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Background: Adaptogens are a class of medicinal plants that can nonspecifically enhance human resistance. Most of the plant
adaptogens have relevant applications in dermatology, but there are still few studies related to their particular action and co-operative
mechanisms in topical skin application.

Methods: Plant adaptogens related articles and reviews that published between 1999 and 2022 were obtained from the Web of
Science Core Collection database. Various bibliographic elements were collected, including the annual number of publications,
countries/regions, and keywords. CiteSpace, a scientometric software, was used to conduct bibliometric analyses. Also, the patsnap
global patent database was used to analyze the patent situation of plant adaptogens in the field of cosmetics up to 2021.

Results: We found that the effects of plant adaptogens on skin diseases mainly involve atopic dermatitis, acne, allergic contact
dermatitis, psoriasis, eczema, and androgenetic alopecia, etc. And the effects on skin health mainly involve anti-aging and anti-
photoaging, anti-bacterial and anti-fungal, anti-inflammatory, whitening, and anti-hair loss, etc. Also, based on the results of patent
analysis, it is found that the effects of plant adaptogens on skin mainly focus on aging retardation. The dermatological effects of plant
adaptogens are mainly from Fabaceae Lindl., Araliaceae Juss. and Lamiaceae Martinov., and their mainly efficacy phytochemical
components are terpenoids, phenolic compounds and flavonoids.

Conclusion: The plant adaptogens can repair the skin barrier and maintain skin homeostasis by regulating the skin HPA-like axis,
influencing the oxidative stress pathway to inhibit inflammation, and regulating the extracellular matrix (ECM) components to
maintain a dynamic equilibrium, ultimately achieving the treatment of skin diseases and the maintenance of a healthy state.
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Introduction
The Definition and Evolution of Adaptogen

The definition of “adaptogen” was first introduced in the mid-twentieth century by the Soviet toxicologist Lazarev' and is
defined as medicinal substances that enhance human resistance non-specifically.”* This definition emphasizes that the
mode of action of adaptogens is non-specific, ie, they do not act on only one pathway and one target, but act in a multi-
pathway and multi-target network in humans. The concept of ‘adaptogen’ evolved dynamically over the next decades,
and in 1969 Brekhman and Dardymov® proposed that: (A) the adaptogen should be nontoxic and cause minimal
impairment of the physiological functions of the organism; (B) the action underlying the effects of the adaptogen should
be nonspecific, ie, it should enhance resistance to the adverse effects of physical, chemical and biological factors. (C) the
adaptogen should have a stimulant effect without side effects, such as the insomnia produced by stimulants. This
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definition is based on the original definition and further emphasizes that the adaptogen should be safe and free of toxic
side effects while being effective. In 1998, the US Food and Drug Administration (FDA) provided an official definition
of an adaptogen: an adaptogen is a metabolic regulator that improves the ability of an organism to adapt to its
environment and avoid external damage.’ It indicates that after half a century of development, the new concept of
adaptogens has been officially recognized. Finally, in 2018, Panossian et al summarized “adaptogen” as a natural
compound or plant extract that can improve the adaptability and survival of an organism under stress.® Compared to
the previous definitions, this one is more explicit about the properties and medicinal results of adaptogens. Plant
adaptogens are part of the classes of adaptogens. They have the advantages of diversity, high value and safety, and are
valuable for exploitation.

Basic Information on Plant Adaptogens

Family Distribution Characteristics

The range of plant adaptogens covered in this study is mainly based on 109 plant adaptogens summarized in the
literatures.”® Their detailed information is provided in Supplementary Table 1. The results of the family distribution of

the plant adaptogens are shown in Table 1 (TOP 8, frequency > 3), from which it can be seen that the plant adaptogens
are more frequently distributed in Araliaceae family, Fabaceae family and Lamiaceae family. The Araliaceae family
contains many classic plant adaptogens, such as Panax ginseng C.A.Mey. and Eleutherococcus senticosus (Rupr. and
Maxim.) Maxim.; the Fabaceae family is the third largest family of seed plants and has an extremely wide distribution.
And the most studied genus is Rhodiola, which includes Rhodiola crenulata (Hook.f. and Thomson) H. Ohba, Rhodiola
heterodonta (Hook. f. and Thomson) Boriss., Rhodiola rosea L., and Rhodiola imbricata Edgew.

Characteristics of Phytochemical Structure
Panossian A”* summarized the plants reported to have anti-stress (adaptive) activity and classified them according to the
phytochemical structure of their main active ingredients, with the final results shown in Table 2.

Most of the plant adaptogens reported in the literature above are from Araliaceae family. The active ingredients are
represented by triterpene saponins, especially the tetracyclic backbone, which is structurally similar to cortisol. The
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Table | Top 8 Families of Plant Adaptogens

Family Frequency | Plant Adaptogens

Araliaceae Juss. 10 Ardlia elata (Miq) Seem., Aralia elata var. mandshurica (Rupr. and Maxim.) J.Wen (syn. Aralia mandshurica Rupr.
and Maxim), Aradlia cordata var. sachalinensis (Regel) Nakai (syn.Aralia schmidtiiPojark.), Eleutherococcus
senticosus (Rupr. and Maxim.) Maxim., Eleutherococcus sessiliflorus (Rupr. and Maxim.) S.Y. Hu (syn
Acanthopanax sessiliflorus (Rupr. and Maxim.) Seem.), Oplopanax elatus (Nakai) Nakai (Syn. Echinopanax
elatum Nakai), Panax ginseng C.A.Mey., Panax notoginseng (Burk.) FH Chen, Panax pseudoginseng WVall.,
Polyscias filicifolia (C.Moore ex E.Fourn.) L.H.Bailey

Fabaceae Lindl. 10 Albizia julibrissin Durazz., Butea monosperma (Lam.) Taub. Caesalpinia bonduc (L.) Roxb., Cicer arietinum L.,
Glycyrrhiza glabra L., Melilotus officinalis (L.) Pall., Mucuna pruriens (L.) DC., Pueraria tuberosa (Roxb. ex Willd.)
DC.,, Trigonella foenum-graecum L., Sutherlandia frutescens (L.) R.Br.

