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Abstract
Androgens are essential sex steroid hormones for both sexes. Women 

synthesize a greater quantity of androgens compared to estrogens which 
presence in peripheral system is related with menstrual cycle and gradually 
in order of decreasing serum concentrations. Androgen precursors are 
derived in the adrenal cortex and ovaries may converted into estrogens 
but testosterone formation held in peripheral system. Testosterone 
also produced in steroidogenic organs through a series of enzymatic 
reactions. The classic action of androgens on target organs is mediated 
through the androgen receptor, which regulates nuclear receptor gene 
transcription. However, the androgen receptor complex may also 
interact directly with membrane proteins or signaling molecules to 
exert more rapid effects. The androgen is secreted by ovaries, and DHT 
is the main peripheral product of testosterone in postmenopausal women. 
These hormones influence the ovaries, endometrium, vagina, and vulva 
to maintain organized reproductive system and provide regulation and 
protection to various body parts and functions. However, the androgen 
effects can become destructive when present in excess than normal content. 
This review presents the current concepts of androgen synthesis and 
physiology.

Keywords: Androgens; Dehydroepiandrosterone sulfate (DHEAS); 
Dehydroepiandrosterone (DHEA); Androstenedione; Testosterone; 
Dihydrotestosterone; Menopause;Ttestosterone therapy

Introduction
Synthesis and physiology, and correlates these effects to respective 

women congenital Androgens are steroid hormones that are essential for 
human sexual development and reproduction, but they also modulate other 
organs, including bone, muscle, adipose tissue, skin, hair, the brain and the 
cardiovascular system, thereby affecting growth, body shape, and human 
behavior.Androgens are produced in the adult female ovaries and in the 
adrenal glands, from where they are secreted into circulation to exert their 
biological effects on target organs. In addition, secreted androgens serve 
as substrates for peripheral organs for intermediate steroid metabolism and 
its action. Androgens also serve as precursors for estrogen biosynthesis in 
the ovaries and peripheral tissues. Ultimately, the androgens biosynthesized 
in the adrenals and gonads are metabolized in the liver and then excreted 
in urine [1].The main androgens based upon their presence in serum also 
consist of pro-androgens as dehydro-epiandrosterone sulphate (DHEAS), 
dehydro-epiandrosterone (DHEA) and androstenedione (A) which provide 
effects only after conversion to testosterone (T), whereas testosterone 
and dihydrotestosterone (DHT) directly acts upon body metabolism, and  
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Androgen biosynthesis performs in both the adrenal gland 
and ovary and is modified by mitochondrial enzymes that 
facilitate side-chain separation through 17-hydroxylation 
with 17-20 bond breakage in cholestrol required for 17-C 
hormones such as DHEA and androsterone [2]. 

The testosterone content are 10 to 15-fold lower in a 30 
year female than in a same-aged male [3,4] and is further 
reduced due to slow-steroid formation in post-menopausal 
women. The hypothalamus-pituitary-gonadal (HPG) axis, 
luteinizing hormone (LH) and follicular-stimulating hormone 
(FSH) control over androgen synthesis in the adult ovary, 
and consist of balanced positive and negative feedback loops. 
The adrenocorticotropic hormone (ACTH) still co-regulates 
androgen production by the adrenal gland in adult female 
[5]. Testosterone in the circulation present in free form or 
bound to albumin and the inactive one bound to sex hormone-
binding globulin (SHBG). The SHBG protein produced 
by the liver and showed a high level association with sex 
steroids [6]. The SHBG exhibits primarily as a transport 
protein, however, it also serves as a metabolic marker in the 
evaluation of polycystic ovary syndrome (PCOS) due to its 
direct association with excess insulin, diabetes, and metabolic 
syndrome [7]. Low SHBG levels in postmenopausal women 
have been associated with adverse lipid profiles, visceral 
fat deposit, and an elevated risk of diabetes [8]. In addition, 
low SHBG levels cause fatty liver disease, especially when 
induced by dietary fructose. Androgens are activated when 
binds to androgen receptor (AR), and the complex reaches the 
nucleus to work as a transcription factor. This review aims to 
provide an update on current advancements in androgenand 
metabolic disturbances with close insights upon therapeutic 
approaches of androgens in women.

