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IN VITRO TESTOSTERONE SECRETION BY TESTICULAR TISSUE 
F R O M  YOUNG BULLS AND THE EFFECTS OF CHRONIC AND 

ACUTE EXPOSURE TO ESTRADIOL- 17/31 

M. J. D'Occhio 2,3, B. D. Schanbacher 4,5 and J. E. Kinder 2 

University of  Nebraska, Lincoln 68583 
and 

US Department  of  Agriculture, Clay Center, NE 68933 

Summary 

The possibility that  estradiol-17/3 may 
directly influence testicular steroidogenesis 
in bulls was investigated in vitro. Testicular 
tissues were incubated for 4 h and regression 
coefficients (b, n g , m l - l . h  -1) based on the 
increase in testosterone in the medium were 
used to describe testosterone secretion rates. 
In the first experiment,  testicular tissues 
from control  bulls and bulls chronically im- 
planted with estradiol were incubated in 
the absence (basal conditions) or presence 
of 10 mlU/ml  human chorionic gonadotropin 
(hCG). Under basal conditions, testosterone 
secretion rates were similar for tissues from 
control  (b = 24.1 -+ 6.0) and implanted (b = 
34.7 + 6.0) bulls. Testosterone secretion 
rates were increased approximately fourfold 
during incubation with hCG; tissues from 
implanted animals secreted testosterone at 
a higher rate (P<.05) than control  tissues 
(b = 120.7 + 6.0 vs 81.6 + 6.0). In a second 
experiment,  testicular tissues were obtained 
from control  bulls and incubated both with 
and without  hCG (10 mlU/ml)  and with 
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and without  estradiol (concentrations ranging 
from 3.7 nM to 37 /~M). In this experiment,  
basal secretion rate (b = 12.6 + 3.6) was in- 
creased threefold during incubation with 
hCG (b = 37.8 -+ 3.6). Estradiol failed to 
inhibit  hCG-st imulated testosterone secretion 
when bovine testicular tissue was incubated 
with 0, 3.7 and 370 nM estradiol. In contrast, 
37 btM estradiol suppressed (P<.05) testoster- 
one secretion, perhaps reflecting a pharmaco- 
logic effect. The results suggest that  neither 
chronic nor acute exposure to estradiol directly 
affects testosterone secretion by the bovine 
testis. It is proposed, therefore, that  the 
negative effects of chronic estradiol t reatment  
on testicular development, previously reported 
in young bulls, are mediated by changes in 
luteinizing hormone secretion rather than 
by direct  actions on the testes~ 
(Key Words: Bulls, Testis, Testosterone Secre- 
tion, Estradiol- 1713, Human Chorionic Gonado-  
tropin.) 

Introduction 

In recent studies with young bulls, chronic 
t reatment  with estradiol-17/3 (estradiol) re- 
tarded testicular growth normally associated 
with pubertal  development (Schanbacher, 
1981a, 1984; Schanbacher et  al., 1982). Young 
bulls bearing estradiol implants had near- 
normal mean luteinizing hormone (LH) con- 
centrations but markedly reduced serum 
testosterone concentrations (Schanbacher et al., 
1982; Schanbacher, 1984). These findings, 
together with comparable observations in 
rats (Steinberger et al., 1977), rhesus monkeys  
(Steiner et al., 1978) and men (Sawin et al., 
1978), suggested that  estradiol may have 
a direct negative inhibitory effect on the 
testes. Such a direct action of estradiol on 

Accepted September 30, 1983. testicular steroidogenesis was demonstrated 
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in a number of in vitro studies utilizing tissues 
from rats (Bartke et al., 1977; Moger, 1980) 
and men (Yanaihara and Troen, 1972; Rod-  
riguez-Rigau et al., 1977). It was subsequently 
shown that  this direct action of estradiol 
on the Leydig cell involves decreases in the 
activities of key microsomal enzymes associ- 
ated with testosterone biosynthesis (Nozu 
et al., 1981 ; Onoda and Hall, 1981 ; Rommerts  
and Brinkman, 1981). 

