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Summary. Unmated male rats were raised in social isolation and
grouped, and mated males were raised in cohabitation with hystero-
tomized females. The unmated males were raised under conditions
providing different intensities of female odours.

In isolation, the penis muscles, levator ani, penis and the seminal
vesicle tissue of the males exhibited a relative atrophy similar in degree
to that prevalent in grouped males. Isolated males grew faster and had
larger ratios of kidney to body weight and adrenal to body weight than
grouped males. A correlation between these two ratios was observed.

Continuous exposure to female odours, from weaning to 136 or 240
days of age, did not affect the general atrophy of the accessory reproduc-
tive organs either in isolated or in grouped, unmated males.

Grouping and exposure to female odours reduced the amount of
secretion contained in the seminal vesicles and the size of the bulbo-
urethral glands.

It was concluded that social conditions, i.e. isolation and grouping,
and continuous exposure to female odours, have only minor effects on
the reproductive system of unmated males; conversely, under conditions
of cohabitation, heterosexual mating is the factor responsible for pre-
venting the atrophy of the reproductive system in males.

INTRODUCTION
In a recent study (Drori & Folman, 1964) we reported the occurrence of a
severe atrophy of the reproductive system in unmated, grouped male rats
compared to males in cohabitation. The unmated males were continuously
exposed to the odour of females in adjacent cages.

Steinach (1936) attributed an apparently similar atrophy of the reproductive
system in unmated male rats to the lack of female odours in the room. However,
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Poynter (1939) stated that she found no atrophy of the reproductive system
in isolated male rats raised in rooms housing no females. The evaluation of
both latter studies is difficult because no mated controls were used in either
and atrophy was determined in a rather arbitrary manner.

The present study was undertaken in an attempt to determine the effects of:
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Text-fig. 1. Mean weights of: (a) body, (b) penis muscles, (c) penis, (d) seminal vesicles,
(e) seminal vesicle tissue, and (f) bulbo-urethral glands of male rats raised in cohabitation
(#), unmated and grouped (o), and isolated ( ) from 30 days of age. Points at 48 and
50 days are means ofsix observations, at 75 and 83 days offive observations and at 125 days
of four observations (Experiment 1 ).

(a) social isolation versus grouping, and (b) female odours, on the reproductive
system of unmated males, using males in cohabitation as controls.

MATERIALS AND METHODS
The materials and methods used in this study were essentially the same as those
used in our previous study (Drori & Folman, 1964). All the rats, except the
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Social effects on unmated male rats 45
isolated ones, were housed in cages having wire screen floors (7 mm mesh).
No bedding was used. The excreta were collected on trays covered with
newsprint placed at 5 cm from the bottom of the cage. Isolated males were
housed in cages having solid floors and bedded on shavings. Trays and news¬

print, or bedding, were changed at least twice a week; cages were changed
fortnightly.
Experiment 1

The object of this experiment was to compare the effects of isolation and
grouping on the weights of the accessory reproductive organs, kidneys and
hypophyses of unmated male rats ; males in cohabitation were used as controls.

In grouping and cohabitation, the number of males per cage decreased from
seven or eight at the beginning of the experiment to three or four toward the

Table 1
mean weights of the accessory reproductive organs of male rats raised
from 80 to 125 days of age in social isolation, grouped and in cohabitation

(experiment 1)

Treatment
No.
of

males

Body
weight
(f)

Penis
muscles

(mg)
Penis
(mg)

Seminal vesicles

Whole
(mg)

Tissue
(mg)

Bulbo-
urethral
glands
(mg)

Cohabitation

Grouping
(unmated)

Isolation

259
±12
275
±9
284

+ 11

1602***
±83
1228
±71
1215
+ 61

305**
±12
267

±10
278

1139*
±103

933
±82
961

+ 59

264**
±29
203

±17
215
+ 9

89*
±11

72
±5
78

+ 4

The means on cohabitation are significantly different from the pooled mean of the other two treat¬
ments: *P =£ 005, ** P s; 001 and ***  < 0001.

end. In the latter two treatments the males were raised with two spayed and
two hysterotomized females per cage, respectively.

Fifteen trios of male littermates were used. In each trio, one littermate was

raised in cohabitation, one was unmated and grouped, and one was isolated.
Six of the trios were killed when the males weighed 125 g, five trios when the
males weighed 220 g and the remaining four trios at 125 days of age. The
growth curves and the mean weights of the accessory reproductive organs of
the trios are shown in Text-fig. 1.

The isolated males exceeded the others in body weight. Their accessory
reproductive glands, including secretion, were larger than those of other males,
until puberty or shortly thereafter. However, at 125 days of age all the accessory
reproductive organs were largest in the males on cohabitation. The differences
between the isolated and unmated grouped males were not significant.

