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Weanling rats with lesions of the ventro- 
medial hypothalamic nuclei exhibit normal 
weight gain and food intake (1). However, 
such rats (VMN) grow more slowly in 
length than normal (I), and their carcasses 
contain increased amounts of lipid and de- 
creased amounts of protein (2, 3). 

Other workers have shown that VMN 
rats conserve less nitrogen than normal (3), 
and we have demonstrated an increase in 
urea formation and alanine conversion to 
glucose in VMN rats (4). 

These observations suggest that metabo- 
lism in VMN rats may be characterized by 
a decrease in amino acid incorporation into 
protein, an increase in protein breakdown, 
or  a combination of the two. In order to 
investigate these possibilities, we have un- 
dertaken a study of amino acid metabolism 
in an attempt to delineate and define the 
changes in protein metabolism present in 
VMN rats. 

Methods. Weanling male rats were ob- 
tained from Sprague-Dawley at  50-70 g 
body wt, individually caged, and given tap 
water and a Purina rat chow diet ad libitum. 
Five days after arrival, the rats were di- 
vided into lesioned (VMN) and sham-le- 
sioned (control) groups, and lesions or  
sham lesions were produced by previously 
described methods (5). Two weeks later 
14C-labeled a-amino isobutyric acid without 
carrier (1 pCi/lOO g rat wt) was injected 
intraperitoneally followed 30 min later by 
[3H]inulin without carrier (3 pCi/lOO g rat 
wt). Thirty minutes after the second injec- 
tion, the rats were sacrificed. Tissue frag- 
ments weighing approximately 100 mg were 
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dissolved in 1 ml of 1 n NaOH, and plasma 
(0.1 ml) was mixed with Soluene-100 for 
determination of radioactivity. 3H and 14C 
dpm were calculated by the separate addi- 
tion of 3H and 14C external standards to 
permit calculation of the percentage effi- 
ciency of each isotope in each channel. 

In a second group of experiments, [U- 
14C]alanine, lysine, o r  leucine diluted with 
varying doses of carrier was injected intra- 
peritoneally (5 pCi/lOO g rat wt) into VMN 
or  control rats 2 weeks after lesion place- 
ment. The rats were sacrificed by decapita- 
tion, and fragments of the liver, adipose 
tissue, and diaphragm were weighed and 
homogenized. The proteins of these homog- 
enates and of the plasmas were precipitated 
with TCA, warmed to remove nucleic 
acids, and then extracted with chloroform- 
ether-ethanol to remove lipids. The pro- 
teins were then redissolved in NaOH for 
determination of protein content (6) and of 
radioactivity by scintillation counting. 

In a third experiment [14C]sodium carbon- 
ate (250 pCi) was injected without carrier 
intraperitoneally into rats which were then 
sacrificed 2 or  7 days later. Protein was 
isolated from plasma, thigh muscle, and de- 
capitated, skinned eviscerated carcass and 
analyzed as described above. The T1,2 for 
muscle protein synthesis and breakdown, 
respectively, were calculated from the loga- 
rithms of muscle protein specific activity 
and total radioactivity 2 and 7 days after 
injection (7). 

Results. [3H]inulin a n d  [l4C]AIB distribu- 
tion (Table I ) .  The plasmas of the VMN rats 
contained over 50% greater concentrations 
of both inulin and AIB than did the plasmas 
of normal controls. The fat pad and liver 
content of both inulin and AIB was the 
same in the VMN as in the control rats, 
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156 PROTEIN METABOLISM IN OBESE RATS 

TABLE I .  DISTRIBUTION OF [ 3 H ] I ~ u ~ ~ ~  A N D  [I4C]AIB I N  CONTROL A N D  VMN RATS AFTER 
INTRAPERITONEAL INJECTION. 

