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The purpose was to study the role of various nuclei of the amygdala in the
implementation of the acquired drinking behavior, chemical stimulation
(carbocholine, serotonin, noradrenaline), and temporary shutdown of its
basolateral and central nuclei. The results of the studies testify to the modulating
role of the basolateral and central nuclei of the amygdala in the formation of
complex forms of behavior. The results obtained using the methods of chemical
stimulation and a temporary shutdown of the AB and AC nuclei of the amygdala
indicated their modulating role in the formation of complex forms of behavior.
Since memory and learning are realized through the emotional status with the
involvement of serotonergic and noradrenergic fibers, in these cases, the
involvement of the amygdala in these nervous processes will be determined by the
formation of emotionally positive behavior by the serotonergic system and
emotionally negative behavior by the noradrenergic one.
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INTRODUCTION

The amygdala complex is one of the
components of the limbic system and has a
modulating effect on the activity of the main
brain stem formations, through which the
formation of emotional and motivational states
is carried out. The amygdala has numerous
connections with various brain structures. So, it
receives information from all senses. This is
possible due to its connections with the
thalamus [15]. A direct connection with the
amygdala is necessary for a quick response to
external stimuli [11, 12]. The amygdala
complex has connections with associative zones
— areas of the cortex and the hippocampus. In
addition, the amygdala has numerous bilateral
connections to subcortical structures such as the
basal ganglia and accessory nuclei, as well as to
the prefrontal cortex. The amygdala has an
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effect on the prefrontal cortex in risk/reward
assessment in animals [9], and stimulation of
projection pathways from certain areas of the
prefrontal cortex into the amygdala can enhance
or decrease prosocial behavior [3]. Damage to
the connections between the amygdala and the
prefrontal cortex can lead to post-traumatic
stress disorders, depression, etc. [13]. Of
particular importance are the connections of the
amygdala with the hypothalamus, which play an
important role in the regulation of stress
responses, sexual behavior, and aggression [5].

Different nuclei of the amygdala complex
are involved in a variety of behavioral
responses. Thus, the lateral nucleus plays a role
in reactions associated with fear [4]; the
basolateral nucleus responds to both negative
stimuli (fear, anxiety) and positive ones
(reward) [10]; the central nucleus of the
amygdala is responsible for reactions to
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emotional stimuli, the medial nucleus in animals
is especially important in sexual behavior. In
humans, MeA mainly reacts to pungent odors
[1] and takes part in their memorization [2].
Based on the foregoing data, the main goal
of this study was to study the effect of
chemostimulation (carbocholine, serotonin,
noradrenaline) and temporary shutdown
(novocaine) of the basolateral and central nuclei
of the amygdala on the realization of the
developed drinking conditioned skill.

METHODS

The studies were carried out on 25
Chinchilla rabbits weighing 2-3 kg, trained in
the drinking conditioned reflex. Animals were
subjected to water deprivation for 24 and 48 h,
after which they were taught instrumental
drinking habits. In response to a sound signal,
the rabbit pressed the pedal, which opened the
door, jumped over the barrier from the starting
compartment of the box to its target
compartment to receive water in a strictly
defined dose (5-10 mL), and then returned to the
starting point of the box. The conditioned
stimulus was applied at regular intervals (every
45 sec) 10 to 15 times during the experiment.
During the experimental day, the animals
received an average of 100-120 mL of water.
The experiments were carried out till reaching
the 100% training criterion. In the study of
behavioral reactions, the time from the moment
the signal was given to the beginning of the
jump (latent period), the time of the jump and
run, as well as the time spent on returning to the
starting point of the box, were recorded.

Micro-application  of  neurochemical
preparations was carried out in a volume of 5 pLL
of saline using a special device consisting of a
micromanipulator and a syringe connected to an
injection needle with a polyethylene tube, which
makes it possible to inject chemical solutions
into various brain structures under conditions of
free behavior of the animal. The micro-
application was made in doses: carbocholine
(CH) from 0.5 to 3 ng; serotonin (5-OT) from
10 to 100 pg, noradrenaline (NA) from 10 to 50
ug. Temporary shutdown of the studied areas of
the CNS was carried out with the application of
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a 10% novocaine solution. In controls, saline
was injected into the studied area in a volume
equal to the injected solutions.