Androgen biosynthetic Pathways
The cholesterol is prime metabolite to biosynthesize 

primary androgen within the ovaries of females, and the 
brain can synthesize DHEA, whilst peripheral tissues, 
such as the skin and adipose tissues, also participate in 
androgen production through specific alterations of steroid 
intermediates into different androgenic molecules [9, 10, 11]. 
The partial synthesis of androgen is also confined to three 
distinct regions of adrenal cortex, where 11-keto-androgens 
(KTs) are produced mainly in the middle zona fasciculata 
and inner zona reticularis layers [12]. However, metabolic 
inter-conversion in adipose tissue, the brain, and several other 
peripheral sites underscore the dynamic and tissue-specific 
regulation of steroid hormone activity in human physiology.

The classic pathway of androgen biosynthesis in 
the adrenal cortex and ovaries in women is initiated by 
steroidogenic acute regulatory (StAR) protein, which 
transports cholesterol into the mitochondria [13]. The next 
step is held within the inner mitochondrial membrane by 
cytochrome P450 enzyme that mediates gradually catalyzes 
20α-hydroxylation, 22-hydroxylation, and side-chain 

cleavage of cholesterol to generate pregnenolone as rate-
limiting step. This mitochondrial enzyme is encoded by the 
CYP11A1 gene located on the chromosome and its catalytic 
activity involves the NADPH-mediated electron transport 
system. In the adrenal cortex, both 17α-hydroxylase and 17, 
20-lyase P450 are expressed, which enables DHEA production 
and ultimately changes into testosterone [14]. However,
17-hydroxyprogesterone also produces testosterone to a lesser 
extent, and, DHEA is also converted into androstenedione by
the 3β-hydroxysteroid dehydrogenase enzyme [15].

The alternative biosynthesis pathway is governed by the 
combined activity of several key enzymes on progesterone 
and 17-hydroxyprogesterone as substrates, in which 
5α-reductase type-1 (SRD5A1) is expressed in the human 
fetal ovary. This enzymatic step is important for conveying 
steroid intermediates toward alternative mode of androgen 
biosynthesis.

Figure 1:Classic and alternative pathways of Androgen biosynthesis.

There 17α-hydroxylase activity of the critical P450 
enzyme has been reported upon dihydroprogesterone and 
allopregnanolone substrates, whereas 17, 20-lyase venture 
has been also cited on 17-hydroxyallopregnanolone as the 
most accurate precursor [16]. These reactions highlight the 
versatile role of P450c17 in both androgen biosynthetic 
routes. In addition, accessory enzymes such as AKR1C2/4, 
17β-hydroxysteroid dehydrogenase type 5 (17βHSD5 or 
AKR1C3), and 17β-hydroxysteroid dehydrogenase type 6 
(17βHSD6), which are also known as retinol dehydrogenase 
(RoDH), are key enzymes that promote the gradual 
conversion of required intermediates for testosterone-
independent dihydrotestosterone synthesis as a mandatory 
precursor [17]. The alternative route of androgen synthesis 
can activate congenital adrenal hyperplasia (CAH), or 
polycystic ovary syndrome (PCOS), inducing excess 
androgens and virilization in female newborns [18, 19]. 
The relative role of P450, rather than 5α-reductase type 1, 
is especially important in determines whether progesterone 
and 17-hydroxyprogesterone are directed toward the classic 
or alternative biosynthetic pathways. 
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Cell reception of Androgen
Androgen mainly works after binding with androgen 

receptor that exposes the appearance of several genes by 
target cells and its signal modulation. The AR is 3-ketosteroid 
receptors closely related to the progesterone, glucocorticoid 
and aldosterone receptors [20]. The diverse action of 
androgen in XX-female is associated with its location at 
X-chromosome.

where visceral obesity is linked to insulin resistance resulting 
in excess insulin as similar to insulin-like growth factor- 1 
[28]. Testosterone in physiological concentrations causes 
a depot-specific reduction of catecholamine-stimulated 
lipolysis in subcutaneous fat cells, probably due to reduced 
protein expression of beta (2)-adrenoceptors and hormone-
sensitive lipase. This could be an important pathogenic factor 
underlying regional differences in lipolysis and development 
of insulin resistance and hyperandrogenic polycystic ovary 
syndrome [29].

