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DIFFERENTIAL RATES OF CONVERSION OF TESTOSTERONE TO
DIHYDROTESTOSTERONE IN ACNE AND IN NORMAL HUMAN
SKIN—A POSSIBLE PATHOGENIC FACTOR IN ACNE*

GAIL SANSONE. PED. ax»0 RONALD M. REISNER, M.D.
ABSTRACT

Dihydrotestosterone has been shown to be a major metabolite of testosterone. Human
skin has been shown to activly convert testosterone to dihydrotestosterone. Since the
levels of circulating testosterone in normals and in individuals with acne are the same,
“end organ sensitivity” has been postulated. To evaluate the possibility that this may be
a funetion 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 areas. Labeled testosterone metabolites were identified by TLC, GLC, and GFP.
Acne bearing skin produced from 2 to 20 times more dihydrotestosterone than did
normal skin. Normal facial skin produced more dihydrotestosterone than normal back
skin. It thus appears that the previously postulated end organ sensitivity, thought to
account in part for the occurrence and distribution of acne, may indeed exist and may
be mediated by differential rates of conversion of testosterone to dihydrotestosterone in

the skin.

Current data strongly support the view that
Sa-androstan-17B-ol-3-one (dihydrotestosterone)
appears to he the active form of testosterone at
the cellular level in the accessory organs of re-
production and in model sebaceous structures
such as the preputial gland of the rat and the
preen gland of the duck (1-3). Bruchovsky and
Wilson have shown that dihydrotestosterone
rather than testosterone is the predominant spe-
cies bound to the chromatin of prostatic nuclei
within 15 minutes after testosterone-1,2 H® ad-
ministration (1). These investigators have also
shown that in the preputial gland of the rat, 27%
of injected testosterone is converted to dihydro-
testosterone within 5 minutes, a rate equal to
that of the prostatic cells. In the preen gland of
the duck (2), following the administration of
testosterone-1,2 H? there is selective localiza-
tion of the isotope in the nuclei consisting of
testosterone (25-507) and a single testosterone
metabolite, dihvdrotestosterone (50-75%). The
studies referred to above provide strong evidence
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that dihydrotestosterone, rather than testoster-
one, may be the form of the androgen which
stimulates sebaceous gland development.

Gomez and Hsia, using human skin, found
that 15 to 80% of the testosterone was metabo-
lized and that the major metabolite was dihy-
drotestosterone (4). Wilson and Walker (5)
studied the rate of formation of dihydrotes-
tosterone in vitro in 112 skin specimens. All skin
sites tested could metabolize testosterone to di-
hydrotestosterone; however, there were distinct
regional differences. Areas such as the palms and
soles which contain no sebaceous glands were
also able to convert testosterone to dihydrotes-
tosterone,

It has long been known 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 significantly higher
sebum production in those males with acne (6.
7). This has caused investigators to suggest that
“end organ sensitivity” may determine the de-
velopment of acne and the degree of sebaceous
gland activity. In order to evaluate the possibil-
ity that “end organ sensitivity” may be a func-
tion of the rate of conversion of testosterone tc
dihydrotestosterone in affected skin vs norma
skin, a total of 62 biopsies were studied from 37
subjects without acne and with acne from af-
fected and unaffected areas.
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CONVERSION OF TESTOSTERONE TO DIHYDROTESTOSTERONE IN ACNE

MATERALS AND METHODS

The skin samples used in this study were ob-
tained from normal male and female subjects and
males and females with acne. Samples were se-
lected from sites where acne was present and non-
acne sites in the subjecis with acne. SBamples from
face and back were also obtained from the normal
subjects. Two or three mm punch biopsies were
taken. Saline anesthesia was used in all cases.

The skin samples were immediately placed in
chilled Krebs-Ringer phosphate buffer and taken
to the laboratory in an ice bucket. The underlying
fat was removed and 10 mg of minced tissue was
routinely used. The incubation mixture, a modifi-
cation of that used by Wilson (5) consisted of
testosterone-1,2 H® (300 uu moles/ml 1 X 10° cpm)
penicillin and streptomycin (2500 U) glucose (1.1
X 107* mole/liter) and Krebs-Ringer phosphate
buffer, pH 74 in a total volume of 2.0 ml. The
tubes were gassed with 95% O, 5% CO., capped
and incubated at 37° C in a Dubnoff metabolic
incubator with shaking for three hours. The tes-
tosterone-1,2 H* (New England Nuclear) con-
tained 1 me/5.64 ug and was brought in aqueous
solution directly before using by the method of
Wilson (5).

