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BLACK, S. L., J. KUCHARCZYK AND G. J. MOGENSON. Disruption of drinking to intracranial angiotensin by a 
lateral hypothalamic lesion. PHARMAC. BIOCHEM. BEHAV. 2(4) 515-522, 1974. -- Rats were repeatedly induced to 
drink by injecting angiotensin-lI into either of two bilateral cannulae in the preoptic area. A unilateral lesion subse- 
quently placed in the lateral hypothalamus sharply reduced the amount of water ingested by the rats in response 
to the preoptic injection of angiotensin ipsilateral to the lesion, and reduced drinking to a lesser extent to contralateral 
stimulation. Following the slow recovery of drinking in response to angiotensin, a second lesion of the lateral hypo- 
thalamus was produced on the contralateral side. This lesion again caused a sharp decrease in water intake to 
angiotensin, this time equally to contralateral and to ipsilateral stimulation. These results suggest that drinking elicited 
by the injection of angiotensin into the preoptic area depends primarily on an ipsilateral pathway from the preoptic 
area through the lateral hypothalamus. However, after recovery from the disruption produced by a unilateral lesion of 
the lateral hypothalamus, the drinking response also requires the participation of a crossed pathway from the preoptic 
area through the contralateral lateral hypothalamus. 
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A RAT will quickly  begin to drink fol lowing the micro-  
inject ion o f  angiotensin-II  in to  various forebrain s tructures 
[6] .  These brain regions may therefore  contain specialized 
receptors  which init iate drinking when s t imulated by angio- 
tensin [7] .  Since the preopt ic  area is one o f  the brain 
regions most sensitive to angiotensin for the el ici tat ion of  
this response [6, 8, 27] ,  it appears to be a pr imary site of  
these receptors.  The ques t ion  can then be asked: where do 
the signals f rom these receptors  go? It is possible that  the 
signals pass through the lateral hypotha lamus  (LH), a region 
of  demons t ra ted  impor tance  in the cont ro l  of  drinking 
behavior.  Bilateral lesions of  the LH are known to abolish or  
delay drinking in response to cellular dehydra t ion  [25 ,28] ,  
plasma volume deple t ion  [25 ,26] ,  and ligation of  the in- 
ferior vena cava [25 ] ,  while unilateral  as well as bilateral 
LH lesions disrupt drinking in response to the intracranial 
inject ion of  carbachol  [22 ,31] .  These results indicate that  
the integri ty of  the LH is essential for the occurrence o f  
various types of  elicited drinking behavior.  Similarly,  the 
integri ty of  the LH may be necessary in order that  drinking 
be elicited in response to the in ject ion of  angiotensin into 
the preopt ic  area. The exper iment  reported here supports  
this hypothesis  by demons t ra t ing  that  a unilateral lesion of  

the LH impairs drinking in response to an inject ion of  this 
type. 

METHOD 

Animals and Surgical Procedures 

Male Wistar rats weighing be tween  350 and 400 g at the 
t ime of  surgery were used. They were housed in individual 
wire-mesh cages in a tempera ture-cont ro l led  room wi th  a 
12:12 light-dark cycle and maintained ad lib on a powdered  
high carbohydra te  diet [24] .  Water was available, in bot t les  
with curved glass spouts open at the top to  minimize  
spillage. Water  intakes, food intakes, and body  weights were 
determined at the same t ime every day. 

Fol lowing one week of  adapta t ion  to the powdered  diet ,  
each rat was anaesthet ized with  sodium pentobarbi ta l  
(Nembuta l ;  50 mg/kg),  preceded by at ropine sulphate 
(10 mg), and placed in a s tereotaxic  ins t rument  for implan- 
ta t ion of  two cannulae and two electrodes.  The cannulae, 
made f rom 23 ga disposable needles with insect pins inserted 
as obturators ,  were implanted  bilaterally in the preopt ic  
area, each t .2 mm from the midline.  The  electrodes,  con-  
sisting of  size 00 insect pins coated with  Epoxyl i te  insula- 
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FIG. 1. The effect of a unilateral lesion of the lateral hypothalamus (n = 9) on drinking induced 
by the injection of angiotensin into the preoptic area, and on daily water intake, food intake, 
and body weight. The data plotted are mean values -+ the standard error of the mean. In the 
uppermost panel the dotted line (open circles) refers to water intakes in response to angio- 
tensin stimulation in the preoptic area contralateral to the lesions; the solid line (closed 
circles) refers to water intakes in response to ipsilateral stimulation. The lesion was placed 

on the day indicated by the arrow. 

t ion  excep t  for  0.5 m m  at the  t ip,  were inser ted  b i la tera l ly  
in to  the  lateral  h y p o t h a l a m u s .  The  rats  were al lowed to 
recover  for  a m i n i m u m  per iod of  10 days. 

