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Introduction 
The earth would be uninhabitable without the 
sun. Plants utilise solar rays for photosynthesis 
while animals and humans rely on them for 
various purposes. The sun emits various 
electromagnetic wavelengths, including 
Ultraviolet (UV), visible, and infrared light. 
Among these, UV wavelengths have garnered 
significant attention compared to other forms 
of solar radiation (Svobodová & Vostálová, 
2010). Heliotherapy or artificial UV rays 
can effectively treat various skin conditions, 
including vitiligo, psoriasis, atopic dermatitis, 
and localised scleroderma. Furthermore, UV 
radiation, independent of vitamin D production 

has been shown to alleviate symptoms of 
multiple sclerosis (Lucas et al., 2015).

Despite these benefits, excessive sun 
exposure poses risks to human health, affecting 
the immune system, eyes, and skin (Gallay 
et al., 2019). Short-wavelength UV rays, 
although containing greater energy compared 
to visible light and infrared radiation are 
particularly hazardous (Dupont et al., 2013). 
Chronic and acute skin damage, including 
skin cancer, associated with sun exposure is 
increasingly recognised (Godic et al., 2014; 
Mohan et al., 2024). Malignant melanoma, 
Basal Cell Carcinoma (BCC), and Squamous 
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Abstract: Plants and their derivatives are increasingly recognised for their potential to 
mitigate Ultraviolet (UV)-induced damage. Despite this, comprehensive reviews are 
limited, addressing advancements, contradictions, and research gaps in plant derivatives—
including extracts, fractions, and phytocompounds. This review evaluates recent and 
reliable data on plant-based solutions to prevent or minimise UV-induced damage 
across various experimental models. A systematic literature search was conducted using 
PubMed, ScienceDirect, Google Scholar, Wiley, and Springer for studies published from 
2010 to 2024. Keywords included “UV radiation”, “skin cancer”, “photoprotection”, 
“photoaging”, “photodamage”, “phytochemicals”, “sunscreen”, and “wrinkling”. Studies 
focusing on plant extracts, fractions, and phytocompounds targeting UV-induced damage 
were prioritised. UV radiation triggers inflammation, DNA damage, dysregulation of 
cell signalling pathways, and tumour progression. Phytofractions rich in flavonoids, 
polyphenols, polysaccharides, and terpenoids counteract these effects. Notably, fruit extracts 
effectively protect against UV damage by targeting specific biomarkers in vitro and in vivo. 
Pre-treatment with fruit extracts before UV exposure offers comparable photoprotective 
properties to post-exposure treatment. This review provides a comprehensive overview 
of recent research on plant derivatives in UV protection, offering valuable insights for 
researchers and industry professionals.
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Cell Carcinoma (SCC) are among the most 
prevalent forms of skin cancer linked to UV 
radiation exposure (D’Orazio et al., 2013; Lee et 
al., 2020). Moreover, alarming global statistics 
underscore the urgency of addressing UV-
induced damage, with 2020 reporting 57,043 
melanoma-related deaths and 63,731 fatalities 
attributed to non-melanoma skin cancer (Sung 
et al., 2021). Excessive sun exposure impacts 
human health and contributes to environmental 
pollution and ecosystem damage.

The prevalence of photocarcinogenesis has 
increased due to limited skin defence capabilities, 
changing lifestyles, and ozone depletion 
(Kahremany et al., 2022). UV exposure has 
surged, primarily driven by outdoor recreation 
and cosmetic tanning desires rather than 
occupational needs. Despite progress in ozone 
layer preservation, sufficient ozone-depleting 
substances persist, leading to annual ozone 
depletion (World Meteorological Organisation, 
2021). This depletion intensifies UV penetration 
onto earth’s surface, exacerbating its detrimental 
effects on human health. UV radiation, 
ubiquitous in the environment, contributes to 
various skin conditions and diseases, including 
photoaging, inflammation, and skin cancer.

Current sunscreen products are vital in 
mitigating UV-induced damage and protecting 
human health (Rabinovich & Kazlouskaya, 
2018; Bhattacharjee et al., 2021). However, 
traditional sunscreens often contain chemical 
filters such as oxybenzone, octinoxate, and 
homosalate, which can harm marine life and 
ecosystems, contributing to environmental 
pollution. Additionally, the efficacy of some 
sunscreen ingredients, like octocrylene and 
avobenzone, in blocking harmful UV radiation 
is debated, raising concerns about their long-
term environmental impact and effectiveness 
in preventing skin damage. Therefore, there is 
a growing need for innovative, environmental 
friendly sunscreen formulations that provide 
effective UV protection while minimising 
adverse environmental effects (Santhanam et 
al., 2022). Over the past decade, secondary 
metabolites from plants capable of absorbing 

UV radiation have garnered increased research 
interest for their potential to prevent and mitigate 
UV-induced damage (Petruk et al., 2018; 
Mansuri et al., 2021; Verma et al., 2023). While 
numerous reviews have highlighted promising 
plant derivatives, contemporary review papers 
addressing advances, contradictions, and 
research gaps in potential plant derivatives 
against UV-induced damage remain scarce. 
Inconsistent outcomes across research studies 
may stem from variations in experimental 
models and methodologies, underscoring the 
need for a further mechanistic understanding of 
bioactive chemicals’ potential to counteract UV 
damage. Additional reviews are necessary to 
bridge the gap between laboratory discoveries 
and practical applications in cosmetics and 
medications.

Therefore, this review aims to present the 
most recent and reliable data on plant extracts, 
fractions, and phytocompounds targeting UV-
induced damage across various experimental 
models. It discusses their modes of action in 
preventing or treating UV-induced damage. 
It offers valuable insights for researchers and 
scientists in discovering and developing novel 
plant derivatives with low-cost, high-efficacy 
UV prevention, and minimisation activities. 
Additionally, it provides valuable insights for 
the pharmaceutical and cosmetics industries by 
summarising emerging trends and approaches 
that require further exploration and future 
clinical trials.

Methodology
A comprehensive and systematic approach was 
employed to achieve the objectives outlined 
in this review. We systematically searched 
English-language sources published between 
2010 and 2024 using academic search engines 
such as Google Scholar, Wiley, and Springer. 
Keywords related to UV radiation, skin cancer, 
photoprotection, photoaging, photodamage, 
phytochemicals, sunscreen, and wrinkling were 
used to retrieve relevant articles, reviews, reports, 
and books. Initially, 400 articles were collected 
during the search process. The selection criteria 
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prioritised studies focusing on plant extracts, 
fractions, and phytocompounds targeting UV-
induced damages in various experimental 
models, including studies conducted in cell 
cultures, animal models, and human clinical 
trials. Note that exclusion criteria included non-
English publications, studies unrelated to UV-
induced damage, and those lacking sufficient 
data on the phytochemical composition or 
bioactivity of the plant derivatives. After 
applying the inclusion and exclusion criteria, 
181 articles remained and were further studied. 
Consequently, these articles were categorised 
into three subcategories: Phytofractions (21 
articles), phytocompounds (38 articles), and 
fruit extracts (20 articles), all specifically 
examined for their effects against UV-induced 
damage. Through a rigorous screening process, 
the most recent and reliable data were selected 
for inclusion, ensuring a comprehensive analysis 
of this field’s current state of research.

