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One manifestation of asymmetry between the hemi-tional state of the animal and are conveniently termed the
spheres of the brain is interhemisphere asymmetry in com*emotional” stages; the second to fifth stages relate to the
pensatory capacities. This question has received almost nformation of the MH and are termed the “motor” stages.”
study, with the exception of a number of reports on the The times taken to complete all stages were measured dur-
motor areas of the cortex [1, 4]. We elected to investigateing testing. Paw preference was identified at the fifth stage,
asymmetry in the recovery of a motor habit after lesioningi.e., ten collections from a depth of 17 mm. This was
of the head of the caudate nucleus, a structure known to bexpressed in terms of the coefficient of asymmetry)(K
associated with performance of this habit [5]. where K= (R - L)/(R + L), where R is the number of col-

Studies were performed on male Wistar rats weighinglections with the right paw and L is the number with the left
250-300 g. The motor habit (MH) consisted of a reachingpaw. K,;was used to divide the rats into those preferring the
response, which has been used for studies of motor preferright or left paws (termed “left-handed” and “right-hand-
ence in rats. Initially, three sunflower seeds were placed ored”); 0.4 < K. < 1 identified right-handed rats and
the floor of the experimental chamber, the animals being able-0.4 < K, < —1 identified right-handed rats; those with
to reach these with no hindrance. Rats then had to extract0.4< K, < 0.4 were ambidextrous animals, which used
seeds from the opening of a tube 13 mm in diameter andoth paws [2]. The criterion £0.4 corresponded to seven
located outside the chamber at a height of 5 cm. The firstcollections of 10, and this discriminator has often been used
seed was placed at the edge of the tube and the rat could the literature [1, 2, 4]. The set of rats studied here con-
reach it with its tongue. The next piece of food was pushedsisted of 27 left-handed rats and 22 right-handed rats. Some
in or held on a needle such that the rat could reach it onlyof the rats were sacrificed during the study, such that 20 and
with its paws. At the final stage, sees were positioned in thel3 survived to the end of the study. After testing, animals
tube to a depth of 17 mm. Performance of the response wawere anesthetized with Kalipsol and Rometar (1.5 ml/kg of
developed over five steps [1, 2]: the first was from placing each) and electrodes were inserted into two points (L 2.5
the rat in the chamber to collection of the first seed; the secand 3.0 mm from the bregma; A 1.5 mm from the bregma;
ond was from eating the three seeds from the floor toH 5.5 mm) stereotaxically and anode currents (4 mA,
obtaining the seed at the end of the tube with the tongue; thd0 sec) were applied to produce electrolytic lesions to the
third was from taking the seed with the tongue to the firsthead of the caudate nucleus (CN) contralateral to the pre-
collection with the paw; the fourth was the first collection ferred paw. The same procedure was performed in a control
by scraping to the first performance of collecting food from group (six rats), and electrodes were also inserted into the
a depth of 17 mm into the tube; the fifth consisted of 10 col-CN, though no current was passed.
lections from 17 mm. According to the hypothesis present- Studies of the recovery of the habit of the “sick” paw
ed in [1], the first and second stages characterize the emowere started seven days later. Walking, grooming, and col-

lection of food from the floor showed no external changes,

though testing for the habit acquired in the experiment
Institute of Higher Nervous Activity and Neurophysiology, showed that all rats had substituted the preferred paw for the
Russian Academy of Sciences, Moscow. “healthy” paw. Use of the “healthy” paw was prevented by
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Fig. 1. Dynamics of theecorery of different stges of the hhit in
right-handed and left-handeds duing post-opeative testingA) Propor
tions of animals peoiming the hait; B) relaive dugtions of diferent
stages of hait perormance %. P1-P5 Stages of ecovery of the hait.
The dscissa shas weeks of post-opefive testing; the alinae shavs the
reldive duetion of the stge, %. Thick lines shav left-handed ats and
thick lines shav right-handed ats.

attaching a bacelet to the wist [4]. Re-taining was aoid-
ed by testing once wekly over five months.