Experimental Procedure 

The  in jec ted  dose consis ted  of  500  ng of  angio tens in- I I  
( H y p e ~ t e n s i n - C I B A )  dissolved in 1 ul of  wa te r  [ 6 ] .  Water  
was chosen  as the  vehicle in o rder  to  ensure  the  hypo-  
t on i c i ty  o f  the  so lu t ion  and  thus  avoid possible  s t imu la t ion  
of  osmorecep to r s .  T he  dose was delivered t h r o u g h  a micro-  
l i ter  syringe a t t a c h e d  to  a 30 ga in jec to r  cannu la  previous ly  
filled wi th  the  so lu t ion .  When inser ted,  the  in jec to r  cannu la  
e x t e n d e d  0.5 m m  b e y o n d  the  guide  cannu la  i m p l a n t e d  in 
the  p reop t i c  area of  each  rat .  On  each trial,  the  o b t u r a t o r  
was r emoved  f rom one  of  the  t w o  guide cannulae  and  the  
in jec to r  cannu la  inser ted  for  del ivery of  the  1 ul dose over  a 
per iod  of  5 sec. The  o b t u r a t o r  was i m m ed i a t e l y  replaced 
and the  rat  r e t u r n e d  to its cage. The  wa te r  b o t t l e  was 
replaced by  an inver ted  15 ml g radua ted  cen t r i fuge  tube  
wi th  a glass spout ,  and wa te r  in t ake  (-+0.5 ml)  was measured  
for  the  nex t  30 min .  F o o d  was n o t  available to  the  rats  
dur ing  this  test .  

Ang io t ens in  in jec t ions  were given on  a l t e rna te  test  trials 
in to  the  left  and  r ight  cannulae .  Before  p l a c e m e n t  of the  
first uni la tera l  lesion in the  LH a m i n i m u m  of  6 daily trials 
was carr ied ou t  (i.e., 3 per  cannula) .  In some cases, f u r t h e r  
trials were given unt i l  the  a m o u n t  d r u n k  was relat ively 
cons t an t  f rom one  trial  to  the  next .  The  rat  was t hen  l ightly 
anaes the t i zed  wi th  e the r  and  a lesion p roduced  by  passing 
3 m A  anoda l  cu r r en t  for  15 sec t h r o u g h  one  of  the  elec- 
t rodes  i m p l a n t e d  in the  LH, w i th  the  ind i f fe ren t  e lec t rode  
cl ipped to  the  ipsi lateral  ear. Af t e r  placing the  lesion,  angio- 
t ens in  trials were carr ied ou t  daily for  the  nex t  10 days,  and  
less f r e q u e n t l y  the rea f te r .  The  second  lesion to the  con t ra -  
lateral  LH was made  2 m o n t h s  a f te r  p l a c e m e n t  of  the  first 
lesion,  and  ang io tens in  tests  were c o n t i n u e d  according  to 
the  same p rocedure .  At  the  end  of  this  per iod ,  the  ra ts  were 
killed and the i r  bra ins  r emoved  and prepared  for  his to-  
logical analysis accord ing  to s t andard  his tological  tech-  
niques.  

The  data  were ana lyzed  accord ing  to the  Scheff6 proce-  
dure,  as modi f i ed  for  p l anned  compar i sons  [4 ] .  Com- 
par isons  were p l anned  for  the  four  day per iod  before  
lesioning,  the  first 8 days  a f te r  lesioning,  the  en t i re  post-  
lesion per iod,  and  for  the  f inal  day of test ing,  This  
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FIG. 2. The effect of a second lesion of the lateral hypothalamus (n = 
6) contralateral to the first lesion on drinking induced by angio- 
tensin, and on daily water intake, food intake, and body weight. 

The symbols are the same as in Fig. 1. 

conservative method avoids the difficulties associated with 
multiple tests of significance by setting an overall experi- 
mentwise error rate for each group of comparisons rather 
than reporting the level of significance for each individual 
comparison. In the present experiment, the experimentwise 
error rate was set at 0.05; only comparisons significant 
beyond this value are specifically noted as significant in the 
results section. 

