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DACEY, D. M. AND S. P. GROSSMAN. Aphagia, adipsia, and sensory-motor deficits produced by amygdala lesions: a 
function of extra~mygdaloid damage. PHYSIOL. BEHAV. 19(3) 389-395, 1977. - Small bilateral electrolytic lesions 
confined to the region of the central nuclei of the amygdala failed to affect food and water consumptipn in male rats. More 
medially-placed lesions which damaged portions of the internal capsule, entopeduneular nucleus and globus pallidus 
adjacent to the central nucleus produced transient aphagia and adipsia accompanied by sensory-motor impairments that 
interfered with the act of feeding, as evidenced by a large postoperative increase in the amount of food spilled. In some 
cases lesions restricted to the internal capsule and entopeduncular nucleus produced these sensory-motor deficits but no 
aphagia or adipsia. Small lesions damaging primarily ventral portions of the posteromedial pallidi resulted in aphagia and 
adipsia but no apparent sensory-motor impairment. The results indicate that at least two, possibly independent, deficits in 
food intake may be produced by lesions in the immediate area of the dorsomvdial amygdala. It is suggested that the effects 
on ingestive behavior which several investigators have observed in rats with dorsomedial amygdaioid damage may in fact be 
due to incidental destruction of adjacent tissues. 
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IT IS WELL established that lesions in some portions of the 
amygdala of the rat [7,19] cat [16,31] dog [12,15],  and 
monkey [34,40] result in hyperphagia. There is less 
agreement concerning the exact location of the effective 
lesions. Most investigators report that ventral and lateral 
portions of the amygdaloid complex must be involved, and 
there are several reports (e.g., [ 1, 9, 37] ) of hyperphagia 
after damage to periamygdaloid cortex which did not 
involve nuclei of the amygdala proper. Electrical stimu- 
lation of electrode sites in many aspects of the amygdala 
exert inhibitory effects on food intake in the rat [19,45],  
cat [ 13], dog [ 10], and monkey [36] ,  but the specificity 
of these effects is often inadequately demonstrated. On 
balance, the literature nonetheless supports the conclusion 
[18] . that  the amygdala contains diffusely represented 
neural mechanisms which exert inhibitory influences on 
food intake. 

There is less agreement concerning the possibil i ty that 
the amygdaloid complex may also be the source of 
excitatory influences on feeding behavior. Only very brief 
periods of aphagia or hypophagia have been reported in 
monkeys [44] and cats [3,21] after often extensive 

amygdaloid lesions. Some investigators [16,29] have re- 
ported more persistent effects in the cat but in these cases 
the aphagJa or hypophagia is accompanied by catalepsy, 
catatonia, and general deterioration and the specificity of 
the effect on food intake is in doubt. In the rat [4, 6, 35, 
38, 39] and dog [5, l l ,  14], persisting aphagia or 
hypophagia have been reported by several investigators but 
it is unfortunately not  clear whether these effects are due 
to the destruction of amygdalo id  tissues rather than 
incidental damage to adjacent portions of the internal 
capsule or striatopallidal system as Stevenson [42] and 
others have suggested. Published descriptions of the effec- 
tive lesions indicate that their principal focus lies in the 
medial segment of the amygdala and most investigators 
agree that the dorsomedial amygdala, particularly the 
region of the central and medial nuclei, may be critical. 
However, lesions which destroy most of this region almost 
invariably involve the globus pallidus, caudate nucleus, and 
lateral portions of the internal capsule. In the rat, the 
published descriptions of effective lesions indicate without 
exception that significant damage to some or all of these 
structures occurred. In the dog, the literature is similar, 
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although Fonberg [ 11 ] has reported aphagia in two animals 
with dorsomedial amygdaloid lesions which appear to 
produce little damage to adjacent tissues. Even here, the 
published evidence does not entirely rule out incidental 
interference with some possibly critical extra-amygdaloid 
pathways. Fonberg's report unfortunately fails to make 
clear whether the effect observed in these two animals 
persisted for more than two days (the duration of aphagia 
for all experimental animals is said to range from two to 
fourteen days) and what role, if any, the apparently severe 
arousal and motor dysfunctions which such lesions pro- 
duced may have played. 

