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Abstract: Background: This study looked at the efficacy of combining the phytochemical resveratrol with the anti-
cancer drugs cisplatin and carboplatin on lung adenocarcinoma cell lines. Materials and Methods: We used MTT 
assay and generation of Reactive Oxygen Species levels using molecular fluorogenic probe 2’,7’-dichlorodihydrofluo-
rescein diacetate (H2DCFDA) to investigate the effects of resveratrol in combination with cisplatin and carboplatin 
on the proliferation and viability of cells and levels of reactive oxygen species (ROS). Results: Resveratrol has an 
anti-proliferative effect on A549 lung cancer cells, inhibiting cell proliferation in a dose and time-dependent manner. 
Resveratrol in conjunction with cisplatin and carboplatin inhibited cell proliferation synergistically. The combination 
therapy of cisplatin and carboplatin with Resveratrol showed enhanced growth inhibition of lung cancer cells in in-
vitro with IC50 values of 15.09 ± 0.71 µM and IC50 values of 21.72 ± 1.9 µM, respectively. The present investiga-
tion also revealed the significant dose-dependent ROS generation in A549 cells by cisplatin, carboplatin, and their 
combination with resveratrol. Carboplatin treatment in combination with Resveratrol induced a higher generation 
of ROS (3.4-fold) when compared to carboplatin treatment (2.4-fold) at the highest concentration. Conclusions: Our 
findings offered a basis for further research for assessing the potential of Resveratrol as a therapeutic agent to 
treat lung adenocarcinoma and whether it can be used as an adjuvant with drugs like cisplatin and carboplatin for 
improving their efficacies. However, the underlying processes of cell inhibition and cell death should be thoroughly 
investigated. 
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Introduction

Lung cancer is a malignancy that is currently 
the top cause of cancer-related mortality glob-
ally. Lung cancer mortality now outnumbers 
those from colorectal, prostate, brain, and 
breast carcinomas combined. It is now the sin-
gle most widespread cause of mortality due  
to cancer in males and the second most preva-
lent in women [1]. Non-small cell lung cancer 
(NSCLC) refers to several types of lung tumors, 
including adenocarcinoma, large cell carcino-
ma, and squamous cell carcinoma. Adenocar- 
cinoma is among the most frequent type of  
lung cancer, that accounts for approximately 
fifty percent of all NSCLS [2]. Individuals with 
NSCLC have a poor prognosis along with a low 
5-year overall survival (OS), which is roughly 
17.4% [3]. The primary treatment options for 
lung cancer are radiotherapy, surgery, and che-

motherapy. These treatments have substantial 
side effects and can cause discomfort [4]. Pla- 
tinum-based chemotherapy continues to be the 
preferred course of care for most patients with 
advanced NSCLC. Cisplatin and carboplatin are 
the platinum compounds currently utilized to 
treat NSCLC. Cisplatin is a well-known chemo-
therapy agent, which has been utilized for treat-
ing a variety of tumors, including lung, bladder, 
ovarian, testicular, as well as head, and neck 
cancer. It works well over a wide range of 
tumors, including sarcoma, carcinomas, lym-
phomas, and germ cell tumors. Cisplatin che-
motherapy is a powerful treatment, however, it 
has certain drawbacks related to drug resis-
tance or multiple organ damage [5]. Cisplatin 
and carboplatin trigger a response involving 
mitochondrial reactive oxygen species (ROS) 
that contributes to its cancer cell-killing effects. 
This process is influenced by the mitochondrial 
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redox balance and the cell’s energy-producing 
activities [6]. However, there can be resistance 
to drugs and a variety of unwanted side effects, 
including gastrointestinal disorders, significant 
kidney issues, decreased immunity to infec-
tions, allergic responses, hemorrhage, and he- 
aring loss, particularly in younger individuals. In 
addition, combination therapy of cisplatin along 
with different medications has been widely 
investigated to overcome resistance against 
drugs and minimize toxicity [7]. Carboplatin, a 
cisplatin derivative, has far less nonhemato-
logic toxicity, though myelosuppression may be 
slightly more than that reported with cisplatin. 
New combination chemotherapy regimens us- 
ing carboplatin might enhance longevity in 
small-cell lung cancer patients and, in certain 
cases, cure those who have limited conditions. 
Further research on carboplatin and other 
novel agents is required [8]. 

