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anterior or posterior amygdaloid lesions 
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Electrolytic lesions were placed bilaterally either in the anterior or in the posterior amygdala 
of albino rats. In terms of comparisons of lesion data with data for animals with corresponding 
control operations, anterior amygdaloid lesions had no significant influence on either water or 
overall food intake nor on body weight, while posterior amygdaloid lesions significantly 
increased water consumption without reliably altering food intake or body weight. It is pro­
posed that the dorsal portion of the anterior amygdala may contain neural elements which 
facilitate food consumption and inhibit water intake, that the posterodorsal amygdala may 
contain excitatory elements for food intake, and that the middle portion of the amygdala as a 
whole may facilitate water intake. 

In a previous study (Stoller, 1972), relatively large 
bilateral lesions situated in the amygdaloid complex of 
rats decreased water intake and produced a loss of body 
weight. In addition, the data indicated that such lesions 
might reduce food consumption. Although histological 
examination of the amygdala and neighboring structures 
revealed a few instances of damage to the posterior 
striatum (striatum = caudatoputamen nucleus), a subse· 
quent investigation (Stoller, 1974) suggested that striatal 
injury had exerted relatively little, if any, influence on 
the previous findings. 

Information has accumulated indicating that amyg­
daloid influences on eating and drinking are region 
dependent. Lesions in the dorsomedial amygdala, for 
example, have resulted in aphagia (Fonberg, 1969), 
whereas damage involving the basolateral region has 
produced hyperphagia (Green, Clemente , & De Groot, 
1957). Collier and Gault (1969) observed both aphagia 
and adipsia as a result of lesions involving the medial 
nuclei. Grossman and Grossman (1963) found that, in 
rats, water intake was reduced by lesions in the anterior 
or middle portion of the ventral amygdala, but was 
increased by posteroventrally placed lesions. More 
recently Box and Mogenson (1975) observed that lesions 
in the dorsal region of the central amygdaloid nucleus 
of the rat produced aphagia and adipsia, whereas lesions 
in the ventral posterior portion of the lateral amygdala 
resulted in hyperphagia. 

In view of such findings the present study sought to 
extend the analyses of the previous investigations in 
this laboratory (Stoller, 1972, 1974) to a comparison 
of the possible effects of anterior and posterior amyg· 
daloid lesions on eating and drinking. 

This study was partially supported by funds received from 
the Office of Research and Advanced Studies at Indiana Uni­
versity. Reprints may be obtained from William L. Stoller, 
Indiana University at Kokomo, 2300 South Washington Street, 
Kokomo, Indiana 46901. 
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METHOD 

Subjects 
The subjects were 32 male albino rats obtained from the 

Holtzman Company (Madison, Wisconsin). The animals were 
about 120 days old at the beginning of experimentation and had 
no prior experimental history. They were housed in individual 
cages. 

Surgery and Histology 
Bilateral electrolytic lesions were produced in the amygdala 

with the aid of a Baltimore stereotaxic instrument. A 1-mA 
anodal current was applied for 12 sec through a steel needle 
(.5 mm diam) insulated except for the tip. For anteriorly placed 
lesions the coordinates were 2.0 mm posterior to bregma, 
4.0 mm lateral to the midline, and 8.0 mm below the dura 
mater. The coordinates for posteriorly placed lesions differed 
from these only in that the AP position was 3.8 mm posterior to 
bregma. The incisor bar was located 8 mm below the interaural 
line. Animals that received control operations underwent exactly 
the same surgical procedures as the animals in the corresponding 
lesion groups, except that no current was applied. All animals 
were maintained under sodium pentobarbital anesthesia 
(Nembutal, 60 mg/kg IP) during surgery. 

At the end of the experiment, the rats were killed with 
sodium pentobarbital and the brains were fixed in 10% Formalin. 
Representative 40-micron coronal sections obtained through the 
use of a frozen tissue technique were mounted and stained with 
cresyl violet. The lesions were evaluated by comparing the 
sections with plates in the Konig and Klippel (1963) atlas. 

