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/Following is the transistion of an article
by L. &. Gorshelevs mewtled “Izmﬂn'niyp
8led cvykh Dvigstel'no-Plshchevykh Uslovnykh
Reflek&ov u Belykh Krys pril Qdonokratnom
Vozdeystvil M@i‘?h Doz Rentgenovykh Luchey™
(English version above ; in Zhurnsl ?y* hey

Nervnoy Deya “ﬁlfnoat*

Hervous Avti‘??"‘ Vol
rEges 414'” JU” v/’

{dournal of igher
1’ z.\ﬁ{a)s J:. l&,}*"c{»“rt’\’_« 19{3(‘)’

e of ngdcr Nervous dctivity, Academy

The study of the effects of smsll deoses of lonizin
redlation on the orgenlsms of animals is of greeat *mporm
tance. however, only lscleted works are sveilsble on this
subject (pav@hit& /B, Kotlyarsvskly, Gorshelevs and

Khozek /27, etc.).

’

In the present woﬂk we set ocurselves the task of

studying the effect of single,Pive v dose of X-reys on
the higher nervous activity of wqit, rats. As Indicators,
in addition to rondjtau‘ coneurrent refliexes, condltloned
trace reflexes were employed, which form less resdily
{(Gorshelevs ;i7,, and, the same tlme sre wore sensitlive

to the action of JO“i'i 2 radiation. The studlss were :
caryied out on nine 1@1? hy maans of the L. I. Kotlysrevsky
food- motor activity hod /37

bi%st. 00n*1L 4 concurrent poslitive reflexes to
LoD hertg (fr@m the Zu i}-l?iﬁ sound generstor; 14 volts,
50 ohms output rma*%tﬂxcﬁ) gnd to the flesh of & 25 vatt
green lamp were produced, with diffsrentistion /Det Wﬂ?ﬂ

' signels end/ 4 200 hertz tons with three decibel
damping.
In order to determine mo
-’,»

re eceurately the Lygpo-
) af the experimnental snlmels,
on the bagic properties of

foel dharacterist
'19“ studies vere
1r nervons sye --;~(;3mn N




"

Animsls 2,3,4% gnd ¢ hed the ver) umbalenced tyre of
the nervous system with grester or ilegge predmminance of
the irritetlon vrocess; animals £,7,9 W:rp of the strang,
helenced type. Animel No. 1 wss of the inter-medlate strong
tyoe, and No. 6, of the intermediate wegk type.

Peormeiion of & trscer refler was carried cul on &
demped trace from & flesh of & 2% watt red lawmp. The
cetion of the stimulus lasted three seconds and then s

peuse of seven sgeconds followed, tef which food rein-
10chm51- ves adminis rﬁﬁ After the trecer reflex hed
been formed (3gc., the poolitive motor wresction appeered
not during the three- seaun@ sctlon of the stimulus in the
first inh ibition chaze of the reflex but dau iring the pause
in the second phase of the reflex), the pause wasg extended
to 10 seconds.

The beginning of formstion cf the coneurrent ancé
tracer reflexes ald not differ from one another. The
reinforcement of the tracer rellex, on the other handg,

took b}ac¢ much leter then that of the concurrent reflex
(T ble 1), whilch attests to the difficulty of conditlioning
of such reflexes in white rats. The conditioned treacer
reflex wag quite stosble.

The dynamic patiern consisted of nlne stimull whilch
folleved one another glways in the same chcnce' TWo
concurrent vositive tone stimull (tone ng 1), twe con-
current light stimull (green light) and five tracer stilmull
on the trece of & flesh of & 25 watt red lemp.

4fter the trecer reflex had been reinforced, damped

snd restored, & single totsl irrvediation was carried out
by means of an RUM-3 X-rsy apperatus (1G0 kw, 1% me,
dosege 2% r per minute with one mm Al and 0.5 mm Cu
filterﬁs focel distance 60 cm, irredistion time 12 sec.).
‘he total irradistlon dose wss five rosntgens.

