Molecular Biology Research Communications 2026;15(4):205-211 DOI:10.22099/mbrc.2026.56296.2311

MBRC

A combination of p-coumaric acid and metformin enhances the
cytotoxicity of carboplatin and epirubicin in the gastric cancer
cell line AGS

Yousef Sefidi-Heris, Ehsan Zarei, Iraj Saadat”

Department of Biology, School of Science, Shiraz University, Shiraz, Iran

ABSTRACT

Gastric cancer is a deadly disease with low survival rates. The chemotherapeutic drugs used
to treat gastric cancer are expensive and cause several side effects. Here, treatments involving
natural compounds, established therapeutic agents, or a combination of both groups may present
a fascinating alternative. Among the compounds with such promising anticancer potential are p-
coumaric acid (pCA) and metformin (Met). They may resolve the problem of drug resistance as
well. As a result, the present study investigated the chemotherapeutic cytotoxicity-enhancing
effects of the combination of pCA and Met in the human gastric cell line AGS. Cytotoxicity of
carboplatin and epirubicin was assessed in single treatments and in combination with 0.2 mM
pCA and 0.8 mM Met. MTT-based viability measurements demonstrated that both carboplatin
and epirubicin decreased the survival of AGS cells in a concentration-dependent fashion after
48 h of incubation. Compared to the single treatments, the combination treatments had
significantly higher cytotoxicity. pCA and Met enhanced carboplatin and epirubicin cytotoxicity
at concentrations significantly lower than their ICso values. Collectively, these findings suggest
that pCA and metformin (Met) warrant further investigation as promising therapeutic candidates
for overcoming drug resistance in gastric cancer and could introduce new ways to fight against
drug resistance in gastric cancer models.
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INTRODUCTION

Gastric cancer is one of the leading causes of cancer-related deaths worldwide. Despite
gradual declines in death rates over recent decades in some high-income countries, the sheer
number of annual deaths continues to rise in many low- and middle-income nations, making
gastric cancer one of the few common malignancies that still resists substantial mortality
reduction [1]. Despite progress in treatments, gastric cancer patients have low survival rates
because the disease typically remains silent until it has advanced beyond curability. Even with
refined surgeries, improved chemotherapy, and newer targeted or immunotherapies, most
patients are diagnosed only after the cancer has spread regionally or metastasized, at which
point long-term survival is rare. While early-stage patients may achieve remission, the majority
face a prognosis of months, not years. This makes gastric cancer a malignancy for which
therapeutic advances have yet to meaningfully improve overall survival, underscoring that
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without widespread screening for early detection, even the best treatments will yield persistently
low survival rates. [2]. Gastric cancer incidence shows significant variation in different
geographical regions. The highest rates are consistently observed in East Asia, Eastern Europe,
and parts of South America, while incidence is much lower in North America and Africa.
However, recent projections indicate that the global burden is shifting: although East Asia still
accounts for the largest number of cases, the most rapid increases in the coming decades are
expected in sub-Saharan Africa, driven by population ageing and demographic transitions.
These regional differences reflect a complex interplay of H. pylori infection prevalence, dietary
habits (especially high salt intake), and access to screening programmes [3].

Carboplatin [4] and epirubicin [5] are chemotherapeutic agents used to fight against gastric
cancer. However, the treatments for gastric cancer are expensive and cause several side effects
[6]. Furthermore, chemotherapeutic drug resistance is another limitation increasing the
complexity of gastric cancer treatment. As a result, even when patients initially respond to
standard regimens, many eventually experience disease progression due to acquired resistance,
leading to treatment failure and poor clinical outcomes [7]. As a result, treatments involving
natural compounds, established therapeutic agents, or a combination of both groups can
potentially overcome these limitations. Natural compounds offer advantages including low
systemic toxicity, multi-targeted mechanisms, and the ability to modulate drug resistance
pathways. When used alongside conventional chemotherapeutic agents, these natural products
can enhance drug uptake into tumor cells, inhibit efflux pumps, and restore apoptotic signaling.
Moreover, combining natural compounds with established agents can reduce the required dose
of chemotherapy, thereby minimizing adverse effects while maintaining or even improving
efficacy. In many preclinical and some clinical studies, these integrated strategies have
demonstrated higher anticancer effects compared to either approach alone, including better
suppression of tumor growth, reduced metastasis, and prolonged survival in gastric cancer
models [8, 9].