Natural products have been widely used for 
centuries to prevent a variety of ailments, 
including carcinomas [9, 10]. The renewed 
interest in phytochemicals derived from dietary 
plant products has offered a substitute for sub-
stances that are bioactive and may be utilized 
to prevent or treat various ailments [11, 12]. 
Phytoestrogens are demonstrated to impact 
several cellular signaling pathways while caus-
ing zero or minimum damage to normal cells 
[13]. Chemoprevention is the utilization of prod-
ucts for the prevention or delaying the develop-
ment of cancer [14], and there is growing in- 
terest in natural substances as potential the- 
rapeutic and chemopreventive medicines for 
human beings. To increase the efficiency of 
cancer treatment, combined therapy is used, 
which includes combining drugs with polyphe-
nols that synergically interact with classic che-
motherapeutics [15]. Resveratrol (3,4’,5-trihy-
droxy-trans-stilbene), a non-flavonoid polyphe- 
nol, is a phytoalexin found naturally in numer-
ous plants, such as peanuts, berries, pines, 
and grapes [16]. Resveratrol’s structure is stil-
bene-based, which exists in both cis- and trans-
isoforms. The trans-isoform is the most well-
studied chemical form [17]. Numerous bio- 
logical effects of Resveratrol, such as being 
anti-viral, anti-inflammatory, anti-aging, and 
anti-cancer properties, have been demonstrat-
ed [18]. Resveratrol is gaining popularity be- 
cause of its cancer-preventing and anti-cancer 
capabilities [19, 20]. Resveratrol has been 

found in vitro to have cytotoxic effects on a vari-
ety of human cancerous cells, such as lymphoid 
and myeloid cancer cells, as well as thyroid, 
breast, colon, cervix, stomach, skin, prostate, 
liver, ovary, and pancreatic carcinoma cells [21, 
22]. A synergic impact occurs when the com-
bined effect of the two treatments given simul-
taneously is greater than the overall effect of 
each drug administered individually [23]. As a 
result, novel approaches, such as combining 
natural products with chemotherapeutic drugs, 
are required to conquer resistance to cisplatin 
or to sensitize cancer cells to cisplatin. Several 
studies have indicated that combining natural 
substances with chemotherapeutic drugs could 
enhance their sensitivity and cytotoxicity [24].

In this study, the viability and ROS activity of 
cells in A549 lung adenocarcinoma cell lines 
were determined and we gained a better knowl-
edge of resveratrol’s harmful effect on cancer 
cells. The synergistic activity of the chemother-
apeutic drugs, cisplatin and carboplatin with 
resveratrol was also studied using a cell viabili-
ty assay. The IC50 (50% inhibitory concentra-
tion) of resveratrol was determined in NSCLC 
cell lines using cell viability assay. The genera-
tion of reactive oxygen species in living cells 
was determined using the molecular fluorogen-
ic probe 2’,7’-dichlorodihydrofluorescein diace-
tate (H2DCFDA).

Methodology

In-vitro A549 cell culture

A549 cells (human lung adenocarcinoma cell) 
were cultured in Dulbecco’s Modified Eagles 
Medium (DMEM) in in-vitro conditions supple-
mented with 10% Fetal Bovine Serum (FBS), 
3.7 g/L Sodium bicarbonate and 1% pen-strap 
antibiotic solution. The culture was maintained 
in a CO2 incubator with a continuous supply of 
5% CO2 at a temperature of 37°C.

Cytotoxicity assay on A549 cells 

After harvesting, 1 × 104 A549 cells/well were 
seeded on 96 well plates and incubated for 24 
hours at 37°C with 5% CO2. After 24 hours, 
cells were treated with varying concentrations 
of Resveratrol (starting from 100 µM concen-
trations), standard anticancer drugs, and in 
combination with cisplatin and carboplatin (at 
constant 5 µM concentration). The cells in the 
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well without any treatment were considered as 
positive controls. The plates were then incu- 
bated at 37°C for 48 hours inside the CO2 
incubator.

The MTT assay was performed by replacing  
the existing compound and medium in 96 well 
plates with 90 µl fresh incomplete DMEM with 
10 µl of 5 mg/ml MTT solution prepared in PBS. 
The plates were then incubated at 37°C for 3 
hours, and the formation of formazan crystals 
was solubilized in DMSO via incubation for 30 
minutes. The plates were then read in a micro-
plate reader at 570 nm.

