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Taken together these results demon- 
strate that FSH augments testosterone 
secretion in perfused rabbit testes stimu- 
lated with ICSH and thus provides di- 
rect evidence that FSH acts synergisti- 
cally with ICSH to control testosterone 
secretion. The fact that FSH stimu- 
lates secretion of testosterone in the 
presence of saturating concentrations 
of ICSH suggests that the gonado- 
trophic hormones act at different sites 
or by different mechanisms. This sug- 
gests a degree of control of testosterone 
secretion in rabbit testes separate from 
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or 1, 2, 4, 10, or 16 days after surgery 
by transcardiac perfusion with 10 per- 
cent neutral formalin. The cerebellums 
of these animals were processed for 
histology and autoradiography in the 
usual manner (5). 

In the cerebellums of the hosts that 
were killed 3 hours after surgery the 
transplants with their labeled cells were 
easily identifiable (Fig. 1). A few 
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Transplanted Precursors of Nerve Cells: Their Fate in the 

Cerebellums of Young Rats 

Abstract. The multiplying cells of the external granular layer in 7-day-old rats 
were labeled with [3H]thymidine. Slabs of the cerebellum were transplanted into 
the same region of uninjected hosts of the same age. The transplanted, undif- 
ferentiated cells of the donors migrated actively in the cerebellar cortex of the 
hosts and apparently differentiated there into basket and granule cells. 
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A few investigators have attempted 
to transplant neural tissue from one 
adult mammal into the brain of an- 
other, but they found that the trans- 
plants degenerated (1). Others who 
worked with young mammals observed 
that the transplants grew and differen- 
tiated to some extent (2). Recently, 
Wenzel et al. (3) reported that out- 
growing processes of transplanted nerve 
cells of adult mice penetrated into the 
cerebral cortex of the host. However, 
to our knowledge there are no reports 
available to indicate that transplanted 
nerve cells can be structurally incor- 
porated into the brains of recipients. 

Instead of working with mature 
neural tissue of adult mammals, we 
used undifferentiated portions of the 
cerebellar cortex of young mammals 
(rats and rabbits) and transplanted this 
tissue into immature but developing 
brain regions (cerebellar cortex, hip- 
pocampus, and olfactory bulb) of 
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recipients. For easy identification, the 
donor cells were tagged radioactively. 
Here we report briefly the results of 
transplantation of slabs of the cere- 
bellar cortex of infant rats into the 
cerebellar cortex of rats of the same 
age. 

Eight laboratory-bred Long-Evans 
hooded rats from one litter were in- 
jected intraperitoneally with [3H]thy- 
midine when they were 7 days old 
(4). A large proportion of the prolif- 
erating cells of the germinal zone of 
the cerebellar cortex in the external 
granular layer, and a smaller propor- 
tion of cells in the internal granular 
layer became labeled, and this mate- 
rial served as the transplant. One hour 
after injection slabs of the cerebellar 
cortex of the donors were surgically 
removed, washed twice in Ringer solu- 
tion, and transplanted into the cere- 
bellums of rats of the same age. Two 
or more animals were killed 3 hours 
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Fig. 1. Transplant (Tr) in the host cere- 
bellum, 3 hours after surgery. Note ex- 
tensive labeling of cells in the external 
granular layer and sparse labeling in the 
internal granular layer. Arrows indicate 
a few labeled cells attached to the ex- 
posed surface of the host cerebellum 
(X 300). Fig. 2. Stream of migrating 
cells in the transplant 4 days atfer surgery. 
Arrows indicate labeled cells (X 325). 
Fig. 3. Labeled cells (arrows) in the in- 
ternal granular layer of the host cere- 
bellum 16 days after the transplantation 
(X 500). Fig. 4. Labeled cell, pre- 
sumably a basket cell (arrow), in the 
molecular layer of the host cerebellum, 
16 days after the transplantation (X 800). 
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labeled cells were also seen closely at- 
tached to the exposed surfaces of the 
cerebellums of the hosts. In the in- 
terior of the cerebellar cortex, how- 
ever, labeled cells were not seen at 
this time, which indicated that free 
[3H]thymidine was not available to 
the host tissue. In the rats that survived 
for 2 to 4 days after surgery the trans- 
planted tissue was still identifiable. The 
following observations were made in 
this tissue. Extensive regions in the 
transplants were full of degenerated 
nerve cells and were characterized by 
intense phagocytic activity. In these 
regions very few intensely labeled cells 
were seen. Smaller isolated regions that 
appeared normal were seen and, in 
these, tagged cells with intense to mod- 
erate accumulation of label were pres- 
ent. Furthermore, in some regions of 
the transplants large numbers of stream- 
ing, spindle-shaped migratory cells were 
seen (Fig. 2). In these streams of mi- 
grating cells a few were intensely la- 
beled, some lightly labeled, and many 
were unlabeled. Judging from the vary- 
ing patterns of labeling over these 
cells and their intimate relationship 
with the surviving external granular 
layer of the transplants, we assumed 
that they represented an extension of 
the external granular layer of the trans- 
plants and that many of these had 
multiplied a number of times. Such 
streams of migrating cells, which fol- 
lowed tortuous courses, appeared to 
penetrate the host tissues either through 
the medullary layer or through the 
external granular layer of the cere- 
bellum of the hosts. 

