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Pinocembrin flavanone inhibits cell viability in PC-3 human
prostate cancer by inducing cellular apoptosis, ROS production
and cell cycle arrest

LINHAI SHAO' The main purpose of the present study was to evaluate the
zglggj\lliﬁoz antitumor effects of pinocembrin in human prostate cancer

cells (PC-3) along with investigating its effects on cell apop-
tosis, endogenous ROS production and cell cycle. MTT assay
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viability and cancer colony formation, respectively. Fluores-
cence microscopy along with Western blotting was used to
study apoptotic effects induced by pinocembrin. Flow cyto-
metry was used to study effects on ROS production and cell
cycle phase distribution. Results indicated that pinocembrin
promoted inhibition cell proliferation along with reducing
cancer colony formation of PC-3 cells in a dose-dependent
manner. Pinocembrin induced regulatory effects over

Province, Hanzhong, 723000, China expressions of caspase-3, caspase-9, Bax and Bcl-2, thereby

promoting apoptotic cell death in PC-3 cells. It also led to the
dose-dependent GO/G1 cell cycle arrest. In conclusion,
pinocembrin exhibits strong anticancer effects in human
prostate cancer cells mediated via apoptosis, endogenous
ROS production and GO/G1 cell cycle arrest.
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Pinocembrin or 5,7-dihydroxyflavanone is an active flavone molecule with remarkable
therapeutic potential like other flavones (apigenin, kaempferol and chrysin) (1, 2). Flavones
have been identified throughout kingdom Plantae as key secondary metabolites typically
belonging to the benzopyran class of natural products (3, 4). Flavones disclose both lipo-
philic and hydrophilic activities including modulatory effects on several cellular enzymes.
Other than antimicrobial activities in plants, flavones demonstrate significant biological
and pharmacological activities against various metabolic disorders in humans (5). These
include anticancer, antimicrobial, antioxidant, vascular, anti-allergic, anti-inflammatory,
cytotoxic, antimalarial and antiestrogenic activities (6—8). Moreover, flavones have been
used against different metabolic complications like atherosclerosis, Alzheimer’s disease,
cancer and diabetes (9). Pinocembrin — active flavone, has been isolated from a number of
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plants including Euphorbia hirta Linn., Eriodictyon californicum and Cryptocarya chinensis,
and purified using different techniques of chromatography (10-12). This molecule is of
significant importance to the pharmaceutical industry due to its multifunctional behav-
iour. Pinocembrin is reported to possess antioxidant, antimicrobial, anticancer and anti-
inflammatory properties (13-16). Moreover, the pinocembrin molecule has a broad thera-
peutic time window against cerebral ischemic injury and acts as a neuroprotective agent.
Pinocembrin inhibits the growth and proliferation of different human colon and leukae-
mia cancer cell lines. Prostate cancer is a harmful and frequently diagnosed non-cutane-
ous malignancy prevailing among men globally (17). In the year 2017, the United States of
America had nearly 3.3 million survivors and nearly 1.7 million new diagnoses related to
prostate cancer (18). Besides, the disease often shows slow growth and progression, it
ranks third among cancer-related mortality in men. Maximum numbers of patients with
prostate cancer are diagnosed at advanced stages due to its asymptotic behaviour; before
the accessibility to PSA (prostate-specific antigen) testing. The development of prostate
cancer has been linked to a number of risk factors including genetic mutation (BRCA-1 or
BRCA-2), family history, older age and sub-Saharan African ancestry (19). Active investiga-
tion, radiation therapy and surgery remain key methodologies in the treatment of local-
ized prostate cancer. Androgen-deprivation therapy is used as a standard of care for new-
ly detected metastatic prostate cancer. Chemotherapy has enhanced survival chances in
some risk groups if considered initially. Therefore, to enhance the survival rate in all risk
groups the need for innovative therapeutic candidates arises. Keeping in consideration the
anticancer activity of the pinocembrin molecule, the current investigation was designed to
explore its anticancer potential against prostate cancer PC-3 cells. The effects on apoptosis,
endogenous ROS production and cell cycle arrest were also investigated.

EXPERIMENTAL

Chemicals, reagents, cell culture and conditions

Following are the chemical reagents and drugs used in the present study. Pinocem-
brin (HPLC purity > 98 %), 5-fluorouracil (5-FLU), acridine orange/ethidium bromide,
DCFDA (2'7'-dichlorodihydrofluorescein diacetate), Cellular ROS Assay Kit and crystal
violet were obtained from Sigma Aldrich (USA). Culturing of the cells was performed
within DMEM (Dulbecco’s Modified Eagle Medium), purchased from Gibco BRL (USA).
Antibodies were purchased from Cell Signalling Technology (USA). The human prostate
cancer PC-3 cells were American Type Culture Collection (USA). These cells were cultured
within DMEM bearing FBS (Fetal bovine serum) (10 %), standard antibiotics (penicillin G
of concentration 100 U mL™ and streptomycin of concentration 100 pug mL™) and placed
under an environment of 5 % CO, and 95 % air in an incubator at 37 °C.

