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Abstract

Beyond regulation of male sexual function, the increasing evidence shows
that androgens and androgen receptor (AR) have a variety of physiological
and pathological effects on the skin. Skin cells express all androgen metabo-
lizing enzymes that are required for independent skin androgen synthesis and
the development of hyperandrogenic related disorders such as acne, hirsutism
and androgenetic alopecia. Targeting various elements of androgen function
and metabolism is the major goal of medication design for the treatment of
androgen-related diseases. Antiandrogen drugs such as clascoterone, fluta-
mide could improve conditions. Even though the involvement of androgens
and AR in skin diseases has been investigated for a long time, their molecular
mechanisms in skin disorders remain largely insufficient. In this review, re-
cent studies and advances on the role of androgens/AR in several skin-related
diseases and their therapeutics are systematically summarized.
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1. Androgens and Androgen Receptor

Androgens are 19-carbon (C19) steroids, including testosterone (T), dehydroe-
piandrosterone (DHEA), androstenedione, and its metabolite

5a-dihydrotestosterone (DHT) [1]. Androgens are primarily synthesized and
secreted by the testes, with a small amount also produced by the ovaries and
adrenal glands. Some functions of the human skin, such as wound healing, hair
growth, sebaceous gland growth and differentiation, and epidermal barrier ho-
meostasis, appear to be heavily reliant on physiologically active androgens [2].
Androstenedione and DHEA have been shown to stimulate sebum production in
humans, while the less potent DHEA sulfate (DHEA-S) has been associated with
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prepubertal sebum production and cystic acne in adults [3]. Key sex hormone
production genes expressed in human skin include CYP11A1, CYP17A1, 3-hy-
droxysteroid dehydrogenase, and CYP19A1 (aromatase), indicating that the skin
has all the synthetic mechanisms for the complete production of androgens [3].
Five main enzymes are involved in androgen activation and inactivation [4].
Figure 1 illustrates pathways of cutaneous androgen metabolism and the con-
verting enzymes.

AR is a member of the nuclear receptor subfamily 3 (NR3), which is a li-
gand-dependent transcription factor found mainly in the cytoplasm. It is acti-

vated by androgens, endogenous hormones or xenobiotic endocrine disruptors
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Figure 1. Pathways of cutaneous androgen metabolism and the converting enzymes. In the first step, steroid sulfatase which is
express both in sebaceous glands and dermal papilla cells of the terminal hair follicle hydrolyze DHEA-S to dehydroepiandroste-
rone. Subsequently, DHEA is changed into androstenedione by 34-hydroxysteroid dehydrogenase (34-HSD). In a further step,
androstenedione is activated by conversion to testosterone through 174-HSD. The cutaneous expression of 174-HSD is mainly
concentrated in the pilosebaceous unit and epidermal keratinocytes. 5a-reductase irreversibly converts testosterone to DHT, the
most potent naturally occurring androgen in tissue. Finally, 3a-HSD, an enzyme existing in three isoforms, converts active andro-
gens to compounds that do not bind the androgen receptor [5]. By glucuronidation, the water-soluble compounds are excreted
through the kidney. Alternatively, aromatase can convert testosterone and androstenedione to estrogens in certain cell types.
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(EDs) and controls the expression of specific genes [6]. The ligand binding do-
main (LBD) consists of 11 a-helices (helix 1 and helix 3 - 12) and two antiparal-
lel pB-sheets. H12, the most dynamic helix in AR, forms the core of the activity
function-2(AF2) domain, which acts as a lid to close the ligand-binding pocket
(LBP) upon agonist binding. Activation function 1 (AF1) and activation func-
tion 5 (AF5) are two defined transactivation areas found in the N-terminal do-
main (NTD). The AR-AF1 contains two units: the ligand-dependent TAU-1 and
ligand-independent TAU-5. Synergistic interactions between Tau-1 and Tau-5
have been shown to be necessary for the full activity of AR and sufficient to ex-
plain transaction activation [7]. The DNA binding domain (DBD) is composed
of two zinc finger regions that are necessary for receptor dimerization and
binding DNA elements in androgen-responsive gene promoter and enhancer re-
gions [8]. Hinge region plays crucial and partly receptor-specific roles in nuclear
receptor (NR) functioning by influencing DNA binding, nuclear translocation,
receptor mobility and transactivation [9]. However, its potential as a drug target
remains unknown. Figure 2 shows the structural organization of AR gene and AR
Protein. As shown in Figure 3, AR exerts its function in both androgen-dependent

and androgen-independent mechanisms [10].

