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It has been hypothesized that neocortical damage is accompanied by secondary changes in other brain areas (the shock or diaschisis of von 
Monakow), which contributes to initial non-specific behavioral depression. The relation between behavioral changes and dopamine (DA), 
serotonin (5-HT), and their metabolites, measured with intracerebral microdialysis in freely moving rats and by tissue assay postmortem, was 
examined during postsurgical recovery from unilateral hemidecortications. Rats were tested for rotational asymmetry and extracellular con- 
centration of DA was measured both during rest and after amphetamine (1.5 mg/kg). It was found that: (1) during the first few postsurgical 
days the hemidecorticate rats rotated ipsilateral to their lesions after amphetamine but thereafter on tests given up to 121 days postsurgery 
there was no asymmetry in rotation; (2) there were no asymmetries in the concentration of DA or its metabolites at any time after surgery; 
(3) the 5-HT metabolite 5-hydroxyindoleacetic acid (5-HIAA) was elevated acutely for a few days following surgery; (4) during the first 3 
postoperative days, both baseline extracellular 3,4-dihydroxyphenylacetic acid (DOPAC) and amphetamine-induced DA release were sig- 
nificantly elevated bilaterally. These findings demonstrate that the acute behavioral asymmetry in rotation produced by hemidecortication is 
not related to unilateral changes in striatal DA activity and its metabolites. Thus, the behavioral asymmetries might be related to other 
striatal changes (i.e. 5-HIAA) or other damage, such as to the corticospinal projections of the lesioned hemisphere. Nevertheless, unilateral 
lesions did produce acute bilateral increases in DA levels, which may be a correlate of generalized neural shock produced by the lesion. 

INTRODUCTION 

Damage to the neocortex produces many complex 

changes in behavior. Some behavioral deficits appear to 

be relatively permanent  and, therefore, such functions 

presumably require the integrity of the tissue that was 

damaged. Other behavioral deficits produced by neocor- 

tical damage are only transient;  that is, the initial im- 

pairments are followed by recovery of function. As early 

as 1911 von Monakow suggested that this secondary cat- 

egory of change was produced by diaschisis (or shock) 

involving some other area of the brain that is function- 

ally related to, but distant from, the site of injury 26. The 

present study was designed to examine whether some of 

the acute and chronic changes in behavior seen follow- 

ing damage to the neocortex may be related to changes 

in striatal function, as has been suggested previously 2'16" 
32 

There are a number  of reasons why neocortical dam- 

age may alter striatal function, and thus contribute to the 

pattern of behavioral deficits seen following a neocorti- 

cal lesion. First, neocortical injury in rats produces a 

number  of shock-like behavioral changes that dissipate 

over recovery periods lasting as long as one year 41. Sec- 

ond, anatomical evidence indicates that there is a high 

degree of connectivity between the caudate-putamen and 

the neocortex 1,9,H'ls. The striatum, like the neocortex, 

is a functionally heterogeneous structure with respect to 

behavior. For example, the dorsolateral caudate is in- 

volved in skilled limb use and the ventrolateral caudate 

is involved in mouth and tongue use, a relationship that 

parallels the relation between the dorsofrontal cortex 

and limb use and the ventrolateral frontal cortex and 

mouth and tongue use  28'43. Third, damage to the cortex 

is known to produce transitory changes in the physiol- 

ogy of the caudate putamen.  Deuel and Collins ~° have 

reported ipsilateral depression and subsequent recovery 

of local glucose utilization in the striatum of monkeys 
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r ecove r ing  f rom con t ra la te ra l  neglec t  induced  by unilat-  

era l  neocor t i ca l  injury.  T h e  changes  in glucose  ut i l izat ion 

were  main ly  seen  in the  s t r ia tum and m o t o r  nucle i  of  the  

tha lamus ,  bu t  no t  in the  r ema in ing  cor tex .  In  addi t ion ,  

the re  are  a n u m b e r  of  behav io ra l  and n e u r o c h e m i c a l  

studies that  suggest  c a t echo lamine  neuro t ransmiss ion  in 

the  s t r ia tum m a y  be  depressed  in the  ear ly  postsurgical  

pe r iod ,  bu t  m a y  even tua l ly  re tu rn  to no rma l  3'21'33'34. 

Cons i s ten t  wi th  this,  the re  is a substant ia l  l i t e ra ture  

showing that  r e cove ry  f rom cort ical  injury can be  en-  

hanced  by a m p h e t a m i n e  o r  r e t a r d e d  by ha loper ido l ,  

drugs that  are  known  to a l ter  d o p a m i n e  ( D A )  neuro-  

t ransmiss ion in the  c a u d a t e - p u t a m e n  7'12. 

T h e  idea  that  neocor t i ca l  injury m a y  t rans ient ly  a l ter  

D A  neuro t r ansmiss ion  in the  c a u d a t e - p u t a m e n ,  and thus 

con t r ibu te  to the  pa t t e rn  o f  behav io ra l  deficits and sub- 

s equen t  r ecove ry  of  funct ion ,  was inves t iga ted  in the  ex- 

pe r imen t s  r e p o r t e d  here .  Cor t ica l  injury consis ted  of  

near ly  c o m p l e t e  r e m o v a l  of  the  n e o c o r t e x  uni la tera l ly .  

