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BEATTY, W. W., D. A. O'BRIANT AND T. R. VILBERG. Effects of ovariectomy and estradiol injections on food 
intake and body weight in rats with ventrornedial hypothalarnic lesions. PHARMAC. BIOCHEM. BEHAV. 3(4) 
539-544, 1975. - Female rats with lesions of the ventromedial hypothalamus (VMH) were ovariectomized during the 
static obese stage after body weight levels had stabilized. Following ovariectomy, rats with VMH lesions showed smaller 
increases in food intake and less body weight gain than non-lesioned controls ovariectomized at the same time. Subse- 
quently, the effects of peripheral injections of estradiol benzoate (EB) on feeding and body weight were examined. 
Ovariectomized rats with VMH lesions were also less responsive to exogenous EB treatment; they lost significantly less 
weight in response to estrogen than controls. EB caused a somewhat smaller reduction in food intake by the VMH 
group but this difference was not significant. Considered together the available data on changes in responsiveness to 
endogenous and exogenous estrogen following VMH lesions suggest a role for VMH estrogen receptors in the regulation 
of body weight, but these estrogen receptors may not modulate weight by directly altering food intake as previously 
suggested. 
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OVARIAN hormones, especially estrogen, exert important 
regulatory influences upon food intake and body weight in 
females of nearly all mammalian species (see [8, 20, 22] for 
reviews). Following ovariectomy in the adult, food intake 
temporarily increases; body weight increases and is there- 
after regulated at a chronically higher than normal level 
[20]. Estrogen, but not progesterone treatment can prevent 
or reverse these effects of ovariectomy [6, 8, 15, 19]. 

The work of Wade and Zucker [23],  since replicated in 
two other laboratories [1,7], indicates that the ventro- 
medial hypothalamus (VMH) may contain estrogen re- 
ceptors which are important to the regulation of food 
intake. In the majority of cases, implants of crystalline 
estradiol benzoate (EB) into the VMH of ovariectomized 
females resulted in depressed food intake; at these same 
sites testosterone, progesterone or cholesterol did not typi- 
cally affect feeding. Implants of  EB in hypothalamic areas 
other than the VMH were usually ineffective as well [23]. 
If, as Wade and Zucker suggested, the VMH is the focal 

point for estrogenic modulation of feeding, then rats with 
VMH lesions should exhibit smaller increases in food intake 
and gain less weight than nonlesioned controls following 
ovariectomy. Conversely, they should also show smaller 
reductions in feeding and less weight loss following periph- 
eral treatment with EB. 

The published evidence germane to these predictions 
does not reveal the anticipated changes in food intake and 
body weight following experimental manipulations of estro- 
gen in animals with VMH lesions. Valenstein and his co- 
workers [ 18] reported that ovariectomy performed 21 or 
70 days prior to VMH lesions did not affect the magnitude 
of hyperphagia or body weight gain induced by the lesions. 
King and Cox [10] performed ovariectomies and VMH 
lesions at the same time and concluded that their effects on 
food intake and body weight were independent and addi- 
tive. Moreover it has been reported that animals with VMH 
lesions are at least as sensitive as controls to the anorexic 
effects of peripheral EB [ 10] or diethylstilbestrol [12]. 
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However, careful inspection of the data presented by 
King and Cox [10] suggests that body weight changes fol- 
lowing ovariectomy or EB injections were somewhat smal- 
ler in magnitude in the animals with VMH lesions. The 
present study was designed to reexamine the effects of 
ovariectomy and EB injections on food intake and body 
weight in animals with VMH lesions. Since both the mag- 
nitude and duration of hyperphagia are often quite variable 
among animals with comparable lesions, we sought to 
quantify the effects of estrogen in rats with VMH lesions 
more precisely by performing ovariectomies and EB treat- 
ments on animals whose body weights and food intakes had 
stabilized at the levels typical of the static obese stage. 

METHOD 

Animals 

Adult female rats of the Holtzman strain were used. 
They were caged singly and housed in an air-conditioned 
animal room maintained on a 12:12 l ight-dark cycle. 
Purina lab chow pellets and water were freely available in 
the home cage. 