Viability assays (proliferation and colony formation assessment)

Vybrant® MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) Cell
Proliferation Assay Kit (ThermoFisher Scientific, USA) was used to analyse cell growth of
PC-3 cancerous prostate cells after pinocembrin treatment. Briefly, cells were plated onto
96-well plates at 2.5 x 10° cells in each well for 24 h. Thereafter, pinocembrin at variant
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concentrations of 0, 6, 12, 24 and 48 pumol L™, was supplemented to each well followed by
incubation for 12 h and 24 h, at 37 °C. Treated cells were washed with phosphate-buffered
saline (PBS) prior to staining with MTT solution. MTT staining was performed with
Vybrant® MTT Cell Proliferation Assay Kit for 4 h by strictly following the manufacturer’s
protocol. The addition of MTT solution leads to the formation of formazan crystals which
were then dissolved in 500 uL of dimethylsulfoxide. Finally, optical density was calcu-
lated by recording absorbance at 540 nm with an ELISA plate reader (HuaMei Inc. Wuhan,
China). To estimate cancer colony generation by PC-3 cells, the clonogenic assay was
performed. Exponentially growing PC-3 cells were collected and loaded to 6-well plates
with 400 cells each well. These well plates were subjected to incubation for 48 h prior to
treatment with variant pinocembrin doses viz. 0, 12, 24 and 48 umol L1 Thereafter, treated
cells were left untouched, replacing DMEM after every 3 days, for 12 days. Afterwards,
PC-3 cell colonies were washed with PBS followed by fixation in methyl alcohol. Finally,
PC-3 colonies were counted under a light microscope (BD-NE610, Shenzhen Boshida
Instrument Co., Ltd. (China) and colonies with > 50 cells were considered significant for
counting.

Apoptosis assay

To examine the apoptosis-inducing potential of the pinocembrin drug, the acridine
orange/ethidium bromide (AO/EB) staining assay was performed. In brief, the PC-3 cells
were plated onto a 24-well plate at 2 x 10° cells in each well followed by pinocembrin treat-
ment at different doses of 0, 12, 24 and 48 pumol L for 48 h. Thereafter, pinocembrin treated
PC-3 cells were stained with AO/EB staining solution by obeying the manufacturer’s
protocol. Cancerous PC-3 cells were finally analysed under a magnification power of 200x
of FV500 laser scanning confocal microscope (Olympus, Japan).

Flow cytometry

To monitor different cell-cycle checkpoints, flow cytometric examination of pinocem-
brin treated PC-3 cells was performed. Exponentially growing PC-3 cells were exposed to
the pinocembrin drug with varying doses 0, 12, 24 and 48 pumol L™ for 48 h within 6-well
plates. Then were trypsinized using trypsin followed by staining with nuclei staining buffer
(0.1 % Triton X-100, 3.8 mmol L™ sodium citrate, PI (propidium iodide) solution (50 ug mL™),
and RNase B (7 kU mL™) for 2 h. The cells at different cell cycle checkpoints were measured
with the help of the Becton-Dickinson FACScan cytofluorometer (USA).

Measurements of reactive oxygen species (ROS)

The DCFH-DA staining was used to estimate ROS production in pinocembrin treated
PC-3 cancerous prostate cells. PC-3 cells were cultured under a humidified atmosphere of
5 % CO, and 95 % air within a DMEM for 24 h. These cells were harvested and collected
for pinocembrin treatment with different concentrations viz. 0, 12, 24 and 48 pmol L for
48 h. Pinocembrin-treated cells were washed using PBS and then resuspended in 500 pL
of 10 pmol L' DCFH-DA for 30 min in dark. Finally, cells were analysed at an emission
of ~520 nm and excitation of ~485 nm through FACSCanto II Flow Cytometer (BD Biosci-
ences, USA).

671



L. Shao et al.: Pinocembrin flavanone inhibits cell viability in PC-3 human prostate cancer by inducing cellular apoptosis, ROS
production and cell cycle arrest, Acta Pharm. 71 (2021) 669-678.

