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BURLET, A. J., M. JHANWAR-UNIYAL, M. CHAPLEUR-CHATEAU, C. R. BURLET AND S. F. LEIBOWITZ. 
Effect of food deprivation and refeeding on the concentration of vasopressin and oxytocin in discrete hypothalamic sites. 
PHARMACOL BIOCHEM BEHAV 43(3) 897-905, 1992.--Recent evidence has implicated hypothalamic peptides, such as 
arginine vasopressin (AVP) and oxytocin (OT) in the control of feeding behavior. In this study, we investigated the impact of 
food deprivation (48 h) and subsequent refeeding (6 h) on the concentration of AVP and OT in discrete hypothalamic areas, 
as well as in the neurohypophysis. We also estimated in these rats certain peripheral measures, including hydroelectrolytic 
parameters, plasma and urine AVP, and plasma corticosterone. The results of this study revealed that food deprivation for 
48 h produced little change in OT concentration in the various hypothalamic nuclei studied, including the paraventricular and 
supraoptic nuclei, with the exception of the median eminence (ME), where a significant decline (-36°7o; p < 0.05) was 
detected. This effect was not significantly reversed by 6 h of refeeding. With respect to AVP concentration, food deprivation 
caused a reliable decline exclusively in the parvocellular subdivision of the paraventricular nucleus (pPVN; - 45%; p < 0.01) 
and in the supraoptic nucleus (SON; -4507o; p < 0.01). No change in AVP was detected in the ME or in most other 
hypothalamic nuclei examined. Refeeding for 6 h actually potentiated the effect of food deprivation, decreasing further from 
baseline the content of AVP in the pPVN and SON. The only other hypothalamic area to exhibit a change in AVP content 
was the ventromedial nucleus, where AVP level increased (p < 0.001) after deprivation and declined to normal after 6 h of 
refeeding. The content of AVP and OT in the neurohypophysis was unaffected by food deprivation and subsequent refeeding. 
The AVP content of urine was significantly decreased after food deprivation; however, plasma AVP content remained 
unchanged. Plasma corticosterone levels were reliably enhanced after the food deprivation period. Refeeding for 6 h totally 
reversed these changes in peripheral hormone levels. Additional measurements of hydrolytic parameters suggested that these 
changes observed in hypothalamic concentration of AVP and OT are primarily due to alteration in nutritional state rather 
than to modifications in water balance. 
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Supraoptic nucleus 

THE paraventricular nucleus (PVN) of  the hypothalarnus is 
now believed to have a primary role in the control of food 
intake (24). Of more than 30 neuromediators isolated from 
this nucleus, arginine vasopressin (AVP) and oxytocin (OT) 
are perhaps the best known and most extensively studied. Im- 
munocytochemical studies have shown that AVP is mainly 
synthesized in the magnocellular (mPVN) (9,34) and parvocel- 
lular (pPVN) (37) neurons of  the PVN, as well as in the mag- 
nocellular neurons of  the supraoptic nucleus (SON) and the 
parvocellular neurons of  the suprachiasmatic nucleus (SCN) 

(38). Oxytocin is produced by a different neuronal population 
in both the PVN and SON (34,35). 

The role of  OT and AVP in the control of  food intake or 
body weight has not been extensively studied. A few injection 
studies that exist, as well as reports using other experimental 
approaches, have suggested a function of OT and AVP in the 
control of  satiety (3,21,39,40) and have also established an 
association between hypothalamic AVP and body weight gain 
(2,13). 

To investigate further a possible link between these hypo- 
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thalamic peptides and nutritional state, the present study, de- 
scribed in preliminary form (19), examined the concentration 
of  AVP and OT in discrete hypothalamic nuclei and the neu- 
rohypophysis (NH) in rats exposed either to 48 h food depriva- 
tion or 6 h refeeding after 42 h food deprivation. Because 
numerous observations have shown that water intake, and 
consequently body fluid homeostasis, is strongly linked to 
food intake, we also focused our attention on plasma and 
urine AVP, a potent regulator of  water conservation. 