Generation of reactive oxygen species using a 
molecular probe

A cell density of 1 × 104 cells/well was seeded 
on 96 well plates and incubated at 37°C, a day 
before the experiment. After 24 hours of incu-
bation, adhered cells were washed gently with 
100 μl 1× PBS. After washing, cells in wells 
were treated with 80 μl of H2DCFDA (10 μM) 
and incubated for 45 minutes at 37°C. The 
wells were gently washed to remove excess 
H2DCFDA with 1× PBS. The cells were then 
treated with compounds and drugs with varying 
concentrations (same concentrations as cyto-
toxicity) and incubated at 37°C for 6 hours. 

Cells incubated with 50 μM H2O2 served as a 
positive control. After incubation, the fluores-
cence was measured under the fluorometer at 
485 nm excitation and 520 nm emission on a 
Synergy H1 hybrid (BioTek, USA) mode multi-
plate reader. 

Statistical analysis

All the experiments were performed in tripli-
cate. GraphPad Prism 8.0.1 was used for non-
linear regression analysis and One-way ANOVA 
analysis for statistical significance. P ≤ 0.05 
was considered as the level of statistical 
significance. 

Results

Cytotoxicity assay on A549 cells 

In the present study, the cytotoxic effect of the 
natural compound Resveratrol was investigat-
ed on A549 lung adenocarcinoma cells (Figure 
1A). The investigations revealed higher cytotox-
icity shown by cisplatin (IC50 = 22.12 ± 0.98 
µM) followed by Resveratrol (IC50 = 35.05 ± 
0.1 µM) (Table 1). The combination therapy 
with different concentrations of Resveratrol 
with standard drugs showed synergistic effects 
with enhanced anticancer efficacy (Table 2). 

Figure 1. Cisplatin treatment on A549 lung adenocarcinoma cells in combination with Resveratrol: (A) Percentage of 
viable A549 cells on treatment with varying concentrations of Resveratrol (Resv); and (B) IC50 values of test com-
pounds, and in combined with cisplatin. Significance levels with P ≤ 0.05 was considered as statistical significance 
and represented as **, and ****.
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Table 2. Anticancer efficacy of natural com-
pounds in combination with standard drugs 
on A549 lung adenocarcinoma cells
Combinations Resveratrol
Cisplatin 15.09 ± 0.71
Carboplatin 21.72 ± 1.9

Table 1. Anticancer efficacy of Resveratrol and 
standard drugs on lung adenocarcinoma cells

Compounds Treatment IC50 Values in µM (Mean 
± S.E.M.)

Resveratrol 35.05 ± 0.1
Carboplatin 156.9 ± 0.2
Cisplatin 22.12 ± 0.98

The combination therapy of cisplatin with Re- 
sveratrol showed higher enhanced growth inhi-
bition of lung cancer cells in in-vitro with an 
IC50 value of 15.09 ± 0.71 µM, which is lower 
in comparison to the compounds being used 
alone. The synergistic effect of Resveratrol with 
carboplatin showed a significantly enhanced 
anticancer effect with IC50 values of 21.72 ± 
1.9 µM (Figures 1B, 2). 

Generation of reactive oxygen species using a 
molecular probe

Resveratrol can induce reactive oxygen species 
in lung cancer cells and inhibit cellular growth 
by apoptosis. In this study, the generation of 
ROS level was measured using molecular probe 
H2DCFDA dye involving the production of fluo-
rescence under a fluorometer shown in Figure 
3A, 3B and Table 3. The study revealed, that at 
the highest concentration (100 µM), ROS gen-
eration by Resveratrol was 2.9 times fold great-
er to the untreated cells as shown in Table 4.

Cisplatin and carboplatin are well known for 
their formation of ROS inducing apoptosis in 
many cancer cell lines [25, 26]. In our study, 
cisplatin generated 3-fold times the fluores-
cence intensity to the control, revealing that 
cisplatin kills lung adenocarcinoma cells by 
generating ROS. The positive control cells treat-
ed with 1 µM H2O2 for 2 hours, showed 6.4-fold 
times the ROS generation in comparison with 
untreated cells. Further, in our investigation, 
the killing of lung cancer cells by cisplatin and 
carboplatin drugs was examined in combina-
tion with resveratrol along with their compara-
tive study. The present investigation revealed 
the significant dose-dependent ROS generation 
in A549 cells by cisplatin, carboplatin, and their 
combination with resveratrol (Table 1). 

