A

+
T
(13

o ke

60-41 ,682

27 October 1960

KEUROHUMORAL FACTORS CONTROLLING THE BEHAVIOR OF ANIE&LB

By K. Lilssak
gnd
. Endroczi

- USSR -
DISTRIBUTION STATEMENT A

Approved for Public Release
— Distribution Unlimited

Reproduced From
Best Available Copy

Distributed by:

OFFICE OF TECHNICAL SERVICE
U. S, DEPARTMENT OF COMMERCE

WABHINGTON 2%, D. C.

5

JPRS: 5037

1636 CONNECTICUT AVE,, N. W.
WASHINGTON 25, D. C.

DTIC QUALITY INIPO0TED 4

"U. §. JOINT PUELICATIONS RASEARGE SERVICE

20000821 13

t

|
b
!
!
|



2N

il

NEURCHUMOEAL FACTORS CONTROLLIHG THE BEHAVIOR OF ARIMALS

= trenslatlion of an srticle
;. Lndroczi en%it?vé Weiro-
Y Boﬁiroleryu hiye
u’nvwh” gmnvk ish fvrfluw
uﬂsrﬂﬂi vashey Hervoony Deyatel!
nostl (JQQ“K@} of Higher Nervous Activity
oW

Vol. 10, No. 3, Moscow 1960, pages 320-336./
Fhysiologlesl lustitute of the N cal Facully,
Pecs, Hungary

Henuos
mechanism whi
i &

157

b tegls of the orpenism iz contrelled by

8 eh includes two factors; neural end endocrine,
whxcﬁ 5 thelr ntﬁzachQ& during the processg of evolution
o
3t

'sumatﬁmtﬁy complic ﬁth one gnother.

ai iuﬂhg the role of neuy
the JCVP¢OQWFHL of processe
cusider it nsgbﬁwnr*
1y s el and emoctionsl
lon of temporary ass
ry oI the pole of
inlng the workl
T’@é in 1@‘

-
M

[N o

THEp e e
§

o

]

o~

bt

e

T

=
o
o &
ek

3 f%;
4]

.
fe
jond
f'B
-4

1

ok 7
by
B

LEI

P S R e s
o (n tde e e S f fo

G’Ji&
@

o

¢
o I8

3

- et
O

o &=

o W v O
ot
3
&

~ 38
.

5
]
o
s
p
¢

B 0
o

fotn fte FE et r~
£

5

o
3

=
<
o
S T R e
oy g

U

’a {w
Do
~

]

o
Yot
o

&
PR

e

B e 00O

g

SR

v 3
R s IR I
oy

$and

O

o E
e MO 4

[ +

i3]
-l

.
E e

oy f
FaoLd ok

o D

]

-
)

o
[ B

1,

e Lhatl tﬂe ne
Kaknsl’s works and now
1 ubbject not only to
sction s well., Therelore,
brain 1t ils n&c&%sarg to Corn-
stlon of the weszencephsalon and

ting system on & complex neurc-

s
f

%

£

3
~
S
Iy

e
t O

Y 3 (D
-t
A

8]
o
o]
o
ek
" @
2
-
ek
&
et
Y
had N
oo vl

~+

5
elre:

o

fo

[4x

o

3

£

AL L

[N

Ot €

)

§

o

m Fand

r’x‘

= 73 0
M0
-
o
e
5
G
. )
ﬂ
FA
]
i3
2
T
s
(.
g
[t
=4
O
t~y {0
L

W
W e

fote
A
ts foie

Ay

e Weurn oy
pHelon s &n
r&l level.

“u?ﬁ““ the peest decade our Instlitute has been occu-
with the study of Interrslstions betwsen the complex
?a@nxaerv procenges snd the behsvior of the orgsnism.
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he provlem of neurovendocrine control of conditioned re-
flexes and the emotionsl behsvior of higher enimals is
complicated Ly the fecti thst, perellel with the interven-
tion of neurostructures, there glsc takes plece endocrine

s

reguletion, the chenges in which influsnce the nervous




system end animsl behavior. , :

