
weeks only with respect to brain weight. 
As seen in Fig. lb, 4 weeks of ECS fol- 
lowed by 4 weeks of sham treatment led 
to normalization. The significant in- 
crease of synaptin, D2, and the 14-3-2 
isoantigens was therefore a reversible 
phenomenon. 

In conclusion, we found an increase of 
synaptin, D2, and 14-3-2 in the rat brain. 
This increase was seen in forebrain after 
ECS three times weekly for 4 weeks, and 
in occipital cortex after ECS three times 
weekly for 8 weeks. The occipital cortex 
showed a decrease of those proteins af- 
ter 4 weeks of ECS, which fhay indicate 
a reversible delay of development of this 
area of the brain. The reversible increase 
of 14-3-2 may indicate increased neuron- 
al preparedness for glycolytic demands. 
The reversible increase of forebrain syn- 
aptin may indicate an increase of synap- 
tic vesicles, and the reversible increase 
in forebrain D2 may indicate increased 
synaptic remodeling. These findings are 
in accordance with the concept that ECS 
leads to a sustained change in post- 
synaptic nerve transmission (6, 7). Fur- 
thermore, the increased amount of D2 
measured in the cerebrospinal fluid of 
patients recovering from psychotic (en- 
dogenous) depression, regardless of the 
type of therapy (23), indicates that the 
present model for the study of ECS may 
prove valuable in the search for the etiol- 
ogy of affective illness. 
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Differential Behavioral and Biochemical Effects of Right and 

Left Hemispheric Cerebral Infarction in the Rat 

Abstract. Following ligation of the right middle cerebral artery, rats were hyperac- 
tive for 2 to 3 weeks whether activity was measured by running wheel revolutions or 
open field observations. Assays of brain catecholamines revealed 30 percent reduc- 
tions of norepinephrine in the injured and uninjured cortex and locus coeruleus and a 
20 percent reduction of dopamine in the substantia nigra. In contrast, rats with left 
middle cerebral artery ligations did not become hyperactive and did not show any 
significant change in catecholamines in any of the brain areas studied. Right and left 
hemispheric inftirctions were comparable in their locations and extent of tissue dam- 
age. This lateralization of behavioral and biochemical response to cerebral in- 
farction may be the consequence of anatomical or physiological asymmetries in the 
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Ligation of the right middle cerebral 
artery in the rat leads to a reduction in 
norepinephrine (NE) concentration in 
the ipsilateral and contralateral cortex 
and brainstem and during a 40-day post- 
operative period there is a complete or 
partial return of NE to control levels (1). 
Fluorescence microscopic studies re- 
vealed a decrease in the number of fluo- 
rescent varicosities or intensity of fluo- 
rescence in both the ipsilateral and con- 
tralateral cortex and brainstem con- 
comitant with the decrease in catechola- 
mine concentrations (2). These changes 
in catecholaminergic neurons have been 
accompanied by several transient altera- 
tions in behavior, including increased 
spontaneous activity and a biphasic 
change in both shock-induced aggression 
(/) and intracranial self-stimulation (3). 
These behavioral changes were related 
to the biochemical changes by the find- 
ing that the period of spontaneous hyper- 
activity could be blocked pharmaco- 
logically either by postoperative daily 
treatment with the NE uptake blocker 
desmethylimipramine or by preoperative 
destruction of NE neurons with 6-hy- 
droxydopamine (4). 

Since all of the previous behavioral, 
anatomical, and biochemical experi- 
ments were done on animals with right 
middle cerebral artery ligation, and re- 
cent studies have reported asymmetries 
in brain catecholamine content (5, 6), the 
present study was undertaken to deter- 
mine the behavioral and biochemical ef- 
fects of left middle cerebral artery liga- 
tion. 

