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Abstract: Prunus cerasus L (Sour cherries) contain diverse secondary metabolites which exhibit
various biological activities, including anticancer, antioxidant, and anti-inflammatory properties. The
present study aimed to determine the anticancer efficacy of four compounds, quercetin, daidzin, rutin,
and chlorogenic acid, isolated from Prunus cerasus fruit. The antiproliferative activity of four cherry
isolates was determined against five different cancer cell lines (NCI-H322, A549, THP-1, MCF-7, and
PC-3) by Tetrazolium bromide assay, followed by apoptosis Cell cycle analyses, mitochondrial
membrane potential, cell migration test, and in vivo Ehrlich Ascites Carcinoma studies using potent
bioactive lead. The cytotoxicity profile of the four molecules demonstrated that quercetin induced
significant cell growth inhibition in all cancer cell lines with paramount 79% cytotoxicity against NCI-
H322 lung cancer cells (ICso value 24uM). Incubation of NCI-H322 cells with quercetin showed a
concentration-dependent increase in hypo-diploid sub G0/G1 DNA fraction, exhibited consequential
changes in nuclear morphology, and caused mitochondrial transmembrane potential loss of 60.3%
augmented at 30 uM. Pertaining to in vivo potency, quercetin manifested 89% tumor inhibition at 50
mg/kg body weight in EAC-bearing mice. The current studies raise the potential usefulness of quercetin
in chemoprevention against lung cancer cells and support its empirical use as a promising nutraceutical
agent.
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1. Introduction

Cancer is one of the major causes of mortality around the world. In 2020, globally, 19.3
million people will have cancer and causing almost 10.0 million deaths. This burden will
double to about 29.4 million new cases by 2040 [1]. The expeditious spread is now arising in
low-and middle-income countries, which might contribute around 19.6 million new cancer
prognoses every year, i.e., causing approximately 75% of all cancer-originating deaths. In spite
of lead in therapeutic approaches, lung cancer continues to be the leading cause of cancer-
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related deaths worldwide, with incidence and mortality of 11.4% and 18.0% (1.8 million
deaths), respectively, due to the displeasing prognosis of this metastatic disease [2].
Epidemiological analysis of these cancer cases has manifested that one-third of cancers can be
managed by disposing or reducing exposure to risk factors or circumstances, specifically
tobacco and tobacco product use, which accounts for 25% of all cancer deaths globally and
about two-thirds of all lung cancer deaths. Lung cancer involves the changes in genetic material
caused by mutations due to carcinogenic chemicals, diet, and lifestyle factors, leading to loss
of cell homeostasis [3].

Substantial research studies have established that apoptosis provides natural protection
against the onset of cancer [4] and restoration of cellular apoptosis process by the intervention
of natural products, biological or synthetically developed agents evince a promising
chemoprevention approach because of their ability to influence key cellular processes that alter
the course of tumor cells [5]. Importantly, both preclinical and clinical published reports have
governed that bioactive phytochemicals especially distinctive bioflavonoids, have attracted
scientific attention, as they alter the natural history of carcinogenesis [6], especially in the
etiology of lung cancer [7]. In the past, berry fruits, including cherries and their bioactive
constituents, provided a positive role in the chemoprevention of cancer [8]. Multiple studies
have proven that sour cherries possess a broad spectrum of secondary metabolites with versatile
biological properties [9]. One of the bioactive flavonoids in P. cerasus fruit and abundant in
other ethnomedicinal plant sources is quercetin, having a significant impact on diverse
metabolic processes for the management of clinical pathologies to reduce chronic diseases in
humans [10].

Cherries, a natural fruit with diverse phytocomposition and various biological
properties, has provided an alternative prospect for contribution in cancer chemoprotection.
[11]. To further implicate the biological activity data, chemoprevention studies will be
conducted on the P. cerasus fruit-derived phytochemicals due to their diverse applications.
Against this backdrop, the present study explains the in vitro and in vivo anticancer activity of
four compounds isolated from Prunus cerasus fruit.

2. Materials and Methods

2.1. Isolation of pure compounds from sour cherry fruit.

Methanolic fruit extract of P. cerasus was prepared and subjected to column
chromatography, which resulted in the isolation of four compounds as quercetin (QCTN),
daidzin (DAZ), rutin (RUT), and chlorogenic acid (CHL-A). These four compounds were
further purified and characterized, details published in our earlier research study [12].