A growing body of evidence has demonstrated that p-coumaric acid (pCA) and metformin
(Met) possess significant antitumor activity. pCA is a phenolic compound found in fruits,
vegetables, and cereals. It has shown significant anticancer properties in various cancer models,
including gastric cancer. These effects are mediated through multiple mechanisms such as
induction of apoptosis, cell cycle arrest, inhibition of epithelial-mesenchymal transition (EMT),
and modulation of microRNA expression. Recent studies have also revealed that pCA can
trigger ferroptosis, a novel form of regulated cell death, and downregulate telomerase activity.
Furthermore, pCA enhances the effectiveness of conventional chemotherapeutic agents and
helps overcome drug resistance. Synthetic derivatives of pCA have been developed as dual
inhibitors of growth factor receptors, highlighting its potential as a lead compound for
anticancer therapy. [10-13]. Although metformin is primarily prescribed for the management of
type 2 diabetes, accumulating evidence indicates that it also exerts anticancer effects in multiple
tumor types, such as gastric, ovarian, and endometrial cancers [14-17].

Metformin has been shown to enhance the cytotoxic effects of the anticancer drug
carboplatin in cases of ovarian cancer [18, 19]. lung cancer [20], breast cancer [21], and cervical
cancer [22]. Similarly, it can improve the cytotoxic effects of epirubicin on thyroid cancer [23]
and breast cancer stem cells [24]. On the other hand, as an established anticancer agent, pCA
might improve the cytotoxic effects of these chemotherapeutic agents. Our previous
investigation has proved the anticancer effects of Met and pCA co-treatment on the gastric
cancer cell line AGS [25]. Accordingly, the present study was designed to evaluate whether the
combined administration of p-coumaric acid (pCA) and metformin (Met) could potentiate the
cytotoxic effects of carboplatin and epirubicin in AGS gastric cancer cells.

MATERIALS AND METHODS

Reagents and Cell Culture: Human gastric cell line AGS (Pasteur Institute, Iran) was
cultured in RPMI 1640 culture medium (Bioldea, Iran). The culture medium was enriched with
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10% (v/v) heat-inactivated fetal bovine serum (FBS; Gibco, USA) and supplemented with
penicillin and streptomycin, each at a final concentration of 100 U/mL (Bioldea, Iran). p-
Coumaric acid (Sigma, USA) was dissolved in DMSO (Shellmax, China). Metformin (Santa
Cruz Biotechnology, USA) was dissolved in RPMI 1640 culture medium (Bioldea, Iran).
Carboplatin (Mylan, USA) and epirubicin (Ebewe, Austria) were dissolved in the RPMI 1640
culture medium (Bioldea, Iran). RPMI 1640 culture medium (Bioldea, Iran) was used as the
diluent for the preparation of all three treatment agents. MTT was the product of Roche
(Switzerland). All experiments were done in triplicate.

MTT-Based Cell Viability Analysis: MTT test determined the cytotoxic effects of
carboplatin, epirubicin, and their combinations with pCA and Met on the AGS cell line. AGS
cells were plated at a density of 5 x 10° cells per well in 96-well culture plates and maintained
for 24 h at 37°C in a humidified atmosphere containing 5% CO.. After 24 hours, treatments
with 3-fold increasing concentrations of carboplatin (0.41-100 uM), and 3-fold increasing
concentrations of epirubicin (0.037-9 uM), and the combinations of 3-fold increasing
concentrations of the two drugs with 0.2 mM pCA and 0.8 mM Met were performed for 48
hours. Each concentration was examined in triplicate. Cell viability was subsequently
determined using the MTT colorimetric assay. Following incubation with the MTT reagent for 4
h, absorbance was measured at 595 nm using a microplate ELISA reader. Cell viability was
calculated according to the equation below:

Viability % = 100 x OD595est / OD595control

Statistical Analysis: All experiments were done in triplicate. The data is presented as mean
+ standard error of the mean (SEM). All statistical computations were conducted in SPSS
version 16.0 (SPSS Inc., USA). Group comparisons were analyzed using the independent t-test,
whereas correlations were assessed with Spearman’s rank correlation test. Statistical
significance was defined as p < 0.05. The MTT curves were plotted using Microsoft Office
Excel 2013 software. After obtaining the MTT test results, GraphPad Prism Software Version
10 was used to determine the ICso values for carboplatin and epirubicin.

RESULTS AND DISCUSSION

MTT assay results demonstrated that exposure of AGS gastric cancer cells to carboplatin for
48 h produced a concentration-dependent reduction in cell viability. As the concentration of
carboplatin increased across a range of low to high micromolar values, a corresponding decrease
in cell viability was observed, indicating that higher doses of the drug led to greater metabolic
suppression and cell death. This clear concentration-dependent relationship confirms that the
antiproliferative effect of carboplatin on AGS cells is not merely an all-or-none phenomenon
but rather a graded response that correlates strongly (r = -0.874, df = 19, p < 0.001) with drug
dosage over the 48-hour exposure period (Fig. 1). The AGS cell line was co-treated with 3-fold
increasing concentrations of carboplatin (0.41-100 pM), along with 0.2 mM pCA and 0.8 mM
Met. The result indicated that, except for the last concentration of carboplatin (100 puM),
combination treatments had significantly higher (p < 0.01, or p < 0.001) cytotoxic effects than
single treatment with carboplatin (Fig. 1). According to our previous work [25], the half-
maximal inhibitory concentration (ICso) was determined to be 3.36 mM for p-coumaric acid
(pCA) and 70.40 mM for metformin (Met). In addition, the 1Cs value of carboplatin was 12.44
uM. Therefore, pCA and Met, at concentrations radically lower than their ICso values, enhanced
the cytotoxic effect of carboplatin on the AGS cell line. This was true for the first five
concentrations of carboplatin. The results obtained in this part are comparable to similar
investigations reporting the enhanced cytotoxicity of carboplatin in the presence of metformin
and some plant phenolic compounds like curcumin (26). However, this was not the case for the
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concentration of 100 uM of carboplatin. At this concentration, the combination treatment did
not produce a statistically significant difference compared with the corresponding single-agent
treatment (p = 0.719). This was not in accordance with the results reported about the
significantly higher cytotoxic effects of combination treatments [26]. The observed
incompatibility could be due to some unknown interactions between the three anticancer agents
in the presence of high-concentration carboplatin.
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Figure 1: The results of the MTT assay in the AGS cell line treated with carboplatin and carboplatin + p-coumaric
acid + metformin. The data shown represents the AGS cell line viability (mean + SEM) for three independent repeats
after treating with carboplatin and the combination of carboplatin, p-coumaric acid, and metformin. Independent t-test
was the basis of statistical analyses. ** and *** show significant differences between single and combination
treatments at p < 0.01 and p < 0.001, respectively. Carboplatin + PM represents combination treatments with
carboplatin, 0.2 mM p-coumaric acid, and 0.8 mM metformin.