R E S U L T S  

The surgical procedure of implanting two cannulae into 
the preoptic area and two electrodes into the LH of each 
rat caused the animals to lose approximately 5% of their 

preoperative body weights in the immediate postoperative 
period. Their body weights soon began to recover, however, 
and were close to or above their preoperative values when 
testing with angiotensin began. Thus, the surgical procedure 
was not unduly stressful for the rats. Data are presented for 
9 rats with both cannulae functional and in which unilateral 
lesions of the LH were m.ade (Fig. 1). Six of these rats 
received a further lesion of the LH on the side contralateral 
to the first (Fig. 2). Data obtained from 5 additional rats 
were excluded from analysis because either the cannulae or 
lesions were outside the appropriate areas. The decision to 
exclude these rats was made without knowledge of the 
results obtained. 

First LH  Lesion 

Placement of a unilateral lesion in the LH caused severe 
and prolonged attenuation of drinking in response to angio- 
tensin injected into the preoptic area ipsilateral to the 
lesion. The water intakes elicited by angiotensin were 
significantly decreased in comparison with the intakes 
before placement of the lesions, both for the first 8 days 
and for the entire 2 month observation period after place- 
ment of the unilateral lesions. This decrease in elicited 
water intake was observed in every animal tested. Drinking 
in response to an injection on the side contralateral to the 
lesion was also significantly attenuated, both for the first 8 
days after placement of the lesions and for the entire period 
of observation. However, the degree of disruption of drink- 
ing was different in the two cases. The water intakes 
elicited by angiotensin administration to either side of the 
brain did not differ significantly before placement of the 
unilateral lesions. Afterwards, the intakes in response to 
stimulation on the side ipsilateral to the lesion were signifi- 
cantly less than the intakes in response to stimulation on 
the contralateral side. This was true for both the first 8 
days after placement of the unilateral lesions, and for the 
entire period of observation. Moreover, this differential 
effect of site o f  stimulation on drinking behavior was 
observed for each of the nine rats. Thus, the region of the 
lateral hypothalamus ipsilateral to the site of preoptic 
stimulation is of particular importance for the elicitation of 
drinking by angiotensin. 

Although a unilateral lesion clearly disrupted drinking in 
response to angiotensin administered on the side ipsilateral 
to the lesion, slow recovery of this response occurred. For 
example, 14 days after placement of the lesions, 7 of the 9 
rats were drinking less than 50% of their pre-lesion intakes 
when stimulated on the side ipsilateral to the lesion. 
However, 45 days later only one rat was still drinking less 
than 50% of its pre-lesion intake in response to angiotensin. 
At this point (2 months post-lesion) the intakes elicited by 
angiotensin injected on the side ipsilateral to the lesion did 
not differ significantly from the intakes elicited by stimula- 
tion on the contralateral side. With regard to pre- and 
post-lesion comparisons, the intakes elicited by stimulation 
on the side contralateral to the lesion on the final day of 
testing d i d  not differ significantly from the intakes 
observed in response to stimulation before placement of the 
lesions. However, the intakes to stimulation on the ipsi- 
lateral side were still significantly lower than during the 
pre-lesion period. Therefore, recovery of drinking in re- 
sponse to stimulation by angiotensin on the side ipsilateral 
to the lesion was not quite complete two months following 
placement of the lesion. 
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FIG. 3. Photomicrographs of coronal brain sections showing (a) cannulae 
placements in the preoptic region (arrows), (b) intact brain between the injec- 
tion and lesion sites and (c) lesions in the lateral hypothalamus (arrows) for a 

representative animal. 



DISRUPTION OF ANGIOTENSIN-INDUCED DRINKING 519 

As expected, the unilateral lesions of the LH also caused 
changes in ingestive behavior and in regulation of body 
weight. Daily (24 hr) water intakes were significantly 
reduced during the first eight day period following place- 
ment of the lesions, for the entire two month  observation 
period, and on the final day. Significant changes in food 
intake were not observed for these periods, although the 
data suggest a transient decrease during the first four days 
after placement of the lesions. The body weights of the rats 
declined significantly during the first eight days after 
placement of the unilateral lesions in comparison with their 
body weights before placement of the lesions. This effect of 
the lesions did not persist, and the rats eventually began to 
gain weight. On the final day of observation, the body 
weights of the rats were significantly greater than during 
the pre-lesion period. 