METHOD 

Animals 

Male, albino Sprague-Dawley rats (n = 8-16/group), 
weighing 350-380 g and singly housed, were used in the pres- 
ent study. Animals were given Purina lab chow pellets and 
water ad lib and maintained on a 12L : 12D cycle, with lights 
on at 0600 h. Rats were adapted to these conditions for at 
least 10-14 days before the start of  the experiments. All rats 
were sacrificed 2 h after onset of  the light period (0800 h). 

Three groups of  rats, one satiated and two food deprived, 
were tested in this study. In all groups, water was available ad 
lib. The first group, consisting of  satiated rats with food freely 
available, served as a control group and was sacrificed at the 
same time as the other two groups. In group 2, subjects were 
deprived of  food for 48 h prior to sacrifice. Rats of group 3, 
the "refed" subjects, were first deprived of  food for 42 h and 
then given food ad lib for 6 h prior to sacrifice. 

In addition to measurements of  hypothalamic and pituitary 
AVP and OT taken in all subjects, a variety of  other measure- 
ments were recorded, in approximately half the rats in each 
group, to provide additional information regarding animals' 
state of  hydration. These measurements were: a) plasma and 
urine levels of  AVP; b) plasma and urine N A + ,  K + ,  and 
osmolality; c) plasma levels of  urea, hematocrit, glucose, and 
corticosterone (CORT); d) water and creatinine clearance; and 
e) food and water intake, body weight, and urine output, 
recorded at 24-h intervals during a 2-day pretest period as well 
as the 2-day period of  deprivation and refeeding. 

Tissue Preparation 

All rats were sacrificed by decapitation and their brains 
were quickly removed, frozen on dry ice, and stored at 
- 7 0 ° C .  Trunk blood was collected for the estimation of 
CORT and AVP. The neural lobe of the hypophysis (NH) 
was immediately isolated and stored in 100 #1 aprotinin (inhib- 
itor of  peptidase, Iniprol, Choay, France). Serial sections of 
300 #m were cut and discrete hypothalamic sites micro- 
punched. Eight hypothalamic areas were examined: pPVN 
and mPVN, SON, SCN, ventromedial nucleus (VMN), dor- 
somedial nucleus (DMN), perifornical hypothalamus (PFH), 
and median eminence (ME). Bilateral tissue samples were 
placed in 100 #1 cold Iniprol in microfuge tubes (500-#1 capac- 
ity) and stored at - 7 0 ° C  until assayed. The micropunched 
tissue samples from two rats were pooled in this study. 

Assay Technique 

Brain AVP and OT were measured by radioimmunoassay. 
Briefly, the tissue samples were homogenized in 1 ml cold 0.2 
N HCL. An aliquot was taken for protein analysis, according 
to the method of  Lowry et al. (25). The remainder of  the 
homogenate was centrifuged at 2,500 x g for 30 min at 4°C. 
The supernatant was then divided for the estimation of AVP 
and OT. 

OT Assay 

Standard or unknown samples were incubated in phos- 
phate buffer (pH 7.4-0.15 M NaC1; 0.3070 lysozyme) with anti- 
body (LI5; final dilution: 1/3,000, which has been raised in 
rabbits immunized with synthetic OT conjugated to thyro- 
globulin with carbodiimide) and [tzsI]-labeled oxytocin [New 
England Nuclear Corp. (NEN), Newton, MA; 2,200 Ci /  
mmol; 5,000 CPM] at 4°C for 24 h. Final assay volume was 
500 #1. Separation of free and antibody-bound OT was per- 
formed by addition of a dextran-charcoal solution followed 
by centrifugation at 2,500 × g for 10 rain. The assays were 
performed in duplicate for each determination. Assay sensitiv- 
ity was 1 pg/tube,  and intra- and interassay variations were 3 
and 8070, respectively. The cross-reactivity with OT (Sandoz, 
Inc., East Hanover, N J) and mesotocin (Novabiochem, La 
Jolla, CA) was 100070. With isotocin (Novabiochem), it was 
less than 0.1 070 and less than 0.001 070 with AVP (Ferring) and 
tocinoic acid (Novabiochem). 