Epirubicin, like carboplatin, produced a concentration-dependent reduction in the viability
of AGS gastric cancer cells (r = -0.622, df = 19, p = 0.003). Exposure of AGS cells to increasing
concentrations of epirubicin over 48 hours resulted in a progressive reduction in cell viability,
mirroring the pattern observed with carboplatin. At lower doses, epirubicin caused moderate
growth inhibition, whereas higher concentrations led to a marked decline in metabolic activity
and cell survival. The dose-response relationship followed a consistent trend, with the most
pronounced cytotoxic effects occurring at the upper end of the concentration range. This finding
indicates that epirubicin, similar to carboplatin, suppresses AGS cell proliferation in a
concentration-dependent manner, further supporting the notion that both chemotherapeutic
agents share a common feature of dose-driven anticancer activity in this gastric cancer model
(Fig. 2). Co-treatment with 3-fold increasing concentrations of epirubicin (0.037-9 uM) and the
combination of 0.2 mM pCA and 0.8 mM Met had a significantly higher (p < 0.01, or p <
0.001) cytotoxic effect on the AGS cell line than the single treatments with epirubicin. The ICsg
value for epirubicin was 0.26 uM. Therefore, once again, it could be said that pCA and Met, at
concentrations much lower than their 1Cso values, could significantly improve the cytotoxic
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effects of epirubicin on the human gastric cancer cell line AGS. Unlike carboplatin (with
insignificant differences at the final concentration), combination treatments had significantly
higher cytotoxic effects at all epirubicin concentrations. It is compatible with the results of
studies proving the boosted cytotoxicity of epirubicin in the presence of metformin and some
plant phenolic compounds like curcumin [26].
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Figure 2: The results of the MTT assay in the AGS cell line treated with epirubicin and epirubicin + p-coumaric
acid + metformin. The data shown represents the AGS cell line viability (mean £ SEM) for three independent repeats
after treatment with epirubicin and the combination of epirubicin, p-coumaric acid, and metformin. Independent t-test
was the basis of statistical analyses. ** and *** show significant differences between single and combination
treatments at p < 0.01 and p < 0.001, respectively. Epirubicin + PM represents combination treatments with
epirubicin, 0.2 mM p-coumaric acid, and 0.8 mM metformin.
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Gastric cancer is a significant public health issue for which there are different therapeutic
options, including chemotherapy. However, chemotherapy suffers from some limitations, such
as severe side effects and drug resistance [6]. Here, treatments using natural anticancer
compounds, established anticancer, non-chemotherapeutic drugs, or a combination of both
groups can resolve the problems related to different cancers, like gastric cancer [8, 9]. In
conclusion, the results of the present study showed that the two anticancer agents, p-coumaric
acid and metformin, could augment the cytotoxic effects of carboplatin and epirubicin in a
gastric cancer cell culture model. These findings may sugest the potential anticancer effects of
p-coumaric acid and metformin. Besides, it could be concluded that p-coumaric acid and
metformin could be candidates to solve the problem of anticancer drug resistance in gastric
cancer models. The ability of these two agents to enhance the cytotoxic effects of conventional
chemotherapeutic drugs such as carboplatin and epirubicin suggests that they may interfere with
key mechanisms underlying drug resistance, including reduced drug uptake, increased drug
efflux, activation of survival signaling pathways, and impaired apoptotic responses. By
modulating these resistance pathways, p-coumaric acid and metformin could potentially restore
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sensitivity in cancer cells that have become refractory to standard treatments. Moreover, their
low toxicity profile relative to conventional chemotherapeutics makes them attractive adjuvants
that could be combined with existing regimens without adding significant adverse effects. While
further validation in resistant cell lines and animal models is necessary, the present findings
provide a rationale for considering these natural compound-drug combinations as a strategy to
overcome or delay the emergence of chemoresistance in gastric cancer therapy. Collectively,
these findings suggest that p-coumaric acid and metformin warrant further investigation,
including in vivo studies, as potential adjuvant agents for overcoming drug resistance in gastric
cancer. Unfortunately, technical limitations made it impossible to conduct confirmatory
analyses like flow cytometry. These analyses could shed more light on the desirable effects
mentioned in the present study. After such complementary studies, these compounds may set
the stage for introducing new ways to fight against drug resistance in gastric cancer models.

Acknowledgements: This study was supported by Shiraz University (97GCU3M1740).
Conflict of Interest: The authors have no conflicts of interest.

Authors’ Contribution: YSH conducted the experiment and data analysis and wrote the
original draft. EZ assisted in data analysis and writing the original draft. IS designed the
research and supervised, writing and editing the manuscript.

