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ABSTRACT 

Dihydrotestosterone has been sho·wn to be a major metabolite of testosterone. Human 
skin has been shown to activly convert testo;;terone to dih~·drotestosterone. Since the 
le.-els of circulating testosterone in normals and in indi,-Jduals '"ith acne are the same, 
"end organ sensitivity" bas been postulated. To enluate the possibility that t llis may be 
a function of the rate of conversion of testosterone to dihydrotestosterone, a total of 62 
biopsies were studied from 32 subjects without and with acne from affected and unaf
fected a reas. Labeled testosterone metabolites were identified b~· TLC, GLC, and GFP. 
Acne bearing skin produced from 2 to 20 times more dihydrotestosterone than did 
normal skin. Normal facial skin produced more dibydrotestosterone than normal back 
skin. I t thus appears that the previously postulated end organ _ensiti,-ity , thought to 
account in part fo r the occurrence and distr ibution of acne, may indeed exist and may 
be mediated by differential mtes of conversion of testosterone to dibydrotestosterone in 
the skin. 

Current data strongly support the view that 
5a-androstan-17 ,8-ol-3-one ( d ihydrotestosterone) 
appears to be the acti,·e form of te<>"tosterone at 
the cellular level in the accessory organs of re
production and in model sebaceous structures 
such as the p reputial gland of the rat and the 
preen gland of the duck (1-3). Brucbo,·slry and 
Wilson ha,·e shmvn that dihydrotestosterone 
rather than testosterone is the predominant spe
cies bound to the chromatin of prostatic nuclei. 
"'ithin 15 minutes after testosterone-I, 2 H' ad
ministration (l). These invest igators have also 
shown that in the preputial gland of the rat, 27o/o 
of injected testosterone is converted to dihydro
testosterone l\itbll1 5 minutes, a rate equal to 
that of the prostatic cells. In the preen gland of 
the duck (2) , following the administration of 
testosterone-~ , 2 H', there is selecti ,·e localiza
tion of the isotope in the nuclei consisting of 
testosterone (25-50o/o) and a single testosterone 
metabolite, dihydrotestosterone (50-75o/o). The 
studies referred to above provide strong evidence 
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that dih~·drotestosteronc , rather than testoster
one, rna~· be the form of the androgen which 
stimulntes sebaceous gland de\'elopment . 

Gomez n.nd Hsia , using human skin, found 
tllat 15 to 0% of the testosterone was metabo
lized and that tl1e major metabolite was dihy
drote~tosterone (4). Wilson and Walker (5) 
studied the ra te of formation of dihydrotes
toslerone in vitro in 112 skin specimens. All skin 
sites tcoted could metabolize testosterone to di
hydrotestosterone; howeYer, there were distinct 
regionnl diffe rences. Areas such a.s the pal.ma and 
soles which contain no sebaceous gla.nds were 
also able to conver t testosterone to dihydrotes
tasterone. 

It has long been knovvn that plasma levels of 
testosterone and the daily secretion of testoster
one are not necessarily higher in males with acne 
than in normal males despite significant ly higher 
sebum production in those males with acne (6. 
7). This has caused investigators to suggest that 
"end organ sensiti,~ty" may determine the de
velopment of acne and the degree of sebaceous 
gland activity. In order to evaluate the possibil
ity t hat "end organ sensitivity" may be a func
tion of the rate of conversion of testosterone t.r 
dihydrotestosterone in affected skin vs norm~ 

skin , a total of 62 biopsies were studied from 3: 
subjects without acne and with acne from af· 
fected and unaffected areas. 
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MATERALS A..>;O METHODS 

The skin samples used in this study were ob
tained from normal male and female subjects and 
males and female with aCDe. Samples were se
lected from sites where acne was present and non
acne si tes in t he subjects with acne. Samples from 
face and back were also ob tained from the normal 
subjects. Two or three mm punch biopsies were 
taken. Salin e anesthesia was used in all cases. 