The compound resveratrol generated reactive 
oxygen species in A549 lung adenocarcinoma 
cells significantly comparable to the standard 

anticancer drug cisplatin (P = 0.0107), suggest-
ing the mechanism performed the killing of 
cancer cells by targeting mitochondrial redox 
homeostasis. However, the combination study 
of cisplatin treatment with resveratrol induced 
ROS generation to a lesser extent compared to 
resveratrol rather than a higher generation of 
ROS seen in cisplatin. Further, carboplatin 
treatment in combination with Resveratrol 
induced a higher generation of ROS (3.4-fold) 
when compared to carboplatin treatment (2.4-
fold) at the highest concentration. 

Discussion

In the present research, we looked at the syner-
gistic effects of resveratrol along with cisplatin 
and carboplatin on A549 cells using cell viabil-
ity assays and ROS activity. Our findings show- 
ed that resveratrol decreased the viability of 
A549 cells in a concentration-dependent man-
ner. Furthermore, resveratrol acted synergisti-
cally with cisplatin and carboplatin on A549 
cells. Resveratrol’s anticancer effect is possi- 
bly based on its ability to promote apoptosis 
through autophagy. 

Oxidative stress is a major cause of cancer 
[27]. Conventional chemotherapeutic medicin- 
es have been shown to induce oxidative stress 
in cancerous cells [28, 29]. ROS has the ability 
to react with DNA as well as chromatin proteins, 
causing various kinds of damage to DNA result-
ing in cell death [30, 31]. Excessive ROS in 
mitochondria can lead to damage of DNA and 
oxidative stress, resulting in depletion of ener-
gy, and stimulation of particular pathways that 
dictate cell fate [32-34]. Increased generation 
of ROS is a hallmark of cancer cells. ROS is a 
molecular mechanism triggered by hypoxia and 
it causes oxidative stress, which in turn causes 
tissue damage and apoptosis [35]. Generally, 
the levels of ROS in tumor cells are substan-
tially greater than those in normal cells [36], 
hence oxidative stress generated by overpro-
duction of ROS can efficiently kill tumor cells by 
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Figure 2. Carboplatin treatment on A549 lung adenocarcinoma cells in combination with Resveratrol (Resv): (A) 
Percentage of cell viability on treatment with different concentrations of Resveratrol; and (B) IC50 values of test 
compounds. P ≤ 0.05 was considered for statistical significance and marked with ***, and ****.

raising it above the required level for cell death, 
as shown diagrammatically in Figure 4. In this 
sense, resveratrol and cisplatin’s pro-oxidant-
based induction of both necroptosis and apop-
tosis provides an additional benefit, for se- 
lective death of tumor cells and overcoming 
apoptotic resistance in lung adenocarcinoma 
(Figure 4). In a similar study conducted by 
Alayev et al., they found that resveratrol acts by 
inhibiting the mTOR pathway and by preventing 
activation of Akt in breast and human bladder 
cancer cell lines [37, 38]. In a different study 
conducted by Lee YJ et al., they found that the 
synergistic anti-proliferative impact of clofara-
bine along with resveratrol is associated with 
the suppression of Sp1 and Akt activities, whi- 
ch suggests that this combination might offer 
therapeutic benefit in treating malignant meso-
thelioma [39]. Akt helps in regulating many bio-
logical processes, like cell survival, growth, pro-
liferation, and glycogen metabolism, and ab- 
normal regulation of these activities is thought 
to be a hallmark of cancer [40]. Research con-
ducted by Cocetta et al., found that Resvera- 
trol and cisplatin together shows more effective 
inhibition of non-small lung cancer cell prolifer-
ation and induction of apoptosis than cisplatin 
treatment alone [18]. In a study conducted on 
ovarian adenocarcinoma SKOV-3 cells, it was 
observed that combination treatment of cispla-
tin with resveratrol can effectively reduce cell 
metabolic activity [41]. The lower generation of 

ROS by cisplatin and carboplatin when used 
synergistically with resveratrol can potentially 
be helpful in eliminating the side effects that 
occur due to these drugs. Resveratrol may im- 
prove the efficacy of conventional cancer thera-
py by additive or synergistic effects along with 
alleviating negative side effects. Additional 
research, particularly at the clinical level, is 
required to determine the prospective signifi-
cance of Resveratrol as an adjuvant in chemo-
therapy for cancer. 

