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Abstract: The skin is the largest organ in the human body, composed of the epidermis and 
the dermis. It provides protection and acts as a barrier against external menaces like 
allergens, chemicals, systemic toxicity, and infectious organisms. Skin disorders like cancer, 
dermatitis, psoriasis, wounds, skin aging, acne, and skin infection occur frequently and can 
impact human life. According to a growing body of evidence, several studies have reported 
that natural products have the potential for treating skin disorders. Building on this informa-
tion, this review provides brief information about the action of the most important in vitro 
and in vivo research on the use of ten selected natural products in inflammatory, neoplastic, 
and infectious skin disorders and their mechanisms that have been reported to date. The 
related studies and articles were searched from several databases, including PubMed, 
Google, Google Scholar, and ScienceDirect. Ten natural products that have been reported 
widely on skin disorders were reviewed in this study, with most showing anti-inflammatory, 
antioxidant, anti-microbial, and anti-cancer effects as the main therapeutic actions. Overall, 
most of the natural products reported in this review can reduce and suppress inflammatory 
markers, like tumor necrosis factor-alpha (TNF-α), scavenge reactive oxygen species (ROS), 
induce cancer cell death through apoptosis, and prevent bacteria, fungal, and virus infections 
indicating their potentials. This review also highlighted the challenges and opportunities of 
natural products in transdermal/topical delivery systems and their safety considerations for 
skin disorders. Our findings indicated that natural products might be a low-cost, well- 
tolerated, and safe treatment for skin diseases. However, a larger number of clinical trials 
are required to validate these findings. Natural products in combination with modern drugs, 
as well as the development of novel delivery mechanisms, represent a very promising area 
for future drug discovery of these natural leads against skin disorders. 
Keywords: natural products, skin disorder, dermatitis, psoriasis, skin cancer, anti- 
inflammatory, drug delivery

Introduction
The skin, which is the largest organ in the body, consists of several layers, including 
the epidermis, dermis, and hypodermis. The skin plays an important role by 
conferring protection and acting as a barrier to the body. It also regulates body 
temperature and facilitates sensation. The most common concern with regards to the 
skin is skin disorders or skin disease. In fact, 50% of the adult population have 
suffered from some type of skin disorder at one point in their lives, with one in 
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three having the chronic or mild condition.1 According to 
Kassab et al,2 skin disorders remain one of the biggest 
challenges that affect the quality-of-life of adults and teen-
agers alike.

Skin
Being the largest organ in the body, skin protects the 
internal organs from various external insults, such as 
invading pathogens (bacteria, fungi, viruses, parasites, 
and mites), exogenous physical stresses, chemicals, and 
others. Besides, it has an essential role in regulating tem-
perature, electrolytes, water, and others, and providing 

essential vitamins to the whole body, ie, Vitamin D. 
Unlike other mucosal epithelia, skin possesses a dry (due 
to lipids) and a formidable layer of epithelia, which pre-
vent the ease of access of microorganism entry. Despite 
other routes of pathogen entry, the skin plays an important 
role in protecting from pathogens. Besides, skin cells also 
produce many chemicals, such as fatty acids and defensins 
(antibacterial peptides), to destroy the pathogens. As such, 
skin is composed of three different major layers, which 
harbor several types of cells, including immune cells, that 
perform various functions (Figure 1).3 Considering this 
high amount of immune niches in the skin, it is regarded 
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as “skin immune system” or “tertiary lymphoid structures” 
(TLS) or “tertiary lymphoid organs” (TLO).4,5

Dysregulations in the skin-associated lymphoid system 
lead to chronic, inflammatory, and hyperproliferative skin 
diseases (Table 1). In addition, damaged or tender skin is 
the best route of entry for many microorganisms. 
Therefore, regulation of immune responses in the skin is 
at most important. The skin-associated lymphoid system is 
composed of tightly coordinated innate and adaptive arms 

of the immune system. Despite the innate immune system, 
humoral immunity (also called antibody-mediated immu-
nity) in the adaptive immune system is also critical for 
regulating immune homeostasis in the skin. B-cells and 
their subtypes in the skin have been implicated in anti-
body-mediated protective immunity. However, the type of 
antibody production (either self-reactive or non-self-reac-
tive) depends on the type of antigen (self or foreign) 
exposed, and may drive or suppress the inflammatory 

Figure 1 Skin anatomy in health. The skin structure is mainly divided into the epidermis, dermis, and subcutaneous/hypodermis. The epidermis is further divided into the 
stratum corneum, stratum lucidum, stratum granulosum, stratum spinosum, and stratum basale. The epidermis contains specialized cells, such as Langerhans cells (LCs), 
CD8+ T-cells, melanocytes, and others. Although skin appendages (hair, hair follicles, sweat glands, and sebaceous glands) are the main entry points for microorganisms, they 
are useful in transportation (from outside to inside and vice versa), prevention from mechanical damage, keeping skin dry, regulating temperature changes, protecting from 
ultraviolet light, and other. The dermis is the place where the majority of skin immunological interventions take place. The dermis is composed of fibroblasts, tissue-resident 
T-cells (TRM; including CD4+ T-cells [Th1, Th2, and Th17 cells] CD8+ T-cells, γδT cells, NKT cells), dendritic cells (including plasmacytoid DCs, tissue-resident DCs), tissue- 
resident macrophages, mast cells and others, and dense extracellular matrix (ECM). ECM is composed of collagen and elastin fibres, which occupies the extracellular space. 
The ECM provides a basement structure for the blood vessels, lymphatic vessel, and neurons through which transportation of immune cells and sensory functions are 
carried out, respectively. Beneath the dermis, a fatty layer which protects the host is the subcutaneous layer, also called subcutaneous adipose tissue. Along with the dermis, 
the subcutaneous layer also harbors a variety of immune cells, including T-cells, B-cells, macrophages, and others, and thus is collectively called the stromal vascular fraction 
(SVF). Despite immune cells function, adipocytes tissue secretes several bioactive proteins, collectively called adipokines (such as leptin, resistin, and adiponectin). These 
adipokines have various functions, including metabolic, inflammation, coagulation, vascular homeostasis, and others. Besides adipokines, adipocytes also secrete other 
molecules, such as IL-6, TGF-β, IGF-1, and others. Dermal DCs and LCs, which carry self/non-self-antigens (from PAMPs or DAMPs), migrate to lymph nodes and become 
antigen-presenting cells and present the antigens to the lymph node resident T-cells. The antigen-experienced T-cells differentiated into T-helper cells and migrate to the 
injured skin scite. Similarly, B-cells produce antibodies against self/non-self-antigens. The stratum corneum is the outermost layer (10–30 µm) in the skin, which is formed 
majorly from dead keratinocytes (also called denucleated keratinocytes; corneocytes), intracellular lipids (providing the hydrophobic nature to the skin), and others. The 
stratum lucidum is a very thin layer of dead cells in the skin after the stratum corneum that can appear as a translucent layer under a microscope. The stratum granulosumis 
composed of 3–5 layers of cells, which are composed of dark clumps of cytoplasmic granules. The stratum spinosum,also known as the prickle cell layer, originated from the 
keratinocytes that were differentiated and moved from the stratum basale. The stratum basale is a single layer of undifferentiated keratinocytes, which is the source of the 
stratum spinosum, and composed of melanocytes (Pigment melanin secreting cells). More information on skin anatomy can be found in excellent reviews.3,10,11,210 Created 
with BioRender.com.  
Abbreviations: DAMPs, damage-associated molecular patterns; IGF, Insulin-like growth factor; NKT, natural killer T-cells; PAMPs, pathogen-associated molecular pattern; 
TGF, transforming growth factor, IL, interleukin.
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Table 1 List of Skin Diseases or Disorders

Disease Characteristics Causative Factor References

Autoimmune disorders

Systemic lupus erythematosus 
(SLE)

Antigen-antibody complexes deposition at the 
basement membrane region (place where 
dermis and epidermis separated)

Autoantibodies Pires et al224

Scleroderma and morphea 
(localized scleroderma)

Collagen overproduction in the dermis – Careta and 
Romiti225

Mixed connective tissue disease Elevated blood levels of anti-U1- 
ribonucleoprotein in at least two connective 
tissue diseases

– Sapkota and Al 
Khalili226

Dermatomyositis Symmetrical proximal muscle weakness, 
elevated serum muscle enzymes, and muscle 
biopsy and electromyography findings consistent 
with myositis

Immune system activation that causes 
immunologic attacks on muscle fibers and 
endomysial capillaries

Cheeti et al227 

Koler and 
Montemarano228

Eczematous disorders

Atopic dermatitis Genetic, environmental, and immunologic 
mechanisms play a role in this inflammatory 
disorder. Pro-inflammatory cytokines are 
released by keratinocytes in response to 
neuropeptides, irritation, or pruritus-induced 
scratching

Defects in skin barrier function, immune 
dysregulation, and exposure to infectious agents

Siiskonen and 
Harvima229; 
Umehara et al230

Allergic contact dermatitis An antigenic agent triggers an immunologic 
reaction in the skin, which may take several days 
to occur

Antigenic substance Corsini et al231; 
Kaplan et al232

Hair loss associated skin disorder

Alopecia areata Hair loss on the scalp, face, and other parts of 
the body is caused by an autoimmune skin 
disease.

Abnormality in the immune system Pratt et al233

Immunodeficiencies

Ataxia telangiectasia Development of reddish lesions of the skin and 
mucous membranes (Ataxia) due to permanent 
widening of groups of blood vessels 
(telangiectasia), and impaired immune system 
functioning

Mutations in a gene on chromosome 11 (ATM 
gene)

Folgori et al234; 
Goldman235

Chronic mucocutaneous 
candidiasis

Candida spp., primarily Candida albicans, cause 
recurrent or chronic infections of the nails, skin, 
and oral and genital mucosae

Primary immune deficiency Beenhouwer236

Chronic granulomatous disease Recurrent, life-threatening bacterial and fungal 
infections as well as granuloma formation

Defects in an essential enzyme in white blood 
cells that produce oxidants for microbial killing 
are inherited

Song et al237

Hyper-Immunoglobulin E 
syndrome

Recurrent eczema, skin abscesses, lung 
infections, eosinophilia, and elevated IgE levels in 
the blood

Genetic mutation in either STAT3 or DOCK8 Freeman and 
Holland238; 
Freeman and 
Olivier239

Leukocyte adhesion molecule 
deficiency

Inability of leukocytes to migrate from 
circulation into sites of inflammation, resulting in 
recurrent bacterial infections

Deficiency of adhesive glycoproteins on the 
surfaces of white blood cells

Snyder240; Justiz 
Vaillant and 
Ahmad241

(Continued)
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Table 1 (Continued). 

Disease Characteristics Causative Factor References

Severe combined 
immunodeficiency

Numerous genetic mutations disrupt the 
production of functional T- and B-cells, resulting 
in a wide range of clinical signs

X-linked trait disorder or inherited autosomal 
recessive genetic trait

Fischer242; 
Tasher and 
Dalal243

Warts– 
hypogammaglobulinemia– 
infections–myelokathexis 
syndrome (WHIM syndrome)

Neutropenia, lymphopenia, infection 
susceptibility, and myelokathexis which 
describes degenerative changes in mature 
neutrophils and hyperplasia of bone marrow 
myeloid cells

Primary immunodeficiency caused by 
heterozygous mutations in the CXCR4

Badolato et al244

Wiskott–Aldrich syndrome Rare X-linked disorder that usually includes the 
triad of immunodeficiency, thrombocytopenia, 
and eczema

Mutations in the gene encoding for WASP, a key 
regulator of signaling and cytoskeletal 
reorganization in hematopoietic cells

Baharin et al245; 
Malik and 
Masab246

Papulosquamous disorders Well-demarcated areas of papules and scale, 
typically on an erythematous background

– Errichetti and 
Stinco247; Langley 
et al248

Psoriasis Skin disease that produces plaques of thickened, 
scaly skin

TH1-type cytokines Armstrong249

Lichen planus Itchy, non-infectious rash on the arms and legs Stress, anxiety, and other factors in relation with 
the immune system

Arnold and 
Krishnamurthy250

Cutaneous graft vs host disease Maculopapular rash that can begin anywhere in 
the body but often starts with palm and sole 
involvement

Immune response against tissue and organ Villarreal et al251

Photodermatoses

Polymorphous light eruption Recurrent, abnormal, delayed reactions to 
sunlight on sunlight-exposed surfaces, ranging 
from erythematous papules, papulovesicles, and 
plaques to erythema multiforme-like lesions

UVA light spectrum, UVB and visible light Plaza and 
Prieto252

Solar urticaria Recurrent episodes of urticaria overlying 
regions of the skin that are exposed to sunlight

Antigen-antibody reaction Harris et al253

Chronic actinic dermatitis Persistent eczematous eruption, occasionally 
associated with infiltrated papules and plaques 
due to a reaction to sunlight or artificial light

Extrinsic chemicals and intrinsic factors Smith et al254

Photoallergic contact dermatitis Delayed-type hypersensitivity cutaneous 
reaction in response to a photoantigen applied 
to the skin in subjects previously sensitized to 
the same substance

Photoallergen Foti et al255

Pigmentary disorders

Vitiligo Patches of the skin losing their pigment or color Loss or destruction of melanocytes, which are 
the cells that produce melanin

Bergqvist and 
Ezzedine256

Purpuric disorders Small bleeding vessels near the surface produce 
a purplish discoloration of the skin

Deficiency of the anticoagulants protein C, 
protein S, and antithrombin III

Marks and 
Miller257; Reamy 
et al258

Leukocytoclastic vasculitis Inflammation of small blood vessels presenting 
with petechiae and palpable purpura

Allergic reaction via mechanism like injury by 
bacteria or viruses, activation of antibodies, and 
activation of complement

Azanza et al259; 
Baigrie et al260

(Continued)
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Table 1 (Continued). 