Surgery and Histology 

Operations were performed under Chloropent anesthesia 
(2.0 cc/kg; Fort Dodge Lab, Fort Dodge, Iowa) supple- 
mented with 0.05 mg atropine sulfate. Bilateral lesions of 
the VMH were produced by passing 1.6 mA DC for 10 sec 
(LVE 1644 Lesion Maker) between a 0 ga stainless steel 
insect pin stereotaxically implanted into the brain and a 
rectal cathode. The insect pin, insulated with Epoxylite, 
was scraped to expose the tip. With the head held approxi- 
mately horizontally between bregma and lambda the coor- 
dinates for the VMH lesions in mm with respect to bregma 
were: 2.7 posterior, 0 .5 -0 .6  lateral, 8.6 below the surface 
of the cortex. In control animals the scalp was incised and 
the skull was bared, but the electrode was not lowered into 
the brain. At the conclusion of testing all rats with lesions 
were sacrificed with an overdose of Chloropent and per- 
fused with physiological saline and 10% Formalin. The 
brains were frozen and sectioned at 40 /~ on a cryostat. 
Every fifth section through the lesion was saved and stained 
with cresylviolet. Lesions were reconstructed with the aid 
of a microprojector with reference to the plates of the K6nig 
and Klippel [11] atlas. A detailed quantitative analysis of 
lesion size and location was conducted [19], but inasmuch 
as correlations between these anatomical measures and the 
several behavioral indices were not statistically significant, 
no further description will be provided here. 

Procedure 

The experiment was performed in two replicates with 
slight differences in procedure. In the first replicate the rats 
were 5 - 7  months old at the time of brain surgery; all had 
previously served as untreated controls in various behavioral 
experiments. Prior test history was not confounded with 
surgical treatment. Body weight data were collected on 17 
rats with VMH lesions and 14 control animals. Food intake 
was also measured for 12 animals in each condition. Fol- 
lowing brain surgery, body weights were monitored daily 
until the rats gained less than 1 g/day over a one week 
period. Food intake and body weight were monitored for 
the next 7 days. The average values on these measures were 

taken as the preovariectomy baselines. All rats were ovariec- 
tomized and food intake and body weight were continously 
monitored from the third postoperative day until the end 
of the experiment. Ovarian weights were determined at the 
time of ovariectomy. On the 29th and 30th day after ovari- 
ectomy all rats were injected subcutaneously with sesame 
oil (0.20 cc/kg) which had no discernable effect on either 
food intake or body weight in either group. Since previous 
work [2] demonstrated that a 32-day series of sesame oil 
injections permitted substantial weight gain in ovariec- 
tomized females, a more sustained sequence of oil injec- 
tions seemed superfluous. For the next 12 days all animals 
received subcutaneous injections of EB (Progynon benzoate 
in sesame oil, Schering; 4 ~tg/kg of a 20/ lg/cc solution). To 
assess the effects of EB on food intake and body weight, 
the mean food intake on Days 2 2 - 3 0  was used as a base- 
line, while mean body weight on Days 2 9 - 3 0  served as the 
baseline for this measure. The effects of ovariectomy and 
EB treatments on both food intake and body weight were 
assessed by analyzing change scores computed by sub- 
tracting performance during each stage of the measurement 
period from the appropriate baseline. 

In the second replicate, experimentally naive animals 
that were 9 0 - 1 1 0  days old were used. VMH lesions (N = 
21) or control operations (N = 11) were performed as des- 
cribed above. When the animals reached the postoperative 
criterion for stability of body weight (less than 1 g/day 
weight gain over a two week period), preovariectomy base- 
line values were determined for body weight and food 
intake. Mean values for food intake and body weight over 
this 14 day period were used as baselines. Following ovari- 
ectomy, changes in food intake and body weight were 
studied for a nine week period. This procedural change was 
made because the data from the first replicate suggested 
that the static obese animals with VMH lesions might be 
recovering more slowly than controls from the surgical 
trauma associated with ovariectomy. Accordingly, the post- 
ovariectomy measurements were extended and more strin- 
gent pre-EB baseline values were established. Prior to 
initiating EB treatment all animals met a criterion of less 
than 1 g/day weight gain over a one week period. Body 
weight and food intake levels during this 7 day period 
served as baselines against which the EB treatment effects 
were assessed. After baseline values were established for 
food intake and body weight each animal in both groups 
received two days of oil injections followed by 30 days of 
EB injections using procedures identical to those of the first 
replicate. As in the first replicate, the effects of VMH 
lesions on the response to ovariectomy and EB treatment 
were assessed by analyzing difference in scores computed 
by subtracting the mean performance on each measure 
from the appropriate baseline. 

