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CONDITIONED REFLEXES REINFORCED 
BY DIRECT AND INDIRECT FOOD PRESENTATION 

H. KIERYŁOWICZ, S. SOŁTYSIK and I. DIVAC 

Depar tment of Neurophysiology, The Nencki Ins t i tu te of Exper imen ta l Biology, 
W a r s a w 22, Poland 

(Received August 15, 1967) 

It is seldom realized that the Pavlovian classical food conditioning is 
much less ,,classical" than other conditioning procedures, such as, acid 
conditioning, leg flexion conditioning, or eye blink conditioning, to men-
tion the most widely used types. The term „classical" implies that, 
among others, the animal's behavior does not control the occurrence and 
intensity of the reinforcing stimulus. Yet the normal procedure of food 
conditioning represents an obvious violation of this rule: it is up to the 
dog whether, when and how the available gustatory stimuli be applied 
upon the receptor surface at the mouth. In contrast to most other techni-
ques of classical conditioning where the CS is a signal of an inevitable 
occurrence of the US, here the CS is a signal of a mere opportunity to 
approach and make a contact with the US. What is paired in this proce-
dure is not simply the CS (or, initially, an indifferent stimulus), with the 
US, but there must occur in the CS-US interval an appetitive (i.e., drive) 
reflex of approaching and seizing the food, and only then the gustatory 
US impinges upon the mouth receptor eliciting eventually the unconditio-
ned consummatory reflexes. In other words, the „classical" food CS 
should be considered a double CS eliciting both drive and consummatory 
CRs. One important prediction arises from these considerations. A poorer 
conditioning of a given response should be expected if the same CS elicits 
simultaneously an antagonistic CR. The view that the hunger drive ref-
lexes (i.e., appetitive behavior) and the food-consummatory act are anta-
gonistic, or mutually inhibitory activities of an organism was recently 
expressed by Sołtysik and Konorski (1966) and Konorski (1967). This 
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concept could be traced back to the ethologists' ideas concerning the ne-
ural organization of the instinctive behavior (e.g., Tinbergen 1951). One 
may assume, therefore, that consummatory conditioning using food as 
the US may be improved by elimination of the appetitive behavior that 
normally precedes the gustatory stimulation. 

It seems conceivable that the drive CR could be effectively elimina-
ted if the US were applied directly upon the receptive surface of the 
mouth. Such an application of the US should improve the process of 
conditioning of the consummatory responses. The present experiments 
were designed to test this assumption. Comparison was made between 
the licking responses occurring to the CS paired either with the food 
presented in the bowl (B-group) or with the food injected directly into 
the mouth through the cheek fistula (M-group). For technical reasons 
liquid substances were used in these experiments as the USs (instead 
of solid food), namely, water in the experiment I, and diluted milk in the 
experiment II, so that no salivary CRs were recorded. Instead, the 
mouthing and licking movements could be reliably observed and they 
have been investigated in this study. 

EXPERIMENT I 

C o n d i t i o n e d l i c k i n g i n w a t e r-c o n d i t i o n e d d o g s 

Material and method. Eight adult mongrel male dogs were used in this study. 
The animals were experimentally naive. In four of them a cheek f is tula was made 
prior to the training. This enabled us to introduce water directly into the mouth 
through a rubber tube connected to a container placed about 120 cm above the 
dog's head. The lower end of the tube was attached to a hollow plug-and-socket 
injection assembly which could be inserted into the f is tula . 

Experiments were carried out in a sound-proof CR chamber. Animals were 
placed in harnesses on a Pavlovian stand. A dry diet, including a salty breakfast 
was applied to secure a definite thirst drive in dogs. 

Training began usually with a habituation to the exper imental situation. Dogs 
were accustomed to the stand daily and at the same time measurements were 
made of the amount and rate of drinking water f rom a bowl. The average 
drinking rate was about 150 ml per minute, and this ra te was adopted for injec-
ting water through the fistula. Af ter a few days, when dogs seemed adapted 
to the CR chamber and when presentation of water elicited reliably the drinking 
response, two pseudoconditioning sessions were carried out. Each of them con-
sisted of ten presentations of a metronome (80 beats per minute, 5 sec duration) 
and four presentations of water (being the fu tu r e US). The schedule was the 
following: five presentations of metronome, four presentat ions of water, and again 
f ive times the metronome. It was found tha t no licking or mouthing responses 
were elicited by the metronome during these two sessions. During the following 
sessions the metronome (called henceforth the CS) was paired wi th water (the 
US). Water was always presented in f ive 1 sec jets of 3 ml each, the intervals 
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Direct and indirect reinforcement 3 

between them being also 1 sec. Thus, the US lasted 10 sec and amounted to 15 ml 
of water . The CS started always before the US and terminated in the f i f th second 
of the US. The CS-US interval (meaning the interval between the onsets of the 
CS and US) was 2 sec in the f i rs t two sessions and was gradually extended by 
1 sec every two days till it reached 5 sec. All the consecutive sessions consisted 
of four trials each and the CS-US interval was 5 sec. The intertr ial intervals 
varied fron. 2 to 3 min. 

The conditioned licks were counted by two observers simultaneously. As the 
size of the CR we took the number of licks (and mouthing movements like chewing 
and swallowing) that occurred during the 5 sec of the CS-US interval minus half 
of the number of such responses during the 10 sec immediately preceding the onset 
of the CS. In this way the possible t ime-CR was subtracted and the scores obtained 
may be considered as the actual CR to the metronome. 

Af te r each session the dogs were allowed to drink ad libitum, and the amount 
of water drunk was measured to obtain some estimation of their thirst drive. No 
water was available in their home cages. 

Following 27 days of training the animals were subjected to an acute experimental 
extinction of the CR by presenting the nonreinforced CS every minute till they 
stopped responding in the four consecutive trials or till the number of tr ials 
reached 60. 

ResulU. Fig. 1 represents the average number of conditioned licking 
and mouthing responses in two groups of dogs during last 20 sessions. 
The group which received water directly into the mouth showed a greater 
number o: licks than the animals drinking from a bowl. However, the 
results are not conclusive. The difference is statistically nonsignificant 

0 2 4 6 8 W 12 M 16 18 20 

Fig. 1. Average conditioned licking responses in two groups of dogs. Circles = dogs 
receiving water directly into the mouth (M-group). Squares = dogs drinking 
from a bovl (B-group). Abscissae: daily sessions. Ordinates: mean number of 

conditioned responses 
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4 H. Kieryłowicz et al. 

(F = 0.93; analysis of variance, the mixed design I, according to Linclqu-
ist 1953) and probably a much larger number of animals would be neces-
sary to neutralize the marked variability within the groups. 

Table I shows the results of acute extinction in both groups of ani-
mals. The results are also statistically inconclusive, but there is a hint 
that the fistulated group is more resistant to extinction. 

Table I 

Extinction of the licking CR in two groups of dogs 

B-group M -group 
Dogs drinking from a bowl Dogs drinking through a fistula 

Dog Number of trials Dog Number of trials Dog to criterion Dog to criterion 

Bezim 28 Hikaru 60* 
Kashiwado 20 Hatiko 31 
Salus 6 Tatsuo 30 
Neptun 5 Masao 5 

* Session was ended if the criterion of 4 consecutive trials without 
response was not reached within 60 trials. 

It should be noted that both groups differed in two respects. Different 
was the way of presenting the US, and, in addition, in one group there 
was a cheek fistula with inserted injection assembly. Either of these 
factors might have contributed to the expected superiority of the fistula-
ted dogs. Therefore, instead of repeating the same experiment with other 
dogs, the second experiment was designed to account for both factors. 

EXPERIMENT II 

C o n d i t i o n e d l i c k i n g i n m i l k-c o n d i t i o n e d d o g s 

Material and method. Eight adult mongrel, experimentally naive dogs served 
as subjects. In all the dogs fistula of the right cheek was surgically prepared and 
all the animals learnt to drink milk (diluted 1:1 with water) in the same way as 
did the dogs of the experiment I. The same training procedure was applied to 
these dogs except for two important changes: 

1. All the dogs during all the experimental sessions had the tube and the 
injection assembly inserted into the cheek f is tula and each session started and 
ended with drinking through the fistula. 

2. Each animal was used as its own control. Animals taught to drink f rom 
the bowl were consecutively trained with the US (milk) administered through 
the fistula, and vice versa, the dogs drinking initially the milk through the f istula 
were a f te rwards retrained with milk presented in the bowl. 
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Direct and indirect reinforcement 5 

Training started similarly as in the experiment I. After the CS-US interval 
reached 5 sec, there were 10 sessions during which the CRs were counted. On 
the 11th session the acute extinction was carried out to the criterion of 4 con-
secutive trials without response. The session was ended if the criterion was not 
reached within 40 trials. The dogs were given a 3 day rest and a new series of 
10 sessions was started with the other kind of the US (bowl or fistula, resp.). This 
series of sessions also ended with an extinction session. Mean number of CRs 
from series of sessions (i.e., 10 days of 4 trials) with bowl-US was compared with 
the mean CR from sessions with mouth-US. 

Results. Three dogs were trained first using milk in a bowl as the 
US reinforcing the metronome; afterwards the drinking from a bowl was 
replaced by presenting the milk through the cheek fistula. Fig. 2 shows 

t t f 
• A A Mouth 

? 4 6 8 10 ? 4 6 8 10 

Fig. 2. Conditioned licking responses during the two series of sessions: the first 
10 sessions wi th feeding f rom a bowl and the next 10 sessions with mouth feeding. 
Mean CR for each session is shown separately for each of three dogs. Original 
scores are t ransformed into z-scores. Abscissae: consecutive sessions. Ordinates: 
magnitude of CR; a s tandard deviation calculated separately for each dog is taken 
as an unit. Regression lines show that there are no definite t rends during both 
series of sessions. Note a much higher performance level during sessions with 

mouth feeding as an US 

the results transormed into z-scores; that means that a mean score for 
each dog from both series of sessions equals to 0 and the standard de-
viation (taken as a unit on the ordinates) equals one. There is an evident 
superiority of responding obtained during the second 10 sessions, i.e., 
when the milk was injected through the cheek fistula directly into the 
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6 H. Kieryłowicz et al. 

mouth. Analysis of the regression during first and second stage of tra-
ining shows that there are no trends in either series of sessions. 

In the five other dogs the training was started with the direct „mo-
il th-feeding" as the US and followed by the sessions with the bowl-fee-
ding. The results are shown on Fig. 3. Here again the superiority of res-

o Solicit 
• Kt/niko 
A Black 
A Kastor 
• Rudelek 

Fig. 3. Conditioned licking responses during the two series of sessions: the first 
10 sessions with mouth feeding (through a fistula) and the next 10 sessions with 
feeding f rom a bowl. Mean CR for each session is shown separately for each of 
f ive dogs. Other explanat ions as in Fig. 2. Note the higher level of responding 

during the sessions with f istular feeding as an US 

ponding during M-sessions is evident. Since there is no effect of the 
sequence of these two ways of feeding, the Wilcoxon matched-pairs 
signed-ranks test (Siegel 1956) was applied to estimate the statistical 
significance of the difference between M-sessions and B-sessions in all 
eight dogs. In each dog the performance was better during the M-ses-
sions, so the confidence level is less than 0.01 in a two-tailed test. The 
results of individual dogs are presented in Table II. 

Finally, Table III shows the results of acute extinction. The animals 
show show greater resistance to extinction after M-sessions. Significance 
of this result is 0.031 (one-tailed Wilcoxon test; note that here the num-
ber of matched pairs is reduced to 5: there is no difference in two dogs 
and one could not be tested during B-sessions because on infection). 
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Table II 

C o m p a r i s o n of CRs in t w o ser ies of sess ions 

Average CR during 

Dog bowl mouth difference t P 
sessions sessions 

W Golia t 4.06 8.30 + 4.24 9.51 0.0001 
£ K u n i k o 1.84 4.50 + 2.66 8.00 00001 
a Black 0.20 0.31 + 0.11 0.48 0.64 
o SH R u d e l e k 1.77 3.74 + 1.97 5.41 0.0001 
Ü K a s t o r 0.26 0.33 + 0.07 0.12 0 9 1 

S 
m N o b u o 0.29 2.17 + 1.88 6.10 0.0001 
a P o l l u x 0.84 1.05 + 0.21 0.93 0.36 
O T y t a n 0.11 0.61 + 0.50 2.84 0.006 
O 

T y t a n 

Group M-B received first training with mouth feeding as US and afterwards the feeding 
from a bowl was applied. Group B-M had first the bowl reinforcement and later the mouth 
feeding. 

Sign + was arbitrarily assigned to the difference when the average CR during M-sessions 
was greater. 