The objectives of the present study were 
to determine the effects of chronic and acute 
exposure to estradiol on in vitro testosterone 
secretion by testicular tissues from young 
bulls. In the first experiment,  testicular tissue 
from young bulls that  had been chronically 
implanted with estradiol was incubated in 
the presence or absence of human chorionic 
gonadotropin (hCG). In a second experiment,  
testicular tissue from normal bulls was in- 
cubated in the presence or absence of hCG 
and graded concentrations of estradiol. The 
release of testosterone into the incubation 
medium over time was used as an index of 
steroidogenic activity in both experiments. 

Materials and Methods 

Reagents. Testosterone and estradiol-17/3 
were obtained from Sigma Chemical Co., 
St. Louis, Missouri. The [1 ,2 ,6 ,7 ,16 ,17 -3H] -  
testosterone was purchased from New England 
Nuclear, Boston, Massachusetts. Other reagents 
were obtained as follows: tissue culture (TC) 
medium 199 with Earle's salts and L-glutamine 
from Gibco Laboratories, Grand Island, New 
York; N- 2- hydroxyethyl  piperazine- N- 2 - 
ethansulphonic acid (Hepes) from ICN Pharma- 
ceuticals, Inc., Cleveland, Ohio; human cho- 
rionic gonadotropin (hCG) from Research 
Plus Steroid Laboratories, Inc., Denville, 
New Jersey. 

In Vitro Incubations. The preparation 
of testicular tissues and conditions during 
in vitro incubation were based on procedures 
described by McCarthy et  al. (1979). Samples 
of testicular parenchyma (500 mg) were taken 
at random and placed into 25 ml-Erlenmeyer  
flasks containing 5 ml of TC medium 199 
(25 mM Hepes; 26.2 mM sodium bicarbonate;  
pH 7.2). The tissue was cut into small cubes 
(~1 mm 3) and once the required number 
of flasks had been prepared, they were assigned 
randomly to different treatments that were 
run in triplicate. After  a 30 min preincubation 
(McCarthy et al., 1979), the entire contents 

of the flasks were decanted into 13 • 85 mm 
glass robes that  were capped and centrifuged 
at 800 • g for 5 min. An aliquot of the super- 
natant  was retained for testosterone deter- 
mination and the tissue pellet resuspended 
in 5 ml of fresh TC medium 199 containing 
the various treatments, and returned to 25-ml 
Erlenmeyer flasks. The flasks were incubated 
for an additional 4 h, during which time 
aliquots (100 gd) of the incubation medium 
were taken at 1, 2, 3 and 4 h. Media were 
stored at - 2 0  C until assayed for testosterone. 

Exp. I. Testicular tissues were obtained 
from six Hereford bulls (mean body weight 
315.8 + 5.6 kg) that were used in a companion 
study to investigate the effects of chronic 
estradiol t reatment  on LH and testosterone 
secretion and testicular development in these 
animals (Schanbacher et al., 1982). Three 
of the bulls served as controls and did not 
receive any hormone treatment.  The other 
three bulls were implanted at 26 wk of age 
with a Silastic capsule (3.35 mm id • 4.65 
mm od • 27 cm) filled with crystalline estra- 
diol. All animals were castrated at 42 wk 
of age. Testes were placed on ice at the time 
of castration and processed within 1 h of 
collection. After  preincubation, tissues in 
triplicate were placed in fresh TC medium 
199 containing either 0 or 10 mlU/ml  hCG. 
A concentration of 10 mlU/ml  hCG was 
used because in the present system this 
quanti ty of hCG produces near maximal 
stimulation of testosterone secretion by bovine 
tissues. Tissues were incubated for 4 h, during 
which time samples of the medium were 
taken as described above. 

