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A B S T R A C T To explore the relation between andro-
gens and prostatic hypertrophy in man, the concentra-
tions of testosterone, dihydrotestosterone, and andros-
tenedione and the rate of conversion of testosterone to
dihydrotestosterone have been measured in normal and
hypertrophic prostate tissue. First, a double isotope
derivative technique was adapted for the measurement
of tissue androgen content in 15 normal and 10 hyper-
trophic prostates. Although there was no significant dif-
ference in the content of androstenedione and testos-
terone between the two types of tissue, the content of
dihydrotestosterone was significantly greater in the hy-
pertrophic tissue (0.60 +0.10 *g/100 g) than in the nor-
mal glands (0.13 +0.05 Itg/lOO g). Second, a regional
study was performed in three normal prostates and four
glands with early hypertrophy, and it was demonstrated
that the dihydrotestosterone content was two and three
fold greater in the periurethral area where prostatic
hypertrophy usually commences than in the outer regions
of the gland. Finally, the rate of conversion of testos-
terone to dihydrotestosterone has been measured under
standardized conditions in tissue slices from 4 normal
and 20 hypertrophic prostates. There was no significant
difference in the rate of dihydrotestosterone formation
between the two types of gland (6.0 ±0.8 and 7.8 ±0.5
,umoles/15 mg of tissue per hr). While the mechanism
by which dihydrotestosterone accumulation occurs re-
mains unexplained, it is possible that the local accumu-
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lation of dihydrotestosterone may be involved in the
pathogenesis of prostatic hypertrophy in man.

INTRODUCTION
The development of benign prostatic hypertrophy is an
almost universal phenomenon in aging men. The natural
history and clinical features of this condition have been
the subject of a considerable amount of study (2-7), and
it is now possible to make a number of generalizations
about its development. The prostate gland weighs only
a few grams at birth; at the time of puberty it under-
goes androgen-induced growth and reaches the adult
size of approximately 20 g by about 20 yr of age. The
gland remains stable, both in regard to weight and his-
tological characteristics, for approximately 25 yr. Then,
commencing in the 5th decade a second growth spurt
occurs in approximately 75% of men (8, 9). This sec-
ond growth phase, unlike the earlier growth which in-
volves the whole gland diffusely, begins characteristically
in the periurethral regions as a localized proliferation
involving fibronodular and glandular elements (10).
While this hyperplastic process may remain limited in
scope and not result in significant enlargement of the
gland, in many individuals the hyperplasia progresses
to compress the remaining gland and eventually may not
only cause the prostate to reach enormous size but may
produce urinary tract obstruction and constipation as
well (2, 3, 5, 6).

There is considerable evidence that the second spurt,
like the growth of the prostate during puberty, re-
quires a functioning testis (4), and the concept has
been advanced by several investigators that some form
of endocrine imbalance in the aging male might be
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causal in this process (4, 7). However, to date no form
of hormone treatment, either with androgens (4) or
estrogens (4, 11, 12), has produced a convincing pros-
tatic hypertrophy in experimental animals, and, further-
more, neither castration in man (13) nor drug therapy
that results in diminished testosterone 1 secretion or that
impedes its peripheral action (14, 15) result in uni-
formly beneficial effects after the prostate has already
hypertrophied.

Several recent developments in concepts of testosterone
action in target tissues make it pertinent to reexplore
the possibility of a role of certain androgens in the patho-
genesis of benign prostatic hypertrophy. First, in the
prostate of man (16-21) as well as in the prostates of
many animal species (16, 18, 21, 22) the major metabo-
lite of testosterone has been shown to be its 5a reduced
derivative dihydrotestosterone. Second, after the ad-
ministration of testosterone-2H to rats, dihydrotestos-
terone is the principal radioactive steroid bound to the
prostatic nuclear chromatin, a presumed site of action
of the hormone (23). Third, in 11 animal species the
rate of conversion of testosterone to dihydrotestosterone
by prostate slices correlates with the ultimate size of the
gland (21). Finally, the administration of dihydrotes-
tosterone results in prostatic growth both in organ cul-
tures of rat prostate (24, 25) and in long and short
term in vivo studies in both the rat (26-29) and dog
(30).
Together, these lines of evidence suggest that the

conversion of testosterone to dihydrotestosterone by the
prostate may possibly be involved in the pathogenesis of
prostatic hypertrophy. The present study was designed to
determine the concentrations of testosterone and di-
hydrotestosterone in normal and hypertrophic human
prostate and to measure the rates of conversion of tes-
tosterone to dihydrotestosterone in the two types of
prostate.