Sprague-Dawley male rats (approxi- 
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Sprague-Dawley male rats (approxi- 

mately 300 g) were housed individually 
in cages with food and water freely avail- 
able and a regular schedule of 12 hours of 
light, 12 hours- of dark. The cages (7) 
consisted of a stationary compartment 
and a running wheel with free access to 
either compartment. The running wheel 
could move freely in either direction and 
was connected to a cyclometer which 
was read at 24-hour intervals. Under 
chloral hydrate anesthesia (350 mg per 
kilogram of body weight, intraperitoneal- 
ly), either the right or left middle cere- 
bral artery was ligated under a dissecting 
microscope with a 6-0 ophthalmic su- 
ture. The surgical approach was made 
through a frontoparietal craniotomy ex- 
tending from the coronal suture posteri- 
orly to the periorbital area arteriorly and 
from the protrusion of the zygomatic 
arch inferiorly to the ridge separating the 
dorsal and lateral aspects of the skull su- 
periorly. The suture was passed through 
the dura, behind the vessel, and out 
through the dura again, and the vessel 
and overlying dura were tied together; 
the artery was then severed distal to the 
tie with dural scissors. The ligature site, 
which was just above the rhinal fissure, 
varied slightly from animal to animal, but 
the surgical approach was the same on 
each side; there appeared to be no ana- 
tomical differences in the size or course 
of the artery on the two sides. 

Two series of experiments were done 
to determine the effect of left middle ce- 
rebral artery ligation on spontaneous ac- 
tivity. In the first series, 33 rats were 
placed in the activity cages and allowed 
to acclimatize for 3 weeks before being 
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randomly selected for either right or left 
cerebral infarction or sham operation. 
Although the number of daily revolu- 
tions of the running wheel increased dur- 
ing the first two preoperative weeks, dai- 
ly activity levels were relatively stable 
by the third week and were used as the 
preoperative baseline. Because there 
was little fluctuation in day-to-day activi- 
ty for any given rat, while there was as 
much as a tenfold difference between 
rats, the postoperative activity for each 
rat was compared with its preoperative 
baseline. By 4 days after surgery the ani- 
mals with right hemispheric lesions 
(N = 12) were more active than either 
the sham-operated animals (N = 7) or 
those with left hemispheric lesions 
(N = 14) (Fig. 1A). Mean daily activity 
of these animals reached about 150 per- 
cent of control levels by 12 days after 
surgery and then slowly declined until 17 
days after surgery, when activity re- 
turned to preoperative base line. In con- 
trast, the activity of the sham-operated 
and left hemisphere-infarcted animals 
slowly returned to base-line levels by 10 

days after surgery and then leveled off 
without ever exceeding the base-line val- 
ues. These results were confirmed in an- 
other group of 27 animals (ten left, nine 
right, and eight shams); there were no 
significant differences between these 
groups in food or water intake. 

In the second series of experiments, 
spontaneous activity was measured by a 
different method, open field observation. 
Rats were placed in an opaque cy- 
lindrical container in one corner of a 90 
by 90 cm open field that contained 15 by 
15 cm grid markings. After 30 seconds, 
the open-end container was gently re- 
moved, and latency to leave the home 
corner, total number of grids crossed, 
rearings, and defecations were counted 
by two observers (8) during a 5-minute 
period. After two preoperative ex- 
posures to this open field environment, 
the rats, which were housed in the same 
type of cages as in the previous experi- 
ment, were randomly selected for either 
sham lesion (N = 6) or right (N = 7) or 
left (N = 8) hemispheric infarction. Al- 
though the groups showed no pre- 

operative differences in activity levels, 
the group with right hemispheric in- 
farctions was significantly more active 5 
days after surgery than were those with 
sham operations or left middle cerebral 
artery infarction (Fig. iB). This dif- 
ference persisted until 17 days after sur- 
gery with the exception of one data point 
at 10 days. In animals with left hemi- 
spheric infarcts, activity did not increase 
above that of control animals or their 
own preoperative level. 

The statistical significance of these dif- 
ferences in activity in the postoperative 
period was confirmed by nonparametric 
and parametric analysis. For example, at 
12 days after surgery the distribution of 
animals with right hemispheric lesions 
that were more than 110 percent above 
base-line activity and those with left hem- 
ispheric lesions that were less than 110 
percent of base line was significantly dif- 
ferent from random for both running 
wheels (X2 = 12.9, P < .001) and the 
open field (X2 = 9.7, P < .01). The re- 
sults of the parametric analysis by Stu- 
dent's t-test are shown in Fig. 1. 
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Days after surgery during 5-minute observation periods throughout the 17-day post- 
operative period. Bars, S.E.M.; *P < .05; 1P < .01. Fig. 2 (right). 

