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Cancer is a virulent disease that is regarded as a black-hearted 
and evil-minded illness in many human civilizations because it 
develops silently and without warning until it reaches a life-
threatening stage. In the management of cancer, chemotherapy 
represents the principal option but has significant toxic effects 
that negatively influence the patient's physiology and 
psychology. To improve the chemotherapy efficacy, scientists 
proposed several adjuvant approaches, including the use of 
fighters with an additive effect that reduces the 
chemotherapeutic agent dose, and thus the occurrence of toxic 
effects, protectors to preserve normal tissues, and preventers 
by inducing apoptosis in cancerous cells as they develop. It 
seems that nature can provide these adjuvant agents with high 
quality. Resveratrol is one of the most studied natural agents 
due to its promising effects in cancer treatment. This review 
aimed to highlight these effects based on exploring the most 
recent information concerning this natural polyhydroxy 
product. The authors concluded that resveratrol can act as a 
potential chemotherapy alleviator by inhibiting carcinogenesis 
and many of its initiating enzymes and proteins, modulating 
many chemotherapy-related toxic effects, and potentiating the 
toxic effects inside cancerous cells via multiple pathways.  

KEYWORDS 

Resveratrol; chemopreventer; chemoprotector; chemofighter; 
cancer; chemotherapy. 

 

Introduction 

Malignant tumors, another name for 

cancerous diseases, are a serious public 

health concern that not only causes patients 

to suffer excruciating pain, but also place a 

significant financial burden on their families 

and society [1-8]. Cancer has overtaken many 

other diseases in terms of total mortality and 

is now the leading cause of death for people 

worldwide [9-16]. According to statistics, 

there were approximately 90.5 million cancer 

patients in 2015, and nearly 14.1 million new 

cases-aside from melanoma-occurred 

annually [17]. Despite enormous efforts to 

ameliorate the condition and develop novel 

remedies, such as immunotherapy and 

microscopic surgery, chemotherapy remains 

the primary concept used in clinics. However, 

chemotherapy frequently causes many toxic-

related effects and results in unpleasant and 

irritating events [18-26]. 

Naturally-developed products have long 

been regarded as one of the most vital and 

essential data sources in drug development 

and discovery. For centuries, humans have 

depended on these products and/or herbal 

compositions for maintaining health, 
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preventing illness, and improving mental and 

physical health status [27-35]. Many research 

findings have shown that some naturally-

developed products, when combined with 

chemotherapeutic agents, can act as 

chemoprotectors, chemopreventers, 

or chemofighters, affording a reduction in 

chemotherapy-related toxic effects and 

improving clinical outcome [36]. 

Resveratrol (RVL), which its chemical 

backbone is displayed in Figure 1, is a 

naturally-developed polyhydroxylated 

stilbenoid that is most commonly found as a 

white powder with reasonable aqueous (0.03 

mg/mL) solubility. The structural formula of 

RVL is made up of one phenolic ring and one 

resorcinolic ring linked by a double bond, 

which allows for configurational isoforms of 

the cis and trans phenotypes. In comparison, 

the latter isoform is more prevalent in dietary 

products than the former, as reported in 

Table 1, and also has the best bioactive 

properties [37]. 

 

FIGURE 1 Chemical backbone of RVL. 

TABLE 1 The calculated amount of RVL 
(w/w) in various dietary products 

Dietary product 
Calculated 

amount (μg/g) 
Grape skin (fresh) 50-100 
Itadori leaf (aged) 370-379 
Itadori leaf (new) 867- 884 
Itadori root (raw) 2170-2180 

Itadori stem (aged) 83-86 
Itadori stem (new) 497-503 

Itadori tea (dry) 974-976 
Peanut buffer 0.16-0.50 

Peanuts (boiled) 1.80-7.10 
Peanuts (fresh) 0.07-1.8 

Red wine 980-1800 (μg/L) 
 

A vast spectrum of bioactivities, such as 

antioxidant, antiviral, anti-inflammatory, 

antifungal, anticancer, and anti-aging effects, 

have been linked to RVL. The vast majority of 

these bioactivities can be attributed to the 

RVL's intriguing multi-phenolic hydroxyl 

groups. This structural feature can permit 

RVL to neutralize harmful free radicals and 

produce more stable quenched molecules 

with lower cytotoxicity than damaging 

radicals [38-41]. 