METHODS
Analysis of content of steroids in tissues. The technique

utilized for the tissue analysis of steroid content is a modi-
fication of a double isotope derivative assay which has been
described previously for the analysis of progestins and
androgens in blood (31, 32). Two types of tissues were
utilized for this study, prostate glands removed at surgery
from men undergoing suprapubic or retropubic prostatectomy
for benign prostatic hypertrophy and prostate glands re-
moved at autopsy. The autopsy samples were all obtained
from medicolegal autopsies of accident victims; the bodies
were brought to the morgue and refrigerated within 4 hr of

1 The following abbreviations are used: testosterone, 17,-
hydroxyandrost-4-en-3-one; dihydrotestosterone, 17jp-hy-
droxy-5a-androstan-3-one; androstenedione, androst-4-ene-
3,17-dione; androstandione; 5a-androstane-3,17-dione; dehy-
droepiandrosterone, 3,3-hydroxyandrost-5-en-17-one; 19-nor-
testosterone, 17,8-hydroxyestr-4-en-3-one; androstandiol, 5a-
androstane-3a,17,8-diol and 5a-androstane-3#,17f6-diol.

death. An average of 11.5 hr elapsed between the time
of death and the time of removal of the prostate glands.
The prostate glands were dissected free of extraneous con-

nective tissue and then frozen. After 6-12 samples were ac-

cumulated, individual samples were allowed to thaw, and
10-25 g portions were minced with scissors and placed in a

Virtis Model 23 homogenizing vessel (The Virtis Co., Inc.,
Gardiner, N. Y.) which was kept on ice. 50 ml of cold
methanol was added to each homogenizing vessel followed
by the addition of approximately 3200 dpm each of '4C-la-
beled indicator steroids. The tissue samples were ho-
mogenized for 5 minduring which time the temperature was

maintained at about 50C. The homogenates were centrifuged
at 7000 rpm for 30 min in the cold, and the supernatant
fluid was decanted. The residue was resuspended in a similar
volume of cold methanol and allowed to stand overnight
at 30C. The samples were again centrifuged, and the two

supernatants were combined. The volume of the methanol
extract was reduced to 60 ml after which 26-28 ml of
distilled water was added to each sample. The aqueous mix-
ture was transferred to a separatory funnel and was extracted
first with 100 ml and then with 50 ml of n-hexane. The
hexane extracts were discarded, and the methanol-water
phase was reduced in volume until only water remained.
Steroids were removed from the latter by three extractions
with 50 ml of redistilled ether. The individual ether extracts
were combined and evaporated to dryness in a stream of
dry nitrogen. The residue from each tissue sample was

dissolved in benzene: hexane (1: 1) and then passed through
a column (0.7 X 12 cm) of basic alumina containing 3%
water. The column was washed with an additional 10 ml
of benzene: hexane, and the washings were discarded. The
steroid fraction was eluted with 30 ml of the same solvent
mixture containing 1% ethanol. The solution of eluted
steroids was transferred to a small screw cap test tube
and thoroughly dried in a vacuum oven at 500C overnight.
Each sample was then labeled with tritium by enol-exchange
with alumina-3H20 as previously described (31, 32).

After exchange labeling, carrier steroids were added to
each sample, and the dually labeled mixture was subjected
to gradient elution chromatography on Celite using essen-

tially the same procedure as described earlier (32). After
assay of the tubes for radioactivity, the appropriate zones

for each steroid were combined, and each individual steroid
was subjected to three successive thin-layer chromatographic
purifications in the following systems: chloroform: ethyl
acetate (13: 1), ether: methylene chloride (9: 1), and ethyl
acetate: isooctane (7: 3). Each of the steroids was then sub-
jected to acetylation with pyridine: acetic anhydride (1:1)
overnight at room temperature. The steroid acetates and re-

