
Interhemispheric Transfer of Plasticity in the produce responses in contralateral cortex, 
the expanded receptive fields (both laterali- 

Cerebral Cortex ties) began shrinking. Final fields were very 
similar to those seen before the peripheral 

MICHAEL B. CALFORD AND ROWAN TWEEDALE manipulation. Comparable results were ob- 
tained for the monkevs in which the third 
phalangeal region of dne digit was anesthe- 

Each half of the body surface is represented topographically in the contralateral tized. An example showing the indirect ef- 
cerebral hemisphere. Physiological data are presented showing that homotopic regions fect of changes in a single unit receptive field 
of primary somatosensory cortex are linked such that plasticity induced in one recorded ipsilateral to the denervation is 
hemisphere, in the form of receptive field expansion brought about by a small shown in Fig. 2. 
peripheral denervation, is immediately mirrored in the other hemisphere. Neurons In the remaining seven experiments on 
which display the plasticity show no responsiveness to stimulation of the ipsilateral flying foxes, denervation was effected by 
body surface. This suggests that the pathways and mechanisms mediating this transfer amputation. In these experiments there was 
are specific to the role of maintaining balance, or integration, between corresponding also an indirect effect in which receptive 
cortical fields. fields of neurons within the representation 

of the intact thumb expanded (Fig. 3A) (9). 

D ENERVATION OF A SMALL REGION The results of each of these experiments These fields later contracted to match the 
of the body by amputation ( I ) ,  were very similar and are represented by the original fields in five cases but remained 
nenle section, or local anesthesia example in Fig. 1. In flying foxes the recep- partially expanded in the other nvo (exam- 

(2) leads not to a lack of responsiveness in tive fields of units that originally represented ined for 3 hours). The time course for this 
the affected areas of the representation in the thumb that was anesthetized (that is, in contraction varied considerably (13, 26, 27, 
contralateral somatosenson cortex but, contralateral cortex) expanded within a few 32, and 35 min). All fields recorded in 
rather, to the immediate expression of new, minutes of the injection. The receptive fields cortex contralateral to the amputation (di- 
or expanded, receptive fields. Because recep- at electrodes in the opposite hemisphere rect effect) remained expanded for the peri- 
tive fields are normally shaped by lateral located on or around the unaffected thumb od of the experiment (up to 4 hours), 
inhibition (3) ,  at least some of which is also expanded, the onset of expansion being although we have previously shown that 
generated within cortex ( 4 ) ,  the effect of a as rapid as for the direct effect. When stimu- such fields contract over the following 7 to 
small denen~ation has been viewed as a lation of the anesthetized area began to 10 days (2). 
disinhibition of viable, but normally sup- 
pressed, inputs from body areas adjacent to 
the affected region (2, 2). 

We performed experiments on thirteen 
adult flying foxes (Ptevopus scapulatus) (290 
to 450 g) and three macaque monkeys (Ma- 
cacafasciculavis) (2.5 to 3 years old, 1.4 to 1.8 
kg), which were anesthetized and main- 
tained with ketamine (50 mg per kilogram 
of body weight) and xylazine ( 5  mgikg) (5 ) .  
Somatosensory cortex on both sides of the 
brain was exposed, and crude somatotopic Fig. 1. Changes in cutaneous recep- 
maps were derived with standard techniques tive fields of the flying fox deter- 

( 6 ) .  We used the topography of the forelimb mi"ed recording 'Iec- 
trodes placed in nearly symmetrical 4 

representations and, in the monkey experi- positions in the somatosensov tor. 
ments, reconstruction of the electrode tracks tex of each cerebral hemisphere af- 

data were obtained from neurons in primary Diagrams show dorsal and ventral 
on Nissl-stained sections to confirm that ter local anesthesia of one thumb. 

vie~vs of the anesthetized thumb somatosensory cortex (Area 3b in monkeys). 
(left) and unanesthetized thumb 

Two electrodes were positioned in mirror (right); note the change neces. 
image locations with respect to the midline. s a y  to show the large fields at 12 
In this way concurrent recordings could be and 15 min. Temporar), local anes- 

made of single unit or multiunit receptive thesis Of One produced 
with two (6.~1) subcutaneous in- 

fields (7) representing nearly identical re- jections of 2% lignocaine (Apex 
gions on either side of the body. In six of the ~ ~ b ~ ~ ~ t ~ ~ i ~ ~ )  aimed at the passage 
flying foxes and all three of the monkeys, of the digital nemes past the meta- 
denenration of part of a digit was effected by CarPoPhala"geal Joint. In response 

local anesthesia. In addition to the direct zp2: U ~ ? ~ ~ F ' ~ e ~ ~ t : ~ ~ d $ ~  
effect (8) on the representation of the dener- both electrodes expanded into re. 
vated digit, there was an effect on receptive gions where stimulation originally 
fields of units representing the unaffected produced no effect. Driven activiy 
digit of the opposite limb (inlrect  effect). began to return in to stim- 

ulation of the injected thumb at 25 mln 

Vision, Touch and Hearing Research Centre. Depart- l2 retraction Of these 
ment of Physiolog). and Pharmacology, The University fields to ver), close to the original 
of Queensland, Queensland 4072, Australia. occurred over the next 10 min. 
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Fig. 2. Changes in the receptive field of a single A 
unit recorded through an electrode in the primary Ventral Dorr-' - 