VMN (9)" Control (4) P< 

[3H]inulin 
Dpm/ml plasma 
Dpmlg tissue 

Fat pad 
Liver 
Diaphragm 

Fat pad 
Liver 
Diaphragm 

Dprn/ml plasma 
Dpm/g tissue 

Fat pad 
Liver 
Diaphragm 

Fat pad 
Liver 
Diaphragm 

Dprn per g tissue/dpm per ml plasma 

[I4C]AIB 

Dpm per mg tissue/dpm per ml plasma 

297,000 2 26,000 

540.000 2 47,300 
226,000 ? 35,500 
651.000 ? 46,000 

1.92 ? 0.23 
0.81 ? 0.14 
2.35 2 0.33 

30,000 f 1.500 

16,500 2 1,760 
71,500 2 13,300 
74,200 2 5,260 

0.55 2 0.06 
2.31 ? 0.31 
2.47 ? 0.13 

188,000 2 15,000 

620,000 ? 68,700 
181,000 ? 55,100 
387,000 ? 46,200 

3.27 2 0.10 
0.98 4 0.31 
2.14 ? 0.39 

18,000 -+ 2,500 

24,400 2 1,640 
35,400 2 5,460 
45,600 2 5,960 

1.31 2 0.10 
1.93 ? 0.08 
2.50 2 0.05 

0.05 

NSb 
N S  

0.01 

0.01 
NS 
NS 

0.01 

NS 
NS 

0.01 

0.001 
NS 
NS 

" Number of animals per treatment group. 
* Statistically not significant (P > 0.05). 

whereas the VMN rat diaphragms con- 
tained more inulin and AIB than did the 
control rat diaphragms. In order to correct 
for differences in the vascular (and presum- 
ably extracellular) radioactivity in the tis- 
sues, the results were calculated and ex- 
pressed as the ratio of tissue to plasma 
radioactivity. Analyzed in this fashion, the 
data indicate that the cells of VMN livers 
and diaphragms took up AIB normally 
whereas the fat pads of VMN rats took up 
only 40% as much AIB as did the control rat 
fat pads. 

l4C-labeled amino acid incorporation 
into protein (Table 11). When [14C]alanine 
was injected intraperitoneally , its incorpora- 
tion into the proteins of liver, fat pad, dia- 
phragm, and plasma rose with the amount 
of alanine injected. The liver and plasma 
protein radioactivity after 2 hr was greater 
in the VMN than in the control rats at all 
concentrations of injected alanine. Neither 
diaphragm nor adipose tissue proteins 
showed consistent changes. 

When [ 14C]leucine was injected, incorpo- 
ration into theaproteins of plasma, liver, fat 
pad, and diaphragm was higher in the VMN 

rats than in the controls at all concentra- 
tions. 

Compared to control rats, VMN rats in- 
corporated more lysine into plasma pro- 
teins at all concentrations and into liver 
proteins at all but the highest dose level 
administered. The incorporation into the 
proteins of diaphragm and adipose tissue 
was in general the same in VMN and con- 
trol rats. 

[Wlcarbonate incorporation and reten- 
tion in protein. Two days after the injection 
of Na,14C03, the radioactivity in plasma, 
muscle, and eviscerated carcass proteins 
was greater in VMN than in control rats. 
After 7 days, the differences persisted, but 
they were of much smaller magnitude and 
in the carcass were not statistically signifi- 
cant (Table 111). These findings indicate 
that protein synthesis and breakdown were 
both accelerated in the VMN rats. In leg 
muscle the T1,2 for protein synthesis and 
breakdown, respectively, were 5.3 and 6.2 
days in VMN rats compared to 9.2 and 14.4 
days, respectively, in the normals. 

Discussion. In the present experiments, 
the incorporation of all amino acids tested 
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TABLE 111. RADIOACTIVITY RECOVERED FROM 
PROTEIN AFTER INJECTION OF 250 pCi OF 

[14C]Na,C0, INTO VMN A N D  CONTROL RATS. 