AF-1    AF-2 

N-terminus N-terminal Domain DBD H Ligand Binding Domain C-terminus 

  NLS    NES 

Figure 2:Domains of the Androgen Receptor (AR).

The AR protein is composed by three primary functional 
domains as the N-terminal transcription regulator domain, the 
DNA-binding domain (DBD) and the ligand-binding domain 
(LBD). The most variable region is the N-terminal, whereas 
the DBD present as the most highly conserved region 
that contains two zinc fingers to recognize specific DNA 
sequences. The DBD is joined with LBD by a hinge region, 
where LBD facilitate the interaction between heat shock and 
chaperone proteins with the AR beside interact to N-terminal 
to stabilize bound androgens [21]. 

There AF-1 along the N-terminal is essential to maximize 
AR performance, whereas the ligand-subsidized AF-2 
provides co-regulator binding site in the nucleus and N/C 
interactions [22-24]. The nucleus localization signal (NLS) 
imports receptor into the nucleus, whilst NES exporting the 
AR to the cytoplasm upon ligand withdrawal. Androgens 
diffuse across the plasma membrane and binds to cytoplasmic 
AR linked to heat-shock protein (HSPs) and molecular 
chaperons, resulting in a confirmation change, dissociation 
of chaperone proteins and exposure of the NLS [25]. The 
androgen/AR-complex enters into the nucleus where 
dimerize and binds to androgen response elements (AREs) 
within classical target genes at promoter region to modulate 
gene transcription [26]. The action of co-regulators (specific 
proteins) modulates transcriptional activity of the androgen 
linked to AR through chromatin remodeling and histone 
modifications, and also recruits transcriptional co-activators 
such as SRC-1 and CBP/p300 regulating gene expression 
[27]. 

Androgen effect on Metabolism 
Androgens modulating the differentiation of adipose stem 

cells into mature adipocytes as evidenced by differential 
distribution of adipose tissues in male and female body. The 
androgen affects on early aspects of human SC abdominal 
adipogenesis could alter the numbers of adipocytes in this 
adipose depot and thereby affect its capacity to safely store fat 
in women with androgen excess. In females, testosterone also 
reduces lipolysis by preventing adipose-sensitive lipases, 

Figure 3:Androgens impact on menstrual and menopausal women.

These situations gradually raise androgen levels in ovary 
and lower the SHBG synthesis by the liver. Then elevated 
androgen contents and sustains a cycle of polycysticovary 
syndrome (PCOS) and metabolic syndrome. Also, similar 
event may occur in post-menopause females when testosterone 
extents rise due to declined estrogen and SHBG [30].

Neuro-protective and Cognition-Regulating Effects
The brain similar to other body organs is influenced by 

the declined ovarian harmones, extremely in menopausal 
women because estrogen and testosterone both present anti-
inflammatory and neuron-protective features within the 
brain and subscribe regulation of cognition and mood and 
temper. The considerable cognitive changes exhibits in some 
menopause women and particularly younger women who 
have passed through surgical removal of ovary experiences 
major hormonal imbalance that impact their quality of life, 
especially younger women who have face surgical removal of 
ovary [31]. Androgen receptors (ARs) are well dispersed all 
over the central nervous system and are involved in functions 
like as sexual desire, temperature regulation, sleep, visual-
spatial potential, and language. Moreover, testosterone works 
to eliminate oxidative stress, prevent abnormal formation 
of beta proteins, and collaborate as its critical role against 
degenerative neurological conditions such as Alzheimer's 
disease [32].

The testosterone dose in postmenopausal women 
evidenced experimental progress in verbal learning and 
cognition as postmenopausal women who applied transdermic 
300 µg/day of testosterone gel for 26 weeks exhibited 
significant improvements in verbal learning and memory 
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functions, however, minor effects on overall well-being 
were observed [33]. The cognitive benefits of testosterone 
in postmenopausal women appear to be independent of its 
conversion to estradiol. This study revealed no major changes 
in cognitive function among patients [34].

