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Abstract. This study evaluates the influence of testicular secretions during development in 
male hamsters on peripubertal gonadotropin levels. Castration or sham operations were per- 
formed on the day of birth (Day l), Day 5, 10, or 20 of life. Repeated plasma samples on Days 
20-60 at 10-day intervals were taken via orbital sinus puncture. Castrated animals received a 
subcutaneous testosterone capsule on Day 60 and were killed on Day 70. In addition, seminal 
vesicles and ventral prostate weights were taken in all animals at Day 70. Castrated animals, 
regardless of day of castration, had higher gonadotropin levels and suppressed sexual accessory 
organ weights. Animals castrated on the day of birth had lower luteinizing hormone (LH) levels 
than animals castrated on other days. Castration on Day 10 resulted in lower follicle stimulating 
hormone (FSH) levels. Males castrated on Day 20 were most sensitive to the negative feedback 
effect of testosterone on LH secretion, while Day 10 castrates had elevated FSH levels after 
testosterone exposure. Sexual accessory weights also differed depending upon the day of castra- 
tion. Results point out the importance of testicular secretions on the developmental processes as 
well as the differing ages at which various systems may be influenced. o 1988 Society for Experimental 
Biology and Medicine. 

The peripubertal pattern of gonadotropin 
secretion in male and female hamsters is dis- 
tinctly different (1) as has been shown for a 
number of species (2, 3). The role of testicu- 
lar secretions in the development of a variety 
of sexually dimorphic characteristics, in- 
cluding morphology (4-6), behavior (7, 8), 
and reproductive hormone regulation 
(9-1 I), has been well documented. While it 
is clear that masculine behavioral potential 
of male hamsters is influenced by the hor- 
monal condition around the time of birth 
(12), less is known about the influence of 
early hormones on other reproductive func- 
tions. In particular, is the developmental 
pattern of gonadotropin secretion “pro- 
grammed” by testicular secretions in this 
species? Our earlier work showed that elevat- 
ing the neonatal levels of steroid hormones 
in intact male hamsters altered adult behav- 
ior and gonadotropin levels ( 13). The present 
study examines the effects of eliminating 
neonatal testicular secretions on the develop- 
ment of gonadotropins around the time of 
puberty in male hamsters. 

Materials and Methods. Animals. The an- 
imals used in this study were male hamsters 
born in the laboratory of Charles River 
Lakeview (Wilmington, MA) stock (LVG- 
LAK). Colony conditions included a 14: 10 

hr LD cycle with lights on at 0500 hr, con- 
stant temperature, and food and water avail- 
able ad libitum. On the day of birth (Day 1) 
or Day 5, 10, or 20 of life males were cas- 
trated or sham operated through a mid ven- 
tral incision. On Days 1,5, or 10, surgery was 
performed under ice anesthesia. The skin 
and body wall were closed with silk suture 
and flexible colloidin. On Day 20, ether an- 
esthesia replaced ice while wound clips were 
used instead of colloidin. Sham surgery was 
identical to castration except that the testes 
were visualized but not removed. When ani- 
mals were rewarmed, and had regained con- 
sciousness, they were returned to their 
mothers. Animals were weaned on Day 20 of 
life and housed in groups of two to four ani- 
mals per cage. 

Samples. Beginning on Day 20 and at 10- 
day intervals through Day 60, blood samples 
were taken via orbital sinus puncture under 
ether anesthesia. All samples were collected 
between 0800 and 1400 hr with the vast ma- 
jority collected between 1000 and 1200 hr. 
The Day 20 samples for males who were cas- 
trated or sham operated on Day 20 were 
taken just prior to surgery. Samples were 
collected using heparinized, 75-mm micro- 
hematocrit tubes (i.d. = 1.10 mm; 0.d. 
= 1.50 mm). Capillary tubes were plugged 
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with Critoseal and were spun in a microhe- 
matocrit centrifuge for 8 min. Tubes were 
broken at the cell/plasma interface and 30-pl 
aliquots of plasma were pipetted into 12 
X 75-mm polystyrene culture tubes. Plasma 
was diluted with 470 p1 of 0.0 1 M phosphate- 
buffered saline with 1% egg white and frozen 
at -20°C until assay. Each animal had one 
sample assayed for LH and one for FSH at 
each of the sample days. 

