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SUMMARY

A% and A® androgens were measured in spermatic venous blood of 25 subjects (age range 20-70)
during surgical intervention for hernia repair. All androgens measured decreased significantly with
age. However the androstenedione to testosterone ratio in spermatic venous blood of men aged between
60-70 was higher than that of subjects aged between 20-40.

178-Oestradiol levels were unchanged in spermatic venous blood of the same subjects. These results
seem to demonstrate that there is a general decrease with age of androgen secretion by the human
testis and the increase of oestradiol in systemic blood in senescence is due to an increase in peripheral

conversion of aromatizable androgens.

INTRODUCTION

In a society where the life-span of human beings is
increasing, a need exists for more information on tes-
ticular function in old age. For this reason many
studies on testicular function in aging males have
been carried out in the last few years.

Decreased testicular function, characterized by a
reduction of testosterone (T) concentrations in per-
ipheral [1, 3] as well as in spermatic venous blood,
has been demonstrated in elderly men[4,5]. The
human testis, however, does not secrete only T, but
also other androgens, progestagens and oestrogens,
which was demonstrated by the existence of a signifi-
cant gradient between spermatic and peripheral
venous blood by us and other authors [6] (see Fig. 1).
Unfortunately, while T circulating in blood comes
solely from testicular secretion, the other androgens,
such as 5-androstene-38,178-diol (A-diol), androstene-
dione (A), dihydrotestosterone (DHT) and dehydro-
epiandrosterone (DHEA) also come from adrenal
secretion and/or peripheral conversion of steroid
precursors [7]. Dehydroepiandrosterone  sulphate
{DHEA-S) seems to originate entirely from the
adrenal because a significant gradient between sper-
matic and peripheral venous blood has not been
demonstrated [8,9]. A schematic representation of
the origin of androgens circulating in blood is shown
in Fig. 2[10-13].

Because of the different origin of various androgens
the measurement of these steroids in peripheral
venous blood cannot be considered to be a precise
index of testicular secretion. For instance the response

* This paper is dedicated to the memory of Enrico
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of each plasma androgen in systemic blood to HCG
stimulation was different in young and in old men
because of the different origin of the steroids.

The greatest increase was found for T which comes
entirely from the testis, while A-diol showed a less
important but significant response (Fig. 3). A and
DHEA did not show any significant variation, orig-
inating mainly from the adrenal (Fig. 3).

The measurement of Blood Production Rate (BPR)
is subjected to the same problems due to the different
origin of circulating steroids {7]; moreover, the Meta-
bolic Clearance Rate (MCR) of steroids is frequently
decreased in senescence [ 1, 14].

ANDROGENS IN SPERMATIC YENOUS BLOOD

Because of the problems associated with the pro-
cedures mentioned above, the measurement of
steroids in spermatic venous blood, taken during sur-
gical intervention for hernia repair, seemed to us the
best approach for studying in vivo testicular secretion
in aging, in spite of some effects of anaesthesia on
testicular function demonstrated in the dog[15].

Measurement of steroids in spermatic venous blood
of anaesthetized subjects cannot be considered either
a precise index of steroid synthesis by the human
testis or an exact measure of steroid secretion by the
gland[16]. It represents only a measure of the
amount of steroid leaving the testis at the moment
of sampling; it is however directly correlated with the
secretion of steroid by the gland [16].

Using radioimmunoassay methods previously de-
scribed [10, 11,12, 17], we measured A; and A,
androgens in spermatic venous blood of a group of
25 men ranging in age from 20 to 70y. The patients
were admitted to our hospital for operative repair
of inguinal hernia. They were otherwise in good gen-
eral health and received no medication. Varicocele



M. SErIO ef ol

894
s
s .
1
-~
1 s
*
° =] =9
T 17ou-P
LEY L] nal0
LUt L %
%
1
SO
<00 ‘ *
”ﬁ l l
P DHT
nse negs

ﬁ Spermatic conc.{mean :SE)
3 Putipharat « = =
Stgriticent et
Gil?< 6OV ¥ ¥ D‘::o::)
»x
f ! [
™
»x
- 0 i =
Ao DHEA A-toss
nag nes LAE ")
i
i
»
[
il i =
E2 E1
LES ] ne®

Fig. 1. Steroid concentrations (mean + SE} in peripheral and spermatic venous blood of normal males.

T = testosterone, 17-OH-P = 17-hydroxyprogesterone, A-diol = S-androstene-38,178-diol, DHEA =

dehydroepiandrosterone, A-dione = androstenedione, P = progesterone, DHT = dihydrotestosterone,
E, = 17B-oestradiol, E, = estrone. '
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Fig. 2. Schematic representation of the origin of androgens
circulating in blood. BPR = blood production rate. The
steroids are testosterone (T), dehydroepiandrosterone
(DHEA), dehydroepiandrosterone sulphate (DHEAS),
androstenedione  {A-dione),  S-androstene-38,178-diol
{A-diol) and dihydrotestosterone (DHT). The relative con-
tribution of adrenal secretion and peripheral conversion
to blood production rate of 5-androstene-38,178-diol is
unknown.
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Fig. 3. A, and A androgens (mean + SD} in peripheral

venous blood of normal adults {continuous line) and old

subjects (dotted line) under HCG  stimulation
(4,000 LU./day)
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Fig. 4. Androstenedione (A) and testosterone (T) concentrations in spermatic venous blood of normal
subjects as a function of age.
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Fig. 5. Dehydroepiandrosterone (DHEA) and S-androstene-3f,178-diol {A-DIOL) in spermatic venous
blood of normal subjects as a function of age.

was not present. Anacsthesia was obtained by pre-
medication with 100 mg of mephedine and 1 mg of
atropine and by injection of 5mg of buvocaine and
0.005 mg of epinephrine into the epidural space.