2. Androgens/Androgen Receptor and Skin

Aristotle recognized a link between androgenetic alopecia and sexual/gender
maturity as far back as the fourth century BC. The binding to AR plays a key role
in how androgens affect the skin [2]. Keratinocytes, fibroblasts, endothelial cells,
eccrine sweat glands, the external root sheath of hair follicles, dermal papilla,
sebocytes, and vaginal melanocytes all contain the androgen receptor [11]. A pi-
liary component and a sebaceous component make up the pilosebaceous unit
(PSU). In the majority of body regions, androgens are crucial to the develop-

ment of the PSU. Before puberty, the hair is vellus, and the sebaceous glands are
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Figure 2. Structural organization of AR gene and AR Protein. The human AR gene is located on the X chromosome at the locus

Xql11-Xql2, and encodes eight exons that are transcribed and translated into a 110 kDa protein. The full-length AR consists of
four main structural domains: NTD, DBD, H, LBD. H, the hinge region.
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Figure 3. Androgen-dependent and androgen-independent gene expression pathways. In
the androgen-dependent pathway, AR that is not bound to ligands is inactive and forms
complexes with heat shock protein 90 (Hsp90) in the cytoplasm. These androgens are
converted in a series of biochemical reactions by the enzyme 5a-reductase to DHT, and
activates the AR mainly in the form of DHT. The activated AR is then transferred to the
nucleus, where it binds to the AR response sequence, initiates transcription and interacts
with a series of transcriptional cofactors to regulate target gene expression. High-level
expression of coactivators could offer a mechanism for AR activation through other li-
gands including the adrenal androgens or by ligand-independent mechanisms. It has
been demonstrated that AR can be activated in the androgen-independent AR pathway.

tiny in androgen-sensitive areas. PSUs transform into large terminal hair follicles
(sexual hairs) in places with sexual hairs in response to rising testosterone levels,
or into sebaceous follicles (sebaceous glands) in areas with sebaceous tissue [12].
The generation of pheromones in the apocrine glands of the human axilla is di-
rectly correlated with androgen activity. The nucleus of the apocrine epithelium
exhibits a strong AR immune response [13]. In human hair follicles, AR expres-
sion is restricted to dermal papilla cells (DPCs). DPCs, which are located in the
hair bulb of hair follicles, are regarded as a significant target cell of androgen in
hair follicles and play a key role in maintaining and triggering the periodic cycl-
ing of hair follicles. DPCs derived from beard and balding scalp contain high af-
finity AR, than those derived from relatively androgen-insensitive non-balding
scalp follicles. This fact suggests that androgens act on hair follicles through the
dermal papillae in the body [14].

A polymorphic CAG repeats that codes for a polyglutamine tract can be found

in the modulatory domain of the human androgen receptor gene. In vitro studies
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show that the transcriptional activity of the AR is inversely associated with CAG
tract length [15]. The CAG polymorphism of the AR gene may be a candidate
genetic marker for diseases such as acne in men. According to a recent linkage
study, the AR gene’s shorter GGN repeat has a larger gene effect due to genetic
variability [16].

Before the conditional AR-deficient mice became accessible, it was difficult to
comprehend the precise involvement of AR in the linked pathogenic functions
due to the lack of an appropriate animal model. The development of the condi-
tional AR knockout (ARKO) mouse model may offer an effective method for
analyzing the role of AR in various cell or tissue types involved in skin pathoge-
nesis and may provide new knowledge or mechanistic explanations for these
disorders [17]. Male ARKO mice were sterile, had 80% fewer testes than
wild-type males, had decreased testosterone levels, and had abnormal prostate
development. For instance, ARKO mice with a background in rhino mice might
be used to examine the effects of androgens/AR on the activity of the sebaceous
glands associated with acneic comedones, while ARKO mice with a background

in B6CBAF1 could be used to study androgenetic alopecia [18].

3. Androgens/AR and Acne
3.1. Acne

Acne is a chronic inflammatory disease of the pilosebaceous unit in the upper
trunk, face, and neck. 15% - 20% of young people suffer from moderate to severe
acne [11]. Infection by propinobacterium acnes is one of the main pathogenic
causes contributing to acne. It promotes hyper keratinization that provokes ob-
struction of the infundibulum, perifollicular inflammation, seborrhea, stimula-
tion of sebum production, and excessive presence of androgens from local or
systemic origin [13].