claimed androstenedione were further purified by thin-layer
chromatography using isooctane: ethyl acetate (6: 4). 3H to
`C isotope ratios were determined on aliquots after the
third and fourth thin-layer chromatographic steps in order
to ascertain constancy of isotope ratios. In addition to the
use of simultaneously treated androgen-"C standards, 19-nor-
testosterone-"C was added to each tissue sample and treated
as a standard. Since this compound has not been reported
to be present in prostatic tissue or in blood, the 19-nor-tes-
tosterone served as an internal standard for the detection
of any loss in efficiency of labeling as compared with the
independent standards. The amount of endogenous steroid
was calculated from the final 3H to "C ratio of each steroid
and the effective specific activity of the A1203-3H20 as de-
termined from the simultaneously run standards. Water
blanks were run with each set of samples, and representative
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TABLE I
Recovery of Testosterone, Dihydrotestosterone, A ndrostenedione, and Dehydroepiandrosterone from Tissues under Varying Conditions

Hormone content

Exp. Sample Treatment Testosterone Dihydrotestosterone Androstenedione Dehydroepiandrosterone

pg/100 g
1 Hypertrophic Saline extraction 0.12 0.34 0.04 0.13

Prostate Methanol extraction 0.18 0.35 0.03 0.14

2 Hypertrophic Frozen immediately 0.05 0.46 0.15 0.66
Prostate Allowed to sit 4 hr at 0.06 0.47 0.04 0.50

room temperature
and 8 hr at 50C

3 Psoas muscle Autopsy samples ob- 0.01 0.01 0.02 0.11
tained from an in-
dividual castrated
because of prostatic
carcinoma

Prostate 0.01 0.04 0.05 0.21

water and tissue blanks are shown in Tables I and II. In
view of the low values obtained both for water and tissue
blanks, these values were not subtracted from the data pre-
sented in this paper; and in all but three instances the tis-
sue values were significantly higher than the blank values.
The accuracy and precision of this method are illustrated

in Tables I and II. First, two techniques were compared for
the initial homogenization of the tissue, and similar results
were obtained (experiment 1, Table I). Then, the steroid
content of prostate obtained at surgery and frozen immedi-
ately was compared with results obtained from an aliquot
of the same gland which was kept at room temperature for
4 hr and at 5C for 8 hr before freezing. Again, similar
results were obtained for the four steroids measured (ex-
periment 2, Table I). Then, steroid content was measured
in psoas muscle and prostate from an individual castrated
because of metastatic carcinoma of the prostate (experi-
ment 3, Table II). It is of interest that the androgens de-
rived ultimately from the testis (testosterone and dihydro-
testosterone) were exceedingly low in psoas muscle and
prostate from the castrated man, whereas the levels of two
adrenal androgens (androstenedione and dehydroepiandros-
terone) were the same in these tissues as in the hyper-
trophic prostates. Finally, representative steroid recoveries
and water blanks are listed in Table II. Recoveries averaged
87%o for the three androgens. As the result of these studies it
has been concluded that in regard to accuracy and sensitivity,
the previously described double isotope derivative technique
for the measurement of circulating steroids is applicable for
the measurement of these tissue androgens.

Dihydrotestosterone formation by tissue slices. A previ-
ously described method for the measurement of dihydrotes-
tosterone formation by prostate slices was miniaturized for
use in these studies (21). Two types of tissues were used,
surgical specimens obtained from men undergoing supra-
pubic or retropubic prostatectomy and needle biopsy samples
obtained at surgery from individuals with a variety of sus-
pected lesions; the needle biopsy samples used for this study
all proved to be normal histologically. Immediately after
removal, the tissues were placed in chilled saline and taken
to the laboratory in an ice bucket. In the case of the hyper-

trophic prostates, tissue slices, approximately 0.5 mm in
thickness, were prepared by hand. The biopsy samples of
normal prostate glands and the tissue slices from the hyper-
trophic prostates were blotted, weighed, and added to tubes
containing the incubation mixture.
The standard incubation mixture consisted of prostate

slices (15 mg), testosterone-1,2-'H (3.5 X 10' M containing
5 X 106 cpm), glucose (1.1 X 10' M), and Krebs-Ringer
phosphate buffer, pH 7.4 in a total volume of 2.5 ml. The
tubes were gassed with 95% 02-5% C02, capped, and incu-
bated at 370C with shaking for 1 hr. In most instances, less
than 30 min elapsed between the time of removal of the tis-
sues and the beginning of the incubation.
At the end of the incubation period, the reaction was

stopped by the addition of 10 ml of chloroform: methanol
(2: 1), and the lipids were extracted and backwashed as
described by Folch, Lees, and Sloane Stanley (33). An ali-
quot of the washed chloroform: methanol extract was taken
to dryness and chromatographed along with a mixture of
steroid standards by thin-layer chromatography utilizing the
chloroform: methanol (99: 1) system of Gomez and Hsia
(34). The steroids were recovered from the plates and ana-
lyzed for radioactivity as previously described (35).