2.2. Cell Culture and maintenance.

The different types of cancer cell lines used in the study included lung cancer cells
(NCI-H322, A549), breast cancer cells (MCF-7), prostate (PC-3), and leukemia (THP-1) were
procured from the European Collection of Cell Culture (ECACC) institute United kingdom.
These cells were grown in RPMI-1640 minimum essential medium (MEM) medium
supplemented with 10% heat-inactivated fetal calf serum and 1% penicillin. The cells were
maintained in a controlled atmosphere of 95 CO> gas and at 37°C temperature using a CO>
incubator. Reference cultures for some cell lines were obtained from NCCS Pune, India.
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2.3. Assay for cell viability.

The effect of four compounds on cell viability and proliferation using five different
human cancer cell lines of varied tissue origin were determined by MTT assay [13]. The cells
were grown in a 96-well plate at a density of 6x10° cells per well for 24 h. After 24 h, cells
were treated with indicated concentrations of pure compounds and incubated for another 48 h.
Then 20 pl of MTT dye (2.5 mg/ml in PBS) was added to each well at 4 hours before the
completion of 48 h incubation period. After that, the supernatant was aspirated, and MTT
formazan crystals were dissolved by adding 150 pl of DMSO. The observance was measured
at 570 nm by using a microplate reader (Bio-Rad). Mitomycin-C and 5-FU were used as
positive controls.

2.4. Cell cycle analysis by flow cytometry.

Cell cycle analysis was carried out by flow cytometry using propidium iodide stain.
[14]. The lung cancer cells NCIH322 were cultured in 6 well plates at a density of 5x10°
cells/ml/well overnight and then treated with various concentrations (5, 10, 20, and 30 uM) of
quercetin, and the plate was incubated for 48 h. After 48 h, cells were trypsinized, washed with
PBS, then resuspended and fixed with 70% cold ethanol overnight at -20°C. Thereafter, the
cells were stained with propidium iodide (50pg/ml IP) in the dark for 30 min. The DNA content
was measured using BD FACS flow cytometry, and FACS Diva software helped in histogram
analyses.

2.5. Assessment of nuclear morphology.

The microscopic examination of changes in nuclear morphology after treatment was
observed using DAPI stain [15]. The NCI-H322 lung cancer cells were grown in 6 well plates
at a density of 5x10° cells per well. Then cells were treated with different concentrations of
quercetin and incubated for 48 h. Thereafter, the cells were collected and centrifuged at 1600
rpm for 5 min. The pellets were washed with PBS buffer and fixed in methanol for 30 min at
4°C. Then cell suspension was stained with 1 pg/ml of 4-6-diamidino-2-phenylindole (DAPI)
for 10 min. The cells were centrifuged, and their pellet was suspended in 50 pl of mounting
fluid (PBS: glycerol, 1:1). Finally, 10 ul of this cell suspension was smeared on a glass slide
for observation under the inverted fluorescence microscope.

2.6. Mitochondrial membrane potential.

The mitochondrial membrane potential was evaluated by using rhodamine 123 dye.
[14]. The NCI-H322 5x10° cells/ml/well were grown in a 6 well plate overnight. After that,
different concentrations of quercetin were added, and the plate was incubated for 48 h. Then
rhodamine (10pg/ml Rh-123) was added in the dark, and the plate was further incubated for 30
min, followed by washing these cells with PBS. The pelleted cells obtained after centrifugation
were resuspended in 300ul of PBS. The intensity of fluorescence was analyzed by flow
cytometry at 485 nm.

2.7. In vitro cell migration assay.

This assay was done according to the protocol outlined by a study by Qazi et al., 2015
[14]. The NCI-H322 cancer cells were grown in a 6 well-plate at the density of 5x10° cells per
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well overnight. Then cells were wounded in the middle of the well by scratching with a sterile
tip. The cells were washed with PBS three times, and fresh media was added. Thereafter
different concentrations of test compound quercetin were added, and the plate was incubated
for 48 h. The wounds were captured from 0 h and 24 h.