Mean daily running wheel activity for different lesion sizes. Activity was averaged between 10 and 14 days after surgery when animals with 
right hemispheric lesions were maximally active. All lesion sizes were estimated by two independent observers on a scale of 1 to 10 at 3 
weeks after surgery (8). Bars, S.E.M.; *P < .05. (A) A 25-/am coronal section (toluidine blue stain) viewed from posterior to anterior of the left 
hemisphere. The lesion (size 2) extends through the cortex but not below the fibers of the internal capsule. Bar in upper left, 2 mm. (B) A 25-/gm 
toluidine blue-stained section of right hemisphere with lesion (size 2). The right and left hemispheric lesions are comparable in size and location. 
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At 5 or 14 days after surgery, rats were 
killed and their brains quickly removed, 
dissected over ice, and stored in a nitro- 
gen freezer. The brains were dissected 
into ipsilateral and contralateral samples 
of lesioned cortex, uninjured posterior 
cortex, locus coeruleus, and substantia 
nigra. The radioenzyme assay, which 
measured both NE and dopamine (DA) 
(9), revealed that by 5 days after surgery 
right hemispheric infarction led to signif- 
icant depletions of NE in the lesioned 
cortex, posterior cortex, and locus coe- 
ruleus, and of DA in the substantia nigra 
(Table 1). These data which corroborate 
earlier results (1) indicate the profound 
effect of right hemispheric infarction on 
brain catecholamine concentrations. In 
contrast, left hemispheric infarction had 
no significant effects on catecholamine 
concentrations 5 (10) or 14 days after 
surgery in any brain region studied 
(Table 1). 

Histological examination of toluidine 
blue-stained sections periodically sam- 
pled between the lesion site and the 
locus coeruleus revealed that the only 
neuronal damage was limited to the cere- 
bral cortex of either the right or left hem- 
isphere. The lesion in either hemisphere 
had a similar appearance: it was general- 
ly circular when viewed from above and 
was in the frontoparietal cortex lateral to 
the cingulate cortex and above the rhinal 
fissure at about where the ligature was 
tied. The lesion varied in diameter from I 
to 5 mm but never extended below the 
white matter of the internal capsule (Fig. 
2). Using a 1 to 10 rating scale (small to 
large), two observers rated the lesion 
size on the gross brain (8). At 35 days 
after surgery, the mean size of 21 left 
hemispheric infarcts was 3.9 ? 0.7 (stan- 
dard error of mean) and that of right 
hemispheric infarcts, 3.3 + 0.9 (not sig- 
nificantly different). At 5 days after sur- 
gery, sizes were 2.4 + 0.4 for right in- 
farcts and 2.6 + 0.2 for left infarcts. 

Since lesion size varied slightly from 
animal to animal, mean running wheel 
activity during the 5-day period from 10 
to 14 days after surgery were compared 
for animals with similarly sized lesions 
(Fig. 2). Although numbers in each group 
were small, the animals with lesions on 
the right tended to be more active than 
those with lesions on the left for all in- 
farct sizes. 

These studies demonstrated differen- 
tial behavioral and biochemical effect 
of right versus left hemispheric infarc- 
tion. That is, animals with right hemi- 
spheric infarction showed a transient 
period of postoperative hyperactivity 
(as measured by running wheel or open 
17 AUGUST 1979 

Table 1. Brain catecholamine concentrations following middle cerebral artery ligation. All val- 
ues are means ? standard error of mean. 