TABLE I I
Recovery of Testosterone, Dihydrotestosterone,

and Androstenedione

Hormone
Water
blank* Added Recoveredt

pg pg pg %
Testosterone 0.0008 0.0205 0.0165 80
Dihydrotestosterone 0.0016 0.0228 0.0196 86
Androstenedione 0.0002 0.0174 0.0183 106
* Mean values obtained from eight separate analyses of each
steroid.
Before calculation of the recovery, the water blank was

subtracted.
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TABLE I II
The Content of Testosterone, Dihydrotestosterone, and A ndrostenedione

in Normal and Hypertrophic Prostate Glands

Hormone content
Age of Weight of

Exp. No. patient prostate Testosterone Dihydrotestosterone Androstenedione

yr g jsg/lOO g
Normal prostate

1 45 20 0.15 0.12 0.01
2 15 5 0.46 0.12 0.08
3 22 11 0.09 0.12 0.09
4 19 8 0.05 0.19 0.06
5 22 22 0.05 0.06 0.14
6 28 22 0.04 0.18 0.65
7 32 19 0.03 0.05 0.03
8 42 34 0.08 0.14 0.07
9 18 16 0.01 0.06 0.03
10 43 17 0.03 0.03 0.10
11 36 16 0.06 0.08 0.04
12 66 22 0.03. 0.04 0.02
13 27 18 0.18 0.07 0.05
14 22 17 0.15 0.06 0.02
15 57 24 0.13 0.17 0.02

Mean 4SEM 33 ±4 18 i2 0.09 ±0.03 0.13 ±0.05 0.09 +0.04
Hypertrophic prostate

16 94 30 0.15 0.97 0.03
17 72 24 0.17 0.34 0.05
18 77 45 0.06 1.19 0.04
19 75 56 0.13 0.45 0.05
20 74 124 0.04 0.61 0.03
21 81 17 0.03 0.19 0.02
22 64 11 0.06 0.47 0.04
23 69 69 0.01 0.37 0.03
24 70 45 0.20 0.60 0.04
25 73 40 0.03 0.82 0.04

Mean ±SEM 75 ±3 46 ±10 0.09 +0.02 0.60 +0.10 0.04 ±0.03

RESULTS
The androgen content of the human prostate. The

results of measurements of the concentrations of tes-
tosterone, dihydrotestosterone, and androstenedione in
15 normal prostate glands obtained at autopsy and in 10
hypertrophic prostate glands removed at surgery are
listed in Table III. The average age of the subjects was
33 for the normal group and 75 for the group with be-
nign prostatic hypertrophy. The average prostate weight
was 18 g for the normal group and 46 g for the hyper-
trophic glands, figures almost identical to those pub-
lished by Swyer (9). There was no significant difference
in the average concentration of testosterone (0.09 +SEM
0.03 and 0.09 ±SEM 0.02 ,g/100 g) or of androstenedione
(0.09 +SEM 0.04 and 0.04 ±0.03 lsg/100 g) between the
two groups of glands. In contrast the average content of
dihydrotestosterone was almost 5 times higher in the hy-

pertrophic glands (0.60 ±SEM 0.10 A.g/100 g) than in the
normal prostates (0.13 +SEM 0.05 /lg/100 g). There are
of course many problems inherent in the comparison of
surgical and autopsy material. The autopsy material
was all taken from accident victims, and the average
time between death and freezing of the glands was 11.5
hr. However, as indicated in Table I, incubation of a
surgical specimen for a similar period of time resulted
in no significant change in the concentration of testos-
terone and dihydrotestosterone. In addition, it is note-
worthy that the concentrations of testosterone and an-
drostenedione are identical in the autopsy and surgical
specimens. For these reasons it has been concluded that
the increased dihydrotestosterone content observed in
the hypertrophic prostate probably represents a valid
difference between the two groups of glands.
The data for testosterone and dihydrotestosterone in