RESULTS AND DISCUSSION

The results of the conducted studies
showed that the administration of carbocholine
into the basolateral nucleus of the amygdala at a
dose of 0.5 pug did not lead to impairment of the
skill. The animals responded in a timely manner
to the sanctioned signal. Time spent running,
licking, and coming back remained at baseline
levels. An increase of the dose of the
administered drug to 23 pg led to an aggressive
reaction: the animal became shy, shuddered at
the sound signal, and could hardly be picked up.
At the same time, the realization of the skill was
not violated. An intense emotional reaction
developed constant hissing, grumbling,
continuous walking around the room, moving
away from the experimenter, and piloerection.
There was an increase in the latent period of the
reaction to the conditioned stimulus (from
1.2340.07 to 3.57+0.08 sec) and returning (from
4.240.07 to 8.5+0.07 sec). The remaining
components remained at the level of background
indicators. Registration of the amount of water
consumed showed that it did not differ from the
intact animals (Fig.1 - 4). Similar changes in the
behavior of animals were also noted after
introducing the indicated doses of CH into the
AC nucleus of the amygdala (Fig.2 - 4).

The micro-application of 5-OT to the
amygdala core AB in doses of 10-20 pg did not
lead to a violation of the conditioned drinking
task. The rabbits placed in the starting point of
the experimental box showed signs of emotional
disturbance in anticipation of a sanctioned
stimulus.

When a conditioned stimulus was
presented, the rabbit reacted to it in a timely
manner. The time spent on the jump-run, and
lapping led to the formation of an alert reaction,
pronounced salivation, and return did not
change either. Under increased dose to 30-40 ug
the animals did not show signs of emotional
anxiety, which was reflected in an increase in
the time of the latent period of reaction to the
conditioned stimulus (from 1.27+£0.07 to
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3.37+0.09 sec). The administration of serotonin
did not affect the overall motor activity. The
animal made a run-jump, lapping and returning.
The time indices of these components of the
conditioned task remained at the level of the
background indicators and were respectively:
3.37+0.1 sec; 20.23+0.15 sec and 4.23+0.07 sec.
Increasing the dose to 50-100 pg led to complete
inhibition of the conditioned task (Fig.1 - 5).
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Figure 1. Influence of electrical and chemical
stimulation of the AB of the amygdala nucleus
on the time indices of the execution of the
conditioned drinking task.

Note: 1 — background; 2, 3 — low- and high-
frequency stimulation; 4 — CH micro-
application; 5 — micro-application of 5-OT;

6 — HA micro-application; 7 — the application of
novocaine.

The amount of water consumed did not
change either. Similar changes in the behavior
of animals were noted after the administration of
5-OT into AC (Fig.2 - 5).

The micro-application of NA (20 pg) into
the amygdala nucleus AB led to the formation
of a state of lethargy, and stupor in animals,
which resulted in an increase in the time of the
latent conclusions period of the reaction to the
conditioned stimulus (from 1.23+0.07 to
3.57+0.08 sec). There was also an increase in
the time spent on a jogging jump (from
3.27+0.07 to 6.2 + 0.07 sec), lapping (from
20.27+0.12 to 34.93+0.15 sec), and vice versa.
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return (from 4.17+0.09 to 7.6+0.09 sec) (Fig.1 -
6). The micro-application of NA did not affect
the amount of water consumed, which remained
at the level of background indices. Similar
changes in the behavior of animals were also
noted after the micro-application of NA (20 pg)
into the AC nucleus of the amygdala. There was
an increase in the time of the latent period of the
reaction - from 1.2+0.07 to 3.6+0.08 sec;
jogging jump - from 3.3+0.07 sec to 6.2+0.07
sec; lapping - from 20.3+0.12 sec to 34.93+0.15
sec and return — from 4.2+0.09 sec to 7.6+0.09
sec (Fig.2 - 6).
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Figure 2. Influence of electrical and chemical
stimulation of the AC nucleus of the amygdala
on the time indices of the execution of the
conditioned drinking task.

Note: All abbreviations as in Fig.1.