In our esrlier studles (Endroczi, Lissak, Telegdy
/2/) we demonsgtrated that a domestic femele ret during
lsetation attacked snd killed s frog pleced in ite cell.
Adminietpstion of estrone for several dsys {300 to 400 U
per 100 gpm welght) completely eliminsted this sggressive
stititude, though the mother rat continued to worry about
its offspring. Hydrocortisone was more effective then
progesterons in preventing this follicular ectlon. At
the same time it was observed that hydrocortisone not only
removes the Inhiblting effect of estrone, but It also
produces aggressive tendencles 1lan animals thet have not
exhibited such tendencies previously. This phenomenon ig
baned on the effect of the antegonlatic actlon of two endo-
erine fastors on the centrel nsrvous system. The point of
spplication of these hormones hes not been cleared up a8
yet, though we succeeded iu obteining certsin data which
indicate that some subcoriicel systems play an important
part in this mechenism. For instence, elezctrolytic in-
jurles to the smigdole Usres pyriformis and destruction of
the septal sres slso eliminated maternel sggressiveneses
in ¢ lactsiing ret., Following the removel of the smigdole
and Ammon horn, & cat would loze the reflex of ceatching
mice for an extendsd perlod of time, though the enimal ate
well end its somsto-motor ectivity proceedsd sstisfactor-
1ly (Endroczi, Martin).

These studles demonztrate that the archicortex

structures not only play & part Iin emctlonel behavlior, bu
are thsmsslves subject to the influence of endocrine fac-
tors.

It is commonly known thet the hypophysicsl-sdreno-
cortical aystem plays an lmporitant role in maintaining the
endocrine system in & state of egqullibrium; when the latter
ig dlsturbed {&s szhown in previous studies), the supra-
renal coritex producesz ¢ speciflie reactlon in the form of &
chenge in secretlon. The varisticnz In the componltion of
the secretion ¢f the suprerenal cortex are taken into
account by only & few researchers. Nevertheless,; sccording
to our dats, these varlations are luportent in the regulis-
tion of the complex vegetative and metabollc proecesses as
well g8 in the regulation of complex behavior processes.
Analysis of the adrenocortiicel functlon is complicated by
the fact that there sre considersble individual vérlistlons
of 8 quelitsetive snd quantitsetive character not only be-
tween varilous species, but slso between various individuals
within the same speclex. Hov wide the differences &are wlthy
in one specieg can be demonstrated in the cage of varls-
tiong of the cortlical hormone content In the suprarsnsl
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venous blooé in domestic snd wlld reis. :

The spectrum of hormones in the suprarensl venous
blood i of interest not only from the guantitative point
of view, but &lso becauvse under certain condlition® & syn-
thesis of such components mey exert & stimulating effect
on the venirsl nervous systenm. Taking &1l thls into con-
sideration, we should like to clte certsin date relating
to temporary essccistlons of endoerine origln, or neuroses
induced by the impsirment of theze sasoclations. ‘

An alimentary conditioned reflex was geveloped 1In 8
dog as follows: when & poeitive bell sounded, the dog
pushed the door open in ovder to get food. Another bell
served s & negative sound stimulus. After tests for 16
days, consisting of 300 comblnstions et three-minute Inter-
vels, & conditlionsd reflex was formed free of intersignal
pesctions. & neurosls was then produced by mesnz of &
simultsneous sound of & positive bell and a threefold ap-
plication of s strong elsctric current %o the postericr
extremity of the animsl, which cewsed a palnful irrlitetion.
Ohsepryatlons were subsequently conducted in order 1o
sscertein the time until complete restoration of the con-
ditioned reflex. After the conditloned reflex had been
fully restored, a study of the composition of cortical
hormones in the suprazrensl vencus blood wasz made.

Tt is seen in Pig. 2 that desplite the fact that zll
the disturbances of the conditioned reflexes had been
carpried out under ildenticsl conditions, nevertheless In
various dogs the inhibltlon periods were of various lengths
gnd the period wes found t6 be closely related to the
suprarensl s2eretlon, or more exactly, to the hydrocorti-
sone/eorticosterone coefflclent. In the case of & short
period of imbibitlon, the coefflcient was low; when the
inhibition leasted longer, this coefflclent was high.

