






































































































































































































































































































































kan hebben. Deze diskrepantie wordt mogelijk ver-
oorzaakt door verdunning van de radioaktieve

steroiden met endcgeen hormoocn.

Tenslotte is in hoofdstuk 5 de mogelijke betekenis wvan
de testikulaire ocestradicl prcduktie besprcken (hoofdstuk
5}, Tot nu tece zijn geen direkte effekten van testikulaire
oestrogenen op intra- cof extratestikulaire processen aange-
toond, hoewel in de literatuur enkele indikaties voor een

mogelijke intratestikulaire funktie voor ocestradiol vermeld
zijn.
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SUMMARY

Concentrations of oestradiol-174 and testosterone were estimated in
peripheral venous plasma and testicular venous plasma of adult male
rats before and after administration of human chorionic gonadotrophin
(HCG) or follicle-stimulating hormone (FSH). The concentration of
oestradiol-17/4 in peripheral plasma, as measured with a radioimmunological
technique, was 2:0+0-9 (s.p.) pg/ml (» = 12). Peripheral testosterone
concentrations were 2-4+ 1-8 (s.p.) ng/ml (n = 21). Concentrations of
oestradiol-17/4 and testosterone in testicular venous plasma were signifi-
cantly higher than those in peripheral plasma. After intravenous administra-
tion of HCG (100 i.u.), cestradiol-174 and testosterone concentrations in
testicular venous plasma increased significantly. After prolonged s.c.
administration of HCG (5 days) the concentration of oestradiol-178 in
testicular venous plasma did not change significantly, although the concen-
tration of testosterone increased more than ten times. Intravenous admini-
stration of HCG after 5 days of pretreatment with HCG caused a significant
increase in oestradiol-174 concentrations in testicular venous plasma. The
increase in testosterone concentration was not significant under these
conditions.

Intravenous administration of FSH did not change oestradiol-178 or
testosterone concentrations in testicular venous plasma.

INTRODUCTION

Until very recently only indirect and conflicting evidence existed for the secretion
of steroids with a phenolic A-ring by the mammalian testis. Oestrogens have been
detected and their concentrations measured in testicular tissue of foetal sheep (Attal,
1969), of the horse (Beall, 1940) and of the human being (Goldzieher & Roberts,
1952; Anliker, Perelman, Rohr & Ruzicka, 1957), and synthesis of oestrogens by
equine testicular tissue in vitro is well recorded (Bedrak & Samuels, 1969; Oh &
Tamaoki, 1970, 1971). Eik-Nes (1967) showed conversion of radioactive andro-
stenedione to oestrone and oestradiol during perfusion of the dog testis in wivo.
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Conversions of radioactive precursors to ocestrogens in vifro have been reported by
Axelrod (1965) and Sharma & Gabrilove (1971) for man and by Inaba, Nakao &
Kamata (1967) and Ficher & Steinberger (1971) for the rat. Pierrepoint, Galley,
Griffiths & Grant (1967), however, could not show a significant conversion of preg-
nenolone or dehydroepiandrosterone to oestrogens in the testis of the normal dog
and F. H. de Jong, A. H. Hey & H. J. van der Molen (unpublished observations)
did not obtain radioactive oestrogens after incubation of rat testicular tissue with
radioactively labelled testosterone, androstenedione or dehydroepiandrosterone.
Peripheral conversion of androgens to oestrogens in men could account for at least
part of the blood production rate of oestradiol-17§ (Baird, Horton, Longcope &
Tait, 1968, 1969). However, calculations by MacDonald, Rombaut & Siiteri (1967)
and MacDonald, Grodin & Siiteri (1971) suggest that all the oestradiol-178 produced
in the male human being is derived from peripheral conversion of androstenedione
and testosterone.

Direct proof for the secretion of oestrogens by the testis can only be obtained by
measuring concentrations of steroids in blood from the testicular vein, and com-
paring them with the concentrations in the testicular artery or in peripheral blood.
Eik-Nes (1967) postulated that the testicular secretion of oestrogens in the dog is
less than 4 ng/h. Siegel, Forchielli, Dorfman, Brodey & Prier (1967) could not show
that concentrations of cestrogens in dog testicular venous plasma were higher than
in peripheral plasma of the same animal. Recently, Kelch, Jenner, Weinstein,
Kaplan & Grumbach (1972) and Leonard, Flocks & Korenman (1971) estimated
plasma oestradiol-17/4 gradients across human, monkey and dog testes. The present
study was undertaken to assess the testicular secretion of oestradiol-1748 in vivo
in the rat. Testicular venous and peripheral blood levels of this steroid were measured
before and after administration of human chorionie gonadotrophin (HCG) or follicle-
stimulating hormone (FSH). Testosterone levels were measured in the same plasma
samples to compare oestradiol secretion with the secretion of this testicular androgen.