These findings show that resveratrol could be 
an appealing supplementary component for 
chemotherapy for cancer, allowing for lower 
therapeutic doses of cisplatin and carboplatin 
while reducing their adverse effects. This can 
also be applied to all investigated anticancer 
medicines, whose cytotoxicity rises when com-
bined with resveratrol.

Limitations and future perspectives

There are some limitations to the current inves-
tigation. To begin, this Resveratrol study was 
conducted only on A549 cells, and the mecha-
nism by which it suppresses A549 cell growth 
was not investigated due to laboratory condi-
tions. Our future research will focus on the 
effects of Resveratrol on different lung cancer 
cell lines. The mechanism by which Resveratrol 
along with cisplatin and carboplatin acts to 
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Figure 3. (A) Fluorescence intensity of reactive oxygen species after treatment with Resveratrol in combination with 
carboplatin; and (B) Fluorescence intensity of reactive oxygen species after treatment with Resveratrol in combina-
tion with cisplatin.  

inhibit or kill cancer cells is not known which 
will also be explored in the future.

Conclusion

As the long-term objective of translational 
healthcare is to discover novel treatment 
options and enhance the overall health of the 
population, an increasing number of research-

ers are focused on natural product therapy in 
conjunction with chemotherapy. The perfor-
mance of Resveratrol and the other data 
reported in the study opens new avenues for 
further investigation. Such research could lay 
the groundwork for the development of com-
plex treatment techniques involving Resvera- 
trol, a natural compound with several benefi- 
cial properties. Finally, our findings suggest 
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Table 3. Fluorescence intensity of DCFDA on treatment with different concentrations of compounds 
on A549 cell
Conc. (µM) Resveratrol Cisplatin Cisplatin + Resv Carboplatin Carboplatin + Resv
Control 3735.8 4683.3 3706.5 3668.8 3361.5
3.125 4400.0 7532.5 4820.5 3917.5 4613.0
6.25 5711.0 8508.0 5932.0 4619.0 6709.0
12.5 7118.0 9561.3 7649.5 5825.3 7331.5
25 8610.3 10947.3 8403.0 6402.3 8380.0
50 9444.5 12231.8 9819.0 7306.0 9829.5
100 10905.3 14166.8 10821.5 8770.0 11318.5
H2O2 only 21102.8

Table 4. Fold change in the intensity of DCFDA, the molecular probe in the generation of ROS
Conc. (µM) Resveratrol Cisplatin Cisplatin + Resv Carboplatin Carboplatin + Resv
3.125 1.2 1.6 1.3 1.1 1.4
6.25 1.5 1.8 1.6 1.3 2.0
12.5 1.9 2.0 2.1 1.6 2.2
25 2.3 2.3 2.3 1.7 2.5
50 2.5 2.6 2.6 2.0 2.9
100 2.9 3.0 2.9 2.4 3.4
H2O2 6.4

Figure 4. Reactive oxygen species (ROS) can cause cancer, growth arrest, and cytotoxicity. In normal cells, increased 
oxidative stress causes appropriate elevation of cellular antioxidant defence (AOD), preventing mutagenesis events 
and the onset of cancer formation. However, because AOD is not completely efficient, these “challenging states” 
are well-known risk factors for the development of cancer. Once established, progression of cancer appears to be 
accelerated by a modest pro-oxidative state caused by increased metabolism, ROS-producing cells, and so on. This 
state remains within the “redox homeostatic range” due to cancer cells’ strongly increased AOD. However, due to 
increased AOD, cancer cells do not support additional increases in ROS levels and thereby cross the threshold into 
the condition of “oxidative stress”. If ROS levels rise further (for example, because of chemotherapy), cancer cells 
can only avoid further harm by lowering ROS production through cell-cycle arrest to repair damage and prevent cell 
death. Nevertheless, if a ROS burst causes irreparable damage and/or there are insufficient components for repair 
mechanisms, cancer cells undergo programmed cell death or necrosis (cytotoxic effects of ROS).
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that Resveratrol, in combination with cisplatin 
and carboplatin, produces synergistic cytotox-
icity in lung adenocarcinoma cells via increas-
ing ROS levels. ROS-induced damage to DNA is 
an upstream event that may be shared by 
apoptosis and necroptosis cell death mecha-
nisms. Our findings offered a basis for further 
research for assessing the potential of Re- 
sveratrol as a therapeutic efficacy to treat lung 
adenocarcinoma and whether it can be used as 
an adjuvant with drugs like cisplatin and carbo-
platin for improving their efficacies. It may also 
be worth exploring as a treatment agent for the 
same. However, the underlying processes of 
cell inhibition and cell death should be thor-
oughly investigated. 