Second LH Lesion 

The water intakes elicited by angiotensin injected on 
e i t h e r  side of the brain declined sharply following 
placement of the second LH lesions. This time, however, 
the post-lesion drinking in response to stimulation on one 
side of the brain did not differ significantly from the post- 
lesion drinking to stimulation on the opposite side. In 
comparison with the pre-lesion intakes, the post-lesion 
intakes were significantly lower for the first 8 days after 
placement of the second lesion, for the entire 26 day period 
of observation, and on the final day of observation. Obser- 
vations beyond this 26 day period are not reported because 
one of the 6 rats, which was adipsic and aphagic, died. 
However, 5 of the remaining rats showed only limited 
recovery of drinking in response to angiotensin during an 
additional one month period of observation. 

Daily water intakes during the post-lesion period were 
not significantly different from those before placement of 
the lesions, either in the first 8 days after placement of the 
lesions, or during the entire 26 day period of observation. 
However, the second lesion caused some alteration of 
regulation of food intake and body weight. Food intakes 
were significantly decreased during the first 8 days after 
placement of the lesions, but were not significantly dif- 
ferent from pre-lesion values when compared over the 
entire 26 day period of observation. Body weights declined 
slowly throughout the post-lesion period. These weights 
were significantly lower than in the pre-lesion baseline 
period: for the first 8 days after placement of the lesions, 
for the entire period, and on the final day. However, only 
one of the 6 rats required tube feeding because its intake of 
food and water was insufficient to maintain its body 
weight. 

Histological Analysis 

Photomicrographs of a representative set of cannulae 
and lesion placements are presented in Fig. 3. The two 
cannulae implanted in each rat extended through the lateral 
ventricles into the preoptic region of the brain. In a number 
of cases, the lateral ventricles were enlarged, probably as a 
result of interference with the circulation of cerebrospinal 
fluid. The cannulae tips were located within the preoptic 
area, and were placed symmetrically about the midline on 
the border of the medial and lateral preoptic areas. In 5 
rats, the cannulae tips were at the level of the suprachias- 
matic nuclei. In the remaining 4 rats, the tips were localized 
somewhat anterior to this level (approximately where the 

anterior commissure first crosses the midline). In 2 of the 
latter rats, the tips were more dorsal than for the other 
placements, ending at approximately the level of the an- 
terior commissure. 

The lesions of the lateral hypothalamus extended in a 
posterior direction from a point just behind the cannulae 
tips but, as demonstrated by Fig. 3, clearly separate from 
the cannulae tips in all but one rat. The lesions reached 
their maximum size at the level of the anterior edge of the 
ventromedial nucleus and, in most cases, ended at the point 
where the ventromedial nuclei were at their widest extent. 
The lesions included damage to the medial forebrain 
bundle, particularly the part adjacent to the internal 
capsule, and extended slightly into the internal capsule. The 
anterior part of the zona incerta received moderate damage 
in approximately half the cases. Restricted bilateral damage 
to the hippocampus and thalamus was also observed, a 
consequence of the passage of the chronically implanted 
electrodes into the hypothalamus. In general, the region of 
destruction common to all the lesions was the anterior part 
of the lateral hypothalamus, and the lesions were within the 
"critical area" described by Gold [ 13 ]. It should be recog- 
nized, however, that because the animals were allowed to 
survive for 2 - 3  months after placement of the lesions, 
localization of the damage caused is necessarily approxi- 
mate, in this study as in any, where prolonged survival after 
placement of a lesion is required [30]. 

DISCUSSION 

The research presented here includes two major findings: 
(a) unilateral and bilateral lesions of the lateral hypo- 
thalamus severely attenuate drinking in response to the 
injection of angiotensin into the preoptic area: and (b) 
recovery from the disruption of elicited drinking is possible, 
at least for the case of a unilateral lesion. These results have 
now been replicated in a subsequent study in which smaller 
lesions were placed more caudally in the lateral hypo- 
thalamus [16];  there was, therefore, a larger amount of 
tissue between the cannula and the lesion. 

The findings have a n u m b e r  of implications. Previous 
work has established the LH as the possible site of receptors 
which cause drinking when stimulated by angiotensin at 
relatively high dose levels [6]. The present results demon- 
strate the essential role of the LH as an intermediary 
between the highly sensitive receptors of the preoptic area 
and the organized response of drinking. This conclusion is 
consistent with the observation [25] that bilateral lesions 
of the LH impair the elicited drinking of rats to ligation of 
the inferior vena cava, an effective stimulus for increasing 
the circulating levels of angiotensin. Secondly, the results 
reported here suggest that the neural circuit for angiotensin 
induced drinking passes through the LH primarily on the 
side ipsilateral to the site of preoptic stimulation. This 
follows from the observation of major ipsilateral and minor 
contralateral at tenuation of drinking following the place- 
ment of a unilateral lesion of the LH. If the reduced drink- 
ing in response to stimulation was instead attributable to 
lessened motivation to respond as a result of the lesions, the 
decrement in response should have been as severe on the 
side contralateral to the lesion, but it was not. The same 
observation rules out the possibility that the deficit in 
response was due to general debilitation of the rats rather 
than to specific interference with drinking behavior. 

