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ABSTRACT

ARTICLE INFO Globally, skin cancer, including melanoma, basal cell carcinoma, and squamous cell
carcinoma, is a significant health concern that requires the development of novel therapeutic
strategies. Natural remedies and polyphenols are being studied as potential therapeutics for

Received: 2025-07-30 skin cancer. The chemopreventive properties of phytocompounds and polyphenols against
Revised: 2025-09-06 skin cancer metastasis are discussed in this study. Polyphenols such as anthocyanins, EGCG,
Accepted: 2025-10-09 punicalagin, quercetin, resveratrol, and theaflavin have chemopreventive properties and are
ID: JCR-2507-1489 primarily studied for their treatment of melanoma. This review also discusses recent

advancements in understanding the molecular mechanisms behind the anticancer properties
of natural compounds, specifically polyphenols. These effects are caused by changes in
pathways such as EGFR/MAPK, mTOR/PI3K/Akt, JAK/STAT, FAK/RTK2, PGE-2/VEGF, and
PGE-1/ERK/HIF-1a. These changes are also influenced by signals such as NF-kB, Bim, Bax,
Bcl-2, Bcl-x, Bim, Puma, Noxa, ILs, and MMPs. This study focuses on how these factors can
impact crucial signaling pathways such as oxidative stress, proliferation, apoptosis, and
inflammation linked to cancer development. The study explores the potential of polyphenols
in conjunction with traditional treatments to enhance patient outcomes and minimize side
effects. Polyphenols' chemopreventive actions against skin carcinogenesis and metastasis,
involving numerous signaling pathways, indicate their potential for developing new anti-skin
cancer therapeutic approaches. Future research should focus on preclinical and clinical
studies to validate the efficacy and safety of natural remedies and polyphenols in combating
skin cancer.
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1. Introduction

kin cancer is a fatal disease and a
significant global public health concern
that has caused considerable economic
and human devastation worldwide [1].
A variety of environmental and internal
factors can trigger the development of skin
cancer and exacerbate the condition [2]. Skin
cancer arises from several mutations in genes
associated with cancer, such as proto-
oncogenes and tumor suppressors, within skin
cells. These mutations disrupt the normal
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balance of cell regulation and lead to the
abnormal growth of skin cells [3]. Melanoma
and keratinocyte skin cancer are prevalent in
white-skinned cultures, with global prevalence
increasing due to increased UV radiation
exposure, particularly in basal and squamous
cell carcinomas. Melanoma incidence is rising
among white populations, with a 3-7% annual
growth rate. Mortality rates have stabilized in
the US, Australia, and European countries, with
a decline in deaths in the US. However,
occurrence rates continue to increase in most
European countries and the US [4]. Malignant
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melanoma is the most aggressive skin cancer,
responsible for 65% of skin cancer-related
deaths, affecting one in 56 males and one in 37
females globally. Melanoma can occur in
various locations, but is responsible for over
90% of diagnoses. There is variation in
incidence worldwide, with Australian patients
having the highest rates. The highest incidence
occurs in fair-skinned individuals and areas

with intense sun exposure. European
populations have a lower incidence, but
geographical  location favors  southern

Europeans [5]. Melanoma is a skin cancer
caused by the interaction between melanocytes,
keratinocytes, and the surrounding
environment. Melanocytes secrete growth
factors and are regulated by Kkeratinocytes.
They are facilitated by integrin proteins in the
microenvironment. Melanoma tumors often
involve local lymph nodes and lymphatic
arteries, with blood vascular metastases having
a worse prognosis. Early identification and
excision of affected lymph nodes are crucial for
melanoma management. Melanocytic nevi,
benign collections of melanocytes, can be
categorized as common or dysplastic [6].
Keratinocytes in the skin produce vitamin D
and convert it into active metabolites,
specifically 1,25(0H)2D. They have the vitamin
D receptor (VDR) to respond to this. Vitamin D
affects skin functions such as cell growth
prevention, cell specialization, defense
mechanisms, hair growth, and tumor
development. Coregulator complexes, including
DRIP, SRC, Hairless, and [-catenin, regulate
these actions [7]. Skin inflammation is triggered
by various factors, involving cells, molecules,
and immune responses, which can interfere
with homeostatic processes such as immune
response, angiogenesis, and apoptosis.
Inflammatory skin disorders often arise from
the overexpression of pro-inflammatory
cytokines such as interferons and interleukins,
activating T helper cells and potentially leading
to a chronic condition [8]. The nuclear factor
kappa B (NF-xB), a light-chain enhancer of
activated B cells, induces inflammation and
activates signaling pathways in the formation of
skin cancer [9,10]. Research on inflammation-
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causing substances in in vivo and in vitro
organisms has identified tumor necrosis factor-
alpha (TNF-a), transforming growth factor-beta
(TGF-B), interleukins 6, 17, and 23, matrix
metalloproteinases (MMPs) 2 and 9, furin, and
cathepsin in skin cancer cell growth, survival,
and metastasis [11,12]. Studies on animals
reveal that suppressing the inflammatory
response, specifically lowering cyclooxygenase-
2 (COX-2) levels, can reduce the rate of UVB-
induced cancer development [13]. Skin cancer
prevention can be obtained through various
strategies, including primary and secondary
approaches. The primary  prevention
technique’s purpose is to alter individual
behavior and mindset to minimize sun
exposure and discourage excessive sun tanning.
Secondary prevention strategies focus on early
diagnosis and identification [14,15]. Thus, the
natural remedies and polyphenols used for
treating skin cancer are discussed.

2. Pathophysiology of Skin Cancer

The causes of skin cancer (Figure 1) are
complex. UVR from sunlight is the main cause of
the etiology of malignant melanoma and NMSC
[16]. UVA and UVB are primary forms of
ultraviolet radiation, with UVA rays deeper into
the skin, making them more susceptible to
serious skin conditions like elastosis [17]. UVB
radiation frequently causes erythema or
sunburn. UVR exposure dramatically
accelerates the development of skin cancer and
photoaging by causing DNA damage, gene
alterations, immune suppression, oxidative
stress (0S), and inflammatory responses
[16,18]. DNA is damaged directly by UVB
radiation. Through the generation of free
radicals and harm to cellular membranes, UVA
rays indirectly damage DNA [16,18].
Researchers suggest a relationship between
UVR-induced immunosuppression and skin
cancer development, as UVR promotes tumor
growth and induces mutations in tumor
suppressor genes [19]. While UVA photons play
a substantial role in the carcinogenesis of
epidermal stem cells, UVB rays damage DNA
through tumorigenesis and inflammatory
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Skin cancer treatment by Natural
products and Polyphenols

Skin Cancer Initiation and Progression
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Figure 1. Influential factors driving the initiation and progression of skin cancer, UV radiation, DNA damage,
oxidative stress, immune suppression, and genetic mutations (p53 and proto-oncogenes)

responses [16,20,21]. The DNA of epidermal
keratinocytes absorbs a large portion of the
UVR energy that penetrates the skin. The first
molecular event resulting in immunological
suppression is the formation of UVR-induced
cyclobutane pyrimidine dimers, which are
hypothesized to serve as the skin's
photoreceptor [19]. The numerous and complex
pathways of UVR-induced damage lead to skin
cancer. UVR causes mutations in the p53
suppressor of tumors gene, which is involved in
repairing DNA or in the cell death of DNA-
damaged cells (apoptosis) [19]. Therefore,
when the p53 gene is altered, it loses its ability
to support DNA repair [17,19]. Skin cancer is
caused by apoptotic dysregulation, unregulated
keratinocyte mitosis, and the genetic capacity
to metabolize free radicals. Glutathione S-
transferase (GST) enzymes reduce the toxicity
of UVR-induced free radicals, which are widely
expressed in the skin. Deletion of the
Glutathione  S-transferase  polymorphisms
(GSTP) gene increases skin tumor susceptibility
[22].
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3. Skin Cancers
3.1. Melanoma

The least frequent kind of skin cancer,
melanoma, accounts for 2% of all skin lesions
that have been diagnosed. The prevalence of
melanoma is widely recognized since it is a
malignancy that must be reported. In 2019, the
US was expected to have 96,480 new diagnosis
of invasive melanoma, and 7,230 people would
pass away from the condition [23]. Melanoma
affects more than a million Americans today
[24]. In Queensland, Australia, there were 71
cases per 100,000 people between 2009 and
2013, which is much higher than anywhere else
in the world. Melanoma is most common in
Australia and New Zealand. Early-stage
melanomas are known as "melanoma in situ"
(MIS). Being contained in the epidermis limits
the ability of the cells to spread at this stage.
The treatment of MIS and primary cutaneous
melanoma with broad margins of 0.5-2 cm is
effective [25]. Primary melanoma is well
treated surgically, with low metastatic spread,
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and thin melanoma is less frequently treated
with topical medications than in situ, in transit
lesions, conditions or precancerous [26,27].

3.2. Basal cell carcinoma

Basal cell carcinoma (BCC) is the most common
type of cancer and is on the rise [28]. BCCs can
have a significant morbidity despite having a
low death rate, mostly because of local damage
[29]. Keratinocyte carcinoma, the most
common form of skin cancer, accounts for 80%
of cases in clinics. According to estimates [30],
approximately 4.3 million cases are found in the
country each year. Age-standardized incidence
rates for BCC were reported to be 770 per
100,000 person-years in a recent Australian
research [31]. BCC most commonly affects
middle-aged or older people's hands and faces.
Follicle stem cells in the epidermis are the main
source of BCC, and UV exposure is a major
factor in its growth [32]. The most prevalent
genetic changes influencing the development of
BCC are those found in the genes encoding the
tumor protein 53 (TP53) or patched homologue
1 (PTCH1), which have shown to be mutated in
70% and 60% of cases, respectively [32]. A
study confirms that prolonged UV exposure,
particularly on sun-exposed skin, leads to BCC
growth [33].

3.3. Squamous cell cancer of the skin

Squamous cell carcinoma (SCC) is the second
most common type of cancer [34]. SCC is
associated with severe morbidity, ulceration,
deformity, and a mortality rate comparable to
melanoma, especially in solid organ transplant
recipients [35-37]. Chemotherapy, targeted
therapy, and immunotherapy are used for
metastatic and unresectable cancer, while
surgery and radiation are the primary
treatments for localized cancer in SCC [37-40].
Squamous cell carcinoma accounts for 20% of
keratinocyte cancer cases, with 3-7% of
patients developing metastases and over 70%
dying from the disease [41]. The exact
prevalence of cSCC and BCC in the population
remains unclear [42]. In the U.S. there are
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about 1 million cases and over 15,000 fatalities
per year [30]. Actinic keratosis or sun keratoses
are precancerous lesions that can progress into
cSCC [14]. Actinic keratosis affects sun-exposed
body parts, and is classified as a premalignant
lesion that may progress into c¢SCC or a
continuum [43-45]. Some publications [46]
have reported malignant conversion rates of up
to 10%, despite the fact that other sources [47]
have provided far lower percentages. TP53 and
the kinetochore localized astrin/SPAG5 binding
protein (KNSTRN) gene are not exclusive to
either condition, even though they are often
mutated in both actinic keratosis and cSCC [48].
UV radiation is the primary cause of actinic
keratosis and cSCC, with the head and neck
being the most susceptible areas [16,49]. The
majority of cSCCs can be treated with radiation
and surgery unless high-risk features are
present [50]. Patients with cisplatin-resistant
cancer have the best chance of recovery with
platinum-based therapy; however, additional
clinical trials are required to determine the
most effective treatment strategies, particularly
for older patients who are unable to receive
cisplatin chemotherapy [51].

4. Antioxidant Defenses for the Skin

UV rays are exposed to the epidermal
keratinocytes. The epidermis absorbs the
majority of UVB light (280-320 nm), and
epidermal damage can result in sunburns, early
aging of the skin, and even skin cancer [52].
UVB exposure causes skin damage due to
oxidative stress, primarily caused by the
production of reactive oxygen species (ROS),
such as hydrogen peroxide and superoxide
anion [53]. Excessive UV radiation can disrupt
the skin's antioxidant defense system, causing
immunotoxicity, oxidative damage, premature
skin aging, and skin cancer, as biological
antioxidants inhibit substrate oxidation [54].
Antioxidant activities reduce malignhant
transformation, DNA damage, oxidative stress,
and cancer prevalence. They reduce ROS
effects, preventing or reversing processes that
cause epidermal damage and disease. Increased
free radical activity may accelerate skin cancer
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and other cutaneous diseases. There are two
types of antioxidant defenses: those that inhibit
the production of ROS and those that scavenge
any external radicals [55]. Cells have defensive
mechanisms, either enzymatic or
nonenzymatic, and natural antioxidants help
repair systems flush out harmful biomolecules
before they compromise cell viability or
metabolism [55]. The skin is protected by an
antioxidant network, including low-molecular-
weight antioxidants such as glutathione
peroxidase and vitamin E isoforms, as well as
water-soluble antioxidants such as glucose and
bilirubin [56]. Lipids such as ubiquinol-10, a-
tocopherol, carotene, lycopene, and lutein are
antioxidants found in the skin's epidermis, with
higher content typically found in the dermis
[57,58]. Tocopherol is the most prominent
antioxidant in the lipophilic phase, while
vitamin C and GSH are equally abundant. Uric
acid, L-ascorbic acid, and GSH are the most
common antioxidants in human skin [59]. The
study investigates the impact of antioxidants on
the epidermis and dermis of hairless mice, both
enzymatically and non-enzymatically [56]. The
epidermis contains more antioxidants than the
dermis, such as lipophilic alpha-tocopherol and
ubiquinol 9, and hydrophilic glutathione,
ascorbic acid, and vitamins C and E [60]. The
irregular dispersion of antioxidants on the
skin's surface is likely caused by increased
oxygen partial pressure in the upper layer,
leading to OS and a decrease in antioxidant
levels. The skin has an effective defensive
mechanism, which includes manganese-
superoxide dismutase, in addition to all the
required antioxidant enzymes [61]. Frequent
UVA exposure increases MnSOD induction,
aiding skin adaptive UVA response during light
hardening in phototherapy. Acute UV exposures
alter glutathione reductase and catalase
activities [62]. Photodamage, both chronic and
acute, is primarily mediated by increased
oxidative protein changes and reduced
antioxidant enzyme expression [63]. Flavonoids
possess antioxidant, anti-tumor, carcinogenic,
mutagenic, antibacterial, antiviral, and anti-
inflammatory properties, acting as reducing
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agents, hydrogen donors, and regulators of
oxidative chain reactions [64].

5. Antioxidants' Role in Reducing ROS
Production and Preventing Skin Cancer

Skin cancer is a condition characterized by
abnormal cell growth, known as carcinogenesis,
which can spread to other parts of the body
[65]. The innate skin defenses against UVR,
including melanin and enzymatic antioxidants,
as well as dietary antioxidants such as vitamins
A, C, and E, are crucial for maintaining oxidative
equilibrium. UV  radiation affects skin
antioxidants, leading to depletion of ascorbate,
GSH, SOD, catalase, and ubiquinol. UVR-induced
damage includes ROS generation and depletion
of natural antioxidant systems [66].
Antioxidants in the dermis and epidermis of
hairless mice were studied [56] along with their
responses to UV radiation. Superoxide
dismutase, dermal, and epidermal -catalase
activity were significantly reduced following
radiation exposure. The levels of tocopherol,
ascorbic acid, dehydroascorbic acid, reduced
glutathione, ubiquinol-9, and ubiquinone-9
dropped by 26-93% in both the epidermis and
dermis. The amount of oxidized glutathione
rose, although not significantly. Numerous
studies have confirmed that pretreatment with
antioxidants can prevent cellular
macromolecule oxidation caused by in vivo
exposure to UVR in human skin. Research has
been conducted on various antioxidants or
combinations of antioxidants and other
phytochemicals to prove their effectiveness
against ROS-induced damage. The exogenous
antioxidants affecting the advantages of
avoiding damage or photoaging have been
reported by Pandel et al. [67] and Poljsak et al.
[68].

of Anti-Cancer

6. Natural Sources

Compounds

Cancer is a major global concern, with 14
million new cases reported in 2012 and an
estimated 22 million over the next 20 years
[69]. A study emphasizes the ongoing need for
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Figure 2. Exploring the anticancer potential of chemoprotective agents, natural compounds from plants,
marine, and microbial sources, targeting proliferation, apoptosis, angiogenesis, and metastasis pathways

cancer therapy, highlighting the potential of
natural chemicals (Figure 2) as a valuable
resource for developing antiproliferative
medicines [70]. Numerous natural resources
globally are available for medical use, but many
have not been fully utilized in the
pharmaceutical sector. Over 50% of marketed
medications, including 70% of anti-cancer
medications, originate from natural sources
such as microbes, plants, animals, and marine
life [71]. VAs, first-class mitotic inhibitors, are
used in cancer therapy as tubulin-targeting
drugs. They may inhibit malignant angiogenesis
and tumor growth [72].

6.1. Plant sources

Skin cancer is primarily caused by proto-
oncogene and cancer suppressor mutations in
skin cells, resulting in cell imbalance and
uncontrolled cutaneous cell development [73].
Skin cancer is the most prevalent type of cancer
globally, causing more frequent fatalities than
other diseases [1]. Most clinical medications
worldwide are derived from plant-based
chemicals [74]. The National Cancer Institute
(NCI) initiated a plant collection program in
1960 to accelerate the search for plant-based
anti-cancer therapies [75].
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During this period, numerous cytotoxic
medications were developed using plant
extracts, but only a few were sold for medicinal
purposes, taking over 20 years to convert
[71,75,76]. Vinca alkaloids, such as vincristine,
vinblastine, and vinorelbine, were anti-cancer
medications approved, followed by
podophyllotoxin derivatives such as paclitaxel,
docetaxel, irinotecan, topotecan, etoposide, and
teniposide [75,77]. Vinca alkaloids destroy
dividing cells and prevent the formation of the
mitotic spindle by interacting with tubulin [77].
Taxanes stabilize microtubules, preventing an
imbalance between tubulin and microtubules,
leading to cell death. Camptothecins and
podophyllotoxins affect cell division, inhibiting
topoisomerase I in different ways [71]. Viscum
album L. is being investigated for its potential to
treat advanced breast, non-small cell lung,
advanced pancreatic, and metastatic colorectal
cancer. Gemcitabine and the entire extract of V.
album L. have been proven to be effective in a
combination study [78]. A phase II clinical
investigation has reported that green tea
extract, polyphenol, has successfully treated
chronic lymphocytic leukemia. Patients quickly
absorbed this green tea extract, and it was
commonly effective [79]. Berberine was found
to decrease tumor development in human
melanoma cells and mice when combined with
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doxorubicin in vitro and in vivo studies [80].
Tilia amurensis and Camellia sinensis extracts
are cytotoxic to skin cancer cell lines in vitro
[81,82]. Research on phytochemicals such as
apigenin and epigallocatechin-3-gallate is being
conducted to understand their potential
negative impact on melanoma and epidermoid
carcinoma cells [83,84]. Millions worldwide are
diagnosed with skin cancer annually, leading to
the development of synthetic anticancer
medications. Natural remedies, despite higher
costs and severe side effects, remain popular
[85].

6.2. Marine sources

Marine flora and fauna have the potential to
produce new therapeutic compounds with
potent anti-tumor properties [71]. Extracts
from sponges, algae, and marine cyanobacteria
have anticancer properties [86-88].
Laminarans, carrageenans, alginic acids,
fucoidans, and other marine compounds have
all been shown to possess effective anticancer
properties. The polysaccharides produced by
bacteria, fungi, and marine organisms can
prevent cancer growth [86]. Despite numerous
marine-derived anti-cancer compounds being
identified, evaluated, and tested, only four of
these drugs have been released onto the
market. Anticancer drugs such as cytarabine,
trabectedin, eribulin mesylate, and
brentuximab vedotin are derived from
Cryptotethia crypta, Halichondria okadai, and
Symploca  hydnoides  bacteria  [89,90].
Cytarabine, a chemical that promotes apoptosis,
also inhibits the proliferation of cancerous cells.
Cytarabine, the first marine drug, was approved
by the FDA in 1998 for clinical use in treating
acute myelogenous leukemia. The European
Commission approved trabectedin in 2007 for
metastatic soft tissue cancer treatment, and in
2009, it was added to the list for platinum-
sensitive ovarian cancer relapse treatment. In
2010, the FDA approved eribulin mesylate as a
third-line therapy for metastatic breast cancer
[90]. In 2011, the FDA approved brentuximab
vedotin for Hodgkin's disease and anaplastic
large cell lymphoma treatment, among four
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other anti-cancer drugs that have undergone
clinical testing. Marine-derived compounds
such as Bryostatin-1, aplidin, zalypsis, and
salinosporamide are being investigated in
clinical studies for potential use as anti-cancer
drugs [91]. Preclinical studies are being
conducted on other substances found in water
that may be used to treat cancer [88,92]. The
extracts exhibit anticancer properties, requiring
further investigation into their transduction
routes and molecular targets [93].

6.3. Microbial sources

Ulcer-causing skin cancers require healing after
local excision, and a lesion that ulcerates and
spreads to multiple sites may indicate various
malignant cancers [94-96]. The individual
observed that unintentionally acquired
Streptococcus pyogenes tumors in individuals
had worsened [97]. The discovery of bacterial
infection-induced regression led to the
development of cancer immunotherapy,
involving studies on microbes to determine
their anti-neoplastic properties. Microbes are a
significant source of chemically diverse,
produced and fermented with therapeutic
potential [71]. Microorganisms are used in the
production of anticancer drugs such as
anthracyclines, bleomycins, staurosporins, and
actinomycins [71,91]. Bacteria can enhance
immunological responses, but they may also
cause negative effects that can be mitigated by
utilizing bacteria-derived products. The use of
bacterial spores, microbes, and toxins as gene
therapy delivery vehicles is studied. Microbes
producing poisons that kill tumor-proliferating
cells may potentially benefit humans [98]. It
describes the typical microorganisms in skin
cancers with ulcerative lesions, suggesting that
pathogenic germs may increase post-surgical
complications [99].
7. Medicinal for
Melanoma

7.1. Phyllanthus emblica

Plants Preventing

Amalaki is a crucial and frequently used herb in
Ayurvedic medicine. Amalaki, also known as
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Emblica officinalis, is a member of the
Euphorbiaceae family and is beneficial for
treating and curing human diseases due to its
phytochemical components [100]. Phyllanthus
emblica is a plant that is commonly grown in
China, Southeast Asia, Sri Lanka, Nepal, and
India [101]. The terms "Indian gooseberry" and
"Amalaki" are also used to refer to it in
Ayurveda. Another name for it is "the King of
Rasayana." The fruit of this plant is traditionally
used in Chinese and Indian Ayurvedic medicine
to treat various diseases such as dyspepsia,
bleeding, anemia, diarrhea, and eye and lung
inflammation. Amla is a major component in
the traditional remedy "Chyvanaprash,” which
is effective in treating eye conditions, asthma,
anemia, and lung irritation. Amla is rich in
minerals, vitamins, amino acids, flavonoids,
phenolics, tannins, and vitamin C. Amla also has
a number of health advantages, such as anti-

ulcerogenic, antidiabetic, antibacterial,
antioxidant, antimutagenic, and
chemopreventive effects [101]. P. emblica

functions as an anti-aging agent by reducing
free radicals and UV-induced erythema [102].
Amla, a skin-lightening product, is used to treat
scabies, itching, freckles, and age spots in
Europe, the Middle East, and Asia
[101,103,104]. Emblica, a major component of
herbal medicine systems, holds numerous
benefits and could potentially lead to a new era
of healthcare in the coming decades [105].