Disease Characteristics Causative Factor References

Medium vessel vasculitides 
(polyarteritis nodosa, 
Wegener’s Granulomatosis, and 
Churg-Strauss vasculitis)

Inflammation and necrosis on the walls of 
medium blood vessels, resulting in lumen 
occlusion

Infectious agent or medication such as those 
associated with hepatitis B or C viruses (HBV or 
HCV, respectively), cryoglobulinaemic vasculitis, 
or cutaneous leucocytoclastic vasculitis, 
preceded by an infection or the use of certain 
medicine

Baigrie et al260; 
Hunder261

Urticarial disorders

Urticaria and angioedema Maculae, papules, and edematous, pruriginous 
erythematous plaques that appear unexpectedly 
and disappear spontaneously in minutes, hours, 
or days

Autoantibodies to the alpha subunit of the high- 
affinity IgE receptor on dermal mast cells and 
basophils respond with circulating 
immunoglobulin G (IgG) autoantibodies, 
prompting chronic activation of these cells and 
the release of histamine and other inflammatory 
mediators

Deacock262; 
Engin et al263

Erythema multiforme Rash with papular (small raised bumps) or 
vesicular lesions (blisters) and skin reddening or 
discoloration, usually in concentric zones 
around the lesion

Allergic reaction usually due to Herpes virus 
(HSV)

Ely and Stone264; 
Hafsi and 
Badri265; Paulino 
et al266

Stevens Johnson syndrome Rare but extreme and life-threatening blistering 
eruptions

Drug-specific CD8+ cytotoxic lymphocytes Klimas et al267

Toxic epidermal necrolysis Blisters and peels of the top layer of skin Drug-specific CD8+ cytotoxic lymphocytes Mawson et al268

Cryopyrin-associated periodic 
syndromes (Muckle Wells 
syndrome and Familial cold 
urticaria)

Recurrent flares or mild to severe systemic 
inflammation and fever including episodic fever, 
urticaria-like rash, and joint involvement

Increased activation of the NLRP3- 
inflammasome and overproduction of IL-1β was 
associated with mutations in the NLRP3 gene

Azizi et al269

Neonatal onset multisystem 
inflammatory disease (NOMID)

Fever, rash, and tissue damage of the nervous 
system, skin, and joints

Mutations in the CIAS1/NLRP3 gene Alsharief et al270; 
Huttenlocher 
et al271

Deficiency of the interleukin-1– 
receptor antagonist (DIRA)

The neonatal onset of a pustular skin rash, 
multifocal osteomyelitis, periostitis, and, 
occasionally, vasculitis

Autosomal recessive mutations in IL1RN Kutukculer 
et al272; 
Schnellbacher 
et al273

Vesiculobullous diseases

Pemphigus Vulgaris The appearance of blisters that originate in the 
epidermis suprabasal layer

Anti-desmoglein 1 and 3 antibodies Kasperkiewicz 
et al274

Pemphigus Foliaceus Blisters in the upper epidermis Anti-desmoglein 1 antibodies James et al275

Bullous pemphigoid Itching, blistering, and urticarial lesions (hives) 
that affect a small area of the body or are 
widespread

Autoantibodies Bakker et al276

Paraneoplastic pemphigus Ulcerated lesions and vesicular eruptions in the 
mucocutaneous regions

Autoantibodies that target desmoglein 1 and 3; 
desmocollins 1, 2, and 3; desmoplakins 1 and 2; 
BP230; BP130; and envoplakin

Yatim et al277

(Continued)
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response. Therefore, B-cells are implicated in both homeo-
static and pathogenic mechanisms in the skin. Although 
information about localized skin-resident B-cells is inade-
quate, their migration, via expressing cutaneous lympho-
cyte-associated antigen (CLA) and chemokine receptors, 
to the skin during the inflammatory diseases is well 
established.6

Several autoimmune skin diseases are positively corre-
lated with the infiltrating B-cell subsets.6–9 Moreover, the 
skin-homing B-cells respond to local antigens and produce 
antibodies, which is devoid of primary and secondary lym-
phoid organs. These antibodies play a crucial role in auto-
immune diseases. Some B-cell-mediated autoimmune 
diseases are mostly by autoreactive B-cells that are possibly 
devoid of T-cell involvement. The precise source of the 
autoreactive B-cells in the skin is unknown and is debatable. 
It is assumed that autoreactive B-cells are generated from 
either bone marrow or secondary lymphoid organs. 
However, how these cells are produced by escaping the 
central or peripheral tolerance checkpoints is still an unan-
swered question. Once autoreactive B-cells differentiate into 
memory B-cells and plasma cells in the germinal centers, 
they become culprits for systemic secretion of autoantibo-
dies. Once the plasma cells are generated, it’s their innate 
nature to reach bone marrow and become a reservoir for a 
long time (even lifelong) of autoantibody secretion, upon 
antigen encounter. In skin-associated or cutaneous autoim-
mune diseases, the presence of autoantibodies is considered a 
unique diagnostic method. The skin resident autoreactive B- 
cells amplify or aggravate the autoimmune disease via 

antibody secretion (IgM, IgG, and IgA), antigen-presenta-
tion, T-cell stimulation, pro- and anti-inflammatory cytokine 
secretion (IL-6, IL-10, and TGF-β), and growth factors secre-
tion (platelet-derived growth factor, basic fibroblast growth 
factor) in the microenvironment.

Innate and Adaptive Immune System of the Skin
Skin-associated lymphoid tissue contains both innate and 
adaptive immune systems, which confer protection locally 
and systemically.10,11 Disturbance in the above system leads 
to episodes of opportunistic infections and the development of 
tumors or other immunological diseases. The skin protects the 
host from most infectious agents by two mechanisms; antigen- 
nonspecific and antigen-specific.10,12 If a physical barrier (stra-
tum corneum or sebaceous gland secretions) is breached, the 
innate immune system comes into action. Like other parts of 
the body, the innate immune system is the first-line defence in 
the skin, and keratinocytes, monocytes, macrophages, 
Langerhans cells, dendritic cells, mast cells, and complement 
components are the innate components of the skin. Among 
them, keratinocytes are the first responders against any 
insults.10,11 These innate cells possess a high level of pattern- 
recognition receptors (PRRs), which sense pathogen-asso-
ciated molecular pattern molecules (from pathogen)/damage- 
associated molecular patterns (from UV radiation or physical 
damage) (Figure 1) followed by the induction of downstream 
signaling via NF-kB or inflammasome to produce signaling 
molecules, such as cytokines, chemokines, and others. 
Specifically, keratinocytes and mast cells secrete antimicrobial 
peptides, cathelicidins, and β-defensins, which also initiate the 

Table 1 (Continued). 

Disease Characteristics Causative Factor References

Epidermolysis bullosa acquisita Skin fragility, noninflammatory tense bullae, 
milia, and scarring are all indications of 
subepidermal blistering disease of the skin and 
mucus membranes.

Anti-type VII collagen autoantibodies Gupta et al278

Dermatitis herpetiformis Groups of extremely itchy blisters and raised 
red skin lesions are present

IgA antibodies Criado et al279

Linear IgA bullous dermatoses Blisters with a tense clinical appearance are 
produced by linear deposition of IgA and 
disturbance of the dermoepidermal junction

IgA autoantibodies Chen et al280

Pemphigus gestationis Appearance of very itchy red bumps or blisters 
on the abdomen and trunk, and other parts of 
the body during second and third trimesters of 
pregnancy

IgG autoantibodies Şentürk et al281; 
Snarskaya et al282

Notes: The main body text contains all of the abbreviations.
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inflammatory response.3,10,11 Although the above-mentioned 
antigen-nonspecific mechanism is wise enough to prevent the 
spread of pathogens, the innate system alone is not enough to 
protect the host from reinfection. Nevertheless, the secreted 
mediators from the innate immune system activate other 
bystander cells and tissue-resident lymphocytes, particularly 
T-cells. Besides cytokines and chemokines secreted by mela-
nocytes, fibroblasts also influence the T lymphocytes.

Innate immune system functions are synergized by the 
adaptive immune system, composed of T-cells, B-cells, 
and NK cells. Figure 2 depicts the interactions of the 
innate and acquired immune systems in cutaneous bacter-
ial infection. Although B-cells have a very limited direct 
role in protection, T-cells-mediated immunity is well docu-
mented in skin diseases. Interestingly, a high amount of T- 
cells reside in the healthy dermal tissue, which is 2-fold 
higher than circulating T-cells.10,11 LCs and DCs in the 
innate system present the self and non-self-antigens to the 
T-cells in the skin-draining lymph nodes (Figure 1). The 
antigen educated T-cells in the lymph nodes become T 
effector cells (TEM, effector memory T-cells) and migrate 
to the site of infection/damage. Some T-cells (TCM, 
Central memory T-cells) reside in the lymph nodes, and 
act as a reservoir of skin T-cells. Upon reaching the skin, 
T-cells proliferate and expand into different subsets, such 
as Th1, Th2, Th17, Th22, and Treg cells, and each subset 
has its role in maintaining homeostasis.10–12 Further, T 
helper cells aid in the induction of activation of B-cells 
and B-cell mediated protection (Figure 2).

Once the defence task is completed, either by clearing 
pathogens or removing damaged cells, the innate cells 
initiate the resolution phase by producing various immu-
nosuppressive signals, including immunomodulatory cyto-
kines (IL-10, TGF-β) or immunosuppressive mediators 
(indoleamine 2,3 dioxygenase), selective receptor antago-
nists (Interleukin-1 receptor antagonist), activating Tregs, 
and others.3 Functionally, the aforementioned factors reg-
ulate the inflammatory cellular response and establish pre- 
inflammatory/homeostatic conditions in the skin.

In contrast, the aberrations/excessive immune response, 
such as the antigen-presentation, cytokine secretion, differ-
ences in distinguishing self and non-self leads to various 
disease, including autoimmune diseases. On the other hand, 
inadequate immune response in the skin is more prone to 
infectious diseases and tumors. This impairment of immune 
surveillance can occur by a variety of agents, such as chemi-
cals, microorganisms, radiation, and others.12

Skin disorders or diseases may include eczema, fungal 
infections, benign tumors, and viral warts.1 Other skin 
conditions, including acne, atopic dermatitis, wound, skin 
cancer, psoriasis, iatrogenic dermatitis, infection, and 
inflammation, may be age-related.13 Humans are affected 
by hundreds of skin disorders. Because some of the symp-
toms of the most common skin infections are similar, it is 
essential to know the differences between them. The most 
common skin diseases are listed in Table 1, which are 
separated by types. Some other influencing factors include 
lifestyle, such as diet. For example, high dietary consump-
tion of oily or fatty food, sweet food, chocolates, dairy 
products, and nuts is related with facial acne or acne 
worsening.2 Other risk factors contributing to a worsening 
of skin disease include the socioeconomic status of the 
population. Lower socioeconomic status may have an 
impact on access to healthcare,14 resulting in a higher 
demand for skin infection and eczema treatment in this 
population group.1 Skin disorders generally have a greater 
effect on patients as they mostly affect the quality-of-life. 
Kassab et al2 reported that skin disorders impact the daily 
physical, social, and psychological features of patients. 
Physical impact is the severity of the rash and the area 
which may contribute to itching and flaking. Psoriasis is 
another important skin condition that leads to severe itch-
ing if not carefully treated.2 Meanwhile, social impact is 
the relationship between humans in which an individual 
with skin disease may isolate himself. Finally, anxiety and 
depression are two psychological impacts of skin disorders 
incurred as a result of frustration and embarrassment.2

Role and Importance of Natural Products in 
Drug Development Against Skin Disorders
Contemporary medicine is a therapy that uses biomedical 
research, health sciences, genetics, and medical technol-
ogy to detect, cure, and prevent disease and injury by 
using pharmacological and non-pharmacological 
approaches. In addition to that, it also involves ionizing 
radiation, psychotherapy, and biologics. Natural products 
or specifically botanicals are very important as a therapeu-
tic approach in contemporary medicine when designed in 
suitable dosage as they can become an effective therapy to 
treat the disease, have less side-effects compared to most 
pharmaceutical drugs, and are not so expensive compared 
to modern pharmaceutical drugs if these botanicals are 
used and administered wisely, properly, and rationally. 
Malik et al15 reported that herbal medicine is essential 
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Figure 2 Innate and acquired immune systems interactions in cutaneous bacterial infection. Disruption in the aforementioned barrier leads directly to occasional infections. 
In reaction to bacteria infringing the epithelial barrier, keratinocytes will produce chemokines, antimicrobial peptides, and cytokine,s which leads to an increase in leukocyte 
extravasation stimulating the migration into the skin and guiding these cells via chemotactic gradients. Dendritic cells convey bacterial antigens to naïve and central T-cells, 
contributing to pathogen-specific cells being activated producing CD4 and CD8 T-cells which increased targeting of innate responses. Created with BioRender.com.
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and has become the alternative treatment to cure and 
control skin disorders due to its fewer side-effects and 
the cost of treatment with high efficacy. In developing 
countries, the local public usually depend on natural pro-
ducts or traditional drugs to manage their skin conditions 
and healthcare. Although theories have speculated that 
natural products give a slower effect compared to modern 
pharmaceutical drugs, generally, the natural products help 
to cure acute and chronic ongoing symptoms as they will 
work slowly and give a cumulative effect.16 Furthermore, 
natural products can cover the different targets with multi-
ple active principles in a balanced manner when treating 
chronic complex disease as they have fewer side-effects.17 

Previous studies stated that natural products had many 
uses and benefits, like antimicrobial, wound healing, treat-
ing burn injuries, and acting as an anti-inflammatory 
against various skin disorders.18 According to Malik et al15 

the natural products were usually prepared from the paste 
of the plant parts, like leaves, roots, and others, with other 
ingredients.

In drug development, the researchers usually do studies 
about natural products, especially plants with few consti-
tuents. The plant constituents or phytoconstituents are 
categorised based on their function in a basic metabolic 
process, into primary and secondary metabolites. 
Generally, primary metabolites imply the basic life func-
tions, which make them much alike in all living cells, 
meanwhile secondary metabolites are the product of sec-
ondary pathways that can be the lead compounds in the 
manufacturing of medication.19 The primary metabolite 
includes amino acids, nucleic acids, sugars, tricarboxylic 
acids, polysaccharides, and protein. On the other hand, 
secondary metabolite classes include phenolics, lipids, 
saponins, carbohydrate, alkaloids, and terpenes, classed 
according to their chemical structures.19 These phytocon-
stituents have their different therapeutic role. Among the 
above-mentioned secondary metabolites, the phenolics had 
a protective role against oxidative damage illness as they 
usually act as the protector of the plant against pathogens 
and are also responsible for growth and reproduction of 
plants. Meanwhile, alkaloids, a nitrogen-containing consti-
tuent, are also beneficial as drugs, especially psychoactive 
drugs, medicine, and poison, as they can be used as a 
muscle relaxant, to relieve pain, and as an anesthetic.20 

Saponins are useful in treating cancer, bone health, blood 
cholesterol level, and stimulating the immune system.20 

Other constituents like terpenes were beneficial for the 

taste, fragrance, pigment of the plant, thermoprotectant, 
and signaling functions in the plant, and also therapeutic 
uses like being an anti-inflammatory, wound healing, and 
anti-bacteria.21 Due to this action of phytoconstituents, the 
researchers were interested in developing natural products 
or herbal medicine to treat various diseases, especially 
skin disorders.

Patients may consume supplements to treat skin pro-
blems and improve their conditions. Supplements like 
vitamins, such as vitamins C and E, honey, and tea tree 
oil can improve skin condition and decrease the symp-
toms of skin disease.2 Another product commonly used in 
the treatment of skin diseases like acne is Aloe vera, 
which has an anti-inflammatory effect and is a good 
antioxidant.22 Overall, due to the wide range of benefits 
and versatility, natural products are commonly applied in 
treating various skin disorders as, besides being safe, they 
are derived from natural sources such as fruits and vege-
tables. This review aims to provide an overview of exist-
ing knowledge about the effects of natural products such 
as mangiferin, lutein, curcumin, resveratrol, embelin, 
naringenin, quercetin, lycopene, gingerol, and apigenin 
(Figure 3) on skin conditions through an analysis of the 
most important studies conducted to date, as well as 
recommendations for future research.

Methods
To complete the review, relevant studies and literature 
were searched from several scientific databases, including 
PubMed, Google, Google Scholar, and ScienceDirect. The 
categories of keywords used for the search included 
“Natural Products” or “Natural Compounds” or “Skin 
Disorders” or “Skin Disease” or “Mangiferin” and “skin” 
or “Lutein” and “skin” or “Resveratrol” and “skin” or 
“Curcumin” and “skin” or “Embelin” and “skin” or 
“Naringenin” and “skin” or “Quercetin” and “skin” or 
“Lycopene” and “skin” or “Gingerol” and “skin” or 
“Apigenin” and “skin”. After screening the literature, ten 
naturally isolated compounds, which have been investi-
gated widely for the effects against various skin disorders, 
including in vitro and in vivo models, were included.

