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Abstract
AIM: To investigate the events associated with the 
apoptotic effect of p -Coumaric acid, one of the phe-
nolic components of honey, in human colorectal carci-
noma (HCT-15) cells. 

METHODS: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tertazolium-bromide assay was performed to deter-
mine the antiproliferative effect of p -Coumaric acid 
against colon cancer cells. Colony forming assay was 
conducted to quantify the colony inhibition in HCT 
15 and HT 29 colon cancer cells after p -Coumaric 
acid treatment. Propidium Iodide staining of the HCT 
15 cells using flow cytometry was done to study the 
changes in the cell cycle of treated cells. Identifica-

tion of apoptosis was done using scanning electron 
microscope and photomicrograph evaluation of HCT 15 
cells after exposing to p -Coumaric acid. Levels of reac-
tive oxygen species (ROS) of HCT 15 cells exposed to 
p -Coumaric acid was evaluated using 2’, 7’-dichlorflu-
orescein-diacetate. Mitochondrial membrane potential 
of HCT-15 was assessed using rhodamine-123 with the 
help of flow cytometry. Lipid layer breaks associated 
with p -Coumaric acid treatment was quantified using 
the dye merocyanine 540. Apoptosis was confirmed 
and quantified using flow cytometric analysis of HCT 
15 cells subjected to p -Coumaric acid treatment after 
staining with YO-PRO-1.

RESULTS: Antiproliferative test showed p -Coumaric 
acid has an inhibitory effect on HCT 15 and HT 29 cells 
with an IC50 (concentration for 50% inhibition) value 
of 1400 and 1600 μmol/L respectively. Colony form-
ing assay revealed the time-dependent inhibition of 
HCT 15 and HT 29 cells subjected to p -Coumaric acid 
treatment. Propidium iodide staining of treated HCT 15 
cells showed increasing accumulation of apoptotic cells 
(37.45 ± 1.98 vs  1.07 ± 1.01) at sub-G1 phase of the 
cell cycle after p -Coumaric acid treatment. HCT-15 cells 
observed with photomicrograph and scanning electron 
microscope showed the signs of apoptosis like bleb-
bing and shrinkage after p -Coumaric acid exposure. 
Evaluation of the lipid layer showed increasing lipid 
layer breaks was associated with the growth inhibition 
of p -Coumaric acid. A fall in mitochondrial membrane 
potential and increasing ROS generation was observed 
in the p -Coumaric acid treated cells. Further apoptosis 
evaluated by YO-PRO-1 staining also showed the time-
dependent increase of apoptotic cells after treatment.

CONCLUSION: These results depicted that p -Coumar-
ic acid inhibited the growth of colon cancer cells by in-
ducing apoptosis through ROS-mitochondrial pathway.
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Core tip: This article describes apoptotic effect of 
p -Coumaric acid, one of the phenolic components of 
honey, against colon cancer cells. p -Coumaric acid 
treatment resulted in the inhibition of proliferation and 
colony forming ability of human colorectal carcinoma 
(HCT-15) and HT 29 cells. Major events associated 
with growth-inhibition are increasing reactive oxygen 
species generation, increasing lipid layer breaks and 
a fall in Mitochondrial membrane potential. Further, 
membrane blebbing and shrinkage of p -Coumaric acid 
exposed HCT 15 cells insinuated apoptosis. Hence our 
results depicted that p -Coumaric acid is a prospective 
candidate for chemoprevention of colon cancer.
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INTRODUCTION
Phenolic compounds are present in various dietary 
agents. Consumption of  such agents has been linked to 
improve various disease conditions like cancer, diabetes 
and cardiac disorders. Diet is believed to be much in-
fluential in explaining the susceptibility to cancer. Most 
interestingly, colon cancer is more vulnerable to diet 
because these epithelial cells are chronically exposed to 
these dietary agents[1,2]. Since, cancer of  colon is among 
the most common malignancy among the Western and 
Asian nations, research communities explore various 
new dietary agents rich in phenolic compounds to purge 
this malignancy.