7.2. Tinospora cordifolia

Tinospora cordifolia is a popular plant in
conventional medicine due to its spasmolytic,
allergen-free, and anti-diabetic properties,
which also enhance immunological function
[106]. T. cordifolia is extensively found
throughout South Asia, the Philippines,
Bangladesh, China, and Sri Lanka. It is also
known as "Amrita" or "Guduchi" in Ayurveda
and is also referred to as the "heavenly elixir"
[107]. T. cordifolia has been used in Ayurvedic
and Chinese systems for treating various
diseases such as skin disorders, fever, asthma,
leprosy, and diabetes [106,108,109]. The
substance  contains  various  alkaloids,
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sesquiterpenoids, hormones,
phenolics, aliphatic compounds, and
polysaccharides [110]. A study reveals its
various properties, such as antibacterial,
antioxidant, anti-inflammatory,
immunomodulatory, antistress, antispasmodic,
chemoprotective, radioprotective,
neuroprotective, and hypoglycemic [111]. This
treatment effectively addresses skin issues such
as dark spots, zits, and acne, while also
reducing the effects of aging [112]. T. cordifolia
indicates its potential as a beneficial medication
without any adverse or hazardous effects [106].

glycosides,

7.3. Azadirachta indica

The neem tree has been utilized in Ayurvedic
medicine for over 4,000 years due to its
antiseptic, antiviral, antipyretic, inflammatory,
and antiulcer properties [113]. The neem plant
is used in Ayurveda, Unani, and homeopathic
medical systems to treat various diseases such
as blood, eye, persistent fever, malarial fever,
leprosy, skin diseases, ulcers, and wounds.
Neem possesses antifungal, anthelmintic,
antibacterial, antiviral, antidiabetic,
contraceptive, and sedative properties due to
its alkaloids, flavonoids, glycosides, and amino
acids [114]. The bioactive neem compounds
nimbolide and azadirachtin have been proven
to aid in cancer management through their
anticancer and antioxidant properties [115].
Azadirachta indica protects the skin from
harmful UV radiation, chemical pollutants, skin
conditions, and wounds [116-118].

7.4. Withania somnifera

Withania somnifera (Ashwagandha) has been
used as a herbal remedy since its development
around 6000 B.C [119]. W. somnifera is used to
treat ulcers, rheumatic swelling, inflammation,
discomfort, constipation, and backaches
through its root infusion [119,120].
Additionally, its roots have sedative,
aphrodisiac, and nerve tonic properties. It
exhibits immunomodulatory, anti-arthritis,
antioxidant, anticancer, and neuroprotective
activities due to the presence of steroidal
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alkaloids and steroidal lactones [121]. W.
somnifera has an anticancer impact against
human and mouse cancers of the colon,
prostate, blood, lung, breast, pancreas, kidney,
and head and neck [122,123]. The
pharmacological effects of Ashwagandha are
primarily attributed to withanolides withaferin
A and withanolide D, but there is limited
research supporting its clinical use for various
cancer treatments [124]. Ashwagandha is
beneficial for the skin as it regenerates natural
oils and produces hyaluronan, elastin, and
collagen, providing moisture, suppleness, and
strength [125,126]. W. somnifera has a wide
range of cytotoxic and anticancer properties,
and is a promising option for advanced cancer
treatment [119].

7.5. Ocimum tenuiflorum

Ocimum tenuiflorum is a globally grown plant,
particularly in Eastern Asia, Africa, China, and
America [127]. Basil, a major ingredient in
Ayurveda, is utilized to treat various diseases
such as anxiety, coughing, asthma, diarrhea,
malaria, fever, arthritis, eye problems, UTIs,
indigestion, vomiting, back pain,
gastrointestinal disorders, and bug bites [128].
Tulsi, rich in nutrients including fatty acids,
sitosterol, eugenol, and apigenin, has active
ingredients such as eugenol, ursolic acid,
linalool, and isoeugenol. These compounds can
reduce UV radiation and the dermatoxic effects
of xenobiotics, aiding in skin infections [129].
Tulsi also protects against blackheads and
treats wounds and fungal diseases on the skin
[130]. A study investigated the potential of four
solvent extracts from Ocimum tenuiflorum for
treating malignant melanoma. Four crude
extracts were prepared and tested on the A375
cell line. Results showed high cytotoxic
potential against the cells, with ICso values
below 50 pg/mL. The extracts caused late
apoptosis in 44.2 + 2.54%, 73.6 * 1.13%, and
67.4 £ 0.70% of A375 cells, respectively. The
study suggests the potential for developing
anticancer treatments targeting the A375 cell
line [131].
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8. Potential Polyphenols Used as Anti-Skin
Cancer Agents

Research has demonstrated the efficacy of
natural compounds such as polyphenols in
treating and preventing diseases through
various preclinical, clinical, and epidemiological
studies [132]. Plant-derived substances such as
anthocyanins, EGCG, and resveratrol have
shown promising anticancer potential [133-
137]. Polyphenols are a type of antioxidant
found in fruits, vegetables, cereals, chocolate,
olive oil, and beverages [138]. Preclinical
studies have investigated the anticancer
properties of resveratrol on various cancers,
including skin, prostate, gastrointestinal, and
lung [139]. The major inhibitory mechanisms of
resveratrol in mouse skin cancer models
include activating antioxidant systems,
inducing apoptosis, suppressing inflammation,
and controlling the cell cycle [140-144].
Resveratrol inhibited growth in DMBA-induced
mammary tumors and xenograft breast cancer
models by downregulating proliferation,
angiogenesis, apoptosis, and modulating
hormones such as estrogen and progesterone
[145-149]. The primary anticancer mechanism
of resveratrol involves the modification of
genetic and epigenetic factors. This study
suggests that resveratrol demethylates tumor

suppressor genes to inhibit DNA
methyltransferase activity in esophageal,
gastric, and colorectal cancer cells [150].

Additionally, multiple clinical investigations
have demonstrated the anticancer properties of
resveratrol. Phase [ trials reveal resveratrol
reduces lymphoid and colon cancer
development, requiring further clinical studies
for full chemopreventive and therapeutic
potential [139]. The use of polyphenols such as
EGCG, their synthetic analogs, and prodrugs,
has been confirmed as effective in cancer
prevention and treatment [151-156]. Curcumin
is known for its anti-inflammatory, antioxidant,
and anticancer properties [157,158]. This
compound has chemopreventive effects on
various malignancies by stimulating apoptosis
[158,159]. Curcumin-containing nanoparticles
decrease cell viability and induce apoptosis,
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exhibiting anti-metastatic properties in both in
vivo and in vitro studies [160]. The molecular
mechanism of biocompounds can significantly
prevent skin cell carcinogenesis and metastasis
[161]. Recent clinical and translational studies
underscore the potential of polyphenols in skin
cancer therapy while addressing their
bioavailability  limitations. Topical EGCG
protects against UV-induced DNA damage and
erythema, and curcumin-loaded nanoparticles
enhance cutaneous penetration and reduce
tumor burden. Resveratrol- and quercetin-
based gels are being tested to slow the
progression of actinic keratosis and photoaging,
thereby lowering non-melanoma skin cancer
risk. Clinical translation has been limited by

2026, Volume 8, Issue 2

higher tumor accumulation with reduced
toxicity, while quercetin liposomes prolong
dermal retention and photoprotection, bridging
preclinical findings with clinical applications.

9. Polyphenols and Their Chemoprotective
Activities

Polyphenols are used for the treatment of skin
cancer through various mechanisms (Table 1).
The chemical structures of polyphenols are
shown in Figure 3. Polyphenols exhibit
chemopreventive and therapeutic effects in
both melanoma and non-melanoma skin
cancers. Specifically, compounds such as
resveratrol, quercetin, and EGCG have been
extensively studied in melanoma models, while

poor oral bioavailability, rapid metabolism, and  gthers like  curcumin, silymarin, and
low dem}al absor.ptlon; howevelf, advances in  proanthocyanidins ~demonstrate  significant
nanocarriers,  liposomes, micelles, and  jctivity against non-melanoma types, including
polymeric  nanoparticles have improved  pasa] cell carcinoma and squamous cell

solubility, skin permeation, and controlled
Nanoformulated curcumin achieves

release.

carcinoma.

Table 1. The molecular targets and mechanisms of action. Lists of selected polyphenols in their mechanisms

and molecular targets in skin protection

Polyphenols Source Mechanism of action Clinical Relevance Ref.
Resveratrol Grape skin Inhibition of Demonstrated chemopreventive | [141,143,162]
inflammation, H202, LPO, effects in non-melanoma skin
COX-2, and PGs. cancers; explored as an adjuvant
for melanoma therapy
Catechin Tea leaves Inhibition of DNA damage | Provides photoprotection against [163,164]
UV-induced genotoxicity,
reducing the risk of skin cancer
initiation
Epigallocatechin Green tea EGCG prevents {3-catenin Reduced UVB-induced skin [82]
gallate (EGCG) in skin cancer cells by damage; under evaluation for
inhibiting the levels of melanoma immunotherapy
cAMP and PGE2. enhancement
Silymarin Milk thistle Inhibition of H202, LPO, Effective in reducing OS and [165,166]
NO, iNOS, and MPO inflammation; topical
formulations evaluated for
chemoprevention of actinic
keratosis and NMSC
Proanthocyanidin Nuts and Inhibition of H202, iNOS, Protected against UV-induced OS [167-169]
Grape seeds LPO, and MPO and tumor promotion.
Apigenin Tea and Apigenin inhibits UVB- Demonstrated protective effects [170]
onions induced mTOR activation, against UVB-induced skin
cell proliferation, and cell carcinogenesis in preclinical
cycle progression. models; potential topical
preventive agent
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Proanthocyanidin

Figure 3. Chemical structures of polyphenols, including resveratrol, EGCG, Catechin, Silymarin,
Proanthocyanidin, and Apigenin, with chemoprotective activity

9.1. Antiproliferative activities

Melanoma has various stages. Surgery is a
common treatment for early stages of the
disease, alongside other therapies such as
immuno-, biologic-, radio-, and chemotherapy
[171-173]. The majority of  these
chemotherapeutic drugs have risky side effects
that restrict their use [174,175]. The most
lethal phases of melanoma are those with high
metastasis rates and spread to areas where
other cancers do not frequently affect people
[174]. Cell proliferation is a biological process
where cells continuously multiply over time,
thereby increasing the overall number of cells
[176]. Berries showed a dose-dependent
inhibitory effect on the growth of human
melanoma cell line (A375) tumor cells, with
different heat treatment that induces cell
multiplication [177]. The flavones tangeretin
and baicalein, myricetin and gallic acid, and
myricetin and gallic acid showed the most
significant dose-dependent effects on cell
proliferation [178]. Researchers found that
black pomegranate peel extract inhibits B16-
F10 melanoma cell growth in a dose-dependent
manner, possibly due to its antioxidant activity
and polyphenol content [179,180]. Curcumin
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significantly reduced the development of B16-
F10 cells and the percentage of cells in the G1
phase [181]. A study investigated the non-
cytotoxic effects of ethanolic extracts on
melanocyte growth inhibition. The extract is
found to be cytotoxic to healthy HaCaT skin
cells and selectively inhibits the development of
A375 melanoma cells. It has potential as an
anti-melanoma drug, potentially reducing cell
survival and proliferation [182].

9.2. Cytotoxic activities

Skin cancer is caused by OS, which damages
DNA through base damage, protein-DNA cross-
linking, and single- and double-strand breaks
[183]. Skin cancer chemotherapy aims to kill
skin cancer cells, with a secondary goal of
causing apoptosis to aid neighboring phagocytic
cells in removing them quickly [184]. The
efficacy of chemotherapy for skin cancer has
been inconsistent due to inefficient systemic
transport and absorption of these drugs [185].
The cytotoxic effect refers to the toxicity caused
by chemotherapy medications on living cells
[176]. Green tea polyphenols inhibit skin cancer
cell proliferation by increasing the number of
cancer-fighting CD8* cells [152]. A study
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investigates the effects of blueberry fruit
extracts on B16-F10 melanoma cells, finding
anthocyanidins to be more cytotoxic. No
significant difference in cell viability was
observed. The extracts showed minimal to no
cytotoxicity for normal cells and were highly
effective in vivo inhibitors of B16-F10
metastatic murine melanoma cells [186].
Chrysin therapy effectively inhibited melanoma
tumor development by 71% after 21 days,
boosting macrophage, T lymphocyte, and
natural Killer (NK) cell cytotoxic activity. The
effective anticancer effects of Chrysin in the
mouse melanoma model suggest potential use
in further anti-melanoma treatment,
highlighting the importance of NK cells in
tumor monitoring [187]. Resveratrol has
anticancer activity [188]. A study investigated
the cytotoxic effects of resveratrol on
melanoma-derived DM738 and DM443 cell
lines, revealing variations in effects based on
dosage and duration. It selectively kills tumor
cells at a concentration of 50 pM without
cytotoxic effects on non-cancerous cell types
[189]. Anthocyanin-enriched extract from
elderberries showed anti-proliferative and anti-
cancer properties, increasing total lactate
dehydrogenase synthesis in B16-F10 murine
melanoma cells, causing cytotoxic effects after
24 hours [190]. Honokiol significantly reduces
melanoma  cancer cells by lowering
AKT/mammalian target of rapamycin and
Notch signaling, and is currently being tested in
clinical trials alongside standard chemotherapy
regimens [191].

9.3. Cell cycle and apoptosis

Apoptosis is a process involving metabolic
changes that lead to cellular alterations,
primarily affecting the cell membrane [192].
The cell cycle regulates cell division, growth,
and proliferation after DNA damage, with
apoptosis, or controlled cell death, being crucial
for cancer prevention [193,194]. Polyphenols
can induce melanoma cells to undergo
apoptosis. The study investigated the impact of
the natural flavonoid sanggenol on cell
proliferation in murine melanoma cells,
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specifically SK-MEL-2, SK-MEL-28, and B16.
Treatment with sanggenol significantly altered
the morphology of the research cells and
prevented cell division. This flavonoid was
found to cause cell death in B16 and SK-MEL-2
cells in melanoma skin cancer [193].
Pomegranate polyphenols have been found to
decrease tumor incidence in a mouse skin
carcinogenesis model by inhibiting cell
proliferation and promoting apoptosis [195].
The survival of A373, Hs294t, SK-Mel28, and
SK-Mel 119 cells following exposure to green
tea polyphenols is reported to be dose- and
time-dependent [196]. Resveratrol significantly
decreased B16F10 and B6 cell growth, while
increasing B16F10 and A375 cell death [197].
The PI3K/AKT/mTOR axis is a crucial regulator
of anthocyanins, autophagy, and cell death, as
studied based on cyanidins [198]. The
phosphorylation levels of AKT and mTOR in
melanoma decreased due to their ability to
induce apoptosis and decrease cell growth
[190]. The concentrations of ellagic acid in
three malignancy cell lines, 1205Lu, WM852c,
and A375, have been determined. The
treatment of A375 with gallic acid resulted in
morphological changes and a decrease in the
proportion of viable cells [199]. Gallic acid may
have anti-carcinogenic properties due to its
ability to cause apoptosis in a dose-dependent
and time-dependent manner [200]. A study
investigated the potential anticancer effects of
caffeine on the human melanoma cell line SK-
Mel-28. Caffeic acid treatment increased
apoptosis-related cell death and reduced
caspase gene expression, suggesting it may
inhibit tumor growth in human melanoma cells
[201]. Another study investigates the impact of
quercetin on the cancer cells A375SM and
A375P. It showed no effect on A375P cells, but
it inhibited the growth and survival of A375SM
cells and, in a dose-dependent manner, led to
apoptosis. It also inhibits A375SM melanoma
cell proliferation through apoptosis, reducing
tumor size in vivo [202]. Consequently, this
polyphenol is an effective melanoma therapy.
Luteolin has potential anticancer treatment for
human melanoma [203]. Polyphenols have the
same effect on melanoma cell lines as the



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html

Journal of Chemical Reviews

majority of chemotherapeutic drugs, which
qualifies them for use as chemoprophylactic
agents [204]. Luteolin suppresses HaCaT and
A375 cell development, induces cell cycle
arrest, and has significant apoptotic potential
against human skin cancers [205].

9.4. UV radiation defense

The impact of UVR exposure on skin cancer
development is still unclear, influenced by
factors such as dose and time [206]. The
importance of UVR exposure is highlighted by
the fast-rising incidence of BCC, the most
prevalent type of skin cancer [207]. Numerous
polyphenols in food may protect skin from UV
rays [208]. Green tea polyphenols have been
proven to protect against UV-induced skin
cancer and photodamage [209]. The flavanols in
green tea protect against the negative effects of
UV radiation, such as skin aging, lipid
peroxidation, and erythema, whether consumed
or administered topically [210]. Green tea
polyphenols can protect the skin from UVB-
induced inflammatory leukocytes by inhibiting
systemic immunological suppression before
sun exposure [211]. Additionally, green tea
polyphenols protect human skin from OS,
reduce cyclobutane pyrimidine production, and
lessen the UVB-induced erythema response
[163,212]. A study demonstrates UV absorption
properties of polyphenols, their high molar
extinction coefficients, and photoprotective
properties, while estimating the sun protection
factor of stilbenes, flavonoids, and certain
hydroxycinnamic acid homologues. Resveratrol,
kaempferol, and aigenin are the top flavonoids
in terms of UVB defense, with resveratrol
having a close to 20 SPF rating and kaempferol
second with 24.9. Caffeine and caffeic acid are
the hydroxycinnamic acid compounds with the
highest SPF values. The study investigated
whether polyphenols can be utilized as active
ingredients in UV compositions due to their
significant UVB protective properties [213]. UV
light is one of the major causes of DNA
deterioration. UV photons can cause DNA
damage, particularly through the production of
ROS, which can lead to reactive DNA changes.
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The two main techniques for DNA repair are
base excision repair and nucleotide excision
repair. Oxidized 8-0xoG and other small lesions
that appear in seven steps are eliminated by
base excision repair [214]. A study using a
mouse photocarcinogenesis model showed that
green tea polyphenols can protect against UV-
induced DNA damage, reducing skin cancer
incidence. Interleukin-2, a substance that
stimulates DNA repair, has been found to act as
a mediator in this effect [215].

9.5. Metastasis of cancer

Melanoma is the most fatal type of skin cancer
due to its spread [216]. Cell adhesion, invasion,
and angiogenesis are phases in the tumor
metastasis process [217]. The extracellular
matrix (ECM) and basement membrane need to
be damaged for a tumor to enter and spread
throughout the body. Melanoma growth and
dissemination are greatly influenced by tumor
angiogenesis [218]. A study investigated the
impact of anthocyanins from Hibiscus sabdariffa
(HAs) on metastasis, aiming to demonstrate the
limiting effect of polyphenols on melanoma
malignancy. The HAs effectively inhibited
tumor-driven angiogenesis, reducing migration
in vitro and in vivo, by inhibiting factors such as
tumor Ras, NF-kB, CD31, and VEGF/VEGF-R.
HAs not only inhibited angiogenesis and cancer
cell migration but also other processes that
contribute to cancer cell growth [219]. Another
study investigated the potential of various
polyphenolic substances to prevent mice from
developing lung metastases caused by B16F10
cancer cells. The use of oral catechin and
curcumin treatment at specific doses resulted
in an 80% reduction in lung metastases. Rutin,
epicatechin, naringin, and naringenin have the
same impact as  polyphenols [220].
Furthermore, a study investigated the impact of
resveratrol on three melanoma cell lines.
Resveratrol, at 40 mg/kg, effectively reduced
the growth of a lung tumor in vitro, a potential
addition to clinical therapy plans without any
additional side effects or toxicity [197]. While
these preclinical and mechanistic studies
highlight the strong chemopreventive and
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therapeutic potential of polyphenols, their
clinical translation remains limited due to poor
bioavailability. Most polyphenols suffer from
low water solubility, instability in physiological
conditions, and extensive first-pass metabolism,
which markedly reduces systemic absorption.
Rapid conjugation in the gut and liver further
decreases their effective concentration at tumor
sites. Advanced delivery approaches, such as
nanoformulations, liposomal carriers, and
prodrugs are crucial for improving stability,
targeted delivery, and overall therapeutic
efficacy in overcoming pharmacokinetic
barriers. The incidence of metastatic skin
cancer is significantly lower than in Western
countries due to racial and genetic differences
[221].

10. Tea Polyphenols Control UVB-Mediated
Ovulation

The skin acts as a barrier against UV radiation,
categorizing it into UVA and UVB based on
wavelength. About 95% of UV radiation is long-
wave UVA radiation, which ranges in
wavelength from 320 to 400 nm. ROS, which
penetrate deeply into the dermis, can damage
DNA, proteins, lipids, and cell signaling
pathways, potentially leading to
photocarcinogenesis [222-224]. Only 5% of UV
sunlight is UVB radiation, which is short-wave
(290-320 nm). The absorption of this
substance in the epidermis leads to direct DNA
damage, inflammation, dysregulation of cellular
signaling pathways, and photocarcinogenesis
[225, 226]. The tumor suppressor gene p53
regulates the cell cycle, suppressing
proliferation and initiating apoptosis to protect
the genome. p53 triggers the upregulation of
the pro-apoptotic protein Bax and the
downregulation of the protein that blocks
apoptosis, Bcl2 [227]. Apoptosis-resistant cells
can enter the cell cycle without DNA repair
when this tumor suppressor gene is mutated
[228]. After UVB exposure, the epidermis of
SKH-1 hairless rats may develop patches of
mutant p53. Green tea diluted in water
prevented hairless SKH-1 mice from generating
UVB-induced mutant p53-positive patches
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when compared to water-diluted mice. It
induces chemopreventive apoptosis in early
precancerous lesions, which is a
chemoprotective mechanism against UVB
radiation [229]. A study on hairless SKH-1 mice
found that EGCG treatment combined with UVB
exposure reduced skin cancers and promoted
apoptosis by increasing caspase 3 expression in
epidermal dysplastic areas. EGCG can be
utilized as a photoprotective medicine against
UVB-induced skin carcinogenesis by causing
tumor apoptosis and preventing tumor
development [230]. The pretreatment with
EGCG reduces the impact of UVB radiation on
p53 expression in live skin analogs [231]. Body
lotion with green tea extract was applied to the
skin that had been exposed to UVB rays in
humans. It decreases the expression of p53,
thus preventing apoptosis. It also reduces OS
and promotes apoptosis as its mode of action
[231]. The Fas ligand system serves as an
additional apoptosis marker and regulator,
further enhancing its anti-inflammatory
properties. UV radiation can induce apoptosis
by activating the death receptor Fas [232]. Fas
expression was enhanced by UVB irradiation
using live skin analogues, but this was stopped
by pretreatment with EGCG [233]. Tea
polyphenols' potential in UVB-induced skin
cancer chemotherapy has been demonstrated
in various studies, including in vitro, in vivo, and
human trials. Tea polyphenols aid in DNA
repair, reduce OS, inhibit UVB-induced
signaling pathways, and reverse epigenetic
changes induced by UVB exposure [234].