In Table 2 are clted the experimental data of rat
No. 3 which hes the type of nervous system strongly un-
balenced by stimuletion. Experiment No. 1EZ, conducted &
dey before the lrradlstion teﬁt, showed that the tracer
reflex vwes correctly effected during the psuse, in ell
five combinstions. The gover interrelations of the con-
QaLJOnPG concurrent stimulli were correct. Within 30

minutea following terminstion of the lrredls tion test

(e:vﬁrimﬁm1 No. 158), there Verr ohserved slight changes
in the concurrent reflexes, in the form of extensicn of
the latent period of the fir t conditioned reflex 1in the
pattern, 2nd in & wildly proaounced paradoxical phese.
Jhe conditioned trecer reflex, on the other hand, showed
vhetantial chsnges of & complex natures in two combing-
ui:ns, the First inhiblition chase disapoesred eand the

{n &:1

>
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Time lavse between stimuletioc
ayiment
A4 Tl one tmuluszs
of wolinetions
Duration of ilsoleited effect ©
Totsl duration of the effect
L&tent verlod of the conditlio
Omnd tioned reflex 1o manometl
Cenditioned tracer reflex
aaﬂirs thie pause
at 1? <hres-second stimplus
Nmtural conditioned reflex ¥
pr or to irradiation
Experiment No. 152, 21 June 1
10 hra.
Tone No. 3
Tone No.o 1
Green light
Red 1lght tracer

er irvredlstion

it%, 22 June

Cr aie

Notess *Plus sign denctes the
reflex to the sight and smell
¥#* Tragction denotes the magnlt
moror reoction: numerstor --

gtor -- magnitude in mpnomftr

inved from D&

4
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r
]
Doy
.l

L 05 7]

Tin

3

Q86

(5
W
N

&

«nG the

Stert of &

th? stimulusg
gtimuiug, sec

points

xoeriments

experiment:

litioned
b enomin-

27, Second dey sfter irrsdiation

¥, Experiment No. 15%, 23 Juns 1086, Stert of experiment:
103&9

2%, Fourth dey rradistion

30 E,ﬂcﬂimrut L, 28 June 1976, Stert of experiment:
18 hours AL i

1. Pifth dey efter irradiation

. EXDe rt%mnt ho. 157, 26 June 1956, Start of experiment:
10 hours F5om

3%, 2hth day after irrediation

3k, Experiment No. 1672, 13 July 185%C. Start of experiment:
10 hours ¥ min

— 1 —
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Legehd. for Table 3, shown on page 9
/column designations game &8 in Teble 2, except as
follows: No. 35-447 :

3%, Prior to lrradiation . )

36, Experiment No. 112, 13 July 1956. ©Otart of experiment

" 10 hra 3% min.

37. Second day after lyradiation o e

38. Experiment No. 113, 14 July 1956, Btart of experiment:
10 hrs 35 min.

39, Fourth dey after irradiation

15. ¥Experiment No. 11k, 16 July 1956. Btsrt of experiment:

' 10 hrs 30 min. ' ‘

41, Sixzth day after irradiation

Lo, Exgeriment No. 116, 15 July 1956. Start of experiment:
1C hyra 25 min.

43

. 2lst day after lrradiation
. Experiment No. 126, 2 Aug. 1956. Stert of experiment:
11 hrs 15 min.

L4

snimnel rescted to the stimulus and ite trace; 1o two
combhinetions the conditioned motor reaction dlssppeered lon
both phases of the rsflex; the trscer reflex repained in
only one out of the five comblnations. : ‘

Un the second day after irrsdlation (experiment
N¢. 15%), in three combinatlions were observed & clegrliy
expressed leveling phase in the c¢oncurrent reflexes and
e disinhibition of the first inhibition phese of the tracer
reflex. On the fourth dey {experiment No. 156),in four
combinations, the concurrent reflexes increassed, while
disinhibition of the first inhibition vhasze of the trecer
reflex was ohserved. The sscond phsse was invariably
retalned. ,

Cn the f£ifth day (experiment No. 1£7), in all five
combinations there was a merked peradoxical phese in the
concurrent refiexes, end & marked increase in the latent
period of the concurrent optleally conditioned reflex.

