
Pharmacology Btochermstrv &Behavtor, Vol 16, pp 455-462, 1982 Pnnted m the U S A 

Tactile Extinction: 
Distinguishing Between Sensorimotor 
and Motor Asymmetries in Rats with 

Unilateral Nigrostriatal Damage 

T S C H A L L E R T ,  M U P C H U R C H ,  N L O B A U G H ,  S B F A R R A R  

Depar tment  o f  Psychology 

W W S P I R D U S O ,  P G I L L I A M  

Depar tment  o f  Physwal  and Health Education 

D V A U G H N  A N D  R E W I L C O X  

Depar tment  o f  Pharmacology,  Umverst ty  o f  Texas at Aus tm,  Austin,  TX 78712 

R e c e i v e d  28 A u g u s t  1981 

SCHALLERT, T ,  M UPCHURCH, N LOBAUGH, S B FARRAR, W W SPIRDUSO, P GILLIAM, D VAUGHN 
AND R E WILCOX Tactde e~ctvtctton Dt~ttngutshmg bet~,een ~ensor:motor and motor as)mmetrles m rat~ **tth 
umlateral mgrostrtatal damage PHARMAC BIOCHEM BEHAV 16(3) 455--462, 1982 - -We describe and demonstrate 
the usefulness of a rehable procedure for quantifying "sensonmotor '  asymmetnes m rats with mgrostnatal damage 
Conventional tests, such as the popular Von Frey hatr technique are somet,mes inadequate in that posture responses are 
difficult to quantify, they are suscepttble to subject,ve mterpretatmn, and they requtre that the animal make head move- 
ments Circling behawor has become estabhshed as a measure of asymmetrical nlgrostnatal activity, but it does not 
measure sttmulus-d~rected movement One group of rats was given undateral mlcromfuslons of 6-OHDA into the mgrostn- 
atal system wh,ch decreased levels of dopamme m the lpsdateral stnatum and ytelded an ,psllateral turning bins Another 
group was given electrolytic les,ons m the substantm mgra area, whtch yielded a severe contralateral clrchng bins Small 
p~eces of adhesive paper were applied to vanous parts of the hmbs or snout and latenc~es to remove the stimuli were 
recorded Because head and body movements were not reqmred, assessment of sttmulus-d,rected movement asymmetries 
could be quantified rapidly without the Interference of stimulus-independent ( ' spon taneous" )  postural and motor asym- 
metries In the 6-OHDA-treated rats there was lpsdateral bins m stimulus-directed actlvlty Indeed, there was lpsdateral 
hyper-reactlvlty relatwe to sham controls In rats with electrolytic mgra lesions, despite a strong contralateral "spontane- 
ous"  motor bins, there likewise was an lpsdateral btas in st,mulus-dlrected movement, which could only be detected using 
the adheswe removal test This s~mllara~y m stlmulus-d,rected movement asymmetry between the two groups may reflect a 
common asymmetry m ascending dop~tmlnerg,c pathways The opposite c~rchng btas following electrolytic mgra lesmns 
may reflect dlfferentml damage to non-dopammerglc efferent projections The bdateral adheswe removal (tactde extmc- 
tmn) test appears to permit the separate quantlficatmn of st~mulus-d,rected and stimulus-independent movement asymmet- 
ries 
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F O R  many  years  inves t iga to r s  have  specu la ted  a b o u t  the  
neura l  sou rces  o f  a s y m m e t r i c a l  m o v e m e n t s  in a m m a l s  In his  
c lass ic  t e x t b o o k  in 1915 [39], L u o a m  c o v e r e d  more  t han  a 
c e n t u r y  o f  p r io r  r e s e a r c h  on  the  a s y m m e m c a l  behav io ra l  
ef fects  o f  unda te ra l  de s t r uc t i on  o f  va r ious  b ra in  a reas  In 

1918, L o e b  [38] r ev i ewed  behav io ra l  t r op i sms  and  taxes ,  and  
later ,  F r aenke l  and  G u n n  [16] wro t e  on  the  c o n c e p t  of  " r e -  
flex m a p s "  for  u n l e a r n e d  o r ien ta t ion  b e h a v i o r  More  re- 
cen t ly ,  D e n n y - B r o w n  [11] d~scussed the  h ie ra rch ica l  organ-  
tzat~on o f  fo rced  m o v e m e n t s  m man  
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In recent investigations of brain function, much attention 
has been prod to intrinsic and experimentally ~mposed inter- 
hemispheric neuronal asymmemes [10, 20, 56, 68, 76] In 
rodents, the nlgrostrlatal dopamlnerglc system has been the 
substrate most extensively studied, and there is good evz- 
dence that asymmetries in "spontaneous"  and dopamlnergic 
drug-induced movement preferences exist in neurolog- 
ically intact ammals [18, 20, 32, 55] Focus on the nlgrostrl- 
atal system grew primarily out of the work of others over the 
past decade (e g ,  [1, 2, 40, 44, 45. 71, 72, 74]) who have 
experimentally altered the actiwty of ascending dopamlner- 
glc pathways and postsynaptlc function For example, uni- 
lateral chemmal or electrical stimulation of the mgrostriatal 
system yields contralateral circling behavior and reduced 
thresholds for stimulus-directed behaviors on the contralat- 
eral side Also, unilateral denervatlon of the origins and 
terminal fields of ascending catecholammergic pathways 
yields an lpsflateral turning bias and a contralateral deficit or 
loss of stimulus-directed head movements (also called sen- 
sory inattention, neglect or sensorlmotor lmpmrment) Ac- 
cording to some (e g , [37]), the somato-sensonmotor defi- 
cits are permanent If the denervatmn is essentially complete. 
which indicates that the nlgrostrlatal system in one hemi- 
sphere may function as a critical link between contralateral 
tactile input and normal orienting responses 