Cerebral infarction (% of control) 
Control 

- - ----- 
Control Right Left hemisphere 

Brain region (N = 16) hemisphere - 

(pg/mg) 5 days 5 days 14 days 
(N= 10) (N = 10) (N - 6) 

Norepinephrine 
Lesioned cortex 310 ? 16 

Ipsilateral 70 ? 6* 93 ? 10 94 ? 14 
Contralateral 83 ? 7 98 ? 9 117 ? 10 

Posterior cortex 263 ? 18 
Ipsilateral 72 ? 7* 103 ? 5 92 ? 8 
Contralateral 89 ? 6 113 ? 7 96 +. 14 

Locus coeruleus 440 ? 11 
Ipsilateral 75 ? 8t 93 ? 20 143 ? 37 
Contralateral 111 ? 12 86 ? 9 125 + 19 

Dopamine 
Substantia nigra 910 ? 83 

Ipsilateral 83 ? 10t 96 ? 5 116 ? 8 
Contralateral 97 + 9 82 ? 14 82 ? 7 

*P < .02. tP < .05. 

field testing) and widespread depletions 
of catecholamines while animals with 
left hemispheric infarction were nei- 
ther hyperactive nor depleted of cate- 
cholamines. Our study suggests that 
there was a generalized increase in activ- 
ity after lesions of the right but not the 
left cerebral hemisphere. In contrast, 
specific behavioral deficits such as mo- 
tor-sensory loss are localized to the con- 
tralateral cerebral hemisphere (11). In 
addition, animals with left hemispheric 
lesions did not appear to be ill or non- 
specifically injured in a way that might 
suppress their activity; they ate and 
drank as much as controls and in the 
open field they moved normally with no 
evidence of hemiparesis or other neuro- 
logical disability. Hyperactivity after 
right but not left hemispheric cortical in- 
jury in rats has been reported by Denen- 
berg et al. (12). However, their method- 
ology was quite different from ours; one 
entire hemisphere was ablated and thus 
the lesion was neither focal nor ische- 
mic, and only open field activity was ob- 
served. The biochemical findings in the 
present study are supported by the work 
of Oke et al. (5), who reported lateral- 
ization of the subcortical catecholamine 
pathways in humans. 

There are several reasons why I be- 
lieve the right and left lesions described 
here are comparable. (i) The surgical ap- 
proach on both sides was identical. (ii) 
The location of the lesion on the gross 
brain was symmetrical for the two 
groups. (iii) Mean lesion sizes for the two 
groups were not significantly different. 
(iv) Histological examination of the brain 
revealed no differential pathology related 
to side. Also, when the behavioral data 

were grouped by lesion size (Fig. 2), for 
the two smallest lesion sizes the animals 
with right infarcts were significantly 
more active than those with lesions on 
the left. 

Finding a generalized behavioral and 
biochemical disturbance which can be 
elicited by lesions of one cerebral hemi- 
sphere but not the other strongly sug- 
gests that there is an underlying anatomi- 
cal or physiological asymmetry in the 
brain. We have proposed that catecho- 
laminergic pathways, particularly nor- 
adrenergic ones, may be involved in the 
transient period of postinfarction hyper- 
activity (4) and that changes from intra- 
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neurons, then these feedback neurons 
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cortex (14), asymmetries within these 
pathways could cause lesions of the right 
hemisphere to affect catecholaminergic 
neurons differently from identical lesions 
of the left hemisphere. Although Glick et 
al. found asymmetry in the rat nigrostria- 
tal pathway, the side with greater DA 
concentration varied among animals. In 
addition they found no asymmetry in 
forebrain NE (6). 

In previous studies we have suggested 
that post-stroke emotional changes in 
humans, such as apathy and depression, 
may be the psychological manifestation 
of the changes occurring within the cate- 
cholaminergic neurons (1-4). Our cur- 
rent results suggest that emotional later- 
alization following brain injury may also 
be the psychological consequence of the 
asymmetrical response of catechol- 
aminergic neurons to cortical injury. 