RESULTS 

Figures 1 and 2 depict changes in food intake and body 
weight consequent to ovariectomy. Despite differences in 
the length of the postovariectomy measurement period, rats 
with VMH lesions gained less weight than controls, F(1,29) 
= 8.46, p<0.01 for Replicate 1 and F(1,30) = 6.01, 
p<0.025 for Replicate 2. Of particular importance, there 
was no suggestion that differences in body weight between 
the VMH and control groups were becoming smaller during 
the second month of the postoperative recovery period for 
the second replicate. Although there was a slight suggestion 
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FIG. 1. Effects of ovariectomy on changes in body weight and 
food intake in rats with VMH lesions and in controls in Replicate 
1, Numbers in parentheses are the preovariectomy baseline values 
from which the change scores were computed. For body weight 
the change scores were computed by subtracting the baseline from 
the weight on Days 7, 14, 21, and 28. For food intake the change 
scores were computed by subtracting the baseline from the mean 

consumption of Days 4 - 7 ,  8 -14 ,  15-21 ,  and 22-30 .  

t ha t  the  weight  curves were converging for  the  first  re- 
pl icate,  th is  t r end  was no t  at all d i s t inc t .  

As migh t  be  expec t ed ,  g roup  d i f ferences  in food  in take  
t e n d e d  to parallel  the  changes  observed  in b o d y  weight .  In 
the  first repl ica te ,  where  the  VMH group  had  a s igni f icant ly  
h igher  basel ine  food  in take  level t h a n  con t ro l s  (U = 10.5, 
p < 0 . 0 1 ) ,  con t ro l s  exh ib i t ed  a slight increase  in food  in take  
fo l lowing ova r i ec to m y  while  the  ra ts  in the  VMH group  
ac tua l ly  exh ib i t ed  an ini t ia l  depress ion  in food  in take ,  
especial ly dur ing  the  first pos tope ra t ive  week.  Overall ,  the  
group d i f fe rence  o n  the  food  in take  change  measure  was 
highly s ignif icant ,  F ( 1 , 2 2 )  = 21 .05 ,  p <  0 .001 .  In the  second  
repl icate ,  where  the  VMH and con t ro l  groups  did no t  d i f fer  
s ignif icant ly  in basel ine  food  in take  levels, b o t h  groups  
exh ib i t ed  an ini t ia l  increase in food  in t ake  fo l lowing ovari- 
e c t o m y ;  the  magn i tude  of  change was grea te r  for  the  con-  
t ro l  group.  As a resul t ,  the re  was a s ignif icant  Les ion  × 
Weeks in te rac t ion ,  F ( 7 , 2 1 0 )  = 4 .33,  p <  0 .001 ,  a l t h o u g h  the  
main  effect  of  Les ion was no t  s ignif icant .  

Changes  in food  in take  and  b o d y  weight  dur ing  EB treat-  
m e n t  are s h o w n  in Figs. 3 and  4. In t e rms  of  b o d y  weigh t  

FIG. 2. Effects of ovariectomy on changes in body weight and 
food intake in rats with VMH lesions and in controls in Replicate 
2. Numbers in parentheses are the preovariectomy baseline values 
from which the change scores were computed. For body weight 
the changes were computed by subtracting the baseline from the 
mean weight on Days 6 - 8 ,  13-15,  20-22 ,  27-29 ,  34-36 ,  
41 -43 ,  4 8 - 5 0 ,  and 55-57 .  For food intake the change scores 
were computed by subtracting the baseline from the mean con- 
sumption on Days 5 -9 ,  12-16 ,  19-23,  26-30 ,  33-37 ,  40 44, 

