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Abstract: The biochemical characteristics of polyphenols contribute to their numerous advanta-

geous impacts on human health. The existing research suggests that plant phenolics, whether con-

sumed orally or applied directly to the skin, can be beneficial in alleviating symptoms and avoiding 

the development of many skin disorders. Phenolic compounds, which are both harmless and natu-

rally present, exhibit significant potential in terms of counteracting the effects of skin damage, aging, 

diseases, wounds, and burns. Moreover, polyphenols play a preventive role and possess the ability 

to delay the progression of several skin disorders, ranging from small and discomforting to severe 

and potentially life-threatening ones. This article provides a concise overview of recent research on 

the potential therapeutic application of polyphenols for skin conditions. It specifically highlights 

studies that have investigated clinical trials and the use of polyphenol-based nanoformulations for 

the treatment of different skin ailments. 
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1. Introduction 

Skin is the biggest organ in the human body, making up around 10-15% of the overall 

weight [1]. The skin performs multiple activities, such as safeguarding the body, eliminat-

ing waste, defending against diseases, maintaining body temperature, and sensing exter-

nal stimuli [2]. The exacerbation of environmental degradation and depletion of the ozone 

layer has resulted in an increase in ultraviolet (UV) radiation in the atmosphere. As a re-

sult, the chances of acquiring skin cancer, dermatitis, and skin cellular senescence have 

also increased. External stimuli activate the skin, leading to oxidative stress [3–5]. Oxida-

tive stress occurs when there is an overproduction of reactive oxygen species (ROS) in 

living organisms, which cannot be completely eradicated by the antioxidant system, re-

sulting in an imbalance in redox homeostasis [6]. An overabundance of ROS can directly 

inflict injury on lipids, proteins, and DNA, leading to oxidative damage to the skin. The 

interplay between ROS and DNA initiates the activation of proto-oncogenes. ROS induces 

collagen breakdown by binding to proteins. Likewise, when ROS a�aches to lipids, it re-

sults in lipid peroxidation and a rise in the permeability of the cell membrane [6]. UV light 

causes oxidative damage to large molecules, leading to inflammation, accelerated aging, 

and many types of skin cancer [7]. On the other hand, an excessive amount of ROS is 

involved in cellular signaling pathways, altering the function of multiple genes and lead-

ing to the aging of skin cells, inflammatory skin conditions like psoriasis and dermatitis, 

and the formation of cancerous growths such as melanoma and squamous cell carcinoma 

[1,7]. 

Currently, there are several antioxidants that can effectively address skin cellular se-

nescence, inflammation, and cancer resulting from oxidative stress. Biological antioxi-

dants are chemicals that can effectively delay or prevent the oxidation of a material that 

is capable of being oxidized, especially when the concentration of the antioxidant is lower 

than that of the substance being oxidized [8]. The human body is equipped with an 
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antioxidant system comprised mostly of antioxidant enzymes and non-enzymatic antiox-

idants. These components collaborate to safeguard the human skin from oxidative dam-

age induced by ROS [9]. Antioxidant enzymes include superoxide dismutase (SOD), cat-

alase (CAT), glutathione peroxidase (GSH-Px), glutathione reductase (GSH-Re), and other 

enzymes [10]. Non-enzymatic antioxidants primarily include diminutive molecules that 

possess the capacity to neutralize free radicals. This encompasses antioxidant vitamins 

and their derivatives, cofactors, melatonin, minerals, sulfur compounds, non-protein ni-

trogen compounds, and plant antioxidants [11–15]. Plant polyphenols are a group of pow-

erful antioxidants present in various biological systems, including red blood cells. Poly-

phenols are chemicals that originate only from the shikimate/phenylpropanoid and/or the 

polyketide pathway. They consist of several phenolic units and do not contain any nitro-

gen-based groups. Polyphenols encompass a wide range of compounds, such as phenolic 

acids, flavonoids, stilbenes, and lignans (Figure 1). Certain compounds are accountable 

for the fragrance, pigmentation, and antioxidant characteristics of the fruits, vegetables, 

seeds, and nuts that we ingest. Polyphenols are gaining significance, mostly due to their 

advantageous impact on health. The presence of the ortho-phenolic hydroxyl group in the 

phenolic hydroxyl structure allows for easy oxidation, leading to the creation of a quinone 

structure. This structure demonstrates a notable ability to remove free radicals, particu-

larly ROS [16,17]. Moreover, these polyphenols possess the capacity to activate cellular 

signaling pathways and trigger the production of antioxidant enzymes. Plant polyphenols 

have low aqueous solubility, are easily absorbed, and have limited bioavailability. Cur-

rently, there have been many investigations into the ingestion of plant polyphenols, but 

there is a dearth of adequate clinical research on the application of plant polyphenols top-

ically to the skin [17]. The creation of biomaterials allows for the reliable and effective 

transport of plant polyphenols to the skin, thus addressing the constraints posed by re-

stricted biocompatibility. This article provides a thorough examination of the precise ob-

jectives of plant polyphenols in the prevention of oxidative stress-induced skin cellular 

senescence, inflammation, and cancer (Figure 2). Furthermore, it explores the latest devel-

opments in the delivery systems of plant polyphenols. These data surely serve as a theo-

retical foundation for future clinical investigations, the advancement of novel pharmaceu-

ticals, and the formulation of cosmetic items. 

 

Figure 1. Polyphenols are classified as phenolic acids, flavonoids, stilbenes, and lignans based on 

their structure and the numbering of carbons. 
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Figure 2. The versatile use of multifaceted polyphenols in treating various skin conditions. 

Source of the Data 

For study selection, the latest versions of databases like Web of Science, Google 

Scholar, Scopus, and Pubmed were used, along with search keywords such as “polyphe-

nols, flavonoids, and non-flavonoids in skin disorders.” For the literature review, the au-

thor looked for the most important and recent studies on chemical and biological proper-

ties. The author did this by looking for in vitro, in vivo, and clinical studies. The focus was 

on more than 240 latest and relevant papers on polyphenols and how they might help 

prevent and treat skin diseases. 

2. Polyphenols and Their Importance to Skin Health 

2.1. The Antioxidant Characteristics of Polyphenols 

The imbalance between the body’s antioxidant system and the buildup of free radi-

cals and oxidants is commonly understood as oxidative stress. Many skin diseases, in-

cluding psoriasis, vitiligo, skin photodamage, skin cancer, systemic sclerosis, chloasma, 

atopic dermatitis, and pemphigus, are caused by oxidative stress, which damages DNA, 

lipids, and proteins and activates or inactivates signaling pathways [18]. Some examples 

of free radicals are ROS, sulfur species (Sul), and carbon species (CO). Superoxide dis-

mutase, catalase, and glutathione peroxidase are enzyme antioxidants, whereas glutathi-

one, ascorbic acid, and tocopherol are examples of non-enzymatic antioxidants [19]. Dur-

ing metabolic processes within cells, ROS such as superoxide anion radical (O2−•), hy-

droxyl radical (•OH), singlet oxygen (1O2), hydrogen peroxide (H2O2), nitric oxide (NO), 

and peroxynitrite (ONOO−) are also generated. There are positive benefits to human 

health when produced in regulated doses. Several physiological functions, including neu-

rotransmission, gene transcription, and cell signaling, are aided by ROS [20]. The patho-

physiology of human skin cancer, skin wrinkling, and dermatologic illnesses are all linked 

to oxidative stress, which is caused by their increasing concentrations. Inflammatory and 

allergic skin diseases are influenced by ROS [21]. Produced as waste products of regular 

mitochondrial metabolism in the processes of the respiratory chain, ROS mostly originate 

in mammalian cells’ mitochondria [22]. The skin can also produce ROS when exposed to 

environmental factors like stress, pollution, and UV light.  
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To prevent oxidative damage to the skin, the antioxidant defense mechanism is im-

portant [23]. Free radicals and radical reactions can be countered by the skin’s built-in 

defense mechanisms [24,25]. The dermis has a lower content of antioxidants compared to 

the epidermis [26]. Antioxidants such as GSH, ascorbic acid, uric acid, α-tocopherol, squa-

lene, and ubiquinone, which are non-enzymatic and hydrophilic, are found in the stratum 

corneum [23–25]. Lipophilic antioxidants, including α-tocopherol, and enzymes like SOD, 

CAT, and GPx are found in the separate layers of the epidermis [27,28]. Enzymatic and 

water-soluble antioxidants such as glutathione, uric acid, and vitamin C are found in the 

dermis [23]. 

Combinations of enzymes and non-enzymatic antioxidants, or hydrophobic and hy-

drophilic antioxidants, are common defensive mechanisms against free radicals. When 

exposed to oxidizing substances in excess, however, these reactions may not be enough 

[28,29]. Studies conducted in living organisms have revealed that the human skin’s dermis 

and epidermis undergo specific alterations in key antioxidant enzymes and components 

as a result of both intrinsic and photoaging. Research has shown that both photoaged and 

naturally aged skin exhibit elevated CAT activity and GR, respectively, in their epidermis. 

In both old and photoaged skin, the concentration of α-tocopherol was noticeably lower 

in the epidermis, and in both types of skin, the levels of ascorbic acid were lower in the 

dermis and the epidermis [29]. 

In the fight against free radical damage to the skin, polyphenols derived from plants 

are important. Polyphenols have a wide range of biological activities, which are associated 

with their structural variety. These compounds can help the skin’s defense and regenera-

tion processes while also scavenging free radicals through multiple mechanisms of action 

[23,30–34]. One of these is the elimination of ROS through direct reactions with free radi-

cals, scavenging, and improved dismutation of free radicals to less reactive compounds. 

Another mechanism is the inhibition or potentiation of the action of many enzymes, in-

cluding oxidases, and the increase in the expression of antioxidant proteins like CAT and 

SOD. A third mechanism is the chelation of pro-oxidative metal ions, such as iron or cop-

per. Lastly, phenolic compounds can enhance the effects of other antioxidants, such as 

restoring the original form of tocopherols from their radical form or prolonging the action 

of ascorbic acid [23,34]. Some polyphenols that have been found to have substantial anti-

oxidant properties are kaempferol, ferulic acid, quercetin, catechin, resveratrol, and myri-

cetin [23]. 

2.2. The Anti-Inflammatory Characteristics of Polyphenols 

Inflammatory dermatoses represent a wide variety of cutaneous disorders and influ-

ence people of all age groups and skin morphologies. Many chronic inflammatory skin 

conditions, such as atopic dermatitis, psoriasis vulgaris, and lichen planus, have a cyclic 

pa�ern of symptoms that vary over time [35]. The etiology of these disorders is complex, 

involving a synergistic interplay between genetic and environmental factors that influence 

the disease’s initiation and development. To be more specific, the stratum corneum, which 

is the outermost layer of the skin, releases chemicals that carry signals. These molecules 

initiate a sequence of processes in the body known as a cytokine cascade, which subse-

quently triggers an inflammatory response. The inflammatory response plays a crucial 

role in the progression of several skin disorders [35]. Glucocorticoids and biological agents 

are widely applied to treat inflammatory skin diseases through various processes. Never-

theless, systemic corticosteroids and immunosuppressives can only be employed for lim-

ited periods of treatment owing to their substantial adverse effects. The adverse effects 

associated with this include stunted growth, reduction of blood cell production, increased 

pressure in the eye, high blood pressure, elevated blood sugar levels, weakened bones, 

muscle weakness, clouding of the lens in the eye, increased vulnerability to infections, and 

fragile or easily damaged skin [36]. Biological therapies have revolutionized the manage-

ment of moderate-to-severe inflammatory skin conditions by selectively targeting specific 

pathways of inflammation, including interleukin (IL)-4, IL-13, IL-31, IL-12/23, IL-17, 
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thymic stromal lymphopoietin (TSLP), and tumor necrosis factor-alpha (TNF-α) [37]. 

However, these therapies come with unavoidable, inherent side effects. These encompass 

severe bacterial, viral, and fungal infections, such as hepatitis B virus infection, recurrence 

of a dormant tuberculosis infection, and a heightened susceptibility to Candida infections. 

In addition, they have the potential to exacerbate pre-existing inflammatory bowel disease 

and, in rare instances, trigger the emergence of new ulcerative colitis [38–41].  

Many polyphenols, specifically flavonoids, possess potent anti-inflammatory prop-

erties and are capable of regulating immunity [42–46]. Extensive studies have been con-

ducted on numerous natural polyphenols to explore their beneficial effects on autoim-

mune and inflammatory diseases. Specific polyphenols, such as resveratrol, chlorogenic 

acid, caffeic acid, pelargonin, and ferulic acid, can control the activation of genes that stim-

ulate inflammation and the production of cytokines, thus influencing the composition of 

immune cells [47,48]. Curcumin, a non-flavonoid compound, was observed to reduce the 

levels of TNF, IL-1, VCAM-1 (vascular cell adhesion molecule-1), and ICAM-1 (intercellu-

lar adhesion molecule-1) in human umbilical vein endothelial cells. In addition, curcumin 

also inhibited the concentrations of inflammatory mediators such as prostaglandins and 

leukotrienes. Topical application of green tea polyphenols (GTPs) and epigallocatechin-3-

gallate (EGCG) resulted in the inhibition of prostaglandin metabolites, including prosta-

glandin D2 (PGD2), prostaglandin E2 (PGE2), and prostaglandin F2α (PGF2α) [49]. 

Resveratrol can induce the synthesis of endothelial nitric oxide synthase (eNOS), inhibit 

the function of cyclooxygenase (COX), and deactivate peroxisome proliferator-activated 

receptor gamma (PPARγ) in both laboratory (in vitro) and living organism (in vivo) envi-

ronments [50,51]. In an in vivo study, curcumin demonstrated the capacity to decrease the 

activity of signal transducer and activator of transcription 3 (STAT3) and nuclear factor 

kappa-light-chain enhancer of activated B cells (NF-κB). Additionally, it decreased the lev-

els of toll-like receptor-2 (TLR-2) and -4 expression. In addition, curcumin increased the 

expression of PPARγ. Caffeic acid phenethyl ester suppresses the activation of Toll-like 

receptor 4 (TLR-4) and NF-κB in macrophages that are activated by lipopolysaccharide 

(LPS) [52].  

The anti-inflammatory and immunomodulatory effects of natural polyphenols make 

them useful in treating various skin disorders. Vitiligo is an inflammatory autoimmune 

disorder that causes the loss of melanocytes, resulting in depigmentation of the skin [53]. 

The global prevalence of this condition ranges from 0.5 to 2.0% and exhibits geographical 

variations. The etiology of vitiligo remains incompletely elucidated [53]. Ginkgo biloba is 

known for its high concentration of polyphenolic compounds. The topical administration 

of G. biloba extract was associated with the progression of vitiligo due to its capacity to 

reduce depigmentation and promote re-pigmentation [54]. Carnosic acid is a naturally 

occurring abietane diterpene that has a benzenediol structure and is found in rosemary. 

Carnosol orally significantly reduced the levels of neutrophils, inflammatory cytokines 

(IL-1β and TNF-α), COX-2, and iNOS in the mice’s circulation [55,56]. Application of car-

nosol topically demonstrated a considerable reduction in skin lesions in animals afflicted 

with atopic dermatitis [57]. Artichoke polyphenols possess anti-inflammatory properties 

and can improve vasodilation and microcirculation in endothelial cells. This is achieved 

by suppressing the generation of nitric oxide (NO) in both macrophages and endothelial 

cells. In addition, the polyphenols included in artichoke extract can improve the flexibility 

and smoothness of the skin by inhibiting the aging process of blood vessels [35]. Artichoke 

extract can safeguard lymphatic and endothelial cells, making them advantageous. The 

observed effects can be a�ributed to the antioxidant or anti-inflammatory properties of 

the polyphenols, as well as their capacity to indirectly impact molecular pathways (reduc-

ing inflammatory markers such as IL-4 and mMCP-8) that promote the activation of genes 

linked to mechanisms that slow down skin damage (Figure 3) [58]. 
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Figure 3. Summary of the effects of polyphenols on skin health and their underlying mechanisms. 

The anticancer benefits of polyphenols can be a�ributed to their antioxidant characteristics, along 

with other associated positive effects. 

2.3. The Antimicrobial Characteristics of Polyphenols 

Antibiotic therapy has been a vital treatment for skin diseases for a considerable pe-

riod of time. Nevertheless, the medications can result in undesirable side effects and in-

stances of decreased susceptibility to antibiotics. The increasing resistance of germs to 

synthetic antibiotics has led to a surge in the use of natural products in dermatology. Me-

dicinal plants’ active constituents are currently being explored as potential alternatives for 

antiseptics and antimicrobials. Flavonoids, such as caffeic acid, benzoic acid, and cinnamic 

acid, are believed to impact the microorganism by specifically targeting its membrane or 

cell wall, resulting in both functional and structural harm [59]. Natural polyphenols pos-

sess multifaceted characteristics as antimicrobial agents, successfully targeting a wide 

range of microorganisms, including bacteria, fungi, and viruses. The pomegranate, which 

originates from the Persian region, contains varying levels of polyphenols at different 

stages of ripeness. Pomegranate has unique characteristics that render it well-suited for 

medicinal purposes, specifically in the management of strep throat, hoarseness, and fever. 

Moreover, it demonstrates antiviral and antiseptic characteristics. The antimicrobial effi-

cacy of pomegranate polyphenols derived from peel, seeds, and leaves was assessed 

against a variety of microorganisms, such as Pseudomonas aeruginosa, Escherichia coli, Can-

dida albicans, methicillin-resistant Staphylococcus aureus (MRSA), Cryptococcus neofor-

mans, Mycobacterium intracellulare, and Aspergillus fumigatus [60]. Micrococcus luteus is a 

nonpathogenic bacteria commonly found on the skin. Nevertheless, it has the potential to 

transform into a detrimental bacteria and result in grave infections, especially in those 

with catheters and other pre-existing health issues. The efficacy of pomegranate polyphe-

nols in inhibiting the growth of M. luteus was proven by their ability to decrease the pro-

duction of biofilms. Grape seed polyphenols have exhibited strong antibacterial charac-

teristics and have shown notable efficacy against Gram-positive bacteria, such as Bacillus 

cereus, Staphylococcus aureus, Bacillus coagulans, and Bacillus subtilis. Nevertheless, they 

have demonstrated superior effectiveness against Gram-negative bacteria, such as Pseu-

domonas aeruginosa or Escherichia coli [61]. The investigation revealed that Schinus tere-

binthifolius exhibited a substantial inhibitory effect on the proliferation of 
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microorganisms, specifically Gram-negative bacteria [62]. Its potential application as a 

substitute for addressing bacterial resistance can be foreseen.  

A study found 15 clinical P. aeruginosa MDR strains. Aztreonam and EGCG synergize 

in vitro and in vivo since these organisms that are resistant to the antibiotic are vulnerable 

to the combination. Aztreonam’s antibacterial activity can be restored by EGCG to levels 

below the EUCAST sensitivity breakpoint for P. aeruginosa. EGCG with third-generation 

cephalosporin cefotaxime synergized [63]. C. longa L. (Zingiberaceae, ginger family), 

which contains flavonoids and tannins, similarly inhibited clinical P. aeruginosa strains in 

another investigation. The authors found that the ethanolic extract outperformed the plant 

species’ essential oil against the bacteria tested. They also found a link between ethanolic 

extract concentration and essential oil: greater extract concentrations reduced bacterial 

growth by increasing absorbances [64]. Resveratrol showed synergistic activity with az-

oles on C. albicans strains but no antifungal activity when used alone. The authors found 

that synergy was demonstrated in over 83% of clinical strains using azoles and resveratrol. 

It also showed effectiveness against azole-resistant isolates and enhanced the antifungal 

susceptibility of resistant fluconazole strains. Combining itraconazole and ketoconazole 

with resveratrol yielded antifungal effects, suggesting that when resveratrol alone is inef-

fective, a combination with other azole drugs is an alternative strategy [65]. 

Although current investigations are encouraging, polyphenols need further research 

to treat and prevent infectious disorders. The development of topical pharmaceutical for-

mulations such as creams, ointments, or lotions with polyphenols to boost clinically uti-

lized antibiotic action to minimize resistance has been investigated. Before using the sug-

gested formulations, it is imperative to engage in clinical studies to evaluate their effec-

tiveness. However, considering the ongoing emergence of resistance and the unclear out-

look of existing treatments, undertaking these measures is justified. 

