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E f f e c t  o f  Ventromedial  Hypothalamic  Lesions on 
Development  of Adrenal -Regenerat ion Hyper-  

tens ion in Weanling Female Rats 

R e g e n e r a t i o n  of t he  a d r e n a l  co r t ex  in t h e  u n i n e p h r e c t o -  
mized  r a t  g iven  sa l ine  to  d r i n k  is a c c o m p a n i e d  b y  t h e  
d e v e l o p m e n t  of a n  a c u t e  fo rm of h y p e r t e n s i v e  v a s c u l a r  
d iseaseL W h e n  a d r e n a l  r e g e n e r a t i o n  is p r e v e n t e d  b y  
h y p o p h y s e c t o m y  2 or b y  a d m i n i s t r a t i o n  of co r t i cos t e rone  3 
the  h y p e r t e n s i o n  fails to  develop,  t h e r e b y  i n d i c a t i n g  t he  
d e p e n d e n c e  of t h i s  f o r m  of h y p e r t e n s i o n  on  t h e  f u n c t i o n a l  
i n t eg r i t y  of  t h e  p i t u i t a r y - a d r e n a l  axis .  T he  phys io log ic  
func t i on  of t h i s  l a t t e r  s y s t e m  is, in  t u r n ,  d e p e n d e n t  u p o n  
t he  h y p o t h a l a m u s ,  s ince p l a c e m e n t  of e lec t ro ly t ic  les ions 
in t he  h y p o t h a l a m u s  is fol lowed b y  ev idence  of d i s t u r b e d  
ad renoco r t i c a l  a c t i v i t y  *-6. I t  s eemed  r e a s o n a b l e  to  sup-  
pose, there fore ,  t h a t  h y p o t h a l a m i c  les ions m i g h t  e x e r t  a n  
in f luence  on  t h e  d e v e l o p m e n t  of a d r e n a l - r e g e n e r a t i o n  
h y p e r t e n s i o n .  I n i t i a l  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  
p l a c e m e n t  of b i l a t e ra l  v e n t r o m e d i a l  lesions in y o u n g - a d u l t  
an ima l s  i n h i b i t e d  t h e  d e v e l o p m e n t  of ad rena l - r egene ra -  
t ion  h y p e r t e n s i o n  7 w h e n  t h e  h y p e r p h a g i a ,  wh ich  r egu l a r l y  
occurs  in  a d u l t  r a t s  a f t e r  a b l a t i o n  of t h e  v e n t r o m e d i a l  
nucle i  ~,8, was  p r e v e n t e d  b y  pa i r - f eed ing  w i t h  s h a m -  
o p e r a t e d  con t ro l  an imals .  T h e  p r e s e n t  s t u d y  was done  to 
d e t e r m i n e  t h e  in f luence  of v e n t r o m e d i M  nuc lea r  a b l a t i o n  
on  a d r e n a l - r e g e n e r a t i o n  h y p e r t e n s i o n  in  wean l ing  r a t s  in  
wh ich  h y p e r p h a g i a  does  n o t  occur  as  a r e su l t  of s u c h  
h y p o t h a l a m i c  les ions 8 -lo. 

Materials and methods. ~ r e a n l i n g  female  Char les  R i v e r  
r a t s  were  u n i n e p h r e c t o m i z e d  a n d  u n i a d r e n a l e c t o m i z e d ,  
d iv ided  i n t o  4 g roups  a n d  t r e a t e d  as fol lows:  g r o u p  1 r a t s  
rece ived  n o  f u r t h e r  t r e a t m e n t .  G r o u p  2 r a t s  h a d  b i l a t e rM 
e lec t ro ly t ic  les ions p l aced  in  t h e  v e n t r o m e d i a l  h y p o -  
t h a l a m u s  as desc r ibed  p rev ious ly  ~,XLGroup 3 r a t s  h a d  t he  
lef t  a d r e n a l  e n u c l e a t e d  x*. G r o u p  4 r a t s  h a d  b o t h  le f t  
a d r e n a l  e n u c l e a t i o n  a n d  e lec t ro ly t ic  a b l a t i o n  of v e n t r o -  
m e d i a l  nuc le i  p e r f o r m e d  5 d a y s  a p a r t .  A d r e n a l  enuclea-  
t ion  was  p e r f o r m e d  f i rs t  in  17 r a t s  w he r ea s  v e n t r o m e d i a l  
lesions were  p laced  f i rs t  in  14 an imals .  All  o p e r a t i o n s  were 
done  u n d e r  e t h e r  anes thes ia .  