Table III 

A c u t e e x t i n c t i o n of the cond i t i oned l i ck ing r e s p o n s e 

Extinction after M-sessions Extinction after 
B-sessions 

Dog 
Number of trials Number of trials Dog to criterion to criterion 

a Gol ia t 39 25 
O K u n i k o 40* 16 
Üfi i B l a c k 5 5 
w 
§ R u d e l e k 40 40 w 
§ 

K a s t o r 9 

a 
o N o b u o 40 14 
tidO P o l l u x 12 9 
§ M T y t a n 13 10 

* Session was ended if the criterion of 4 consecutive trials 
without response was not reached within 40 trials. 

** The dog Kastor could not be tested after B-sessions because of 
infection. 
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DISCUSSION 

The above presented results confirm our prediction that introduc-
tion of food directly into the mouth is a superior procedure for classical 
conditioning of consummatory reflexes as compared with the feeding 
from the bowl. A common sense prediction might be just the opposite, 
since there is no obvious reason why the „natural" way of eating should 
not be the most efficient mode of presenting the US. Let us reconsider 
the premises that led the authors to assuming a more efficient conditio-
ning by the use of the mouth feeding. 

The two varietes of inborn reflexes were clearly recognized by Sher-
rington (1906) who named them ,,precurrent" and „consummatory" re-
flexes respectively. Later on, Tinbergen (1951) incorporated a similar 
concept into his theory of instinctive behavior. The significance of 
these two types of unconditioned reflexes in conditioning has been 
recently shown by Sołtysik and Konorski (1966) and Konorski (1967). 
The latter authors stressed that .both drive and consummatory activities 
can be conditioned, but they may differ in many important details. For 
example, it is well-known that pairing of an indifferent with a noxious 
stimulus may result either in a good consummatory defensive CR (leg 
flexion, eye blink, etc.) when the CS-US interval is short (0.2 — 2.0 sec) 
or in a fear CR (the so-called conditioned emotional response) if the 
CS-US interval is of the order of minutes. 

In the food conditioning the situation is more complex. First of all, 
we have but little knowledge of drive (i.e., hunger) conditioning. Mo-
reover, in contradistinction to the noxious stimuli which elicit both drive 
and consummatory responses, the hunger drive is produced by intra-
organismic factors while the consummatory reflexes are elicited by an 
external object-food acting upon the mouth mucosa. However, some 
external stimuli such as the sight and smell of food seem also to be po-
tent though possibly conditioned factors eliciting or releasing a hunger 
drive and the appropriate behavior. Taking all this into account, one has 
to assume that the usual method of classical food conditioning, i.e., the 
pairing an indifferent stimulus with the presentation of food, consists 
of both drive and consummatory conditioning. The neutral stimulus is 
paired first with the sight and smell of food and this should make it 
a CS eliciting the hunger reflex. On the overt behavioral side it will 
be manifested by the looking for, looking at, approaching to and seizing 
the food. Then, at the moment of gustatory stimulation the consummatory 
reflexes are initiated, such as salivation, licking, chewing and swallo-
wing. Thus, the future CS is also being paired with the gustatory US and 
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this transforms it into the CS eliciting the consummatory CR. In other 
words, the CS becomes a double signal and elicits two distinguishable 
CRs: a drive CR and a consummatory CR. The final effect depends on 
the relative strength of those CRs and on the very nature of the mutual 
relationship between the drive and consummatory reflexes. These two 
types of activity are, no doubt, antagonistic. There is an obvious neces-
sity to postpone consummatory reflexes while looking for food, and vice 
versa, the general agitation, locomotor activities and other aspects of 
the appetitive behavior must be checked during the consummatory act 
of eating. This may be particularly true for the carnivores who eat large 
quantities of food between long intervals of rest and drive-instigated 
behavior. 

Therefore, whenever both drive and consummatory CRs occur in 
response to the same CS, a diminution of either CR should be expected. 
Konorski and Wyrwicka (1950) have found that when an overtrained 
CS eliciting a strong salivary (i.e., consummatory) CR was transformed 
into a signal eliciting an instrumental response rewarded by the same 
food US, the instrumental CR became weaker than that established to 
a new stimulus. According to our concept of food instrumental condi-
tioning (Sołtysik 1960) the instrumental movement is preceded and insti-
gated by the drive CR. Thus the „contamination" by the consummatory 
CR prevented the full occurrence of the instrumental CR in the Konor-
ski and Wyrwicka experiment. This phenomenon was recently reinve-
stigated by Ellison and Konorski (1966) who also explained it in terms 
of the antagonism between the drive and consummatory reflexes. 

The opposite phenomenon was found in the present study. Direct 
mouth-feeding eliminated or greatly diminished those properties of food 
(sight and smell) which enhance the drive reflex, leaving the gustatory 
stimulation as the main sensory feature of the US. Thus, the CS paired 
with the fistular feeding was less contaminated with the drive CR than 
the CS paired with food presented in the bowl. Consecutively, the con-
summatory CRs were stronger in the former case since there was much 
less of the drive CR. 

SUMMARY 

Conditioned responses constituting motor components of an uncondi-
tioned consummatory food reflex (licking, mouthing, chewing and swal-
lowing movements) to the gustatory stimuli are easily established when 
the CS (a metronome) is paired with the direct administration of food 
into the mouth. The frequency and the resistance to extinction of these 
CRs is greater than that of the same responses conditioned by presenting 
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10 H. Kieryłowicz et al. 

the food in a bowl. These results are explained by the concept of an 
antagonism between conditioned drive response and conditioned con-
summatory responses. Using the direct reinforcement and thus omitting 
the approach reaction and the seizing of food leads to an establishment 
of a practically pure consummatory response. On the contrary, when 
the food reinforcement is presented „indirectly" in a bowl, the very mo-
ment of reinforcement is preceded by the alimentary drive reflexes like 
approach, sniffing and seizing the food, and these responses are condi-
tioned along with the consummatory ones, the latter being partially 
inhibited. 
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THE EFFECTS OF ATROPINE ON ALIMENTARY 
INSTRUMENTAL CONDITIONED REFLEXES 

IN NORMAL AND PREFRONTAL DOGS 

Genowefa SZWEJKOWSKA 

Depar tment of Neurophysiology, The Nencki Ins t i tu te 
of Exper imenta l Biology, Warsaw 22, Poland 

(Received June 20, 1967) 

In spite of a great number of investigations concerning the effects 
of anticholinergic agents upon the higher nervous activity of animals 
and man (see Longo 1966) the mechanisms of the action of these drugs 
are poorly understood. According to Carlton's theory (1963) the choli-
nergic system in the brain antagonizes another system, which in turn, 
activates the behavior. The anticholinergic drugs, e.g., atropine or sco-
polamine, might release the inhibitory conditioned reflexes (CRs), by 
blocking the transmission in the cholinergic system. As shown in earlier 
papers from this laboratory (Brutkowski et al. 1956, Lawicka 1957, 
Szwejkowska et al. 1963) the method of conditioned inhibition, in which 
the conditioned inhibitor (CI) precedes the conditioned stimulus (CS) for 
several seconds, is an extremely sensitive test for detecting even very 
slight disorders of inhibitory (negative) CRs. Therefore this very test 
was used through-out the present study, which deals with the effects 
of various doses of atropine on instrumental food to both positive and 
negative CSs. 

EXPERIMENT I 

T h e e f f e c t of a t r o p i n e i n n o r m a l d o g s 
Material and methods. The exper iments were pe r fo rmed in a regu la r sound-

proof CR chamber on th ree mongre l dogs, 9—13 kg of weight . The dogs were 
t ra ined to respond to a buzzer sound by pu t t ing their r ight forelegs on the feeder , 
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to obtain reward. After the positive CR was established, in some trials the buzzer 
was preceded by a metronome and this compound was never reinforced by food. 
When the inhibitory CR to the buzzer following the metronome was developed, 
the interval between the two stimuli was gradually prolonged up to 6 sec. Finally 
the inhibitory compound consisted of: the metronome sounding for 5 sec, 6 sec 
interval, and the buzzer sounding for 5 sec. 

Each experimental session consisted of six positive and two negative trials. 
The intertr iai intervals were about 2 min. Experiments were performed daily 
except for Sundays. Reinforcement consisted of small pieces of bread soaked in 
broth, so that the total amount of food presented during the sessions did not 
satiate the animal. 

When in ten consecutive inhibitory trials (five sessions) the animals perfor-
med no more than one error, the experiments with administration of atropine 
began. The atropine sessions were conducted at most once a week. The atropine 
sulphate in physiological solution was injected subcutaneously to a fast ing animal 
and 45 min or 1 hr later the experimental session began. The consecutive sessions 
were performed every 2 hr till the moment when the CR performance of the 
animal returned to normal. After the series of sessions with atropine, analogous 
control series with the injection of physiological salt solution was made. 

Results. When a dose of atropine amounting to 0.15 mg/kg was admi-
nistered, the behavior of the dogs was not changed: they willingly came 
to the CR chamber, drank water and ate food with apetite, jumped 
swiftly upon the stand and did not exhibit any motor disorders. 

The perceptible changes in their behavior appeared, however, during 
the experimental session. The dogs were more restless than usually, inces-
santly shifting from foot to foot. Both full and abortive instrumental 
responses occasionally appeared during the intertriai intervals. 

The instrumental responses to the positive CRs were normal, their 
latencies remained unchanged. On the other hand, the inhibitory CRs to 
the buzzer following the metronome (but never to the metronome itself) 
were disinhibited. This disturbance was manifest in all dogs for about 
7 hr (that is, for 4 or 5 successive sessions), and then the CR performance 
returned to normal. On the following days the experiments ran normally. 

The atropine dose 0.25 mg/kg produced more marked disorders. The 
animals drank water reluctantly. The act of eating was prolonged and 
small bits of food remained in the bowl. Dog no. 3 was unable to take 
food during the third post-atropine session. 

The restlessness during the experimental sessions was stronger than 
after the small dose and the intertriai instrumental responses became 
more frequent. The responses to the positive CSs became occasionally 
impaired in that the animals made only abortive flexions instead of pla-
cing the forelegs on the food-tray. This was particularly clear in dog 
no. 3 in which the majority of movements were abortive, and in a few 
trials the instrumental responses were absent. As to the inhibitory CRs, 
their disorder in the dogs no. 1 and 2 was similar to that after a smaller 
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dose, whereas in the dog no. 3 it was less pronounced. The period of dis-
turbance lasted for about 9 hr (five sessions). 

After the dose of 0.4 mg/kg the most pronounced symptom was 
a strong impairment of motor acts. The animals walked slowly and 
akwardly, were not able to jump upon the stand and had clear difficul-
ties in placing the foreleg on the food-tray. They had also difficulties in 
eating and drinking chiefly because of the impairment of swallowing. All 
these disorders were particularly strong 3 hr after the injection, so that 
the dogs no. 2 and 3 were unable to continue the performance during that 
period. 

In spite of this, the motor restlessness during the experimental ses-
sions, manifested by perpetual shifting from foot to foot, was very 
strong and longlasting. The instrumental responses to the positive CSs 
were mostly abortive in the dogs no. 1 and 3, whereas they were normal 
in the dog no. 2. The inhibitory CRs were very strongly disinhibited in the 
dog no. 2; the dogs no. 1 and 3 were also disinhibited, but their responses 
to the inhibitory CS were abortive. The disorders lasted for about 11 hr. 

The results of these experiments are represented in Fig. 1A, 2A 
and 3A. 

Discussion. Two main behavioral symptoms were manifested after 
subcutaneous injections of atropine. One of them consisted in the increased 
motor excitation and the other one in the impairment of motor acts. 

After a small dose of the drug only the motor excitement is manifested 
without any slightest impairment of movements. The animals perform 
all the skillful movements required (jumping on and off the stand, pla-
cing the foreleg on the food-tray), their feeding behavior and locomotion 
are quite normal. Therefore this very stage of the atropine effect is most 
interesting for our discussion. 