Exp. 2. Testes were obtained from four 
10-too-old untreated Hereford crossbred bulls 
(body weight 283.3 +- 11.9 kg) and prepared 
for incubation within 1 h of collection. Af t e r  
preincubation, testicular tissues in triplicate 
were incubated for a further 4 h under the 
following conditions: basal (no hCG); basal + 
.001 (3.7 nM), .1 (370 nM) or 10 gtg/ml (37 
gtM) estradiol; stimulation with 10 mlU/ml  
hCG; 10 mlU/ml  hCG + .001, .1 or 10/ lg /ml  
estradiol. Estradiol was added to the medium 
in propylene glycol such that  the concentration 
of the solvent was constant at 50 gd/ml. At  
this concentration, propylene glycol has no 
effect on testosterone secretion (M. J. D'Occhio 
and B. D. Schanbacher, unpublished data). 
Samples of the medium were taken at hourly 
intervals during the 4-h incubation. 
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Figure 1. Standard curves for the testosterone 
direct radioimmunoassay using standards prepared 
in assay buffer (o) and TC medium 199 (o). Also 
shown is the displacement of [3H]-testosterone 
obtained by assaying increasing volumes of medium 
that had been incubated with testicular tissue for 
2 h (A). Each point is the mean of three replicates. 
In all cases, the SE was less than 1.5%. 

Testosterone Radioirnrnunoassay. A f t e r  
thawing, samples of culture medium were 
centrifuged at 800 • g for 10 min before 
two aliquots (10 /al) were taken for testos- 
terone assay. The use of an antiserum that 
shows high affinity and specificity for testos- 
terone allowed the direct assay of medium 
without prior extraction (Schanbacher and 
D'Occhio, 1982). After overnight incubation 
at 4 C, free and ant ibody-bound steroid was 
separated by the addition of dextran-coated 
charcoal. Testosterone standards prepared in 
assay buffer and in TC medium 199 gave 
identical inhibition curves. These curves were 
paralleled by a displacement curve obtained 
by assaying increasing volumes of TC medium 
199 that had been incubated with testicular 
tissue for 2 h (figure 1). These results indicated 
that there were no constituents in the culture 
medium that interfered with the direct assay. 
The sensitivity of the assay was .1 ng/ml 
and the intra- and interassay coefficients 
of variation were 5.4 and 7.2%, respectively. 

Statistical Analyses. A regression coefficient 
was calculated for each treatment based on 
the increase in testosterone in the medium 
over the 4-h incubation. Effects of treatment 
on testosterone production were tested by 
analyses of variance (ANOVA) on the re- 
gression coefficients. Differences between 
treatments were determined by linear con- 
trasts using the t- test  (Sokal and Rohlf, 1969). 

Results 

Exp. 1. Under basal conditions, tissues 
from both control and estradiol-implanted 
bulls secreted some testosterone in a linear 
manner from 1 to 4 h of incubation (table 1). 
The regression coefficients describing tes tos-  
terone secretion rate did not differ for the 
two groups. There was a tendency, however, 
for testosterone concentrations to be lower 
in flasks containing tissues from implanted 
animals. These differences were not signifi- 
cant due to relatively large variations within 
the controls. Tissues from both control and 
implanted animals showed an increase in 
testosterone secretion rate during incubation 
with hCG. The regression coefficients indi- 
cated that tissues from implanted animals 
had a higher (P<.05) secretion rate from 
1 to 4 h than did control tissues. 

Exp. 2. Testosterone secretion rates for 
testicular tissues in experiment 2 are shown 
in table 2. Under basal conditions, there was 
a linear increase in the concentration of testos- 
terone in the medium from i to 4 h of incuba- 
tion. The inclusion of estradiol in the medium 
at concentrations ranging from 3.7 nM to 37 
/aM had no effect on this increase in testoster- 
one. 

Stimulation with hCG resulted in a three- 
fold increase in the testosterone secretion 
rate as indicated by the regression coefficients. 
The stimulatory effect of hCG was apparent�9 
by the end of the first hour and was main- 
tained over the 4-h incubation period. Estradiol 
had no effect on hCG-stimulated testosterone 
secretion when present in the medium at 
concentrations of 3.7 and 370 nM. However, 
at a concentration of 37 /aM, estradiol sup- 
pressed (P<.05) t h e  response to  hCG and 
the testosterone secretion rate returned to 
basal. This inhibitory effect of estradiol was 
significant from the third hour of incubation 
Onwards. 