The reaction was stopped by the addition of
CHCl; and MeOH and the lipids extracted by the
method of Bligh and Dyer (8). The chloroform ex-
tract was taken to dryness under N» and the resi-
due was taken up in 2 ml of CHCls and stored un-
der N: at —20° C. Zero time controls were run
with tissue and controls containing the incubation
mixture minus tissue were run for three hours.

Thin layer chromatography (TLC), glass fiber
paper chromatography (GFP) and gas liquid
chromatography (GLC) were used to identify and
quantify the tesiosterone metabolites.

Aliquots of the lipid fraction containing radio-
active steroids (50,000 epm of *H) were chromato-
graphed on TLC, GFP and GLC along with a
mixture containing 20 wug each of testosterone, di-
hydrotestosterone.  androsterone, androstandiol,
epiandrosterone, androstenedione 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 Instruments, Inc., Westbury, N.Y.)
and activated at 110° C for one hour. The plates
were developed by ascending chromatography in
9825% chloroform: 1.75% methanol. The plates
were dried and spots visualized with iodine. The
spots were then analyvzed for radioactivity by the
zonal scan profile seraping technique. The plates
were applied to a machine which automatically
serapes 2 mm sections of silica gel along an ascend-
ing column into Packard counting vials. The
method and the advantages of using it are dis-
cussed in detail by Snyder (9). The counting vials
were filled with one ml of methanol and 10 ml of
04% diphenyloxazole in toluene and assayed for
radioactivity in a liquid scintillation spectrometer.
The counting efficiency for *H was 65%.
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Glass fiber paper chromatography was also used
to identify and quantify steroids. Silica gel coated
glass fiber paper (ITLC-8G) purchased from Gel-
man Instrument Company was dipped into a 1%
solution of Zn (NOQs):-6H:0 was allowed to dry in
an oven at 110* C for three hours. The paper was
then spotted with 5 ug each of the carrier steroids
and an aliquot of the tissue extract containing
10.000 cpm of H®. The paper was developed in
benzene, ethyl acetate (90:125 v/v). The bands
were visualized with iodine and the pieces of the
fiber glass paper were cut out and placed in count-
ing vials containing scintillation fluid (10 ml) and
assayed for radioactivity 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 flame
detector. The column (6 feet; % inch diameter)
was packed with 3% QF-1 on Gas Chrom Q (100~
120 mesh) (Applied Science Laboratories, Inc.).

The carrier gas was N: and the flow rate was 35
ml/min. Column temperature was 230° C. The ra-
dioactive samples were enriched with carrier ste-
roid mixtures. The effluent was collected in cooled
coiled glass capillary tubes containing glass wool.
The steroids were then eluted with hexane. The
hexane was removed under N: and the samples as-
sayed for radioactivity using the liquid scintilla-
tion mixture deseribed above.

RESULTS

The results of chromatographic identification
and quantitation of testosterone-1,2 H® metabo-
lites are shown in Figures 1A and 1B. Lipid
extracts containing the testosterone metabolites
from the incubations of acne-bearing and normal
tissues were identified and quantified by thin
layer chromatography. Aliquots of the same
sample were chromatographed on TLC and
GLC and compared as shown in Figures 1A and
1B. The methods were in close agreement, indi-
cating that 1 of the radioactivity injected was
recovered in the DHT peak, and 4o in the
androstenedione peak when the same sample was
analyzed on both TLC and GLC. Since dihydro-
testosterone is not separated from androsterone
by the thin layer system, the amount of radioac-
tivity in the androsterone peak was measured in
most instances by gas chromatography and sub-
tracted 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. Qur results
are similar to and confirm those of Wilson and
Walker (5). The identity of the two prinecipal
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Fic. 1A. Thin layer chromatographic identification of testosterone-1,2 H? metabolites.
Fic. 1B. Gas liquid chromatographic identification of testosterone-1,2 H® meta!’)ohtes.
The solid line represents the metabolite peaks. The dotted line represents the cpm’s con-

tained in the peak.
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Fic. 2. DHT formation as a function of time

testosterone metabolites in skin has been pre-
viously confirmed by recrystallization to con-
stant specific activity (5) and it has been con-
cluded that thin layer chromatographic separa-
tion of dihydrotestosterone provides adequate
means for routine assay. The time course of the
appearance of dihydrotestosterone during the in-
cubation of acne skin slices and normal skin
slices with testosterone-1,2 H® is illustrated in
Figure 2. The reaction appeared to be linear for
three hours and all incubations were carried out
for this time period.

The routine assay procedure was established
from the results demonstrated in Figures 3 and
4. The relationship between the amount of tes-
tosterone added and the formation of dihydro-
testosterone is shown in Figure 3. The concen-
tration was varied from 150 pp moles to 900
ppe moles/ml of ineubation medium. The rate of
dihydrotestosterone formation leveled off at 300
pie moles and this was the concentration rou-
tinely used in subsequent experiments.