2.4. The Effects of Polyphenols on Allergic Reactions 

Allergic diseases are prevalent in around 40% of the general population and are pro-

jected to increase rapidly to 50% [66,67]. Commonly, allergic reactions often impact the 

skin, resulting in various disorders such as urticaria, angioedema, atopic dermatitis, con-

tact dermatitis, and vasculitis. This phenomenon can be a�ributed to several cells that 

have immunological capability, such as mast cells, lymphocytes, eosinophils, neutrophils, 

and Langerhans cells, specifically the Langerhans cells responsible for antigen presenta-

tion [68]. Polyphenols can serve as a substitute for conventional corticosteroid and anti-

histamine treatments. They possess anti-allergic characteristics, including the capacity to 

inhibit the synthesis of proinflammatory cytokines and leukocytes, as well as the secretion 

of histamine [69]. Polyphenols have shown the capacity to regulate the balance between 

T helper (Th)1/Th2 and impede the generation of antigen-specific IgE antibodies. Poly-

phenols possess the capacity to impact the process of allergen-IgE complex formation [70]. 

Moreover, polyphenols possess the capacity to impact the interaction between this chem-

ical and its receptors (FceRI) situated on basophils and mast cells [71]. For instance, re-

search has shown that drinking tannins extracted from apples can help avoid food aller-

gies. This preventive effect may be associated with the increased presence of Gamma delta 

(γδ) TCR T cells in the intraepithelial lymphocytes of the colon [72]. EGCG significantly 

hampers the ability of B lymphocytes in peripheral blood to migrate and adhere. The sup-

pressive effect is accomplished by the interaction between EGCG and CD11b receptors on 

B cells, leading to the prevention of B-cell migration from the bloodstream to adjacent 

tissues. EGCG exhibits potential as a pharmaceutical agent for the prevention and/or treat-

ment of skin allergy problems, owing to its substantial influence on B lymphocytes, which 

have a critical function in humoral immunity [73]. To summarize, polyphenols have the 

potential to be used as anti-allergy medications that can affect several biological processes 

and immune cell functions associated with the allergic immune response. However, fur-

ther research is needed to explore this potential. 
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2.5. Skin Cancer Prevention through Polyphenols 

The present approach to treating skin cancer, regardless of its metastasis, entails the 

administration of chemotherapy, immunotherapy, radiation, and targeted therapy. The 

aforementioned methods are very toxic, expensive, and, in some cases, ineffective due to 

the development of resistance, especially in metastatic cancer [74]. Therefore, it is essential 

to propose innovative, efficient treatment methods or drugs that are both economical and 

more secure.  

Inflammatory mediators promote cancer cell proliferation, invasion, and metastasis 

[75]. TNF-α participates in inflammatory signaling pathways and contributes to malig-

nant tumor growth [76]. Depending on dose and disease type, TNF-α can cause tumor 

eradication and progression in cancer patients [77]. Melanoma cells exhibit a considerable 

increase in the pro-inflammatory IL-6 gene due to TNFα/TNFR1 signaling and TNF-α 

overexpression [78]. TRADD, an adapter protein linked to the death domain, modulates 

MAPK and NF-κb pathways via caspase-8 [75,76]. IL-6 overexpression also activates in-

flammatory signal pathways by causing autophagy and premature senescence [78]. 

Polyphenols are often linked to TNF-α suppression. Normal human epidermal 

keratinocytes treated with pomegranate fruit extract before UV exposure showed dose-

dependent activation of ERKl/2, JNK1/2, and p38 [79]. In addition, the therapy decreased 

UV-mediated MAPK phosphorylation over time. Fisetin effectively inhibits melanoma 

cell invasion by promoting mesenchymal-to-epithelial transition and targeting MAPK and 

NF-κb pathways in three-dimensionally recreated human skin equivalents [80]. The com-

bination of EGCG and metformin has been shown to suppress NF-κb, p65, and STAT3 

signaling pathways in melanoma cells. The polyphenols examined have shown potential 

as anticancer medicines targeting inflammatory cytokines since they dramatically reduce 

IL-6, IL-10, and TNF-α, reducing melanoma cell proliferation and migration [81]. Apop-

tosis, cell migration suppression, cell cycle arrest, and mTOR/PI3K/AKT pathway target-

ing were shown to be effective anticancer actions of kaempferol on A375 human mela-

noma cells [82]. Curcumin moderated BK5 IGF-1-induced carcinogenesis. IGF-1 trans-

genic (Tg) mice by inhibiting IGF-1 receptor, insulin receptor substrate-1, AKT, S6K, and 

4EBP1 phosphorylation [83]. Treatment with rosmarinic acid dramatically reduced mela-

noma cell viability, proliferation, migratory, invasive, and chemotherapy sensitivity by 

inhibiting ADAM17/EGFR/AKT/GSK3β [84]. Apigenin modulated integrin signaling 

pathways, caspase-3, FAK/ERK, and cleaved PARP to prevent melanoma cell motility [85]. 

In a concentration-dependent manner, genistein reduced melanoma cell proliferation and 

regulated migration and invasion via the FAK/paxillin and MAPK pathways [86]. By 

downregulating TLR4, tea polyphenols reduce melanoma cell proliferation, migration, 

and invasion in a dose- and time-dependent manner [87]. 

Unlike pro-inflammatory cytokines, type I interferon (IFN) activates the immune sys-

tem to delay cancer [88]. In vitro and in vivo investigations showed that quercetin sup-

pressed melanoma cell proliferation, invasion, and migration by increasing IFN-α and 

IFN-β expression. Quercetin was thought to activate the retinoic acid-inducible gene I pro-

tein (RIG-I) promoter, which increased RIG-I and downstream IRF7. Increased IFN-I up-

regulated JAK1-STAT1 signaling in a positive feedback loop [89]. Another investigation 

confirmed contentious STAT1 regulatory findings. In both human and animal melanoma 

cells, EGCG reduced IFN-γ-induced JAK-STAT activation and PD-L1/PDL2 expression. 

EGCG also prevented T-cell breakdown and boosted immunological responses (Figure 3) 

[90]. 

In addition, matrix metalloproteinases (MMPs), zinc-binding proteases that degrade 

extracellular matrix (ECM), contribute to malignant cell invasiveness and tumor growth. 

MMPs are also linked to cellular proliferation, migration, anti- or pro-inflammatory activ-

ity, TGF-b and IGF-1 bioavailability, and EMT [91]. Quercetin decreased pro-MMP-9 via 

the PKC route to prevent murine melanoma B16-BL6 cell invasion [92]. After quercetin 

therapy, melanoma cells downregulate STAT3-targeted genes MCL-1, MMP-2, MMP-9, 

and VEGF, which increase cell proliferation, migration, and invasion [93]. Luteolin 
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downregulates MMP-2 and MMP-9 expression via the PI3K/AKT pathway to decrease 

melanoma cell growth and induce apoptosis [94]. Baicalein also suppressed melanoma 

cell migration and invasion by inhibiting MMP-2 and -9 expression and activity and the 

phosphoinositide 3-kinase/AKT signaling pathway [95]. 

Angiogenesis, which gives nutrition and oxygen to a freshly formed tumor, is a char-

acteristic of cancer. In several tumor progression studies, pro-angiogenic regulators like 

VEGF-A, bFGF, and Ang1 and Ang2 are upregulated. MMPs degrade the ECM and pro-

mote tumor neovascularization. In contrast, angiostatin, TSP-1, TIMPs, and interferons are 

angiogenic inhibitors. Because varied oxygen levels and oncogene signaling influence an-

giogenic factor production, several cellular pathways are implicated in angiogenesis [75]. 

It is reported that resveratrol decreases VEGF and increases TSP-1 (a downstream target 

of p53) in melanoma-endothelial cell co-culture [96]. Ferulic acid inhibits melanoma de-

velopment and angiogenesis via the FGFR1-mediated PI3K-AKT signaling pathway in 

vivo [97]. Resveratrol and 5-FU inhibited cell migration, tumor development, and angio-

genesis in B16 murine melanoma cells by downregulating COX-2, VEGF, and VASP [98]. 

Myricetin therapy in SKH-1 hairless mice effectively reduced UV-induced neovasculari-

zation by inhibiting HIF-1α expression and PI-3 kinase activity, which is a critical target 

for VEGF and MMP suppression [99]. Baicalein and baicalin suppress melanoma cell glu-

cose consumption and metabolism via the mTOR-HIF-1α signaling pathway, resulting in 

anticancer effects [100]. In vitro and ex vivo angiogenesis experiments showed that 

naringenin decreases ERK1/2 and JNK MAPK phosphorylation to kill tumor cells and in-

hibits endothelial cell migration, tube formation, and microvessel sprouting in malignant 

melanoma [101]. In mouse skin, caffeine inhibited proliferation by modulating the JAK-

STAT3 pathway and apoptosis. Caffeic acid also increased TSP-1 expression and protected 

mouse skin from UV-induced photocarcinogenesis by regulating JAK-STAT3. Chronic UV 

exposure reduces TSP-1 antiangiogenic protein, which inhibits angiogenesis and prolifer-

ation [102]. Delphinidin prevented VEGF-induced proliferation and activation of ERK 1/2 

and p38 MAP kinase, a mechanism susceptible to PI3/AKT inhibitors, to diminish B16-F10 

melanoma cell xenograft-induced tumor growth [103]. Apigenin stopped melanoma cell 

motility and invasion by downregulating STAT3 target genes (TWIST1, MMP-2, MMP-9, 

and VEGF). Apigenin also lowered VEGF expression in melanoma cells, suggesting anti-

metastatic effects [104]. Herbacetin at 1 mg/kg effectively inhibited A375 human mela-

noma xenograft tumor development. Herbacetin also blocked the EGFR signaling path-

way, which phosphorylated ERK and AKT to reduce melanoma cell angiogenesis. MMP-

9, a pro-angiogenesis factor, was inhibited by herbacetin [105]. 

As a result, polyphenols could be a viable source of new preventive formulations for 

melanoma due to their significant anticancer effects. Figure 3 depicts the key mechanisms 

regulated by polyphenols in skin cancer progression. Table 1 summarizes the studies on 

polyphenol(s)-dependent regulation of melanoma development. 

Table 1. The impact of polyphenols on the advancement of melanoma tumors (↓ downregulation, ↑ 

upregulation). 

Polyphenol Study Type Study Model Effects Targets Ref. 

EGCG + metformin In vitro B16F10 cells 

Inhibition of cell 

growth and 

STAT3/NF-κb path-

way 

STAT3 and NF-κb 

p65 ↓ 
[81] 

Curcumin In vivo 
BK5.IGF-1 trans-

genic (Tg) mice 

Inhibition of tumor 

growth 
IGF-1 ↓ [83] 

Genistein In vitro 
B16F10 melanoma 

cells 

Inhibition of cell pro-

liferation, migration, 

and metastasis 

p-p38, p-ERK, 

and p-JNK ↓ 
[86] 
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Quercetin In vitro B16 and A375 cells 
Suppressed prolifera-

tion 

RIG-I ↑ 

IFN-I ↑ 

STAT1 ↑ 

[89] 

EGCG In vivo C57BL/6 mice 
Inhibition of tumor 

growth 
STAT1 ↓ [90] 

Rosmarinic acid In vitro A375 
Inhibits proliferation 

and migration 

ADAM17/EGFR/

AKT/GSK3β ↓ 
[84] 

Luteolin In vitro A375 

Inhibited the prolifer-

ation, migration, and 

invasion 

MMP-2 and 

MMP-9 ↓ 

TIMP-1 and 

TIMP-2 ↑ 

[94] 

Apigenin In vivo 
WT mice 

TKO mice 

Inhibition of UV-in-

duced cutaneous an-

giogenesis 

TSP-1 ↑ [106] 

Caffeic acid In vivo 
Male Swiss albino 

mice 

Inhibition of angio-

genesis and prolifera-

tion 

TSP-1 ↑ [102] 

Resveratrol In vitro Co-culture 
Antiangiogenic ef-

fects 

VEGF ↓ 

TSP-1 ↑ 
[96] 

EGCG In vitro 
1205Lu, HS294T, 

and A375 cells 

Inhibition of cell pro-

liferation 
STAT1 ↓ [90] 

Herbacetin In vitro 
A375 and Hs294T 

cells 

Suppressed angio-

genesis 
MMP9 ↓ [105] 

2.6. The Application of Polyphenols in UV Skin Protection 

Extended exposure to UV light can harm the skin. The process induces a substantial 

production of ROS, resulting in skin damage [107,108]. However, other strategies can be 

employed to protect the skin. Phytochemical substances, specifically phenolics and flavo-

noids, have shown significant benefits for skin exposed to UV radiation [109–111]. Flavo-

noids exhibit antioxidant characteristics as a result of their capacity to chelate iron, which 

can harm lipids and proteins in cellular membranes. Additionally, they possess photopro-

tective properties and are capable of regulating many signaling pathways. For example, 

they can suppress xanthine oxidase, an enzyme that produces ROS and contributes to ox-

idative stress [112,113]. Several phenolic compounds have been recognized as effective 

antioxidant agents for addressing different skin issues, including those resulting from ex-

posure to UV radiation [110].  

Apigenin, a well-known flavone, exhibits a photoprotective effect against UV radia-

tion on the skin. This flavone compound can be found in a variety of edible medicinal 

plants and plant-derived beverages, including red wine, beer, and chamomile tea 

[114,115]. Quercetin, a flavonol compound, can be found in the outer layer of onions, the 

outer covering of apples, and the foliage of Hypericum perforatum L. [116]. Topical use of 

quercetin effectively protected hairless mice from skin damage induced by UV exposure 

[117]. Additionally, the extract of Ginkgo biloba L. (EGb 761), which has a high concentra-

tion of quercetin derivatives, showed the capacity to alleviate symptoms of sunburn in a 

study involving mice that had UV-induced skin damage. Oral consumption of EGb 761 

may have a preventive and therapeutic effect, according to the findings [118]. Silymarin is 

a highly concentrated extract of flavonolignans derived from the fruits of the milk thistle 

plant (Silybum marianum (L.) Gaernt.). The main constituent of the substance is mostly 

silybin, which serves as the principal active component [119]. Silymarin, when applied 

topically in an in vitro study, facilitated the restoration of DNA damage induced by UV 

radiation. The healing mechanism inhibited apoptosis, or cell death, in both human epi-

dermal keratinocytes and fibroblasts that were subjected to UV light [120]. Genistein, an 
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isoflavone included in soybeans, has been recognized as a photoprotective substance ca-

pable of diminishing UV-induced DNA harm in a human skin model that is equivalent in 

vitro. Genistein’s properties indicate that it may offer protection against photocarcinogen-

esis. Furthermore, the influence of genistein was examined on UV-induced senescence in 

human dermal fibroblasts via the oxidative pathway. Genistein was found to efficiently 

maintain the activities of antioxidant enzymes and control mitochondrial oxidative stress 

[121,122]. Equol is acknowledged as a byproduct of the isoflavones daidzein or genistein, 

which are synthesized by the microorganisms present in the gastrointestinal tract 

[122,123]. An experiment conducted on hairless mice revealed that the topical use of equol 

before UV radiation exposure can successfully inhibit UV-induced erythema-associated 

edema, immunosuppression, and skin cancer, which is accomplished by acting as a sun-

block and inhibiting DNA photodamage [124]. Furthermore, another research group con-

ducted a study to evaluate the skin-protective properties of used coffee grounds against 

UV-induced photoaging in hairless mice. The research discovered that the application of 

extracts from used coffee grounds, which contain flavonoids and caffeine, effectively 

shielded the mice’s skin by diminishing the activity of matrix metalloproteinases (MMPs) 

[125].  

Another study was conducted to investigate the preventive impact of isoflavones, 

which are included in fermented soymilk products, on skin damage resulting from sun-

light exposure in people who have undergone ovariectomy and have no hair. The isofla-

vones were orally administered for a duration of 28 days. The results indicated that the 

increased concentrations of isoflavone in the skin and blood of mice successfully eradi-

cated ROS generated by UV light. Furthermore, isoflavone also has estrogenic action, re-

sulting in a defensive impact against UV-induced harm on the skin of the animal model 

[126]. 

2.7. The Use of Polyphenols in Anti-Aging Cosmetics 

The global rise in the average age of the population requires an increased demand 

for both preventive and therapeutic strategies to tackle age-related diseases. Moreover, 

there is an increasing demand for cosmetic products that use natural ingredients with po-

tent properties to mitigate the impacts of skin aging. Based on statistics from 2011, 63.8% 

of the anti-aging cosmetic products sold in Europe were found to contain plant-derived 

treatments, and the percentage rose to 73.8% in 2018 [127]. Cosmeceuticals formulated 

with polyphenols or plant extracts enriched with polyphenols have been developed to 

counteract or delay the process of skin aging [128]. Polyphenols are the active constituents 

present in the majority of the top 10 botanical species, including Vitis vinifera (vine), Bu-

tyrospermum parkii (shea, or Vitellaria paradoxa), Glycine soja (soy), Simmondsia 

Chinensis (jojoba, or Buxus chinensis), Helianthus annuus (sunflower), Theobroma cacao 

(cocoa), Calendula officinalis (marigold), Limnanthes alba (meadowfoam), Glycyrrhiza 

glabra (licorice), and Acacia decurrens (black wa�le). These plant-based substances are 

frequently utilized in skincare products that aim to reduce the signs of aging [129]. 

In a trial comprising twenty participants, the formulations containing 2% and 3% 

green tea extracts (GTEs) exhibited substantial efficacy in safeguarding against skin 

photo-aging and photoimmunology-related consequences. The volunteers underwent re-

petitive exposure to solar-simulated UV radiation on their upper back, with a dosage of 

1.5 minimum erythema [130]. A group conducted a study that revealed that the applica-

tion of tannase to green tea extract could amplify its revitalizing impact on the skin [131]. 

The treatment led to elevated levels of gallic acid, epigallocatechin, and epicatechin, which 

are the components of the extract. The study had a cohort of forty-two Korean female 

participants who were in good health and aged between 30 and 59 years. A total of 63.60% 

of females who used tannase-treated GTE for 8 weeks experienced a notable decrease in 

wrinkles, but only 36.30% of women who used standard GTE reported similar benefits. 

Over the course of 28 days, a group of 20 healthy women, ranging in age from 36 to 52 

years, had a commercial ginkgo preparation called Flavonoids complex SC® applied to 
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their forearms. This treatment led to a 27.88% improvement in skin moisturization, a 

4.32% enhancement in skin smoothness, a 0.4% reduction in skin roughness, and a 4.63% 

decrease in wrinkles. However, a treatment involving a blend containing tea and rooibos 

(Tealine®) has shown the highest efficacy in diminishing wrinkles, resulting in a reduction 

rate of 9.9% [132]. The skin moisturization was significantly improved by Gingko in com-

parison to the tea and rooibos blend. The administration of Gingko extract was linked to 

the advancement of vitiligo through its ability to decrease depigmentation and stimulate 

repigmentation [35]. 