Numerous experimental and clinical studies have shown that androgens play a
significant role in the etiology of acne, and the increased sensitivity of hair fol-
licle sebaceous gland unit to androgen is one of the most important pathogenic
factors. Androgen can cause enlargement of sebaceous glands and increase of
sebum secretion [19] even if there is no association between the severity of acne
and indicators of androgenicity [15]. DHT has also been demonstrated to play a
role in sebocytes’ secretion of proinflammatory cytokines, in addition to sebum
production [17]. The 17-HSD reduction process is necessary for the synthesis of
the more potent androgens [20]. In comparison to non-acne-prone areas, the
sebaceous glands from acne-prone areas like facial skin displayed a stronger re-
ductive activity of 17-HSD, indicating a higher testosterone production [15]. The
gene encoding the AR has been a leading candidate for the assessment of acne
risk due to the role of androgen in the etiology of acne. The AR gene has a glu-
tamine repeat polymorphism within exon 1. Shorter CAG-repeat lengths may
contribute to the emergence of androgen-mediated skin diseases in both men

and women, according to research. There have been various hypothesized ways
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by which androgens/AR control sebocyte activity in acne vulgaris. For instance,
AR may promote lipogenesis in sebocytes by enhancing the production of pro-
teins that bind to sterol-regulatory element-binding proteins (SREBPs) [18].
Second, it has been demonstrated that fibroblast growth factor receptor 2
(FGFR2) is essential for the development and homeostasis of the sebaceous
gland. Third, in regulating acne development, androgens and insulin-like growth
factor-1 (IGF-1) interactions may occur. It has been demonstrated that IGF-1

can stimulate SREBP-1 expression and lipogenesis in sebocytes.

3.2. Therapies

The U.S. Food and Drug Administration (FDA) has approved topical retinoids
for the treatment of acne vulgaris [21]. These include adapalene, retinoic acid,
and tazarotene, which control keratinocyte proliferation and differentiation and
have anti-inflammatory properties to prevent acne from forming [22]. Retinoids
also change the expression of the HOX genes, which are probably involved in
PSU morphogenesis. The systemic retinoid oral isotretinoin (1) is generally safe
and well tolerated. It is FDA-approved for the management of pain recalcitrant
acne vulgaris and is also advised for the treatment of moderate acne that is
treatment-resistant, causes significant psychological distress, or leaves scars.
Despite being widely regarded as safe, isotretinoin obviously has teratogenic and
embryotoxic effects [21]. Although topical antibiotics offer additional an-
ti-inflammatory benefits and can be used as the first line of treatment for acne
vulgaris, they shouldn’t be used as a stand-alone therapy due to the high rates of
antibiotic resistance that quickly emerge after a few weeks or months [23]. Oral
antibiotics combined with topical retinoic acid and/or benzoyl peroxide are
recommended for the treatment of moderate to severe inflammatory acne or in-
flammatory acne where topical treatment alone has failed.

The combination oral contraceptives (COCs) traditionally used to treat acne
contain Cyproterone acetate (CPA) (2), chlormadinone, drospirenone together
with an oestrogen, almost always ethinyl estradiol (EE). The combination of
ethinyl estradiol and a progestin in COC has an overall anti-androgenic effect,
which eventually causes the size and functionality of the sebaceous glands to re-
duce [23]. A recently marketed progestin, drospirenone (a derivative of 17-alpha
spironolactone), first marketed by Fuji Pharma, shows no androgenic effects
with anti-androgenic and antimineralocorticoid activity, which makes it effective
in acne and hirsutism. In 1978, Schering AG first introduced the use of cyprote-
rone acetate in the treatment of acne. CPA is a progestin that works as an an-
ti-androgen and its primary action is directly blocking androgen receptors [19].
Due to the limited permeability of the skin, researchers studied different diame-
ter nano-lipid carriers through the skin penetration ability. The results show that
the accumulation ability of 300 nM lipid carrons in the hair follicles is the best
[24]. A COC with CPA 2 mg and EE 35 pg is approved for acne in Italy but not

for contraception. In the UK, this prescription is used to treat women with se-
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vere acne who have failed to respond to long-term antibiotic treatment. Only
three COCs with the progestins norethindrone, norgestimate, and drospirenone
are now FDA-approved for the treatment of moderate acne in the United States
[19].