A Via Assay 

The assay procedure of  AVP was similar ot that described 
for OT. The antibody P1 (dilution 1/25,000 final) was ob- 
tained by immunization with Lys-8-vasopressin conjugated to 
thyroglobulin. The tracer was [~zsI]-labeled vasopressin (NEN; 
2,200 Ci/mmol).  Arg-8-Vasopressin (Ferring, AB, Malm6, 
Sweden) was used for standard. The cross-reactivity with Arg- 
vasopressin and Lys-vasopressin was 100070. It was 1.25070 with 
vasotocin (Sigma Chemical Co., St. Louis, MO), 0.07070 with 
pressinoic acid (C. R. Bard, Inc., Billerica, MA), and 0.002o70 
with OT (Sandoz). 

Plasma AVP was measured by the same radioimmunoas- 
say. Fifty microliters of plasma were extracted with Amprep 
C8 microcoulombs (Amersham Corp., Arlington Heights, 
IL), dried under Nz, and stored at - 28°C until assayed. Urine 
AVP was measured by the same radioimmunoassay, without 
extraction, from acidified urine. The sensitivity was 1 pg/  
tube; the intra- and interassay variations were 1.4 and 12%, 
respectively. 

Plasma Corticosterone (CORT) was measured by radioim- 
munoassay (KIT SB-Cort, Oris, France). The intra- and inter- 
assay variations were 5 and 13070, respectively. 

Plasma and urine creatinine was measured with the Jaffe 
method; plasma glucose and urea with enzyme method (glu- 
coxydase and urease, respectively); N a +  and K + with elec- 
trode-sensitive methods; and osmolality by -cryoscopic mea- 
surement. 

Statistical Analyses 

The data were subjected to a one-way analysis of  variance 
(ANOVA) and then to appropriate posthoc tests (Newman- 
Keuls and Duncan's multiple-range test) for individual mean 
comparisons. A probability less than 0.05°7o was considered 
statistically significant. 

RESULTS 

OT in Hypothalamus and Neurohypophysis 

Eight hypothalamic nuclei were examined for their concen- 
tration of  OT (Fig. 1). In satiated control rats (open bars in 
Fig. 1), detectable levels of OT, ranging from 1.8-10.8 ng/mg 
protein, were observed in four of  these hypothalamic areas, 
namely, the pPVN, mPVN, SON nuclei, which contain the 
OT perikarya, and the ME, which has dense OT-containing 
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FIG. 1. Effect of food deprivation and subsequent refeeding on brain oxytocin concentration [(OT), ng/mg protein]. Rats that were satiated 
(open bar), 48 h food deprived (hatched bar), and 6 h refed after 42 h food deprivation (solid bar) were sacrificed during the light cycle. 
Statistical comparisons between the group means revealed a significant difference only in the ME, where food-deprived rats showed a reliable 
decrease in OT (*p < 0.02 relative to satiated rats), pPVN, parvocellular division of the paraventricular nucleus; mPVN, magnocellular division 
of the PVN; SON, supraoptic nucleus; ME, median eminence. 

fibers. There were nondetectable levels of OT in the VMN, 
DMN, and PFH,  where OT fibers cross, and also in the SCN. 
The NH exhibited the expected very high content of  OT. 

After 48 h of  food deprivation, OT levels remained stable 
in the NH and the hypothalamic areas with measurable OT 
(Fig. 1). Only in the ME was there a significant change in OT 
(p < 0.05), a decline from 10.8 to 6.0 ng/mg protein ( -  36070) 
following food deprivation. Six hours of  refeeding in 42-h 
food-deprived rats did not significantly reverse this depriva- 
tion-induced decline in OT levels in the ME. Thus, OT levels 
in the ME of  the refed group remained statistically insignifi- 
cant from the satiated group as well as from the food-deprived 
group. Furthermore, refeeding had no additional impact on 
OT levels in any of the hypothalamic nuclei studied (Fig. 1), 
including in areas where baseline OT concentration was unde- 
tectable in satiated animals. 