Resveratrol, a compound possessing various beneficial biological features such as po-

tent antioxidant, anti-inflammatory, and regulatory actions on Nrf2 and SirT1, also exhib-

its the capability to inhibit tyrosinase, a crucial enzyme involved in melanin synthesis 

[133]. A study conducted on 15 people in good health showed that resveratrate, a stable 

derivative of resveratrol, offered defense against sunburn and suntan resulting from re-

peated exposure to simulated UV radiation from the sun [134]. An experiment conducted 

with a group of 20 women revealed that the application of a cream containing 0.8% 

resveratryl triacetate on their faces twice daily for a duration of 4 and 8 weeks led to no-

table enhancements when compared to their starting state. The cream decreased the over-

all surface area of wrinkles by 5.12% and 4.86%, the volume of wrinkles by 10.53% and 

8.41%, and reduced sagging by 4.69% and 5.91%. In addition, it resulted in a 2.84% rise in 

elasticity, a 15.65% increase in denseness, a 5.83% increase in moisture content, a 0.79% 

increase in lightness, and a 5.43% increase in ITA° (a skin color index) [135]. Furthermore, 

a study conducted with a group of 20 individuals showed that the application of a con-

centrated emulsion containing 2% trans-resveratrol (Medskin Solutions Dr. Suwelack AG) 

for a duration of 8 weeks resulted in noteworthy enhancements in skin elasticity (+5.3%), 

skin density (+10.7%), reduction in skin roughness (−6.4%), and decrease in skin dispen-

sability (−45.9%) [136]. Eight women, aged 45 to 70, exhibiting evident clinical indications 

of photoaging on their facial skin, observed a notable decrease in indicators of aging fol-

lowing the utilization of trans-resveratrol in conjunction with beta-cyclodextrin as a car-

rier. The therapy was administered bi-daily over a period of one month, leading to en-

hanced brightness, moisturization, and flexibility of the skin [137]. A controlled and ran-

domized trial was undertaken to examine the benefits of applying a serum containing 1% 

Vitis vinifera shoot extract with a combination of serum and cream to the skin of 60 female 

participants. The trial spanned a duration of four weeks, during which the participants 

remained uninformed about the treatment they were assigned to. The study findings re-

vealed a significant improvement in multiple clinical markers of skin aging resulting from 

sun exposure, including enhanced firmness, radiance, texture, and a reduction in the vis-

ibility of fine lines and wrinkles [138]. Topically administering a stable emulsion of 2% 

Muscat Hamburg grape seed extract in a mixture of water and oil on the cheek skin of 

male Pakistani volunteers for a duration of 8 weeks led to favorable improvements in fa-

cial skin elasticity, sebum content, and melanin levels [139]. In addition, polyphenols help 

stimulate collagen production, which is essential for skin suppleness and structure [26]. 

Inhibitors of collagen-degrading enzymes and polyphenols help maintain skin texture 

and delay the aging process. In a study conducted on human skin cells exposed to UV 

radiation, it was discovered that quercetin and kaempferol had the ability to decrease the 

expression of matrix metalloproteinases (MMPs). Skin sagging and wrinkles are caused 

by MMPs, which are enzymes. The antioxidants quercetin and kaempferol may aid in skin 

health by decreasing matrix metalloproteinases (MMPs) [75].  

Hyperpigmentation, a disorder characterized by excessive melanin deposition, can 

lead to skin darkening and can be caused by various factors. To achieve clinical improve-

ment in pigmentation, one can limit the activation of melanocytes, the synthesis of mela-

nin, or the transfer of melanin. An investigation examined the impacts of ellagic acid, li-

quiritin, and procyanidin administered by oral and topical routes. Ellagic acid and liqui-

ritin inhibit melanogenesis by chelating copper at the active site of the copper-containing 

enzyme tyrosinase. The potent antioxidant capacity of procyanidin, which hinders the 
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generation of ROS and the formation of melanin due to UV exposure, may elucidate its 

efficacy in the treatment of hyperpigmentation [140,141]. Research has also shown that it 

decreases the activity of NF-κB, an important protein that controls the production of in-

flammatory substances, and increases melanin synthesis. Current research suggests that 

polyphenols may be an effective source of skin protection from the effects of UV radiation. 

Application and consumption of different types of polyphenols that also act as a UV filter 

have been shown to lead to lower UV-caused skin sunburn [75].  

3. Polyphenols and Their Significance in Skin Disease Therapy 

3.1. Polyphenols for the Treatment of Vitiligo 

Vitiligo is an autoimmune dermatological condition defined by the elimination of 

melanocytes, leading to depigmentation of the skin and mucous membranes. This results 

in the progressive expansion of the discolored area of the skin [140,141]. Oxidative stress 

is a pivotal factor in the initiation and progression of vitiligo. There is significant evidence 

suggesting that oxidative stress causes dysfunction in melanocyte molecules, exposure to 

antigens specific to melanocytes, and ultimately, the death of melanocyte cells [142]. The 

etiology of this disease remains incompletely comprehended; nonetheless, there exists 

strong evidence suggesting that oxidative stress plays a pivotal role in the pathogenesis 

of vitiligo. Multiple environmental and internal variables intensify the stress encountered 

by melanocytes, leading to an excessive generation of hydrogen peroxide (H2O2). Conse-

quently, oxidative stress is induced, leading to the impairment of Nrf2 signaling activation 

in vitiligo melanocytes. Membrane peroxidation and the accumulation of ROS peroxida-

tion have been detected in melanocytes and keratinocytes situated in unaffected regions 

of vitiligo. In addition, the cytokines IL-1, IL-6, and TNF significantly increase the produc-

tion of IL-8 in melanocytes, resulting in oxidative stress and the programmed cell death 

of keratinocytes and melanocytes [143]. This disease demonstrates a worldwide occur-

rence, unaffected by variables such as age and gender. Multiple methodologies are avail-

able; however, there is no conclusive solution for vitiligo [144]. The therapeutic efficacy of 

natural compounds in treating vitiligo is a�ributed to their capacity to enhance melanin 

production and impede its breakdown. Such substances primarily function by eliminating 

free radicals, activating pathways related to melanogenesis, promoting the synthesis of 

the tyrosinase gene, decreasing the expression of chemokines and inflammatory cyto-

kines, and impeding the migration of CD8+ T lymphocytes [142]. 

Research studies have shown that quercetin has a positive effect on treating pigmen-

tary diseases, both in vivo and in vitro. Quercetin has the ability to protect melanocytes 

and keratinocytes from oxidative damage. Additionally, the topical administration of 

quercetin has the potential to protect cells from damage caused by UV light [145]. H2O2  

can lead to the expansion of the endoplasmic reticulum and impede the production of 

functional tyrosinase in melanocytes, which is a contributing factor in the development of 

vitiligo. Quercetin can inhibit the series of oxidative reactions regulated by H2O2, resulting 

in a decrease in the occurrence of vitiligo [146]. The effect of quercetin on melanin produc-

tion was investigated in cultured cells, namely HMVII melanoma cells and human epider-

mal melanocytes (NHEM), using different concentrations (1, 5, 10, 20 µm) and time peri-

ods (1, 3, 5, 7 days). Quercetin was found to stimulate melanogenesis by increasing the 

activity of tyrosinase and decreasing the presence of melanin synthesis inhibitors. There 

was a noticeable rise in the concentration of melanin, which depended on the dosage and 

duration [147]. The objective of the study was to evaluate the melanogenic properties of 

14 distinct flavonoids and to investigate the correlation between their chemical structures 

and their influence on melanin synthesis. It has been determined that the hydroxyl group 

connected to the phenyl ring stimulates melanogenesis. The flavonols quercetin, 

kaempferol, rhamnetin, and fisetin; the flavones apigenin, luteolin, and chrysin; and the 

isoflavone genistein were discovered to stimulate melanogenesis. Nevertheless, rutin, my-

ricetin, epigallocatechin gallate, and naringin did not exhibit this particular impact [141]. 
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The presence of eight flavonoids (quercetin, kaempferol, rhamnetin, fisetin, apigenin, lu-

teolin, chrysin, and genistein) resulted in an augmentation of tyrosinase activity in HMVII 

cells. This effect was achieved by stimulating the production of the tyrosinase protein 

[148]. There is abundant evidence supporting the advantageous effect of kaempferide, a 

mono-methoxyflavonol that is produced from kaempferol by adding a methyl group at 

the 4′-O position. The study showed that kaempferide significantly increased the expres-

sion of genes related to the production of melanin (MC1R, MITF, TYR, TYRP1, and DCT) 

and the activity of the enzyme tyrosinase in the B16F10 melanoma cell line. When exposed 

to doses of 16–32 µm for a duration of 24 h, Kaempferide did not display any detectable 

harm to the B16F10 melanoma cell line [149]. 

3.2. Polyphenols for the Treatment of Atopic Dermatitis 

Atopic dermatitis is a chronic, inflammatory skin disorder that affects a significant 

number of individuals worldwide. The precise mechanisms producing atopic dermatitis 

remain uncertain, while factors such as heredity, immunological responses, and environ-

mental factors have been proposed as potential etiological factors, along with changes in 

skin barrier function [150]. Recent studies have established a connection between loss-of-

function mutations in filaggrin, a crucial protein in the epidermis that maintains the in-

tegrity of the skin barrier, and the development of atopic dermatitis [151]. These abnor-

malities lead to a genetic dysfunction of the epithelial barrier, facilitating the entry of al-

lergens and microbes. This can trigger a disrupted Th2 lymphocyte response, ultimately 

leading to the development of eczema [152]. Studies have demonstrated that Th2 cyto-

kines have the ability to regulate the production of filaggrin and other crucial structural 

proteins and peptides, which play a vital role in preserving the integrity of the microbial 

barrier [153]. While the extent of T cells’ contribution to the altered barrier function in 

atopic dermatitis is still debated, it is commonly acknowledged that they have a crucial 

role in the disease’s pathogenic mechanisms. People diagnosed with atopic dermatitis of-

ten have a weakened skin barrier function, making them more susceptible to skin damage 

from environmental factors such as UV radiation. Studies have examined the ability of 

polyphenols to offer skin protection in individuals with atopic dermatitis [154,155]. A 

study showcased the impact of apple polyphenols on individuals suffering from atopic 

dermatitis. The analysis revealed a decrease in inflammation, fissures, pruritus, sleep dis-

turbance, and peripheral blood eosinophil counts among the patients. Furthermore, the 

research demonstrated that administering individuals with atopic dermatitis a daily dos-

age of apple condensed tannins at a concentration of 10 mg/kg significantly enhanced their 

symptoms [156].  

Resveratrol is an endogenous polyphenol found in several fruits and vegetables, par-

ticularly in red grapes and berries. The compound has beneficial properties, including 

anticancer, antioxidant, antiangiogenic, and anti-inflammatory actions [157,158]. Studies 

have shown that resveratrol can effectively reduce inflammation and histological changes 

in a mouse model induced with DNFB. This is achieved by exerting control over apoptosis 

and modulating the release of cytokines in the epithelium [159]. A study investigated the 

effects of applying resveratrol-enriched rice (RR) on skin barrier dysfunction and itching 

in DNCB-treated NC/Nga mice. The study revealed that RR, a genetically modified type 

of rice that combines the benefits of resveratrol and rice, effectively reduced these symp-

toms [160]. This finding was accomplished by reducing the production of pro-inflamma-

tory epithelial cytokines, resulting in a reduction in cell toxicity. Notably, out of the several 

versions that were studied, RR demonstrated the strongest anti-inflammatory, skin heal-

ing, and anti-itch characteristics, emphasizing the benefits of resveratrol. According to 

these data, the authors propose that RR may be a feasible alternative therapy for efficiently 

addressing the itching and inflammation associated with atopic dermatitis [161]. These 

findings suggest that polyphenols can protect the skin of people with atopic dermatitis 

from damage caused by UV radiation and improve the effectiveness of the skin’s protec-

tive barrier. However, further studies are necessary to authenticate these findings and 



Molecules 2024, 29, 865 15 of 34 
 

 

ascertain the optimal amount and composition of polyphenols for the purposes of photo-

protection and the treatment of atopic dermatitis.  

It is also believed that atopic dermatitis is a complex illness that results from a com-

bination of genetic and environmental factors. The presence of an unequal distribution of 

Th1 and Th2 cells is the cause of heightened inflammation in atopic dermatitis, emphasiz-

ing the crucial involvement of the immune response in the condition’s onset and advance-

ment [161]. Research has been conducted on polyphenols due to their potential to alleviate 

the symptoms of atopic dermatitis. These compounds possess antioxidant and anti-in-

flammatory properties that may help modulate the immune response. GTPs have been 

found to hinder the inflammatory reaction in skin cells and reduce the severity of the 

symptoms of atopic dermatitis in mice. A study was conducted in which mice suffering 

from atopic dermatitis were given GTPs. The researchers noted a decline in the synthesis 

of pro-inflammatory cytokines and chemokines in the skin, accompanied by a decrease in 

the intensity of atopic dermatitis symptoms [162]. Research has also shown that pome-

granate extract reduces the generation of pro-inflammatory cytokines in skin cells and 

improves the functioning of the skin barrier. This is especially advantageous for those 

with atopic dermatitis, a disorder characterized by impaired skin barrier function 

[163,164]. The studies suggest that polyphenols hold promise for treating atopic dermati-

tis.  

Polyphenols demonstrate anti-inflammatory effects by inhibiting the production of 

pro-inflammatory cytokines, such as IL-4, IL-5, and IL-13. Furthermore, research has 

shown that polyphenols have the ability to reduce the synthesis of IgE receptors in mast 

cells. Consequently, this results in a decline in the a�achment of IgE antibodies, leading 

to a subsequent reduction in the release of histamine and other substances that cause in-

flammation. Polyphenols, such as quercetin and EGCG, have shown the capacity to con-

trol the functioning of dendritic cells. These cells play a vital role in initiating the Th2 

immune response [165,166]. Atopic dermatitis generally ameliorates throughout the sum-

mer, and patients can improve the healing of sun-induced skin lesions by utilizing topical 

therapies that are abundant in polyphenols or by taking nutraceuticals that are based on 

polyphenols (Figure 4). 

 

Figure 4. The potential role of polyphenols in the treatment of significant skin disorders. The poten-

tial of polyphenols as an additional therapeutic, along with their ability to mitigate deleterious ef-

fects, could also improve the negative consequences caused by sunshine exposure. 
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3.3. Polyphenols for the Treatment of Acne Vulgaris 

Acne vulgaris is a common and long-lasting inflammatory skin disorder that mostly 

impacts the pilosebaceous unit. Acne is a dermatological disorder that impacts both males 

and females, with a higher prevalence among teenagers and young adults, constituting 

more than 85% of reported cases [167,168]. Research suggests that acne can persist 

throughout adulthood. The prevalence of acne is 51% among women aged 20–29 years, 

but it is 27% among women aged 40–49 years. Acne leads to the formation of lasting scars 

and psychological issues such as melancholy and anxiety, which negatively impact one’s 

general health and quality of life [141,169]. The main clinical manifestations of acne lesions 

include non-inflammatory (open and closed comedones) or inflammatory (papules and 

pustules) types, primarily occurring on the face, neck, and back. The occurrence of acne is 

marked by the overgrowth and secretion of sebaceous glands, anomalous production of 

keratin, inflammation, and the existence of Propionibacterium acnes (v) bacteria within hair 

follicles [170,171]. Acne treatment typically entails the application of benzoyl peroxide, 

retinoids, antibiotics, or a combination of these substances. Although there is no flawless 

approach to treating acne, the majority of individuals may discover a suitable regimen to 

diminish the visibility of imperfections. Moreover, additional investigation is necessary to 

offer more dependable facts concerning the comparative effectiveness of traditional topi-

cal and systemic therapies for acne [172]. Flavonoids were discovered to exert a favorable 

antibacterial effect on P. acnes. The study found that some flavonoids found in licorice, 

including licochalcone A, licochalcone C, licoflavone A, neobavaisoflavone, liguiritigenin, 

and isoliquiritigenin, possess anti-acne activities via inhibiting the PI3K-Akt signaling 

pathways and decreasing mitochondrial activity [173].  

Quercetin successfully suppressed the production of proinflammatory cytokines in 

HaCaT, THP-1, and RAW 2647 cell lines that were stimulated by P. acnes. Quercetin re-

duced the amount of TLR-2 protein, the quantity of MMP-9 messenger RNA, and the ac-

tivation of MAPK via phosphorylation. A study was undertaken on living species, specif-

ically mice, where P. acnes was injected intradermally into their ears. Quercetin treatment 

delivery led to a considerable reduction in ear thickness and swelling [172]. Asposomes, 

nanovesicles containing quercetin and comprised of ascorbyl palmitate, were developed 

and utilized for the treatment of acne. Their ability to kill microorganisms was evaluated 

against P. acnes using 3T3 CCL92 cell lines. The asposomes that were synthesized had a 

size range of 125–184 nm and exhibited stronger antibacterial activity against P. acnes 

when compared to quercetin alone. Quercetin asposomes, when given to a cohort of 20 

individuals with acne, successfully reduced the occurrence of inflammatory lesions, com-

edones, and overall lesions [174].  

A study was conducted to evaluate the influence of kaempferol and quercetin, both 

separately and in conjunction with antibiotics erythromycin or clindamycin, on antibiotic-

resistant P. acnes. The bactericidal properties of quercetin and kaempferol were demon-

strated at minimal inhibitory concentrations of ≤32 µg/mL and ≤64 µg/mL, respectively. 

The research discovered that the pairing of clindamycin with kaempferol or quercetin re-

sulted in a more significant synergistic impact when compared to the pairing of erythro-

mycin with kaempferol or quercetin [175]. A separate study demonstrated the suppressive 

effect of kaempferol and (+)-catechin on P. acnes GehA (glycerol-ester hydrolase A), indi-

cating their potential for acne treatment [128].  

Utilizing green tea extract, which consists of 57% EGCG and 16% epicatechin gallate 

(ECG), along with minor quantities of other catechins, led to a decrease in acne blemishes, 

notably on the nose, perioral area, and chin. The experimental group, including 40 pa-

tients, received a daily dose of 1500 mg of green tea extract for a period of four weeks. 

Each capsule contained 500 mg of the extract. On the other hand, the control group, which 

also included 40 participants, was administered cellulose as a placebo [176]. The presence 

of EGCG in human SEB-1 cells resulted in a reduction in sebum production by controlling 

the AMPK/SREBP-1 signaling pathway. It also controlled inflammation by inhibiting the 

NF-κB and AP-1 pathways. Furthermore, it facilitated the death of SEB-1 sebocytes 
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through apoptosis and decreased the survival of P. acne. An 8-week randomized clinical 

trial showed that EGCG had a beneficial effect on acne, significantly reducing its occur-

rence [177]. Research findings indicate that tea polyphenols have demonstrated efficacy 

in either decreasing sebum production or enhancing acne severity based on at least one 

measure of outcome. 

Nobiletin, a chemical present in citrus fruits, improves the efficacy of acne treatment 

by suppressing the production of triacylglycerol via diacylglycerol acyltransferase inhibi-

tion. Additionally, it inhibits the proliferation of sebocytes and the progressive excretion 

of sebum. The observed effects are unrelated to cellular demise but rather rely on the 

translocation of phosphatidylserine to the outer membrane, a process triggered by protein 

kinase A [141]. 

3.4. Polyphenols in the Treatment of Psoriasis  

Psoriasis is a chronic dermatological illness defined by immune system malfunction, 

resulting in physical deformity, discomfort, and impairment. The precise etiology of pso-

riasis remains unclear, while it is thought to be predominantly driven by a confluence of 

genetic, immunological, and environmental variables with oxidative stress [141,178,179]. 

Additionally, there is research pertaining to the etiology of psoriasis, indicating that the 

development of this condition is influenced by both external and internal factors. Various 

scientific studies have demonstrated that a range of variables, including minor injuries, 

sunburn, infections, medications affecting the whole body, stress, smoking, air pollution, 

physical harm, and biological agents like viruses and bacteria, can all contribute to the 

degradation of keratinocytes [141,180]. Studies have demonstrated that both ROS and 

NOS (nitric oxide synthase) contribute to the pathogenesis of psoriasis. Hence, an inequi-

librium in redox reactions and elevated levels of inducible NOS are responsible for the 

generation of oxidative stress [181]. Psoriasis can occur at any age; however, it is most 

frequently seen in people aged 50 to 69 years. Psoriasis has a worldwide impact on about 

125 million people, with a prevalence incidence of 2–3% globally [141,182]. Psoriasis vul-

garis, the most common form of psoriasis, is characterized by almost symmetrical red and 

scaly patches and elevated bumps that are coated with white or silver scales. The symp-

toms are most noticeable on the outside surfaces, scalp, and lower back area [141,182]. The 

histology findings of psoriasis demonstrate a strong proliferation and atypical differenti-

ation of keratinocytes, together with the infiltration of inflammatory cells [182]. Typical 

treatments for psoriasis include phototherapy, photochemotherapy, and immunosup-

pressive drugs such as methotrexate and cyclosporine. The treatment for psoriasis in-

cludes the application of topical therapies that comprise salicylic acid, urea, tar, glucocor-

ticosteroids, and vitamin D3 derivatives [183]. Moreover, there is sufficient evidence sub-

stantiating the advantageous effect of flavonoids in the management of psoriasis. Cur-

rently, the use of prescription medications, following a healthy lifestyle, and consuming a 

diet rich in antioxidants have the potential to reduce the damaging effects of oxidative 

stress caused by psoriasis, especially on the skin [184]. The overproliferation of keratino-

cytes and chronic inflammation in psoriasis are associated with increased concentrations 

of TNF and vascular endothelial growth factor (VEGF).  