The guestion of whether there ls & direct connection
betweer sdrenocortical secretlon and the length of the
inhkibition pericd wass enswered by the following sxperiment.
In the animals who were given hydrocortlsone for one weel,
prior to the Impelrment of temporary ssgsocistions, the
iubibition period was not only several times longer then
10 the seme animels many months prior to the sdminlistration
of cortisone, but Lt was elso accompanied by fairly mesriked
neurotic symptoms not observed in control enimals. These
experimests appear to indlcate that the neurotic condition
brought on by the impsirment of the conditioned refliex was
infiuenced by the interrelstion of two basic components
gooreted Ly the suprerensl cortex, i.e., hydrocortisone and
coprticosterone. . - ,

The guetitative difference In the sction of these
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two ﬁoﬁuﬁuwﬁt% on the centrel nervous EV“TGM was demon-
strated by Woodbury and his sssoclstes Zfﬁ /s hocording
+o thelr obsepvationz, bydrocortisone reduces conslderably
the gonvaiszion f*MﬁSlmldg of the centrsl hervous system,
whereag aorticosterone hes no effect on iU wh pt@ue'er;

] YR, caﬁziraﬁt&ran@ counteracts the hydrocortisone
effect in vhls respect. The corr ﬂlatjom Lietveen the two
components veri@s wmlh different individuals -- a fact
which ig of considersble importance in the development of
neurosis, according to sowe regesrchers. Qur experiments
on rete enable us to 1a»~i”' the pats in this rezpect in
four groups with war*eu» serionds of inhibition. In esch

group the sdrencceriicsal e tivity was uniform end &ull
Aetermined qz gntl L&tiv&i» (b“dﬂddﬁi Lissek, Telepdy L 1 7
1t isg our onlnion, based on theme experiments, *ha

the actlion of edrwnocoktiga¢ normones of high polarity
legds to an intensification of inhibitlion processes.
Mirsky, mﬂlLey end Murg h” obeerved that, following the
sdministretion of ACTH {edrenocorticotropic hormone), the
protective-delanse ﬁﬁsﬂiiiﬁﬁuﬁ reflex in enimels iz faclili-
teted. Oa the basis of thls one could azsume thst the
hy@opbiaﬁaiwaérenaec?ticul sctlvity supports the neursl
sdantation of the pﬁatac%ive mechenism; however, further
experiments showed that ACTH and corticoids not only
gffect the extra“@ﬁbivu inhibition and neurcsls, but als
iperease the irmer inhibitlion when the positive signsl ¢ﬂ
not reinforced. In these sxperiments the sisble conditioned
reflexr was extingulshed through dailly nonreinforcement,

its complete disappesrence. In the same animals the

L t & P

od of extinguishing was prectically id dentical, which

mege 1+ poseibles to induce changes in the perlod und%r the
o

influence

D
e of adrenocorilcal hormoneés. Fig. 3 shows that in
certain ceses the ACTH administration conslc tf&bl% geeele -
reted the development of de mping (Lissek, Medpyesl, Tenjyl,
Zovenyl £'5M7},
A number of in

4 instances cen be clted as pruof thet ihe

onef~reflex method mekes 1t poszible to study the
£ +
v

- humoral fscelors on the b»favicz of animel organ-
der objective conditlons. Of course, within the
» of these limits onz cannodt dir@criy gnalyze the
sdinte effect of endocrine factors on the central
“ﬂwvorﬂ Syﬁxem. In our experiments we worked on the
easumption that the brein stem snd subc orticel mechanisms
A”ch play ihe orin61pai role in the formstion of emo-
tiw*’i bensvior, ere relsted to the integration of con~
Aitloned reflex sssoclations aes well as to the organlus
tion of endocrine mechanisms. Certein data show tnat
humors) factors also exert their influence on these
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structures. Experiments with plented electrodes and
electrocoagulation, conducted by mesns of a stereotaxic
device on dogs, cats, rabblts end rets, revesled a complex
chain of nervous processes playing an luwportent pert in
the vegpuletion of endocrine mechanlsme.
' Without golng into the detalls of 8 large number ol
obaervations, we should like to dwell on the baslc resultis.
The asotivity of the hypoohlsesl-sdrenocorticel &nd gonad
gystems represents, the function of the state of egullibrium
between two complex controlling mechanismsz. Only at the
level of the central nervous system cen we eliclt the
counection and divisicn of these two controlling systems.
It was elicited In experlments with electrodes
planted in the subcortical reglon that stimulation of the
reticular formatlon of the pepillery bodies sand intrea-
leminery thalamic nuclel sctivates the hypophyseal-sdrenoc-
corticsl system. Thia can be divectly determined by the
content of ecorticoids in the suprarenal venous blood by
mesns of messuring the sscorblic acid level snd the lympho-
penic reaction. In sddlition to this transitory activating
process, there exists & longer neural pethvey which,
judging by the effect obtalned, exerts an inhibitlng asction
On the basis of sn experiment with the uge of sii-
muli end electroccoagulation, we succesded in ellciting
the follewing relstionship: pathways originating in the
reticular formation and pessing through the hypoth&lamus