MATERIALS AND METHODS
Animal techniques

Adult male Wistar rats with a body weight of 200-250 g were used. Peripheral
blood was usually collected in heparinized beakers after decapitation of the animals.
Some rats were anaesthetized with sodium pentobarbitone (18 mg/rat, administered
intraperitoneally) and then injected with heparin (5001i.u./rat, injected into one of the
tail veins) before decapitation in order to investigate the influence of these condi-
tions on the concentrations of oestradiol-174 and testosterone in peripheral blood.
Blood from the testicular vein was obtained under sodium pentobarbitone anaesthe-
sia by a modification of the technique described by Bardin & Peterson (1967). After
opening the scrotum and underlying tissue, taking care not to sever any blood
vessels, heparin was injected into a tail vein. In some experiments the heparin injec-
tion was followed immediately or after 10 min by intravenous administration of
either saline (0-9 9%, NaCl in water), saline containing HCG (Pregnyl, Organon, Oss,
100i.u.) or a solution of 0-059% human 7y-globulin in saline containing FSH
(NITH-FSH-89, 5 ug). Epididymal and fat tissue were separated from the testis.
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The rat was placed on its back on a test tube rack and each testis was placed in a
small funnel. One of the veins just under the capsule was cut in both testes, and blood
was collected for 30 min in small centrifuge tubes which were placed under the
funnels. Blood was collected in one or two portions, depending on the time and
duration of gonadotrophin injection. Blood was centrifuged immediately after
collection and plasma was stored at — 15 °C until analysed. Plasma samples from two
to six rats were pooled when necessary. In some experiments rats were injected
subcutaneously with 100 i.u. HCG daily for a period of 5 days.

Steroid estimations

Radioimmunoassay of oestradiol-17/3. Purification of solvents and radioactive
steroids, cleaning of glassware and counting of radioactivity were carried out as
described by de Jong & van der Molen (1972), with the exception of methanol and
toluene used for column chromatography (BHD, Analar). These solvents were used
without prior purification. Buffer solutions, antibody solution and dextran-coated
charcoal suspension were as described by Hotchkiss, Atkinson & Knobil (1971).
The antibody, raised against an oestradiol-174-6-(0-carboxymethyl)oxime-bovine
serum albumin (BSA) complex was a gift from Dr D. Exley. The properties of this
antibody with regard to specificity have been described by Exley, Johnson & Dean
(1971). All samples were assayed at least in duplicate with different volumes of
plasma. The method consisted of the following steps. After addition of [2,4,6,7-3H]oe-
stradiol-174 (1 x 10* d.p.m., sp.act. 100 Ci/mmol, New England Nuclear Corpora-
tion, Boston) to the plasma sample (0-5-2-0 ml for testicular venous plasma, 5:0 ml
for peripheral venous plasma), the plasma was extracted three times with two
volumes of ether. The combined extracts were taken to dryness under nitrogen at
45 °C and applied to Sephadex LH-20 microchromatography columns which were
packed in Pasteur pipettes as described by Wu & Lundy (1971). The columns were
prewashed with 5 ml toluene : methanol (50: 50, v/v) followed by 7 ml toluene : metha-
nol (90:10, v/v). After application of the plasma extract to the column, the fraction
containing oestrone was eluted with 2:6 ml toluene :methanol (9:1, v/v). The oestra-
diol-174 fraction was eluted subsequently with 3-0 ml of the same solvent mixture
and taken to dryness. The antiserum (200 gl of a 1:21000 dilution) was then added
to the dry residue. After mixing on a vortex mixer the solution was left overnight
at 4 °C and 50 gl were then taken for estimation of recovery. An aliquot of 100 pl
was transferred to another tube and 500 ul of a suspension of dextran-coated
charcoal were added. After mixing and standing at 4 °C for 10 min the tube was cen-
trifuged at 4 °C (1200g for 15 min). An aliquot (500 ul) of the supernatant was
counted to estimate the amount of radioactivity bound to antibody. The mass of
oestradiol-17/ was calculated from the percentage of bound radioactivity by com-
parison with a standard curve, prepared in the same way. The amounts of oestradiol-
174 in the original samples were calculated after correction for recovery and mass of
added radioactive oestradiol. The accuracy and precision of the method are given in
Table 1. The recovery of tritiated oestradiol-174 from plasma samples was 71-0+
5:0 (8.0.) % (n = 107); the recovery for samples in the standard curve was 73-0 +
4:09, (n = 96). Method blanks were virtually zero. When only radioactive oestra-
diol-17f was added to water and assayed, no significant difference could be
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detected between the amount of oestradiol-174 calculated from the standard curve
(54 +4-1 (s.0.) pg) and the amount added (6-6 +0-4 pg) (P > 0-20, » = 10). For
routine use standard curves were constructed for amounts of 5-100 pg oestradiol-174.
Plasma volumes were always chosen in such a way that the amount of oestradiol-174
in the unknown samples was between 10 and 70 pg.

Estimation of testosterone. Testosterone was measured using the method of Brownie,
van der Molen, Nishizawa & Iik-Nes (1964), which consists of estimation of testo-
sterone chloroacetate using electron capture detection after gas-liquid chromato-
graphy. Single estimations were performed.

The significance of differences between results for different groups of animals was
calculated using a two-tailed Student’s ¢-test (Snedecor & Cochran, 1967).

Table 1. Accuracy and precision of the estimation of oestradiol-17f (E,) by radio-
immunoassay (known amounts of oestradiol-17F were added to water and the solution
was processed by the method described in the text)

Mean amount of

Amount of E, added E, found +s.D. Coefficient of
(pg) (pe) variation®
12-6 12-9+6-4 (8) 49-6
30 33:24+9+4 (10) 28-3
50 55:5+12-7 (10) 22-9
100 106-0418-4 (8) 17-8
Plasma pool 1 24-94+7-7 (8) 30-9
Plasma pool IT 63:64+7-5(7) 11-8

* Coefficient of variation (%) = 100 xs.D. (in pg)/pg E, found.
Number of estimations in parentheses.

Table 2. Concentrations of oestradiol-17f (E,) and testosterone (T') in peripheral and
testicular venous plasma of intact male rats (means +s.0.)

