
Brain Research, 152 (1978) 353-357 353 
~(~ Elsevier/North-Holland Biomedical Press 

Changes in rubral multiunit activity after lesions in the interpositus nucleus 
of the cat 

M. B. BROMBERG and S. GILMAN 

Department of Neurology, The University of Michigan, Ann Arbor, Mich. 48109 (U.S.A.) 

(Accepted March 23rd, 1978) 

The initial effect of an acute lesion in the central nervous system is loss of neural 
function. With time, however, restorative processes, generally termed 'compensation', 
may result in some degree of recovery of neural function. The mechanisms involved in 
recovery may include morphological changes in synaptic connections, a process de- 
scribed as neuroplasticity. Direct evidence for neuroplasticity in the mature mammalian 
central nervous system has been presented (for recent reviews, see refs. 3-6). 

Electrophysiological studies of the rubrospinal tract in the cat have shown evi- 
dence of neuroplasticity in which sprouting of axonal terminals (collateral sprouting) 
is thought to occur in the red nucleus following partially deafferenting lesions ~4. The 
demonstration of synaptic reorganization in this nucleus is based on evidence that the 
two major inputs to this nucleus, corticorubral and interpositorubral fibers, make 
synaptic connection with two separate portions of the membranes of rubral neurons. 
Tsukahara and co-workers12, la showed in the intact cat that excitatory postsynaptic 
potentials (EPSPs) evoked in rubral neurons by stimulating the ipsilateral pericruciate 
cortex had relatively slow rise times, long decay phases, and low peak amplitudes. 
EPSPs evoked by stimulating the contralateral interpositus nucleus displayed more 
rapid rise times, shorter decay phases, and greater peak amplitudes. They attributed 
these differences to segregation of synaptic terminals on rubral neurons, cortical fibers 
on distal dendrites and interpositus fibers on proximal dendrites and somas. The 
reorganization of cortical synaptic contacts on rubral neurons after partial deafferen- 
ration was investigated in chronic cats with lesions of the contralateral interpositus 
nucleus 14. They observed a progressive shortening of the rise times of cortically evoked 
EPSPs for 4~10 days after the lesions and no further change after longer intervals. 
These changes in cortically evoked EPSPs were thought to result from collateral 
sprouting of cortical fibers to innervate more proximal portions of rubral neurons. 

If neuroplasticity participates in the recovery of motor function after a lesion, 
it must do so not only through changes in postsynaptic potentials, but also through 
changes in patterns of spike activity directed toward brain stem and spinal nuclei. 
It is not clear what effect changes in EPSP wave forms may have on rubral spike activity. 
We have investigated this issue by recording spontaneous multiunit spike activity in 
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the red nucleus of awake cats for several weeks before and after lesions in the inter- 
positus nucleus. 

Five adult cats were prepared for chronic recording by implanting a fixed array 
of 1-3 stainless steel electrodes with tip impedances of 10-20 k ~  in the mesencephalon 
to record extracellular spike activity from a population of neurons. Electrodes were 
directed to one red nucleus and to areas of the mesencephalon 2-4 mm lateral to the red 
nucleus on the same side to determine whether the changes in activity observed after 
cerebellar lesions occurred elsewhere in the mesencephalon. Recordings were made 
with the animals awake. To ensure stable recording conditions the animals were 
confined in a nylon bag with only the head protruding and the bag was suspended free 
of any surface. Under these conditions, with no movement from the animal, the level 
of multiunit activity was stable. Burst of high amplitude activity occurred only when 
the animals made rapid movements and activity recorded during such movements was 
eliminated from the analysis. The amplitude of the multiunit activity was measured as 
the integral of the amplified, filtered (300 Hz 3 kHz bandpass), fully rectified signal. In 
order to integrate activity for relatively long periods of time and retain adequate 
sensitivity, the integrator was reset periodically at an interval constant for each cat. 
The height of the integrator output voltage at reset, therefore, was proportional to the 
amplitude of the neural activity. Recordings were taken for several minutes per session 
and about 10 integrals were averaged to give data points. The experimental procedure 
was first to record activity 3 times weekly for several weeks to establish prelesion 
activity levels. Then an electrolytic lesion was made in the interpositus nucleus contra- 
latelal to the red nucleus under investigation and multiunit recordings were followed 
for another 4-8 weeks. In one animal, the ipsilaterol pericruciate cortex was ablated 
subsequently by subpial aspiration. All recording electrode placements and lesions 
were verified histologically. The lesions in the interpositus nucleus included portions 
of the anterior and posterior divisions. 

Activity recorded from the red nucleus (Fig. I A, C and E) was consistently 
greater in amplitude (mean for 3 animals -:,~ 51.8/~V) than that from the extrarubral 
sites (Fig. 1 B, D and F) (mean for the same 3 animals -- 18.2 #V). The amplitudes were 
computed relative to the peak-to-peak voltages o fa  1 kHz sine wave after similar signal 
conditioning and integration. With a randomized block design analysis ot variance, 
the activity recorded from the red nucleus was significantly different in amplitude 
from the activity recorded from the extrarubral sites (F ~ 67.16, df -- 2,74, P ,(0.05). 