The Effect of Natural Products Against 
Skin Disorders
Mangiferin
Mangiferin is a well-known compound obtained mainly 
from Mangifera indica (Mango), which belongs to the 
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family of Anacardiaceae. It is also obtained from honey-
bush (Cyclopia sp). Mangiferin, chemically known as 2-C- 
β-D-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone, has 
various pharmacological and biological properties that 
have been confirmed in many past studies. It is a strong 
antioxidant, chemopreventive, and anti-inflammatory 
agent.23 Notably, it has cytotoxic properties where there 
is apoptosis against tumor cells. Coupled with the antiox-
idant effect, it confers immense benefits to the skin by 
being absorbed into the deeper skin layers.23 Additionally, 
Navarro et al24 reported that mangiferin has antimicrobial, 
antipyretic, antiviral, antibacterial activities in addition to 
having gastroprotective and hepatoprotective effects, as 
well as being applied as a lipid-lowering agent. Some 
reports claimed that the antiproliferative properties are 
dependent on mango cultivar and the type of cancer cell 
lines.24

Mangiferin is used against skin aging as it can preserve 
the skin and prevent wrinkles by inhibiting elastase and 
collagenase as well as water loss.25 Skin aging is caused 
by exposure to sunlight containing ultraviolet (UV) B or 
UV radiation (UVR), also known as photo-aging, besides 
being caused by the natural aging process or intrinsic 
aging.26,27 Mangiferin can increase the skin collagen bun-
dles, thus protecting it from damaging UVB exposure.26

Skin aging is contributed to by a reduction in collagen 
that is due to oxidative stress.27 Collagen degeneration 
leads to an increased in matrix metalloproteinase (MMP) 
activity; a matrix-degrading enzyme. The increase in 
MMP activity contributes to photo-aging, enhancing the 
skin aging process.26 Although there are many types of 
MMP, Chae et al27 reported that MMP-1 is important and 
is responsible for collagen reduction due to oxidative 
stress that is regulated by extracellular signal-regulated 
(ERK) and JUN-N-terminal kinases (JNK). Mangiferin 
blocks the MMP-1 expression by suppressing the ERK 
and JNK pathways and also through inhibition of MEK 
and SEK pathways as induced by hydrogen peroxide in 
human epidermal keratinocyte line (HaCat) cells.27 

However, Kim et al26 stated that mangiferin inhibits 
MMP-9 activity that is also generated via the MEK and 
ERK pathways. Additionally, oral administration of man-
giferin decreases wrinkle formation due to UVB radiation, 
leading to skin aging.28,29

The inflammatory reaction is one of the conditions 
associated with a skin disorder. The most common inflam-
matory skin disease includes contact dermatitis, which 
causes skin lesions and destruction of the skin barrier, 
making its treatment challenging.30 Currently, different 
drugs are being used against inflammatory skin disorders 

Figure 3 Chemical structure and source of natural products reported against skin disorders. Created with BioRender.com.

Drug Design, Development and Therapy 2022:16                                                                             https://doi.org/10.2147/DDDT.S326332                                                                                                                                                                                                                       

DovePress                                                                                                                          
33

Dovepress                                                                                                                                                     Mohd Zaid et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


like atopic dermatitis and psoriasis, which reduce the 
quality-of-life.31 In another recent study, mangiferin for-
mulated with nanoemulsions can reduce skin damage 
induced by transcutol-P (TPA), while improving skin 
inflammation and wound healing.32 In past studies, man-
giferin was reported to inhibit the inflammatory activity 
caused by macrophages, thus influencing skin inflamma-
tion. Inflammatory mediators such as tumor necrosis factor 
alfa (TNF-α) and its inflammatory biomarkers like induci-
ble nitric oxide synthase (iNOS), interleukin (IL)-1β, and 
IL-6 that cause skin lesions, eg, psoriasis and dermatitis, 
are also ameliorated by mangiferin administration.30 In 
addition, mangiferin can inhibit CD68 activity, which is 
an important macrophage biomarker contributing to 
dermatitis.30

Besides its ability to treat skin disorders like a wound 
and allowing skin regeneration, mangiferin is a good anti-
oxidant. It improves wound healing closure by stimulating 
cell proliferation and migration of fibroblasts during the 
wound healing process while reducing myeloperoxidase 
(MPO) activity which is an enzyme involved in 
inflammation.33

In another study on diabetic rats, mangiferin caused a 
reduction in the oxidative damage in skin tissue by 
increasing the nuclear factor erythroid 2-related factor 
(Nrf-2), thus maintaining tissue proliferation and growth 
while boosting wound healing.34 Due to its anti-inflamma-
tory and antioxidant properties, mangiferin facilitates skin 
flap regeneration and reduces inflammation.35,36 

Furthermore, mangiferin-loaded liposome is an efficient 
local treatment for skin flap regeneration as it produces 
several multipotent flap-protective therapeutics effects.37 

According to Mao et al38 mangiferin formulated as a 
hydrogel delivery system boosts the development of skin 
flap regeneration and enhances survival.

Due to its anti-angiogenic effect that can block tumors 
from developing their own blood cell, mangiferin is useful 
for skin cancer or melanoma. Mangiferin blocks the basic 
fibroblast growth factor (bFGF), which is a tumor growth 
factor and a TNF-dependent-cell migration. Additionally, 
based on Ingenuity Pathway analysis (IPA) enrichment, 
mangiferin blocks the expression of IL6, TNF, PLAU, 
kinase insert domain receptor (KDR), vascular endothelial 
growth factor receptor 2 (VEGFR2), interferon gamma 
(IFN-γ), fibroblast growth factor 1 (FGF1), chemokine 
ligand 2 (CCL2), MMP19, and placental growth factor 
(PGF) to stop angiogenesis, metastasis-invasion motility, 

cell number growth, and viability in cancer signaling 
processes.39 Additionally, mangiferin can treat skin infec-
tions like bacteria and human herpes viruses, like herpes 
simplex virus (HSV), although the ideal current drug for 
HSV is a nucleoside. Jie et al40 reported that mangiferin, 
which is also known as chinonin, can reduce the infectivity 
of HSV infection in vitro where it can act against animal 
infection caused by HSV. Figure 4 depicts an overview of 
mangiferin’s effect on skin disorders as well as its 
mechanism of action.

Lutein
Lutein, with its stereoisomer zeaxanthin, is a lipid-soluble 
compound from the xanthophyll family of carotenoids. 
Lutein is an essential component in serum and exists in 
ocular tissue like lens and macula lutea, important for 
central vision and visual acuity.41,42 Lutein is also present 
in the diet, including in dark and leafy green vegetables.42 

Lutein is formed with 40 carbon atoms and is arranged 
into eight isoprene units with two oxygen atoms.43 

Although its main function is related to eye health, like 
in treating age-related macular degeneration (AMD) and 
cataracts, it also has some beneficial effects on the skin. 
Furthermore, lutein has shown some anti-inflammatory 
properties.43

Lutein protects the skin by blocking the damaging blue 
wavelengths or light, thus ameliorating melisma which is a 
pigmentation disorder that appears as brown patches on 
the skin, especially on the face.44,45 In one study, evalua-
tion on carotenoids with lutein and zeaxanthin oral supple-
ments are being conducted. As a result, these two 
supplements, lutein (10 mg) and zeaxanthin (2 mg), have 
been shown to have good benefits to the skin, including 
enhancement of skin tone, luminance, and color.45 

Furthermore, lutein also protects the skin against skin- 
damaging sunlight due to UV radiation.44

Skin disorders, especially skin aging, can be effectively 
treated by lutein. Lutein can defend against gene expres-
sion induced by UVA, UVB, and UVA1 on individual 
skin.44 Although the functions of MMP-1 mRNA, intra-
cellular adhesion molecule 1 (ICAM-1), and heme-oxyge-
nase 1 are signs of premature aging, oxidative stress and 
photo-dermatoses, which can develop into skin rash, 
lutein, and tomato nutrient complex (TNC), provide a 
good barrier to the skin from UVR that causes skin 
damage. A study conducted by a team of Italian research-
ers involved the evaluation of the effectiveness of lutein 
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and zeaxanthin where healthy middle age women (n=40) 
have premature skin aging were administered with topical 
lutein and oral zeaxanthin. Based on this study, the two 
carotenoids provide multiple advantages to the skin. The 
carotenoids block skin damage as induced by UV radiation 

and can boost skin elasticity, hydration, and elevate sur-
face lipids. Both administration routes (topical and oral) 
can promote the skin condition, especially in skin aging.44 

The carotenoid can enhance the collagen I/elastin aging 
index of the skin layer, as shown in past research. This 

Figure 4 Effect of mangiferin against skin disorders and its mechanism of action. Mangiferin possessed a wide spectrum of pharmacological and biological properties, 
including antioxidant, chemoprotective, and anti-inflammatory properties. Besides, it can also inhibit elastase and collagenase can also help to preserve the skin and prevent 
wrinkles. Mangiferin has the ability to suppress CD68 activity, a key macrophage biomarker linked to dermatitis. Created with BioRender.com. 
Abbreviations: CD68 and 163, cluster of differentiation 68 and 163; Th1 and Th2, T helper type 1 and 2; IL-6, 1ß, Interleukin 6 and 1 beta; TNF-α, tumor Necrosis Factor 
alpha; MMP-7 and 1, matrix metalloproteinase-7 and 1; BUN, blood urea nitrogen; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B-cells; Bcl-2, B-cell 
lymphoma 2; Bax, BCL2 Associated X, Apoptosis Regulator; t-Bid, truncated Bid; Cyto C, cytochrome complex; PARP, Poly (ADP-ribose) polymerase; LDH, lactate 
dehydrogenase; iNOS, inducible nitric oxide synthase; H2O2, Hydrogen peroxide; CPK, creatine phosphokinase; GSH, glutathione; SOD, superoxide dismutase; CAT, 
catalase; ROS, reactive oxygen species; MAPKs, mitogen-activated protein kinases; JNK, c-Jun N-terminal kinase; ERK 1/2, extracellular signal-regulated kinases 1/2.
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research involved female participants who were given 
supplements containing 1,650 µg carotenoids daily for 
ten months.44

Lutein is useful against skin inflammation, including 
skin erythema and psoriasis, as confirmed on a mice skin 
experiment.46 Skin inflammation occurs as a result of sun 
exposure where harmful UVA and UVB can cause oxida-
tive stress and reduce the level of skin and serum carote-
noids. In addition, short wavelength UV radiation, like 
UVA and UVB, causes oxidative stress, while long wave-
length UV, such as UVA1, generates gene expression46 

leading to skin erythema. Lutein can decrease the skin 
rash (skin erythema) as well as enhance skin health by 
blocking the UV radiation.

Lutein is also derived from the leafy part of Galittm 
aparine which can prevent skin disorders like psoriasis 
and is commonly used in Western countries for this pur-
pose. Lutein has an anti-inflammatory effect due to its 
antioxidant activity, which is neuroprotective. Another 
study evaluated the inflammatory activities of lutein and 
found that both lutein and zeaxanthin can reduce the extent 
of ear swelling of female mice exposed to UV radiation 
following the administration of 0.04/0.03% or 0.4/0.03% 
lutein/zeaxanthin supplement, respectively. The experi-
ment also suggests that lutein and zeaxanthin ameliorate 
sunburn by blocking the formation of sunburn cells and 
also decreasing epidermal hyper-proliferation.47

Skin cancer is a fatal skin disorder. The two most 
common ones are 1) squamous cell carcinoma (SCC) and 
2) basal cell carcinoma (BCC), which have high incident 
rates in Australia, Europe, and the US. The causes of skin 
cancer are usually due to UV radiation where long expo-
sure to sunlight 1) impairs DNA and the immune system 
and 2) can produce free radicals. Thus, antioxidants can 
aid in protecting the skin against UV radiation.48 Lutein is 
a strong antioxidant similar to β-carotene as it can treat the 
oxidative damage skin caused by UV radiation.46 As 
shown in a community-based study in Australian adults, 
lutein reduces the risk of SCC by 50% in individuals with 
a history of skin cancer where both lutein and zeaxanthin 
that are present in green leafy vegetables confer some 
protective effect as well.48 The study also concluded that 
the intake of vitamins E, C, and β-carotene cause an 
increased risk of getting BCC which has a different risk 
and causal pathway.48 Furthermore, Balić and Mokos44 

suggested that lutein and zeaxanthin increase the tumor- 
free survival time, specifically the duration following com-
pletion of the first cancer treatment when a patient is free 

from cancer symptoms with reduced tumor volume and 
multiplicity).

Finally, lutein ameliorates wound healing as shown in 
one experiment. According to Aziz et al,46 esterified lutein 
produces a wound healing effect with the development of 
blood vessels in a chick chorioallantoic model. A hole was 
created on the model which was loaded with esterified 
lutein isolated from Tagetes erecta flowers. Non-sulfate 
glycosaminoglycans that had wound healing properties 
can hydrate the skin and have high water binding capacity 
due to a hyaluronan component. Since lutein and zeax-
anthin can increase the production of hyaluronan, it is also 
useful in wound healing.46

Curcumin
Curcumin originates from turmeric or Curcuma longa and 
belongs to the family of Zingiberaceae or ginger that is 
usually used as spice for food flavouring.49,50 Turmeric is 
commonly-used in South Asia, India, and Indonesia and is 
often used as a dye or food color since it exists in bright 
orange-yellow crystals.51 According to Panahi et al49 tur-
meric contains curcuminoids which include curcumin or 
specifically, deferuloymethane (75%), demethoxycurcumin 
(20%), and bisdemethoxycurcumin (5%). Curcumin is che-
mically known as [1, 7-bis (4-hydroxy-3- methoxyphenyl)- 
1,6-heptadiene-3,5-dione]. It is a keto-enol tautomer and is 
a natural polyphenol that have many important uses.49 

Additionally, curcumin is used in the treatment of several 
diseases since the molecule rapidly penetrates the cell mem-
branes and acts on multiple targets in different-cellular 
pathways. Some studies reported that curcumin is 1) a 
useful antimicrobial agent, 2) a preservative, and 3) pos-
sesses different therapeutic actions against cancer, dyslipi-
demia, skin diseases, osteoarthritis, diabetes, metabolic 
syndrome, endothelial dysfunction, autoimmune disease, 
non-alcoholic fatty liver disease, respiratory disease, depres-
sion, premenstrual syndrome, and hyperuricemia.49,51 Since 
curcumin has antioxidant and anti-inflammatory properties, 
it can be used to treat skin disorders. Panahi et al49 reported 
that curcumin has minimal toxicity to humans and animals, 
while Patel et al51 stated that, except for gastrointestinal 
distress, no major toxicity occurs upon oral administration 
of curcumin.

A type of skin disorder caused by chronic inflammation 
is psoriasis, as indicated by the presence of TNF, which is 
an inflammatory mediator. Current treatment of psoriasis 
focuses on inhibition of the production and action of TNF 
such as agents like adalimumab, cyclosporine, infliximab, 
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methotrexate, and alefacept, which can cause certain side- 
effects if used long-term.52 The researchers confirmed that 
curcumin is a beneficial and effective treatment for psor-
iasis. A low concentration of curcumin is phototoxic 
against Escherichia coli and Salmonella typhimurium, 
which can be used in psoriasis phototherapy. In one 
experiment, curcumin showed some anti-psoriatic activity 
when used in an animal model which was a modified 
mouse tail. Curcumin also inhibits the proliferation of 
human keratinocytes as it blocks the expression of TNF- 
α-induced IL-1β, IL-6, TNF-α, cyclin E, mitogen-activated 
protein kinase (MAPKs) (JNK, p38 MAPK and ERK), and 
nuclear factor kappa-light-chain-enhancer of activated B- 
cells (NF-κB) in HaCaT-cells which will result in reversal 
of the anti-apoptotic function of TNF-α in the skin cell.52 

In addition, curcumin is an effective TNF blocker, block-
ing both the action and production of TNF, and is also a 
potent inhibitor of phosphorylase kinase (PHK), which is 
seen in psoriasis.52,53

Gupta et al54 indicated that curcumin inhibits inflam-
mation by a direct binding method that perturbs signal 
transduction between TNF-α and its receptor. Meanwhile, 
according to Lai et al55 other than inhibition of TNF and 
certain interleukin (IL) like IL-22, IL-1β, IL-17A, and IL- 
17F, curcumin gel can also inhibit imiquimod-induce psor-
iasis-like inflammation. Additionally, curcumin obstructs 
the endosomal toll-like receptor (TLR) that contributes to 
psoriatic inflammation by blocking NF-κB signaling that 
produce inflammatory cytokines, thus resulting in reduc-
tion in IL-17 and IL-22 levels.55

Curcumin is also effective against atopic dermatitis or 
eczema. In a report by Rawal et al,56 a herbal extract 
cream containing curcumin (Herbavate®) reduced and 
improved symptoms of dermatitis including itching, scal-
ing, thickening, and erythema in 150 subjects who suffered 
from eczema. Nevertheless, it is difficult to evaluate the 
relevance of the findings due to the small control group, 
the high dropout rate, and the fact that other components 
in the cream may also play a role. Another study suggested 
that curcumin can reduce radiodermatitis when a curcumin 
cream that contains turmeric oil and sandalwood oil 
(Vicco®) is used for radiodermatitis subjects (n=50) com-
pared to baby oil.