Plasma B, (pg/ml) T (ng/fml) E,:T (pg:ng)
Peripheral 2:0+0-9 (12) 2-4+1-8 (21) 1-134+0-29 (5)
Peripheral during anaesthesia 34424 (8) 2-8 (pool) 1-2

Testicular venous 17-548-4 (43) 110-04+80-5 (19) 0-18+0-16 (18)

The number of estimations is given in parentheses.

RESULTS

The results of the estimations of oestradiol-174 and testosterone in peripheral and
in testicular venous plasma of the rat are summarized in Table 2. Under the condi-
tions used, no significant differences could be detected between the concentrations
of oestradiol-174 and testosterone in peripheral plasma during anaesthesia and in
peripheral plasma which was obtained after decapitation without prior anaesthesia
(P > 0-1 and P > 0-1). The concentrations of cestradiol-17# and testosterone in
testicular venous plasma were significantly higher than concentrations of these
steroids in peripheral plasma (P < 0-001 and P < 0-001, respectively). The ratio
of the concentrations of oestradiol-174 and testosterone in testicular venous plasma
was significantly lower than the ratio for peripheral plasma (P < 0-001).

Table 3 shows the concentrations of oestradiol-178 and testosterone in testicular
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venous plasma after administration of HCG. The concentrations of both steroids
were increased significantly after acute HCG administration (P < 0-002 and
P < 0-002, respectively). The ratio of the concentrations of oestradiol-174 and testo-
sterone was decreased (P < 0-05). Continuous administration of HCG for 5 days did
not change the concentration of oestradiol in testicular venous plasma significantly
when compared with levels in untreated rats (0-1 > P > 0-05). Testosterone con-
centrations, however, were increased (P < 0-001) under these conditions. Additional
i.v. administration of 100 i.u. HCG after 5 days pretreatment with HCG resulted in
an increase in the testicular venous oestradiol-17/ concentration (P < 0-002), while
the increase in testosterone concentration was not significant (P > 0-1).

Table 3. Concenirations of oestradiol-178 (E,) and testosterone (T') in testicular venous
plasma of intact male rats after administration of human chorionic gonadotrophin (HCG)
(means +5.D.)

B, T E,:T
Treatment™* (pg/ml) (ng/fml) (pg:ng)
None 19-0+ 8-5 (18) 129+ 91 (9) 0-178 +0-106 (8)
10010, Lv. 4134241 (16) 666+ 397 (8) 0-070 £ 0-055 (8)
5% 100iu.,s.0.(5d) 217+ 76 (186) 1675+ 707 (6) 0-013 + 0-007 (6)
5x 100 1iu.,s.c.(5d) 37-5+15-1 (13) 259241219 (5) 0:0214-0-013 (5)

+100 i, i.v.

The number of estimations is given in parentheses.

* 100 iu., i.v. = 100 iu. of HCG were administered intravenously immediately before collection of
testicular venous blood. 5 x 100 i.u., s.c. (5 d) = 100 i.u. of HCG were administered subcutaneously each
day during 5 days.

Table 4. Concentrations of oestradiol-178 (E,) and testosterone (T') in testicular venous

plasma of intact male rats after administration of follicle-stimulating hormone (FSH)
(means +s.D.)

B, T E,:T
Treatment (pg/ml) (ng/ml) (pg:ng)
None 1964+ 7-0 (17) 81+31 (4) 0-27 (2)
5 ug FSH iv.* 923-1+ 11-4 (29) 111+ 173 (7) 0-28+ 031 (5)

The number of estimations is given in parentheses.
* 5 pug of FSH (NIH-FSH-S9) were administered intravenously immediately before collection of tes-
ticular venous blood.

Finally, the effect of acute administration of FSH on testicular venous plasma
concentrations of oestradiol-174 and testosterone is shown in Table 4. The levels of
both oestradiol and testosterone did not increase as a result of the FSH administration
(P > 0-1 and P > 0-1, respectively).

DISCUSSION

The concentrations of testosterone in peripheral and in testicular venous plasma
estimated during the present study compare well with reported values (Bardin &
Peterson, 1967; Rivarola, Snipes & Migeon, 1968). The peripheral plasma concentra-
tions of oestradiol-17f4 that were estimated during the present study are ten times
lower than those reported by Labhsetwar (1972). The difference may be caused by
a greater specificity of the antibody to oestradiol-174 used in our study. However, that
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non-oestrogenic material, possibly originating from the adrenal, might have been
bound by the antiserum in the present study cannot be disregarded. The theoretically
possible presence of oestradiol-17/ oxygenated at carbon atom 6 in the sample is not
likely after column chromatography, but cannot be excluded with certainty. On the
other hand, the finding of comparable levels of oestradiol-174 in peripheral plasma
from male rats by using a double competitive protein-binding technique, as
described by Robertson, Mester & Kellie (1971) (F. H.de Jong, A. H. Hey &
H. J. van der Molen, unpublished results), makes these possibilities less probable.

A possible influence of anaesthesia or surgical stress on testosterone concentration
can almost be ruled out, when blood production rates for testosterone are compared
with the testicular production rate of testosterone. The latter may be calculated from
testicular blood flow (Jones, 1971) and the testosterone concentration in testicular
venous plasma. The blood production rate for testosterone is 80 ug/day, assuming
that 109, of the steroid is bound to erythrocytes and that the haematocrit value is
459,. The testicular production rate, based on a testicular weight of 3 g per rat, is
74 pglday, or 92 9%, of the blood production rate. This indicates that anaesthesia and
collection of testicular venous blood did not influence the testicular testosterone
secretion to a large extent. Similarly, no significant effect of anaesthesia on peripheral
concentrations of oestradiol-174 or testosterone could be shown (Table 2).