Note that the deficit in drinking response to angiotensin 
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did not depend upon the presence of aphagia and adipsia. 
This observation further argues against an interpretation of 
this experiment in terms of a non-specific motor deficit, 
and suggests that drinking in response to angiotensin may 
be independent of other mechanisms for regulation of food 
and water intake. In fact, the disruption of daily food and 
water intakes in this experiment was not severe. This result 
suggests that the lesions may not have been in an area 
critical for regulation of daily food and water intake, 
although this conclusion does not take into account the 
fact that the lesions were placed in two stages, with a 
considerable time period between each ablation. The 
behavioral effects of such two-stage lesions are always less 
t h a n  t h a t  of bilateral lesions placed simultaneously 
[14,29]. In any case, the rationale of this experiment does 
not require the occurrence of adipsia and aphagia - only 
that the lesions are effective in disrupting drinking in 
response to angiotensin. 

The identity of the ipsilateral pathway which these 
results suggest passes from the preoptic receptors through 
the lateral hypothalamus is unknown. The cannulae place- 
ments are such that angiotensin infused through them can 
stimulate both lateral and medial preoptic areas. Although 
the medial preoptic area is more sensitive for elicitation of 
drinking in response to angiotensin [8],  it has no known 
direct connections with the lateral hypothalamus. However, 
the medial forebrain bundle sends fibres through the lateral 
preoptic area which descend through the part of the lateral 
hypothalamus destroyed in the present study. This pathway 
may also have direct connections with medial areas [19] 
and, may therefore, receive inputs from both medial and 
lateral preoptic areas before reaching the LH. This proposal 
is supported by the results of recent electrophysiological 
experiments in which it was observed that neurons in the 
lateral hypothalamus are activated by angiotensin micro- 
injected into the preoptic region [3,17]. On the other 
hand, on the basis of evidence relating to behavioral 
changes after lesions, a pathway from the medial and lateral 
preoptic areas which passes through the anterior hypo- 
thalamus to the lateral hypothalamus has been proposed 
[23]. The placement of the LH lesions in the present study 
also suggests that fibres of the nigrostriatal bundle may 
have been destroyed [20].  This observation is of interest in 
view of the proposal [9] that angiotensin-induced drinking 
depends on a central catecholaminergic mechanism. How- 
ever, the nigrostriatal bundle is an ascending pathway; a 
descending pathway of this kind from the preoptic area has 
not yet been demonstrated. 

The observation of recovery of drinking behavior in 
response to angiotensin following disruption by a unilateral 
lesion is of particular interest. This finding is analogous to 
the recovery of food and water intake observed after bi- 
lateral lesions of the LH [28]. Recently, it has been 
reported that recovery in the latter case may be accelerated 
by various procedures, including pre-lesion experience 
[5,10], pretreatment with a-methyl-p-tyrosine [ 1 2 ] , w i t h  
nerve growth factor [2],  and by prior destruction of the 
frontal cortex [11 ]. One explanation of these findings is 
that the recovery process is mediated by denervation super- 
sensitivity [ 12]. This hypothesis provides one explanation 
of the recovery of function observed in the present study. 
Alternatively, the observed recovery may be due to the 
post-lesion growth of axons which result in new functional 
connections [ 18]. 

Whatever the cause, it appears that  the return of drink- 
ing in response to the intracranial injection of angiotensin is 
mediated, at least in part, by fibres which cross the midline. 
This conclusion follows from the observation that the 
placement of the second LH lesion, on the side contra- 
lateral to the first, reinstituted the disruption of drinking, 
not only to angiotensin stimulation on the same side as the 
second lesion, but also on the opposite, recovered side of 
the brain. 

)RINKING 
BEHAVIOR 

FIG. 4. Model of the functional connections between the preoptic 
area (POA) and the lateral hypothalamus (LH) which may mediate 
the drinking response to angiotensin injected into the preoptic area. 

The crosshatched area represents a lesion. 