Clascoterone (3) is an androgen receptor inhibitor. In terms of molecular
structure, the molecule resembles DHT and spironolactone. The FDA approved
clascoterone as the first topical antiandrogen to treat hormonal acne in August
2020. It reduces androgen-receptor binding and competes with androgens, par-
ticularly dihydrotestosterone, for binding, preventing downstream signaling of
pathways involved in the etiology of acne. Clascoterone is commercially accessi-
ble as 1% (10 mg/g) cream in patients 12 years of age and older [25]. The AR
degradation enhancer, ASC-J9 (4), was co-developed by Orient Europharma and
Andro Science for use in clinical trials and for sale in Australia [26]. ASC-J9 is
currently being studied in phase II clinical trial for acne vulgaris [17]. For its an-
tiandrogenic properties, the potassium-saving diuretic spironolactone (5) is used
in females with moderate to severe hormonal acne, and it is typically well tole-
rated at low dosages (50 - 200 mg daily). Spironolactone, a synthetic steroidal
aldosterone derivative, functions as an aldosterone antagonist. It acts on acne
through an anti-androgenic action, mainly targeting the blocking of androgen
receptors; it decreases the amount of sebum production induced by androgens
by competing with testosterone and DHT. It also raises the level of SHBG, inhi-
bits testosterone synthesis by lowering liver 17/4-hydroxylase activity, reducing
the conversion of androstenedione to testosterone, influences the LH/FSH ratio
by lowering the response of LH to GnRH, and lowers 5a-reductase activity [27].
Despite being often used by dermatologists, it is not an FDA-approved acne
therapy [21]. Flutamide (6) is a competitive antagonist of the androgen receptor.
It was first marketed by Schering-Plough in 1984. Although flutamide has been
given FDA approval to treat prostate cancer, it is also used off-label to treat acne.
Acne can improve about 80% with the typical acne dosage, which is between
62.5 and 500 mg per day. The main drawback of this medication is hepatic toxic-
ity, which appears to be dose- and age-related [28]. Figure 4 shows the struc-

tures of some compounds used in the treatment of acne.

4. Androgens/AR and AGA
4.1.AGA

Androgenetic alopecia (AGA) is the most prevalent type of progressive hair loss
illness in men. AGA involves a gradual shrinkage of the hair follicle that results
in the terminal hair becoming vellus. Endocrine variables and genetic predispo-
sition combine to determine the prevalence and progression of androgenetic
alopecia. The most significant regulator of human hair growth is androgen,
which can increase the size of hair follicles in androgen-dependent regions (such
as the beard, axilla, and pubic hair). However, paradoxically, in the scalp follicles

of susceptible men suppress hair growth and encourage miniaturization of and
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Figure 4. Structures of compounds for acne.

shorter hair in the anagen stage, which results in common baldness. Similar to
acne, the majority of men with AGA have normal levels of androgen; therefore a
mechanism of cutaneous hyperandrogenism involving in situ hyperproduction
of androgens in the pilosebaceous unit or overexpression and/or hyperrespon-
siveness of androgen receptors should once again be hypothesized. Two facts
have been used to support the idea that AR plays a role in AGA disorder: 1)
people without a functional AR do not bald, such as patients with androgen in-
sensitivity syndrome; 2) the expression of AR in the scalp of AGA patients is
site-specific and elevated in the frontal and vertex regions, but normal in the pa-
rietal and occipital regions. Numerous studies have conclusively determined that
the X-chromosome AR EDAZ2R locus and the chromosome 20p11 locus are the
two main genetic risk loci for androgenetic alopecia [16]. It has been recognized
that AR gene variants cause abnormal expression of AR proteins in scalp hair
follicles, leading to AGA. In an effort to clarify the mechanisms involved in the
etiology of AGA, a recent study found that balding DPCs experience premature
senescence in vitro, which is indicated by the production of the proteins
p16INK4a and senescence-associated-galactosidase (SA-gal), as well as markers
of oxidative and DNA damage [29]. According to a paper, androgen/AR signal-
ing, in conjunction with DNA damage, speeds up the premature senescence of
human DPCs from the frontal scalp [30]. The biological characteristics of DPC
are positively regulated by Tcf4. Recent research has demonstrated that AR re-
duces DPC proliferation and may cooperate with Tcf4 to control DPC growth
[31]. AGA might be treated by concentrating on the AR/Tcf4 complex.