4 7 - 5 1 ,  and 54-58 .  

change,  the  animals  wi th  VMH lesions were less responsive 
to the  weight -suppress ing  effects  of  EB t r e a t m e n t  in b o t h  
repl icates;  F (1 ,29 )  = 11.10,  p < 0 . 0 0 5  for  Repl ica te  1; 
F ( I , 3 0 )  = 4 .43 ,  p < 0 . 0 5  for  Repl ica te  2. The  resul ts  of  the  
second repl icate  are of  par t icular  i m p o r t a n c e ,  since the  
ini t ial  b o d y  weight  levels for  the  VMH and con t ro l  g roups  
were qu i te  comparab le  at the  s tar t  of  EB t r e a t m e n t .  

Similar,  b u t  less clear cut  effects  were observed  on  the  
food  in take  measure .  In b o t h  repl icates  animals  wi th  VMH 
lesions t e n d e d  to exh ib i t  smaller  depress ions  in food  in take  
t han  rats  in the  con t ro l  group,  b u t  in ne i t he r  case did the  
d i f ferences  a t t a in  an accep tab le  level of s ignif icance;  F (1 ,22 )  
= 3.06,  p < 0 . 1 0  for  Repl ica te  1 and  F <  1 for  Repl ica te  2. 
We also ana lyzed  all of  the  data  in t e rms  of  the  percen tage  
change f rom the  appropr i a t e  basel ine.  All of  the  d i f ferences  
descr ibed  above w i th  abso lu te  change scores were also 
observed  on  the  pe rcen t  change measures .  In add i t ion ,  for  
Repl icate  1 animals  wi th  VMH lesions exh ib i t ed  a signifi- 
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FIG. 3. Effects of EB treatment on changes in body weight and 
food intake in rats with VMH lesions and in controls in Replicate 
1. Numbers in parentheses are the pretreatment baseline values 
from which the change scores were computed. For body weight 
the change scores were computed by subtracting the baseline from 
the weight on Days 3, 6, 9 and 12. For food intake change scores 
were computed by subtracting the baseline from the mean con- 

sumption on Days 1-3,  4 -6 ,  7 9, and 10-12. 

cantly smaller reduct ion  in food intake during EB treat- 
ment  than controls.  

Figure 5 depicts two representative lesions reconst ructed 
on the plates of  the KSnig and Klippel [ 11 ] atlas. Rat  OB 
18 sustained damage typical  of  the smaller lesions in the 
series while Rat OB 31 is representative of  the larger le- 
sions. In both  instances extensive bilateral damage to the 
VMH and arcuate nuclei  was sustained. The larger lesions 
also damaged port ions of  the anterior  hypotha lamic  nuclei  
and the dorsomedial  nuclei as well as the region imme-  
diately lateral to the VMH nuclei.  In general the lesions in 
the first replicate were somewhat  larger than in the second. 
In addit ion,  two animals in the second replicate sustained 
lesions which damaged only the most  poster ior  port ions of  
the VMH nuclei,  but  dest royed most  of  the ventral  hypo-  
thalamus posterior  to the VMH and anterior  to the mam- 
millary nuclei. We analyzed all the data with and wi thout  
these two rats and the conclusions reported are unaffec ted  
by the inclusion of  these subjects. 