The relationship between the weight of the
tissue slices and the rate of conversion 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
instances the tissue weights 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
dihydrotestosterone formation was 0.85 = 023
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(SE) pp moles DHT /mg tissue/3 hrs. The skin
biopsies from the chin and forehead of normal
females averaged 3.03 = 094 (SE) pp moles
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Fic. 3. DHT formation &s a function of testos-
terone 1,2 H® concentration.
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Fic. 5. DHT formation in normal female skin
and acne bearing female skin.

FOREHEAD

DHT/mg tissue/3 hrs and 1.96 = 1.01 (SE) pp
moles DHT/mg tissue/3 hrs respectively.

The skin samples from the backs of female
patients displaying facial acne and minimal acne
on the back, converted 430 = 195 (SE) up
moles DHT /mg tissue/3 hrs. However, the rate
of formation of dihydrotestosterone in the facial
skin of women who had moderate acne on the
face was approximately 10-20 fold higher than
the normals. The values were 49.56 = 6.60 (SE)
pp moles DHT/mg tissue/3 hrs on the chin and
39.068 = 805 (SE) pp moles DHT/mg tissue/3
hrs on the foreheads of acne bearing females.

Similar, although not so spectacular results
were found in males. In Figure 6, samples ob-
tained from the backs of normal male subjects
averaged 248 = 121 (SE) pp moles DHT/mg
tissue/3 hrs. Skin of normal males averaged
1500 = 300 (SE) and 1950 = 15 (SE) pp
moles DHT/mg tissue/3 hrs respectively for
chin and forehead. Acne bearing backs of males
averaged 16.50 = 4.86 (SE) pp moles DHT/mg
tissue/3 hrs. The skin biopsies from the chin and
forehead of acne bearing males averaged 25.16 =
9.42 and 32.30 = 3.02 (SE) pp moles DHT/mg
tissue/3 hr respectively. The abdominal skin of
males who had acne on backs but none on abdo-
men averaged 083 = 033 (SE) ppu moles
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DHT/mg tissue/3 hrs which was similar to the
backs of normal female subjects.

The differences in conversion of T to DHT in
biopsies from all acne bearing sites in the women
studied vs conversion in corresponding non-acne
bearing sites was statistically significant—p <
0Ol—using the Student T test for non-paired
samples (see Table). In the males studied the
corresponding results were: forehead, >.01.
< 02: back, >.02, <.05: chin, >05. All males
studied were recelving either systemic tetracy-
cline or corticosteroid therapy or both. The in-
fluence, if any, of these agents on conversion
remains to be determined by future investiga-
tions.

DISCUSSION

The results of our study are in agreement
with those of Gomez and Hsia (4) in that dihy-
drotestosterone is one of the major metabolites
of testosterone in skin. Furthermore, our results
confirm those of Wilson and Walker (5) that the
rate of dihydrotestosterone formation differs in
skin from different areas of the body. These
authors, however, did not report studies on skin
of face or back, nor that of acne bearing skin vs.
normal skin.
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CONVERSION OF TESTOSTERONE TO DIHYDROTESTOSTERONE IN ACNE

TABLE
Conversion of lestosterone to dihydrolestosterone by human skin uu moles of DHT /my of iissue/3 hours
| Signi £
Site Normal Acne-bearing diﬁcgclﬁec:‘);fi':lues
‘ Student T test
[
Female Chin 3.03 £+ 0.94 (SE) 49.56 = 6.60 (SE) <.01
Forehead 1.96 £ 1.01 (SE) 39.06 &= 8.05 (SE) ‘ <.01
| Back 0.85 + 0.23 (SE) 4.30 = 1.95 (SE) <.01
Male Chin | 15.00 £ 3.00 (SE) 25.16 = 9.42 (SE) >.05
Forehead 19.50 =+ 1.5 (SE) 32.30 &+ 3.02 (SE) >.01 <.02
Buck 2.48 % 1.21 (SE) ‘ 16.50 + 4.86 (SE) >.02 <.05

Our data show that, in general, acne bearing
skin  converted testosterone to dihyvdrotes-
tosterone 2-20 times greater than did normal
skin from a corresponding area. Acne bearing
facial skin was more active than acne bearing
back skin. and normal facial skin showed more
conversion than normal back skin. In general,
normal male skin showed higher rates of T to
DHT conversion than did female skin from cor-
responding sites.

