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cATs REARED under various conditions of 
visual deprivation are deficient in their 
subsequent performance of certain visual 
tasks (6, 19). Wiesel and Hubel (15-17, 
25-28) have sought the physiological basis 
of these effects by comparing receptive- 
field properties of single visual neurons of 
normhlly reared cats to those of visually 
deprived cats. Their consistent finding (17, 
26-28), confirmed by others (7), is that 
cells of the striate cortex develop perman- 
ently abnormal receptive-field properties 
during deprivation rearing. In a prelimi- 
nary study, Wiesel and Hubel (25) observed 
that cells of the dorsal lateral geniculate 
nucleus (LGNd) in visually deprived cats 
have essentially normal receptive fields 
despite the loss of many large cells in this 
nucleus. These findings have been sub- 
tantially confirmed (11, 24). The present 
studv 
which 

follows 
note the 

a series 
presence 

of 
of t 

recent 
wo funct 

papers 
ionallv 

distinct types of cell in the cat’s retina and - 
LGNd: the X-cells (3, 13) (type II (5, 21) 
or sustained cells (2)) and the Y-cells (3, 13) 

(type I (5, 21) or transient cells (2)). This 
paper presents evidence that one effect of 
rearing cats with visual deprivation 
(achieved by neonatal eyelid suture) is the 
selective elimination from the LGNd of 
Y-cells. The remaining neurons appear to 
be functionally normal. 

MATERIALS AND METHODS 

Subjects 

Seven cats, born and reared in the laboratory, 
were used in this experiment. They were chosen 
from seven different litters. All were reared 
under conditions of visual deprivation achieved 
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by a previously described eyelid-suturing tech- 
nique (25). Three of the cats were binocularly 
deprived (BD cats) by suturing both eyelids; 
the remaining four were monocularly deprived 
(MD cats) by suturing either the left (three 
cats) or right (one cat) eyelids. The deprivation 
period, which lasted from the 8th postnatal day 
for 8-12 months, included all of the “critical 
period” as defined by Hubel and Diesel (17). 

Physiological reco?-ding 

Conditions and techniques for single-unit 
recording, receptive-field analyses, and latency 
measurements were identical to those of the 
previous stucly (13) with the following three 
minor differences: I> all these cats underwent 
a bilateral cervical sympathectomy (20) just 
prior to single-unit recording to allow direct 
comparison of their optic disc projections with 
those of a previous study (23), 2) the changes in 
responsiveness of LGNd neurons following 
optic chiasm (OX) stimulation were not studied 
in detail, and 3) coronal histological sections 
were prepared from two of the MD cats and 
one of the BD cats. 

Interocular alignment is defined as the align- 
ment of the visual axes and was measured in 
the cats both while conscious (by the pupil- 
cornea1 reflex method) and while paralyzed and 
anesthetized (by their optic disc projections) 
using techniques already described (23). In- 
terocular alignment measured under these con- 

ditions provided as assessment of the presence 
or absence of strabismus (23). Three of the iVD 
cats and two of the BD cats had their eyelids 
parted under pentabarbitone anesthesia 1-3 
weeks prior to physiological recording to allow 
a sufficient period for measurement of their 
interocular alignments during consciousness. 
The remaining cats (one MD and one BD) had 
their eyelids parted minutes before commence- 
ment of the physiological recording. 
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RESULTS 

r alignment 

All seven visually deprived animals 
showed evidence of strabismus (i.e., ab- 
normal alignment of the visual axes), in 
close agreement with a previous report 
(23). Two BD cats were observed during 
consciousness and had a divergent stra- 
bismus, and all three BD cats had, after 
anesthesia and paralysis, a divergent mis- 
alignment of their optic disc projections. 
Of the three MD cats observed during 
consciousness, two had a divergent stra- 
bismus and a corresponding divergent mis- 
alignment after anesthesia and paralysis; 
the third had a convergent strabismus and 
a convergent misalignment after anestlie- 
sia and paralysis. The fourth MD cat had 
a convergent misalignment after anesthesia 
and paralysis. 