In our laboratory, experiments in studying the preven-
tive effect of  honey against colon cancer had been con-
stantly done. Previous results depicted honey could inhibit 
the colon cancer cell proliferation. Antiproliferative effect 
was found to vary with the phenolic content present in 
the honey[3-5]. Since honey containing higher phenolic 
content was found to induce apoptosis significantly, the 
scope of  this research was extended to study the apopto-
sis induced by one of  the phenolic components of  honey, 
p-Coumaric acid, against the colon cancer cells.

p-Coumaric acid is the abundant isomer of  cinnamic 
acid and also widely found in edible plants such as pea-
nuts, tomatoes, carrots etc. p-Coumaric acid is reported 
to have antitumor and anti-mutagenic activities[6,7]. In a 
study, p-Coumaric acid along with the combination of  
hydrocaffeic acid found to reduce the UV-B oxidation 
damage in human conjunctival cells in vitro and in cornea 
and sclera of  rabbits in vivo[8]. In one of  the latest stud-
ies, the ability of  p-Coumaric acid to protect rat’s heart 
against doxorubicin (DOX)-induced oxidative stress 

was investigated. It showed that p-Coumaric acid could 
reduce the DOX-induced high serum levels of  lactic 
dehydrogenase and creatine phosphokinase[9]. In one 
of  the most recent studies, effect of  p-Coumaric acid 
against the colonic epithelial cells (Caco-2) was studied. 
p-Coumaric acid at a concentration of  1500 μmol/L 
was found to inhibit the proliferation of  Caco-2 cells 
by 43%-75% after 24-72 h of  treatment[10]. However, 
literature available does not depict the mechanism of  
p-Coumaric acid induced apoptosis in colon cancer cells.

Apoptosis is the major form of  cell death accom-
panied by morphological changes like membrane bleb-
bing and shrinkage of  cells. Further, events like nuclear 
and chromatin condensation, DNA fragmentation and 
segregation of  apoptotic bodies were the characteristic 
features of  apoptosis. Reactive oxygen species (ROS) is 
involved in various biochemical functions like cell pro-
liferation and apoptosis. Recent studies reported ROS 
mediated apoptosis is accompanied with the loss of  mi-
tochondrial membrane potential[11,12].

This current study, deals with the growth inhibitory 
effect of  p-Coumaric acid in colon cancer cells. Further, 
an attempt has been made to explore the ROS and mi-
tochondrial dependent mechanism in the apoptosis in-
duced by the p-Coumaric acid.

MATERIALS AND METHODS
Reagents
DMEM, RPMI-1640, fetal bovine serum (FBS), L-glu-
tamine, sodium pyruvate, nonessential amino acids, vita-
min solution, penicillin and streptomycin were obtained 
from Life Technologies, Inc., Grand Island, NY, United 
States. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tertazo-
lium-bromide (MTT), propidium iodide, mercury or-
ange, rhodamine-123, RNase and p-Coumaric acid were 
purchased from Sigma-Aldrich, United States. Merocya-
nine 540 and YO-PRO-1 were obtained from Invitrogen 
Inc, United States.

Cell culture
Colon carcinoma cell line HT 29 and human colorectal 
carcinoma (HCT-15) (Organ: Colon, Disease: Colorectal 
adenocarcinoma; Organism: Human; procured from Na-
tional Centre for Cell science, Pune, India) was grown in 
DMEM and RPMI medium respectively, supplemented 
with 10% FBS, L-glutamine, penicillin, sodium pyruvate, 
nonessential amino acids and vitamin solution Adherent 
monolayer cultures of  HCT 15 were maintained in T-25 
flasks and incubated at 37 ℃ in 5% carbon dioxide (CO2). 
The cultures were free of  mycoplasma and maintained 
no longer than 12 wk after recovery from frozen stocks.

Cell proliferation assay
Thiazolyl blue tetrazolium bromide (MTT) assay was 
carried out as follows: Cells were trypsinized, counted 
and 1000 cells were seeded per well in 96-well plate. The 
following day, 100 μL of  medium containing the desired 
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concentration of  p-Coumaric acid was added to the 
appropriate wells. The cells were then kept at 37 ℃ in 
5% CO2 for the desired length of  time. Control used in 
these experiments was untreated cells kept for 48 h. For 
all the experiments performed below, control cells re-
mained untreated and kept for the same duration as the 
longest time-point of  the respective experiment. At this 
point, 100 μL of  (5 mg/mL) MTT reagent was added to 
each well, and the plate was placed at 37 ℃ in the incu-
bator for 2 h. 200 μL of  dimethyl sulfoxide was added 
to each well, after aspirating the supernatant. Colored 
formazan product was assayed spectrophotometrically at 
570 nm using enzyme-linked immunosorbent assay plate 
reader[12].