A m p h e t a m i n e - i n d u c e d  ro ta t iona l  behav io r  was used to 

m e a s u r e  r ecove ry ,  because  acute  ipsi lateral  bias and 

chronic  con t ra la te ra l  bias in ro ta t iona l  a symmet r i e s  are  

p r o d u c e d  by uni la te ra l  neocor t i ca l  d a m a g e  16. O n  the  ba- 

sis o f  ev idence  that  D A  agonists  inf luence these  rota-  

t ional  biases,  such changes  have  b e e n  pos tu la t ed  to in- 

vo lve  D A  func t ion  2'16'32. Changes  in these  behav io ra l  

a symmet r i e s  o v e r  t ime  fo l lowing neocor t ica l  d a m a g e  

were  r e l a t ed  to changes  in dopamine rg i c  act ivi ty,  as in- 

d ica ted  by measu re s  of  bo th  the  p o s t m o r t e m  tissue con-  

cen t ra t ion  of  str iatal  D A  and the  ex t race l lu la r  concen-  

t ra t ion  of  str iatal  D A ,  assessed with  microdialysis .  

MATERIALS AND METHODS 

Subjects 
One hundred and twenty-nine adult male rats (300-400 g) de- 

rived from the Long-Evans strain, and raised at the University of 
Lethbridge, were used as subjects. They were housed in pairs on a 
14"10 h light-dark cycle (lights on 08.00 h), and had free access to 
food and water. One-hundred and six rats were used in Expt. 1 
and 23 rats were used in Expt. 2 (see below). 

Surgery 
For hemidecortication and implantation of dialysis probes, the 

animals were anesthetized with sodium pentobarbital (40-65 mg/ 
kg, i.p.). To produce hemidecortications, the cortex was exposed 
by unilateral removal of the dorsal aspect of the frontal and pari- 
etal bones. The left or right neocortex, side chosen randomly, was 
then removed by aspiration '~. Animals were not prescreened for 
endogenous turning preferences 22 to avoid sensitization produced 
by amphetamine 35. 

If the animal was also to receive microdialysis probes (Expt. 2), 
a 2-mm-wide strip of bone adjacent to the coronal suture was left 
as an island onto which a dialysis probe could be cemented. Tre- 
phines were drilled for bilateral stereotaxic insertion of dialysis 
probes into the corpus of each striatum (coordinates from bregma: 
anterior 0.5 mm, lateral 3.0 mm, ventral 7.0 mm from the skull 
surface, with bregma and lambda horizontal27). Four anchor screws 
were secured to the intact dorsal frontal and parietal bones, and 

249 

the dialysis probes were lowered and cemented in place with den- 
tal acrylic. 

Expt. 1: Effects of hemidecortication on rotational asymmetries and 
the postmortem tissue concentrations of monoamines in the striatum 

Measures of rotational asymmetries 
In order to prevent a conditioned rotational bias due to previous 

amphetamine experience independent groups of rats received hemi- 
decortication and were then given one test for rotational behavior 
on either days 2 (n = 12), 4 (n = 16), 11 (n = 10), 31 (n = 15) or 
121 (n = 30) after surgery. Additional groups of rats with no le- 
sion were tested on days 2 (n = 14) and 121 (n = 24). Amphet- 
amine sulfate (1.5 mg/kg) weight of salt, s.c.) induced rotations 
were quantified in automated spherical rotometers 35, similar to 
those described by Greenstein and Glick 19. The rotometers were 
interfaced with a microprocessor which recorded every 1/4 turn 
(90 °) made to the right or left during each 5-min interval. From 
these data total rotations were calculated, which are defined as the 
total number of complete turns (4 consecutive 1/4 turns in the same 
direction) ipsilateral and contralateral to the lesion. 

Assay of striatal tissue 
On the day following its behavioral test, each animal was killed 

by decapitation and its brain was removed rapidly and placed in 
ice-cold saline (30-45 s). The brain was then placed in a chilled 
cutting block for sectioning. A tissue punch was used to obtain 
samples from the corpus of anterior dorsal striatum 2°. The post- 
mortem tissue concentrations of striatal DA 3,4 dihydroxyphenyl- 
acetic acid (DOPAC), homovanillic acid (HVA), 5-hydroxyin- 
doleacetic acid (5-HIAA), and 5-hydroxytryptamine (5-HT) were 
determined by high performance liquid chromatography (HPLC) 
and electrochemical detection, as described previously 37. 

Expt. 2: Effects of hemidecortication on rotational asymmetries and 
the extracellular concentrations of DA and monoamine metabolites 
in vivo 

Rats were assigned to one of 3 treatment conditions. (1) Acute 
group (n = 8). Immediately following hemidecortications a dialysis 
probe was lowered into the striatum in each hemisphere and after 
the dental cement had cured, the animal was placed into the test 
chamber, while anesthetized. Collection of dialysate began 45 min 
after hemidecortication. (2) Chronic group (n = 8). The rats were 
hemideco~icated and then were returned to their home cages to 
recover for 60 days. After this, a dialysis probe was implanted into 
the striatum in each hemisphere as described above, and then the 
rat was left in the test chamber overnight. Therefore, collection of 
dialysate in this chronic group began about 18 h after probe im- 
plantation. (3) Control group (n = 7). Control rats were implanted 
with dialysis probes in each hemisphere in the same way but they 
did not receive a neocortical lesion. 