The introduction of a 10% solution of
novocaine in AB led to some changes in the
behavior of the animals. Animals placed in the
experimental chamber did not show, as usual,
signs of emotional arousal. The animal did not
show any aggressive or defensive reactions and
became tame. On the whole, such an inhibited
state did not disturb the performance of the
developed drinking habit. The animal reacted to
the applied sound signal with a long latent
period of 3.7+0.07 sec instead of 1.27+0.07 sec.
The time spent on a jogging jump also increased
- from 3.23+0.07 sec to 6.5+0.11 sec, lapping -
from 20.07+0.1 sec to 39.07+0.21 sec, reverse
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return — from 4.27+0.07 sec to 8.8+0.13 sec.
Registration of the amount of water consumed
under conditions of novocaine blockade of AB
in the amygdala nucleus did not reveal its
change compared to the background index
(Fig.1 - 7). Similar changes in the behavior of
animals were also noted after the administration
of novocaine into the central nucleus of the
amygdala (Fig.2 - 7).

Our studies have shown that the micro-
application of 2 pug of CH in both AB and AC
amygdala nuclei of animals induced aggressive
reactions: the animal became shy and shuddered
at the sound signal, and it was difficult to pick it
up. At the same time, the performance of the
skill as a whole did not change. there was an
increase in the time of the latent period of the
reaction to the conditioned stimulus and the
reverse return (2 times). The advent of searching
motor reaction, a response of alertness,
pronounced salivation, accompanied by an
increase of the time of the latent period of the
response to the conditioned stimulus, was also
noted when 30 pg of serotonin was applied to
the AB and AC of the amygdala nucleus. A
similar behavioral response was observed by
some scientists when 5-OT was administered to
the AB nucleus of the amygdala complex in cats.
An increase in the time of the latent period of
the alimentary conditioned reflex was also noted
in experiments on rabbits when the precursor of
serotonin, 5-hydroxytryptophan, was
administered intravenously [14]. At the same
time, other scientists noted that, when serotonin
was administered, in animals a violation of the
coordination of movements, the development of
a stupor state, and the phenomena of catalepsy
were observed [8]. The degree of inhibition and
the duration of the effect depended on the dose
of the substance. Increasing the dose to 50-100
pg in our studies led to complete inhibition of
the conditioned behavior. The emergence of a
state of inhibition was noted by us through the
micro-application of NA (20 ug), which was
accompanied by an increase in all temporal
parameters of the conditioned task. A similar
behavioral response was obtained by some
scientists when NA was micro-applied into the
amygdala [6] - in rabbits, inhibition of food-
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conditioned behavior is observed, in dogs it
partially inhibits motor food behavior.

We noted a more pronounced inhibition of
the conditioned drinking task during novocaine
blockade of the studied nuclei of the amygdala,
while the animals became tame. In this case,
there was an increase in all-time indices of the
execution of the conditioned drinking reaction,
but more pronounced than with the application
of NA. The disappearance of the fear reaction
without any special disturbances and motor
reactions was obtained after the damage of the
amygdala. The disappearance of aggressive
reactions after the destruction of the amygdala
and the fact that the animal becomes tame after
such an operation suggests that the amygdala
has a facilitated effect on the mechanisms of
aggressive behavior. The most pronounced
aggressive reaction was observed when the
tonsils were irritated. Moreover, the lowest
threshold for the alertness reaction and the
orienting-exploratory reaction was evoked in
our studies with nucleus AB, while the
aggressive-defensive response was observed
only with AC stimulation [7]. Thus, our data on
the participation of the amygdala in conditioned
reflex drinking behavior, obtained by the
methods of electrical, chemical stimulation, and
temporary switching off of the AB and AC of its
nuclei, indicate its modulating role in the
formation of complex forms of behavior. Since
memory and learning are realized through the
engagement of the emotional sphere including
serotonergic and noradrenergic fibers [14], in
these cases, the involvement of the amygdala in
these nervous processes will be determined
during the formation of emotionally positive
behavior by the serotonergic system, and
emotionally negative — by the noradrenergic
system.

CONCLUSIONS

The effects of chemostimulation of the
AB and AC nuclei of the amygdala showed that
its different nuclei are associated with
manifestations of opposite emotional states,
which can be divided into three groups: search
behavior of an emotionally positive type
(licking, sniffing, salivation), the reaction of
alertness and aggression. The data obtained
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indicate the modulating role of the amygdala in
the formation of complex forms of behavior
[14]. Since memory and learning processes are
realized through the emotional status with the
involvement of serotonergic and noradrenergic
fibers, in these cases the involvement of the
amygdala in these nervous processes is
determined by the formation of emotionally
positive behavior by serotonergic systems, and
emotionally negative behavior by the
noradrenergic system.
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W3MEHEHME IIUTEBOI'O HABBIKA ITO/I BAUSHUEM XUMHWYECKOM
CTUMVYJISAIUUA PA3JIMYHBIX AJEP AMUI JTAJIBI