A study conducted to evaluate the effect of curcumin in 
breast cancer patients (n=30) taking 6 g/day oral curcumin 
C3 Complex found that there was a decreased severity 
score of radiation dermatitis (radiodermatitis) and moist 
desquamation but no difference in pain, redness, or 

symptoms of radiodermatitis were seen.57 A phytocompo-
nent known as p-hydroxycinnamic acid (HCA) is derived 
from various plants including Curcuma longa (C. longa) 
and can modulate the protein kinase C-θ (PKC-θ) pathway 
by inhibiting the phosphorylation of PKC-θ that can have 
an immunosuppressive effect on T-cells and inhibit the 
activation of T-cells responsible for the development of 
various autoimmune disorder including dermatitis.13,58 In 
a different study involving an experiment on a mini-pig 
model, curcumin reduces the severity of irradiated skin 
after 2 weeks administration by relieving the skin injury, 
decreasing the expression of cyclooxygenase-2 (COX-2) 
and NF-κB in curcumin-treated irradiated skin when com-
pared to vehicle-treated skin.59

Curcumin is useful against wounds caused by oxidative 
damage and inflammation.60 The anti-inflammatory and 
free-radical scavenging activity of curcumin occur via 
reduction of lipid peroxidation and reactive oxygen spe-
cies (ROS).61 Curcumin protects the skin from oxidative 
stress as it regulates lipid peroxidation while its antioxi-
dant effect activates the cytoprotective signaling. 
Furthermore, curcumin confers some protective activity 
against hydrogen peroxide in human keratinocytes and 
fibroblasts.62 Additionally, it also suppresses inflammation 
by reducing the transcription factor protein-1 (AP1) while 
NF-κB reduces the expression of inflammatory cytokines 
and modulates the pro-inflammatory gene product expres-
sion, as shown in a wound model.61 In an animal study, the 
anti-inflammatory effect of chrysin-curcumin-loaded nano-
fibers accelerates wound healing in male rats by decreas-
ing the gene expression for IL-6, TIMP-1, TIMP-2, MMP- 
2, and iNOS.63 During proliferation, curcumin activates 
the growth factors, produces ECM proteins,and helps in 
collagen synthesis and migration of fibroblasts which aid 
wound repair.13,64 Overall, curcumin acts on inflammatory, 
proliferative, and remodeling phases which leads to wound 
healing.

Based on several studies, curcumin is used in skin 
aging, especially in the elderly. Sommerfeld,65 who con-
ducted a study to evaluate the effectiveness of Tricutan (a 
herbal containing turmeric, rosemary, gotu kola, and 
dimethylaminoethanol) in women (n=28), indicated that 
the formulation enhances the skin firmness and elasticity 
after 4 weeks as compared to a placebo. Subsequently, a 
randomized, double-blind, placebo controlled trial in 47 
subjects reported that the hot water extract of C. longa 
inhibits the increase in UVB-induced TNF-α and IL-1β 
and the increased production of hyaluronan occurring with 
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age which also contribute to skin dryness.66 In fact, 
increasing the hyaluronan content moisturizes the skin 
better.

Insulin-like growth factor-1 (IGF-1) can cause cancer, 
while inhibition of IGF-1 reduces tumors. Kim et al67 

demonstrated that curcumin reduces phosphorylation of 
the IGF-1 receptor, insulin receptor substrate-1 (IRS-1), 
S6K, AKT, and 4EBP1 in mouse keratinocyte cell lines, 
indicating that it has an anticarcinogenic effect acting via 
inhibition of IGF-1 signaling. Other than that, curcumin 
modulates some pathways like JAK-2/STAT3 which in 
turn induces apoptosis and inhibition of melanoma cell 
migration as well as invasion.68 Curcumin also upregulates 
miRNA expression like mmu-miR-205-5p and reduces 
proliferating cell nuclear antigen (PCNA) and Bcl-2 num-
ber, leading to apoptosis and inhibition of proliferation.68 

In another study, high curcumin concentration decreases 
the invasion of squamous cell A431 cells by suppressing 
the signaling pathway and STAT3 expression.69 Curcumin 
also incites mitochondrial permeability transition pore 
(mPTP) opening, leading to apoptosis/cell death of WM- 
115 melanoma cells since mPTP opening is necessary for 
curcumin-induced cytochrome C release.70 A study indi-
cated that topically applied curcumin on UVB-induced 
carcinogenesis in mice can delay tumor appearance, multi-
plicity, and volume hile increasing p53 and p21/Cip1- 
positive cells in the epidermis.71

As stated in several studies, curcumin is effective 
against bacterial and fungi infections. Curcumin has activ-
ity against methicillin-resistant Staphylococcus aureus 
(MRSA) when administered singly and shows some syner-
gistic effects when administered in combination with other 
antibiotics.72,73 Vollono et al13 indicated that vanillin, a 
curcumin photolytic degradation product in light-irradiated 
curcumin, interrupts the bacterial cell membrane. 
Furthermore, curcumin is a photosensitizer and is used in 
photodynamic therapy against MRSA infection in an intra-
dermal infection model.74 According to Vaughn et al50 

various mechanisms exists, which include bacterial mem-
brane perturbation, damage to bacteria motility, changes in 
gene expression, and suppression replication machinery.

Curcumin is effective against acne vulgaris.75 It is 
reported that curcumin microemulsions in combination 
with myristic acid suppresses S. epidermis growth, sug-
gesting that curcumin is effective against acne vulgaris. In 
another study, curcumin nanoparticles inhibit fungal 
growth by inducing ROS and reactive nitrogen species 
(RNS) related to fungal death by apoptosis.76

Resveratrol
Resveratrol, a stilbenoid in a phytoalexin group was first 
discovered in 1939 and is chemically introduced as 3,5,4′- 
trihydroxy-trans-stilbene.77,78 Resveratrol, which was first 
discovered from the white hellebore, also known as the 
roots of Veratrum grandiflorum and also available from the 
root of Polygonum cuspidatum, is usually utilized in 
Japanese and Chinese medicines.79 Interestingly, resvera-
trol is produced by plants in response to stressors like 
insects, animals, mechanical injury, UV radiation, and 
also microorganisms including fungal infection.79,80 

Resveratrol exists in more than 70 plant species, although 
it is most abundant in grape skin79 besides being present in 
other foods and beverages including wine. Ruivo et al77 

reported that resveratrol is also found in cranberries, pea-
nuts, cocoa, chocolate, and tomatoes.

Resveratrol appears in cis- and trans-isomeric forms 
with the trans-form being the biologically active version. 
The cis-form is isomerized from trans-resveratrol via UV 
irradiation and in the presence of high pH during grape 
skin fermentation.80 Currently, resveratrol is an important 
significant nutritional supplement as it has various benefits 
such as cellular defense against oxidative stress. The phar-
macological effects include anti-inflammatory, antimicro-
bial, anti-cancer, anti-aging, and neuroprotective effects,79 

making resveratrol a potential natural product for human 
health. In some reports, resveratrol is useful for ameliora-
tion of cardiovascular disease, diabetes, skin disorders, and 
obesity. It is also high in antioxidants and combats free 
radical damage by acting as a potent radical scavenger.77

Skin aging is classified into either extrinsic or intrinsic. 
The former is primarily caused by environmental factors 
like pollutants, lifestyle, and solar radiation, while the 
latter are changes that progress over time, depending on 
the anatomy, genetics, hormones, and ethnicity.81 An 
important factor contributing to skin aging is activated 
MMPs that cause damage to the skin structural integrity, 
leading to wrinkle formation. TNF-α-induced expression 
of inflammatory cytokines and MMPs is inhibited by 
resveratrol through a sirtuin 1-dependent mechanism.81 

According to the same article, 0.8% of resveratrol analogs, 
resveratryl triacetate (RTA) confer some anti-aging activ-
ity by enhancing sagging, wrinkles, elasticity, and moist-
ure. Furthermore, in a study by Liang et al,82 short-term 
resveratrol injection retards the process of oocytes aging in 
mice, occurring via 1) enhancement of the expression of 
the anti-aging molecule sirtuin 1, 2) promotion of the 
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mitochondria function, and 3) reduction in ROS 
production.

Resveratrol protects normal human fibroblasts from the 
damaging effects of hydrogen peroxide by attaching to 
specific epidermal receptors.83 Deloche et al84 demon-
strated that skincare products containing resveratrol 
(0.25%) and oligoside (4%) can reduce wrinkles and 
improve skin firmness. Buonocore et al85 investigated a 
supplement which consisted of dried grape extract contain-
ing trans-resveratrol, procyanidin, punicalagin-ellagic 
acid, and punica granatum, which are strong antioxidants 
found to enhance skin conditions like a reduction in skin 
roughness, increased skin moisturization, as well as elas-
ticity. Additionally, resveratrol ameliorates skin inflamma-
tion by decreasing the expression of AP-1 and NF-κB 
transcription factors, collagen breakdown, and 
inflammation.

Skin cancer occurs due to cell mutation and affects the 
skin’s normal physiology. In a study, resveratrol shows 
some chemo-preventive effect where it protects against 
the main factor affecting non-melanoma skin cancer 
which is UVB radiation by decreasing COX-2 levels.86,87 

UVB can also elevate the cyclin kinase that enhances 
growth during the early stage of cancer development. A 
report demonstrated that resveratrol causes an increase in 
cyclin kinase inhibitor WAF1/p21 and tumor suppressor 
p53 which interrupts tumor development.88,89 Besides, the 
anti-proliferative activity of resveratrol may contribute to 
modulation in the expression and function of cell cycle 
regulatory protein cyclin-D1 and -D2, cdk-2, -4, and -6, 
and WAF1/p21, suggesting that the retardation of the 
MAPK pathway was generated by modulation of the cki- 
cyclin-cdk network.88,89

A team of researchers discovered that resveratrol and 
5-fluorouracil combination can suppress cell proliferation 
more effectively than administering the drug alone since 
resveratrol employs its anti-proliferative activity like redu-
cing tumor growth and angiogenesis in B16 melanoma by 
altering the expression of vasodilator-stimulated phospho-
protein (VASP), COX-2, AMP-activated protein kinase 
(AMPK), and vascular endothelial growth factor 
(VEGF).90 Yarla et al91 also reported that 1) pterostilbene; 
a resveratrol analogue or a methoxylated derivative of 
resveratrol and 2) the combination of resveratrol with 
ursolic acid can stop the generation of DMBA/TPA- 
induced skin cancer by obstructing the MAPK/NF-κB/ 
AP-1/COX-2 pathway.

Herpes simplex virus (HSV) is indicated by a skin 
lesion affecting several body parts including the nasal 
cavity, oral, ocular, genital skin, and mucosa. HSV is a 
double-stranded DNA virus in the Herpesviridae family 
that can be hidden or latent but it can cause a recurrent 
infection.92 HSV infection is potentially dangerous and 
can be fatal. HSV-1 infection causes skin lesions at the 
nasal, oral, and ocular areas, while HSV-2 infection affects 
the genital skin and mucosa sites. Based on several stu-
dies, resveratrol can potentially be an anti-HSV drug. In an 
in vivo study by Docherty et al,93 topically treated resver-
atrol cream decreases the development of lesions caused 
by HSV on SKH1 mice where a 25% resveratrol cream 
was more efficient than 12.5% and resveratrol ameliorates 
better when the disease had only recently occurred. It was 
also reported that resveratrol was as efficacious as acyclo-
vir but is more efficient than 10% of docosanol cream in 
treating the lesion.93,94

For in vitro studies, resveratrol suppresses NF-κB sti-
mulation which 1) retards the reproduction of HSV and 
production of DNA virus and 2) changes the gene 
stimulation.95 Furthermore, resveratrol can stimulate the 
50 AMPK/Sirtuin 1 (AMPK/Sirt1) axis which decreases 
viral genes expression leading to HSV infection 
suppression.96 Other than virus infection, Yang et al97 

stated that topical application of pterostilbene is useful in 
the treatment of skin MRSA infection by ameliorating the 
abscess via reduction in bacteria number and enhancement 
in the skin structure.97

Acne vulgaris is an inflammatory disease affecting all 
age groups and ethnicities. It occurs due to an imbalance 
in hormones and some pathogenic factors such as 
Propionibacterium acnes, increased sebum production, 
inflammatory mechanism, and unusual follicular 
hyperkeratinisation.98 Nevertheless, a team of researchers 
have indicated that resveratrol has the potential to exert 
some antibacterial and anti-inflammatory effects by inhi-
biting the reproduction process for P. acnes and reducing 
the inflammatory response that is comparable to other acne 
vulgaris treatment.99 Taylor et al100 reported that using 
resveratrol together with benzoyl peroxide can exert a 
good antibacterial effect by inhibiting bacterial growth 
since resveratrol can change the surface structure of bac-
teria with some loss of defined membrane. Additionally, 
psoriasis can be treated by resveratrol via suppression of 
imiquimod-induced gene expression of IL-19, IL-17A, IL- 
17F, and IL-23p19 to reduce the psoriasis-like 
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inflammation since the genes are mainly involved in the 
production of psoriatic plaque in both humans and 
animals.55,101

Skin disorders like wounds occur due to tissue injury 
caused by trauma and other factors. Therefore, factors 
influencing the healing process like nutrition, drugs, and 
age are also important in reduction of scarring and short-
ening of the healing period.83 In a previous study, the 
grape seed extract (GSE) which is a source of resveratrol 
can heal wounds when topically applied as a 2% cream. Its 
antimicrobial, antioxidant, and anti-inflammatory activities 
cause wound contraction and closure as by 1) forming a 
protective area in the epithelium and 2) raising the cell 
density and elevating the displacement of connective tis-
sue at the wound area which enhances the wound cellular 
construction.102

Chloasma or melasma are two other skin diseases that 
are usually represented by uneven dark to light brown 
patches on the forehead, chin, cheeks, nose, and upper 
lip.83 Other factors causing chloasma include UV expo-
sure (the most common reason since it affects melanin 
production), genetic disorders, thyroid disturbance, hor-
mone replacement therapy, and the use of photosensitizer 
drugs.103 In an investigation, the GSE which contains 
proanthocyanidin can decrease the number of melano-
cytes that cause a lightening effect on the UV-induced 
pigmented skin of guinea pigs occurring due to the sup-
pression of melanin production by tyrosinase in melano-
cytes and ROS activity.104 In another study, 12 months of 
GSE treatment efficiently decreases the hyperpigmenta-
tion seen in chloasma in women without conferring 
adverse effects. Moreira et al105 reported that Skin 
Whitening Complex (SWC) that consists of ursine grape 
extract, biofermented aspergillus, grapefruit extract, and 
rice extract decreased the skin melanin and reduced 
pigmentation.