There are several hurdles blocking rapid progress in this 
area of research Although clearly an advancement 10 years 
ago, conventional tests which assess stimulus-directed 
movements, such as the popular Von Frey hair technique 
[27. 37, 45, 60], are sometimes inadequate m that they are 
difficult to quantify and are highly susceptible to subjective 
lnterpretatmn Moreover. as in all presently available meas- 
ures of stimulus-directed behavior involving head move- 
ments, the chance that the assessment is due partly, or even 
chiefly, to " motor" rather than "'sensory" or ~'sen- 
sorlmotor" asymmetries is a source of concern Elaborate 
instrumental conditioning and discrimination tests have been 
devised by a few investigators [7, 14, 27.70] in attempts to 
deal with the problem, but these are painstaking, somewhat 
controversial [34], and, because of the learning component, 
are undesirably complex and someames &fficult to interpret 

Circling (rotatmnal) behavior has become estabhshed as a 
useful and readily quantifiable measure of asymmetrical nl- 
grostnatal actwlty, but it also suffers from major limitations 
First, quantification of circling behavior does not indicate 
whether the movement is stimulus-independent (l e ,  the 
source of the movement ~s unknown) or stimulus-directed 
Second, orchng may be caused, or modified by alterations m 
strlatonlgral or other nearby non-catecholammerglc efferent 
systems [4, 6. 13, 26, 30.31,36, 41, 46, 47, 48, 50, 51,52, 68, 
69, 75] Indeed, nonspeofic electrolytic lesions in the sub- 
stantla mgra pars retlculata area, or slightly caudal in the 
reticular formation, cause ammals to circle tightly "spon- 
taneously" in a direction ¢ ontralateral to the damaged side 
[8, 29, 31, 39, 61, 64], which is opposite to the lpsIlateral 
turning and sensorlmotor bias of the drug-free 6- 
OHDA-treated animal Such circling, which appears to be 
stimulus-independent, could be expected to Interfere with 
the assessment of the directional bias and relative strength of 
stimulus-directed (sensorlmotor) movements 

Loeb [38] suggested long ago that measurement of the 
strength and direction of stimulus-guided movement should 
be done relative to an antagonistic stimulus In the present 
experiment we describe a new and extraordinarily simple 
tactile extinction technique for rehably quantifying 

stimulus-directed movement asymmetries which potentmlly 
can be related to the nlgrostnatal system in rats Small pmces 
of adhesive paper were applied to the surface of the body 
bilaterally at given loci (e g ,  the snout or dermatomes C~r-C7 
of the forepaws), In unilateral 6-OHDA-treated rats and m 
rats with electrolytic substantla nlgra lesions Latency to 
remove each stimulus was recorded Because head move- 
ments were not required, assessment of alternative 
stimulus-directed movement asymmetries could be quan- 
tified rapidly without the Interference of stimulus- 
Independent postural and motor asymmetries 

METHOD 

Anlmal~ 

Forty-six male Long-Evans hooded rats were main- 
tamed on a 12 12 hr hght/dark cycle with food and water 
available ad lib Twelve rats were group-housed, four to a 
cage, In clear plastm cages with wire mesh floors Fifteen 
rats were maintained in individual wire mesh cages An ad- 
ditional 19 rats were group housed prior to surgery and 
moved to individual cages afterwards All ammals were 
handled daily 

Sutgcr~ 

MFB/6-OHDA The rats were anesthetized with equlthe- 
sin (0 25-0 35 cc/100 g) 6-Hydroxydopamlne (6-OHDA) was 
infused into the left (n= 16) or right (n= 14) medial forebram 
bundle (MFB)just  anterior to the substantla mgra in a vehi- 
cle of artificial cerebrosplnal fluid with 1% ascorblc acid in a 
concentration of 6/zg//zl The infusion volume ranged from 
0 75 to 2 ~1, and the Infusion rate was I /~l/mtn The coordi- 
nates with skull horizontal between lambda and bregma, 
were 3 2 mm posterior and 1 5 mm lateral to bregma, and 7 2 
mm below the dura of the cortex Control (sham) operations 
were performed on 10 rats Six of these were refused w~th 
vehicle only, and four of these sustmned punctures of the 
dura without subsequent infusion 

