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Pihydrotestosterone

From Wikipedia, the free encyclopedia

Dihydrotestosterone (DHT), or Sa-dihydrotestosterone (Sa-

. DHT), also known as androstanolone or stanolone, is an
endogenous androgen sex steroid and hormone. The enzyme 5a-
reductase catalyzes the formation of DHT from testosterone in
certain tissues including the prostate gland, seminal vesicles,
epididymides, skin, hair follicles, liver, and brain. This enzyme
mediates reduction of the C4-5 double bond of testosterone.
Relative to testosterone, DHT is considerably more potent as an
agonist of the androgen receptor (AR).
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Biological function

DHT is biologically important for sexual differentiation of the
male genitalia during embryogenesis, maturation of the penis
and scrotum at puberty, growth of facial, body, and pubic hair,
sebum production, and development and maintenance of the
prostate gland and seminal vesicles.l" It is produced from the
less potent testosterone by the enzyme So-reductase in select
w " Fe . ' 0 TR
tissues, and is the prirfiary androgen in the genitals, prostate
gland, seminal vesicles, skin, and hair follicles.["]

DHT signals mainly in an intracrine and paracrine manner in the
tissues in which it is produced, playing only a minor role, if any,
as a circulating endocrine hormone.[Z314] Circulating levels of
DHT are 1/10th and 1/20th those of testosterone in terms of total
and free concentrations, respectively,®! whereas local DHT
levels may be up to 10 times those of testosterone in tissues with
high Sa-reductase expression such as the prostate gIand.[ﬁ] In
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TUPAC name
(55,8R,95,108,135,148,17S)-17-hydroxy-10,13-
dimethyl-1,2,4,5,6,7,8,9,11,12,14,15,16,17-

tetradecahydrocyclopenta[a]phenanthren-3-one
Other names .

DHT, 5a-Dihydrotestosterone; 5a-DHT;
Androstanolone; Stanolone; 50-Androstan-17f-
ol-3-one

Identifiers

CAS Number 521-18-6 (http://www.c
ommonchemistry.org/C

hemicalDetail.aspx?ref

=521-18-6) ¢
3D model (JSmol) Interactive image (htt
p://chemapps.stolaf.ed
w/jmol/jmol.php?model
=0%3DC4C%5BC%4
0%40H%5D3CC%5B
C%40%40H%5D2%5
BC%40H%5D%28C
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son, unlike testosterone, DHT is inactivated by 3a-
s#droxysteroid dehydrogenase (30-HSD) into the very weak
. smdrogen 3o-androstanediol in various tissues such as muscle,
* =dipose, and liver among others,[4][7][8] and in relation to this,
has been reported to be a very poor anabolic agent when given
exogenously. (9]

Selective biological functions of testosterone versus DHT in
male puberty[m]

DHT

Prostate enlargement and prostate

Testosterone

Spermatogenesis and

fertility cancer risk
Male musculoskeletal Facial, axillary, pubic, and body
development hair growth

Scalp temporal recession and

Voice deepening pattern hair loss

Increased sebum produetion and
acne

Increased sex drive and
- erections

In addition to normal biological functions, DHT also plays an -
important causative role in a number of androgen-dependent
conditions including skin and hair conditions like acne,
seborrhea, hirsutism, and pattern hair loss (androgenic alopecia
or pattern baldness) and prostate diseases such as benign
prostatic hyperplasia (BPH) and prostate cancer.!”! Sa-Reductase
_inhibitors, which prevent DHT synthesis, are effective in the

prevention and treatment of these conditions, /T I 21 TSI T4]
-— - ——

Metabolites of DHT have been found to act as neurosteroids
with their own AR-independent biological activi'cy.rl %1 30-
Androstanediol is a potent positive allosteric modulator of the
GABA 4 receptor, while 3B-androstanediol is a potent and
selective agonist of the estrogen receptor (ER) subtype ERp.
These metabolites may play important roles in the central effects
of DHT and by extension testosterone, including their
antidepressant, anxiolytic, rewarding/hedonic, anti-stress, and
pro-cognitive effects.! 1316l

[15]