Embelin
Embelin, from the Embelia ribes Burm that belongs to the 
Myrsinaceae family and Lysimachia punctata, from 
Primulaceae family with the chemical formula of 2,5- 
dihydroxy-3-undecyl-p-benzoquinone.106 The chemical 
structure of embelin contains a polar dihydroxy-1, 4-ben-
zoquinone ring which is a two carbonyl oxygen atom 
adjacent to the two vinyl hydroxyl groups.106 Embelin, 
which is frequently referred to as “False Black Pepper”, 
is an Indo-Malaysian species that originates from 
Malaysia, Singapore, India, Sri Lanka, and South China. 

Embelia ribes Burm is also widely used in Tibetan, Folk 
Indian, Homeopathy, Unani, and Siddha traditional med-
icinal systems in the treatment of several illnesses includ-
ing the heart and urinary condition, severe inflammatory 
disease, tumor, insect, and snake bites.107

Embelin has various medicinal and pharmacological 
activities such as analgesic, anti-inflammatory, antibacter-
ial, antioxidant, anticonvulsant, antidiabetic, anxiolytic, 
hepatoprotective, and antifertility effects.108 Park et al109 

stated that embelin is a potent inhibitor of NF-κB and 
X-linked inhibitor of apoptosis protein (XIAP) that halted 
the binding of XIAP to procaspase-9. Kundap et al107 also 
reported that the fruit of Embelia ribes Burm can be used 
in the treatment of mental disorders, central nervous sys-
tem (CNS) disease, and as brain tonic in the traditional 
medicinal system.

Psoriasis is a hyperproliferative skin disorder occurring 
due to inflammation, as signified by the unusual differen-
tiation and proliferation of keratinocyte, stimulation of 
T-cells, and polymorphonuclear leukocytes aggregation.110 

In their investigation on the effect of embelin on skin 
inflammation in mice, the researchers also confirmed that 
the pathogenesis of psoriasis is mainly caused by TNF-α. 
There was a dose-dependent decrease in LPS-induced 
TNF-α level when several concentrations of embelin 
were used with an effective dose 50% (ED50) at 9.8 mg/ 
kg.110 The researchers also investigated chronic dermatitis 
inflammation by 12-O-tetradecanoyl-phorbol-13-acetate- 
induced mice ear. Embelin can reduce edema, decrease 
the thickness of skin and weight, reduce stimulation of 
inflammatory cytokines, reduce neutrophil initiation, 
improve histopathological indicators, and lead to the 
departure of polymorphonuclear leukocyte. It was con-
cluded that the anti-inflammatory effect of embelin is 
attributed to the suppression of TNF-α and IL-1β as well 
as the inhibition of leukocyte aggregation,110 overall indi-
cating that embelin is useful against psoriasis and 
dermatitis.

Swamy et al111 reported that embelin extracted from 
Embelia ribes Burm can treat wounds in a rat model. 
Wound healing is a process that repairs the damage or 
injured skin tissue in order to improve tissue integrity 
and replace damaged tissue. When compared to the control 
group, embelin accelerated the incision epithelialization, 
thus contributing to a shorter mean time of 
epithelialization.111 The percentage of wound closure was 
also high in the embelin-treated group and is comparable 
with that of a standard drug with reference name 
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framycetin. In fact, the incision tensile strength was higher 
in the group which received topical application of 
embelin,111 indicating its potential in wound healing.

Oral embelin yielded a higher weight of granulation 
tissue and tensile strength as seen in a dead space wound 
model indicating 1) that there is improved collagen devel-
opment through formation of cross-linking between col-
lagen fibres and 2) the existence of high protein content.111 

In histology of wound tissue in the embelin-treated group, 
it can be observed that there was a complete healing 
process, with many fibroblasts having a higher number of 
blood vessels and collagen tissue, similar to the control 
group.111 All of these findings indicate that embelin con-
fers a good wound healing activity as an alternative for 
wound healing.

Naringenin
Naringenin has the IUPAC name 5.7 dihydroxy-2-(hydro-
xyphenyl) chroman-4-one112 or a chemical name 2, 3- 
dihydro-5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-1-benzo-
pyran-4-one.113 Naringenin is found in citrus fruits like 
grapefruits and oranges or in vegetables like tomatoes and 
figs.113,114 According to Salehi et al115 its molecular 
weight is 272.26, with a chemical formula of C15H12O5. 
Naringenin is a flavonoid that is soluble in organic solvent 
including alcohol, but is insoluble in water.

Naringenin is a flavone from naringin or the hydrolysis 
of narirutin (its glycone precursor).115 Naringin, which is a 
bitter principle of grapefruit obtained from the juice, 
flower, and fruit rind, represents up to 10% of the fruit’s 
dry weight. Nevertheless, flavonoids including naringenin 
have some limitations, especially in terms of bioavailabil-
ity and limited source. Therefore, several efforts aimed at 
producing naringenin from metabolic engineering of spe-
cific pathways in the microbial system like E. coli and 
Saccharomyces cerevisiae have been made.115 Based on 
previous in vitro and in vivo studies, naringenin confers 
some pharmacological activities such as anti-inflamma-
tory, anti-microbial, hepatoprotective, anticancer, anti- 
atherogenic, and anti-mutagenic effects.114,115 

Furthermore, naringenin also exhibits gastrointestinal, 
rheumatological, cardiovascular effects, and is useful in 
controlling malignant and infectious diseases.115 

Venkateswara et al113 reported that naringenin is an anti-
oxidant, is a free radical scavenger, and has the ability to 
recondition the DNA, indicating that naringenin has many 
benefits to humans.

A skin disorder that may be impacted by naringenin 
further is skin cancer. In past studies, high doses of nar-
ingenin have been confirmed to decrease the occurrence of 
papilloma about 20% in mice.114 It also decreases the size 
and number of papilloma in both pre- and post-treatment 
groups compared to the control where naringenin sup-
presses papillomagenesis.114 Additionally, naringenin 
reduces the expression of glyoxalase-1, which is abun-
dantly present in the skin cell carcinoma to cause cancer 
cell death.116 Naringenin also suppresses cancer by elevat-
ing carbonyl contents,114 indicating that it is a good choice 
of treatment for skin cancer. Administration of naringenin 
in combination with curcumin can impede angiogenesis 
activity since the combination decreases the production of 
new blood vessels in the peritoneal and inner skin linings 
of an Ehrlich Ascites Carcinoma (EAC) tumor-bearing 
mice model.117

Naringenin also causes cell death via apoptosis occur-
ring through several mechanisms against skin cancer in 
humans. Ahamad et al118 reported that naringenin-induces 
apoptosis by 1) ROS-mediated mitochondrial membrane 
depolarization, 2) DNA fragmentation which signifies 
apoptosis that causes damage to cells, 3) induction of 
nuclear condensation inside human epidermoid carcinoma 
A431 cells, and 4) obstruction of cells in G0 or G1 phase of 
cell cycles leading to apoptosis and initiation of caspase-3 
that is one of the key roles in apoptosis occurring through 
cellular substrate splitting. Moreover, García-Bores et al119 

also stated that methanolic extract of Lippia graveolens 
(MELG), a Mexican oregano containing naringenin, galan-
gin, and pinocembrin, has photochemopreventive effects 
on a mouse skin model that can prevent tumors as the 
flavonoids have antineoplastic activity.

Skin aging due to UV light (photo-aging) is identifiable 
by collagen reduction and also elevation in MMP-1 pro-
duced in response to UV irradiation.120 Jung et al121 

reported that naringenin 1) inhibits the UVB-induced 
MMP-1 production and the activator protein-1 (AP-1) in 
a 3D human skin comparable culture and 2) suppresses 
MMP-13 formation and production of wrinkles in a SKH- 
1 mice model. Additionally, naringenin blocks the UVB- 
induced extracellular signal regulated kinase 2 (ERK2) 
and reduces fos-related antigen 1 (FRA1) stability by 
suppressing its phosphorylation along with inhibiting the 
transepidermal water loss, overall suggesting that narin-
genin is useful against photo-aging.121 Furthermore, in a 
study using a nematode model Caenorhabditis elegans, 
naringenin increases the life span of nematode when 
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exposed to UV radiation by downregulating the aging 
regulated genes (daf-2 and age-1).122 Naringenin also 
accelerates the UVB-induced cyclobutane pyrimidine 
dimers lesion removal and suppression of excessive apop-
tosis, thus suggesting that it can prevent UVB-induced 
aging and cancer.123

Naringenin is useful against atopic dermatitis; an 
inflammatory skin disease. Kim et al124 reported that nar-
ingenin decreases the atopic dermatitis skin lesion growth 
in NC/Nga mice as initiated by 2,4-dinitrofluorobenzene 
(DNFB) via 1) inhibition of the formation of interferon- 
gamma (IFN-γ) by activated CD4+ T-cells and 2) reduc-
tion of the infiltration of skin lesions through CD8+ 
T-cells, CD4+ T-cells, mast-cells, and eosinophils. There 
was also improvement in the ear swelling in the narin-
genin-treated group of mice following a histological ana-
lysis on the epidermis thickness.124 Besides, an in vivo 
study of naringenin microsponge gel formulation indicated 
a reduction in inflammation as confirmed by the decrease 
in the total white blood count and thickness of the earflap 
in the dermatitis rat model,125 overall highlighting the 
significance of the microsponge gel carrier system that 
can enhance its therapeutic effect.

Due to its anti-inflammatory effect, naringenin is also 
useful against psoriasis. Trombino et al126 demonstrated 
that the solid lipid nanoparticle (SLN) containing narin-
genin, linolenic acid, and cyclosporine synergistically 
decrease psoriasis-mediated inflammation. In another 
study, (R)-naringenin 1) suppresses T-cell proliferation, 
2) decreases pro-inflammatory cytokines like TNF-α and 
IL-6, and 3) caused proliferation of human peripheral 
blood mononuclear cells (hPBMC).127 Since a TNF-α 
blocker is useful in psoriasis, naringenin, which has anti- 
inflammatory effects, is a good treatment choice. 
Therefore, naringenin is a good candidate as an anti-psor-
iatic agent since it inhibits the over-expression of IL-6 and 
ameliorated psoriasis along with reducing the transepider-
mal water loss.128

Skin allergy, especially type 1, is a common skin dis-
order common in industrialized countries due to factors 
such as allergen exposure, decreased activation of immune 
system, genetic predisposition, and psychosocial effects. 
Escribano-Ferrer et al129 reported that topical and intrave-
nous naringenin exhibit a potent anti-allergic activity by 
inhibiting mast cell degranulation. Additionally, it was 
demonstrated that naringenin possessed anti-inflammatory 
activity against ear edema in a mice model. Naringenin 
present in tomato skin, particularly naringenin chalcone- 

2ʹ-O-β-D-glucuronide, shows an anti-allergic affect by 
suppression of histamine release in rat peritoneal mast- 
cells.130,131

Terminalia brownii extract, which contains several 
compounds including naringenin-4′-methoxy-7-pyrano-
side, shows an antifungal effect against certain fungi 
that is traditionally-used against fungal infection.132 

Nevertheless, it is plausible that the antifungal effect is 
also contributed by T. brownii itself. Similarly, Orhan 
et al133 also demonstrated the antifungal effect of narin-
genin pyranoside against C. krusei and Candida albicans 
with a minimum inhibitory concentration of 1,600–3,200 
μg/mL.

Skin damage such as thermal burns can cause multiple 
complications if not appropriately treated. Naringenin can 
treat thermal burn-induced injury in a rat model by sup-
pressing the pro-inflammatory markers like TNF-α, inter-
leukin, NF-kB, caspase-3, nitric oxide (NO) level, 
leukotriene-B4 (LTB4), PGE2, and also through the anti-
oxidant effect.134 As for the oxidative parameter, narin-
genin caused an increase in glutathione (GSH), 
glutathione-S-transferase (GST), glutathione peroxidase 
(GPx), catalase, and superoxide dismutase (SOD), while 
reducing thiobarbituric acid reactive substances (TBARS) 
after a 7-day treatment.

Quercetin
Quercetin is a flavonoid that originates from natural pro-
ducts including the vegetables, grapes, apple, brassica, 
berries, onion, tea, spring onions, ginkgo biloba, and 
tomatoes.135 The word quercetin is derived from the 
Latin word quercetum (oak forest), with C15H10O7 as the 
molecular formula.135,136 Its structure consists of four 
active groups including the dihydroxy group between the 
A ring, O-dihydroxy group B, C-ring C2, C3 double 
bonds, and 4-carbonyl.136 According to Basu et al137 the 
chemical name for quercetin is 2-(3,4-dihydroxyphenyl)- 
3,5,7-trihydroxy-4H-chromen-4-one.

Quercetin comes from plants in the form of quercetin- 
3-o-glucoside that can work as a pigment that colors 
vegetables and fruits.138 In addition, rutin is the most 
common form of quercetin, which is normally glycosy-
lated, while aglycone is a yellow sugar-free structure 
quercetin.138 Quercetin structure usually has an –OH 
group while the glycoside structure has a glycosyl group, 
making its solubility in water higher than the quercetin 
aglycone. Quercetin has been shown to have anti-inflam-
matory and antioxidant effects in several studies, besides 
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being an anti-tumor, antibacterial, anti-angiogenic, anti- 
diabetes, anti-obesity, and anti-allergic, useful for neuro-
logical and cardiovascular diseases.135,136,138

Shin et al139 reported that quercetin inhibits UV- 
induced COX-2, MMP-1, and collagen breakdown in 
human skin. Furthermore, quercetin protects the skin 
from UV-induced skin aging by exerting its effect on 
PKC-delta (PKCδ) and Janus kinase-2 (JAK2) to suppress 
UV-induced skin aging and inflammation since PKCδ and 
JAK2 are significant regulators for inflammation.139 The 
researchers also reported that quercetin blocks AP-1 and 
NF-κB stimulation which was key in quercetin’s anti- 
aging effects. In another study, quercetin and its derivative 
quercetin caprylate (QU-CAP) exhibit their anti-aging 
effects by activating proteasome via the Nrf2 pathway 
that enhances the antioxidant effect to help protect against 
skin aging.140 Additionally, quercetin also affects the cell’s 
lifespan and growth, as well as fibroblast’s survival.141

Skin cancer is caused by mutation of cancer-related 
genes, including the tumor suppressor and proto- 
oncogenes.142 The major classification of skin cancer 
includes cutaneous melanoma and non-melanoma that ori-
ginates from keratinocytes of the epidermis. Quercetin can 
inhibit the stimulation of signal transducer and activator of 
transcription (STAT3) via IL-6 by decreasing cyclin D1 and 
MMP-2 production, leading to suppression of cell prolifera-
tion occurring via cell aggregation in particular at the S and 
G2/M stages.142 Generally, polyphenol that includes fla-
vones, flavonols like quercetin and myricetin, as well as 
phenolic acid can act on the anti-cancer effect via various 
mechanisms. According to Shaik et al,143 quercetin sup-
presses the phosphatidylinositol-3-phosphate kinase 
(P13K) effect by ousting the binding of ATP from P13K 
and stimulating AMPK. The suppression of the B16–BL6 
melanoma cell growth and DNA synthesis, retardation of 
the development of tumor, and reduction of cell invasion 
were among its anti-cancer properties mechanisms.144 

Vargas et al145 reported that quercetin is useful in melanoma 
treatment by exploiting the tyrosinase expression and sti-
mulating the p53 expression as well as ROS regulation, 
ultimately leading to cell apoptosis and death.

