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ABSTRACT

The lack of demonstrable
sebum in androgen-insensitive
subjects
clearly demonstrates
the absolute
androgen
control of sebum prdduction. The DHT denendencv
of the sebaceous gland, however,
could not
be demonstrated
& this study. Two 5cY-redu&ase
isoenzymes
1 and 2,
have been described.
5cY-reductase-2
is the gene responsible
for inherited 5a-reductase
deficiency.
Although
the degree of inhibition
of DHT
in utero and in adulthood
in male pseudohermaphrodites
with a defect
in 5a-reductase-2
enzyme activity
caused severe impairment
of external
genital and prostate
differentiation
and decreased facial and body hair,
it had no demonstrable
effect on sebaceous
gland development
or
function.
Furthermore,
lowering
DHT levels in adulthood
had no effect
on sebum production.
If the gland is rich in the enzyme 5a-reductase2, it is proposed
that the sebaceous gland is either exquisitely
sensitive
to DHT,
requiring
only small amounts
for normal
development
and
function,
or that male levels of testosterone
compensate
for DHT and
maintain
normal
sebaceous
gland activity
throughout
life. It is also
possible that 5a-reductase-1
is the enzyme
of the sebaceous gland and
is unaffected
in the inherited
condition
and by finasteride.
(J Clin
Endocrinol
Metab 76: 524-528,
1993)

To evaluate
the androgen
control of sebum, subjects with complete
androgen
insensitivity
and male pseudohermaphrodites
with inherited
5cu-reductase
deficiency
and decreased dihydrotestosterone
(DHT)
production
had sebum production
studied. A hydrophobic
polymeric
film
applied to the forehead
was used to measure sebum production
through
the use of air filled micropores.
Sebum scores of normal preadrenarchal
children
(ages 2-6), and normal age-matched
adult males and females,
were studied as well as males treated with the 5a-reductase
inhibitor,
finasteride,
for benign prostatic
hyperplasia
who were studied at baseline and after drug therapy.
Androgen
insensitive
subjects
had no sebum production
by this
methodology,
and the results were identical
to preadrenarchal
children.
In contrast,
adult male pseudohermaphrodites
with 5cY-reductase
deficiency and a selective decrease in DHT production
had sebum production scores identical
to normal age-matched
males. Males with benign
prostatic
hyperplasia
treated with the 5cu-reductase
inhibitor,
finasteride, to lower DHT levels did not decrease the sebum score from baseline
values.

S

EBACEOUS glands are under sex steroid regulation and
undergo changes in activity during life which correlate
with the changing hormonal milieu (1, 2). In humans, the
glands are large at birth, involute during childhood, and
enlarge again with puberty. In adulthood, sebumis produced
by both sexes, but the amount produced is greater in men.
Once maturity is attained, there is little change in sebum
production. Sebaceousgland activity declines in both sexes
in old age (3).
The androgen control of sebum production and its role in
the pathogenesisof acne is suggestedby the following data.
Male castrates produce less sebum than normal males (4)
and they do not have acne (5), a situation which reverses
when treatment with testosterone (T) is initiated. Androgen
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administration also results in a significant increasein sebum
production in women (1, 6). Topical application of T has also
been shown to induce sebaceousgland enlargement, demonstrating a direct action at the target site (1, 2). Whereas
androgens can increase sebum production, estrogens have
been found to have the opposite effect (1, 2).
Animal experiments have demonstrated the presence of
5a-reductase activity in sebaceous gland tissues (7-10).
Moreover, inhibitors of Sa-reductase activity, and consequently dihydrotestosterone (DHT) production, have been
found to reduce sebaceousgland function in the hamster
costovertebral spot, suggesting that T acts through conversion to DHT in the gland (11). Additionally, in hypophysectomized rats T is inactive whereas DHT is active in inducing
sebaceousgland secretion (7).
Since sebaceousglands in man are also rich in 5a-reductase activity (12, 13), it has been assumedthat DHT is the
essentialandrogen for sebaceousgland maturation and lipid
synthesis (14). However, uncertainty remains as to whether
DHT has a prime regulatory function for sebaceousglandular
activity in viva (15, 16).
To study the influence of T and DHT in sebumproduction
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Subjects
Study A. Sebum production
was evaluated
in 12 subjects with inherited
male pseudohermaphroditism
due to 5ru-reductase
deficiency
(MPH);
9
subjects were part of a large Dominican
kindred,
and 3 were from New
Guinea.
The mean age was 27 yr (age range, 19-40).
Eight androgen
insensitive
(AI) subjects were evaluated
with a mean age of 45 (age
range, 15-78).
Six AI subjects had their gonads intact when studied,
and 2 subjects were on cyclic estrogen
and progesterone
replacement
therapy
after gonadectomy
at the time of evaluation.
Twenty-two
normal adult Dominican
males with a mean age of 28 yr (age range, 1739), and 21 normal adult Dominican
females with a mean age of 29.0
yr (age range, 18-37),
normal menses, and no history
of hirsutism
or
acne, were evaluated.
Preadrenarchal
boys and girls were also evaluated.
This study group was comprised
of 10 normal healthy
Dominican
boys
ranging
in age from 2-5 yr (average
age was 3.7 yr), and 12 healthy
Dominican
girls ranging
in age from 2-6 yr (average
age was 4.3 yr).
None of the children had clinical signs of secondary
sexual development.
Study B. Ten men with an average age of 66 yr (age range, 58-74)
were
part of a multicenter
double-blind
placebo-controlled
study to evaluate
the efficacy of the 5n-reductase
inhibitor
finasteride
in the treatment
of
BPH. Patients entering
the double-blind
clinical trial were treated with
either placebo, 1 mg, or 5 mg Finasteride
daily for 1 yr. After this they
entered into open extension
on 5 mg of drug. Sebum
studies were
performed
at baseline
and 6 months,
They were studied again in the
open extension
when they were on drug for a total of 15-18 months.
Those patients who were on placebo were studied in the open extension
after 6 months on drug.