ROBERT G. ROBINSON 
Department of Psychiatry and 
Behavioral Science, Johns Hopkins 
University School of Medicine, 
Baltimore, Maryland 21205 
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Differences in Neural Organization Between Individuals 

with Inverted and Noninverted Handwriting Postures 

Abstract. Levy's hypothesis that movements of the distal musculature are con- 
trolled by ipsilateral motor projections in subjects with inverted writing posture was 
tested in a reaction-time experiment with lateralized auditory, tactual, and visual 
stimulation. Subjects were required to depress a response key with the left or right 
index finger when they detected a stimulus in either the left or right sensory field. 
Writers with noninverted posture responded quickest to stimuli on the same side as 
the responding hand in all modalities tested, whereas inverted writers showed this 
pattern only in auditory and tactual modalities. In the visual modality, they respond- 
ed quickest to stimuli on the side opposite the responding hand. Because Levy's 
hypothesis predicts the latter effect in all modalities for inverted writers, it is chal- 
lenged by our results, which suggest that inverted writers may be characterized by 
anomalous visual or visuomotor organization. 
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The relation between handedness and 
cerebral dominance would be relatively 
simple if there were no left-handers. 
Whereas more than 95 percent of right- 
handers are left hemisphere-dominant 
for language, only 60 to 70 percent of 
left-handers show this pattern, the re- 
mainder being divided into those who 
have language represented bilaterally 
and those who have it on the right (1). 
Attempts to predict cerebral dominance 
in left-handers on the basis of such fac- 
tors as familial handedness and strength 
of handedness have not been entirely 
successful, which indicates that relation 
among these factors and cerebral domi- 
nance in left-handers is not well under- 
stood (1, 2). It has been proposed, how- 
ever, that hand posture during writing 
may provide the best index of cerebral 
dominance in both left- and right-hand- 
ers (3). 

Most individuals assume one of two 
postures during writing; noninverted, 
with the hand below the line of writing 
and the pen pointing to the top of the 
page; or inverted, with hand above the 
line of writing and the pen pointing 
downward giving the hand a hooked ap- 
pearance. According to a model pro- 
posed by Levy (3), hemispheric motor 
projections, such as the pyramidal 
tracts, that control fine movements of 
the distal musculature are primarily con- 
tralateral in noninverted writers and ip- 
silateral in inverted writers. Con- 
sequently, the language-dominant hemi- 
sphere is on the same side as the writing 
hand in inverted writers and on the oppo- 
site side in noninverted writers. The 
ideas regarding hemispheric motor con- 
trol, and the predictions that follow from 
it, are derived, in part, from a genetic 
model of handedness and cerebral domi- 
nance (4). It states that cerebral domi- 
nance is determined by one gene and 
handedness is determined indirectly by a 
second gene that specifies whether the 
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dominant hand will be ipsilateral or con- 
tralateral to the language-dominant hem- 
isphere. 

Levy and Reid (5) found that the pat- 
tern of hemispheric specialization as re- 
flected in the performance of normal 
people on tachistoscopic laterality tests 
was in accordance with the model. In 
identifying unilaterally presented non- 
sense syllables, noninverted writers fa- 
vored the visual field on the same side as 
the writing hand, thereby implicating the 
hemisphere contralateral to it as the 
dominant one for language. Inverted 
writers showed the opposite pattern of 
results, except for diminished perceptual 
(and presumably hemispheric) asymme- 
tries, which suggests that in this popu- 
lation speech is relatively bilaterally rep- 
resented (1). 

Not all attempts to verify this hypothe- 
sis were as successful. A number of in- 
vestigators (6-8) using a variety of tech- 
niques, including tachistoscopic ones, to 
assess cerebral dominance either found 
no relation between hand posture and 
speech lateralization or a weak correla- 
tion. Rather than attempt to assess lan- 
guage lateralization yet another time, we 
decided to test that aspect of the model 
that deals with hemispheric control of 
the distal musculature. This problem is 
central both to the model on hand pos- 
ture during writing and cerebral organi- 
zation and to the genetic model (4) of 
handedness and cerebral dominance. In 
addition, there was no direct empirical 
evidence on the validity of the assertion 
that fine motor movements are con- 
trolled by the ipsilateral hemisphere in 
inverted writers or, for that matter, in 
anyone. This notion is so contrary to 
widely held views of structural and func- 
tional neuroanatomy (9) that any evi- 
dence in its favor would have far-reach- 
ing implications on our ideas of the or- 
ganization of the nervous system. 
Negative evidence, on the other hand, 
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