The observation of a difference between oestradiol-17/ concentrations in testicular
venous plasma and in peripheral plasma reflects that the rat testis secretes oestra-
diol-1745. A testicular oestradiol-174 secretion of 11 ng/day can be calculated from
testicular blood flow and the concentration of oestradiol-178 in testicular venous
plasma, assuming that the concentration of oestradiol-174 in plasma from the testi-
cular artery is equal to the peripheral venous level. Since the metabolic clearance
rate (MCR) for oestradiol-174 in the male rat has not yet been reported, it is not
possible to calculate the blood production rate for this steroid in the male rat. How-
ever, de Hertogh, Ekka, VanderHeyden & Hoet (1970) measured the MCR for
oestradiol-174 in the female rat and observed a close agreement with the MCR for
oestradiol-174 estimated by Longcope, Layne & Tait (1968) for women, after correc-
tion for body weight. Applying the same correction for body weight differences to the
MCR for oestradiol-17f in the male human being as estimated by Longcope et al.
(1968), the MCR for oestradiol-174 in the male rat is calculated to be 25-6 1/day. This
would reflect a blood production rate of oestradiol-178 of 51 ng/day. Hence, the
testicular secretion of 11 ng/day in the rat reflects that only 21 9%, of the total circulat-
ing oestradiol-174 is secreted by the testis. This percentage agrees well with the
observation of Kelch et al. (1972), who calculated that in men approximately 259,
of circulating oestradiol is secreted by the testis. The larger part of circulating oestra-
diol-178 may be derived from peripheral conversion of testicular and adrenal andro-
gens. The presence of a binding principle for oestradiol-174 in interstitial tissue
(Brinkmann, Mulder & van der Molen, 1972) might, however, be an indication for
a physiological significance of oestradiol-174 in the testis itself.

Concentrations of both oestradiol-17/ and testosterone in testicular venous plasma
increased acutely after intravenous administration of HCG. After 5 days of sub-
cutaneous HCG stimulation, testicular venous oestradiol-174 levels were equal to
those in non-stimulated rats, although additional i.v. administration of HCG gave
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an increase in oestradiol-174 levels (Table 3). Testosterone concentrations in the same
samples were increased ten times after 5 days of HCG treatment and increased only
slightly after additional i.v. HCG. This discrepancy between the effects of HCG on
oestradiol-17/ and testosterone levels, which is reflected by their varying ratios,
can be explained if the two steroids are synthesized in different compartments of the
testis or by assuming a constant production of oestradiol-178 by an enzyme system
with a very limited capacity, whilst HCG administration stimulates release of oestra-
diol-17f4 from some storage compartment. Follicle-stimulating hormone does not
stimulate the testicular secretion of testosterone or oestradiol-178 under the con-
ditions used in the present investigation. If the action of this trophic hormone is
mediated through cyclic AMP, this observation is in agreement with the conclusions
of Dorrington, Vernon & Fritz (1972) and of Cooke, van Beurden, Rommerts & van
der Molen (1972), who did not observe an increase in cyclic AMP levels during
incubation of testicular tissue or seminiferous tubules from intact adult rats with
FSH. The suggestion of Eik-Nes (1962) that his observation of increased testosterone
secretion by the perfused dog testis after administration of FSH would be caused by
LH impurities in the FSH preparation and a synergistic effect of FSH, is in agree-
ment with the present results.

The authors gratefully acknowledge the gift of antibodies raised against the oestra-
diol-174-6-(0-carboxymethyl)oxime-BSA complex from Dr D. Exley (London), and
the gift of FSH from the NIH Endocrine Study Section.
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SUMMARY

Concentrations of oestradiol-178 and testosterone were estimated in
testicular tissue from intact and hypophysectomized rats. Within 30 min
after intravenous injection of human chorionic gonadotrophin (HCG) or
follicle-stimulating hormone (FSH) to intact animals the tissue concentra-
tions of both steroids were not significantly changed. Prolonged s.c.
administration of HCG (5 days) caused an increase in the tissue levels of
both steroids, which was further increased when the prolonged treatment
was followed by an intravenous injection with this trophic hormone.
FSH had no influence on tissue concentrations of oestradiol-174 or testo-
sterone in hypophysectomized rats.

Assay of separated seminiferous tubules and interstitial tissue indicated
that oestradiol-17/ and testosterone were mainly localized in the interstitial
tissue. Incubations of these constituents showed that oestradiol-174 was
produced in the seminiferous tubules, while testosterone was produced in
the interstitial compartment.

INTRODUCTION

Secretion of oestradiol-176 by the testis of a number of mammalian species has
been demonstrated by measuring differences between the concentrations of this
steroid in peripheral and testicular venous plasma (Leonard, Flocks & Korenman,
1971; Kelch, Jenner, Weinstein, Kaplan & Grumbach, 1972; Scholler, Grenier,
Castanier, Di Maria, Niaudet, Millet & Netter, 1973; Baird, Galbraith, Fraser &
Newsam, 1973; de Jong, Hey & van der Molen, 1973a). Furthermore, the concentra-
tion of oestradiol-178 has been estimated in testicular tissue from the horse (Beall,
1940), from sheep during the foetal and postnatal period (Attal, 1969; Attal, Andre
& Engels, 1972) and from the human male (Goldzieher & Roberts, 1952; Anliker,
Perelman, Rohr & Ruzicka, 1957). The influence of trophic hormones on testicular
venous plasma concentrations of oestradiol-174 in the rat was studied by de Jong
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et al. (1973a), but it was not clear whether the rise in oestradiol-174 secretion after
the intravenous administration of human chorionic gonadotrophin (HCG) reflected
an increased release or an increased synthesis of steroid. Therefore, the testicular
tissue concentrations of oestradiol-17f# before and after treatment with HCG were
studied in the present investigation.