Several studies demonstrated that RVL 

might prevent three cellular processes-tumor 

initiation, tumor promotion, and tumor 

progression-that lead to the cancer 

development. This information attracted 

attention and prompted further research into 

RVL. According to recent research, RVL has 

cytoprotective properties that can shield 

many organs, including the heart, liver, and 

brain, from harmful effects of chemotherapy. 

RVL and chemotherapeutics can be 

administered together to treat cancer while 

reducing side effects and improving 

therapeutic efficacy. Recent studies have 

described the therapeutic benefits and 

cytoprotective properties of RVL in various 

medical conditions, including those 

connected to autoimmune and neoplastic 

diseases [42]. 

As far as we are aware, there has not been 

a review article that specifically discusses 

RVL as a remedy for reducing associated toxic 

effects and boosting therapeutic efficacy in 

cancer chemotherapy. This study sought to 

clarify the RVL function in cancer 

chemotherapy and determine whether it 

serves as a preventer, protector, or fighter. 

The mechanisms, potential drawbacks, and 

potential clinical applications of the RVL-

alleviative therapy are further discussed. 

RVL as a protector in cancer chemotherapy 

The negative impacts of chemotherapeutic 

agents represent a barrier to their 

widespread use in cancer treatment. RVL, a 
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versatile, naturally evolved molecule, 

demonstrated shielding properties capable of 

mitigating the negative effects of cancer 

chemotherapy.  

RVL as a cardioprotector in cancer 

chemotherapy 

Cardiotoxicity is a frequent related-toxic 

effect brought on by chemotherapy drugs. 

Congestive heart failure, arrhythmias, 

myocarditis, and dilated cardiomyopathy are 

typically caused by clinically used 

anthracycline antibiotics like doxorubicin and 

daunorubicin. Damaging free radical-induced 

oxidative stress is a well-known contributor 

to cardiovascular toxic events. In this regard, 

doxorubicin was discovered to boost the 

generation of these unpaired molecules in 

myocardial cells [43]. 

The protecting properties of four 

naturally-developed antioxidants involving 

RVL were examined by Sheu and his 

colleagues. This research team discovered 

that when these antioxidants were 

individually combined with doxorubicin in 

cancer treatment, the intracellular levels of 

damaging free radicals were dramatically 

reduced. Furthermore, the superoxide 

dismutase levels responsible for the removal 

of these unpaired molecules were raised. The 

RVL antioxidant capacity was discovered to 

be superior at neutralizing damaging free 

radicals among those tested. To lessen the 

cardiotoxicity of doxorubicin-based cancer 

chemotherapy, RVL can be used as an 

effective complement [44]. 

Further research revealed that cardiotoxic 

effects of these natural alkaloidal antibiotics 

may be due to two-electron reduced 

anthracycline antibiotic metabolites, such as 

the more cardiotoxic doxorubicinol derived 

from the parent drug doxorubicin. This 

metabolically reduced metabolite's high 

cardiotoxicity can be credited to its 

propensity to interact with calcium, 

magnesium, and sodium-mediated ATPases. 

Disruption of the calcium ion that connects 

electric stimulation and cell contraction may 

be responsible for doxorubicinol 

cardiotoxicity [45]. In particular, cytosolic 

enzymes called carbonyl reductases and aldo-

keto reductases mediate the enzymatic 

degradation of anthracycline antibiotics. 

Therefore, it is thought that the inhibitors of 

these reductases scaled back the cadiotoxic 

effects of these antibiotics [46]. According to 

Ito and his group, 

doxorubicin's cardiotoxicity was decreased 

by the RVL ability and its analog to suppress 

carbonyl reductase 1. This analog had 

methoxy and amino groups at positions 5 and 

4', respectively [47]. 

In addition to organic chemotherapeutic 

drugs, there is an inorganic agent named 

arsenic trioxide (As2O3) that is mainly applied 

for managing blood-related and solid tumors. 

This agent, however, is not without toxicity 

because it causes multiple toxicities to the 

heart, liver, and kidney; such toxicity may 

result in sudden death. Similar to 

anthracycline antibiotics, the underlying 

mechanism of As2O3's toxicity is related to 

oxidative overload, which hits cellular 

macromolecules, resulting in their 

malfunction [48]. According to Zhao et al., 

pretreatment with RVL (3 mg/kg) one hour in 

advance of the As2O3 regime can protect the 

patient from the cardiotoxicity caused by 

As2O3 and reduce myocardial ischemia, 

genomic instability, and lipid 

peroxidation [49]. 