Acknowledgements

Kareena Moar is a recipient of a junior research 
fellowship from Haryana State Council for 
Science, Innovation and Technology (HSCIT-
3946). This agency had no role in the interpre-
tation or writing the manuscript. Anuja Pant is a 
recipient of a junior research fellowship from 
The Indian Council of Medical Research (ICMR), 
Government of India (5/10/FR/03/2021-
RBMCH). The Indian Council of Medical Re- 
search (ICMR), Government of India, is grate-
fully acknowledged by Pawan Kumar Maur- 
ya for giving financial assistance (5/10/
FR/03/2021-RBMCH).

Disclosure of conflict of interest

The authors declare that they have no known 
competing financial interest or personal rela-
tionships that could have appeared to influence 
the work reported in this paper.

Address correspondence to: Pawan Kumar Maurya 
and Dr. Mulaka Maruthi, Department of Bioche- 
mistry, Central University of Haryana, Mahender- 
garh 123031, India. Tel: +91-9560869477; ORCID: 
0000-0003-0971-4600; E-mail: pkmaurya@cuh.
ac.in (PKM); Tel: +91-7382460585; ORCID: 0000-
0002-2436-8825; E-mail: mulaka@cuh.ac.in (MM)

References

[1] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2018. CA Cancer J Clin 2018; 68: 7-30.

[2] Funai K, Yokose T, Ishii G, Araki K, Yoshida J, 
Nishimura M, Nagai K, Nishiwaki Y and Ochiai 
A. Clinicopathologic characteristics of periph-

eral squamous cell carcinoma of the lung. Am 
J Surg Pathol 2003; 27: 978-984.

[3] García-Campelo R, Bernabé R, Cobo M, Corral 
J, Coves J, Domine M, Nadal E, Rodriguez-
Abreu D, Viñolas N and Massuti B. SEOM clini-
cal guidelines for the treatment of non-small 
cell lung cancer (NSCLC) 2015. Clin Transl On-
col 2015; 17: 1020-1029.

[4] Khan T, Ali M, Khan A, Nisar P, Jan SA, Afridi S 
and Shinwari ZK. Anticancer plants: a review of 
the active phytochemicals, applications in ani-
mal models, and regulatory aspects. Biomole-
cules 2019; 10: 47.

[5] Dasari S, Njiki S, Mbemi A, Yedjou CG and 
Tchounwou PB. Pharmacological effects of cis-
platin combination with natural products in 
cancer chemotherapy. Int J Mol Sci 2022; 23: 
1532.

[6] Marullo R, Werner E, Degtyareva N, Moore B, 
Altavilla G, Ramalingam SS and Doetsch PW. 
Cisplatin induces a mitochondrial-ROS re-
sponse that contributes to cytotoxicity depend-
ing on mitochondrial redox status and bioener-
getic functions. PLoS One 2013; 8: e81162.

[7] Dasari S and Tchounwou PB. Cisplatin in can-
cer therapy: molecular mechanisms of action. 
Eur J Pharmacol 2014; 740: 364-378.

[8] Ettinger DS. The role of carboplatin in the treat-
ment of small-cell lung cancer. Oncology (Wil-
liston Park) 1998; 12 Suppl 2: 36-43.

[9] Shanmugam MK, Warrier S, Kumar AP, Sethi G 
and Arfuso F. Potential role of natural com-
pounds as anti-angiogenic agents in cancer. 
Curr Vasc Pharmacol 2017; 15: 503-519.

[10] Moar K, Brahma M, Pant A, Maruthi M and 
Maurya PK. Exploring the effect of epigallocat-
echin gallate on non small cell lung cancer. Int 
J Biochem Mol Biol 2024; 15: 51-59.