Follicle-stimulating hormone (FSH) did not influence testicular venous plasma
concentrations of oestradiol-174 or testosterone in the rat under the conditions used
by de Jong et al. (1973a). However, it has been suggested that testicular processes in
intact animals are maximally stimulated by endogenous FSH, thus preventing a
further stimulation by exogenously added FSH (Means & Hall, 1968). In this respect
it has been shown that FSH has also no influence on the concentration of cyclic
AMP in testicular tissue from intact rats during incubation, although this trophic
hormone causes an increase in the cyclic AMP concentration in testis tissue from
hypophysectomized rats (Dorrington, Vernon & Fritz, 1972). Therefore, the effect of
FSH on the testicular tissue concentration of oestradiol-174 and testosterone in
hypophysectomized rats has been studied. Finally, it has been suggested by Scholler,
Grenier & Castanier (1972) and by de Jong et al. (1973a) that oestradiol-178 and
testosterone might be synthesized in different testicular compartments. The distribu-
tion of these two steroids between interstitial tissue and seminiferous tubules and
their production in vitro by total and dissected testis tissues have therefore been
studied.

A preliminary account of some of the present results was given at the ninth Acta
Endocrinologica Congress (de Jong, Hey & van der Molen, 19735).

MATERIALS AND METHODS
Amnimal technigues

Adult male Wistar rats with a body weight of 200-250 g were used in the experi-
ments with intact animals. Hypophysectomized rats were from the R-Amsterdam
strain, which is an inbred Wistar substrain. These animals also weighed 200-250 g.
Hypophysectomies were performed by the transauricular approach (Dr R. Welschen
and Mrs M. Loonen-Rutte, Department of Anatomy, Erasmus University, Rotter-
dam). The concentration of testosterone in the testicular tissue was used as a criterion
for the completeness of hypophysectomy, since a visual inspection of the sellae
turcicae proved unreliable. Hypophysectomized rats were discarded if their testicular
testosterone concentration exceeded 10 ng/g.

When the effect of injected gonadotrophins was studied, rats were anaesthetized
with sodium pentobarbitone. Heparin was injected into one of the tail veins, followed
by saline (0-9 9%, NaCl in water), saline containing HCG (Pregnyl, Organon, Oss, 100
iu.) or a solution of 0-05 %, human y-globulin in saline containing FSH (NIH-FSH-
S9, 5 or 10 ug). Testicular venous blood was collected during a 30 min period (de Jong
et al. 1973a). The testes were then removed from the animal, immediately placed on
ice and kept at — 15 °C until analysed. In some experiments rats were injected sub-
cutaneously with 100 i.u. HCG or 10 ug FSH daily for a period of 5 days. FSH treat-
ment started on the day after hypophysectomy. Total testis tissue was dissected
using the technique of Christensen & Mason (1965). The dissections were performed
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in a Krebs—Ringer buffer, pH 7-4, containing 0-2 %, glucose. Isolated seminiferous
tubules were washed three times as described by Rommerts, van Doorn, Galjaard,
Cooke & van der Molen (1973).

Incubation procedures

Testes were removed immediately after decapitation. The testes were placed in a
dish on ice and decapsulated. To both testes from one animal, 1-5 ml of an icecold
Krebs—Ringer buffer, pH 7-4, containing 0-2 9, glucose, was added. One of the
testes was then kept at — 15 °C and served as an unincubated control. The other
testis was incubated for 180 min at 34 °C in an atmosphere of 95 %, O, and 5 9, CO,
and was then placed at — 15 °C until analysed. The same procedure was followed for
dissected interstitial tissue and seminiferous tubules.

Steroid estimations
Radioimmunoassay of oestradiol-17

Materials used for the radioimmunoassay of oestradiol-178 were described by
de Jong et al. (1973a). After addition of tritiated testosterone and oestradiol-174,
testicular tissue was homogenized by sonification in 1-5 ml distilled water or buffer
solution. Proteins were precipitated with acetone (5 ml, Union Chimique Belge, p.a.
quality). After centrifugation the acetone layer was removed and the precipitate
washed with 2 ml of acetone. The combined acetone layers were evaporated under
nitrogen at 45 °C until only water remained. This water layer was extracted twice
with ether (3 ml each time) and the combined ether layers taken to dryness. The
residue was partitioned between 2 ml methanol:water (70:30, v/v) and 2 ml n-
hexane. After a second extraction with 2 ml #-hexane the methanolic layer was dried
down under nitrogen at 45 °C. The residue was applied to a Sephadex LH-20 micro-
column. Testosterone was eluted from the column with 2-6 ml toluene: methanol (9:1,
v/v) and the oestradiol-174 fraction was collected in the next 3 ml of eluate. After
evaporating the solvent of this oestradiol-174 fraction under nitrogen at 45 °C,
radioimmunoassay was performed, using the antibody as described by Exley,
Johnson & Dean (1971). Details of the procedure are given by de Jong ef al. (1973 a).
The effectiveness of the extraction procedure for oestradiol-174 from rat testis tissue
was investigated by extracting tritiated oestradiol-178 from part of a testis, into
which the steroid was infused via the spermatic artery (Frederik & van Doorn,
1973). The amount of radioactivity remaining in the precipitated protein was esti-
mated after treatment with soluene (Packard) and amounted to 79, of the number of
d.p.m. recovered (mean of duplicate determinations).