Construction of dialysis probes and microdialysis procedure 
The dialysis probes have been described previously 5'38'39. They 

were of a concentric design with an outer diameter of 250/~m and 
a 4 mm long dialysis surface at the tip. The outlet line was made 
of fused silica capillary tubing (i.d., 75/~m), which led to a collec- 
tion vial attached to the tether, about 35 cm above the animal. 
From this location, the collection vials could be quickly exchanged 
without disturbing the animals. 

The pump speed was set at 1.5 /~l/min during probe implanta- 
tion, and was maintained at that speed during all sample collection 
intervals. All samples were collected over 20 min intervals and as- 
sayed within 30 min, using HPLC and series oxidative-reductive 
electrochemical detection 5'6. 

The probes were tested for in vitro recovery prior to u s e  39 and 
dialysate values were corrected for recovery. The average (+ 
S.E.M.) relative recovery values for the probes used in Expt. 2 
were: DA, 23.82 + 0.33%; DOPAC, 21.51 + 0.27%; HVA, 20.26 
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_+ 0.31%: and 5-HIAA, 21.46 _+ 0.33%. 

Dialysis experiments on days 1-3 after hemidecortication (acute 
group) 

Dialysis samples were collected for 3 days following probe im- 
plantation, including the day of hemidecortication. On day 1, four 
consecutive 20-min samples were collected beginning 45 min after 
probe implantation (the animals were somnolent due to anesthesia 
for the first 4 samples collected after probe implantation), and one 
additional 20-min sample was collected beginning 7.5 h after probe 
implantation. On both days 2 and 3 after probe implantation, at 
least three 20-min baseline samples were collected. The animals 
were then given 1.5 mg/kg of D-amphetamine sulfate (3 mg/ml, 
weight of the salt, s.c. in the neck) and 6 additional 20-rain sam- 
ples were collected, beginning immediately after the injection of 
amphetamine. 

Dialysis experiments on day 60 after hemidecortication (chronic 
group) 

Dialysis probes were implanted 60 days after hemidecortication. 
The rats were then placed in the test chamber and left overnight. 
The dialysis experiment began the next day, exactly as described 
above for day 2 in the acute group. 

Measures of rotational asymmetries 
In Expt. 2 the animals were videotaped during testing using a 

Sony camera and Betamax recorder (with variable speed play-back 
features). Behavior was subsequently analyzed by an observer blind 
to the treatment conditions. The videotapes were viewed at two 
times normal speed and the number of 90 ° turning movements 
made ipsilateral or contralateral to the lesion were summed during 
each of the 20-min dialysis collection intervals, including baseline 
and amphetamine conditions. In the case of normal animals one 
hemisphere was arbitrarily designated as the sham-lesion hemi- 
sphere. 

Histology for probe placements 
At the end of each experiment the tubing leading to the dialysis 

probes was cut at the level of the dental cement 'cap' and the rats 
were deeply anesthetized and then perfused through the heart with 
a solution of 0.9% NaC1 and 10% formalin. The brains were re- 
moved and the extent of neocortical damage was drawn on pre- 
pared maps of the neocortex. The brains were subsequently fixed 
in 30% sucrose and formal-saline and then cut into 40-/~m sections. 
Representative sections were mounted on glass slides and stained 
with Cresyl violet to confirm dialysis probe placement and the ex- 
tent of the neocortical lesion. 

RESULTS 

Extent of neocortical damage 

The animals in Expt. 1 had extensive damage to the 

entire neocortex, similar to that described previously by 

Whishaw et al. 45 (Fig. 2). Most of the neocortex down 

to the rhinal fissure, the midline cingulate cortex, and 

the medial frontal cortex was removed. In some rats, 

small strips of neocortex were spared along the edge of 

the rhinal fissure. There was no direct damage to under- 

lying structures such as the hippocampus, thalamus, or 

caudate-putamen. The extent of the lesions in the rats 

that underwent  dialysis (Expt. 2) is illustrated in Fig. 1. 

Rats tested on days 1-3 following surgery (acute group) 

are shown in Fig. 1A and rats tested after 60 days of re- 

covery (chronic group) are shown in Fig. lB. All ani- 

mals sustained similar and extensive loss of neocortex 

with little or no damage extending into pyriform cortex, 

striatum, thalamus or hippocampus. In different animals 

small remnants  of cortex were spared along the rhinal 

fissure, cingulate cortex, or posterior cortex. The only 

consistently spared neocortical tissue was below the strip 

of skull bone bordering the coronal suture, which was 

left to secure the dialysis probes, but in a few animals 

even this was removed (e.g., rats 7 and 66). 

Expt. 1: Effects of hemidecortication on rotational asym- 

metries and the postmortem tissue concentrations of  

monoamines in the striatum 

Amphetamine-induced rotational behavior as a function 

of  time following hemidecortication 

The relationship between amphetamine-evoked rota- 

tional behavior and the postmortem tissue concentra- 

tions of striatal monoamines  in groups of hemidecorti- 

cate rats studied at 2-121 days after surgery is shown in 

Fig. 2. The behavioral and biochemical results are rep- 

resented by an asymmetry index, which was calculated 

by subtracting the values corresponding to the hemi- 

sphere ipsilateral to the lesion from the values corre- 

sponding to the hemisphere contralateral to the lesion. 