Procedures
Measurement
of sebum production
was performed
with Sebutape
(Hermal
Pharmaceutical
Laboratories,
Oak Hill, NY), a hydrophobic,
polymeric
film that measures sebum activity through
the use of air-filled
micropores
(17, 18). When sebum from the skin surface comes in contact
with the tape, numerous
tiny air cavities previously
filled with air
become filled with sebum. Consequently,
sebum-filled
pockets become
transparent
cavities forming
a pattern of sebum droplet deposition.
The test was performed
in the following
manner.
The forehead
of
each subject was thoroughly
cleansed with alcohol swabs. A Sebutape
patch was placed on the forehead
for 1 hr. The patch was removed
and
the amount of sebum measured
on a scale of O-5 using reference patterns
provided
in the kit. A zero (0) pattern was equal to no sebum production,
whereas a five (5) pattern signified
highest sebum output.
The patches
were read by the investigator
(LC) who was blinded to the identity
of
the subjects.
To test the reproducibility
and reliability
of the Sebutape
testing
procedure,
13 subjects, 9 normal males, 2 5n-reductase-deficient
subjects, and 2 androgen-insensitive
subjects with gonads intact, had the
test performed
on 2 separate days at random
times. In the AI subjects
and the Sa-reductase
deficient,
the test was repeated
l-2 yr later. The
results were the same for all subjects,
with the exception
of 1 subject
who had a difference
of 0.5.
Plasma androgens
from randomly
obtained samples were determined
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in subjects
with inherited
5n-reductase
deficiency,
AI subjects
with
intact gonads and nine subjects treated with the 5cu-reductase
inhibitor,
finasteride.
Serum androgens
were measured
by RIA after separation
by paper
chromatography
by a previously
published
method (19). The antibodies
for T and DHT were obtained
from Pantex (Santa Monica,
CA).

Results
Sebum studies

Ten normal boys and 12 normal girls between the agesof
2-6 yr had no detectable sebum production by this methodology (Fig. l), and had a sebum score of 0. Similarly, the
sebum score of all adult subjects (with or without intact
gonads) with complete androgen insensitivity was zero (Table 1) (Fig. 1). One subject with incomplete AI had a low
score of 1 (data not shown).
The mean sebum score for 21 control adult males was 4.4
+ 0.6 which was significantly higher than the mean sebum
score of 3.3 + 1.2, for 21 control adult females (P < 0.05)
(Fig. 1).
The mean sebum score of adult male pseudohermaphrodites with 5cu-reductasedeficiency (4.5 + 0.6) was not significantly different from the mean sebum score of normal adult
males (4.35 + 0.6) (P > 0.05), but was significantly greater
than the mean sebum score of normal adult females (3.32 +
1.2) (P < 0.05) (Fig. 1).
Males treated with the 5Lu-reductaseinhibitor, finasteride,
had no significant change in mean sebum score at 6 months
and 1 yr (Table 1). The placebo-treated men had no change
in sebum score when tested at 6 months and after they were
placed on Finasteride (5 mg) for 6 months.
Androgen