The literature on the effects of electrical stimulation of 
the amygdala does not offer substantial support for the 
hypothesis that the amygdala might be the source of 
excitatory influences on food intake. Licking, chewing, and 
biting have been observed during electrical stimulation of 
electrode sites in the amygdala of cats, dogs, and monkeys 
[23, 30, 46] ,  but feeding itself has been seen only in a few 
instances in the monkey [36] and never in the rat [ 19], cat 
[8] or dog [10,13]. Norepinephrine injections into the 
amygdala potentiate (but do not elicit) feeding in deprived 
rats [17] but this may reflect a blockade of inhibitory 
mechanisms rather than excitation of faciliatory outputs 
[411. 

We [20] have recently investigated some of the behav- 
ioral effects of small tubular lesions which were largely 
confined to each of the six major nuclei of the rat amygdala 
or adjacent regions of the temporal lobe. None of these 
animals were aphagic at any time after the first post- 
operative day even though some of the nuclei which have 
been implicated in food intake regulation by other inves- 
tigators were largely destroyed. The central nuclei which 
Box and Mogenson [4] believe to be responsible for 
aphagia after medial amygdaloid lesions were destroyed 
almost completely in ten animals which ate and drank 
normally but died a few weeks after surgery of unknown 
causes. Six additional rats with lesser damage (average 
destruction 50%to this area survived for months without 
showing any evidence of hypophagia. Ten animals with 
extensive damage to the medial nuclei (average destruction 
75%; range 60-100%),  which have been implicated by the 
work of Fonberg [11] and others, also ate' and drank 
normally after the first postoperative day. Due to the 
multiple electrode technique that was used to produce our 
lesions, none of our rats sustained significant damage to 
extra-amygdaloid tissue and it appears likely that this may 
account for our observation of unchanged food and water 
intake. The present experiments were designed to test this 
hypothesis by comparing the effects of lesions restricted to 
the central nucleus of the amygdala with more medially- 
placed lesions damaging only adjacent portions of the 
internal capsule or globus pallidus, leaving the amygdala 
intact. 

M E T H O D  AND S U R G I C A L  P R O C E D U R E  

Forty adult male albino rats (Sprague-Dawley Strain, 
Holtzman 'Co.) ranging in body weight from 3 2 5 - 4 0 0  g 
were used. The animals were maintained in an air- 
conditioned colony ,,121-24 ° C) under a 12-hr light-dark 
cycle 10600-1800 hr light). Each rat was individually caged 
and allowed to feed ad lib a standard pellet diet (6% fat) 
placed on the floor of the cage. Fresh water was always 
available from a drinking tube. 

Following surgery, food and water intake and amount of 
spillage were monitored daily for ten days. Animals were 
considered aphagic or adipsic if they failed to initiate 
feeding or drinking behavior. Rats that attempted to feed 
but did not ingest normal amounts due to an increase in 
spillage were considered to have sensory-motor impair- 
ments. The effect of the sensory-motor deficit on food 
intake was recorded in terms of an efficiency index 
generated by dividing the amount of food eaten by the 
total amount  of food handled (spillage plus amount eaten). 
This measure was used to quantify recovery of sensory- 
motor control of food intake after spontaneous ingestive 
behavior reappeared. Those animals that did not initiate 
feeding within 48 hr after surgery were fed a liquid diet 
intragastrically until spontaneous food intake reappeared. 

Fifteen animals under Nembutal anesthesia received 
bilateral electrolytic lesions aimed stereotaxically at the 
central nucleus of the amygdala according the coordinates 
[33] AP = 5.5, H = -1 .8 ,  L = 4.2. The remaining 25 rats 
received lesions in the internal capsule 1 mm medial and 
slightly dorsal to the central nucleus (AP = 5.5, H = -1 .5 ,  L 
= 3.2). Lesions were produced by passing 0 .8 -1 .0  mA 
anodal DC for 8 - 2 0  sec through a stainless steel insect pin 
(No. I) insulated with Teflon except for 0.5 mm at the tip. 
At the conclusion of the  experiment all lesions were 
verified histologically using a standard frozen tissue tech- 
nique and cresyl violet cell stain• 

RESULTS 

Of the fifteen animals sustaining damage to the amygda- 
la, histological verification showed that in 9 rats a major 
portion of the central nucleus was destroyed without. 
disturbing extra-amygdaloid tissue. Damage to other a- 
mygdaloid tissues was slight: in 3 animals the stria 
terminalis was damaged, in 4 others the lesion impinged 
slightly on the lateral nucleus. The 6 other animals of this 
group had lesions that were either assymetric or did no 
significant damage to the central nucleus. The data from 
these 6 rats were discarded. 