Therefore, an asymmetry index of zero indicates the ab- 

sence of laterality. Fig. 2 (top) shows the rotational bias 

evoked by amphetamine as a function of time following 

hemidecortication. The control group (closed circle) did 

not show significant laterality in this situation, t25 = 1.19, 

P = 0.24. The absence of an asymmetry in the control 

group might be expected since the 'ipsilateral' hemi- 

sphere in this group was designated randomly. Two days 

after hemidecortication, however, animals showed a 

marked asymmetry in behavior, characterized by a rota- 

tional bias towards the lesion side. This asymmetry in 

behavior was not present at any other time following the 

lesion (Fig. 2; Fs,w3 = 8.72, P < 0.001, follow-up New- 

man-Keuls,  P < 0.05). Although there was a slight bias 

towards contraversive turning at 31 and 121 days postle- 

sion (ts > 2.2, P < 0.05), the asymmetry in these ani- 

mals did not differ significantly from that in the animals 

with no lesion. 

Postmortem tissue concentrations of  striatal monoamines 

in hemidecorticate rats as a function of time following 

hemidecortication 
There was no significant difference in any of the asym- 

metry measures between days 2 and 121 in the individ- 

ual control groups, and therefore their data were pooled 

for subsequent analysis. The asymmetry index for con- 

trol animals is indicated by the closed circles in Figs. 2 
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A. Acute B. Chronic 

[. Dorsal and lateral surface recontructions of lesions in 8 rats (two left columns, A) on which dialysis was performed during the first 
s following hemidecortication and 8 rats (two right columns, B) on which dialysis was performed 60 days following hemidecortications. 
e loss is shown in solid black. The strip of spared tissue in the ablated hemisphere underlay the bone to which the dialysis probes were 
)red. 

3. Pos tmor tem D A ,  D O P A C ,  H V A  and 5 - H I A A  

s in the control  group were assessed in relat ion to 

the randomly  designated hemisphere  (see above) as 

as the prefer red  (dominant)  direct ion of turning. 

• e were no significant differences for these values 

; e i ther  designat ion,  ts < 2, P > 0.05. 

aere was no significant asymmetry  in striatal D A  or  

~AC at any point  in t ime following hemidecort ica-  

D A ,  F5.83 = 0.84 and D O P A C ,  F5,73 = 0.98, Ps > 
, see Fig. 2). The asymmetry  indices for D A  and 

~AC in hemidecor t ica te  animals also did not  differ 

those obta ined  in the control  group at any point.  

For  HVA,  there was a significant effect of t ime follow- 

ing hemidecor t icat ion,  F5,69 = 5 . 1 5 ,  P < 0.001, which 

was due to an increased concentrat ion of  H V A  in the 

damaged  hemisphere 120 days following the lesion (Fig. 

2, bot tom).  

In contrast  to D A  and D O P A C ,  there was a signifi- 

cant effect of  t ime following hemidecor t ica t ion on the 

asymmetry  index for both  5-HT, F5,73 = 3.62, P < 0.01 

(Fig. 3, top)  and 5 - H I A A ,  F5,73 = 3.13, P < 0.02. There  

was no asymmetry  in 5-HT between days 2 and 11 fol- 

lowing hemidecor t icat ion,  but on day 31, 5-HT was 

higher in the damaged  hemisphere  (i .e. ,  the asymmetry  
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Fig. 2. Top: average (+ S.E.M.) asymmetry indices for turning be- 
havior, calculated by taking the difference between the number of 
turns ipsilateral to the hemidecortication minus contralateral turns 
made after amphetamine administration in separate groups of rats 
tested at different postsurgery intervals. Hemidecorticate sample 
sizes: day 2, 12; day 4, 16; day 11, 10; day 31, 15', and day 121, 30 
(day 2 = day following surgery). In controls (n = 26) the average 
(+ S.E.M.) number of ipsilateral turns was 91.57 + 20.40 and con- 
tralateral turns was 136.66 + 25.35. Average (+ S.E.M.) asymme- 
try indices are also shown for postmortem tissue concentration tis- 
sue levels of DA (upper middle), DOPAC (lower middle) and 
HVA (bottom). Tissue was obtained the day following testing with 
amphetamine and between 2 and 121 days after hemidecortication. 
The asymmetry index was calculated by subtracting the tissue con- 
centration (ng/mg wet brain) on the lesion side from that on the 
intact side. Hemidecorticate sample sizes: day 2, 16 (control, DA- 
18, DOPAC and HVA-6); day 4, 16; day 11, 10; day 31, 15; and 
day 121, 16. Thus, a positive number reflects greater ipsilateral 
turning or a higher concentration of DA, DOPAC, or HVA in the 
damaged hemisphere. In controls the average (ng/mg + S.E.M.) 
postmortem tissue concentrations were: DA, 14.60 + 0.35; 
DOPAC, 2.19 + 0.07; HVA, 1.00 + 0.07. 