The skin sampl s were immediately placed in 
ch illed Krebs-Ringer phosphate buffer and taken 
to the laboratory in an ice bucket. The underl~·mg 
fat was removed and 10 mg of minced tissue was 
routinely used. T he incuba tion mixture, a modifi
cation of that used bY Wilson (5) consisted of 
testosterone-] ,2 H' (300 p.p. moles/ ml 1 X 10' cpm) 
peni ci ll in and strep omyciJ;l (2500 U ) glucose ( 1.1 
x to-' mole/liter) and Krebs-Ringer phosphate 
buffer. pH 7.4 in a total volume of 2.0 mi . T he 
tubes were gassed with 95% O,. 5% CO,. capped 
and incubated at 37° C in a Dubnoff metabobc 
incubator with shaking for three hours. The tes
to teronc-1 ,2 H' (:\ ew England Nuclear) con
tttined 1 mc/5.64 p.g and was brought in aqueou 
solution directly before using b~· the method of 
Wilson (5). 

The reaction was slopped by the addition of 
CHCh and MeOH and the li pids extracted by the 
method of Bligh and D.,·er (8) . The chloroform ex
tract was taken to dryness under N, and the rest
due was taken up in 2 ml of CHC!, and stored un
der ~. at -20° C . Zero time controls were run 
with tissue and controls containing the incubation 
mixtu re minus t.issue were run fo r three hours. 

Thin layer chromatograph~, CTLC) , glas- fiber 
paper ch~omatQgraph~· ( GFP) and . gas . liquid 
ch romatography ( GLC) were used to tdentify and 
quanti !~· the testosterone metaboli tes. . 

A.liquo ts of the li pid fraction containing radlO
act.ive steroids (50.000 cpm of 'H) were chromato
graphed on TLC. GFP and GLC along with .a 
mixture contninin~ 20 p.g each of testosterone, di
h,·drotestosterone androsterone , androstandiol. 
epiandrosterone, and rostenedione and androstan
dione. The method of Gomez and Hsia (4) and 
Wilson and Walker (5) was used for TLC. 

Glass plates were coated with silica gel G 
(Brinkman In-tmments. Inc., Westbury. .Y .) 
and actiYated at 110° C for one hour. The plates 
were developed b~· a-cending chromatography in 
9825 % chloroform : 1.75% methanol. The plates 
were dried and spot visual ized w:i th iodine. The 
spots were then anal ~·zed for rndioactivity by the 
zonal scan profile scraping technique. The plates 
were applied to a machine which automatically 
scrapes 2 mm sections of sil ica gel along an ascend
ing column in to Packard counting v:ials. The 
method and the nd,·antages of using it are dis
cuss d in detail by SnYder (9). T he counting vials 
were fill ed with o'ne ~1 of methanol and 10 ml of 
0.4 % diphenyloxazole in toluene and assayed for 
radioactivit ' in a liquid scintilla tion spectrometer . 
T he counting effic iency .for 'H was 65%. 

Glass fiber paper chromatography was also used 
to identify and quan tify steroids. Silica gel coated 
glass fiber paper (ITLC-SG) purchased from Gel
man Instrument Company was dipped into a 1% 
solution of Zn CK0,), ·6H,O was allowed to dry in 
an O\'en at 110' C for three hours. T he paper was 
then spotted with 5 p.g each of the carrier steroids 
and a.n aliquot of the tissue extract containing 
10.000 cpm of H'. The paper was developed in 
benzene. ethyl acetate (90 :1.25 v/ Y). T he bands 
were visualized with iodine and the pieces of the 
fiber glass paper were cut out and placed in count
ing Yials containing scintillation fluid 00 ml) and 
assa~·ed for radionctiYity in a liquid scintillation 
spectrometer. 

Gas liquid chromatography of steroids was per
formed on a Varian Aerograph 2100 model gas 
chromatograph equipped with a hydrogen ftame 
detector. The column (6 feet; !4 inch diameter) 
\ras packed with 3% QF-1 on Gas Chrom Q (100-
120 mesh) (Applied Science Labora tories, Inc.) . 