REFERENCES

1. Ajani JA, D'Amico TA, Bentrem DJ, Corvera CU, Das P, Enzinger PC, Enzler T, Gerdes H,
Gibson MK, Grierson P, Gupta G, Hofstetter WL, llson DH, Jalal S, Kim S, Kleinberg LR,
Klempner S, Lacy J, Lee B, Licciardi F, Lloyd S, Ly QP, Matsukuma K, McNamara M,
Merkow RP, Miller AM, Mukherjee S, Mulcahy MF, Perry KA, Pimiento JM, Reddi DM,
Reznik S, Roses RE, Strong VE, Su S, Uboha N, Wainberg ZA, Willett CG, Woo Y, Yoon
HH, McMillian NR, Stein M. Gastric Cancer, Version 2.2025, NCCN Clinical practice
guidelines in oncology. J Natl Compr Canc Netw 2025;23:169-191.

2. Wu Z, Ni J, Xu Q. Clinical advances and challenges of anti-angiogenic targeted therapy in
gastric cancer. Front Oncol 2025;15:1654300.

3. Park JY, Georges D, Alberts CJ, Bray F, Clifford G, Baussano I. Global lifetime estimates of
expected and preventable gastric cancers across 185 countries. Nat Med 2025;31:3020-
3027.

4. Prithviraj GK, Baksh K, Fulp W, Meredith K, Hoffe S, Shridhar R, Almhanna K. Carboplatin
and paclitaxel as first-line treatment of unresectable or metastatic esophageal or gastric
cancer. Dis Esophagus 2015;28:782-787.

5. Zhou Y, Li Y, Wang H, Sun H, Su J, Fan Y, Xing W, Fu J. Mesenchymal stem cells target
gastric cancer and deliver epirubicin via tunneling nanotubes for enhanced chemotherapy.
Curr Stem Cell Res Ther 2024;19:1402-1413

6. O'Reilly M, Mellotte G, Ryan B, O'Connor A. Gastrointestinal side effects of cancer
treatments. Ther Adv Chronic Dis 2020;11:2040622320970354.

7. Liu J, Yuan Q, Guo H, Guan H, Hong Z, Shang D. Deciphering drug resistance in gastric
cancer: Potential mechanisms and future perspectives. Biomed Pharmacother 2024,
173:116310.

8. Simancas-Racines D, Cagua-Ordofiez J, Angamarca-lguago J, Parise-Vasco JM, Reytor-
Gonzalez C. Natural products targeting key molecular hallmarks in gastric cancer: Focus on
apoptosis, inflammation, and chemoresistance. Int J Mol Sci 2026;27:1347.

9. Pan B, Lai H, Ma N, He X, Liu X, Deng X, Tian J, Ge L, Yang K. Efficacy and safety of
commercial Chinese polyherbal preparation combined with oxaliplatin-based chemotherapy

http://mbrc.shirazu.ac.ir 210


http://mbrc.shirazu.ac.ir/

Sefidi-Heris et al.,/Mol Biol Res Commun 2026;15(4):205-211 DOI:10.22099/mbrc.2026.56296.2311

for gastric cancer. a systematic review and network meta-analysis. Front Pharmacol
2025;16:1645079.

10. Jang MG, Ko HC, Kim SJ. Effects of p-coumaric acid on microRNA expression profiles in

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

SNU-16 human gastric cancer cells. Genes Genomics 2020;42:817-825.

Celinska-Janowicz K, Zargba I, Lazarek U, Teul J, Tomczyk M, Patka J, Miltyk W.
Constituents of Propolis: Chrysin, caffeic Acid, p-coumaric acid, and ferulic acid induce
PRODH/POX-dependent apoptosis in human tongue squamous cell carcinoma cell (CAL-
27). Front Pharmacol 2018;9:336.

Burhanoglu T, Halbutogullar1 ZS, Turhal G, Demiroglu-Zergeroglu A. Evaluation of the
anticancer effects of hydroxycinnamic acid isomers on breast cancer stem cells. Med Oncol
2025:42:73.