RVL as a nephroprotector in cancer 

chemotherapy 

Regarding the inorganic chemotherapeutic 

agent As2O3, it is known that chronic arsenic 

exposure can lead to degenerative changes in 

kidneys and that eating foods and drinking 

water contaminated with arsenic can damage 

kidneys. Furthermore, As2O3 treatment of 

leukemia and myeloma has been linked to 

nephrotoxicity, as evidenced by elevated 
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blood urea, creatinine, and protein thresholds 

in clinical studies [50]. In 2013, Yu and his 

research group discovered that RVL could 

speed up the second metabolic phase of 

arsenic and consequently its excretion, 

drastically reducing arsenic deposition, 

tubular malformations, and As2O3-based 

nephrotoxicity [51]. 

RVL as a hepatoprotector in cancer 

chemotherapy 

Hepatic tissues are important for the 

detoxification of both endogenous and 

exogenous chemicals, but they can be further 

harmed by these harmful chemicals. As2O3 

has also been linked to hepatotoxicity, which 

is linked to the production of harmful free 

radicals, in addition to cardiotoxicity and 

nephrotoxicity. According to Zhang et al., RVL 

could reduce the hepatic arsenic deposition 

and boost the antioxidant capacity of the 

associated antioxidant enzymes, thereby 

reducing As2O3-based hepatotoxicity [52]. 

Further research demonstrated that RVL's 

potent antioxidant activity could shield the 

liver from acetaminophen and pyrogallol-

based hepatotoxicity [53].  

RVL as a GIT-protector in cancer 

chemotherapy 

The GIT tissues are further susceptible to the 

toxicity associated with cancer chemotherapy 

that manifests as nausea, vomiting, anorexia, 

constipation, and/or diarrhea. Acetylsalicylic 

acid, a non-selective NASID prototype, is 

frequently employed to attenuate the signs 

and symptoms of inflammation, fever, and 

pain. This NSAID is recommended for 

participation in cancer prevention, especially 

to lower the risk of colorectal neoplasms, 

according to a recent study [54].  

The primary adverse effect of 

acetylsalicylic acid-based therapy, however, 

is gastric tissue ulceration, which is related to 

the downregulation of the barrier protection 

COX-1 enzyme. According to Dey et al., a low 

dose of RVL (2 mg/kg) can safeguard the 

gastric mucous membrane from NSAID-

induced GIT toxicity, whereas a high dose of 

RVL (10 mg/kg) showed an adverse effect 

that may have been caused by disturbance in 

harmony between endothelial nitric oxide 

synthase and COX-1 [55]. Zhu et al. created 

the RVL-acetylsalicylic acid mutual prodrug, 

acting as an entity with the capability of 

releasing acetylsalicylic acid and RVL 

simultaneously to further mitigate the 

adverse effects brought on by acetylsalicylic 

acid-based therapy. While the majority of this 

mutual prodrug was shuttled out of the 

stomach, some of its components were 

detected intact in colonic tissues removed 

between one and two hours after 

administration [56].  

One more study carried out by Ko et al. 

demonstrated that pretreatment of male 

Wistar rats with whole grape juice containing 

high levels of RVL could improve glomerular 

filtration, renal tubular cell vacuolization, and 

gastric emptying rate, thereby reducing the 

risk of cisplatin-caused GIT 

abnormalities [57]. 

RVL as a dermoprotector in cancer 

chemotherapy 

Dermal tissues play numerous important 

roles in protecting the body from harmful 

environmental agents and providing 

immunological surveillance against infectious 

agents. The ultraviolet irradiation (UVI) has 

the ability to cause apoptosis, suggesting 

some medical applications. But in addition to 

genetic and environmental factors, exposure 

to UVI is further considered one of the 

foremost factors responsible for skin cancer 

(65–90%) [58]. 

Numerous studies have suggested that 

RVL can prevent UVI-induced skin cancer by 

regulating the proteases involved in 

apoptosis. In SKH-1 hairless mice, topical 

application of RVL significantly reduced UVI-

promoted peroxide production, leukocyte 
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infiltration, and UVI-caused skin edema, 

according to Afaq and his colleagues' 2003 

research. Long-term topical application of 

RVL, either pre- or post-treatment, has been 

reported to be able to reduce the incidence of 

tumors and postpone the start of 

photocarcinogenesis [59]. On the other hand, 

the short-term topical application of RVL can 

reduce cellular proliferation and 

phosphorylation of surviving cells. Only a few 

studies revealed that certain cell cycle 

ordering systems, including apoptotic-

suppressing proteins and cell signal 

transduction pathways, are involved in RVL-

promoted chemoprotection. This RVL 

potential results in minimizing the incidence 

of UVI-based photocarcinogenesis [60]. 