Following collection of the Day 60 sample, 
castrated animals were implanted with a Si- 
lastic capsule containing crystalline testos- 
terone. Capsules were 1.18 mm i.d. X 3.18 
0.d. packed with 8 mm of testosterone. The 
ends were plugged with wooden doweling 
and were sealed with silicone adhesive. On 
Day 70 of age, all animals were killed by 
decapitation. Trunk blood was collected and 
allowed to clot overnight at 4°C. After re- 
moval of the clots, serum was centrifuged at 
2500g for 20 min. Serum was removed from 
the cells, aliquoted (30 pl), diluted, and fro- 
zen as above. 

At autopsy seminal vesicles and ventral 
prostate were dissected from all animals and 
wet weight was recorded. At the same time, 
completeness of castration was verified. 

RIA. Radioimmunoassays were run using 
a double antibody system. For LH the 
0vine:ovine system of Niswender et al. (14) 
was used. Antiserum was a gift from Dr. 
G. D. Niswender, Colorado State University. 
Hormone for radiolabeling was generously 
provided by Dr. L. E. Reichert of the Albany 
Medical College. FSH was measured using 
kits provided by NIADDK and the National 
Pituitary Agency. LH potencies are ex- 
pressed as nanogram equivalents of 
NIADDK RP-1; FSH is expressed as 
NIADDK RP-2. All samples for each hor- 
mone were run in the same assay. 

Statistical analysis. LH or FSH levels in 
plasma for Days 20-60 of life in shams and 
castrates were analyzed using multivariate 
analysis of variance with repeated measures 
(BMDP). Further comparisons among 
means were achieved using Tukey’s test ( 15). 
Ventral prostate weight and seminal vesicle 
weight were each analyzed using two-way 
ANOVA followed by Tukey’s test. Serum 
LH or FSH levels in castrates on Day 70 
following implantation of testosterone cap- 

Age 

sules vs Day 60 values were compared using 
a paired Student’s t test. In all cases, differ- 
ences were considered to be significant if P 
d 0.05. 

Results. LH. Figure 1 shows the levels of 
LH in the plasma of male hamsters castrated 
or sham operated on Days 1, 5 ,  10, or 20 of 
life. The number of animals per point is 
given in Tables I and 11. Samples were taken 
every 10 days from Days 20 through 60 of 
life. Multivariate analysis of variance with 
repeated measures revealed a significant ef- 
fect of treatment, i.e., castration (F( 1,78) 
= 63.97, P < 0.000 I), an interaction between 
treatment and age of treatment (F(3,78) 
= 2.72, P = 0.05) and age at which samples 
were taken (F(4,75) = 24.83, P -c 0.0001). 
Further analysis with Tukey’s test showed 
that castrated animals had elevated levels of 
LH as compared to sham-operated animals 

Age 20. . , o O  20. , .60 2 0 .  . .OO 20. . .60 

I 5 10 20 
Age at Reatment (dayr) 

Castration 

20. . . 6 0  20. . . 6 0  20. . . 6 0  20. . . 60  

1 6 10 20 
Age at Treatment (dayr) 

FIG. 1. Mean (kSEM) plasma luteinizing hormone 
(LH) levels in male hamsters castrated or sham operated 
on Day 1 (day of birth), 5 ,  10, or 20 of life. Repeated 
blood samples were taken on Days 20, 30,40, 50, or 60 
of life (age 20 and 60 days are indicated on the abscissa). 
Numbers of samples per point are given in Table 11. 
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(P < 0.01). Animals castrated on Day 1 had 
lower LH levels than those of other days (P 
< 0.05) while animals castrated on Days 5 ,  
10, or 20 did not differ from each other. 
Samples collected on Days 50 or 60 con- 
tained more LH than other samples (P 
<: 0.01). On all other sample days, LH was 
higher than on Day 20 of age (P < 0.01). 

FSH. Plasma FSH levels after castration or 
sham operation at different ages through the 
peripubertal period are shown in Fig. 2. Sta- 
tistically significant effects were revealed 
using multivariate analysis of variance. 
There was a significant effect of treatment 
(F( 1,78) = 149.50, P < 0.0001), age of cas- 
tiration (F(3,78) = 22.15, P < 0.0001), an 
iinteraction of treatment with age of treat- 
ment (F(3,78) = 3.13, P = 0.03) and a signifi- 

d .  

cant effect in the repeated measure, i.e., age 
of sampling (F(4,75) = 11.74, P < 0.0001). 
Multiple comparisons among the means 
were accomplished using Tukey’s test. FSH 
levels of castrates were higher than those of 
sham-operated animals (P < 0.0 1). Animals 
castrated on Day 10 of life had lower levels of 
FSH than the other 3 days (P < 0.05). Sam- 
ples taken on Day 20 were not different from 
those taken on Day 60. 