The effects of luteolin on psoriasis lesions were evaluated through research con-

ducted on both normal human epidermal keratinocytes and human keratinocyte (HaCaT) 

cells. The experiment shows that pre-treatment with luteolin (1–100 µM) significantly in-

hibits the mRNA expression and release of IL-6, IL-8, and VEGF in a way that depends on 

the dosage. Luteolin decreases the phosphorylation, movement into the nucleus, and 

binding to DNA of NF-κB induced by TNF [185]. A separate investigation analyzed the 

effects of luteolin on BALB/c mice with psoriasis-like lesions generated by imiquimod 

(IMQ). Luteolin was discovered to improve psoriasis-like skin lesions by inhibiting the 

infiltration of immune cells and reducing the expression of IL-6, IL-1β, TNF-α, IL-17A, 

and IL-23. The anti-inflammatory effect was a�ained by inhibiting the expression and 
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activation of NF-κB. The results also showed that the treatment of luteolin suppressed the 

synthesis of nitric oxide, iNOS, and COX-2 (Figure 4) [186].  

Delphinidin, an anthocyanidin, has demonstrated therapeutic effects in the treatment 

of psoriasis. Delphinidin was administered topically on the skin of female homozygous 

flaky skin mice aged five weeks at dosages of 0.5 mg/cm2 and 1 mg/cm2. This application 

was performed five times per week over a span of 14 weeks. Treatment with delphinidin 

reduced the levels of pathological markers linked to psoriatic lesions and inhibited inflam-

mation. The study documented the activation of caspase-14, the decrease in infiltrating 

macrophages, and the downregulation of keratin 14, resulting in hyperproliferation [187]. 

The effects of delphinidin were evaluated on a three-dimensional reconstructed model of 

human psoriatic skin, with concentrations ranging from 0 to 20 µM and a duration of 2 to 

5 days. The results indicated that delphinidin enhanced the cornification process without 

affecting apoptosis or the expression of mRNA and proteins for differentiation markers 

(caspase-14, filaggrin, loricrin, and involucrin). Delphinidin administration led to a de-

crease in the expression of markers linked to cell proliferation and inflammation [188].  

Baicalein, a flavone derived from the roots of Scutellaria baicalensis and Scutellaria 

lateriflora, was topically administered to the psoriatic lesions of BALB/c mice for four con-

secutive days, following a 5-day treatment with IMQ. Following the administration of 

baicalein, a significant improvement was observed in the redness, peeling, and thickness 

of the outer layer of the skin. The levels of IL-17A, IL-22, IL-23, and TNF in the skin showed 

a significant decrease [189]. Male Balb/c mice were administered S. baicalensis extract, 

which led to a significant reduction in epidermal thickness and improvement of psoriatic 

lesions. Furthermore, it hindered the activation and penetration of macrophages by de-

creasing the levels of inflammatory substances such as NF-κB and COX-2 [190]. It was also 

discovered that the topical use of astilbin, derived from the rhizome of Smilax sp., pro-

duced similar results [191].  

Quercetin demonstrates a significant effect in treating psoriasis. Quercetin, given per-

orally to mice stimulated with IMQ at dosages of 30, 60, and 120 mg/kg for seven days, 

caused a notable decrease in TNF-α, IL-6, and IL-17 levels. In addition, it resulted in ele-

vated levels of GSH, CAT, and SOD activities while reducing the accumulation of MDA 

(malonedialdehyde) in the skin tissue caused by IMQ in mice [192]. 

3.5. Polyphenols in the Treatment of Chronic Urticaria 

Chronic urticaria is a dermatological disorder marked by the recurring presence of 

itchy raised patches on the skin, swelling of the deeper layers of the skin, or both, lasting 

for more than 6 weeks. The cause of the illness involves the activation of mast cells, leading 

to the production of histamine and other substances that cause inflammation [193]. More-

over, scientific evidence has shown that oxidative stress and ROS play a significant role in 

the progression of chronic urticaria [194,195]. There is growing evidence from experi-

ments and clinical studies that indicates an autoimmune origin for many cases of chronic 

urticaria [196,197]. An estimated 45% of individuals diagnosed with chronic urticaria are 

thought to have an autoimmune etiology. The intradermal administration of autologous 

serum, referred to as the autologous serum skin test (ASST), induces a wheal-and-flare 

response in a significant proportion of individuals with ongoing illness, with prevalence 

rates ranging from 30% to 60%. Furthermore, the serum obtained from particular individ-

uals with chronic urticaria can stimulate the release of histamine from cultured basophils 

in healthy people. The presence of these events has been a�ributed to the existence of 

circulating IgG antibodies that specifically a�ach to the high-affinity IgE receptor FceRI, 

which is found on mast cells and basophils, and additionally, IgE may potentially play a 

role [198]. The IgG antibodies trigger the usual complement cascade [199]. Upon purifying 

IgG subclasses, it has been observed that the release of histamine is primarily associated 

with subclasses 1 and 3 [200]. Other autoantibodies could potentially exert an influential 

effect on chronic urticaria. A recent in vitro study conducted an extensive investigation 

and discovered that as many as 65% of patients with chronic urticaria possess 
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autoantibodies targeting CD23, the low-affinity receptor for IgE [201]. This particular au-

toantibody possesses the capacity to indirectly provoke the secretion of the primary cati-

onic protein from eosinophils, subsequently resulting in the release of granules from mast 

cells in controlled laboratory se�ings. The frequent coexistence of chronic urticaria and 

antithyroid antibodies, both well-established markers of autoimmunity, further supports 

the autoimmune origin of this disease. Various studies have demonstrated that polyphe-

nols, specifically flavonoids, possess antioxidant properties and can reduce oxidative 

stress [202,203]. Therefore, polyphenols may help prevent and manage chronic urticaria 

by reducing oxidative stress and suppressing mast cell activation [204].  

The use of a resveratrol extract demonstrated promising results in suppressing mast 

cell activation. The study investigated the influence of resveratrol on the control of mast 

cell activation mediated by MRGPRX2, as well as the mechanism behind it. Resveratrol 

inhibited the release of granules from mast cells in a laboratory se�ing and demonstrated 

inhibition of extravasation, active systemic anaphylaxis, and degranulation of mast cells 

in mouse models of pseudo-allergy in vivo. The study presents evidence supporting the 

potential utilization of resveratrol nutraceuticals in individuals with chronic urticaria 

[205].  

A study was conducted on a group of 153 patients who were diagnosed with chronic 

urticaria. These people adhered to a diet that eliminated pseudoallergens and included a 

substantial quantity of polyphenols. The findings demonstrated that patients who strictly 

avoided the identified trigger meals achieved a total cessation of symptoms. Hence, im-

plementing an incremental build-up food challenge (IBUF) technique provides a prag-

matic approach for persons suffering from chronic urticaria to achieve enduring allevia-

tion of symptoms through adherence to a straightforward dietary regimen. The findings 

demonstrated a significant amelioration of symptoms among the participants who strictly 

followed a diet devoid of pseudoallergens and abundant in polyphenols for a duration of 

5 weeks. Moreover, there was a notable enhancement in subjective disruption and general 

well-being [206].  

A set of studies analyzed the potential utilization of quercetin and luteolin in the 

management of several illnesses, including chronic urticaria [207]. The authors high-

lighted other research that emphasized the antioxidant and anti-inflammatory properties 

of polyphenols, as well as their potential to reduce oxidative stress and mast cell activation 

in the skin [208,209]. Furthermore, the scientists suggested that the amalgamation of pol-

yphenols and antihistamines could potentially augment the outcomes for individuals suf-

fering from chronic urticaria [210]. Current evidence suggests that polyphenols can po-

tentially improve the treatment of chronic urticaria by reducing oxidative stress and in-

flammation in the skin. Nevertheless, further investigation is required to obtain a more 

profound comprehension of the mechanisms behind these effects and to determine the 

optimal dosages and compositions of polyphenols for concurrent therapy with chronic 

urticaria.  

Chronic urticaria arises from the stimulation of mast cells, leading to the synthesis of 

histamine and other compounds that induce inflammation. Research has investigated the 

potential of polyphenols to alleviate the symptoms of chronic urticaria by leveraging their 

anti-inflammatory and antioxidant properties, which may reduce the activation of mast 

cells. Research has shown that polyphenols have the ability to reduce the severity of hives 

and decrease the production of inflammatory cytokines [211]. Polyphenols demonstrate 

anti-inflammatory effects in chronic urticaria by inhibiting the production of pro-inflam-

matory cytokines, such as IL-6 and IL-8. Furthermore, research has shown that polyphe-

nols can successfully impede the activation of mast cells, which play a vital role in the 

progression of chronic urticaria. Specific chemicals with intriguing properties have shown 

the capacity to control the functioning of T cells, which could potentially result in disrup-

tions to the immune system [211]. To summarize, the polyphenols’ ability to modify the 

immune system presents a potentially successful technique for treating chronic urticaria 

(Figure 4). Their potential as adjunctive therapy, along with their ability to mitigate 
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inflammation and counteract the detrimental effects of ROS, may contribute to the ame-

lioration of sun-induced damage. 

4. Assessment of Plant Polyphenols for Skin Disease Therapy 

Presently, preclinical studies, particularly those carried out on dermal cells and ani-

mal dermal tissues, have shown that plant polyphenols possess the capacity to impede 

skin cellular senescence, inflammation, and skin cancer. However, the number of human 

clinical studies conducted is typically insufficient. Table 2 presents a summary of several 

preclinical studies conducted in laboratory se�ings (in vitro) and living organisms (in 

vivo), as well as human clinical trials. The investigations produced the following findings: 

(1) Plant polyphenols are mostly employed as topical or ingested agents in clinical trials. 

(2) To ensure the intended therapeutic result, plant polyphenols undergo clinical trials 

where they are evaluated at high doses and for prolonged periods, which could poten-

tially cause skin, intestinal, and stomach irritation. (3) Plant polyphenols are commonly 

combined with other compounds in medical se�ings to increase their bioavailability. (4) 

It is imperative to develop assessment protocols for clinical outcomes that are more varied 

and unbiased. 

Table 2. Overview of the studies examining the possible impacts of polyphenols on different skin 

conditions. 

Polyphenol Type of Skin Cell Assay Effect References 

Apigenin 
Fibroblasts derived from 

human foreskin 

The cells were co-treated 

with bleomycin for 24 h at a 

concentration of either 10 or 

20 µM 

Downregulated IL-6, IL-8, and 

IL-1β mRNA expression; Sup-

pressed NF-κB activity 

[212] 

Kaempferol 
Fibroblasts derived from 

human foreskin 

The cells were co-treated 

with bleomycin for 24 h at a 

concentration of either 10 or 

20 µM 

Downregulated expression of 

IL-6, IL-8, and IL-1β mRNA 
[212] 

Quercetin 
Fibroblasts derived from 

human foreskin 

The cells were co-treated 

with bleomycin for 24 h at a 

concentration of either 10 or 

20 µM 

Downregulated IL-6, IL-8, and 

IL-1β mRNA expression; de-

creased SA-β-Gal activity 

[212] 

Genistein 
Co-culture of NHDF with 

keratinocytes 

Applied a concentration of 10 

millimolar for a duration of 

72 h following exposure to 

UV radiation 

Decreased the production of 

IL-6; suppressed the phosphor-

ylation of p38, ERK, and JNK 

[213] 

Gallic acid NDHF, HaCaT 

Applied a concentration 

ranging from 0.1 to 10 milli-

molar for a duration of 24 h 

following UV exposure 

Reduced levels of IL-6 and 

MMP-1; reduced generation of 

ROS; inhibited phosphoryla-

tion of AP-1 

[214] 

Delphinidin HaCaT 

Used either 5 or 10 micromo-

lar concentration before or 

after exposure to UV 

Restored elastic characteristics [215] 

Fisetin 

Senescent mouse embry-

onic fibroblasts (MEFs) 

lacking the Ercc1 gene 

and human IMR-90 fibro-

blasts 

48 h duration of treatment 

with a concentration range of 

1 to 15 micromolar 

Decrease in the proportion of 

cells that are positive for SA-ß-

Gal 

[216] 
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Curcumin/  

luteolin 

MEFs derived from Ercc1 

knockout animals 

Treatment for 48 h with a 

concentration of 5 micromo-

lar 

Decrease in the proportion of 

cells that are positive for SA-ß-

Gal 

[216] 

Hawthorn poly-

phenol extract 

(HPE) 

Human dermal fibro-

blasts (HDFs) and HaCaT 

cells were used in con-

junction with mice that 

were 5–6 weeks old. 

Cell treatment: HPE (0, 5, 10 

µg/mL) for 24 h; mice were 

administered HPE at doses 

of 0, 100, and 300 

mg/kg.bw.day for a duration 

of 12 weeks 

1. HPE therapy can enhance 

cell growth, augment intracel-

lular collagen levels, and de-

crease MMP–1 synthesis 

2. Oral HPE mitigates the 

harmful effects of UV radiation 

on the skin by removing ROS, 

decreasing DNA damage, and 

suppressing the production of 

p53 

[217,218] 

Products con-

taining high lev-

els of polyphe-

nols, such as Nu-

troxsunTM, de-

rived from rose-

mary and citrus 

Adult female 

For a prolonged period of 

time, used NutroxsunTM at a 

dosage of 250 mg per day for 

two weeks. For a shorter du-

ration, used NutroxsunTM at 

a dosage of 100 or 250 mg 

per day for 24 or 48 h 

NutroxsunTM, when con-

sumed as part of a diet, de-

creases the negative effects of 

UV radiation on the skin, such 

as wrinkles and loss of supple-

ness 

[219] 

Polyphenolic 

rich extract (SSE 

and SSW)/Spath-

olobus Suberec-

tus stem 

HaCaT/Human skin 

Tg1: The concentration of 

SSE used was 0, 3, 10, 30, and 

300 µg/mL. Tg2: The concen-

tration of SSW used was 0, 3, 

10, 30, and 300 µg/mL for a 

duration of 24 h 

1. The presence of SSE and 

SSW suppressed the genera-

tion of ROS and prevented cel-

lular harm. 

2. SSE restores skin by increas-

ing the production of enzymes 

and proteins in cells, prevent-

ing the activation of MAPKs 

phosphorylation caused by UV 

radiation, and inhibiting the 

activity of its downstream 

transcription factor 

[220] 

Rambutan peel 

phenolics 

(RPP)/Nephe-

lium lappaceum; 

Leu-Ser-Gly-Tyr-

Gly-Pro 

(LSGYGP)/syn-

thetic 

Male BALB/c nude mice 

weighing between 20 and 

22 g. 

Single group: RPP (100 

mg/kg.bw.d), SGYGP (100 

mg/kg.bw.d); Composite 

group: (50 RPP+ 50 LSGYGP) 

mg/kg.bw.d, (100 RPP + 100 

LSGYGP)mg/kg.bw.d/10 

weeks 

1. The use of RPP and LSGYGP 

enhanced skin biochemical 

markers, tissue structure, and 

collagen levels. 

2. RPP improved the control of 

oxidative stress and the levels 

of inflammatory factors. 

3. The presence of LSGYGP 

had a substantial impact on the 

levels of collagen and hyalu-

ronic acid in the skin 

[221] 

Polyphenols/Fla-

vonoid hesperi-

din 

Hairless male mice that 

were 6 weeks old. 

Water was administered to 

the control group, while the 

treatment group received UV 

radiation along with hesperi-

din at doses of 0 and 100 

mg/kg.bw.d for a duration of 

12 weeks 

1. Hesperidin, when taken 

orally, prevented the thicken-

ing of the skin and the produc-

tion of wrinkles caused by UV- 

radiation. 

2. Hesperidin suppressed the 

UV-induced activation of 

MMP-9 and cytokines and 

[222] 
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prevented the degradation of 

collagen fibers 

Polyphe-

nols/3,5,6,7,8,3,4-

heptam-ethoxy 

flavone 

(HMF)/C.unshiu 

peels 

HDFn cells (human der-

mal fibroblast cells) 

The samples were treated 

with different concentrations 

of HMF (0, 50, 100, 200 

µg/mL) for a duration of 24 h 

1. HMF shielded HDFn cells 

from damage caused by UV ra-

diation by suppressing the 

production of MMP-1 through 

phosphorylated MAPK signals 

2. HMF modulated the expres-

sion of Smad3 and Smad7 pro-

teins in a manner that is de-

pendent on the dosage 

[223] 

Polyphenols/ 

Tectorigenin/ 

Belamcanda 

chinensis L. 

Human HaCaT cells 

Tg refers to the compound 

Tectorigenin at concentra-

tions of 0, 0.1, 1, and 10 µM. 

Cg refers to the control 

group treated with VC at a 

concentration of 200 µM for a 

duration of 24 h 

1. Tectorigenin reduces ROS 

levels by enhancing the activ-

ity of intracellular antioxidant 

enzymes. 

2. Tectorigenin decreases the 

expression of mmp–1 and hin-

ders the breakdown of colla-

gen. 

3. Tectorigenin exerts an inhib-

itory effect on apoptosis via 

modulating the expression of 

caspase–3 and bcl–2 associated 

proteins 

[224] 

Curcumin gel 

The skin of breast cancer 

patients receiving radia-

tion therapy with a range 

of 36 to 81 years. 

Applied the medication topi-

cally containing 4% curcu-

min three times daily for a 

duration of one week 

Topical use of curcumin as a 

preventive therapy may effec-

tively manage radiation-in-

duced skin inflammation and 

alleviate associated pain 

[225] 

Turmeric supple-

ments 

Patients between the ages 

of 18 and 75 with mild 

scalp psoriasis. 

Administered topical cream 

having turmeric 9% twice a 

day for a duration of nine 

weeks 

The Dermatology Life Quality 

Index (DLQI) questionnaire 

and Psoriasis Area and Sever-

ity Index (PASI) scores were 

evaluated, revealing that the 

application of turmeric tonic 

resulted in a considerable re-

duction in redness, flaking of 

the scalp and skin abnormali-

ties. 

[226] 

An anti-itch 

cream containing 

a combination of 

several herbs, 

with a 16% con-

centration of tur-

meric extract and 

a 0.1% concen-

tration of tur-

meric oil. 