C 

somatosensory cortex (Area 3b) of a monkey. The 
x in the photomicrograph (C) indicates the re- 
constructed position of the recording. The initial 

b! ri:iive P 
receptive field covered the tips of digits 1 and 2 1/43 6% 
(A). Stimuli to the hand ipsilateral to the elec- 
trode (not illustrated) did not evoke discharges of 
the unit (or inhibit discharges) but local anesthe- B 
sia (four 4-p1 lignocaine injections subcutaneous- 
ly) of the third phalangeal area of digit 2 of that lllllluLe> 

hand increased the unit's receptive field (B). In anesthesia 
addition to receptive field boundary determina- h*:::~ of opposite 
tion, a controlled stimulus (10) at a fixed intensity 
(suprathreshold for the two regions of the origi- 
nal receptive field) was used to examine the area 0 

that evoked discharges from the single unit. X, 
positions where discharges could be evoked; o, positions where there was no response. 

No effect of ipsilateral stimulation (10) on 
the activity at primary somatosensory corti- 
cal loci was demonstrable either normally or  
during the period of expansion (Fig. 3B) 
(1 1). Nevertheless, removal of ipsilateral in- 
put results in a dramatic change of receptive 
fields representing the contralateral body 
surface. That this change is an expansion 
indicates that the effect of the ipsilateral 
influence is normally inhibitory. Because we 
could not find any evidence of ipsilateral 
inhibition that was time-locked to the stimu- 
lus, the indirect &ea may result h m  the 
disruption of an inhibition with a long time 
course such as a neuromcdulatory input (12). 

The anatomical basis for the expansion of 
cortical receptive fields, both in the direct 
effect of our experiments and in cases where 
chemical disinhibition has been used (4),  is 

probably the wide arborization of thalamo- 
cortical afferents (13). However, it is not 
dear which pathway subserves the indirect 
effect. Ipsilateral receptive fields have been 
reported in regions other than primary so- 
matosensory cortex of many species (14) 
but, with a few exceptions (IS), have not 
been reported in primary somatosensory 
cortex. Callosal connections have been dem- 
onstrated between homotopic regions of 
ptimary somatosensory cortex but are 
thought to be sparse between representa- 
tions of distal regions of the forelimb (16). 
In contrast, callosal connections between 
sensory representations are responsible for 
the immediate interhemispheric transfer of 
learned tasks (17). In our study, irrespective 
of whether denervation was produced by 
amputation or by local anesthesia, the ex- 

Fig. 3. (A) Example of changes A B 
in the receptive field of a single 
unit afier the amputation of the 
thumb ipsilateral to the record- 
ing electrode. The unit's recep- 
tive field, which was originally 
confined to the tip of the intact 
thumb, rapidly expanded to - 
cover the entire phalangeal re- 
gion. This field was stable from 
2 to 16 min after amputation 
(arrow) and then contracted 
back to the original boundaries. 
(B) Responses of the same sin- 
gle unit to 15 repetitions of a 
controlled-brush stimulus (lo), 
recorded before the amputa- 
tion. The stimulus within the -100 -50 0 50 100 
receptive field (contralateral Peristimulus time (ms) 

thumb) was at an intensity 15 
dB above threshold, and the 
ipsilateral stimulus (corre- 
sponding position to the con- 
tralateral stimulus but on the 
ipsilateral thumb) was 6 dB 
greater than this. For this exam- 
ple, and other single units stud- Peristimulw time (ms) 
ied, comparisons of the re- 
sponse to contralateral stimulation alone (upper histogram) to that obtained with bilateral (middle 
histogram) or ipsilateral (lower histogram) stimulation revealed no evidence of direct ipsilateral 
responsiveness, or of facilitation or inhibition of the contralateral response. 

pansion of receptive fields in the representa- 
tion of the unaffected digit matched that of 
the direct effect, raising the possibility that 
the indirect effect results from a mechanism 
which primarily allows for a balance in the 
processing at corresponding positions in the 
cerebral cortices. A mechanism providing 
balanced transfer of changes in correspond- 
ing regions of the two hemispheres has 
implications for all cortical representations. 
The rapidity of the interhemispheric transfer 
we have described suggests that these mech- 
anisms would be involved in the initial 
reaction of the brain to any form of denerva- 
tion. 
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"I t  turns out that the drug which we thought was patient friendly is 
really virus friendly. " 
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