levels

The mean plasma T level was increased in patients with
male pseudohermaphroditism due to 5cY-reductase deficiency, and the mean plasma DHT level was low with an
elevated mean T/DHT ratio (Table 2). The plasma T levels
ranged from normal to high and the plasma DHT levels
ranged from low normal to low.
Subjects with complete androgen insensitivity and intact
testes had elevated serum T levels with normal to low DHT
levels and mildly elevated T/DHT ratios (Table 2). These
findings in AI subjects have been previously described (20,
21), and were not significantly different from the subjects
with Sn-reductase deficiency (P > 0.05).
Subjects who were administered the 5n-reductase inhibitor, finasteride, had plasma DHT levels that were significantly reduced from baseline levels with markedly elevated
T/DHT ratios, whereas subjects treated with a placebo for 6
months had T/DHT ratios that remained within the normal
range (Table 3).
Discussion

Our results demonstrate that preadrenarchal children of
both sexes (ages 2-6) have undetectable sebum production
by the method used. It has been previously demonstrated
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in man, male pseudohermaphrodites with 5cu-reductasedeficiency and a selective decreasein dihydrotestosterone production, and subjects with complete androgen insensitivity
who are unresponsive to both T and DHT were evaluated
and compared. Their results were also compared to agematched adult males and females and prepubertal boys and
girls. In another part of the study, adult males had sebum
studies performed before and after treatment with the 5areductaseinhibitor, finasteride (MK906), as part of a doubleblind placebo-controlled study for treatment of benign prostatic hypertrophy (BPH).
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Children
2-6
(21)
TABLE

1. Sebum scores (mean
Complete

AI subjects

(n = 8)

Sebum

Age

45 + 26

score

0.0
Finasteride-treated

Age

Sebum

ScOre

before

drug

in study

SD)

subjects

Male pseudohermaphrodites with 5-reductase
ciency (n = 12)
Sebum

Age

21+ 8
subjects

(n = 10)
of patients

de&
score

4.5 + 0.6

(n = 10)

Sebum score on
Sebum score after
placebo
(6
drug (6 months)
months)

66 f 4.1 4.4 + 0.4
(n, number

+

Sebum score after
drug (>l Y)

3.9 + 0.5

4.2 + 0.6

4.6 + 0.4

(n = 4)

(n = 9)

(n = 5)

studied).

that sebum levels decreaseduring the first year of life and
the sebaceousgland remains small until approximately 6-7
yr of age when there is an increase in sebum output (22-24).
This study also demonstrates greater sebum production in
normal malesand normal females as compared to preadrenarchal children, suggesting that the hormonal changes at
puberty are responsible for enhanced sebum production in
both sexes. The greater production of sebum in males is no
doubt due to greater androgen, as well as lower estrogen
production.
Adult subjectswith complete AI have undetectable sebum
production and their results are identical to those of preadrenarchal children. These findings confirm the absolute androgen dependency of sebum production of the sebaceous
glands, and correlate with clinical observations that subjects
with complete AI, like children, have a clear complexion
without acne.
Sebum production is generally higher in subjects with acne
(25). Also, skin taken from the face and back of acne patients

Adult
Male
(21)

Adult
Female
(21)

Adult

Adult
MPH
(12)

has been found to have increased5a-reductase activity when
compared to skin from control subjects (26).
Male pseudohermaphrodites with 5a-reductase deficiency
and decreased DHT production have sebum production
scoresequal to those of normal males. It is noteworthy that,
despite a severe defect in external genital and prostate development in utero and decreased facial and body hair at
puberty, sebumproduction is similar to that of normal males.
Theseresults demonstrate that the decreasedDHT levels due
to decreased5a-reductase activity which are sufficiently low
to cause severe genital ambiguity and decreased facial and
body hair, have no effect on sebaceousgland development
and function in adulthood.
It is interesting that moderate to severe acne has not been
described in males with this syndrome. Recently, however,
three adult New Guinean male pseudohermaphrodites reported mild acneiform eruption at puberty (27). Since the
original reports stating an absenceof acne in affected subjects
from the Dominican kindred with 5a-reductase deficiency
(27-31), two affected males from this kindred have also
given a history of acne during puberty, and one still has the
condition in adulthood (McGinley, J. I., personal communication).
Men treated with the 5cu-reductaseinhibitor, finasteride,
did not demonstrate a decreasein sebum production when
studied at 6 months and 1 yr. Finasteride is effective in
inhibiting 5a-reduction in target tissue in vim, as has been
demonstrated by its ability to produce a male pseudohermaphroditic rat when administered during gestation at the
time of male sexual differentiation (32). 5a-Reductase azasteroid inhibitors have been shown to reduce prostate size in
dogs (33-34). In humans, Finasteride has been shown to
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FIG. 1. AI = complete
androgen
insensitivity;
MPH
= male pseudohermaphrodites with 5cu-reductase
deficiency.
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2. Serum