RVL as a preventer in cancer chemotherapy 

In many studies, RVL has been shown to 

prevent carcinogenesis by reducing the 

effects of factor-induced carcinogenesis in 

addition to act as a protector all through 

cancer chemotherapy. For example, Revel et 

al. discovered that RVL (50 mg/kg/week) 

could protect pulmonary tissues from the 

carcinogenic potential of teratogen benzo[α] 

pyrene [61].  Tessitore et al. found that taking 

RVL (200 mg/kg/day) orally reduced the 

amount of cancerous cells in an 

azoxymethane-induced colon carcinogenesis 

in a rat model [62]. RVL pre-treatment could 

partly avert tetrachloromethane-induced 

hepatic tumors, according to research by Fan 

and his colleagues [63]. Furthermore, while 

daily consumption of RVL had no effect on 

tumor mass in a rat model of carcinogenesis 

caused by 7,12-dimethyltetraphene, it caused 

significant reductions in tumor occurrence 

and multitude, extending the time before 

malignant transformation [64].  

RVL as a fighter in cancer chemotherapy 

Many body processes included in vital 

systems that regulate the cell cycle, apoptosis, 

and inflammation could be affected by RVL. In 

addition to its roles in cancer chemotherapy 

as a protector and preventer, RVL also 

demonstrates promising anti-cancerous 

activity [65]. It is now common knowledge 

that a single treatment frequently exhibits 

ineffectiveness, partial efficacy, and 

treatment failure. Newly invented mutual 

therapies, which involve coupling multiple 

active agents at once, frequently produce 

superior curative results [66]. 

In a breast cancer and other estrogen-

promoted tumors, the presence of high 

estrogen level can be regarded as a trigger 

factor for carcinogenesis due to the 

generation of the adduct between this natural 

hormone and DNA [67].  It was documented 

that this adduct formation is effectively 

suppressed by RVL. Wu et al. discovered that, 

by causing S-phase arrest, RVL can increase 

the in vitro cytotoxic potential of the known 

antitumor drug, 5-fluorouracil, on the model 

of mouse hepatocellular carcinoma cells. 

Similarly, studies by Dun et al. showed that 

RVL could boost the same drug's cytotoxic 

potential through such a mechanism both in 

vitro and in vivo [68]. 

The cancer-fighting impact of RVL was 

also investigated against human HL-60 

leukemia cells, both as a single agent and in 

combination with roscovitine [69]. Following  

a combined treatment for 24 hours and a 

subsequent 48-hour post-incubation with the 

RVL involvement, a startling coalescence was 

shown. With the RVL addition, the population 

of cancerous cells was reduced by around 

80% at multiple smaller concentrations of 

roscovitine [70]. 

Another in vitro study looked at the 

cancer-fighting activity of RVL in combination 

with the anticancer alkylating drug, 

melphalan, for the treatment of breast 

carcinoma. According to the findings, 

melphalan's antitumor effects in the MCF-7 

and MDA-MB-231 cell lines derived from 

breast cancer may be enhanced by RVL. It is 

interesting to note that sequenced 
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intervention with RVL and melphalan 

produced more cytotoxic effects associated 

with chemotherapy than did sequenced 

intervention with melphalan and RVL. This 

finding might be explained by RVL's capacity 

to make the test cancer cells more susceptible 

to the cell-killing effects of melphalan [71]. 

Similarly, it has been disclosed that RVL could 

make multiple myeloma and Hodgkin's non-

lymphoma cell lines more susceptible to 

pegylated cell death, increasing paclitaxel's 

antineoplastic effectiveness [72]. 

The down-regulation of the mTORC1 

mechanism, which is potently suppressed by 

rapamycin and its derivatives, can halt the 

growth of tumor cells in various malignant 

tumor models. The antitumor activity of 

rapamycin in lines belonging to breast cancer 

was observed to be enhanced when combined 

with RVL, and it was found that RVL greatly 

reduced the rapamycin-induced AKT 

phosphorylation of various nuclear proteins. 

