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I t  is well established that undernutrition 
adversely affects the reproductive system in 
rats (1-4). While spermatogenesis appears 
relatively resistant to the influence of caloric 
restriction ( 5 ) ,  the endocrine function of the 
testes appears to be highly susceptible, as 
determined by decreased accessory organ 
weights and secretory activity (6, 7) .  That 
the primary derangement from underfeeding 
centers in the pituitary gland, was indicated 
by studies in which regressive changes were 
corrected by injected gonadotropins (8, 9 ) .  

These conclusions based on accessory or- 
gan weights have not always been substanti- 
ated by the reports of androgen levels in 
blood and testes. This was demonstrated by 
Mann et al. (10) who restricted the feed 
intake of a bull calf to 33% of that eaten by 
its twin full-fed control. After 2 months, the 
testosterone in spermatic vein blood and 
testes was 25% that in the control. Continu- 
ation of underfeeding for 7 months resulted 
in a marked increase in testes testosterone 
but the underfed was 80% of the control. 
Semistarvation of rats suggested that a 3370 
loss of body weight was associated with a 
reduction in androgen production by testes 
in vitro ( 1 1 ) .  Although the reduction was 
statistically significant, it may not be bio- 
logically important since androgen synthesis 
was reduced only about 10%. 

Although previous studies have described 
the alterations in reproductive functions oc- 
curring during prolonged periods of semistar- 
vation, they have not included quantitative 
data on the hormonal changes or information 
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on accessory sex organs. The present study 
was designed to determine the effects of sem- 
istarvation; total starvation with, or with- 
out, a previous period of semistarvation; and 
refeeding on testicular functions in rats. 

Materials and Methods. Ninety, male 
weanling Sprague-Dawley rats were fed ad 
libitum a grain ration until 10 weeks of age. 
This was a corn-soy ration which contained 
23% protein, 3% fat, 54% carbohydrate and 
provided 3.4 kcal/g. At the end of that peri- 
od, five rats were autopsied to obtain organ 
weights. Rats were weighed weekly and mean 
daily feed intakes of unrestricted rats were 
calculated from weekly food consumption 
data. Water was available to all animals 
throughout. Rats were housed individually in 
wire-screened cages in a room maintained at  
25-27" with a 12-hr period of illumination 
daily. At 10 weeks of age, 30 rats were as- 
signed at  random to ad libitum-fed control 
and 30 to a 50% restricted diiet group. Half 
the quantity of diet consumed by rats fed ad 
libitum was given to restricted rats daily be- 
tween 7 and 8 p.m. Both groups were fed the 
previously described grain ration. 

Ten rats on the restricted diet were sac- 
rificed when their weight loss plateaued 
which occurred after 8 weeks of semistarva- 
tion. Ten unrestricted controls were also sac- 
rificed at this time. The remainder of the 20 
rats on the unrestricted diet and 20 on the 
restricted diet were maintained on their as- 
signed regimens until 33 weeks of age, when 
10 animals from each group were sacrificed. 
Since at  this age, several of the ad Zibi- 
turn-fed rats but none on the restricted diet 
were afflicted with chronic respiratory dis- 
ease, it was decided to terminate this aspect 
of the study. After 20 weeks of restricted 
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feeding, 10 rats were permitted free access to 
the diet and sacrificed following a 3-week 
refeeding period (33 weeks of age). At the 
same time, six previously unrestricted rats 
were deprived of all food for 6 days at the 
end of which they were killed (33 weeks of 
age). All rats were killed with an overdose of 
ether; blood was obtained from the abdomi- 
nal aorta. The serum was stored at  -15". For 
testosterone analysis, the serum was first ex- 
tracted with diethyl ether, Purification was 
done by methanolic precipitation of lipids 
and thin-layer chromatography to isolate the 
androgens. The diheptafluorobutyrate deriva- 
tive of testosterone was used for quantifica- 
tion by electron capture using gas-liquid 
chromatography ( 12). 

Seminal vesicles were weighed and homog- 
enized for fructose analysis (14). Weights 
of adrenals, anterior pituitary, and liver were 
secured at  autopsy. Epididymides and testes 
were homogenized in 0.85% sodium chloride 
(with 0.01% Triton-X) to determine sperm 
contents ( 13). 