Skin infections such as impetigo, folliculitis, cellulitis, 
furuncles, and erysipelas may affect the quality-of-life. 
According to Memariani et al,135 quercetin has antimicrobial 
effects against certain pathogens and can inhibit 
Staphylococcus aureus, Enterococcus faecalis, Pseudomonas 
aeruginosa, Streptococcus mutans, and Escherichia coli 
through several mechanisms. Brown et al146 also suggested 

that consumption of fruits abundant in quercetin protects 
against H. pylori infection. In fact, an in vitro study suggests 
that the combination of quercetin with supplements like morin 
and rutin along with the use of some antibiotics is synergistic 
against MRSA.147

Skin dermatitis is a skin disorder characterized by 
itching, erythema, rash, blisters, and even crust formation 
in some cases. Two major types exist: 1) atopic dermatitis 
(chronic skin damage and inflammation) and 2) contact 
dermatitis (an allergic reaction on the skin that causes a 
rash and pain). In vitro and in vivo studies in a rat model 
indicate that quercetin inhibits atopic dermatitis by block-
ing the inflammatory cytokines and pro-inflammatory 
factor.148 Additionally, there was upregulation of heme 
oxygenase that suppress degranulation of mast-cells via 
the nuclear factor erythroid 2-related factor 2 (Nrf2)- 
mediated pathway,149 which contributes to its anti-allergic 
effect. In a past study, both quercetin and tannic acid 1) 
reduce the T-helper type 2 (Th2) polarization and 2) inhibit 
cytokine thymic stromal lymphopoietin (TSLP) as well as 
thymus activate regulated chemokine (TARC) in atopic 
dermatitis.150 Furthermore, quercetin and tannic acid also 
suppress the neo-angiogenesis that inhibit the atopic der-
matitis inflammation. Quercetin inhibits contact dermatitis 
and photosensitivity by suppressing IL-6, IL-8, and TNF- 
α, where it shows that quercetin is an effective mast-cell 
inhibitor.151 Moreover, quercetin decreases the cytosolic 
calcium level and blocks NF-κB stimulation.

Quercetin enhances wound healing due to its anti- 
inflammatory and antioxidant activities.152 Quercetin 
penetrates into the fibroblast, a deeper layer of membrane 
which is the main target for wound healing, making a 
suitable quercetin formulation that can help enhance skin 
penetration a necessity.152 In a study by Gomathi et al,153 

quercetin-incorporated collagen (QIC) film heals the 
wound more effectively than either control or collagen- 
treated groups since it enhances cell proliferation and 
scavenges free radicals. Additionally, quercetin 1) 
decreases wound contraction, 2) elevates hydroxyproline 
to improve collagen, and 3) decreases uronic acid and 
superoxide dismutase levels.153 Moreover, quercetin can 
treat keloid, an extreme dermal scar due to skin trauma, by 
suppressing the transforming growth factor-beta (TGF-β) 
and Smads complex (Smad2/3/4) transfer.154

Lycopene
Lycopene belongs to the plant pigment family (carotenoid) 
and is found in tomatoes, papaya, pink grapefruit, 
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watermelon, cloudberry, cranberry, grape, and peach.155,156 

Carotenoid gives the color to fruits, including the red color in 
tomatoes, squash’s yellow, and pumpkin’s orange, besides 
yielding a certain smell to some. Lycopene is most abundant 
in tomatoes, contributing up to 80% of carotenoid content, 
and is present at the chromoplasts of plant-cells.156 

Interestingly, the scientific name for tomato is 
“Lycopersicon esculentum”.157

Carotenoid is classified into 1) hydrocarbon carotenoid 
that consists of only hydrogen and carbon such as in lyco-
pene, and also 2) xanthophylls such as lutein that has the 
addition of oxygen to hydrogen and carbon.155 Lycopene 
with the molecular formula of C40H56 has a molecular weight 
of 536.89 and constituted about 9.49% of C and 10.51% of 
H.156 Its IUPAC name is 2,6,10,14,19,23,27,31-octamethyl- 
2,6,8,10,12,14,16,18,20,22,24,26,30-dotriacontatridecaene.

Lycopene comes in a variety of cis-configurations 
while all the transforms are thermodynamically more 
stable.158 Meanwhile, other stable forms include 5-cis iso-
mer, 7-cis, 9-cis, 11-cis, 13-cis, and 15-cis. Lycopene is 
also present in human plasma, tissue, and breast milk, 
mostly in the cis-isomer form.155 Lycopene's color is 
believed to indicate the type of isomer, where the all- 
trans isomer is red and tetra-cis-lycopene is orange.155

Lycopene is a good antioxidant, rich in vitamin A. 
Lycopene is useful in the treatment of asthma, cancer 
(uterine, prostate, lung, and breast cancers) and cardiovas-
cular diseases (by reducing the possibility of myocardial 
infarction, blocking oxidation of LDL cholesterol, and 
lowering blood pressure).155,159 It is also believed to 
have therapeutic effects against Alzheimer's and 
Parkinson's disease.

Due to its strong antioxidant properties, lycopene can 
reduce skin aging by decreasing the roughness and scaling 
in the skin, especially when used in combination with 
other supplements.160 Besides reducing skin roughness, 
the high lycopene content in the skin can reduce the 
formation of wrinkles and furrows.161 Segger and 
Schönlau162 reported that a nutritional supplement 
Evelle® that contains various compounds including lyco-
pene improves skin elasticity and decreases skin roughness 
when compared to placebo. Administration of natural kale 
extract supplement caused a higher lycopene concentration 
in the skin as compared to the serum, due to the presence 
of the antioxidant network in the skin which can help 
prevent skin aging.163 According to Marchena et al164 

cosmetics consisting of lycopene and melatonin can 
improve skin hydration and stratum corneum elasticity 

along with increasing the pigmentation level, all of 
which can help prevent photo-damage and enhance skin 
characteristics.

Lycopene also has anti-cancer effects. According to 
Fazekas et al,165 lycopene inhibits UVB irradiation that 
caused skin damage by 5%. Topical application of lycopene 
1) suppresses the activity of ornithine decarboxylase (ODC) 
which was over-suppressed during cancer development, 2) 
blocks inflammatory responses like MPO activity and skin 
thickness, and 3) decreases caspase-3 production related to 
apoptosis as confirmed by the PCNA staining cell in the 
epidermis.165 Basu and Imrhan166 reported that tomato pro-
ducts rich in lycopene have a chemoprotective effect by 
decreasing the biomarkers for oxidative stress and carcino-
genesis. Cooperstone et al167 also suggested that tomatoes 
with high lycopene content can reduce the tumor number in 
SKH-1 mice with a UVB-induced skin tumor when com-
pared to control, since lycopene can decrease the possibility 
of keratinocyte cancer by conferring protection against 
UVA. In another study, Kopec et al168 confirmed that tan-
gerine tomatoes that contain lycopene can reduce the for-
mation of UV-induced cyclobutane pyrimidine dimers, 
myeloperoxidase activity, and the percentage of p53 posi-
tive epidermal cells in male SKH-1 mice, all of which are 
attributed to a decrease in inflammation or DNA damage. 
Antioxidant activity can also contribute to cancer preven-
tion since increased highly reactive free radicals lead to 
DNA damage which can be neutralized by the antioxidants. 
Hwang and Bowen169 reviewed that in in vivo studies, 
lycopene can prevent DNA damage by its antioxidant effect 
by reducing serum thiobarbituric acid reactive substance 
that ameliorate lipid peroxidation, which may protect 
against tumor development related to oxidative damage.

Exposure to UV causes photo-oxidative damage to 
cellular lipids, DNA, and proteins which are related to 
the formation of erythema and other skin disorders.170 In 
addition, solar erythema, also known as sunburn, is char-
acterized by blister, pain, tenderness, and second degree 
burns. The damage to the DNA and protein in skin cells 
alters keratinocytes morphology, which can be ameliorated 
with products with a photo-protective effect.171

Stahl et al170 conducted a study involving volunteers on 
five forms of lycopene (tomato paste, carrot juice, lycopene 
supplement, tomato extract, and synthetic lycopene) for 10 to 
12 weeks an reported that lycopene confers a photo-protective 
effect by reducing the sensitivity to UV-induced erythema by 
reducing the chromametry a-values (Δa-values), a measure-
ment for erythema effective as photo-protection since lycopene 
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absorbs in the UV-range. Sies and Stahl172 suggested the 
application of lycopene as a sun protectant due to the preven-
tion of UV-induce erythema production. Grether-Beck et al173 

stated that lycopene-rich tomato nutrient complex (TNC) sup-
presses the UVA1- and UVA/B-induced heme-oxygenase 1 
(HO1) increase, intercellular adhesion molecule 1 (ICAM-1), 
and matrix metallopeptidase 1 (MMP-1) mRNA, which pro-
tect against sun radiation damage as compared to placebo.

Lycopene also protects against psoriasis. In a previous 
study, lycopene suppresses the imiquimod (IMQ)-induced 
psoriasis-like inflammation in keratinocyte, a type of epidermis 
by inhibiting monocyte adhesion in a mice model.174 The 
adhesion molecules include intercellular adhesion molecules 
(ICAMs) and vascular cell adhesion molecule-1 (VCAM-1), 
which are significant in inflammatory response.174 Atopy is 
associated with an allergic reaction that produces an exagger-
ated immune response such as eczema, asthma, and allergic 
rhinitis. Lycopene is useful against atopy occurring in the skin, 
lungs, and immune-competent cells. Carotenoids like lycopene 
can stimulate the retinoic acid receptor (RAR) and retinoid-X 
receptor (RXR) essential in atopy.175 Furthermore, carotenoid 
is metabolized to be more bioactive under oxidative circum-
stance; stimulating the RAR- and peroxisome proliferator- 
activated receptor (PPAR)-mediated signaling pathways and 
preventing the NF-κB signaling that confers the anti-inflam-
matory effect.175 Additionally, carotenoid transporter-proteins, 
polymorphism, and local carotenoid levels can inhibit atopic 
development, making carotenoids including lycopene an 
important strategy in atopy suppression.175

Gingerol
Gingerol, a polyphenol present in ginger, belongs to the 
Zingiberaceae family. It is widely used as a herbal medi-
cine, a food, and a spice, not only in Asia but globally.176 

The molecular formula of gingerol is C17H26O4 with the 
IUPAC name (5S)-5-hydroxy-1-(4-hydroxy-3-methoxy-
phenyl)decan-3-one.177 In general, ginger contains many 
components including volatiles such as camphene, geranyl 
acetate, β-phellandrene, curcumene, borneol, cineole, ter-
pineol, limonene, geraniol, β-elemene, linalool, α-zingi-
berene, zingiberol, zingibereno, α-Farnesene, β- 
bisabolene, and β-sesquiphellandrene, and also non-vola-
tiles such as gingerol, zingerone, paradols, and shogaols.-
178 The main active component of ginger is 6-gingerol (1- 
[4ʹ-hydroxy-3ʹ-methoxyphenyl]-5-hydroxy-3-decanone), 
while other components include 8-gingerol and 10- 
gingerol.176,179

Ginger has a strong flavor and an unpleasant taste to 
some individuals, especially when used in high 
concentrations.180 Gingerol has various therapeutic effects 
including amelioration of fever, vomiting, pain, cramps, 
arthritis, hypertension, and cardiopathy.176 Other activities 
include anti-cancer, anti-inflammatory, antipyretic, 
decreased blood lipids, anti-angiogenic, anti-aging, 
improved circulation of blood, cardiotonic, improved 
digestion, antioxidant, and as an antimicrobial.176,181 

Additionally, Wang et al178 reported that gingerol has an 
antifungal effect and anti-platelet aggregation. In Chinese, 
gingerol is called Shengjiang and ginger is commonly used 
in traditional Chinese medicine, since it can soothe a 
cough and overcome phlegm in addition to treating poi-
sons from crab and fish.181

Gingerol exhibits anti-cancer and anti-inflammatory 
effects in various organs including the skin, gastrointest-
inal, colorectal, and pancreas.91 Kim et al182 reported that 
6-gingerol decreases the UVB-induced ROS since UV is 
the main factor contributing to skin cancer where UVB- 
induced ROS stimulates inflammation and increases tumor 
number by lipid peroxidation, DNA damage, and changes 
in enzyme activity. Additionally, 6-gingerol also sup-
presses the UVB-induced COX-2 production by inhibiting 
ROS and activating NF-κB in the HaCat-cell through 
inhibition of Iκβα phosphorylation; leading to suppression 
of the UVB-induced apoptotic pathway.182 In fact, COX-2 
is the main target involved in reduction of photo-inflam-
mation that causes tumor production and photo-aging.182 

Yarla et al91 reported that 6-gingerol acts as an anti-tumor 
and possesses some chemoprotective effect by inhibiting 
the arachidonic acid (AA) pathway significant in carcino-
genesis. Additionally, 6-gingerol suppresses melanin for-
mation in murine B16F10 melanoma cells which 
stimulates the Akt/PKB pathway and also inhibits the 
melanogenesis development in melanoma cells through 
reductions in microphthalmia-associated transcription fac-
tor (MITF) and tyrosinase activity suppression.183 

Moreover, 6-gingerol also suppresses the TPA-induced 
COX-2 synthesis by preventing the p38 mitogen-activated 
protein (MAP) kinase-NF-κB signaling pathway, thus con-
firming the anti-tumor effect of ginger.184

Apigenin
Apigenin is from the flavone class and is an aglycone of several 
natural occurring glycosides.185 Species like Lamiaceae, 
which includes Sideritis and Teucrium, and Fabaceae, includ-
ing Genista, haveapigenin existing in the aglycone form and/or 
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its C- and O-glucosides, glucuronides, acetylated derivatives, 
and O-methyl ethers.186 Apigenin which has a molecular for-
mula of C15H10O5 and molecular weight of 270.24 is also 
known as 4′,5,7,-trihydroxyflavone.185,187 In the 
Biopharmaceutics Classification system (BCS), apigenin is 
classified as a class II drug due to its low solubility and high 
permeability.187

Apigenin is mainly found in Asteraceae species like 
Artemisia, Matricaria, Achillea, and Tanacetum genera.186 In 
addition, apigenin, which exists as a glycosylated form, is 
found in 1) herbs like thyme, basil, chamomile, and oregano, 
2) vegetables such as celery, parsley, and onion, and 3) plant- 
based beverages like beer, tea, and wine.186 Other sources of 
apigenin include red and white sorghum, oranges, wheat 
sprouts, rutabagas, cilantro, and kumquats.187

Apigenin is slightly soluble in highly polar solvents 
like water and non-polar solvents including safflower oil 
and silicone fluid. However, apigenin is freely soluble in 
ethanol, dimethylsulfoxide (DMSO), and dimethylforma-
mide (DMF), excluding inert gases at 0.3, 15, and 25 mg/ 
mL, respectively.187 Apigenin has low toxicity with good 
biological activities like antioxidant, anti-tumor, anti-aller-
gic, anti-inflammatory, cardioprotective, neuroprotective, 
antimicrobial, and anti-genotoxic.185 Moreover, it also 
has anti-hyperglycemic, anti-apoptotic, anti-atherogenic, 
antiparasitic effects, and can confer protection against 
hypertension, autoimmune myocarditis, and cardiac 
hypertrophy.185,187

Apigenin inhibits 1) UV-induced skin cancer by stimu-
lating AMPK, leading to inhibition of the mammalian 
target of rapamycin (mTOR) effect and activation in ker-
atinocytes, and 2) proliferation of cells and development 
of cell cycles in the mouse model skin and epidermal 
keratinocyte.188 Furthermore, apigenin suppresses Akt 
(protein kinase B) and mTOR signaling independently, 
leading to AMPK-dependent inhibition of mTOR that 
intensifies autophagy along with reducing proliferation in 
keratinocytes.189 Kiraly et al190 demonstrated that apigenin 
inhibits tumorigenesis including tumor multiplicity as well 
as the incidence of a DMBA/TPA-induced tumor in a 
SKH-1 mice model by 1) reducing COX-2, EP1, EP2, 
and PGE2 production, 2) escalating the terminal differen-
tiation, and 3) suppressing cell proliferation that contri-
butes to the blocking of the production of tumors.