androgen

levels

Patient

3. Serum
Patient

520
866
1048
1106
1119
1000
617
1000
1110
790
635
970
898 + 211
(n = 31)
582 + 166

AND

levels in males
Age

after

SEBUM

527

Subjects with AI (nongonadectomized)
TfDHT

19
37
26
32
25
33
17
28
33
26
21
32
27 + 6

27
23
40
35
45
30
36
36
34
30
30
32
33 f 6

51 + 21

12 + 3

before

and 6 months

after

Patient

Age

1
2
3
4
5
6

Mean

+

treatment

903

placebo

T h&IL)

DHT

(ng/dL)

+

439

or the 5-reductase

TfDHT

44
26
24
11
44
35

20
26
30
44
40
25

31 f 13

31 f 9

899
687
711
487
1743
890

SD

with

DHT (ng/dL)

T (ng/dL)

16
20
15
69
73
78

Control

no.

at 13 months

deficiency

DHT (ng/dL)

T (ng/dL)

20
24
23
35
40
40
30
20
21
26
19
29

Placebo
1
2
3
4
Finasteride
1 w/day
5
5 mglday
6
7
8
9
a Done

with 5-reductase

Age

androgen

FINASTERIDE,

inhibitor

finasteride

fi months
T/DHT

T (ng/dL)

DHT (ng/dL)

T/DHT

58
70
71
64

450
486
585
640

73
51
98
51

6
10
6
13

813
672
648
489

68
47
55
44

12
14
12
11

74

310

66

5

660

16

41

66
62
68
64

241
283
331
793

49
47
73
43

5
6
5
18

532
552
495
810

8
13
12
6

67
43
41
135

finasteride.

reduce prostate size in patients with BPH and to lower
plasma DHT levels and increase T/DHT ratios in humans
and result in the same biochemical profile as subjects with
the inherited disease (35). The subjects of this study had
substantialdecreasesin plasma DHT with lower plasma DHT
levels, and in general more elevated T/DHT ratios than the
male pseudohermaphrodites with inherited 5a-reductase deficiency. Yet the sebum production scoreswere not different
from those of male pseudohermaphrodites with inherited
5a-reductase deficiency or normal adult males.
Two 5cr-reductaseisoenzymes have recently been cloned
(36-39). 5a-Reductase-2 is the gene responsible for differentiation of the male external genitalia and prostate and is
defective in male pseudohermaphrodites with 5a-reductase
deficiency (39). Finasteride also has greater affinity for the
enzyme 5a-reductase-2. The role of 5cu-reductase-1is presently unknown. It is present in small quantities in the prostate, but its presence in other areas rich in 5cw-reductase
activity is yet unknown.
If the sebaceousgland is rich in 5a-reductase-2, the normal
male levels of sebum production in male pseudohermaphrodites with inherited 5a-reductase deficiency and the lack
of a significant decreasein sebum production in finasteride-

treated subjects, suggeststhat the sebaceousgland is exquisitely sensitive to low levels of DHT or that once the sebaceous
gland is stimulated during puberty by DHT, as in the finasteride-treated subjects, its function can be maintained by low
levels of DHT. It is also possible that T can compensate to
some degree for a deficiency in DHT (31). And it is also
possible that in both inherited 5cu-reductasedeficiency and
finasteride-treated subjects, the isoenzyme 5a-reductase-I is
located in the sebaceousglands and is unaffected. Further
research will clarify this.
In summary, this paper demonstrates the androgen dependency of sebum production by showing suppression of
sebaceousgland secretion with total blockade to androgen
action. The selective DHT dependency of sebumproduction,
however, could not be documented in this study.
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