DISCUSSION 

The present findings demonst ra te  that when compared 
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FIG. 4. Effects of EB treatment on changes in body weight and 
food intake in rats with VMH lesions and in controls in Replicate 2. 
Numbers in parentheses are the pretreatment baseline values from 
which the change scores were computed. For body weight the 
change scores were computed by subtracting the baseline from the 
mean weight on Days 6 -8 ,  13-15, 20-22,  and 27-29. For food 
intake the change scores were computed by subtracting the 
baseline from the mean consumption on Days 5-9 ,  12-16, 

19-23, and 26-30. 

to controls,  static obese rats with VMH lesions gain less 
weight and show smaller increases in food intake fol lowing 
ovar iectomy.  The data also reveal that animals with VMH 
lesions lose less weight but  show nearly normal  suppression 
of  food intake in response to peripheral EB injections.  In a 
very general sense these observations are consistent wi th  the 
hypothesis  that  the VMH area contains receptors which are 
impor tan t  to body  weight regulation,  a view which is sup- 
por ted by findings indicating that implants of  crystalline 
EB into the VMH but  not  elsewhere in the hypotha lamus  
inhibits food intake and body weight [1, 7, 23] .  However ,  
the present findings appear to contradict  o ther  reports  [ 10, 
12, 18] that  animals with VMH lesions retained at least 
normal  responsiveness to the weight-limiting effects of 
estrogen. 

One obvious procedural  difference be tween  the present 
and the earlier studies is that we assessed the effects  of  
ovar iec tomy and EB injections on female rats with VMH 
lesions whose body  weights had reached the static obese 
plateau. In o ther  studies with female rats the ovariectomies 
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FIG. 5. Reconstructions of the largest (OB 31) and smallest 
lesions (OB 18) from the two replicates. Numbers to the right of 
the sections refer to plates in the atlas of K6nig and Klippel [11]. 

were performed prior to [18] or at the same time [10] as 
the VMH lesions. 

While our procedure has the advantage of permitting 
assessment of the effects of ovariectomy and EB treatment 
in the same animals, precluding the possibility that subtle 
differences in the location or size of the lesions could com- 
plicate the interpretation of the results, there remains the 
possibility that the weight level characteristic of the static 
obese stage represents a physiological ceiling. This possi- 
bility is supported by the fact that the magnitude of weight 
gain following ovariectomy in lesioned animals was in- 
versely related to the magnitude of weight gain following 
production of VMH lesions but before ovariectomy (r = 
-0 .50 ,  p<0.05 for Replicate 1; r = -0 .54 ,  p<0.025 for 
Replicate 2). Obviously this inverse relationship could also 
be explained by assuming that lesions which caused greater 
weight gains prior to ovariectomy destroyed more of the 
estrogen receptors in the VMH area. 

Alternatively, it could be argued that ovariectomy 
caused smaller increases in food intake and body weight in 
the lesioned animals because the VMH lesions reduced 
circulating levels of estrogen prior to ovariectomy. This 
view is supported by reports of gonadal atrophy following 
VMH lesions [3,4], although we did not observe significant 
changes in ovarian weight resulting from the VMH lesions 
produced in the present experiments. 

Finally, differential recovery from the surgery of ovari- 
ectomy may have contributed to the difference in the 
response to ovariectomy between the VMH and control 
groups. In the first replicate there was some suggestion that 
the lesioned group was gaining weight more rapidly than 
the controls at the end of the ovariectomy period. Concern 
for this possibility led us to extend the postovariectomy 
period to 8 weeks in the second replicate. Although there 
was no suggestion that the growth curves were converging 
by the end of the 8 week period, the fact that the growth 
functions for the VMH and control groups were essentially 
parallel over the entire 8 week period could be explained by 

assuming that the animals in the VMH group were initially 
more responsive to the surgical trauma associated with 
ovariectomy and thereafter gained weight in a normal 
fashion. 