Singleu n it wcording 

A total of 260 LGNd neurons from the 
seven visually deprived cats were studied 
by single-unit recording. Of these, 57 (see 
Fig. 5) were positively identified as relay 
cells, being activated both orthodromically 
by electrical stimulation of the optic 
chiasm (OX stimulation) and an tidromi- 
tally by electrical stimulation of the striate 
cortex (VC stimulation). The other 203 
cells were activated only by OX stimula- 
tion, but had properties typical of relay 
cells, including appropriate OX latencies 
(see below) and concentric on- or off-center 
receptive fields; they are assumed, as in 
the previous paper (13) to be relay cells. 
All 260 units could be classified as either 
X-cells (having X-fields) or Y-cells (having 
Y-fields) by the criteria presented previously 
(13). As in the normal cat (13) a small 
number of units was found whose prop- 
erties were distinct from those of relay 
cells, md these are not further considered 
here. 

Visual deprivation dramatically reduced 
the percentage of Y-cells among neurons 
driven by the deprivecl eyes and two fea- 

tures of this result are elaborated in the 
following sections. First, whereas a paucity 
of Y-cells was seen in LGNd’s of both MD 

and BD cats, the distribution of remaining 

Y-cells diifered markedly between MD and 
BD cats. Second, all the LGNd neurons 
studied had properties within the normal 
range established in the preceding paper 

(13) . 

Relative fwquency of X- and Y-fields 
in MD cats 

The receptive fields of 158 units were 
studied in MD cats, 89 from the “deprived” 
laminae and 69 from the “nondeprived” 
laminae. (Deprived laminae receive direct 
retinal afferents from the Vi sually deprived 

eye, nondeprived lamina e from the non- 
deprived eye.) Units were recorded in the 
LGNd both contralateral (three cats) and 
ipsilateral (one cat) to the deprived eye 
(see Fig. 3). Since no interlaminar differ- 
ences in the effects of deprivation were 
detected, data obtained from the different 
laminae are pooled in Figs. 1, 2, 4 and 5, 
and Table 1. 

Figure 1A and B shows the positions in 
the visual field of all the receptive fields 
studied in MD cats. Fields of units driven 
by the nondeprived eye (nondeprived eye 
fields) are shown in Fig. 1A. Figure 1I? 
represents the deprived eye fields. X-fields 
are represented by open circles and Y-fields 
by closed circles. For simplicity all fields 
are presented as if recorded from the left 
LGNd and from the right eye, although 
both eyes and both LGNd’s were used. 
Part of the peripheral limit of the binocu- 
larlv viewed visual field is indicated in 
each section of Fig. 1, A-C, as a line which 
is vertical near the zero horizontal parallel 
and curves toward the zero vertical me- 
ridian in the lower portion of the visual 
field. The shape and- position of this line 
were derived from Sanderson’s (22) LGNd 
maps by estimating the lateral limit of the 
portion of the visual fi eld which proj ects to 
lamina Al at different coronal levels. Areas 
of the visual field nasal to this limit (to 
the left of it in Fig. 1) are represented in 
the medial, laminated portion of the 
LGNtl, while areas temporal to this limit 
(to the right of it) are represented in the 
lateral, unlaminatecl portion of the LGNd. 
Following previous conventions (11, 13) 
these are referred to, respectively, as the 
binocular segment and monocular segment 
of the visual field and the binocular seg- 
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FIG. 1. Distribution of locations in the visual 
field of all 260 receptive fields plotted in this study. 
X-fields are indicated by open circles; Y-fields, by 
filled circles. For simplicity, the figure has been 
drawn as if all fields were found in the left LC;Nd 
and driven by the right eye, although fields from 
both eyes and both LGNds arc, of course, included. 
Also shown are projections of the optic disc (OD) 
and area centralis (AC), which were determined by 
methods dcscri bed in the preceding paper (13), and 
the border between the binocular and monocular 
segments of the visual field which was derived 
from Sanderson’s (22) LGNd maps (see text). A: 
nondcprived eye receptive-field locations in MD 
cats. I?: dcprivcd eye receptive-field locations in 
MD cats. Fields joined by a dashed line rcprcscnt 
the sequence of units encountcrcd along the clcc- 
trade pcnctration indicaW by an asterisk in Fig. 
3.4. The first unit cncoulltcrc(l in this penetration 
is marked by an arrow. C: rcccptivc-field locations 
in BD cats. l’l1e sc<pe11cc of units encountcrcd 
along a single penetration is indicated as for K 

ment and monocular segment of the 
LGNd. 