11. Tea polyphenols Reduce Oxidative Stress
and UVB-Mediated Inflammation

Patients are advised to wuse sunscreen
frequently, wear broad-brimmed hats and long-
sleeved clothing, and avoid direct sunlight
during peak UV radiation exposure. Sunscreen
effectiveness is primarily based on preventing
UV-induced sunburns, with their
chemopreventive action against non-melanoma

skin cancers [235]. UVB light exposure
increases vascular permeability and
vasodilation, leading to skin inflammation
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characterized by erythema and edema.
Prolonged UVB exposure results in chronic
inflammation, which in turn promotes the
growth, progression, and spread of skin cancer
[225-237]. The phospholipids in the cell
membrane contain arachidonic acid, which is
released by the enzyme phospholipase A2,
which is activated by absorbed UVB radiation.
Cyclooxygenase (COX) and lipoxygenase (LOX)
are enzymes that convert arachidonic acid into
eicosanoids, producing prostaglandins (PGE)
and 12-hydroxyeicosatetraenoic acid (12-
HETE). UVB exposure leads to an increase in
COX-2 expression, thereby elevating the levels
of PGE in the body. The enzyme COX-2 is
responsible for regulating the rate of
arachidonic acid metabolism. UVB light
exposure enhances the COX-2 production by
human keratinocytes [238]. PGE2's capacity to
accelerate proliferation and its vasodilatory
properties have been widely recognized [239].
The overexpression of this gene is observed in
tissue samples from advanced BCC and SCC
tumors [240], suggesting a link between it and
the onset of metastasis. The study investigates
the anti-inflammatory properties of EGCG in
preventing photocarcinogenesis [241]. Human
skin biopsied after exposure to UVB radiation
or EGCG therapy showed that applying EGCG
topically significantly reduced erythema
compared to untreated skin. EGCG consumption
decreased COX production in PG metabolites
with lower PGE2 levels. A study was conducted
on healthy human volunteers to assess the
effectiveness of GTPs and their constituents,
EGCG, EC, and EGC, in protecting against UV-
induced photodamage [242]. The study
involved applying identical pretreatments
containing 5% GTP and its ingredients to skin
areas before UV exposure. EGCG and ECG,
polyphenolic fractions with a galloyl group at
position 3, effectively reduced UV-induced
erythema, unlike EGC and EC. GTP-treated skin
showed reduced UV radiation damage, fewer
burned cells, and protection from its effects
[242]. Another study investigated the
effectiveness of oral administration of GTPs in
reducing inflammation. Human participants
exposed to UVB radiation before and after 12
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weeks of GTP therapy showed a significant
reduction in erythema compared to pre-
treatment exposure. The concentration of 12-
HETE decreased after treatment compared to
pre-treatment exposure [243], indicating that
12-HETE is a powerful leukocyte
chemoattractant. Long-term exposure to UVB in
mice reduced the levels of inflammation-
associated cytokines (TNF-, IL-1, and IL-6) and
pro-inflammatory markers (COX-2 and PGE2)
with oral administration of GTPs [164]. UVB
light enhances vasodilation and vascular
permeability, allowing leukocytes, primarily
neutrophils, to infiltrate the exposed area.
Nitric oxide synthase (iNOS), an enzyme
stimulated by UVB light, is the major cause of
the enhanced vasodilation [244]. Leukocytes
entering the tissue produce ROS through the
actions of NADPH oxidase and myeloperoxidase
(MPO) [245]. EGCG inhibited UVB from
inducing MPO activity and leukocyte infiltration
in C3H/HeN mice [246]. Additionally, EGCG
significantly reduced MPO activity in human
skin exposed to UVB [241]. The amount of NO
and H;0; produced when EGCG was applied
topically to human skin was significantly
reduced [212]. ROS cause cell damage by
oxidizing cell molecules, leading to OS [237,
247]. Cells possess inherent defenses against
ROS by activating endogenous ROS detoxifying
enzymes and antioxidant substances. UVB
radiation frequently depletes molecules and
enzymes, leading to oxidative damage to cells
[225,237,247]. Tea polyphenols, as potent ROS
scavengers, prevent oxidative cell damage
[247]. Vitamins C and E are stronger
antioxidants compared to them [248].
Therefore, their antioxidant activity was
studied in SKH-1 hairless rats after UVB
exposure. The study found that applying GTPs
or EGCG in a hydrophilic ointment USP to mice
before UVB exposure reduced UVB-mediated
depletion of glutathione, GPx, and catalase
[249]. The delivery of GTP in drinking water
prevents the depletion of antioxidants due to
single or repeated UVB exposure [212]. Tea
polyphenols' potential in UVB-induced skin
cancer chemotherapy has been demonstrated
in various studies, including in vitro, in vivo, and
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human trials. Tea polyphenols aid in DNA
repair, reduce OS, inflammation, slow down
UVB-induced signaling pathways, and reverse
epigenetic changes induced by UVB exposure
[234].

12. Tea Polyphenols Enhance DNA Repair
Mechanisms and Decrease UVB-Mediated
DNA Damage

The conserved NER system aids in DNA repair,
potentially repairing CPDs and preventing
apoptosis in skin keratinocytes, depending on
DNA damage caused by UVB exposure [250-
252]. Keratinocytes stop the cell cycle if
irreparable DNA damage occurs, turning into
sunburn cells, the first sign of epidermal cell
death, and can initiate DNA repair [252]. UVB
rays damage skin DNA by promoting
cyclobutane pyrimidine dimers (CPDs), which
can cause mutations if not treated, and are
prevalent, damaging, and slow-repair
premutagenic photoproducts in mammalian
cells [253]. The NER process is used by cells to
repair nicks and eliminate dimers from
damaged DNA. The protective function of NER
is demonstrated in xeroderma pigmentosum
patients with NER deficiency, indicating an
increased risk for photocarcinogenesis and
higher mutagenicity [254]. Incorrect treatment
during replication or non-correction by NER
can cause recurrent CPDs to transition between
Cand T or CC and TT. UV signature mutations
are common abnormalities in tumor suppressor
genes [255]. Blocking UVB radiation with
sunscreens can reduce CPD development, while
NER-boosted CPD repair may prevent skin
cancer. Green or white tea extracts effectively
prevent skin from UV radiation, despite indirect
UVB absorption and sunscreen effects [256].
The topical application of GTPs effectively
protected both the human dermis and
epidermis from UVB-induced CPDs [163]. A
study on EGCG found that this polyphenol aids
in the body's recovery from UVB-induced
chronic inflammatory diseases. Mice treated
with UVB exposure showed a significant, time-
dependent reduction in the number of CPDs
compared to control animals. Animals that

199

2026, Volume 8, Issue 2

were administered GTPs orally also had a
similar reaction [164]. GTPs enhance DNA
repair, leading to further investigation into the
impact of NER on the process. UVB exposure
reduces CPDs in mice, activating NER-related
genes through oral GTPs. A study examines NER
role in GTP-induced DNA repair in xeroderma
pigmentosum patients. The experiment using
XPA// mice showed similar results, indicating
that a functional NER system is crucial for GTP-
induced DNA repair [257]. EGCG, an
immunoregulatory cytokine, has anticancer
effects, but it fails to inhibit
photocarcinogenesis ~ when  administered
topically to IL-12 knockout mice [252]. IL-12
KO mice treated with EGCG and untreated mice
experienced UVB-induced DNA damage, while
oral administration of GTPs resulted in similar
outcomes [164]. Subcutaneous administration
of IL-12 to IL-12 KO mice undergoing EGCG
treatment significantly reduced the number of
UVB-induced CPDs [258]. A study investigated
the photoprotective properties of GTPs on
normal human epidermal keratinocytes
(NHEK), finding that IL-12 facilitates the fast
healing of UVB-induced CPDs [215]. GTPs and
EGCG can prevent UVB-induced skin damage by
reducing DNA damage, stopping apoptosis, and
boosting IL-12 production in NHEK cells and
human keratinocytes [215]. Another study is
exploring the potential benefits of topical EGCG
and dietary green tea as sun radiation
supplements [259].

13. Toxicity

Resveratrol and piceatannol were tested for
cytotoxicity in cultured cells. They inhibited the
viability of mouse macrophages, tumor-derived
human T cells, and human epidermoid
carcinoma cells in a concentration-dependent
manner. Piceatannol reduced macrophage
viability in a concentration-dependent way.
Both piceatannol and resveratrol were less
cytotoxic when stimulated with zymosan. The
cytotoxicity is caused by a mechanism other
than oxidative stress. Cytotoxicity is more
pronounced in zymosan-activated cells,
suggesting that the toxicity of both piceatannol
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and resveratrol toward macrophages depends
on their activation status [260]. Mammals
exhibit good tolerance to resveratrol even at
high concentrations, such as 1000-1500
mg/day [261]. Clinical studies and in vivo
animal models indicate the safety of resveratrol
as a dietary polyphenol at doses of 100-1,000
mg/day [262, 263]. Resveratrol is considered
safe and nontoxic even at large dosages of up to
5 g [264]. Clinical studies suggest that daily
intake of 2.5-5 g of resveratrol can cause mild to
moderate gastrointestinal problems [265].
Diarrhea has been reported while taking 2 g of
resveratrol twice a day [266]. A study indicates
a correlation between resveratrol
micronization and improved tolerability [267].
Resveratrol can reduce nonhematological
toxicities associated with chemotherapy,
making cancer therapies more tolerable [268].
Additionally, resveratrol affects cell
proliferation in different ways depending on
the type of cell. Research on cancer biology
reveals that it cytotoxically destroys cancerous
cells while preserving healthy ones [269].
Resveratrol exposure in chronic doses has
complex effects on human mesenchymal stem
cells, varying depending on the duration and
concentration [270]. Furthermore, resveratrol
causes irreversible cell cycle arrest and cellular
senescence in proliferating MSCs at higher
concentrations, potentially limiting their
therapeutic potential. Resveratrol, when
consumed long-term, can negatively impact
stem cell function and overall health by
disrupting goitrogens and thyroid function
[271]. The claim that chronic high-dose
resveratrol ingestion, such as 5 g/day, is
nontoxic  [272].  High-dose  resveratrol
consumption raises concerns as it may cause
oxidative stress by activating Phase Il
detoxifying enzymes, potentially leading to liver
damage. Enzymes, typically involved in
detoxification processes, can occasionally
produce reactive intermediates that can cause
cellular damage and oxidative stress. Recent
research explores the potential of resveratrol to
modify the Nrf2-Keapl signaling pathway, a
crucial component of cellular antioxidant
defense mechanisms, to protect against
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oxidative stress and liver damage [273, 274]. A
study tested the cytotoxicity of curcumin-
loaded chitin nanogels on human dermal
fibroblast cells and A375 human melanoma cell
lines. These exhibited specific toxicity on
melanoma within a concentration range of 0.1-
1.0 mg mL-1, with less toxicity towards human
dermal fibroblast cells. These also increased

transdermal curcumin flow, allowing
penetration of the skin and preventing
inflammation [275]. Another study

demonstrates that skin cancer cells can be
selectively sensitized to quercetin through brief
exposure to low-frequency ultrasound.
Ultrasound pretreatment at 20 kHz, 2 W cm-2,
60 s caused cytotoxicity in skin cancer cells,
with minimal impact on normal cell lines. After
48 hours of ultrasound-quercetin (50 pM)
treatment, approximately 90% of the viable
skin cancer cell population was eliminated.
Ultrasound significantly decreased the LCso of
quercetin by nearly 80-fold for skin cancer
cells, despite not impacting nonmalignant skin
cells [276].

14. Conclusion and Future Perspectives

Research on natural remedies and polyphenols
for skin cancer combats molecular mechanisms,
providing hope for developing new strategies
for prevention and treatment. Polyphenols such
as resveratrol, EGCG, curcumin, quercetin, and
apigenin have antioxidant, cancer cell growth
inhibiting, anti-inflammatory, and apoptotic
properties, potentially targeting skin cancer.
Future research should focus on molecular
pathways, dosage optimization, and clinical
trials for safety evaluation. Natural remedies
and polyphenols offer promising cancer
prevention and treatment strategies, but
further understanding is needed to enhance
outcomes for skin cancer patients. Future
research in this field could involve clinical
trials, formulation optimization, and potential
synergistic therapies. Biomarker identification
could help stratify patients for treatment
efficacy. Mechanistic studies could help
understand the molecular targets of
polyphenols’ anticancer effects. Public health
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interventions could promote polyphenol-rich
foods and beverages or develop dietary
supplements for skin cancer prevention in high-
risk populations. These areas could lead to
more targeted and personalized therapeutic
approaches. Research on natural remedies and
polyphenols’ potential in combating skin cancer
is progressing, but additional research is
needed to develop effective clinical strategies.

Acknowledgements
None.
Conflict of Interest

All authors are declared that there is no conflict
interest exists.

Orcid

Priya Modhugur Sathyanarayanan
https://orcid.org/0009-0004-4086-1793

Ramya Gollamudi
https://orcid.org/0009-0004-6437-9088

Deepankar Rath
https://orcid.org/0000-0001-9879-2605

Saswati Panigrahi
https://orcid.org/0000-0002-4316-1352

Laliteshwar Pratap Singh
https://orcid.org/0000-0002-5594-6229

Nihar Ranjan Kar
https://orcid.org/0000-0001-9128-2506

Rajesh Kumar Sharma
https://orcid.org/0000-0002-3763-8521

Shah Raj Ali
https://orcid.org/0000-0003-1387-6709

Amit Kumar
https://orcid.org/0000-0003-1755-3659

Uttam Prasad Panigrahy
https://orcid.org/0000-0002-8142-044X

2026, Volume 8, Issue 2

References

[1]. Siegel, R.L, Miller, K.D., Jemal, A. Cancer
statistics, 2018. CA: A Cancer Journal for Clinicians,
2018, 68(1), 7-30.

[2]. Didona, D., Paolino, G., Bottoni, U., Cantisani, C.,
Non melanoma skin cancer pathogenesis overview.
Biomedicines, 2018, 6(1), 6.

[3] Reichrath ]., Emmert, S. Schén, M.P, Haenssle,
H.A., Molecular biology of basal and squamous cell
carcinomas, Sunlight, Vitamin D and Skin Cancer,
2014, 234-252.

[4]. Leiter, U, Keim, U, Garbe, C., Epidemiology of
skin cancer: Update 2019. Sunlight, Vitamin D and
Skin Cancer, 2020, 123-139.

[5]. Davey, M.G., Miller, N., McInerney, N.M., A review
of epidemiology and cancer biology of malignant
melanoma. Cureus, 2021, 13(5),

[6]. Dehdashtian, A., Stringer, T.P, Warren, A.J., Mu,
E.W, Amirlak, B. Shahabi, L, Anatomy and
physiology of the skin. Melanoma, 2018, 15-26.

[7]- Bikle, D.D., Vitamin d and the skin: Physiology
and pathophysiology. Reviews in Endocrine and
Metabolic Disorders, 2012, 13(1), 3-19.

[8]. Chovatiya, R., Silverberg, ].I., Pathophysiology of
atopic dermatitis and psoriasis: Implications for
management in children. Children, 2019, 6(10), 108.
[9]. Balkwill, F, Coussens, L.M., An inflammatory
link. Nature, 2004, 431(7007), 405-406.

[10]. Neagu, M., Constantin, C., Caruntu, C., Dumitru,
C., Surcel, M., Zurag, S., Inflammation: A key process
in skin tumorigenesis. Oncology Letters, 2019, 17(5),
4068-4084.

[11]. Maru, G.B., Gandhi, K., Ramchandani, A., Kumar,
G., The role of inflammation in skin cancer.
Inflammation and Cancer, 2014, 437-469.

[12]. Surcel, M., Constantin, C., Caruntu, C., Zurac, S.,
Neagu, M, Inflammatory cytokine pattern is sex-
dependent in mouse cutaneous melanoma
experimental model. Journal of Immunology
Research, 2017,2017(1),9212134.

[13]. Wright, TI, Spencer, ].M. Flowers, FEP,
Chemoprevention of nonmelanoma skin cancer.
Journal of the American Academy of Dermatology,
2006, 54(6), 933-946.

[14]. Apalla, Z., Nashan, D., Weller, R.B., Castellsagué,
X, Skin cancer: Epidemiology, disease burden,
pathophysiology,  diagnosis, and therapeutic
approaches. Dermatology and Therapy, 2017,
7(Suppl 1), 5-19.

[15]. Olson, A.L., Gaffney, C.A.,, Starr, P, Dietrich, A.].,
The impact of an appearance-based educational
intervention on adolescent intention to use

201


https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://orcid.org/0009-0004-4086-1793
https://orcid.org/0009-0004-6437-9088
https://orcid.org/0000-0001-9879-2605
https://orcid.org/0000-0002-4316-1352
https://orcid.org/0000-0002-5594-6229
https://orcid.org/0000-0001-9128-2506
https://orcid.org/0000-0002-3763-8521
https://orcid.org/0000-0003-1387-6709
https://orcid.org/0000-0003-1755-3659
https://orcid.org/0000-0002-8142-044X
https://pubmed.ncbi.nlm.nih.gov/29313949/
https://pubmed.ncbi.nlm.nih.gov/29313949/
https://www.mdpi.com/2227-9059/6/1/6
https://pubmed.ncbi.nlm.nih.gov/25207369/
https://pubmed.ncbi.nlm.nih.gov/25207369/
https://link.springer.com/chapter/10.1007/978-3-030-46227-7_6
https://link.springer.com/chapter/10.1007/978-3-030-46227-7_6
https://assets.cureus.com/uploads/review_article/pdf/58524/20210617-24314-r8kq8o.pdf
https://assets.cureus.com/uploads/review_article/pdf/58524/20210617-24314-r8kq8o.pdf
https://assets.cureus.com/uploads/review_article/pdf/58524/20210617-24314-r8kq8o.pdf
https://link.springer.com/chapter/10.1007/978-3-319-78310-9_2
https://link.springer.com/chapter/10.1007/978-3-319-78310-9_2
https://link.springer.com/article/10.1007/s11154-011-9194-0
https://link.springer.com/article/10.1007/s11154-011-9194-0
https://www.mdpi.com/2227-9067/6/10/108
https://www.mdpi.com/2227-9067/6/10/108
https://www.mdpi.com/2227-9067/6/10/108
https://www.nature.com/articles/431405a
https://www.nature.com/articles/431405a
https://www.spandidos-publications.com/ol/17/5/4068
https://www.spandidos-publications.com/ol/17/5/4068
https://link.springer.com/chapter/10.1007/978-3-0348-0837-8_17
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/9212134
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/9212134
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/9212134
https://www.sciencedirect.com/science/article/abs/pii/S0190962205027295
https://link.springer.com/article/10.1007/s13555-016-0165-y
https://link.springer.com/article/10.1007/s13555-016-0165-y
https://link.springer.com/article/10.1007/s13555-016-0165-y
https://academic.oup.com/her/article-abstract/23/5/763/625699
https://academic.oup.com/her/article-abstract/23/5/763/625699

Journal of Chemical Reviews

sunscreen. Health Education Research, 2008, 23(5),
763-769.

[16]. Narayanan, D.L, Saladi, R.N, Fox, ].L,
Ultraviolet radiation and skin cancer. International
Journal of Dermatology, 2010, 49(9), 978-986.

[17]. Brenner, M., Hearing, V.J., The protective role of
melanin against uv damage in human skin.
Photochemistry and Photobiology, 2008, 84(3), 539-
549.

[18]. Madan, V., Lear, ].T.,, Szeimies, R.M., Non-
melanoma skin cancer. The Lancet, 2010,
375(9715), 673-685.

[19]. Benjamin, C.L., Ananthaswamy, H.N., P53 and
the pathogenesis of skin cancer. Toxicology and
Applied Pharmacology, 2007, 224(3), 241-248.

[20]. Chang, N.-B, Feng, R., Gao, Z., Gao, W, Skin
cancer incidence is highly associated with
ultraviolet-b radiation history. International Journal
of Hygiene and Environmental Health, 2010, 213(5),
359-368.

[21]. Gandini, S., Sera, F, Cattaruzza, M.S., Pasquini,
P, Picconi, 0., Boyle, P, Melchi, C.F, Meta-analysis of
risk factors for cutaneous melanoma: [i. Sun
exposure. European Journal of Cancer, 2005, 41(1),
45-60.

[22]. Marshall, S.E., Bordea, C., Haldar, N.A,
Mullighan, C.G., Wojnarowska, F, Morris, PJ., Welsh,
K.I., Glutathione s-transferase polymorphisms and
skin cancer after renal transplantation. Kidney
International, 2000, 58(5), 2186-2193.

[23]. Haque, M.A., Guntur, P. , Relangi, PK,, Kankala,
VK., Mohapatra, TR, Panigrahy, U.P, Vodeti, R,
Muralidharan, V., Patro, G. Panda, M. Advanced
anisotropic nanomaterials as functional fillers for
next-generation flexible wearable sensors: A
comprehensive review. Journal of Chemical Reviews,
2025, 7(2), 236-272.

[24]. Chtourou, A., Sanchez, PV, Golden, T.,, Chen, H.S.,,
Schwartz, S.M., Wu, X.C.,, Hernandez, B.Y.,, Harrison,
J.N., Penberthy, L., Negoita, S., Impact on the volume
of pathology reports before and during the covid-19
pandemic in seer cancer registries. Cancer
Epidemiology, biomarkers & Prevention, 2023,
32(11),1591-1598.

[25]. Swetter, S.M., Tsao, H., Bichakjian, C.K., Curiel-
Lewandrowski, C., Elder, D.E., Gershenwald, J.E.
Guild, V,, Grant-Kels, ].M., Halpern, A.C., Johnson, T.M,,
Guidelines of care for the management of primary
cutaneous melanoma. journal of the American
Academy of Dermatology, 2019, 80(1), 208-250.

[26]. Bichakjian, C.K., Halpern, A.C., Johnson, TM.,
Hood, A.F, Grichnik, J.M., Swetter, S.M., Tsao, H.,
Barbosa, V.H., Chuang, TY., Duvic, M., Guidelines of
care for the management of primary cutaneous

202

2026, Volume 8, Issue 2

melanoma. jJournal of the American Academy of
Dermatology, 2011, 65(5), 1032-1047.

[27]. Kasprzak, J.M., Xu, Y.G., Diagnosis and
management of lentigo maligna: A review. Drugs in
Context, 2015, 4(212281.

[28]. Lai, V., Cranwell, W, Sinclair, R., Epidemiology of
skin cancer in the mature patient. Clinics in
Dermatology, 2018, 36(2), 167-176.

[29]. Kasper, M,, Jaks, V., Hohl, D., Toftgard, R., Basal
cell carcinoma—molecular biology and potential
new therapies. The Journal of Clinical Investigation,
2012, 122(2), 455-463.

[30]. Rogers, H.W.,, Weinstock, M.A., Feldman, S.R,,
Coldiron, B.M., Incidence estimate of nonmelanoma
skin cancer (keratinocyte carcinomas) in the us
population, 2012. JAMA Dermatology, 2015,
151(10),1081-1086.

[31]. Pandeya, N., Olsen, C.M., Whiteman, D.C., The
incidence and multiplicity rates of keratinocyte
cancers in australia. Medical Journal of Australia,
2017,207(8), 339-343.

[32]. Bonilla, X., Parmentier, L., King, B., Bezrukov, F,
Kaya, G. Zoete, V., Seplyarskiy, V.B., Sharpe, H.],
McKee, T, Letourneau, A., Genomic analysis
identifies new drivers and progression pathways in
skin basal cell carcinoma. Nature Genetics, 2016,
48(4), 398-406.

[33]. Kasumagic-Halilovic, E. Hasic, M. Ovcina-
Kurtovic, N., A clinical study of basal cell carcinoma.
Medical Archives, 2019, 73(6), 394.

[34]. Cakir, B.0., Epidemiology and economic.
Nonmelanoma Skin Cancer of the Head and Neck, An
Issue of Facial Plastic Surgery Clinics, 2012, 20(4),
419.

[35]. Eigentler, TK,, Leiter, U., Hifner, H.M., Garbe, C.,
Rdcken, M., Breuninger, H., Survival of patients with
cutaneous squamous cell carcinoma: Results of a
prospective cohort study. Journal of Investigative
Dermatology, 2017, 137(11), 2309-2315.

[36]. Clayman, G.L., Lee, ].J., Holsinger, F.C., Zhou, X,
Duvic, M., El-Naggar, A.K,, Prieto, V.G., Altamirano, E.,
Tucker, S.L., Strom, S.S., Mortality risk from
squamous cell skin cancer. jJournal of Clinical
Oncology, 2005, 23(4), 759-765.

[37]. Nehal, K.. Bichakjian, C.K., Update on
keratinocyte carcinomas. New England Journal of
Medicine, 2018, 379(4), 363-374.

[38]. Migden, M.R., Rischin, D., Schmults, C.D.,
Guminski, A., Hauschild, A., Lewis, K.D., Chung, C.H,,
Hernandez-Aya, L. Lim, A.M. Chang, AL.S., Pd-1
blockade with cemiplimab in advanced cutaneous
squamous-cell carcinoma. New England Journal of
Medicine, 2018, 379(4), 341-351.