Results and Discussion
Ultraviolet Radiation and Biological Damage
According to electrophysical parameters, UV 
energy is classified as UVA, UVB, and UVC, 
with UVC having the shortest wavelength 
(100 nm to 280 nm) and the most energy, UVA 
having the longest wavelength (315 nm to 400 nm)
and the least energy, UVB falling in the middle 

with a wavelength of 280 nm to 315 nm. 
The intricate interplay of UV radiation with 
molecules, cells, and tissues underscores its 
wide-ranging impact (Pfeifer & Besaratinia, 
2012; D’Orazio et al., 2013; U.S. Food and 
Drug Administration, 2020). The quantity 
of UV radiation at the ground level and the 
proportion of UVA to UVB are influenced by 
several factors, including cloud cover, latitude, 
season, and time of day (Schuch et al., 2013). 
Nevertheless, the sun primarily emits UVA, with 
only about 5% of terrestrial UVB rays (Pfeifer 
& Besaratinia, 2012; Mohiuddin, 2019). UVB 
radiation is absorbed by the outer layer of the 
skin, known as the epidermis, and blocked by the 
stratum corneum by up to 70%. In contrast, UVA 
radiation passes through the dermo-epidermal 
junction and extends deeper into the papillary 
dermis (Ryšavá et al., 2021), as illustrated in 
Figure 1.

Mechanisms of Ultraviolet Radiation A-induced
Damage
UV rays cause a wide range of harmful 
mechanisms. Ultraviolet A (UVA) is divided into 
two subtypes, UVA1 and UVA2, distinguished 
by wavelengths ranging from 340 nm to 400 nm 
and 315 nm to 340 nm, respectively. Although 
UVA penetration is considerable, its immediate 
damage has traditionally been regarded as less 
visible than that caused by UVB. Exposure 

Figure 1: Solar radiation absorption by human skin depends on wavelength. UVA wavelengths reach the 
dermis layer while UVB reaches the epidermis layer, including basal cells. Meanwhile, UVC is absorbed by 

the stratum corneum, the epidermis’s outermost layer (created using Biorender software)
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to high levels of UVA causes a quick and 
short-lived tan primarily through the photo-
oxidation of pre-existing melanin rather than 
by producing new pigments. However, this 
increased pigmentation provides only marginal 
photoprotection benefits (O’Leary et al., 
2014). Given that UVA irradiation frequently 
comes from tanning beds, this type of tanning 
is ineffective at providing adequate defence 
against sunlight (Dupont et al., 2013).

Current understanding shows that 
previously thought to be relatively benign, UVA 
primarily catalyses the formation of Reactive 
Nitrogen Species (RNS) and Reactive Oxygen 
Species (ROS) through interactions with intrinsic 
chromophores or photosensitisers. Notably, 
these interactions involve various compounds 
such as Nicotinamide Adenine Dinucleotide 
(NADH), Nicotinamide Adenine Dinucleotide 
Phosphate (NADPH), quinones, nucleic acid 
bases, heme, aromatic amino acids, flavins, 
eumelanin, porphyrins, 7-dehydrocholesterol, 
carotenoids, and urocanic acid (Baeyens et al., 
2023; Bastos et al., 2023).

The resultant ROS include Hydrogen 
Peroxide (H2O2), Singlet Oxygen (¹O2), Hydroxyl 
Radical (OH˙), Ozone (O3), and Superoxide 
Radical (O2˙¯), whereas RNS encompass 
Nitrogen Dioxide (NO2), Peroxynitrite Anion 
(OONO¯), and Nitrogen Oxide (NO). These 
species can oxidise biological components, 
producing oxidised products such as protein 
carbonyls and lipid hydroperoxides, which 
have been linked to skin problems. Cysteine 
thiols are similarly targeted by ROS and RNS, 
leading to oxidative changes and the generation 
of Reactive Sulfur Species (RSS). Natural 
antioxidants in the body, particularly ketones 
often counteract the damage caused by free 
radicals. These antioxidants mitigate damage 
by donating electrons to unstable molecules via 
intramolecular hydrogen bonding. However, 
excessive free radical production can lead to 
cellular oxidative stress, potentially causing 
damage to enzymes, nucleic acids, proteins, and 
lipids (Petruk et al., 2018). 

ROS and RNS cause a range of 
Deoxyribonucleic Acid (DNA) lesions, including 
cross-linking, single-strand breaks, and 
mismatched DNA bases. Among these, the 
guanine base has the lowest ionisation potential, 
making it especially prone to oxidation. As a 
result, the primary oxidative product, 8-oxo-
7,8-dihydroguanine (8-oxoG), emerges as a 
critical outcome (Svobodová et al., 2012). This 
oxidative injury, catalysed by UVA, indirectly 
increases the risk of skin malignancies through 
the progression of DNA lesions, which are 
key initiators of photocarcinogenesis. Notably, 
UVA’s carcinogenic potency is less than UVB’s, 
making the dose-response relationship difficult to 
establish (Pfeifer & Besaratinia, 2012). The core 
concept is that UV causes oxidative injuries and 
prolonged UV exposure and unrepaired lesions 
lead to oxidative stress, resulting in oxidative 
damage to the human body. This oxidative 
damage significantly contributes to accelerated 
skin ageing, manifesting as wrinkles, fine lines, 
loss of skin elasticity, and hyperpigmentation. 
This underscores the importance of protecting 
the skin from UVA exposure (Mansuri et al., 
2021).

Furthermore, UVA demonstrates 
immunosuppressive properties and may promote 
skin tumour development in the spectral range of 
360 nm to 380 nm (Dupont et al., 2013). Research 
highlighting the human action spectrum’s 
maxima at both UVA (370 nm) and UVB (300 
nm) wavelengths has shown that sunlight at 370 
nm delivers 100 times more UV energy than 
sunlight at 300 nm, underscoring the potency of 
long-wave UVA in causing immunosuppression 
after consistent sun exposure (Bens, 2014). 
This is supported by UVA being responsible 
for approximately 75% of solar-induced 
immunosuppression. Additionally, UVA impairs 
cellular energy and adenosine triphosphate 
normalisation, with nicotinamide emerging 
as a UVA immunosuppressive inhibitor. By 
initiating the alternative complement pathway, 
UVA further modulates the development of 
abnormal memory T-cells, adding to its complex 
immunological impacts (Halliday et al., 2011). 
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In summary, UVA’s effects extend beyond 
DNA damage to include immune suppression, 
which hampers the body’s ability to counteract 
radiation-induced damage and amplifies the 
complexity of its role in UV-related skin 
pathologies.

UVA radiation is associated with various 
skin disorders and diseases due to its deep 
penetration and ability to induce oxidative 
stress. Other than that, it plays a significant role 
in their exacerbation. Chronic UVA exposure 
accelerates photoaging, leading to wrinkles, 
skin elasticity loss, and hyperpigmentation due 
to collagen breakdown (Pfeifer et al., 2020). 
UVA also contributes to skin cancers, including 
melanoma, BCC, and SCC, through oxidative 
DNA damage and immune system impairment. 
Photosensitivity disorders triggered by UVA 
include Polymorphous Light Eruption (PMLE) 
and Chronic Actinic Dermatitis (CAD), which 
present as itchy red papules and eczematous 
lesions, respectively (Merin et al., 2022). Solar 
urticaria, a rare condition causing hives upon 
UVA exposure, results from an allergic-type 
skin reaction (Harris et al., 2023). Additionally, 
melasma, characterised by dark facial patches, 
and lupus erythematosus, an autoimmune 
disease are exacerbated by UVA, highlighting 
the radiation’s role in both skin and systemic 
disorders (Bernerd et al., 2022).