The carrier gas was N, and the flow raLe was 35 
ml/ min. Column temperature was 230° C. The ra
dioactive samples were enriched wi th carrier ste
roid mixtures. The effi uen t was coll ected in cooled 
coiled glass capillary tubes con taining glass wool. 
The steroids were then elu ted wi th he.xane . The 
hexane was removed under l'\, and the samples as
sayed for radioacti,·i ty using the liquid scintilla
tion mixtu re described abo\'e. 

RESULTS 

The results of chromatographic identification 
and quan titation of testosterone- I ,2 H' metabo
li tes are shown in Figures lA and lB. Lipid 
extracts containing t he testost erone metabolites 
from the incubations of acne-bear ing and normal 
tissues were identified and quantified by thin 
layer chromatography . Al.iquots of t he same 
sample were chromatographed on TLC and 
GLC and compared as shown in Figures IA and 
lB . The methods were in close agreement, indi
ca ting that lh of t he radioacth·ity injected was 
reco,·ered in the DHT peak, and '14 o in the 
androstenedione peak "·hen the same sample was 
analyzed on both TLC and GLC. Since dihydro
testosterone i· not eparated from androsterone 
by the thin layer system , the amount of radioac
th; ty in the androsterone peak was measured in 
most instances b~' gas chromatography and sub
t racted from that found in the DHT peak. The 
amount of radioactivity in the androsterone 
peak was found to be negligible. 

The results of the thin layer and gas chroma
tography were in close agreement. Our results 
are similar to and confirm those of Wilson and 
W alker (5) . The identity of the two p rincipal 
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Fro. lA. Thin layer chromatographic identification of testosterone-1 ,2 H' metabolites. 
Fro. lB. Gas liquid chromatographic identification of testosterone-1, 2 H 1 metabolites. 

The solid line represents the metabolite peaks. The dotted line represents the cpm's con
tained in the peak. 

368 

LLI 
..... 
:::> 
~ 
::E 
a: 
LLI 
0.. 

rn ..... 
z 
:::> 
0 
0 



COJ>."VERSION OF TESTOSTERONl!l TO DIHYDROTESTOSTERONE IN ACJ\'E 369 

•• 
FACE' 

2 3 
TlME (HOURS) 

FIG. 2. DHT formation as a function of time 

testosterone metabolites in skin has been pre
vioUEiy conn rmed by recrystallization to con
stant specific activity (5) and it has been con
cluded that thin layer rhromatogra phic separa
tion of dih~·drotestosterone pro,ides adequate 
means for routine assay. The time course of tJ1e 
appearance of clihydrotestosterone during the in
cubation of acne skin slices and normal skin 
!ices with testosterone-1, 2 H' is illustrated in 

Figure 2. The react.ion appeared to be linear for 
three hours and all incubations were carried out 
fo r this time period. 

The routine assay procedure was established 
from the results demonstrated in Figures 3 and 
4. The relationship between the :unount of tes
tosterone added and the formation of dihydro
testosterone is shown in Figure 3. The concen
tration was , ·aried from 150 p.p. moles to 900 
N' molesj mJ of incubation medium. The r ate of 
dihydrotestosterone formation leveled off at 300 
I'·P. moles and this was the concentration rou
tinely used in subsequent e:xperiments. 

The relationship betTI·een the weight of the 
tissue slices and the rate of con,-ersion of testos
terone to dihydrotestosterone is shown in Figure 
4. The rate of formation of dihydrotestosterone 
was linear between 5 and 45 mg of tissue. In all 
in tances the tissue weigh ts varied between 5-20 
mg. All values were expressed as per one mg wet 
weight of tissue. The results of 62 measurements 
on 32 subjects using the standard procedure de
scribed is presented in Figures 5 and 6. In the 
skin samples obtained from the backs of normal 
female subjects (Fig. 5), the average rate of 
dihydrotesto"terone formation was 0.85 ± 0.23 

(SE) p.p. moles DHT/ mg tissue/ 3 hrs. The skin 
biopsies from the chin and forehead of normal 
females averaged 3.03 ± 0.94 (SE ) p.p. moles 
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Fw. 5. DHT formation in normal female skin 
and acne bearing female skin . 