A VP in the Hypothalamus and Neurohypophysis 

As with OT, hypothalamic levels of  AVP in satiated con- 
trol rats were generally highest in nuclei containing AVP peri- 
karya (open bars of  Fig. 2). The lowest quantity was observed 
in the SCN (1.6 ng/mg protein), moderate levels in both subdi- 
visions of  the PVN (13-16 ng/mg protein), and highest con- 
centration in the SON (23 ng/mg protein). The steady-state 

levels of AVP in other hypothalamic areas, namely, the VMN, 
DMN, and PFH,  were in a relatively low range of 0.3-1.2 ng/  
mg protein. The ME, which accommodates both fibers and 
terminals of AVP neurons, demonstrated considerably higher 
levels of  AVP (73.2 ng/mg protein) than the other hypothala- 
mic nuclei, while the NH was highest at over 7,000 ng/mg 
protein. 

Following 48 h food deprivation, only three of  the eight 
hypothalamic sites demonstrated a significant change in AVP 
content (Fig. 2). A strong decline (-45070, p < 0.01) in AVP 
levels was observed in the pPVN, while no change was de- 
tected in the mPVN. The SON responded similarly to the 
pPVN, also showing a 4507o decrease (p < 0.01) in AVP after 
deprivation. However, the VMN responded differently, exhib- 
iting an increase in AVP from its low baseline levels of 0.45 
ng/mg protein to 2.01 ng/mg protein in response to depriva- 
tion (p < 0.001). Like the mPVN, no change in AVP was 
detected in the four remaining hypothalamic sites, namely, 
the SCN, DMN, PFH,  and ME. 

Refeeding for 6 h after 42 h food deprivation failed to 
reverse the effect of  food deprivation. In fact, it significantly 
potentiated the decrease in AVP levels in the pPVN (p < 
0.05) and SON (p < 0.001) from the satiated baseline. This 
pattern of  change was most dramatic in the SON, which, rela- 
tive to satiated control rats, showed a 4507o decline in AVP 
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TABLE 1 
MEASURES OF N a + ,  K + ,  AND OSMOLALITY AND AVP IN URINE AND 

PLASMA AND MEASURES OF UREA, HEMATOCRIT, AVP, CORT, AND GLUCOSE 
IN PLASMA 

Food 
Satiated Deprived Refed 

Urine 
Na+ (mEQ) 179.1 + 18.0 48.0 + 7.5* 83.9 + 21.2"t 
K+ (mEq) 298 + 25 43 + 8* 218 + 15*t 
Osmolality (mOsm) 1,797 + 203 728 ± 138" 1,662 + 1001" 
AVP(pM/h) 192 ± 25 116 ± 20* 256 ± 391 

Plasma 
Na+ (mEq) 141.3 ± 0.6 142.4 ± 0.1 141.0 ± 0.7 
K+ (mEq) 6.6 ± 0.1 6.1 + 0.1 6.4 ± 0.9 
Osmolality (mOsm) 299.6 ± 1 295 ± 1.2" 304 ± 0.9*# 
AVP (pM/1) 5.4 ± 0.6 6.9 ± 1.8 4.8 ± 0.5 
Urea (mM/l) 7.04 + 0.34 5.61 ± 0.20* 8.04 ± 0.38# 
Hematocrit (°70) 46.60 ± 0.5 46.00 ± 0.40 44.6 ± 0.30"1" 
Corticosterone (pM/1) 83.13 ± 20 665 ± 102" 69.5 ± 9.7t" 
Glucose (mM/1) 7.67 ± 0.02 5.04 ± 0.03* 8.94 ± 0.05~$ 

