. Many studies have
revealed the anticancer properties of these compounds
as they have the potency to inhibit tumor cell growth,
anti-proliferative and induce apoptosis [18, 19].
Further, in this study evaluation of effects of seed
extracts on normal cells were also studied.

It is assumed that the extent of cancer invasion,
growth and metastasis is determined by its
angiogenesis [13, 20]. Therefore, it can also be
assumed that by targeting the angiogenesis one can
design potential anticancer strategy which inhibits the
new vessel formation, thus, reduces the oxygen and
nutrient supply to actively proliferating cancer cells
[21, 22]. Most of the present day anti-cancer agents
extensively target all rapidly proliferating cells that
resulted in adverse effects, including the digestive
problems immunosuppression and loss of body hair
[23]. On the other hand, therapies involving anti-
angiogenic strategies are reported to have fewer side
effects because neo-angiogenesis is a rare
phenomenon in the healthy adult body except in the
endometrium of the uterus where neo-angiogenesis is a
frequent event. Therefore, the blockage of VEGF
pathway is considered to be the most appropriate
approach for limiting the angiogenesis of tumor. The
VEGF blockers have been reported to study in many
patients with progressive cancers along with the
preclinical studies [24-27]. In the present study,
significantly low angiogenesis in HeLa cell line was
observed after treatment with CF seed extracts as
evidenced by both ELISA and immunocytochemistry.
In a previous research, plant extracts have been used
to target the VEGF for the suppression of
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Fig. 4 Expression analysis of annexin-V in untreated and treated groups. (A1-A3) Untreated HeLa cells (Al: anti-annexin-V, A2: DAPI, A3:
merge anti-annexin-V /DAPI); (B1-B3) HelLa cells treated with Cassia fistula seed extract in ethanol (B1: anti-annexin-V, B2: DAPI, B3: merge
anti-annexin-V /DAPI); ( C1-C3) Hela cells treated with C. fistula seed extract in ethyl acetate (C1: anti-annexin-V, C2: DAPI, C3: merge anti-
annexin-V /DAPI); (D1-D3) Hela cells treated with C. fistula seed extract in petroleum ether (D1: anti-annexin-V, D2: DAPI, D3: merge anti-
annexin-V/DAPI) (antibody stained in green, nuclei stained with DAPI are in blue color) (X200). (E) The graphical representation shows the high
percentage level of annexin-V in HelLa cells treated with ethanol, ethyl acetate and petroleum ether extract of CF seeds compared to untreated
cells. (F) The graphical demonstration shows a significantly increased annexin-V level in different treatment groups measured via ELISA. (G)
The graph shows no significant change of annexin-V in untreated and treated UC-MSCs. Values were taken as mean + SEM and o shows the
significant difference between viabilities of treated groups and untreated controls (p<0.05).
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Fig. 5 Expression of p53 in untreated and treated groups. (A1-A3) untreated HeLa cells (Al: anti-p53, A2: DAPI, A3: merge anti-p53/DAPI);
(B1-B3) Hela cells treated with Cassia fistula seed extract with ethanol (B1: anti-p53, B2: DAPI, B3: merge anti-p53/DAPI); (C1-C3) HelLa
treated with C. fistula seed extract in ethyl acetate (C1: anti-p53, C2: DAPI, C3: merge anti-p53/DAPI); (D1-D3) HeLa cells treated with C. fistula
seed extract in petroleum ether (D1: anti-p53, D2: DAPI, D3: merge anti-p53/DAPI) (Antibody-stained in green, nuclei stained with DAPI are in
blue color) (X200). (E) The graphical representation shows the high percentage level of p53 in HeLa cells treated with ethanol, ethyl acetate, and
petroleum ether extracts of C. fistula seed compared to untreated cells. (F) The graphical demonstration shows the LDH release in untreated and in
treatment groups. Values were taken as mean = SEM, where “ shows the significant difference between untreated and in treatment groups (p<

0.05).

angiogenesis [28]. Similarly, extracts used in this
study must contain some inhibitory factors of VEGF
pathway that lowered the VEGF level and suppressed
the angiogenesis of HelLa cells. On the other hand,
when UC-MSCs were subjected to treatment with the
same extracts those showed slight but nonsignificant
lower levels of VEGF pre and post treatment. A
slight reduction of VEGF was observed even in UC-