Colony forming assay
HCT 15 and HT 29 cells were treated with p-Coumaric 
acid at a concentration of  1400 and 1600 μmol/L re-
spectively for definite time periods (12, 24 and 48 h) and 
collected by trypsinization. The cells were counted and 
seeded again in triplicate on a 6-well tissue culture plate 
with 3000 cells/well. The cells were cultured for 15 d 
with growth media replaced after every two days. The 
cells were stained with 0.5% crystal violet (in methanol) 
and colonies were counted[12].

Cell cycle analysis
After the appropriate treatment with p-Coumaric acid, 
HCT 15 cells were washed with phosphate-buffered 
saline, then resuspended in 50 μg/mL propidium iodide 
containing 0.1% sodium citrate with 0.1% Triton X-100 
for 20 min at 4 ℃. Cells were then analyzed by flow 
cytometry (FACScan; Becton Dickinson Immunocy-
tometry Systems), and the sub-G1 fraction was used as a 
measure of  the apoptotic cells. Control used in the ex-
periments was untreated cells kept for 48 h. Analysis was 
performed in linear amplification mode in case of  cell 
cycle analysis. Remaining experiments of  flow cytometry 
were performed in logarithmic amplification mode un-
less otherwise stated[13].

Estimation of ROS generation
Dichlorofluorescein-diacetate (DCFH-DA) was cleaved 
by the intracellular nonspecific esterase to form DCFH. 
DCFH are oxidized by ROS to form the fluorescent 
compound DCF. p-Coumaric acid treated cells (1400 
μmol/L) were harvested using trypsin/EDTA and re-
suspended in PBS. Working solution (20 μmol/L) of  
DCFH-DA was directly added cells and then it was 
incubated at 37 ℃ for 15 min. Cells were washed and 
resuspended in PBS and kept on ice immediately before 
analyzing by flow cytometry[12]. This fluorescent inten-
sity of  DCF was measured and correlated with the ROS 
generated in the cells. 

Determination of mitochondrial membrane potential
HCT 15 colon cancer cells were treated with p-Coumaric 
acid (1400 μmol/L) for different time points. After-

wards, cells were harvested and resuspended in 1 mL of  
rhodamine-123 (5 μg/mL) for 1 h at 37 ℃. The intensity 
of  fluorescence from rhodamine-123 was measured by 
flow cytometry[12]. 

Detection of membrane lipid organization
Colon cancer cells (HCT 15) were treated with p-Cou-
maric acid (1400 μmol/L) for different time points. Cells 
were harvested and re-suspended in 1 mL of  merocya-
nine 540 (10 μg/mL) for 15 min at 37 ℃. The intensity 
of  fluorescence was measured by flow cytometry[13]. 

YO-PRO-1 staining
YO-PRO-1 permits analysis of  apoptotic cells without 
interfering cell viability. After treatment with p-Coumaric 
acid (1400 μmol/L), the cell pellets were mixed in 1 
μmol/L YO-PRO-1 for 20 min at room temperature. 
After incubation intensity was measured using flow cy-
tometry[13].

Scanning electron microscope and photomicrograph 
images
Fixed amount of  HCT 15 cells were seeded in a steril-
ized glass slide and incubated for 24 h. p-Coumaric acid 
at a concentration of  1400 μmol/L was added for 48 h 
time interval. After incubation, cells were harvested by 
using trypsin/EDTA and centrifuged for 5 min at room 
temperature. Then the supernatant was decanted and 
pellet was dried. Pellet was treated with 2.5% glutaralde-
hyde in distilled water for 45 min in hybrid oven shaker 
at 37 ℃. Cells were washed thrice with PBS for 5 min 
and then dehydrated by ethyl alcohol of  different con-
centration (30%, 50%, 70%, 95% and 100%) for 5-10 
min. Fixing of  cells was done with hexamethyl disilazane 
and the sample was taken for scanning electron micro-
scope analysis. Photomicrograph images of  HCT 15 and 
HT 29 cells were acquired using microscope.