Several factors make the comparison between
acne bearing female skin and correspondingly
located acne bearing male skin in this study
difficult to interpret. The first is the relatively
small number of individuals in each of the sub-
groups in this prelminary study. The second is
the relatively greater severity of the acne pres-
ent in the male patients as opposed to the fe-
male patients in the study, which presents not
only its inherent variable, but also resulted in all
the male patients in this initial investigation
being studied at a time when they were on con-
commitant tetracyeline and often systemic ster-
oid therapy. What effect these parameters may
have on conversion rates of T to DHT is un-
known at this time. We are in the process now
of accumulating a group of patients with severe
pustulo-cystic acne who have not yet been
treated, and these patients will be studied both
before and during treatment.

It might be anticipated that female patients
with acne would have higher rates of conversion
of T to DHT than males with corresponding
degrees of acne if the sebaceous gland response
1s related to the amount of dihydrotestosterone
present at the cellular level. Higher conversion
rates would be necessary to produce similar
amounts of DHT in females who start with a
much lower T level to convert from than in
males in whom much lower conversion rates

would result in similar final cellular levels of
DHT because of the much larger amounts of T
available. While inspection of our data suggests
this interpretation, the many variables present
do not allow meaningful statistical 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 conversion and sebum
production. While this may be the central mech-
anism mediating the effect of DHT production
rates on the development of aene it must also be
remembered that other androgen effects may
play a contributing or even major role. These
include such factors as the possible influence of
DHT on the thickness, quality 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, ete.

What is clear from this preliminary study is
that in the patients studied there is a statisti-
cally significant difference between T to DHT
conversion rates in biopsies of skin from acne-
bearing sites as opposed to biopsies from corre-
sponding non-acne-bearing sites. Further studies
are under way to attempt to define more pre-
cisely the mechanisms through which this rela-
tionship is mediated and the possible modifying
roles of therapeutic agents.

The theory of end organ sensitivity was pos-
tulated to help explain the lack of correlation
between levels of circulating androgens and the
occurrence and severity of acne, which has been
shown to be an androgen dependent disease. We
now suggest that this previously postulated “‘end
organ sensitivity” does in fact exist and may be
mediated through higher rates of conversion of
testosterone to dihydrotestosterone in acne-bear-
ing as opposed to non-acne-bearing skin.



372

The authors wish to express their sincere ap-
preciation to Mrs. Badyreh Cummings for expert
technical assistance and to Drs. Patrick Walsh
and Stanley Korenman for very helpful advice and
discussion. The authors also wish to acknowledge
the invaluable assistance of Drs. David Dufiy,
Arnold Gurevitch, Richard Dickerson, Sidney
Thompson, William Farrell and Antanas Matukas
in obtaining the skin biopsy samples.

REFERENCES

1. Bruchovsky, N. and Wilson, J. D.: The con-
version of testosterone to 5a-androstan-178
ol-3-one by rat prostate tn vive and in vitro.
J. Biol. Chem., 243 2012, 1968.

2. Wilson. J. D. and Loeb, P. M.: Developmental
and Metabolic Control Mechanisms and Neo-
plasia. Eds., Anderson Hospital and Tumor
I.nstltute Williams and Wilking Co., Balti-
more,

3 Glo;na, R E and Wilson, J. D.: A comparative
study of the conversion ‘of testosterone to 178-
hydroxy-5«-androstan-3-one  (dihydrotestos-

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

terone) by prostate and epididymis. J. Clin.
Endocrinol., 29: 970, 1969.

4. Gomez, E. C. and Hsia, S. L.: In_wvivo
metabolism of festosterone-4-C* and A%
androstene-3,17 dione-4-C* in human skin.
Biochemistry, 7: 24, 1968.

5. Wilson, J. D. and Walker, J. D.: The conversion
of testosterone to 5a-androstan-l7ﬁ-ol-3—one
(dihydrotestosterone) by skin slices of man.
J. Clin. Invest., 48: 371, 1969.

6. Pochi, P. E., Strauss, J. S Rao, G. S., Sarda, 1.
R, Forchxelh E. and Dorfman R. I Plasma
testosterone and estrogen levels, urine testos-
terone excretion and serum production in
males with acne vulgaris. J. Clin. Endocrinol.,
25 1660, 1965.

7. Scoggins, R. B, Bruler, C., Jr. and Kliman, B.:
Testosterone levels and acne vulgaris. Clin.
Res., 13: 232, 1965.

. Bligh, F. G. and Dyer, W.J.: A rapid method of
total lipid extraction and punﬁcauon Canad.
J. Biochem. Physiol., 87 911, 1959.

9. Snyder, F.: Thm-layer chromatog:raphx radio-

assay: 4 review, p 81, Advances in Tracer
Methodology, Vol. 4. Plenum Press, 1968.

oo