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://academic.oup.com/her/article-abstract/23/5/763/625699
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-4632.2010.04474.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1751-1097.2007.00226.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1751-1097.2007.00226.x
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)61196-X/abstract?rss%3Dyes=
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(09)61196-X/abstract?rss%3Dyes=
https://www.sciencedirect.com/science/article/abs/pii/S0041008X06004789
https://www.sciencedirect.com/science/article/abs/pii/S0041008X06004789
https://www.sciencedirect.com/science/article/abs/pii/S1438463910000842
https://www.sciencedirect.com/science/article/abs/pii/S1438463910000842
https://www.sciencedirect.com/science/article/abs/pii/S1438463910000842
https://www.sciencedirect.com/science/article/abs/pii/S0959804904008330
https://www.sciencedirect.com/science/article/abs/pii/S0959804904008330
https://www.sciencedirect.com/science/article/abs/pii/S0959804904008330
https://www.sciencedirect.com/science/article/pii/S0085253815473284
https://www.sciencedirect.com/science/article/pii/S0085253815473284
https://www.jchemrev.com/article_218832.html
https://www.jchemrev.com/article_218832.html
https://www.jchemrev.com/article_218832.html
https://www.jchemrev.com/article_218832.html
https://aacrjournals.org/cebp/article/32/11/1591/729738
https://aacrjournals.org/cebp/article/32/11/1591/729738
https://aacrjournals.org/cebp/article/32/11/1591/729738
https://www.sciencedirect.com/science/article/pii/S019096221832588X
https://www.sciencedirect.com/science/article/pii/S019096221832588X
https://www.sciencedirect.com/science/article/abs/pii/S0190962211005548
https://www.sciencedirect.com/science/article/abs/pii/S0190962211005548
https://www.sciencedirect.com/science/article/abs/pii/S0190962211005548
https://pmc.ncbi.nlm.nih.gov/articles/PMC4453766/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4453766/
https://www.sciencedirect.com/science/article/abs/pii/S0738081X17301980
https://www.sciencedirect.com/science/article/abs/pii/S0738081X17301980
https://pmc.ncbi.nlm.nih.gov/articles/PMC3266783/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3266783/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3266783/
https://jamanetwork.com/journals/jamadermatology/fullarticle/2281227
https://jamanetwork.com/journals/jamadermatology/fullarticle/2281227
https://jamanetwork.com/journals/jamadermatology/fullarticle/2281227
https://onlinelibrary.wiley.com/doi/abs/10.5694/mja17.00284
https://onlinelibrary.wiley.com/doi/abs/10.5694/mja17.00284
https://onlinelibrary.wiley.com/doi/abs/10.5694/mja17.00284
https://www.nature.com/articles/ng.3525
https://www.nature.com/articles/ng.3525
https://www.nature.com/articles/ng.3525
https://pmc.ncbi.nlm.nih.gov/articles/PMC7007603/
https://books.google.com/books?hl=en&lr=&id=NcE7uA88Gi0C&oi=fnd&pg=PA419&dq=%5B34%5D+B.+%C3%96.+Cakir,+P.+Adamson,+and+C.+Cingi,+%22Epidemiology+and+economic+burden+of+nonmelanoma+skin+cancer,%22+Facial+Plastic+Surgery+Clinics,+vol.+20,+no.+4,+pp.+419-422,+2012.&ots=qpKq1lhmbQ&sig=R3Fo_90bREDfcy_npvKQ3h3EtAk#v=onepage&q&f=false
https://www.sciencedirect.com/science/article/pii/S0022202X17318687
https://www.sciencedirect.com/science/article/pii/S0022202X17318687
https://www.sciencedirect.com/science/article/pii/S0022202X17318687
https://ascopubs.org/doi/abs/10.1200/JCO.2005.02.155
https://ascopubs.org/doi/abs/10.1200/JCO.2005.02.155
https://www.nejm.org/doi/full/10.1056/NEJMra1708701
https://www.nejm.org/doi/full/10.1056/NEJMra1708701
https://www.nejm.org/doi/full/10.1056/NEJMoa1805131
https://www.nejm.org/doi/full/10.1056/NEJMoa1805131
https://www.nejm.org/doi/full/10.1056/NEJMoa1805131

Journal of Chemical Reviews

[39]. Burton, K.A.,, Ashack, K.A.,, Khachemoune, A,
Cutaneous squamous cell carcinoma: A review of
high-risk and metastatic disease. American Journal of
Clinical Dermatology, 2016, 17(5), 491-508.

[40]. Lansbury, L. Bath-Hextall, F, Perkins, W,
Stanton, W., Leonardi-Bee, ]., Interventions for non-
metastatic squamous cell carcinoma of the skin:
Systematic review and pooled analysis of
observational studies. BMJ, 2013, 347.

[41]. Karia, PS., Han, J., Schmults, C.D., Cutaneous
squamous cell carcinoma: Estimated incidence of
disease, nodal metastasis, and deaths from disease
in the united states, 2012. Journal of the American
Academy of Dermatology, 2013, 68(6), 957-966.

[42]. Apalla, Z., Lallas, A., Sotiriou, E., Lazaridou, E.,
loannides, D., Epidemiological trends in skin cancer.
Dermatology Practical & Conceptual, 2017, 7(2), 1.
[43]. Green, A.C., Olsen, C., Cutaneous squamous cell
carcinoma: An epidemiological review. British
Journal of Dermatology, 2017, 177(2), 373-381.

[44]. Apalla, Z. Calzavara-Pinton, P, Lallas, A,
Argenziano, G., Kyrgidis, A., Crotti, S., Facchetti, F,
Monari, P, Gualdi, G., Histopathological study of
perilesional skin in patients diagnosed with
nonmelanoma skin cancer. Clinical and Experimental
Dermatology, 2016, 41(1), 21-25.

[45]. Kallini, J.R, Hamed, N. Khachemoune, A,
Squamous cell carcinoma of the skin: Epidemiology,
classification, management, and novel trends.
International Journal of Dermatology, 2015, 54(2),
130-140.

[46]. Fuchs, A, Marmur, E., The kinetics of skin
cancer: Progression of actinic keratosis to squamous
cell carcinoma. Dermatologic Surgery, 2007, 33(9),
1099-1101.

[47]. Werner, R, Sammain, A, Erdmann, R,
Hartmann, V., Stockfleth, E., Nast, A., The natural
history of actinic keratosis: A systematic review.
British Journal of Dermatology, 2013, 169(3), 502-
518.

[48]. Schmitz, L., Oster-Schmidt, C. Stockfleth, E.,
Nonmelanoma skin cancer-from actinic keratosis to
cutaneous squamous cell carcinoma. /DDG: Journal
der Deutschen Dermatologischen Gesellschaft, 2018,
16(8),1002-1013.

[49]. Staples, M.P, Elwood, M., Burton, R.C., Williams,
J.L., Marks, R., Giles, G.G., Non-melanoma skin cancer
in australia: The 2002 national survey and trends
since 1985. Medical Journal of Australia, 2006,
184(1), 6-10.

[50]. Veness, M.J., Defining patients with high-risk
cutaneous squamous cell carcinoma. Australasian
Journal of Dermatology, 2006, 47(1), 28-33.

2026, Volume 8, Issue 2

[51]. Jarkowski IlI, A., Hare, R., Loud, P, Skitzki, J.J.,
Kane III, .M., May, K.S., Zeitouni, N.C,, Nestico, ],
Vona, K.L., Groman, A., Systemic therapy in advanced
cutaneous squamous cell carcinoma (cscc): The
roswell park experience and a review of the
literature. American Journal of Clinical Oncology,
2016, 39(6), 545-548.

[52]. Lorencini, M., Brohem, C.A., Dieamant, G.C.,
Zanchin, N.I, Maibach, H.I, Active ingredients
against human epidermal aging. Ageing Research
Reviews, 2014, 15(100-115.

[53]. Valacchi, G., Sticozzi, C., Pecorelli, A., Cervellati,
E, Cervellati, C., Maioli, E., Cutaneous responses to
environmental stressors. Annals of the New York
Academy of Sciences, 2012, 1271(1), 75-81.

[54]. Halliwell, B., Gutteridge, J.M., Free radicals in
biology and medicine. Book, 2015,

[55]. Cheeseman, K.H., Slater, T.F,, An introduction to
free radical biochemistry. British Medical Bulletin,
1993, 49(3), 481-493.

[56]. Shindo, Y., Witt, E, Packer, L. Antioxidant
defense mechanisms in murine epidermis and
dermis and their responses to ultraviolet light.
Journal of Investigative Dermatology, 1993, 100(3),
260-265.

[57]. Shindo, Y., Witt, E., Han, D., Tzeng, B., Aziz, T,
Nguyen, L., Packer, L., Recovery of antioxidants and

reduction in lipid hydroperoxides in murine
epidermis and dermis after acute ultraviolet
radiation exposure. Photodermatology,

Photoimmunology & Photomedicine, 1994, 10(5),
183-191.

[58]. Shindo, Y., Witt, E., Han, D., Epstein, W., Packer,
L, Enzymic and non-enzymic antioxidants in
epidermis and dermis of human skin. journal of
Investigative Dermatology, 1994, 102(1), 122-124.
[59]. Godic, A., Poljsak, B., Adamic, M., Dahmane, R,
The role of antioxidants in skin cancer prevention
and treatment. Oxidative Medicine and Cellular
Longevity, 2014, 2014(1), 860479.

[60]. Weber, S.U., Thiele, ].J., Packer, L., Cross, C.E.,
Vitamin ¢, uric acid, and glutathione gradients in
murine stratum corneum and their susceptibility to
ozone  exposure. Journal of Investigative
Dermatology, 1999, 113(6), 1128-1132.

[61]. Poswig, A., Wenk, ]., Brenneisen, P, Wlaschek,
M., Hommel, C., Quel, G., Faisst, K., Dissemond, ].,
Krieg, T, Scharffetter-Kochanek, K., Adaptive
antioxidant response of manganese-superoxide
dismutase following repetitive uva irradiation.
Journal of Investigative Dermatology, 1999, 112(1),
13-18.

[62]. Fuchs, ]., Huflejt, M., Rothfuss, L., Wilson, D.,
Carcamo, G., Packer, L. Acute effects of near

203


https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://link.springer.com/article/10.1007/s40257-016-0207-3
https://link.springer.com/article/10.1007/s40257-016-0207-3
https://www.bmj.com/content/347/bmj.f6153.short
https://www.bmj.com/content/347/bmj.f6153.short
https://www.bmj.com/content/347/bmj.f6153.short
https://www.bmj.com/content/347/bmj.f6153.short
https://www.sciencedirect.com/science/article/abs/pii/S0190962212023298
https://www.sciencedirect.com/science/article/abs/pii/S0190962212023298
https://www.sciencedirect.com/science/article/abs/pii/S0190962212023298
https://www.sciencedirect.com/science/article/abs/pii/S0190962212023298
https://pmc.ncbi.nlm.nih.gov/articles/PMC5424654/
https://academic.oup.com/bjd/article-abstract/177/2/373/6668667
https://academic.oup.com/bjd/article-abstract/177/2/373/6668667
https://academic.oup.com/ced/article-abstract/41/1/21/6623150
https://academic.oup.com/ced/article-abstract/41/1/21/6623150
https://academic.oup.com/ced/article-abstract/41/1/21/6623150
e
e
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1524-4725.2007.33224.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1524-4725.2007.33224.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1524-4725.2007.33224.x
https://academic.oup.com/bjd/article-abstract/169/3/502/6615233
https://academic.oup.com/bjd/article-abstract/169/3/502/6615233
https://onlinelibrary.wiley.com/doi/abs/10.1111/ddg.13614
https://onlinelibrary.wiley.com/doi/abs/10.1111/ddg.13614
https://onlinelibrary.wiley.com/doi/abs/10.5694/j.1326-5377.2006.tb00086.x
https://onlinelibrary.wiley.com/doi/abs/10.5694/j.1326-5377.2006.tb00086.x
https://onlinelibrary.wiley.com/doi/abs/10.5694/j.1326-5377.2006.tb00086.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-0960.2006.00218.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1440-0960.2006.00218.x
https://journals.lww.com/amjclinicaloncology/abstract/2016/12000/systemic_therapy_in_advanced_cutaneous_squamous.2.aspx
https://journals.lww.com/amjclinicaloncology/abstract/2016/12000/systemic_therapy_in_advanced_cutaneous_squamous.2.aspx
https://journals.lww.com/amjclinicaloncology/abstract/2016/12000/systemic_therapy_in_advanced_cutaneous_squamous.2.aspx
https://journals.lww.com/amjclinicaloncology/abstract/2016/12000/systemic_therapy_in_advanced_cutaneous_squamous.2.aspx
https://www.sciencedirect.com/science/article/abs/pii/S1568163714000397
https://www.sciencedirect.com/science/article/abs/pii/S1568163714000397
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2012.06724.x
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2012.06724.x
https://books.google.com/books?hl=en&lr=&id=3DlKCgAAQBAJ&oi=fnd&pg=PP1&dq=%5B54%5D+B.+Halliwell+and+J.+M.+Gutteridge,+Free+radicals+in+biology+and+medicine.+Oxford+university+press,+USA,+2015.&ots=bqmJ4WDtjR&sig=nalHVNhPPyBgIa_aR4V1Fyg3kCo#v=onepage&q=%5B54%5D%20B.%20Halliwell%20and%20J.%20M.%20Gutteridge%2C%20Free%20radicals%20in%20biology%20and%20medicine.%20Oxford%20university%20press%2C%20USA%2C%202015.&f=false
https://books.google.com/books?hl=en&lr=&id=3DlKCgAAQBAJ&oi=fnd&pg=PP1&dq=%5B54%5D+B.+Halliwell+and+J.+M.+Gutteridge,+Free+radicals+in+biology+and+medicine.+Oxford+university+press,+USA,+2015.&ots=bqmJ4WDtjR&sig=nalHVNhPPyBgIa_aR4V1Fyg3kCo#v=onepage&q=%5B54%5D%20B.%20Halliwell%20and%20J.%20M.%20Gutteridge%2C%20Free%20radicals%20in%20biology%20and%20medicine.%20Oxford%20university%20press%2C%20USA%2C%202015.&f=false
https://academic.oup.com/bmb/article-abstract/49/3/481/299901
https://academic.oup.com/bmb/article-abstract/49/3/481/299901
https://www.sciencedirect.com/science/article/pii/S0022202X9390182H
https://www.sciencedirect.com/science/article/pii/S0022202X9390182H
https://www.sciencedirect.com/science/article/pii/S0022202X9390182H
https://europepmc.org/article/med/7880756
https://europepmc.org/article/med/7880756
https://europepmc.org/article/med/7880756
https://europepmc.org/article/med/7880756
https://www.sciencedirect.com/science/article/pii/S0022202X94925720
https://www.sciencedirect.com/science/article/pii/S0022202X94925720
https://onlinelibrary.wiley.com/doi/full/10.1155/2014/860479
https://onlinelibrary.wiley.com/doi/full/10.1155/2014/860479
https://www.sciencedirect.com/science/article/pii/S0022202X15407092
https://www.sciencedirect.com/science/article/pii/S0022202X15407092
https://www.sciencedirect.com/science/article/pii/S0022202X15407092
https://www.sciencedirect.com/science/article/pii/S0022202X15403641
https://www.sciencedirect.com/science/article/pii/S0022202X15403641
https://www.sciencedirect.com/science/article/pii/S0022202X15403641
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1989.tb02904.x

Journal of Chemical Reviews

ultraviolet and visible light on the cutaneous
antioxidant defense system. Photochemistry and
Photobiology, 1989, 50(6), 739-744.

[63]. Sander, C.S., Chang, H., Salzmann, S., Miiller, C.S.,
Ekanayake-Mudiyanselage, S., Elsner, P, Thiele, ].],,
Photoaging is associated with protein oxidation in
human skin in vivo. Journal of Investigative
Dermatology, 2002, 118(4), 618-625.

[64]. Gholamian-Dehkordi, N., Luther, T, Asadi-
Samani, M., Mahmoudian-Sani, M.R., An overview on
natural antioxidants for oxidative stress reduction in
cancers; A systematic review. Immunopathologia
Persa, 2017, 3(2),

[65]. Roy, P, Saikia, B., Cancer and cure: A critical
analysis. Indian Journal of Cancer, 2016, 53(3), 441-
442.

[66]. McArdle, E, Rhodes, L., Parslew, R. Jack, C,
Friedmann, P, Jackson, M., Uvr-induced oxidative
stress in human skin in vivo: Effects of oral vitamin c
supplementation. Free Radical Biology and Medicine,
2002, 33(10), 1355-1362.

[67]. Pandel, R., Poljsak, B., Godic, A.,, Dahmane, R,
Skin photoaging and the role of antioxidants in its
prevention. International Scholarly Research Notices,
2013,2013(1),930164.

[68]. Poljsak, B.,, Dahmane, R, Godic, A, Skin and
antioxidants. Journal of Cosmetic and Laser Therapy,
2013,15(2),107-113.

[69]. Ferlay, ]J., Colombet, M., Soerjomataram, 1., Dyba,
T, Randi, G., Bettio, M., Gavin, A., Visser, O., Bray, F,,
Cancer incidence and mortality patterns in europe:
Estimates for 40 countries and 25 major cancers in
2018. European Journal of Cancer, 2018, 103(356-
387.

[70]. Gordaliza, M., Natural products as leads to
anticancer drugs. Clinical and Translational
Oncology, 2007,9(12), 767-776.

[71]. Barnes, ], Heinrich, M., Fundamentals of
pharmacognosy and phytotherapy. Book, 2004,

[72]. M Lucas, D., C Still, P, Bueno Perez, L., R Grever,
M., Douglas Kinghorn, A. Potential of plant-derived
natural products in the treatment of leukemia and
lymphoma. Current Drug Targets, 2010, 11(7), 812-
822.

[73]. Emmert, S., Schon, M.P, Haenssle, H.A,
Molecular biology of basal and squamous cell
carcinomas. Sunlight, Vitamin D and Skin Cancer,
2015, 234-252.

[74]. Wyk, B., Oudtshoorn, B., Gericke, N., Medicinal
plants of south africa. Book, 1997,

[75]. Cragg, G.M., Newman, D.J., Plants as a source of
anti-cancer agents. Journal of Ethnopharmacology,
2005, 100(1-2), 72-79.

204

2026, Volume 8, Issue 2

[76]. Balunas, M.]., Kinghorn, A.D., Drug discovery
from medicinal plants. Life Sciences, 2005, 78(5),
431-441.

[77]. Nobili, S., Lippi, D.,, Witort, E.,, Donnini, M.,
Bausi, L., Mini, E., Capaccioli, S., Natural compounds
for cancer treatment and prevention.
Pharmacological Research, 2009, 59(6), 365-378.
[78] P. ]J. Mansky et al., NCCAM/NCI phase 1 study of
mistletoe extract and gemcitabine in patients with
advanced solid tumors, Evidence-Based
Complementary and Alternative Medicine: eCAM, vol.
2013, 2013.

[79]. Shanafelt, T.D. Call, T.G., Zent, C.S. Leis, ].F,
LaPlant, B.,, Bowen, D.A, Roos, M. Laumann, K,
Ghosh, AK,, Lesnick, C., Phase 2 trial of daily, oral
polyphenon e in patients with asymptomatic, rai
stage 0 to ii chronic lymphocytic leukemia. Cancer,
2013, 119(2), 363-370.

[80]. Mittal, A., Tabasum, S., Singh, R.P, Berberine in
combination with doxorubicin suppresses growth of
murine melanoma b16f10 cells in culture and
xenograft. Phytomedicine, 2014, 21(3), 340-347.
[81]. Kim, K.H., Moon, E., Kim, S.Y,, Choi, S.U., Lee,
KR, Lignan constituents of tilia amurensis and their
biological evaluation on antitumor and anti-
inflammatory activities. Food and Chemical
Toxicology, 2012, 50(10), 3680-3686.

[82]. Singh, T, Katiyar, S.K., Green tea polyphenol,(-)-
epigallocatechin-3-gallate, induces toxicity in human
skin cancer cells by targeting [3-catenin signaling.
Toxicology and Applied Pharmacology, 2013, 273(2),
418-424.

[83]. Chan, L.P, Chou, TH., Ding, H.Y, Chen, PR,
Chiang, EY., Kuo, P.L., Liang, C.H., Apigenin induces
apoptosis via tumor necrosis factor receptor-and
bcl-2-mediated pathway and enhances susceptibility
of head and neck squamous cell carcinoma to 5-
fluorouracil and cisplatin. Biochimica et Biophysica
Acta (BBA)-General Subjects, 2012, 1820(7), 1081-
1091.

[84]. Nihal, M., Ahmad, N., Mukhtar, H,, Wood, G.S,,
Anti-proliferative and proapoptotic effects of (-)-
epigallocatechin-3-gallate on human melanoma:
Possible implications for the chemoprevention of
melanoma. International Journal of Cancer, 2005,
114(4), 513-521.

[85]. Ijaz, S., Akhtar, N., Khan, M.S., Hameed, A., Irfan,
M., Arshad, M.A., Ali, S., Asrar, M., Plant derived
anticancer agents: A green approach towards skin
cancers. Biomedicine & Pharmacotherapy, 2018,
103(1643-1651.

[86]. Fedorov, S.N., Ermakova, S.P, Zvyagintseva, T.N.,
Stonik, V.A., Anticancer and cancer preventive
properties of marine polysaccharides: Some results



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1989.tb02904.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1989.tb02904.x
https://www.sciencedirect.com/science/article/pii/S0022202X15416173
https://www.sciencedirect.com/science/article/pii/S0022202X15416173
https://immunopathol.com/Article/ipp-43
https://immunopathol.com/Article/ipp-43
https://immunopathol.com/Article/ipp-43
https://journals.lww.com/indianjcancer/fulltext/2016/53030/Cancer_and_cure__A_critical_analysis.27.aspx
https://journals.lww.com/indianjcancer/fulltext/2016/53030/Cancer_and_cure__A_critical_analysis.27.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0891584902010420
https://www.sciencedirect.com/science/article/abs/pii/S0891584902010420
https://www.sciencedirect.com/science/article/abs/pii/S0891584902010420
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/930164
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/930164
https://www.tandfonline.com/doi/abs/10.3109/14764172.2012.758380
https://www.tandfonline.com/doi/abs/10.3109/14764172.2012.758380
https://www.sciencedirect.com/science/article/abs/pii/S0959804918309559
https://www.sciencedirect.com/science/article/abs/pii/S0959804918309559
https://www.sciencedirect.com/science/article/abs/pii/S0959804918309559
https://link.springer.com/article/10.1007/S12094-007-0138-9
https://link.springer.com/article/10.1007/S12094-007-0138-9
https://shop.elsevier.com/books/fundamentals-of-pharmacognosy-and-phytotherapy/heinrich/978-0-7020-7008-2
https://shop.elsevier.com/books/fundamentals-of-pharmacognosy-and-phytotherapy/heinrich/978-0-7020-7008-2
https://www.ingentaconnect.com/content/ben/cdt/2010/00000011/00000007/art00006
https://www.ingentaconnect.com/content/ben/cdt/2010/00000011/00000007/art00006
https://www.ingentaconnect.com/content/ben/cdt/2010/00000011/00000007/art00006
https://link.springer.com/chapter/10.1007/978-1-4939-0437-2_13
https://link.springer.com/chapter/10.1007/978-1-4939-0437-2_13
https://www.cabidigitallibrary.org/doi/full/10.5555/19980311034
https://www.cabidigitallibrary.org/doi/full/10.5555/19980311034
https://www.sciencedirect.com/science/article/abs/pii/S0378874105003259
https://www.sciencedirect.com/science/article/abs/pii/S0378874105003259
https://www.sciencedirect.com/science/article/abs/pii/S0024320505008799
https://www.sciencedirect.com/science/article/abs/pii/S0024320505008799
https://www.sciencedirect.com/science/article/abs/pii/S1043661809000516
https://www.sciencedirect.com/science/article/abs/pii/S1043661809000516
https://onlinelibrary.wiley.com/doi/10.1155/2013/964592
https://onlinelibrary.wiley.com/doi/10.1155/2013/964592
https://onlinelibrary.wiley.com/doi/10.1155/2013/964592
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.27719
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.27719
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.1002/cncr.27719
https://www.sciencedirect.com/science/article/abs/pii/S0944711313003590
https://www.sciencedirect.com/science/article/abs/pii/S0944711313003590
https://www.sciencedirect.com/science/article/abs/pii/S0944711313003590
https://www.sciencedirect.com/science/article/abs/pii/S0944711313003590
https://www.sciencedirect.com/science/article/abs/pii/S0278691512004929
https://www.sciencedirect.com/science/article/abs/pii/S0278691512004929
https://www.sciencedirect.com/science/article/abs/pii/S0278691512004929
https://www.sciencedirect.com/science/article/abs/pii/S0041008X13004213
https://www.sciencedirect.com/science/article/abs/pii/S0041008X13004213
https://www.sciencedirect.com/science/article/abs/pii/S0041008X13004213
https://www.sciencedirect.com/science/article/abs/pii/S0304416512001183
https://www.sciencedirect.com/science/article/abs/pii/S0304416512001183
https://www.sciencedirect.com/science/article/abs/pii/S0304416512001183
https://www.sciencedirect.com/science/article/abs/pii/S0304416512001183
https://www.sciencedirect.com/science/article/abs/pii/S0304416512001183
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20785
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20785
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20785
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20785
https://www.sciencedirect.com/science/article/abs/pii/S0753332218318560
https://www.sciencedirect.com/science/article/abs/pii/S0753332218318560
https://www.sciencedirect.com/science/article/abs/pii/S0753332218318560
https://www.mdpi.com/1660-3397/11/12/4876
https://www.mdpi.com/1660-3397/11/12/4876

Journal of Chemical Reviews

and prospects. Marine Drugs, 2013, 11(12), 4876-
4901.