[11] Shanmugam MK, Kannaiyan R and Sethi G. 
Targeting cell signaling and apoptotic path-
ways by dietary agents: role in the prevention 
and treatment of cancer. Nutr Cancer 2011; 
63: 161-173.

[12] Prasannan R, Kalesh KA, Shanmugam MK, 
Nachiyappan A, Ramachandran L, Nguyen AH, 
Kumar AP, Lakshmanan M, Ahn KS and Sethi 
G. Key cell signaling pathways modulated by 
zerumbone: role in the prevention and treat-
ment of cancer. Biochem Pharmacol 2012; 84: 
1268-1276.

[13] Newman DJ and Cragg GM. Natural products 
as sources of new drugs from 1981 to 2014. J 
Nat Prod 2016; 79: 629-661.

[14] Hong WK and Sporn MB. Recent advances in 
chemoprevention of cancer. Science 1997; 
278: 1073-1077.

[15] Jakobušić Brala C, Karković Marković A, Kugić 
A, Torić J and Barbarić M. Combination chemo-

mailto:pkmaurya@cuh.ac.in
mailto:pkmaurya@cuh.ac.in
mailto:mulaka@cuh.ac.in


Anticancer activity of resveratrol with cisplatin and carboplatin in lung A549 cells

419 Int J Clin Exp Pathol 2024;17(11):411-420

therapy with selected polyphenols in preclini-
cal and clinical studies-an update overview. 
Molecules 2023; 28: 3746.

[16] Cucciolla V, Borriello A, Oliva A, Galletti P, Zap-
pia V and Della Ragione F. Resveratrol: from 
basic science to the clinic. Cell Cycle 2007; 6: 
2495-2510.

[17] Soleas GJ, Diamandis EP and Goldberg DM. 
Resveratrol: a molecule whose time has come? 
And gone? Clin Biochem 1997; 30: 91-113.

[18] Cocetta V, Quagliariello V, Fiorica F, Berretta M 
and Montopoli M. Resveratrol as chemosensi-
tizer agent: state of art and future perspec-
tives. Int J Mol Sci 2021; 22: 2049.

[19] Bishayee A. Cancer prevention and treatment 
with resveratrol: from rodent studies to clinical 
trials. Cancer Prev Res (Phila) 2009; 2: 409-
418.

[20] Aggarwal BB, Bhardwaj A, Aggarwal RS, 
Seeram NP, Shishodia S and Takada Y. Role of 
resveratrol in prevention and therapy of can-
cer: preclinical and clinical studies. Anticancer 
Res 2004; 24: 2783-2840.

[21] Tomé-Carneiro J, Larrosa M, González-Sarrías 
A, Tomas-Barberan FA, Garcia-Conesa MT and 
Espin JC. Resveratrol and clinical trials: the 
crossroad from in vitro studies to human evi-
dence. Curr Pharm Des 2013; 19: 6064-6093.

[22] Kundu JK and Surh YJ. Cancer chemopreven-
tive and therapeutic potential of resveratrol: 
mechanistic perspectives. Cancer Lett 2008; 
269: 243-261.

[23] Boţa M, Vlaia L, Jîjie AR, Marcovici I, Crişan F, 
Oancea C, Dehelean CA, Mateescu T and 
Moacă EA. Exploring synergistic interactions 
between natural compounds and conventional 
chemotherapeutic drugs in preclinical models 
of lung cancer. Pharmaceuticals (Basel) 2024; 
17: 598.

[24] Hu S, Li X, Xu R, Ye L, Kong H, Zeng X, Wang H 
and Xie W. The synergistic effect of resveratrol 
in combination with cisplatin on apoptosis via 
modulating autophagy in A549 cells. Acta Bio-
chim Biophys Sin (Shanghai) 2016; 48: 528-
535.

[25] Kleih M, Böpple K, Dong M, Gaißler A, Heine S, 
Olayioye MA, Aulitzky WE and Essmann F. Di-
rect impact of cisplatin on mitochondria induc-
es ROS production that dictates cell fate of 
ovarian cancer cells. Cell Death Dis 2019; 10: 
851.

[26] He PJ, Ge RF, Mao WJ, Chung PS, Ahn JC and 
Wu HT. Oxidative stress induced by carboplatin 
promotes apoptosis and inhibits migration of 
HN-3 cells. Oncol Lett 2018; 16: 7131-7138.