DHT/ mg tissue/ 3 hrs and 1.96 ± 1.01 ( E ) p.p. 

moles DHT/ mg tissuej 3 hrs respecti,·ely. 
The skin samples from the backs of female 

patients displaying facial acne and minimal acne 
on the back, converted 4.30 ± 1.95 ( E ) 11-1-L 

moles DHT/ mg tissue/ 3 hrs. Howe,·er , the rate 
of formation of dihydrotestosterone in the facial 
skin of women "'·ho had moderate acne on the 
fa.ce was approximately 10-20 fold higher than 
the normals. T he Yalues were 49.56 ± 6.60 (SE) 
p.p. moles DHT/ mg tissue/3 hrs on the chin and 
39 .06 ± 8.05 (SE) 1-LIJ. moles DHT/ mg tissue/3 
lrrs on the foreheads of acne bearing females. 

Similar, although not so spect&cular results 
were found in males. In Figure 6, samples ob
tained from the backs of normal male subjects 
averaged 2.4 ± 1.21 (SE) p.p. moles DHTj mg 
tissue/ 3 hrs. Skin of normal males averaged 
15.00 ± 3.00 (SE) and 19.50 ± 1.5 (SE) p.p. 

moles DHT/ mg tissue/ 3 hrs respectively for 
chin and forehead. Acne bearing backs of males 
a,·eraged 16.50 ± 4.86 (SE) p.p. moles DHT/ mg 
tissue/ 3 hr . The skin biopsies from the chin and 
forehead of acne bearing males averaged 25 .16 ± 
9.42 and 32.30 ± 3.02 (SE) p.p. moles DHT/ mg 
tissue/ 3 hr respectively. The abdominal skin of 
males who had acne on backs but none on abdo
men averaged 0.83 ± 0.33 (SE) p.p. moles 

DHT/ mg tissue/ 3 hrs which was similar to the 
backs of norm&! female subjects . 

The differences in com·ersion of T to DHT in 
biopsies from all acne bearing si tes in tbe women 
studi ed vs com·ersion in corresponding non-Ilene 
bearing sites \\-a- stat isti ca lly signifiram-p < 
.01-using the tudent T test for non-pai red 
samples (sep Table) . In the ma]e;> siudiccl the 
corresponding results were : forehead , > .01. 
<.02 ; hack. > .02, < .05 : chin , >.05 . All males 
studied were receiving either systemi c tetracy
cline or corticosteroid therapy or bo h. The in
fl uence. if any, of these agenL on com·ersion 
remains to be determined by fu ture im·est.iga
tions. 

DISCU 510 )1 

The results of our study are in agreement 
\Yith those of Gomez and Hsia (4) in that dill~·

droteslosterone is one of the major metabolit e:: 
of testosterone in skin . Furthermore. our resu lt5 
confirm those of Wilson and Walker (5) t hat the 
rate of dihydrotestosterone fonnation diffe rs in 
slcin from different area of the bod~· . These 
authors, however , did not report studies on skin 
of fa ce or back, nor t hnt of arne bear ing skin 1'S. 

normal skin. 

AB CHIN BACK 

MEN 

FOREHEAD 

Fla. 6. DHT formation in normal male skin and 
acne bearing male slcin. 
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TABLE 
Cont•ersion of l'"losterone to dihydrotesloslerone by h:uman skin Ji41. moles of DHT/ mg of lissue/ S hours 

Site Xormal Acne-bearing 
I Signi.ficanc• of 

difference-p . va lues 
Student T test 

Female Chin 3. 03 ± 0 .94 (E) 49.5() ± 6.60 ( E ) <.01 
Forehead ]. !)() ± 1.01 !'E ) 39.00 ± 8.05 !SE) < .01 
Bac k 0.85 ± 0.23 t~E) 4.30 ± 1.95 (Sl~) < .01 