Values are given as mean + SEM (n = 8/group). 
*Significant difference (at least p < 0.05) between satiated and deprived or refed 

rats. 
tSignificant difference (at least p < 0.05) between deprived and refed rats. 
$Significant difference (at least p < 0.05) between satiated and refed rats. 

after deprivation and a considerably larger (82%) decline after 
refeeding. In the VMN, the potentiation of AVP content pro- 
duced by deprivation was totally reversed by 6 h refeeding (p 
< 0.01). The other hypothalamic sites, namely, the mPVN, 
SCN, DMN, PFH, and ME, that maintained normal AVP 
levels after deprivation also remained unchanged following 
refeeding. The concentration of AVP in the NH (Fig. 2) failed 
to show any alteration following 48 h food deprivation or 6 h 
refeeding after 42 h food deprivation. 

A VP Content in Plasma and Urine 

As shown in Table 1, the concentration of AVP in plasma 
remained unaltered after food deprivation and refeeding. Ex- 
cretion of AVP (Table 1) fell dramatically after food depriva- 
tion ( - 4 0 % ,  p < 0.05), while refeeding for 6 h reversed this 
effect (p < 0.001). 

NA +, K + , and Osmolality in Plasma and Urine 

As shown in Table 1, urine N a + ,  K + ,  and osmolality 
were significantly reduced in food-deprived rats. While refeed- 
ing for 6 h totally reversed this change in osmolality, the con- 
centration of Na+  and K +  showed only a partial reversal 
after refeeding, remaining significantly lower than the satiated 
baseline scores (p < 0.05). Whereas food deprivation and re- 
feeding failed to alter plasma concentration of Na + and K + ,  
plasma osmolality declined significantly after food depriva- 
tion and was increased after refeeding (Table 1). 

Water and Creatinine Clearance and Plasma Content o f  
Urea and Hematocrit 

Table 1 presents the data for plasma urea and hematocrit 
and Table 2 presents the data for water and creatinine clear- 
ance in satiated, deprived, and refed rats. Water clearance 
and urea content in plasma dropped significantly after food 

deprivation, and these changes were reversed totally by refeed- 
ing. Plasma hematocrit levels remained unaltered after food 
deprivation, but plasma hematocrit levels were significantly 
lower in refed rats from the satiated and food-deprived 
groups. The creatinine clearance was significantly decreased 
by food deprivation and 6 h of refeeding increased it above 
the baseline value. 

CORT and Glucose Content in Plasma 

Food deprivation for 48 h caused an eightfold increase in 
circulating levels of CORT (Table 1). Refeeding for 6 h in 
deprived rats produced a total reversal of this enhancement. 
As expected, glucose content in the plasma (Table 1) declined 
reliably after deprivation and rose significantly higher, even 
rose higher than the satiated baseline, after 6 h of refeeding. 

Twenty-Four Hour Food Intake and Body Weight 

As shown in Table 3, daily food intake of ad lib-fed rats 
ranged from 26.9 and 29.0 g/day during the 2-day pretest 
period, as well as during the 2 test days. In rats given food for 
a 6-h period after 42 h deprivation, food intake during this 
brief interval was a total of 18.2 g, more than half the rat's 
24-h food intake under ad lib-fed state. 

While the body weight of ad lib-fed rats increased approxi- 
mately 5% over the 48-h pretest period (from 376-394 g, 9 g/ 
day), 48 h food deprivation caused a continuous decline of 9- 
10% during the first 24 h and 13-15% (total of 57 g loss) 
over the entire 48-h period. Six hours of refeeding to 42-h 
food-deprived rats significantly attenuated (p < 0.05) this de- 
cline in body weight; however, it did not fully restore body 
weight to the level of ad lib-fed rats (p < 0.05). 