Mechanisms of Ultraviolet Radiation B-induced 
Damage
UVB rays are a form of the electromagnetic 
UV spectrum partially inhibited by ozone. In 
prior work, UVB was discovered to react with 
the Aryl hydrocarbon Receptor (AhR), resulting 
in the generation of a tryptophan-derived 
photoproduct (FICZ-6-formylindolo[3,2-b]
carbazole) (Abel & Haarmann-Stemmann, 
2010). AhR is a transcription factor for 
ligands present in numerous skin cells such 
as melanocytes, fibroblasts, keratinocytes, 
and Langerhans cells (Dupont et al., 2013). 
A cytosolic multiprotein complex binds 
inactivated AhR. When interacting, however, 
the complex detaches and AhR is transferred to 

the nucleus, where the expression of genes with 
the Xenobiotic Responsive Element (XRE) is 
triggered. These genes affect the proteins that 
cause oxidation, inflammation, pigmentation, 
immunosuppression, premature ageing, and skin 
cancer (Abel & Haarmann-Stemmann, 2010). 
In this context, the free amino acid tryptophan 
may be used as a chromophore to absorb UVB 
radiation in the skin cell cytosol. Therefore, 
AhR contributes to UVB-induced tanning and 
skin inflammation (Esser et al., 2013; Vogeley 
et al., 2019).

Moreover, UVB with high energy passes 
through the epidermal layer and reaches the basal 
cells in the upper dermal, where chromophores 
interact, resulting in ROS production, activating 
growth factors of the cell surface, NADPH 
oxidase, and cytokine receptors (Dupont et al., 
2013; Cavinato & Jansen-Dürr, 2017; Petruk 
et al., 2018). This results in signal transduction 
within the cell via tyrosine phosphorylation and 
the corresponding adaptor proteins on receptors. 
Nuclear factor-kappa B (NF-κB) as well as 
activator protein 1 (AP-1) are activated, both 
of which are involved in the gene transcription 
of proinflammatory cytokines and matrix-
degrading enzymes, respectively (Komatsu et 
al., 2017; Petruk et al., 2018). Therefore, various 
signalling pathways are triggered, resulting in 
lower production of collagen and upregulation 
of Matrix-Metalloproteases (MMPs), causing 
connective tissue degradation, cell build-
up, production, and build-up of senescence-
associated secretory phenotype components as 
well as elastic fibre degradation (Cavinato et al., 
2016; Cavinato & Jansen-Dürr, 2017). These 
events cause the morphological development 
of skin wrinkles with epidermal thickening, 
followed by dryness, hyperpigmentation, and 
complexion loss, which are the primary features 
of photo-aged skin (Cavinato et al., 2017; 
Komatsu et al., 2017). 

Unlike UVA, UVB is absorbed directly 
into DNA, notably through the heterocyclic 
aromatic bases, and absorbs chromophores with 
a maximum absorption wavelength of 260 nm 
to 280 nm. UVB exposure induces two type of 
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mutagenic lesions: Pyrimidine-(6–4)-pyrimidone 
photoproducts (6-4PPs) and Cyclobutane 
Pyrimidine Dimers (CPDs), which occur 
between adjacent pyrimidine bases on the same 
DNA strand (Svobodová et al., 2012). CPDs 
form three times as frequently as 6-4PPs. When 
exposed to UVB and UVA rays, 6-4PPs are 
transformed into Dewar valence isomers, which 
are only slightly photoactive but can be reversed 
following exposure to short UV wavelengths 
(Farivar, 2019). The Nucleotide Excision Repair 
(NER) mechanism is primarily responsible for 
the repair of 6-4PPs and CPDs. As depicted 
in Figure 2, NER failure or overburdening of 
the reparability is responsible for the build-up 
of skin cell mutations and represents a major 
phase in the initiation of photocarcinogenesis 
(Svobodová et al., 2012). In detail, Figure 2 
elucidates that UVB induces DNA damage by 
increasing ROS formation, which then disrupts 
DNA strand bonds. Mismatching of DNA bases 
will form 6-4PPs or CPDs, leading to DNA 
lesions. Consequently, unrepaired DNA lesions 
or prolonged UVB exposure will result in SCC 
or BCC. 

In general, Base Excision Repair (BER) 
and NER mechanisms will fix dimerised base-
containing DNA lesions like UV photoproducts. 
Cockayne syndrome and Xeroderma 
Pigmentosum (XP) are two rare human genetic 
illnesses characterised by a lack of NER. UV-
hypersensitive cells are determined in the cells 

of those who are afflicted. XP patients had 
an increased risk of all types of skin cancer, 
indicating that pyrimidine dimers promote 
both melanoma and non-melanoma cancers 
(Pfeifer & Besaratinia, 2012). Aside from the 
harm of UVB irradiation, delayed tanning is a 
skin protective strategy against UVB exposure 
involving melanin formation and primarily 
intends to mitigate sunburn (Mohiuddin, 2019). 
Regrettably, it appears ineffective in preventing 
photocarcinogenesis (Miyamura et al., 2011). 

Mechanisms of Ultraviolet Radiation C-induced 
Damage
UVC, the high-energy rays are absorbed by 
stratospheric oxygen, which is then degraded 
and recombined to generate Ozone (O3). The 
resulting O3 molecules can operate as a screen, 
absorbing most of the sun’s UVB photons 
(Pfeifer & Besaratinia, 2012). Concerns 
have been raised since the 1970s regarding 
stratospheric ozone layer depletion as a cause 
of increased UV exposure. In that era, some 
articles stated that human activities such as 
chlorofluorocarbons could affect ozone layers 
by releasing inert chemicals into the atmosphere 
(Dupont et al., 2013). The ozone layer continues 
to degrade. However, the Antarctic ozone hole, 
which recently set a new record in 2020, closed 
in late December following the rapid emergence 
from mid-August due to the natural climate 
(World Meteorological Organisation, 2021).

Figure 2: Initiation of UVB-induced photocarcinogenesis due to unrepaired DNA lesions and prolonged UV 
exposure (created using Biorender software)
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The closure of the ozone hole is a positive 
development, yet, as indicated in the previous 
decade, another menace to the ozone layer, in 
the manner of climate change and greenhouse 
gases, lies in the future (Baldwin & Lenton, 
2020; Aslam et al., 2021). Dr. Oksana Tarasova, 
who claimed that even after healing the ozone 
hole, there are still sufficient ozone-depleting 
chemicals in the atmosphere to induce yearly 
ozone depletion has also backed up the prior 
statement (World Meteorological Organisation, 
2021; Tarasova et al., 2023). Therefore, it is 
obvious that ozone depletion leads to increased 
UV penetration on the earth’s surfaces, causing 
more severe damage to human health. This 
underscores the need for continued research and 
vigilance in monitoring the ozone layer, as the 
ongoing issue and the importance of staying 
informed cannot be overstated.

Note that ozone effectively blocks UVC. 
However, human exposure is still possible 
through artificial sources like sunlamps and 
lasers. In laboratory studies, it is absorbed 
by the stratum corneum (Warren & Casey, 
2019). Germicidal lamps emitting UVC 
at 254 nm effectively sterilise unicellular 
organisms (Yamano et al., 2020). The recent 
surge in COVID-19 cases has led to a growing 
consideration of UVC lamps for disinfection 
purposes in our society. However, this 
increased use poses a potential danger unless 
strict guidelines are followed (U.S. Food and 
Drug Administration, 2021). UVC exposure 
can lead to severe skin burns, erythema, and 
eye damage, such as photokeratitis (Yamano 
et al., 2020). Due to its short penetration 
depth, UVC radiation carries a low risk of 
photocarcinogenesis, cataracts, or permanent 
vision loss (U.S. Food and Drug Administration, 
2020). The most serious impacts of UVC 
include skin carcinogenicity in animal models 
and humans due to genotoxicity (Sliney, 2013). 
UVC bands correspond to the protein, RNA, and 
DNA absorption spectrums and can cause DNA 
damage via 6-4PPs and CPDs, leading to indirect 
or direct DNA strand breakage, mutations, and 
neoplastic transformation as previously stated 

(Pfeifer & Besaratinia, 2012; Cortat et al., 2013; 
Widel et al., 2014; Schuch et al., 2017).