2.8. Experimental animals and ethical clearance.

Swiss albino mice weighing between 18 to 23g were housed in well-ventilated standard
laboratory conditions of humidity (50-60%), temperature 25+2°C, and 12 h photoperiod
(light/dark). The animals were provided with pelleted mice feed and water ad libitum. All
experimental procedures were duly approved by the Institutional Animals Ethics Committee
(IAEC), under (CPCSEA registration no. 67/99/CPCSEA) according to the Government of
India accepted principles for laboratory animal use and cared under No. 10/1998-99. The
studies for in vivo anticancer activity in the mouse model were conducted as per the National
Cancer Institute (NCI) USA guidelines [16].

2.9. In vivo chemoprevention studies of quercetin using EAC model.

Ehrlich Ascites Carcinoma (EAC) cells were collected from the peritoneal cavity of the
non-inbred Swiss mice harboring 8-10 days old ascetic tumor. On the 0" day, 38 non-inbred
Swiss mice selected for the experiment received EAC 1x107 cells/ml through intraperitoneal
injection. The next day, the animals were divided into five groups; four treatment groups
having seven animals in each group and one untreated control group accommodating ten
animals. Groups I, Il, and I11 were treated respectively with 15, 30, and 50 mg/kg of QCTN
intraperitoneally from day 1-9. Group IV was used as positive control and treated with 5-
fluorouracil (20 mg/kg, i.p.) from day 1-9, whereas similarly, normal saline (0.2 ml, i.p.) was
administered in the untreated control group. After 12 days of the experiment, animals were
sacrificed, ascitic fluid was collected for estimation of tumor index. Tumor cell growth in
control and treated groups were counted, and % inhibition was calculated as follows: Tumor
cell growth in the untreated control group was taken as 100 percent cell growth.

(Av. no. of tumor cells in cont. group — Av. no. of tumor cells in the test group)
% Tumor iNNIDITION = == mmm o x 100
Av. no. of tumor cells in cont. group

2.10. Statistical analysis.

Results were expressed as mean and standard deviations of triplicates. Statistical
comparisons were made by student’s t-test, and p < 0.05 was considered statistically
significant.

3. Results and Discussion

3.1. Inhibition of cell proliferation and determination of 1Cs values.

The cytotoxicity efficacy profile of quercetin (QCTN), daidzin (DAZ), rutin (RUT),
and chlorogenic acid (CHL-A) at indicated concentrations 10, 30, and 50 UM against various
cancer cell lines NCI-H322, MCF-7, PC-3, THP-1, and A-549 demonstrated in Table 1.
Bioflavonoid quercetin showed significant anticancer activity against all cancer cell lines in a

dose-dependent pattern among the four cherry compounds. The maximum cytotoxicity
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quercetin accomplished 79% against NCI-H322 lung cells, and the minimum effect of 48% on
PC-3 cells was at 50 uM. However, the other three compounds DAZ, CHL-A, and RTN,
showed moderate cytotoxicity against these cell lines. Thus, quercetin possesses a significant
cytotoxicity effect with the least 1Cso of 24 UM against NCI-H322 lung cancer cells (Figure 1).

Table 1. In vitro cytotoxicity profile of four sour cherry molecules against different human cancer cell lines.

Tissue Type Lung Leukemia Breast Prostate Lung
Cell Line Type A-549 THP-1 MCEF-7 PC-3 NCI-H322
Compounds  Conc. (uUM) % Growth Inhibition
10 05 08 07 03 15
Rutin 30 14 17 19 12 16
50 36 41 40 28 21
10 0 04 12 02 09
Chlorogenic acid 30 10 13 26 11 20
50 31 37 41 36 37
10 41 33 43 12 35
Quercetin 30 66 64 57 43 59
50 71 70 68 48 79
10 23 18 07 04 09
Daidzin 30 20 30 35 21 17
50 48 53 50 37 33
Mitomycin-C 71 - - 69 -
5-FU - 67 - -

Four isolated marker compounds QCTN, DAZ, RUT, and CHL-A, were evaluated for
in vitro cytotoxicity against human cancer cell lines employing cell viability assay. The results
are expressed as the percent of cell growth inhibition determined relative to untreated control
cells.