If we look through the Fig. 1, 2 and 3, we may observe that along 
with the increase of restlessness manifested by the increase of shifting 
from foot to foot, other striking behavioral changes become apparent. 
This is the disinhibition of intertriai instrumental responses and disinhi-
bition of inhibitory CRs to the compound stimuli consisting of the con-
ditioned inhibitor and CS. Since we have no reason to assume that atro-
pine produces the increased hunger drive, this disinhibition should be 
attributed to the arousal of the motor behavioral system (Konorski 1967), 
i.e. to the final link of the central part of the instrumental CRs. This 
assumption is in good egreement with the results obtained by Bignami 
(in prep.) who has found that in the „go-no go" differentiation based on 
avoidance in rats there was a strong impairment of no-go responses after 
administration of another anticholinergic drug, namely scopolamine. It 
is interesting to observe, that in these experiments, similarly to ours, 
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t/3 Cl) t/l 
a o 
fi fi 
2 ? § 
c° u a 

+ 

http://rcin.org.pl



Ç> 

siuüujyAOui jo jüQLuntj stuncuaAOw jo jaquunu 

http://rcin.org.pl



18 
G. Szwejkowska 

í 7 u d 

er 

\ 1 tMI 

W) 
£ 
a 

i dT 

^ V ^ ^ 
s/DUi jo jsqwn/v 

S=> S> S Q 
¡5 5« % V ^ 

Sj.U3WdA0UJ JO J9QLUPN 

^ V Cł 

y/í'/y/ jo jSQiunn 

2łuauJ3/iOLu jo J3qu/r>H -

H 

'aß 
S 

http://rcin.org.pl



Effects of atropine on CRs 17 

small doses of scopolamine affected chiefly the no-go response whereas 
larger doses, on the contrary, were detrimental rather to the go responses. 
Since in the procedure applied by Bignami incorrect responses of both 
no-go character and go character were punished by an electric shock, we 
can conclude that the preponderance of go responses over no-go respon-
ses after small doses of scopolamine indicate that the disorder is caused 
by a motor hyperactivity rather than by an increase of the fear drive. 

If our interpretation of both ours and Bignami's experimental results 
is correct, then it can be concluded that disinhibition of instrumental 
responses can result both from the drive disinhibition produced, for in-
stance, by prefrontal lesions (Szwejkowska 1963), and from the increase 
of motor excitement. It is interesting to note that if the doses of the drug 
are increased, then two separate symptoms, seemingly opposite to one 
another, are produced: on the one hand, there is an evident impairment of 
the motor acts manifested by the abortive character of the trained res-
ponses (e.g., lifting a foreleg without placing it on the food-tray), and, 
on the other hand, the hypermotility manifested by shifting from foot 
to foot movements. Disinhibition of the trained movement still remains. 
Only after the administration of still larger doses, when the animals 
refuse to take food and are highly paretic, the whole CR activity is abo-
lished. However, even in this state, the instrumental movement of pla-
cing the leg on the platform is possible, as shown by Zieliński in expe-
riments with avoidance CRs (Zieliński, unp.). 

It is worth mentioning that the disinhibition of the instrumental res-
ponse was observed only during the operation of the CS following the 
CI, but never during the operation of the CI itself. An analogous pheno-
menon was observed also after prefrontal lesions. This is explained by 
the fact that the CI, as a purely negative CS, in contradistinction to the 
CS following the CI, does not produce any „readiness" to perform the 
trained movement. This is another evidence for the postulate that the 
instrumental response can occur only when its „center" is subliminally 
activated. 

EXPERIMENT II 

T h e e f f e c t of a t r o p i n e i n d o g s a f t e r p r e f r o n t a l 
l e s i o n s 

After it was found that small doses of atropine produce disinhibition 
of inhibitory instrumental CRs, a symptom very similar to that produced 
by prefrontal lesions, it was thought useful to administer this drug to 
dogs which previously sustained this operation. Bslow is the description 
of these experiments. 
2 — Acta Biologiae 
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Material and method. The same three dogs which were used in Part I were 
taken for these experiments. Af te r the testing experiments described in Par t I 
were completed the animals were operated upon. The lesions affected the medial part 
of the prefronta l area, i. e., that area the ablation of which produces a well pronoun-
ced disturbance of conditioned inhibition (Szwejkowska 1963). As seen in Fig. 4, in dog 
no. 1 the ablation was small including only the lower part of gyrus proreus medialis 
and dorsal part of area praecruciata medialis. In dogs no. 2 and 3 the lesions were 
larger and they included the whole gyrus proreus medialis, area genualis, area 
praegenualis and the significant par t of area praecruciata. 

Af ter these lesions the negative CRs to the buzzer following the metronome 
were strongly disinhibited. In dog no. 1 disinhibition lasted for about 15 days, in dogs 
no. 2 and 3 for about 28 days. 

Six weeks af ter operation, when CR activity was fully compensated, the test 

Dogi 

Dog 2 

Dog 3 

Fig. 4. Extents of medial lesions. Top, 
map of medial surfaces of the pre-
f ronta l region. Below, schemes of 
myeloarchitectonical areas of the 
prefronta l cortex with the indica-
tions of the placements of the le-
sions. R, right hemisphere, L, left 

hemisphere • 
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experiments with atropine were repeated. They were performed in exactly the same 
way and by using the same doses as before operation. 

Af te r the series of experiments was ended, the brains were fixed by perfusion 
with a solution of 10% formalin, embedded in paraff in , sectioned and stained by the 
Kltiver method. The extent of lesions, verified by postmortem examination of the 
brains, is presented in Fig. 4. 

Results. When the prefrontal dogs were given the same doses of atro-
pine as before operation, it became immediately apparent that their motor 
activity was much more strongly affected and lasted for a longer time. 
The animals were impaired in eating and drinking even after receiving the 
smallest dose of the drug (0.15 mg/kg). The act of eating was protracted 
and swallowing became difficult. Drinking became abnormal because the 
dogs grasped the fluid by mouths instead of using their tongues. 

Furthermore the animals displayed strong disorders of vision as 
manifested by wrong appreciation of distance and direction when jumping 
on or jumping off the stand. The locomotor behavior was strongly impai-
red, which was most apparent when the animal went up or down 
a staircase. Occasionally the muscular tonus was so diminished that the 
animals were unable to maintain their upright posture on the stand and 
occasionally lay down. This never occurred before operation. 

The disorders of the CR activity in particular animals were the follo-
wing (Fig. IB, 2B and 3B): 

In dog no. 1 which sustained a less extensive lesion in the prefrontal 
area than the other dogs, the disorders of eating were less manifested and 
therefore the test experiments could be performed regularly every two 
hours. It may be seen from Fig. 1 that the shifting from foot to foot move-
ments were still more intense than before operation and disinhibition was 
even more pronounced, lasting up to 15 hr after the large doses of 
atropine. 

In dog no. 2 the test experiments were greatly disturbed by the refusal 
of taking food and the general motor disorders. Therefore the picture of 
areflexia or hyporeflexia prevailed and, as a consequence, disinhibition 
was poorly manifested. 

In dog no. 3 in some test experiments there was refusal of taking food 
and total areflexia, in others, when the positive CRs were present a strong 
and longlasting disinhibition was manifest. 

Discussion. The main results of this series of experiments was the 
increased sensitivity of the prefrontal animals to atropine. We cannot find 
any satisfactory explanation of this finding and we must leave this que-
stion open to further investigation. 

As far as the symptom of disinhibition of inhibitory CRs is concerned, 
it was masked by general deterioration of the animals' motor activity. 
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However, in those cases in which this deterioration was not present it 
seemed that disinhibition of inhibitory CRs was more longlasting than in 
normal dogs. Accordingly, we may see here a summation of the effect of 
prefrontal lesion with that of the atropine. 

It should be mentioned that although after prefrontal lesion the effect 
of atropine upon motor activity was much increased, it was certainly prone 
to habituation. In fact, in all our dogs the third administration of this drug, 
although the dose was higher, it did not produce stronger disorders than 
the previous administration, but, on the contrary, its effect on the ani-
mals' general motor activity seemed to be attenuated. This shows that the 
prefrontal lesion does not affect the process of habituation to the action 
of atropine. 

SUMMARY 

1. The present study was concerned with the effects of subcutaneous 
administration of atropine upon alimentary instrumental CRs and general 
behavior of dogs. 

2. The dose of 0.15 mg/kg produced an increased motor excitation 
manifested by an incessant shifting from foot to foot during the experi-
mental session. The instrumental response (placing the right foreleg on 
the feeder) to the positive CS remained unchanged, but the inhibitory 
CRs were dramatically disinhibited. The effect of atropine lasted for 
about 7—9 hr. 

3. The dose of 0.25 mg/kg produced some disorders in skillful move-
ments, in food intake and drinking. The motor excitement was still 
increased, but the instrumental responses were sometimes reduced to mere 
flexion of the leg without placing it on the feeder. Disinhibition of inhibi-
tory CRs was the same as with the smaller dose. The effect of atropine 
lasted for about 9 hr. 

4. The dose of 0.4 mg/kg produced even more pronounced and long-
lasting disorders of motor activity with total refusal to take food and 
drink water. Disinhibition (after the return of CR activity) lasted for about 
5—11 hr. 

5. After prefrontal lesions the tolerance to atropine was dramatically 
diminished: the dose of 0.15 mg/kg produced already the pronounced 
impairment of motor activity, and the disorders of positive and inhibitory 
CRs after the injection were more marked and long-lasting than before 
operation. The extent of lesions seemed to play a role in the decrease of 
the tolerance to atropine. 

6. The probable mechanism of the effect of atropine upon the CR 
activity is discussed. 
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In the previous paper it has been shown that, depending on the lesion 
of particular nuclei of the amygdaloid complex in cat, it was possible to 
elicit specific changes in the quantitative and qualitative control of the 
food intake (Lewińska 1967a). Bilateral lesions of the ventral "part, which 
mostly included the nucleus basalis parvocellularis (Abp), evoked a hyper-
phagia and an increase of the milk intake. On the other hand, as a result 
of lesions of anteromedial regions, partly including the Abp, the nucleus 
corticalis and medialis (Aco and Am), as well as the anterior amygdaloid 
area (Aa), the milk intake was reduced and there was usually a general 
hypophagia and frequently a temporary aphagia in relation to a raw 
meat. 

The aim af the present work was to study the effect of electrical 
stimulation of these regions of brain on both the conditioned and uncon-
ditioned alimentary behavior in the cat. 

MATERIAL AND METHOD 

Exper iments were pe r fo rmed on 32 adul t cats of both sexes. The a l imenta ry 
ins t rumenta l CR, which consisted in pu t t ing the r ight f o r e p a w on the food- t ray , 
has been established in the animals placed in an exper imen ta l cage. The sound of 
a bell was the CS. The CS was re inforced wi th a piece of r aw horse mea t . Daily 
expe r imen ta l sessions consisted of 20 tr ials each. In te rva l s between t r ia ls w e r e 
i r regular , between 30 sec and 2 min. Af t e r each exper imenta l session cats were fed 
ad l ib i tum wi th milk and cereal containing boiled meat . When during 10 successive 
exper imenta l sessions cats correctly responded to each CS, amygdalar electrodes w e r e 
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implanted according to a slightly modified Delgado's (1955) method. Operations were 
performed under Nembutal anaesthesia (40 mg/kg). A detailed description of the 
procedure of implantation has been given in the previous paper (Lewińska and 
Romaniuk 1966). Coordinates for electrodes placement were based on the Jasper 
and Ajmone-Marsan (1954) atlas. Four electrodes were symmetrically introduced 
into the following regions of the amygdala: the posterior, medial and anterior 
parts of Abp and the Aco/Am. In f ive cats, electrodes were also implanted in the 
lateral nucleus (Al) and in the nucleus basalis magnocellularis (Abm). 

The CR experiments were resumed within a w'eek after the surgery. The sti-
mulation of the amygdala during the CR sessions started two weeks later. Rectan-
gular pulses having the f requency of 50 c/sec width of 0.1 and 10 msec and 0.1 to 
2.0 mA amplitude, monitored on the screen of a cathode ray oscillograph, were used 
for stimulation. The current was switched on, either 5 sec before the presentation 
of a CS, or during the CR performance, or during eating. Stimulation continuing 
for 5 to 15 sec, was applied about ten times during a single experimental session. 

The first stimulation was of a preliminary testing character and was applied 
in the absence of the CS or feeding. Its aim was to determine the threshold and 
type of autonomic and/or somatic reactions which could de obtained by the use of 
a given electrode. During subsequent experiments, stimulation was applied with 
a current of sub-threshold strength and its effect on the conditioned and uncondi-
tioned alimentary behavior was examined. Experiments with the stimulation were 
performed on each cat at intervals of a few days. 

After completing of an experimental series, the points under study were 
coagulated for 15 sec with a 3 mA current. After a lapse of about a month, cats 
were sacrificed and their brains perfused with a 10% formalin. Paraf f in sections 20 ¡.i 
thick were sectioned in the f ronta l plane. Every tenth of them was stained by 
means of NiSsl's method. An actual localization of electrodes wes established by 
assuming that the stimulated point was in the middle of a lesion. 