sctivate the archicortex, including the hippocampus, via
septn. Patbhways which orlginate in the hippocanpus may
inhiblt the sctivetion of the funstion of the hypophisesl-
sdrenccorticsl system by acting vie the csrebral fornlx on
the papillary bodies and, partislly, on the tegmentum.

Of eourse, the inhibiting and activating mechanlsms
gre not yet fully understcood. A considereble degrees of
sctivation can bz induced by stimuleiing the orbito-frontal
., or the amygdslum and aree pyriformis. Of interest
this problem ig the divislion of functi
e sotivity of the hypophisesl-adrenoce
sexual systerms which tekes place on the srchicoriex level.

1 on of the septum or srchicortex, carried out st

of six to 10 minutes {90 hz, 0.% to 2.0 volt,

a2t 0.1% mm bipoler silver electrides), invarisbly
he sexusl behavior of the sniumals originating as

Fect. AT the same iime, the stimulation in-
the sctivation of the hypophisesl-adrenocortical
2 onlty in connection with neurctrople stimull,
also with humcrel factors. This fact explains why the
renal cortex rescts not 8t sll or only weskly to the
on of adrenalln, histemine, or formalin,
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Specific changes in suprarenal cortex secretlon are
gl=0 ellcited in an examinatlon of the blcod 1ln the supra-
renal veln of mexually stimulsted enimels, which is equil-~
valent to the effect of folliculin on the organism -- l.e.,
the emergence of progesterone derivatives cen be elicited.
Thus, a state of prolonged stimulation of the asrchlcortex,
produced by repeated stimulstions of the hippocampus,
leads to the secretion of 17-hydroxyprogesterone (from
five to aix mg daily}. At the same time, priapism and
symptoms of copuletive activity ere observed in the dog
(Endroczi, Lissak, ete., / 3 /). ;

The qusstion may erilse az to how these neuroendo-
erine controlling mechanlsms sre relsted to the behsvior
process snd the development of higher nervous activity.

At present there iz no doubt that the structures snslyzed
shove in connection with the neuroendoccrine control alwo
participate in the formation of a conditioned reflex. The
effect of endocrine factops on the central nervous system
cannot be regarded &g the result of a chenge in the general
metabolic processes of the neural tissue. For instsnce,
according to our observations on dogs, within two to three
minutes after an eplleptlc selzure induced by the lrrita-
tion of the temporal lobe, the enimal rescts normally to &
conditioned slimentary stimulus, desplte the fact that
during the same time & large number of postconvulslon
metebollic chenges are s3tlll teking plece in the organism.

On the basls of earller experiments in which the
development of & neurotlc staete wes enbanced by mesns of
adrenccortlical hormones, it cannot be denied that the
ection of endocrine hormones is induced through the in-
hibition of & special teuporary assccoletion separated from
the entire system of tewmporary &ssdelstionse which determine
the behevior of the animal. The same results can be ob-
?&TV&@ in the sctlon of sexusl sterolds, but on &8 different
level. . . .
We zhall now discuss the probvlem of the effect of
the enviromuent on the development of coaditioned reflex
associatlons. During recent years we have been occupled
with the study of results of stlmuletlon of the tegment
ares of the reticular formstion on a previcusly developed
alimentery conditlioned reflex, in norm and in neurcsis.
Brveriments on dogs have demonstrated that stimulation of
the reticular formation or, rather, of the grey matter
around the Silvius agueduct, lesds to the formstlon of a
conditicned reflex, even withoutlt the use of a positive
stimulus. This reminds us of the dsta obtsloed by Gresiyan
et al. /% 7 from an experiment on cats subjected to stimu-
lation of the diencephalon. It was interesting to follow