Feedback of testosterone. Table I gives the 
levels of LH and FSH in castrated animals 
which had received an 8-mm Silastic capsule 
filled with testosterone 10 days prior to being 
killed on Day 70. A paired Student’s t test 
(two-tailed) was used to compare the Day 70 
values with those on Day 60 (just before im- 
plant). Males castrated on Day 20 had signif- 

Sham 

II. 
icantly lower LH levels after testosterone ex- 
posure than before (t  = 2.64, df = 8, P 
< 0.05). No other differences in LH were 
found for other days of castration. FSH levels 
were significantly increased in animals which 
had been castrated on Day 10 ( t  = 5.39, df 
= 12, P < 0.001) and Day 20 (t = 3.25, df 
= 8, P < 0.02). Animals castrated at other 
ages did not change in FSH levels as a result 
of testosterone exposure. 

Organ weights. Wet weights of ventral 
prostate and seminal vesicles (bilateral) from 
sham-operated and castrated animals are Age 2 0 .  . . 60  2 0 .  . . B O  2 0 .  . . B O  2 0 .  . .60 

1 5 1Q 20 given in Table 11. Two-way analysis of vari- 
Age at Tfeatment (days) 

Castration 

ance of ventral prostate weights showed that 
there was a significant effect of castration 
(F(1,88) = 693.64, P < 0.0001) of age at 
treatment (F(3,88) = 6.90, P < 0.0003) with- 
out a significant interaction term. Analysis of 
seminal vesicle weight also revealed a statis- 
tically significant effect of castration (F1,88 
= 45 1.40, P < 0.0001), of age of treatment 
(F3,88 = 10.96, P <0.0001) with a signifi- 
cant interaction of age at treatment (F3,88 
= 6.58, P < 0.0005). Tukey’s test of ventral 
prostate or seminal vesicle weights showed 
that all castrated animals had smaller acces- 

Age 20 .  . . 80  2 0 .  . .60 2 0 .  . . 6 0  2 0 .  . .60 sory organs than sham-operated animals (P 
< 0.01). Animals castrated on Day 10 or 20 
had higher seminal vesicle weights than those 
castrated on the day of birth (P < 0.01) but 
were not different from those castrated On 

Day 5. Ventral prostates Of animals castrated 
On Day 20 Of life were Significantly Smaller 
than those from animals castrated on Day 10 

1 5 10 20 
Age at Tfeatment (days) 

FIG. 2. Mean (+SEM) plasma follicle stimulating hor- 
mone (FSH) levels in male hamsters castrated or sham 
operated on Day 1 (day of birth), 5, 10, or 20 of life. 
Blood samples were taken on Days 20-60 at 10-day in- 
tervals. Numbers of samples per point are given in Table 
11. 
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TABLE I. MEAN (kSEM) SERUM LEVELS OF LH AND 
FSH ON DAY 70 OF LIFE IN ANIMALS CASTRATED AT 

VARIOUS AGES WHICH HAD RECEIVED A SILASTIC 
CAPsULE OF TESTOSTERONE ON DAY 60" 

Castration day 

1 5 10 20 

LH 205.3 290.3 574.3 212.3' 
(ng/ml) k25.0 k49.5 k67.0 k47.5 

n 24 12 13 9 

FSH 32.67 34.22 37.41d 43.22' 
(ng/ml) k1.72 k3.53 k2.66 k3.93 

n 24 12 13 9 

a Day 60 values in castrated males, with which these 
values are compared, are shown in Figs. 1 and 2. ' P < 0.05, P < 0.002, P < 0.001. Values signifi- 
cantly different from day 60 plasma levels using a paired, 
two-tailed Student's t test. 

(P < 0.05). Sham-operated animals did not 
differ. 