Table III have been plotted as a function of prostatic
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FIGURE 1 The relation between prostatic testosterone and dihydrotestosterone content and
prostatic weight. The data in Table III have been plotted as a function of prostate weight.

weight (Fig. 1) and the age of the individual (Fig. 2).
There is no striking correlation between the weight of
the prostate and the concentration either of testosterone
or of dihydrotestosterone in the prostate. Although
there is no relation between patient age and the content
of prostatic testosterone, the rise in prostatic dihydrotes-
tosterone above the age of 60 is very striking.. It is
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clearly possible that the rise in the prostatic content of
dihydrotestosterone might be a function of age per se
rather than of prostatic hypertrophy.

Since human prostatic hypertrophy commonly begins
in the periurethral region as a concentric process, the
next study that was performed was a comparison of the
hormone content in the periurethral and the outer gland-
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FIGURE 2 The relation between testosterone and dihydrotestosterone content
in the prostate and age. The data in Table III have been plotted as a func-
tion of the age of the subjects.
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the dotted lines. The bar graphs represent the mean conte
in each area of testosterone, dihydrotestosterone, and a
drostenedione (±+SEM as a solid black portion of the b
above and below the mean values).

ular regions of normal and early hypertrophic glan
(Fig. 3). In this study three normal glands (prosta
weight averaged 17 g, and the age of the patient ave
aged 52 yr) and four glands with concentric hype
trophy (patient age averaged 62 yr, and prostate weig
averaged 32 g) obtained at autopsy were dissected eith
into inner and outer areas or hyperplastic and norm
regions, and the androgen content was measured as b
fore. In the normal glands androstenedione conte
was similar in the two areas (9.06 ±0.01 and 0.04 +0.(
Ag/100 g). The average concentration of testosteroi
was greater in the outer than the inner region (0.
±0.01 vs. 0.04 ±0.02 F'g/lOO g). In contrast dihydri
testosterone content was 2-fold greater in the periurethr
region than in the outer areas of the normal glands (0.:
±0.02 and 0.08 +0.02 Ag/100 g). In the early hype
trophic glands the content of dihydrotestosterone w;
even higher in the periurethral area (0.30 ±0.08 ltg/1(
g), and the testosterone content was slightly lower in tl
outer (normal) region (0.05 ±0.01 /Ag/100 g), but tl
other values were similar. The finding of a higher dih;
drotestosterone content in the periurethral region tho
in the outer zones in both normal and early benign h,
pertrophic prostate glands is again compatible with
possible role for this metabolite in the pathogenesis
prostatic hypertrophy. It is also of interest in this r
gard that the average content of dihydrotestosterone
the entire gland in these early hypertrophic prostat

- (0.20 ltg/100 g) falls in between the values reported in
Table III for normal and hypertrophic prostates.

Dihydrotestosterone formation in the prostate. In or-
der to determine whether the increased concentration of
dihydrotestosterone in the hypertrophic prostate might
be due to an increased rate of dihydrotestosterone forma-
tion, the conversion of testosterone-1,2-3H to dihydrotes-
tosterone-"H was then studied in tissue slice prepara-
tions from normal and hypertrophic prostate. In this
system dihydrotestosterone formation was linear between
tissue weights of 5 and 20 mg and tended to plateau
thereafter. In all routine studies tissue weights of 15 mg
or less were utilized. The relation between the concentra-
tion of testosterone in the incubation media and the rate
of dihydrotestosterone formation was also investigated.
At all concentrations studied between 0.7 and 7 X 10 M,
dihydrotestosterone formation was linear; since the rate
of this reaction in prostate slices does not demonstrate
saturation until the testosterone concentration exceeds