Lamiaceae Martinov. | 5 Ajuga turkestanica (Regel) Briq., Ocimum tenuiflorum L. (Syn.Ocimum sanctum L.), Prunella vulgaris L., Salvia
miltiorrhiza Bunge, Scutellaria baicalensis Georgi

Crassulaceae ). St.-Hil. | 4 Rhodiola crenulata (Hook.f. and Thomson) H.Ohba, Rhodiola heterodonta (Hook. f. and Thomson)Boriss.,
Rhodiola rosea L. [today classed as Sedum roseum (L.) Scop.], Rhodiola imbricata Edgew.

Asteraceae Bercht. 4 Chrysactinia mexicana A. Gray, Rhaponticum carthamoides (Willd.)lljin (Syn. Leuzea carthamoides (Willd.) DC.),

and J. Presl Serratula tinctoria L. (Syn.Serratula inermis Poir.), Serratula coronate L.

Rubiaceae Juss. 4 Mitragyna inermis (Willd.) Kuntze (Syn Mitragyna africana (Willd.) Korth.), Mussaenda frondosa L., Rubia
cordifolia L., Uncaria tomentosa (Willd. ex Schult.) DC.

Cucurbitaceae Juss. 3 Bryonia alba L., Lagenaria siceraria (Molina) Standl., Momordica charantia L.

Convolvulaceae Juss. 3 Argyreia nervosa (Burm. f.) Bojer (syn. Argyreia speciosa (L. f.) Sweet), Convolvulus pluricaulis Chois, Evolvulus

alsinoides (L.) L.

cortisol component is one of the downstream products of the central HPA axis. In contrast, lignans and their glycosides,

phenylpropane derivatives and phenylethyl derivatives are aromatic compounds structurally similar to catecholamines.

Research Issues of Plant Adaptogens in the Field of Skin

Modern pharmacological studies have shown that plant adaptogens can act in multiple pathways and targets in the human

body, affecting the hypothalamic-pituitary-adrenal axis (HPA axis) and the neuro-endocrine-immune system to non-

specifically enhance the resistance of the body under various external stress conditions.” It indicates that the common

mechanism of the endogenous action of plant adaptogens has been intensively studied. However, there is a wide variety

of plant adaptogens and no studies have yet pointed out the characteristics of their family frequency distribution.

Table 2 Classification of the Phytochemical Structure of the Main Active Ingredients of the Plant Adaptogens

skeleton

Categories Plant Adaptogens Main Active
Ingredients
Compounds with a tetracyclic Panax ginseng C.A.Mey. Withania somnifera (L.) Dunal Ginsenosides withanolides

Lignan and its glycosides

Schisandra chinensis (Turcz.) Baill. Eleutherococcus senticosus (Rupr. and Maxim.) | Schizandrin

Maxim. B eleutheroside E
Phenylpropane derivatives Rhodiola rosea L. Eleutherococcus senticosus (Rupr. and Maxim.) Maxim. Rosavin syringin
Phenylethylene derivatives Rhodiola rosea L. Tyrosol salidroside
Structural analogues of resolvins Lepidium meyenii Walp. (Syn. Lepidium peruvianum G.Chacén) Oxylipins
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Some plant adaptogens have historically been used externally on the skin to treat and improve skin-related issues.
Plant adaptogens have potential roles in the skin field, but there are still some problems: (i) It is not clear which skin
diseases and skin health issues plant adaptogens can act on. (ii) It is not clear the phytochemical structure commonality of
the efficacious substances of plant adaptogens acting on the skin. (iii) It is not clear the commonality of the mechanism of
action of plant adaptogens acting on skin diseases and skin cosmetic problems. These are the scientific problems that
need to be solved for the development and application of plant adaptogens to the skin field. (iv) It has been pointed out
that a similar central HPA regulatory system exists in the skin that maintains skin homeostasis.'®'" Giving us a hint that
plant adaptogens are used internally for the regulation of body homeostasis by the HPA axis, could there be a similar
mechanism for external application to the skin?

In this paper, based on bibliometric analysis, patent analysis, and literature survey analysis of the mechanisms of
action of plant adaptogens in the skin field, we summarized the efficacy of plant adaptogens for topical use on the skin
and the commonality of family distribution, phytochemistry and pharmacological mechanisms of action of plant
adaptogens for external application to the skin.

Methods

Data Source and Collection
Data for the bibliometric analysis were taken from the Web of Science core collection and searched from 1999, to 2022.
The 109 plant adaptogens listed in Supplementary Table 1, including ginseng, were paired with Skin disease, Dermatosis,

Dermatology, and Cosmetic, respectively, for a full-text search, yielding a total of 1683 publications. Conditional
screening and deduplication operations were performed on these studies, and 1408 articles were ultimately obtained
(up to April 2022). The process of literature data screening and collection is shown in Figure 1. And data for the patent
analysis was taken from the global patents disclosed in the patsnap global patent database. The number of “adaptogen”
patent applications in the field of cosmetics was 1364, after the searched, manual read and removed duplicates, ultimately
obtained 655 patents (up to Sept. 2021).

Data Analysis and Visualization

CiteSpace version 5.8. R3 software was used to perform bibliometric analysis on the acquired literature. Besides, we used
Microsoft Excel 2021 to conduct data analyses and visualization, such as annual publication counts, country/region
analysis, and keywords co-occurrence analysis.

Results

Trends in Annual Issuance

Based on the statistical analysis of the overall research on the application of plant adaptogens in the field of dermatology
and the changes in the annual number of publications, the development and research status of this field could be
effectively evaluated, and the trends in the future development of this research field could be further predicted.

Skin
disease

Web of Ad \ Choqse Topic:
Science (G?: st:g;n 1683 Ar;:\ll?e::d 1408
Core etc.) Studies Remove: Studies
Collection / Dermatology Duplicates
Figure | Literature collection and screening process.
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Figure 2 Trends in the number of articles issued per year.