Children aged 2 to 12 

with atopic dermatitis  

Applied a topical cream con-

taining 16% turmeric twice a 

day 

Both the treatment group, 

which used an anti-itching 

cream, and the control group, 

which used Moisturex, showed 

significant improvements in all 

measured aspects, including 

subjective itching severity, 

clinical evaluation, and overall 

health 

[227] 

Tablets contain-

ing pomegranate 

Individuals with skin that 

has undergone aging due 

Administered at a high dose 

of 200 mg/d ellagic acid or a 

The questionnaire results indi-

cated that the decrease in skin 
[228] 
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extract with a 

high concentra-

tion of ellagic 

acid 

to exposure to UV radia-

tion, typically between 

the ages of 20 and 40. 

low dose of 100 mg/d ellagic 

acid once a day for a dura-

tion of four weeks 

luminance values was reduced 

by 1.35% in the low-dose 

group and by 1.73% in the 

high-dose group compared to 

the initial measurement. Fur-

thermore, there was a noticea-

ble upward trajectory in the 

quality of certain aspects, such 

as “facial brightness” and 

“spots and freckles” 

Oral green tea 

supplement with 

topical green tea 

cream 

Women having a moder-

ate level of photoaging 

Application of a cream con-

taining 10% green tea and 

taking 300 mg of green tea 

orally twice a day for a dura-

tion of eight weeks 

Participants who received a 

combined treatment of topical 

and oral green tea demon-

strated histological enhance-

ments in elastin levels; how-

ever, no noticeable clinical al-

terations were seen 

[229] 

Multicomponent 

polyphenol sup-

plement 

Moderate photoaging be-

tween the ages of 40 and 

65 

VitAoX ultra® formula 50 mg 

Camellia sinensis L, two cap-

sules daily for twelve weeks 

Increased antioxidant capabil-

ity and anti-aging metrics 
[230] 

Taking a vitamin 

C and green tea 

supplement 

orally 

Healthy subjects between 

the ages of 18 and 65 

Green tea extract 450 mg per 

gelatin capsule daily for 12 

weeks 

UV protection to fibulin-5 [231] 

Freshly prepared 

green tea bever-

ages  

Healthy subjects between 

the ages of 20 and 55 

Consumption of 600 mL of 

freshly brewed green tea 

beverages per day for a dura-

tion of 2 weeks 

Enhanced Skin radical scav-

enging activity 
[232] 

Tablets contain-

ing polyphenols 

found in apple  

Healthy women between 

the ages of 20 and 39  

Tablets of 300 or 600 mg 

daily for 12 weeks 

Prevented UV-induced skin 

pigmentation 
[233] 

5. Utilizing Nano Delivery Systems for the Topical Application of Plant Polyphenols 

The bioavailability of plant polyphenols is low despite their high bioactivity [17], be-

cause most polyphenols are poorly soluble and unstable. The cosmetic and pharmaceuti-

cal industries have recently recognized cutaneous delivery as one of the most promising 

distribution channels. This mode of administration ensures that the polyphenol is contin-

ually and steadily released at the site of action, mitigating some of the drawbacks of oral 

drug delivery, including poor bioavailability, metabolic interactions, and cytotoxicity. But 

healthy skin has a strong defense against drug penetration, thanks to its unique lipid 

makeup and stratum corneum tissue. In order to increase polyphenol solubility and bio-

availability and provide site-specific drug administration with improved pharmacokinetic 

properties, the development of nanoengineered polyphenol delivery systems is urgently 

required (Figure 5). To this day, the most common form of topical administration is gel, 

especially hydrogels. However, other delivery techniques are now being developed, and 

recent ones are summarized in Table 3. 
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Figure 5. Diverse nanostructured molecules are employed in the creation of nanoformulations for 

the delivery of polyphenols in skin treatment. 

Table 3. Utilizing plant polyphenols in nanotechnology-based skin therapies. 

Polyphenol Delivery Systems Skin Model Main Results Reference 

Quercetin 

NLC gel 

Strat-M membrane and ex-

cised rat skin membrane in 

Franz diffusion cell 

There was a notable increase in 

the ability of the skin to absorb 

substances when using this gel, as 

compared to the traditional gel 

[234] 

Nanogels 

Franz diffusion cell appa-

ratus using Strat-M trans-

dermal diffusion mem-

brane 

Chitosan-based nanogel has a 

lower but controlled skin permea-

tion rate 

[235] 

SLN 

Vertical Franz diffusion 

cells, using full-thickness 

human skin 

The quercetin-containing solid li-

pid-based nanosystems exhibited 

greater quercetin retention in the 

skin compared to the control for-

mulation 

[236] 

Mesoporous silica 
Porcine skin in vertical 

Franz diffusion cells 

Quercetin-loaded mesoporous na-

noparticles exhibited enhanced 

skin accumulation compared to 

free quercetin 

[237] 

Nanoparticles 
Franz diffusion cells and 

mice skin 

Lecithin-chitosan nanoparticles 

enhanced the penetration of quer-

cetin and augmented its retention 

in the epidermis 

[238] 

Curcumin Microemulsion HaCaT cells; Human skin 

Substantial amounts of curcumin 

were detected in the dermis, and 

the application of curcumin mi-

croemulsion reduced the harmful 

effects of UV radiation on the 

outer layer of the skin 

[239] 
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Phytovesicles Mice 

The phytovesicles demonstrated 

superior efficacy in comparison to 

all other preparations and ordi-

nary curcumin in delivering 

heightened antioxidant and anti-

aging benefits 

[240] 

Liposome (DLs) 

nanocarriers 
Isolated human skin 

Consistently infiltrated the skin 

and improved its biological char-

acteristics 

[241] 

Transparent plastid 

nanovesicles 
Human keratinocytes 

In vitro, it provided protection to 

human keratinocytes against 

damage caused by oxidative 

stress, mitigated inflammation 

and injury induced by 12-0-tet-

racyl-chlorowave, decreased 

edema development, and en-

hanced the biocompatibility and 

safety of the components 

[242] 

Peptide-modified cur-

cumin-loaded lipo-

some (CRC-TD-Lip) 

Mice 

It demonstrated exceptional sta-

bility and a remarkable capacity 

to encapsulate curcumin, resulting 

in an expedited transdermal dis-

tribution of curcumin and an in-

creased suppression of psoriasis 

[243] 

6. Conclusions and Prospects for the Future  

Polyphenols are widely present in plants and are ingested in significant amounts in 

the human diet. Polyphenolic (EGCG, resveratrol, quercetin, and curcumin) extracts pos-

sess desirable qualities for use in pharmaceuticals and cosmetics, thanks to their advanta-

geous and versatile biological features, as well as their widespread presence in different 

food sources. Nevertheless, like traditional medications, polyphenols can exhibit toxicity 

when they exceed permissible thresholds in the human body. Furthermore, certain studies 

have indicated that polyphenols are ingested through entire foods regularly. Conse-

quently, it remains uncertain whether the observed outcomes are a result of the interac-

tions between polyphenols and other components. Therefore, additional research is re-

quired to specifically investigate the isolated forms of polyphenols. Studies examining the 

positive impacts of polyphenols and their extent must take into account factors such as 

matrix effects, enzymatic interactions, reactivity with other meals, and genetic or gender 

traits. Furthermore, the majority of clinical research investigating isolated forms of poly-

phenols was of short duration. Future studies should focus on elucidating the long-term 

health benefits and potential detrimental effects. The impact of polyphenols on the skin is 

mostly dictated by their physicochemical, anti-inflammatory, immunomodulatory, anti-

oxidant properties, and DNA repair activities, which can be exploited for the prevention 

of a variety of skin disorders. Hence, it is crucial to evaluate the efficacy of polyphenolic 

substances in treating skin disorders when administered either orally or topically. Alt-

hough polyphenols possess diverse preventive and therapeutic capabilities and can be 

utilized for treating various disorders, including those affecting the skin, their efficacy in 

therapy may be hindered by some limitations, such as their low solubility in water and 

poor stability and structure. According to reports, the efficacy of polyphenols increases 

with a greater number of hydroxyl groups. Enhancing the transdermal absorption of plant 

polyphenols is a prospective area of investigation. Nanostructured particles of polyphe-

nolic-based medications provide numerous benefits compared to conventional drug 
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delivery techniques. Advanced delivery formulations effectively address challenges re-

lated to polyphenols’ poor solubility, bioavailability, and stability. Additionally, in the 

context of topical application, these formulations successfully overcome the significant 

barrier presented by the skin. 

Funding: This work was supported by the Deanship of Scientific Research, Vice Presidency for 

Graduate Studies and Scientific Research, King Faisal University, Saudi Arabia [Grant No. 5793]. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The author declares no conflicts of interest. 

References 

1. Baker, P.; Huang, C.; Radi, R.; Moll, S.B.; Jules, E.; Arbiser, J.L. Skin Barrier Function: The Interplay of Physical, Chemical, and 

Immunologic Properties. Cells 2023, 12, 2745. 

2. Blume-Peytavi, U.; Ko�ner, J.; Sterry, W.; Hodin, M.W.; Griffiths, T.W.; Watson, R.E.B.; Hay, R.J.; Griffiths, C.E.M. Age-Associ-

ated Skin Conditions and Diseases: Current Perspectives and Future Options. Gerontologist 2016, 56, S230–S242. 

3. Amini, M.A.; Karimi, J.; Talebi, S.S.; Piri, H. The Association of COVID-19 and Reactive Oxygen Species Modulator 1 (ROMO1) 

with Oxidative Stress. Chonnam Med. J. 2022, 58, 1–5. 

4. Zarbafian, M.; Dayan, S.; Fabi, S.G. Teachings from COVID-19 and aging-An oxidative process. J. Cosmet. Dermatol. 2020, 19, 

3171–3176. 

5. Schikowski, T.; Krutmann, J. Air pollution (particulate ma�er and nitrogen dioxide) and skin aging. Hautarzt 2019, 70, 158–162. 

6. Bhat, A.H.; Dar, K.B.; Anees, S.; Zargar, M.A.; Masood, A.; Sofi, M.A.; Ganie, S.A. Oxidative stress, mitochondrial dysfunction 

and neurodegenerative diseases; a mechanistic insight. Biomed. Pharmacother. 2015, 74, 101–110. 

7. Brand, R.M.; Wipf, P.; Durham, A.; Epperly, M.W.; Greenberger, J.S.; Falo, L.D., Jr. Targeting Mitochondrial Oxidative Stress to 

Mitigate UV-Induced Skin Damage. Front. Pharmacol. 2018, 9, 920. 

8. Godic, A.; Poljsak, B.; Adamic, M.; Dahmane, R. The Role of Antioxidants in Skin Cancer Prevention and Treatment. Oxid. Med. 

Cell. Longev. 2014, 2014, 860479. 

9. Haida, Z.; Hakiman, M. A comprehensive review on the determination of enzymatic assay and nonenzymatic antioxidant ac-

tivities. Food Sci. Nutr. 2019, 7, 1555–1563. 

10. Zandi, P.; Schnug, E. Reactive Oxygen Species, Antioxidant Responses and Implications from a Microbial Modulation Perspec-

tive. Biology 2022, 11, 155. 

11. Yu, X.M.; Shoaib, M.; Cheng, X.R.; Cui, Y.L.; Hussain, S.; Yan, J.; Zhou, J.; Chen, Q.; Gu, Y.F.; Zou, L.K.; et al. Role of rhizobia in 

promoting non-enzymatic antioxidants to mitigate nitrogen-deficiency and nickel stresses in Pongamia pinnata. Ecotoxicol. En-

viron. Saf. 2022, 241, 113789. 

12. Tolmacheva, A.S.; Nevinsky, G.A. Essential Protective Role of Catalytically Active Antibodies (Abzymes) with Redox Antioxi-

dant Functions in Animals and Humans. Int. J. Mol. Sci. 2022, 23, 3898. 

13. Slominski, A.T.; Kleszczynski, K.; Semak, I.; Janjetovic, Z.; Zmijewski, M.A.; Kim, T.-K.; Slominski, R.M.; Reiter, R.J.; Fischer, 

T.W. Local Melatoninergic System as the Protector of Skin Integrity. Int. J. Mol. Sci. 2014, 15, 17705–17732. 

14. Bocheva, G.; Slominski, R.M.; Janjetovic, Z.; Kim, T.-K.; Boehm, M.; Steinbrink, K.; Reiter, R.J.; Kleszczynski, K.; Slominski, A.T. 

Protective Role of Melatonin and Its Metabolites in Skin Aging. Int. J. Mol. Sci. 2022, 23, 1238. 

15. Izykowska, I.; Piotrowska, A.; Podhorska-Okolow, M.; Cegielski, M.; Zabel, M.; Dziegiel, P. The protective role of melatonin in 

the course of UV exposure. Postep. Hig. I Med. Dosw. 2008, 62, 23–27. 

16. Remigante, A.; Spinelli, S.; Basile, N.; Caruso, D.; Falliti, G.; Dossena, S.; Marino, A.; Morabito, R. Oxidation Stress as a Mecha-

nism of Aging in Human Erythrocytes: Protective Effect of Quercetin. Int. J. Mol. Sci. 2022, 23, 7781. 

17. Liu, H.-M.; Cheng, M.-Y.; Xun, M.-H.; Zhao, Z.-W.; Zhang, Y.; Tang, W.; Cheng, J.; Ni, J.; Wang, W. Possible Mechanisms of 

Oxidative Stress-Induced Skin Cellular Senescence, Inflammation, and Cancer and the Therapeutic Potential of Plant Polyphe-

nols. Int. J. Mol. Sci. 2023, 24, 3755. 

18. Xian, D.; Guo, M.; Xu, J.; Yang, Y.; Zhao, Y.; Zhong, J. Current evidence to support the therapeutic potential of flavonoids in 

oxidative stress-related dermatoses. Redox Rep. 2021, 26, 134–146. 

19. Rubio, C.P.; Cerón, J.J. Spectrophotometric assays for evaluation of Reactive Oxygen Species (ROS) in serum: General concepts 

and applications in dogs and humans. BMC Vet. Res. 2021, 17, 226. 

20. Kruk, J.; Duchnik, E. Oxidative stress and skin diseases: Possible role of physical activity. Asian Pac. J. Cancer Prev. 2014, 15, 561–

568. 

21. Tsuchida, K.; Kobayashi, M. Oxidative stress in human facial skin observed by ultraweak photon emission imaging and its 

correlation with biophysical properties of skin. Sci. Rep. 2020, 10, 9626. 

22. Chen, J.; Liu, Y.; Zhao, Z.; Qiu, J. Oxidative stress in the skin: Impact and related protection. Int. J. Cosmet. Sci. 2021, 43, 495–509. 



Molecules 2024, 29, 865 27 of 34 
 

 

23. Michalak, M. Plant-Derived Antioxidants: Significance in Skin Health and the Ageing Process. Int. J. Mol. Sci. 2022, 23, 585. 

24. Tran, J.T.; Diaz, M.J.; Rodriguez, D.; Kleinberg, G.; Aflatooni, S.; Palreddy, S.; Abdi, P.; Taneja, K.; Batchu, S.; Forouzandeh, M. 

Evidence-Based Utility of Adjunct Antioxidant Supplementation for the Prevention and Treatment of Dermatologic Diseases: 

A Comprehensive Systematic Review. Antioxidants 2023, 12, 1503. 

25. Wölfle, U.; Bauer, G.; Meinke, M.C.; Lademann, J.; Schempp, C.M. Reactive molecule species and antioxidative mechanisms in 

normal skin and skin aging. Skin Pharmacol. Physiol. 2014, 27, 316–332. 

26. Poljšak, B.; Dahmane, R.G.; Godić, A. Intrinsic skin aging: The role of oxidative stress. Acta Dermatovener. 2012, 21, 33–36. 

27. Pai, V.V.; Shukla, P.; Kikke, N.N. Antioxidants in dermatology. Indian Dermatol. Online J. 2014, 5, 210–214. 

28. Shindo, Y.; Wi�, E.; Han, D.; Epstein, W.; Packer, L. Enzymic and non-enzymic antioxidants in epidermis and dermis of human 

skin. J. Investig. Dermatol. 1994, 102, 122–124. 

29. Rhie, G.; Shin, M.H.; Seo, J.Y.; Choi, W.W.; Cho, K.H.; Kim, K.H.; Park, C.; Eun, H.C.; Chung, J.H. Aging- and photoaging-

dependent changes of enzymic and nonenzymic antioxidants in the epidermis and dermis of human skin in vivo. J. Investig. 

Dermatol. 2001, 117, 1212–1217. 

30. Poljšak, B.; Dahmane, R.G. Free radicals and extrinsic skin aging. Dermatol. Res. Pract. 2012, 2012, 135206. 

31. Ndiaye, M.A.; Nihal, M.; Wood, G.S.; Ahmad, N. Skin, reactive oxygen species, and circadian clocks. Antioxid. Redox Signal. 

2014, 20, 2982–2996. 

32. Jadoon, S.; Karim, S.; Asad, M.H.B.; Akram, M.R.; Khan, A.K.; Malik, A.; Chen, C.; Murtaza, G. Anti-aging potential of phyto-

extract loaded-pharmaceutical creams for human skin cell longevity. Oxid. Med. Cell. Longev. 2015, 2015, 709628. 

33. Sriram, R.; Gopal, V. Aging Skin and Natural Bioactives that Impede Cutaneous Aging: A Narrative Review. Indian J. Dermatol. 

2023, 68, 424. 

34. Ribeiro, A.S.; Estanqueiro, M.; Oliveira, M.B.; Sousa Lobo, J.M. Main Benefits and Applicability of Plant Extracts in Skin Care 

Products. Cosmetics 2015, 2, 48–65. 

35. Sun, M.; Deng, Y.; Cao, X.; Xiao, L.; Ding, Q.; Luo, F.; Huang, P.; Gao, Y.; Liu, M.; Zhao, H. Effects of Natural Polyphenols on 

Skin and Hair Health: A Review. Molecules 2022, 27, 7832. 

36. Passali, D.; Spinosi, M.C.; Crisanti, A.; Bellussi, L.M. Mometasone furoate nasal spray: A systematic review. Multidiscip. Respir. 

Med. 2016, 11, 18. 

37. Michalak-Stoma, A.; Pietrzak, A.; Szepietowski, J.C.; Zalewska-Janowska, A.; Paszkowski, T.; Chodorowska, G. Cytokine 

network in psoriasis revisited. Eur. Cytokine Netw. 2011, 22, 160–168. 

38. van de Kerkhof, P.C.; Griffiths, C.E.; Reich, K.; Leonardi, C.L.; Blauvelt, A.; Tsai, T.F.; Gong, Y.; Huang, J.; Papavassilis, C.; Fox, 

T. Secukinumab long-term safety experience: A pooled analysis of 10 phase II and III clinical studies in patients with moderate 

to severe plaque psoriasis. J. Am. Acad. Dermatol. 2016, 75, 83–98. e84. 

39. Strober, B.; Leonardi, C.; Papp, K.A.; Mrowie�, U.; Ohtsuki, M.; Bissonne�e, R.; Ferris, L.K.; Paul, C.; Lebwohl, M.; Braun, D.K.; 

et al. Short- and long-term safety outcomes with ixekizumab from 7 clinical trials in psoriasis: Etanercept comparisons and 

integrated data. J. Am. Acad. Dermatol. 2017, 76, 432–440.e417. 

40. Farahnik, B.; Beroukhim, K.; Abrouk, M.; Nakamura, M.; Zhu, T.H.; Singh, R.; Lee, K.; Bhutani, T.; Koo, J. Brodalumab for the 

Treatment of Psoriasis: A Review of Phase III Trials. Dermatol. Ther. 2016, 6, 111–124. 

41. Targan, S.R.; Feagan, B.; Vermeire, S.; Panaccione, R.; Melmed, G.Y.; Landers, C.; Li, D.; Russell, C.; Newmark, R.; Zhang, N.; et 

al. A Randomized, Double-Blind, Placebo-Controlled Phase 2 Study of Brodalumab in Patients with Moderate-to-Severe 

Crohn’s Disease. Am. J. Gastroenterol. 2016, 111, 1599–1607. 

42. Bucio-Noble, D.; Kau�o, L.; Krisp, C.; Ball, M.S.; Molloy, M.P. Polyphenol extracts from dried sugarcane inhibit inflammatory 

mediators in an in vitro colon cancer model. J. Proteom. 2018, 177, 1–10. 

43. Jantan, I.; Ahmad, W.; Bukhari, S.N. Plant-derived immunomodulators: An insight on their preclinical evaluation and clinical 

trials. Front. Plant Sci. 2015, 6, 655. 

44. Middleton, E., Jr. Effect of plant flavonoids on immune and inflammatory cell function. Adv. Exp. Med. Biol. 1998, 439, 175–182. 

45. Wei, B.L.; Weng, J.R.; Chiu, P.H.; Hung, C.F.; Wang, J.P.; Lin, C.N. Antiinflammatory flavonoids from Artocarpus heterophyllus 

and Artocarpus communis. J. Agric. Food Chem. 2005, 53, 3867–3871. 

46. Rengasamy, K.R.R.; Khan, H.; Gowrishankar, S.; Lagoa, R.J.L.; Mahomoodally, F.M.; Khan, Z.; Suroowan, S.; Tewari, D.; Zengin, 

G.; Hassan, S.T.S.; et al. The role of flavonoids in autoimmune diseases: Therapeutic updates. Pharmacol. Ther. 2019, 194, 107–

131. 