Androgen mediated Bone health
The bone metabolism has major impact of androgen and 

estrogen receptors as osteoclast and osteoblast advances by 
them, where activated AR induces osteoclast growth and 
blocks osteoclast venture [35, 36]. Similarly, active estrogen 
receptor also quashes osteoclast proliferation and promote 
apoptosis to declined bone re-absorption. The past research 
reported more estrogen associated mechanism in females 
as supported by low amount of free testosterone in their 
late reproductive phase rapidly decrease bone density [37]. 
Another research denoted that older women with lower free 
intrinsic testosterone exhibited reduced bone densities in 
the lumbar and hip regions [38]. The observational study 
on the women’s health revealed that internal biosynthetic 
testosterone are linked with low risk of hip fractures, even 
not dependent on estradiol and sex hormone-binding globulin 
(SHBG) contents. The past researches have focused on 
internal testosterone concentration relation with bone health, 
however, available investigations about the exogenous 
testosterone on bone mineral density has inconsistent and 
contradictory results [39, 40]. As a result, androgen-based 
therapies are not presently considered a key outlook add to 
bone density.

Impact on Skin and Hair
While the adrenal glands and ovaries are the primary 

sources of androgen production, the skin also functions 
as a site for dihydrotestosterone (DHT) synthesis with 
participation of androgen receptors (ARs) that are located in 
sebocytes, dermal papilla cells, root sheaths of hair follicle, 
sweat glands, endothelial mural cells, and both epidermal 
and follicular keratinocytes [41]. The ARs induce cellular 
growth and sebum production within sebaceous glands after 
activation, however, in persons with a genetic disposition 
contributes to the anagen phase of hair follicles lastly 
resulting in hair loss. The androgen activity in other sites of 
body enables vellus hair transition into terminal hairs [42]. 
Although ARs are involved in the pathogenesis of blemishes, 
but only in low secretion condition in acute acne exhibited 
high androgen level as clinical features. The hirsutism is 
mainly related to increased androgen activity, with most 
affected women demonstrating elevated androgen levels [43].

Androgen upon muscular activity
It is widely accepted that androgens play a key role in 

buildup muscle mass and upgrade output in both males and 
females. Many sportsperson, globally utilize testosterone 
derivatives to increase their athletic performance, and, also 
athletes with high androgen levels even due to polycystic 

ovary syndrome (PCOS) have better muscle mass providing 
competitive advantage [44, 45]. The androgen products may 
be beneficial in women after menopause to increase muscle 
density for athletic performance  and also can be used in the 
treatment of neuromuscular disturbances [46-48]. 

Androgens and Reproductive Health
Ovarian Function

Androgens in the ovary are vital for normal follicle 
growth, serving as the essential chemical building blocks for 
estrogen production and improving how follicles respond to 
growth signals. The mRNA and proteins of Androgen receptor 
(AR) in the females are expressed by overall hypothalamic-
pituitary-gonadal (HPG) axis, which including the brain, 
ovarian stroma, ovarian follicles, and corpora lutea [49]. The 
most stages of ovarian follicular growth presents differential 
spatial and temporal patterns in both fetal and adult stages, 
which suggesting unique participation of AR-facilitated 
activities during follicular development [50, 51]. The 
androgen receptors present in the overall cells of pre-antral 
follicles, whereas gradually diminishes in the outer mural 
granulosa cells in antral stage, whilst remaining pronounced 
in the cumulus cells [52, 53]. The androgens have been 
identified in primate ovarian granulosa cells of developing 
follicles, suggesting that, in addition to de novo synthesis, 
phosphorylation of AR may regulate receptor levels and 
function [54]. Furthermore, the evolutionary conservation 
of ovarian AR expression across human supports a universal 
role for AR-mediated androgen actions in ovarian function 
[55].