The 1408 papers collected from 1999 to 2022 were counted by year, and the results are shown in Figure 2.
Overall, it seems that the annual number of publications in the field of plant adaptogens related to skin shows an
increasing trend over time. In 2018, Panossian® proposed a new definition of adaptogen, and in the same year, our
research team’ published an article to sort out the relevant comparative studies of plant adaptogens and ginseng
from various countries, which together contributed to the research fervor of plant adaptogens. The number of
research results on plant adaptogens in the field of skin exceeded 100 for the first time in 2018 and has maintained
a steady growth trend since then, indicating that more and more relevant studies will be conducted in this field in the

future.

Country/Region Analysis

After ranking the countries in the world by the number of publications in the field of plant adaptogens and skin-related
conditions from 1999 to 2022, the top five countries in terms of number of publications and their ranking results were
collected in Table 3. The analysis shows that the country with the most research in this field is India. India, China, and
South Korea all have their own traditional medicine practices, and India has more research on “Indian ginseng”
(Withania somnifera (L.) Dunal). In China and South Korea, the focus is on the development and application of
Panax ginseng C.A.Mey. and Eleutherococcus senticosus (Rupr. and Maxim.) Maxim. Plant adaptogens have also
been studied in the United States and Europe, the head markets of nutraceuticals, because of their excellent health effects.

Table 3 Top 5 Countries in Terms of Number of Articles Published

No. Country/Region Number of Articles Issued
| India 186

2 China 175

3 South Korea 166

4 United States 147

5 Italy 90

Drug Design, Development and Therapy 2023:17
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Keywords Co-Occurrence Analysis

Research hotspots can reflect the focus and trends of research, and keyword analysis is a common means to analyse
research hotspots. The results of keyword co-occurrence analysis can reflect the current research hotspots of plant
adaptogens in skin-related fields. The keywords related to active ingredients and those related to skin diseases and those
related to skin health were classified and combined in the keyword cooccurrence results; for example, acne and
Propionibacterium acnes were classified as acne, and the final results are shown in Table 4 and Table 5, and Figure 3.

The key words related to the study of active ingredients of plant adaptogens were sorted, and the results are shown in
Table 4; the active ingredients were found to be phenols, volatile oils, flavonoids, terpenoids, fatty acids, vitamins,
polysaccharides and alkaloids in order. Grapes, curcumin and ginseng have been studied more in dermatology. Grapes are
common cash crops, and the main active ingredients include phenols, flavonoids, fatty acids and vitamins; curcumin is
widely used in the food industry as a flavouring and pigment in China and abroad and is a phenolic compounds; ginseng
is a component of the most representative plant adaptogens, and the main active ingredients are terpenoids and volatile
oils. Volatile oils generally comprise various components, and most of them contain terpenoids in addition to aliphatic
and aromatic compounds.

The key words related to the pharmacological effects of the plant adaptogens were sorted, and the results are shown in
Table 5 and Figure 3. The skin disease-related aspects were atopic dermatitis, acne, allergic contact dermatitis, psoriasis,
androgenetic alopecia, and eczema; the skin health-related aspects were anti-aging and anti-photoaging, anti-bacterial and
anti-fungal, anti-inflammatory, whitening, and anti-hair loss.

The most frequent keyword related to the pharmacological effects was “antioxidant activity”, and the frequency of
keywords in the top 20, including “antioxidant”, “oxidative stress” and “antioxidant activity”, together indicate that
research on the use of plant adaptogens in the field of dermatology is more focused on antioxidants. It has been noted that
oxidative stress caused by the accumulation of reactive oxygen species exacerbates skin aging and inflammation and

12714 and that NF-kB in epithelial cells is important for maintaining the skin barrier."

plays an important role in hair loss
In recent years, the incidences of oral diseases associated with oxidative stress have also increased.'®

Based on the results of the bibliometric analysis of plant adaptogens in skin-related fields from 1999 to 2022, we
understand that there is an overall upwards trend in the number of annual publications in this field and therefore predict that
more relevant studies will be conducted in the future. In terms of the geographic distribution of research, most of the research
in this field is distributed in India, China and South Korea, and all three countries have their own traditional medicine
practices. In terms of keyword co-occurrence analysis results (active ingredients), there are more studies on phenols, volatile
oils, flavonoids, and terpenoids; in terms of keyword co-occurrence analysis results (pharmacological effects), studies on
plant adaptogens related to skin diseases include studies on atopic dermatitis, acne, allergic contact dermatitis, psoriasis,
eczema, and androgenetic alopecia; studies on plant adaptogens related to skin health include studies on their anti-aging and
anti-photoaging, anti-bacterial and anti-fungal, anti-inflammatory, whitening and anti-hair loss effects.

By using bibliometric analysis, we identified the status of the development of plant adaptogens in skin-related fields,
including the research trends, the geographical research areas, the more researched active ingredient classifications and
the researched pharmacological efficacy. Further, we will explore the mechanistic information on the role of plant
adaptogens in skin-related diseases from both skin disease-related and skin health-related aspects.

Mechanism of Action of Plant Adaptogens Associated with Skin Diseases

Based on the results of the above bibliometric analysis, plant adaptogens were used for skin disease applications related
to atopic dermatitis, acne, allergic contact dermatitis, psoriasis, eczema, and androgenetic alopecia, and further literature
research was conducted to obtain the mechanism of action underlying the effects of plant adaptogens related to these skin
diseases. The results are detailed in Supplementary Table 2.

Atopic Dermatitis
Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by recurrent episodes, pleomorphic lesions,
dry skin, and intense pruritus.'” Atopic dermatitis has complex pathophysiological mechanisms, including those
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Table 4 Keyword Co-Occurrence Results (Active Ingredients)

Categories Keywords Number of Articles Issued | Total
Phenols Phenolic compound 46 136
Polyphenol 31
Trans resveratrol 12
Resveratrol I
Curcumin 7
Phenolics 5
Lignan 4
Phenolic content 3
Dietary curcumin 3
Curcuminoid 3
Cis resveratrol 2
Eugenol 2
Carvacrol 2
Epigallocatechin gallate 2
Procyanidin 2
6 shogaol |
Volatile oil Essential oil 51 60
Essential oil composition 6
Leaf essential oil 3
Flavonoids Flavonoid 35 49
Anthocyanin 9
Quercetin 2
Flavonol glycoside 2
Antioxidant flavonoid |
Terpenoids Saponin 7 29
Compound k 6
Hyperforin 4
Ginsenoside 3
Total triterpenic fraction 2
Betulinicacid |
Asiaticoside |
Betulinic acid |
Alpha momorcharin |
18 beta glycyrrhetinic acid |
Acyclicsesquiterpene oligoglycoside |
Beta momorcharin |
(Continued)
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Table 4 (Continued).