Discu ssio n 

Previous studies in this laboratorY have 
demonstrated that young bulls chronically 
implanted with estradiol show retarded testicu- 
lar development and have low serum testos- 
terone concentrations (Schanbacher, 1981a, 
1984; Schanbacher et al., 1982). The purpose 
of the experiments described in the present 
study was to determine if estradiol could 
influence testis function in the bovine by 
a direct action on the Leydig cells. The results 
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TABLE 1. IN VITRO TESTOSTERONE SECRETION BY TESTICULAR TISSUES FROM 
CONTROL AND ESTRADIOL-IMPLANTED BULLS a 

T e s t o s t e r o n e  (ng/ml) 

hCG, Time, h Regression coefficient, 
mIU/ml Treannent 1 2 3 4 ng.ml -~ �9 h -t  

0 Control 134.5 149.6 175.1 206.2 24.1 + 6.0 
Implanted 55.8 96.9 131.6 159.8 34.7 + 6.0 

10 Control 225.1 336.6 401.5 475.4 81.6 -+ 6.0 
Implanted 124.8 246.0 381.2 489.4 120.7 + 6.0 

aTissaes were incubated either under basal conditions or in the presence of 10 mlU/m/ hCG as described 
in the Materials and Methods. Results for testosterone concentration in medium are presented as least-squares 
means (N = 3 ; SE = 1 4 . 6 ) .  

ind ica te  t h a t  tes t icu lar  t issues f r o m  es t radio l -  
suppressed  an imals  secrete  t e s t o s t e r o n e  in 
v i t ro  and  are responsive to hCG. This  con -  
t rasts  to  t he  absence  of  a s ignif icant  in vivo 
t e s t o s t e r o n e  response  to g o n a d o t r o p i c  s t imula -  
t ion  in i m p l a n t e d  bul ls  ( S c h a n b a c h e r ,  1981a) .  
The  a p p a r e n t  d i sc repancy  b e t w e e n  ou r  in vivo 
and  in v i t ro  f indings  cou ld  be  exp la ined  by  
cor rec t ing  for  test is  size ( tes tes  were signifi- 
can t ly  smal ler  in i m p l a n t e d  animals) .  Whereas  
tes t icu lar  t issue f r o m  i m p l a n t e d  bul ls  secre ted  
n o r m a l  a m o u n t s  of  t e s t o s t e r o n e  in vi t ro ,  
. theoretical t e s t o s t e r o n e  p r o d u c t i o n  by  paired 
tes tes  wou ld  appea r  to  be i n a d e q u a t e  to  m a i n -  
t a in  n o r m a l  b l o o d  levels (Schanbache r ,  1981a) .  
McCar thy  et  al. ( 1979)  r epo r t ed  t ha t  tes tes  
of  bul ls  y o u n g e r  t h a n  5 m o  also show l i t t le  
response  to LH in vivo, b u t  secrete  apprec iab le  
a m o u n t s  of  t e s t o s t e r o n e  in vitro.  These  re- 

searchers  suggested t h a t  the  absence  o f  a 
response  to  g o n a d o t r o p i c  s t imu la t i on  in vivo 
was due  to i n a d e q u a t e  vascu la r iza t ion  o f  
t he  i m m a t u r e  testis.  T h e  tes tes  of  es t rad io l -  
i m p l a n t e d  animals  m a y  t h e r e f o r e  be similar 
to  those  o f  y o u n g  bul l s  in this  regard. 

The re  is increas ing  ev idence  t h a t  suggests 
t h a t  in i t i a t ion  o f  n o r m a l  tes t icular  deve lop-  
m e n t  dur ing  t he  p r epube r t a l  pe r iod  is de-  
p e n d e n t  on  an increase in the  f r e q u e n c y  of  
pulsat i le  LH secre t ion  f r o m  the  p i t u i t a ry  
( S c h a n b a c h e r  e t  al., 1982) .  Because es t rad io l  
abol ishes  pulses  of  LH in the  b o v i n e  (D 'Occh io  
et  al., 1982 ;  S c h a n b a c h e r  e t  al., 1982) ,  i t  is 
p roposed  t h a t  the  r e t a rded  tes t icular  deve lop-  
m e n t  observed  in e s t r a d i o l - i m p l a n t e d  bul ls  
is due  to i n a d e q u a t e  g o n a d o t r o p i c  s t imula t ion ,  
r a t h e r  t h a n  a d i rec t  ac t ion  of  es t radiol  o n  
the  tes tes  ( S c h a n b a c h e r  et  al., 1982 ;  Schan-  