Potential Natural Extracts, Fractions, and 
Phytocompounds Against UV-induced Damage
Given the rising prevalence of skin cancer and 
the difficulties of treating metastatic cancer, 
new preventive and treatment interventions for 
skin cancer and other UV-induced damages are 
required. Synthetic active chemical compounds 
such as benzophenone and Para-aminobenzoic 
Acid (PABA) derivatives are now utilised in 
sunscreens while imiquimod and 5-fluorouracil 
are used topically to treat skin cancer (Bahner 
& Bordeaux, 2013; Bhattacharjee et al., 2021; 
Nahm et al., 2021). Many synthetic sunscreen 
compounds such as oxybenzone, nanoparticles 
such as Zinc Oxide (ZnO), Titanium Dioxide 
(TiO2), Cerium Oxide (CeO2), amino benzoic, 
and padimate O have adverse effects. It includes 
contact allergies, organ toxicity, endocrine 
disruption, photoallergies, reproductive toxicity, 
hormonal disruption, skin irritations, and 
even cancer (Shusterove & Romero, 2020). 
Furthermore, recent data shows that a male 
melanoma patient treated with a combination 
of 5-fluorouracil, imiquimod, and tretinoin 
had cutaneous adverse effects, including mild 
oozing, crowning, erythema, and burning in 
treatment regions (Nahm et al., 2021). 

Skin cancer management and treatment 
typically involve a combination of surgical, 
topical, and systemic therapies. Surgical 
options include excision, Mohs surgery, and 
cryotherapy, which are highly effective for 
localised skin cancers. Topical treatments such 
as imiquimod and 5-fluorouracil are used for 
superficial BCC and SCC by promoting an 
immune response or inhibiting DNA synthesis 
in cancer cells (National Cancer Institute 
(US), 2024). Photodynamic Therapy (PDT) is 
another topical treatment that involves applying 
a photosensitising agent to the skin, which 
is then activated by light to destroy cancer 
cells. For advanced or metastatic skin cancer, 
systemic treatments like targeted therapy and 
immunotherapy have shown significant promise. 
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Targeted therapies such as V-Raf Murine 
Sarcoma Viral Oncogene Homolog B (BRAF) 
and Mitogen-Activated Extracellular Signal-
Regulated Kinase (MEK) inhibitors are used 
for melanoma with specific genetic mutations. 
Immunotherapy, including checkpoint inhibitors 
like pembrolizumab and nivolumab helps to 
boost the body’s immune system to attack cancer 
cells. These treatments have revolutionised the 
management of advanced melanoma, improving 
survival rates significantly (Gruber & Zito, 
2023). 

Plant-based products, in contrast, have 
fewer negative effects on the skin than synthetic 
products since they are non-irritants and non-
toxic (Bhattacharjee et al., 2021). Therefore, 
the new trend towards using herbal products is 
growing rapidly, beyond providing ideal solar 
protection against dangerous UV irradiation 
(Rabinovich & Kazlouskaya, 2018). Plants are 
inevitably subjected to UV radiation and adapt 
to the changing environmental surroundings 
(Takshak & Agrawal, 2019). These adaptations 
emerge as altered physiological aspects, plant 
morphology, and biochemical and genetic 
modifications that allow promising chemicals 
to be synthesised as a protective mechanism 
(Cheynier et al., 2013; Kapoor et al., 2020). 

These phytoconstituents with antioxidant 
and anti-cancer properties act as UV ray 
adsorbents (Verma et al., 2023). Hence, 
plant extracts, phytofractions, and natural 
compounds, including polyphenols, peptides, 
and polysaccharides are being explored to 
produce plant-based UV prevention and 
minimisation agents using various experimental 
models. Hence, common and extensively 
studied natural compounds that play a 
medicinal role in UV-induced damage have 
been selected to be discussed in this review. 
These natural compounds were chosen based on 
the following criteria: Extensive research and 
scientific evidence supporting their efficacy and 
safety; strong antioxidant and photoprotective 
properties; well-elucidated mechanisms of action 
against UV-induced damage; and demonstrated 
efficacy in vitro and in vivo models.

Flavonoids
Flavonoids’ structure and range allow them to 
be separated into six subclasses: Anthocyanins, 
isoflavones, flavan-3-ols, flavanones, flavonols, 
and flavones (Hui et al., 2013). Various 
flavonoids have been tested to find their 
medicinal roles against UV irradiation such 
as genistein, delphinidin, malvidin, cyanidin, 
baicalin, juglanin, and fisetin. For instance, 
in hairless mouse skin, cyanidin-3-glucoside 
(C3G) at concentrations of 250 μM and 500 μM 
reduced UVB-mediated oxidative damage 
and inflammation through modulating the 
MAP kinase and NF-κB signalling pathways 
(Pratheeshkumar et al., 2014). Genistein, a 
soybean isoflavone has anti-cancer and anti-
ageing properties (Cavinato et al., 2017). In this 
study, genistein (10 mg/kg) protects hairless 
mice from UVB-mediated lipid peroxidation 
but not catalase inhibition. Genistein helps 
protect the skin and increases cell proliferation 
by lowering p53 expression and apoptosis. It 
also has anti-nitrosative effects and decreases 
UVB-induced Peroxynitrate Anion (ONOO¯) 
formation (Terra et al., 2015). 

Delphinidin, an anthocyanidin pigment, 
lends blue colour to various flowers and fruits 
and is an antioxidant (Cavinato et al., 2017). Pre- 
and post-irradiation of Human keratinocyte Cell 
lines (HaCaT) with delphinidin was shown to 
reverse the detrimental effects of UVB treatment 
on metabolic activity and cell elastic modulus. 
The regenerating benefits of delphinidin may be 
related to its antioxidant and inhibitory effects 
on MMP activity (Sobiepanek et al., 2016). In 
short, a wide variety of flavonoid compounds 
have the potential to prevent UV-induced 
damage due to their antioxidant property. 
The Structure-Activity Relationships (SARs) 
of flavonoids are influenced by several key 
features: Hydroxyl groups on the B-ring enhance 
antioxidant activity, the C-2-C-3 double bond in 
flavones and flavonols improves UV absorption 
and stability, and glycosylation affects solubility 
and bioavailability, as exemplified by C3G’s 
efficacy in mitigating UV-induced oxidative 
damage (Panche et al., 2016).
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Glycosides
Glycosides, including the subclasses of phenolic 
glycosides, coumarin glycosides, and flavonoid 
glycosides like hesperidin are widely explored 
better to understand the protective mechanism 
of action against UV exposure (Santhanam et 
al., 2018). Previous research has shown pre-
treatment of HaCaT cells with salidroside (20 µg/
mL or 40 µg/mL), a phenylethanoid glycoside, 
reduced UVB-mediated cytoplasmic ROS levels, 
restored nuclear factor erythroid 2-related factor 
2 (Nrf2) transcription activity, and boosted 
gene and protein expression of antioxidants 
NAD(P)H-quinone oxidoreductase and heme 
oxygenase 1 (HO-1). The study also found that 
dosing guinea pigs with 0.1% w/w salidroside 
reduced epidermal thickening, apoptosis, and 
sunburn (Yuan et al., 2017). Another study 
found that salidroside administration (1 μM - 
10 μM) reduced UVB-mediated expression of 
senescence-associated proteins p16, p21, and 
p53 and inhibited cell cycle arrest. Moreover, 
salidroside protected cells from UVB-induced 
MMP-1, tumour necrosis factor-alpha (TNF-α), 
and interleukin 6 (IL-6) production (Mao et al., 
2015). Overall, this data points to salidroside’s 
potential as a UVB-induced senescence 
preventive compound. 