The postoperative food and water intake (Figs. 1A, 2) of 
the 9 rats with central nucleus damage was not significantly 
different from their preoperative baseline except for a slight 
depression during the first 24 hr after surgery which reflects 
the effects of anesthesia and general surgical trauma. No 
motoric disabilities or general malaise were observed and 
food spillage was within the normal range as revealed by 
our measure of feeding efficiency (see Fig. 1B). 

Histological examination of the 25 brains with elec- 
trodes aimed slightly medial to the central nucleus showed 
assymetrical or inappropriate placement in 7 of them; data 
from these animals were excluded from further consider- 
ation. The 18 remaining animals could be divided into three 
groups on the basis of differences in the area of principal 
damage and behavioral deficits. Group 1 tn = 5} animals 
were aphagic and adipsic for 2 - 4  days ~Figs. IA, 2) after 
surgery but showed no deficit in efficiency when feeding 
behavior reappeared (Fig. 1B). Postural aberrations or 
significant activity changes that might indicate sensory- 
motor alterations were not apparent in these animals. 
Histological analysis of this group revealed significant 
damage, at least unilaterally, to the ventral posteromedial 
pallidum but little damage to the capsule. An example of 
such a lesion is shown in Fig. 3. 

The animals of Group 2 In = 8} exhibited a profound 
drop in feeding efficiency beginning the first day post- 
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FIG. 1. (A) Mean daily food intake for rats with lesions in the 
region of the dorsomedial amygdala. AC = lesions of the central 
nucleus (Group 0), GP = lesions of the gtobus pallidus (Groups 1 
and 3). Group 3 animals sustained damage to the internal capsule as 
well as to the globus paUidus. IC = lesions restricted to the internal 
capsule (Group 2). (B) Feeding efficiency index (1.0 = 100% 
efficiency or zero spillage) for the same animals. In this plot GP 
represents only those animals (Group 1) that sustained damage 
restricted to the giobus pallidus. IC = all remaining animals with 

internal capsule damage (Groups 2 and 3). 

surgery. The animals were clearly not  aphagic at any time 
after surgery and their apparent  hypophagia may well be 
due entirely to sensory-motor  disability. For  example,  one 
rat in this group spilled 100 g of  food but  ingested only 3 g 
during the first two days after surgery. This is a vivid 
illustration o f  the fact that ,  unlike the aphagic rats of 
Group 1 which did not  initiate feeding after surgery, these 
animals repeatedly and vigorously a t tempted  to feed but  
were incapable of  doing so. Histological examination of  the 
brains of the animals that were hypophagic  as a result of 
sensory-motor  dysfunctions revealed damage to the capsule 
and entopeduncular  nucleus but  virtually no damage to the 
globus pallidus. 

The animals of Group 3 (n = 5) were aphagic and adipsic 
for 2 - 7  days and demonstrated severe impairments in 
feeding efficiency when spontaneous food intake reappear- 
ed. Efficiency gradually returned to normal levels over the 
next 3 - 7  days. The pat tern of  recovery of the rats in 
Group 3 seems to indicate that  the aphagia/adipsia and the 
sensory-motor  impairment  are two independent  effects. 
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FIG. 2. Mean dally water intake for rats with lesions in the region of 
the dorsomedial amygdala (see Fig. 1A for abbreviation). 

This is indicated by the observation that the rats which 
displayed the most persistent aphagia and adipsia ( 5 - 7  
days) showed less severe and persistent sensory-motoi" 
deficits upon recovery of voluntary ingestive behavior than 
did those that  had resumed feeding after only 3 - 4  days. 
This suggests that  recovery from the sensory-motor dys- 
function may proceed concurrently with but independent  
of recovery from aphagia and adipsia. The intake records of 
Groups l and 3 are considered together in Fig. IA to 
provide a picture of what we believe to be the motivational  
component  of the deficit. The contr ibut ion of  the sensory- 
motor  impairments to the feeding deficit is shown in Fig. 
IB, which summarizes the average feeding efficiency of all 
13 rats (Groups 2 and 3) with motoric  disabilities. 
Histological data from the animals in Group 3 revealed 
lesions that were more extensive than those of Groups I 
and 2, damaging the giobus pallidus, adjacent tissue of the 
internal capsule, and the entopeduncular  nucleus (see Fig. 
4). 