Fasi L, Gonda T, Téth N, Vass M, Gyovai A, Nagy V, Ocsovszki |, Zupko I, Kisz N, Nové
M, Spengler G, Berkecz R, Wang HC, Chang FR, Hunyadi A. Preparation of dearomatized
p-coumaric acid derivatives as DNA damage response inhibitors with potent in vitro
antitumor effect. ChemMedChem 2024;19:e202300675.

Gwak H, Kim Y, An H, Dhanasekaran DN, Song YS. Metformin induces degradation of
cyclin D1 via AMPK/GSK3 axis in ovarian cancer. Mol Carcinog 2017;56:349-358.
Valaee S, Yaghoobi MM, Shamsara M. Metformin inhibits gastric cancer cells metastatic
traits through suppression of epithelial-mesenchymal transition in a glucose-independent
manner. PL0oS One 2017;12:e0174486.

Zhao Y, Sun H, Feng M, Zhao J, Zhao X, Wan Q, Cai D. Metformin is associated with
reduced cell proliferation in human endometrial cancer by inhibiting PI3K/AKT/mTOR
signaling. Gynecol Endocrinol 2018;34:428-432.

Aljofan M, Riethmacher D. Anticancer activity of metformin: a systematic review of the
literature. Future Sci OA 2019;5:FS0410.

Erices R, Bravo ML, Gonzalez P, Oliva B, Racordon D, Garrido M, Ibafiez C, Kato S,
Brafies J, Pizarro J, Barriga MI, Barra A, Bravo E, Alonso C, Bustamente E, Cuello MA,
Owen GI. Metformin, at concentrations corresponding to the treatment of diabetes,
potentiates the cytotoxic effects of carboplatin in cultures of ovarian cancer cells. Reprod
Sci 2013;20:1433-1446.

Nunes M, Duarte D, Vale N, Ricardo S. The antineoplastic effect of carboplatin is
potentiated by combination with pitavastatin or metformin in a chemoresistant high-grade
serous carcinoma cell line. Int J Mol Sci 2022;24:97.

Liu Y, He C, Huang X. Metformin partially reverses the carboplatin-resistance in NSCLC
by inhibiting glucose metabolism. Oncotarget 2017;8:75206-75216.

Sirhan Z, Abu Nada A, Anabtawi N, Thyagarajan A, Sahu RP. Metformin-based
combination approaches for triple-negative breast cancer. Pharmaceutics 2025;17:558.

Tang ZY, Sheng MJ, Qi YX, Wang LY, He DY. Metformin enhances inhibitive effects of
carboplatin on HeLa cell proliferation and increases sensitivity to carboplatin by activating
mitochondrial associated apoptosis signaling pathway. Eur Rev Med Pharmacol Sci 2018;
22:8104-8112.

Ghavami G, Kiasari RE, Pakzad F, Sardari S. Effect of metformin alone and in combination
with etoposide and epirubicin on proliferation, apoptosis, necrosis, and migration of B-
CPAP and SW cells as thyroid cancer cell lines. Res Pharm Sci 2023;18:185-201.

So00 JS, Ng CH, Tan SH, Malik RA, Teh YC, Tan BS, Ho GF, See MH, Taib NA, Yip CH,
Chung FF, Hii LW, Teo SH, Leong CO. Metformin synergizes 5-fluorouracil, epirubicin,
and cyclophosphamide (FEC) combination therapy through impairing intracellular ATP
production and DNA repair in breast cancer stem cells. Apoptosis 2015;20:1373-1378.
SefidiHeris Y, Zarei E, Saadat |. Metformin and p-coumaric acid downregulate the
expression of hTERT in gastric cancer cell line AGS. Gene Rep 2023;32:101795.

Zarei E, Sefidi-Heris Y, Saadat I. Synergistic effects of metformin and curcumin on
cytotoxicity of chemotherapy drugs using a gastric cancer cell line model. EXCLI J 2021,
20:1488-1498.

http://mbrc.shirazu.ac.ir 211


http://mbrc.shirazu.ac.ir/