MSCs group which showed that this treatment could
prove to be an effective antiangiogenic therapy for
cancer cells with the least effects on normal cells.
The MTT is a positively charged tetrazolium salt,
which is reduced by viable cells with active
metabolism, in which it freely enters and forms
purple colored formazan product. MTT assay
measures the cell viability due to its reductive
activity as it can convert the tetrazolium compound to
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Fig. 6 Evaluation of antioxidant activity of HelLa cells treated with the Cassia fistula seed extracts in ethanol, ethyl acetate, and petroleum ether.
Values were taken as mean + SEM and a shows the significant difference between viabilities of treated groups and untreated controls (p<0.05).

water enzymatically [29, 30]. Our results indicate that
the HeLa cells, when treated with seed extracts of
CF, shows the significantly low level of proliferation,
whereas when UC-MSCs treated with the extracts,
they show the non-significant effect on proliferation.
Moreover, other cell viability assays, including
trypan blue and crystal violet also showed the similar
results. In trypan blue assay, more dead cells were
found in HelLa cells after treatment with plant
extracts as compared to the percentage of dead cells
in UC-MSCs after the same treatment. Similarly, the
amount of crystal violet absorbed by the live cells
was more in UC-MSCs group compared to HelLa cell
treatment group. Maybe this is due to the lowering of
angiogenesis that inhibits the growth of cancer cells.
Anticancer drugs, along with plant-derived ones,
generally exert their cell death effects by inducing
apoptosis in tumor cells [31]. The mechanisms of
action of  plant-derived anticancer drugs  are
numerous and most of them induce apoptotic cell
death that may be intrinsic or extrinsic, and caspase
and/or p53-dependent or independent mechanisms
[1]. In many studies, annexin V staining shows a high
percentage of apoptosis after treatment with plant
extracts [32]. In our findings, it was observed that the
seed extracts of CF induced apoptosis in HelLa cells
via both p53 and annexin V-dependent mechanism in
an increasing apoptosis pattern when treated with
petroleum ether, ethanol, and ethyl acetate. While the
ethyl acetate extract was found to be the most

effective in the induction of apoptosis as evidenced
by analysis of p53 and annexin V via ELISA and
immunocytochemistry. On the other hand, UC-MSCs
showed non-significant results in this assay too,
showing that these extracts do not enhance the
apoptosis in normal cells thus proving to be the best
candidate for anticancer therapy.

The LDH is an enzyme released when damage
happens to cell membranes and is estimated in
supernatants of cell cultures [33]. In many studies,
control cells showed lesser LDH release and cells
treated with plant extracts showed higher LDH
release [34]. Our results are also in agreement with
the previous studies as we found more LDH release
in post-treated Hela cell lines compared to the UC-
MSCs. Moreover, in post-treated HelLa cell line,
ethyl acetate group showed the highest LDH release
compared to the ethanol group. While, petroleum
ether showed the low LDH release compared to the
other two extracts, but still higher levels than
untreated HeLa cells. Oxidative stress is considered
to be the primary cause of cancer and occur as a
result of an imbalance between the increasing
demand for oxygen and nutrients by rapidly
proliferating tumor cells and an inadequate,
dysfunctional blood supply resulting from tumor
angiogenesis [35-37]. Cancer cells demonstrate the
Warburg effect, according to which even in the
presence of sufficient oxygen cell prefer glycolysis
for their energy production [38-40]. Oxidative stress
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results in increased level of reactive oxygen species
(ROS), but the cancer cells can adjust against ROS
levels by using this metabolic shift that can save them
from apoptosis due to oxidative damage thus rapid
proliferation is there [41, 42]. Antioxidative enzymes
(APOX, CAT, and SOD) effect the proliferation of a
cell in a positive way, but when these antioxidants
are given in compliance with some anti-proliferative
therapy, it enhances the efficacy of the therapy by
reducing the levels of ROS. In the present study,
APOX, CAT, and SOD activities were increased
when the HeLa cell line was treated with CF seed
extracts, thereby, oxidative stress was decreased,
which resulted in increased CF seed extract’s anti-
proliferative efficiency. Thus, from the present study,
it is concluded that CF seed extracts exhibit the
property of inducing apoptosis and reducing the
proliferation of cancer cell with augmentation of their
anti-oxidant ability. Moreover, when seed extract was
prepared in ethyl acetate its efficiency was
significantly increased.
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