RESULTS 

Within the first two weeks after the surgery, it was found that the 
implantation alone exerted a certain influence on the alimentary beha-
vior of the animals. A decrease in the milk intake was observed in cats 
with electrodes implanted in the Abp. Some cats of this group refused 
to eat raw meat for a few days after the operation and, thereafter, ate 
it reluctantly. In a few cases, the process of eating was slowed down, 
mainly due to the prolongation of the period of chewing. The irritating 
effect of electrodes implanted in the anteromedial regions was different. 
Cats with such implantations either behaved similarly as prior to the 
surgery, or displayed a greater excitement when eating raw meat. A slight 
increase in the milk intake was observed in a few cats of this group. 

These preliminary observations, concerning the division of amygdala 
into the zones, facilitatory and inhibitory in respect to the alimentary 
responses was confirmed by the experiments with electrical stimulation. 
The distribution of the alimentary responses, elicited by the electrical 
stimulation of the amygdala is shown in Fig. 1 (Fr. 9.5—14.5). 
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O facilitation 

A Intrinsic inhibition type a 

A Intrinsic inhibition type b 

• Extrinsic inhibition 

Fig. 1. Series of f ronta l sections in caudo-rostral direction through the amygdala 
in cats. Sites of electrodes are indicated f rom which facilitation and inhibition of 
al imentary reflexes were obtained. Note, tha t stimulation of some points gives 
antagonistic effects. Abbrevations: Abp, nucleus amygdaloideus basalis, pars parvo-
cellularis; Abm, n. amygdaloideus basalis, pars magnocellularis; Aco, n. amygdaloi-
deus corticalis; Am, n. amygdaloideus medialis; Al, n. amygdaloideus lateralis; Acl, 
n. amygdaloideus centralis (pars lateralis); Acm, n. amygdaloideus centralis (pars 
medialis); Aa, area amygdaloidea anterior; Pir , lobus piriformis; ST, stria terminalis 
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I. ALIMENTARY FACILITATORY SYSTEM 

The area which produced the facilitatory effects on the food intake 
comprised the nucleus corticalis and medialis, adjoining parts of Abp, 
anterior Abp and anterior amygdalar area (Aa) — Fig. 1, Fr. 11.5—14.5. 

Testing stimulation. The stimulation with a current of 0.5 mA intensity 
did not produce any effect on the behavior of the animals. After the 
application of a somewhat stronger current (0.6—1.0 mA), a reaction of 
searching, sniffing or licking was obtained from some points. The points, 
which produced this reaction were mostly distributed in the area of Aa 
and in the dorsal part of Abp in the frontal plane 13.5. Chewing or 
contractions of the ipsilateral part of the muzzle could be obtained from 
other parts in the frontal planes 13.5 and 12.5. Turns of the body and 
jumping back occurred to the stimulation at the boundary between Aco, 
hippocampus and stria terminalis in the frontal planes 11.5 and 12.5. 

Stimulation during the food CR session. Regardless of the fact, whe-
ther the stimulation was switched on before the presentation of a CS, 
during the performance of a CR or during eating, a marked increase was 
obtained in the alimentary excitation. After a few pairings of the electri-
cal stimulation with a CS, the stimulation alone evoked a conditioned 
response. After the application of an optimum intensity of stimulation 
(0.3 to 0.5 mA), the conditioned motor response was repeatedly performed 
to a CS and, besides, it was more violent. On the stimulation of some 
points, especially those in the frontal planes 11.5 and 12.5, the cats did 
not take food as usually, that is, directly with their mouths, but they took 
it from the food-tray using their ipsilateral paws and put it into the 
mouth. During the intervals, after having eaten the food, instead of 
waiting as usually for the next CS, cats performed several conditioned 
responses. With the increase in the alimentary excitation, these move-
ments turned into scratching of the food-tray and the process of eating 
was sped up. After eating up of the meat, cats frequently smelled at the 
empty bowl, licked it and, sometimes, even tried to take out the meat 
from the next bowl, covered by the cover of the food-tray. Among other 
activities cats jumped on the food-tray, pulled as it, bit and tried to reach 
the food. 

The stimulation of some points, situated on the boundary of the faci-
litatory zone, evoked — in addition to the proper alimentary reaction — 
also different side-effects. These effects, although hampering the perfor-
mance of the conditioned reaction, did not decrease the alimentary excita-
tion. Thus, for instance, on the boundary of Aco, hippocampus and stria 
terminalis the points were located which evoked the turns of the body 
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and backward jumps, referred to above. In such cases, cats performed 
the conditioned responses and, at the same time, overcame these additio-
nally produced motor reactions. The following may serve as an instant. 
The stimulation was switched on prior to the presentation of the CS. 
The cat immediately reached its paw to take the food and, at the same 
time, bent its body backwards, withdraw its head and slight contractions 
of its muzzle were observed. Despite these movements, the animal, with 
its head withdrawn and blindly pawing through the bowl, took out the 
meat, put it into the mouth and promptly ate up. After the stimulation, 
the cats ate their food with an increased excitement and, in the intervals, 
performed several alimentary CRs. 

After a few sessions, during which the facilitatory area was stimu-
lated, the experimental situation alone sufficed to produce a strong disin-
hibition of the conditioned motor reaction. On placing them in the cage, 
cats started to scratch the food-tray. These symptoms were mitigated by 
feeding the animals prior to the experimental sessions. However, even 
in satiated animals, the symptoms of alimentary excitation were evoked 
by a repeated stimulation of the amygdala. 

II. INTRINSIC INHIBITORY SYSTEM 

The inhibitory zone included the remaining area of the Abp. Similar 
properties were also displayed by the points in Abm and A1 we examined. 
The inhibitory zone was non-uniform with regard to the responses, pro-
duced by the checking stimulation and the inhibitory effect on alimentary 
reactions. Of many mixed reactions, the following two types of ,,pure" 
inhibitory effects were distinguished: (a) inhibitory effects which were 
accompanied by the symptoms of aversion towards food and (b) inhibitory 
effects with the symptoms of an indifferent attitude towards food. 

(a) I n h i b i t o r y e f f e c t s w i t h s y m p t o m s of a v e r s i o n 
t o w a r d s f o o d 

The points from which the reactions, referred to above, could be ob-
tained, were rather scattered. The smallest concentration was recorded 
in the posterior part of Abp. Similar symptoms were produced by stimu-
lation of almost all points in A1 and some in Abm, in particular in its 
anterior part (Fig. 1, Fr. 9.5—14.5). 

Testing stimulation. Gnawing, chewing, abundant salivation, ejecting 
of the tongue, vomitive reaction, licking and ipsilateral contractions of 
the mouth were the most frequently observed symptoms when the sti-
mulation was applied with a 0.2 to 0.5 mA current. Depending on the 
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point and intensity of stimulation, these reactions occurred separately 
or together and in a definite order. A wide opening of the mouth was 
observed as a response to the stimulation of some points. Reactions of 
attention, searching and sniffing about, accompanied by panting, were 
produced from the points, located in A1 and in the narrower part of 
Abp in the frontal plane 11.5. 

Stimulation during the jood CR sessions. In many cases, the threshold 
of inhibition of alimentary reactions was very near the threshold of 
reactions, observed during the testing stimulation. 

Stimulation of many points evoked a reaction which might be termed as 
an aversion towards food. The motor CR was not always inhibited by a sli-
ght (0.1 mA) stimulation. In such cases, however, no reaction of eating was 
ever brought about. The cat carefully sniffed the food, wrinkling his 
mouth and shuddering. The CR was inhibited by a stronger or more fre-
quent stimulation. When a slight stimulation was applied after the perfor-
mance of the instrumental CR, sometimes the cat sniffed and licked the 
food, now and then reluctantly took it into the mouth but immediately 
let it slip. Stimulation during eating inhibited the chewing movements 
and the cat spat out the food. Frequently, the animal violently shook its 
head so that the meat fell out from its mouth. A stronger stimulation 
caused the ejection of the tongue. A vomitive reaction and abundant 
salivation was often brought about but real vomiting was never observed. 

On stronger stimulation, many points produced the reaction of gnawing 
which consisted in abnormal spastic movements of the jaws during which 
the food, if held in the mouth, fell out and an abundant salivation 
occurred. Such gnawing movements frequently finished with opening of 
the mouth and ejection of the tongue. 

Inhibitory reactions were marked by a prolonged after-effect. The 
inhibitory after-effect of the order of a few to about fifteen min was 
obtained from points situated in anterior and posterior part of Abp as well 
as from points in A1 contained between the frontal planes 10.5 and 13.5. 
The inhibitory after-effect which occurred after the stimulation of all 
other points did not exceed 30 sec. During the inhibitory after-effect, the 
cats sniffed, licked the meat and, finally, began to eat slowly and cautiou-
sly, while the morsels were shifted from one side of the mouth to another. 

(b) I n h i b i t o r y e f f e c t s w i t h s y m p t o m s of a n 
i n d i f f e r e n t a t t i t u d e t o w a r d s f o o d 

Inhibitory points were localized in frontal planes from 9.5 to 12.5 
(Fig. 1). 

Testing stimulation. The stimulation with the current of 0.1 to 1.0 mA, 
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mostly evoked no observable effect on the animals behavior. Cats leisu-
rely walked around the cage, sometimes rubbed their sides against the 
walls and sometimes lay down and remained calm. A stronger stimulation 
of certain points, located near the zone of defensive reactions, produced 
lurking, attention, looking about, protesting mewing and, sometimes, 
urination. Locomotor activities or other somatic reactions were also elici-
ted by a stronger stimulation of other points, situated in the frontal 
area 9.5. 

Stimulation during the food CR sessions. Stimulation with the current 
of about 0.4 mA evoked — regardless of the moment when it was switched 
on — an inhibitory effect. Cats did not perform the CR or they stopped 
eating, let the food slip and mostly withdrew from the food tray, beha-
ving in a similar manner as during the testing stimulation. They respon-
ded normally to all auditory, visual and tactile stimuli. When stroked, 
they fawned and rubbed against the experimenter. 

Durnig the stimulation of the points situated in the frontal planes 
10.5 and 11.5 of the central area, the inhibitory after-effect was on the 
whole brief whereas a few minutes' long inhibitory after-effect was pro-
duced by the stimulation of the points, situated in the frontal plane 9.5. 

After a few experimental sessions, the behavior of the cats in the cage, 
was subject to certain changes. They became lazy, ate slowly and reluc-
tantly. The latency of the alimentary instrumental CR became prolonged. 

III. EXTRINSIC INHIBITORY SYSTEM 

The stimulation of the points situated on the boundary of the poste-
rior Abp, hippocampus and stria terminalis, as well as those situated on 
the boundary of Abp, hippocampus and the cortex piriformis, evoked the 
reaction of anger. The reaction of fear was obtained from some points in 
the Abm and dorsal part of the Al. The stimulation with a subthreshold 
jm relation to the emotional response) current did not inhibit the alimen-
tary reaction. The inhibition of this reaction occurred however, when the 
smotional responses became manifest, often in the same time as the reaction 
of attention appeared usually preceding both anger and fear responses. 
If the stimulation was applied during eating, the meat was usually kept 
in the mouth even when'the cat snarled. It ate it, however, only after the 
period of the inhibitory after-effect. The inhibitory after-effect was, in 
general, not long, but it was longer after the symptoms of fear than after 
the symptoms of anger. 

The inhibition of alimentary reactions also occurred simultaneously 
with the occurrence of different motor reactions and epilepsy which were 
obtained during the stimulation with a current about 0.4 mA, from the 
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boundaries of Abp and hippocampus, Al, Abp and Abm, as well as Abp 
and Abm. Frequently a loud, shrill cry was produced by the stimulation 
at the boundary of Abp and hippocampus. 

After the stimulation the inhibitory effect passed off almost imme-
diately and the cats responded normally to both the CS and the food 
presentation. 

DISCUSSION 

The results of the electrical stimulation of the ventral part of the 
amygdaloid nucleus in the cat, confirmed our previous suggestion (Le-
wińska 1967a) that this area contains the inhibitory and facilitatory sy-
stems for the alimentary behavior. The facilitatory system was localized 
in the anteromedial area, partly including the Abp and Am nuclei, the Aco 
and the anterior amygdaloid area. The inhibitory system was localized 
in the ventrolateral area of which the Abp was most accurately examined. 