Figure 2 summarizes the data of Fig. 1 
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FIG. 2. Same data as in Fig. 1 showing the vari- 
ation with eccentricity in the visual field of the 
frequency of Y-fields expressed as a percentage of 
the total population (X-fields and Y-fields). This 
relationship is shown separately, as indicated, for 
nondeprived eye receptive fields of MD cats, for 
deprived eye receptive fields of MD cats, for rcccp- 
tive fields of BD cats, and for receptive fields of 
normal cats. Data for normal cats were taken from 
Fig. 4B of the previous paper (13). The numbers 
next to each point indicate the total number of 
fields from which the percentage of Y-fields was 
calculated for that point. To minimize random 
sampling errors in these percentages (13), each 
point includes units pooled from at least four 
different penetrations using four different elec- 
trodes. The one exception to this is that the five 
units representing nondeprived eye fields of MD 
cats in the monocular segment were all encountered 
along a single electrode penetration. 

above and of Fig. 4B of the preceding 
paper (13), and shows for normal, MD, 
and BD cats, the change in the relative 
frequency of Y-cells with receptive-field ec- 
centricity. For MD cats the relative fre- 
quency of Y-cells among nondeprived eye 
fields follows closely the normal relation- 
ship with respect to eccentricity. However, 
considering the whole of the binocular 
segment of the visual field, the percentage 
of Y-fields among deprived eye fields is 
much less (!,yO, G/70) than either the per- 
centage among the nondeprived eye fields 

(63ygp 41164) or the percentage in normal 
animals (55<y0, 156/284). Both of these 
differences are statistically significant 
(P < 0.001 on ~2 tests). By contrast, COII- 

sidering the monocular segment of the 
visual field, the percentage of Y-fields 
among deprived eye fields did not differ 
significantly either from the percentage 
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TABLE 1. Center sixes foj* S- md Y-[iclds of LGNd ncwons in dcpl-iued cats 
- “._____ -_____ --- .~ -__ 

X-Fields Y-Fields 
-. 

No. of -No. of 
units Range Mean SD units Range Mean SD 

Sormal cats 
______~ 

113 0.2-l .5 0.8 0.3 127 0.4-3.2 1.4 0.G 

MD cats: nondepri~7ed eye 19 0.3-l .4 0.8 0.3 31 Oh-2.6 1.3 0.5 

MD cats: deprived eye, 
monocular t scgmcn 2 0.6-0.9 0.7 0.2 10 0.8-2.1 1.4 0.4 

MD cats: deprived eye, 
binocular t scgmeti 39 0.4-l .G 0.9 0.4 4 0.7-l .5 1.2 0.4 

I%D cats G8 0.3-2.3 0.9 0.4 22 0.8-3.2 1.8 0.7 

\‘alucs are in degrees. Data for deprived cats compared to data for normal cats taken from the pre- 
vious paper (13). The number of fields does not include all the fields in Fig. 1 because, as in the previous 
paper (13), not all fields were sufficiently accurately measured before the unit was lost. 

:lmong nondeprived eye fields or from the 
percentage found in normal cats. The 
dashed line in Fig. lI? joins the receptive 
fields of neurons studied along a single 
electrocle penetration in the sequence in 
which they were fou ml. This sequence 
illustrates that the difference in relative Y- 
field frequency between the binocular and 
monocular segments could be seen in single 

electrode tracks (see also Fig. SA and Z3). 

Thus, the loss of Y-fields following monoc- 

ular deprivation was apparent only in 
the binocular segment of the visual field. 