Sub~tantta mgra/electrolvtt~ leston~ Six additional rats 
received electrolytic lesions in the substantla nlgra area (4 9 
mm posterior and 2 2 mm lateral to bregma, and 7 2 mm 
ventral to the dura, 1 mA anodal current for 20-30 sec) 
Three received lesions on the right side of the brain and three 
received lesions on the left 

Prm edllre 

Adhe~tve paper test~ In pilot work we found that a small 
piece of mildly sticky adhesive paper, placed on the body 
(e g , various parts of the snout, forepaws or hlndpaws) will 
be rapidly removed by the rat Latency to initiate a 
stimulus-directed movement, and latency to remove the 
stimulus from the body can be quantified readily In the 
present study, the adhesive stimuli were placed on various 
Iocl bilaterally so that asymmetries in responslvlty, both 
major and minor, could be measured Thus, the tests resem- 
bled the so-called "extinction" task in human patmnts with 
neurological disorders [62] The tests were performed m the 
home cage two to six days after surgery For group-caged 
animals the cage mates were removed during testing 

For tactile stimulation of the snout, strips of adhesive 
paper that are commonly used as labels for file folders (Av- 
ery), were cut into 1 9 cm × l 4 cm rectangular pieces 
These pieces were placed lengthwise (horizontal to the 
ground) along each side of the snout, with the forward edge 
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about 6 mm behind the nose (It was helpful to color-code left 
from right) The vlbrlssae were lightly pressed against the 
snout (In our pilot studies we observed that the labels in a 
few packages were too sticky for the rats to remove without 
pulling out some of the fine facial hmr Although this did not 
prevent removal of the stimulus, the degree of stickiness 
need not be so great, and it can be adjusted by repeatedly 
pressing the paper onto the palm of the experimenter 's hand 
and then peehng it off) Latency to remove each stimulus 
was recorded along with a description of the stimulus- 
directed movements Each trial ended when both labels were 
removed, or after three minutes Two to five trials were 
given, but only the first trial was used m the data analyses 

Bilateral tactile stimulation of the forelimbs, in 2 separate 
tests at different loci, was provided by round pieces of 
adhesive paper ( " d o t s ' )  measuring l 3 cm in diameter (these 
"dots"  are manufactured by Avery International and are 
used to color-code file folders) The -do t s "  were placed 
bilaterally on the radial aspect (inward, toward the mldllne as 
the ammal assumes ItS normal standing posture) of the 
anlmaFs wrists The distal part of the dot covered about 1 
mm of the hairless part of the forepaw This placement over- 
lapped approximately the rostral rootlets area of the tactile 
dermatomes C~ and C7, but left the C~, C~ and T~ areas virtu- 
ally, or completely, uncovered [25] 

To minimize possible variations in adhesiveness caused 
by hplds in the fur and skin, the forelegs of the rats were 
washed with a 50% ethanol solution and allowed to dry for at 
least 15 rain before testing Before the 'dots" were put on, 
the wrists and paws were wiped with a clean, dry cotton 
gauze 

Although to remove the stimulus, normal animals often 
move their heads shghtly laterally and downward toward the 
forepaw, a head movement is not required, and Indeed, Is 
often not performed Fhe forepaw can be brought upward 
and forward to the mouth, which permits the animal to pull 
the dot off efficiently without a head movement 

In a separate test, the dots were placed on the ulnar (out- 
ward) aspect of the animal's wrist, which overlapped approx- 
imately with the more caudal tactile dermatome T~, but also 
included part of Cs The normal movement used to remove 
the more caudal stimulus involved a 60 to 90 degree rotation 
of the forelimbs Latency to contact each foreleg with the 
mouth, and latency to remove each dot from the wrist were 
recorded Other behaviors, such as bilateral "face-washing" 
or rapid paw shakes also were noted, however, these move- 
ments were not considered to be stimulus-directed paw con- 
tacts The trial ended when the animal removed both dots, or 
after 300 sec elapsed Occasionally, a dot fell off without the 
animal having made a stimulus-directed response In such 
cases, the trial was begun again Because the nlgra-lesloned 
rats were generally less responsive to the dots on the 
forepaws, the larger, 1 9 cm x 1 4 cm rectangular pieces of 
adhesive papers were used for this group in a way that tactile 
dermatomes C,, through T~ were stimulated 

For tactile stlmulatlon of the hlndpaws, the rectangular 
adhesive paper was pressed over the top of the foot and 
folded over its inward (tlbtal) aspect (L4 to L5 dermatomes) 
The stlmuh were placed bilaterally As described above, the 
hlndfeet were washed with alcohol and wiped with clean, dry 
cotton gauze to remove llplds before the stlmuh were 
apphed Latency to contact each hlndpaw and the latency to 
remove the rectangular stimulus from each paw were re- 
corded The trial ended when the animal removed both 
Stlmuli, or after 600 sec elapsed 