Results. Semistarvation for 8 weeks pro- 
duced a significant decrease ( p < . O S )  in the 
weights of the testes and epididymides (Ta- 
ble I) .  However, since body weight loss was 
proportionately greater than that of the testes 
or epididymides, the relative weights of the 
testes and epididymides increased when ex- 
pressed as a fraction of the body weight. 
Semistarvation for 8 weeks also caused re- 
duced ( p <  .05) seminal vesicular citric acid 
and coagulating gland fructose (Table 11). 
Relative to values a t  18 weeks of age, caloric 
restriction for another 15 weeks propor- 
tionately increased weights of seminal vesi- 
cles and coagulating glands. During this 
time, seminal vesicular citric acid increased 
while coagulating gland fructose decreased 
(Table 11). Refeeding for 21 days caused 
increases in relative weights and secretory 
activity of seminal vesicles, as measured by 
citric acid content, and coagulating glands, as 
measured by fructose content (Table 11) 
and in absolute testicular and epididymal 
weights (Table I ) .  When completely de- 
prived of food for 6 days, serum testosterone 
declined to undetectable levels (Table 11), 
but proportional weight of coagulating glands 
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and absolute testicular weight were not 
affected ( p >  . O S ) ,  However, in conjunction 
with reduced testosterone, citric acid in semi- 
nal vesicles and fructose in coagulating 
glands were markedly reduced ( p  < .OS) . Con- 
centration of sperm in testes and epidid- 
ymides was not affected signibficantly after 
any period of restricted feeding or refeeding 
(Table I). 

Correlation analyses (Table 111) indicated 
that proportional weights of seminal vesicles 
paralleled serum testosterone levels in con- 
trol a t  18 and 33 weeks and in restricted rats 
a t  18 weeks of age. During semistarvation the 
weight of testes varied inversely with serum 
testosterone ( Y  = -1  .O) ; however, level of 
testosterone was positively correlated with 
body weight, fructose in coagulating glands, 
and with weights of seminal vesicles, coagu- 
lating gland, and epididymides ( p <  .01) . I n  
refed rats, serum testosterone was negatively 
correlated with total fructose and adrenal 
gland weights (p<.Ol). 

Discussion. The relative concentration of 
sperm in the testes and epididymides was 
unimpaired by the food restrictions applied 
in this experiment. This concentration of 
sperm per gram of tissue was maintained 
even after 23 weeks when food was restricted 
to half that of the ad libitum controls and 
when body weights were proportionately re- 
duced. 

Previous work suggests that caloric restric- 
tion initiated early in life impaired spermato- 
genesis (2 ,  5 ) .  However, once sexual maturi- 
ty was achieved, gametogenic function of the 
testes was maintained in spite of undernutri- 
tion. The present results agree with previous 
data, which showed that spermatogenesis con- 
tinued in vitamin B-deficient rats (15) and 
in semistarved adult bulls (16). 

Classically, relative weights of seminal 
vesicles, coagulating glands, the prostate and 
their secretory activities have been used as 
indicators of androgen secretion (13) .  Meth- 
ods sufficiently sensitive to detect serum tes- 
tosterone allow definitive quantification of 
gonadal endocrine function. High variation 
among animals within each age group typified 
our testosterone data, as it did in bulls (1 7 ) .  
The levels of testosterone listed in Table TI 
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TABLE 111. Correlation Coefficients Between Serum Testosterone and Some Endocrine or Re- 
productive Criteria. 

Experimental condition : 
Age of rats (weeks) : 

Body wt  
Tes ticular wt  
Epididymidal wt 
Seminal vesicles (% body wt) 
Coagulating glands (% body wt) 
Seminal vesicular citric acid 
Coagulating gland fructose 
Adrenals (% body wt) 
Anterior pituitary (% body wt) 
Liver (% body wt) 

Control 
18 

.40 

.35 

.35 

.73" 

.42 
-.42 
-,38 
-.48 

-.02 
34" 

Semistarved 
18 

Control Semistarved 
33 33 

Ref ed 
3 weeks 

33 

.98" 
-1.00" 

.96" 
.97" 
.91" 

-.64 
.97" 

-.66 
-.21 
-.94" 

-.39 
-.32 

.73 

.62 

.63 

.52 

.65 

.29 

.63 
-.12 

.63 
-.41 
-.12 
-.39 

.18 
.54 

-.52 
-.09 

.52 
-.74 

.59 
-.69 
-.58 
-.24 
-.14 

.59 
-32" 
-32" 
-*I4 
-.08 

a Values significantly different from zero (p < .01). 