DISCUSSION 

Our observation that lesions in the region of the central 
nucleus of the amygdnla failed to produce aphagia or 
adipsia in the rat replicates earlier findings from this [20] 
as well as other [25] laboratories.  This supports  the 
hypothesis  that the influence of  the arnygdaloid complex 
on ingestive behavior may be entirely inhibi tory in nature. 

The apparent  conflict of our results and conclusion with 
several published reports of  aphagia after dorsomedial  
amygdaloid damage may be resolved by our consistent 
replication of  these effects in animals with lesions in 
adjacent structures (posteroventral  port ions of the giobus 
pallidus, ventral striatum, internal capsule, and entopedun-  
cular nucleus). Inspection of the histological data presented 
by other  investigators who have reported aphagia after 
amygdaloid damage indicates that their lesions almost 
certainly invaded some of these structures. The possible 
contr ibut ion of  sensory-motor deficits to the aphagia- 
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FIG. 3. Photomicrographs of sections through the plane of maximal damage in rats with lesions in and around the dorsomedial amygdala. 
Lesions of the central nucleus of the amygdala (AC) did not impinge on extra-amygdaloid tissue. Shown are examples of individual lesions in 
the rostral portion of the central nucleus (a) and another more caudally placed lesion (b). Lesions in adjacent structures - globus pallidus 

(GP), internal capsule (IC), globus pallidus and internal capsule (GP/IC) - did not invade the amygdala. 

adipsia syndrome is unfortunately not  explicitly discussed 
in most relevant publications. 

An interesting exception is a recent paper by Box and 
Mogenson [4] which describes precisely the same com- 
pound syndrome - transient aphagia and adipsia followed 
by severe sensory-motor disturbances that interfere with 
the recovery of normal ingestive behavior - that we 
observed after lesions in the internal capsule. Box and 
Mogenson attributed these effects to damage to the central 
nucleus of the amygdala but explicitly recognized that their 
lesions infringed on the internal capsule. Their published 
histological material suggests, in fact, that the damage to 
this structure may have been extensive. Box and Mogenson 
argue that capsular damage should not have been a factor in 
the etiology of the aphagia syndrome because their lesions 
spared the medial-most aspects of the capsule that contain 
the nigrostriatal projection system which has recently been 

implicated in the aphagia/adipsia syndrome typical  of rats 
with lateral hypothalamic lesions [43].  Our histological 
results are in general agreement with the conclusion that 
lesions which spare the medial aspects of the capsule, (and 
thus, presumably, most of the nigrostriatal projections) 
produce the syndrome described by Box and Mogenson but 
indicate that it is due to capsular and/or pallidal rather than 
amygdaloid damage. 

The effects of these lesions are, in fact, quite different 
from those seen in rats with lateral hypothalamic lesions or 
chemical destruction of the nigrostriatal projections [43].  
The latter preparations display pronounced akinesia, stu- 
por, and lack of arousal responses to all but the most 
intense environmental stimuli and it has been suggested :that 
a lack of endogenous activation [28] or general arousal 
[43] may be responsible for the initial aphagia and adipsia 
which characterizes these animals. Rats with lesions re- 
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FIG. 4. Tracings of all individual lesions at the point of maximal damage were superimposed at the appropriate plane of section in 
a single composite representation shown above. All individual lesions were considerably smaller than and are contained within the 
crosshatched area. AC represents the total extent of amy.gdala damage for the 9 rats in Group 0. IC/GP encompasses the lesions of 

all 18 animals with extra-amygdaloid damage (Groups 1, 2, and 3). 

