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The synergistic effect of oxaliplatin and punicalagin on 
colon cancer cells Caco-2 death

Introduction

Colon cancer, also known as colorectal cancer, is a type of 
cancer that originates in the large intestine or rectum. It is the 
third most common cancer worldwide, accounting for around 
ten percent of all cancer cases. It is also the second leading 
cause of cancer-related deaths worldwide.[1] Colon cancer 
can be treated in various ways, including immunotherapy, 
targeted therapy, and chemotherapy. Chemotherapy involves 
the use of anti-cancer drugs, either singly or in combination, 
to destroy cancer cells. The most common chemotherapy 
drugs used to treat colon cancer are fluorouracil (5-FU), 
capecitabine, irinotecan, and oxaliplatin (oxa), among 
others.[2,3]

Oxa is an alkylating agent that contains platinum metal. The 
modes of action by which oxa induces cell death are through 
apoptosis and autophagy.[4] Oxa is efficient at treating colon 
cancer; however, it causes a number of adverse side effects, 
such as diarrhea, hair loss, allergic reactions, loss of fertility, 
fatigue, tingling, and decreases in blood cell numbers. 
Furthermore, cancer cells can become resistant to oxa treatment 
in some cases.[5,6] Therefore, the development of new strategies 
to reduce the side effects and overcome this resistance is 
important for the effective treatment of colon cancer.

Several studies have investigated the synergetic effect of oxa 
and natural products on colon cancer cell lines. In general, 
natural products can enhance the efficacy of oxa used as a 
colon cancer treatment.[7] For instance, resveratrol and oxa 
combinations can inhibit the growth of Caco-2 cells by 
activating caspase-3 and promoting the cleavage of poly-
ADP ribose polymerase (PARP).[8] Similarly, a combination 
of blueberry extracts and oxa was able to induce apoptosis in 
HCT-116 cells by activating caspases-3 and -9.[9] Cao et al. 
found treatment of colon cancer cells (HCT-116 and RKO) 
with alantolactone and oxa-induced apoptosis.[10] Another 
study found nobiletin chemosensitized HT29 and SW480 colon 
cancer cells to oxa treatment.[9]

One interesting natural product is punicalagin (pun), a natural 
product belonging to the ellagitannin family. Pun is abundant 
in pomegranate peel, juice, and seeds, with the highest content 
in pomegranate peel.[11] Pun has significant antioxidant, anti-
inflammatory, antifungal, and anti-cancer properties.[12-14] It 
is also known to affect multiple signaling pathways involved 
in cancer cell viability and proliferation through actions on 
apoptotic, autophagic, and senescence machineries in various 
cancer cell lines, including colon cancer cells.[12,15] For 
example, Larrosa et al. reported treating Caco-2 cells with 
pun-induced apoptosis through the intrinsic pathway through 
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mitochondrial release of cytochrome c into the cytosol and 
activation of initiator caspase 9 and effector caspase 3.[16] 
Similarly, Omar et al. showed treating Caco-2 with pun-
induced apoptosis through the activation of caspases-3, -8, 
and -9 and by PARP cleavage.[17] However, no previous studies 
have examined the effectiveness of combinations of pun and 
oxa as treatments for colon cancer. The mode of action is still 
largely unexplored and needs investigation. Thus, the aim of 
the current study was to determine the synergistic effect of 
pun and oxa on colon cancer (Caco-2) cell death by examining 
their effects on apoptosis and autophagy.

Methods

Cell culture and treatment

The human colorectal carcinoma (Caco-2) cell line was 
obtained from the European collection of cell cultures, 
Salisbury, UK. Cells were grown in Dulbecco’s modified 
Eagle’s medium containing 50 U/mL penicillin/streptomycin, 
20% fetal bovine serum, 1% non-essential amino acids, and 
1% 2 mM L-glutamine (complete culture medium). The cells 
were seeded in T75 cm2 flasks and maintained at 37°C in air 
containing 5% CO2. Every 4 days, the cells were sub-cultured 
using a complete culture medium. The cells were used for 
experiments when they had reached 80–90% confluence. 
Before each experiment, the cells were seeded at a density of 
1 × 106 cells/mL, washed with PBS, and then detached using 
2 mL of trypsin/ethylenediaminetetraacetic acid. The cells were 
treated with oxa alone (5 µM or 20 µM) or with a combination 
of both oxa and pun as follows: 5 µM oxa + 50 µM pun, 
5 µM oxa + 75 µM pun, 20 µM oxa + 50 µM pun, and 5 µM 
oxa + 75 µM pun.

Cell apoptosis assay

Annexin V-FITC
An Annexin V-FITC apoptosis detection kit (PF032, Merck 
Millipore) was used according to the manufacturer’s protocol 
to detect apoptotic cells with a BD FACSCanto flow cytometer 
(California, USA). In normal viable cells, phosphatidylserine 
(PS) is located on the cytoplasmic surface of the cell 
membrane. Upon induction of apoptosis, PS is translocated to 
the cell surface. FITC-conjugated annexin V binds to PS on 
the outer surface of cells undergoing apoptosis.