Nineteen additional males were used simultaneously with the trios to study
the effect of a change in treatment. Initially they were equally divided among
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the three treatments. When each male weighed 220 g (i.e. at the age of 80+ 10
days) it was transferred to either of the other two treatments. These males
spent an average of 58 days on an 'initial' treatment and 43 days on a 'final'
treatment. All were killed at 125 days of age. The effects of the initial treatment
were not detectable ; therefore the observations were grouped according to the
final treatments. The results on accessory reproductive organs are presented in
Table 1 ; they confirm those obtained with the trios (Text-fig. 1 ).

The mean ratios of testes, kidneys, adrenals and hypophysis to body weight
are presented in Table 3. The means are based on all the males killed after
puberty, i.e. the trios killed when weighing 125 g were excluded. Testes and
kidneys to body weight ratios were largest on cohabitation. Kidneys and
adrenals, at 125 days, were highly correlated (r = 0-602;  < 0-01).

Experiment 2
The object of this experiment was to determine whether different intensities

of female odours would modify the atrophy of the accessory reproductive
organs in unmated males and to extend the observations made in Experiment
1 over a longer period of time.

Six combinations of social condition and intensity of female odours were
used (see Table 2). The three types of social condition were in effect the same
as those in Experiment 1 ; a minor modification was that the unmated grouped
males were raised without spayed females and are referred to as 'all-male'
groups.

In order to obtain different intensities of female odours, two rooms were used.
Room A contained at all times twenty to forty normal females; room  con¬
tained no females. A hallway and another room separated rooms A and B.

Sixteen males were allotted to each of the six treatment groups. Four groups
were housed in room A: the cohabitation group, two all-male groups and a

group of isolated males. All-male group 1 was housed in special cages having
a small compartment for two females; a coarse wire screen prevented mating.
The males in this group were thus exposed to the odours of females placed very
close to them. In all-male group 2 the males were exposed to odours of females
only from nearby cages. Two treatment groups were housed in room B: all-
male group 3 and a group of isolated males.

In decreasing order of intensity of female odours (within each type of social
condition) there were three all-male groups numbered 1, 2 and 3, two groups
of isolated males, in room A and room B, and one group in cohabitation.

Four males were housed in each cage, except when in isolation. Two hystero-
tomized females were used per cage to provide conditions of cohabitation.
Floor space for each animal was kept constant in all the groups by using cages
of different sizes.

Mating hysterotomized females are pseudopregnant most of the time and
become obese and sluggish. Unmated intact females also get obese and tend to
become less fertile. Whether sexual attraction and receptivity also decrease in
such females is not known, but, as a safeguard, the hysterotomized females and
the intact ones in all-male group 1 were replaced with fresh ones at 136 and
190 days of age.
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Eight males in each treatment group were killed at 136 days of age and the rest
at 240 days. Four were lost at about 200 days of age due to accident and disease.

The differences between treatments at 240 days were similar to those at
136 days; therefore the results were pooled. The results for accessory reproduc¬
tive organs are presented in Table 2. At 240 days the seminal vesicles were not

separated into tissue and secretion; the results for this gland in Table 2 are
based only on eight males per treatment killed at 136 days.

At 136 days the isolated males were already slightly heavier than the others ;
at 240 days they averaged 377 g versus 348 g for all other males. As in Ex¬
periment 1, they had slightly larger penis muscles and levator ani than males
in the all-male groups. Later this trend was checked; at 240 days the mean

weights of both muscles in both unmated treatments were within a narrow

Table 3

mean ratios of testes, kidneys, adrenals and hypophysis to body
weight in socially isolated and grouped unmated male rats and in

controls in cohabitation (experiments 1 and 2)

Experiment Treatment

Cohabitation

Grouping

Isolation

Cohabitation

Grouping

Isolation

No. of
males

15

16

15

16

46

30

Testes
 IO5

993 a

±15
931"

±21
909"

+ 16

898a
±30
856ab

+ 16

814"
+ 17

Kidneys
 105

964a
±30
865"

±23
919s"

±25
943"

±15
914"

±10
996a

+ 17

Adrenals
X 106
159ab
±5
146"
±3
164a
+ 7

136"
±3
135"
±3
152a
+ 3

Hypophysis
xlO7

310a
±8
288a

±12
290a

+ 11

330a
±6
330a
±5

332 a

+ 41

Any two means marked by at least one common letter are not significantly different;
others are (P =S 0-05).

range, being 22% to 28% smaller than those of the mated males. In effect,
at 240 days, the perineal muscles and the penis of the unmated males did not
reach the size of those of the mated group at 136 days of age.