Statistical analyses
All values are expressed as the mean ± SE. Figures were 
plotted using Graphpad Prism software. All experiments 
were performed three times independently (biological 
triplicates). One-way ANOVA was performed to find 
statistical significance. 

RESULTS
MTT assay
MTT assay of  treated cells was performed after 48 h 
of  treatment. Colon cancer cells (HCT 15 and HT 29) 
growth was inhibited in a dose-dependent manner. Both 
HCT-15 and HT-29 cell growth were inhibited signifi-
cantly with an IC50 of  around 1400 μmol/L and 1600 
μmol/L respectively (Figure 1A). HCT 15 cells were 
found more sensitive to p-Coumaric acid, however at 
higher concentrations both cell lines were found to be 
equally affected. Statistical analysis showed that p-Cou-
maric acid treatment results in significant inhibition (P 
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< 0.05) compared with untreated control cells at 200 
μmol/L and 500 μmol/L for HCT 15 and HT 29 cells 
respectively (Figure 1A).

Colony forming assay
p-Coumaric acid treated HCT 15 cells showed a maxi-
mum of  94, 67, 32 colonies after 12, 24 and 48 h of  
treatment. Untreated HCT 15 cells produced a maxi-
mum of  105 colonies. Similar experiment with HT29 
cells displayed a maximum of  131, 101, 51 colonies 
after 12, 24 and 48 h treatment whereas the control HT 
29 cells produced 154. A time-dependent inhibition of  
colony formation was clearly evident from this experi-
ment (Figure 1B). There was a significant reduction (P < 
0.05) in the number of  colonies formed under the vari-
ous time intervals examined (both HCT 15 and HT 29 
cells) when compared with corresponding untreated cells 
(Figure 1B). 

Cell cycle analysis
Cell populations were tabulated among the sub-G1, G0/
G1, S and G2/M phases of  the cell cycle. It showed an 
increasing sub-G1 arrest from 1.00% (control) to 37.45% 
after 48 h (Table 1). Statistical analysis of  the sub-G1 
column indicated significant increase (P < 0.05) of  cells 
in the sub-G1 phase insinuating apoptosis increases with 
the time-dependency.

ROS generation
ROS levels were increased significantly after treatment. 
The increasing mean fluorescent intensity was found to 
be 116, 141, and 185 during 12, 24 and 48 h respectively. 
Untreated control cells showed an intensity of  96 after 
48 h. ROS intensity after 48 h treatment was almost 
double the intensity of  the control cells. Moreover, the 
differences in the ROS levels at various h examined were 
significant, compared to control with a P value of  less 
than 0.05 (Figure 2).

Mitochondrial membrane potential
The decreasing mean fluorescent intensity was found to 
be 147, 91 during 6 and 12 h of  treatment respectively. 
Untreated control cells showed an average intensity of  
229 after 12 h. From the results, it was observed that 
p-Coumaric acid treatment reduced the potential by 2.5 
fold after 12 h. There was also statistically significant re-
duction (P < 0.05) of  potential at the estimated intervals 
compared to untreated cells (Figure 3A).

Lipid layer breaks
Untreated cells displayed a mean intensity of  33 after 6 
h. Treated cells showed 37 and 50 after 3 and 6 h respec-
tively (Figure 3B). It is evident from the above results 
that treated cells displayed an increase in the lipid layer 
breaks.
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Figure 1  Antiproliferative effect, colony inhibitory of p-Coumaric acid against colon cancer cells. A: Both human colorectal carcinoma (HCT-15) and HT-29 
cells grown in 96-well plate were treated with various concentration of p-Coumaric acid (0-10000 μmol/L) diluted in the media for 48 h. The mean of the percentage 
cell viability (% of control) along with their standard error is indicated; B: After various incubation periods of p-Coumaric acid treatment, colonies formed were stained 
with 0.5% crystal violet and counted, and percentage of survival was calculated by normalizing the values. Data reported as the mean ± SE from three different obser-
vations. Mean differences are significant at 12, 24 and 48 h.
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Table 1  Cell cycle distribution of human colorectal carci-
noma-15 cells after p -Coumaric acid treatment

Photomicrograph and scanning electron microscope 
images
Scanning electron microscope (SEM) images of  p-Cou-
maric acid treated cells (48 h) showed typical signs of  
apoptosis like membrane blebbing and shrinkage as in-
dicated by arrow marks. Normal cells were found almost 
spherical without marked shrinkage (Figure 4A). This 
was further corroborated with the photomicrograph im-
ages (Figure 4B).