A large number of contradictory data, concerning changes that occur 
in the alimentary behavior as a result of the stimulation or lesions of the 
amygdaloid complex can be noted in the literature of the subject. The 
divergences of results are often explained by differences in species and 
different age of experimental animals (Koikegami et al. 1958, Kling and 
Schwartz 1961, Schwartz and Kling 1964). Contradictory results are often 
obtained, however, in the experiments on adult animals of the same 
species. After extensive lesions of the amygdaloid nucleus in the rat, some 
authors did not observe any essential changes in the alimentary behavior 
(Anand and Brobeck 1952), whereas some others found aphagia and 
adipsia (Yamada and Greer 1960, Ward 1961) and still others — hyper-
phagia and hyperdipsia (Grossman and Grossman 1963). Following the 
amygdalectomy in cats, the anorexia was recorded by Kling et al. (1960) 
and hyperphagia by Green et al. (1957) and by Morgane and Kosman 
(1959). It was also either hyperphagia (Pribram and Bagshaw 1953, Fuller 
et al. 1957), or aphagia (Brutkowski et al. 1962) that were evoked by the 
amygdalotomy in other animals. These discrepancies are probably caused 
by the differences in the location and extent of lesions and, at the same 
time, by treating the entire amygdaloid complex as a neurophysiological 
unit. 

Similar differencies were observed among the symptoms evoked by 
stimulation of the amygdala. According to most authors, the stimulation 
of the amygdaloid nucleus inhibits the alimentary reactions (Fonberg and 
Delgado 1961, Grossman and Grossman 1963, Norris 1963). On the other 
hand, stimulating the amygdaloid nucleus in monkeys, Robinson and 
Mishkin (1961) evoked the food and water intake. 
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According to a concept put forward by Konorski (1967), in the amyg-
dala (which is the part of what Papez 1937, denoted as the emotive brain), 
just as in the hypothalamus, there are two reciprocally related centers 
regulating the alimentary activity of the animals, referred to as the hunger 
drive center and the hunger anti-drive center. This author assumes that, 
whereas the hypothalamic alimentary centers control the unconditioned 
reflexes involved in hunger and satiation, the centers in the amygdala are 
mainly concerned with the corresponding conditioned reflexes. Similar 
concepts were also advanced by other authors (Gloor 1960, Goddard 1964, 
Douglas et al. 1966). 

The results obtained by us, using the methods of electrocoagulation 
(Lewińska 1967a), as well as of electrical stimulation, allowed us to loca-
lize the facilitatory and inhibitory systems of the alimentary behavior in 
the ventral part of amygdala. The picture thus obtained corresponds to 
the functional reciprocity of alimentary centers as suggested by Konorski 
(1967). The functional reciprocity of the two systems concerned the quan-
titative and qualitative control of the food intake, as well as the conditio-
ned motor behavior. An increase of the food intake, evoked by the lesions 
of the inhibitory (Lewińska 1967a) and stimulation of the facilitatory area 
(Lewińska 1968) was not conspicuous but significant. Likewise, the 
stimulation of the inhibitory area did not inhibit hunger, to any drastic 
extent, and the lesions of the facilitatory area'did not result in a persistent 
aphagia. On the other hand, a differential effect on the appetite was 
exerted by both the lesions and stimulation of the structures, referred to 
above. It should be emphasized that the simple instrumental reflex elabo-
rated in the cats was mostly preserved after the lesions of amygdala 
(Lewińska, in preparation). However, the conditioned behavior was subject 
to considerable modulation, being intensified during hyperphagia and 
diminished with hypophagia. 

Depending on the point stimulated and on the intensity of stimulation, 
diiferent forms of behavior were obtained from the inhibitory area. 
Extrinsic effects, as alimentarly non-specific, are not the subject of our 
study. On the other hand, we distinguished two forms of the intrinsic 
inhibition. In one case, cats refused to eat and displayed symptoms of 
a complete indifference towards food. A similar behavior was recorded in 
saliated cats. An identical picture of behavior during the stimulation of 
anygdala was observed by Fonberg and Delgado (1961). In face of the lack 
of any other symptoms, except for a visible state of comfort, one might 
suppose that precisely this state of satisfaction, predominating over the 
hu.iger drive, inhibits the interest in food. A specifically alimentary cha-
racter of this inhibition is, however, indicated by the fact that the stimu-
lation and even the implantation alone selectively decreased the daily 
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food intake and the lesions of the same points led to hyperphagia. Deba-
table might be only the question whether the inhibition is caused by the 
state similar to that of satiety or by the appearance of some conditioned 
reflexes, related to the refusal to eat. 

Another form of inhibition, accompanied by distinct symptoms of the 
aversion towards food, indicates that the inhibitory system of amygdala 
is provided with other mechanisms which serve the refusal to eat. On the 
basis of the behavior of the animals, displayed during the stimulation of 
the points, referred to above, the state of satiety may be excluded as 
a cause of inhibition. The occurrence of such reactions as, sniffing at the 
food and even attempts to eat testified against such a possibility. Finally, 
food was always rejected by the animals as if it was not fit for eating. 

This second form of inhibition of the food intake may be easily explai-
ned by extrapolating Konorski's views on the correlation between the 
emotive system and protopathic aspects of external stimuli (Konorski 
1967). It may be assumed that protopathic aspects of olfactory stimuli, just 
like protopathic aspects of gustatory stimuli, are represented in the 
amygdala and their role is to control the food intake along with the 
taste stimuli. Accordingly, by the stimulation of individual points in the 
facilitatory hunger center the olfactory units representing the attractive 
aspects of the smell of food are activated and hence the animals sniff the 
food with obvious satisfaction, thus increasing their hunger drive. On the 
contrary, the stimulation of some points in the inhibitory hunger center 
produced a distinct aversive response to the food sniffed. Probably, the 
phenomenon of aversion we observed was similar to that occurring with 
the overeating with some food when its smell itself spoils the appetite and 
even evoked nausea. It should be emphasized that the nauseous reaction, 
passing into vomiting reaction, is often evoked from the same points when 
they are more strongly stimulated. 

Both systems, related to the protopathic properties of stimuli, dis-
played a considerable degree of reciprocity. Thus, for instance, the 
aversion towards meat was expressed even in a temporary aphagia both 
during the stimulation of the negative and after the lesion of the positive 
emotive system (Lewińska 1967a). On the other hand, the lesion of the 
former and stimulation of the latter system produced an opposite effect, 
that is, an increase of the appetite for raw meat. 

This differentiation of the inhibitory function of amygdala confirms 
the considerable importance of this structure for the processes of adap-
tation. 

It is of interest that in contradistinction to the authors who claimed 
to have found a satiety center within the nucleus of the ventromedial 
hypothalamus in rats (Anand and Brobeck 1951), rabbits (Balińska 1963) 
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and goats (Wyrwicka and Dobrzecka 1960), we did not succeed in finding 
an analogous inhibitory center within the hypothalamus of the cat. The 
inhibition of the alimentary reaction during the stimulation of the NHvm 
and adjoining regions was elicited either by the reaction of attention 
preceding the reaction of aggression, or by the reaction of fear, evoked 
by the stimulation of the points of flight (Lewińska and Romaniuk 1966). 
The lesions of the NHvm and adjoining regions mostly produced a consi-
derable increase in the milk intake, combined with a conspicuous polyuria 
and simultaneous decrease in the solid food intake, accompanied by a drop 
of the body weight. Equally frequent was the hypophagia without the 
polydipsia, whereas it was only in a few cases that a certain increase was 
obtained in the food intake. In addition, this increase was brief and did 
not lead to obesity (Lewińska 1967b). Maybe, the anatomical organization 
of the satiety center in the Carnivora is different than that in the 
Herbivora. 

SUMMARY 

During the alimentary CR experiments the ventral part of amygdala 
was electrically stimulated in 32 cats. The following two systems, reci-
procally correlated with each other, were distinguished: (a) the system 
facilitating the alimentary behavior, situated in the anteromedial part 
(Aco with an adjoining part of Am and Abp, anterior Abp and Aa) and (b) 
the inhibiting system, situated in the basolateral part. 

The author would like to express her grat i tude to Professor Jerzy Konorski for 
his interest in this work, many discussions and a valuable criticism. 
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There exists a lot of evidence that the amygdaloid complex mediates, 
among other functions, also the alimentary reactions. Most of the results 
seem to indicate that the baso-lateral part of the amygdaloid complex 
exerts an inhibitory effect upon the alimentary reactions. Several 
authors (Green et al. 1957, Fuller et al. 1957, Wood 1958, Mor-
gane and Kosman 1959, Schwartzbaum 1961) showed that after the aray-
gdalar lesions the animals are hyperphagic and Green et al. (1957) pointed 
out, that crucial for this hyperphagia is a damage to the area of the baso-
lateral division, mainly in the junction between the lateral and basal 
nuclei. The amygdalar ablation produces, moreover, a disinhibition of 
positive instrumental alimentary reactions (Brutkowski et al. 1960). Sti-
mulation of the baso-lateral area inhibits instrumental alimentary reac-
tions and food intake (Fonberg and Delgado 1961, Norris 1963). 

On the other hand, several authors have shown that the amygdaloid 
complex mediates also the positive alimentary reactions. Stimulation of 
the amygdala produces salivation, chewing, swallowing licking, mastica-
tion, stomach contractions (Koikegami et al. 1955, Magnus and Lammers 
1956, Shealy and Peele 1957, Sano 1958, Sawa 1958, Wood et al. 1958), 
as well as food intake (Robinson and Mishkin 1962, Grossman and Gros-
sman 1963, Lewińska 1968). After amygdala lesions some authors descri-
bed aphagia in cats and rats (Anand and Brobeck 1952, Anand et al. 1958, 

* This invest igat ion was par t ia l ly suppor ted by Foreign Research Agreement 
No. 287707 of U.S. Depar tment of the Heal th , Education and Wel fa re under P L 480. 
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Yamada and Greer 1960, Anand 1961, Kling and Schwartz 1961, Ward 
1961, Koikegami 1964, Ursin 1965), and Brutkowski et al. (1962) described 
a case of longlasting aphagia in a dog after wide surgical ablation of the 
amygdaloid complex. In that dog the lesion was more extended dorsally 
than in the others, which were rather hyperphagic, and therefore it 
seemed reasonable to assume that crucial for the aphagia is a damage 
to the dorsal part of the amygdaloid complex and/or overlying neighbour 
structures. 

Our experimental results support this assumption. In the previous 
report (Fonberg 1966) it was shown that lesions aimed into the dorso-
medial part of the amygdaloid complex produced aphagia in seven dogs. 
The present paper reports on further studies on the possible mechanisms 
of amygdalar aphagia on the basis of the anatomical verification and 
analysis of the extent of lesions of the individual subjects. 

METHODS 

Experiments were conducted on ten male, adult, mongrel dogs. Brain lesions 
were performed under Nembutal anaesthesia by electrocoagulation. In each 
dog 3 to 4 points were coagulated on either side by DC current, 3—4 mA 
for one to two minutes. The electrodes were stainless steel needles 
0.5 mm in diameter, insulated by an enamel except for 0.5 mm on the tip. They 
were placed stereotaxically and aimed into the dorsomedial part of the amygdaloid 
complex, according to the coordinates based on the Atlas of Lim et al. (1960). Ani-
mals were under observation for 3—4 months, starting f rom the first day a f te r 
operation. 

Af te r the experiments were accomplished the animals were anaesthetized and 
perfused by formaline. Then brain were embedded in the paraff in, and sectioned 
frontal ly at 20 u. Every tenth section was stained by Kltiver or Nissl method 
alternately. 

RESULTS 

After the operation, the dogs showed a total aphagia, which lasted 
from 2 to 15 days (Table I). The animals did not show any slightest inte-
rest in food, they did not sniff it and during the first 3—5 days after 
the operation they did not swallow, even when semifluid food was poured 
far back into the mouth and, therefore, they had to be fed by gastric 
intubation. In four dogs the forced feeding or intubation was followed 
by vomiting after a few minutes up to one hour. 

Various kinds of food were tested in order to determine the role of 
the taste preference after lesion. During the period of aphagia the dogs 
did not eat or lick or even sniff any kind of food. In the first period of 
recovery, a preference for fresh chopped meat was observed in all dogs 
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but two, one of which preferred bread with broth, the other milk with 
eggs and sugar. 

The recovery of food intake progressed slowly. First, the dogs started 
to eat food when it was introduced in small amounts into the mouth. 
Then, they had to be lured to the bowl by various means (calling with 
friendly voice, pushing their mouths into the bowl, giving the preferred 
kind of food, etc.). Step by step, a full recovery occurred and in four 
dogs the period of aphagia was followed by hyperphagia (A27, A36, A40, 
A41). In two others (A5 and A33), the periods of hypophagia and hyper-
phagia interchanged. 

T a b l e I 

T h e e f f e c t s of t h e d e s t r u c t i o n of t h e p a r t i c u l a r n u c l e i of t h e a m y g d a l o i d c o m p l e x 

The order in which the dogs are arranged in the table is based on the duration of aphagia. 
The dogs in which aphagia lasted longest are placed at the top of the list, those with the 
shortest aphagia at the bottom. The approximate extent of lesions in all aphagic dogs is shown 
in three arbitrary gradations: black, more than 70%; stripped, about 50%; dotted, about 30%. 
L, left hemisphere; R, right hemisphere; +, present; —, absent; + —, interchanged periods 

of hypophagia and hyperphagia. 