T h e  a n i m a l s  were  caged  s ingly  in a room k e p t  a t  22.5 °C 
w i t h  12 h l i g h t  a n d  12 h d a r k  cycles.  A s y n t h e t i c  d i e t  
(4.2 Cal/g, 0 .8% NaC1) a n d  1% sa l ine  as d r i n k i n g  f luid 
were p r o v i d e d  a d  l i b i t um.  Food  a n d  sa l ine  i n t a k e  were  
m e a s u r e d  3 d a y s  week ly  a n d  t h e  t o t a l  s o d i u m  c o n s u m p -  
t i o n  c o m p u t e d .  B o d y  w e i g h t  a n d  sys to l ic  b lood  p ressu re  
were  m e a s u r e d  I3 u n d e r  l i g h t  e t h e r  a n e s t h e s i a  a t  week ly  
i n t e r v a l s  a n d  a t  t h e  e n d  of t h e  e x p e r i m e n t .  

Af te r  6 weeks  t h e  r a t s  were  ki l led b y  decap i t a t i on ,  
b lood  col lec ted  a n d  p l a s m a  o b t a i n e d  for  s o d i u m  a n d  
p o t a s s i u m  d e t e r m i n a t i o n  b y  f l a m e - p h o t o m e t r y .  O r g a n s  
were  r emoved ,  f ixed in 10% f o r m a l i n  a n d  weighed .  
P i t u i t a r i e s  were  e x a m i n e d  u n d e r  a d i s sec t ing  mic roscope  
for poss ible  m e c h a n i c a l  or  t h e r m a l  damage .  T he  h y p o -  
t h a l a m i c  lesions were  local ized on  cresyl  v io l e t - s t a ined  
sec t ions  ~4 a n d  c o m p o s i t e  d i a g r a m s  ~5 c o n s t r u c t e d  of t h e  
les ions  c o m m o n  to  t h e  r a t s  of e ach  g roup  (F igure  1). 

D a t a  was  a n a l y z e d  acco rd ing  to s t u d e n t s  t tes t .  Differ-  
ences  b e t w e e n  s t a n d a r d  e r ro rs  of t h e  m e a n  h a v i n g  a P 
va lue  < 0.05 a re  cons ide red  s ign i f i can t  a n d  < 0.01 are 
cons ide red  h i g h l y  s igni f icant .  

Results. T e r m i n a l  sys tol ic  b lood  p re s su re :  F i g u r e  2 
shows  t h a t  r a t s  w i t h  h y p o t h a l a m i c  les ions (group 2) h a d  
a s ign i f i can t ly  lower  b lood  p ressu re  ( P  < 0.02) t h a n  un-  
t r e a t e d  con t ro l s  (group 1) a n d  t h a t  r a t s  bea r i ng  r e g e n e r a t -  
ing ad rena l s  (group 3) deve loped  h i g h l y  s ign i f i can t  h y p e r -  
t en s ion  ( P  < 0.01). Howeve r ,  t h e  p re sence  of b i l a t e r a l  
v e n t r o m e d i a I  les ions p r e v e n t e d  to  a h i g h l y  s ign i f i can t  

Fig. 1. Composite diagram depicting the characteristic localization 
of hypothalamie lesions in the rats of groups 2 and 4. The lesions are 
common to all rats of groups 2 and 4 and are depicted in stippling. 
Abbreviations for the pertinent anatomical structures indicated in 
the coronal section diagrams are as follows: GX, fornix; PVN, p ara- 
ventrieular nucleus; AHA, anterior hypothalamic area; VMN, ven- 
tromcdial nucleus; ARN, arcuate nucleus; DMN, dorsomedial 

nucleus; PMV, ventral premamillary nucleus. 
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Terminal body weights (g} and relative organ weights (mg/100 g body weight) 

EXPERII~NTIA 23112 

Group No. of 
animals 

I 20 
2 14 
3 37 
4 31 

Finalbody Heart Kidney Thymus 
weightg mg% mg% mg% 

187-1-5 ~ 3914- 9 7324-25 315::::1:18 
1754-:t::8 4044-:t:11 7004-17 305-4- 9 
1934-3 4494-12 7684-29 293-t-ll  
200-4-8 4054-12 7194-38 2284-14 

Adrenal 
mg% 

19.1 :k 1.2 
18.3 4- 0.8 
17,5 -b 0.9 
15.6 4- 1.1 

Standard error of the mean. 

Caloric intake t5o 

50 i 1~0 

So(lium inlal<e 
m~]/~ 18o 

100]" 

Plasma Na 
mfq/t 

Plasma K 
m[q/L 

!if hi,/ Teminal systolic blood pressure 

Group 1 ?~ .3 4 
n ~ 14 ~7 ~1 

Fig. 2. Caloric intake, sodium intake and terminal systolic blood 
pressure. Group I, controls; group 2, bilateral electrolytic lesions in 
the ventromedial hypothalamus; group 3, adrenal-enucleation; 
group 4, adrenal enucleation and ventromedial hypothalamic lesions. 
In the sodium intake graph the dietary sodium consumption is 
represented by the lower part of each bar and the sodium intake 
from the drinking fluid is shown as the open part of each bar. The 
vertical llne at the top of the bars indicates the standard error of the 

mean. 

degree (P  < 0.001) the elevation of blood pressure in the 
rats of group 4 which also bore regenerating adrenals. 