The latest study investigated the mitigative 
effect of two novel phenolic glycosides from 
juvenile watermelon (Citrullus lanatus), which 
are citrulluside T and citrulluside H, on UVB-
mediated damage in human dermal fibroblasts 
(NHDFs) at a dosage of 100 µm. Citrulluside H 
and T inhibited MMP-3 and MMP-1 expression, 
which are known to cause wrinkles. Notably, 
citrulluside H and T suppressed UVB-mediated 
MAPK/AP-1 and NF-κB activity, as well as 
inhibited ROS and MMP production (Itoh et al., 
2021). Taken together, glycosides, particularly 
phenolic glycosides like salidroside and new 
compounds like citrulluside H and T have 
shown promise in protecting the skin from 
UV damage. They lower ROS levels, boost 
antioxidant activity, protect the skin, and inhibit 
inflammatory responses. For glycosides, the 
SARs involve the sugar moiety and the aglycone 
structure. Note that the type and position of the 

sugar group influence solubility and stability 
while the aglycone’s structure determines 
biological activity (Kytidou et al., 2020). These 
findings highlight the potential of glycosides as 
natural components for UV damage prevention 
and skin protection.

Polysaccharides
Researchers developed an anti-UVB cell clone 
of Bupleurum scorzonerifolium with higher 
polysaccharide levels than normal callus (Li 
et al., 2011). This polysaccharide reduced 
ROS and lipid peroxidation in HaCaT cells 
by increasing superoxide dismutase activity, a 
vital enzyme for maintaining the prooxidant/
antioxidant equilibrium and regulating cells and 
tissues. It also protects against UVB-mediated 
DNA damage (Dai et al., 2011). Besides, 
innate polysaccharides from wolfberry (Lycium 
barbarum) possess significant antioxidative, 
anti-inflammatory, anti-cancer as well as 
anti-ageing effects by increasing endogenous 
defence mechanisms (Xiao et al., 2013; Yang 
et al., 2014; Li et al., 2017). Pre-treatment of 
HaCaT cells with 300 µg/mL Lycium barbarum 
polysaccharides elevated the expression 
of Nrf-2-dependent Antioxidant Response 
Element (ARE) target genes and reduced ROS 
production. Moreover, reductions in p38 MAPK 
activation, caspase-3 activation, and MMP-9 
expression were also observed (Li et al., 2017). 

Another interesting study found that 
low-molecular-weight pectin hydrolysates 
from the orange peel that underwent bio-
conversion reduced UVB-induced apoptosis 
and enhanced cell proliferation in HaCaT cells 
at a 0.5% w/v concentration (Kwon et al., 2016). 
Expanding on the photoprotective properties of 
polysaccharides, researchers discovered that 
Astragalus membranaceus Polysaccharide (AP) 
successfully protects HaCaT cells from UVA-
induced photodamage. This is accomplished 
by lowering UVA-induced intracellular 
ROS generation, maintaining Mitochondrial 
Membrane Potential (MMP), and positively 
modulating ATP concentration (Li et al., 2020).
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Additionally, Dendrobium nobile Lindl. 
Polysaccharides (DNPs) were studied to 
investigate the protective effects against 
UVA-induced photoaging in human foreskin 
fibroblasts (HFF-1 cells). UVA exposure has 
been shown to decrease cell viability, elevate 
ROS and lipid peroxidation levels, and decrease 
the activity of antioxidant enzymes such as 
Superoxide Dismutase (SOD), Catalase (CAT), 
and Glutathione Peroxidase (GSH-Px). On the 
other hand, pre-treatment with DNPs at different 
doses (0.06 mg/ml, 0.18 mg/ml, 0.54 mg/ml) 
significantly counteracted these UVA-induced 
effects. 

DNPs effectively reduced UVA-induced 
photoaging by inhibiting the JNK/c-Fos/c-Jun 
pathway and suppressing MMP-1, MMP-2, 
MMP-3, MMP-9, and SA-β-Gal expression 
(Li et al., 2022). In addition to its protective 
effects against UVA radiation, DNPs have also 
demonstrated photoprotective properties against 
UVB-induced damage. The study expanded its 
focus to investigate their ability to reduce UVB-
induced damage in HaCaT cells (Long et al., 
2023). UVB radiation caused a decline in cell 
viability, with substantial cytotoxicity found at 
levels more than 30 mJ/cm2. On the contrary, 
pre-treatment with DNPs at concentrations less 
than 800 µg/mL for 24 hours had no cytotoxic 
effects. They notably treat HaCaT cells with 200 
µg/mL DNPs prior to UVB exposure, increasing 
cell viability significantly. This is accomplished 
by DNPs scavenging ROS, regulating the 
MAPK pathway, and preventing apoptosis 
(Long et al., 2023). 

Overall, DNPs appear to have photoprotective 
potential. These findings are consistent with the 
previous studies, emphasising polysaccharides’ 
capacity to reduce UV-induced damage by 
increasing cell viability and proliferation. The 
SARs for polysaccharides include molecular 
weight and sugar composition. Higher 
molecular weight polysaccharides such as those 
from B. scorzonerifolium show greater ROS 
scavenging abilities. The type of sugar units 
and their linkages impact the polysaccharides’ 
efficacy in modulating oxidative stress and 

cellular responses, as seen with L. barbarum 
polysaccharides. In conclusion, polysaccharides 
derived from various botanical sources exhibit 
significant photoprotective ability against UVA 
and UVB radiation, making them promising 
candidates for skincare and anti-ageing 
therapies. Their ability to reduce ROS, alter 
signalling pathways, and increase cell viability 
highlights their importance in protecting the 
skin from UV-induced damage. 

Phenolic Acids
Phenolic acids such as gallic acid, the main 
compound in plant extracts, including Galla 
chinensis and Vitis vinifera seeds are effective 
against UVB-induced damage in hairless 
mice, photoaging and oxidative stress in 
keratinocytes, respectively (Sun et al., 2015; 
Decean et al., 2016). Furthermore, Caffeic Acid 
(CA) decreased skin oedema, epidermal layer 
thickening, and hyperplasia in Swiss albino 
mice in both acute (10 days) and chronic (30 
weeks) UVB-mediated inflammation and photo 
carcinogenesis studies. CA also reduced the 
expression of inflammatory proteins such as IL-
6, TNF-α, NF-κB, and cyclooxygenase-2 (COX-
2) while increasing peroxisome proliferator-
activated receptor gamma (PPARγ) protein 
expression. 

In this investigation, topical CA (1%) was 
found to be considerably more effective than 
intraperitoneal administration, 15 mg/kg body 
weight (Balupillai et al., 2015). Caffeic acid’s 
anti-inflammatory and anti-photocarcinogenic 
actions against long-term UVB exposure 
revealed that IL-10, nuclear signal transducer and 
activator of transcription 3 (STAT-3), and Janus 
kinase 1 (JAK-1) expression were suppressed. 
The anti-photocarcinogenic effect of 15 mg/
kg body weight CA Swiss albino mice is also 
explained by reduced cyclin-D1 expression and 
increased thrombospondin 1 (TSP-1) protein 
expression (Balupillai et al., 2016). Other than 
that, Ferulic Acid (FA) decreased UVA-induced 
MMP-1 production via increasing Glutathione 
(GSH) levels and catalase mRNA expression in 
HaCaT cells (Pluemsamran et al., 2012). 
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Similarly, FA suppressed MMP-9 and MMP-
2 synthesis in female nude mice exposed to 
UVB via translational protein phosphorylation. 
Surprisingly, this study is not due to a decrease 
in Raptor protein expression, which is essential 
for mTOR-mediated phosphorylation of 4E-
BP1 and p70S6K (Staniforth et al., 2012). 
Notably, reversing UVB-induced inflammatory 
and apoptotic signalling pathways may explain 
why SCC was prevented in Swiss albino mice 
(Ambothi et al., 2015). The SARs of phenolic 
acids are characterised by hydroxyl and carboxyl 
groups. Note that multiple hydroxyl groups 
enhance radical scavenging and reduce oxidative 
stress, as seen with caffeic acid. The carboxyl 
group in compounds like ferulic acid contributes 
to metal ion chelation and mitigation of UVB-
induced damage. In summary, phenolic acids 
modulate UV-induced protein expression and 
consequent pathways to inhibit photodamage.