" MTT Assay
s 70

= 60
= 50

E 40 IC.,O=24uM
= 30
=20

10
0
0 5 10 15 20 25 30 35 40 45 50 5°¢

Conc QCTN (uMm)

Figure 1. Effect of QCTN on the proliferation of NCIH322 human lung cancer cells. The cells were treated with
different concentrations of QCTN for indicated time period & thereafter, incubated with MTT. Data are mean +
standard deviation of three similar experiments carried out in triplicate. ICso: Half maximal inhibitory
concentration for QCTN.

3.2. Cell cycle analysis.

The cell cycle analysis of NCI-H322 lung cancer cells was evaluated by monitoring an
increase in hypo-diploid DNA fractions after 24 h of quercetin treatment. The sub-Go
population of cells was found to be 31.1, 55.2, 63.3, and 74.1% established respectively at 5,
10, 20, and 30 UM quercetin treatment. At the same time, 12.3% of cells were observed in the
sub-Gg phase in BEZ-235 at 10 nM (Figure 2). Hence results showed that decreased PI
fluorescence in untreated control cells reflects the intact membrane while as incubation with
quercetin produced a significant change in this parameter.
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Figure 2. Cell cycle analysis of QCTN using NCI-H322 cancer cell line. The Cells exposed to different
concentrations of QCTN and stained with Pl to determine DNA fluorescence and cell cycle phase
distribution.Fraction of cells for hypodiploid (sub Go-G1) populations were analyzed from FL2A viz. cell counts
is shown (%). Data are representative of the three independent experiments.

3.3. Fluorescence microscopy for nuclear morphology.

The NCI-H322 lung cancer cells showed significant changes in nuclear morphology,
and apoptotic cell death increased after 48 h of quercetin treatment at 5, 10, 20, and 30 pM
(Figure 3). The present study results showed that quercetin induced significant modifications
in nuclear morphology, which resulted in cell death in lung cancer cells. Whereas in control

cells, no changes were observed.
control SuM IOI\I
20pM 30pM

Figure 3. Gauging nuclear morphology in NCI-H322 cells after incubation with QCTN. The cells were exposed
to specific doses of QCTN and stained with DAPI. The nuclear morphological alterations and apoptotic bodies
were estimated and compared to the untreated control cells.
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3.4. Quercetin induces mitochondrial membrane potential (A'¥Ym) loss.

The NCI-H322 cancer cells were observed for loss in mitochondrial transmembrane
potential using rhodamine-123 by flow cytometry. In quercetin-treated cells, the MMP was
found at 17.5, 22.7, 42.8, and 60.3%, at 5, 10, 20, and 30 puM, respectively (Figure 4). In
untreated control, cells have intact mitochondria and are metabolically active compared to
damaged mitochondria in BEZ-235 (10 nM) and quercetin-treated ones.

‘v . BEZ235(10n\) o

20 uM 30 uM

1428% | [258% | Y 603% | 103%

i

M

Figure 4. QCTN induced loss of mitochondrial membrane potential (A¥m). NCIH-322 cells were incubated
with QCTN, and thereafter, cells were stained with Rh-123 and analyzed in FL-1 versus FL-2 channels of flow
cytometry. Data are representative of three experiments. A decrease in FL-2 fluorescence and a concurrent
increase in FL-1 fluorescence were indicative of mitochondrial depolarization.

3.5. Impairment of cell migration by quercetin.

The quercetin-treated NCI-H322 cells were observed for cell migration by scratch
mobility or wound healing assay. Quercetin-treated cells showed less wound closure as
compared to untreated cells, which revealed a complete wound closure activity after 48 h
(Figure 5). Quercetin in a dose-dependent pattern exhibited a decline in wound closure with a
significant effect at 30 pM.

3 . b \
o =y 4
0 Hr §7 it |
ke . = B s 4: ; o2

2 el b PR Y PO B i L

o - —— - . :
= ER 1 )
0 o A SO

48 Hr g g

Figure 5. Inhibition of cell migration in case of lung cancer cells NCIH-322 after QCTN treatment. Cells were
wounded by scratching with a pipette tip and treated with various concentrations of QCTN. The wounds were
photographed (10X objective) at 0 h and 24 h. Data are representative of the three independent experiments
carried in triplicates.
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3.6. Administration of QCTN causes tumor inhibition in Ehrlich Ascites Carcinoma.