Categories

Keywords

Number of Articles Issued

Total

Fatty acids

Fatty acid composition

Fatty acid

Arachidonic acid

21

Vitamins

Alpha tocopherol

Vitamin ¢

Vitamin a

Tocopherol

Beta carotene

Ascorbic acid

Polysaccharides Polysaccharide

Alkaloids

Steroidal saponin

Alkaloid

involving genetic factors, the impaired skin barrier, changes in immune response and the disruption of skin microbial

balance.'®

Dermatologists often prescribe glucocorticosteroid treatment, but long-term use of glucocorticosteroids can cause
many side effects.'”?® Patients and their families often demand herbal treatments with similar efficacy and fewer side
effects. This concern makes the use of adaptogens promising as they are effective while being safe and free of toxic side

effects.

The total flavonoids of sea buckthorn (Elaeagnus rhamnoides (L.) A. Nelson. (Syn. Hippophae rhamnoides L.)),
Curcumin from turmeric (Curcuma longa) and thymoquinone from Nigella sativa L., etc., can inhibit the immune
inflammatory response of the skin in patients with atopic dermatitis.' **> The ginsenoside Rg5 from Panax ginseng C.A.
Mey. can reduce the level of skin inflammation and oxidative stress in patients.”* The hypericin from Hypericum

Table 5 Keyword Co-Occurrence Results (Pharmacological Effects)

Categories Keywords Number of Articles Total
Issued
Skin Disease Atopic dermatitis Atopic dermatitis 18 18
Related
Acne Acne 9 12
Propionibacterium 3
acne
Allergic contact Allergic contact 5 5
dermatitis dermatitis
Psoriasis Psoriasis 3 5
Multiple sclerosis 2
Androgenetic Alopecia Androgenetic alopecia | 3 3
Eczema Eczema 2 2
(Continued)
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Table 5 (Continued).
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Categories Keywords Number of Articles Total
Issued
Skin Health Anti-aging and anti- Antioxidant activity 95 397
Related photoaging
Antioxidant 88
Oxidative stress 70
Apoptosis 50
Lipid peroxidation 15
Antioxidant property 13
Antioxidantactivity 12
Antioxidant capacity I
Collagen 8
Metabolism 8
Oxidative stress 5
Free radical 4
uvBe 4
DPPH 3
Oxidation 3
Collagen synthesis 2
Age related change 2
In vitro antioxidant 2
Band ultraviolet b 2
Anti-bacterial and anti- Antibacterial activity 47 119
fungal
Antimicrobial activity 37
Antibacterial 21
Antifungal activity I
Antifungal 3
Anti-inflammatory Nf kappa b 41 92
Inflammation 31
Antiinflammatory 12
activity
Factor kappa b 6
Barrier function 2
Whitening Tyrosinase I 28
Melanoma cell 6
Melanogenesis 6
Skin pigmentation 3
Melanin biosynthesis 2
Anti-hair loss Hair growth 2 2
349
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Figure 3 Keyword co-occurrence results (pharmacological effects).

perforatum L. and neferine from Nelumbo nucifera Gaertn. can repair the skin barrier and improve the symptoms of skin
25,26

damage.
Acne
Acne is a chronic inflammatory skin disease that occurs mainly in areas of the skin with a high density of sebaceous
glands, such as the face, back and chest, and mainly develops during early and late adolescence.?” The pathogenesis of
acne mainly involves increased sebum production, excessive proliferation of keratinocytes, skin inflammation and over
proliferation of Propionibacterium acnes.”® Psychological stress can lead to increased levels of serum CRH, CRH
receptors, and cortisol. CRH (which can be released from central or peripheral nerve fibers or produced by skin cells
themselves) acts as the most upstream trigger of the HPA axis to initiate the stress response and induce the HPA axis
response. This is why CRH is called a stress response hormone. Stimulation of sebocytes by stress responders (eg CRH)
increases the secretion of sebum and pro-inflammatory mediators, which can cause or exacerbate acne symptoms.'® It has
been found that human sebocytes can autocrine CRH and its receptors, induce sebum synthesis, exhibit independent HPA
axis-like functions, and participate in pathological processes such as acne and androgenetic alopecia.?’

The main treatment options for acne include topical or systemic treatments, such as antibiotics, and physical therapy,
such as cryotherapy.’® However, the problem of the increasing drug resistance of Propionibacterium acnes has emerged,
and new treatments are needed.

Curcumin from turmeric (Curcuma longa),>'>* Hypericin from Hypericum perforatum L. and salidroside from
Rhodiola crenulata (Hook.f. and Thomson) H. Ohba can reduce the level of oxidative damage and inflammatory
response in acne lesions by inhibiting the activity of Propionibacterium acnes.**> Resveratrol in Vitis vinifera L. can
reduce the area of skin lesions.*® The thymoquinone in Nigella sativa L. can reduce the symptoms of skin lesions.>’

Allergic Contact Dermatitis
Allergic contact dermatitis is a delayed hypersensitivity reaction characterized by erythema and scaling in the acute phase
and mossy lesions and hyperkeratosis in the chronic phase.*® Treatment principles should be based on avoiding contact,
and local application of corticosteroids and other drugs can improve the condition, but the long-term use of these drugs is
not appropriate.*

Delta(9)-tetrahydrocannabinol (THC) in Cannabis sativa L. can reduce the severity of allergic contact dermatitis by
reducing the production of pro-inflammatory mediators.*°