VMN Control 
(dpm/mg pro- (dpm/mg 

tein) protein) P <  

Muscle 
2 days 29 ? 2°(5)b 16 2 2 0.01 
7 days 15 2 I 1 1  ? 2 0.05 

2 days 1048 2 122 681 ? 26 0.05 
Plasma 

7 days 166 2 13 97 ? I I  0.02 

2 days 48 2 3 31 ? 3 0.01 
Carcass 

7 days 24 2 1 19 ? 3 N S' 

(Dpm/mg tissue) (Dpm/mg tissue) 

Muscle 
2 days 6.35 ? 0.49 4.40 2 0.25 0.01 
7 days 3.61 ? 0.30 3.46 ? 0.73 N S  

Mean 2 SEM. 
Number of animals per group. 
Not statistically significant. 

into liver and plasma proteins was greater 
in VMN than in control rats. The changes 
in the incorporation into plasma protein 
probably reflects albumin synthesis by the 
liver although no plasma protein fractiona- 
tions were performed. The enhanced incor- 
poration into liver proteins cannot be as- 
cribed to increased transport of the radioac- 
tive amino acids into liver cells of the VMN 
rats since there was no difference in the 
hepatic uptake of [14C]AIB in the VMN as 
compared to the control rats. Likewise, any 
possible differences in amino acid pool size 
cannot explain these results since the 
changes in incorporation were apparent 
over a very large range of amounts of in- 
jected amino acids. Therefore, our findings 
suggest an enhancement of hepatic protein 
synthesis per se. 

With regard to diaphragm and adipose 
tissue proteins, only the incorporation of 
leucine was enhanced in the VMN rats, 
there being no differences between the 
VMN and control groups with reference to 
alanine or lysine incorporation. The in- 
creased leucine incorporation is probably 
not due to increased transport into the cells 
of diaphragm and fat pad since there was no 

into these tissues in VMN rats. In addition, 
the persistence of these differences over a 
large dose range of injected leucine make it 
unlikely that the changes can be attributed 
to altered pool size in VMN rats. The fail- 
ure to observe increased incorporation of 
alanine into muscle and fat pad protein in 
the VMN rats may be partially explained by 
postulating an enhanced hepatic utilization 
of alanine for protein synthesis and glucone- 
ogenesis in these rats. This explanation, 
although certainly not verified by the pres- 
ent studies, is in accord with previous data 
showing an increased in vivo conversion of 
[ 14C]alanine to liver glycogen and plasma 
glucose (4). 

The above evidence for increased protein 
synthesis in VMN rats is further supported 
by the data from the [14C]carbonate experi- 
ment, which clearly demonstrated that the 
VMN rat tissues contained increased radio- 
active proteins 2 days after injection of the 
[ 14C]carbonate and that the Tl,2 for synthesis 
of the mixed muscle proteins was 5.3 days 
in the VMN rats and 9.2 days in the con- 
trols. 

The experiment with [ 14C]carbonate 
showed, in addition, that protein catabo- 
lism is accelerated in the muscle of VMN 
rats. We have previously demonstrated an 
increase in gluconeogenesis from amino 
acids in VMN rats based on studies of urea 
production and of alanine incorporation 
into liver glycogen and blood glucose (4). 
The present experiments indicate that accel- 
erated protein breakdown in the muscles of 
VMN rats provides at least part of the 
amino acid supply necessary to support the 
increased gluconeogenesis observed in 
these rats. 

Summary. Our findings indicate that pro- 
tein synthesis is enhanced in weanling rats 
with hypothalamic obesity, that this en- 
hancement is not dependent on increased 
amino acid transport into cells, and that 
muscle protein breakdown is also enhanced 
in these rats. The mechanisms of these 
changes are yet to be discovered. Finally, 

observed increase in [ 14C]AIB transport muscle protein has been demonstrated to 
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be a probable source of the amino acids Viscer. M a t .  32,253 (1972). 
required to support enhanced gluconeogene- 
sis in these rats. 
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