The emergence of sn crientation reaction was ohzerved: the
rets would turn their heads in the directlon ol an op-
tically comditioned stimulus (8 gresn light); this reactien
had long agzo been extingulshed In the process of develop~
ment of conditioned reflexes. During subsequent days, the
described changes were observed ln greater or lesser de-:
grees: the parsdoxical phase chenged lnto & levellng

phese, and the tracer reflexes wvere impaired principally
in the direction of disinhibition of the first phase. On
the 25th day after irradlstion, the nervous activity of




the snimal ‘began to become normal (experiment No. i63).
The magnitude of the concury ent refiexes was also somewhat
higher sg compared ToO ROTH, the power inherrélntian% of the
atimull were @orvecx, and in the majority of comblnations
(four out of five ) tne trecer reflex COTrespo nﬁ@d to the
regulrements for this svne of condltioned reflsx.
' Tn Teble 3 are cited the date of rat No. © which
has & strong, bslenced type of nervous 2%s tem, In this
aanal on the second dsy sfter irrasdiatio n (experiment
No. 3}, no chenges in conditioned reflex c% were o%merwed
as g@m“ar .4 with the initisl level (experiment No. 112)
The Fipst inhibition phase of the conditioned tracer re-
flex wes observed in four out of five combinations, wherees
in /oormal, unirrediated animels 7 its disinhibition was
obgepved at times. Thus, sctive inhibition in this rat
inereesed durlng the first stage folloving lrradlation.
On the fourth day followlng irredletion {exveriment
No. 114) there was observed 2 decreass end, later, & Gis-
npéara&v@ of the conditioned concurrent “eilex to ths
flgsh of & green lemp, wheress the conditioned tracer
reflex remsined intact in all five combinations. This
dis urbamc& shouid be regsrded as & peculiar naradoxical
phas

On the sixth day there ware obhserved disturbances
of the traa@* refiex: in three combin ti@nﬁ theyre occurred
g disinnibition of the flrst inhkbi*’ n phase with preser-
vation of the second nhase, and In ome ccmfiﬂ tion the
conditionsd motor resction wss ebsent In boith phases of
the tracer reflex. Subsequently there was mostl frequently
ohserved, sgainst the background of an enhenced general
excitation of the snimel, & leveling end a psradoxicel
phase in the concuryent reflexes, and st the seme time &

relstlive oreservation of the tracer reflex. ©On the 21lst
day the conditioned reflezes became normalized {experiment

No. 126).

A vecullar QBV8Q0X1L8¢ phase, in which the con-
current, mpg¢w811* conditioned reflex dizappeared wh nile the
tpacer reflex which hsd developed on the dying trace of tne
opt lcal etimulus of the same Intensity petalined ite
strength, wss observed alsc in other experimentsl snimels
(Fige. 1,2, 3}. It cen be scen clearly that under normsl
G ‘lone the concurrent and tracer reflexes (O light
wvere sufficiently strong in the 5n*m91 (Fig. 1)}. The
latent period of e conditioned cone wrrent reflex to green
light equaled two seconds, WOEYrEes th@ conditicned trascer
reflex avpeared wi hin ©.5 seconds after the awilitching-off
of the stimulus; the enimsl at thls stage during the pause
made several mow@ments which grsduslly incressed wl th the
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The seme was

approsch to reinforcement. On the second day after irra-
distion (Fig. 2) the ccnditioned reaction to green light
disappeared, but the conditiconed tracer reflex remalned and
even acquired & more pronounced charscter: the motor re-
getion began during the fourth second of the tracer pause.

observed slsc on the 19th dey after irradia-
tion {(Fig. 3).