Procedure 
Eight animals were randomly assigned to each of four treat­

ments : anterior amygdaloid lesion (AN-AM), anterior amyg­
daloid control (AN-AM-CON), posterior amygdaloid lesion 
(POS-AM), and posterior amygdaloid control (POS-AM-CON). 
Following surgery an animal was given food (Purina Rat Chow) 
and tap water ad lib during a 4-day period that was allowed for 
recovery. Over the next 5 days the subject was adapted to a 
2V.-h daily eating period, which was established for an operant 
conditioning phase of the study . The conditioning data are 
not directly relevant to the present paper and consequently will 
not be considered. Water was freely accessible to the animal in 
its home cage for about 23V. h each day following the post­
operative recovery period. 

Beginning on the 10th postoperative day, data on daily food 
and water intake and on body weight were recorded for a period 
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of 20 days. Home-cage intake measures were provided by a 
difference method (Stoller, 1972). The amount of 45-mg food 
pellets (P. J. Noyes Company) consumed during a daily operant 
training session was added to the home-cage food-intake value 
to give the total daily food consumption measure for each 
animal. Body weight was determined l~ h before the eating 
period. All measurements for food, water, and body weight were 
made to the nearest gram. The data were evaluated with analyses 
of variance. 

RESULTS 

Food and Water Intake 
Figures 1 and 2 show food and water intake relative 

to preoperative body weight over the 20-day observa-
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Figure 1. Food intake relative to preoperative body weight 
for 20-day period beginning on 10th postoperative day. (Abbre­
viations: AN-AM = anterior amygdaloid lesion, AN-AM-CON = 
anterior amygdaloid control, P05-AM = posterior amygdaloid 
lesion, POS-AM-CON = posterior amygdaloid control.) 
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Figure 2. Water intake relative to preoperative body weight 
for 20-day period beginning on 10th postoperative day. (Abbre­
viations as for Figure I.) 

tion period. Analyses of variance on data for the entire 
period yielded a Significant treatment effect for POS-AM 
vs. POS-AM-CON with respect to water consumption 
[F(I,14) = 4.8, P < .05J. It can be seen in Figure 2 
that the animals with the posterior amygdaloid lesions 
conSistently consumed more water per 100 g of body 
weight than did the corresponding control subjects. On 
the other hand, the treatment effects for AN-AM vs . 
AN-AM-CON and POS-AM vs. POS-AM-CON with 
respect to food consumption were nonsignificant, as 
was the treatment effect for AN-AM vs. AN-AM-CON in 
the case of water intake (Fs < 1.0). 

Days effects were Significant for both the food mea­
sures [F(3,42) = 4.0, P < .05; F(3,42) = 6.7, p < .001; 
anterior and posterior lesion analyses, respectively J and 
water measures [F(3,42) = 17.3, P < .001; F(3,42) = 
4.0, P < .05; anterior and posterior lesion analyses, 
respectively]. An examination of Figures 1 and 2 
reveals a general increase in the measures over the obser­
vation period. In the instance of the food-intake data 
for AN-AM vs. AN-AM-CON, the Treatments by Days 
interaction was significant [F(3,42) = 3.0, p < .05]. 
Figure 1 shows that mean food consumption per 100 g 
of body weight for the animals with anterior amygdaloid 
lesions exceeded that for the corresponding controls on 
the first block of 5 days, but was less than the control 
intake over the remaining blocks. The Treatments by 
Days interactions for the remaining ingestive data fell far 
short of significance (Fs < 1.0). 

Weight Changes 
Figure 3 shows changes in body weight relative to 

preoperative weight over the 20-day period. Although 
the subjects in both lesion groups displayed reduced 
weight in relation to the corresponding controls, the 
treatment effects did not reach statistical significance 
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Figure 3. Changes in body weight relative to preoperative 
level for 20-day period beginning on 10th postoperative day. 
(Abbreviations as for Figure I.) 
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(Fs = 1.2 and 4.2 for AN-AM vs. AN-AM-CON and 
POS-AM vs. POS-AM-CON, respectively; dfs = 1 and 14; 
ps > .05). In contrast, the days effects were highly 
significant (Fs = 2~ .8 and 39.7 for anterior and posterior 
lesion analyses, respectively; dfs = 3 and 42; ps < .001). 
An examination of Figure 3 shows that all groups 
gained steadily in body weight. The Treatments by Days 
interactions were nonsignificant (Fs < 1.0). 

Lesion Placements 
The anterior lesions typically included nearly all of 

the anterior amygdaloid area. At the AP plane where the 
lesions tended to be greatest, corresponding approx­
imately to A 6650 J.1 in the Konig and Klippel (1963) 
atlas, the damage extended about 1.5 mm in the medio- . 
lateral dimension and 1.7 mm dorsoventrally. The 
lesions were generally about 1.5 mm in anteroposterior 
extent. Damage to structures lying outside of the amyg­
daloid region was slight. 