Von Frey hair tests Light tactile stimulation of the snout 
or shoulders was presented by means of 5 g Von Frey hairs 
[45, 60, 70, 78] StLrnulus-dependent head and turning 
movements directed toward the locus of stimulation or with- 
drawal movements were noted 

Negative geotart~ The direction of negative geotaxls was 
recorded in two separate tests The first test involved placing 
the animal on a 45 ° grid slope in 3 different positions head 
down, lpsllateral side down, or contralateral side down The 
direction of turning toward the upper part of the slope [42] 
was noted The second test involved briefly suspending the 
animal by the base of the tall The presence and direction of 
lateral or rotatory movements of the body (trunk flexion) 
were noted [27] 

Bracing Asymmetrical bracing reactions in the limbs 
were recorded [12,59] When pushed m a straight hne side- 
ways in the direction contralateral to the damage, 6- 
OHDA-treated rats actively resist horizontal displacement 
by means of a bracing reaction When pushed lpsllaterally, 
the animals readily make rapid stepping or exaggerated 
hopping movements, most frequently with the ipsllaterat 
forelimb 

Stlmuluv-mdependent ("spontaneou~ ") behavior All rats 
were tested briefly for asymmetrical movements that were 
apparently non-directed, or relatively "spontaneous " 
These tests were selected because previous work has shown 
that ipsllateral movement is a rehable indicator of severe 
unilateral strlatal depletion in 6-OHDA-treated animals The 
direction of spontaneous clrchng (' rotation") was recorded 
(e g , [1, 20, 61]) 

In addition, the animals were placed in a narrow alley (7 
cm wide) facing its closed end [21,58] The direction of rear- 
ing or ventral tucking movements which permitted the 
animal to turn around and face the opposite end of the alley, 
was recorded 

Histological Analv~t~ 

The nlgra-lesloned (electrolytic) animals were given an 
overdose of equlthesm and were perfused with saline fol- 
lowed by a 10% formal-saline solution Their brains were 
extracted and frozen sections (40/xm) throughout the lesion 
were mounted and stained with thlonm H~stologlcal analysis 
was aided by a Bausch and Lomb mlcroprojector, and the 
sections were compared with the Konlg and Kllppel rat brain 
atlas [35] 

Neuloc heroical Artaly~l~ 

Two weeks after surgery, five randomly selected 
6-OHDA-treated rats were sacrificed by decapitation and 
caudate tissue was rapidly dissected over ice using a blunt 
dissection technique which spared the nucleus accumbens 
(the anterior commissure was visualized medially) The tis- 
sue was stored at - 80  ° until assayed Assays were carried 
out using tissue from damaged and non-damaged sides of the 
brain 

Caudates were thawed on ice, hand homogenized teflon 
to glass in 500/xl o fpH 7 7 Trls buffer (with 0 I% ascorbate) 
One hundred ~1 of caudate was combined with 200 tzl of 0 2 
N HjPO4 containing 10 ng 3,4-dlhydroxybenzylamlne 
(DHBA Sigma) as internal standard in 1 5 ml plastic cen- 
trifuge tubes One ml of 0 5 M Trls buffer (pH 8 6) and 10 mg 
AlzO~ were added and the suspension shaken intermittently 
on Ice for 10 rain to adsorb the catechols Following three 
rinses with distilled water, catechols were eluted by intermit- 
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TABLE 1 

LATENCY (SECS) TO REMOVE BILATERALLY PLACED ADHESIVE 
STIMULI FROM SNOUT 

Ipsdateral Contralateral 

6-OHDA 1030_+ 30" 216 -+ 101 
Nlgra/Electrolytlc 17 28 _+ 15 2* 55 2 _+ 31 7 
Sham Control 22 10 _+ 13 9 15 40 _+ 7 5 

*Significantly different from Contralateral 

tent shaking for 10 mm with 75 tzl of 0 2 N H3PO4 Typical 
recoveries of  extracted standards were >50% Twenty/zl por- 
tions of  the catechol-contamlng acid were rejected into a high 
performance hquid chromatography (HPLC) system (re- 
verse phase w~th electrochemical detection) The chromato- 
graphic system consisted of a Model 100A metering pump 
(Beckman Ins ) ,  a Model 210 sample injector valve 
(Beckman Ins ) and a reverse-phase 5/z ultrasphere C18 col- 
umn (0 46 × 25 cm) The column eluant was momtored with a 
commercml amperometric detector Model LC4A (Bmanalyt- 
tcal Systems) with detector potential set at +0 9 V A 4 cm 
precolumn packed with 5 /z  C18 packing protected the ana- 
lytical column Mobile phase flow rate was l 3 ml/min The 
LC4A detector (sensitivity routinely set at 2-10 nA) was 
connected to a C-R1A data processor (Shlmadzu) for lmtlal 
data analysis 