TABLE 2. IN VITRO TESTOSTERONE SECRETION BY TESTICULAR TISSUES FROM NORMAL 
BULLS INCUBATED UNDER BASAL CONDITIONS, WITH 10 MIU/ML HUMAN CHORIONIC 

GONADOTROPIN (hCG), AND WITH hCG + .001,.  1 or 10 ~G/ML ESTRADIOL (E 2)a 

Testosterone (ng/ml) 

Time, h Regression coefficient, 
Treatment 1 2 3 4 ng.ml -t .h -~ 

Basal 66.8 81.9 91.1 105.6 12.6 + 3.6 
hCG 120.1 172.6 206.3 234.9 37.8 + 3.6 
hCG + E 2 
(.001 ~g/ml; 3.7 nM) 122.4 164.3 200.6 233.1 36.9 + 3.6 

hCG + E 2 
(.1 ~g/ml; 370 nM) 118.6 149.0 184.0 220.1 34.0 + 3.6 

hCG + E 2 
(10 ~g/ml; 37 ~M) 119.8 126.3 136.1 148.1 9.5 + 3.6 

aIncubations were performed as described in the Materials and Methods, and results for testosterone con- 
centration in medium are presented as least-squares means (N = 4; SE = 19.4). 
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bacher, 1984). Our  observat ion that  testes 
of  es t radiol - t rea ted  bulls secrete more tes tos-  
te rone  than testes o f  cont ro l  bulls is interest ing 
and  thus  warrants  fur ther  investigation. 

A possible modi fy ing  inf luence o f  estradiol  
on Leydig cell func t ion  in the  bull was 
originally suggested by A m a n n  and Ganjam 
(1976). The~e researchers no ted  that  the 
bovine testis no t  only  secretes estradiol, bu t  
that  there is also a counte rcur ren t  exchange 
of  estradiol in the pampin i fo rm plexus, such 
that  the concen t ra t ion  of this estrogen in 
testicular arterial b lood  is higher than tha t  
in the general circulation.  In the  present  s tudy,  
estradiol  suppressed the response of  normal  
testicular tissues to hCG only when  present  
in the  incubat ion  med ium at a concen t ra t ion  
of  37 /aM. Based on this finding, estradiol  
would  need to be concen t ra ted  approx imate ly  
500 ,000- fo ld  in the  testis in order  to have 
a negative act ion on the Leydig cells (Amann  
and Ganjam, 1976; Schanbacher  and Echtern-  
kamp,  1978). It  is unl ikely that  such a con-  
centrat ing mechanism exists in the bovine 
testis, suggesting that  37 /aM estradiol may  
have a pharmacologic  ef fec t  on the tissues. 
Moger  (1980) suggested that  the unstable  
nature  of  testicular estrogen receptors  might  
be one reason why  high concent ra t ions  of  
estradiol  are required to demonst ra te  direct  
act ions on Leydig cell steroidogenesis in vitro.  

Tes tos terone  secretion rates were increased 
three- to fourfo ld  in the presence o f  10 m l U / m l  
hCG. Comparable  in vi tro responses to gonado-  
tropic s t imulat ion have been repor ted  previ- 
ously for  bovine testicular tissue (McCarthy 
et al., 1979;  Schanbacher,  1981b). In the 
present  study,  the response to hCG was ap- 
paren t  at the end of  the first hour  and was 
mainta ined in a l inear manner  over the 4 -h  
incubat ion.  Test icular  tissues also secreted 
tes tos terone  under  basal condit ions,  which 
was in accord with  previous findings in this 
species (McCarthy et  al., 1979;  Schanbacher ,  
1981b). The differences in basal secret ion 
rates and responses to hCG be tween  the two 
exper iments  were mos t  likely due to differ-  
ences in genetic background and age of  the 
animals. 

In summary,  the results of  the present  
s tudy suggest that  the negative effects  of  
estradiol on testis deve lopment  in young  
bulls are media ted  by changes in the  pa t te rn  
of  LH secret ion ra ther  than by a direct  act ion 
of  estradiol on testicular steroidogenesis.  
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