[27] Khansari N, Shakiba Y and Mahmoudi M. 
Chronic inflammation and oxidative stress as a 

major cause of age-related diseases and can-
cer. Recent Pat Inflamm Allergy Drug Discov 
2009; 3: 73-80.

[28] Wang J and Yi J. Cancer cell killing via ROS: to 
increase or decrease, that is the question. 
Cancer Biol Ther 2008; 7: 1875-1884.

[29] Ozben T. Oxidative stress and apoptosis: im-
pact on cancer therapy. J Pharm Sci 2007; 96: 
2181-2196.

[30] Barzilai A and Yamamoto K. DNA damage re-
sponses to oxidative stress. DNA Repair (Amst) 
2004; 3: 1109-1115.

[31] Fruehauf JP and Meyskens FL Jr. Reactive oxy-
gen species: a breath of life or death? Clin Can-
cer Res 2007; 13: 789-794.

[32] Schulze-Osthoff K, Bakker AC, Vanhaese-
broeck B, Beyaert R, Jacob WA and Fiers W. 
Cytotoxic activity of tumor necrosis factor is 
mediated by early damage of mitochondrial 
functions. Evidence for the involvement of mi-
tochondrial radical generation. J Biol Chem 
1992; 267: 5317-5323.

[33] Redza-Dutordoir M and Averill-Bates DA. Acti-
vation of apoptosis signalling pathways by re-
active oxygen species. Biochim Biophys Acta 
2016; 1863: 2977-2992.

[34] Holmström KM and Finkel T. Cellular mecha-
nisms and physiological consequences of re-
dox-dependent signalling. Nat Rev Mol Cell 
Biol 2014; 15: 411-421.

[35] Synowiec A, Brodaczewska K, Wcisło G, Majew-
ska A, Borkowska A, Filipiak-Duliban A, Gawry-
lak A, Wilkus K, Piwocka K, Kominek A, Waś H, 
Lewicki S, Siewiera J, Szczylik C, Szenajch J, 
Kubiak JZ and Kieda C. Hypoxia, but not nor-
moxia, reduces effects of resveratrol on cispla-
tin treatment in A2780 ovarian cancer cells: a 
challenge for resveratrol use in anticancer ad-
juvant cisplatin therapy. Int J Mol Sci 2023; 24: 
5715.

[36] Qian Q, Chen W, Cao Y, Cao Q, Cui Y, Li Y and 
Wu J. Targeting reactive oxygen species in can-
cer via Chinese herbal medicine. Oxid Med Cell 
Longev 2019; 2019: 9240426.

[37] Alayev A, Berger SM, Kramer MY, Schwartz NS 
and Holz MK. The combination of rapamycin 
and resveratrol blocks autophagy and induces 
apoptosis in breast cancer cells. J Cell Bio-
chem 2015; 116: 450-457.

[38] Alayev A, Salamon RS, Schwartz NS, Berman 
AY, Wiener SL and Holz MK. Combination of ra-
pamycin and resveratrol for treatment of blad-
der cancer. J Cell Physiol 2017; 232: 436-446.

[39] Lee YJ, Lee YJ, Im JH, Won SY, Kim YB, Cho MK, 
Nam HS, Choi YJ and Lee SH. Synergistic anti-
cancer effects of resveratrol and chemothera-
peutic agent clofarabine against human malig-



Anticancer activity of resveratrol with cisplatin and carboplatin in lung A549 cells

420 Int J Clin Exp Pathol 2024;17(11):411-420

nant mesothelioma MSTO-211H cells. Food 
Chem Toxicol 2013; 52: 61-68.

[40] Takashina M, Inoue S, Tomihara K, Tomita K, 
Hattori K, Zhao QL, Suzuki T, Noguchi M, 
Ohashi W and Hattori Y. Different effect of res-
veratrol to induction of apoptosis depending 
on the type of human cancer cells. Int J Oncol 
2017; 50: 787-797.

[41] Hankittichai P, Thaklaewphan P, Wikan N, Rut-
tanapattanakul J, Potikanond S, Smith DR and 
Nimlamool W. Resveratrol enhances cytotoxic 
effects of cisplatin by inducing cell cycle arrest 
and apoptosis in ovarian adenocarcinoma 
SKOV-3 cells through activating the p38 MAPK 
and suppressing AKT. Pharmaceuticals (Basel) 
2023; 16: 755.