The mobile phase consisted of  0 083 M NaH,2PO4 H20, 
0 083 mM NazEDTA, 0 1 mM sodmm octyl sulfonate, and 
8 3% HPLC grade methanol With a 1 3 ml/min flow rate 
retention times were approximately as follows D H B A = 5  9 
rain, and dopamme=9 0 mm (c f ,  [28,671) 

RESULTS 

General Movement Asymmetrte~ 

MFB/6-OHDA 6-OHDA-treated animals selected for ini- 
tial analysis included only those which showed lpsilateral 
biases In all of the standard tests of  asymmetry Data from 
seven rats having 6-OHDA infusions into the right MFB, and 
eight rats having lesions in the left MFB were analyzed 

Von Frey hmr tests These animals readily oriented with 
their head and body toward the locus of the light tactile 
stimulatmn of the snout or forequarters when the Von Frey 
hair stimulus was on the side of  the body lpsflateral to the 
lesmn When the Von Frey hair stimulus was presented con- 
tralaterally, no orienting, or less reliable orienting, occurred 
When the sttmuh were presented bilaterally, head move- 
ments were elicited toward the lpsilaterai side most fre- 
quently 

Negative geotaxts When they were placed head-down on 
a 45 ° slope, they always turned 180 ° in the lpsflateral direc- 
tmn When placed ipsllateral side-down, they often turned 
270 ° m the lpsllateral direction When placed contralateral 
side-down, they turned 90 ° in the lpsflateral direction When 
the animals were suspended by the base of the tall, they 
twzsted or turned upwards lpsllaterally, or rotated about 
their longitudinal axis such that the dorsal aspect of  their 
forequarters moved ipsilaterally 

Bracing When pushed sideways along the ground in the 
contralateral direction, they showed exaggerated bracing re- 
actions with the hmbs When pushed lpsllaterally, the re- 

TABLE 2 

LATENCY (SECS) TO REMOVE BILATERALLY PLACED ADHESIVE 
STIMULI FROM RADIAL ASPECT OF FORELIMBS 

(DERMATOMES C6-C7) 

Ipsdateral Contralateral 

6-OHDA 959 ± 1 0"~- 118 62 + 28 3, 
Nlgra/Electrolytlc 156 80 _+ 57 8* 278 33 + 21 7 
Sham Control 40 83 + 19 8 37 17 _+ 16 2 

*Stgmficantly different from Contralateral 
tSlgmficantly different from Sham Controls 

TABLE 3 

LATENCY ISECS) TO REMOVE BILATERALLY PLACED ADHESIVE 
STIMULI FROM ULNAR ASPECT OF FORELIMBS 

tDERMATOMES C~-T0 

Ipsflateral Contralateral 

6-OHDA 120"~ _+ 24 "I 92 45 _+ 30 1 
Sham Control 110 51 + 42 6 80 03 + 37 3 

*Significantly different from Contralateral 
+Significantly different from Sham ControN 

sponse varied from stepping only, to shght bracing mixed 
with stepping reactions of the forehmb (a normal reaction) 

Circhng movements and turns in the alley occurred ip- 
sllateral to the side of 6-OHDA infusion 

Nlgra/elettrolvt~t In contrast, the nlgra-electrolytlc- 
lesioned animals showed complete, and even more exagger- 
ated. asymmetry in the opposite (contralateral) direction m 
the circling task, the negative geotaxls tasks, and the alley 
task It is important to note that no directed responses to 
Von Frey hairs were obtained in these animals However,  
the animals appeared to react by increasing their rate of tight 
contralateral clrchng, especially if contacted on the side Ip- 
sflateral to the lesion 

In a follow-up test, the wall of the alley facing the body 
side concave to the posture of  orchng was removed In this 
situation, the nlgra-lesloned rats lost their concave posture 
and walked forward along the other wall, as if guided by the 
whiskers ipsilateral to the lesion In contrast, the 6- 
OHDA-treated rats retained their concave bias when the 
wall facing the body side concave to the posture of  circling 
was removed, which meant that they turned away from the 
remaining wall Thus, these animals, too, appeared to be 
guided by their lpsllateral whiskers If allowed to continue, 
they circled around until they came In contact with the re- 
maining wall, whereupon they reared or walked forward 
along the wall 

Adhesive Removal 

MFB/6-OHDA The 6-OHDA-treated animals removed 
the lpsilateral stlmuh consistently sooner than the contralat- 
eral stimuli 

As shown in Table 1, the rectangular adhesive paper, 
which was applied bilaterally to the snout, was removed 
significantly sooner from the lpstlateral side, X2(I)=74, 
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p < 0  01 The stimulus-directed movement Involved one or 
both forepaws, which rapidly brushed downward first on the 
ipsllateral stimulus During these movements postural 
asymmetry was bmsed about l0 ° m the ipsIlateral direction 
Control animals faded to show significant preference m the 
order in which the stimuli were removed x2(l)=0 4, n s 