Propidium iodide (PI) was used to detect cells with 
compromised cell membranes to allow differentiation of viable 
cells (Annexin V negative, PI negative), early apoptotic cells 
(annexin V positive, PI negative), and late apoptotic/necrotic 
cells (annexin V positive, PI positive). Due to the necrotic-
like disintegration of cells in late apoptosis, these cells will 
be positive for Annexin V and PI, and since membrane 
permeability is increased in necrotic cells, those cells will 
also bind Annexin V.

PARP cleavage
PARP is an enzyme involved in DNA repair and plays an 
essential role in maintaining cell viability. Cleavage of this 
protein by caspase-3 facilitates cellular disassembly and 
is a recognized hallmark of cell apoptosis.[18] In this assay, 
Caco2 cells were lyzed and fractionated using Invitrogen 
NuPAGE 4–12% Bis-Tris gel electrophoresis according 
to the manufacturer’s protocol. The proteins were then 
electro-transferred onto polyvinylidene difluoride (PVDF) 
membranes, blotted with PARP antibody (#9532, Cell 
Signaling Technology, UK), and loading was confirmed with 
beta-actin antibody (#3700, Cell Signaling Technology, UK). 
A chemiluminescent western blot immunodetection kit with 
Amersham film was used according to the manufacturer’s 
protocol to develop the protein bands on the membrane.

Cell autophagy assay
Light chain 3 (LC3) was originally identified as a subunit 
of microtubule-associated proteins 1A and 1B. Cleavage of 
LC3, immediately after its synthesis, yields the cytosolic 
LC3-1 form. The conversion of this form to LC3-11 has been 
used as an indicator of autophagy. In this assay, Caco2 cells 
were lyzed and fractionated by Invitrogen NuPAGE 4–12% 
Bis-Tris gel electrophoresis according to the manufacturer’s 
protocol. Next, the proteins were electro-transferred onto 
PVDF membranes and blotted with LC3A/B antibody (#4108, 
cell singling technology, UK) and confirmed loading with 
beta-actin antibody (#3700, cell signaling Technology, UK). 
A chemiluminescent western blot immunodetection kit with 
Amersham film was then used according to the manufacturer’s 
protocol to develop the protein bands on the membrane.

Statistical analyses

All statistical analyses were performed using GraphPad Prism 
version 5.0 for Mac OS X software. The data were presented 
as mean ± standard error of mean (SEM). One-way analysis 
of variance (ANOVA), followed by Bonferroni’s multiple 
comparison test, was used to determine the significant 
differences between untreated cells, cells treated with different 
concentrations of oxa alone, and cells treated with different 
combinations of oxa and pun. The statistical significance 
threshold was taken as P < 0.05.

Results

The effect of oxa and pun on Caco2 cell apoptosis

The induction of cell death by apoptosis was investigated by 
flow cytometry examination of the effect of oxa alone or in 
combination with pun on PS externalization. Figure 1 shows 
that apoptosis was significantly induced in Caco2 cells treated 
with oxa alone or in combination with pun when compared 
to untreated cells (control). The percentage of cells in early 
apoptosis was 12% in untreated cells (control) and significantly 
increased to 21%, 18%, and 24% in cells treated with 5 µM oxa 
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alone, 5 µM oxa + 50 µM pun, and 5 µM oxa + 75 µM pun, 
respectively. These percentages were also higher when the cells 
were treated with higher doses of oxa, reaching 25%, 32%, and 
29% in cells treated with 20 µM oxa alone, 20 µM oxa + 50 µM 
pun, and 20 µM oxa + 75 µM pun, respectively. The combined 

treatments showed significant increases in the percentage of early 
apoptotic cells when compared with cells treated with oxa alone.

The combined treatments also significantly increased the 
number of cells in the late apoptosis/necrosis stage in 

Figure 1: Detection of apoptosis in untreated Caco2 cells and cells treated with different concentrations of oxa, alone or in combination with 
pun. (a) Flow cytometry analysis of Caco2 cells harvested and stained with Annexin V and propidium iodide. This combination allows the 
differentiation of viable cells (Q3; Annexin V negative, PI negative), early apoptotic cells (Q4; annexin V positive, PI negative), and late 
apoptotic/necrotic cells (Q2; Annexin V positive, PI positive). (b) Proportions of Caco2 cells in the early apoptotic and late apoptotic/necrotic 
stages. Data are presented as mean ± standard error of mean. A lowercase ‘a’ denotes a significant difference with untreated cells (control). 
A lowercase ‘b’ denotes a significant difference with cells treated with 5 µM oxa alone. A lowercase ‘c’ denotes a significant difference with 
cells treated with 20µM oxa alone. Comparisons between means were conducted by one-way analysis of variance followed by Bonferroni’s 
multiple comparison test (P < 0.05)

b

a
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comparison to untreated cells (control) or cells treated with 
oxa alone. Cells treated with 5 µM oxa + 50 µM pun or 5 µM 
oxa + 75 µM pun showed significantly higher proportions 
of apoptotic/necrotic cells (32% and 36%, respectively) 
compared with untreated cells or cells treated with oxa alone 
(13% and 16%, respectively). A similar trend was observed 
when cells were treated with higher doses of oxa (20 µM) in 
combination with pun (50 µM or 75 µM), with the proportion of 
apoptotic/necrotic cells reaching 46% and 49% with the 20 µM 
oxa + 50 µM pun and 20 µM oxa + 75 µM pun treatments, 
respectively. By contrast, the proportion of apoptotic/necrotic 
cells was only 26% in cells treated with 20 µM oxa only.