"FABLE 1 

Mean +_ S.E.M. metabolite/neurotransrnitter ratios m postmortem 
tissue f rom the striatum (caudate putarnen) in controls and f rom 
the intact and lesion hemispheres f rom rats with unilateral neocor- 
tical damage after various time intervals c~t recove O' (days) 

D O P A C / D A  HVA/DA 5-HIAA/5-HT 

0.16 _+ 0 .01  I).075 _+ 0.01 0.79 + 0.1/6 Control 

Intact 
2 days 0.i5 + 0.01 0.08 + 0.01 t.26 + 0.10 
4 days 0.12 + 0.01 0.11 + 0.01 1.80 +_ 0.119 
11 days 0.01 + 0.01 0.08 +_ 0.01 1.67 _+_ 0.21 
31 days 0.11 _+ 0.01 0.11 _+ 0.04 1.04 _+ 0.04 

121 days n.a. n.a. 1.10 _+ 0.08 

Lesion 
2 days 0.19 _+ 0.05 0.10 + 0.03 2.05 _+ 0.27* 
4 days 0.12 + 0.01 0.10 + 0.01 2.29 + 0.18 
11 days 0.10 + 0.01 0.11 + 0.01 1.81 + 0.25 
31 days 0.11 +_ 0.0l 0.06 +_ 0.01 0.92 + 0.2l 
12l days n.a. n.a. 1.372 + 1).10 

*P < 0.01, relative to control values, n.a., not available. 

index  was  > 0) and  on  day 121 the  a s y m m e t r y  index was 

significantly less t han  zero .  The  a s y m m e t r y  indices  f rom 

n e i t h e r  the  day 31 and  day 121 g roups  d i f fe red  signifi- 

cant ly  f r o m  the  con t ro l  value.  For  5 - H I A A  the  a s y m m e -  

t ry index  was  significantly g r ea t e r  t han  ze ro  2 days a f te r  

0.5o 5 - H T  

,.i..a 
v 0.25 

, 0 .00 

0 
"~ -0.25 

N -O.50 

~ O.75 

~ 0.25 

m -0.25 

-0.75 

5 - H I A A  

L _ r 

i ! i ! i 

2 4 11 31 121 

D a y s  P o s t - l e s i o n  

Fig. 3. Average (+ S.E.M.) asymmetry indices, as described in Fig. 
2, for 5-HT (top) and 5-HIAA (bottom) measured between 2 and 
121 days after hemidecortication. In controls the average (ng/mg 4- 
S.E.M.) postmortem tissue levels for 5-HT was 0.75 + 0.07 and 
for 5-HIAA was 0.57 + 0.05. Refer to Fig. 2 for sample sizes. Note 
the increase in 5-HIAA on the lesion side on day 2 post-lesion rel- 
ative to control levels. 
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A. Control 

~ - .  

B. Intact 

' 

C. Acute 

D. Chronic 

Fig. 4. Coronal sections showing the location of the dialysis probes. A: probe tracts from control rats. B: probe tracts on the intact side of 
rats tested acutely and chronically following hemidecortication. The shaded bar located at the level of +0.2 mm from bregma represents the 
area of implantation for 6 probes. C: probe tracts on the lesion side of rats on which dialysis was performed during the first 3 days following 
hemidecortication (acute group). The shaded bar located at the level of +0.2 mm from bregma represents the area of implantation for 5 
probes. D: probe tracts from the lesion side for animals on which dialysis was performed 60 days following hemidecortication (chronic group). 
Histological verification of probe placement for one animal in this latter group was not possible. (After Paxinos and Watson27). Note that the 
dialysis surface includes only the most ventral 4 mm of tract shown here. 
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hemidecort icaton (P < 0.05), but this effect was tran- 

sient, and the asymmetry indices between days 4 and 121 

did not differ from zero. 

An analysis of metabol i te /neurot ransmit ter  ratios was 

conducted to determine  wheter  there were asymmetrical  

changes in D A  or  5-HT 'ut i l izat ion'  as a function of t ime 

following hemidecort icat ions (Table I). D O P A C / D A  and 

H V A / D A  ratios did not vary as a function of t ime and 

did not differ from control  values at any point  in time 

following hemidecort icat ions.  In contrast ,  Table I shows 

that there was a significant effect of hemidecor t icat ion 

on 5 - H I A A / 5 - H T  ratios,  F1,13 6 = 10.74, P < 0.01. The 

ratio of 5 - H I A A / 5 - H T  in the str iatum ipsilateral to the 

lesion was significantly elevated 2 days following hemi- 

decort icat ion,  days F4.~36 = 14.40, P < 0.001, but  not at 

any other  point  in time. This immedia te  postlesion in- 

crease in 5 - H I A A / 5 - H T  values from the damaged  hemi- 

sphere is in agreement  with the enhancement  in tissue 

5 - H I A A  levels observed on day 2 postlesion (see Fig. 3, 

bot tom).  

Experiment 2: Effects of hemidecortication on rotational 
asymmetries and the extracellular concentrations of DA 
and monoamine metabolites in vivo 

Location of dialysis probes 
The location of the dialysis probes  within the str iatum 

are i l lustrated in Fig. 4. The distr ibution of probes within 

the str iatum of the control,  acute (day 2), and chronic 

(day 60) groups was quite similar. We were concerned 

that changes in brain shape following hemidecor t ica t ion 

might result in systematic displacement  of the dialysis 

probes.  The histological results,  however,  indicated that 

probe placements  in the different groups over lapped  ex- 

tensively. A n  analysis of basal D A  in control  animals did 

: A .  D a y  2 B. Day 3 : C.  D a y  60 

400  i Ipsiversive 

200  Contraversive 

B AMPH AMPH B A M P H  
2 0 - m i n  I n t e r v a l s  

Fig. 5. Average (_+ S.E.M.) number of I/4 turns made ipsilateral to 
the lesion hemisphere and contralateral to the lesion hemisphere 
during baseline (B) and following an amphetamine (AMPH) chal- 
lenge in hemidecorticate rats tested on days 2, 3 or 60 following 
hemidecortication. Note the marked ipsiversive rotational bias fol- 
lowing amphetamine on days 2 and 3 following hemidecortication. 

show that the basal extracellular  concentrat ion of I )A 

was significantly higher in the anterior  striatum, relative 

to more poster ior  sites (r = 0.57, P < 0.03), which is 

consistent with previous studies 47. The range of locations 

of probes in the hemidecor t ica te  groups was not as great 

as in the control  group and there was no significant cor- 

relat ion between placement  and basal extracellular con- 

centrat ions of D A  in these animals. 

