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Starvation of adult male rats has resulted 
in a decrease in the amount of growth hor- 
mone in the anterior pituitary as measured 
by biological assay ( 1 ,  2 ) .  Dickerman et al, 
( 2 )  also reported lower levels of growth hor- 
mone activity in the plasma of starved male 
rats in comparison with rats fed ad libitum. 
Female rats have been found to have less 
growth hormone i'n the pituitary gland (3) 
and higher levels of the hormone in plasma 
(4) than males when radioimmunological 
methods were used to measure the hormone. 
The effect of starvation on plasma or pitui- 
tary growth hormone of female rats has not 
been reported. The purpose of the present 
experiment was to use radioimmunoassay 
techniques to study the effects of starvation 
of male and female rats for 2, 5 ,  and 7 days 
on growth hormone concentrations in the an- 
terior pituitary and blood plasma. 

Mateyials and Methods. Adult male and 
female rats of the Wistar strain with average 
weights of 360 and 230 g, respectively, were 
used. The animals were kept in individual 
cages in a temperature-controlled room (24 
t 1 ") with automatically controlled lights 
(14 hr of light daily). The rats had been 
maintained on a diet of Wayne Lab Blox 
pellets fed ad libitum. The rats were random- 
ly divided into four groups consisting of four 
males and four females. The animals in group 
1 were allowed to continue to consume the 
diet ad libitum. All feed was removed, the 
animals in goups 2, 3, and 4 were starved for 
48, 114, and 163 hr, respectively. With min- 
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imum handling, the rats were removed from 
the cages and decapitated, and blood was 
taken from the neck in heparinized centrifuge 
tubes. After decapitation, the cranium was 
opened, and the posterior pituitary was dis- 
sected from the anterior lobe. Each anterior 
pituitary was weighed on a micro-Torsion 
balance and stored frozen in saline until ex- 
tracted for assay. Growth hormone was ex- 
tracted from the anterior pituitaries by grind- 
ing the glands in an all-glass tissue homog- 
enizer with saline adjusted to pH 8.6 with 1 
N NaOH. The homogenate was frozen and 
thawed before centrifuging to obtain the su- 
pernatant solution to be diluted for assay. 
Aliquots of the supernatant solution were di- 
luted with sodium barbital buffer (pH 8.6, 0.1 
ionic strength) containing 2 . 5  mg of bovine 
serum albumin per milliliter. 

Rat growth hormone was measured by a 
modification of the coated-charcoal radioim- 
munoassay ( 5 )  using the cross-reactivity be- 
tween rat growth hormone and guinea pig 
antiserum to porcine growth hormone (6).  
Purified porcine growth hormone ( 7 )  (a  gift 
from Dr. C. H. Li) was labeled with lZ5I ( 8 )  
and just before use was further purified on a 
Sephadex G-100 column. Plasma samples or 
standards (porcine growth hormone) were in- 
cubated in quadruplicate with dilute guinea 
pig antiserum to procine growth hormone for 
1 day at 4". Sodium barbital buffer, pH 8.6, 
0.1 ionic strength, containing 2.5 mg bovine 
serum albumiin was used as diluent. The 1251- 
labeled growth hormone was added to each 
tube, and the tubes were incubated another 
day at  4'. The separation of the free hor- 
mone from the hormone bound to antibodies 
was accomplished by adding 1 .5  ml of al- 
bumin-dextran-charcoal suspension ( 7 .5  g 
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Norite A, 0.75 g dextran-80 and 3 g bovine 
serum albumin per 100 ml of the pH 7.4 
buffer, defined by Herbert et  al., 5) ,  followed 
by centrifuging 2 hr later. After removing 
the supernatant solution by aspiration, the 
radioactivity bound to charcoal was counted 
in an automatic well scintillation counter. 
Five point standard curves were plotted over 
the range from 0-1.5 ng of porcine growth 
hormone per assay tube. Regression coeffici- 
ents of 33.7 for porcine growth hormone and 
30.7 for an extract of a rat pituitary were 
obtained by plotting the percentage of la- 
beled hormone bound to antibody against the 
logarithm of the amount of unlabeled hor- 
mone or extract added per tube. The similari- 
ty of the slopes of the two lines suggests that 
the antiserum did not distinguish between 
porcine and rat growth hormones over the 
range of concentrations used in this assay. 
Immunodiffusion in agar and gel filtration on 
Sephadex G-100 were also used to study the 
specificity of the assay. The single line of 
precipitation which developed between the 
antiserum and an alkaline extract of a pitui- 
tary fused with the line of precipitation be- 
tween the antiserum and the purified procine 
growth hormone. The substance in the pitui- 
tary extract reacting with the antiserum was 
contained in a single symmetrical peak which 
was undistinguishable from porcine growth 
hormone with gel filtration. 

Results. The effects of starvation on 
growth hormone concentrations in plasma 
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FIG. 1 .  LeveIs of growth hormone (GH) in the 
plasma and pituitaries of male and female rats 
starved from 0-163 hr. 

and pituitaries in male and female rats are 
shown in Table I and Fig. 1. In  comparison 
with males, females had more plasma growth 
hormone (p<.Ol) a t  each observation. In  
comparison with the fed animals, starved 
males had lower levels of growth hormone in 
the plasma a t  48, 114, and 163 hr, but the 

TABLE I. Concentrations of Growth Hormone (GH) in Plssnia and Pituitaries of SJarved 
Male and Female Rats. 