stricted to the internal capsule (Group 2) do not  display 
these arousal deficits and show a much more limited 
sensory-motor  deficit which appears to affect food intake 
mainly because it interferes with the control  of  oral 
musculature used to chew, swallow, etc. It is not  known, 
however, whether these effects are due specifically to 
damage to descending pyramidal  fibers, ascending sensory 
input,  of  perforating pailidal connections.  In this regard it 
can be noted that  our results are reminiscent of the effects 
of entopeduncular  and/or  globus pallidus lesions described 
by Schwartzbaum and associates [26,27] .  Similar but  more 
severe dysfunctions have also been observed in rats that 
recovered voluntary food intake after a period of  aphagia 
following orbi tofrontal  cortex lesions [24] .  It is possible 
that an interrupt ion of  higher-order trigeminai project ions 
may contr ibute  to the effect. Ziegler and Karten [47] have 
reported transient aphagia (without adipsia) in rats with 
brainstem lesions that interrupt  these sensory project ions 
erom the region of the mouth .  

That a sensory-motor  impaii 'ment is responsible for the 
hypophagia  observed in Group 2 animals is shown clearly in 
our analysis of feeding efficiency. Animals with lesions 
restricted to the entopeduncular  nucleus and internal 
capsule consumed litt le food during the initial postopera-  
tive period due to an incapacity to ingest food (as reflected 
in spillage) rather than a lack of food motivation.  The 
extremely large amounts of  shredded food under the cages 
clearly indicates a strong disposition towards  feeding 
behavior. 

The effects of  our lesions that  infringed on the post- 
eroventral aspects of the globus pailidus suggest that  a 
second, probably independent ,  syndrome of deficits in 

ingestive behavior can be obtained by lesions in the general 
area of the dorsomedial amygdala. These lesions typically 
resulted in adipsia (as well as aphagia) and there was no 
indication of debilitating sensory-motor disabilities (i.e., no 
impairment  in feeding efficiency) during the relatively brief 
( 1 - 2  day) period of hypophagia and hypodipsia that 
preceded recovery of normal ingestive behavior. We observ- 
ed neither gross arousal nor activation difficulties or overt 
motor  impairments during the initial period of aphagia and 
adipsia in these animals and are of the opinion that the 
effects of these lesions may be significantly different not 
only from those of the capsular lesions described above but 
also from chemical or electrolytic lesions of  the nigro- 
striatai afferents [43] .  The pattern of effects seen in this 
por t ion of our experiment does appear similar to, although 
less severe than, that reported by Alheid e t  al. [2] after 
extensive undercuts of the striatum and globus pallidus 
which transected a major port ion of  its afferent and 
efferent connections but spared a large percentage of the 
dopaminergic nigrostriatal inputs to the system. Since 
pallidofugal fibers pass through and around this region of 
the capsule, it is probable that all of our lesions medial to 
the amygdala at least slightly interrupted these systems. 
The extent  of damage to pallidal connections could not  be 
assessed in this s tudy,  but  transection of functionally 
specific afferent and/or  efferent pailidal connections may, 
at least in part,  be responsible for the differential effects on 
behavior observed. That an interference with striatal and/or  
pallidal connections (as well as capsular elements of 
unknown origin and destination) may account for the 
effects of large amygdaloid or smaller dorsomedial  amygda- 
loid lesions on ingestive behavior is in agreement with 
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Korczynsk i  and  F o n b e r g ' s  [25]  r ecen t  obs e r va t i on  tha t  
les ions in the  do r somed ia l  amygda la  of  the ra t  p r o d u c e d  
only  m i n o r  d i s tu rbances  in food  in take  unless  the damage  
e x t e n d e d  in to  the  region dorsal  to the  amygda la  p roper .  

Recen t  a n a t o m i c a l  and  e l ec t rophys io log ica l  ev idence  
[32]  indicate~ t ha t  the  cen t ra l  nuc leus  receives te r t i a ry  

gus t a to ry  a f fe ren t s  f rom the b ra ins tem.  The resul ts  of our  
inves t iga t ion  suggest  tha t  these  inpu t s  are no t  essential  for  
the  in i t i a t ion  and  m a i n t e n a n c e  of  daily food  in take  bu t  this 
does  no t ,  of  course ,  rule our  more  subt le  inf luences  on 
ingest ive behavior ,  par t icu la r ly  in s i tua t ions  where taste is a 
cri t ical  variable.  
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