Rotational behavior in animals during the dialysis exper- 
iments 

Fig. 5 illustrates the extent of the asymmetry in be- 

havior produced by amphetamine  in hemidecort icate  an- 

imals tested on days 2 -3  following their  lesion, and then 

in a separate  group tested 60 days after the lesion. Note 
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Fig. 6. The extracellular concentrations (mean + S.E.M.) of do- 
pamine (DA, top), 3,4-dihydroxyphenylacetic acid (DOPAC, mid- 
dle) and homovanillic acid (HVA, bottom) from the striatum of 
control animals and from each striatum (intact side and lesion side) 
of the hemidecorticate animals. Collection of dialysate began 45 
min following surgery (day 1) and continued for an additional 2 
days. A separate group of animals was tested 60 days following 
hemidecortication (day 60). Amphetamine (1.5 mg/kg s.c., dotted 
vertical line) was given on days 2 and 3 and 60. 
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Fig. 7. The extracellular concentration (mean + S.E.M.) of 5-hy- 
droxyindoleacetic acid (5-HIAA) collected across 3 days immedi- 
ately following hemidecortication and on day 60. On days 2 and 3 
and 60, the rats were given amphetamine (1.5 mg/kg s.c., dotted 
vertical line). 

that behavior was recorded at the same time as the an- 
imals were undergoing microdialysis. For the control 
rats, one hemisphere was arbitrarily designated as the 
'lesion' side and under these conditions they showed no 
group rotational bias (not shown in Fig. 5). For the 
hemidecorticate rats, on day 2 (Fig. 5A) and on day 3 
(Fig. 5B) there were no significant differences in ipsiver- 
sive vs contraversive turns under baseline conditions, i.e. 
prior to amphetamine (day 3 baseline not shown). After 
amphetamine, however, hemidecorticate animals showed 
a striking asymmetry in behavior, making many more 
turns in the ipsiversive direction than in the contraver- 
sive direction on both day 2, side F1,14 = 10.25, P < 
0.006, and day 3, side F1,14  = 43.42, P < 0.001, which 
is consistent with the results shown in Fig. 1. On days 2 
and 3 following hemidecortication 87 and 95% of the 
turns, respectively, were made towards the side of the 
lesions (ipsiversive). In contrast, by 60 days after hemi- 
decortication there was no longer any significant asym- 
metry in behavior either before or after amphetamine 
administration, F < 2, P > 0.05, and there was no dif- 
ference in the number of ipsiversive or contraversive 
turns made by control vs hemidecorticate animals. 

Extracellular DA, DOPAC, HVA and 5-HIAA as a func- 
tion of  time following hemidecortication 

Fig. 6 illustrates the mean extracellular concentrations 
of DA, DOPAC and HVA measured: (A) for up to 8 h 
beginning 0.75 h after probe implantation (day 1), when 
the animals were still recovering from anesthesia; (B and 
C) over the next 2 days (days 2 and 3), both before (3 
baseline samples) and after a challenge injection of am- 
phetamine; and (D) in a separate group of animals tested 
60 days after hemidecortication. 

On day 1, between 0.75 and 8 h after probe implan- 
tation, the basal extracellular concentration of DA was 
stable, and there was no effect of hemidecortication ap- 
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parent at this time. In contrast, there was a significant 

increase in the extracellular concentration of DOPAC 
and HVA between 0.75 and 8 h after probe implanta- 
tion, although again, no effect of hemidecortication was 

apparent (Fig. 6A). 
Effects of hemidecortication on the extracellular con- 

centration of DA, DOPAC and HVA were apparent on 
subsequent days of testing, but varied as a function of 
time sil~ce ~c, lesion. First, for DA, there was no effect 
of hemidecortication during baseline testing (prior to 
amphetamine) on any day of testing; that is, there was 
no difference in the extracellular concentration of DA 
between the intact and lesion side in hemidecorticate 
animals, or between hemidecorticate and control ani- 
mals, on days 2, 3 or 60. The amphetamine challenge 
produced a significant increase in the extracellular con- 
centration of DA in all groups, but despite the fact that 

there was a strong asymmetry in amphetamine-induced 
rotational behavior on days 2 and 3 (see Fig. 5), there 
was no asymmetry in amphetamine-induced DA release 
at this time: that is, the intact and lesion sides did not 
differ on either days 2 or 3 (Fig. 6B, C). There was, 
however, a significant effect of hemidecortication on am- 
phetamine-stimulated DA release. On day 2, amphet- 
amine produced a significantly greater increase in extra- 
cellular DA in hemidecorticate animals (intact and lesion 
sides pooled) than in control animals with no lesion, 
F].28 = 4.35, P < 0.046. This difference in amphetamine- 
stimulated DA release between hemidecorticate and 

control animals also approached statistical significance 
on day 3, F1,22 = 2.88, P = 0.10, but after 60 days of 
recovery there was clearly no effect of hemidecortication 
on amphetamine-stimulated DA release (Fig. 6D). Thus, 
amphetamine produced a greater increase in the extra- 
cellular concentration of striatal DA in hemidecorticate 

animals than in control animals soon after the lesion, but 
not following 60 days of recovery, but there was no 
asymmetry in basal or amphetamine-stimulated DA re- 
lease at any time following hemidecortication. 