Pajdura Mazaxup kbi3bl baruposa

Aszepbatioscanckas I'ocyoapcmeennas Axademus Quzuueckoii Kynomypot u Cnopma, baky,
Asepbatiodcan

Llenbto uccnenoBaHuss ObUIO M3YyUEHHE POJM PA3IMUHBIX SIEp AMUIZANbI B peanu3aluu
YCIOBHOTO MHUTBHEBOTO pediiekca, XUMUYECKOH CTHUMYIAIUU (KapOOXOJIMHOM, CEpOTOHHHOM,
HOpAJIPECHAJTMHOM) M BpPEMEHHOM OTKIIIOUCHHHM €€ 0a30JaTepalibHOrO0 M IEHTPAIBHOTO sIIep.
PesynbraThl MccleOBaHUN CBHUIECTEIbCTBYIOT O MOAYJHpPYIOLIEH posin 0a3zonarepanibHOro U
LEHTPAJILHOIO sifep aMurjgansl B (OPMUPOBAHMM CIIOKHBIX (opM mnoBeneHus. PesynbTatsl,
IIOJIyYE€HHbIE METOJAMHU XMMHUYECKOW CTUMYJILIMM U BpEeMEHHOro BhIkitoueHus saep AB u AC
aMHT/IaJIbl, CBUJCTEIBCTBYIOT O €€ MOAYJIHMPYIOUIeH ponu B (OPMHPOBAHUHM CIOXKHBIX (HOpPM
noBeaeHus. [lockonbKy mamsaTh M OOydeHHE pealu3ylTCsl uyepe3 SMOLMOHAJIBbHBIN CTaTyc ¢
BOBJICUCHUEM CEPOTOHMHEPIUYECKUX M HOPAJPEHEPIHYECKUX BOJOKOH, TO B ITHX CiIydasXx
BOBJIEUEHUE MUHJJAJIEBUTHOTO TEJIa B 3TU HEPBHBIE MPOIIECCHI OYIET ONPEeIThCcs GOPMUPOBAHUEM
SMOLIMOHAJIBHO MOJIOKUTEIBHOTO MOBEJEHUSI CEPOTOHMHEPTrUYECKONW CUCTEMOM, a AMOLIMOHAIBHO
OTPHULATEIBHOTO - HOPAAPEHEPTUYECKOM.

KiroueBbie c10Ba: kapOOXO0JIMH, CEpOTOHHMH, HOPAAPEHATNH, HOBOKAaWH, YCIOBHBINA ITUTHEBOM
pedekc.

AMIQDALANIN MUXTOLIF NUVOLORININ KiIMYOVi STIMULYASIYASI
TOSIRINDON SONRA iCMO BACARIGININ DOYiSiLMOSi

Rafiqa Mazahir qiz1 Bagirova
Azarbaycan Déviat Badan Tarbiyasi va Idman Akademiyasi, Baki, Azarbaycan

Todqigatin mogsadi amiqdalanin miixtolif niivolorinin gorti icmo refleksinin  hoyata
kegirilmasinds, kimyovi stimulyasiyasinda (karbokolin, serotonin, norepinefrin ilo) vo onun
bazolateral vo morkozi niivelorinin miivoqqati sondiiriilmasinds rolunun dyronilmasindon ibarat idi.
Todqgiqatin noticolori amiqdalanin bazolateral vo morkozi niivolorinin  miirokkob davranig
formalarinin formalagsmasinda modullasdirici rolunu gostorir. Onun miirokkob davranis formalarinin
formalagsmasinda amigdalanin AB vo AC niivalorinin kimyovi stimulyasiya veo miivoqqati
sondiiriilmasi tisullar ilo olds edilon naticalor modulyasiyaedici rolunu dolalst edir. Yaddas vo tolim
serotoninergik vo noradrenergik liflori ohato edon emosional status vasitosilo hoyata kegirildiyindon,
bu hallarda amiqdalanin bu sinir proseslorinds istiraki serotoninergik sistemin emosional miisbat
davraniginin, noradrenergik sistemin emosional monfi davraniginin formalagmasi ilo miioyyan edilir.

Acar sozlar: karboxolin, serotonin, norepinefrin, novokain, sorti igmo refleksi
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