[87]. Valeriote, FA., Tenney, K., Pietraszkiewicz, H.,
Edelstein, M., Johnson, TA., Amagata, T, Crews, P,
Discovery and development of anticancer agents
from marine sponges: Perspectives based on a
chemistry-experimental therapeutics collaborative
program. Journal of Experimental Therapeutics &
Oncology, 2012, 10(2),

[88]. Costa, M., Garcia, M., Costa-Rodrigues, ]., Costa,
M.S., Ribeiro, M.].,, Fernandes, M.H., Barros, P,
Barreiro, A., Vasconcelos, V., Martins, R., Exploring
bioactive properties of marine cyanobacteria
isolated from the portuguese coast: High potential as
a source of anticancer compounds. Marine Drugs,
2013,12(1),98-114.

[89]. Indumathy, S., Dass, C.R. Finding chemo: The
search for marine-based pharmaceutical drugs
active against cancer. Journal of Pharmacy and
Pharmacology, 2013, 65(9), 1280-1301.

[90]. Newman, D.J., Cragg, G.M., Marine-sourced anti-
cancer and cancer pain control agents in clinical and
late preclinical development. Marine Drugs, 2014,
12(1), 255-278.

[91]. Cragg, G.M., Newman, D.J., Natural products: A
continuing source of novel drug leads. Biochimica et
Biophysica Acta (BBA)-General Subjects, 2013,
1830(6), 3670-3695.

[92]. Schwartsmann, G., da Rocha, A.B., Berlinck, R.G.,
Jimeno, ], Marine organisms as a source of new
anticancer agents. The Lancet Oncology, 2001, 2(4),
221-225.

[93]. Ramos, A.A., Castro-Carvalho, B., Prata-Sena, M.,
Dethoup, T, Buttachon, S., Kijjoa, A., Rocha, E., Crude
extracts of marine-derived and soil fungi of the
genus neosartorya exhibit selective anticancer
activity by inducing cell death in colon, breast and
skin cancer cell lines. Pharmacognosy Research,
2016, 8(1), 8.

[94]. Rippey, ]., Rippey, E., Epidemiology of malignant
melanoma of the skin in south Africa. South African
Medical Journal, 1984, 65(15), 595-598.

[95]. Shaw, ], Koea, ], Acral (volar-subungual)
melanoma in auckland, new zealand. British Journal
of Surgery, 1988, 75(1), 69-72.

[96]. Giraud, R, Rippey, E. Rippey, ], Malignant
melanoma of the skin in black africans. South African
Medical Journal, 1975, 49(16), 665-668.

[97]. Hoption Cann, S., Van Netten, J., Van Netten, C.,
Dr william coley and tumour regression: A place in
history or in the future. Postgraduate Medical
Journal, 2003, 79(938), 672-680.

[98]. Bhanot, A.,, Sharma, R., Noolvi, M.N., Natural
sources as potential anti-cancer agents: A review.

205

2026, Volume 8, Issue 2

International Journal of Phytomedicine, 2011, 3(1),
9-26.

[99]. Lutchminarian, K., Clarke, D., The microbiology
of ulcerative skin cancers: Does the presence of
pathogenic  bacteria increase the risk of
postoperative complications? South African Journal
of Surgery, 2021, 59(1), 25a-25e.

[100]. Mohebbipour, A., Amani, F, Ahmadi, A,
Eghtedari, F, Epidemiological study of lichen planus
in ardabil province, northwest of Iran. Eurasian
Journal of Science and Technology, 2025, 5(3), 252-
261.

[101]. Ahmad, B., Hafeez, N., Rauf, A, Bashir, S,
Linfang, H., Rehman, M., Mubarak, M.S., Uddin, M.S,,
Bawazeer, S., Shariati, M.A., Phyllanthus emblica: A
comprehensive review of its therapeutic benefits.
South African Journal of Botany, 2021, 138(278-310.
[102]. Xu, M.E, Jia, O.Y,, Wang, S.J., Zhu, Q., A new
bioactive diterpenoid from pestalotiopsis adusta, an
endophytic fungus from clerodendrum canescens.
Natural Product Research, 2016, 30(23), 2642-2647.
[103]. Chaudhuri, R., Lascu, Z., Puccetti, G., Inhibitory
effects of phyllanthus emblica tannins on melanin
synthesis. Cosmetics and Toiletries, 2007, 122(2), 73-
81.

[104]. Wang, Y.C., Haung, X.Y,, Chiu, C.C,, Lin, M.Y,, Lin,
WH., Chang, W.T, Tseng, C.C, Wang, H.M.D,
Inhibitions of melanogenesis via phyllanthus
emblica fruit extract powder in b16f10 cells. Food
Bioscience, 2019, 28(177-182.

[105]. Lanka, S, A review on pharmacological,
medicinal and ethnobotanical important plant:
Phyllanthus emblica linn.(syn. Emblica officinalis).
World Journal of Pharmaceutical Reseasrch, 2018,
7(380-396.

[106]. Tiwari, P, Nayak, P, Prusty, S.K, Sahu, PK,
Phytochemistry and pharmacology of tinospora
cordifolia: A review. Systematic Reviews in Pharmacy,
2018,9(1), 70-78.

[107]. Upadhyay, A.K., Kumar, K., Kumar, A., Mishra,
H.S., Tinospora cordifolia (willd) hook. F And
thoms.(guduchi)-validation of the ayurvedic
pharmacology through experimental and clinical
studies. International Journal of Ayurveda Research,
2010, 1(2),112.

[108]. Spelman, K. Traditional and clinical use of
tinospora cordifolia, guduchi. Australian Journal of
Medical Herbalism, 2001, 13(2),

[109]. Sinha, K., Mishra, N., Singh, ]., Khanuja, S.,
Tinospora cordifolia (guduchi), a reservoir plant for
therapeutic applications: A review. Indian Journal of
Traditional Knowledge, 2004, 3(3), 257-270.

[110]. Reddy, N., Reddy, R. Tinospora cordifolia
chemical constituents and medicinal properties: A



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.mdpi.com/1660-3397/11/12/4876
https://openurl.ebsco.com/EPDB%3Agcd%3A4%3A28093348/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A84661893&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A4%3A28093348/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A84661893&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A4%3A28093348/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A84661893&crl=c&link_origin=scholar.google.com
https://openurl.ebsco.com/EPDB%3Agcd%3A4%3A28093348/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A84661893&crl=c&link_origin=scholar.google.com
https://www.mdpi.com/1660-3397/12/1/98
https://www.mdpi.com/1660-3397/12/1/98
https://www.mdpi.com/1660-3397/12/1/98
https://www.mdpi.com/1660-3397/12/1/98
https://academic.oup.com/jpp/article-abstract/65/9/1280/6132916
https://academic.oup.com/jpp/article-abstract/65/9/1280/6132916
https://academic.oup.com/jpp/article-abstract/65/9/1280/6132916
https://www.mdpi.com/1660-3397/12/1/255
https://www.mdpi.com/1660-3397/12/1/255
https://www.mdpi.com/1660-3397/12/1/255
https://www.sciencedirect.com/science/article/abs/pii/S0304416513000512
https://www.sciencedirect.com/science/article/abs/pii/S0304416513000512
https://www.thelancet.com/journals/lanonc/article/PIIS1470204500002928/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470204500002928/abstract
https://pmc.ncbi.nlm.nih.gov/articles/PMC4753766/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4753766/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4753766/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4753766/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4753766/
https://pubmed.ncbi.nlm.nih.gov/6710269/
https://pubmed.ncbi.nlm.nih.gov/6710269/
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800750125
https://bjssjournals.onlinelibrary.wiley.com/doi/abs/10.1002/bjs.1800750125
https://pubmed.ncbi.nlm.nih.gov/1135705/
https://pubmed.ncbi.nlm.nih.gov/1135705/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1742910/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1742910/
https://www.scirp.org/reference/referencespapers?referenceid=2623209
https://www.scirp.org/reference/referencespapers?referenceid=2623209
https://www.ajol.info/index.php/sajs/article/view/245488
https://www.ajol.info/index.php/sajs/article/view/245488
https://www.ajol.info/index.php/sajs/article/view/245488
https://www.ajol.info/index.php/sajs/article/view/245488
https://ejst.samipubco.com/article_215586.html
https://ejst.samipubco.com/article_215586.html
https://www.sciencedirect.com/science/article/pii/S0254629921000090
https://www.sciencedirect.com/science/article/pii/S0254629921000090
https://www.tandfonline.com/doi/abs/10.1080/14786419.2016.1138297
https://www.tandfonline.com/doi/abs/10.1080/14786419.2016.1138297
https://www.tandfonline.com/doi/abs/10.1080/14786419.2016.1138297
https://www.semanticscholar.org/paper/Inhibitory-effects-of-Phyllanthus-emblica-tannins-Chaudhuri-Lascu/2e2113db037aa2ea10c0ecdc19c26b1d37dc8d39
https://www.semanticscholar.org/paper/Inhibitory-effects-of-Phyllanthus-emblica-tannins-Chaudhuri-Lascu/2e2113db037aa2ea10c0ecdc19c26b1d37dc8d39
https://www.semanticscholar.org/paper/Inhibitory-effects-of-Phyllanthus-emblica-tannins-Chaudhuri-Lascu/2e2113db037aa2ea10c0ecdc19c26b1d37dc8d39
https://www.sciencedirect.com/science/article/abs/pii/S2212429218311520
https://www.sciencedirect.com/science/article/abs/pii/S2212429218311520
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1374389.html
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1374389.html
https://www.wisdomlib.org/science/journal/world-journal-of-pharmaceutical-research/d/doc1374389.html
https://www.semanticscholar.org/paper/Phytochemistry-and-Pharmacology-of-Tinospora-A-Tiwari-Nayak/d5fc4e42a05f9073c3cd4579b4b8dd2d419336e1
https://www.semanticscholar.org/paper/Phytochemistry-and-Pharmacology-of-Tinospora-A-Tiwari-Nayak/d5fc4e42a05f9073c3cd4579b4b8dd2d419336e1
https://www.semanticscholar.org/paper/Phytochemistry-and-Pharmacology-of-Tinospora-A-Tiwari-Nayak/d5fc4e42a05f9073c3cd4579b4b8dd2d419336e1
https://pmc.ncbi.nlm.nih.gov/articles/PMC2924974/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2924974/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2924974/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2924974/
https://search.informit.org/doi/abs/10.3316/informit.408609094525223
https://search.informit.org/doi/abs/10.3316/informit.408609094525223
https://www.scirp.org/reference/referencespapers?referenceid=3208218
https://www.scirp.org/reference/referencespapers?referenceid=3208218
https://www.scirp.org/reference/referencespapers?referenceid=3208218
https://www.semanticscholar.org/paper/Tinospora-cordifolia-Chemical-Constituents-and-%3A-A-Reddy-Reddy/ae1f772faf1da791902657dab1eb7413978bbb54
https://www.semanticscholar.org/paper/Tinospora-cordifolia-Chemical-Constituents-and-%3A-A-Reddy-Reddy/ae1f772faf1da791902657dab1eb7413978bbb54

Journal of Chemical Reviews

review. Scholars Acadamic Journal of Pharmacy,
2015, 4(8), 364-369.

[111]. Kaur, P, Makanjuola, V.0, Arora, R, Singh, B.,
Arora, S, Immunopotentiating significance of
conventionally used plant adaptogens as modulators
in biochemical and molecular signalling pathways in
cell ~mediated processes.  Biomedicine &
Pharmacotherapy, 2017,95(1815-1829.

[112]. Yates, C.R., Bruno, E.]., Yates, M.E., Tinospora
cordifolia: A review of its immunomodulatory
properties. Journal of Dietary Supplements, 2022,
19(2), 271-285.

[113]. Yugi, ]J., Owour, ].0., Omondi, D., Adulticidal
effect of crude ethanol extract of phytolacca
dodecandra on anopheles gambiae. journal of
Mosquito Research, 2016, 6(1),

[114]. Uzzaman, S. Pharmacological activities of
neem (azadirachta indica): A review. International
Journal of Pharmacognosy and. Life Science, 2020,
1(1), 38-41.

[115]. Aniqga, A, Kaur, S., Sadwal, S., A review on the
protective role of selected ayurveda herbs against
skin cancer. Journal of Drug Research in Ayurvedic
Sciences, 2023, 8(1), 3-18.

[116]. Yousefi, R., Molecular docking study of
Rosmarinic acid and its analog compounds on sickle
cell hemoglobin, Eurasian journal of Science and
Technology, 2024, 4(4), 303-330.

[117]. Silva, A.C., Eugénio, A.N., Mariano, S.S., Poletti,
S., Gaspi, EG., Bittencourt, ].V, Casagrande, L.R,
Silveira, P.C., Esquisatto, M.A, Aro, A.A., Topical
application of azadirachta indica improves
epidermal wound healing in hyperglycemic rats.
Comparative Clinical Pathology, 2021, 30(3), 461-
472.

[118]. Rahmani, A., Almatroudi, A., Alrumaihi, F,
Khan, A., Pharmacological and therapeutic potential
of neem (azadirachta indica). Pharmacognosy
Reviews, 2018, 12(24), 250-255.

[119]. Paul, S, Chakraborty, S., Anand, U., Dey, S,
Nandy, S. Ghorai, M. Saha, S.C., Patil, M.T,
Kandimalla, R., Pro¢kéw, ], Withania somnifera (1.)
dunal (ashwagandha): A comprehensive review on
ethnopharmacology, pharmacotherapeutics,
biomedicinal and toxicological aspects. Biomedicine
& Pharmacotherapy, 2021, 143(112175.

[120]. Umadevi, M. Rajeswari, R. Rahale, C.S.,
Selvavenkadesh, S., Pushpa, R, Kumar, KS,
Bhowmik, D., Traditional and medicinal uses of
withania somnifera. The Pharma Innovation, 2012,
1(9, Part A), 102.

[121]. Mandlik, D.S., Namdeo, A.G., Pharmacological
evaluation of ashwagandha highlighting its
healthcare claims, safety, and toxicity aspects.

2026, Volume 8, Issue 2

Journal of Dietary Supplements, 2021, 18(2), 183-
226.

[122]. Nema, R., Khare, S., Jain, P, Pradhan, A,
Anticancer activity of withania somnifera (leaves)
flavonoids compound. International Journal of
Pharmaceutical Sciences Review and Research, 2013,
19(1), 103-106.

[123]. Padmavathi, B., Rath, P.C,, Rao, A.R,, Singh, R.P,
Roots of withania somnifera inhibit forestomach and
skin carcinogenesis in mice. Evidence-Based
Complementary and Alternative Medicine, 2005, 2(1),
99-105.

[124]. Saggam, A., Tilly, G., Dixit, S., Chavan-Gautam,
P, Borse, S., Joshi, K., Patwardhan, B., Withania
somnifera (1) dunal: A potential therapeutic
adjuvant in cancer. Journal of Ethnopharmacology,
2020, 255(112759.

[125]. Machiah, D.K, Girish, K, Gowda, TV, A
glycoprotein from a folk medicinal plant, withania
somnifera, inhibits hyaluronidase activity of snake
venoms. Comparative Biochemistry and Physiology
Part C: Toxicology & Pharmacology, 2006, 143(2),
158-161.

[126]. Dar, N.J., Hamid, A., Ahmad, M., Pharmacologic
overview of withania somnifera, the indian ginseng.
Cellular and Molecular Life Sciences, 2015, 72(23),
4445-4460.

[127]. Dhama, K., Sharun, K., Gugjoo, M.B., Tiwari, R.,
Alagawany, M., Igbal Yatoo, M., Thakur, P, Igbal, H.M,,
Chaicumpa, W, Michalak, I., A comprehensive review
on chemical profile and pharmacological activities of
ocimum basilicum. Food Reviews International,
2023,39(1), 119-147.

[128]. Mohan, L., Amberkar, M., Kumari, M., Ocimum
sanctum linn.(tulsi)-an overview. International
Journal of Pharmaceutical Sciences Review and
Research, 2011, 7(1), 51-53.

[129]. Marwat, S.K., Khan, M.S., Ghulam, S., Anwar, N.,
Mustafa, G., Usman, K., Phytochemical constituents
and pharmacological activities of sweet basil-
ocimum basilicum l.(lamiaceae). Asian Journal of
Chemistry, 2011, 23(9), 3773.

[130]. Mandal, U, Mallick, S.K, Mahalik, G,
Ethnomedicinal plants used for the treatment and
healing of skin diseases in odisha, india: A review.
Shodh Sanchar Bull, 2020, 10(100-108.

[131]. Moyo, B., Mhlongo, M., Sitole, L., Cytotoxic
activity of ocimum tenuiflorum crude extracts
against an a375 malignant melanoma cell line. South
African Journal of Botany, 2024, 175(514-522.

[132]. Manach, C., Scalbert, A.,, Morand, C., Rémésy,
C., Jiménez, L. Polyphenols: Food sources and
bioavailability. The American Journal of Clinical
Nutrition, 2004, 79(5), 727-747.

206


https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.semanticscholar.org/paper/Tinospora-cordifolia-Chemical-Constituents-and-%3A-A-Reddy-Reddy/ae1f772faf1da791902657dab1eb7413978bbb54
https://www.sciencedirect.com/science/article/abs/pii/S0753332217326240
https://www.sciencedirect.com/science/article/abs/pii/S0753332217326240
https://www.sciencedirect.com/science/article/abs/pii/S0753332217326240
https://www.sciencedirect.com/science/article/abs/pii/S0753332217326240
https://www.tandfonline.com/doi/abs/10.1080/19390211.2021.1873214
https://www.tandfonline.com/doi/abs/10.1080/19390211.2021.1873214
https://www.tandfonline.com/doi/abs/10.1080/19390211.2021.1873214
https://emtoscipublisher.com/index.php/jmr/article/html/2325/
https://emtoscipublisher.com/index.php/jmr/article/html/2325/
https://emtoscipublisher.com/index.php/jmr/article/html/2325/
https://www.pharmacognosyjournal.com/archives/2020.v1.i1.A.8
https://www.pharmacognosyjournal.com/archives/2020.v1.i1.A.8
https://journals.lww.com/jdra/fulltext/2023/08010/a_review_on_the_protective_role_of_selected.2.aspx
https://journals.lww.com/jdra/fulltext/2023/08010/a_review_on_the_protective_role_of_selected.2.aspx
https://journals.lww.com/jdra/fulltext/2023/08010/a_review_on_the_protective_role_of_selected.2.aspx
https://ejst.samipubco.com/article_194748.html
https://ejst.samipubco.com/article_194748.html
https://ejst.samipubco.com/article_194748.html
https://link.springer.com/article/10.1007/s00580-021-03240-1
https://link.springer.com/article/10.1007/s00580-021-03240-1
https://link.springer.com/article/10.1007/s00580-021-03240-1
https://phcogrev.com/article/2018/12/24/104103phrevphrev818
https://phcogrev.com/article/2018/12/24/104103phrevphrev818
https://www.sciencedirect.com/science/article/pii/S0753332221009598
https://www.sciencedirect.com/science/article/pii/S0753332221009598
https://www.sciencedirect.com/science/article/pii/S0753332221009598
https://www.sciencedirect.com/science/article/pii/S0753332221009598
https://www.semanticscholar.org/paper/Traditional-And-Medicinal-Uses-of-Withania-Umadevi-Rajeswari/f0b6b410f386d099a07376e79268406b022d3266
https://www.semanticscholar.org/paper/Traditional-And-Medicinal-Uses-of-Withania-Umadevi-Rajeswari/f0b6b410f386d099a07376e79268406b022d3266
https://www.tandfonline.com/doi/abs/10.1080/19390211.2020.1741484
https://www.tandfonline.com/doi/abs/10.1080/19390211.2020.1741484
https://www.tandfonline.com/doi/abs/10.1080/19390211.2020.1741484
https://www.semanticscholar.org/paper/Anticancer-Activity-of-Withania-Somnifera-(Leaves)-Nema-Khare/c94d5dc06cb279bb9f7b12f96b6291e362fddfd1
https://www.semanticscholar.org/paper/Anticancer-Activity-of-Withania-Somnifera-(Leaves)-Nema-Khare/c94d5dc06cb279bb9f7b12f96b6291e362fddfd1
https://onlinelibrary.wiley.com/doi/abs/10.1093/ecam/neh064
https://onlinelibrary.wiley.com/doi/abs/10.1093/ecam/neh064
https://www.sciencedirect.com/science/article/abs/pii/S0378874119347646
https://www.sciencedirect.com/science/article/abs/pii/S0378874119347646
https://www.sciencedirect.com/science/article/abs/pii/S0378874119347646
https://www.sciencedirect.com/science/article/abs/pii/S1532045606000275
https://www.sciencedirect.com/science/article/abs/pii/S1532045606000275
https://www.sciencedirect.com/science/article/abs/pii/S1532045606000275
https://www.sciencedirect.com/science/article/abs/pii/S1532045606000275
https://link.springer.com/article/10.1007/s00018-015-2012-1
https://link.springer.com/article/10.1007/s00018-015-2012-1
https://www.tandfonline.com/doi/abs/10.1080/87559129.2021.1900230
https://www.tandfonline.com/doi/abs/10.1080/87559129.2021.1900230
https://www.tandfonline.com/doi/abs/10.1080/87559129.2021.1900230
https://researcher.manipal.edu/en/publications/ocimum-sanctum-linn-tulsi-an-overview
https://researcher.manipal.edu/en/publications/ocimum-sanctum-linn-tulsi-an-overview
https://asianpubs.org/index.php/ajchem/article/view/10734
https://asianpubs.org/index.php/ajchem/article/view/10734
https://asianpubs.org/index.php/ajchem/article/view/10734
https://www.academia.edu/44905026/ETHNOMEDICINAL_PLANTS_USED_FOR_THE_TREATMENT_AND_HEALING_OF_SKIN_DISEASES_IN_ODISHA_INDIA_A_REVIEW
https://www.academia.edu/44905026/ETHNOMEDICINAL_PLANTS_USED_FOR_THE_TREATMENT_AND_HEALING_OF_SKIN_DISEASES_IN_ODISHA_INDIA_A_REVIEW
https://www.sciencedirect.com/science/article/abs/pii/S0254629924006975
https://www.sciencedirect.com/science/article/abs/pii/S0254629924006975
https://www.sciencedirect.com/science/article/abs/pii/S0254629924006975
https://www.sciencedirect.com/science/article/pii/S0002916522039144
https://www.sciencedirect.com/science/article/pii/S0002916522039144

Journal of Chemical Reviews

[133]. Curti, V., Di Lorenzo, A., Dacrema, M., Xiao, J.,
Nabavi, S.M., Daglia, M., In vitro polyphenol effects
on apoptosis: An update of literature data. Seminars
in Cancer Biology, Year, 46(119-131.

[134]. Shi, ]., Liu, F, Zhang, W,, Liu, X,, Lin, B., Tang, X,,
Epigallocatechin-3-gallate inhibits nicotine-induced
migration and invasion by the suppression of
angiogenesis and epithelial-mesenchymal transition
in non-small cell lung cancer cells corrigendum
in/10.3892/or. 2023.8614. Oncology Reports, 2015,
33(6), 2972-2980.

[135]. Xiao, ]., Dietary flavonoid aglycones and their
glycosides: ~ Which  show  better biological
significance? Critical Reviews in Food Science and
Nutrition, 2017,57(9), 1874-1905.

[136]. Li, F, Li, S, Li, H.B,, Deng, G.F, Ling, WH., Xu,
X.R., Antiproliferative activities of tea and herbal
infusions. Food & Function, 2013, 4(4), 530-538.
[137]. Khan, H., Reale, M., Ullah, H., Sureda, A,
Tejada, S., Wang, Y., Zhang, Z.]., Xiao, ]., Anti-cancer
effects of polyphenols via targeting p53 signaling
pathway:  Updates and future directions.
Biotechnology Advances, 2020, 38(107385.

[138]. Shishodia, S., Aggarwal, B.B., Resveratrol: A
polyphenol for all seasons. Book, 2005, 1-15.

[139]. Bishayee, A., Cancer prevention and treatment
with resveratrol: From rodent studies to clinical
trials. Cancer Prevention Research, 2009, 2(5), 409-
418.