Yo-Pro-1 staining
The percentage of  cells distributed in M2 population 
signifying apoptosis increased depending upon the dura-
tion of  treatment. It was found to be 20, 33 after 24 and 
48 h of  p-Coumaric acid treatment. M2 phase popula-
tion of  untreated control cells was found to be 8% after 
48 h (Figure 5). 

DISCUSSION
Diet consumption and cancer have been linked by vari-
ous studies[14,15]. They postulated that consistent pattern 
of  consumption of  diets which are rich in vegetables 
and fruits may reduce the risk of  cancer. Phenolic com-
pounds, one of  the classes of  non-nutritive phytochemi-
cals, are widely distributed in our foods and suggested to 
have preventive effect against various disease conditions 
like cancer, diabetes and several cardiac disorders[16,17]. 

From our laboratory, it was showed that honey rich in 
phenolic content was able to induce apoptosis signifi-
cantly in colon cancer cells. Hence, in this research the 
effect of  p-Coumaric acid, one of  the phenolic constitu-
ents of  honey, induced apoptosis in colon cancer cells 
was studied.

p-Coumaric acid inhibited the proliferation of  co-
lon cancer cells. Both HCT-15 and HT-29 cell growth 
were inhibited significantly with an IC50 of  around 1400 
μmol/L and 1600 μmol/L respectively. This was similar 
to the previously published report on the antiprolifera-
tive effect of  p-Coumaric acid against Caco-2 cells[10]. 
Bioavailability of  phenolic constituents is a major factor 
when we would like to examine the effect of  p-coumaric 
acid in in vivo. In one of  the researches, it was showed 
that bioavailability of  coumaric acid after consumption 
of  200 g plum is in the range of  28-230 mg/serving[18]. 
In a colonic volume of  200 mL, this would yield a con-
centration in the range of  850 to 7000 μmol/L. Hence, 
it is believed that estimated IC50 values against these co-
lon cancer cells are achievable internally. Human diet is 
complex and the supply of  coumaric acid from different 
diets has to be evaluated simultaneously to have an idea 
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Time in h Sub G1
1 G0/G1 S G2/M

Control   1.07 ± 1.01 42.82 ± 1.92   8.03 ± 1.23 40.07 ± 2.85
12 h   5.98 ± 1.17 23.06 ± 3.15 10.29 ± 4.01 46.67 ± 1.89
24 h 16.46 ± 2.03 23.92 ± 1.74   9.91 ± 3.29 39.03 ± 1.58
48 h 37.45 ± 1.98 12.79 ± 4.45     4.9 ± 3.82 17.12 ± 4.65

1Mean differences are significant at P < 0.05. Data represents mean ± SD.

Figure 3  Events associated with growth-inhibitory effect of p-Coumaric 
acid. A: Human colorectal carcinoma (HCT-15) cells were treated with p-Cou-
maric acid for specified time-periods and then mitochondrial membrane poten-
tial were determined using rhodamine-123 by flow cytometry. Mean differences 
are significant at 6 and 12 h compared with untreated control cells (P < 0.05 
vs untreated control cells); B: HCT 15 cells were treated with p-Coumaric acid 
and evaluated using merocyanine 540 to quantify the lipid layer breaks (LLBs). 
Data is representative of three independent experiments and mean differences 
are significant at 3 and 6 h compared with untreated control cells (P < 0.05 vs 
untreated control cells). MMP: Mitochondrial membrane potential.
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about its bioavailability. To add further, bioavailability 
varies among the individuals and this makes estimation 
of  intakes and prediction of  physiological range of  phe-
nolics in body fluids is a mammoth task. The biggest 
drawback is that bioavailability of  p-Coumaric acid will 
be in pulses depending upon the food intake whereas in 
cell culture environments it is constant[10]. 

p-Coumaric acid significantly inhibited the colony 
formation in vitro. This is indispensable, since most of  
the chemotherapeutic drugs were shown to inhibit the 
colony formation[12]. The effect of  p-coumaric acid 
against intestinal epithelial cells (IEC) isolated from the 
mouse was evaluated. It was found that p-Coumaric acid 
was not toxic to these cells. Even at a higher concentra-
tion of  5.1 mmol/L nearly 80% cells were viable (results 
not shown). Sparing nature of  p-Coumaric acid against 
mouse IEC was interesting and would warrant further 
study with normal human colonic cells.