Psoriasis
Psoriasis is a chronic inflammatory disease with immune-mediated polygenic regulation that is clinically characterized by
erythema, scaling, pruritus and pain, is difficult to treat and is prone to relapse.*' The aetiology of psoriasis is complex,
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and its development may involve T-cell differentiation, inflammatory cell infiltration, and proliferation.** Abnormal
expression of CRH/CRHRI1 in the skin disrupts local homeostasis and leads to abnormal differentiation and proliferation
of keratin-forming cells, which can induce or exacerbate the onset and progression of psoriasis*> Local upregulation of
CRH in the skin can activate mast cells, impair skin immune function, and exacerbate skin inflammation such as
psoriasis'' Topical application of corticosteroids along with treatment can lead to adverse effects, such as dermatome
atrophy and capillary dilation, which limits the widespread use of corticosteroids.**

The madecassoside and asiatic acid in Centella asiatica (L.) Urb. can, reduce mast cell infiltration and reduce levels
of skin inflammation by inhibiting the secretion of inflammatory factors such as IL-23.4>*¢ The tanshinone IIA in Salvia
miltiorrhiza Bunge can inhibit keratinocyte proliferation, and induce apoptosis via the caspase pathway.*” Nimbolide in
Azadirachta indica A. Juss. can significantly improve the size and severity of psoriasis lesions by inhibiting the

expression of inflammatory and proliferative mediators.*®

Eczema
Eczema is a chronic recurrent skin disease characterized by pruritus and skin barrier dysfunction.* Clinical treatment
includes chemical and physical, local and systemic treatment methods. Patients with mild to moderate disease are usually
treated with basic therapy and local glucocorticoid therapy, while patients with moderate to severe disease are usually
treated with systemic therapy, such as ultraviolet light therapy.”®

Thymoquinone from Nigella sativa L. can reduce the production of ROS and proinflammatory regulators by
inhibiting the Akt/NFxB pathway.’' Ammonium glycyrrhizate in Glycyrrhiza glabra L. can reduce the traumatic
inflammatory response and the severity of eczema patients.>

Androgenetic Alopecia

Androgenetic alopecia is a common form of progressive hair loss due to androgenic factors. The pathogenesis of the
condition may be based on age, genetic factors and androgens, with histopathological findings showing a decreased
anagen/resting phase ratio.”® Pharmacological treatment for androgenetic alopecia includes topical minoxidil, anti-
androgen drugs and 5-alpha reductase inhibitors.>* Since hair loss requires long-term treatment, it becomes especially
important to minimize the side effects associated with medication.

Ginsenoside Ro in Panax ginseng C.A. Mey.,”> Baicalin in Scutellaria baicalensis Georgi,”® and Proanthocyanidins
in Vitis vinifera L. can regulate the balance of androgen levels, promote hair follicle cell proliferation and hair growth,
and reduce the symptoms of hair loss.>’

Furthermore, an experimental study demonstrated that CRH and ACTH increase local cortisol secretion in the skin of
human hair follicle keratin-forming cells and that hydrocortisone downregulates CRH receptor expression in human hair
follicle keratin-forming cells, similar to the classical central HPA system.’® This result was able to demonstrate that
human hair follicles have a well-established HPA axis-like function, suggesting that hair follicles are independent
peripheral autoregulatory HPA axis organizations. Stimulating factors such as stress activate stress mediators in human
scalp hair follicles, triggering human hair follicle-like HPA axis activity, inducing stress responses in the hair follicle,
impairing normal human hair growth and exacerbating androgenic symptoms.>’

It is well documented that a functionally similar peripheral HPA system exists in the skin and plays an important role
in stress-induced skin problems.®®°' The aforementioned skin disorders are closely related to stress. Corticotropin
releasing hormone (CRH), the most upstream substance of the stress-induced HPA axis, has been shown to be widely
present in epidermal and follicular keratin-forming cells, melanocytes, fibroblasts, sebocytes, and mast cells of the
skin.®"®* HPA axis-like hormones such as CRH have also been shown to be aberrantly expressed in immune
inflammation-related skin diseases such as acne and psoriasis.'"*®®

A total of 35 plant adaptogens were studied in the above dermatophytes, accounting for 32.11% of the plant
adaptogens in Supplementary Table 1, involving 27 families. The highest frequencies were Lamiaceae family

(Ocimum tenuiflorum L. (Syn. Ocimum sanctum L.), Salvia miltiorrhiza Bunge, Scutellaria baicalensis Georgi)
and Fabaceae family (Caesalpinia bonduc (L.) Roxb., Glycyrrhiza glabra L., Trigonella foenum-graecum L.),
have 3 plants each. The Zingiberaceae family, Araliaceae family, Rubiaceae family, and Myrtaceae family have 2
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respectively, and the remaining families have 1. The most common active ingredient compound categories were,
in order, curcumin and other phenolic compounds (16), ginsenosides and other terpenoids (16), and baicalein and
other flavonoids (13).

Mechanism of Action of Plant Adaptogens Associated with Skin Health

Patent Analysis

Many botanicals are being used in cosmetics, even if most of them are not currently considered plant adaptogens. The use
and marketability of the concept of “adaptogen” in cosmetics is gradually increasing which started with classical plant
adaptogens, such as ginseng. This practice is more common now than before the concept of “adaptogen” was introduced.
The use and marketing of the concept of “adaptogen” in the cosmetic field is gradually increasing. Based on the current
patent situation in this field, we summarized and analysed the trends in the development of plant adaptogens in
cosmetics.

Application Trends

The results are shown in Figure 4. The number of patent applications is relatively small, and the annual number of patent
applications fluctuates, which indicates that there is less research in this field and that the technology is just beginning to
be developed.

Application Geography

Based on the information in Figure 5, from the viewpoint of the nations and countries in which the patent applications
were filed, the United States and South Korea have more studies and wider technology layout, while China has many
studies but only domestic layouts. In terms of patents, few studies on plant adaptogens technology have been conducted,
and there is much room for further studies.