An effect of hemidecortication on the extracellular 
concentration of DOPAC was also apparent. Again, 
there was no asymmetry in extracellular DOPAC (i.e., 
the intact and lesion sides did not differ; Fig. 6) at any 
point in time following the lesion, either before or after 
amphetamine. The extracellular concentration of 
DOPAC was significantly higher in both hemispheres of 
hemidecorticate animals, relative to control animals, on 
days 2 and 3 following the lesion (Fig. 6, Fs = > 6.00, 
P < 0.05). By day 60, this effect was no longer present. 
For HVA, none of the comparisons on days 2 and 3 were 
statistically significant, although by day 60 the extracel- 
lular concentration of HVA was significantly lower on 
the lesion side than on the intact side, or in control an- 
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imals, both before and after amphetamine (Fig. 6, FS2,27 
> 7.00, Ps < 0.005, Newman-Keuls,  P < 0.05). 

The effect of hemidecortication and amphetamine on 

the extracellular concentration of the serotonin metabo- 
lite, 5-HIAA, is shown in Fig. 7. There were no signif- 

icant group differences (side or hemidecorticate vs con- 
trol) at any point in time following the lesion, Fs = < 
1.95, Ps > 0.05. There was, however, a progressive in- 
crease in 5-HIAA in all groups between 0.75 and 8 h 
immediately following probe implantation, and following 
the amphetamine challenge on all days of testing, Fs > 
8.0, P < 0.001. 

DISCUSSION 

Hemidecortications produced a marked asymmetry in 
amphetamine-induced rotational behavior, but this effect 
was only transient. For the first 2-3 days following hemi- 
decortication, amphetamine caused rotational behavior 
preferentially toward the side of the lesion. This result 
confirms a number of previous reports T M .  This asym- 
metry in behavior disappeared within 4 days and was no 
longer apparent between 4 and 121 days following hemi- 
decortication, also confirming a previous report 41. As 
discussed in the introduction, it was hypothesized that 
the asymmetry in behavior seen following hemidecorti- 
cation may be due to an asymmetry in DA neurotrans- 
mission in the striatum, and recovery of behavioral sym- 
metry to a recovery of symmetry in striatal neuro- 
transmission. There was no indication, however, of any 
relationship between the behavioral asymmetry induced 
by hemidecortication and an asymmetry in DA neuro- 
transmission, as indicated by either measures of DA uti- 
lization in postmortem tissue, or measures of amphet- 
amine-stimulated DA release using in vivo microdialysis. 
The dissociation between behavior and striatal DA neu- 
rotransmission was most striking in the dialysis experi- 
ment. Amphetamine produced marked ipsiversive rota- 
tional behavior 2 days after hemidecortication, but in the 
same animals, at the same time, there was no asymme- 
try in amphetamine-induced striatal DA release. 

There was some indication of a relationship between 
an asymmetry in the 5-HT input to the striatum and the 
behavioral asymmetry produced by hemidecortication. 
The postmortem tissue concentration of 5-HIAA and 
5-HIAA/5-HT ratios were significantly elevated in the 
lesion hemisphere 2 days following hemidecortication, 
but at longer recovery intervals this asymmetry in 5-HT 
metabolism was not present (nor was the behavioral 
asymmetry). Thus, the rotational bias may be due to 
changes in 5-HT. On the other hand, there was no asym- 
metry in the extracellular concentration of 5-HIAA de- 
termined with microdialysis, at any point in time follow- 

ing hemidecortication, which does not support the idea 
that an asymmetry in 5-HT neurotransmission is in- 
volved. It should be acknowledged, however, that nei- 

ther of these measures may accurately reflect 5-HT neu- 
rotransmission. 

In addition, the present data cannot exclude the al- 
ternative hypothesis that the asymmetry in behavior is 
caused by other striatal changes produced by the le- 
sion 1°'4°. For example, changes in the activity of local 
interneuronal networks within the caudate nucleus may 
be important, and this idea is indirectly supported by 
observations in non-human primates that there is an ini- 
tial depression and subsequent recovery of localized glu- 
cose utilization in the striatum following unilateral abla- 
tion to either frontal association cortex m or motor and 
premotor cortical areas 14. A number of other possibili- 

ties exist, such as that the behavioral asymmetry is due 
to changes in corticobulbar or corticospinal projections 42, 

but the present data do not directly suggest any of these 
alternatives. 