Discussion. In the present study, sham- 
operated male hamsters exhibited patterns of 
LH and FSH secretion around puberty simi- 
lar to those previously reported ( 1 ,  16). Intact 
male hamsters on an L:D, 14: 10 hr cycle 
show increasing levels of LH between Day 20 
and Days 40-50 with a decline thereafter. 
FSH levels peak at around Days 35-40 and 
then decline. Although the gonadotropin de- 
velopmental patterns in the control animals 
are similar, absolute values of LH and FSH 
in the present study differ from the two pre- 
vious studies. In each case, either a different 
assay system (rat:rat vs 0vine:ovine) or dif- 
ferent reference preparations (FSH RPl vs 
RP2) can account for any discrepancy. As 
has been shown ( 16), prepubertal castration 
led to increased circulating gonadotropin 
levels compared to sham-operated males. In 
addition, we showed that the presence of the 
testis for varying lengths of time prior to the 
initial prepubertal blood sample had effects 
on actual gonadotropin levels, the subse- 
quent developmental pattern of gonadotro- 
pins, sensitivity to testosterone-negative 
feedback, and sexual accessory organ 
weights. 

The overall increase in gonadotropin 
levels differs depending on the day of castra- 
tion and on which gonadotropin is consid- 
ered. Hamsters which were castrated on the 

day of birth had lower LH levels than those 
castrated at increasing ages. In contrast, FSH 
levels in animals castrated on Day 10 were 
lower compared to animals castrated on 
other days. Furthermore, the pattern of sub- 
sequent development of gonadotropin 
around the time when puberty would occur 
also showed interesting differences. While 
LH levels increased between Days 20 and 50 
in castrates, regardless of the day of castra- 
tion, a decline later did not occur. FSH levels 
in castrates did not appear to change peripu- 
bertally. The observed increases in LH peri- 
pubertally, in the absence of gonads, may be 
support for a so-called "steroid-independent 
or intrinsic" regulation of pubertal gonado- 
tropin levels (reviewed, 16). In rats, the abil- 
ity of the hypothalamic-pituitary system to 
respond to either negative or positive feed- 
back of steroids is influenced by hormones 
early in life. Depriving a male rat of testicular 
androgen from birth results in an attenuated 
gonadotropin release to withdrawal of exoge- 
nous steroid later in life ( 1  7). Neonatal go- 
nadectomy alters both the negative and the 
positive response to estradiol in male and fe- 
male rats ( 18, 19). Perinatal androgen expo- 
sure masculinizes the response of female rats 

TABLE 11. BILATERAL WET WEIGHTS IN GRAMS (x 
k SEM) OF SEMINAL VESICLES (sv) AND VENTRAL 

PROSTATES (VP) FROM MALE HAMSTERS CASTRATED 
(CAST) OR SHAM OPERATED AT VARIOUS AGES 

AND mLLED ON DAY 70 OF LIFE 

Castration or sham age 

Organ Treatment 1 5 10 20 

VP Cast" X 
SEMk 
n 

Sham R 
SEMk 
n 

SV Cast" R 
SEMk 
n 

Sham R 
SEMk 
n 

106 130 158 84 
6 1 1  1 1  15 

19 12 13 10 

429 388 435 407 
21 26 21 25 
10 11 12 10 

60 90 139 152 
4 7 7 1 1  

19 12 13 10 

308 324 381 283 
26 18 23 15 
10 11 12 10 

" Castrated animals had a subcutaneous testosterone 
capsule implanted on Day 60 (10 days prior to being 
killed). 
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to steroid withdrawal (1 7, 20). Perinatal an- 
drogen also masculinizes the response of 
males or females to an estradiol challenge 
(19, 2 1). It appears that in hamsters as well, 
the presence or absence of testicular secre- 
tions during neonatal life is involved in the 
development of the male’s gonadotropin 
levels. Although both steroid-dependent and 
“intrinsic, steroid-independent” mecha- 
nisms are supported in the present study, 
other studies favor the former (16). 

Studies in the neonatal male rat have 
shown that testosterone, which surges 
around the time of birth (22,23), is probably 
involved in the sexual differentiation of hy- 
pothalamic gonadotropin regulation. Elimi- 
nation of this testosterone surge affects a va- 
riety of physiological and behavioral func- 
tions (19,23,24). In our hamsters, castration 
occurred within a few hours of birth, but not 
as early as in the above rat studies. While a 
study to detail the testosterone levels at birth 
has not been done in hamsters, we have 
shown that fetal and early neonatal hamster 
testes are capable of secreting testosterone 
(25). Perinatal studies are needed to deter- 
mine if hamsters are “programmed” at birth 
as rats seem to be (19). 