Frequency of the Use of Adaptive Plants

Figure 6 shows the results of an analysis of the frequency of the use of plant adaptogens in cosmetic patents. It can be
seen that the classic “plant adaptogens”, such as Panax ginseng C.A. Mey., Rhodiola rosea L., and Eleutherococcus
senticosus (Rupr. and Maxim.)Maxim. are the most studied in cosmetics. The main effects of ginseng include delaying
aging, improving cellular resistance to oxidative stress and immunity, enhancing scalp cell immunity, improving scalp
antioxidant and anti-aging properties, activating scalp hair follicle cells, improving scalp blood circulation, increasing
skin blood flow and helping to prevent hair loss.
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Figure 4 Trends in the frequency of “adaptogen” patent applications in the field of cosmetics.
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The main effects of Rhodiola rosea L. are to increase endurance, improve anxiety, rejuvenate the skin, delay aging,
protect the skin from negative environmental factors, scavenge free radicals and antioxidants, promote the recovery of
the physiological properties of the skin, stimulate tissue metabolism and promote anti-inflammatory effects, thus
restoring and stimulating hair growth, strengthening the heart and calming and regulating the body’s metabolism. The
main effects of Eleutherococcus senticosus (Rupr. and Maxim.)Maxim. involve increasing the body’s defensive power,
with tonic and antioxidant effects.
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Figure 6 Top 20 frequency of appearance of plant adaptogens in cosmetic field patents.
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Figure 7 Efficacy claims of adaptive plants in cosmetic field patents.

Efficacy Claims of Adaptive Plants

From the efficacy claims of plant adaptogens in the cosmetic field as presented in Figure 7, the most important effect of
plant adaptogens added to cosmetics is antiaging. Based on the information of cosmetic dosage forms obtained from
patents related to “adaptogen” in the field of cosmetics, creams and milk appear most frequently, followed by masks, hair
products, oral products, etc., which correspond to the efficacy of anti-hair loss, hair growth promotion, and oral disease
prevention. The efficacy claims of reducing skin inflammation, enhancing skin protection, and preventing or treating
repair of damaged skin all specify the role of plant adaptogens used in cosmetics that also promote anti-inflammatory
repair of the skin barrier. It can be seen that in addition to common facial use, the development of hair and oral products
is also a priority for the application of plant adaptogens.

In general, the number of patents related to plant adaptogens in the field of cosmetics is relatively small. The United
States and South Korea have not only large number of patent applications but also a wide layout. China has applied for
many patents but only domestically. Ginseng and other classic plant adaptogens appear more frequently in cosmetic
patent applications, which shows that the recognition of plant adaptogens in the cosmetic field is increasing, while there
is still much room for application development. The most claimed effects of plant adaptogens in the cosmetic field are
anti-aging, followed by anti-hair loss, anti-inflammatory, skin barrier repair, etc.

Plant Adaptogens Related to Skin Health

Based on the results of the above bibliometric analysis, it was determined that plant adaptogens are associated with anti-
aging and anti-photoaging, antibacterial and anti-fungal, anti-inflammatory, whitening, and anti-hair loss effects in health
skin applications, and further literature research was conducted to obtain the mechanisms of action of plant adaptogens
related to these health skin applications. The results are detailed in Supplementary Table 3.

Skin inflammation can lead to impaired skin barrier function, which in turn can lead to a range of skin health
problems and, in severe cases, can even lead to skin diseases, such as atopic dermatitis and psoriasis. Under normal
circumstances, the amount of hair loss and new growth dynamically changes, and the overall number of hairs is
maintained. Stress and endocrine disorders can lead to hair loss, affecting hair growth, circulation and density.*®
Pathological hair loss includes androgenetic alopecia and baldness. Anti-inflammatory and anti-hair loss-related contents
have been briefly described above in the article, so we will not go into further detail.

Anti-Aging and Anti-Photoaging
Skin aging is a complex process that generally includes normal skin aging processes and photoaging. Normal skin aging
is a genetically determined aging phenomenon that occurs with the passage of time. The skin shows atrophy, loss of
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elasticity, slowing of metabolic activity, and loss of collagen.®” The mechanisms underlying skin aging include the
production of reactive oxygen species, mitochondrial DNA mutations, telomere shortening, and changes in hormone
levels.®®

Skin photoaging is an aging phenomenon that occurs when the skin is exposed to ultraviolet light for a long period of
time, resulting in cumulative damage to the skin. The skin manifests with wrinkles and roughness, dryness and dullness,
sagging skin, and dilated capillaries.’” The key hallmarks of photoaging are increased levels of reactive oxygen species
and DNA damage, as well as increased expression levels of inflammatory factors.®

The Centella asiatica glycosides of Centella asiatica (L.) Urb.,”® Salvianolic acid B from Salvia miltiorrhiza Bunge
can downregulate MMP-1 expression and upregulate the expression of ECMs, such as type I collagen, type III collagen
and elastin.”' Changes in the expression of MMPs components lead to increased degradation of protein components in
ECMs, which eventually present in the skin as skin thinning, decreased elasticity, and increased wrinkles, promoting the
skin aging phenotype.

Curcumin from turmeric (Curcuma longa) can prevent skin photoaging by inhibiting UV-induced gelatinase
activation.”? Organosulfur compounds from Allium sativum L. can inhibit free radical damage to DNA and prevent
skin photoaging.”>’* Both rhodiol glycosides and rhodiogenin from Rhodiola macrophylla Rhodiola (Hook. f. and
Thomson) H. Ohba were found to be effective in ameliorating UV-induced apoptosis and regulating inflammatory
expression levels in aging cells.””

Anti-Bacterial and Anti-Fungal Activities

The skin defends organisms against the external environment and can protect organisms from infection by foreign germs.
However, when some bacteria or fungi overgrow on the skin surface, they can disrupt the microecological balance of the
skin surface flora, leading to cosmetic results. For example, excessive infection of the skin by Propionibacterium acnes
can lead to acne, and excessive infection of the scalp by Malassezia can lead to dandruff.