[140]. Kalra, N, Roy, P, Prasad, S. Shukla, Y,
Retracted: Resveratrol induces apoptosis involving
mitochondrial  pathways in  mouse  skin
tumorigenesis. Life Sciences, 2008,

[141]. Afaq, F, Adhami, V.M., Ahmad, N., Prevention
of short-term ultraviolet b radiation-mediated
damages by resveratrol in skh-1 hairless mice.
Toxicology and Applied Pharmacology, 2003, 186(1),
28-37.

[142]. Reagan-Shaw, S., Afaq, F, Aziz, M.H., Ahmad,
N., Modulations of critical cell cycle regulatory
events during chemoprevention of ultraviolet b-
mediated responses by resveratrol in skh-1 hairless
mouse skin. Oncogene, 2004, 23(30), 5151-5160.
[143]. Aziz, M.H., Afaq, F, Ahmad, N., Prevention of
ultraviolet-b radiation damage by resveratrol in
mouse skin is mediated via modulation in survivin{.
Photochemistry and Photobiology, 2005, 81(1), 25-
31.

[144]. Aziz, M.H., Reagan-Shaw, S., Wu, ]., Longley,
B.J., Ahmad, N., Chemoprevention of skin cancer by
grape constituent resveratrol: Relevance to human
disease? The FASEB Journal, 2005, 19(9), 1193-
1195.

e
207

2026, Volume 8, Issue 2

[145]. Banerjee, S., Bueso-Ramos, C., Aggarwal, B.B.,
Suppression of 7, 12-dimethylbenz (a) anthracene-
induced mammary carcinogenesis in rats by
resveratrol: Role of nuclear factor-kb,
cyclooxygenase 2, and matrix metalloprotease 9.
Cancer Research, 2002, 62(17), 4945-4954.

[146]. Whitsett, T., Carpenter, M., Lamartiniere, C.A.,
Resveratrol, but not egcg, in the diet suppresses
dmba-induced mammary cancer in rats. Journal of
Carcinogenesis, 2006, 5(15.

[147]. Bhat, K.P, Lantvit, D., Christov, K., Mehta, R.G.,
Moon, R.C, Pezzuto, ].M. Estrogenic and
antiestrogenic properties of resveratrol in mammary
tumor models. Cancer Research, 2001, 61(20), 7456-
7463.

[148]. Garvin, S, (")llinger, K., Dabrosin, C.,
Resveratrol induces apoptosis and inhibits
angiogenesis in human breast cancer xenografts in
vivo. Cancer Letters, 2006, 231(1), 113-122.

[149]. Provinciali, M., Re, F, Donnini, A., Orlando, F,,
Bartozzi, B., Di Stasio, G. Smorlesi, A, Effect of
resveratrol on the development of spontaneous
mammary tumors in her-2/neu transgenic mice.
International Journal of Cancer, 2005, 115(1), 36-45.
[150]. Gossett, D.R.,, Tse, H.T.,, Lee, S.A., Ying, Y,
Lindgren, A.G., Yang, 0.0, Rao, ]., Clark, A.T,, Di Carlo,
D., Hydrodynamic stretching of single cells for large
population mechanical phenotyping. Proceedings of
the National Academy of Sciences, 2012, 109(20),
7630-7635.

[151]. Chen, D., Wan, S.B, Yang, H., Yuan, ], Chan,
T.H., Dou, Q.P, Egcg, green tea polyphenols and their
synthetic analogs and prodrugs for human cancer
prevention and treatment. Advances in Clinical
Chemistry, 2011, 53(155.

[152]. Mantena, S.K, Meeran, S.M., Elmets, C.A,
Katiyar, S.K, Orally administered green tea
polyphenols prevent ultraviolet radiation-induced
skin cancer in mice through activation of cytotoxic t
cells and inhibition of angiogenesis in tumors. The
Journal of Nutrition, 2005, 135(12), 2871-2877.
[153]. Facchini, A. Zanella, B. Stefanelli C,
Guarnieri, C., Flamigni, F, Effect of green tea extract
on the induction of ornithine decarboxylase and the
activation of extracellular signal-regulated kinase in
bladder carcinoma ecv304 cells. Nutrition and
Cancer,2003,47(1), 104-111.

[154]. Lee SukChing, L.S., Chan WingKi, CW, Lee
TakWing, L.T.,, Lam WaiHar, L.W,, Wang XiangHong,
WX, Chan TakHang, C.T., Wong YongChuan, WY,
Effect of a prodrug of the green tea polyphenol (-)-
epigallocatechin-3-gallate on the growth of
androgen-independent prostate cancer in vivo.
2008,



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.sciencedirect.com/science/article/abs/pii/S1044579X17302092
https://www.sciencedirect.com/science/article/abs/pii/S1044579X17302092
https://pubmed.ncbi.nlm.nih.gov/37594121/
https://pubmed.ncbi.nlm.nih.gov/37594121/
https://pubmed.ncbi.nlm.nih.gov/37594121/
https://pubmed.ncbi.nlm.nih.gov/37594121/
https://pubmed.ncbi.nlm.nih.gov/37594121/
https://www.tandfonline.com/doi/abs/10.1080/10408398.2015.1032400
https://www.tandfonline.com/doi/abs/10.1080/10408398.2015.1032400
https://www.tandfonline.com/doi/abs/10.1080/10408398.2015.1032400
https://pubs.rsc.org/en/content/articlelanding/2020/rp/c2fo30252g/unauth
https://pubs.rsc.org/en/content/articlelanding/2020/rp/c2fo30252g/unauth
https://www.sciencedirect.com/science/article/abs/pii/S0734975019300667
https://www.sciencedirect.com/science/article/abs/pii/S0734975019300667
https://www.sciencedirect.com/science/article/abs/pii/S0734975019300667
https://www.taylorfrancis.com/chapters/edit/10.1201/9781420026474-1/resveratrol-polyphenol-seasons-shishir-shishodia-bharat-aggarwal
https://www.taylorfrancis.com/chapters/edit/10.1201/9781420026474-1/resveratrol-polyphenol-seasons-shishir-shishodia-bharat-aggarwal
https://aacrjournals.org/cancerpreventionresearch/article/2/5/409/47842/Cancer-Prevention-and-Treatment-with-Resveratrol
https://aacrjournals.org/cancerpreventionresearch/article/2/5/409/47842/Cancer-Prevention-and-Treatment-with-Resveratrol
https://aacrjournals.org/cancerpreventionresearch/article/2/5/409/47842/Cancer-Prevention-and-Treatment-with-Resveratrol
https://www.sciencedirect.com/science/article/pii/S0024320507008235
https://www.sciencedirect.com/science/article/pii/S0024320507008235
https://www.sciencedirect.com/science/article/pii/S0024320507008235
https://www.sciencedirect.com/science/article/abs/pii/S0041008X02000145
https://www.sciencedirect.com/science/article/abs/pii/S0041008X02000145
https://www.sciencedirect.com/science/article/abs/pii/S0041008X02000145
https://www.nature.com/articles/1207666
https://www.nature.com/articles/1207666
https://www.nature.com/articles/1207666
https://www.nature.com/articles/1207666
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.2005.tb01518.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.2005.tb01518.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.2005.tb01518.x
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.04-3582fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.04-3582fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.04-3582fje
https://aacrjournals.org/cancerres/article/62/17/4945/509029/Suppression-of-7-12-Dimethylbenz-a-anthracene
https://aacrjournals.org/cancerres/article/62/17/4945/509029/Suppression-of-7-12-Dimethylbenz-a-anthracene
https://aacrjournals.org/cancerres/article/62/17/4945/509029/Suppression-of-7-12-Dimethylbenz-a-anthracene
https://pmc.ncbi.nlm.nih.gov/articles/PMC1524738/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1524738/
https://aacrjournals.org/cancerres/article/61/20/7456/508014/Estrogenic-and-Antiestrogenic-Properties-of
https://aacrjournals.org/cancerres/article/61/20/7456/508014/Estrogenic-and-Antiestrogenic-Properties-of
https://aacrjournals.org/cancerres/article/61/20/7456/508014/Estrogenic-and-Antiestrogenic-Properties-of
https://www.sciencedirect.com/science/article/abs/pii/S0304383505001060
https://www.sciencedirect.com/science/article/abs/pii/S0304383505001060
https://www.sciencedirect.com/science/article/abs/pii/S0304383505001060
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20874
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20874
https://onlinelibrary.wiley.com/doi/abs/10.1002/ijc.20874
https://www.pnas.org/doi/abs/10.1073/pnas.1200107109
https://www.pnas.org/doi/abs/10.1073/pnas.1200107109
https://pmc.ncbi.nlm.nih.gov/articles/PMC3304302/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3304302/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3304302/
https://pubmed.ncbi.nlm.nih.gov/16317135/
https://pubmed.ncbi.nlm.nih.gov/16317135/
https://pubmed.ncbi.nlm.nih.gov/16317135/
https://pubmed.ncbi.nlm.nih.gov/16317135/
https://pubmed.ncbi.nlm.nih.gov/14769544/
https://pubmed.ncbi.nlm.nih.gov/14769544/
https://pubmed.ncbi.nlm.nih.gov/14769544/
https://pubmed.ncbi.nlm.nih.gov/14769544/
https://pubmed.ncbi.nlm.nih.gov/18584482/
https://pubmed.ncbi.nlm.nih.gov/18584482/
https://pubmed.ncbi.nlm.nih.gov/18584482/

Journal of Chemical Reviews

[155]. Bettuzzi, S., Brausi, M., Rizzi, F, Castagnetti, G.,
Peracchia, G., Corti, A., Chemoprevention of human
prostate cancer by oral administration of green tea
catechins in volunteers with high-grade prostate
intraepithelial neoplasia: A preliminary report from
a one-year proof-of-principle study. Cancer Research,
2006, 66(2), 1234-1240.

[156]. Jatoi, A. Ellison, N., Burch, PA., Sloan, J.A,
Dakhil, S.R., Novotny, P, Tan, W, Fitch, T.R., Rowland,
K.M.,, Young, C.Y, A phase ii trial of green tea in the
treatment of patients with androgen independent
metastatic prostate carcinoma. Cancer:
Interdisciplinary  International Journal of the
American Cancer Society, 2003, 97(6), 1442-1446.
[157]. Brouet, I, Ohshima, H., Curcumin, an anti-
tumor promoter and anti-inflammatory agent,
inhibits induction of nitric oxide synthase in
activated macrophages. Biochemical and Biophysical
Research Communications, 1995, 206(2), 533-540.
[158]. Kunnumakkara, A.B., Anand, P, Aggarwal, B.B.,
Curcumin inhibits proliferation, invasion,
angiogenesis and metastasis of different cancers
through interaction with multiple cell signaling
proteins. Cancer Letters, 2008, 269(2), 199-225.
[159]. Mukhopadhyay, A. Bueso-Ramos, C,
Chatterjee, D., Pantazis, P, Aggarwal, B.B., Curcumin
downregulates cell survival mechanisms in human
prostate cancer cell lines. Oncogene, 2001, 20(52),
7597-7609.

[160]. Loch-Neckel, G. Santos-Bubniak, L.,
Mazzarino, L., Jacques, A.V, Moccelin, B, Santos-
Silva, M.C., Lemos-Senna, E. Orally administered
chitosan-coated polycaprolactone nanoparticles
containing curcumin attenuate metastatic melanoma
in the lungs. Journal of Pharmaceutical Sciences,
2015, 104(10), 3524-3534.

[161]. Sajadimajd, S., Bahramsoltani, R., Iranpanah,
A, Patra, J.K, Das, G, Gouda, S., Rahimi, R,
Rezaeiamiri, E., Cao, H., Giampieri, F., Advances on
natural polyphenols as anticancer agents for skin
cancer. Pharmacological Research, 2020, 151,
104584.

[162]. Adhami, V.M, Afaq, F., Ahmad, N., Suppression
of ultraviolet b exposure-mediated activation of nf-
kb in normal human Kkeratinocytes by resveratrol.
Neoplasia, 2003, 5(1), 74-82.

[163]. Katiyar, S.K., Perez, A., Mukhtar, H., Green tea
polyphenol treatment to human skin prevents
formation of ultraviolet light b-induced pyrimidine
dimers in DNA. Clinical Cancer Research, 2000,
6(10), 3864-3869.

[164]. Meeran, S.M. Akhtar, S., Katiyar, S.K,
Inhibition of uvb-induced skin tumor development
by drinking green tea polyphenols is mediated

e
208

2026, Volume 8, Issue 2

through DNA repair and subsequent inhibition of
inflammation. Journal of Investigative Dermatology,
2009, 129(5), 1258-1270.

[165]. Katiyar, S.K., Treatment of silymarin, a plant
flavonoid, prevents ultraviolet light-induced
immune suppression and oxidative stress in mouse
skin. International Journal of Oncology, 2002, 21(6),
1213-1222.

[166]. Katiyar, S.K, Silymarin and skin cancer
prevention: Anti-inflammatory, antioxidant and
immunomodulatory effects. International Journal of
Oncology, 2005, 26(1), 169-176.

[167]. Baliga, M.S., Katiyar, S.K., Chemoprevention of
photocarcinogenesis by selected dietary botanicals.
Photochemical & Photobiological Sciences, 20086,
5(2), 243-253.

[168]. Mittal, A. Elmets, C.A., Katiyar, S.K,, Dietary
feeding of proanthocyanidins from grape seeds
prevents photocarcinogenesis in skh-1 hairless
mice: Relationship to decreased fat and lipid
peroxidation. Carcinogenesis, 2003, 24(8), 1379-
1388.

[169]. Sharma, S.D., Meeran, S.M. Katiyar, S.K,
Dietary grape seed proanthocyanidins inhibit uvb-
induced oxidative stress and activation of mitogen-
activated protein kinases and nuclear factor-kb
signaling in in vivo skh-1 hairless mice. Molecular
Cancer Therapeutics, 2007, 6(3), 995-1005.

[170]. Bridgeman, B.B., Wang, P., Ye, B,, Pelling, ].C.,
Volpert, 0.V, Tong, X, Inhibition of mtor by apigenin
in uvb-irradiated keratinocytes: A new implication
of skin cancer prevention. Cellular signalling, 2016,
28(5), 460-468.

[171]. Abildgaard, C., Guldberg, P., Molecular drivers
of cellular metabolic reprogramming in melanoma.
Trends in Molecular Medicine, 2015, 21(3), 164-171.

[172]. Force, ]., Salama, A.K., First-line treatment of
metastatic melanoma: Role of nivolumab.
ImmunoTargets and Therapy, 2017, 1-10.

[173]. Niezgoda, A. Niezgoda, P. Czajkowski, R,
Novel approaches to treatment of advanced
melanoma: A review on targeted therapy and
immunotherapy. BioMed Research International,
2015, 2015(1), 851387.

[174]. Gelzo, M., Granato, G., Albano, F., Arcucci, A.,
Russo, A.D., De Vendittis, E., Ruocco, M.R., Corso, G.,
Evaluation  of  cytotoxic  effects of 7-
dehydrocholesterol on melanoma cells. Free Radical
Biology and Medicine, 2014, 70(129-140.

[175]. Prakash, O., Kumar, A., Kumar, P., Anticancer
potential of plants and natural products. American
Journal of Pharmacological Sciences, 2013, 1(6),
104-115.



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://pubmed.ncbi.nlm.nih.gov/16424063/
https://pubmed.ncbi.nlm.nih.gov/16424063/
https://pubmed.ncbi.nlm.nih.gov/16424063/
https://pubmed.ncbi.nlm.nih.gov/16424063/
https://pubmed.ncbi.nlm.nih.gov/16424063/
https://pubmed.ncbi.nlm.nih.gov/12627508/
https://pubmed.ncbi.nlm.nih.gov/12627508/
https://pubmed.ncbi.nlm.nih.gov/12627508/
https://pubmed.ncbi.nlm.nih.gov/7530002/
https://pubmed.ncbi.nlm.nih.gov/7530002/
https://pubmed.ncbi.nlm.nih.gov/7530002/
https://pubmed.ncbi.nlm.nih.gov/7530002/
https://pubmed.ncbi.nlm.nih.gov/18479807/
https://pubmed.ncbi.nlm.nih.gov/18479807/
https://pubmed.ncbi.nlm.nih.gov/18479807/
https://pubmed.ncbi.nlm.nih.gov/18479807/
https://pubmed.ncbi.nlm.nih.gov/11753638/
https://pubmed.ncbi.nlm.nih.gov/11753638/
https://pubmed.ncbi.nlm.nih.gov/11753638/
https://pubmed.ncbi.nlm.nih.gov/26085173/
https://pubmed.ncbi.nlm.nih.gov/26085173/
https://pubmed.ncbi.nlm.nih.gov/26085173/
https://pubmed.ncbi.nlm.nih.gov/26085173/
https://pubmed.ncbi.nlm.nih.gov/31809853/
https://pubmed.ncbi.nlm.nih.gov/31809853/
https://pubmed.ncbi.nlm.nih.gov/31809853/
https://pubmed.ncbi.nlm.nih.gov/12659672/
https://pubmed.ncbi.nlm.nih.gov/12659672/
https://pubmed.ncbi.nlm.nih.gov/12659672/
https://pubmed.ncbi.nlm.nih.gov/11051231/
https://pubmed.ncbi.nlm.nih.gov/11051231/
https://pubmed.ncbi.nlm.nih.gov/11051231/
https://pubmed.ncbi.nlm.nih.gov/11051231/
https://pubmed.ncbi.nlm.nih.gov/19020550/
https://pubmed.ncbi.nlm.nih.gov/19020550/
https://pubmed.ncbi.nlm.nih.gov/19020550/
https://pubmed.ncbi.nlm.nih.gov/19020550/
https://pubmed.ncbi.nlm.nih.gov/12429970/
https://pubmed.ncbi.nlm.nih.gov/12429970/
https://pubmed.ncbi.nlm.nih.gov/12429970/
https://pubmed.ncbi.nlm.nih.gov/12429970/
https://pubmed.ncbi.nlm.nih.gov/15586237/
https://pubmed.ncbi.nlm.nih.gov/15586237/
https://pubmed.ncbi.nlm.nih.gov/15586237/
https://pubmed.ncbi.nlm.nih.gov/16465310/
https://pubmed.ncbi.nlm.nih.gov/16465310/
https://academic.oup.com/carcin/article-abstract/24/8/1379/2390520?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/24/8/1379/2390520?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/24/8/1379/2390520?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/24/8/1379/2390520?redirectedFrom=fulltext
https://academic.oup.com/carcin/article-abstract/24/8/1379/2390520?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/17363493/
https://pubmed.ncbi.nlm.nih.gov/17363493/
https://pubmed.ncbi.nlm.nih.gov/17363493/
https://pubmed.ncbi.nlm.nih.gov/17363493/
https://pubmed.ncbi.nlm.nih.gov/26876613/
https://pubmed.ncbi.nlm.nih.gov/26876613/
https://pubmed.ncbi.nlm.nih.gov/26876613/
https://www.cell.com/trends/molecular-medicine/abstract/S1471-4914(14)00224-X
https://www.cell.com/trends/molecular-medicine/abstract/S1471-4914(14)00224-X
https://www.tandfonline.com/doi/full/10.2147/ITT.S110479
https://www.tandfonline.com/doi/full/10.2147/ITT.S110479
https://onlinelibrary.wiley.com/doi/full/10.1155/2015/851387
https://onlinelibrary.wiley.com/doi/full/10.1155/2015/851387
https://onlinelibrary.wiley.com/doi/full/10.1155/2015/851387
https://www.sciencedirect.com/science/article/abs/pii/S0891584914000902
https://www.sciencedirect.com/science/article/abs/pii/S0891584914000902
https://pubs.sciepub.com/ajps/1/6/1/
https://pubs.sciepub.com/ajps/1/6/1/

Journal of Chemical Reviews

[176]. Mukherjee, P.K, Quality control and
evaluation of herbal drugs: Evaluating natural
products and traditional medicine. Book, 2019,
[177]. Diaconeasa, Z., Ayvaz, H., Rugina, D., Leopold,
L., Stanila, A., Socaciu, C.,, Tabaran, F., Luput, L., Mada,
D.C., Pintea, A. Melanoma inhibition by anthocyanins
is associated with the reduction of oxidative stress
biomarkers and changes in mitochondrial
membrane potential. Plant Foods for Human
Nutrition, 2017, 72(4), 404-410.

[178]. Yafiez, ]., Vicente, V., Alcaraz, M., Castillo, J.,
Benavente-Garcia, O., Canteras, M., Teruel, J.A.L,

Cytotoxicity and antiproliferative activities of
several phenolic compounds against three
melanocytes cell lines: Relationship between

structure and activity. Nutrition and Cancer, 2004,
49(2),191-199.

[179]. Dana, N. Javanmard, S.H., Rafiee, L.,
Antiangiogenic and antiproliferative effects of black
pomegranate peel extract on melanoma cell line.
Research in Pharmaceutical Sciences, 2015, 10(2),
117-124.

[180]. Khonkarn, R, Okonogi, S., Ampasavate, C.,
Anuchapreeda, S., Investigation of fruit peel extracts
as sources for compounds with antioxidant and
antiproliferative activities against human cell lines.
Food and Chemical Toxicology, 2010, 48(8-9), 2122-
2129.

[181]. Abusnina, A. Keravis, T., Yougbaré, I,
Bronner, C., Lugnier, C., Anti-proliferative effect of
curcumin on melanoma cells is mediated by pdela
inhibition that regulates the epigenetic integrator
uhrfl. Molecular Nutrition & Food Research, 2011,
55(11), 1677-1689.

[182]. Ndlovu, B., De Kock, M., Klaasen, J., Rahiman,
F., In vitro comparison of the anti-proliferative
effects of galenia africana on human skin cell lines.
Scientia Pharmaceutica, 2021, 89(1), 12.

[183]. Ray, G., Batra, S., Shukla, N.K,, Deo, S., Raina, V.,
Ashok, S., Husain, S.A., Lipid peroxidation, free
radical production and antioxidant status in breast
cancer. Breast Cancer Research and Treatment,
2000, 59(2), 163-170.

[184]. Brunelle, ].K., Zhang, B., Apoptosis assays for
quantifying the bioactivity of anticancer drug
products. Drug Resistance Updates, 2010, 13(6),
172-179.

[185]. Nishiyama, N., Nanomedicine: Nanocarriers
shape up for long life. Nature Nanotechnology, 2007,
2(4), 203.

[186]. Ma, L., Sun, Z., Zeng, Y. Luo, M, Yang, ],
Molecular mechanism and health role of functional
ingredients in blueberry for chronic disease in

209

2026, Volume 8, Issue 2

human beings. International Journal of Molecular
Sciences, 2018, 19(9), 2785.

[187]. Sassi, A., Maatouk, M., Bzéouich, I.M., Hatira,
S.A.-B., Jemni-Yacoub, S., Ghedira, K., Chekir-Ghedira,
L, Chrysin, a natural and biologically active
flavonoid suppresses tumor growth of mouse
b16f10 melanoma cells: In vitro and in vivo study.
Chemico-Biological Interactions, 2018, 283(10-19.
[188]. Bano, S., Ahmed, F., Khan, F., Chaudhary, S.C,,
Samim, M., Enhancement of the cancer inhibitory
effect of the bioactive food component resveratrol
by nanoparticle based delivery. Food & Function,
2020, 11(4), 3213-3226.

[189]. Osmond, G.W., Augustine, C.K, Zipfel, P.A,,
Padussis, ], Tyler, D.S, Enhancing melanoma
treatment with resveratrol. Journal of Surgical
Research,2012,172(1), 109-115.

[190]. Rugina, D. Hanganu, D. Diaconeasa, Z.,
Tabaran, F., Coman, C., Leopold, L., Bunea, A., Pintea,
A., Antiproliferative and apoptotic potential of
cyanidin-based anthocyanins on melanoma cells.
International Journal of Molecular Sciences, 2017,
18(5), 949.

[191]. Kaushik, G., Ramalingam, S., Subramaniam, D.,
Rangarajan, P., Protti, P., Rammamoorthy, P., Anant,
S.,, Mammen, ].M., Honokiol induces cytotoxic and
cytostatic effects in malignant melanoma cancer
cells. The American Journal of Surgery, 2012, 204(6),
868-873.