Water Intake and Urine Output 

Table 3 also presents the data for water intake and urine 
output in the three groups of rats. During the 2-day pretest 
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T A B L E  2 

MEASURES OF WATER AND CREATININE CLEARANCE 

Satiated Food Deprived Refed 

Water cleareance (#l/rain) -47.23 _+ 2.55 -15.53 + 3.42* -40.42 _+ 9.76t 
Creatinine clearance ~ l /min)  1,930 ± 166 766 :i: 75* 2,998 + 724t 

Values are given as mean ± SEM (n = 8/group). 
*Significant difference (at least a t p  < 0.05) between satiated and deprived rats. 
tSignificant difference (at least a t p  < 0.05) between deprived and refed rats. 

per iod,  daily water  in take  of  the  three  groups  o f  rats  was 
approx imate ly  48.0 ml.  This  value r emained  cons tan t  dur ing  
the  subsequent  48-h test  per iod  for  sa t ia ted ra ts  bu t  declined 
signif icant ly (20 -40%,  p < 0.001) dur ing  48 h food  depriva-  
t ion.  Af te r  6 h refeeding,  water  in take  increased reliably, to  a 
level s ignif icant ly h igher  t h a n  t ha t  o f  depr ived (p  < 0.01) as 
well as sa t ia ted (p  < 0.01) rats.  

The  daily o u t p u t  o f  ur ine  (Table  3), approx imate ly  17.0 ml 
in sat ia ted rats ,  s ignif icant ly increased dur ing  the  first  24 h of  
food  depr iva t ion  (p  < 0.001) and  then  declined somewha t  
dur ing  the  second 24-h per iod  of  depr iva t ion .  A similar pat-  
te rn  was observed in refed rats,  and  in b o t h  groups  ur ine  
o u t p u t  at  the  end  of  the  last  24-h interval  r emained  signifi- 
cant ly h igher  (p  < 0.01) t h a n  t ha t  of  sa t ia ted  rats.  

DISCUSSION 

The  results o f  this  s tudy demons t r a t e  tha t  food  depr iva t ion  
caused: a) a s ignif icant  decline in O T  concen t r a t ion  exclusively 

in the  ME;  b) a reliable decline in A V P  concen t ra t ion  specifi- 
cally in the p P V N  and  SON, an  effect  no t  reversed by refeed- 
ing; c) a s ignif icant  increase in A V P  concen t ra t ion  wi th in  the 
V M N  tha t  was total ly reversed by  6 h refeeding;  d) no  change  
in N H  levels o f  OT and  A V P ;  and  e) no  evidence of  dehydra-  
t ion  in measures  of  water  clearance,  as well as p lasma and  
ur ine  A V P .  

It is of  interest  tha t  OT levels in the h y p o t h a l a m u s  are 
in general  resis tant  to  the effects of  food  depr iva t ion  and  re- 
feeding. This  is in cont ras t  to a n u m b e r  o f  o ther  potent ia l  
neuro t ransmi t t e r s  involved in feeding behavior ,  such as nor-  
ep inephr ine  (20), se ro tonin  (15), and  neuropept ide  Y (5, 
32), which are clearly al tered in specific hypo tha lamic  nu-  
clei by  similar changes in nu t r i t iona l  status.  The  only signi- 
f icant  change  in OT levels was detected in the  ME,  where OT- 
con ta in ing  fibers f rom the  PVN are k n o w n  to te rmina te  as 
well as t raverse  on  their  course to the N H  (9,35). These fibers 
in the  M E  exhibi ted a 36°7o decrease in h o r m o n e  levels af ter  
depr iva t ion .  