Accuracy and precision, as well as blank values for the estimation, were reported
previously (de Jong ef al. 1973a). The overall recovery for the estimation of oestra-
diol-174 in testis tissues was 52-9 + 6-6 (s.D.) %, (n = 296). Data on the specificity of
the method, with regard to oestradiol-1748 concentrations in peripheral plasma from
ovariectomized and adrenalectomized prepubertal female rats, are given by Meijs-
Roelofs, Uilenbroek, de Jong & Welschen (1973).
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Estimation of testosterone

Testosterone was measured using the method of Brownie, van der Molen, Nishi-
zawa & Eik-Nes (1964), which consists of estimation of testosterone chloroacetate
using electron capture detection after gas-liquid chromatography.

The significance of differences between results for different groups was calculated
using a two-tailed Student’s {-test (Snedecor & Cochran, 1967).

RESULTS

The results of the estimations of oestradiol-178 and testosterone in testis tissue
from untreated and HCG-treated rats are summarized in Table 1. The intravenous
administration of HCG did not significantly increase the concentration of oestradiol-
178 (P > 0-5) or testosterone (P > 0-2) above that found in untreated rats.

Table 1. Concentrations of oestradiol-178 and testosterone in testicular tissue of intact
male rats after administration of human chorionic gonadotrophin (HCG) (means +8.D.)

Oestradiol-174:

No. of Qestradiol-174 Testosterone testosterone
Treatment® estimations (pg/g) (ng/g) (pg:ng)
None 6 44-6 +18-5 3724287 0-16 +0-08
100 iu., i.v. 8 48-8+18-8 700+ 764 0-12+0-06
5x 100 1., s.c. (5 days) 10 66-0+ 14-0 1351+ 374 0-05 + 0-02
5% 100 i.u.,s.c. (5 days)
+ 100iu.,i.v. 9 90-2+ 234 1491 4579 0-07+0-02

* 100 iu., i.v. = 100 iu. HCG were administered intravenously immediately before collection of

testicular venous blood. 5 x 100 L.u., s.c. (5 days) = 100 i.u. HCG were administered subcutaneously each
day for 5 days.

Table 2. Concentrations of oestradiol-17f and testosterone in testicular tissue of intact
male rats after administration of follicle-stimulating hormone (FSH) (means +8.D.)

Oestradiol-174:

No. of Osstradiol-174 Testosterone testosterone
Treatment® estimations (pe/g) (ng/g) (pg:ng)
None 18 30-44+17-0 373 +239 0-114+0-07
5 pg, Lv. 10 38-8+26-6 258+ 145 0:2240-28
10 pg, iv. 6 43-5+424-9 350+ 288 0-16+0-08

* FSH was injected intravenously immediately before collection of testicular venous blood.

Repeated subcutaneous administration of HCG caused a significant increase in the
testicular concentrations of both oestradiol-174 and testosterone (P < 0-05 and P <
0-001, respectively). The relative increase in testosterone concentration was larger
than the increase in oestradiol-178 concentration as indicated by a significant
decrease of the oestradiol-174:testosterone ratio (P < 0-01). When the prolonged
treatment with HCG was combined with an acute intravenous dose of the gonado-
trophin, a further increase in testicular concentration of oestradiol-17/4 was observed
(P < 0-02), while the concentration of testosterone did not increase significantly
(P > 0-50). As a consequence, the oestradiol-174: testosterone ratio was significantly
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increased (P < 0-05), when compared with that of the animals receiving only
subcutaneous injections of HCG.

The effect of the i.v. administration of a single dose of FSH on testicular levels
of oestradiol-174 and testosterone is shown in Table 2. Neither the administration of
5 ug FSH, nor of 10 yg FSH had a significant influence on the testicular levels of
oestradiol-17/5 or testosterone in intact rats (P was always > 0-10). The results in

Table 3. Concentrations of oestradiol-175 and testosterone in testicular tissue of hypophy-

sectomized male rats after administration of follicle-stimulating hormone (FSH) (means
+8.D.)

Qestradiol-174 Testosterone
Treatment* (pg/g) (ng/g)
None 4-5+56 (18) 51427 (9)
10 pg, iv. 3-9+4-4 (16) 4-5+2-7 (8)
5% 10 pg, s.c. (5 days) 1-4+2-7 (10) 374+ 1-3 (5)
5% 10 pug, s.c. (b days)
+10 pg, i.v. 1-04+2-3 (12) 3-0+1-0 (6)

The number of estimations is given in parentheses.
* 10 pg iv. = 10 pug FSH (NIH-FSH-S9) were administered intravenously immediately before

collection of testicular venous blood. 5x 10 pg, s.e. (5 days) = 10 ug FSH (NIH-FSH-89) were admini-
stered subcutaneously each day for 5 days.

Table 4. Concentrations of oestradiol-17[8 and testosterone in dissected testis tissue from
intact rats (means +8.D.)
QOestradiol-174:

Oestradiol-175 Testosterone testosterone
Tissue® (pe/g) (ng/g) (pg/ng)

Untreated rats:

Seminiferous tubules 20:54+11-7 (4) 2144+ 6-9 (6) 0-93+0-41 (4)

Interstitial tissue 179 +58 (3) 226 +113 (4) 0-73 (2)
HCG-treated rats:

Seminiferous tubules 12-2+ 6:0 (4) 174 + 53 (4) 0-074+£0-03 (4)

Interstitial tissue 197 +89 (7) 3428 4410 (4) 0:06 + 0-02 (4)

The number of estimations is given in parentheses.
* Seminiferous tubules and interstitial tissue were obtained by dissection of testes from untreatecd

rats or from rats which were injected subeutaneously with 100 i.u. chorionic gonadotrophin (HCG) each
day for 5 days.

