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Abstract. This paper presents a literature review and the author’s own investi-
gations devoted to identifying the morphological organization of different subcor-
tical structures and neurochemical processes involved in the regulation of defen-
sive behavior., The effects of intrahypothalamic injections of two cholinomimetic
substances, carbachol and d-tubocurarine, on rage and fear reactions were explo-
red. Also the investigations were carried out with intrahypothalamic injections of
anticholinergic substances, atropine and betamon or hexamethonium, which block
selectively muscarinic and micotinic receptors. The results indicate that carbachol
injected into the hypothalamus after blocking the muscarinic receptors with atro-
pine fails to elicit any defensive response; whereas carbachol injection administra-
ted after nicotinic receptors had been blocked by betamon or hexamethonium in-
duces full aggressive behavior. This indicated that carbachol acts, on the hypo-
thalamic level, through the muscarinic receptors. The mechanism of d-tubocurarine
action seems to be more complex because this compound induces fear response
after either the muscarinic or the nicotinic receptors have been blocked. A possible
mechanism based on chemically differentiated neuronal circuits at the hypothala-
mic level for two different defensive drives, fear and rage, is presented.

For many years much work has been devoted to identifying the
morphologico-functional organization of sites in the central nervous sy-
stem that regulate defensive behavior (5, 8, 10, 13, 15, 18, 19-21, 23, 26,
28, 29, 34, 35, 38, 39 and others). These investigations involved electro-
physiological and neuroanatomical methods, and localized particular sites
relevant for defensive behavior in animals. It has been shown that these
sites occupy various levels of the central mervous system, and are, in
principle, compatible with the structures which Papez (27) considered
to be the total functional system regulating all the emotional responses,
known in the literature as the “Papez circuit”.
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The investigations carried out hitherto by electrophysiological me-
thods and, first of all, by electrical stimulation determined the localiza-
tion of the sites taking part in the defensive behavior, but failed to ex-
plain in what way they participate in these processes. The possibilities
of electrostimulation are limited because of nonspecific effects since
various neuronal circuits lie within the stimulated region. It is known
from numerous reports that the central nervous system does not con-
tain a simple neuronal system representing only a single specific func-
tion, but, on the contrary, agglomerations of neurons involved in the
regulation of various functions of the organism are found in the same
location. A typical example of such a morphologico-functional mosaic is
the hypothalamus in which neurons participate in the regulation of dif-
ferent functions such as: food and water intake, wakefulness and sleep,
thermoregulation, and sexual as well as defensive behavior. Neuronal
systems, interrelated and linked together as regards anatomy, are likely
to possess their own specific chemical sensitivity underlying particular
physiological mechanisms. It is possible that particular activities are
started through the intermediary of various neurotransmitters. The above
facts and observations prompted meurophysiologists to endeavor to find
a more precise method which would allow use of stimuli more apt to
exercise a specific influence, and to stimulate, or inhibit, selectively
a particular type of meuron involved in the regulation of a definite
function.

The development of biochemistry, and its ever increasing role in
the investigations of the chemical processes in the brain, gave birth to
speculations that some well defined chemical substances introduced into
the central nervous system might, perhaps, stimulate selectively some
definite neuronal systems. Thus, a very promising method of stimulating
the brain of unanesthetized animals has been recently put to use. The
method consists in injecting directly, into stricty defined loci, some
pharmacological substances eliciting selective, well defined functional
effects. By acting on chemically specialized central synapses chemical
stimulation allows the selective activation of some functionally homo-
geneous neuronal systems, which respond specifically to a particular
chemical compound. It is likely that there are receptive loci in neuronal
systems for some group of chemical compound eliciting definite physio-
logical effects. In order to understand better the physiological mecha-
nisms these sites must be localized and their structure and chemical pro-
perties must be determined. The fact that various biogenic amines are
differently disposed in particular brain regions (2, 7, 37) may be con-
sidered as a case for the conception of neurochemical specificity of parti-
cular functions. Although the importance of these amines has not been
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precisely stated yet, many authors believe that they serve as modula-
tors, or neurotransmitters in regulating various physiological processes
(12, 14, 16, 17, 24, 25, 32).