T A B L E  3 

MEASUREMENT OF FOOD INTAKE, BODY WEIGHT, WATER INTAKE, 
AND URINE OUTPUT 

Pretest Period Test Day l Test Day 2 

Body weight (g) 
Adl ib  fed 394 ± 4 400 + 3 412 + 3 
Food deprived 391 + 4 350 + 2* 334 + 2'1" 
Refed 387 + 6 353 + 4* 372 _+ 7t 

Food intake (g/24 h) 
Adl ib  fed 26.9 ± 0.5 27.3 ± 1.3 28.6 + 1.5 
Food deprived 26.5 ± 1.2 0 0 
Refed 29.0 ± 2.0 0 18.2 ± 0.5*$ 

Water intake (ml/24 h) 
Adl ib  fed 48.0 ± 1.7 50.1 + 2.8 50.0 ± 2.5 
Food deprived 47.7 ± 2.4 39.1 + 4.2* 29.2 + 5.4* 
Refed 48.3 :t: 1.6 32.7 ± 4.3* 60.3 ± 5.4"t 

Urine output 
Adl ib  fed 17.2 + 2.0 17.3 ± 2.5 16.0 ± 2.5 
Food deprived 17.8 ± 1.3 35.6 5: 3.1" 25.2 5: 4.0*t 
Refed 14.4 5:1.7 35.1 + 6.1" 23.0 5: 4.1"]" 

Values are given as mean + SEM (n = 8/group). 
*Significant difference (at least at p < 0.05) between pretest period and test 

day 1 or 2. 
tSignificant difference (at least at p < 0.05) between test days 1 and 2. 
~Food intake during 6-h refeeding period. 
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The absence of any alteration in OT content within the 
PVN itself, where the OT-containing cell bodies are concen- 
trated (9,35), may suggest that the equilibrium between the 
synthesis and transport  of  this hormone is not directly affected 
by deprivation. However, the changes in the ME, a decline in 
response to food deprivation, may reflect a disturbance in 
either the transport or release of  OT in fibers coursing via the 
ME to the NH. This link, between the OT content of  these 
projections and the animal's nutritional state, may be related 
to the proposed function of  peripheral and possibly central 
OT in the inhibition of  food intake or the production of  sati- 
ety (3,21,39,40). Moreover, an altered level of  OT was ob- 
served in the cerebrospinal fluid of  patients with eating disor- 
ders, specifically, anorexia nervosa (14). 

With regard to AVP, a similar response to food depriva- 
tion, namely, a decline in peptide levels, was detected exclu- 
sively in the pPVN and SON but not in the ME or any other 
hypothalamic nuclei. Additional measures recorded suggest 
that this change in hypothalamic AVP content reflects an al- 
teration in the animal's nutritional state as opposed to a 
change in water balance. This is supported by the physiologi- 
cal and endocrine measures presented in Tables 1 and 2. These 
data show, after deprivation, a decrease in plasma and urine 
osmolality, urine electrolyte and AVP concentration, water 
clearance, and plasma urea; no change in NH or plasma AVP 
or plasma electrolytes; and an increase in urine volume and 
plasma hematocrit. These effects, consistent with other re- 
ports in food- or water-deprived animals (6,10,11,23,26,27,29, 
36,41,42), give no indication that animals were dehydrated 
and actually provide some evidence that they may be overhy- 
drated. Moreover, the findings that AVP in specific nuclei 
declines after food deprivation, while it increases after hyper- 
tonic saline, (43) and that AVP levels in the mPVN and NH 
remain unaltered, are also consistent with the suggestion that 
these AVP changes in the pPVN and SON are not attributed 
directly to modifications in osmotic stimuli. 

The decline in pPVN and SON AVP concentration after 
deprivation may reflect either a decrease in AVP synthesis 
within the peptidergic neurons localized in these nuclei (9,35) 
or an increase in AVP release from the hypothalamic-pitu- 
itary axis that is inadequately paced by hormone synthesis. A 
recent study of  Ogasa et al. (30) demonstrated a decrease in 
AVP mRNA in the SON and PVN of  food-deprived rats, 
suggesting a decrease in AVP synthesis under this condition. 
It is noteworthy that these changes in hypothalamic AVP oc- 
cur in the absence of  any changes in ME or NH AVP, where 
vasopressinergic fibers from the hypothalamus are known to 
project (35). Thus, the disturbance in the equilibrium between 
synthesis and release of this neurohormone appears to be ex- 
pressed exclusively in the region of  the hypothalamic cell bod- 
ies, specifically in the pPVN and SON, as opposed to other 
hypothalamic areas. 