Sodium consumption and caloric intake: sodium intake 
was slightly reduced (P < 0.02) in group 2 because of a 
smaller consumption of saline drinking solution. There 
was no significant difference in caloric consumption be- 
tween any of the groups (Figure 2). Plasma sodium and 
potassium: plasma sodium levels in groups 2, 3 and 4 were 
very significantly higher (P < 0.01) than in group 1 
(Figure 3). In contrast, plasma potassium was significantly 
higher (P < 0.05) than control levels in the rats with 
hypothalamic lesions (groups 2 and 4), and very signifi- 
cantly lower (P  < 0.01) in the rats with adrenal-regenera- 
tion hypertension (group 3). The difference between the 
values for group 3 and group 4 was highly significant 
(P < 0.01). The plasma Na /K ratio was very significantly 
higher (P < 0.01) for group 3 than for any other group, 

Body and organ weights: final body weight was slightly 
lower for group 2 rats than for other groups (Table). 

Fig. 3, Plasma sodium and potassium levels and plasma sodium and 
potassium ratios. 

Significant cardiac hypertrophy (P < 0.05) occurred only 
in the rats with adrenal-regeneration hypertension (group 
3). The difference between the heart  weights of groups 3 
and 4 was highly significant (P <: 0.01). The weight of 
the kidney was largest in group 3 but  differed significantly 
from other groups only in the case of group 2. The adrenal 
weight of rats with ventromedial  lesions (group 2) was 
unchanged from control values (group 1) but  the weight 
of the regenerated adrenal was significantly less (P <: 0.05) 
in group 4 than in group 3. I t  is of interest, therefore, that  
significant (P < 0.01) thymic involution occurred only in 
group 4. 

Discussion. The results of this experiment  clearly sup- 
port  previously published observations in young-adult  
ratsL tha t  the development of adrenal regeneration 
hypertension is inhibited by placement of electrolytic 
lesions in the ventromedial  nucIear region of the hypo- 
thalamus. How this is brought about  remains a mat te r  
for speculation. I t  is apparent  from both the present and 
previous experimental results tha t  the hypotensive effect 
of ventromedial  nuclear ablation cannot be explained by 
differences in either caloric or sodium chloride consump- 
tion, since these parameters were the same in rats which 
became hypertensive and in those which did not. How- 
ever, this does not  mean that  the mechanism is unrelated 
to tile electrolyte metabolic status of the lesioned animals. 
Elevated plasma potassium levels have been reported in 
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bo th  adu l t  and weanl ing  ra ts  wi th  ven t romed ia l  lesions ~e 
and in the  present  expe r imen t  p l a sma  sod ium was 
e leva ted  as well. I n  contras t ,  the  ra t s  bear ing  a regenera t -  
ing adrena l  had  e l eva ted  p lasma sod ium and  depressed 
p lasma po ta s s ium levels. The  ne t  effect  of  these  p la sma  
e lec t ro ly te  changes  was an  increased Na/K ra t io  in t he  
ra ts  w i th  a regenera t ing  adrena l  (group 3) and  a no rma l  
N a / K  ra t io  in t h e  ra t s  w i th  b o t h  a regenera t ing  adrena l  
and ven t romed ia l  lesions (group 4). 

A l though  these findings do no t  c lar i fy  the  mechan i sm 
whereby  ven t romed iM nuclear  ab la t ion  affects t he  de- 
ve lopmen t  of adrena l - regenera t ion  hyper tens ion ,  t h e y  do 
call to mind  the  repor ts  of M~NEELY, BALL and Y o u -  
MANs xv and MENEELY and BALL ls t h a t  admin is t ra t ion  of 
potass ium chloride can amel io ra te  t he  hyper tens ion  which 
accompanies  h igh  sodium chlor ide consumpt ion  in the  
rat .  
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ZusammenJassung. Vent romed ia l  h y p o t h a l a m e  Liisio- 
nen h e m m e n  die N N R - R e g e n e r a t i o n s - H y p e r t o n i e .  Dabei  
ist  n ich t  eine Verschiebung in der  Nahrungs -  oder  Elek-  
t r o l y t - A u f n a h m e  ve ran twor t l i ch  1~,2o 
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Eating and Drinking Induced by Cerebral- 
Ventricular Injections in Rats with Lesions in the 