The results of Experiment 2 confirm those of Experiment 1 ; an exception
was the size of the bulbo-urethral glands of the isolated males, which exceeded
that of the mated treatment. Concretions were found in several of the largest
bulbo-urethral glands of the isolated males ; this suggests that their large size
was due to stasis rather than hypertrophy. The seminal vesicles of the isolated
males also retained the largest amount of secretion.

The respective comparisons indicate that female odours did not check the
relative atrophy of the penis muscles, levator ani, penis and seminal vesicle
tissue. The amount ofsecretion in the seminal vesicles and the size of the bulbo-
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Social effects on unmated male rats 49
urethral glands tended to increase with decreasing intensity of female odours.

The size of the testes, kidneys, adrenals and hypophysis was unaffected by
female odours. Mean ratios of these organs to body weight are presented in
Table 3.

The mated males had the largest testes. Two males had one degenerated
testis; both were unmated. One was in isolation in room A to 136 days and
another in all-male group 2, to 240 days of age. The degeneration was similar
to that previously described in unmated males (Drori & Folman, 1964).

The isolated males had the largest kidney and adrenal to body weight ratios;
these were correlated at 136 days of age {r = 0-444;  <0-01). Both ratios
increased with body weight on all the treatments, but in males of equal weight
they were consistently higher in the isolated males, suggesting a direct effect
of isolation.

DISCUSSION
The results of this study confirm our previous finding (Drori & Folman, 1964)
concerning the atrophy of the reproductive system in unmated male rats. Social
isolation versus grouping had no marked effect on the atrophy of the re¬

productive organs of unmated male rats.
One minor effect of isolation was the retention of larger amounts of secretion

in the seminal vesicles; their ratio of secretion to tissue on isolation was 50%
greater than on cohabitation. The concretions found in some of the bulbo-
urethral glands of the isolated males suggest a similar explanation for the in¬
creased size of this gland in isolated males.

Another minor effect of isolation was that during the period of rapid growth
the perineal muscles tended to be slightly larger than those of the unmated
grouped males. At the same time the isolated males also grew faster than their
grouped counterparts. At 240 days of age, when growth had become slow, the
size of the perineal muscles in the isolated males was slightly smaller than in
the grouped males. This suggests that their size was related to the rate of
growth of the males.

Female odours did not modify the prevalent atrophy either in grouped or in
isolated males. The proximity of females merely tended to reduce the amount
of secretion in the seminal vesicles. The reduced amounts of secretion in the
accessory glands due to grouping and to the proximity of females are readily
explained by the fact that both grouping and female odours serve as stimuli
for the initiation of sexual contact, which is concomitant with the evacuation of
the contents of these glands, without affecting the development of the secretory
tissue.

In view of the evidence presented above, it appears possible to resolve some
of the conflicts which have arisen in the past.

Steinach (1936), who first observed the atrophy of the reproductive organs
in males segregated from females, did not mention the use of control groups
and was, therefore, severely criticized by Poynter (1939). Nevertheless, our

previous and present results confirm Steinach's observations. Steinach was
unaware of the effects of mating per se and believed that the atrophy of the

Downloaded from Bioscientifica.com at 05/23/2023 08:23:12PM
via free access



50 Y. Folman and D. Drori

reproductive system in male rats could be prevented by female odours. We
suggest that Steinach's observations were correct but his interpretation was
erroneous. Poynter (1939) set out to test only Steinach's interpretation and
adequately refuted it; but at the same time she made a generalization un¬

warranted by her results, stating the 'testis hormone secretion in the male rat
is not modified when the animal is isolated from male influence or from female
influence or from both'. Poynter, like Steinach, was unaware of the effect of
mating on male rats, for in one of her experiments, in a single treatment, she
raised three males in a room containing females and casually remarked that
'two of these were raised as bachelors whereas the third was allowed to breed
freely'. The seminal vesicles and the coagulating glands of Poynter's males,
which were raised in a room with females or without females, were of the same
size as those we find in unmated males of the same age and body weight, hence
atrophie. We suggest, therefore, that had Poynter used a mated control group
she would not have rejected Steinach's observations concerning the atrophy
of the reproductive system in males segregated from female influence.

It is difficult to explain the hypertrophy of the kidneys in the isolated males,
especially in Experiment 2 (Table 3). We have previously reported that the
kidneys of mated males were larger than those of grouped unmated males
(Drori & Folman, 1964). This difference was also apparent in the present
study. We suggested there that this was an additional indication of increased
androgenic activity in mated males, since the kidney has been shown to respond
in weight to androgens (Korenchevsky & Dennison, 1934). The hypertrophy
of the kidneys of the isolated males in this study suggests that factors other
than androgens influence kidney size and limit its value as an index of andro¬
genic activity.
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