) 'I ale Chin 15 .00 ± 3. 00 (~E ) 25.16 ± 9.42 (SE ) >.05 
Forehead 19.50 ± 1.5 (SE ) 32.30 ± 3.02 ('E) > .01 < .02 
Bac k 2.4.8±1 . 21 (SE) 16 .50 ± ~ - G (SE ) >.02 <. 05 

Our dn,ta show that, in general, acne bearing 
skin con ,-erted testosterone to dihydrotes
tosterone 2-20 times greater than did normal 
skin from a corresponding are::t. Acne bearing 
facia l skin was more acti,·e than acne bearing 
back skin. and normal fac ial skin bowed more 
collYersion 1 han normal back skin. In general, 
norm:tl male Jci.n showed lllgher rates of T to 
DHT com·er~ion than did female skin from cor
re-ponding sites. 

SeYernl facto rs make the comparison between 
acne bearing female skin and correspondingly 
loca.ted U<'lle beariltg male skin in th is stud,
dtffi.cult to interpret. The first i- the relatiYely 
small number of indi ,-iduals in each of the sub
groups in this preliminar~· study. The second is 
1 he relatiYel)' "Teater se<·eri t~· of the acne pres
ent in tbe male patients as opposed to the fe
male patient in the ' tudy, wlllrh presents not 
onl~- its inherent Yariable. but also resulted in all 
the male patients iu this initial inYestigation 
being studied at a time "·hen they "·ere on con
collliilltant tet ra cyclin :md often systemic ster
oid thera p~-. What effect these parameter:;, may 
ha,·e on conversion rates of T to DHT is un
known at this tilDe. " ·e are in the process now 
of accumulating a group of patients wi th seYer 
pustulo- r~--t ir acne who haYe not yet been 
treated, and these patients will be studied both 
before and luring t reatment. 

It might be anticipated that female patients 
with acne would haYe higher rates of conYersion 
of T to DHT than males with corresponding 
degrees of acne if the sebaceous gland response 
is related to the amount of diliydrotestosterone 
present at the cellular le,·el. Higher com·ersion 
rates would be necessary to produce similar 
amounts of DHT in females who star t with a 
much lower T level to convert from than in 
males in whom much lower conversion rates 

would result in similar final cellular le,·els of 
DHT because of the much larger amounts of T 
available. While inspection of our data suggests 
this interpretation, the many Yariables present 
do not allow meaningful statistica.l evaluation 
and these and many other details remain to be 
worked out. 

An important relationship yet to be studied is 
that between T to DHT com·ersion and sebum 
production. While this may be the central mech
anism mediating the effect of DHT production 
rates on the de,·elopment of acne it must also be 
remembered that other androgen effects may 
play a contributing or e<·en major role. These 
include such facto rs as the possible influence of 
DHT on the thich."DCSS, quali ty and "stickiness" 
of the keratin produced by the sebaceous and 
follicle duct epithelia, DHT effect on sebum 
composition, DHT effect on the permeability of 
pilosebaceous duct epithelium, etc. 

What is clear from this preliminary study is 
t hat in the patients studied there i- a statisti
cal!~- significant difference between T to DHT 
conver-ion rates in biopsies of skin from acne
bearing sites as opposed to biopsies from corre
ponding non-acne-bearing sites. Furtber studies 

are under way to attempt to define more pre
ci ely the mechanisms through which this rela
tionship is mediated and the possible modifying 
roles of therapeutic agents. 

The theory of end organ sen.siti,i.ty was pos
tula ted to help explain the Jack of correlation 
between leYels of circulating androgens and the 
occurrence and seYeri ty of acne. which has been 
shown to be an androgen dependent disease. We 
now sugg "t that th is pre<i.ously postulated ·'end 
organ sensiti ,-ity" does in fact e:-.-ist and may be 
mediated through higher rates of conversion of 
testosterone to diliydrotestosterone in acne-bear
ing as opposed to non-acne-bearing skin. 
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