Rclatiuc fuxpwcy of iY- and Y-fields 
in BD carts 

A pat tern of Y-field loss diKeren t from 
that found in MD cats emerged from the 
102 units studied in BD cats. Figure 1C 
shows the positions in the visual field ancl 
X-Y classiiication of the receptive fields of 
these units, and Fig. 2 summarizes the 
relative frequency of Y-fields as a function 
of eccentricity. Considering first the recep- 
tive fields located in the binocular segment 
of the visual field, 29’;& @O/70) of the 
fields of BD cats were Y-fields, which is 
greater than the percentage among de- 
prived eye fields of MD cats and less than 
the corresponding percentage both for the 
noncleprived eye fields of MD cats and 
for normal cats (I’ < 0.001 on a x2 test for 
all three comparisons). On the other hand, 
the percentage of Y-fields found in the mon- 
ocular segment of the visual field of l3D cats, 

28% P/32) is not different from the per- 
centage in its binocular segment, but is 
significantly less than the corresponding 

percentage in normal and MD cats (P 
< 0.001 on x2 tests for both comparisons). 
The sequence of receptive fields for a 
single electrode penetration is illustrated 
in Fig. 1C (as in Fig. 1rZ) and shows that 
the paucity of Y-fields in both segments of 
the visual field could be seen in single 
electrode tracks. The effect of visual depri- 
vation appears to be less severe in BD cats 
than in the binocular segment of the 
LGNcl in MD cats, but to extend through- 
out the LGNd. 

T?-ack wconstwct ions 

From the preceding, it is evident that in 
the LGNd of an MD cat an electrode can 
travel from a region with an abnormally 
low Y-cell population to a region with a 
normal Y-cell population in one of two 
ways,: 1) it can pass from a deprived to a 
nondeprived lamina within the binocular 
segment of the nucleus; or 2) it can pass 
from a deprived lamina in the binocular 
segment to the unlaminated, monocular 
segment. Figure 3 shows a diagrammatic 
representation of the units in MD cats 
found along every electrode penetration 
which passed between two such regions of 
the LGNd and in the course of which at 
least two units were studied in each region. 
This figure emphasizes two points. First, 
all deprived laminae in the binocular seg- 
ment of the LGNd, whether ipsilateral or 
contralateral to the deprived eye, showed 
the characteristic loss of Y-cells. This point 
was also substantiate<1 for the BD cats. 
Second, the paucity of Y-cells in deprived 
laminae was apparent within single elec- 
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FIG. 3. Diagrammatic representation of every 
electrode penetration in MD cats which sampled at 
least two neurons each from regions of the LGNd 
with and without Y-cell loss (see text). X- and Y- 
cells encountered along these penetrations are 
represented as open and filled circles, respectively. 
The shaded portions of each LGNd are those show- 
ing no cell shrinkage as previously determined 
histologically (11). Each lamina A, A,, and B is 
labeled: and the binocular and monocular segments 
are indicated. The sequence of neurons is correct 
as indicated, and they have been placed in the 
figure as follows. The placement in laminae of the 
binocular segment was determined both by sterco- 

trode penetrations. The diagrammatic 
coronal sections used in Fig. 3 have shaded 
and unshaded portions which represent 
(following Guillery and Stelzner (11)) the 
regions of the monocularly deprived 
LGNd in which cell size and packing 
density are normal (shaded) and the 
regions in which there is cell shrinkage 
and an increase in cell density (unshaded). 
Histological sections of the LGNd made 
in this study confirm these observations. 
In the LGNd contralateral to the deprived 
eye of MD cats a discontinuity was particu- 
larly apparent in cell size between the 
monocular segment of the nucleus, where 
the cells appeared normal in size, and 
layer A of the binocular segment, in which 
the cells appeared shrunken and large 
cells, in particular, appeared to be lacking. 
No comparable discontinuity was ap- 
parent in the LGNd of a BD cat, an obser- 
vation in agreement with previous cell 
body counts made by R. W. Guillery 
(personal communication). 