In the immediate postsurgical period (0.75-8 h), the 
extracellular concentration of DA, DOPAC, HVA and 
5-HIAA appeared normal, relative to control animals 
that received no lesion. This is interesting, because the 
tissue damage produced by transient forebrain ischemia 
is reported to produce a dramatic (150 times baseline) 
increase in extracellular DA 8'17. The effects of ischemia 

on extracellular DA are rather short lived (circa 40 min), 
however, and in the present experiment we were not 
able to begin dialysis until 45 min postlesion. Thus, 
hemidecortication may have produced a short-lasting (< 
45 min) increase in extracellular DA that had dissipated 
by the time sample collection began in the present ex- 
periment. This is unlikely, however, because transient 
ischemia also produces a dramatic increase in the extra- 
cellular concentration of DOPAC and HVA that persists 
for at least 1 h, and such changes were not evident after 
hemidecortication. There was an increase in extracellu- 
lar DOPAC and HVA immediately following probe im- 
plantation, which has been described previously 36, and 
this occurred to an equal extent in both hemidecorticate 

and control animals. 
The asymmetry in rotational behavior seen in hemi- 

decorticate animals was very short-lived. It was only 
present for the first couple of days following the lesion, 
and was not evident at any other point in time up to 4 
months later. This is consistent with other studies that 
have followed animals for up to 1 year after hemidecor- 
tications 41. In contrast, Glick and Greenstein t6 have sug- 
gested that frontal cortex damage produces a delayed 
striatal hyperactivity ipsilateral to the damage, based on 
the finding that after 15 to 30 days of recovery, rats ro- 
tated away from the side of the lesion. It is noteworthy 
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that Glick and Greenstein 16 used only 5-min rotational 

tests, which contrasts with the 120-min tests used here. 

Short tests may not reliably evaluate the full range of 
amphetamine-induced asymmetry. Bracha et al. 4 have 
applied the Glick and Greenstein explanation to their 
observation that humans, who had suffered frontal and 
inferior parietal strokes, displayed a tendency to turn 
away from the direction of damage when studied months 
or years later. In monkeys, however, Kennard and Ec- 
tors 23 report an ipsilateral rotational bias a year after 

surgery. Thus, there is contradictory evidence concern- 
ing the chronic effects of lateralized neocortical damage 
on asymmetries in behavior. It is important to note, 
however, that the human and monkey results were ob- 
tained without drug treatments, and there is no indepen- 
dent evidence that these asymmetries in behavior are 
related to asymmetries in DA function. The present re- 
suits reported here support the idea that circling behav- 
ior is not always caused by asymmetries in dopaminergic 
function. 

Although there was no lateralized effect of hemidecor- 
tication on striatal DA neurotransmission, hemidecorti- 
cation did have a pronounced effect on striatal DA neu- 
rotransmission. On days 2 and 3 following hemi- 
decortication, amphetamine induced a greater increase 
in extracellular DA than in control animals, and the ex- 
tracellular concentration of DOPAC was significantly el- 
evated in the hemidecorticate group. These changes were 
transient, because they were not evident after 60 days of 
recovery. It is thought that DOPAC is formed primarily 
from DA that is metabolized intraneuronally, indepen- 
dent of DA release 25'4s. Thus, hemidecortication may 

have increased the size of the cytoplasmic pool of DA 
on days 2 and 3 following the lesion. Amphetamine is 
thought to preferentially release DA from this cytoplas- 
mic pool by an accelerated exchange-diffusion process TM 

24. This suggests, therefore, that amphetamine may have 

produced a greater increase in the extracellular concen- 
tration of DA in hemidecorticate animals because more 
cytoplasmic DA was available for exchange-diffusion in 
hemidecorticate animals. Consistent with this idea, both 
amphetamine-stimulated DA release and the extracellu- 
lar concentration of DOPAC returned to control levels 
by day 60. It is not clear how hemidecortication might 
have produced a bilateral elevation in the cytoplasmic 
pool of DA. It may have been due to unknown non- 
specific effects of the injury, or to loss of corticostriatal 

projections that facilitate the release of DA. Evidence 

that corticostriatal glutamate projections synapse on or 
near DA terminals 31, that electrical stimulation of mo- 
tor cortex in the cat releases DA, and that application 
of glutamate to rat striatal slices releases DA 15'3°, sug- 

gests that changes in the cortical glutaminergic input 
could have been involved. The effect may have been bi- 
lateral because, even though most corticostriatal projec- 
tions are ipsilateral, there are crossed corticostriatal pro- 
jections 46. In addition, it is known that hemidecortication 
can produce bilateral deficits in behavior. For example, 
Schallert and Whishaw 41 described pronounced impair- 
ments in the response to tactile stimuli placed on the 

body of hemidecorticate rats, both ipsilateral and con- 
tralateral to the lesion, as well as the expected asymme- 
try. This bilateral depression in responsivity to tactile 
stimuli disappeared within a few days of surgery, a time 
course that parallels the changes in amphetamine-stimu- 
lated DA release and extracellular DOPAC seen in the 
present study. 

In conclusion, the results of the present study indicate 
that hemidecortication produces only moderate changes 
in striatal DA neurotransmission, and these are very 
transient. Furthermore, there was no relationship be- 
tween transient asymmetries in amphetamine-induced 
behavior produced by hemidecortication and asymme- 
tries in striatal DA neurotransmission. The only clear 
change in striatal DA neurotransmission was bilateral, 
and consisted of a bilateral enhancement in amphet- 
amine-stimulated DA release on the day following hemi- 
decortication. A transient asymmetry in 5-HT metabo- 
lism did occur in association with transient behavioral 
asymmetries produced by hemidecortication, but this was 
not evident in vivo. It is concluded that although hemi- 
decortication may produce transient changes in DA neu- 
rotransmission, these do not seem to be related to asym- 
metries in amphetamine-induced behavior produced by 
hemidecortication. They may be related, however, to the 
transient bilateral deficits in behavior produced by hemi- 
decortication described previously 41. 
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