similar to those reported by Resko et QZ.  
(18) in plasma from adult rats (1.10 to 2.04 
ng/ml) as determined by gas-liquid chroma- 
tography, but lower than others reported by 
Bardin (19) (41.0 to 50.4 ng/ml), and Frick 
et QZ. (20),  using another technique. In the 
present study, serum testosterone values for 
adult rats varied from 3.90 at  18 weeks to 
1.48 ng/ml at 33 weeks of age. Others (17, 
21) found decreasing levels of testosterone in 
blood serum of bulls as they advanced from 
puberty to 12 months of age. 

Based on accessory organ data and on the 
efficacy of gonadotropic hormones in revers- 
ing starvation-atrophy of the reproductive 
tract, Mulinos and Pomerantz (8) and Lut- 
wak-Mann and Mann (22) suggested that 
undernutrition impairs hormone secretion. Al- 
though large variation (see standard errors 
Table 11) within groups precluded signifi- 
cance, group means for serum testosterone 
indicated that semistarvation ( 1.22 ng/ml) 
and total starvation for 6 days (undetecta- 
ble) reduced levels of circulating testos- 
t erone. 

Reproductive performance appears to be 
enhanced by a period of food restriction fol- 
lowed by free access to food. Rats appear to 
adapt to a period of prolonged caloric restric- 
tion and after arriving at  a new equilibrium, 
secrete an increased amount of hormone 
when presented with a surplus of food. This 
is suggested by the elevated testosterone 
blood levels in the rats that had been semi- 

starved for 20 weeks and then fed ad Eibitum 
for 3 weeks. The blood testosterone levels 
(3.0 ng/ml) in those rats were twice those of 
the controls that had never been starved 
(Table 11). Additional evidence for this hy- 
pothesis comes from the work of Jackson 
(23). He reported that reproductive per- 
formance of restricted-refed rats, as measured 
by mating tests actually surpassed that of 
full-fed controls. Adaptation to semistarva- 
tion also appears in the accessory organ 
weights which increased between 8 and 23 
weeks of semistarvation and significantly in- 
creased further after refeeding. 

Total inanition for 6 days markedly re- 
duced seminal vesicular citric acid, coagulat- 
ing gland fructose, and serum testosterone, 
illustrating that adaptation did not occur af- 
ter 6 days of complete food deprivation. 

Some, but by no means all, accessory organ 
data were positively correlated with serum 
testosterone values. As measured in this ex- 
periment, no single accessory organ weight or 
secretory activity appears to be sufficiently 
dependent upon testosterone to serve as a 
reliable index of blood testosterone levels. 
Under our conditions, level of testosterone at 
any given moment may reflect accessory or- 
gan criteria after a suitable interval of time. 
Testicular weights generally were negatively 
correlated with serum testosterone, suggesting 
that maintenance of spermatogenesis is inde- 
pendent of circulating testosterone. Relative 
liver weights were negatively correlated with 
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serum testosterone in all groups. This may be 
associated with the role of the liver in regu- 
lating blood steroid levels through their re- 
moval and deactivation. 

Summary. Male Sprague-Dawley rats were 
allowed to feed freely until 10 weeks of age 
and then were restricted to 50% of the ad 
libitum food intake of controls for 8 or 23 
weeks. Serum testosterone, determined by 
gas-liquid chromatography, decreased during 
the first 8 weeks of food restriction to 3 1 % of 
that in full-fed controls, but then rebounded 
to control levels following another 15 weeks 
of semistarvation. Similarly, weights and se- 
cretory activities of accessory reproductive 
organs declined during the first 8 weeks and 
increased during the last 15 weeks of food 
restriction. When allowed to refeed for 3 
weeks following 20 weeks of semistarvation, 
serum testosterone rose to 3 .O ng/ml, twice 
the 1.5 ng/ml in fulIy fed controls and three 
times the 1.2 ng/ml for chronically semi- 
starved rats at the same age. 

The complete absence of food from previ- 
ously full-fed rats for 6 days lowered testos- 
terone levels to undetectable quantities. 

Absolute weights of testes and epidid- 
ymides and their concentration of sperm 
(per gram of tissue) were affected less than 
androgens during a 50% reduction in feed 
intake as well as during the subsequent ad 
libitum refeeding period. 
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