In the brains of the animals that 
survived for 10 to 16 days after sur- 
gery, there remained no trace of the 
transplanted tissue. However, close to 
the site of transplantation in many re- 
gions of the host cerebellum a varied 
number of well-labeled cells was seen 
in the internal granular layer and in 
the molecular layer (Figs. 3 and 4). 
In addition to these intensely and mod- 
erately labeled cells, a large number of 
lightly labeled cells were found in 
these regions. These observations sug- 
gested that some intensely labeled cells 
had proliferated after having migrated 
into the host tissues. Although the iden- 
tity of the donor cells could not be 
determined when they were intensely 
labeled, examination of the lightly la- 
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the hosts into granule and basket cells. 
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These results indicated that trans- 
plantation of the precursors of neurons 
is possible in the maturing nervous 
system of postnatal mammals. At least 
two factors facilitated this process. 
First, the precursors of nerve cells of 
the donor tissue, because of their ac- 
tive migratory behavior, escaped from 
the local degenerative processes as they 
migrated into the host tissue. This ob- 
servation suggested that the transplan- 
tation of harvested undifferentiated cells 
of the external granular layer devoid 
of other cerebellar tissue should further 
facilitate transplantation. Second, the 
ongoing neurogenetic processes in the 
host cerebellum, whereby the primi- 
tive cells that migrate in large numbers 
become incorporated into the evolving 
architecture of the cerebellar cortex, 
facilitates the acceptance of exogenous 
cells of similar properties. This con- 
sideration suggested that depletion of 
the local supply of competing migra- 
tory cells by x-irradiation (6) may 
further facilitate acceptance of the 
donor cells. 

The uses of this technique in study- 
ing some of the principles of neuro- 
genesis, particularly in mammals, must 
be obvious. For instance, it has been 
debated for some time whether the 
undifferentiated cells of the external 
granular layer are pluripotent and can 
differentiate into neurons as well as 
glia, and whether some inherent prop- 
erties of the multiplying cells or the 
time of their origin and the milieu in 
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Ample evidence has been amassed 
that the environment exerts a degree of 
control over the development of the 
nervous system (1-5), making it neces- 
sary to suppose that activity in a nerve 
fiber can effect the functional connec- 
tions made by that fiber. It has been 
proposed that an ingrowing axon tends 
to make contact with a cell when the 
activities in the axon and the target cell 
are correlated (6). Synapses already 
present are strengthened by the exist- 
ence of such a correlation, while syn- 
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which they differentiate determine 
whether they will become basket, stel- 
late, or granule cells. Indeed, can a 
cell destined to become a granule cell 
in the cerebellar cortex become dif- 
ferentiated into a granule cell in the 
hippocampus with totally different 
chemical and morphological properties? 
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JOSEPH ALTMAN 

Department of Biological Sciences, 
Purdue University, 
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apses that exhibit weak or no correla- 
tion between pre- and postsynaptic ac- 
tivity either decay or are displaced by 
axon terminals with higher correlations. 
Axon terminals which either alone or 
in concert with others exert a large de- 
gree of control over a postsynaptic 
neuron will tend to increase in their 
control to an even greater extent. As a 
result, axons with highly correlated ac- 
tivities among each other (such as those 
receiving inputs from nearly the same 
part of the visual field) will tend to 
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Shift in Binocular Disparity Causes Compensatory 

Change in the Cortical Structure of Kittens 

Abstract. Kittens were raised with prisms in front of their eyes which intro- 
duced a vertical disparity. At 4 months of age the disparity necessary to maximally 
stimulate a sample of binocular cortical cells was determined. The distribution 
of optimal disparities was abnormal, and shifted in a direction which would tend 
to compensate for the prism-induced disparity. 
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