The posterior lesions typically included much of the 
corticomedial and basolateral regions, which displayed 
essentially the same degree of injury. Damage tended to 
be maximal at an AP plane corresponding approximately 
to A 3900 J.1 in the Konig and Klippel system, the lesion 
measurements being about 1.5 and 1.3 mm in the medio­
lateral and dorsoventral dimensions, respectively. The 
lesions extended 1.5 mm anteroposteriorly. Damage to 
extra-amygdaloid structures was negligible. 

DISCUSSION 

In the present study anterior amygdaloid lesions had no 
significant influence on either water or overall food intake nor 
on body weight, while posterior amygdaloid lesions significantly 
increased water consumption without reliably altering food 
intake or body weight. 

The design of the study appears to have been favorable for 
the demonstration of experimental effects. The methods of data 
collection and analysis were similar to those employed previous­
ly (Stoller, 1972). The observation period was nearly identical to 
that for which water intake and body weight were found to be 
reduced as a consequence of the larger amygdaloid lesions 
(Stoller, 1972). Further, the 2~-h daily eating period does not 
seem to have been too restrictive, in view of pilot observations 
which indicated little food consumption after the rust 1'12 h of 
the period. The lesions themselves, although less extensive than 
the amygdaloid lesions of the initial study, were larger than 

those described in the second experiment of Grossman and 
Grossman (1963) as having apparently permanent effects on 
food and water intake. 

Grossman and Grossman (1963) proposed that a "very 
diffuse inhibitory mechanism" (p. 765) regulating food intake 
may exist throughout the ventral amygdala. For the regulation 
of water intake, on the other hand, these investigators suggested 
the existence of an excitatory mechanism in the anteroventral 
part of the amygdala and an inhibitory mechanism in the 
posteroventral amygdala. Since, in the present study, the 
anterior lesions involved both the dorsal and ventral portions of 
the amygdala, the negative findings for ingestive effects in the 
case of the anterior placements might conceivably be attributed 
to neural elements in the dorsal amygdala which facilitate food 
consumption and inhibit water intake . In the instance of the 
posterior lesions, which also involved the dorsal and ventral 
amygdala, the results suggest in the same manner that the 
dorsal amygdala may contain excitatory elements for food 
intake. The findings are consistent with the Grossman and 
Grossman (1963) evidence for an inhibitory water regulation 
mechanism in the posterior amygdala. 

Previously, water intake was reduced by relatively large 
lesions which were situated essentially in the anterior-middle 
region of the amygdala (Stoller, 1972). In view of the anterior 
lesion results of the current investigation, it thus appears that, as 
a whole, the middle portion of the amygdala may facilitate water 
intake. 

REFERENCES 

Box, B. M., & MOGENSON, G. J. Alterations in ingestive 
behaviors after bilateral lesions of the amygdala in the rat. 
Physiology and Behavior, 1975, 15, 679-688. 

COLLIER, B. D., & GAULT, F. P. Aphagia and adipsia following 
lesions of the amygdala. Psychonomic Science, 1969, 17,41-42. 

FONBERG, E. Effects of small dorsomedial amygdala lesions on 
food intake and acquisition of instrumental alimentary reactions 
in dogs. Physiology and Behavior, 1969, 4,739-743. 

GREEN. J. D., CLEMENTE, C. D., & DE GROOT, J. Rhinencephalic 
lesions and behavior in cats. Journal of Comparative Neurology, 
1957, 108, S05-S45. 

GROSSMAN, S. P., & GROSSMAN, L. Food and water intake 
following lesions or electrical stimulation of the amygdala. 
American Journal of Physiology, 1963, 205, 761-765. 

KONIG, J. F. R., & KLIPPEL, R. A. The rat brain. Baltimore: 
Williams & Wilkins, 1963. 

STOLLER, W. L. Effects of septal and amygdaloid lesions on 
discrimination, eating and drinking. Physiology and Behavior, 
1972, 8, 823-828. 

STOLLER, W. L. Food, water and saccharin solution intake in rats 
with posterior striatal lesions. Physiology and Behavior, 1974, 
13, 599-602. 

(Received for publication September 26, 1977.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