Terpenoids
Terpenoids, a modified class of terpenes 
are classified as sesquiterpenes, triterpenes, 
diterpenes, monoterpenes, and sesterpenes. 
Most terpenoids are bioactive and used to 
treat numerous disorders (Perveen, 2018). 
Lucidone from Lindera erythrocarpa protected 
HaCaT cells from UVA-induced cell death, 
lipid peroxidation, ROS production, and 
DNA damage by modulating the antioxidant 
genes. The effect of lucidone on HO-1, 
NAD(P)H quinone oxidoreductase 1 (NQO-
1), γ-glutamate-cysteine ligase (γ-GCLC) 
transcriptional activation of Nrf2 is important in 
this matter. 

Accordingly, lucidone protects against 
UVA by increasing intracellular antioxidant 
enzyme levels and antioxidant gene expression. 
Lucidone suppressed Bcl-2-associated X 
protein (Bax) expression, restored B-cell 
lymphoma 2 (Bcl-2) levels, and thereby 
prevented keratinocyte apoptosis (Hseu et al., 
2015). Linalool, a monoterpene, prevented 
acute UVB-induced photo carcinogenesis and 
inflammation in Swiss albino mice via reducing 
TNF-α, NF-κB, and COX-2 upregulation, 

as well as modulating apoptotic pathways 
(Gunaseelan et al., 2016; Takshak & Agrawal, 
2019). Linalool pre-administration inhibited 
the expression of proliferative markers, which 
explains the prevention of dysplasia formation 
as well as SCC and, as a result, lowered tumour 
incidence in mice skin (Gunaseelan et al., 2016). 
Terpenoid SARs depend on ring structures and 
functional groups. The type of ring structure 
affects stability and activity, with sesquiterpenes 
like lucidone showing strong antioxidant 
properties. Functional groups, such as hydroxyl 
and methoxy, influence the terpenoid’s ability 
to interact with cellular targets and modulate 
oxidative stress. In brief, terpenoids are 
promising plant compounds to be employed as 
a broad-spectrum photoprotective agent as they 
are effective against UVA and UVB-mediated 
damages.

Figure 3 summarises the potential 
natural compounds evaluated in UV-induced 
damages using various experimental subjects. 
Keratinocytes, fibroblasts, mice, and guinea pigs 
are the experimental subjects used by researchers 
to investigate the role of phytocompounds stated 
in this review. The keratinocyte cell line is the 
most common in vitro model among researchers 
used to evaluate potential phytocompounds 
against UV-induced damage. In contrast, hairless 
mice are the most common in vivo model.

Other than these selected compounds, 
numerous potential compounds from varying 
classes are extracted from plant parts’ fractions 
and studied widely against UV rays, as shown 
in Table 1. The chemical structures of the 
compounds listed in Table 1 are systematically 
illustrated and categorised by their respective 
chemical classes in Figure 4. 

Euterpe oleracea Martius
The common name for the tree is Euterpe 
oleracea Martius is açai, which is a South 
American palm with purple-black berries that 
are widely consumed due to their antioxidant, 
antinociceptive, immunomodulatory, and anti-
inflammatory properties (Holderness et al., 
2011; Kang et al., 2012; Dias et al., 2015; 
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Peixoto et al., 2016). This is attributed to açai’s 
rich polyphenol content, especially flavones 
and anthocyanin (Rufino et al., 2011; Dos 
Santos et al., 2015; De Oliveira et al., 2021). 
The protective activities of hydrophilic extracts 
from açai berries against UVA were examined 
using immortalised fibroblasts (BALB/3T3 
fibroblasts) at a dose of 10 mg/mL (Petruk 
et al., 2017). UVA exposure reduced GSH 
levels and increased lipid peroxidation and 
intracellular ROS in fibroblasts. Pre-treatment 
with açai extract, in contrast, avoided those 
negative effects as well as p38 phosphorylation, 
which mediates post-transcriptional processes 
(Wang et al., 2016). This study discovered that 
malvidin and cyanidin, flavonoids present in 
methanolic açai extract, significantly inhibited 
these molecular oxidative stress pathways. 
Consequently, this study indicated that açai 
extract can protect cells even after UVA damage, 
proving that it is not just a sunscreen effect 
(Petruk et al., 2017). Therefore, açai extract can 
be employed in both sunscreen formulations and 
pharmaceutical agents.

Figure 3: Summary of potential plant compounds investigated in UV-mediated damages using different 
experimental models (created using Biorender software)

Emblica officinalis Gaertn
Amino acids, minerals, vitamin C, gallic acid, 
and a wide variety of flavones, alkaloids, and 
tannins are abundant in amla (Emblica officinalis 
Gaertn.) (Rojas Camargo et al., 2016). An 
intriguing in vivo investigation was conducted on 
UVB-irradiated HR-1 hairless mice to explore 
the photoaging effects of amla fruit extract 
and collagen peptide. In this investigation, 5% 
w/w Amla Extract (AE) was given orally with 
and without gelatin hydrolysate, which was 
an animal collagen peptide. As an outcome, 
AE and collagen peptide inhibited 8-hydroxy-
2’-deoxyguanosine (8-OHdG) development, 
epidermal hyperplasia, as well as improved skin 
moisture and wrinkle development (Fujii et al., 
2013). 

In particular, DNA oxidative damage 
is defined by 8-OHdG, a DNA base-
modified byproduct linked to UVB-mediated 
carcinogenesis (Brand et al., 2018). BER 
repairs these DNA lesions and failure of the 
mechanism can result in photocarcinogenesis 
(Zinovkina, 2018). AE was effective in 
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suppressing oxidative damage and tumour 
progression in this study due to its high phenolic 
content, which included gallic acid, mucic acid, 
ellagic acid, and geraniin (Fujii et al., 2013). 
This elucidates the antioxidative effects of AE 
and collagen peptides on the skin of hairless 
mice. On the other hand, collagen peptide plays 
an essential role in preventing skin cells from 
wrinkling since collagen, particularly type I 
collagen, regulates skin hydration, maintains the 
structure of the extracellular matrix (ECM), and 
maintains elasticity (Reilly & Lozano, 2021). In 
conclusion, combined AE and collagen peptide 
administration exhibited significant protective 
effects against UVB-induced photoaging in 
hairless mice. This can be attributed to AE’s 
antioxidative properties, particularly its high 
phenolic content and collagen peptide’s role in 
skin hydration and elasticity.

Garcinia brasiliensis 
Bacupari, Garcinia brasiliensis is a native species 
of Brazil’s Amazon forest. Note that Garcinia 
fruit has anti-cancer characteristics (Martins 
et al., 2011). Its seed extracts, epicarp, and 
pericarp exhibit anti-inflammatory, antioxidant, 
as well as antinociceptive effects (Santa-Cecília 
et al., 2011; Paixão et al., 2023). G. brasiliensis 
Epicarp Extract (GbEE) was tested for photo 
chemopreventive and photoprotective activities 
in vitro (L929 fibroblasts) and in vivo (sex-
matched hairless mice). 