While the evidence supports the proposal that hypothala- 
mic AVP is shifting in relation to the animal's nutritional 
state, rather than to water balance, this possibility may be 
questioned in light of the finding that refeeding fails to reverse 
this effect of food deprivation. One possible explanation 
for this lack of reversal may be that the duration of  the re- 
feeding period, only 6 h, was too short to adequately sta- 
bilize specific physiological parameters that may contribute to 
the AVP response. This is reflected in the physiological 
measures given in Table 3, which show only a partial res- 
toration of  food intake and body weight after refeeding. 
Another possible explanation is that, during the period of  

refeeding, there occurred certain changes in water balance, as 
reflected in the excessive water intake (Table 3), that preclude 
the restoration of  a normal concentration of  hypothalamic 
AVP. 

An additional measure, namely, plasma levels of CORT 
(Table 1), also needs to be considered in relation to the depri- 
vation-induced changes in brain AVP. The neurons of the 
pPVN simultaneously synthesize AVP and corticotropin- 
releasing factor, and the expression of  AVP in these neurons 
is directly subjected to the negative feedback action of  the 
glucocorticoid (7,18,33,37). Thus, the decline in pPVN con- 
centration of  AVP may reflect the sharp rise detected in circu- 
lating levels of CORT after deprivation. This relationship, 
however, is not confirmed by the additional finding that re- 
feeding totally reverses this rise in CORT, without affecting 
pPVN AVP concentration. The possibility that the changes in 
AVP concentration in the pPVN or SON are attributed to the 
effects of  stress associated with deprivation, rather than to 
changes in energy balance, is not supported by the evidence 
that stress causes an increase in AVP synthesis within these 
hypothalamic nuclei (8). 

The only other hypothalamic area to exhibit a change in 
AVP content after deprivation was the VMN. In contrast to 
the pPVN and SON, levels of  AVP in this nucleus were signifi- 
cantly enhanced by deprivation, and this effect was totally 
reversed by refeeding. The significance of  this change needs 
to be evaluated cautiously in light of  the relatively low basal 
concentration of  AVP that exists in the VMN. While the 
change observed may simply reflect an alteration in the trans- 
port of AVP to the ME or NH, electrophysiological studies 
demonstrate a clear excitatory effect of AVP on neural firing 
in the VMN (22), indicating that this peptide may in fact be 
released within this nucleus to modulate behavioral or physio- 
logical systems. In light of the well-known role of  the VMN in 
control of satiety (31), this stimulatory effect of AVP on neu- 
rons in this nucleus may reflect an inhibitory effect of  AVP on 
feeding behavior. It is of  interest that this electrophysiological 
effect of AVP in the VMN is correlated with neuronal re- 
sponses to norepinephrine and glucose, two substances that 
have been closely linked to the control of feeding behavior 
(17,24). 

These changes in hypothalamic AVP, in relation to nutri- 
tional state, support the work of  other studies indicating a 
possible role for hypothalamic AVP in the control of  feeding. 
Brattleboro rats, which are deficient in AVP synthesis, have a 
reduced feeding response to glucoprivation (1), a stimulus 
known to release AVP (4). In rats maintained on palatable 
diets (2), an increase in body weight has also been associated 
with a decrease in AVP content in the SON and PVN, along 
with no change in the ME and blood. This effect, which does 
not occur after chronic dehydration, supports a direct link 
between hypothalamic AVP and the control of  food intake 
and body weight. Consistent with this proposal is the evidence 
relating AVP to carbohydrate and lipid metabolism (1,12) and 
the finding that peripheral AVP injection suppresses feeding 
behavior in the goat (28). Abnormal levels of  pituitary AVP 
have been detected in genetically obese Zucker rats (13), and, 
furthermore, brain AVP has been associated to human eating 
disorders, specifically, anorexia nervosa (16). 
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