4.2. Therapies

4.2.1. Antiandrogen Therapies

Finasteride (7) is the first type 2 5a-reduction enzyme inhibitor applied to the
clinical. It was developed by Merck in the United States and was first launched in
July 1992. It belongs to the 4-nitrogen miscellaneous body hormone compounds.
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Finasteride could decrease the conversion of testosterone to dihydrotestosterone
(DHT), which is responsible for the miniaturization of the hair follicle seen in
Male AGA (MAGA). The side effects of finasteride include decreased libido,
erectile dysfunction and decreased ejaculated volume [32]. Since discontinuing
finasteride therapy results in slow hair loss and a return to the pre-treatment
condition within a year, finasteride therapy should be lifelong. Among more
than 3000 AGA-afflicted men in a major Japanese trial, finasteride caused sig-
nificant hair growth in 11.1% of participants, moderate growth in 36.5%, and
minimal growth in 39.5% of patients over the course of three years [33]. It exists
in tablets of 1 mg and 5 mg, with the lesser dose being recommended for male
pattern baldness. It is not recommended for usage in women and is classified as
pregnancy category X because it may result in a male fetus having ambiguous
genitalia. Since this medication may be acquired over the counter, patients can
much more easily afford it.

Finasteride’s replacement, dutasteride (8), is a selective competitive inhibitor
of type 1 and type 2 5a-reductase as well as a second-generation 5a-reductase
inhibitor. According to reports, dutasteride has 100 times the ability of finaste-
ride to inhibit the type II enzyme and is three times as effective at inhibiting the
type I enzyme. The medication is available in dosages of 2.5 and 5 mg, both of
which have demonstrated more efficacy than finasteride 5 mg. [34] In Japan and
South Korea, oral dutasteride has already been authorized for the treatment of
AGA. However, adverse effects of dutasteride include decreased libido, erectile
dysfunction and ejaculatory dysfunction [35].

Spironolactone (5), a potassium-saving diuretic, is regarded as an antiandro-
gen since it lowers testosterone levels and inhibits the androgen receptors in the
tissues it is intended to treat [36]. For female pattern hair loss (FPHL), spirolac-
tone is the antiandrogen most frequently used, and the recommended dosage
ranges from 100 to 200 mg per day. Oral minoxidil 0.25 mg and spironolactone
25 mg were initially described by Sinclair as a secure and reliable treatment for
female pattern hair loss [37]. Spironolactone’s side effects include electrolyte
imbalance, deterioration of renal function, and hypotension despite being
well-tolerated and available for decades [36].

Cyproterone acetate (2) is an androgen receptor antagonist. In addition to lo-
wering testosterone levels through reducing the release of follicle-stimulating
and luteinizing hormone, it may directly inhibit DHT from binding to its recep-
tors. Cyproterone therapy, either alone or in combination with ethinylestradiol
or spironolactone, can increase hair growth in FPHL patients [38]. It is permit-
ted for usage in Europe and Canada to treat female alopecia, acne, and hirsut-
ism. Hepatotoxicity, weight gain, decreased libido, breast tenderness, and femi-
nization of the male fetus are some of the drug’s side effects.

Clascoterone (3) is a corticosterone ester derivative. In vitro, it has a high af-
finity for androgen receptors and inhibits DHT-stimulated signal transduction.
It is an effective anti-androgen with selective local activity [39]. In a randomized,
double-blind, dose-ranging clinical trial (EudraCT2016-003733-23), Clascote-
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rone solution was shown to be effective in treating androgenetic alopecia in male
subjects (18 - 55 years of age) with mild to moderate disease in the temple and
vertex region [39]. Clascoterone external cream developed by Cassiopea is in
phase II of clinical treatment for androgen alopecia. The most frequent (inci-
dence > 5%) new or worsening local skin reactions with clascoterone were ery-
thema/redness, scaling/dryness and pruritus.

Flutamide (6) is an oral antiandrogen that is hardly used in clinical settings. It
was initially discovered that oral flutamide was a suitable treatment for hyper-
androgenic alopecia by Enrico Carmina in 2003. Anosha Yazdabadi reported a
woman whose hair loss progressed while using spironolactone and topical mi-
noxidil in combination, but reversed with flutamide [40]. Flutamide has a risk of
liver damage and other common side effects include hot flushes.