This suggests that RVL could help rapamycin 

boost its clinical benefit [73]. 

A further study looked at the RVL 

effectiveness and clofarabine acting together 

to treat mesothelioma MSTO-211H cells, a 

malignancy model. The coupling index was 

calculated, and it was discovered that this mix 

of treatments could have a potent synergistic 

antineoplastic influence on cell models. RVL 

was thought to be involved in the PI3K/AKT 

signal transduction pathway by lowering Sp1 

levels. In addition, inhibiting AKT 

phosphorylation and Sp1 initiation may serve 

as a partial mediator for the mutual 

antineoplastic effects of RVL and 

clofarabine [74]. 

Rationalization and future recommendations 

Despite the enormous attempts undertaken 

to find effective treatments for cancer, it 

continues to rank among the leading causes 

of death in humans. Cancer risk is rising 

exponentially, and over the next 50 years, it is 

expected that the total number of cancer-

related deaths will double. Cancer 

chemotherapy remains one of the most 

regularly utilized treatments today, but it 

only helps patients live longer overall at the 

expense of their life quality. Furthermore, 

chemotherapy frequently results in chemo-

resistance, rapid relapse, and a slew of 

adverse health effects such as nephrotoxicity, 

cardiotoxicity, and GIT toxicity. The variety of 

cancers makes it difficult to identify a specific 

target for cancer therapy. Treatment of 

cancer with mutually active agents that are 

capable of acting on multiple targets is one of 

the most promising solutions to this problem. 

Natural products exhibit various biological 

functions for the prevention, protection, and 

treatment of different diseases, making them 

one of the critical inputs in the development 

of new drugs. RVL is a naturally occurring 

polyphenol that is present in a variety of 

dietary components. There is a lot of research 

into the RVL use in the treatment and 

prevention of various illnesses, particularly 

cancer. Concerning the latter, the ability of 

RVL to interact with a variety of cancer-

related targets at the molecular level has 

been investigated. 

The currently available data revealed 

positive outcomes for considering RVL as a 

preventer, protector, and fighter in cancer 

chemotherapy, indicating that this natural 

product has significant potential to be 

involved in cancer management. These 

outcomes were shown both in vitro and in 

vivo. The low-moderate RVL doses that would 

quickly be enabolized to secure glucoronate 

and other analogs are likely to blame for the 

lack of side effects. It is essential to conduct 

some related clinical testing in addition to 

research using high doses of RVL in 

comparable experiments to confirm these 

encouraging findings. 

There have been few spotlights concerning 

the potential of RVL versus individual kinds 

of neoplasia. The use of RVL pairing with 

certain other antineoplastic medications to 

lessen associated toxic effects and improve 
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clinical benefit in cancer chemotherapy has 

not yet been the subject of any completed or 

enduring clinical testing. Many research plans 

are centered on in vitro and in vivo veterinary 

investigations. It is consoling to know that 

researchers can gather some useful data, and 

then draw conclusions from these studies 

when planning new studies to start delivering 

better health outcomes. 

Moreover, because RVL has a poor 

bioavailability, it is crucial to modify and 

optimize it further to develop new variants 

that have higher bio-availabilities and better 

specificities. High-throughput screening, for 

example, has been used to identify precise 

and attacking peptide ligands against various 

cancer cells or disease biomarkers. It is 

anticipated that conjugating targeting 

peptides to RVL against anticipated cancer 

cells or significant proteins of interest will 

significantly increase RVL's efficacy while 

reducing its side effects [75]. 

Conclusion 

As a final result, it has been discovered that 

RVL can modulate cancer therapy by focusing 

on a variety of cellular and transmitter 

pathways involved in the tumorigenic 

algorithm. RVL can lessen the cancer 

chemotherapy-related toxic effects, including 

UVI-caused dermal cancer, injuries from 

carcinogens, cardiotoxicity, hepatotoxicity, 

nephrotoxicity, and GIT toxicity. In the 

meantime, using RVL in combination with 

other chemotherapeutic medications can 

improve the results. These encouraging 

findings will spur scientists to carry out more 

exploration of RVL's role in cancer therapy, 

including additional clinical testing, in-depth 

mechanism analyses, and the creation of new 

derivatives with enhanced properties. Since 

then, RVL is now considered a preventer, 

protector, and fighter (i.e. an alleviative 

agent) in cancer chemotherapy. 
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