Ins the physiological range (21), the arbitrary value of
Lal 3.5 X 10-8 M testosterone was chosen for the subsequent
hLy studies since it corresponds to a value in the upper range
nt of normal for the blood testosterone concentration of
n- man, 1 ,ig/100 ml (36, 37).
bar The recovery of metabolites of testosterone with time

after incubation with prostate slices is illustrated in
Fig. 4. The concentration of dihydrotestosterone rose

d linearly for approximately 1j hr and somewhat more
Lte slowly thereafter; identity of this metabolite has been
r- confirmed by gas-liquid chromatography and by crystal-
r- lization with carrier to constant specific activity (21).
ht Small amounts of other metabolites which have been
er tentatively identified as androstenedione, androstandione,
al and androstandiol were also formed as indicated in Fig.
e- 4. For the routine assay used in all subsequent studies,
nt
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FIGURE 4 Formation of testosterone metabolites by prostate
slices as a function of time. Slices of hypertrophic prostate
(15 mg) were incubated with testosterone-1,2-8H (3.5
X 10- M), glucose (1.1 X 10' M), and Krebs-Ringer phos-
phate buffer, pH 7.4 at 37°C for varying periods. At the end
of the incubation the samples were processed as described
in the text.
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TABLE IV
Dihydrotestosterone Formation in Tissue Slices from Various A natomical Sites of Hypertrophic Prostates

Dihydrotestosterone formation

Anatomical site 1 2 3 4 5 6 7 8 9 Mean ASE

ppmoles/15 mg per hr
Left lobe 4.6 6.8 7.2 6.0 5.3 11.1 7.1 7.5 10.0 7.3 ±0.7
Right lobe 8.4 6.0 6.8 8.8 5.5 5.9 8.0 7.4 9.2 7.3 40.5
Middle lobe 7.0 7.4 5.6 9.8 6.7 7.5 7.3 7.0 14.6 8.1 ±0.9
Surgical capsule 4.2 5.6 4.9 5.1 7.0 7.0 3.2 5.4 4.7 5.4 ±0.5

Mean 4SE 6.0 ±1.0 6.4 nt.4 6.1 ±0.5 7.4 41.1 6.5 ±0.7 7.9 41.1 6.4 41.1 6.8 40.5 9.6 42.0

15 mg of prostate slices were incubated with tes-
tosterone-1,2-8H (3.5 x 1o-8 M), glucose (1.1 X 10-' M),
and Krebs-Ringer phosphate buffer, pH 7.4 in a total
volume of 2.5 ml for 1 hr. All results have been expressed
as micromicromoles of dihydrotestosterone formation
per 15 milligrams of tissue per hour.
Next it was necessary to determine whether results

from measurements in a single, small sample of tissue,
as might be obtained at needle biopsy of the prostate,
would provide a representative sampling of the rate of
dihydrotestosterone formation by the entire gland.
Therefore, dihydrotestosterone formation was measured
in tissue slices obtained from different anatomical areas
of nine hypertrophic prostates removed at surgery (Ta-
ble IV). The individual results have been listed in re-
gard to the site from which the slices were taken, and
mean values have been given for each prostate tissue and
each anatomical site tested. These data were subjected
to an analysis of variance assuming that the locations
are independent and the subjects heterogeneous, utilizing
a randomized complete block system for assessment of
variation among locations and individual glands. Pro-
vided that the surgical capsule was excluded there was
no significant variation among lobes, and consequently
all subsequent studies of dihydrotestosterone formation
utilized slices of hypertrophic prostate which did not
include the surgical capsule. It was concluded that stud-
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FIGURE 5 Dihydrotestosterone formation by slices of 4
normal and 20 hypertrophic prostate glands. The incubation
conditions are described as the standard incubation in the
text.

ies utilizing a single, small specimen of prostate yield a
representative assessment of dihydrotestosterone forma-
tion in the entire gland.
The results of measurements of dihydrotestosterone

formation in slices of 4 normal and 20 hypertrophic
prostates are given in Fig. 5. The average value for the
four normal glands was 6.0 +SEM 0.8 temoles/15 mg of
tissue per hr, and in the hypertrophic glands the rate of
dihydrotestosterone formation was not significantly dif-
ferent, 7.8 ±5EM 0.5 /qsmoles/15 mg of tissue per hr.
The relation between prostatic weight and these values
has been plotted in Fig. 6. For this formulation, the
weight of the normal gland has been arbitarily calculated
from the nomogram of Swyer (9) for the age of the
individual. It is clear that even in prostate glands up to
125 g in weight there is no apparent change in the rate
of dihydrotestosterone formation. While there are defi-
nite limitations to the interpretation of in vitro studies
and particularly when the studies have been performed
only in the presence of one substrate concentration, it is
clear that no differences have been demonstrable in the
rate of dihydrotestosterone formation from testosterone
at a substrate concentration which approximates the
physiological level. Nevertheless, the hypertrophic pros-
tate with its average twofold increase in size has a
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FIGuRE 6 The relation between dihydrotestosterone forma-
tion by prostate slices and the weight of the prostate gland.
The data in Fig. 5 have been plotted in relation to the
weight of the prostate gland. The weight of the normal
prostate was estimated from the nomogram of Swyer (9),
and the hypertrophic prostates were measured directly.
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greater total capacity for dihydrotestosterone formation
than does the normal gland.