Seven aphagic dogs showed the aggressive-defensive syndrome which 
was previously observed in dogs with dorsal amygdalar lesions and des-
cribed in details elsewhere (Fonberg 1965). In these dogs, the defensive 
fits appeared from the day after the operation, although in the first 
post-operative period the dogs spent most of their time lying down half 
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asleep. Sometimes (once per hour or 3—4 times a day, depending on the 
individual) however, they got up spontaneously and ran around the cage 
in a hurry, screaming, whinning or barking. When provoked by noxious 
stimulation, they developed a full defensive-aggressive syndrome, which 
increased in time in the „avalanche" form. The defensive symptoms were 
longlasting and outlasted aphagia by several weeks or months. In three 
dogs, a gradual increase in aggressiveness was observed during the test 
period. 

It should be mentioned that the development of the aggressive-defen-
sive syndrom cannot be considered as the cause of impairment of the 
alimentary function, because the alimentary behavior of the dogs was 
not related to the intensity of the defensive symptoms. In the period 
of aphagia, the dogs refused to take food even when in a calm and friendly 
mood, and during the subsequent period of hyperphagia they devoured 
the food, when presented even just before they showed the aggressive-
defensive reactions. When the defensive-aggressive syndrome was not 
yet fully developped, presentation of food could interrupt the attack. In 
the state of extreme defensive excitement, the dogs did not pay any 
slightest attention to food. 

A n a t o m i c a l v e r i f i c a t i o n (Fig. 1) 

Dog A5: On the left side the whole of the central nucleus and a great part of the 
medial one were destroyed, whereas the cortical nucleus was in jured medially and 
the basal and lateral nuclei were slightly touched. Besides, there was a lesion in the 
area of the posterolateral ventral nucleus of the thalamus and part ly in the internal 
capsule and the globus pallidus. On the right side two areas of in jury were found. 
One of them occupied the medial portion of the pyriform cortex and the adjoining 
part of the hippocampus, part of the medial nucleus and the medial part of the 
cortical nucleus. The other included putamen and part of claustrum and of ento-
peduncular nucleus. 

Dog A14: The lesion destroyed the lower part of the pir iform cortex and damaged 
the cortical and basal nuclei of the left side. Posterior part of the medial and 
central nuclei also were damaged on this side. On the right side medial nucleus was 
completely destroyed as well as a part of the cortical and central nuclei. The 
optic tract was perforated by the dorsal extent of the lesion. Besides of the amyg-
daloid complex, the lesion in the left hemisphere involved the internal capsule, 
cerebral peduncle, and globus pallidus. On the right side medial thalamus and 
posterior part of hypothalamus were also part ly destroyed. 

Dog A27: The lesions covered nearly the same areas on both sides. The central 
nuclei were destroyed completely; in addition, mainly on the left side, the lesion 
involved the medial nuclei, the caudodorsal portion of the lateral nucleus and the 
dorsal portion of the basal. Out of the neighbouring structures, the lesion included, 
on both sides, the posterior parts of the putamen and the lateral portion of the optic 
tract, and on the right side, the globus pallidus. 

Dog A28: The central nuclei were totally destroyed on both sides. Most of the 

http://rcin.org.pl



http://rcin.org.pl



40 E. Fonberg and B. Sychowa 

medial nuclei were also damaged and in the left hemisphere, the dorsal region of 
the lateral and basal nucleus and, out of the adjoining structures, the globus pallidus 
and the medial part of the putamen were destroyed. On the right side, the lesion 
invaded also a part of the globus pallidus and also the neighbouring portion of the 
internal capsule, and part of the entopeduncular nucleus. 

Dog A31: The lesions in the amygdaloid complex were almost identical on both 
s^'des; they involved the central nucleus and partly the medial and basal nuclei and 
the dorsal portion of the lateral nucleus. In addition, the lesion of the right side 
included the putamen, part ly the entopeduncular nucleus and the adjoining area of 
the globus pallidus. Anteriorly to the amygdaloid complex, there was a lesion in 
the substantia innominata. On the left side the putamen and the ventral portion of 
the claustrum were damaged. 

Dog A33: On the left side, the lesion was located in the central and medial 
nuclei, in a small portion of the cortical nucleus which borders on the medial nucleus 
and in the posterocaudal portion of the lateral and basal nuclei. In addition to the 
lesion in the amygdaloid complex, in the same hemisphere there was a lesion in the 
thalamus, the zona incerta, the lenticular fascicle, as well as par t of the entopedun-
cular nucleus, an edge of globus pallidus and the optic tract. The lesion involved 
also the ventral part of the putamen. On the right side the area of the amygdaloid 
complex was not heavily affected by the lesion, which only slightly touched the 
caudal part of lateral nucleus but, instead, it in jured the posterior portion of the 
medial geniculate body, the posterior part of the thalamus, a part of the substantia 
nigra, the cerebral peduncle, the optic tract and the hippocampus. 

Dog A34: Within the amygdaloid complex, destruction affected the medial nuclei 
on both sides. On the right side, the cortical nucleus was damaged medially. On the 
left side, the lesion involved the mediodorsal portion of the amygdaloid complex 
including the cortical, medial and central nuclei. Besides of the destruction in the 
amygdaloid complex, large lesions were found in the adjoining structures. On the 
left side, the lesion involved the cornu Ammonis (in part), the cerebral peduncle, the 
zona incerta, the optic tract and the entopeduncular nucleus. The thalamus of tho 
left side was deformed by a distension of the lateral ventricles. The lesion destroyed 
most of the nuclei of the thalamus and hypothalamus up to the medial line. On the 
right side it touched the hippocampus, and affected the medial portion of the pyr i -
form gyrus adjacent to the horn of Ammon, and a large part of the optic tract. 

Dog A36: On both sides, the central nucleus was destroyed by the lesion. 
Besides, the medial nucleus was partly damaged as well as the dorsal part of the 
lateral and basal nuclei. Bilaterally, troughout the piriform gyrus there was an 
atrophy, encroaching upon the ventra l part of the basal and lateral nuclei of the 
amygdaloid complex. The internal capsule, claustrum, putamen and globus pallidus 
were also partly damaged on both sides. 

Dog A40: On the left side, the lesion was localized in two regions, one of them 
involved the internal capsule and the medial part of the globus pallidus and nucleus 
entopeduncularis, and the other the ventromedial portion of the amygdaloid com-
plex. Within the amygdaloid complex, destruction involved the cortical and basal 
nuclei, the caudoventral portion of the lateral nucleus, and partly the medial nucleus. 
On the right side, the lesion was confined to the amygdaloid complex. The basal 
nucleus was destroyed completely, whereas the other nuclei were partly damaged. 
The lesion occupied the ventrocaudal region of the lateral nucleus and the caudal 
part of the cortical nucleus, its anterior portion being preserved undamaged. The 
medial nucleus, too, was destroyed in its posterior part and the ventrocaudal region 
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of the central nucleus was touched. Besides, the lesion involved the horn of Ammon 
in the lateral ventricle and a portion of the pyriform cortex. 

Dog A41: On the right side, the large lesion involved the whole lateral part of 
the amygdaloid complex. The central and lateral nuclei were destroyed as well as 
the dorsal part of the basal nucleus. The lateral edge of internal capsule, globus 
pallidus, putamen and claustrum were also damaged. Within the cortex of the right 
side the atrophied area involved the ectosylvian, composite and sylvian gyri. 

The ventral part of the Ammon's horn was destroyed together with the adjacent 
pir iform cortex in the left hemisphere and the lesion involved also the basal part 
of the lateral and basal nuclei. On the same side, in jury was found in the hypo-
thalamus, laterally to fornix, extending to the nucleus entopedunculanis. 

The results of this paper indicate that lesions of the dorsomedial part 
of the amygdaloid complex produce aphagia. This fact may indicate that 
amygdala participates in the regulation of the alimentary function as 
a positive center, similar to the „feeding center" found by Anand and 
Brobeck (1951) and others in the lateral hypothalamus. 

As postulated by several authors, the amygdaloid complex is closely 
connected with the hypothalamus and exerts a regulatory and modulatory 
influence upon the hypothalamic activity. The amygdalar aphagia was 
not longlasting, which may be considered to be another proof that amyg-
dala serves as an additional link in the alimentary system, superimposed 

Fig. 2. Schematic superposition of areas destroyed on both sides in all animals 
with aphagia. Successively darker areas represent 10—25, 25—50 and 50—100% of 
incidence destruction. C, nucleus centralis of amygdala; M, nucleus medialis; Co, 
nucleus corticalis; Bm, nucleus basalis magnocelullaris; Bp, nucleus basalis parvo-
celullaris; L, nucleus lateralis; Gl, globus pallidus; En, nucleus entopeduncularis; 

DISCUSSION 

OT, optic tract 
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upon the hypothalamic „centers". In this case the aphagia produced by 
amygdalar lesions may be compensated by the hypothalamic mechanism. 

The problem arises as to which part of the amygdala should be con-
sidered as such an additional alimentary center. On the basis of the above 
anatomical verification, it is not possible to conclude definitely which 
nuclei are crucial in this respect. In all aphagic dogs central and medial 
nuclei of amygdala were lesioned at least unilaterally, so it seems reaso-
nable to assume that these nuclei mediate the alimentary reactions. There 
exists also in the literature some evidence which supports such hypothesis. 
And so, Shealy and Peele (1957) described the gastrointestinal contractions 
during the stimulation of the medial nuclei, Wood (1958) reported retching 
and vomiting and Watanabe (1955) observed salivation during stimulation 
of the central nucleus. Lewińska (1958) described an increased food intake 
during stimulation of the medial nucleus. 

On the other hand, it is also possible that not only the lesions of the 
above-mentioned nuclei are responsible for aphagia, but that a similar 
effect is caused by the interruption of fibers, which cross through the 
dorsomedial amygdalar region and proceed directly towards hypotha-
lamus. 

The central nucleus contains fibres of passage belonging to the preop-
tic and supracommissura bundles of the stria terminalis (Fox 1943, Mio-
doński 1965) and reach the lateral preoptic and hypothalamic areas. 
Furthermore, between the central and medial nuclei, there passes the 
longitudinal association bundle, which, as shown by Hall (1960, 1963) 
joints the medial forebrain bundle. This latter, as stressed by Morgane 
(1961) and others, plays an important role in the alimentary mechanisms. 

Besides of the stria terminalis and the longitudinal association bundle, 
the diffuse ventral system directed to lateral hypothalamus described by 
Nauta (1961, 1962) may be taken into consideration. Although Hilton and 
Zbrożyna (1962) showed on cats that this very system carries impulses 
specific for defensive reactions, it is also probable that some fibers belong 
to the alimentary system and carry impulses to the feeding center in the 
lateral hypothalamus. 

Some authors suggest that globus pallidus is also involved in the ali-
mentary act. Thus Tarnecki and Konorski (in preparation) observed apha-
gia and loss of instrumental reactions after lesions situated in globus 
pallidus, and Morgane (1961) suggested that damage of medial part of 
globus pallidus or pallidofugal tract carrying fibers to the hypothalamus 
is crucial for the impairment of the alimentary functions. Some of our 
aphagic dogs had also the globus pallidus or/and nucleus entopeduncularis 
damaged and in the case of a dog described by Brutkowski et al. (1962), 
an amygdala ablation extended also into globus pallidus. Probably these 
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structures take part in the alimentary system as well as does amygdala. 
The connections of the particular part of the alimentary system with 
hypothalamus run through the region above the dorsal amygdala. 
Therefore we cannot exclude that in some dogs the damage of globus 
pallidus, nucleus entopeduncularis or their connections with the hypo-
thalamus played a role in the impairment of food intake. 

In his recent paper Gold (1967) claims that lesions of the internal 
capsule are the most efficient in producing aphagia. It is, however, possible 
that such lesions, as well as the lesions produced by Tarnecki and Ko-
norski (in preparation) and Morgane (1961) destroyed the fibers connec-
ting amygdala with hypothalamus and therefore in all these cases aphagia 
could have had the same cause as in our experiments. 

A lot of fibers passing through the dorsomedial amygdalar area belong 
to the basolateral system (Ban et al. 1959, Miodoński 1965). It is well 
known from the experiments of many authors that this system exerts an 
inhibitory effect on the alimentary functions (Morgane and Kosman 1959, 
Morgane 1960, Fonberg and Delgado 1961, Fonberg 1963, 1965b, 1967) and 
that lesions of the basal or lateral nuclei produce hyperphagia ( G r e e n 
et al. 1957, Morgane and Kosman 1957, 1959, Fuller et al. 1957 and 
others). In some of our dogs also the lateral or basal nuclei were partly 
damaged (Table I), in the others the fibers originating in the basolateral 
part could have been cut by the lesion. 