In the literature there is relatively little information concerning de-
fensive responses elicited by chemical stimulation of different brain
structures (3, 4, 6, 9, 11, 25, 33, 36). However, it has been stated beyond
any doubt that cholinomimetic substances introduced intracerebrally
elicit defensive responses, and it is worth mentioning that different che-
mical compounds injected at the same loci, and acting selectively, evoke
different defensive responses. Carbachol has been found to be the most
effective and specific pharmacological compound to facilitate the natural
killing response (3, 4) and to induce predatory aggression (6, 11, 25, 36).
Another kind of defensive reaction, the escape response, is induced by
injections of tubocurarine (9, 36).

Our investigations (30, 31) of the functional organization of the sy-
stems regulating defensive behavior at the hypothalamic level have prov-
ed that a direct tubocurarine injection into the hypothalamus of cats
elicits specific changes in the defensive response with very distinct ve-
getative, somatic and behavioral symptoms, typical of increased anxiety
(terrific mewing, urination, defecation, pupillary dilatation, increased
respiratory rate, and attempts to escape from the chamber) (Table I).
Carbachol injected into the same hypothalamic sites produced a strong

TABLE I

Characteristic symptoms elicited by intrahypothalamic injection of d-tubocurarine

| Doses of | Control injections
Region of d-tubocu-
H.O0
Cat injections rarine Symptoms p: o NaCl
i : 0.9%
| (in ug) injectione °
R26 Hypothala- 30 v,u,mlr, e - -
mus anterior
R27 10 v, u,md, r - -
R28 10 v,d, I, m, e — —
R54 Medial part 20 v,u d, I, m, r — —
R55 of hypotha- 20 v,u, d, I, m, r — —
R56 lamus 20 v,u I, mr - —
R34 Hypothala- 20 v,u d, I, m, r - -
R35 mus poste- 20 v,u d, I, mr,e — —
R45 rior 20 v, u, 1, m e — -

Abbreviations: v, vocalization (mewing); u, urination; m, mydriasis; 1, locomotor reaction;
r, increase in respiratory rate; d, defecation; e, escape from the cage. —, no effect.
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aggressive reaction (vigorous growling, snorting, piloerection, pupillary
dilatation, salivation and savage attacks against any object introduced
into the chamber), and indicated that a rage drive had been induced
(Table II). The recorded changes in the cats’ emotional behavior after
carbachol and tubocurarine injections are specific, because control injec-

tions — 0.9%/p NaCl, H,O pro injectione, adrenaline, noradrenaline, re-
TABLE 11
Characteristic symptoms elicited by the intrahypothalamic injection of carbachol
Control injections
. Doses of
Region of
Cat . 'g . carbachol Symptoms H.O NaCl
injections 8
(in ug) pro 0.9%
injectione
R26 Hypothala- 8 g, h, p, m - -
R27 mus anterior 8 g, h,m,s, 1| - —
R28 8 g, h, p, m — —
R54 Medial part 8 g, h,p,m,s, a - -
RSS of hypotha- 8 g h, p, m - -
R56 lamus 8 g, m,s, I - —
R34 Hypothala- 8 g h,p, r — —
R35 mus poste- 8 g, h, p, m - -
R45 rior 10 g, h,pms,r — -
Abbreviations: g, growling; h, hissing; p, piloerection; m, mydriasis; s, salivation; 1, loco-
motor reaction; r, increase in respiratory rate; a, attack. —, no effect.
serpine, amphetamine, serotonin, strychnine — applied by ourselves as

well as others (3, 9, 36) failed to produce any changes in defensive
behavior. We have also stated that aggressive and flight responses are
triggered by injecting carbachol and tubocurarine into the dorsal or
ventral part of the anterior, medial, or posterior hypothalamus.

According to Hess’s hypothesis (18) accepted for a long time, and
based on findings obtained by electrical stimulation, the anterior and
posterior hypothalamus are different topographico-functional systems,
viz. the trophotropic, and the ergotropic system. However, we found (31)
that the aggressive response accompanied by marked sympathetic symp-
toms, giving evidence of stimulation predominantly of the ergotropic
system, is elicited by a carbachol injection, no matter whether this is
given into the anterior, medial, or posterior hypothalamus. These find-
ings, as well as others (1, 9, 11, 25, 36) are not compatible with the
generally accepted hypothesis of such topographical division of the hypo-
thalamus.