Thus, in animals with the exciteble type of nervous
system {rat Ko. 3 and others) the dlsturbsnces sppeared
much carlier end lasted somevwhat longer than in the repre-
sentatives of the strongly balenced typs (rat No. 5 end
others).

in the majority of animels ths disturbasnces of the
tracer refliex, which had become much more frequenit after
irradiation, decreased subsequently to the initial level
and even below it. The concurrent reflexes ilncreased
steadily shortly after irradietion in some snlmals {rats
2, 6), while in others & wave-like pasttern of dlsturbances
wes observed: during the initlel stege following irradia-
tion the-conditioned reflexes decressed, then incressed and
finelly decressed agein {rate 1, 4%, 8). In some, on the
contrary, these reflexes were higher et first, then de-
creesed, then rose sgsain (rats 7, 8). Vericus changes of
the conguprrent reflexes in response to gound and light vere
observed: in some enimals the conditlioned reflex to sound
incressed; in othsrs this reflex showed no change but the
reflex to the light stimulus incressed. The undulating
course of conditioned reflex chenges attested, aspparently,
to the fact that a smaell X-ray dose, while exertling &
stimulating effect, at the same time led tc the struggle
of beslic corticsl processes; it was not, however, &8 pro-
nounced and protracted s¢ the one observed by us following
the gdministretion of X-reys in & EO r dose.

Conclusions

1. A single X-ray irradlation of rsts with & five
roentgen: dose induces mildly pronounced disturbances of
power interrelstions of condlitloning stimulil and In the
majority of cesses, an accompanying increase of the condl-
tioned reflex to light.

2. Changes in the conditloned tracer reflex sre -
charecterized basically by the impsirment of its inhibl-
tory phese, l.e., by the emergence of a conditioned motor
reaction during the asctlon of the stimulsting agent: in
the second phase the presence of & motor reaction during
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the peuse 1ls reteined.

3. There were obsecrved cases in which, within the
1imits of the opticsl anslyser, the concurrent rellex dis-
sppesred, while the trecer reflex which had developed on &

trace of a stimulus of egual force reteined itz full

strength.

4, fThe conditioned reflex changes proceed lu en
oscillating manner during the period following irredistion,
which attests to the struggle of bassic neural processesg In
the cerebral cortex.

£, Normaslizstlon of conditioned reflexes In the
majority of snlmels tekesz place between the 218t and 25th
days following lrradisticn.

£. & certein varlisbility in the periocd before the
changes in the conditioned reflex is related to the typo-
lcgicel peculiarities of the snimals, end the property of
steadiness of nervous processes obviously contributes to
the grester stability of the organism in the presence of
ionilzing racdiatlon.

Received & Januery 1958

Bibliogrephy

1. L. 8., Gorsheleva, Works of the Institute of Higher
Nepvous Activity, Pethophyelologicel Berles, 3, 1887,

2. L. I. Kotlverevskiy, L. 5. Gorshelevs and L. Ye.
Khozak, Meditsinskeya Radiologiye (Medicel Radiology),
No. 3, 1986. _

3. L. I. Kotlysrevskly, Works of the Institute of Hlgher
Nervous Actlvity, Pathophysioclogical BSeries, 3, 1987.

4, N. ¥. Livshits, Works of the Institute of Bilologicel
Phygicz .of the Acad Scl UBSR, 1, 1855,

HND

£ 2007 - 16 -




FOR REASONS OF SPEED AND ECONOMY
THIS REPORT HAS BEEN REPRODUCHD |

BLECTRONYCALLY DIRECTLY FROM OUR
CONTRACTOR!'S TYPESCRIPT

THIS PUBLICATION WAS PREPARED UNDER CONTRACT TO THE -
UNITED STATES JOINT PUBLICATIONS RESEARCH SERVICE
A FEDERAL GOVERNMENT CRCANIZATION ESTARLTSHED
TO DERVICE THE TRANSIATION AND RESEARCH NENDS
OF THE VARIOUS COVERNMENT DEPARTMENTS