47. Wen, S.; Zhang, J.; Yang, B.; Elias, P.M.; Man, M.Q. Role of Resveratrol in Regulating Cutaneous Functions. Evid.-Based 

Complement. Altern. Med. 2020, 2020, 2416837. 

48. Karasawa, K.; Uzuhashi, Y.; Hirota, M.; Otani, H. A matured fruit extract of date palm tree (Phoenix dactylifera L.) stimulates the 

cellular immune system in mice. J. Agric. Food Chem. 2011, 59, 11287–11293. 

49. 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. Photochem. Photobiol. 1999, 69, 148–

153. 

50. Speciale, A.; Chirafisi, J.; Saija, A.; Cimino, F. Nutritional antioxidants and adaptive cell responses: An update. Curr. Mol. Med. 

2011, 11, 770–789. 

51. Biasu�o, L.; Ma�arei, A.; Zora�i, M. Resveratrol and health: The starting point. Chembiochem 2012, 13, 1256–1259. 



Molecules 2024, 29, 865 28 of 34 
 

 

52. Akyol, S.; Ozturk, G.; Ginis, Z.; Armutcu, F.; Yigitoglu, M.R.; Akyol, O. In vivo and in vitro antıneoplastic actions of caffeic acid 

phenethyl ester (CAPE): Therapeutic perspectives. Nutr. Cancer 2013, 65, 515–526. 

53. Hu, Z.; Wang, T. Beyond skin white spots: Vitiligo and associated comorbidities. Front. Med. 2023, 10, 1072837. 

54. Qaâdan, F.; Nahrstedt, A.; Schmidt, M.; Mansoor, K. Polyphenols from Ginkgo biloba. Sci. Pharm. 2010, 78, 897–907. 

55. Lim, S.J.; Kim, M.; Randy, A.; Nam, E.J.; Nho, C.W. Effects of Hovenia dulcis Thunb. extract and methyl vanillate on atopic 

dermatitis-like skin lesions and TNF-α/IFN-γ-induced chemokines production in HaCaT cells. J. Pharm. Pharmacol. 2016, 68, 

1465–1479. 

56. Boos, A.C.; Hagl, B.; Schlesinger, A.; Halm, B.E.; Ballenberger, N.; Pinarci, M.; Heinz, V.; Kreilinger, D.; Spielberger, B.D.; 

Schimke-Marques, L.F.; et al. Atopic dermatitis, STAT3- and DOCK8-hyper-IgE syndromes differ in IgE-based sensitization 

pa�ern. Allergy 2014, 69, 943–953. 

57. Lee, D.Y.; Hwang, C.J.; Choi, J.Y.; Park, M.H.; Song, M.J.; Oh, K.W.; Son, D.J.; Lee, S.H.; Han, S.B.; Hong, J.T. Inhibitory Effect of 

Carnosol on Phthalic Anhydride-Induced Atopic Dermatitis via Inhibition of STAT3. Biomol. Ther. 2017, 25, 535–544. 

58. D’Antuono, I.; Carola, A.; Sena, L.M.; Linsalata, V.; Cardinali, A.; Logrieco, A.F.; Colucci, M.G.; Apone, F. Artichoke Polyphenols 

Produce Skin Anti-Age Effects by Improving Endothelial Cell Integrity and Functionality. Molecules 2018, 23, 2729. 

59. Carolina Oliveira Dos Santos, L.; Spagnol, C.M.; Guillot, A.J.; Melero, A.; Corrêa, M.A. Caffeic acid skin absorption: Delivery of 

microparticles to hair follicles. Saudi Pharm. J. 2019, 27, 791–797. 

60. Reddy, M.K.; Gupta, S.K.; Jacob, M.R.; Khan, S.I.; Ferreira, D. Antioxidant, antimalarial and antimicrobial activities of tannin-

rich fractions, ellagitannins and phenolic acids from Punica granatum L. Planta Med. 2007, 73, 461–467. 

61. Mayer, R.; Stecher, G.; Wuerzner, R.; Silva, R.C.; Sultana, T.; Trojer, L.; Feuerstein, I.; Krieg, C.; Abel, G.; Popp, M.; et al. Proan-

thocyanidins: Target compounds as antibacterial agents. J. Agric. Food Chem. 2008, 56, 6959–6966. 

62. Celiksoy, V.; Moses, R.L.; Sloan, A.J.; Moseley, R.; Heard, C.M. Synergistic In Vitro Antimicrobial Activity of Pomegranate Rind 

Extract and Zinc (II) against Micrococcus luteus under Planktonic and Biofilm Conditions. Pharmaceutics 2021, 13, 851. 

63. Be�s, J.W.; Hornsey, M.; Higgins, P.G.; Lucassen, K.; Wille, J.; Salguero, F.J.; Seifert, H.; la Ragione, R.M. Restoring the activity 

of the antibiotic aztreonam using the polyphenol epigallocatechin gallate (EGCG) against multidrug-resistant clinical isolates 

of Pseudomonas aeruginosa. J. Med. Microbiol. 2019, 68, 1552–1559. 

64. Álvarez, N.M.; Ortíz, A.A.; Martínez, O.C. In Vitro antibacterial activity of Curcuma longa (Zingiberaceae) against nosocomial 

bacteria in Montería, Colombia. Rev. Biol. Trop. 2016, 64, 1201–1208. 

65. Wang, J.; Zhang, X.; Gao, L.; Wang, L.; Song, F.; Zhang, L.; Wan, Y. The synergistic antifungal activity of resveratrol with azoles 

against Candida albicans. Le�. Appl. Microbiol. 2021, 72, 688–697. 

66. Stróżek, J.; Samoliński, B.K.; Kłak, A.; Gawińska-Drużba, E.; Izdebski, R.; Krzych-Fałta, E.; Raciborski, F. The indirect costs of 

allergic diseases. Int. J. Occup. Med. Environ. Health 2019, 32, 281–290. 

67. Canonica, G.W.; Cox, L.; Pawankar, R.; Baena-Cagnani, C.E.; Blaiss, M.; Bonini, S.; Bousquet, J.; Calderón, M.; Compalati, E.; 

Durham, S.R.; et al. Sublingual immunotherapy: World Allergy Organization position paper 2013 update. World Allergy Organ. 

J. 2014, 7, 6. 

68. Ding, S.; Jiang, H.; Fang, J. Regulation of Immune Function by Polyphenols. J. Immunol. Res. 2018, 2018, 1264074. 

69. Dębińska, A.; Sozańska, B. Dietary Polyphenols—Natural Bioactive Compounds with Potential for Preventing and Treating 

Some Allergic Conditions. Nutrients 2023, 15, 4823. 

70. Persia, F.A.; Mariani, M.L.; Fogal, T.H.; Penissi, A.B. Hydroxytyrosol and oleuropein of olive oil inhibit mast cell degranulation 

induced by immune and non-immune pathways. Phytomedicine 2014, 21, 1400–1405. 

71. Choi, Y.H.; Yan, G.H. Silibinin a�enuates mast cell-mediated anaphylaxis-like reactions. Biol. Pharm. Bull. 2009, 32, 868–875. 

72. Sato, Y.; Akiyama, H.; Matsuoka, H.; Sakata, K.; Nakamura, R.; Ishikawa, S.; Inakuma, T.; Totsuka, M.; Sugita-Konishi, Y.; 

Ebisawa, M.; et al. Dietary carotenoids inhibit oral sensitization and the development of food allergy. J. Agric. Food Chem. 2010, 

58, 7180–7186. 

73. Kawai, K.; Tsuno, N.H.; Kitayama, J.; Sunami, E.; Takahashi, K.; Nagawa, H. Catechin inhibits adhesion and migration of pe-

ripheral blood B cells by blocking CD11b. Immunopharmacol. Immunotoxicol. 2011, 33, 391–397. 

74. Simões, M.C.F.; Sousa, J.J.S.; Pais, A. Skin cancer and new treatment perspectives: A review. Cancer Le�. 2015, 357, 8–42. 

75. Isacescu, E.; Chiroi, P.; Zanoaga, O.; Nutu, A.; Budisan, L.; Pirlog, R.; Atanasov, A.G.; Berindan-Neagoe, I. Melanoma Cellular 

Signaling Transduction Pathways Targeted by Polyphenols Action Mechanisms. Antioxidants 2023, 12, 407. 

76. Sajadimajd, S.; Bahramsoltani, R.; Iranpanah, A.; Kumar Patra, J.; Das, G.; Gouda, S.; Rahimi, R.; Rezaeiamiri, E.; Cao, H.; Giam-

pieri, F.; et al. Advances on Natural Polyphenols as Anticancer Agents for Skin Cancer. Pharmacol. Res. 2020, 151, 104584. 

77. Hussain, T.; Tan, B.; Yin, Y.; Blachier, F.; Tossou, M.C.B.; Rahu, N. Oxidative Stress and Inflammation: What Polyphenols Can 

Do for Us? Oxid. Med. Cell. Longev. 2016, 2016, 7432797. 

78. Tyciakova, S.; Valova, V.; Svitkova, B.; Matuskova, M. Overexpression of TNFα Induces Senescence, Autophagy and Mitochon-

drial Dysfunctions in Melanoma Cells. BMC Cancer 2021, 21, 507. 

79. Afaq, F.; Malik, A.; Syed, D.; Maes, D.; Matsui, M.S.; Mukhtar, H. Pomegranate Fruit Extract Modulates UV-B-Mediated Phos-

phorylation of Mitogen-Activated Protein Kinases and Activation of Nuclear Factor Kappa B in Normal Human Epidermal 

Keratinocytes Paragraph Sign. Photochem. Photobiol. 2005, 81, 38–45. 

80. Pal, H.C.; Sharma, S.; Strickland, L.R.; Katiyar, S.K.; Ballestas, M.E.; Athar, M.; Elmets, C.A.; Afaq, F. Fisetin Inhibits Human 

Melanoma Cell Invasion through Promotion of Mesenchymal to Epithelial Transition and by Targeting MAPK and NFκB Sig-

naling Pathways. PLoS ONE 2014, 9, e86338. 



Molecules 2024, 29, 865 29 of 34 
 

 

81. Xu, A.; Lee, J.; Zhao, Y.; Wang, Y.; Li, X.; Xu, P. Potential Effect of EGCG on the Anti-Tumor Efficacy of Metformin in Melanoma 

Cells. J. Zhejiang Univ. Sci. B 2021, 22, 548–562. 

82. Xiao, P.; Yang, J.; Sun, J.; Guo, L. Anticancer Effects of Kaempferol in A375 Human Malignant Melanoma Cells Are Mediated 

via Induction of Apoptosis, Cell Cycle Arrest, Inhibition of Cell Migration and Downregula-Tion of m-TOR/PI3K/AKT Pathway. 

J. Balk. Union Oncol. 2018, 23, 218–223. 

83. Kim, H.; Park, J.; Tak, K.H.; Bu, S.Y.; Kim, E. Chemopreventive Effects of Curcumin on Chemically Induced Mouse Skin Carcin-

ogenesis in BK5.Insulin-like Growth Factor-1 Transgenic Mice. In Vitro Cell. Dev. Biol. Anim. 2014, 50, 883–892. 

84. Huang, L.; Chen, J.; Quan, J.; Xiang, D. Rosmarinic Acid Inhibits Proliferation and Migration, Promotes Apoptosis and Enhances 

Cisplatin Sensitivity of Melanoma Cells through Inhibiting ADAM17/EGFR/AKT/GSK3β Axis. Bioengineered 2021, 12, 3065–3076. 

85. Hasnat, M.A.; Pervin, M.; Lim, J.H.; Lim, B.O. Apigenin A�enuates Melanoma Cell Migration by Inducing Anoikis through 

Integrin and Focal Adhesion Kinase Inhibition. Molecules 2015, 20, 21157–21166. 

86. Cui, S.; Wang, J.; Wu, Q.; Qian, J.; Yang, C.; Bo, P. Genistein Inhibits the Growth and Regulates the Migration and Invasion 

Abilities of Melanoma Cells via the FAK/Paxillin and MAPK Pathways. Oncotarget 2017, 8, 21674–21691. 

87. Chen, X.; Chang, L.; Qu, Y.; Liang, J.; Jin, W.; Xia, X. Tea Polyphenols Inhibit the Proliferation, Migration, and Invasion of Mel-

anoma Cells through the down-Regulation of TLR4. Int. J. Immunopathol. Pharmacol. 2018, 32, 0394632017739531. 

88. Borden, E.C. Interferons α and β in Cancer: Therapeutic Opportunities from New Insights. Nat. Rev. Drug Discov. 2019, 18, 219–

234. 

89. Peng, D.; Chen, L.; Sun, Y.; Sun, L.; Yin, Q.; Deng, S.; Niu, L.; Lou, F.; Wang, Z.; Xu, Z.; et al. Melanoma Suppression by Quercein 

Is Correlated with RIG-I and Type I Interferon Signaling. Biomed. Pharmacother. 2020, 125, 109984. 

90. Menon, D.R.; Li, Y.; Yamauchi, T.; Osborne, D.G.; Vaddi, P.K.; Wempe, M.F.; Zhai, Z.; Fujita, M. EGCG Inhibits Tumor Growth 

in Melanoma by Targeting JAK-STAT Signaling and Its Downstream PD-L1/PD-L2-PD1 Axis in Tumors and Enhancing Cyto-

toxic T-Cell Responses. Pharmaceuticals 2021, 14, 1081. 

91. Mondal, S.; Adhikari, N.; Banerjee, S.; Amin, S.A.; Jha, T. Matrix Metalloproteinase-9 (MMP-9) and Its Inhibitors in Cancer: A 

Minireview. Eur. J. Med. Chem. 2020, 194, 112260. 

92. Zhang, X.M.; Huang, S.P.; Xu, Q. Quercetin Inhibits the Invasion of Murine Melanoma B16-BL6 Cells by Decreasing pro-MMP-

9 via the PKC Pathway. Cancer Chemother. Pharmacol. 2004, 53, 82–88. 

93. Cao, H.H.; Tse, A.K.W.; Kwan, H.Y.; Yu, H.; Cheng, C.Y.; Su, T.; Fong, W.F.; Yu, Z.L. Quercetin Exerts Anti-Melanoma Activities 

and Inhibits STAT3 Signaling. Biochem. Pharmacol. 2014, 87, 424–434. 

94. 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 Funct. 2019, 10, 703–712. 

95. Choi, E.O.; Cho, E.J.; Jeong, J.W.; Park, C.; Hong, S.H.; Hwang, H.J.; Moon, S.K.; Son, C.G.; Kim, W.J.; Choi, Y.H. Baicalein 

Inhibits the Migration and Invasion of B16F10 Mouse Melanoma Cells through Inactivation of the PI3K/Akt Signaling Pathway. 

Biomol. Ther. 2017, 25, 213–221. 

96. Trapp, V.; Parmakhtiar, B.; Papazian, V.; Willmo�, L.; Fruehauf, J.P. Anti-Angiogenic Effects of Resveratrol Mediated by De-

creased VEGF and Increased TSP1 Expression in Melanoma-Endothelial Cell Co-Culture. Angiogenesis 2010, 13, 305–315. 

97. Yang, G.W.; Jiang, J.S.; Lu, W.Q. Ferulic Acid Exerts Anti-Angiogenic and Anti-Tumor Activity by Targeting Fibroblast Growth 

Factor Receptor 1-Mediated Angiogenesis. Int. J. Mol. Sci. 2015, 16, 24011–24031. 

98. Lee, S.H.W.; Koo, B.S.E.; Park, S.Y.I.; Kim, Y.M.I. Anti-Angiogenic Effects of Resveratrol in Combination with 5-Fluorouracil on 

B16 Murine Melanoma Cells. Mol. Med. Rep. 2015, 12, 2777–2783. 

99. Jung, S.K.; Lee, K.W.; Byun, S.; Lee, E.J.; Kim, J.E.; Bode, A.M.; Dong, Z.; Lee, H.J. Myricetin Inhibits UVB-Induced Angiogenesis 

by Regulating PI-3 Kinase In Vivo. Carcinogenesis 2010, 31, 911–917. 

100. Huang, L.; Peng, B.; Nayak, Y.; Wang, C.; Si, F.; Liu, X.; Dou, J.; Xu, H.; Peng, G. Baicalein and Baicalin Promote Melanoma 

Apoptosis and Senescence via Metabolic Inhibition. Front. Cell Dev. Biol. 2020, 8, 836. 

101. Choi, J.; Lee, D.H.; Jang, H.; Park, S.Y.; Seol, J.W. Naringenin Exerts Anticancer Effects by Inducing Tumor Cell Death and 

Inhibiting Angiogenesis in Malignant Melanoma. Int. J. Med. Sci. 2020, 17, 3049–3057. 

102. Agilan, B.; Rajendra Prasad, N.; Kanimozhi, G.; Karthikeyan, R.; Ganesan, M.; Mohana, S.; Velmurugan, D.; Ananthakrishnan, 

D. Caffeic Acid Inhibits Chronic UVB-Induced Cellular Proliferation Through JAK-STAT3 Signaling in Mouse Skin. Photochem. 

Photobiol. 2016, 92, 467–474. 

103. Keravis, T.; Favot, L.; Abusnina, A.A.; Anton, A.; Justiniano, H.; Soleti, R.; Alibrahim, E.A.; Simard, G.; Andriantsitohaina, R.; 

Lugnier, C. Delphinidin Inhibits Tumor Growth by Acting on VEGF Signalling in Endothelial Cells. PLoS ONE 2015, 10, 

e0145291. 

104. Cao, H.H.; Chu, J.H.; Kwan, H.Y.; Su, T.; Yu, H.; Cheng, C.Y.; Fu, X.Q.; Guo, H.; Li, T.; Tse, A.K.W.; et al. Inhibition of the STAT3 

Signaling Pathway Contributes to Apigenin-Mediated Anti-Metastatic Effect in Melanoma. Sci. Rep. 2016, 6, 21731. 

105. Li, L.; Fan, P.; Chou, H.; Li, J.; Wang, K.; Li, H. Herbacetin Suppressed MMP9 Mediated Angiogenesis of Malignant Melanoma 

through Blocking EGFR-ERK/AKT Signaling Pathway. Biochimie 2019, 162, 198–207. 

106. Mirzoeva, S.; Tong, X.; Bridgeman, B.B.; Plebanek, M.P.; Volpert, O.V. Apigenin Inhibits UVB-Induced Skin Carcinogenesis: The 

Role of Thrombospondin-1 as an Anti-Inflammatory Factor. Neoplasia 2018, 20, 930–942. 

107. Wei, M.; He, X.; Liu, N.; Deng, H. Role of reactive oxygen species in ultraviolet-induced photodamage of the skin. Cell division 

2024, 19, 1. 



Molecules 2024, 29, 865 30 of 34 
 

 

108. Ichihashi, M.; Ueda, M.; Budiyanto, A.; Bito, T.; Oka, M.; Fukunaga, M.; Tsuru, K.; Horikawa, T. UV-induced skin damage. 

Toxicology 2003, 189, 21–39. 

109. Svobodová, A.; Psotová, J.; Walterová, D. Natural phenolics in the prevention of UV-induced skin damage. A review. Biomed. 

Pap. 2003, 147, 137–145. 

110. Kora´c, R.; Khambholja, K. Potential of herbs in skin protection from ultraviolet radiation. Pharmacogn. Rev. 2011, 5, 164–173. 

111. Saewan, N.; Jimtaisong, A. Photoprotection of natural flavonoids. J. Appl. Pharm. Sci. 2013, 3, 129–141. 

112. Ferrali, M.; Signorini, C.; Cacio�i, B.; Sugherini, L.; Ciccoli, L.; Giache�i, D.; Comporti, M. Protection against oxidative damage 

of erythrocyte membrane by the flavonoid quercetin and its relation to iron chelating activity. FEBS Le�. 1997, 416, 123–129. 

113. Cos, P.; Ying, L.; Calomme, M.; Hu, J.P.; Cimanga, K.; Van Poel, B.; Pieters, L.; Vlietinck, A.J.; Vanden Berghe, D. Structure-

activity relationship and classification of flavonoids as inhibitors of xanthine oxidase and superoxide scavengers. J. Nat. Prod. 