Table 3 show that also after the administration of FSH to hypophysectomized rats
no significant increase in the concentrations of oestradiol-174 or testosterone occurred
after intravenous, repeated subcutaneous or a combination of the subcutaneous and
intravenous injections of FSH (P was always > 0-10).

Table 4 summarizes the concentrations of oestradiol-174 and testosterone found in
seminiferous tubules and interstitial tissue after dissection of testes from untreated
rats and rats treated with HCG for 5 days. The concentrations of both oestradiol-174
and testosterone were higher in interstitial tissue than in seminiferous tubules for the
normal (P < 0-01 and P < 0-01) as well as for the HCG-treated rats (P < 0-001 and
P < 0-001).

The results from the estimations of oestradiol-174 and testosterone before and
after incubation of total testis tissue, seminiferous tubules or interstitial tissue are
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summarized in Table 5. Because the initial steroid levels in the tissue samples from
individual animals showed a large variation, the ratios of the concentration after 180
min incubation over the concentration at the start of the incubation were calculated,
and the significance of differences was calculated from these figures. The concentra-
tion of oestradiol-174 increased significantly during incubation of total tissue and of
seminiferous tubules from the normal rat. The testosterone concentration increased
significantly during incubation of total tissue and of interstitial tissue from the
normal rat. A significant decrease in testosterone levels was observed after incubation
of testis from rats, which were treated 5 days with HCG.

When steroid concentrations were calculated /mg protein rather than /g tissue,
esgentially similar relationships were obtained.

Table 5. Concentrations of oestradiol-17f (E,, pglg) and lestosterone (T, ngly) in testi-
cular tissue before and after 180 min incubation (means +8.D.)

Incubation time (t)

‘ —_— 1 t=180 min
Tissue* Steroid 0 min 180 min t=0min
Untreated rats
Total testis 2 11-74+ 40 (7) 3164151 (7) 2-42 4+ 0-61 (6)
55 + 325(4) 132 +28-3 (4) 3-12+1-75 (4)
Seminiferous tubules " 20-2+ 11-7 (4) 39-2419-5 (4) 1-9440-33 (2)
21-4+ 69 (6) 30:3+19-8 (6) 1-49 + 0-96 (6)

Interstitial tissue 179 + 68 (7) 181 +57 (4) 0-94+0-11 (3)
226 +113 (4) 663 +286 (4) 3-67+ 1-86 (4)
HCG-treated rats:

Total testis

®

HE HE AE aE

64T+ 423 (14)  69-0+44-8 (16)  1-02+0-26 (14)
1062 4231 (8) 504 +78 (8) 0-57+0-09 (8)

The number of estimations is given in parentheses.
* Testis tissue from untreated rats or from rats which were injected subcutaneously with 100 iu.

human chorionie gonadotrophin (HCG) each day for 5 days was incubated for 180 min in a Krebs—Ringer
buffer, pH 7-4, which contained 0-29%, glucose.

Incubations were performed at 34 °C in an atmosphere of 959%, 0,:59, CO,.

DISCUSSION

The intravenous administration of HCG into intact rats causes an increase in the
testicular venous plasma concentration of testosterone and oestradiol-175 (de Jong
et al. 1973a). This increase in venous plasma levels reflects increased secretion as a
result of an increased biosynthesis of both steroids, since the testis tissue concentra-
tions of testosterone and oestradiol-17/ were not decreased after the 30 min period of
testicular venous blood collection (Table 1). The influence of intravenous administra-
tion of HCG on the biosynthesis of oestradiol-178 was even more pronounced after
pretreatment with HCG for 5 days: a significant increase in the secretion rate of
oestradiol-178 was accompanied by a significant rise of the testicular tissue con-
centration of the steroid. The rate of testosterone biosynthesis seems to be maxi-
mally stimulated after prolonged pretreatment with HCG: additional intravenous
administration of HCG did not further increase the plasma or tissue coneentrations.

After 5 days of HCG treatment the relative increase of the testicular venous
testosterone concentration was larger than the increase of the testis tissue level
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(Fig. 1). This indicates that the secretion of testosterone is faster in the rat treated
for 5 days with HCG than in the untreated animal. On the other hand, the repeated
administration of trophic hormone raised the tissue content of oestradiol-178,
although the testicular venous plasma level was not increased (Fig. 2). It is not clear if
this apparent retention of oestradiol-174 by testicular tissue is caused by intratesticular
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Fig. 1. Concentrations of testosterone in testis tissue (stippled bars) and testicular venous
plasma (open bars) from normal intaet rats and rats which were injected subeutaneously with

100 i.u. of human chorionie gonadotrophin (HCG) per day for 5 days (means+s.z..). (Data
partly from de Jong ef al. 1973 a.)