Sa-Reductase deficiency

Much of the biological role of DHT has been elucidated in
studies of individuals with congenital So-reductase type II
deficiency, an intersex condition caused by a loss-of-function
mutation in the gene encoding Sa-reductase type I, the major
enzyme responsible for the production of DHT in the
body.[m[ﬂﬁﬂ It is characterized by a defective and non-
functional Sa-reductase type II enzyme and a partial but
majority loss of DHT production in the body.!"['" In the

condition, circulating testosterone levels are within or slightly
above the normal male range, but DHT levels are low (around
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Properties
Chemical formula C19H300,

Molar mass 290.442 g/mol
Pharmacology
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w.whocc.no/atc_ddd_index/?c
ode=A14AA01))
Routes of Transdermal (gel), in the
administration

cheek, under the tongue,

212



Dihydrotestosterone - Wikipedia

s of normal),!"®] and the ratio of circulating testosterone to - intramuscular injection (as
JHT is greatly elevated (at about 3.5 to S times higher than esters)
normal). 1]
Pharmacokinetics:
Genetic males (46,XY) with 5So-reductase type II deficiency are  Bioavailability Oral: very fow (due to
" born with undervirilization including pseudohermaphroditism extensive first pass
(ambiguous genitalia), pseudovaginal perineoscrotal métabolism)

hypospadias, and usually undescended testes.l!"] Their external

genitalia are female-like, with micropenis (a small, clitoris-like EREEp il OeIWIES oled; Eals RIS E LI

materials in their standard state (at 25 °C [77 °F],

phallus), a partially unfused, labia-like scrotum, and a blind- 100 kPa).

ending, shallow vaginal pouch.[!!] Due to their lack of !
conspicuous male genitalia, genetic males with the condition are V verify (what is /¥ ?)
typically raised as girls.'”] At the time of puberty however, they Tl e Baranioss

develop striking phenotypically masculine secondary sexual

characteristics including partial virilization of the genitals

(enlargement of the phallus into a near-functional penis and descent of the testes), voice deepening, typical male
musculoskeletal development,“g] and no menstruation, breast development, or other signs of feminization that
occur during female puberty.[”]“?]m In addition, normal libido and spontaneous erections develop,!20] they
usually show a sexual preference for females, and almost all develop a male gender identity.[“]lzﬁ

Nonetheless, males with Sa-reductase type II deficiency exhibit signs of continued undervirilization in a number of
domains.!""] Facial hair was absent or sparse in a relatively large group of Dominican males with the condition.[!]
However, more facial hair has been observed in patients with the disorder from other parts of the world, although
facial hair was still reduced relative to that of other men in the same communities.['!! The divergent findings may
reflect racial differences in androgen-dependent hair growth.I""] A female pattern of androgenic hair growth, with
terminal hair largely restricted to the axillae and lower pubic triangle, is observed in males with the condition.[!1]
No temporal recession of the hairline or androgenic alopecia (pattern hair loss or baldness) has been observed in
any of the cases of Sa-reductase type II deficiency that have been reported,["!) whereas this is normally seen to
some degree in almost all Caucasian males.!'") Individuals with Sa-reductase type II deficiency were initially
reported tcf1léave no incidence of acne,l] but subsequent research indicated normal sebum secretion and acne
incidence.

In genetic males with Sa-reductase type II deficiency, the prostate %Iand is rudimentary or absent, and if present,
remains small, underdeveloped, and unpalpable throughout life. 7151 1n addition, neither BPH or prostate cancer
have not been reported in these individuals.['2] Genetic males with the condition generally show oligozoospermia
due to undescended testes, but spermatogenesis is reported to be normal in those with testes that have descended,
and there are case instances of men with the condition successfully fathering children.[20]22]

Unlike males, genetic females with Sa-reductase type II deficiency are phenotypically normal.[23120] However,
similarly to genetic males with the condition, they show reduced body hair growth, including an absence of hair on
the armis and legs, slightly decreased axillary hair, and moderately decreased pubic hair.[231120] On the other hand,
sebum production is normal [231[24] This is in accordance with the fact that sebum secretion appears to be entirely

under the control of Sa-reductase type 1.124]