Mitochondrial malfunction is one of  the key events 
occurring at the initial stages of  apoptosis. Studies re-
ported a fall in the mitochondrial membrane potential 

during apoptosis induced by various chemotherapeutic 
drugs. Mitochondrial membrane potential of  p-Coumaric 
acid treated cells using rhodamine-123 showed decreas-
ing intensity, confirming the mitochondrial malfunction. 
ROS is involved in various biochemical functions like 
cell proliferation and apoptosis. Generally, ROS stress is 
oncogenic and it is found to increase the metabolic ac-
tivity. It also stimulates further ROS generation through 
mitochondrial respiratory chain and maintains the cancer 
phenotype. On the other hand, high dose of  ROS for 
prolonged duration could induce cellular damage and 
apoptosis[19,20]. Hence by utilizing time and dose-depen-
dent ROS generation, we can trigger cell death by using 
exogenous ROS-generating agents. Our experiment in-
volving DCFDH-DA staining indicated increasing ROS 
generation in the p-Coumaric acid treated cells. Hence, 
p-Coumaric acid may be considered as a potential exog-
enous candidate (generating ROS) to induce apoptosis in 
colon cancer cells. 

The most notable property of  phenolic phytochemi-
cals is that they have antioxidant activity. This is due to 
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Figure 4  Morphological assessment of p-Coumaric acid treated cells. A: Human colorectal carcinoma (HCT-15) cells were treated with p-Coumaric acid for 48 
h and the cells were observed under scanning electron microscope. Treated cells showed membrane blebbing and shrinkage compared to untreated normal control 
cells; B: HT 29 and HCT 15 cells were subjected to p-Coumaric acid treatment for 48 h and observed under light microscopy. Treated cells displayed apoptotic fea-
tures like blebbing and shrinkage compared to untreated normal control cells.
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the ability of  phenolic hydroxyl groups which can pro-
vide hydrogen atoms in scavenging the ROS. Hence it is 
suggested that phenolic phytochemicals could scavenge 
the ROS molecules and inhibit the mitogen activated 
protein kinase (MAPK) signaling and blocking the 
nuclear factor kappaB and activator protein 1 activation 
which eventually lead to inhibit cancer cell proliferation. 
Although antioxidant properties of  phenolic phyto-
chemicals were explained for its mechanism of  inhibiting 
cancer cells, they also show pro-oxidant activity under 
certain experimental conditions[21]. ROS generation was 
observed in the cell culture media containing EGCG, 
quercetin and gallic acid in both time and concentration-
dependent manner[22]. In our case, p-Coumaric acid 
was also found to increase ROS generation in a time-
dependent manner. Hence, treating the cancer cells with 
p-Coumaric acid can produce significant ROS resulting 
stressful or cytotoxic effects. Excess of  ROS generation 
by phenolic phytochemicals induces apoptosis through 
MAPK activation. Simultaneously, increased p53 ac-
tivation was mediated by Ras/MAPK kinase/MAPK 
pathway as observed in the apoptosis of  EGCG and re-
severatrol[23,24]. Hence, we hypothesize that the increased 
ROS generation may result in the activation of  p53 
in the p-Coumaric acid treated cells. This may in-turn 
would have caused the up-regulation of  Bax and down-
regulation of  Bcl2 which are the down-stream targets of  
p53 resulting in apoptosis.

Apoptosis, a distinguished form of  cell death, is char-
acterized by membrane blebbing and DNA fragmenta-
tion. Electron Microscopy is used as a golden standard 
in detecting apoptosis[25-27]. In our case, both scanning 
electron microscope and photomicrograph images of  
p-Coumaric acid treated cells showed typical membrane 
blebbing and shrinkage portraying apoptosis. Sub-G1 
arrest of  cell cycle is considered as a sign of  apopto-
sis[28-30]. p-Coumaric acid treatment showed increasing 
accumulation of  cells in the sub-G1 phase confirming 

apoptosis. This was similar to the most anticancer drugs 
which inducted apoptosis by arresting the cells at sub-G1 
phase[31-33]. At an early stage of  apoptosis, there will be 
considerable damage to plasma membrane and the lipid 
layer will be disorganized. Nowadays in addition to the 
nuclear and morphological assessment, lipid layer pertur-
bations in plasma membrane can also insinuate apopto-
sis. Merocyanine staining of  treated cells for lipid layer 
organization showed increasing fluorescence intensity 
depicting apoptosis. This observation was similar to eu-
genol induced apoptosis shown recently[13].