A model which accounts for these results is presented in 
Fig. 4. According to the model, the presumed receptors for 
angiotensin in the preoptic area connect primarily with the 
LH on the ipsilateral side; the model also assumes a 
component of lesser importance which crosses the midline 
before reaching the LH. After interruption of the ipsilateral 
pathway within the LH, angiotensin injections into the 
preoptic area on this side are unable to sufficiently activate 
the LH through the remaining crossed pathway. Injections 
on the undamaged side remain effective because the ipsi- 
lateral pathway on that side is intact. The recovery of 
function which follows may be mediated in one of two 
ways: (1) by an increase in the number of synaptic connec- 
tions the crossed pathway makes with the LH on the side 
contralateral to the side receiving a lesion or (2) by 
recovery of function on the same side as the site of the 
lesion through denervation supersensitivity or axonal 
regrowth. However, whether the recovery occurs on the 
side ipsilateral or contralateral to the lesion, it will now 
critically depend on the additional input to the LH 
provided through the crossed pathway. As a result, the 
second lesion, placed on the side contralateral to the first, 
will include destruction of not only the ipsilateral pathway 
on that side, but also the termination of the crossed 
pathway on which the recovery of function depends. 
Therefore, the second lesion will disrupt drinking to 
stimulation on either side of the brain. 

This model provides a useful interpretation of the 
observations reported in this study. However, the model is 
not consistent with the recent proposal of Simpson and 
Routtenberg [21 ] that drinking in response to angiotensin 
injected into the preoptic area depends on stimulation of 
the subfornical organ. These authors suggest that when 
angiotensin is injected into the preoptic area, it rapidly 
diffuses into the ventricles or into capillaries within the 
preoptic area. The angiotensin is then carried to the sub- 
fornical organ, the site of primary thirst receptors for this 
substance. Simpson and Routtenberg point out that the 
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subfornical  organ is a region of  weakness o f  the blood-brain  
barrier, and thus angiotensin may  readily enter  this struc- 
ture f rom the blood.  However ,  they  do not  indicate how 
angiotensin may  c i rcumvent  the blood-brain barrier when 
leaving the capillary ne twork  which perfuses the subfornical  
organ. Their  a l ternate  suggestion of  diffusion through the 
ventricles avoids this diff icul ty.  This version of  the hypo-  
thesis is supported by evidence that  labelled angiotensin 
injected into the preopt ic  area does enter  the ventricles 
[15] .  However,  it has recent ly  been demons t ra ted  that  
dr inking is elicited with low doses (1.25 ng) of  angiotensin 
using a small vo lume (0.1 t~l) [27] which is evidence 
against the diffusion hypothesis .  Fu r the rmore ,  since the 
subfornical  organ is a midline s t ructure,  the diffusion 
hypothesis  suggests that  the unilateral  des t ruct ion of  the 
lateral hypotha lamus  should ei ther a t tenuate  drinking to 
preopt ic  inject ions of  angiotensin given on ei ther  side o f  the 
brain, or not  at all. Instead, as observed in this s tudy,  the 
a t tenuat ion  is greater to s t imulat ion on the side ipsilateral 
to the site of  the lesion. This finding, of  course,  does no t  
suggest that the angiotensin-sensitive receptors  cannot  be 

located close to the walls of  the third ventricle [1 ] .  
However ,  it does suggest that  the receptors  are unlikely to 
be located primari ly in a midline structure such as the 
subfornical  organ. Nevertheless,  Simpson and Rou t t enbe rg  
[21] have repor ted  that  des t ruct ion of  the  subfornical  
organ impairs drinking elicited by the in ject ion of  angio- 
tensin into the preopt ic  area. How can this intriguing 
finding be incorpora ted  in the mode l  proposed above? One 
way, perhaps,  is to assume that  the LH receives inputs  f rom 
bo th  the subfornical  organ and f rom the preopt ic  area, and 
requires the par t ic ipat ion of  bo th  pathways in order  that  a 
drinking response can be elicited. The crossed pa thway of  
the mode l  proposed here may,  in fact,  be due to the dif- 
fusion of  angiotensin into the subfornical  organ f rom the 
preopt ic  area. However ,  it is clear f rom the present results 
that  the subfornical  organ cannot  be the only s t ructure  of  
impor tance  in mediat ing drinking induced by the preopt ic  
inject ion of  angiotensin.  This response also depends,  at least 
initially, on the integri ty of  a unilateral  pa thway through 
the LH. 
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