Cryptotanshinone in Salvia miltiorrhiza Bunge,’® Baicalin from Scutellaria baicalensis Georgi can inhibit the biofilm
activity of bacterial, such as Staphylococcus epidermidis and Pseudomonas aeruginosa, to exert antibacterial activity.”’
The ethanolic extract of the roots of Asparagus racemosus Willd. can inhibit Malassezia activity and promote scalp
health.”® Ethanolic extracts of Terminalia chebula Retz. can prevent periodontal disease by inhibiting the growth of

plaque bacteria.”

Whitening

Human skin colour is mainly affected by the amount of melanin produced by melanocytes in the epidermis. Melanin
production involves many enzymatic catalysis and chemical reactions, and tyrosinase is the key enzyme involved in the
melanogenesis process. Inhibition of tyrosinase activity can achieve effective skin whitening. Skin whitening can also be
achieved by inhibiting the migration of produced melanin and by promoting melanin metabolism.

Gedunin from Neem Azadirachta indica A. Juss., ginsenosides from Ginseng,>"*!

and Centella asiatica glycosides
from Centella asiatica (L.) Urb. can reduce melanin synthesis by inhibiting the expression and activity of tyrosinase
TYR.® Gomisin N in Schisandra chinensis (Turcz.) Baill,*® Baicalin from Scutellaria baicalensis Georgi,** and
Zerumbone in Zingiber officinale Roscoe can inhibit melanin gene expression, melanin generation and transport,
ultimately achieve the effect of whitening skin.®

The topical application of plant adaptogens to the skin can serve to maintain skin homeostasis and protect the skin
barrier. Both patent and bibliometric analyses show that the effects of plant adaptogens on skin health are mainly related
to the delay of skin aging. The stability of the protein composition of ECMs is essential for the delay of skin aging.

A total of 80 plant adaptogens were studied in the above dermatophytes, accounting for 73.39% of the plant

adaptogens in Supplementary Table 1, involving 49 families. The highest frequency were Fabaceae family (A/bizia

Jjulibrissin Durazz., Butea monosperma (Lam.) Taub. Caesalpinia bonduc (L.) Roxb., Cicer arietinum L., Glycyrrhiza
glabra L., Melilotus officinalis (L.) Pall., Mucuna pruriens (L.) DC., Pueraria tuberosa (Roxb. ex Willd.) DC.,
Trigonella foenum-graecum L., Sutherlandia frutescens (L.) R.Br.), Araliaceae family (dralia elata (Miq) Seem.,
Eleutherococcus senticosus (Rupr. and Maxim.)Maxim., Eleutherococcus sessiliflorus (Rupr. and Maxim.) S.Y. Hu
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(syn Acanthopanax sessiliflorus (Rupr. and Maxim.) Seem.), Oplopanax elatus (Nakai) Nakai (Syn.Echinopanax elatum
Nakai), Panax ginseng C.A.Mey., Panax notoginseng (Burk.) FH Chen), Lamiaceae family (4juga turkestanica (Regel)
Briq., Ocimum tenuiflorum L. (Syn.Ocimum sanctum L.), Prunella vulgaris L., Salvia miltiorrhiza Bunge, Scutellaria
baicalensis Georgi) and Cucurbitaceae family (Bryonia alba L., Lagenaria siceraria (Molina) Standl., Momordica
charantia L.), have 10,6,5,3 respectively. Followed by the Crassulaceac family, Zingiberaceac family,
Meliaceae family, Solanaceae family, Rutaceae family, Apiaceae family, Rubiaceac family, Myrtaceae family,
Menispermaceae family, Apocynaceae family, and Malvaceae family, have 2 respectively, and the remaining families
have 1 respectively. The highest active ingredient compound categories were, in order, ginsenosides and other terpenoids
(23), curcumin and other phenolic compounds (15), and baicalin and other flavonoids (11).

Discussion

Prediction of Plant Adaptogens to Maintain Skin Homeostasis

The skin is one of the largest organs in mammals and plays an important role in innate immunity. Skin research should
not focus solely on the detailed cellular composition, immune factors or protein structure. More systematic consideration
should be given to the structural composition of the skin and the overall relevance of the various layers. It not only acts as
a physical barrier to protect the host from mechanical damage, UV exposure, and environmental toxins but also serves as
an immune barrier against various pathogens.*® Skin immune homeostasis refers to the process of defending against
external stimuli such as stress, environmental influences, and microorganisms while removing apoptotic cells and
promoting tissue recovery from wounds, inflammation, and disease.®’ Innate immune mechanisms coordinate skin
immune homeostasis, which relies on a complex network of distinct cell types, the involvement of cytokines, and
tight regulation of complement system activation.

Unlike the overall body homeostasis, the skin homeostasis system consists of various inflammatory factors, ECMs,
and cellular tissue structure morphology, forming a complete and independent system.*® A regulatory mechanism similar
to the central HPA axis exists in the skin.!' The cutaneous HPA axis can respond to endogenous and exogenous stressors
to maintain local homeostasis. The HPA axis is one of the neuroendocrine networks used by the body to cope with
psychological stress (PS).* Glucocorticoids (GCs) are key effector molecules of the HPA axis and are essential for skin
homeostasis. The cutaneous HPA-like axis acts in an auto/paracrine manner to modify skin stress responses.
Keratinocytes can produce not only hormones such as CRH, ACTH and cortisol but also neurotransmitters (such as
epinephrine, norepinephrine, dopamine, histamine, acetylcholine, etc.), neurotrophic factors (such as nerve growth factor
and brain-derived neurotrophic factor), and neuropeptides that also respond to stress, such as substance P. In addition to
synthesizing neurotransmitters and neurohormones, keratinocytes express their respective receptors. Thus, the epidermis
continuously senses the environment and responds to various stressors (humidity, temperature, skin surface pH, skin
microbiota, injury and PS) to maintain epidermal homeostasis and modulate skin barrier function.'® Among various
stressors, PS plays a key role in the skin barrier and affects the immune response by promoting the secretion of stress-
related neuropeptide/cytokines and altering HPA axis-related hormones.®®