Removal of the "dot"  stimuli from the ipsilateral forepaw 
occurred sooner than removal of the dot stimuli from the 
contralateral forepaw, radml Onward) wrists X2(1)=8 07, 
p < 0  01, ulnar (outward) wrists X2(1)=15 0, p < 0  01, as 
shown in Tables 2 and 3 Prior to removal of the stimulus, the 
6-OHDA-treated rats typically contacted the ipsflateral 
forepaw before contacting the contralateral paw (radial 
wrists 6 3-+0 7 sec versus 23 1-+7 2 sec, X2(1)=5 4 , p < 0  05, 
ulnar wrists 5 2"+0 8 sec versus 15 5-+2 I sec, xZ(l)=l l  27, 
p < 0  01), as shown m Table 2 Ipsdateral movements typi- 
cally revolved a head turn lateral and ventral toward the 
stimulus, and then an upward pulling of the dot with the 
teeth (This movement was also typical of control animals 
when removing dots from either paw ) Contralateral move- 
ments typically involved mowng the forepaw forward 
toward the mouth, such that contralateral head movements 
were minimal 

Rapid paw shaking reactions to the adhesive pieces were 
observed in all rats This occurred more frequently m the 
contralateral forepaws According to others [66], cats with 
spinal transections display paw shaking readily with low 
stimulation of cutaneous afferents In several animals, the 
contralateral stimulus elicited bilateral paw shakes and face 
washing movements that led to a full grooming sequence 
before the ammal removed the stimulus 

The latency to contact, and latency to remove, the lpsllat- 
eral stimuli (for both radml and ulnar dermatomes) were slg- 
mficantly shorter than the latency to contact (p<0 01) and 
the latency to remove (p<0 01) the lpsllateral stlmuh m con- 
trol animals Thus, there was 6-OHDA-induced hyper- 
reactivity on the lpsllateral side The latency to contact, and 
the latency to remove, the contralateral radial stimuli were 
significantly longer than the latency to contact (p<0 01) and 
the latency to remove (p<0 01), the contralateral radml 
stlmuh in control ammals (hyporeactivlty) 

Within control ammals, there were no slgmficant asym- 
metrical preferences for removal of the dots (see Tables 2 
and 3) Control ammals showed no bins m contacting the 
forepaw stlmuh (radial wrists 9 9-+3 4 sec versus 30 7 + _ 15 9 
sec, X~'(1)=0, n s ,  ulnar wrists 226-+104 sec versus 
16 4_+1 9 sec, binomial X=3,  n=9,  u s ) 

In 6-OHDA-treated ammals, an ipsIlateral bias m 
hmdpaw contact (Means_+SE =124 1-+527 sec versus 
367 2+69 0 sec) approached, but did not achieve, signifi- 
cance, X2(1)=3 77, p > 0  05 Some 6-OHDA-treated rats faded 
to remove the stlmuh from either hmdpaw, although m all cases 
during locomotion there occurred abnormal backward shak- 
ing and extension movements and Increased swing phase in 
the taped limb However, those animals that d~d remove the 
stlmuh removed the ipsdateral ones first (bmommi X = l ,  
n=9,  p < 0  05) The ~psllateral, stlmulus-d~rected movements 
revolved clear head and body turns toward the hindhmb 
Contralateral movements often consisted ofa  mldhne ventral 
tuck, along with attempts to move the hlndhmb forward 
toward the mouth such that only minimal or brief contralat- 
eral turns were observed 

Control ammals showed no preference in the order of 
contact of the hmdpaw (~psilateral=231 2+82 5 sec versus 
210 2-+70 3 sec, binomial X=4, n=9,  n s ) or removal of the 

hlndpaw stimuli 0psllateral=361 7"+81 3 sec versus 
418 7"+76 8 sec, binomial X=2, n=6,  n s ) 

The WIlcoxon matched-pairs signed-ranks test was used 
to evaluate the differences In time required for the ammal to 
remove the stlmuh after an initial mouth contact of either 
paw 6-OHDA-treated rats showed significantly faster re- 
moval of the stimuli on the forepaws lpsllateral to their le- 
sions (radial wrists p < 0  01, ulnar wrists p < 0  01) Removal 
of the hindpaw label was also faster on the lpsllateral side 
than on the contralateral side (p<0 01) Similarly, removal of 
the snout stimuli occurred more rapidly on the side lpsllat- 
eral to the lesion (p<0 05) Control animals failed to show 
s~gnificant differences In removal t~me for the forepaws (ra- 
dial wrists T=I8 ,  N--10, n s ,  ulnar wrists T=6,  N=8,  
n s ), the hlndpaws (T= 14, N=6,  n s ), or the snout (T=25, 
N=10, n s )  

Thus, it appears that comparative responsiveness to 
bilateral adhesive stimuli is a reliable measure of asymme- 
tries in bram function m rats It is interesting to note that even 
rats which showed contralateral neglect dunng conventional 
tests of orienting using Von Frey hairs, nevertheless were 
able to locahze (see also [44,70]) and remove stimuli on the 
contralateral snout and forepaw Neglect of the contralateral 
hindpaw stimulus did occur, and four rats did not remove the 
stlmuh from either hlndpaw m the time allotted 