DISCUSSION
As a result of the present studies it has been demon-
strated that although the concentrations of testosterone
and androstenedione do not differ between the normal
and hypertrophic prostate glands, there is on an average
a fivefold increase in the concentration of dihydrotes-
tosterone in the hypertrophic as compared to the normal
glands. Furthermore, in contrast to the other hormones,
the concentrations of dihydrotestosterone in the peri-
urethral areas of normal glands and early hypertrophic
glands were two and threefold greater than the levels
found in the outer regions of the glands, respectively.
In view of the fact that the .increased dihydrotestosterone
content of the hypertrophic prostate correlates well with
the age of the subject studied, it is not possible to con-
clude that dihydrotestosterone necessarily plays a role
in the pathogenesis of benign prostatic hypertrophy in
man. Indeed, on the basis of the studies reported here
it is equally likely that the accumulation of dihydrotes-
tosterone is a consequence of age per se or possibly even
the result rather than the cause of benign prostatic hy-
pertrophy.

Several types of evidence, however, do suggest that
the accumulation of dihydrotestosterone may itself be
causal in this condition. First, dihydrotestosterone for-
mation correlates with prostatic size in 11 species of ani-
mals (21). Second, dihydrotestosterone is a potent stimu-
lator of prostatic growth both in vitro and in vivo in the
rat (24, 25, 29). Third, early castration prevents the
development of prostatic hypertrophy in man (10) and
dog (4). Finally and most important, evidence has been
obtained that not only does dihydrotestosterone also
accumulate in canine prostatic hypertrophy but that di-
hydrotestosterone causes prostatic growth in the dog
(30). Thus, the tentative hypothesis may be advanced
that the accumulation of dihydrotestosterone in the hu-
man prostate may be causally related to the development
of benign prostatic hypertrophy.
The results of the present studies do not furnish in-

sight into the processes which lead to the accumulation
of dihydrotestosterone in the hypertrophic prostate. In-
deed, it has not been possible to demonstrate any differ-
ence in the conversion of testosterone to dihydrotes-
tosterone between slices from normal and those from
hypertrophic prostates. In this regard the situation is
similar to the findings in canine prostatic hypertrophy,
namely a fivefold higher than normal prostatic dihydro-
testosterone content under circumstances in which di-
hydrotestosterone formation is apparently unchanged
(30). This accumulation could be due to a number of
processes. First, it is possible that the rate of dihydro-

testosterone formation exceeds the rate of its destruc-
tion and turnover at all times; this seems unlikely since
if this were the case dihydrotestosterone should accu-
mulate gradually with age, whereas there is no change
in its concentration until after the age of 65. Second,
it is possible that dihydrotestosterone formation is in-
creased in the hypertrophic prostate but that the tech-
niques used here are not adequate to demonstrate such
changes. Third, it is possible that dihydrotestosterone
formation is selectively increased in periurethral tissue
rather than in the gland as a whole, and the biopsy
study was not designed properly to demonstrate such
a difference. Fourth, the turnover or catabolism of di-
hydrotestosterone might diminish with aging. Finally,
some pathway other than the direct reduction of testos-
terone within the gland might account for the accrual of
dihydrotestosterone initially in the periurethral tissues
and ultimately in the remainder of the prostate gland.

In conclusion, this study has demonstrated that di-
hydrotestosterone accumulation in the prostate occurs
in benign prostatic hypertrophy in man. The problem
of whether or not this dihydrotestosterone accumulation
actually plays a role in the pathogenesis of benign pro-
static hypertrophy in man and the mechanisms which
lead to this accumulation await elucidation.
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