After lesions in the contralateral interpositus nucleus, multiunit activity recorded 
from the red nucleus showed an initial decrease of amplitude and a subsequent, slow 
return, whereas activity recorded from extrarubral sites showed no appreciable change 
(Fig. 1 A, C, E and G, compared to B, D and F). A paired t-test was used to assess the 
difference in amplitude of activity measured from the red nucleus before and the day 
after lesions in the interpositus nucleus. In each of the 4 animals, the difference between 
the last measurement prelesion and the first measurement postlesion was computed. 
The mean difference was 19.0 #V, a value significantly different from zero (t ~ 3.8 l, 
df - 3, P <~ 0.05). Regression analyses were performed to compare the effects of inter- 
positus lesions on multiunit activity over time. During the prelesion period, the average 
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Fig. 1. Amplitude of multiunit activity recorded from fixed electrodes in mesencephalon before and 
after lesions in the contralateral interpositus nucleus. Abscissa, days on which recordings were made 
before and after lesions. Ordinate, integral of multiunit activity with respect to time (/iV). A, C, E and 
G : time course of activity changes from rubral recording sites. B, D and F: time course of activity 
recorded 2-3 mm lateral to red nucleus. H : table of slopes of regression lines fitted to data points. 
Each symbol represents data from different animal. 

regression slopes did not differ s ign i f i cant ly  from zero for either rubral or extrarubral 
activity and, during the postlesion period, the regression slope of extrarubral activity 
likewise did not differ from zero (t -- 1.27, 0.14, 0.70; df 3,2,2, respectively; P > 0.20 
for all 3 tests). The mean regression slope of rubral activity during the postlesion period, 
however, was positive and  s ign i f i cant ly  greater  t h a n  zero (t 3.49, df .... 3, P < 0.50), 
i n d i c a t i n g  that activity measured from this site increased in amplitude over time follow- 
ing the lesion (Fig. Ill). 
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in one animal the ipsilateral pericruciate cortex was ablated 6 weeks after the 
lesion in the contralateral interpositus nucleus to determine if the restoration of activity 
depended upon intact corticofugal fibers. After the ablation there was an immediate 
drop in amplitude of the activity, but a slow restoration of amplitude occurred over a 
3-week period. The slope of the regression line through the data points of the postlesion 
period is 0.21, which is significantly different from zero (t .... 2.54, df ~ P ~ 0.50). 

The amplitude of multiunit activity recorded from fixed electrodes in awake, 
restrained cats has been shown to remain stable over long intervals of time t. In the 
present experiments, this was substantiated by regression lines for prele~ion activity 
for each cat that were not significantly different from zero. In one animal (Fig. IC) 
there was a decrease in amplitude of the activity without apparent cause, but this was 
followed by a return to a stable level before the lesion. [t has been observed previously 
that multiunit activity recorded in the red nucleus is higher in amplitude than in nearby 
regions ~. In the present study, the activity in extrarubral mesencephalic areas lateral to 
and at approximately the same depth as the red nucleus was unchanged in amplitude 
by lesions in the contralateral interpositus nucleus. The changes in activity in the red 
nucleus after lesions in the interpositus nucleus were characterized by an immediate 
reduction and slow but incomplete restoration of amplitude. The animals were ob- 
served for a limited time and it is not known whether a full restoration of amplitude 
may have occurred or how long it may have taken to occur. Tsukahara et al. H showed 
that cortically evoked EPSP rise times change maximally by 10 days after lesions in 
the contralateral interpositus nucleus. The time course of the restoration of multiunit 
activity in the present study was longer than that observed by Tsukahara et al. ~t 
One explanation of the difference is that collateral sprouting of cortical terminals may 
continue beyond 10 days, but only the initial sprouts making synaptic connections with 
the proximal portions of rubral neurons during the first 10 days are needed to produce 
an EPSP with minimal attenuation. 

An additional lesion was made in the ipsilateral pericruciate region of cerebral 
cortex in one cat to determine whether cortical fibers are necessary for the restoration 
of multiunit activity after interpositus lesions, in the cat, nearly all corticorubral fibers 
originate from the ipsilateral pericruciate region 1~. The effect of the cortical ablation 
was an immediate reduction in amplitude of activity in the red nucleus, but no change 
in amplitude of activity in extrarubral positions. During 3 weeks of observation, a 
slow but incomplete recovery of rubral activity was observed. The reduction in the 
amplitude of spontaneous multiunit activity after both interpositus nucleus and cerebral 
cortex lesions supports the notion that cortical fibers may be at least partially responsible 
for the recovery of activity after the cerebellar lesions, possible through the process 
of collateral sprouting. The slow restoration of amplitude after both lesions may in- 
dicate collateral sprouting from other fiber systems. 

Another process may contribute to the restoration of rubral multiunit activity 
after cerebellar and cerebral lesions. Destruction and subsequent removal of fibers 
and terminals following deafferentation would be expected to cause some shrinkage 
of the previously innervated tissue. This factor must be considered in any study of 
neuroplasticity based on changes in density of the measured parameters 8. Shrinkage 
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has been noted in several nuclei after partial deafferentation2,7,9,10, but has not  been 

measured in the red nucleus after cerebellar or cerebral lesions. In the recordings 

described here, degenerat ion and shrinkage could bring closer to the recording elec- 

trodes neurons which never in fact regain their previous levels of activity. This move- 

ment of neurons  relative to a fixed recording electrode could conceivably account  for a 

restoration of mul t iuni t  activity ampli tude in time. Changes in tissue impedance 

following loss of myelinated fibers also would be expected. The effects of cell density 

and tissue impedance on mul t iuni t  recording have been investigated, and no correla- 

t ions were found between these parameters and the ampli tude of unit  activity 1. Further-  

more, in a study of neuroplast ici ty in the lateral geniculate nucleus, shrinkage has been 

noted without an increase in cell density". An estimate of the contr ibut ion of shrinkage 

to the level of mul t iuni t  activity described here must await a detailed determinat ion of 

the time course of rubral shrinkage and change in cell density after cerebellar and 

cerebral lesions. 
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