Male 0 (4)" 312 2 l G . G h  11.7 2 5.9 8.5 2 0.6 312 58.3 36.1 f 4.8 
48 (4) 319 f 19.0 8.3 2 5.8 8.9 & 1.0 442 4 95.8 48.0 & 6.2 

114 (4)  265 * 2.7 1.8 & 1.2 8.4 2 0.3 440 2 41.3 51.9 2 3.4 
163 (4) 252 7.4 3.7 f. 1.0 7.8 2 0.5 169 4 25.7 21.3 2 2.0 

Female 0 (4) 2 3 1 2  6.4 18.4 & 0.9 12.6 2 0.9 148 2 24.2 12.1 t 2.6 
48 (4)  198 2 5.3 14.6 2.9 10.6 1.1 140 2 36.5 12.9 f 2.5 

114 (4) 163 2 4.4 19.0 2 3.0 10.9 2 0.9 164 & 19.1 15.4 -+ 2.2 
163 (4)  150 f 4.7 13.8 2.5 9.4 & 0.2 106 f 37.8 11.1 -i- 3.7 

" Nunilxlr of anininls per group. 
Standard error of the mcan. 



PITUITARY AND PLASMA GH IN RATS 7'9 

decrease was not statistically significant (NS). 
The females starved for 163 hr also had 
slightly lower (NS) levels of plasma hor- 
mone, but the decline was much less pro- 
nounced than that observed in the males. 

FemaIes had larger ( p  < .OZ ) anterior pitui- 
taries than males. Starvation resulted in a 
decrease in pituitary weight in both males 
and females ( p <  .05), but proportionately 
there was a greater loss in body weight than 
in weight of the anterior pituitary. The 
weight of the gland per unit of body weight 
(mg pituitary/100 g body weight) increased 
from 2.5 to 3.1 in the males and from 5.5 to 
6.3 in the females, from 0-163 hr of starva- 
tion. 

Total anterior pituitary content of growth 
hormone tended to increase in both sexes 
with 48 and 114 hr of starvation, and then 
decreased with 163 hr of starvation ( p < . O S  
for males only). Males had more ( p < . O S )  
total growth hormone in the anterior pitui- 
tary at  0, 48, and 114 hr than the females; 
but after 163 hr of starvation, the pituitary 
content of the hormone was similar in both 
sexes. Starvation of the males for 48 and 114 
hr resulted in an increase ( p < . O S )  in con- 
centration of growth hormone in the anterior 
pituitary, while starvation for 163 hr caused 
a decrease (p< .05). The same trends in con- 
centration of the hormone in the glands were 
observed with the females, but the differences 
were not statistically significant. Starvation 
of the females for 163 hr did not significantly 
decrease concentration of growth hormone in 
the pituitary in comparison with the animals 
that had been fed. Males in comparison with 
females had higher pituitary concentrations 
of growth hormone at each time of observa- 
tion. Data in Fig. 1 indicate there were no 
significant relationships between pituitary 
content of growth hormone and plasma levels 
of the hormone. 

Discussion. The data obtained in this 
study indicate that starvation of rats for up 
to 7 days results in lower levels of growth 
hormone in plasma and the anterior pituitary 
in both males and females. The response, 
however, was more pronounced in males. The 
reason for this difference between males and 
females is not obvious. The results obtained 

in this study with radioimmunoassay agree 
with data obtained by bioassay of plasma 
and pituitaries from starved male rats (1, 2 ) .  

The increase in growth hormone content 
in the pituitary with 48 and 114 hr of starva- 
tion, when plasma levels of the hormone were 
decreasing, suggests there might have been 
less stimulation by the growth hormone- 
releasing factor from the hypothalamus in the 
starving animals. A reduction in hypthala- 
mic concentration of the growth hormone- 
releasing factor in male rats after starvation 
for 5 days (9) and 7 days ( 2 )  has been 
reported. The decrease in concentration of 
growth hormone in the pituitary observed at 
7 days may have been an indication of de- 
creased synthesis, of the hormone because of 
less available energy and amino acids during 
starvation. Srebnick et al. (10) reported that 
feeding rats protein-free diets for 5 weeks 
reduced the amount of growth hormone in 
the anterior pituitary and plasma. The differ- 
ences between males and females in pituitary 
content and concentration of growth hor- 
mone agree with the results reported by 
Birge et al. (3) who1 proposed that the gonad- 
al hormones accounted for these differences 
in quantity of pituitary growth hormone. The 
higher levels of plasma growth hormone 
along with lower concentrations of the hor- 
mone in the pituitaries of the females ob- 
served in this study as well as by others (3, 
4) suggest greater secretion of growth hor- 
mone in females than in males. 

There was no positive relationship between 
the amount of growth hormone in the pitui- 
tary and the plasma. Concentrations of 
growth hormone in the pituitary were higher 
in the males than in the females, whereas 
plasma levels of the hormone were higher in 
the females than in the males. Fasting of the 
male rats for 48 or 114 hr tended to increase 
the amount of growth hormone in the pitui- 
tary, while the amount in the plasma de- 
creased. 

Summary. Growth hormone was measured 
by radioimmunoassay in anterior pituitaries 
and plasma obtained from adult male and 
female rats that had been fed or starved for 
48, 114, and 163 hr. Starvation for 163 hr 
resulted in lower levels of growth hormone in 
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plasma and pituitary of both sexes. Pituitary 
content and concentration of growth hormone 
were both increased with 48 and 114 hr of 
starvation and then were decreased a t  163 hr 
in comparison with the animals fed ad Zibi- 
turn. The males consistently had smaller ante- 
rior pituitaries, higher concentrations of 
growth hormone in the piutitary, and lower 
levels of the hormone in plasma in compari- 
son with females. 

The author acknowledges the technical help of 
Kathy Hopkins. 
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