After quercetin has shown significantly in vitro anticancer activity, it was further

studied for in vivo chemoprevention using Ehrlich Ascites Carcinoma mouse model.
Importantly, quercetin does not show any toxicity to animals at the treatment dose of 50 mg/kg
body weight as no mortality occurred during the experiment. In EAC-bearing mice,
intraperitoneal administration of quercetin at 15, 30, and 50 mg/kg test doses caused tumor
growth inhibition with 47.48, 62.16, and 89.02% impact, respectively as compared to the
untreated control group (Table 2).

Table 2. Chemoprevention studies of bioflavonoid QCTN in the EAC experimental mouse model.

Treatment Dose Mortality Tumor vol. (ml) Tumor wt. (gm.) | Tumor cell count- (%) Tumor (%) Tumor

(mg/kq) i.p. Mean + S.E Mean + S.E (1x107) Mean % cell growth Growth
SE inhibition
QCTN 15 0/7 6.65+0.70 6.52+0.69 166.77+17.08 52.52 47.48
QCTN 30 0/7 4.14+0.43** 3.72+0.43** 120.1449.14** 37.84 62.16
QCTN 50 0/7 1.07+0.69** 1.01+0.65** 34.85+22.54** 10.98 89.02
5-FU 20 0/7 0.71+0.22** 0.52+0.22** 6.14+2.28** 1.9 98.1
Control NS 0/10 7.75£0.48 7.65+0.61 317.57+22.96 100 -
(0.2ml)

The extent of EAC-tumor growth inhibition was evaluated after administration of QCTN at test doses and
compared with the untreated control group. Data are Mean + S.E. * represents significant (p= < 0.05). **
represents highly significant (p= < 0.01).

4. Discussion

Scientific reports have evidenced that Complementary and Alternative Medicines,
including fruits, possess a significant amount of antioxidants with an anticancer activity that
modulates various pathways [17-19]. The present study showed that quercetin bioflavonoid has
cancer chemoprevention property against NCI-H322 lung cancer cells and revealed tumor
growth inhibition in the EAC model. Among the four compounds tested against five different
cancer cells, it was quercetin which produced significant anticancer activity against NCI-H322
lung cancer cells, whereas comparatively, the other three compounds (DAZ, CHI-A, and RUT)
showed moderate cytotoxicity in a few cancer cell lines.

Previous reports have also shown that quercetin has anticancer activity against various
cancer cells, including lung cancer cells [20-22]. However, no study stated that quercetin
induced apoptosis in NCI-H322 cancer cells. In the present, quercetin showed remarkable
anticancer activity with an 1Csp of 24 uM concentration.

The present study showed that quercetin induced apoptosis in NCI-H322 lung cancer
cells in a concentration-dependent manner, as evidenced by the DAPI staining procedure and
an increase in hypo-diploid DNA content. It was found that quercetin has a significant effect
on the sub-Go-G1 phase of the cell cycle, which is essential for proliferation and apoptosis [23].
The NCI-H322 lung cancer cells treated with quercetin showed significant changes in nuclear
morphology and cell death features, including cell shrinkage, chromatin condensation, and
nuclear fragmentation. During apoptosis, mitochondrial membrane potential integrity is lost,
which is observed by using rhodamine 123 dye [24]. The flow cytometric analysis of quercetin-
treated NCI-H322 cells showed a significant reduction in mitochondrial membrane potential
compared to untreated cells. In cell migration assay, quercetin-treated NCI-H322 cells
displayed that quercetin was very active in inhibiting lung cancer cell migration as monitored
by measuring the gap size between treated and control cells.
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Further, quercetin was evaluated for in vivo antitumor activity employing the EAC
mouse model, which is a reliable method and correlates with in vitro cytotoxicity. EAC results
in edema formation, cellular migration, and formation and accumulation of ascitic fluid in the
peritoneal cavity of the mouse [25]. The present study demonstrated that quercetin caused
dominant tumor growth inhibition in EAC-bearing mice. The tumor growth inhibition includes
body weight, tumor volume, tumor weight, and tumor cell count compared to untreated control
groups.

5. Conclusions

The present study showed that quercetin exhibited significant anticancer activity
against various cancer cells with high potency against NCI-H322 lung cancer cells by cell cycle
arrest and MMP pathway. The quercetin also showed potent tumor growth inhibition in the
EAC mouse model. The consequence of the current study has yielded encouraging results for
safe and functional therapeutic applications of quercetin.
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