Fig. 1. Autoradiogram of representative field in the hypothalamus of the cat labell-

ed with 1C-d-tubocurarine (11.5 uCi). Exposure time 53 days. Magnification X 1400,

A, shows one type of hypothalamic cell labelled with 14C-d-tubocurarine, B, another
type of hypothalamic cell in which no radioactivity could be discovered.
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"In connection with the results obtained by chemical stimulation of
the brain the classical conception of hypothalamic “centers” controlling
defensive responses needs modifications. Our previous investigations in
which we applied electrical stimulation (28, 29), as well as the present
results obtained by chemical stimulation (30, 31) allow us to put forward
the following hypothesis, which attempts to elucidate the degree to which
the hypothalamus participates in the mechanisms regulating defensive
behavior: all hypothalamic regions are part of a functional “defensive
system” consisting of two neuronal systems, which may be interrelated,
but are probably differentiated in their chemical aspect in two functional
systems, “the fear circuit”, and “the rage circuit”. Under “biologically
indifferent” conditions these systems maintain some dynamic balance, but
if changes threatening to the organism occur either in the inner or in the
outer environment, the defensive system is aroused and the balance
upset. Probably some specific chemical agents are liberated and they
selectively activate either the “fear circuit”, eliciting flight, or the “rage
circuit”, triggering aggression. And so it may be assumed that each of
these systems has different and specific chemoreceptors, which are se-=
lectively sensitive to some neurohumoral substances, or other chemical
compounds.

Numerous anatomical and physiological data prove beyond doubt
that the “defensive system” is not confined to the hypothalamus but is
a very complicated system with many connections involving structures
on various levels of the central nervous system. According to Konorski
(22) the central defensive mechanisms are regulated on at least two
levels: the hypothalamic, which is functionally lower, and the limbic,
mostly the amygdala, which is a higher level of the defensive system.
Particular links of this system regulate only certain fragments of defen-
sive responses, whereas the full development of emotional behavior is
brought in by coordinated activity of the entire functional system. Inject-
ing into various brain structures specific chemical compounds which
elicit some definite types of defensive responses will certainly help to
localize with more precision, and to gain a better understanding of the
complete functional system which regulates defensive behavior. Various
combinations of chemicals, acting synergetically or antagonistically, and
administered in concurrent or competitive injections into particular links
of this system will probably allow one to establish the functional inter-
dependence between the levels of the whole defensive system, and reveal
the neurochemical basis of its activity. If the hypothesis of the chemical
differentiation of the hypothalamic defensive system is accepted, it may
be assumed that as carbachol and tubocurarine elicit two different res-
ponses from the same hypothalamic site, acting through different central

14 — Acta Neurobiologiae Experimentalis
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receptors. From previous reports (3, 9, 11, 36) it is only known that
tubocurarine and carbachol injections elicit defensive responses probably
due to the effects these compounds produce on the central receptors
belonging in general to the cholinergic system. Carbachol was believed
to produce stimulation comparable to acetylocholine, the natural mediator
of the cholinergic system, as well through the muscarinic receptors as
through the nicotinic ones. We have tried to clarify experimentally whe-
ther carbachol may really act through the intermediary of both of these
types of receptor of the cholinergic system. The investigations recently
carried out (unpublished) have proved that carbachol injected into the
hypothalamus, after previous application of atropine at the same site,
i.e. after blocking the muscarinic receptors, fails to elicit any defensive
response, whereas carbachol injection administered after the nicotinic
receptors had been blocked by betamon or hexamethonium, induces a full
aggressive response (Table III). Injection of chemicals, selectively stimu-

TABLE III

Effect of muscarinic and nicotinic receptor blocking agents on the rage reaction elicited by intra-
hypothalamic injection of carbachol. Abbreviations as in Table II.