[192]. Qin, ], Xie, L.P., Zheng, X.Y., Wang, Y.B,, Bai, Y.,
Shen, H.F,, Li, L.C,, Dahiya, R.,, A component of green
tea,(-)-epigallocatechin-3-gallate, promotes
apoptosis in t24 human bladder cancer cells via
modulation of the pi3k/akt pathway and bcl-2
family proteins. Biochemical and Biophysical
Research Communications, 2007, 354(4), 852-857.
[193]. Won, Y.S, Seo, KlI., Sanggenol 1 induces
apoptosis and cell cycle arrest via activation of p53
and suppression of pi3k/akt/mtor signaling in
human prostate cancer cells. Nutrients, 2020, 12(2),
488.

[194]. Elmore, S. Apoptosis: A review of
programmed cell death. Toxicologic Pathology,
2007, 35(4), 495-516.

[195]. George, ]., Singh, M., Srivastava, A.K., Bhui, K,
Shukla, Y., Synergistic growth inhibition of mouse
skin tumors by pomegranate fruit extract and diallyl
sulfide: Evidence for inhibition of activated
mapks/nf-kb and reduced cell proliferation. Food
and Chemical Toxicology, 2011, 49(7), 1511-1520.
[196]. Prasad, R., Katiyar, S.K., Polyphenols from
green tea inhibit the growth of melanoma cells
through inhibition of class i histone deacetylases and



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://shop.elsevier.com/books/quality-control-and-evaluation-of-herbal-drugs/mukherjee/978-0-12-813374-3
https://shop.elsevier.com/books/quality-control-and-evaluation-of-herbal-drugs/mukherjee/978-0-12-813374-3
https://shop.elsevier.com/books/quality-control-and-evaluation-of-herbal-drugs/mukherjee/978-0-12-813374-3
https://link.springer.com/article/10.1007/s11130-017-0638-x
https://link.springer.com/article/10.1007/s11130-017-0638-x
https://link.springer.com/article/10.1007/s11130-017-0638-x
https://link.springer.com/article/10.1007/s11130-017-0638-x
https://www.tandfonline.com/doi/abs/10.1207/s15327914nc4902_11
https://www.tandfonline.com/doi/abs/10.1207/s15327914nc4902_11
https://www.tandfonline.com/doi/abs/10.1207/s15327914nc4902_11
https://www.tandfonline.com/doi/abs/10.1207/s15327914nc4902_11
https://journals.lww.com/rips/fulltext/2015/10020/antiangiogenic_and_antiproliferative_effects_of.3.aspx
https://journals.lww.com/rips/fulltext/2015/10020/antiangiogenic_and_antiproliferative_effects_of.3.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0278691510002905
https://www.sciencedirect.com/science/article/abs/pii/S0278691510002905
https://www.sciencedirect.com/science/article/abs/pii/S0278691510002905
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201100307
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201100307
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201100307
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201100307
https://www.mdpi.com/2218-0532/89/1/12
https://www.mdpi.com/2218-0532/89/1/12
https://link.springer.com/article/10.1023/A:1006357330486
https://link.springer.com/article/10.1023/A:1006357330486
https://link.springer.com/article/10.1023/A:1006357330486
https://www.sciencedirect.com/science/article/abs/pii/S1368764610000397
https://www.sciencedirect.com/science/article/abs/pii/S1368764610000397
https://www.sciencedirect.com/science/article/abs/pii/S1368764610000397
https://www.nature.com/articles/nnano.2007.88
https://www.nature.com/articles/nnano.2007.88
https://www.mdpi.com/1422-0067/19/9/2785
https://www.mdpi.com/1422-0067/19/9/2785
https://www.mdpi.com/1422-0067/19/9/2785
https://www.sciencedirect.com/science/article/abs/pii/S0009279717306762
https://www.sciencedirect.com/science/article/abs/pii/S0009279717306762
https://www.sciencedirect.com/science/article/abs/pii/S0009279717306762
https://pubs.rsc.org/en/content/articlelanding/2020/fo/c9fo02445j/unauth
https://pubs.rsc.org/en/content/articlelanding/2020/fo/c9fo02445j/unauth
https://pubs.rsc.org/en/content/articlelanding/2020/fo/c9fo02445j/unauth
https://www.sciencedirect.com/science/article/abs/pii/S0022480410006347
https://www.sciencedirect.com/science/article/abs/pii/S0022480410006347
https://www.mdpi.com/1422-0067/18/5/949
https://www.mdpi.com/1422-0067/18/5/949
https://www.sciencedirect.com/science/article/abs/pii/S0002961012005156
https://www.sciencedirect.com/science/article/abs/pii/S0002961012005156
https://www.sciencedirect.com/science/article/abs/pii/S0002961012005156
https://www.sciencedirect.com/science/article/abs/pii/S0006291X07000319
https://www.sciencedirect.com/science/article/abs/pii/S0006291X07000319
https://www.sciencedirect.com/science/article/abs/pii/S0006291X07000319
https://www.sciencedirect.com/science/article/abs/pii/S0006291X07000319
https://www.sciencedirect.com/science/article/abs/pii/S0006291X07000319
https://www.mdpi.com/2072-6643/12/2/488
https://www.mdpi.com/2072-6643/12/2/488
https://www.mdpi.com/2072-6643/12/2/488
https://www.mdpi.com/2072-6643/12/2/488
https://journals.sagepub.com/doi/full/10.1080/01926230701320337
https://journals.sagepub.com/doi/full/10.1080/01926230701320337
https://www.sciencedirect.com/science/article/abs/pii/S0278691511001232
https://www.sciencedirect.com/science/article/abs/pii/S0278691511001232
https://www.sciencedirect.com/science/article/abs/pii/S0278691511001232
https://www.sciencedirect.com/science/article/abs/pii/S0278691511001232
https://pmc.ncbi.nlm.nih.gov/articles/PMC4362484/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4362484/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4362484/

Journal of Chemical Reviews

induction of DNA damage. Genes & Cancer, 2015,
6(1-2), 49.

[197]. Davoodvandi, A, Darvish, M., Borran, S,
Nejati, M., Mazaheri, S., Tamtaji, O.R., Hamblin, M.R,,
Masoudian, N., Mirzaei, H., The therapeutic potential
of resveratrol in a mouse model of melanoma lung
metastasis. International Immunopharmacology,
2020, 88, 106905.

[198]. Gong, C., Xia, H. Resveratrol suppresses
melanoma growth by promoting autophagy through
inhibiting the pi3k/akt/mtor signaling pathway.
Experimental and Therapeutic Medicine, 2020, 19(3),
1878-1886.

[199]. Jensen, ].D., Dunn, J.H., Luo, Y., Liu, W., Fujita,
M., Dellavalle, R.P., Ellagic acid inhibits melanoma
growth in vitro. Dermatology Reports, 2011, 3(3),
e36.

[200]. Lo, C, Lai, T.Y, Yang, ].S, Yang, ].H., Ma, Y.S,,
Weng, S.W., Lin, H.Y,, Chen, H.Y,, Lin, ].G., Chung, ].G.,
Gallic acid inhibits the migration and invasion of
a375. S2 human melanoma cells through the
inhibition of matrix metalloproteinase-2 and ras.
Melanoma research, 2011, 21(4), 267-273.

[201]. Pelinson, L.P., Assmann, C.E., Palma, T.V,, da
Cruz, I.B.M,, Pillat, M.M., Manica, A., Stefanello, N.,
Weis, G.C.C., de Oliveira Alves, A., de Andrade, C.M.,
Antiproliferative and apoptotic effects of caffeic acid
on sk-mel-28 human melanoma cancer cells.
Molecular Biology Reports, 2019, 46(2), 2085-2092.
[202]. Kim, S.H,, Yoo, E.S.,, Woo, ].S.,, Han, S.H., Lee,
J.H.,, Jung, S.H., Kim, H.J. Jung, ].Y.,, Antitumor and
apoptotic effects of quercetin on human melanoma
cells involving jnk/p38 mapk signaling activation.
European Journal of Pharmacology, 2019, 860,
172568.

[203]. Yao, X, Jiang, W., Yu, D., Yan, Z, Luteolin
inhibits proliferation and induces apoptosis of
human melanoma cells in vivo and in vitro by
suppressing mmp-2 and mmp-9 through the
pi3k/akt pathway. Food & function, 2019, 10(2),
703-712.

[204]. Hearing, V.]., Leong, S.P., From melanocytes to
melanoma. The progression to malignancy. 2006.
[205]. George, V.C., Kumar, D.R.N., Suresh, P.K,
Kumar, S., Kumar, R.A, Comparative studies to
evaluate relative in vitro potency of luteolin in
inducing cell cycle arrest and apoptosis in hacat and
a375 cells. Asian Pacific Journal of Cancer Prevention,
2013, 14(2), 631-637.

[206]. Black, H., DeGruijl, F., Forbes, P., Cleaver, ].,
Ananthaswamy, H., DeFabo, E., Ullrich, S.E., Tyrrell,
R., Photocarcinogenesis: An overview. journal of
Photochemistry and Photobiology B: Biology, 1997,
40(1), 29-47.

2026, Volume 8, Issue 2

[207]. Harris, R.B., Griffith, K., Moon, T.E., Trends in
the incidence of nonmelanoma skin cancers in
southeastern arizona, 1985-1996. journal of the
American Academy of Dermatology, 2001, 45(4),
528-536.

[208]. Afaq, F., K Katiyar, S. Polyphenols: Skin
photoprotection and inhibition of
photocarcinogenesis. Mini Reviews in Medicinal
Chemistry, 2011, 11(14), 1200-1215.

[209]. Hu, S., Zhang, X,, Chen, F., Wang, M., Dietary
polyphenols as photoprotective agents against uv
radiation. Journal of Functional Foods, 2017, 30,
108-118.

[210]. Kim, ]., Hwang, ].S., Cho, Y.K,, Han, Y., Jeon, Y.,
Yang, K.H., Protective effects of (-)-epigallocatechin-
3-gallate on uva-and uvb-induced skin damage. Skin
Pharmacology and Physiology, 2001, 14(1), 11-19.
[211]. Katiyar, S.K., Skin photoprotection by green
tea: Antioxidant and immunomodulatory effects.
Current Drug Targets-Immune, Endocrine &
Metabolic Disorders, 2003, 3(3), 234-242.

[212]. Katiyar, S.K,, Afaq, F., Perez, A., Mukhtar, H.,
Green tea polyphenol (-)-epigallocatechin-3-gallate
treatment of human skin inhibits ultraviolet
radiation-induced oxidative stress. Carcinogenesis,
2001, 22(2), 287-294.

[213]. Stevanato, R., Bertelle, M. Fabris, S,
Photoprotective characteristics of  natural
antioxidant polyphenols. Regulatory Toxicology and
Pharmacology, 2014, 69(1), 71-77.

[214]. Markiewicz, E., Idowu, O.C.,, DNA damage in
human skin and the capacities of natural compounds
to modulate the bystander signalling. Open Biology,
2019, 9(12), 190208.

[215]. Schwarz, A., Maeda, A., Gan, D., Mammone, T.,
Matsui, M.S., Schwarz, T., Green tea phenol extracts
reduce uvb-induced DNA damage in human cells via
interleukin-12. Photochemistry and Photobiology,
2008, 84(2), 350-355.

[216]. Chin, L., Garraway, L.A., Fisher, D.E., Malignant
melanoma: Genetics and therapeutics in the genomic
era. Genes & Development, 2006, 20(16), 2149-2182.
[217]. Fidler, L]., The organ microenvironment and
cancer metastasis. Differentiation, 2002, 70(9-10),
498-505.

[218]. Jour, G., Ivan, D., Aung, P.P., Angiogenesis in
melanoma: An update with a focus on current
targeted therapies. Journal of Clinical Pathology,
2016, 69(6), 472-483.

[219]. Su, C.C,, Wang, CJ., Huang, K.-H., Lee, Y.-],,
Chan, W.-M.,, Chang, Y.C., Anthocyanins from hibiscus
sabdariffa calyx attenuate in vitro and in vivo
melanoma cancer metastasis. Journal of Functional
Foods, 2018, 48, 614-631.

210


https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://pmc.ncbi.nlm.nih.gov/articles/PMC4362484/
https://www.sciencedirect.com/science/article/abs/pii/S1567576920321950
https://www.sciencedirect.com/science/article/abs/pii/S1567576920321950
https://www.sciencedirect.com/science/article/abs/pii/S1567576920321950
https://www.spandidos-publications.com/10.3892/etm.2019.8359
https://www.spandidos-publications.com/10.3892/etm.2019.8359
https://www.spandidos-publications.com/10.3892/etm.2019.8359
https://pmc.ncbi.nlm.nih.gov/articles/PMC4211504/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4211504/
https://journals.lww.com/melanomaresearch/abstract/2011/08000/gallic_acid_inhibits_the_migration_and_invasion_of.2.aspx
https://journals.lww.com/melanomaresearch/abstract/2011/08000/gallic_acid_inhibits_the_migration_and_invasion_of.2.aspx
https://journals.lww.com/melanomaresearch/abstract/2011/08000/gallic_acid_inhibits_the_migration_and_invasion_of.2.aspx
https://link.springer.com/article/10.1007/S11033-019-04658-1
https://link.springer.com/article/10.1007/S11033-019-04658-1
https://www.sciencedirect.com/science/article/abs/pii/S0014299919305205
https://www.sciencedirect.com/science/article/abs/pii/S0014299919305205
https://www.sciencedirect.com/science/article/abs/pii/S0014299919305205
https://pubs.rsc.org/en/content/articlelanding/2019/fo/c8fo02013b/unauth
https://pubs.rsc.org/en/content/articlelanding/2019/fo/c8fo02013b/unauth
https://pubs.rsc.org/en/content/articlelanding/2019/fo/c8fo02013b/unauth
https://pubs.rsc.org/en/content/articlelanding/2019/fo/c8fo02013b/unauth
https://pubs.rsc.org/en/content/articlelanding/2019/fo/c8fo02013b/unauth
https://journals.lww.com/melanomaresearch/citation/2006/10000/from_melanocytes_to_melanoma__the_progression_to.16.aspx
https://journals.lww.com/melanomaresearch/citation/2006/10000/from_melanocytes_to_melanoma__the_progression_to.16.aspx
https://pubmed.ncbi.nlm.nih.gov/23621210/
https://pubmed.ncbi.nlm.nih.gov/23621210/
https://pubmed.ncbi.nlm.nih.gov/23621210/
https://pubmed.ncbi.nlm.nih.gov/23621210/
https://www.sciencedirect.com/science/article/abs/pii/S1011134497000213
https://www.sciencedirect.com/science/article/abs/pii/S0190962201162560
https://www.sciencedirect.com/science/article/abs/pii/S0190962201162560
https://www.sciencedirect.com/science/article/abs/pii/S0190962201162560
https://www.ingentaconnect.com/content/ben/mrmc/2011/00000011/00000014/art00004
https://www.ingentaconnect.com/content/ben/mrmc/2011/00000011/00000014/art00004
https://www.ingentaconnect.com/content/ben/mrmc/2011/00000011/00000014/art00004
https://www.sciencedirect.com/science/article/abs/pii/S1756464617300099
https://www.sciencedirect.com/science/article/abs/pii/S1756464617300099
https://www.sciencedirect.com/science/article/abs/pii/S1756464617300099
https://karger.com/spp/article-abstract/14/1/11/383352/Protective-Effects-of-Epigallocatechin-3-Gallate
https://karger.com/spp/article-abstract/14/1/11/383352/Protective-Effects-of-Epigallocatechin-3-Gallate
https://www.ingentaconnect.com/content/ben/cdtiemd/2003/00000003/00000003/art00008
https://www.ingentaconnect.com/content/ben/cdtiemd/2003/00000003/00000003/art00008
https://academic.oup.com/carcin/article-abstract/22/2/287/2733761
https://academic.oup.com/carcin/article-abstract/22/2/287/2733761
https://academic.oup.com/carcin/article-abstract/22/2/287/2733761
https://www.sciencedirect.com/science/article/abs/pii/S0273230014000385
https://www.sciencedirect.com/science/article/abs/pii/S0273230014000385
https://royalsocietypublishing.org/doi/full/10.1098/rsob.190208
https://royalsocietypublishing.org/doi/full/10.1098/rsob.190208
https://royalsocietypublishing.org/doi/full/10.1098/rsob.190208
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.2007.00265.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.2007.00265.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.2007.00265.x
https://pubmed.ncbi.nlm.nih.gov/16912270/
https://pubmed.ncbi.nlm.nih.gov/16912270/
https://pubmed.ncbi.nlm.nih.gov/16912270/
https://www.sciencedirect.com/science/article/abs/pii/S0301468109604606
https://www.sciencedirect.com/science/article/abs/pii/S0301468109604606
https://jcp.bmj.com/content/69/6/472.short
https://jcp.bmj.com/content/69/6/472.short
https://jcp.bmj.com/content/69/6/472.short
https://www.sciencedirect.com/science/article/abs/pii/S1756464618303670
https://www.sciencedirect.com/science/article/abs/pii/S1756464618303670
https://www.sciencedirect.com/science/article/abs/pii/S1756464618303670

Journal of Chemical Reviews

[220]. Menon, L.G., Kuttan, R., Kuttan, G., Inhibition
of lung metastasis in mice induced by b16f10
melanoma cells by polyphenolic compounds. Cancer
Letters, 1995, 95(1-2), 221-225.

[221]. Y], J.H,, Moon, W.S,, YUN, S.K, Kim, H.U,, IHM,
C.W,, Clinicopathological study on metastatic skin
cancer. Korean Journal of Dermatology, 2006, 567-
573.

[222]. Sander, C.S., Chang, H,, Hamm, F., Elsner, P.,
Thiele, ].J., Role of oxidative stress and the
antioxidant network in cutaneous carcinogenesis.
International Journal of Dermatology, 2004, 43(5),
326-335.

[223]. McMillan, T. Leatherman, E. Ridley, A,
Shorrocks, J., Tobi, S., Whiteside, ]., Cellular effects of
long wavelength uv light (uva) in mammalian cells.
Journal of Pharmacy and Pharmacology, 2008, 60(8),
969-976.

[224]. Halliday, G.M,, Inflammation, gene mutation
and photoimmunosuppression in response to uvr-
induced oxidative damage contributes to
photocarcinogenesis. Mutation
Research/Fundamental and Molecular Mechanisms of
Mutagenesis, 2005, 571(1-2), 107-120.

[225]. Montes de Oca, M.K., Pearlman, R.L., McClees,
S.F.,, Strickland, R., Afaq, F., Phytochemicals for the
prevention of photocarcinogenesis. Photochemistry
and Photobiology, 2017, 93(4), 956-974.

[226]. Bowden, G.T., Prevention of non-melanoma
skin cancer by targeting ultraviolet-b-light
signalling. Nature Reviews Cancer, 2004, 4(1), 23-35.
[227]. Toshiyuki, M., Reed, ].C., Tumor suppressor
p53 is a direct transcriptional activator of the human
bax gene. Cell, 1995, 80(2), 293-299.

[228]. Cross, S.M., Sanchez, C.A, Morgan, C.A,
Schimke, M.K.,, Ramel], S., Idzerda, R.L., Raskind, W.H.,
Reid, B.J, A p53-dependent mouse spindle
checkpoint. Science, 1995, 267(5202), 1353-1356.
[229]. Ly, Y.P,, Lou, Y.R, Liao, |, Xie, ].G., Peng, Q.Y.,
Yang, C.S., Conney, A.H., Administration of green tea
or caffeine enhances the disappearance of uvb-
induced patches of mutant p53 positive epidermal
cells in skh-1 mice. Carcinogenesis, 2005, 26(8),
1465-1472.

[230]. Zykova, T.A., Zhang, Y., Zhu, F. Bode, A M,
Dong, Z., The signal transduction networks required
for phosphorylation of statl at ser727 in mouse
epidermal jb6 cells in the uvb response and
inhibitory mechanisms of tea polyphenols.
Carcinogenesis, 2005, 26(2), 331-342.

[231]. Mnich, C.D., Hoek, K.S., Virkki, L.V,, Farkas, A.,
Dudli, C., Laine, E., Urosevic, M., Dummer, R., Green
tea extract reduces induction of p53 and apoptosis
in uvb-irradiated human skin independent of

T —
211

2026, Volume 8, Issue 2

transcriptional controls. Experimental Dermatology,
2009, 18(1), 69-77.

[232]. Nagata, S., Golstein, P., The fas death factor.
Science, 1995, 267(5203), 1449-1456.

[233]. Kim, S.Y., Kim, D.S., Kwon, S.B., Park, E.S., Huh,
C.H., Youn, SW., Kim, S.\W,, Park, K.C.,, Protective
effects of egcg on uvb-induced damage in living skin
equivalents. Archives of Pharmacal Research, 2005,
28(7), 784-790.

[234]. Sharma, P., Montes de Oca, M.K., Alkeswani,
AR, McClees, S.F., Das, T.,, Elmets, C.A,, Afaq, F., Tea
polyphenols for the prevention of uvb-induced skin
cancer. Photodermatology, Photoimmunology &
Photomedicine, 2018, 34(1), 50-59.

[235]. Green, A. Williams, G., Neale, R, Hart, V.,
Leslie, D., Parsons, P, Marks, G.C., Gaffney, P,
Battistutta, D., Frost, C., Daily sunscreen application
and betacarotene supplementation in prevention of
basal-cell and squamous-cell carcinomas of the skin:
A randomised controlled trial. The lancet, 1999,
354(9180), 723-729.

[236]. Nichols, J.A., Katiyar, S.K, Skin
photoprotection by natural polyphenols: Anti-
inflammatory, antioxidant and DNA repair

mechanisms. Archives of Dermatological Research,
2010, 302(2), 71-83.

[237]. Afaq, F, Natural agents: Cellular and
molecular mechanisms of photoprotection. Archives
of Biochemistry and Biophysics, 2011, 508(2), 144-
151.

[238]. Buckman, S., Gresham, A., Hale, P., Hruza, G.,
Anast, ]., Masferrer, ], Pentland, A.P., Cox-2
expression is induced by uvb exposure in human
skin: Implications for the development of skin
cancer. Carcinogenesis, 1998, 19(5), 723-729.

[239]. Pentland, A.P., Needleman, P., Modulation of
keratinocyte proliferation in vitro by endogenous
prostaglandin synthesis. The Journal of Clinical
Investigation, 1986, 77(1), 246-251.

[240]. Vanderveen, E.E., Grekin, R.C., Swanson, N.A.,,
Kragballe, K. Arachidonic acid metabolites in
cutaneous carcinomas: Evidence suggesting that
elevated levels of prostaglandins in basal cell
carcinomas are associated with an aggressive
growth pattern. Archives of Dermatology, 1986,
122(4),407-412.

[241]. Katiyar, S.K, Matsui, M.S., Elmets, C.A,
Mukhtar, H. Polyphenolic antioxidant (-)-
epigallocatechin-3-gallate from green tea reduces
uvb-Induced inflammatory responses and
infiltration of leukocytes in human skin.
Photochemistry and Photobiology, 1999, 69(2), 148-
153.