Paredes-Gonzalez et al191 concluded that apigenin 
demethylates the Nrf2 gene promoter in the 15 CpG site 
in JB6 P+ cells that 1) initiate the Nrf2 nuclear transloca-
tion and protein expression and 2) escalate NQO1, the 

Nrf2 downstream target. In addition, apigenin decreases 
DNA methyltransferase epigenetic proteins and also his-
tone deacetylase (HDAC), indicating that apigenin can be 
a good chemoprotective agent or adjuvant. The researchers 
have reported that in UVB-induced skin cancer, thrombos-
pondin-1 (TSP1) is an important element in chemoprotec-
tive activities of apigenin since apigenin suppressed the 
UVB-induced carcinogenesis in wild-type (WT) mice but 
not in TSP1 KO (TKO) mice. In summary, conserving 
normal TSP1 production via apigenin application can 
reduce the inflammatory cytokines in UVB-irradiated 
WT mice, indicating that TSP1 that has an anti-inflamma-
tory effect is a significant element of the anti-tumor activ-
ities of apigenin in the skin.192 Overall, the findings 
indicated that apigenin can treat inflammatory diseases 
like psoriasis and eczema.

Topical apigenin, which can boost permeability barrier 
homeostasis, increasethe production of filaggrin, lamellar 
body, and mRNA levels in lipid synthetic enzymes, is 
useful in the treatment of skin diseases like atopic derma-
titis that is associated with a permeability barrier aa long 
with decreased degree of filaggrin.193 An important source 
of apigenin includes matricaria chamomile; also known as 
chamomile. Chamomile ointment can reduce dermatitis or 
eczema due to its purported anti-inflammatory activities. 
Topical chamomile extract reduced inflammation in croton 
oil-induced dermatitis in a rat model. In fact, matricaria 
ointment that contains apigenin has been reported to be 
comparable with non-steroidal anti-inflammatory drugs 
(NSAID) or 0.25% hydrocortisone, and is even more 
effective compared to 0.75% fluocortin butyl ester and 
5% bufexamac against dermatitis.194 Additionally, topical 
apigenin can also reduce acute inflammation and subacute 
dermatitis.195

In a study with murine models that had acute allergic 
dermatitis and acute irritant contact dermatitis, apigenin 1) 
can treat both types of dermatitis, 2) decreases transepi-
dermal water loss, 3) improves skin hydration, and 4) 
reduces the pH of the skin surface.195 Due to its antiox-
idant activities, apigenin is also useful against skin aging. 
Topical application of apigenin improves skin aging in 
female participants (n=25) by ameliorating the skin rough-
ness via 1) reduction of the volume of roughness, 2) 
improvement of fine lines, 3) reducing class 1 wrinkles 
(depth from 0–55 µm) to about 10% following 4 weeks of 
treatment, and 4) enhancement of skin elasticity, making 
the skin firmer following 8 weeks of treatment.196 Overall, 
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Table 2 Overall Mechanism of Action for Natural Products Against Skin Disorders

Natural 
Products

Mechanism of Action References

Mangiferin Reduce Skin Aging 
● By increasing the collagen bundles in skin 

● By blocking MMP-1 expression by supressing the ERK and JNK pathway and also through inhibition of MEK and 

SEK pathways 

Inflammation Reduction (dermatitis and psoriasis) 
● By inhibiting the inflammatory activity via reduction of inflammatory mediators and inflammatory biomarkers 

● By inhibiting the CD68 activity 

Wound Healing 
● By instigating the cell proliferation and migration of fibroblasts and reducing MPO activity 

● By reducing the oxidative damage on skin tissue by increasing the Nrf-2 degree 

● Skin flap regeneration 

Treat Skin Cancer 
● By blocking fibroblast growth factor (bFGF) and expression of IL6, TNF, PLAU, KDR (VEGFR2), IFNG, FGF1, 

CCL2, MMP19, and placental growth factor (PGF) 

Treat Skin Infection 
● By reducing the infectivity of HSV infection

Allaw et al33; Chae et al27; Delgado-Hernández et al39; Gerber et al35; Jie et al40; Kim et al26; Lwin et al34; 

Magcwebeba et al36; Zhao et al30

Lutein Reduce Melisma 
● By enhancing skin tone, luminance and color 

Reduce Skin Aging 
● By defending from gene expression and providing a barrier to the skin from UVR 

● Block the skin damage and promote the skin component 

● Enhance the collagen I/elastin aging index 

Inflammation Reduction (skin erythema and psoriasis) 
● Decrease the skin rash by block UVR 

● Due to antioxidant activity 

● Decrease the amount of sunburn cells and decrease epidermal hyperproliferation 

Treat Skin Cancer 
● Due to antioxidant activity 

● By decreasing risk of SCC 

● Increase the tumor free survival time and reduce the tumor volume and multiplicity 

Wound Healing 
● By increasing production of hyaluronan

Aziz et al46; Balić and Mokos44; Heinen et al48; Murillo et al47; Souyoul et al45
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Table 2 (Continued). 

Natural 
Products

Mechanism of Action References

Curcumin Inflammation Reduction (psoriasis) 
● By inhibiting proliferation of human keratinocytes 

● By blocking the expression of TNF-a-induced IL-1b, IL-6, TNF-a, cyclin E, MAPKs (JNK, p38 MAPK and ERK) and 

NF-κB 

● By blocking the action and production of TNF and also a potent inhibitor of phosphorylase kinase (PHK) activity 

● Obstruct the endosomal toll-like receptor (TLR) by blocking NF-κB signaling 

Reduce Dermatitis Symptoms 
● By reducing radiodermatitis 

● Modulate the protein kinase C-θ (PKC-θ) pathway by inhibiting the phosporylation of PKC-θ 
● Reduce the severity of irradiated skin 

● Decrease the expression of cyclooxygenase-2 (COX-2) and expression of NF-κB 

Wound Healing 
● By decreasing the lipid peroxidation (LPx) and reactive oxygen species (ROS) 

● Produce protective activity 

● Reduce expression of inflammatory cytokines and modulate the proinflammatory gene educe transcription 

factor protein-1 (AP1) and NF-κB, reduce expression of inflammatory cytokines and modulate the 

proinflammatory gene product expression 

● Accelerate wound healing stages 

● Activation of growth factors and produce ECM proteins along with helping in collagen synthesis and migration of 

fibroblast 

Reduce Skin Aging 
● By enhancing the skin firmness and elasticity 

● By inhibiting the increase of UVB induced TNF-α and IL-1β and increasing the production of hyaluronan 

Treat Skin Cancer 
● By reducing phosphorylation of IGF-1 receptor, insulin receptor substrate-1 (IRS-1), S6K, AKT, and 4EBP1 

● By inducing cell apoptosis and inhibition of melanoma cell migration and invasion 

● Upregulate expression of miRNA and reduce proliferating cell nuclear antigen (PCNA) and Bcl-2 

● Incite mitochondrial permeability transition pore (mPTP) opening and lead to apoptosis/cell death of WM-115 

melanoma cells 

● Delay the tumor appearance, multiplicity, and volume, along with the increasing of p53 and p21/Cip1-positive 

cells in the epidermis 

Treat Skin Infection 
● By interrupting the bacterial cell membrane 

● Act as a photosensitizer 

● Bacterial membrane perturbation, damage the motility, change gene expression and suppression replication 

machinery 

● Suppress the S. epidermis growth to treat acne vulgaris 

● Inhibit growth of fungal by inducing the ROS and reactive nitrogen species (RNS)

Aggarwal et al52; Almeida et al74; Asada et al66; Baltazar et al76; Barchitta et al64; Heng et al53; Kim et al59; Lai 

et al55; Lee et al58; Lelli et al68; Liu and Huang75; Mohammadi et al63; Mohanty and Sahoo61; Phan et al62; Qiu et al70; 

Sommerfeld65; Tsai et al71; Vaughn et al57; Vaughn et al50; Vollono et al13
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Resveratrol Reduce Skin Aging 
● By inhibiting TNF-α-induced expression of inflammatory cytokines and MMPs 

● By enhancing the sirtuin 1 expression, promoting the mitochondria function and decreasing the ROS production 

● By protecting from the damaging effects of hydrogen peroxide 

● Decrease the AP-1 and NF-κB transcription factors expression, collagen breakdown, and inflammation 

Treat Skin Cancer 
● Has a chemo-preventive effect by decreasing the COX-2 levels 

● Increase cyclin kinase inhibitor WAF1/p21 and tumor suppressor p53 

● Modulation in the expression and function of cell cycle regulatory protein cyclin-D1 and -D2, cdk-2, -4, and -6 

and WAF1/p21 

● Alter the expression level of vasodilator-stimulated phosphoprotein (VASP), COX-2, AMP-activated protein 

kinase (AMPK), and vascular endothelial growth factor (VEGF) 

● Obstruct the MAPK/ NF-κB/AP-1/COX-2 pathway 

Reduction of Skin Infection (HSV) 
● By decrease the development of lesion 

● Suppress the stimulation of NF-κB 

● Stimulate the 50 AMP-activated protein kinase/Sirtuin 1 (AMPK/Sirt1) axis 

Treat Acne Vulgaris 
● Inhibit P.acnes reproduction and reduce the inflammation 

● Change the surface structure of bacteria with loss of define membrane 

● Suppress imiquimod-induced gene expression of IL-19, IL-17A, IL-17F, and IL-23p19 

Wound Healing 
● Cause the growth of a protected area ithe n epithelium, raise the cell density and elevate the displacement of 

connective tissue at the place of wound 

Reduce Chloasma 
● Decrease the number of melanocytes 

● Decrease in skin melanin and reduce pigmentation

Aziz et al86; Boo81; Buonocore et al85; Docherty et al94; Docherty et al99; Docherty et al93; Dybkowska et al87; 

Faith et al95; Hemmati102; Kjær et al101; Lai et al55; Lee et al283; Leyton et al96; Liang et al82; Moreira et al105; Rauf 

et al88; Reagan-Shaw et al89; Soleymani et al83; Taylor et al100; Yamakoshi et al104; Yarla et al91

Embelin Inflammation Reduction (psoriasis) 
● By suppression of TNF-α and IL-1β and the inhibition of aggregation of leukocyte 

● Increase the percentage of wound closure 

Wound Healing 
● By accelerating the incision epithelialization 

● Show the complete healing process

Swamy et al111
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Table 2 (Continued). 

Natural 
Products

Mechanism of Action References

Naringenin Treat Skin Cancer 
● By decreasing papilloma occurrence 

● By decreasing the size and number of papilloma 

● By reducing the expression of glyoxalase-1 

● By elevation of carbonyl contents 

● Decreased the production of new blood vessels in peritoneal and inner skin linings 

● Induced apoptosis includinginduction of ROS mediated mitochondrial membrane depolarization 

● Has photochemopreventive effect 

Reduce skin aging 
● By inhibiting the UVB-induced MMP-1 production and activator protein-1 (AP-1) 

● By suppressing MMP-13 formation and production of wrinkles 

● By downregulating the aging regulated genes 

● Increase lesion removal and suppress excessive apoptosis 

Inflammation reduction (atopic dermatitis) 
● By decreasing the atomic dermatitis skin lesion growth via inhibiting the formation of interferon-gamma (IFN-γ) 

● By decreasing the total white blood count (WBC) and the thickness of earflap 

Inflammation reduction (psoriasis) 
● By suppressing T-cell proliferation, decreasiningg proinflammatory cytokine (TNF-α and IL-6) and showing the 

proliferation of human peripheral blood mononuclear cells (hPBMC) 

● By inhibiting the overexpression of IL-6 and decreasing transepidermal water loss 

Exert Anti-allergic Effect (Skin Allergic) 
● By inhibiting the mast cell degranulation 

● By suppressing histamine release 

Treat Skin Infection 
● Exhibit an antifungal effect to T. brownii, C. krusei, and Candida albicans 

Treat Thermal Burn-Induced Injury 
● By suppressing the proinflammatory marker and due to antioxidant effect

Ahamad et al118; Al-Roujayee134; Alalaiwe et al128; El-Mahdy et al123; Escribano-Ferrer et al129; Gaggeri et al127; Jung 

et al121; Kim et al124; Kumar and Bhan114; Kumar and Tiku116; Nagula and Wairkar125; Orhan et al133; Prasanth 

et al122; Salih et al132; Yamamoto et al130; Yoshimura et al131
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Quercetin Reduce Skin Aging 
● By inhibited UV-induced COX-2, MMP-1 and breakdown of collagen in human skin 

● By exerting its effect on PKC-delta (PKCδ) and Janus kinase-2 (JAK2) 

● By blocking AP-1 and NF-κB stimulation 

● Activate the proteasome through the Nrf2 pathway 

Treat Skin Cancer 
● By inhibiting the stimulation of signal transducer and activator of transcription (STAT3) via IL-6 by decreasing the 

cyclin D1 and MMP-2 production 

● Suppressing the phosphatidylinosi-tol-3-phosphate kinase (P13K) effect 

● Suppressing the B16-BL6 melanoma cell growth and DNA synthesis 

● Stimulate the p53 expression and ROS stimulation 

Treat Skin Infection 
● Can inhibit certain pathogens 

● Protect from H. pylori infection and have an effect against MRSA 

Inflammation Reduction (dermatitis) 
● By blocking the inflammatory cytokines and proinflammatory factor 

● Upregulation of heme oxygenase 

● By reducing Th2 polarization, inhibiting cytokine TSLP and TARC 

● By inhibiting IL-6, IL-8, and TNF-α 
Wound healing 
● By penetrating into the fibroblast 

● By elevating the cell proliferation 

● By decreasing the wound contraction, elevating the hydroxproline, decreasing uronic acid content and 

superoxide dismutase content 

Reduction of keloid (dermal scar) 
● By suppressing the transforming growth factor-beta (TGF-β) and Smads complex (Smad2/3/4)

Amin et al147; Brown et al146; Caltagirone et al144; Chondrogianni et al140; Gomathi et al153; Hatahet et al152; Jung 

et al150; Matsushima et al149; Sajadimajd et al142; Shaik et al143; Shin et al139; Unahabhokha et al154; Vargas et al145; 

Weng et al151
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Table 2 (Continued). 