Pyrilutamide (9), a topical androgen receptor antagonist, has successfully
completed Phase I and Phase II clinical trials [41]. Suzhou Kintor Pharmaceuti-
cals Inc advanced it to clinical phase III trials in China and the United States in
2022. Unlike finasteride, which systematically inhibits the synthesis of androgen
DHT and thus stimulates hair growth, pyrilutamide binds androgen receptor by
competing with androgen, thereby locally inhibiting the transmission of andro-
gen and its receptor-mediated signaling pathway. Direct androgen receptor an-
tagonists could be used in men if it is proven to be safe and efficient to apply
topically. GT-20029 was the first topical drug used PROTAC (Proteolysis Tar-
geting Chimera) in the treatment of androgenic alopecia. It captures the andro-
gen receptor and induces its degradation through ubiquitin-mediated proteolysis
[42]. It is being developed by Suzhou Kintor Pharmaceuticals for a Phase 1 clin-
ical trial in the US in 2022.

4.2.2. Androgen-Independent Therapies

Minoxidil (10) was the first topical drug approved by the FDA to treat AGA.
The 2% solution, 5% solution, and 5% foam were all approved for use on males
in 1988, 1991, and 2016, respectively. The 2% solution for women was autho-
rized in 1991, while the 5% foam was approved in 2014. Minoxidil is a potassium
channel opener. Active metabolite of minoxidil sulfate binds ATP-sensitive po-
tassium channels and relaxes the surrounding smooth muscle, increasing the
width of existing hairs but not as significantly as hair count [43]. According to
some research, it may also enhance hair growth by boosting prostaglandin E2
(PGE2) production via stimulating prostaglandin endoperoxide synthase-1. The
most frequent side effects of minoxidil include face hypertrichosis and contact
dermatitis.

Ketoconazole (11) is an antifungal agent that can be used topically as a 2%
shampoo for the treatment of seborrhoeic dermatitis. Ketoconazole has antian-
drogenic activities with DHT inhibition since it can interfere with steroidogene-
sis in addition to its antifungal and anti-inflammatory properties for the treat-
ment of seborrheic dermatitis [44]. Ketoconazole used topically has no negative

side effects. AGA can be treated with shampoos containing 2% ketoconazole,
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which is a promising adjuvant or alternative therapy [45].
Figure 5 shows the structures of some compounds used in the treatment of
AGA.

5. Androgens/AR with Hirsutism

5.1. Hirsutism

Hirsutism is the excessive growth of terminal hair in a masculine pattern distri-
bution on a female’s face and body. The degree of hirsutism in women is eva-
luated using the Ferriman-Gallwey score [46]. The majority of women who have
testosterone levels that are twice the upper limit of the normal range or above
have some degree of hirsutism. Notably, the degree of hirsutism does not exactly
match androgen levels. In addition to androgen levels, the sensitivity of hair fol-
licles to androgens is one of several factors that contribute to hirsutism. Some
women with excess androgen have no skin manifestations, or they may have se-
borrhea, acne, or alopecia without hirsutism. Most hirsute women have an an-
drogen excess disease, such as hyperandrogenic insulin-resistant acanthosis ni-
gricans (HAIRAN) syndrome, nonclassical adrenal hyperplasia (NCAH), poly-
cystic ovary syndrome (PCOS), or in very rare cases, androgen-secreting neop-
lasms [47].

5.2. Management

5.2.1. Physical and Cosmetic Measures

In the control of hirsutism, cosmetic measures are essential. These physical pro-
cedures, such as hair removal or bleaching to eliminate hair pigmentation, are
efficient and ought to be suggested either in place of or in addition to pharma-
cological treatment. Hydrogen peroxide is usually the main element in bleaching

hair colour removal products, and a solution with a 6% concentration is suitable.
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Figure 5. Structures of compounds for AGA.
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Shaving is a reliable, safe, and quick fix for facial hair, but most patients find it
unattractive. Chemical hair removal products work similarly to shaving as they
remove hair by hydrolyzing disulfide bonds. Electrolysis and pyrolysis are slow
processes that can be used on people of any skin or hair color, but they need a
number of sessions to be effective [48]. Faster than pyrolysis or electrolysis, las-
ers can treat bigger regions. Additionally, they have a skin cooling mechanism
that helps prevent injury to the epidermis throughout the procedure.