A significant negative correlation of all steroids
with age was found using a weighted regression analy-
sis (Figs 4 and 5). These findings lead us to the con-
clusion that A, and A androgens are secreted in
reduced amount by the human testis with advancing
age.

ANDROSTENEDIONE TO TESTOSTERONE RATIO

The ratio between the absolute concentrations of
androgens in spermatic venous blood may be interest-
ing from a biological point of view. It has been
demonstrated that the ratio A to T in systemic venous
blood changes markedly from the prepubertal stage
to that in sexual maturity. In fact the.A level is higher
than the T level in the prepubertal stage [18, 19] and
seems to increase again in old age[20]. In a group
of elderly subjects previously studied [5] we observed
an increase in the A/T ratio in spermatic venous
blood similar to that reported by Vermeulen and Ver-

donk[20] in systemic blood. Therefore we also calcu-
lated the ratio of A to T in the spermatic venous
blood of three different groups of subjects, i.e. prepu-
bertal boys (age range 3-6), young normal men {age
range 20-40) and elderly men (age range 60-70). The
ratio of A to T in spermatic venous blood of prepu-
bertal boys is higher than the ratio found in young
men (Fig. 6). In the young men the major steroid
secreted by the testis is largely T. In elderly men the
ratio A to T seems to increase again in comparison
to young normals.

The higher concentrations of A found in spermatic
venous blood of prepubertal boys do not dllow the
conclusion that A is the major androgen synthetized
and secreted by the prepubertal human testis, as we
did not find any significant gradient between the sper-
matic and the systemic venous blood for A, T and
170H-progesterone (see Fig. 7).

However we cannot exclude the possibility that the
steroids entering the testis may be metabolized by
the gland. Therefore the absence of a gradient neither
demonstrates nor excludes A secretion by prepubertal
human testis.
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Fig. 6. Androstenedione/testosterone (A/T) ratio (mean
+ SE) in spermatic venous blood of prepubertal boys,
normal adult subjects and elderly men.

The increase of the A/T ratio in spermatic venous
blood of elderly men remains unexplained. While
Sciarra et al[21], using radioactive pregnenolone as
precursor, found ‘a synthesis of A greater than T by
the testis of an elderly man, Bell and Lacy[22] did
not confirm these data because they did not find any
age effect .on the conversion of A to T by human
isolated interstitium and seminiferous tubules.

OESTRADIOL IN SPERMATIC VENOUS BLOOD

Lastly, the decrease of A, and As; androgens by
the human testis with advancing age indicated
another endocrine problem of male senescence. In
fact, while T decreases in systematic blood, several
authors have found a pronounced increase in circulat-
ing 17p-oestradiol (E,) in old age [3, 23, 24, 25].

The majority of circulating E, does not originate
from testicular secretion (which accounts for about
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Fig. 7. Testosterone (T), androstenedione (A) and 17-hy-

droxyprogesterone (17OH-P) concentrations (mean + SE)

in peripheral and spermatic venous blood of 4 prepubertal

boys (age range = 3-6 years). The gradients are not stat-
istically significant.
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Fig. 8. 17B-oestradiol (E,) concentrations in spermatic
venous blood of normal subjects as a function of age.

25-40% of E, blood production rate) but comes
mainly from peripheral conversion of T [27,28].

The increase of E, plasma concentrations with age
is probably due to a decrease in MCR [14] and an
unchanged BPR [14].

Since the testicular and adrenal secretion of aroma-
tizable androgens decreases with age, the unchanged
BPR of E, may be due to an increase in direct testicu-
lar secretion or to an increase in peripheral aromati-
zation of T. The latter possibility is strongly sup-
ported by the finding of increased transfer constants
of A to E, [26] and of T to E, with age [14].

In an attempt to clarify this problem we measured
E, levels in spermatic venous blood of the above
mentioned 25 subjects using a radioimmunoassay pre-
viously described[31]. We did not find significant
variation of E, concentrations with age (Fig. 8). These
results strongly suggest that the increase of E, levels
in systemic blood in aging is in part due to the reduc-
tion of MCR and in part to an increase in peripheral
aromatization of androgens. An increase in testicular
secretion of E, by the human testis seems to be
excluded.

CONCLUSION

The reduction of testicular androgen secretion in
aging can not be easily explained.

An enzymatic defect should be excluded. As we
have demonstrated a significant reduction of all tes-
ticular androgens with advancing age, it is reasonable
to suggest the presence of factors capable of impairing
all the steps of androgen synthesis in the human testis.
One of the major factors involved in the impairment
of androgen secretion may be the reduction of testicu-
lar blood flow due to the damage of the arterial sys-
tem in aging [30]; another cause may be the reduc-
tion in the number of Leydig cells. However, concern-
ing the latter problem, the results are contradic-
tory [30]. In fact, a proper morphological study in
a large group of healthy elderly men is not easy to
carry out. Moreover, other causes such as nutritional
factors and impairment of LH action at the testicular
level, cannot be excluded.
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