The distinct role of androgens in ovarian function is 
contingent upon AR knockout animal models, which explained 
the energizing early follicle growth and their gradual use in 
inter-follicular communication to carry on follicle health and 
later on induce egg development [56].The recent use of pro-
androgen or aromatase inhibitor advised to hyperandrogenic 
females in fertilization clinics, however, positive effects of 
androgen on follicular development are really only possible 
within an perfect concentration limit [57]. The concentration 
doze above optimum level may unexpectedly problems start 
to exhibit clinical symptoms comparable to polycystic ovary 
syndrome (PCOS), which evidenced by PCOS growth by 
response of altered androgen receptor signaling pathway [58].

Endometrial Effect

Androgens can provoke both controlling and restorative 
physiology in the endometrium and also exhibits pathological 
processes through alteration in AR-based pathways and 
estrogen aromatization [59]. The expression of androgen 
receptors significantly changes during the menstrual cycle, as 
enhancement in epithelial cells during the growth period and 
declined in the secretory phase, and, it is considered that ARs 
facilitate repair and durability in endometrial tissue [60]. In 
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later reproductive phase of women, stimulation of endometrial 
stromal fibroblasts by DHEA is responsible to decidualization, 
which provides positive effect on fertility. [61]. The DHEA 
has also been evidenced to increase endometrial receptivity 
by antioxidant effects on the endometrial stroma in animal 
models. [62, 63].

The recent research does not strongly evidences that 
testosterone treatment can initiate endometrial cancer, 
however, long-period testosterone therapy; atrophic changes 
are more observed than prolonged progesterone users. In 
another study, higher pre-diagnostic total and free testosterone 
level were associated with endometrial malignancy, whereas 
circulating androgens as androstenedione and DHEAS were 
showed any risk of cancer. [64].

Vulvo-Vaginal Effects
The estrogen use increases outer epithelial cells in vulvo-

vaginal tissues and reduces vaginal pH are well established, 
and this process underpins in the genitourinary problems of 

menopause (GSM) females. The recent researches in both 
human and animal tissues have evidenced ARs in the all 
vaginal layers as vulva, labium and clitoris. [65,66]. 

The working of androgen receptors can be illustrated 
by rise and fall regulatory mechanisms as evidenced 
by about 1000 receptor mutations mostly identified in 
the females with androgen insensitive females or trans-
genders. The androgen doze suggested improvements on 
vulvo-vaginal tissues, as an outcome by increase of vaginal 
weight in experimented mice. [67] However, despite 
these findings, androgens have not been incorporated into 
routine clinical practice for the treatment of vulvo-vaginal 
problems. Moreover, similar to estrogen, there remains no 
clear concept about the benefits and risks associated with 
either systemic or local androgen therapy. Furthermore, 
there is no definitive consensus regarding the benefits and 
risks associated with the systemic or local application of 
androgens, similar to estrogens [68].

Figure 4:Androgen content in stages of women life.

Figure 5:Androgen receptor sites in reproductive organs (@Bio Render).
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Androgen and Women health 
Genitourinary Syndrome of Menopause

Up to 70% of women who have gone through menopause 
experience GSM, a condition previously referred to as vulvo-
vaginal atrophy. It encompasses urinary, genital, andsexual 
dysfunctions resulting from declining sex hormone levels [69].
The clinical presentation typically encompasses dyspareunia, 
vaginal dryness, irritation, dysuria, increased urinary 
frequency and urgency, recurrent urinary tract infections, and 
a shift towards alkalinity in vaginal pH.However, research 
on menopausal women utilizing androgen products has 
identified sexual disturbances resulted from decreased sex 
hormone levels, whereas hormonal formulations, especially 
vaginal estrogen and dehydroepiandrosterone (DHEA), are 
considered as the most effective treatments for genitourinary 
syndrome of menopause (GSM) [70,71]. The Food and Drug 
Administration has approved intra-vaginal 6.5mg DHEA 
for GSM treatment, which has revealed refinements in cell 
maturation, vaginal pH, dyspareunia, and sexual function 
without disturbing the endometrium [72].