Properties of LGNd cells driven by 
visually deprived eyes 

The responses to visual stimuli of LGNd 
cells driven by the deprived eye were 
essentially normal, in agreement with 
earlier reports (24, 25). Film records show 
no differences, for example, between the 
responses of any cell in this study and 
those of normal cells from the previous 
study (13) to the visual stimuli (stationary 
spots stimuli, hand-moved spots, and 
gratings) used to distinguish X- and Y- 
fields. However, these responses were not 

taxic readings of the electrode position and by 
determination of the eye whose visual stimulation 
activated the neuron, That is, all units placed in 
laminae A and B were driven by the contralateral 
eye, and those in lamina A, by the ipsilateral eye 
(1, 8, 10, 12, 18, 22). This lamination pattern has 
been previously reported for MD and BD cats (24). 
Placement of neurons in the monocular segment 
was derived from the stereotaxic position of the 
electrode track and from their receptive-field loca- 
tions (see Fig. 1). One electrode track which trav- 
ersed the monocular segment was reconstructed 
histologically and is marked by an asterisk in A. 
A, B, C: penetrations made contralateral to the de- 
prived eye in three MD cats. The sequence of fields 
from units in the track marked with an asterisk in 
A is shown in Fig. 1B. D: penetrations made ipsi- 
lateral to the deprived eye in the fourth MD cat. 
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quantified in either normal or visually cle- 
prived animals, and quantitative differ- 
ences may exist. Recently, for example, 
Eysel et al. (4) presented evidence for a 
lowering in the surround inhibition of 
deprived eye fields in the LGNd of an MD 
cat. Those properties of deprived eye cells 
which were quantifiecl, i.e., receptive-field 
center size and latency to electrical stimuli, 
also proved essentially normal, al though 
minor statistical differences may exist. 
Table 1 shows that, for MD and BD cats, 
the mean center size of Y-cells was larger 
than that of X-cells as in the normal, and 
except for one X-cell each from an MD 
and a BD cat, the range of center sizes for 
cleprived cats fell within the range of 
center sizes for normal cats. 

Figure 4A-D shows that among all 
groups of units isolated in this study, Y- 
cells respond to OX stimulation at shorter 
latencies than X-cells, with little overlap, 
as in the normal (13). Figure 54-C shows 
the correlation between OX and VC laten- 
ties in samples of LGNd units obtained 
from nondeprived and deprived laminae 
in MD cats and from BD cats. In each 
sample there is a statistically significant 
correlation between OX and VC latencies 
as in the normal cat (13). In all three 
samples (as in the normal) fast-conducting 
retinal afferents drive LGNd Y-cells which, 
in turn, have fast axons projecting to the 
visual cortex. Slow retinal afferents drive 
X-cells, which have slow axons to the 
visual cortex. The orthogonal regression 
line is drawn for each sample. The slopes 
and intercepts of these lines are close to 
the slope and intercept in the normal cat 
(13), although there appears to be more 
scatter in the OX/VC latency relationships 
for deprived eyes in MD and BD cats than 
for either the nondeprived eye of MD cats 
or normal cats (see also Fig. 3C of the 
previous paper (13)). Moreover, the OX 
and VC latencies in Figs. 4 and 5’were all 
within the range in normal cats (13) with 
the exception only of the unit in Fig. 5C 
with a VC latency of 3.1 msec. 
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In the preceding paper (13) two LGNd 
neurons were tlescri bed which discharged 
at two latencies to OX stimulation, which 
suggested that both fast and slow retinal 
afferents converge to drive a single LGNd V V 

FIG. 4. Frequency histograms showing the distri- 
bution of response latencies to optic chiasm (OX) 
stimulation among single LGNd units. Numbers of 
X-cells are indicated by open bars; Y-cells by shaded 
bars. Not shown are latencies for five units which 
appeared to have two separate OX latencies (see 
text). A: neurons driven by the nondeprived eye in 
MD cats. I3: neurons from the monocular segment 
drken by the deprived cyc in MD cats. C: neurons 
from the binocular segment driven by the deprived 
eye in MD cats. D: neurons in BD cats. 

neuron (see also Cleland et al., ref 2). 
Five such units were seen in this study, 
one driven by the deprived eye in an MD 
cat, the other four in BD cats. For the first 
spikes the OX latencies ranged from 1.2- 
1.3 msec, which is in the latency range 
expected for Y-cells, and for the second 
spikes from 1.6-2.3 msec, which is in the 
latency range expected for X-cells. On the 
basis of receptive-field properties, two were 
classified as X-cells and three as Y-cells. 
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FIG. 5. Correlations between OX and VC laten- 
ties of LCNd neurons in MD and BD cats. X-cells 
are represented by open circles and Y-cells by filled 
circles. The orthogonal regression line, the COT- 

relation coefficient (r), and the confidence limit of 
the correlation (P) ax-e indicated in each case. A: 
neurons driven by the nondeprived eye in MD cats. 
B: neurons driven by the deprived eye in MD cats. 
C: neurons in BD cats. 