Symptoms elicited by intrahypothalamic chemical stimulation
Cat i
8 ug carbachol 10 ug atropine 50 ug betamon
+-8 ug carbachol +8 ug carbachol

RS2 8, h, S, I, d, a - 8 h’ m, r
R53 g p,mr - g p,m
R54 g h pms,a - 8 h,p,ms,a
R55 g hy p, m - g, h) p’ m, s, a

lating the micotinic or muscarinic receptors, confirmed these findings.
Arecoline and carbachol injected simultaneously into the hypothalamus
intensified the somatic, vegetative and behavioral symptoms typical of
rage, whereas the effects following simultaneous injections of nicotinic
acid and carbachol did not differ from ‘those elicited by application only
of carbachol. The investigations carried out with the use of anticholi-
nergic substances blocking selectively muscarinic and nicotinic receptors,
as well as those performed with these receptors functional, prove that
in eliciting rage, carbacho]l acts through the muscarinic receptors. The
mechanism of tubocurarine action seems to be more complex, because
this compound induces a fear response after either the muscarinic, or
the nicotinic receptors have been blocked (Table IV). Tubocurarine is
likely to act through some receptors of the cholinergic system which
have not been identified as yet, or, perhaps, through receptors which
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TABLE 1V

Effect of muscarinic and nicotinic receptor blocking agents on the fear reaction elicited by intra-
hypothalamic injection of d-tubocurarine. Abbreviations as in Table I.

Symptoms elicited by intrahypothalamic chemical stimulation
Cat i
20 ug d-tubocurarine 10 ug atropine + 50 pg betamon +
20 ug d-tubocurarine 20 pg d-tubocurarine
R52 v,u mlr d v,u m L r u m, I, r
R53 v, u, m, | v,uumlr u m,l, d
R54 v,u m, I, d, r v,u m,l d v, u, m, 1
R55 lv,u, m,r v, u, m, r v,ur 1l d

do not belong to this system at all. We wish to emphasize that the data
presented in this paper are preliminary, as the problem of chemically
specific receptive sites is a separate, complex question necessitating fur-
ther, extensive research. We hope that use of autoradiography with injec-
tion of tubocurarine marked with isotopes, will allow us to identify the
specific sites where this agent acts in the brain. Electron microscopic
analysis may also help to reveal the specific receptive elements for this
compound. The combination of two techniques: chemical stimulation of
the brain with substances eliciting some determined physiological effect,
and autoradiography, ought to contribute to a determination of neuronal
functional circuits, and to provide some fundamental information con-
cerning neurochemical processes which induce particular central drives
(Fig. 1).

Although the technique of chemical stimulation of the brain contri-
buted a lot to broadening the knowledge of neurochemical mechanisms
regulating particular kinds of animal behavior, this method has many
shortcomings. The brain consists of complicated, interlaced entities, and
functional systems spread on different levels. This is why the behavioral
effects induced by injections of some chemical substance into a defined
site should not be viewed as evidence of a direct activity of the injected
compound at this locus. These effects may result from disturbance of
the balance between particular links of the same functional system, or
between different neuronal systems. The chemoinjection of the brain
may also induce some non-specific effects connected with changes of
pH, osmotic pressure, or with mechanical action on the central nervous
system. This is why experiments permitting the elimination with great
accuracy of all kinds of artefacts and non-specific symptoms are extreme-
ly important in neurochemical investigations. It must be born in mind
that all knowledge of the activity of particular neurotransmitters, neuro-
hormones, and other biologically active substances has been acquired
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mostly form investigating their influence on peripheral synapses. In this
connection there are many instances which raise doubts whether the
mechanism of action of some particular substance is comparable in the
central nervous system.

Synaptic transmission in the brain is performed within complicated
neuronal systems ‘through various neurotransmitters acetylocholine, ad-
renaline, noradrenaline, or serotonin. Chemical agents injected directly
into the central nervous system may bring on behavioral alterations via
complicated, indirect ways, for instance by synergistic stimulation or
antagonistic blockade of synaptic, chemosensitive structures, activated
by some definite neurotransmitter. It is also likely that a biologically
active substance injected into brain takes part in the synthesis, or disin-
tegration of a given neurotransmitter, and it may bring on its inactiva-
tion, or protect it from de-activating enzymes.

The various effects produced by pharmacological substances introduc-
ed into the brain have been reviewed to show how vast are the possibi-
lities and perspectives offered by neurochemical investigations, and, on
the other hand, how many difficulties and complications must be over-
come to understand the central mechanisms that regulate particular
behavioral responses.
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