The fibroblasts indicated that the 10% and 
20% GbEE solutions have photoprotective 
effects similar to commercial sunscreen with 
a Sunscreen Protection Factor (SPF) value of 
-15. At 10% GbEE formulation, GSH depletion 
decreased, cytokine release of IL-1β and 
TNF-α increased, and myeloperoxidase activity 
increased, which is an inflammatory process 
biomarker. Notably, pre-treatment with 10% 
GbEE topical formulation reduced IL-1β and 
TNF-α overexpression from 463% to 63% and 
234% to 64%, respectively (Figueiredo et al., 
2014). The extracts’ chemical content, which 
is high in polyisoprenylated benzophenone 
derivatives, bioflavonoids, xanthones, and 
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polyphenols justifies their remarkable anti-
inflammatory properties (Acuña et al., 2012). 
This study also discovered that GbEE extract 
included 7-Epiclusianone, a benzophenone, as a 
prominent component, lending credence to the 
study’s findings (Figueiredo et al., 2014). 

Vaccinium myrtillus
Bilberry, Vaccinium myrtillus, possesses 
antioxidative, antiproliferative, anti-apoptotic, 
anti-angiogenic, and anti-inflammation activities 
by activating the ARE (Benzie & Wachtel-Galor, 
2011). At a concentration of 320 µg/mL, water-
soluble bilberry extract was tested in HaCaT 
cells for its ability to protect against UVA and 
UVB-mediated damage. UVA-irradiated cells 
produced less intracellular ROS when pretreated 
with V. myrtillus extract but not UVB. When 
UVA-irradiated HaCaT cells were exposed to V. 
myrtillus extract, malondialdehyde, a biomarker 
for lipid peroxidation was reduced. Similarly, 

UVB irradiation had a dose-dependent counter 
effect, except at higher UVA and UVB 
dosages. In contrast, when UVA and UVB-
induced damage were examined, micronucleus 
generation was reduced. However, pre-treatment 
with V. myrtillus extract dramatically reduced 
only UVA-induced mitochondrial membrane 
disruption and apoptosis but not the UVB-
irradiated cells (Calò & Marabini, 2014). 

Micronuclei are extra-nuclear structures 
containing damaged chromosomes that are 
not integrated into the nucleus following cell 
division. Cell death, genetic instability, or cancer 
development will result from the production of 
UV-induced micronuclei formation (Luzhna 
et al., 2013). The ability of V. myrtillus to 
inhibit micronuclei production reinforces its 
chemotherapeutic potential. Furthermore, 
anthocyanins in V. myrtillus have been shown 
to interpolate with DNA, resulting in a complex 
of DNA co-pigmentation that modulates 

Figure 4: Chemical structures of compounds categorised according to their chemical classes. Core flavonoid 
structures are highlighted in red, glycoside moieties in blue, phenolic acids in purple, vitamin E derivatives in 

green, and polysaccharides within a brown box (created using Chemdraw and Biorender software)



PREVENTIVE ROLE OF PHYTO DERIVATIVES AGAINST UV DAMAGE 	 627

Journal of Sustainability Science and Management Volume 20 Number 3, March 2025: 611-642

gene expression whilst protecting DNA from 
oxidative damage (Benzie & Wachtel-Galor, 
2011). As a result, V. myrtillus extract is valuable 
in photoaging and photocarcinogenesis.

Rubus spp. 
Blackberries from the Rubus genus have a high 
polyphenol content, including ellagitannins, 
anthocyanin, and phenolic monomers such as 
flavonoids and phenolic acids (Mintie et al., 
2020). Blackberry Extract (BBE) contains 
six unique anthocyanins, including C3G 
(Murapa et al., 2012). As discussed earlier, 
C3G reduced UVB-mediated oxidative 
damage and inflammation in SKH-1 mouse 
skin (Pratheeshkumar et al., 2014). A molecular 
investigation was conducted to assess the impact 
of Blackberry Extract (BBE) on SKH-1 mice 
skin. Topically administered BBE (10% and 
20%) altered the MAPK signaling pathway to 
protect against UVB-induced damages. 

Dephosphorylation of Jun-N-terminal 
kinase (JNK1/2), extracellular-regulated protein 
kinase (ERK1/2), and p38 was associated with 
decreased nuclear NF-κB and consequent 
inflammatory mediators COX-2, iNOS, and 
prostaglandin E2. BBE also inhibited CPD and 
consequent 8-oxodG formation (Divya et al., 
2015). As discussed previously, CPD can cause 
DNA strand breaks, mutations, and neoplastic 
transformation (Rastogi et al., 2010; Pfeifer & 
Besaratinia, 2012; Widel et al., 2014). Taken 
together, BBE suppresses UVB-mediated 
inflammation and carcinogenesis via modulating 
oxidative stress markers, pro-inflammatory 
cytokines, and mediators.

Opuntia ficus-indica L.
The cactus pear, often known as the prickly pear 
cactus (Opuntia) is found throughout Mexico, 
America, Africa, and the Mediterranean. 
Opuntia cladodes are reported to possess 
antioxidant, wound healing, antimicrobial, 
and hypoglycemic properties (Di Lorenzo et 
al., 2017). Opuntia ficus-indica extract (1 mg/
ml) was administered to HaCaT cells to test its 

UVA protection. Pre-treatment of cells with O. 
ficus-indica Raw Extract (ORE) inhibited stress 
signalling pathways such as lipid peroxidation, 
GSH depletion, and free radical generation. 
There was also a strong photoprotective impact 
against UVA-induced apoptosis. In the presence 
of ORE or O. ficus-indica small molecular 
weight fraction, cells showed no caspase-3 and 
caspase-7 activity, demonstrating that phenolic 
derivatives, notably piscidic and eucomic acids, 
protect cells from UVA-mediated stress (Di 
Lorenzo et al., 2017). Interestingly, ORE is 
high in phenolic derivatives and other bioactive 
compounds such as mucilage, a carbohydrate-
containing polymer (polysaccharide). This 
molecule was discovered to be beneficial in anti-
ageing and wound-healing by modulating stress 
factors, regulating skin moisture, and promoting 
cutaneous ameliorative processes (Di Lorenzo 
et al., 2017). Hence, it is apparent that O. ficus-
indica extract, which is high in polyphenols 
and polysaccharides is suitable for use as a sun 
protection agent.

Solanum undatum 
Solanum undatum, popularly known as 
Nightshade apple has anti-cancer and anti-
inflammatory characteristics due to its high 
steroidal glycoalkaloids content, which includes 
solamargine, solasonine, and solasodine (Al 
Sinani & Eltayeb, 2017). A prior study discovered 
that solamargine is critical in inducing cell 
death via apoptosis (Wu et al., 2011). Recently, 
a study evaluated the effects of Solanum 
undatum extract (SR-T100) on photoaging and 
photocarcinogenesis in Actinic Keratosis (AK) 
(Yang et al., 2021), using skin samples from 13 
AK patients who had previously participated in 
a phase II study (Wu et al., 2011). 

The most frequent premalignant skin lesion 
produced by long-term sun exposure is AK, 
which manifests as epidermal parakeratosis, 
keratinocyte atypia, and dermal inflammation 
with solar elastosis (Jansen et al., 2019). As a 
result, both photocarcinogenic and photoaging 
processes associated with AK were investigated 
in this research (Yang et al., 2021). In four AK 
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skins, the SR-T100 gel therapy resulted in partial 
remission (> 75%) and complete remission 
(100%) in nine AK skins. Solamargine-
containing SR-T100 gel effectively suppressed 
photocarcinogenesis via decreasing mutant 
p53 and SOX2 to prevent non-regulated cell 
proliferation and via NOTCH1 expression, 
which functions as a tumour suppressor in non-
melanoma skin cancers (Nowell & Radtke, 2013; 
South et al., 2014). Furthermore, SR-T100 gel 
reduced wrinkling in AK skin while enhancing 
the synthesis of elastic fibres and restoring lamin 
B1 expression, both of which are photoaging 
markers (Yang et al., 2021). Therefore, the anti-
ageing and photochemotherapeutic benefits of 
Solanum undatum gel extract on photodamaged 
skin with AK were evidenced. 