That is, in each case one input seemed to 
be functionally dominant. These cells are 
excluded from the latency data in Figs. 4 
and 5 but have not been excluded from 
the other illustrations. 

DISCUSSION 

The results of this study confirm pre- 
vious reports that the functional proper- 
ties of individual LGNd cells in visually 
deprived cats are essentially normal (24, 
25). Nevertheless, the principal finding of 
this study, that visual deprivation results 
in a selective loss of Y-cells from the 
LGNd, indicates that the LGNd as a 
whole is markedly abnormal in function 
and thus runs counter to a previous sug- 
gestion (25, 26). It also seems to require 
reconsideration of the suggestion that 
visual deprivation principally disturbs 
synapses within the visual cortex (17, 26, 
27). Before pursuing this point it seems 
important to consider the following three 
questions: 

How do present data j-elate to 
histozogicaz data? 

There is a good correlation in both MD 
and BD cats between the areas of the 
LGNd from which Y-cells are lost and the 
areas in which histological changes are ap- 

parent. Guillery and Stelzner (II), for ex- 
ample, report that there is significant cell 
shrinkage in the deprived laminae of the 
binocular segment of the LGNd, but no 
significant shrinkage in the deprived 
monocular segment. In BD cats there is 
no comparable difference between monoc- 
ular and binocular segments of the 
LGNd. However, Wesel and Hubel (27), 
K. L. Chow and I). Stewart (personal com- 
munication), and R. IV. Guillery (personal 
communication) all report evidence of 
cell shrinkage in the LGNd. Wiesel and 
Hubel reported the shrinkage to be as 
severe as in the binocular segment of the 
LGNd in MD cats. Chow and Stewart and 
Guillery consider the shrinkage to be less 
severe than in MD cats. Guillery (personal 
communication) notes that shrinkage is 
apparent in both binocular and monoc- 
ular segments of the LGNd. 

Clearly these results provide some 
morphological basis for the present physio- 
logical findings. It was suggested in the 
previous paper that Y-cells may be large 
cells. It is consistent with this idea and 
with the loss of Y-cells noted in this study 
to suggest that the decrease in mean size 
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of all cells noted by the above workers may 
be largely a result of the selective shrink- 
age of large cells. 

Could functioninq Y-cells be present 
but be so reduce2 in size that they 
are missed by present electrodes? 

While it seems unlikely that such a 
sharp reduction in cell size could occur 
without a change in functional properties, 
there is no direct evidence against this 
possibility. If this is true, however, the 
Y-cells must be considerably smaller than 
normal Y-cells (smaller, too, than X-cells), 
and this would itself constitute a selective 
effect of deprivation on Y-cells. Of course, 
the possibility exists in any single-unit 
study with microelectrodes that the activ- 
ity of a class of cells is missed. The 
following discussion assumes that the 
microelectrodes provided an accurate 
sample of cell types in the LGNd and that 
the number of functional Y-cells is reduced 
by deprivation. 

What is fate of lost Y-cells? 

It seems unlikely that their cell bodies 
disappear frown the LGNd since counts 
made by Guillery (personal communica- 
tion) indicate no cell loss from LGNds of 
MD cats. Two more likely possibilities are: 
a) the cells could be present physically but 
be nonfunctional; and/or b) the cells 
which would normally develop as Y-cells 
accept X-afferents and develop as X-cells. 

Possible mechanisms for effect of 
depl-ivation on LGNd 

Three possible mechanisms can be sug- 
gested to explain the effects of deprivation 
on the LGNd, but none alone seems ade- 
quate to explain all of the present results 
in MD and BD cats. 