Bibliometrics show that plant adaptogens directly improve the regulation of oxidative stress and inflammatory factors.
Ginseng and other representative plant adaptogens have antioxidant effects on the skin.”® Their antioxidant effects can
directly scavenge free radicals, inhibit the generation of reactive oxygen species, and indirectly activate the antioxidant
enzyme defence system. This result also confirms the results of bibliometric analysis: more plant adaptogens are related
to scavenging free radicals and antioxidation. Antioxidation is a type of antiaging, which also corresponds to the results
of patent analysis in the field of cosmetics: antiaging is the most important effect of plant adaptogens applied to
cosmetics.”’ In addition to the main antiaging effects, representative plant adaptogens such as ginseng also have anti-
inflammatory effects, which are mainly reflected in the inhibition of the NF-kB signalling pathway and the reduction in
the expression levels of inflammatory factors such as TNF-a. This mechanism corresponds to the bibliometric keyword
co-occurrence results shown in Figure 3: NF-«B is one of the most frequently occurring keywords in the literature studies
on the effects of plant adaptogens on the skin. Figure 7 Results of efficacy claims in patents filed by plant adaptogens in
the field of cosmetics show that plant adaptogens also have anti-inflammatory and skin barrier repair effects in cosmetics.
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A comprehensive literature analysis further speculates that the common mechanism may be a direct action on CRH
receptors involved in the skin’s HPA-like axis or a direct action on skin cells to activate antioxidant defense systems and
inhibit oxidative stress-induced cellular damage, while promoting the production and homeostatic balance of ECMs
protein constituents. The stabilization of ECMs constituents plays a key role in tissue homeostasis and repair.”> While the
ECMs has long been thought to have primarily passive functions by providing physical stability to tissues, detailed
characterization of its physical structure and biochemical properties has revealed an unprecedentedly broad range of
functions. It is now clear that the dynamic balance of the components of ECMs maintains a balance of tissue
compartmentalization and dynamic interactions between embedded resident and recruited inflammatory cells in response
to pathological changes in the skin caused by various external stimuli.The protein components of ECMs mainly include
core maternal proteins (collagen, glycoproteins, proteoglycans) and maternal-associated proteins (ECM regulatory
factors, ECM accessory proteins, secretory factors).”> The ECMs is an evolutionarily conserved, highly flexible and
dynamic scaffold that is constantly changing through controlled remodelling and reorganization processes. The different
layers of the skin, the epidermis and dermis, are separated by the basement membrane (BM), a complex mixture of
ECMs proteins.94 ECMs surround and interact closely with dermal cells such as fibroblasts, immune cells, and vascular
cells, providing physical support for these cells. It also allows cells to sense the changing conditions in their local
environment, facilitating communication between cells and promoting cellular adaptation to this changing
microenvironment.”> Nonetheless, changes in ECMs composition can directly contribute to or induce pathological
conditions, which is a hallmark of the aging process.”* The ECMs is further involved in transmitting important signals
to recruit inflammatory cells in response to danger signals. At present, many studies have also proven that plant
adaptogens can act to stimulate the production of ECMs, thereby alleviating the occurrence of inflammation.”®

Therefore, in summary, the skin has a complete homeostatic system in which related inflammatory factors, the HPA-like
axis and the ECMs can regulate each other so that the skin maintains a dynamic and stable state (Figure 8A). Once the skin
receives external stimulation, skin homeostasis is destroyed, which leads to a series of inflammatory reactions, resulting in
abnormal internal and external structures and functions of cells, which in turn accelerate the occurrence of aging and diseases
(Figure 8B). Plant adaptogens can suppress inflammation by acting directly on the skin HPA axis or directly by inhibiting
oxidative stress pathways. There are also many studies showing that plant adaptogens can modulate the expression profile of
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Figure 8 lllustration of the mechanism of plant adaptogens maintain skin homeostasis. (A) Normal skin in normal conditions, (B) Abnormal skin in the state of received skin
irritation, (C) Normal skin in a protected state by plant adaptogens.
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ECMs. Plant adaptogens can repair barrier function from these three different pathways, maintain skin homeostasis, and
finally enable the treatment of skin diseases and the maintenance of a healthy state (Figure 8C).

Prospective of Adaptogen Use in Dermatology

Although the number of publications and patent applications related to plant adaptogens and skin is relatively small,
classical plant adaptogens such as Panax ginseng C.A.Mey. already have relatively well established research applications
in the field of skin health. Plant adaptogens are safe and have no side effects. In the pursuit of healthier skin treatments,
more scientific research will focus on the use of plant adaptogens and skin health related areas of research. A diverse and
highly valued resource of plant adaptogens will be beneficial for the future development of this field.

Most of the current research on the application of plant adaptogens on the skin and related studies are still limited to
expanding the scope of plants with the concept of “adaptogen”, without systematic in-depth studies on their mechanisms
of action and efficacy. Therefore, experimental studies are urgently needed to determine the common material basis and
biological processes of plant adaptogens on the skin. A thorough assessment of the biological molecular mechanisms by
which the topical application of plant adaptogens to the skin affects the health and disease states of skin cells and tissues,
enhances the nutritional and immune functions of the skin, thus ensuring skin resistance to the external world and
delaying skin aging.

Conclusion

Plant adaptogens can maintain skin homeostasis by affecting the skin HPA-like axis to inhibit skin inflammation and
oxidative stress levels, directly affecting the skin oxidative stress system to regulate skin condition, and regulating the
balance of ECMs protein components to achieve the protection of normal skin function and healthy condition. Plant
adaptogens show great application value in the field of dermatology and can provide valuable references for the selection
of plant raw materials in dermatology treatment and skin health industries.

The results of this review will provide a new treatment option and solution for dermatologists and provide a new
promising and valuable development direction for the development of cosmetic plant efficacy ingredients, and point out
that plant adaptogens are safe and effective, can be applied to the face and head, and have important commercial
applications. For the first time, we have sorted out and summarized the current research status of plant adaptogens in
skin-related fields, and proposed the phytochemical structure and mechanistic commonalities of the action of plant
adaptogens on the skin, which will provide research assistance for subsequent in-depth research on the action of plant
adaptogens in skin-related fields.
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