Western blotting assay

The PC-3 cancerous prostate cells were harvested at 85 % of growth confluence and
subjected to pinocembrin treatment at different doses of 0, 12, 24 and 48 pmol L for 24 h.
Treated cells were sampled into different groups and lysed using RIPA (Radioimmuno-
precipitation assay) lysis buffer. The amount of protein within each lysate was determined
using bicinchoninic acid assay and equal amounts were loaded onto SDS-PAGE for separa-
tion followed by transferal to PVDF (polyvinylidene fluoride) membranes. These mem-
branes were blotted with specific primary antibodies (antibodies against Caspase-3 and -9,
Bcl-2 and Bax proteins) overnight at 4 °C. Thereafter, membranes were treated with HRP-
conjugated secondary antibodies. Finally, visualization of immunoreactive bands was pre-
pared by using the ImageQuant LAS4000 system (GE Healthcare, USA).

Statistical analysis

All the data collected from individual experiments were analysed by using GraphPad
Prism Demo (version 5; USA) and are expressed as mean + SD. The p < 0.05 and p < 0.01
were taken as statistically significant. Each experiment for individual drug doses was per-
formed in triplicate.

RESULTS AND DISCUSSION
Pinocembrin induced antiproliferative effects in PC-3 cells

Despite cancer treatment going through significant advancements, treatment of pros-
tate cancer remains a big challenge for researchers. The disease remains poorly diagnosed
at early stages due to asymptotic behaviour (20). Pinocembrin has been previously re-
ported to suppress the proliferation rate in a number of human cancer cells. In a similar
study, pinocembrin attenuated the cell viability of androgen-sensitive LNCaP and andro-
gen-independent PC3 and DU-145 prostate cancer cell lines (21).

Herein, PC-3 cancerous prostate cells were analysed for viability assessment through
MTT assay by following the manufacturer protocol. The proliferation rate was signifi-
cantly retarded after exposing PC-3 cells to different pinocembrin (Fig. 1) doses (0—48 pmol
L. Pinocembrin induced toxicity enhanced after elongating treatment time from 12 to 24
h. Viability was reduced to almost 40 and 20 % at 48 umol L™ after 12 and 24 h of pinocem-
brin treatment, respectively (Fig. 2a). Pinocembrin showed almost comparable antiprolif-
erative effects against positive controls with 5-fluorouracil (5-FLU) treated cells). More-
over, the antiproliferative effect of pinocembrin against normal non-cancerous cells,

HO ‘
OH O

Fig. 1. Chemical structure of pinocembrin.
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Fig. 2. a) Estimation of the PC-3 cancerous prostate cells viability after pinocembrin treatment at indi-
cated concentration and time intervals. The figure represents the declined number of viable cells after
exposure to pinocembrin in comparison to the control group. 5-Fluorouracil (5-FLU) was used as a
positive control; b) Effect of pinocembrin on non-cancerous normal cells (human dermal microvascular
endothelial cells, HDMECs). Cytotoxicity of pinocembrin was evaluated against these after treatment
with the drug for 24 h. The cell viability of these HDMECs after incubation with pinocembrin for 24 h
was much higher than that of similarly treated PC-3 cancer cells. Each experiment was repeated three
times and data were presented as mean + SD. Statistical significance was taken as * p <0.05.

human dermal microvascular endothelial cells (HDMECs) was much lower than PC-3 cells
(Fig. 2b). The ability of prostate PC-3 cancer cells to generate and establish colonies was
monitored by performing the clonogenic assay. Pinocembrin revealed remarkable toxicity
against PC-3 cell colonies (Fig. 3a). Pinocembrin reduced PC-3 colonies to about 100 at 48
pumol L in comparison to controls which showed about 400 intact colonies after 12 days
of culturing (Fig. 3b). Therefore, the results from MTT assay and colony assessment indi-
cated that pinocembrin induced remarkable cytotoxicity against PC-3 cell proliferation
and colony generation.

Pinocembrin caused apoptotic cell death in PC-3 cells

Apoptosis (natural programmed cell death) is a highly conserved process in mammals
and plays a key role in the elimination of damaged, malfunctioning and aged cells. Prevention
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Fig. 3. a) Clonogenic assessment of pinocembrin treated PC-3 cells at variant concentrations; b) Results
representing inhibitory effects of pinocembrin at indicated concentrations on PC-3 cells. Each
experiment was repeated three times and data are presented as mean + SD. The statistical significant
figure was taken as * p < 0.05.

of apoptosis in normal cells transfers them to tumorous cells which then undergo uncon-
trolled hyper-proliferation (22). Therefore, apoptosis plays a key role in inhibiting the prolife-
ration of cancer cells and serves as a potential target for chemopreventives. Pinocembrin has
been shown to promote apoptosis in different human cancers. A study carried out by Zheng
et al. has reported that pinocembrin promotes apoptosis via modulation of Bcl-2/Bax ratio
and suppresses autophagy in human melanoma cells including A375 and B16F10 (23). In a
similar study, pinocembrin has been shown to produce protective effects via the mito-
chondrial apoptotic pathway in SH-SY5Y neuroblastoma cells against MPP*-induced neuro-
toxicity (24). Similarly, pinocembrin has been previously reported to induce apoptotic cell
death in HT-29 and HCT-116 colon cancer and HL-60 leukaemia cells (25).