1998, 61, 71–76. 

114. McKay, D.L.; Blumberg, J.B. A review of the bioactivity and potential health benefits of chamomile tea (Matricaria recutita L.). 

Phyther. Res. 2006, 20, 519–530. 

115. Gerhäuser, C. Beer constituents as potential cancer chemopreventive agents. Eur. J. Cancer 2005, 41, 1941–1954. 

116. Wach, A.; Pyrzyńska, K.; Biesaga, M. Quercetin content in some food and herbal samples. Food Chem. 2007, 100, 699–704. 

117. Casagrande, R.; George�i, S.R.; Verri, W.A.; Dorta, D.J.; dos Santos, A.C.; Fonseca, M.J.V. Protective effect of topical formulations 

containing quercetin against UVB-induced oxidative stress in hairless mice. J. Photochem. Photobiol. B Biol. 2006, 84, 21–27. 

118. Ozkur, M.K.; Bozkurt, M.S.; Balabanli, B.; Aricioglu, A.; Ilter, N.; Gurer, M.A.; Inaloz, H.S. The effect of EGb 761 on lipid perox-

ide levels and superoxide dismutase activity in sunburn. Photodermatol. Photoimmunol. Photomed. 2002, 18, 117–120. 

119. Bijak, M. Silybin, a major bioactive component of milk thistle (Silybum marianum L. Gaernt.)—Chemistry, bioavailability, and 

metabolism. Molecules 2017, 22, 1942. 

120. Katiyar, S.K.; Mantena, S.K.; Meeran, S.M. Silymarin protects epidermal keratinocytes from ultraviolet radiation-induced apop-

tosis and DNA damage by nucleotide excision repair mechanism. PLoS ONE 2011, 6, e21410. 

121. Moore, J.O.; Wang, Y.; Stebbins, W.G.; Gao, D.; Zhou, X.; Phelps, R.; Lebwohl, M.; Wei, H. Photoprotective effect of isoflavone 

genistein on ultraviolet B-induced pyrimidine dimer formation and PCNA expression in human reconstituted skin and its im-

plications in dermatology and prevention of cutaneous carcinogenesis. Carcinogenesis 2006, 27, 1627–1635. 

122. Wang, Y.N.; Wu, W.; Chen, H.C.; Fang, H. Genistein protects against UVB-induced senescence-like characteristics in human 

dermal fibroblast by p66Shc down-regulation. J. Dermatol. Sci. 2010, 58, 19–27. 

123. Setchell, K.D.R.; Clerici, C. Equol: History, chemistry, and formation. J. Nutr. 2010, 140, 1355S–1362S. 

124. Widyarini, S. Protective effect of the isoflavone equol against DNA damage induced by ultraviolet radiation to hairless mouse 

skin. J. Vet. Sci. 2006, 7, 217–223. 

125. Choi, H.S.; Park, E.D.; Park, Y.; Han, S.H.; Hong, K.B.; Suh, H.J. Topical application of spent coffee ground extracts protects skin 

from ultraviolet B-induced photoaging in hairless mice. Photochem. Photobiol. Sci. 2016, 15, 779–790. 

126. Kano, M.; Kubota, N.; Masuoka, N.; Hori, T.; Miyazaki, K.; Ishikawa, F. Oral administration of fermented soymilk products 

protects the skin of hairless mice against ultraviolet damage. Nutrients 2016, 8, 514. 

127. Ferreira, M.S.; Magalhães, M.C.; Oliveira, R.; Sousa-Lobo, J.M.; Almeida, I.F. Trends in the use of botanicals in anti-aging cos-

metics. Molecules 2021, 26, 3584. 

128. Zillich, O.V.; Schweiggert-Weisz, U.; Eisner, P.; Kerscher, M. Polyphenols as active ingredients for cosmetic products. Int. J. 

Cosmet. Sci. 2015, 37, 455–464. 

129. Csekes, E.; Račková, L. Skin Aging, Cellular Senescence and Natural Polyphenols. Int. J. Mol. Sci. 2021, 22, 12641. 

130. Li, Y.-H.; Wu, Y.; Wei, H.-C.; Xu, Y.-Y.; Jia, L.-L.; Chen, J.; Yang, X.-S.; Dong, G.-H.; Gao, X.-H.; Chen, H.-D. Protective effects of 

green tea extracts on photoaging and photommunosuppression. Ski. Res. Technol. 2009, 15, 338–345. 

131. Hong, Y.-H.; Jung, E.Y.; Shin, K.-S.; Yu, K.-W.; Chang, U.J.; Suh, H.J. Tannase-converted green tea catechins and their anti-

wrinkle activity in humans. J. Cosmet. Dermatol. 2013, 12, 137–143. 

132. Chuarienthong, P.; Lourith, N.; Leelapornpisid, P. Clinical efficacy comparison of anti-wrinkle cosmetics containing herbal fla-

vonoids. Int. J. Cosmet. Sci. 2010, 32, 99–106. 

133. Boo, Y.C. Human Skin Lightening Efficacy of Resveratrol and Its Analogs: From in Vitro Studies to Cosmetic Applications. 

Antioxidants 2019, 8, 332. 

134. Wu, Y.; Jia, L.-L.; Zheng, Y.-N.; Xu, X.-G.; Luo, Y.-J.; Wang, B.; Chen, J.Z.S.; Gao, X.-H.; Chen, H.-D.; Matsui, M.; et al. Resveratrate 

protects human skin from damage due to repetitive ultraviolet irradiation. J. Eur. Acad. Dermatol. Venereol. 2013, 27, 345–350. 

135. Woon, C.G.; Jin, J.H.; Kyung, S.J.; Hwoon, B.J.; Mi, K.Y.; Chool, B.Y. Skin Anti-aging Effects of a Cream Containing Resveratryl 

Triacetate (RTA). J. Soc. Cosmet. Sci. Korea 2018, 44, 161–170. 

136. Brinke, A.S.; Janssens-Böcker, C.; Kerscher, M. Skin Anti-Aging Benefits of a 2% Resveratrol Emulsion. J. Cosmet. Dermatol. Sci. 

Appl. 2021, 11, 155–168. 

137. Moyano-Mendez, J.R.; Fabbrocini, G.; De Stefano, D.; Mazzella, C.; Mayol, L.; Scognamiglio, I.; Carnuccio, R.; Ayala, F.; La 

Rotonda, M.I.; De Rosa, G. Enhanced antioxidant effect of trans-resveratrol: Potential of binary systems with polyethylene glycol 

and cyclodextrin. Drug Dev. Ind. Pharm. 2014, 40, 1300–1307. 

138. Cornacchione, S.; Sadick, N.S.; Neveu, M.; Talbourdet, S.; Lazou, K.; Viron, C.; Renimel, I.; de Quéral, D.; Kurfurst, R.; Schnebert, 

S.; et al. In vivo skin antioxidant effect of a new combination based on a specific Vitis vinifera shoot extract and a biotechnolog-

ical extract. J. Drugs Dermatol. 2007, 6, s8–s13. 



Molecules 2024, 29, 865 31 of 34 
 

 

139. Sharif, A.; Akhtar, N.; Khan, M.S.; Menaa, A.; Menaa, B.; Khan, B.A.; Menaa, F. Formulation and evaluation on human skin of 

a water-in-oil emulsion containing Muscat hamburg black grape seed extract. Int. J. Cosmet. Sci. 2015, 37, 253–258. 

140. Seneschal, J.; Boniface, K.; D’Arino, A.; Picardo, M. An Update on Vitiligo Pathogenesis. Pigment. Cell Melanoma Res. 2021, 34, 

236–243. 

141. Čižmárová, B.; Hubková, B.; Tomečková, V.; Birková, A. Flavonoids as Promising Natural Compounds in the Prevention and 

Treatment of Selected Skin Diseases. Int. J. Mol. Sci. 2023, 24, 6324. 

142. Pang, Y.; Wu, S.; He, Y.; Nian, Q.; Lei, J.; Yao, Y.; Guo, J.; Zeng, J. Plant Derived Compounds as Promising Therapeutics for 

Vitiligo. Front. Pharmacol. 2021, 12, 685116. 

143. Dańczak-Pazdrowska, A.; Gornowicz-Porowska, J.; Polańska, A.; Krajka-Kuźniak, V.; Stawny, M.; Gostyńska, A.; Rubiś, B.; 

Nourredine, S.; Ashiqueali, S.; Schneider, A.; et al. Cellular senescence in skin-related research: Targeted signaling pathways 

and naturally occurring therapeutic agents. Aging Cell 2023, e13845. 

144. Shivasaraun, U.V.; Sureshkumar, R.; Karthika, C.; Pu�appa, N. Flavonoids as adjuvant in psoralen based photochemotherapy 

in the management of vitiligo/leucoderma. Med. Hypotheses 2018, 121, 26–30. 

145. Gianfaldoni, S.; Tchernev, G.; Lo�i, J.; Wollina, U.; Satolli, F.; Rovesti, M.; França, K.; Lo�i, T. Unconventional Treatments for 

Vitiligo: Are They (Un) Satisfactory? Open Access Maced. J. Med. Sci. 2018, 6, 170–175. 

146. Li, J.; Yang, M.; Song, Y. Molecular mechanism of vitiligo treatment by bailing tablet based on network pharmacology and 

molecular docking. Medicine 2022, 101, e29661. 

147. Nagata, H.; Takekoshi, S.; Takeyama, R.; Homma, T.; Yoshiyuki Osamura, R. Quercetin enhances melanogenesis by increasing 

the activity and synthesis of tyrosinase in human melanoma cells and in normal human melanocytes. Pigment Cell Res. 2004, 17, 

66–73. 

148. Takekoshi, S.; Nagata, H.; Kitatani, K. Flavonoids enhance melanogenesis in human melanoma cells. Tokai J. Exp. Clin. Med. 

2014, 39, 116–121. 

149. Wang, J.Y.; Chen, H.; Wang, Y.Y.; Wang, X.Q.; Chen, H.Y.; Zhang, M.; Tang, Y.; Zhang, B. Network pharmacological mechanisms 

of Vernonia anthelmintica (L.) in the treatment of vitiligo: Isorhamnetin induction of melanogenesis via up-regulation of melanin-

biosynthetic genes. BMC Syst. Biol. 2017, 11, 103. 

150. Ferran, M.; Santamaria-Babi, L.F. Pathological Mechanisms of Skin Homing T Cells in Atopic Dermatitis. World Allergy Organ. 

J. 2010, 3, 44–47. 

151. Kezic, S.; O’Regan, G.M.; Lu�er, R.; Jakasa, I.; Koster, E.S.; Saunders, S.; Caspers, P.; Kemperman, P.M.J.H.; Puppels, G.J.; 

Sandilands, A.; et al. Filaggrin Loss-of-Function Mutations Are Associated with Enhanced Expression of IL-1 Cytokines in the 

Stratum Corneum of Patients with Atopic Dermatitis and in a Murine Model of Filaggrin Deficiency. J. Allergy Clin. Immunol. 

2012, 129, 1031–1039.e1. 

152. Atopic Dermatitis: Pathogenetic Mechanisms|Clinical and Experimental Dermatology|Oxford Academic. Available online: 

h�ps://academic.oup.com/ced/article-abstract/25/7/530/6627852 (accessed on). 

153. Howell, M.D.; Kim, B.E.; Gao, P.; Grant, A.V.; Boguniewicz, M.; DeBenede�o, A.; Schneider, L.; Beck, L.A.; Barnes, K.C.; Leung, 

D.Y.M. Cytokine Modulation of Atopic Dermatitis Filaggrin Skin Expression. J. Allergy Clin. Immunol. 2009, 124, R7–R12. 

154. Piquero-Casals, J.; Carrascosa, J.M.; Morgado-Carrasco, D.; Narda, M.; Trullas, C.; Granger, C.; Fabbrocini, G. The Role of Pho-

toprotection in Optimizing the Treatment of Atopic Dermatitis. Dermatol. Ther. 2021, 11, 315–325. 

155. Spergel, J.M.; Paller, A.S. Atopic Dermatitis and the Atopic March. J. Allergy Clin. Immunol. 2003, 112, S118–S127. 

156. Kojima, T.; Akiyama, H.; Sasai, M.; Taniuchi, S.; Goda, Y.; Toyoda, M.; Kobayashi, Y. Anti-Allergic Effect of Apple Polyphenol 

on Patients with Atopic Dermatitis: A Pilot Study. Allergol. Int. 2000, 49, 69–73. 

157. Kundu, J.K.; Shin, Y.K.; Surh, Y.-J. Resveratrol Modulates Phorbol Ester-Induced pro-Inflammatory Signal Transduction Path-

ways in Mouse Skin in Vivo: NF-ΚB and AP-1 as Prime Targets. Biochem. Pharmacol. 2006, 72, 1506–1515. 

158. Alesci, A.; Nicosia, N.; Fumia, A.; Giorgianni, F.; Santini, A.; Cicero, N. Resveratrol and Immune Cells: A Link to Improve 

Human Health. Molecules 2022, 27, 424. 

159. Sozmen, S.C.; Karaman, M.; Micili, S.C.; Isik, S.; Ayyildiz, Z.A.; Bagriyanik, A.; Uzuner, N.; Karaman, O. Resveratrol Amelio-

rates 2,4-Dinitrofluorobenzene-Induced Atopic Dermatitis-like Lesions through Effects on the Epithelium. PeerJ 2016, 4, e1889. 

160. Kang, M.C.; Cho, K.; Lee, J.H.; Subedi, L.; Yumnam, S.; Kim, S.Y. Effect of Resveratrol-Enriched Rice on Skin Inflammation and 

Pruritus in the NC/Nga Mouse Model of Atopic Dermatitis. Int. J. Mol. Sci. 2019, 20, 1428. 

161. Di Salvo, E.; Gangemi, S.; Genovese, C.; Cicero, N.; Casciaro, M. Polyphenols from Mediterranean Plants: Biological Activities 

for Skin Photoprotection in Atopic Dermatitis, Psoriasis, and Chronic Urticaria. Plants 2023, 12, 3579. 

162. Kim, H.K.; Chang, H.K.; Baek, S.Y.; Chung, J.O.; Rha, C.S.; Kim, S.Y.; Kim, B.J.; Kim, M.N. Treatment of Atopic Dermatitis 

Associated with Malassezia Sympodialis by Green Tea Extracts Bath Therapy: A Pilot Study. Mycobiology 2012, 40, 124–128. 

163. Cervi, V.F.; Saccol, C.P.; Sari, M.H.M.; Martins, C.C.; da Rosa, L.S.; Ilha, B.D.; Soares, F.Z.; Luchese, C.; Wilhelm, E.A.; Cruz, L. 

Pullulan Film Incorporated with Nanocapsules Improves Pomegranate Seed Oil Anti-Inflammatory and Antioxidant Effects in 

the Treatment of Atopic Dermatitis in Mice. Int. J. Pharm. 2021, 609, 121144. 

164. Nagano, T.; Nishida, N.; Ito, H. The Inhibitory Effect of a Polyphenol Concentrate from Pomegranate Juice on 2, 4-Dinitrofluoro-

benzene-Induced Contact Hypersensitivity in Mice. Food Sci. Technol. Res. 2018, 24, 169–175. 

165. Min, S.-Y.; Yan, M.; Kim, S.B.; Ravikumar, S.; Kwon, S.-R.; Vanarsa, K.; Kim, H.-Y.; Davis, L.S.; Mohan, C. Green Tea Epigallo-

catechin-3-Gallate Suppresses Autoimmune Arthritis through Indoleamine-2, 3-Dioxygenase Expressing Dendritic Cells and 

the Nuclear Factor, Erythroid 2-like 2 Antioxidant Pathway. J. Inflamm. 2015, 12, 1–15. 



Molecules 2024, 29, 865 32 of 34 
 

 

166. Ahn, S.-C.; Kim, G.-Y.; Kim, J.-H.; Baik, S.-W.; Han, M.-K.; Lee, H.-J.; Moon, D.-O.; Lee, C.-M.; Kang, J.-H.; Kim, B.-H. Epigallo-

catechin-3-Gallate, Constituent of Green Tea, Suppresses the LPS-Induced Phenotypic and Functional Maturation of Murine 

Dendritic Cells through Inhibition of Mitogen-Activated Protein Kinases and NF-ΚB. Biochem. Biophys. Res. Commun. 2004, 313, 

148–155. 

167. Ruan, S.F.; Hu, Y.; Wu, W.F.; Du, Q.Q.; Wang, Z.X.; Chen, T.T.; Shen, Q.; Liu, L.; Jiang, C.P.; Li, H.; et al. Explore the Anti-Acne 

Mechanism of Licorice Flavonoids Based on Metabonomics and Microbiome. Front. Pharmacol. 2022, 13, 832088. 

168. Tungmunnithum, D.; Thongboonyou, A.; Pholboon, A.; Yangsabai, A. Flavonoids and Other Phenolic Compounds from Me-

dicinal Plants for Pharmaceutical and Medical Aspects: An Overview. Medicines 2018, 5, 93. 

169. Tan, A.U.; Schlosser, B.J.; Paller, A.S. A review of diagnosis and treatment of acne in adult female patients. Int. J. Womens Der-

matol. 2017, 4, 56–71. 

170. Bhate, K.; Williams, H.C. Epidemiology of acne vulgaris. Br. J. Dermatol. 2013, 168, 474–485. 

171. Williams, H.C.; Dellavalle, R.P.; Garner, S. Acne vulgaris. Lancet 2012, 379, 361–372. 

172. Lim, H.J.; Kang, S.H.; Song, Y.J.; Jeon, Y.D.; Jin, J.S. Inhibitory Effect of Quercetin on Propionibacterium acnes-induced Skin 

Inflammation. Int. Immunopharmacol. 2021, 96, 107557. 

173. Dhaliwal, J.S.; Moshawih, S.; Goh, K.W.; Loy, M.J.; Hossain, M.S.; Hermansyah, A.; Kotra, V.; Kifli, N.; Goh, H.P.; Dhaliwal, 

S.K.S.; et al. Pharmacotherapeutics Applications and Chemistry of Chalcone Derivatives. Molecules 2022, 27, 7062. 

174. Amer, S.S.; Nasr, M.; Abdel-Aziz, R.T.A.; Moftah, N.H.; El Shaer, A.; Polycarpou, E.; Mamdouh, W.; Sammour, O. Cosm-

nutraceutical nanovesicles for acne treatment: Physicochemical characterization and exploratory clinical experimentation. Int. 

J. Pharm. 2020, 577, 119092. 

175. Lim, Y.H.; Kim, I.H.; Seo, J.J. In vitro activity of kaempferol isolated from the Impatiens balsamina alone and in combination 

with erythromycin or clindamycin against Propionibacterium acnes. J. Microbiol. 2007, 45, 473–477. 

176. Lu, P.H.; Hsu, C.H. Does supplementation with green tea extract improve acne in post-adolescent women? A randomized, 

double-blind, and placebo-controlled clinical trial. Complement Ther. Med. 2016, 25, 159–163. 

177. Yoon, J.Y.; Kwon, H.H.; Min, S.U.; Thiboutot, D.M.; Suh, D.H. Epigallocatechin-3-gallate improves acne in humans by modulat-

ing intracellular molecular targets and inhibiting P. acnes. J. Investig. Dermatol. 2013, 133, 429–440. 

178. Cannavò, S.P.; Riso, G.; Casciaro, M.; Di Salvo, E.; Gangemi, S. Oxidative stress involvement in psoriasis: A systematic review. 

Free Radic. Res. 2019, 53, 829–840. 

179. Nair, P.A.; Badri, T. Psoriasis; StatPearls Publishing: Treasure Island, FL, USA, 2022. 

180. Guarneri, F.; Bertino, L.; Pioggia, G.; Casciaro, M.; Gangemi, S. Therapies with Antioxidant Potential in Psoriasis, Vitiligo, and 

Lichen Planus. Antioxidants 2021, 10, 1087. 

181. Nowak-Perlak, M.; Szpadel, K.; Jabłόnska, I.; Pizon, M.; Wόzniak, M. Promising Strategies in Plant-Derived Treatments of Pso-

riasis-Update of In Vitro, In Vivo, and Clinical Trials Studies. Molecules 2022, 27, 591. 