Hypoactive Sexual Desire Disorder
The variation in women’s sexual behavior is fashioned by 

diverse factors of biological and psychological components. 
The twist of androgens with their biosynthesis and reception 
makes it strenuous to efficient measuring in laboratory 
conditions. Nevertheless, it is widely recognized that 
androgens are vital in managing women's sexual function. 
Testosterone and its progenitors exercise a key regulation 
on sexual function, desire, and arousal, evidenced by past 
research as a linkage between testosterone levels in blood and 
sexual function in both young and old women populations 
[73]. Even though hypoactive sexual desire disorder (HSDD) 
remains a subject of debate in certain clinical and academic 
contexts, testosterone therapy in specific communities 
must emerging as key point in perspective studies. The 
exact method is short-term trans-dermal therapy in low 
concentration as recommended by clinical guidelines as a six-
month trial of such testosterone for women diagnosed with 
HSDD [74]. In clinical practice, careful dosing is essential; 
typically, women should receive no more than one-tenth of 
the standard male dose in order to avoid supra-physiological 
exposure because testosterone products has adverse effect 
on women’s health. Topical preparations are generally 
applied to areas such as the inner thigh, buttocks, abdomen, 
or vulvar region, while application to the breasts and arms 
is discouraged. Oral testosterone is not recommended due 
to first-pass hepatic metabolism and its associated systemic 
effects. Similarly, intramuscular injections and dermal pellet 
therapies are suspected because of their potential to produce 
long-term exposure and high hormone levels [75]. Although 
short-term use appears to be both safe and effective, there 
remains a clear need for further long-term studies to establish 

detailed safety and efficacy profiles. Testosterone treatment 
is applicable with initial content, improved content after 3-6 
weeks and total content analysis after 2 years are needful to 
control overdose for safety objectives. The treatment must 
be continued only with efficient sexual function, less distress 
and normal weight and lagged only after 6 months under non-
effective condition. The side-effects are always mild when 
treatment level remains within normal limits [76, 77]. 

Androgens and Breast Cancer  
Breast cancer is the most frequent tumor affecting 

women worldwide. In breast cancer tissues may hold either 
positive or negative androgen receptors (ARs), irrespective 
of the position of estrogen receptors (ERs) [78]. The 
women with positive ARs have display boosted treatment 
impact and extended survival periods, however, role of 
androgen hormones are unclear and past researches revealed 
contradictory results but currently selective AR modulators 
are applied for the diagnosis of specific breast cancer subtypes 
[79]. The testosterone is not suitable for women with a history 
of breast cancer due to the risk of its conversion to estrogen 
[80].

Emerging Research and Future Directions

The future research within the reproductive systems in 
women is needful about exploration of androgens role in 
ovarian reserve, receptor polymorphisms, and reproductive 
processes from conception to sexual behavior. The studies 
related to cancer especially concerning the endometrium 
and breast, also about their impact on local pain perception. 
More researches are essential about effects of excessive 
androgen and reproductive metabolic syndromes. The study 
about effects of androgen after post-gender will be probably 
relevant to both transgender and non-transgender individuals

Conclusion
The androgens in women are synthesized by the adrenal 

glands, ovaries and peripheral system from cholesterol, 
where intravenous testosterone doze elevates serum levels, 
responds LH surge and the sensitivity of gonadotropin-
releasing hormone. However, it remains uncertain whether 
reducing androgens content in serum would result in higher 
gonadotropins in circulation as cited in post-menopause 
period when ovaries mainly secreting androgens in lesser 
function of pituitary gland. Androgens are significant about 
women's reproductive and overall health as affecting ovarian 
cycle, endometrial repair, bone health, nerve protection and 
metabolic functions. The disturbances in androgen contents 
can lead to hyperandrogenic condition, as observed in 
PCOS, cause metabolic and reproductive problems, while 
deficiency is linked to conditions such as HSDD and GSM. 
Their systemic effects are modulated by interactions with 
estrogen and SHBG, affecting cardiovascular, cognitive, and 
musculoskeletal health. A significant challenge in effective 
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androgen therapy is the lack of reliable biomarkers to assess 
tissue-level androgen activity. Current treatments aim to 
maintain total testosterone within normal physiological ranges, 
but there is insufficient evidence to justify initiating therapy 
based solely on low levels. HSDD is the only recognized 
indication for androgen replacement, underscoring the urgent 
need for standardized measures and long-term safety data.
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