Animals were kept in the epeimental damber ér
10-20 min duing post-opeative testing depending on the
extent of ecovery of the hait. If the animal had not col
lected the seeddm the edg of the tube with the paby
10 min, the peltiment was stoppedif collection with the
paw did occur the expeliment was contimied br a futher
10 min from this time pointThe elaive dugtion (RDu) of
the dove stges was measwd (@tio of durtions d ead
stege to the caesponding measerbebre sugery, which
was talen as 100%ywas detanined br eat animal inde
pendent}, along with the popottion of animals pedrming
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the gven stge of MH. On insefon of the pav into the tube
at the purth stge, the elaive depth (RDe) vas also mea
sured, as the #tio of the deth athieved to the maximm
possilbe (17 mm).

Results vere anayzed using a PC-486 DX using the
Mann-Whitney, Fisher x2, and Studens testsAfter exper
iments, animals vere anesthetid and bains were fixed
with 10% frmalin. Lesion wlumes vere measwed on
seiies of fiontal sections of thimess 2Qum, stained using
the Nissl method; eadfifth section vas &amined Fuither
processing was perbrmed ty computer using the
IP3DemoPlus pogram.

First and Second Stges. Recwvery of the emotional
stages (Rg. 1,A) occured in the if st weeks of the stuydThe
propottion of “functioning” right-handed ats was slighty
greaer than thaof left-handed ats. Havever, left-handed
rats generlly performed these stgs moe quikly than
right-handedats (Fg. 1, B), and this diference vas signif-
cant pr the frst stge a& 19 weeks anddr the secondtat,
11,13,and 14 veeks (Mann—\Witney test,p < 0.05).

Third Stage. Recorery of the opeant limb maement
was nuch slover. Unlike the sitution with the frst and sec
ond stges,the popottions of left-handedats perbrming
the maement vas slighty greaer than the mpotion of
right-handed ats (Fg. 1, A). The RDu br the thid staje
deceased fom week to veek,though less tharof the frst
and second sggs. The mean RDudr perbrming the
movement &the thid staye, unlike tha for the emotional
steges,was slighty lower in ight-handedats (Fg. 1, B).

Fourth Stage. Performance of this seed-pcuiing
movement suiered the mostAs only an insignifcant rum-
ber of |ts could collect the seedofin the maximm depth
(17 mm),measuements ér the burth staye were made of
its durtion and the maximm depth of insetion of the pav
into the tube wer a fxed peiod of time (10 min fom the
end of the thid staye).As shavn in Hg. 1,Aand Rg. 2, A,
right-handed ats stated to perdrm (patial) collections of
food ony from five weeks of post-opetive testing while
some left-handedars perbrmed patial collections fom
the frst week. These diferences wre signifcant d four
weeks of post-opetive testing |§ < 0.05; Kshers test). In
geneal, there were no signifcant diferences beteen the
two groups of ets in tems of the dpth of pav insetion.
However, there were signifcant diferences in the time
taken to abieve the maximm depth of pav insetion. Hg-
ure 2,B shows thd a geaer popottion of right-handedats
achieved the maximam deopth of pav insetion a 1-5 weeks
of post-opegtive testing |p < 0.05),while this occured in
left-handed ats & 11-15 veeks p < 0.05;)(2 test). Thus,
left-handed ats stated to ecover the burth staye ealier
than ight-handed ats, but adieved the maximmm depth &
later stayes of testing

Fifth Stage. This stae was haracteized by animals
which had made completecoveries, i.e., those animals
which could use thésick” paw to collect ten seedsdm a
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Fig. 2. Dynamics of pedrmance of the durth staye of the hhit in
right-handed and left-handeds. A) Mean eldive deth of pav insetion
into the tube (left ertical axis,cm; cuwve 3 shaws right-handed ats and
curve 4 shavs left-handedats) and pesentaye of animals (ght vettical
axis; cure 1 shavs right-handedats and cwe 2 shaws left-handedats)
performing (patially) the hdit a stage 4. The hoizontal axis shas
weeks of post-opetive testing B) Time talen to abieve the maxiram
depth of pav insetion in right-handed (shaded columns) and left-handed
(white columns) ats. The hoizontal axis shas weeks of post-opetive
testing (mean alues ag@ shevn for bocks of 5 weeks); the ertical axis
shovs the perentage of animals dueving the maxinum depth of pav
insetion into the tubedr tha animal.C) Frontal sections of the &in of
an petimental et shawing an gample lesion.
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depth of 17 mm. Bw rats readed this lgel of recovely:

three left-handedats and tw right-handed ats, such tha

the popottion of left-handed ats completet performing

the MH was geaer than tha propottion of right-handed
rats (Fg. 1,A). The mean RDudr perbrmance of theifth

stage was geaer in left-handed than iright-handed ats,

though the diference vas insignifcant in tems of the
Mann-Whitney test (Fg. 1, B).