1) Deprivation might exert its primary 
effect on the retina, causing a functional 
loss of Y-cells there. The removal of their 
drive could either silence their intended 
target cells in the LGNd or it could cause 
them to develop as X-cells. In either case 
these LGNd cells could shrink or grow 
less. This suggestion, however, fails to 
explain ei theI: the persistence of Y-cells 
in the monocular segment of MD cats or 

the different pattern of cell loss in MD 
and BD cats. 

2) The primary effect of deprivation 
might be to disrupt the synapses of Y- 
afferents in the L-GNd. This - possibility 

could have the same conseauences as the 
first suggestion, and also woild suffer from 
the sa&e inadequacies. 

3) The effects of deprivation might 
have their primary locus in the cortex, 
changing the LGNd secondarily. Two 
distinct mechanisms are included in this 
possibility. a) The first is an extension of 
Wiesel and Hubel’s (26, 27) concept of 
“binocular competition” among geniculo- 
striate synapses. That is, during develop- 
ment LGNd neurons compete for synapses 
on binocularly activated cortical cells. In 
an MD cat, LGNd neurons driven by the 
deprived eye are in some sense handi- 
capped in this competition, and their 
terminals fail to form effective synapses. 
Their cells of origin undergo a subsequent 
anatomical atrophy or failure to develop. 
If this process were limited to Y-cells and 
include functional as well as anatomical 
defects, many of the results in MD cats 
can be explained: thus a small number of 
Y-cells driven by the deprived eye in the 
binocular segment and all Y-cells in the 
monocular segment of the LGNd survive 
because they have uncontested monocular 
control of their target cortical cells (16, 26, 
27). However, this mechanism fails to ex- 
plain the loss of Y-cells from the monoc- 
ular segment of the LGNd in BD cats. 
b) The second mechanism involving a pri- 
mary effect of deprivation on the cortex 
would require that the functional develop- 
ment of Y-cells depends on a normal corti- 
cofugal input to the LGNd (9, 14) which 
is disturbed by early visual deprivation. 
There is little evidence, however, for or 
against this suggestion, and it, too, fails 
to account easily for the differences be- 
tween MD and BD cats. 

To summarize, further work seems 
necessary to determine the nature and 
location of the primary effect or effects of 
deprivation on the developing visual 
system. A principal difficulty with any 
scheme for these effects is to explain how 
one effect (the loss of Y-cells) is less severe 
for BD cats than MD cats in the binocular 
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segment of the LGNd, but more severe for 
BD cats than MD cats in the monocular seg- 
ment. An analogous qualitative difference 
in the development of interocular align- 
ment has been noted between BD and MD 
cats (23), and this difference was also seen 
in the present study. It was then suggested 
(23) that development of interocular align- 
ment is controlled by different mechanisms 
in BD and MD cats. The results of the 
present experiment likewise suggest that 
different mechanisms control development 
of the geniculostriate pathway in BD and 
MD cats. 

SUMMARY 

1. Electrophysiological techniques were 
used to study responses of 260 single units 
in the dorsal lateral geniculate nucleus 
(LGNd) of seven adult cats visually de- 
prived by eyelid suture from their 8th 
postnatal day. Three of the cats were 
binocularly deprived (BD), and four 
were monocularly deprived (MD). The 
latency of each cell’s orthodromic response 
to electrical stimulation of the optic 
chiasm was measured; and the antidromic 
response latency to electrical stimulation of 
the visual cortex was also measurecl in 57 
of these cells. The cells’ responses to visual 
stimuli, including flashing spots of light, 
hand-held black or white targets, and 
square-wave black-ancl-white gratings, were 
also studied. 

2. As in the normal cat, these LGNd 
neurons could be classified by their 
responses to the visual stimuli as X-cells or 
Y-cells. Moreover, the properties of all 
but two of the LGNd cells in this study 
were within the range of properties pre- 
viously established for normal cats. 

3. However, there was a marked re- 
duction in the proportion of Y-cells found 
in the LGNd of visually deprived cats. 
In MD cats there was a severe loss of Y- 
cells from laminae in the binocular seg- 
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