182. Gendrisch, F.; Esser, P.R.; Schempp, C.M.; Wölfle, U. Luteolin as a modulator of skin aging and inflammation. Biofactors 2021, 

47, 170–180. 

183. Gębka, N.; Adamczyk, J.; Gębka-Kępińska, B.; Mizgała-Izworska, E. The role of flavonoids in prevention and treatment of se-

lected skin diseases. J. Pre-Clin. Clin. Res. 2022, 16, 99–107. 

184. Klisic, A.; Bakic, M.; Karanikolic, V. Comparative Analysis of Redox Homeostasis Biomarkers in Patients with Psoriasis and 

Atopic Dermatitis. Antioxidants 2023, 12, 1875. 

185. Weng, Z.; Patel, A.B.; Vasiadi, M.; Therianou, A.; Theoharides, T.C. Luteolin inhibits human keratinocyte activation and de-

creases NF-κB induction that is increased in psoriatic skin. PLoS ONE 2014, 9, e90739. 

186. Zhou, W.; Hu, M.; Zang, X.; Liu, Q.; Du, J.; Hu, J.; Zhang, L.; Du, Z.; Xiang, Z. Luteolin a�enuates imiquimod-induced psoriasis-

like skin lesions in BALB/c mice via suppression of inflammation response. Biomed. Pharmacother. 2020, 131, 110696. 

187. Pal, H.C.; Chamcheu, J.C.; Adhami, V.M.; Wood, G.S.; Elmets, C.A.; Mukhtar, H.; Afaq, F. Topical application of delphinidin 

reduces psoriasiform lesions in the flaky skin mouse model by inducing epidermal differentiation and inhibiting inflammation. 

Br. J. Dermatol. 2015, 172, 354–364. 

188. Chamcheu, J.C.; Pal, H.C.; Siddiqui, I.A.; Adhami, V.M.; Ayehunie, S.; Boylan, B.T.; Noubissi, F.K.; Khan, N.; Syed, D.N.; Elmets, 

C.A.; et al. Prodifferentiation, anti-inflammatory and antiproliferative effects of delphinidin, a dietary anthocyanidin, in a full-

thickness three-dimensional reconstituted human skin model of psoriasis. Skin Pharmacol. Physiol. 2015, 28, 177–188. 

189. Hung, C.H.; Wang, C.N.; Cheng, H.H.; Liao, J.W.; Chen, Y.T.; Chao, Y.W.; Jiang, J.L.; Lee, C.C. Baicalin Ameliorates Imiquimod-

Induced Psoriasis-Like Inflammation in Mice. Planta Med. 2018, 84, 1110–1117. 

190. Wang, P.W.; Lin, T.Y.; Yang, P.M.; Fang, J.Y.; Li, W.T.; Pan, T.L. Therapeutic efficacy of Scutellaria baicalensis Georgi against 

psoriasis-like lesions via regulating the responses of keratinocyte and macrophage. Biomed. Pharmacother. 2022, 155, 113798. 

191. Xu, Q.; Liu, Z.; Cao, Z.; Shi, Y.; Yang, N.; Cao, G.; Zhang, C.; Sun, R.; Zhang, C. Topical astilbin ameliorates imiquimod-induced 

psoriasis-like skin lesions in SKH-1 mice via suppression dendritic cell-Th17 inflammation axis. J. Cell. Mol. Med. 2022, 26, 1281–

1292. 

192. Chen, H.; Lu, C.; Liu, H.; Wang, M.; Zhao, H.; Yan, Y.; Han, L. Quercetin ameliorates imiquimod-induced psoriasis-like skin 

inflammation in mice via the NF-κB pathway. Int. Immunopharmacol. 2017, 48, 110–117. 

193. Ne�is, E.; Foti, C.; Ambrifi, M.; Baiardini, I.; Bianchi, L.; Borghi, A.; Caminati, M.; Canonica, G.W.; Casciaro, M.; Colli, L.; et al. 

Urticaria: Recommendations from the Italian Society of Allergology, Asthma and Clinical Immunology and the Italian Society 

of Allergological, Occupational and Environmental Dermatology. Clin. Mol. Allergy 2020, 18, 8. 



Molecules 2024, 29, 865 33 of 34 
 

 

194. Ne�is, E.; Distaso, M.; Sai�a, S.; Casciaro, M.; Cristani, M.; Saija, A.; Vacca, A.; Gangemi, S.; Minciullo, P.L. Involvement of New 

Oxidative Stress Markers in Chronic Spontaneous Urticaria. Postep. Dermatol. Alergol. 2017, 34, 448–452. 

195. Cannavò, S.P.; Riso, G.; Di Salvo, E.; Casciaro, M.; Giuffrida, R.; Minciullo, P.L.; Guarneri, F.; Ne�is, E.; Gangemi, S. Oxidative 

Stress Involvement in Urticaria. J. Biol. Regul. Homeost. Agents 2020, 34, 675–678. 

196. Wang, D.; Tang, H.; Shen, Y.; Wang, F.; Lin, J.; Xu, J. Activation of the blood coagulation system in patients with chronic spon-

taneous urticaria. Clinical laboratory 2015, 61, 1283-1288. (accessed on). 

197. Greaves, M.W.; Tan, K.T. Chronic Urticaria: Recent Advances. Clin. Rev. Allerg. Immunol. 2007, 33, 134–143. 

198. Gra�an, C.E.H.; Wallington, T.B.; Warin, R.P.; Kennedy, C.T.C.; Lbradfield, J.W. A Serological Mediator in Chronic Idiopathic 

Urticaria—A Clinical, Immunological and Histological Evaluation. Br. J. Dermatol. 1986, 114, 583–590. 

199. Kikuchi, Y.; Kaplan, A.P. A Role for C5a in Augmenting IgG-Dependent Histamine Release from Basophils in Chronic Urticaria. 

J. Allergy Clin. Immunol. 2002, 109, 114–118. 

200. Soundararajan, S.; Kikuchi, Y.; Joseph, K.; Kaplan, A.P. Functional Assessment of Pathogenic IgG Subclasses in Chronic Auto-

immune Urticaria. J. Allergy Clin. Immunol. 2005, 115, 815–821. 

201. Zhou, B.; Li, J.; Liu, R.; Zhu, L.; Peng, C. The role of crosstalk of immune cells in pathogenesis of chronic spontaneous urticaria. 

Frontiers in immunology 2022, 13, 879754. (accessed on). 

202. Coli�i, M.; Stefanon, B.; Gabai, G.; Gelain, M.E.; Bonsembiante, F. Oxidative Stress and Nutraceuticals in the Modulation of the 

Immune Function: Current Knowledge in Animals of Veterinary Interest. Antioxidants 2019, 8, 28. 

203. Mannucci, C.; Casciaro, M.; Sorbara, E.E.; Calapai, F.; Di Salvo, E.; Pioggia, G.; Navarra, M.; Calapai, G.; Gangemi, S. Nutraceu-

ticals against Oxidative Stress in Autoimmune Disorders. Antioxidants 2021, 10, 261. 

204. Gangemi, S.; Minciullo, P.L.; Magliacane, D.; Sai�a, S.; Loffredo, S.; Saija, A.; Cristani, M.; Marone, G.; Triggiani, M. Oxidative 

Stress Markers Are Increased in Patients with Mastocytosis. Allergy 2015, 70, 436–442. 

205. Wang, J.; Zhang, Y.; Hu, S.; Ge, S.; Jia, M.; Wang, N. Resveratrol Inhibits MRGPRX2-Mediated Mast Cell Activation via Nrf2 

Pathway. Int. Immunopharmacol. 2021, 93, 107426. 

206. Bunselmeyer, B.; Laubach, H.J.; Schiller, M.; Stanke, M.; Luger, T.A.; Brehler, R. Incremental Build-up Food Challenge—A New 

Diagnostic Approach to Evaluate Pseudoallergic Reactions in Chronic Urticaria: A Pilot Study. Clin. Exp. Allergy 2009, 39, 116–

126. 

207. Shaik, Y.; Caraffa, A.; Ronconi, G.; Lessiani, G.; Conti, P. Impact of Polyphenols on Mast Cells with Special Emphasis on the 

Effect of Quercetin and Luteolin. Cent. Eur. J. Immunol. 2018, 43, 476–481. 

208. dos Anjos Oliveira Ferreira, L.; de Paula Barros de Melo, C.; Saito, P.; Iwanaga, C.C.; Nakamura, C.V.; Casagrande, R.; da Con-

ceição Torrado Truiti, M. Nectandra Cuspidata Fraction and the Isolated Polyphenols Protect Fibroblasts and Hairless Mice 

Skin from UVB-Induced Inflammation and Oxidative Stress. J. Photochem. Photobiol. B Biol. 2020, 205, 111824. 

209. Martinez, R.M.; Pinho-Ribeiro, F.A.; Steffen, V.S.; Caviglione, C.V.; Fa�ori, V.; Bussmann, A.J.C.; Bo�ura, C.; Fonseca, M.J.V.; 

Vignoli, J.A.; Baracat, M.M.; et al. Trans-Chalcone, a Flavonoid Precursor, Inhibits UV-Induced Skin Inflammation and Oxida-

tive Stress in Mice by Targeting NADPH Oxidase and Cytokine Production. Photochem. Photobiol. Sci. 2017, 16, 1162–1173. 

210. Hossain, S.J.; Tsujiyama, I.; Takasugi, M.; Islam, M.A.; Biswas, R.S.; Aoshima, H. Total Phenolic Content, Antioxidative, Anti-

Amylase, Anti-Glucosidase, and Antihistamine Release Activities of Bangladeshi Fruits. Food Sci. Technol. Res. 2008, 14, 261–268. 

211. Cuffaro, D.; Digiacomo, M.; Macchia, M. Dietary Bioactive Compounds: Implications for Oxidative Stress and Inflamma-

tion. Nutrients 2023, 15, 4966. 

212. Lim, H.; Park, H.; Kim, H.P. Effects of flavonoids on senescence-associated secretory phenotype formation from bleomycin-

induced senescence in BJ fibroblasts. Biochem. Pharmacol. 2015, 96, 337–348. 

213. Lee, T.H.; Do, M.H.; Oh, Y.L.; Cho, D.W.; Kim, S.H.; Kim, S.Y. Dietary Fermented Soybean Suppresses UVB-Induced Skin In-

flammation in Hairless Mice via Regulation of the MAPK Signaling Pathway. J. Agric. Food Chem. 2014, 62, 8962–8972. 

214. Hwang, E.; Park, S.Y.; Lee, H.J.; Lee, T.Y.; Sun, Z.W.; Yi, T.H. Gallic acid regulates skin photoaging in UVB-exposed fibroblast 

and hairless mice. Phyther. Res. 2014, 28, 1778–1788. 

215. Sobiepanek, A.; Milner-Krawczyk, M.; Bobecka-Wesołowska, K.; Kobiela, T. The effect of delphinidin on the mechanical prop-

erties of keratinocytes exposed to UVB radiation. J. Photochem. Photobiol. B 2016, 164, 264–270. 

216. Yousefzadeh, M.J.; Zhu, Y.; McGowan, S.J.; Angelini, L.; Fuhrmann-Stroissnigg, H.; Xu, M.; Ling, Y.Y.; Melos, K.I.; Pirtskhalava, 

T.; Inman, C.L.; et al. Fisetin is a senotherapeutic that extends health and lifespan. EBioMedicine 2018, 36, 18–28. 

217. Liu, S.; You, L.; Zhao, Y.; Chang, X. Hawthorn polyphenol extract inhibits UV-B-induced skin photoaging by regulating MMP 

expression and type I procollagen production in mice. J. Agric. Food Chem. 2018, 66, 8537–8546. 

218. Liu, S.; Sui, Q.; Zou, J.; Zhao, Y.; Chang, X. Protective effects of hawthorn (Crataegus pinnatifida) polyphenol extract against UV-

B-induced skin damage by modulating the p53 mitochondrial pathway in vitro and in vivo. J. Food Biochem. 2019, 43, e12708. 

219. Nobile, V.; Michelo�i, A.; Cestone, E.; Caturla, N.; Castillo, J.; Benavente-García, O.; Pérez-Sánchez, A.; Micol, V. Skin photo-

protective and antiageing effects of a combination of rosemary (Rosmarinus officinalis) and grapefruit (Citrus paradisi) polyphe-

nols. Food Nutr. Res. 2016, 60, 31871. 

220. Kwon, K.R.; Alam, M.B.; Park, J.H.; Kim, T.H.; Lee, S.H. A�enuation of UV-B-induced photo-aging by polyphenolic-rich Spath-

olobus Suberectus stem extract via modulation of MAPK/AP-1/MMPs signaling in human keratinocytes. Nutrients 2019, 11, 

1341. 

221. Xiao, J.; Liu, B.; Zhuang, Y. Effects of rambutan (Nephelium lappaceum) peel phenolics and Leu-Ser-Gly-Tyr-Gly-Pro on hairless 

mice skin photoaging induced by ultraviolet irradiation. Food Chem. Toxicol. 2019, 129, 30–37. 



Molecules 2024, 29, 865 34 of 34 
 

 

222. Lee, H.J.; Im, A.R.; Kim, S.M.; Kang, H.S.; Lee, J.D.; Chae, S. The flavonoid hesperidin exerts anti-photoaging effect by down-

regulating matrix metalloproteinase (mmp)-9 expression via mitogen activated protein kinase (mapk)-dependent signaling 

pathways. BMC complementary and alternative medicine 2018, 18, 39. 

223. Kim, H.I.; Jeong, Y.U.; Kim, J.H.; Park, Y.J. 3, 5, 6, 7, 8, 3′, 4′-Heptamethoxyflavone, a citrus flavonoid, inhibits collagenase activity 

and induces type I procollagen synthesis in HDFn cells. Int. J. Mol. Sci. 2018, 19, 620. 

224. Noh, D.; Choi, J.G.; Huh, E.; Oh, M.S. Tectorigenin, a Flavonoid-Based Compound of Leopard Lily Rhizome, A�enuates UV-B-

Induced Apoptosis and Collagen Degradation by Inhibiting Oxidative Stress in Human Keratinocytes. Nutrients 2018, 10, 1998. 

225. Wolf, J.R.; Gewandter, J.S.; Bautista, J.; Heckler, C.E.; Strasser, J.; Dyk, P.; Anderson, T.; Gross, H.; Speer, T.; Dolohanty, L.; et al. 

Utility of topical agents for radiation dermatitis and pain: A randomized clinical trial. Support. Care Cancer 2020, 28, 3303–3311. 

226. Bahraini, P.; Rajabi, M.; Mansouri, P.; Sarafian, G.; Chalangari, R.; Azizian, Z. Turmeric tonic as a treatment in scalp psoriasis: 

A randomized placebo-control clinical trial. J. Cosmet. Dermatol. 2018, 17, 461–466. 

227. Cha�erjee, S.; Da�a, R.N.; Bha�acharyya, B.; Bandopadhyay, S.K. Emollient and antipruritic effect of Itch cream in dermatolog-

ical disorders: A randomized controlled trial. Indian J. Pharmacol. 2005, 37, 253–254. 

228. Kasai, K.; Yoshimura, M.; Koga, T.; Arii, M.; Kawasaki, S. Effects of oral administration of ellagic acid-rich pomegranate extract 

on ultraviolet-induced pigmentation in the human skin. J. Nutr. Sci. Vitaminol. 2006, 52, 383–388. 

229. Chiu, A.E.; Chan, J.L.; Kern, D.G.; Kohler, S.; Rehmus, W.E.; Kimball, A.B. Double-blinded, placebo-controllecl trial of green tea 

extracts in the clinical and histologic appearance of photoaging skin. Dermatol. Surg. 2005, 31, 855–859. 

230. Granger, C.; Aladren, S.; Delgado, J.; Garre, A.; Trullas, C.; Gilaberte, Y. Prospective evaluation of the efficacy of a food supple-

ment in increasing photoprotection and improving selective markers related to skin photo-ageing. Dermatol. Ther. 2020, 10, 163–

178. 

231. Charoenchon, N.; Rhodes, L.E.; Nicolaou, A.; Williamson, G.; Watson, R.E.B.; Farrar, M.D. Ultraviolet radiation-induced degra-

dation of dermal extracellular matrix and protection by green tea catechins: A randomized controlled trial. Clin. Exp. Dermatol. 

2022, 47, 1314–1323. 

232. Megow, I.; Darvin, M.E.; Meinke, M.C.; Lademann, J. A randomized controlled trial of green tea beverages on the in vivo radical 

scavenging activity in human skin. Skin Pharmacol. Physiol. 2017, 30, 225–233. 

233. Shoji, T.; Masumoto, S.; Moriichi, N.; Ohtake, Y.; Kanda, T. Administration of Apple Polyphenol Supplements for Skin Condi-

tions in Healthy Women: A Randomized, Double-Blind, Placebo-Controlled Clinical Trial. Nutrients 2020, 12, 1071. 

234. Imran, M.; Iqubal, M.K.; Imtiyaz, K.; Saleem, S.; Mi�al, S.; Rizvi, M.M.A.; Ali, J.; Baboota, S. Topical nanostructured lipid carrier 

gel of quercetin and resveratrol: Formulation, optimization, in vitro and ex vivo study for the treatment of skin cancer. Int. J. 

Pharm. 2020, 587, 119705. 

235. Chellappan, D.K.; Yee, N.J.; Kaur Ambar Jeet Singh, B.J.; Panneerselvam, J.; Madheswaran, T.; Chellian, J.; Satija, S.; Mehta, M.; 

Gulati, M.; Gupta, G.; et al. Formulation and characterization of glibenclamide and quercetin-loaded chitosan nanogels target-

ing skin permeation. Ther. Deliv. 2019, 10, 281–293. 

236. Bose, S.; Du, Y.; Takhistov, P.; Michniak-Kohn, B. Formulation optimization and topical delivery of quercetin from solid lipid 

based nanosystems. Int. J. Pharm. 2013, 441, 56–66. 

237. Sapino, S.; Ugazio, E.; Gastaldi, L.; Mile�o, I.; Berlier, G.; Zonari, D.; Oliaro-Bosso, S. Mesoporous Silica as Topical Nanocarriers 

for Quercetin: Characterization and in Vitro Studies. Eur. J. Pharm. Biopharm. 2015, 89, 116–125. 

238. Tan, Q.; Liu, W.; Guo, C.; Zhai, G. Preparation and evaluation of quercetin-loaded lecithin-chitosan nanoparticles for topical 

delivery. Int. J. Nanomed. 2011, 6, 1621–1630. 

239. Greenwald, M.B.Y.; Frusic-Zlotkin, M.; Soroka, Y.; Ben Sasson, S.; Bi�on, R.; Bianco-Peled, H.; Kohen, R. Curcumin Protects Skin 

against UVB-Induced Cytotoxicity via the Keap1-Nrf2 Pathway: The Use of a Microemulsion Delivery System. Oxid. Med. Cell. 

Longev. 2017, 2017, 5205471. 

240. Gupta, N.K.; Dixit, V.K. Development and evaluation of vesicular system for curcumin delivery. Arch. Dermatol. Res. 2011, 303, 

89–101. 

241. Ternullo, S.; Gagnat, E.; Julin, K.; Johannessen, M.; Basnet, P.; Vanic, Z.; Skalko-Basnet, N. Liposomes augment biological bene-

fits of curcumin for multitargeted skin therapy. Eur. J. Pharm. Biopharm. 2019, 144, 154–164. 

242. Manca, M.L.; Castangia, I.; Zaru, M.; Nacher, A.; Valenti, D.; Fernandez-Busquets, X.; Fadda, A.M.; Manconi, M. Development 

of curcumin loaded sodium hyaluronate immobilized vesicles (hyalurosomes) and their potential on skin inflammation and 

wound restoring. Biomaterials 2015, 71, 100–109. 

243. Yu, F.; Zhang, Y.; Yang, C.; Li, F.; Qiu, B.; Ding, W. Enhanced transdermal efficiency of curcumin-loaded peptide-modified 

liposomes for highly effective antipsoriatic therapy. J. Mater. Chem. B 2021, 9, 4846–4856. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