In conclusion, p-Coumaric acid exerted antiprolifera-
tive activity against colon cancer cells like HT 29 and 
HCT 15. Both the cell lines growth was repressed sig-
nificantly by inducing apoptosis. Apoptosis induced by 
p-Coumaric acid involved various physical and biochemi-
cal changes. To enumerate, cells showed membrane bleb-
bing and shrinkage as depicted by SEM and photomicro-
graph images. Earlier lipid layer breaks were associated 
with the p-Coumaric acid induced apoptosis. Cell cycle 
progression was arrested at sub-G1 phase by p-Coumaric 
acid treatment. Mitochondrial membrane potential of  
treated cells also showed a decrease after p-Coumaric 
acid treatment. Moreover, there was increase in the 
ROS generation and lipid layer breaks after treatment. 
These results insinuate that p-Coumaric acid inhibited 
the growth of  colon cancer cells by inducing apoptosis 
through ROS-mitochondrial pathway. However, further 
experiments in preclinical and clinical settings will pro-
mote this as a likely candidate for chemoprevention of  
colon cancer.
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COMMENTS
Background
Consumption of phenolic components has been linked to improve various 
disease conditions like cancer, diabetes and cardiac disorders. Diet is believed 
to be much influential in explaining the susceptibility to cancer. Most interest-
ingly, colon cancer is more vulnerable to diet because these epithelial cells 
are chronically exposed to these dietary agents. Honey has been reported to 
possess protective effect in many inflammatory diseases and oxidative stress-
related injuries. Recent works from the laboratory showed phenolic components 
of honey were attributed with inherent potential to inhibit colon cancer cells. 
In this article p-Coumaric acid, one of the phenolic components of honey, has 
been examined for its growth inhibitory effects. 
Research frontiers
Chemotherapy utilizes antineoplastic or dietary agents for treating colon cancer. 
However, there is still a continuous search for novel agents with improved ef-
ficiency. To their knowledge p-Coumaric acid, one of the phenolic components 
of honey, have never been examined for its inhibitory mechanism against colon 
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Figure 5  Apoptosis evaluation using Yo-Pro-1 dye by flow cytometry. Hu-
man colorectal carcinoma (HCT-15) cells were treated with p-Coumaric acid 
for specified time points. The distribution of cell population changed according 
to the exposure time as indicated by M1 and M2. Percentage of M2 population 
depicting apoptosis increased on the basis of the duration of treatment. Data is 
representative of three independent experiments and the differences in the val-
ues of M2 were significant at 24 and 48 h (P < 0.05 vs untreated control cells) 
compared to untreated control cells.
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cancer.
Innovations and breakthroughs
Events associated with the inhibitory nature of p-Coumaric acid are clearly high-
lighted in this manuscript. Authors have shown that p-Coumaric acid inhibited 
the colon cancer cells in dose-dependent manner. Further it was deciphered 
that p-Coumaric acid induced apoptosis is accompanied with increasing reac-
tive oxygen species (ROS) levels, a fall in the mitochondrial membrane poten-
tial and increased lipid layer breaks. Hence authors concluded that p-Coumaric 
acid inhibited the growth of colon cancer cells by inducing apoptosis through 
ROS-mitochondrial pathway.
Applications 
p-Coumaric acid induced apoptosis in colon cancer cells through ROS-mito-
chondrial pathway. Hence, further experiments in preclinical and clinical settings 
will promote p-Coumaric acid as a plausible candidate for chemoprevention of 
colon cancer.
Peer review
This work describes the events associated with the growth-inhibitory effect of 
p-Coumaric acid in colon cancer cells. Since p-Coumaric acid is one of the 
phenolic components of honey, the study has a clear interest in the field of 
chemoprevention of colon cancer. The results of this study are interesting and 
demonstrate that p-Coumaric acid has antiproliferative activity against colon 
cancer cells inducing apoptosis and causing physical and biochemical changes.
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