Herein, AO/EB staining showed that the normal morphology of PC-3 cells was dis-
turbed after the application of pinocembrin at variant doses. Pinocembrin enhanced the
number of apoptotic PC-3 cells with increasing doses. The yellow-green, orange-red and red
fluorescent cells indicate the number of early and late apoptotic and necrotic cells respecti-
vely (Fig. 4a). Thus AO/EB staining indicated stimulation of apoptotic cell death in PC-3 cells
post pinocembrin treatment. Moreover, apoptosis stimulation by pinocembrin was supported
by Western blotting at molecular levels. The activity of Caspase-9, Caspase-3and Bax proteins
increased and that of Bcl-2 protein decreased with increasing pinocembrin doses (Fig. 4b).
Hence, AO/EB staining supported by Western blotting indicated that the antiproliferative
effects of pinocembrin could be due to its apoptosis stimulation effects in PC-3 cells.
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Fig. 4. a) The AO/EB staining assay was implemented for the determination of apoptosis stimulatory
potential of the pinocembrin drug in PC-3 cells. The figure shows yellow-green, orange-red and red
fluorescence that indicates early, late apoptotic and necrotic cells, respectively; b) Western blotting
assay. The figure depicts enhanced expressions of caspases and Bax proapoptotic proteins and
lowered Bcl-2 expressions.

Pinocembrin inhibited cell cycle progression in PC-3 cells

The tendency of hyper-proliferation of cancer cells leads to fast growth and spread of
the disease. Therefore, controlling and checking of proliferation rate remains a principal
objective of chemopreventives. Pinocembrin has been previously reported to cause G2/M-
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Fig. 5. Analysis of cell cycle phase distribution by flow cytometry after 48 h of pinocembrin treatment
of cancerous PC-3 cells. Pinocembrin triggered cell cycle arrest of cancerous PC-3 cells at the G0/G1
checkpoint in a concentration-dependent manner. Each experiment was repeated three times and
data are presented as mean + SD. The statistical significant figure was taken as p < 0.05.

and S-Phase cell cycle arrest in prostate LNCaP cancer cells (21). Herein, flow cytometric
measurements were carried out for the estimation of PC-3 cells at different cell cycle check-
points. Results indicated that the number of cells at S and G2/M phases declined with
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Fig. 6. a) Effects of pinocembrin drug on cancerous PC-3 cells after 48 h long treatment and then stain-
ing with DCFH-DA. Fluorescence intensity of DCFH-DA is directly proportional to ROS production in
pinocembrin treated PC-3 cells. Each experiment was repeated three times; b) Graphical representation
of the effect of pinocembrin on the ROS production in PC-3 cells, as can be seen, there was a dose-
-dependent increase in the percentage of cells with damaged cell membranes indicating significant
ROS production leading to collapse of mitochondrial membrane potential. Each experiment was
repeated three times and data are presented as mean + SD. Statistical significance was taken as * p <0.05.
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enhanced doses of pinocembrin while the number of cells at GO/G1 cells amplified. The
number of GO/GI cells enhanced to almost 60 % in comparison to about 25 % in the control

group (Fig. 5).
Pinocembrin enhanced ROS in PC-3 cells

ROS are considered lethal entities that disturb a large number of normal cellular pro-
cesses. As these species are highly reactive they can target any cellular mechanism. Herein,
the effects of pinocembrin upon ROS in PC-3 cells were assessed by DCFH-DA staining
assay. The results indicated enhanced DCFH-DA fluorescence (directly proportional to
ROS) with increasing pinocembrin treatment (Fig. 6a). Therefore, it may be concluded that
the antiproliferative effects of pinocembrin are also allied with enhanced ROS. Fig. 6b
shows the graphical increase in ROS production with an increase in pinocembrin dose.

CONCLUSIONS

Taken altogether, the results of the current investigation indicate that pinocembrin
flavanone exhibited significant antitumor effects against prostate tumor PC-3 cells. These
effects were mediated through stimulation of apoptosis, endogenous ROS production and
cell cycle arrest.
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