S5a-Reductase inhibitors

54-Reductase inhibitors like finasteride and dutasteride inhibit Sa-reductase type II and/or other isoforms and are

able to decrease circulating DHT levels by 65 to 98% depending on the So-reductase inhibitor in _
question.[25][26][27][18] As such, similarly to the case of So-reductase type II deficiency, they are useful tools in the

elucidation of the biological functions of DHT.[28] 54-Reductase inhibitors were developed and are used primarily

for the treatment of BPH.[12129] The drugs are able to significantly reduce the size of the prostate gtandand 10
—eeeeee——
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#%2te symptoms of the condition.[12112°] Long-term treatment with Sa-reductase inhibitors is also able to
s#sgmificantly reduce the overall risk of {;rostate cancer, although a simultaneous small increase in the risk of certain
Bsgh-grade tumors has bgen observed.[13] In addition to prostate diseases, Sa-reductase inhibitors have
subsequently been developed and introduced for the treatment of pattern hair loss in men.[30] Thgy are able to
prevent further-progression of hair loss in most men with the condition and to produce some recovery of hair in
about two-thirds of men.['"l 5¢-Reductase inhibitors seem to be less effective for pattern hair loss in women on the
other hand, although they do still show some effectivencss.1>'l Aside from pattern hair loss, the drugs may be———
useful ir[11 Eile treatment of other DHT-dependent skin and hair conditions including acne, seborrhea, and hirsutism
as well.

Sa-Reductase inhibitors are overall well-tolerated and show a low incidence of adverse effects.[32] Sexyal
dysfunction, including erectile dysfunction, loss of libido, and reduced ejaculate volume, may occur in 3.4 to
15.8% of men treated with finasteride or dutasteride.[32133] A gmall increase in the risk of affective symptoms
including depression, anxiety, and self-harm may be seen.[34I35I36] Both the sexual dysfunction and affective
symptoms may be due partially or fully to prevention of the synthesis of neurosteroids like allopregnanolone rather
necessarily than due to inhibition of DHT production.[®4 A very small risk of gynecomastia has been associated.
with Sa-reductase inhibitors (1.2 to 3.5%).132137] Based on reports of Sa-reductase type II deficiency in males and
the effectiveness of Sa-reductase inhibitors for hirsutism in women, reduced body and/or facial hair growth is a
likely potential side effect of these drugs in men.[""14] There are very few studies evaluating the side effects of
So-reductase inhibitors in women.[32],However, due to the known role of DHT in male sexual differentiation, 5a-
reductase inhibitors may cause birth defects such as ambiguous genitalia in the male fetuses of pregnant
women.[32] As such, they are not used in women during pregnancy.[3

MK-386 is a selective Sa-reductase type Iinhibitor which was never marketed,[38] Whereas Sa-reductase type I
inhibitors achieve much higher reductions in circulating DHT production, MK-386 decreases circulating DHT
levels by 20 to 30%.[3°] Conversely, it was found to decrease sebum DHT levels by 55% in men versus a modest
reduction of only 15% for finasteride.[40l[41] Unfortunately, MK-386 failed to show significant effectiveness in a
subsequent clinical study for the treatment of acne.[42]

Biological activity

DHT is a potent agonist of the AR,.and is in fact the most potent known endogenous ligand of the receptor. It has
an affinity (Ky) of 0.25 to 0.5 nM for the human AR, which is about 2- to 3-fold higher than that of testosterone
(Kg=0.4t0 1.0 nM)!*3 and 15-30 times higher than that of adrenal androgens. 4 In addition. the dissociation
rate of DHT from the AR is 5-fold slower than that of testosterone.4%] The ECso of DHT for activation of the AR
is 0.13 nM, which is about 5-fold stronger than that of testosterone (ECsq = 0.66 nM).[6] In bioassays, DHT has

been found to be 2.5- to 10-fold more potent than testosterone.[43]

The terminal half-life of DHT in the body (53 minutes) is longer than that of testosterone (34 minutes), and this
may account for some of the difference in their potency.[‘m A study of transdermaé DHT and testosterone
treatment reported terminal half-lives of 2.83 hours and 1.29 hours, rf:spe:ctively.[4 ]

Unlike other androgens such as testosterone, DHT cannot be converted by tbe enzyme aromatase into an estrogen
like estradiol. Therefore, it is frequently used in research settings to distinguish betv.(een the effects of testosterone
caused by binding to the AR and those caused by testosterone's conversion to estradiol and subsgquent bmdm_g to
and activation of ERs.1®] Although DHT cannot be aromatized, it is still converted transfo@ed into metabolites
with significant ER affinity and activity.['>] These are 30-androstanediol and 3B-androstanediol, which are

predominant agonists of the ERp.[®!

Biochemistry
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