Natural 
Products

Mechanism of Action References

Lycopene Reduce Skin Aging 
● By reducing the roughness and scaling in human skin 

● By improving the skin elasticity 

● By improving the skin hydration and elasticity of stratum corneum 

Treat Skin Cancer 
● By suppressing ODC activity, blocking inflammatory responses like MPO activity and skin thickness, decreasing 

the caspase-3 production and showing a PCNA staining cell 

● By decreasing the biomarkers of oxidative stress and carcinogenesis 

● Reduction of tumor number 

● By reducing the UV-induced cyclobutane pyrimidine dimers formation, myeloperoxidase activity and percentage 

of p53 positive epidermal cells 

● Due to antioxidant activity – DNA damage and reduction of serum thiorbarbituric acid reactive substance 

Inflammation Reduction (Skin erythema) 
● By reducing the sensitivity to UV induced erythema 

● By suppressing the UVA1- and UVA/B-induced HO1 increase, ICAM-1 and MMP-1 mRNA 

● By demonstrating higher phenol content that make it as a good capacity of antioxidant 

Inflammation Reduction (psoriasis) 
● By suppressing IMQ-induced psoriasis-like inflammation by inhibiting the monocyte adhesion 

Reduce Atopy Disease (eczema) 
● By stimulating the retinoic acid receptor (RAR) and retinoid-X receptor (RXR)ing 

● By block the atopy development

Basu and Imrhan166; Cooperstone et al167; Darvin et al161; Fazekas et al165; Grether-Beck et al173; Hwang and 

Bowen169; Kopec et al168; Marchena et al164; Meinke et al163; Rühl175; Segger and Schönlau162; Shih et al174; Sies and 

Stahl172; Stahl et al170

Gingerol Treat Skin Cancer 
● By decreasing the UVB-induced ROS 

● By suppressing the UVB-induced COX-2 production 

● Exert chemoprotective effect through targeting the arachidonic acid (AA) pathway 

● By suppressing the melanin formation and inhibiting melanogenesis development 

● By suppressing the TPA-induced COX-2 synthesis through prevention of p38 mitogen-activated protein (MAP) 

kinase- NF-κB signaling pathway

Huang et al183; Kim et al182; Kim et al184; Yarla et al91
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the positive findings indicate that apigenin is a useful anti- 
aging skin product.

Overview of the Mechanisms of Action of 
Natural Products Reported for the 
Treatment/Management of Skin Disorders
The prevalence of skin diseases commonly affects and 
risks human health of all generations, from children to 
older people. According to Tabassum and Hamdani,22 

there are various skin diseases that are associated with 
humans including rashes and inflammation like psoriasis 
and dermatitis, infection like bacteria, virus and parasitic 
infection, tumor or cancer, wrinkles, pigmentary disorder, 
and skin aging. Therefore, it is essential to keep the skin 
healthy to get a healthy body. In fact, the skin actually acts 
as the body's defence against foreign particles, pathogens, 
and uncontrolled loss of water, and the skin also functions 
as insulation, regulating temperature, and is related with 
certain vitamin like vitamin D and B. According to 
Wootton et al,14 the most frequent human disease was 
skin disease, which will affect the human’s quality-of- 
life, mental health, and productivity. Furthermore, the 
study also highlighted that the use of natural products or 
herbal medicines that come from natural sources like 
plants, fruits, and vegetables are getting public attention 
as they are cheap, have less-side effects, good patient 
tolerance, and are acceptable as they have been used by 
our ancestors.22

The present review focused on ten natural products or 
isolated compounds which are well documented for the 
treatment of inflammation skin disorders like psoriasis and 
dermatitis, tumor or cancer, skin infection, skin aging, and 
wounds, based on the in-vitro and in-vivo experiments. 
The overall mechanism of action of natural products 
against skin disorders has been summarized in Table 2 
and Figure 5. However, these natural compounds need to 
be further studied to strengthen the claims, although they 
have potential against skin disorders.

On the one hand, the immune system in the skin is 
tightly regulated, thus protecting the host from extrinsic 
insults. On the other hand, when people become old, the 
immune system functions less actively therefore creating 
pro-inflammatory pathologies and other diseases. 
Moreover, any injury or infection in the skin changes its 
physical appearance. In general homogenous skin is con-
sidered as beautiful. Visually unappealing skin would 
affect the psychological health of the patients. An A
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improvement in visible skin appearance enhances confi-
dence. Some skin diseases, which spread throughout the 
body, induce psychological stress. Besides, stress dysregu-
lates the immune homeostasis, which again drives the 
inflammatory diseases. A vast number of skin diseases 
are emerging (Figure 6), and each is categorized based 
on the type of inflammation intervention. Different levels 
of scaling have been assigned to track the disease status of 
the skin. The detailed mechanisms of how several skin 
diseases originated and progress have yet to be elucidated.

Role and Importance of Nanoformulation 
Development of the Reported Natural 
Products for Skin Therapy
Natural products are beneficial due to their low toxicity 
and high efficiency in delivering a therapeutic effect.197 

However, their disadvantages include low bioavailability, 
they are not stable, and their poor solubility, which limit 
their effect. Previous studies stated that one of the ways to 
overcome these disadvantages is to develop the product 
into a nanoformulation, a novel drug delivery system, as it 
can improve the water solubility and permeability of the 
products to deliver the drug, thus improving the therapeu-
tic effect.198 Furthermore, nanoformulations help the drug 
reach the epidermis and dermis in dermatological treat-
ment, specifically in psoriasis disease. The nanoformula-
tion helps the drug reach the epidermis that is difficult to 
reach due to several scales of psoriasis.198 According to 
Taghipour et al,197 various phytochemicals like curcumin, 
naringenin, resveratrol, quercetin, and others have been 
developed into a nanoformulation. Other studies also 
demonstrated that nanoformulation increases the efficacy 
of therapeutics activities of natural products which also 

Figure 5 Overview of the mechanisms of action of natural products reported to treat/management of skin disorders. Mangiferin, lutein, curcumin, resveratrol, embelin, 
naringenin, quercetin, lycopene, gingerol, and apigenin are natural products that are commonly used in the treatment of various skin disorders. Through various pathways, 
these natural products can aid in wound healing, protect against tumor development due to oxidative damage, prevent further progression of wrinkles from prolonged UV 
exposure, and reduce atopic dermatitis skin lesion growth. Created with BioRender.com. 
Abbreviations: UVA, B and C, ultraviolet A, B and C; AP-1, Activator protein 1; c-FOS, proto-oncogene.
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contribute to a smart healing process, decreasing the doses 
required for treatment, and improving the healing process 
of skin disorders like wound, where herbal-based nanos-
tructures help in decreasing the oxidative factor and block 
the production of inflammatory cytokines and cascades.198

According to Pleguezuelos-Villa et al,32 mangiferin 
nanoemulsions that are produced by hyaluronic acid 
boost the permeation, where the utilization of a TPA- 
inflamed skin mice model diminished the edema and leu-
cocyte infiltration. Moreover, these nanoformulations 
show a good anti-inflammatory effect. A previous article 
also reported that a β-cyclodextrin–curcumin nanoparticle 
complex enhances the permeability in tissue of a skin 
model and encapsulated a nanoparticle formulation able 
to penetrate into the skin and help decrease the UVB- 
irradiation better than free curcumin.199 On the other 
hand, the nanoformulation of naringenin, a flavonoid also 
used in treating skin diseases, overcomes the poor bioa-
vailability problem and enhances the naringenin availabil-
ity that leads to increased efficacy.200 Hatahet et al152 also 
investigated that quercetin smartcrystals (also known as 
quercetin nanocrystals) are able to enhance the saturation 
solubility and dissolution velocity and, more importantly, 
can preserve the antioxidative effect which will tolerate 

well with the skin. Besides, resveratrol nanoformulations 
like solid-lipid nanoparticles, liposomes, nanostructured 
lipid carriers, niosomes, and lipid-core nanocapsule have 
been developed toan achieve effective effect of resveratrol 
that is used to treat skin diseases including skin aging, 
acne vulgaris, and chloasma.83

Challenges and Opportunities of Natural 
Products in Transdermal/Topical Delivery 
Systems and Their Safety Considerations 
for Skin Disorders
The skin has proven to be beneficial for both localized and 
systemic drug deliveries by showing various advantages, 
including 1) bypassing the hepatic first-pass effect, 2) mini-
mizing changes in drug/natural product plasma levels, 3) 
allowing selective targ,eting 4) flexibility for controlled- 
release profiles, 5) improved patient compliance, and 6) 
cost-effectiveness.201–203 The stratum corneum allows for 
percutaneous absorption of drugs and natural products. It is 
10 µm thick, keratinized epidermal cells that act as a rate 
limiting barrier for drug/natural products permeation,204,205 

thus restricting the entry of polar, big molecular weight 
substances.206 The movement of lipophilic moieties into the 

Figure 6 Targets of inflammatory skin diseases. Inflammation is an innate response of the body’s initial response against any insults (damage or infection). The hyperimmune 
response is the seeding point for several inflammatory skin diseases, including autoimmune diseases. The loss of self-tolerance in the skin sequentially develop as 
autoimmune diseases. Therefore, targeting excess inflammation would serve as a best strategy to restore the skin homeostasis. Several established targets in inflammatory 
diseases, such as innate immune system, co-stimulation, downstream pathways, adaptive immune system (including T- and B-cells), and others. Created with BioRender.com. 
Abbreviations: dDCs, dermal dendritic cells; IVIG, intravenous immunoglobulin; JAK, Janus kinase; KCs, keratinocytes; LCs, Langerhans cells; MAPK, mitogen-activated 
protein kinase; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B-cells; pDCs, plasmacytoid dendritic cells; STAT, signal transducer and activator of 
transcription; Syk, spleen tyrosine kinase.
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stratum corneum is also limited, although hydrophilic moi-
eties fail to partition.207 As for transdermal distribution, 
ideally, a drug candidate should have 1) moderate lipophili-
city (log P<5), 2) sufficient solubility in both aqueous and 
lipophilic phases, 3) low molecular weight: <500, 4) high 
potency, and 5) a low melting point.208,209 The natural pro-
ducts described in this review meet almost all of Lipinski’s 
rules, indicating their drug-likeness in nature, and therefore 
are good candidates for further investigation on the develop-
ment of different formulations to deliver active constituents 
into the skin. The physicochemical properties of the natural 
products reported in this review are summarized in Table 3.

Although traditional transdermal formulations such as 
ointments, creams, and lotions exist, they have some draw-
backs, such as having a lack of spreadability, being of a 
sticky nature, and having stability issues, overall contribut-
ing to non-compliance.210 Transdermal distribution has 
progressed to the point where transparent gels and emul-
gels have been developed with improved efficacy and 
patient compliance. Consequently, these formulations are 
gaining popularity in both the cosmetics and pharmaceu-
tical industries.

Nevertheless, rather the formulation and development 
of a suitable delivery system, and the delivery of hydro-
phobic moieties “across” the skin barrier, which is 
challenging.210 According to the literature, nanosized topi-
cal formulations can increase the permeability of natural 
products by breaking the lipid bilayer211 and prolonging 
their retention at the site of action.212 Currently, lipo-
somes, lipid nanoparticles, phytosomes, nanoemulsions, 
transferosomes, ethosomes, niosomes, β-cyclodextrin 
complexes, and polymeric nanomicelles are some of the 
most important nano-formulations used for dermatological 
and transdermal applications of phytomedicines.213

A nanoemulsion is an isotropic, translucent, or trans-
parent heterogeneous mixture made of oil and aqueous 
phases that is stabilized by the interfacial coating of a 
surfactant.210 Nanoemulsions can improve the solubility 
of natural products over simple micellar solutions and 
give higher thermodynamic stability as compared to 
unstable dispersions like emulsions and suspensions, 
although they tend to be limited by their low viscosity 
and spreadability. Nevertheless, a simple change of nanoe-
mulsion to nanoemulgel can be incorporated to tackle the 
challenges of using a nanoemulsion for transdermal deliv-
ery. Nanoemulgels are nanoemulsions that contain a gel-
ling agent and are either water-in-oil (w/o) or oil-in-water 
(o/w) in nature. When compared to other carriers such as Ta
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microemulsions, liposomes, or solid lipid nanoparticles, 
nanoemulgels have several advantages including increased 
permeability, better drug-loading capacity, and less skin 
irritation.210

When developing nanophytomedicines, a variety of 
approaches have been used, as discussed in detail by 
Sahni et al.214 The techniques include nanoprecipitation, 
co-precipitation, complex coacervation, supercritical fluid 
method, salting out method, solvent emulsification-diffu-
sion method, and self-assembly methods.214–216 Although 
nanoformulations of natural products have yielded positive 
outcomes, a thorough assessment of their safety, including 
toxicity to either the phytomedicine itself or to a compo-
nent of the nanosystem is of paramount importance.217,218

Another exciting new discovery in skin distribution of 
natural products is the film forming technology, which is a 
great alternative to traditional transdermal products. 

Although it is not a solid dosage form, it can turn into a 
film in situ, following skin application. Film formation is 
promoted by the presence of film-producing excipients in 
the system, allowing a film of excipients and drug/natural 
products into contact with the skin following solvent eva-
poration. The resulting film can either be a solid polymeric 
matrix that maintains active ingredient release into the skin 
or a residual liquid film that can be quickly absorbed in the 
stratum corneum.219 All of the listed strategies have the 
potential to overcome the drawbacks of natural products in 
the development of skin formulations to treat a variety of 
skin disorders (Figure 7).

Conclusion and Future Perspectives
Natural products, particularly plant-based medicines, have 
received a lot of attention in the last decade, due to their 
efficacy in disease prevention and treatment.220–223 In this 

Figure 7 Effects of natural products on numerous skin conditions and possible drug delivery system. Nanocarriers are currently being used as a vehicle to deliver natural 
products to specific targeted regions in a regulated manner, as well as to overcome some of the drawbacks pertaining to the free compounds, such as poor bioavailability and 
rapid degradation. Natural products, along with innovative delivery systems, are a very promising area for future drug discovery against skin problems. For example, 
naringenin is a good candidate as an anti-psoriatic treatment as it inhibits over-expression of interleukin and ameliorated psoriasis and reduces transepidermal water loss. 
Resveratrol has protection against the main factor affecting non-melanoma skin cancer, which is UVB exposure by reducing COX-2 levels. Some other bioactive substances 
also exhibited a similar mode of action against various skin conditions including wound healing. Created with BioRender.com.
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review, we provide a comprehensive review on the effects of 
various natural products against skin disorders. Ten natural 
products, mangiferin, lutein, resveratrol, curcumin, embelin, 
naringenin, quercetin, lycopene, gingerol, and apigenin, from 
fruits, herbs, and vegetables which can usually be found in 
our daily lives, have been identified herein to be effective 
against various types of skin disorder. The skin disorders are 
widely associated with inflammation and/or tumors caused 
by several factors like UV radiation since the natural products 
have anti-inflammatory and antioxidant action.

Skin disease is a very common disease in humans, affect-
ing the quality-of-life, mental health, and productivity. In fact, 
skin disorders have been reported to be the fourth major factor 
for a nonfatal burden, as indicated by the disability-adjusted 
life years (DALYs), besides the fact that the skin is also the 
18th main origin of health burden worldwide. Overall, most of 
the natural compounds act on specific pathways to treat skin 
disorders where most are useful against more than one skin 
disease, with skin cancer and inflammatory-related diseases 
being the common ones. These include skin aging, wound, 
dermatitis or eczema, and psoriasis. In several studies, the 
action of all of the natural compounds reported in this review 
against skin disorders are reduction of inflammatory mediators 
and biomarkers, as anti-oxidant defence, anti-cancer (like 
chemoprotective and induction of apoptosis in cancer cell), 
and protection from UV radiation effect.

Two characteristics that these extracts or phytoconsti-
tuents must and should have are antimicrobial and wound- 
healing properties. In addition, extracts, which inhibits 
histamine release and pro-inflammatory cytokines release, 
are additional assets. The advantage of using natural pro-
ducts in cosmetics or skincare products is they offer less 
toxicity when compared to novel synthetic products. In 
addition, their absorption and systemic concentration of 
the active ingredients are significantly less.

Nevertheless, several perspectives on the application of 
natural products for the treatment and prevention of skin 
diseases are suggested. Further studies are required to 
strengthen the claims, especially in clinical trials. 
Bypassing drawbacks associated with natural products such 
as poor bioavailability and metabolism, broader clinical trials 
might be done, offering clinicians trustworthy evidence on 
the safety and possible clinical benefits of natural products 
for skin health. Natural products in combination with modern 
drugs, as well as the development of novel delivery mechan-
isms, represent a very promising area for future drug discov-
ery of these natural leads against skin disorders.
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