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.sciencedirect.com/science/article/abs/pii/0304383595038873
https://www.sciencedirect.com/science/article/abs/pii/0304383595038873
https://www.sciencedirect.com/science/article/abs/pii/0304383595038873
https://pesquisa.bvsalud.org/portal/resource/pt/wpr-94971
https://pesquisa.bvsalud.org/portal/resource/pt/wpr-94971
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-4632.2004.02222.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-4632.2004.02222.x
https://onlinelibrary.wiley.com/doi/abs/10.1211/jpp.60.8.0004
https://onlinelibrary.wiley.com/doi/abs/10.1211/jpp.60.8.0004
https://www.sciencedirect.com/science/article/abs/pii/S0027510704004890
https://www.sciencedirect.com/science/article/abs/pii/S0027510704004890
https://www.sciencedirect.com/science/article/abs/pii/S0027510704004890
https://www.sciencedirect.com/science/article/abs/pii/S0027510704004890
https://onlinelibrary.wiley.com/doi/full/10.1111/php.12711
https://onlinelibrary.wiley.com/doi/full/10.1111/php.12711
https://www.nature.com/articles/nrc1253
https://www.nature.com/articles/nrc1253
https://www.nature.com/articles/nrc1253
https://www.cell.com/cell/fulltext/0092-8674(95)90412-3
https://www.cell.com/cell/fulltext/0092-8674(95)90412-3
https://www.cell.com/cell/fulltext/0092-8674(95)90412-3
https://www.science.org/doi/abs/10.1126/science.7871434
https://www.science.org/doi/abs/10.1126/science.7871434
https://academic.oup.com/carcin/article-abstract/26/8/1465/2390897
https://academic.oup.com/carcin/article-abstract/26/8/1465/2390897
https://academic.oup.com/carcin/article-abstract/26/8/1465/2390897
https://academic.oup.com/carcin/article-abstract/26/8/1465/2390897
https://academic.oup.com/carcin/article-abstract/26/2/331/2476087
https://academic.oup.com/carcin/article-abstract/26/2/331/2476087
https://academic.oup.com/carcin/article-abstract/26/2/331/2476087
https://academic.oup.com/carcin/article-abstract/26/2/331/2476087
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00765.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00765.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00765.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00765.x
https://www.science.org/doi/abs/10.1126/science.7533326
https://link.springer.com/article/10.1007/BF02977343
https://link.springer.com/article/10.1007/BF02977343
https://link.springer.com/article/10.1007/BF02977343
https://onlinelibrary.wiley.com/doi/full/10.1111/phpp.12356
https://onlinelibrary.wiley.com/doi/full/10.1111/phpp.12356
https://onlinelibrary.wiley.com/doi/full/10.1111/phpp.12356
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(98)12168-2/abstract?cc=y%3D
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(98)12168-2/abstract?cc=y%3D
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(98)12168-2/abstract?cc=y%3D
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(98)12168-2/abstract?cc=y%3D
https://link.springer.com/article/10.1007/s00403-009-1001-3
https://link.springer.com/article/10.1007/s00403-009-1001-3
https://link.springer.com/article/10.1007/s00403-009-1001-3
https://link.springer.com/article/10.1007/s00403-009-1001-3
https://www.sciencedirect.com/science/article/abs/pii/S0003986110005035
https://www.sciencedirect.com/science/article/abs/pii/S0003986110005035
https://academic.oup.com/carcin/article-abstract/19/5/723/2365535
https://academic.oup.com/carcin/article-abstract/19/5/723/2365535
https://academic.oup.com/carcin/article-abstract/19/5/723/2365535
https://academic.oup.com/carcin/article-abstract/19/5/723/2365535
https://pubmed.ncbi.nlm.nih.gov/3080474/
https://pubmed.ncbi.nlm.nih.gov/3080474/
https://pubmed.ncbi.nlm.nih.gov/3080474/
https://jamanetwork.com/journals/jamadermatology/article-abstract/547062
https://jamanetwork.com/journals/jamadermatology/article-abstract/547062
https://jamanetwork.com/journals/jamadermatology/article-abstract/547062
https://jamanetwork.com/journals/jamadermatology/article-abstract/547062
https://jamanetwork.com/journals/jamadermatology/article-abstract/547062
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1999.tb03267.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1999.tb03267.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1999.tb03267.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1751-1097.1999.tb03267.x

Journal of Chemical Reviews

[242]. Elmets, C.A,, Singh, D., Tubesing, K., Matsui, M.,
Katiyar, S., Mukhtar, H., Cutaneous photoprotection
from ultraviolet injury by green tea polyphenols.
Journal of the American Academy of Dermatology,
2001, 44(3), 425-432.

[243]. Rhodes, L.E, Darby, G., Massey, K.A., Clarke,
K.A,, Dew, T.P., Farrar, M.D., Bennett, S., Watson, R.E.,
Williamson, G., Nicolaou, A., Oral green tea catechin
metabolites are incorporated into human skin and
protect against uv radiation-induced cutaneous
inflammation in association with reduced
production of pro-inflammatory eicosanoid 12-
hydroxyeicosatetraenoic acid. British journal of
nutrition, 2013, 110(5), 891-900.

[244]. Suschek, C.V., Mahotka, C., Schnorr, 0., Kolb-
Bachofen, V., Uvb radiation-mediated expression of
inducible nitric oxide synthase activity and the
augmenting role of co-induced tnf-a in human skin
endothelial  cells. jJournal of Investigative
Dermatology, 2004, 123(5), 950-957.

[245]. Bjornsdottir, H.,, Welin, A., Michaélsson, E.,
Osla, V., Berg, S., Christenson, K., Sundqvist, M,
Dahlgren, C., Karlsson, A., Bylund, J., Neutrophil net
formation is regulated from the inside by
myeloperoxidase-processed reactive oxygen species.
Free Radical Biology and Medicine, 2015, 89, 1024-
1035.

[246]. Katiyar, S.K, Mukhtar, H. Green tea
polyphenol (-)-epigallocatechin-3-gallate treatment
to mouse skin prevents uvb-induced infiltration of
leukocytes, depletion of antigen-presenting cells,
and oxidative stress. Journal of Leukocyte Biology,
2001, 69(5), 719-726.

[247]. Chen, L., Hu, ].Y., Wang, S.Q., The role of
antioxidants in photoprotection: A critical review.
Journal of the American Academy of Dermatology,
2012, 67(5),1013-1024.

[248]. Intra, ]., Kuo, S.M., Physiological levels of tea
catechins increase cellular lipid antioxidant activity
of vitamin c and vitamin e in human intestinal caco-2
cells. Chemico-Biological Interactions, 2007, 169(2),
91-99.

[249]. Vayalil, P.K, Elmets, C.A., Katiyar, S.K,
Retracted: Treatment of green tea polyphenols in
hydrophilic cream prevents uvb-induced oxidation
of lipids and proteins, depletion of antioxidant
enzymes and phosphorylation of mapk proteins in
skh-1 hairless mouse skin. Carcinogenesis, 2003,
24(5),927-936.

[250]. Kulms, D., Péppelmann, B., Yarosh, D., Luger,
T.A., Krutmann, J., Schwarz, T. Nuclear and cell
membrane effects contribute independently to the
induction of apoptosis in human cells exposed to

e
212

2026, Volume 8, Issue 2

uvb radiation. Proceedings of the National Academy
of Sciences, 1999, 96(14), 7974-7979.

[251]. Ziegler, A, Jonason, A.S., Leffellt, D.J., Simon,
J.A., Sharma, HW., Kimmelman, ], Remington, L.,
Jacks, T., Brash, D.E., Sunburn and p53 in the onset of
skin cancer. Nature, 1994, 372(6508), 773-776.
[252]. Meeran, S.M., Mantena, S.K, Elmets, C.A.,
Katiyar, S.K., (-)-epigallocatechin-3-gallate prevents
photocarcinogenesis in mice through interleukin-
12-dependent DNA repair. Cancer Research, 2006,
66(10), 5512-5520.

[253]. Mouret, S., Baudouin, C., Charveron, M., Favier,
A., Cadet, ], Douki, T, Cyclobutane pyrimidine
dimers are predominant DNA lesions in whole
human skin exposed to uva radiation. Proceedings of
the National Academy of Sciences, 2006, 103(37),
13765-13770.

[254]. Vink, A.A,, Roza, L., Biological consequences of
cyclobutane pyrimidine dimers. Journal of
Photochemistry and Photobiology B: Biology, 2001,
65(2-3),101-104.

[255]. Matsumura, Y., Ananthaswamy, H.N,
Molecular mechanisms of photocarcinogenesis.
Front Biosci, 2002, 7(4), 765-783.

[256]. Camouse, M.M., Domingo, D.S., Swain, F.R,
Conrad, E.P., Matsui, M.S, Maes, D. Declercq, L.,
Cooper, K.D., Stevens, S.R., Baron, E.D. Topical
application of green and white tea extracts provides
protection from solar-simulated ultraviolet light in
human skin. Experimental Dermatology, 2009,
18(6), 522-526.

[257]. Katiyar, S.K.,, Vaid, M., van Steeg, H., Meeran,
S.M, Green tea polyphenols prevent uv-induced
immunosuppression by rapid repair of DNA damage
and enhancement of nucleotide excision repair
genes. Cancer Prevention Research, 2010, 3(2), 179-
189.

[258]. Meeran, S.M., Mantena, S.K., Katiyar, S.K,
Prevention of ultraviolet radiation-induced
immunosuppression by (-)-epigallocatechin-3-
gallate in mice is mediated through interleukin 12-
dependent DNA repair. Clinical Cancer Research,
2006, 12(7), 2272-2280.

[259]. Morley, N,, Clifford, T., Salter, L., Campbell, S.,
Gould, D., Curnow, A., The green tea polyphenol (-)-
epigallocatechin gallate and green tea can protect
human cellular DNA from ultraviolet and visible
radiation-induced = damage. = Photodermatology,
Photoimmunology & Photomedicine, 2005, 21(1), 15-
22.

[260]. Radkar, V., Hardej, D., Lau-Cam, C., Billack, B,
Evaluation of resveratrol and piceatannol
cytotoxicity in macrophages, t cells, and skin cells.



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.sciencedirect.com/science/article/abs/pii/S0190962201154630
https://www.sciencedirect.com/science/article/abs/pii/S0190962201154630
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/oral-green-tea-catechin-metabolites-are-incorporated-into-human-skin-and-protect-against-uv-radiationinduced-cutaneous-inflammation-in-association-with-reduced-production-of-proinflammatory-eicosanoid-12hydroxyeicosatetraenoic-acid/26E5B80F4BB79266CD4676B1DDBFC435
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/oral-green-tea-catechin-metabolites-are-incorporated-into-human-skin-and-protect-against-uv-radiationinduced-cutaneous-inflammation-in-association-with-reduced-production-of-proinflammatory-eicosanoid-12hydroxyeicosatetraenoic-acid/26E5B80F4BB79266CD4676B1DDBFC435
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/oral-green-tea-catechin-metabolites-are-incorporated-into-human-skin-and-protect-against-uv-radiationinduced-cutaneous-inflammation-in-association-with-reduced-production-of-proinflammatory-eicosanoid-12hydroxyeicosatetraenoic-acid/26E5B80F4BB79266CD4676B1DDBFC435
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/oral-green-tea-catechin-metabolites-are-incorporated-into-human-skin-and-protect-against-uv-radiationinduced-cutaneous-inflammation-in-association-with-reduced-production-of-proinflammatory-eicosanoid-12hydroxyeicosatetraenoic-acid/26E5B80F4BB79266CD4676B1DDBFC435
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/oral-green-tea-catechin-metabolites-are-incorporated-into-human-skin-and-protect-against-uv-radiationinduced-cutaneous-inflammation-in-association-with-reduced-production-of-proinflammatory-eicosanoid-12hydroxyeicosatetraenoic-acid/26E5B80F4BB79266CD4676B1DDBFC435
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/oral-green-tea-catechin-metabolites-are-incorporated-into-human-skin-and-protect-against-uv-radiationinduced-cutaneous-inflammation-in-association-with-reduced-production-of-proinflammatory-eicosanoid-12hydroxyeicosatetraenoic-acid/26E5B80F4BB79266CD4676B1DDBFC435
https://www.sciencedirect.com/science/article/pii/S0022202X15320157
https://www.sciencedirect.com/science/article/pii/S0022202X15320157
https://www.sciencedirect.com/science/article/pii/S0022202X15320157
https://www.sciencedirect.com/science/article/pii/S0022202X15320157
https://www.sciencedirect.com/science/article/abs/pii/S0891584915010187
https://www.sciencedirect.com/science/article/abs/pii/S0891584915010187
https://www.sciencedirect.com/science/article/abs/pii/S0891584915010187
https://academic.oup.com/jleukbio/article-abstract/69/5/719/6976695
https://academic.oup.com/jleukbio/article-abstract/69/5/719/6976695
https://academic.oup.com/jleukbio/article-abstract/69/5/719/6976695
https://academic.oup.com/jleukbio/article-abstract/69/5/719/6976695
https://academic.oup.com/jleukbio/article-abstract/69/5/719/6976695
https://www.sciencedirect.com/science/article/abs/pii/S0190962212001314
https://www.sciencedirect.com/science/article/abs/pii/S0190962212001314
https://www.sciencedirect.com/science/article/abs/pii/S0009279707001536
https://www.sciencedirect.com/science/article/abs/pii/S0009279707001536
https://www.sciencedirect.com/science/article/abs/pii/S0009279707001536
https://www.sciencedirect.com/science/article/abs/pii/S0009279707001536
https://academic.oup.com/carcin/article-abstract/24/5/927/2390462
https://academic.oup.com/carcin/article-abstract/24/5/927/2390462
https://academic.oup.com/carcin/article-abstract/24/5/927/2390462
https://academic.oup.com/carcin/article-abstract/24/5/927/2390462
https://academic.oup.com/carcin/article-abstract/24/5/927/2390462
https://www.pnas.org/doi/abs/10.1073/pnas.96.14.7974
https://www.pnas.org/doi/abs/10.1073/pnas.96.14.7974
https://www.pnas.org/doi/abs/10.1073/pnas.96.14.7974
https://www.pnas.org/doi/abs/10.1073/pnas.96.14.7974
https://www.nature.com/articles/372773a0
https://www.nature.com/articles/372773a0
https://aacrjournals.org/cancerres/article/66/10/5512/525720/Epigallocatechin-3-Gallate-Prevents
https://aacrjournals.org/cancerres/article/66/10/5512/525720/Epigallocatechin-3-Gallate-Prevents
https://aacrjournals.org/cancerres/article/66/10/5512/525720/Epigallocatechin-3-Gallate-Prevents
https://www.pnas.org/doi/abs/10.1073/pnas.0604213103
https://www.pnas.org/doi/abs/10.1073/pnas.0604213103
https://www.pnas.org/doi/abs/10.1073/pnas.0604213103
https://www.sciencedirect.com/science/article/abs/pii/S1011134401002457
https://www.sciencedirect.com/science/article/abs/pii/S1011134401002457
https://pubmed.ncbi.nlm.nih.gov/11897559/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00818.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00818.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00818.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0625.2008.00818.x
https://aacrjournals.org/cancerpreventionresearch/article/3/2/179/48738/Green-Tea-Polyphenols-Prevent-UV-Induced
https://aacrjournals.org/cancerpreventionresearch/article/3/2/179/48738/Green-Tea-Polyphenols-Prevent-UV-Induced
https://aacrjournals.org/cancerpreventionresearch/article/3/2/179/48738/Green-Tea-Polyphenols-Prevent-UV-Induced
https://aacrjournals.org/cancerpreventionresearch/article/3/2/179/48738/Green-Tea-Polyphenols-Prevent-UV-Induced
https://aacrjournals.org/clincancerres/article/12/7/2272/285046/Prevention-of-Ultraviolet-Radiation-Induced
https://aacrjournals.org/clincancerres/article/12/7/2272/285046/Prevention-of-Ultraviolet-Radiation-Induced
https://aacrjournals.org/clincancerres/article/12/7/2272/285046/Prevention-of-Ultraviolet-Radiation-Induced
https://aacrjournals.org/clincancerres/article/12/7/2272/285046/Prevention-of-Ultraviolet-Radiation-Induced
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0781.2005.00119.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0781.2005.00119.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0781.2005.00119.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0781.2005.00119.x
https://hrcak.srce.hr/clanak/25042
https://hrcak.srce.hr/clanak/25042

Journal of Chemical Reviews

Arhiv Za Higijenu Rada I Toksikologiju, 2007, 58(3),
293-304.

[261]. Sergides, C., Chirila, M,, Silvestro, L., Pitta, D.,
Pittas, A. Bioavailability and safety study of
resveratrol 500 mg tablets in healthy male and
female volunteers. Experimental and Therapeutic
Medicine, 2016, 11(1), 164-170.

[262]. Vesely, 0. Baldovska, S. Kolesarova, A,
Enhancing bioavailability of nutraceutically used
resveratrol and other stilbenoids. Nutrients, 2021,
13(9), 3095.

[263]. Turner, R.S., Thomas, R.G., Craft, S., Van Dyck,
C.H., Mintzer, ]., Reynolds, B.A., Brewer, ].B., Rissman,
R.A., Raman, R, Aisen, P.S., A randomized, double-
blind, placebo-controlled trial of resveratrol for
alzheimer disease. Neurology, 2015, 85(16), 1383-
1391.

[264]. Cottart, C.H., Nivet-Antoine, V., Beaudeux, J.L.,
Review of recent data on the metabolism, biological
effects, and toxicity of resveratrol in humans.
Molecular Nutrition & Food Research, 2014, 58(1), 7-
21.

[265]. Brown, V.A., Patel, KR, Viskaduraki, M.,
Crowell, J.A,, Perloff, M., Booth, T.D., Vasilinin, G., Sen,
A., Schinas, A.M., Piccirilli, G., Repeat dose study of
the cancer chemopreventive agent resveratrol in
healthy volunteers: Safety, pharmacokinetics, and
effect on the insulin-like growth factor axis. Cancer
Research, 2010, 70(22),9003-9011.

[266]. la Porte, C., Voduc, N. Zhang, G., Seguin, I,
Tardiff, D., Singhal, N., Cameron, D.W., Steady-state
pharmacokinetics and tolerability —of trans-
resveratrol 2000mg twice daily with food, quercetin
and alcohol (ethanol) in healthy human subjects.
Clinical Pharmacokinetics, 2010, 49(7), 449-454.
[267]. Smoliga, ].M., Blanchard, 0., Enhancing the
delivery of resveratrol in humans: If low
bioavailability is the problem, what is the solution?
Molecules, 2014, 19(11), 17154-17172.

[268]. Ostwal, V. Ramaswamy, A. Bhargava, P.,
Srinivas, S., Mandavkar, S., Chaugule, D., Peelay, Z.,
Baheti, A, Tandel, H., Jadhav, V.K, A pro-oxidant
combination of resveratrol and copper reduces
chemotherapy-related non-haematological toxicities
in advanced gastric cancer: Results of a prospective

2026, Volume 8, Issue 2

open label phase ii single-arm study (rescu iii study).
Medical Oncology, 2022, 40(1), 17.

[269]. Jovanovi¢ Galovi¢, A., Jovanovi¢ Ljeskovi¢, N.,
Vidovi¢, S, Vladi¢, J., Joji¢, N, Ili¢, M., Srdi¢ Raji¢, T,
Koji¢, V., Jakimov, D., The effects of resveratrol-rich
extracts of vitis vinifera pruning waste on hela, mcf-
7 and mrc-5 cells: Apoptosis, autophagia and
necrosis interplay. Pharmaceutics, 2022, 14(10),
2017.

[270]. Peltz, L., Gomez, ]., Marquez, M., Alencastro, F.,
Atashpanjeh, N. Quang, T. Bach, T, Zhao, Y,
Resveratrol exerts dosage and duration dependent
effect on human mesenchymal stem cell
development. Plos One, 2012, 7(5), e37162.

[271]. Shaito, A., Posadino, A.M., Younes, N., Hasan,
H., Halabi, S., Alhababi, D., AlI-Mohannadi, A., Abdel-
Rahman, W.M., Eid, A.H., Nasrallah, G.K., Potential
adverse effects of resveratrol: A literature review.
International Journal of Molecular Sciences, 2020,
21(6), 2084.

[272]. Patel, K.R,, Scott, E., Brown, V.A,, Gescher, AJ].,
Steward, W.P.,, Brown, K., Clinical trials of
resveratrol. Annals of the New York Academy of
Sciences, 2011, 1215(1), 161-169.

[273]. Ding, K.N., Lu, M.H., Guo, Y.N,, Liang, S.S., Mou,
RW., He, Y.M., Tang, L.P., Resveratrol relieves
chronic heat stress-induced liver oxidative damage
in broilers by activating the nrf2-keapl signaling
pathway. Ecotoxicology and Environmental Safety,
2023, 249, 114411.

[274]. Shahcheraghi, S.H., Salemi, F., Small, S., Syed,
S., Salari, F., Alam, W., Cheang, W.S,, Saso, L., Khan, H,,
Resveratrol regulates inflammation and improves
oxidative stress via nrf2 signaling pathway:
Therapeutic and biotechnological prospects.
Phytotherapy Research, 2023, 37(4), 1590-1605.
[275]. Mangalathillam, S., Rejinold, N.S. Nair, A,
Lakshmanan, V.-K, Nair, S.V, Jayakumar, R,
Curcumin loaded chitin nanogels for skin cancer
treatment via the transdermal route. Nanoscale,
2012, 4(1), 239-250.

[276]. Paliwal, S. Sundaram, ], Mitragotri, S.,
Induction of cancer-specific cytotoxicity towards
human prostate and skin cells using quercetin and
ultrasound. British Journal of Cancer, 2005, 92(3),
499-502.

Copyright © 2026 by SPC (Sami Publishing Company) is an open access article distributed under
the Creative Commons Attribution License (CC BY) license, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.jchemrev.com/article_232170.html
https://www.spandidos-publications.com/etm/11/1/164
https://www.spandidos-publications.com/etm/11/1/164
https://www.spandidos-publications.com/etm/11/1/164
https://www.mdpi.com/2072-6643/13/9/3095
https://www.mdpi.com/2072-6643/13/9/3095
https://www.neurology.org/doi/full/10.1212/WNL.0000000000002035
https://www.neurology.org/doi/full/10.1212/WNL.0000000000002035
https://www.neurology.org/doi/full/10.1212/WNL.0000000000002035
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201200589
https://onlinelibrary.wiley.com/doi/abs/10.1002/mnfr.201200589
https://aacrjournals.org/cancerres/article/70/22/9003/561017/Repeat-Dose-Study-of-the-Cancer-Chemopreventive
https://aacrjournals.org/cancerres/article/70/22/9003/561017/Repeat-Dose-Study-of-the-Cancer-Chemopreventive
https://aacrjournals.org/cancerres/article/70/22/9003/561017/Repeat-Dose-Study-of-the-Cancer-Chemopreventive
https://aacrjournals.org/cancerres/article/70/22/9003/561017/Repeat-Dose-Study-of-the-Cancer-Chemopreventive
https://link.springer.com/article/10.2165/11531820-000000000-00000
https://link.springer.com/article/10.2165/11531820-000000000-00000
https://link.springer.com/article/10.2165/11531820-000000000-00000
https://link.springer.com/article/10.2165/11531820-000000000-00000
https://www.mdpi.com/1420-3049/19/11/17154
https://www.mdpi.com/1420-3049/19/11/17154
https://www.mdpi.com/1420-3049/19/11/17154
https://link.springer.com/article/10.1007/s12032-022-01862-1
https://link.springer.com/article/10.1007/s12032-022-01862-1
https://link.springer.com/article/10.1007/s12032-022-01862-1
https://link.springer.com/article/10.1007/s12032-022-01862-1
https://link.springer.com/article/10.1007/s12032-022-01862-1
https://www.mdpi.com/1999-4923/14/10/2017
https://www.mdpi.com/1999-4923/14/10/2017
https://www.mdpi.com/1999-4923/14/10/2017
https://www.mdpi.com/1999-4923/14/10/2017
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037162
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037162
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0037162
https://www.mdpi.com/1422-0067/21/6/2084
https://www.mdpi.com/1422-0067/21/6/2084
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2010.05853.x
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2010.05853.x
https://www.sciencedirect.com/science/article/pii/S0147651322012519
https://www.sciencedirect.com/science/article/pii/S0147651322012519
https://www.sciencedirect.com/science/article/pii/S0147651322012519
https://www.sciencedirect.com/science/article/pii/S0147651322012519
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.7754
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.7754
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.7754
https://pubs.rsc.org/en/content/articlelanding/2012/nr/c1nr11271f
https://pubs.rsc.org/en/content/articlelanding/2012/nr/c1nr11271f
https://www.nature.com/articles/6602364
https://www.nature.com/articles/6602364
https://www.nature.com/articles/6602364
https://www.jchemrev.com/article_232170.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

	Molecular Mechanisms of Polyphenols in Skin Cancer Therapy: Advances and Future Perspectives
	A B S T R A C T
	Table of Content
	1. Introduction
	2. Pathophysiology of Skin Cancer
	3. Skin Cancers
	4. Antioxidant Defenses for the Skin
	5. Antioxidants' Role in Reducing ROSProduction and Preventing Skin Cancer
	6. Natural Sources of Anti-Cancer Compounds
	7. Medicinal Plants for Preventing Melanoma
	8. Potential Polyphenols Used as Anti-Skin Cancer Agents
	9. Polyphenols and Their Chemoprotective Activities
	10. Tea Polyphenols Control UVB-Mediated Ovulation
	11. Tea polyphenols Reduce Oxidative Stress and UVB-Mediated Inflammation
	12. Tea Polyphenols Enhance DNA Repair Mechanisms and Decrease UVB-Mediated DNA Damage
	13. Toxicity
	14. Conclusion and Future Perspectives
	Acknowledgements
	Conflict of Interest
	Orcid
	References