The FDA has given the topical drug Eflornithine (12) hydrochloride cream
13.9% (Vaniqa) approval for the treatment of female facial hair that is undesira-
ble as well as for the treatment of hair that does not respond to laser therapy.
Ornithine decarboxylase, the rate-limiting enzyme in polyamine production,
appears to be crucial for the formation of stromal cells in the hair follicle and,
consequently, important for hair development. Ornithine decarboxylase is per-
manently inhibited by eflornithine. Although eflornithine does not eliminate
hair, it does slow the growth of new hair. When compared to controls, eflorni-
thine-treated patients had 26% less thick hair and 23% less hair length. Local
drug tolerance was high, and eflornithine hydrochloride 13.9% adverse effects
during studies were often modest, with about 8.0%, 3.6%, and 2.8% of patients

reporting stinging, tingling skin, or a rash, respectively [49].

5.2.2. Pharmacologic Therapy

In roughly 60% - 100% of hyperandrogenic women, combined estrogen-progestin
oral contraceptives reduce hair development and are recommended as the first
line of treatment. The mechanisms by which oral contraceptives reduce hirsut-
ism include: 1) Contraceptives inhibit luteinizing hormone secretion, thereby
suppressing luteinizing hormone-dependent ovarian androgen production. 2)
The estrogenic effects of contraceptives stimulate the liver to produce sex hor-
mone-binding globulin, which reduces serum concentrations of free testosterone
and other sex hormone-binding globulin-binding androgens, and inhibits
adrenal androgen secretion. Doctors usually recommend that treatment should
begin with preparations containing low doses of estrogens and non-androgenic
progestins [50]. Potent orally active progestins include chlormadinone acetate
(CMA), CPA, and dienogest [51]. They primarily work by inhibiting androgen
receptors in the target organs, while they can also lower skin 5a-reductase activ-
ity. Because CMA and CPA block the release of gonadotropins, less ovarian and
adrenal androgen is produced.

Spironolactone (5) acts as both an androgen receptor antagonist and aldoste-
rone antagonist, inhibits both the activity of the androgen receptor in a
dose-dependent competitive manner. Spironolactone is used orally at doses be-
tween 50 and 200 mg daily to treat androgen-dependent hirsutism [51]. Dyspep-
sia, nausea, polyuria, nocturia, exhaustion, headaches, ovulatory changes, breast
tenderness, decreased libido, sun hypersensitivity, and atopic responses are the
side effects most frequently linked to spironolactone use. Spironolactone and
OCPs work better together than OCPs alone [52].
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Flutamide (6) is an androgen receptor blocker approved by the FDA as adju-
vant treatment for prostate cancer. Use a dose of 500 mg per day in the treat-
ment of hirsutism, although a single dose of 250 mg per day may be effective in
some patients [48]. Hepatotoxicity makes flutamide unadvisable. Bicalutamide
(13) is a well-tolerated non-steroidal pure anti-androgen drug with a half-life of
7 - 10 days. A recommended dose of 50 mg per day has been determined for the
treatment of prostate cancer. 25 mg/day of bicalutamide has been shown to be
effective in the treatment of patients with hirsutism, and in patients with idi-
opathic hirsutism without significant side effects or menstrual cycle changes
[51].

A 5g-inhibitor named finasteride (7) has been granted by the FDA to treat
benign prostatic hyperplasia. It is helpful in the treatment of female hirsutism
[53]. Finasteride is given to hirsutized female patients in doses ranging from 1
mg to 5 mg daily. After 6 months of therapy, finasteride reduced the FG score
and hair diameter more than flutamide (250 mg twice/day), but flutamide was
more efficient at 12 months [54]. When compared to other hirsutism medica-
tions, it has the fewest side effects. Finasteride use, however, can result in conge-
nital abnormalities in males due to the crucial part DHT plays in embryonic de-
velopment. Considering the half-lives of finasteride, it would appear safe for
women to become pregnant 10 days after finishing therapy.

Figure 6 shows the structures of some compounds used in the treatment of

hirsutism.

6. Androgens/AR with Atopic Dermatitis (AD)

Atopic dermatitis, commonly called as atopic eczema, is a chronic inflammatory
skin disease with a complex etiology [55]. Eczematous, oozing, or weeping pru-
ritic sores over dry skin are acutely recurrent symptoms of AD. Chronic lesions
involve prurigo nodules, and red or brownish patches of dry, cracked or scaly
skin. Skin itchiness contributes to weariness and disrupts sleep, especially at
night [56]. Genetic differences, immunological dysregulation, and environmen-
tal variables all play a role in the complex etiology of AD.