Insights into the mechanism of apoptosis were obtained by 
determining the PARP cleavage levels by western blotting. 
Cells treated with oxa alone showed a dose-dependent 
induction of PARP cleavage. Combining the higher dose of 
oxa (20 µM) with different concentrations of pun (50 µM or 
75 µM) induced more cleavage in PARP [Figure 2].

The effect of oxa and pun on Caco2 cell autophagy

The conversion of the autophagy marker LC3-I to LC3-II was 
detected by western blotting as a marker of autophagy. No 
significant difference was noted in the conversion of LC3-I 
to LC3-II in untreated cells (control), cells treated with oxa 
alone, or cells treated with oxa combined with pun [Figure 3].

Discussion

The purpose of this study was to investigate the synergistic 
effect of oxa and pun on colon cancer cell death, including 
apoptosis and autophagy. Interestingly, the findings are the first 
to reveal that treating colon cancer cells with oxa combined 
with pun significantly increases the stimulation of apoptosis 
over that observed in untreated cells or cells treated with oxa 
alone. This finding was confirmed at a mechanistic level by 
the cleavage of PARP, a hallmark of apoptosis. These results 
are consistent with previous studies reporting that treating 
colon cancer cells with either oxa or pun alone induces 
apoptosis.[4,14,17,19]

Two main apoptotic pathways are recognized: the extrinsic 
or death receptor pathway and the intrinsic or mitochondrial 
pathway. Both pathways converge into the same execution 
pathway, which is the activation of caspase-3.[20] Pun has 
been reported to induce intrinsic apoptosis through several 
pathways in colon cancer cells.[17,21] One of these pathways 
involves the release of cytochrome C from mitochondria, 
causing the activation of caspase-9, which in turn activates 
caspase-3. Pun can also induce extrinsic apoptosis by activating 
caspase-8, which also causes the activation of caspase-3. The 
activation of caspase-3 then promotes the cleavage of PARP 
and subsequently leads to apoptosis.[17]

The present findings also confirmed that treating colon cells 
with oxa, either alone or in combination with pun, did not 
significantly promote autophagy above the levels seen in 
untreated cells, meaning that autophagy is maintained at a basal 
level following exposure to oxa and/or pun. Recent studies 
have shown that apoptosis and autophagy have a crosslinked 
relationship in anti-cancer therapy, whereby apoptotic signals 
and products can promote or inhibit autophagy and autophagy 
can promote or inhibit apoptosis.[20,22,23] This relationship has 
been reported to be complex in colon cancer, involving several 
signal transduction pathways and regulators.[20] One possible 
explanation for our results is that apoptosis inhibits autophagy 
through caspases, which digest several essential autophagic 
proteins, thereby inactivating the autophagy program.[20]

It is important to note that this study was limited by the different 
mechanisms underlying the effects of the combination of oxa 
and pun on colon cancer cell death by apoptosis and autophagy 
and the interplay between them. Thus, future research should 
aim to address this limitation.

Conclusion

This research investigated the synergistic effects of oxa and 
pun on colon cancer (Caco2) cell death, including apoptosis 
and autophagy. The combined oxa and pun treatments 
significantly induced apoptosis but had no significant effect 
on autophagy.

Figure 2: Western blot of PARP cleavage in untreated Caco2 cells 
(control), cells treated with oxa alone or combined with pun for 48 h. 
([3] untreated cells (control), [2] 5 µM oxa, [3] 5 µM oxa + 50 µM 
pun, [4] 5 µM oxa + 75 µM pun, [5] 20 µM oxa, [6] 20 µM oxa + 
50 µM pun, [7] 5 µM oxa + 75 µM pun). Equal protein loading (20 µg) 
per lane was determined using ß-actin expression

Figure 3: Western blot of Light Chain 3 expression in untreated 
caco2 cells (control), cells treated with oxa alone or combined with 
pun for 48 h. ([1] untreated cells (control), [2] 5 µM oxa, [3] 5 µM 
oxa + 50 µM pun, [4] 5 µM oxa + 75 µM pun, [5] 20 µM oxa, [6] 
20 µM oxa + 50 µM pun, [7] 5 µM oxa + 75 µM pun). Equal protein 
loading (20µg) per lane was determined using ß-actin expression
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