Ntgra/electrolync The behavior of the rats with substan- 
tm mgra electrolytic les~ons was extremely interesting (see 
Tables 1 and 2) In contrast to the 6-OHDA-treated rats, all of 
the rats exhibited non-d~rected (spontaneous) contralaterai 
clrchng, contralateral flexion when suspended by the base of 
the tad, and contralateral postural asymmetry, however, 
when adhesive stimuli were apphed to their forepaws, they 
removed the stimulus from the ipsdateral side first (p<0 01) 
The latency to first contact the lpsdateral stimulus was faster 
than that for the contralateral stimulus (61 2-+47 8 versus 
212 2-+53 4 sec ,p<0  01) Three of the six rats exhibited total 
neglect of the stimulus on the contralateral forepaw, which 
never occurred in MFB/6-OHDA-lesioned ammals It was 
striking to observe stlmulus-d~rected reactw~ty convex to 
postural orientation simultaneous with neglect of stimuli con- 
cave to postural orientation The asymmetry ofresr~anslveness 
to adheswe stimuh applied to the snout was slmdar Four of 
six rats consistently contacted the snout lpsilateral to the 
lesion first and removed the stimulus from the ipsdateral 
snout before removing the one on the contralateral snout 
Two of these rats showed total neglect of the stimulus on the 
contralateral snout Another rat briefly exhibited ineffectwe 
scratching movements at the stimulus using the contralateral 
hindhmb The two rats with the smallest lesions removed 
both snout stimuh simultaneously by making bilateral 
face-wiping movements of the forepaws 

All of these rats faded to remove the hmdpaw stlmuh from 
either side, although an obvious increase m swing phase of 
locomotion and backward shaking and extension of the 
stimulated limb was induced However, the failure to re- 
move the lpsdateral hmdllmb stimulus was probably due to 
their exceptionally strong contralateral circling behavior and 
complete lack of lpsllateral turning, which could have pre- 
vented them from making the required directed movement 
toward the apparently more "sensmve"  lpsdateral side 

Neurochemtstrv and Histology 

High performance liquid chromatography revealed that 
the ipsIlateral caudate contained only 28 3% (medmn) of the 
dopamlne in the contralateral caudate (the greatest relative 
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T A B L E  4 
SUMMARY OF STIMULUS-DIRECTED AND 

STIMULUS- INDEPENDENT MOVEMENT BIASES 

Spontaneous Von Frey Adhesive 
Cwchng* Orienting + Removal~ 

6-OHDA IpSl 1psi IpSl 
Nlgra/electrolyt~c contra no response 1psi 
Sham Control no bias no bias no bins 

*Stimulus-independent head and body turns 
?St,mulus-dlrected head and body turns 
;Stlmulus-dlrected adhes,ve-remowng movements 

dep le t ion  was 8 6% and  the  leas t  was  71 1%) A l though  
o t h e r  neura l  a reas  were  not  a s sayed ,  it shou ld  be  e x p e c t e d  
tha t  the  6 - O H D A  in jec t ion  dep le ted  mult iple  ca t echo la -  
mlnergIc  t e rmina l  fields Binomia l  t es t s  ind ica ted  s ignif icant  
d i f fe rences  b e t w e e n  lpsl la teral  and  con t ra l a t e ra l  d o p a m l n e  
(p < 0  05) 

His to logica l  e x a m i n a t i o n  revea led  tha t  the  s u b s t a n t l a  
nlgra e lec t ro ly t ic  les ions  were  large and  invo lved  all or  mos t  
o f  the s u b s t a n t i a  n igra  (pars  c o m p a c t a  and  pars  re t lcu la ta)  
and  ad j acen t  regions  The  size and  loca t ion  o f  the  les ion 
cavi t ies  were  s imilar  to those  desc r ibed  p rev ious ly  [61] 
H o w e v e r .  the  ce l l -poor  a rea  o f  c h r o m a t o l y s i s  of ten  e n c o m -  
p a s s e d  o the r  i m p o r t a n t  t issue,  inc luding the mldbra ln  re t icu-  
lar  f o rma t ion  (n=6) ,  the  ven t ra l  nuc leus  of  the  t h a l a m u s  
( n = 2 ) .  and  the  lateral  a spec t  of  the  crus  ce rebr l  ( n =  1) Dam-  
age to any  one  of  these  a reas  could well have  con t r i bu t ed  to 
the  s y m p t o m  c o m b i n a t i o n  of  con t ra la te ra l  c ircl ing and  lp- 
s l lateral  s t imulus -d i rec ted  a d h e s i v e  r e m o v a l  bias 