Both the immune response of the skin and the permeability of the skin are in-
fluenced by sex hormones, and the balance between the immune response and
the regulatory role of the skin barrier may regulate the course of AD. Androgens

diminish skin permeability while estrogens strengthen it [57]. Women may be
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Figure 6. Structures of compounds for hirsutism.
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more sensitive to the effects of DHEA because they have larger levels of the en-
zyme steroid sulfatase, which converts dehydroepiandrosterone sulfate to dehy-
droepiandrosterone. DHT decreased the amount of peroxisome prolifera-
tor-activated receptor (PPAR), a receptor that inhibits the transcription of IFN,
in mouse CD4+T cells. Androgens suppress Thl differentiation: testosterone in-
hibited IL-12-induced phosphorylation of STAT4 in murine CD4+T cells by
upregulating the expression of protein tyrosine phosphatase nonreceptor 1,
which inactivates the Jak2 and Tyk2 kinases [58]. Androgens also prevent Th2
and Th17 from differentiating. On another side, androgens bind androgen re-
sponse elements on the Foxp3 promoter via activated AR, enhancing acetylation
of histone H4 on the promoter and allowing binding of additional transcription
factors, thus enhancing Foxp3 expression in human T cells and inducing Tregs
[59].

7. Conclusions and Perspectives

Androgens and AR are key participants in a variety of skin problems, according
to recent research. Androgens may be produced by skin, and it has the ability to
locally transform weaker androgens into strong ones. Androgens/AR is one of
the key parameters of skin physiology and is involved in numerous skin diseases,
such as acne, androgenetic alopecia, hirsutism, and atopic dermatitis. Clascote-
rone, cyproterone acetate, flutamide and other antiandrogen drugs are widely
used in hormonal therapies for these skin conditions. Current treatments tar-
geting androgens (such as in patients with prostate cancer) usually result in un-
desirable side effects that are not acceptable in skin disorders. Creating topical
medicines that can be effectively delivered to skin target cells and destroyed be-
fore entering the circulatory system is a smart way to reduce adverse effects. Ac-
cording to conventional thinking, androgens and AR depend on one another to
complete their physiological tasks; nevertheless, a new concept has recently
emerged that differentiates between androgens’ and AR’s functions. [60] Both
basal cells and sebocytes in the sebaceous glands exhibit AR. Discoveries and
mechanistic explanations about these illnesses may result from the development
of the conditional ARKO mouse model, which could serve as a useful tool for
dissecting AR function in the various cells or tissue types involved in skin pa-
thogenesis. The use of compounds that target AR in treatments has benefited
from a clinical perspective. Pyrilutamide and GT20029, which developed in the
last few years, are being studied as topical antagonists of the androgen receptor.
Direct androgen receptor antagonists could be used in men if they are proven to
be safe and efficacious when applied topically.

Even though many therapies for androgen-dependent skin disorders are effi-
cient and tolerated, understanding the various functions of androgens, AR, or
their downstream pathways in each skin condition could contribute to the crea-
tion of better treatments. To treat various skin conditions, these medicines may

specifically target AR (rather than androgens).
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Questions (Answers Provided after Questions)

1) (True/False) The ligand binding domain (LBD) consists of 11 a-helices.
A.True

B. False

2) (True/False) AR only works through androgens.

A. True

B. False

3) Which enzyme is the most common cutaneous symptom of PCOS?
A. Hirsutism

B. Alopecia

C. Acne

4) Which enzyme irreversibly converts testosterone to DHT?

A. Steroid sulfatase

B. 5a-reductase

C.3p-HSD

5) DHT is the most potent naturally occurring androgen in tissue.
A.True

B. False

6) Flutamide is a competitive antagonist of the androgen receptor.

A. True

B. False

7) Topical retinoids are the treatment of choice for all acne.

A. True

B. False

8) Finasteride is a more potent 5a-reductase inhibitor than dutasteride.
A. True

B. False

9) Which of the following drugs is used in the androgen-independent thera-

pies of AGA?

A. Pyrilutamide

B. Flutamide

C. Minoxidil

10) GT-20029 first topical drug used PROTAC in the treatment of androgenic

alopecia.

A. True
B. False

Answers

1A
2) B
3) A
4)B
5) A

DOI: 10.4236/jbm.2022.1012015

199 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2022.1012015

X.Y. Zhou et al.

6) A
7) A
8) B
9)C
10) A
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