Lateral Hypotha lamus  

Normal ,  sa t ia ted  rats,  when  in jec ted  in the  la tera l  
vent r ic le  of the  bra in  wi th  smal l  quan t i t i e s  of pento-  
barb i ta l  sodium or 5% sMine a t  10 /d / ra in  for 10 rain, 
show a t e m p o r a r y  ea t ing  response. H y p e r p h a g i c  ra ts  wi th  
lesions in t he  ven t romed ia l  a rea  of t he  h y p o t h a l a m u s  
exhibi t  the  same response to the  pen toba rb i t a l  sod ium 
inj act ion b u t  do no t  ea t  fol lowing the  5 % sMine in jec t ion  1. 
Dr inking  is caused by  an inject ion of 2 or 5% saline a t  
abou t  10 /zl/min in the  la tera l  vent r ic le  of e i ther  normal  
or hype rphag ic  rats  1,~, appa ren t ly  as a resul t  of hyper -  
tonic i ty  ac t ing  on osmoreceptors  in the  hypo tha lamus .  

R a t s  suffer ing f rom aphag ia  and adipsia  following 
lesions in the  la tera l  h y p o t h a l a m u s  of ten  recover  f rom 
these defici ts  in a few days  or  weeks if t he  animals  are 
ma in ta ined  by  forced feeding and water ing.  RODGERS, 
EPSTEIN and  TEITELBAUM 3 h a v e  presented  r a the r  con- 
clusive evidence  t h a t  the  aphagia  and adipsia  are  t empo-  
rary  mo t iva t i ona l  deficits and h a v e  descr ibed 4 s tages of 
recovery .  I n  s tage  I, the  ra ts  are b o t h  aphagic  and adipsic. 
In  s tage  I I ,  the  rats  are anorexic  and adipsic (e.g. the  
animals  ea t  small  quant i t i es  of wet,  chocola te  chip 
cookies). I n  stage I I I ,  t he  ra ts  remain  adipsic, b u t  ea t  
enough vo lun ta r i ly  to  ma in ta in  the i r  body  weight .  In  
s tage IV, the  animals  dr ink wa te r  and ea t  no rmal  labora- 
t o ry  food. These animMs often stil l  r emain  'p randia l  
dr inkers '  in t h a t  t h e y  dr ink  only  if receiving food. 

I n  con t ras t  to normal  rats,  ra t s  w i th  lesions in t he  
la tera l  area  who h a v e  then  recovered  f rom aphag ia  and 
adipsia do n o t  respond to  insul in- induced hypog lycemia  
by  ea t ing  4. T h e y  lack m a n y  of t he  normal  wa te r  regula- 
t ion funct ions  and will no t  dr ink to regula te  body  wate r  

fol lowing hyper the rmia ,  increased se rum osmolar i ty ,  or  
wa te r  depr iva t ion  s . T h e y  do no t  compensa te  for an  in- 
duced sodium deficiency~; nor  can t h e y  be induced to 
d r ink  by  in t racran ia l ly  adminis te red  c a r b a c h o l t  

W e  have  s tudied,  in ra ts  recover ing  f rom la tera l  lesions, 
the  responses to in ject ions  of pen tobarb i t a l  sod ium and  
5% saline a t  5 /A/ra in  for abou t  4 rain. W e  h a v e  no t  been  
able to induce aphagic  ra ts  to  ea t  by  in t r aven t r i cu l a r  
in ject ions  unt i l  t hey  ea t  vo lun ta r i ly ,  nor  can  t h e y  be  
induced to  dr ink  by  in t r aven t r i cu l a r  in jec t ions  of a hyper -  
tonic  solut ion unt i l  t h e y  dr ink  voluntar i ly .  

F e m a l e  Charles R i v e r  albino ra ts  (220-270 g) were  
lesioned in t he  la tera l  area  of the  hypo tha l amus  (steteo- 
tax ic  coordinates  of BERNARDIS and SKELTON ~ for the  
ven t romed ia l  nuclei  wi th  the  subs t i tu t ion  of 1.8-2.0 m m  
for the  la tera l  coordinates) .  The  ra ts  were t h e n  cannu la t ed  
in t he  la te ra l  ven t r ic le  in a m a n n e r  s imilar  to  t h a t  of 
MABEL, BmLE and  MAY~R L The  accuracy  of this  m e t h o d  
of cannula  p l acemen t  was conf i rmed wi th  the  fol lowing 
tes t s :  (1) histological  locat ion of I n d i a n  ink  infused 
th rough  the  cannu la ;  (2) e l ic i ta t ion of ea t ing  in normal  
ra ts  infused wi th  65 m g / m l  pen toba rb i t a l  sod ium a t  t he  
ra te  of 5 /z l /min ;  (3) e l ic i ta t ion of dr inking  in normal  rats  
infused wi th  5% saline a t  5 #l /min.  
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