Thus,complete ecovery of the hait occured in fve
animals and pé#al recorery occured in 28 animals;ive
animals shaved no ecovery of the MH (thee ight-handed
and two left-handed).

At the end of the styd all animals vere tested dr
limb preference duing free behwior, without the bacelet.
Completey recovered animals contimed to use the initial
ly preferred, “sick” limb, i.e., it was dear tha adequte
compenston had been deved and theats expelienced
no discomért in perbrming the MH.The other ats used
the peviously non-pefered, “healthy” limb in the
no-bracelet test.

In the contol group,in which electodes vere inseted
into the CN without pasge of curent,the hdit was com
pletely recorered by seven dys after sugely.

The results obtained hershav tha a the“emotional”
stages,the popottion of functioning animals as gneally
someavhat larger amongight-handedats, i.e., animals with
left hemisphe motor dominangavhile thee were no sig
nificant diferences in this measibetveen goups & the
“motor” stages.The mean RDu of pesfming the emotion
al stgyes vas laver in left-handed animalsyhile the mean
RDu of the motor sgges (stges 3 and 5) as laver in
right-handed ats.As regards the burth staye, there were no
differences in the g#h of pav insetion between the
groups of ats, though left-handed animals sted to ecov-
er the burth stge signifcantly eatier than ight-handed
rats, even though left-handed animalshéaved the maxi
mum insetion depth later.

Morpholagical monitoing shaved tha the CN vas
lesioned in all animals’he motor caiex and copus calle
sum were also dlected to somexéent. The mean @lumes
of lesions in the head of the CN iight- and left-handed
animals vere not signiicantly different, and were
12.5+ 5.3 and 14.% 6.3 mn? respectiely. Lesions to the
head of the CN in cordl animals,due to electsde inser
tion, were signifcantly smaller than in>@eimental an
mals (signifcant diference p < 0.05).Among the &peii-
mental animals,a citical level of lesion wlume was
reahed as suppded ly the dsence of an coreldion
between the etent of ecavery and the wlume of the lesion.
Figure 2,C shawvs an @ample of a lesion.

Thus, these gpeiments demonstited asymmer in
the compengin for disuption of a léeralized motor hhit
following lesioning of the head of the catelaudeus.The
authos of [5] obseved seere disuption to eading reac
tions after lesioning the head of the Ghbugh thg did not
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report ary differences in ecovery relaed to motor pefer
ence It is intelesting to comparour déa with those on the
recovery of this eaction after lesioning of the motor taxr
contralaeral to the pefered pav, as eported by Miklyae
va et al. [4] an&/asil’eva [1]. Lesioning of the motor cax
(MC) was bllowed by much faster ecovery: complete
recovery of all stayes of the hbit was seenysix weeks in
80% of animalsthough it might bexgpected thedamaye to
the MC,as compard with damge to unddring stuuctures,
would lead to longrlasting motor disturbancdt may be
that the CN is one of the sictures irvolved in the ecovery
of the hdit after damge to the MC,and tha the moe
severe disuption of the hhit is associged with combined
lesioning of the MC and CNas shan by the mopholagi-
cal monitoing in the pesent gpeliments. It is also imper
tant to note thedkct tha in rats,the CN eceves inputs fom
almost the ente cotex; unlike the situion in, for exam
ple, camivores, not all cotical eferents pass tlough the
intemal casule it go directly through the statum [3].
The question of theeasons dr the moe s&ere distur
bances after lesioning of the CN as corepgarith the MC
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is of ged interest and kealy requirs its evn expelimen
tal stud.
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