DISCUSSION 

The  ma jo r  f indings  are o u t h n e d  m Table  4 An  lpsflateral  
bias m s t imulus -d i rec ted  ac t lv . ty  was seen  in the 6- 
O H D A - t r e a t e d  rats  M o r e o v e r ,  t he re  was an  inc rease  m re- 
ac t iv i ty  on  the  ipsi la teral  side re la t ive  to sham con t ro l s  (see 
also [22,24]) This  IS r e m i n i s c e n t  of  the e n h a n c e d  ef fec ts  on  
s e n s o r l m o t o r  reac t iv i ty  of  e lec t r ica l  s t imula t ion  o f  the  con-  
t ra la tera l  media l  fo rebra ln  bund le  a rea  [15,65], and  it may  be  
re la ted to the  s enso ry - r e j ec t ion  reac t ions  o b s e r v e d  in 
a m m a l s  wi th  bi la tera l  M F B  lesmns  [60] H ype r sens i t i v i t y  
ipsl la teral  to de s t ruc t i on  o f  a scend ing  p a t h w a y s  is also con-  
Slstent wi th  p r ev ious  behav io ra l  and  n e u r o c h e m l c a l  d e m o n -  

s t ra t lons  of  i n t e rheml sphe r l c  in te rac t ions  at this  and o the r  
levels  of  the  neurax l s  [ 1 1 . 3 9 . 4 9 ]  

Desp i te  a s t rong " s p o n t a n e o u s "  con t ra la te ra l  m o t o r  bias 
revolv ing  s t imu lus - i ndependen t  m o v e m e n t s  (! e , the  
s t imulus  is u n k n o w n  to the e x p e r i m e n t e r ,  but  is p robab ly  
se l f -genera ted) ,  the  rats  wlth  e lec t ro ly t ic  les ions  of  the nlgra 
l ikewise were  bmsed  toward  the  lpsdatera l  side m a bi lateral  
a d h e s i v e - r e m o v a l  tes t  which  invo lved  s t imulus-d i rec ted  
m o v e m e n t s  bu t  d,d not  requi re  head  tu rns  R e s p o n s i v e n e s s  
to adhes ive  tacti le s t imuli  appea r s  to be a useful  way of  
d i ssoc ia t ing  pos tu r a l /mo to r  a symmet r i e s ,  in a quan t i t a t ive  
way,  f rom cer ta in  " s e n s o n m o t o r "  a s y m m e t r i e s  m rats  

Thus .  the  potent ia l ly  paradoxica l  f inding that  cont ra la t -  
erally b iased  m o v e m e n t s  occu r  in ra ts  with  s u b s t a n t m  nlgra 
l e smns  (while lpsl lateral ly b iased  m o v e m e n t s  occu r  in rats  
wi th  more  se lec t ive  6 - O H D A  infusions) ,  makes  sense  If  the  
tes t  does  not  requi re  s t imulus -d i rec ted  large lateral  move-  
men t s  ot the  head .  the " s e n s o n m o t o r  ' bmses  are bo th  ,p- 
sda tera l  This  c o m m o n a h t y  p r e s u m a b l y  ref lects  s lmdar  
a s y m m e t r i e s  in a scend ing  c a t e c h o l a m m e r g l c  p a t h w a y s  The  
con t ra l a t e ra l  m o t o r  bias  is not  surpr is ing  The re  are a 
n u m b e r  of  key ou tpos t s  of  the  spinal  m o t o r  sys tem that  re- 
ce ,ve  inh lb , to ry  input  sent  caudal ly  f rom fo reb ram regions  
These  s t ruc tu res ,  including some located m the  region of  the 
s u b s t a n t l a  mgra .  soon  cross  and  descend  to the  spinal  cord  
[39. 53. 63. 77] Damage  to these  e f fe ren ts  near  the origin 
may  be expec t ed  to yield cwcllng effects  oppos , te  to those  
o b s e r v e d  af ter  more  rostral  (p resynap t lc )  damage  (, e dam- 
age to fo reb ram ef fe ren ts  such  as the s t r la to-nlgral  projec-  
t ions)  

In conc lus ion ,  we b e h e v e  that  a measu re  of  the dlrect~on 
and  degree  of  c l rchng  b e h a v i o r  ,s far  more  powerful  w h e n  ,t 
Is c o m b i n e d  with o the r  measu re s  such  as the  re la t ively  turn-  
free a d h e s , v e - r e m o v a l  tes t  tha t  separa te ly  quant~fies 
t ac tde - s t lmulus  d i rec ted  b e h a v i o r  It r emains  to be d e m o n -  
s t ra ted  that  this p rocedu re  will p rove  useful for  a ssess ing  
b e h a v i o r  fol lowing a l t e r a tmns  m o the r  ' s e n s o r y - m o t o r '  
bra in  areas  H o w e v e r ,  for  now we suggest  tha t  the recen t  
a t t en t ion  g iven  to ,mposed  and  natura l  a s y m m e t r i e s  m affer- 
ent  and  ef ferent  s tr latal  p ro jec t ,ons  (e g [3 5 . 9 .  17. 19 23 
33. 36. 43. 55. 57. 73 75]) might  benef i t  f rom a ba t te ry  of  
behav io ra l  tes t s  that  includes  bi lateral  adhes ive  paper  re- 
moval  
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