:
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copresponds

up the changes in the behavior of animals which took place |
during stimulation ocutside the conditioned-reflex chamber.
These experiments brought remarkeble rssulis: under the
new %sﬁdiﬁigns there spepged e#ither & simple orlentation
veflex or, more ffﬁ@d?ﬂtizg a conditioned reflex which
Y Lo the new envivonmentsl medium. Thug, for
example, tne animal lsy down, or gabt up, ur gave the D&vw
te the resesrcher, accordlng to the couditloned reflex
wnich had been drvcloped earlier.
jﬁféf@?*inp resulis wepre obtalned by Endroczi and

associates (19758) when the stimulation wes carried out
during neurosis, In snimels in whom stimulation of reti-
culey fmrma%*cuznﬁuae@.é COHG“tLOm@ﬁ reflex, the state of
neurosls wez produced by means of a palinful qtimuTQTiOﬁ
inflicted miﬂb?;dh?bﬂ“jy with & positive sound signsl. 411
sywotoms of neurogls (La%k*ng, defecetion, urinstion, re-
8@t¢0n of escape and fear) vere produced uﬂger these clr-
u*mat&nﬂv by the sound stimulus. When, under these clr-
cumstenge & stlmulstlion of the rﬂ-chIpr formetion was
Startéa{ th& gnimal quieted dovwn &nd the conditloned re-
aotion epvesred ag the result of stimulation. However, a
few minutes after the cessztion of stimuletlon, the symDd-
toms of neurosis spsin p'@ﬁcminatmda

; It 1s neceszery to point out that the conditioned
reflex induced by the ﬁvimu{aﬁien of the reaticular forms-
ticn eppesre only in those cises vhere the perasmeters of
stimulation exceed ﬁefiﬁit@ limfﬁ, Upon incresse of the
intensity of stimulation, ithere sppesred, instesd of an
orientstion or conditioned xeflex ewotional resctions
(fear,_ resction of escspe). We can arpive at the conclu-
zion, based on the experiments described ebove, that s
itionesd reflex caused by the stimulation wf the 4if
iveling system depends cn the en«jwaﬂmff? which infiuen-
+a the snimsl by mesns of & specific mwu*@u**ﬂm gvatem.

: is caused by the pairment of
iy conditlioned sssocisticons bhetveen th? gpegific
iectlion aystems.

Jf%%udﬁlﬁl}, even elementery menifeststions of
ehsvior ar interreinted, with a whole seriez of
T Q*jm processes. The prezent scientific dete do
show rec Lsnly vhich neural structures partici;at% in
- changes of animal behavior induced by various endo-
crine factors., However, these dsts show thet in the de-
slopment of normal ss well &% neurotic stetes the humoral
rors play an importsnt role. In the future 1t will
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"rrobably be pousible to explsin, on the besis of indlvidual

istione of the endocrine gystem, why the development of
tegpporsry assoclations aend the course of peuroses vary 1o
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such an extent in different individusls despite the identi-
cal experimental conditions.

Bivlicgraphy

B. Badroczi, K. Lissek &. Gy Telepdy, Acta Physlol.
Hung., 11, 393, 1857. _

., Endroczi, K., Lissek & Gy. Telegdy, Acte Phys=iol,
Hung., 14, 353, 1958.

%, Endvoczi, K. Lisssk, T. L. Yang a. P. Medgyesi,

Annugl Meseting of Hung. Physiol. Soc., 1958; E.
Endrocszl, ¥. Lissak, T. L. Yeng a. P. Medgyesi, Acta
Fhysiol. Hung., 1929

. Grastyen, K. Lissek, F. Kekesi, Acta Physliol. Hung.,
¢, 133, 19%6. K. Lissek, E. Endroczl, F. Medgyesi,

Acte Gem. Physiol, 265, 117, 1957.

5. K. Lissek, P. Medgyesi, I. Tenyl & I. Zorenyl, Acta
Physicl. Hung., 1%, 261, 1958; K. Lossak,; B. Endroczi,
B. Bohusg 8 A. Kovacs, Conference on Sterold Hormones,
Budspest, 1958.

6. 0. M. Woodbury, Recent Progress in Hormone Research,
10, 6%, 1954,

. END

12007 - 13 -