Fig. 2. Concentrations of oestradiol-17# in testis tissue (stippled bars) and testicular venous
plasma (open bars) from normal intact rats and rats which were injected subcutaneously with

100 iu. human chorionic gonadotrophin (HCG) per day for 5 days (means+s.eEm.). (Data
partly from de Jong et al. 1973a.)

metabolism of the steroid, occurring also under conditions in w»ilro (Table 5),
which should take place before oestradiol-178 reaches the blood stream. This
possibility suggests a different localization of the enzymes which synthesize or meta-
bolize testosterone and oestradiol-174, since the secretion of testosterone is increased,
although intratesticular metabolism of testosterone is greater than that of oestradiol-
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17/ under conditions n vitro (Table 5). On the other hand, the retention of oestradiol-
174 in the tissue may be caused by changes in the concentration of testicular receptor
proteins, which bind the steroid with a high affinity (Brinkmann, Mulder, Lamers-
Stahlhofen, Mechielsen & van der Molen, 1972).

Since no data are available on the distribution of oestrogen precursors and the
aromatizing enzyme system in the different intracellular or intratesticular compart-
ments, it cannot be concluded if HCG influences the biosynthesis of oestradiol-174 by
increasing the tissue concentrations of androgens, the most likely precursors for
aromatic steroids, or by changing the activity of the aromatizing enzyme system.

Intravenous administration of FSH to intact or hypophysectomized rats had no
detectable effects on the tissue concentrations of testosterone or oestradiol-174
(Tables 2 and 3) in agreement with earlier data on the concentration of these steroids
in testicular venous plasma after FSH administration to intact rats (de Jong ef al.
1973a).

After dissection of total testis tissue, oestradiol-174, like testosterone, was mainly
present in interstitial tissue (Table 4). However, the possibility of redistribution of
oestradiol-17/ during the dissection period cannot be excluded, since the steroid is
quickly secreted and the interstitial tissue contains a receptor protein for cestradiol-
174 (Brinkmann et al. 1972). The increased oestradiol-174: testosterone ratios in both
tubules and interstitial tissue when compared with total testis in the normal rat
indicate that the dissection procedure results in an apparent loss of testosterone from
the tissue.

The intratesticular localization of ocestrogen production has been amply discussed
and several investigators suggest that oestrogens may be produced in Sertoli cells.
Huggins & Moulder (1945) isolated oestrogens from a Sertoli cell tumour, while Lacy,
Lofts, Ryan & Hopkin (1966) isolated oestradiol-17f from the lipid droplets from
Sertoli cells of heat-treated rat testes. Teilum (1949) described feminizing Sertoli cell
tumours in men. Incubation studies with human Sertoli cell tumours showed con-
version of androgens (Neher, Kahnt, Roversi & Bompiani, 1965; Sharma, Dorfman &
Southren, 1965) of progesterone (French, Baggett, van Wijk, Talbert, Hubbard,
Johnston, Weaver, Forchielli, Rao & Sarda, 1965) to oestrogens. Cameron, Markwald
& Worthington (1972) observed ultrastructural changes in Sertoli cells after FSH
administration to immature rats. These changes were interpreted as an augmentation
of the steroidogenic potential of these cells. However, Griffiths, Grant & Whyte (1963)
and Pierrepoint, Griffiths, Grant & Steward (1966) did not observe an increased
production of oestrogens after incubation of human and canine Sertoli cell tumours
with radioactive precursors.

Other observations indicate that oestrogen production may also oceur in inter-
stitial tissue. Maddock & Nelson (1952) and Jayle, Scholler, Sfikakis & Héron (1962)
observed that the amount of urinary oestrogens excreted after prolonged HCG
treatment of normal men increased relatively more than the 17-oxosteroid excretion
did. These authors concluded from the hyperplasia of the Leydig cells that these cells
secreted oestrogens. Moreover, Rice, Cleveland, Sandberg, Ahmad, Politano &
Savard (1967) observed oestrogen formation in a Leydig cell preparation, while
Pierrepoint ef al. (1966) and ¥. H. de Jong, B. A. Cooke & H. J. van der Molen
(unpublished results) observed oestrogen production by an interstitial cell tumour.
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This evidence is contradictory, and many of the conclusions are based on indirect
evidence (urinary steroids) or unphysiological situations (tumours). The present
investigation shows that oestradiol-174 can be synthesized in vitro in the tubular
compartment of the testis, while no significant increase in the testosterone content
of the same samples could be demonstrated. The testosterone production takes place
in the interstitial compartment, as observed earlier by Cooke, de Jong, van der
Molen & Rommerts (1972). Testosterone concentrations decreased during incubations
with testicular tissue from rats that were pretreated with HCG for 5 days. This may
reflect steroid metabolism during incubation and is in agreement with the observa-
tions of Shikita & Hall (1967) in immature rats. The metabolism of oestrogens during
incubations is not quantitatively important, except for the interconversion between
oestradiol-174 and oestrone (Lucis & Luecis, 1969).

A possible physiological role of the testicular production of oestradiol-174 remains
to be elucidated. The quantitative contribution of testicular oestradiol-174 to the
amounts of oestrogen in the peripheral circulation is probably of minor importance
(de Jong ef al. 1973a). However, local effects of oestradiol-174 in the testis might be
considered. Studies which report direct effects of oestrogens on testicular processes
tn vivo or in vitro have been carried out with amounts of oestrogen which are far in
excess of the endogenous concentrations reported in the present investigation. The
presence of a receptor protein for oestradiol-175 in interstitial tissue (Brinkmann
et al. 1972), which is found also in the nuclei of the interstitial cells (Mulder, Brink-
mann, Lamers-Stahlhofen & van der Molen, 1973), might suggest a role of the oestra-
diol-174 in the regulation of interstitial tissue function, thus providing a means of
communication between tubular and interstitial cells.
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