In these dogs the decrease of inhibitory influences on the hypothalamic 
centers, caused by the damage of the basolateral system, may counter-
balance the aphagia, produced by the destruction of the dorsomedial part. 
This assumption would explain the short duration of the impairment of 
the food intake. Consequently, lesions made in some of our dogs could 
have a double effect, producing aphagia due to the destruction of dorso-
medial part and hyperphagia, caused by the damage of the fibers running 
from the basolateral part. It is interesting to note that in two of our dogs, 
after recovery from aphagia, the periods of hypophagia and hyperphagia 
interchanged and that some other dogs became hyperphagic after several 
weeks. This latter fact may be explained by assuming, that the impair-
ment of the facilitatory alimentary system of amygdala is easier compen-
sated by the function of hypothalamic centers than is the inhibitory. As 
an effect, hyperphagia eventually prevailed over aphagia. The results of 
Wood (1958) and Koikegami et al. (1958) who stressed that lesion situated 
in the region of medial and central nuclei resulted in hyperphagia in cats, 
may be also explained by the destruction of the fibers from basolateral 
system. 
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SUMMARY 

In ten dogs electrolytic lesions of the dorsal part of the amygdaloid 
complex caused aphagia which lasted for 2—15 days. In all dogs the 
central and medial nuclei of amygdala were damaged at least unilaterally. 
It is assumed that these nuclei take part in the alimentary mechanisms 
in connection with the hypothalamic feeding center. The other possibili-
ties, i. e. the role of the neighbouring structures (globus pallidus, and 
nucleus entopeduncularis) and also the effect of the damage to the fibers 
passing through the central and medial nuclei are discussed. 

The authors are greatly indebted to Professor J. Konorski, Dr. O. Narkiewicz 
and Dr. W. Kozak for their valuable remarks. Thanks are also due to Miss B. K ę -
pińska for making histological slides, to Mrs. B. Dziurdzik, Mrs. H. Kurza j and Mrs. 
M. Raurowicz for technical assistance and to Mr. A. Rosiak for his devotion in 
animal care. 
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Changes in both the general and the alimentary behavior of rats 
following lesions of the so called hypothalamic feeding center were exten-
sively studied by a number of authors (Olds 1958, Teitelbaum and Epstein 
1962, 1963, Rodgers et al. 1965 and others). It was also shown that the 
postoperative aphagia is t ransformed into a preferential hypophagia and 
this, in turn, in some animals into a preferential hyperphagia with its 
characteristic symptoms of voracity and obesity (Morrison and Mayer 
1957, Graff and Stellar 1962, Teitelbaum 1964). These symptoms are 
explained by the increased sensitivity of operated animals to the taste 
of food. 

In all these studies the effects of hypothalamic lesions upon CRs were 
rarely taken into consideration. According to Chereshniev (1960) lesions 
of the posterolateral portion of the hypothalamus in dogs causes a persi-
stent abolition of the alimentary CRs and makes the elaboration of such 
reaction difficult. In experiments involving lesions of the lateral hypotha-
lamus in rabbits we showed that, in addition to the symptoms described 
above, there also occur drastic disorders in the avoidance CRs (Balińska 
and Wyrwicka 1961, Balińska et al. 1964). These disorders occur simulta-
neously with the abolition of the alimentary CR (Balińska 1963, 1965, 
1966, Balińska et al. 1966). These findings induced us to carry out a similar 
analysis of alimentary and defensive CRs in rats. 
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MATERIAL AND METHODS 

Subjects. Experiments were performed on 66 adult male hooded rats of Druckray 
strain, approximately 3 months old and weighing, at the beginning of the experiment, 
between 200 and 230 g. In each cage, there were five to six rats. They were fed the 
Larsen standard diet and given f resh water every day. After two weeks of the 
observation period, bilateral hypothalamic lesions were made. 

Surgery. Lateral hypothalamic lesions were made stereotaxically (P 2, L 2, V 8 
according to Fi fkowa and Marsala 1960) by passing a direct anodal current of 1.5 mA 
for 20 sec under a light ether anaesthesia. The observation of animals ' behavior 
started within 15 min af ter the lesion was produced. 

Experimental procedure with the alimentary conditioned reactions. An experi-
mental cage, 30X15X15 cm in size, with a round hole in its bottom was used. 
A small bowl was placed beneath the hole and the rats had to reach food from the 
bowl using their forepaws. An acoustic stimulus was emitted every minute for five 
sec. If within the following 10 sec the rat did not approach the feeding place, no 
food was presented in a given trial. A 0.5 g pellet of a wet food of the Larsen type 
was used as a single reinforcement. Thirty trials were performed each day. The 
performance of 28 correct responses in 30 trials during f ive experimental sessions 
was adopted as a criterion. 

Experimental procedure with the defensive conditioned reactions. An experi-
menta l cage, 80X15X150 cm in size, was used to produce the avoidance reaction. 
Electrical shocks were given to the paws of the animals through the electrified floor. 
A 15X18 cm electrically insulated platform was mounted at the end of the cage 
opposite to the starting place. The task of the animal was to run to the platform 
within five sec af ter it was put on the starting line. A correct performance of 28 
responses in 30 successive trials during five experimental sessions was adopted as 
a criterion. 

Control animals. Naive animals with intact brain were used for control tests. In 
both the alimentary and defensive experimental situation, the procedure applied 
was identical with that used in the experimental groups. 

In all animals both the alimentary and defensive CRs were elaborated. 
Anatomical verification of the lesions. At the end of the experiments, the ani-

mals were anaesthetized with ether and their brains were perfused with 4% 
formalin. Frozen sections were cut to 50 slices and stained using the Nissl technique 
and, thereafter , the lesions were microscopically verified. The animals were grouped 
depending on the placement of lesions in their brain. 

RESULTS 

G e n e r a l b e h a v i o r of t h e o p e r a t e d a n i m a l s 

An hour af ter the operation, a clear-cut increase in the motility was ob-
served in all rats. The animals continually scratched the walls of the cages. 
Six to eight hours later, they became immobile and remained so for a few 
days. During the first three to nine days they refused food and water. In 
order to keep them alive, they received dailly subcutaneous injections of 
10 ml of 4% glucose solution (Balińska 1963). The period of complete 
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aphagia and immobility was followed by a phase of al imentary preference. 
The rats refused dry pellets of food and did not drink water but they ate 
drops of palatable liquid diet injected directly into their mouths. This diet 
consisted of 100 g of powdered milk, 100 g of sugar, 1 egg and 500 ml of 
water mixed in a shaker. Such a mixture was given to the aphagic rats 
4—6 times a day. After a few days of such assisted food intake, the ani-
mals began to eat spontaneously. Occasional licking of the liquid diet 
changed soon into hyperphagia and they distinctly put on flesh. After 
several days of feeding on this palatable liquid food, the rats began to 
eat solid tasty food (wet cakes) but they continued to refuse dry pallets 
and water. Soon they became fat and displayed characteristics symptoms 
of hyperphagic animals. This alimentary preference persisted for 1 to 22 
days and, then, the operated rats gradually returned to their normal diet. 
The experiments started as soon as the alimentary behavior of the rats 
became identical with that of the control animals. 

Some of the operated animals displayed distinct changes in their 
affective behavior as manifested by an increase of the defensive responses. 
Accordingly the animals were divided into two groups. The first group 
consisted of 44 rats with unchanged emotionality, and the second — of 22 
animals with increased emotional responses. The latter animals, unlike 
the remaining rats, displayed a strong orientation reaction, an increase 
in responsiveness to external stimuli, and symptoms of fear combined with 
aggression. Since the CRs were different in both these groups, they will 
be described separately. 

A n i m a l s w i t h a n u n c h a n g e d e m o t i o n a l i t y 

The neuroanatomical verification of the brains indicated two types 
of the localization of lesions. In 24 rats (subgroup A), lesions were placed 
in the lateral portion of the hypothalamus, containing small accumulations 
of nerve cells (P + 2, L 2, V 8, Fig. 1). In the remaining 20 animals (sub-
group B) lesions were more extensive, situated higher, and, in addition to 
the posterolateral parts of the hypothalamus, they also included the lower 
margin of the zona incerta (Fig. 2). 

The period of aphagia and adipsia lasted — in the animals of sub-
group A — on the average, for 2.8 + 0.7 days. The phase of the preferential 
hypophagia was also not very long lasting (5.5 + 1.0 days). A quick transi-
tion was observed from the stage of the sweet liquid food intake to that of 
the sweet solid diet. In the case of the animals of subgroup B, the period of 
aphagia and adipsia was somewhat longer (4.6 + 1.5 days) and the phase 
of the preferential hypophagia was quite long (12.9 + 2.3 days). The per-
sistent intake of sweet liquid food had the properties of hyperphagia and 
4 — Acta Biologiae 
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was accompanied by a considerable increase of the animals' weight. The 
transition to the normal diet took place with the omission of the stage of 
the intake of sweet solid food. 

Fig. 1. Reconstruction of lesions of the 
lateral hypothalamus in rats which 
remained emotionally unchanged, sub-
group A. AHL, area hypoth. later; ARC, 
n. arcuatus; CI, capsula interna; F, fo r -
nix; FF, f imbria of fornix; LA, n. la-
teralis anterior; MD, n. medialis dorsa-
lis thalami; OT, optic tract; PC, pedun-
culi cerebri; R, n. reticularis; STH, n. 
subthalamicus; V, ventriculus; Zi, zona 

incerta 

Fig. 2. Reconstruction of lateral hypotha-
lamic lesions in rats which remained 
emotionally unchanged, subgroup B. 

Denotations as in Fig. 1 

The alimentary CR. Subgroup A. During the first few days the animals 
displayed a complete lack of interest in food in the experimental situation. 
During the entire experimental period, they crouched immobile and did 
not respond to any stimuli. This situation remained unchanged even when 
they starved. After a few days infrequent at tempts were observed of 
taking the food out of the bowl but it was only af ter 200 trials that the 
number of responses increased (Fig. 3). 

Subgroup B. During the entire experimental period, the rats did 
not show any interest in food. During 600 trials, they crouched immobile 
with their backs turned towards the food-tray. Starving caused the reco-
very of the preferential hyperphagia phase but it did not exert any 
influence on the course of experiments. Eventually, no alimentary CR 
was produced in the rats of this subgroup (Fig. 3). 

The defensive CR. Subgroup A. In the control group of rats, the escape 
response was evoked nearly immediately (after 2 trials), whereas in the 
lateral hypothalamic rats it was somewhat delayed. Likewise, the avoi-
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Fig. 3. Formation of the alimentary CR in rats with unchanged emotionality (average 
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Fig. 5. Formation of the avoidance CR in 
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values) 

dance CR was also established much later than in the control group and 
it reached a 100% performance only after about 90 trials (Fig. 4 and 5). 

Subgroup B. In the animals with additional lesions, located in the zona 
incerta, the defensive responses were much poorer. The escape response 
could not be elicited by a 30 V electrical shock and, to elicit it, the inten-
sity of the shock had to be increased to 100 V. Only then, after a few 
experimental days, the escape response occured in all trials (Fig. 4 and 5). 

The avoidance CR was established with even greater difficulty. After 
nine sessions, however, the animals started to perform it in 100% of trials. 
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A n i m a l s w i t h i n c r e a s e d d e f e n s i v e r e a c t i o n s 

The histological investigations of the brains have shown that lesions 
were asymmetrical and, apart of lateral hypothalamus, they included 
other structures of the hypothalamus, as well as its vicinities. All lesions 
were located in the posterior part of the hypothalamus and included the 
lateral mammillary nucleus (P + 2.5, L 2, V 8.5). In 9 aut of 22 rats the 
posterior part of the hypothalamus and lateral mammillary nucleus were 
only unilaterally damaged (Fig. 6). Bilateral lesions caused a longer lasting 
aphagia (6.0 + 1.3 days) and food preference (18.0 + 2.4 days) than those 
evoked by unilateral lesions (3.1 + 1.0 and 11.5 + 2.1 days resp.). The 
intake of the sweet liquid food occured during a few hours only. 