Punica granatum L.
Punica granatum L., Pomegranate Fruit Extract 
(PFE) is high in anthocyanins (including 
cyanidin, delphinidin, and pelargonidin), 
hydrolyzable tannins (including punicalagin, 
punicalin, and pedunculagin), and ellagitannins 
(Bar-Ya’akov et al., 2019). PFE fed orally 
(0.2% in water) decreased hyperplasia, 
cutaneous oedema, leukocyte infiltration, 
and COX-2 expression in SKH-1 hairless 
mice. The hyperproliferation of epidermal 
cells was examined by proliferative markers 
PCNA and cyclin D1, indicating a lowered 
proliferative index of PFE as a biomarker of 
cancer development and progression (Khan et 
al., 2012). PFE also prevented UVB induced 
NF-κB activation, as evidenced by enhanced 
IκBα accumulation to keep NF-κB/p65 bound 
to the cytoplasm and subsequent inhibition of 
NF-κB and IKKα activation. The study looked 
at MAPK family upstream regulators of NF-κB. 
PFE therapy reduces ERK1/2, JNK1/2, and p38, 
implying that PFE may influence the crosstalk 
of several pathways that contribute to increase 
cell viability, proliferation, inflammation, and 
death, resulting in photo chemoprevention in 
skin cells (Khan et al., 2012).

Citrus sinensis
A study was conducted to assess the in vivo 
skin anti-ageing and photoprotective benefits 
of consuming a red-orange (Citrus sinensis 
variants Tarocco, Sanguinello, and Moro) extract 
(Puglia et al., 2014). On healthy Caucasian 
individuals with skin types II, III, and IV, the 
photoprotective effects of Red Orange Extract 
(ROE) intake against UV-mediated melanin 
formation in solar lentigo and skin erythema 
were evaluated. A regional hyperpigmented 
lesion or in other words, a senile lentigo or solar 
lesion, is one of the most obvious changes in 
photo-damaged skin, particularly in Caucasian 
and Asian populations (Pollefliet et al., 2013); 
pigmentation above is primarily caused by 
existing melanin photo-oxidation rather than the 
synthesis of new pigments and provides only a 
mild photoprotective benefit (Miyamura et al., 
2011). 

ROE, on the other hand, contains a high 
concentration of polymethoxyflavonoids, 
anthocyanins, and other antioxidants such as 
hydroxycinnamic acids, flavones, and ascorbic 
acid (Yoshizaki et al., 2014). Correspondingly, 
when human volunteers were given 100 mg of 
ROE daily for 15 days, there was a significant 
decrease in the degree of UV-induced cutaneous 
erythema. Furthermore, red-orange consumption 
can reduce solar lentigo hyperpigmentation 
and improve skin appearance and tanning 
homogeneity by inhibiting UV-induced 
melanin overproduction. Therefore, ROE can 
be employed as nutricosmetics due to its anti-
ageing and antioxidative properties.

Rubus idaeus L. 
Anthocyanins, flavonoids, and phenols are 
abundant in Rubus idaeus L. (red raspberry). 
The ellagitannins, lambertianin C, and 
sanguiin H-6 in red Raspberry Extract (RE) 
exhibit anti-inflammatory and anti-cancer 
properties (Sangiovanni et al., 2013; Lee et 
al., 2016). Research into the influence of 1, 
10, and 100 µg/ml of RE on UVB-mediated 
ageing in NHDFs found that RE inhibits IL-6 
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and MMP secretion via inhibiting the MAPK/
AP-1 signalling pathway. A well-known ROS-
sensitive signal pathway is the MAPK family, 
which includes JNK, ERK, and p38 kinase. The 
activation of AP-1 by MAPK phosphorylation 
has been demonstrated to promote MMP gene 
transcription (Gao et al., 2018). As stated, MMPs 
are involved in connective tissue and elastic fibre 
degeneration (Cavinato et al., 2016; Cavinato 
& Jansen-Dürr, 2017). Correspondingly, RE 
was shown to restore p-Smad2/3 and TGF-β1 
levels. Furthermore, by suppressing Smad7, a 
negative regulator in the TGF-β/Smad pathway, 
RE can potentially promote the expression of 
type I collagen (Gao et al., 2018). Overall, RE 
is indeed effective in preventing UVB-induced 
premature ageing.

Fragaria ananassa 
A recent in vitro study evaluated the ability 
of the strawberry extract to protect Human 
Dermal fibroblasts (HuDe) from UVA exposure 
(Alvarez-Suarez et al., 2012). In this work, 24 
hours of incubation with 0.5 mg/mL methanolic 
extracts of the Sveva cultivar (Fragaria 
ananassa Duch.) resulted in dose-dependent 
photoprotective action, with increased cell 
viability and decreased DNA damage. These 
findings are consistent with previous reports 
indicating the rich content of folate, vitamin 
C, and phenolic compounds, particularly 
anthocyanins (Giampieri et al., 2012), which have 
antioxidant, anti-inflammatory, anticarcinogenic, 
antimutagenic, and photoprotective properties 
and therefore can regulate enzymatic processes. 
By neutralising reactive oxygen species and 
reducing oxidative stress, these compounds 
prevent the oxidation of key enzyme cofactors 
and substrates. They also influence enzyme 
activity by modulating signalling pathways and 
gene expression related to enzyme synthesis and 
function, maintaining cellular homeostasis and 
protecting against damage (Alvarez-Suarez et 
al., 2011; Dogan-Topal et al., 2018). In short, 
the strawberry extract has a great medicinal 
prospect in preventing UVA-induced damage.

Challenges and Future Perspectives
Developing innovative plant-based sunscreens 
and supplements for photoprotection and photo 
chemoprevention presents several challenges. 
Variability in plant extracts, dose optimization, 
sustainability, and ethical considerations 
are critical issues that need addressing. 
Concerns about organ toxicity, genotoxicity, 
environmental safety, and bioavailability 
must also be thoroughly evaluated (Krutmann 
et al., 2020). To mitigate these challenges, 
research should focus on both acute and chronic 
effects of experimental formulations, ensuring 
compliance with International Organization 
for Standardization (ISO) guidelines and food 
safety regulations. Meanwhile, individual 
chemoprotective phytocompounds show 
promise. 

Exploring synergistic effects through 
combination treatments may enhance efficacy in 
preventing photoaging and photocarcinogenesis. 
Comprehensive studies, including pre- and post-
UV treatment evaluations under consistent UV 
conditions are needed to assess the full potential 
of plant derivatives. Additionally, natural 
sunscreens and oral supplements should be 
tailored to diverse skin types and melanin levels. 
Research on photoprotective plant derivatives 
for eye health, given the vulnerability of corneal 
tissue to UV-induced damage like photokeratitis 
and pterygium is also limited and warrants 
further investigation (Lee et al., 2021). 

Conclusions
Plants rich in phytonutrients have been shown 
to prevent various oxidative and inflammatory-
related diseases such as cancer and ageing. 
Scientific evidence linking a diet rich in 
herbs and fruits to reduced disease risk has 
increased rapidly in recent years. This review 
highlights the potential of phytoderivatives 
and fruit extracts to prevent UV-induced 
damage by reducing oxidative stress, inhibiting 
inflammatory cytokines, preventing DNA 
damage, and regulating specific biomarkers 
and enzymes. Further research is needed to 
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translate results from cell models to human skin 
treatments and to understand the mechanisms 
involved. Additionally, exploring UV-induced 
immunosuppression and the photoprotective 
effects of biomolecules like lipids, which have 
been studied less is recommended. It is also 
crucial to consider environmental concerns 
when developing UV protection strategies. By 
integrating environmental considerations into 
research and development, we can strive towards 
sustainable UV protection solutions that benefit 
human health and the planet.
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