Silastic capsules containing testosterone 
were implanted into castrated animals and 
left in place from Day 60 to 70 of life to test 
the ability of the system to respond to testos- 
terone feedback effects on gonadotropin se- 
cretion. The capsule size which we used (8 
mm) was based on reported intermediate 
suppression of LH and FSH in castrated 
hamsters on the same photoperiod (26). In 
the present study, male hamsters castrated 
on Day 20 of life were more sensitive to 
feedback suppression of testosterone on LH 
than were animals castrated earlier in life. 
However, FSH levels increased in animals 
which had been castrated on Days 10 or 20 of 
life. In castrated? male rats it is not unusual 
to find that testosterone has differential ef- 
fects on FSH and LH secretion (27, 28). In 
fact, testosterone can facilitate FSH release 
in castrated males (29) as we found here with 
hamsters. Lack of effect of testosterone in 
animals castrated on other days could possi- 
bly reflect the dose of testosterone used (26), 
the fact that testosterone may not be the 
most effective feedback agent (29), or the 

length of time since testes were present 
(30-32). In these hamsters, the correlation of 
androgen levels to Silastic capsule length is 
not known. Without measuring the andro- 
gens, it is difficult to be certain that 8-mm 
capsules released enough testosterone to ade- 
quately challenge the pubertal hamster’s 
feedback system. Unfortunately, the orbital 
sinus sampling technique did not produce 
enough plasma for this determination. In 
castrated male hamsters, a 4-mm capsule 
produced androgen levels that were roughly 
equal to intact controls between 3 and 5 
weeks of age (16). At later ages these levels 
remained constant while intact androgen 
levels increased. In the present study larger 
capsules may have had a greater effect on 
circulating gonadotropins. 

The effect of castration on ventral prostate 
or seminal vesicle weights was to reduce their 
size compared to sham-operated animals. 
This size reduction occurred regardless of the 
day of castration. At the dose of testosterone 
used, tissues did not recover their size in 10 
days of treatment. Depending on the day of 
castration and the tissue weighed, a differen- 
tial response to the exogenous testosterone 
was evident. The seminal vesicles of animals 
castrated on the day of birth were less re- 
sponsive to testosterone than those in ani- 
mals castrated on Day 10 or 20. Ventral 
prostate response to testosterone was not dif- 
ferent in animals castrated on Days 1 - 10 of 
life. However, ventral prostates of males cas- 
trated on Day 10 grew larger than those of 
animals castrated on Day 20. 

The differential responsiveness of the two 
tissue types in hamster may not be surprising 
because of evidence in other species. In rats, 
elimination of testicular secretions by castra- 
tion early in life (Day 4) is reported to reduce 
the responsiveness of the prostate to testos- 
terone (3 3) without affecting the seminal ves- 
icles. In a different study, castration on Day 
3 affected the sensitivity of both tissues (34). 
Castration on the day of birth, followed by 
androgen replacement neonatally, protected 
the ability of seminal vesicles to respond to 
adult androgen but did not affect the ventral 
prostate (35). Elimination of endogenous 
androgen in mice by treatment with the an- 
tiandrogen, cyproterone acetate, reduces 
seminal vesicle weights (36, 37). If treatment 
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with cyproterone acetate occurred later in 
life seminal vesicles were better able to grow 
in response to endogenous androgen than if 
treatment were begun neonatally (37). An- 
drogen exposure during similar early periods 
in rats suppresses the size of these sexual ac- 
cessories (38, 39). Estradiol given neonatally 
to rats caused a differential growth in semi- 
nal vesicle (increases) and ventral prostate 
(decreases) (40). Taken together, these stud- 
ies point to the importance of a male ro- 
dent’s testicular function during the neonatal 
period in the ability of sexual accessories to 
respond to androgens later in life. 

Perinatal testicular secretions have been 
variously described as “programming, im- 
printing or organizing” the neural gonado- 
tropin regulatory system in males. Among 
the possible ways (reviewed, 4 1) that steroids 
might mediate such permanent developmen- 
tal changes in reproductive regulation are the 
following: by inducing frank structural 
changes; by changing receptor profiles; by al- 
tering enzymatic pathways; by changing neu- 
rotransmitter systems; or by altering other 
aspects of the membranes. Presumably simi- 
lar results could account for differences in 
peripheral structures as well. While the 
present study was not designed to choose 
among these possibilities, nor does it deter- 
mine which testicular secretions are impor- 
tant, it is clear that different systems (e.g., 
LH regulation vs sexual accessory sensitivity) 
are influenced by testicular secretions at 
somewhat different times during develop- 
ment. Whether different (or similar) devel- 
opmental mechanisms are involved remains 
to be investigated. 
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