Fig. 6. Reconstrution of the lateral Fig. 7. Formation of the alimentary 
hypothalamic lesions in ra ts with in- CR in rats with intensified emotio-
tensified emotional reactions. Top, nal responses (average values) 
symmetric bilateral lesions of area 
hypoth. later., and n. mammillaris 
lateralis. Bottom, unilateral lesions 
of area hypoth. later, and n. mammi-
llaris lateralis. Denotations as in 

Fig. 1 

The alimentary CR. A very strong aggression, occuring in the rats, 
hindered the establishment of the alimentary CR. The lack of correct res-
ponses, observed in the first day of experiments, as well as a great number 
of incorrect responses that occured on subsequent days, were caused not 
so much by the lack of interest in food as by the intensification of emotio-
nal reactions (Fig. 7). 
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The defensive CR. The excessive sensitivity to the electrical shock, 
displayed by rats with increased defensive reactions, compelled us to 
lower the voltage of the shock f rom 30 to 8 V. Both the bi- and unilateral 
lesion of the ventral portion of the posterolateral hypothalamus evoked 
strong symptoms of fear, combined with aggression, which made it diffi-
cult to reach the criterion in the avoidance CR and impaired the escape 
reaction (Fig. 8 and 9). The experimental situation alone evoked a strong 
fear reaction throughout the experimental period. 
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DISCUSSION 

Our results show that lesions placed laterally to the fornix greatly 
impaired the formation of instrumental CRs, both alimentary and defen-
sive. Small lesions, including the cellular parts of the lateral hypothala-
mus, produced only temporary inability to establish the alimentary and 
defensive CRs. More extensive lesions which also included the ventral part 
of the zona incerta produced a more severe effect: the alimentary CRs 
could not be established at all, whereas the defensive CRs were establi-
shed only when the intensity of the shock was considerably increased. 
On the other hand, lesions placed in the posterior part of the lateral 
hypothalamus, including the lateral mammillary nucleus, produced 
a great increase of the defensive behavior of the fear-aggression character. 
In these animals it was possible to elaborate both the alimentary and 
avoidance CRs. 
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The morphological analysis of lesions was hindered to a considerable 
extent by an unusually complex structure of what is called an alimentary 
center. Slightly myelinated and unmyelinated fibers of the fasciculus 
medialis telencephali pass between the group of cells, termed as the bed 
nuclei of the diencephalic periventricular system. The branchings of this 
system form connections between structures defined as the vegetative 
centers of the brain (Crosby et al. 1962). Physiological studies have sho-
wed motivational and vegetative significance of this system of fibers 
(Olds and Hogberg 1964, Coons et al. 1965, Harvey and Lints 1965, 
Mendelson and Chorover 1965, Rich et al. 1965, Rodgers et al. 1965, 
Valenstein and Campbell 1966). Another system consists of myelinated 
fibers, which pass through the hypothalamus and run to the globus pal-
lidus (Crosby et al. 1962) and are of a motor character. Consequently, the 
lesion of the lateral hypothalamus produces a complex aseemblage of 
alimentary, emotional and motor symptoms. 

Our experiments show that lesions in the ventral part of the posterola-
teral hypothalamus, including n. mammillaris lateralis cause a prolonga-
tion of aphagia and preference for a palatable liquid diet. However, no 
decrease in alimentary motivation was produced in these animals after 
the period of aphagia had passed off. Initial difficulties in establishing 
the alimentary CR were caused by the intensification of emotional reac-
tions which resulted f rom defensive experiments carried out simulta-
neously. As shown by Graff 's and Stellar's (1962) investigations, the 
posterolateral hypothalamus, area premammillaria and mammillary 
complex are of a decisive importance to the food preference and 
finickiness. 

Lesions placed in the dorsal part of the lateral hypothalamus including 
part of the zona incerta, caused a temporary or total impairment of ali-
mentary motivation in the experimental situation. Likewise in the defen-
sive situation, these animals displayed a decreased sensitivity to the 
electric shock, and decrease in fear. Regardless of whether these changes 
were caused by the lesion of cells or fibre bundles, we may assume that 
in the lateral hypothalamus there are centers for both alimentary and 
defensive motivation, situated near each other and at probably part ly 
overlapping. 

SUMMARY 

Disorders in motivation and in formation of the alimentary and defen-
sive CRs are observed af ter lesions in the lateral hypothalamus in rats. 
Lesions affecting predominantly the fibres cause strong and long-lasting 
disorders in the alimentary and defensive motivation. Lesions affecting 
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predominantly cells produce such effect only temporarily. Lesions in-
cluding the posterior part of the hypothalamus and part of the mammil-
lary complex cause very strong aggression which sometimes prevent the 
rats f rom performing their tasks. 

REFERENCES 

BALIŃSKA, H. 1963. Food intake and type II conditioning in lateral hypothalamic 
rabbits survived under forced hydration. Acta Biol. Exp. (Warsaw) 23: 
115'—124. 

BALIŃSKA, H. 1965. The effect of intravenous injection of glucose on food intake 
and conditioned ref lex activity in rabbits with lesions of the hypothalamic 
feeding centers. Acta Biol. Exp. (Warsaw) 25: 121—131. 

BALIŃSKA, H. 1966. Differentiation learning in rabbits with lesions of the f ronta l 
cortex or the hypothalamus. Acta Biol. Exp. (Warsaw) 26: 259—266. 

BALIŃSKA, H. and WYRWICKA, W. 1961. Effect of lesions in the lateral hypotha-
lamus on the defensive conditioned reflexes type II (avoidance) in rabbits. 
Bu1!. Acad. Pol. Sci., Ser. Sci. Biol. 9: 223—226. 

BALIŃSKA, H„ BRUTKOWSKI, S. and STEFANICKA, J . 1966. Fronto-hypothalamic 
control over food-reinforced conditioned ref lex performance and differential 
inhibition in rabbits. Acta Biol. Exp. (Warsaw) 26: 3—23. 

BALIŃSKA, H„ ROMANIUK, A. and WYRWICKA, W. 1964. Impairment of condi-
tioned defensive reactions following lesions of the lateral hypothalamus 
in rabbits. Acta Biol. Exp. (Warsaw) 24: 89—97. 

COONS, E. E., LEVAK, M. and MILLER, N. E. 1965. Lateral hypothalamus: learning 
of food-seeking response motivated by electrical stimulation. Science 150: 
1320—1321. 

CHERESHNIEV, I. A. 1960. The effects of hypothalamic stimulation and lesions on 
conditioned reflex activity in dogs (in Russian). Zh. Vyssh. Nerv. Deyat. 10: 
896—902. 

CROSBY, E. C., HUMPHREY, T. and LAUER, E. W. 1962. Correlative anatomy of 
the nervous system. The Macmillan C., New York. 

FIFKOVA, E. and MARSALA, J. 1960. Stereotaxic atlas for the cat, rabbi t and rat. 
Publishing House Cech. Acad. Sci., Prague. 

GRAFF, H. and STELLAR, E. 1962. Hyperphagia, obesity and finickiness. J. Comp. 
Physiol. Psychol. 55: 418—424. 

HARVEY, J. A. and LINTS, C. E. 1965. Lesions in the medial forebrain bundle de-
layed effects on sensitivity to electric shock. Science 148: 250—252. 

MENDELSON, J. and CHOROVER, S. C. 1965. Lateral hypothalamic stimulation in 
satiated rats: T maze learning for food. Science 149: 559—561. 

MORRISON, S. D. and MAYER, R. J. 1957. Adipsia and aphagia in rats af ter 
subthalamic lesions. Amer. J. Physiol. 191: 248—254. 

OLDS, J. 1958. Satiation effects in self-stimulation of the brain. J. Comp. Physiol. 
Psychol. 51: 675—678. 

OLDS, J. and HOGBERG, D. 1964. Subcortical lesions and maze retention in the rat. 
Exp. Neurol. 10: 296—304. 

RICH, I. and THOMPSON, R. 1965. Role of the hippocampo-septal system, thalamus 
and hypothalamus in avoidance conditioning. J. Comp. Physiol. Psychol. 59: 
66—72. 

http://rcin.org.pl



56 H. Balińska 

RODGERS, W. L., EPSTEIN, A. N. and TEITELBAUM, P. 1965. Lateral hypothala-
mic aphagia: fai lure or motivational deficit. Amer. J. Physiol. 208: 334—342. 

TEITELBAUM, P. 1964. Appetite. Proc. Amer. Philosoph. Soc. 108: 464—472. 
TEITELBAUM, P. and EPSTEIN, A. N. 1962. The lateral hypothalamic syndrome: 

recovery of feeding and drinking af ter hypothalamic lesions. Psychol. Rev. 
69: 74—90. 

TEITELBAUM, P. and EPSTEIN, A. N. 1963. The role of taste and smell in the 
regulation of food and water intake. In: Zotterman, Y. (ed.), Olfaction and 
taste. Pergamon Press, Oxford, p. 347—366. 

VALENSTEIN, E. S. and CAMPBELL, J. E. 1966. Medial forebrain bundle-lateral 
hypothalamic area and reinforcing brain stimulation. Amer. J. Physiol. 210: 
270—274. 

http://rcin.org.pl



Acta Biol. Exp. (Warsaw), vol. 28, no. 1, p. 57—58, 1968 

Book reviews 

An introduction to the behaviour of ants by J. H. SUDD. Edward Arnold (Publi-
shers) Ltd., London, 1967, VIII + 200 p., illust. 

In the recent years, the myrmecological l i terature in English language lacked 
a comprehensive treatise embracing the broad scope of the ant behavior. This gap 
has neither been entirely filled up by the American edition of the well-known book 
of W. Goetsch nor — even less so — by a mere reprint of the classical work of 
W. M. Wheeler. Thus the new and modern book written by an English myrmecolo-
gisl-ethologist, Dr. John H. Sudd deserves a ful l appreciation. 

The avowed aim of the book which is the result of the author 's search among 
some of the many publications (recently estimated at about 35.000 items) has been 
to facilitate the search for other authors. No doubt tha t this aim has been success-
ful ly achieved. 

The book constitutes a detailed introduction to the ant ethology and, as such, 
it may be compared to similar comprehensive works on behavior of selected groups 
of animals as, for instance, the „Behaviour and social life of honey bees" by Colin 
G. Ribbands. It is extensively based on some 470 bibliographic items embracing the 
main classical works f rom the beginning of the past century, and especially the 
recent papers published since 1925. (It is obvious that the references may serve only 
as an introduction to the whole score of them). In blending his own experience with 
the collected information f rom those sources, the author has wri t ten an extensive 
and sufficiently documented survey. 

The book has nine sections, the f irst of which, the introduction, presents a brief 
general account of classification of ants and of their societies. It is followed by 
another section on the roots of behavior. This gives some idea of anatomy of the 
central nervous system of the ant although the author has resigned to explain its 
role in producing the ant's behavior; much more attention is paid to effectors and 
sense organs; finally, one finds chapters on the rhythm of activity and on the 
communication between ants. 

The series of special sections on the behavior of ants begins with that devoted 
to the problem of navigation including the orientation by scent trails. The four th 
section concerns the nests of ants — their types, nest-site selection, and ways of 
building them. The following two sections concern the problem of food. The answer 
to the question „How ants get their food" is a subject matter of the f i f th section, 
and this part also makes up a reference to the problems discussed before, viz. 
navigation by scent trails and the so-called language. The subsequent section deals 
with the food-traff ic among the nest mates. One also finds here the information 
about ants' guests, parasitic ants — as abcut slave raids, ants' cattle and food stores 
in the former section. 
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A problem of care of the offspring, discussed in the sixth section, leads us to 
the next one devoted to colony reproduction. A chapter about the temporary social 
parasitism supplements the information on the interspecific relationships contained 
in the previous two sections. The last of these special sections, the eighth one, 
concerns the organization of ant colony, i. e., such problems like polyethism, specia-
lization, and co-operation in the group work. There is also a chapter devoted to the 
learning abilities of ants. 

The book ends with a short section where the author gives theoretical conside-
rations about the evolution of social behavior in ants, as well as accounts of syste-
matics and geography of ant behavior, and of the social history of ants. The last 
chapter contains the discussion of the view that an ant colony constitutes a „super-
organism". 

The work is writ ten in an almost telegraphic style and, therefore, cannot be 
recommended to the general reader. It presents, however, a valuable guide to prob-
lems and l i terature for the post-graduates who intend to specialize in ant ethology. 
It will also be appreciated by many young ethologists, non-myrmecologists interested 
in certain wider aspects of behavior, as animal navigation or communication. Con-
sidering such a circle of readers, it seems to be inadequate to use the shorthand 
term „language". It is to be complained that the word „communication" has not 
been exclusively used by the author instead. 

Dr. John H. Sudd decorated his book with two plates consisting of four black-
-ana-whi te photographs. The 49 line drawings and diagrams complete the work. 
There is a subject and species index which will be helpful to the reader who wants 
to use the publication as a reference-book. 

Jerzy A. Chmurzyński, Warsaw, Poland 
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