Any of the above explanations can account for the 
effects of ovariectomy on food intake and body weight in 
animals with VMH lesions. However, the present finding 
that EB injections resulted in reduced weight loss by the 
lesioned animals cannot be explained by the assumption 
that the static obese weight level is a physiological ceiling, 
nor can it be accounted for by assuming that VMH lesions 
reduced endogenous estrogen. Even if the VMH and control 
groups did respond differentially to the surgical trauma of 
ovariectomy, it is not clear how this fact could account for 
the reduced effectiveness of exogenous EB in suppressing 
body weight among the lesioned animals unless one assumes 
that the EB treatment was initiated when the controls had 
reached a stable postovariectomy weight level but while the 
lesioned animals were continuing to gain weight. This 
amounts to assuming that the postovariectomy growth 
curves of the two groups would have ultimately converged, 
had the measurements been more extended. Examination 
of the data and procedure of the second replicate suggests 
that this possibility is rather remote for two reasons: (1) EB 
injections did not begin until  all of the animals exhibited 
minimal weight gains following ovariectomy and (2) by the 
seventh week after ovariectomy food intake had returned 
to the preovariectomy baseline for both the VMH and con- 
trol groups. In short, the hypothesis that the VMH area 
(which may also include the arcuate nuclei) contains estro- 
gen receptors which are important to body weight regu- 
lation most adequately explains the reduced responsiveness 
to ovariectomy and EB treatment observed in the present 
study. That EB injections reduced weight loss in the le- 
sioned rats is all the more striking in light of several recent 
reports that the weight-limiting effects of estrogen are 
usually greater in heavier animals [13, 17, 25].  Moreover, 
several recent and as yet unpublished reports indicate that 
under certain circumstances rats with VMH lesions may be 
less than normally responsive to the suppressive effects of 
estrogen on food intake or body weight [5, 14, 22].  

The data reported b y  Goldman and Bernardis [5] are of 
particular interest in light of the present findings that EB 
injections caused normal suppression of food intake but less 
than normal reduction of body weight in animals with 
VMH lesions. Goldman and Bernardis observed that estro- 
gen increased weight gain in weanling male rats with VMH 
lesions, but reduced weight gain in controls. In their study 
all animals received the same amount of food. In fact, an 
examination of the data presented by King and Cox [10] 
suggests a similar dissociation between changes in food 
intake and body weight in animals with VMH lesions in 
response to experimental manipulation of estrogen levels. 
In the King and Cox study the magnitude of weight gain 
induced by ovariectomy appears to be less in animals with 
VMH lesions than in controls; furthermore, it also appears 
that the suppressing effect of exogenous EB on body 
weight gain was less in females with VMH lesions than in 
controls. In the same animals changes in food intake fol- 
lowing ovariectomy or estrogen treatment were as large or 
larger in the lesioned rats as in controls. 

Taken together the available data suggest that the VMH 
contains receptors which monitor estrogen and affect body 
weight regulation. While there is ample evidence that neu- 
rons in the VMH can directly inhibit feeding when exposed 
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to es t rogen [1, 7, 23]  they  appa ren t ly  only  do so if b o d y  
weight  exceeds  a cer ta in  level [7 ] .  In the  absence  of  VMH 
receptors  o the r  bra in  or per iphera l  loci ev ident ly  can moni -  
tor  es t rogen and  reduce  feeding normal ly ,  a l t hough  suppres-  
sion of  b o d y  weight  is no t  as great  as w h e n  the  VMH re- 
ceptors  are in tac t .  This  d issoc ia t ion  b e t w e e n  changes  in 
food in take  and  b o d y  weight  in response  to es t rogen t reat-  
m e n t  in animals  wi th  VMH lesions m ay  occur  because  estro-  
gen does no t  p roduce  the  usual  increase in act ivi ty  in the  
lesioned animals  [9] or it may  resul t  f rom complex  changes 
in e n d o c r i n e m e t a b o l i c  f u n c t i o n  c o n s e q u e n t  to  the  VMH 

lesions (see e.g. [5, 16, 2 1 , 2 4 ]  ). 
Since per iphera l  EB t r e a t m e n t  revealed a d issocia t ion  

be tween  changes in food  in take  and  b o d y  weight  in rats 
wi th  VMH lesions,  it is surpris ing tha t  a similar d issocia t ion  
was no t  observed in response  to ova r i ec tomy.  This  may  
suggest tha t  o t h e r  ovarian h o r m o n e s  exer t  more  i m p o r t a n t  
effects  on  the  regula t ion of  food in take  or b o d y  weight  
when  the  VMH is des t royed  or i t  may  indicate  t ha t  per iph-  
eral EB in jec t ions  in the  dose e m p l o y e d  in the  present  
s tudy  do no t  comple te ly  mimic  the ac t ions  of  e n d o g e n o u s  
estrogens.  
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