
Early Development of X-Cells in Kitten Lateral 

Geniculate Nucleus 

Abstract. Lateral geniculate nucleus cells of the kitten were classified as X-cells or 
Y-cells with a contrast reversal test and their latencies to optic chiasm shock were 
measured. X-cells with mature latencies were found as early as 21 days. Y-cells did 
not have adult latencies at 40 days. The early development of some X-cells may be 
due to differential rates offiber myelination and synaptic maturation within the later- 
al geniculate nucleus. 

The X/Y distinction has been used to 
classify neurons in the mammalian retina 
and lateral geniculate nucleus (LGN) (1, 
2). The original X/Y classification was 
based on responses of neurons to con- 
trast reversal of patterns in their recep- 
tive fields (3). For X-cells a place in the 
receptive field could be found at which 
light and dark areas of striped gratings 
could be reversed without causing a re- 
sponse from the cell. For Y-cells no such 
place could be found. The X/Y termi- 
nology has also been used to denote a 
cell's conduction velocity or latency to 
an electrical stimulus. Hoffmann et al. 
(2) called moderate-conducting cells (19 
to 24 m/sec) X-cells and fast-conducting 

cells (36 to 44 m/sec) Y-cells, and Stone 
and Fukuda proposed (4) that these cell 
groups were equivalent to the original X/ 
Y cell groups identified with contrast re- 
versal tests. Neuroanatomists have sug- 
gested that large cells in the retina and 
LGN are Y-cells (5). Partly because of 
the anatomical correlations that can be 
made, X/Y is probably a more funda- 
mental classification than "on" com- 
pared to "off" cells. 

Along with classification schemes for 
cells, visual physiologists have been in- 
terested in the development of cells. For 
example, single units in both the visual 
cortex (6) and superior colliculus (7) 
have been studied in kittens. With regard 

to the development of the visual cortex, 
in fact, there is a controversy in the liter- 
ature about the age of appearance of ori- 
entation selective responses and the ef- 
fects of experience on those responses 
(8). 

Since it has been suggested that the X- 
and Y-cells of the LGN project directly 
to different kinds of cortical neurons (9), 
we thought that a study of the devel- 
opment of X and Y responses in the 
LGN, besides being of interest in itself, 
could help us understand more about the 
development of visual cortex neurons. 
The data we present here suggest that 
some LGN X-cells mature before Y-cells 
and other X-cells, and that synaptic 
delay in the LGN may be an important 
factor in this phenomenon. 

Table 1 shows our data base. We stud- 
ied 237 single LGN units which respond- 
ed to optic chiasm (OX) stimulation in 17 
kittens ranging in age from 6 days to 40 
days. These ages correspond roughly to 
a time just before eye-opening to a time 
near the middle of the critical period 
(10). The kittens were prepared for single- 
unit recordings with methods similar to 
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Fig. 1. Optical chiasm latencies of LGN cells and retinal fibers by age. (A) 
Latencies of all cells which responded to the OX stimulus in 17 kittens 
and three adult cats. The W, X, Y brackets indicate the reported ranges 
for these cells in the adult cat (2, 22). Symbols: *, mean latencies to 
postsynaptic field potential peaks from a previous study (12); A, data for 0 
ganglion cell fibers; 0, data for LGN cells. (B) (Top) Frequency his- o 
tograms of the cells in (A). Cells are identified by their classifications , 
based on the contrast reversal test. Each histogram bin represents a 0.4- 
msec interval, and the beginning of the interval is indicated by latency 
values on the abscissa (B) (Bottom). Bar graphs showing the percentage 
of all cells (by cell classification) which had latencies within the range of 
adult cat X-cells (less than 2.5 msec) and Y-cells (less than 1.6 msec). 
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those used for adult cats (11) except that 
plastic head braces replaced the ear- 
bars. Bipolar stimulating electrodes were 
placed in the chiasm which was located 
by recording "swish" from the optic fi- 
bers in response to a strobe flash. Elec- 
trode placements in the chiasm and LGN 
were confirmed with histology. A WPI 
Anapulse stimulator and isolator were 
used to shock the chiasm. We located 
the LGN with a previously worked out 
coordinate system (12), isolated single 
units with tungsten-in-glass micro- 
electrodes (13), and recorded each cell's 
response to OX stimulation on Polaroid 
film. Later, the cells' latencies were de- 
termined from these photographs (14) 
without knowledge of receptive field 
characteristics. 

For our X/Y testing, images at lumi- 
nances from 200 to 500 cd/m2 were rear- 
projected onto a tangent screen (6 to 10 
cd/m2) with a Prinz 150-W projector. 
These luminance values are higher than 
those used in most studies of adult cats, 
but it must be remembered that for kit- 
tens less than about 4 weeks of age, the 
optical pathway to the retina is clouded 
(15). We tested each cell for its X/Y 
property with a contrast reversal test 
(16), and recorded a variety of other re- 
ceptive field characteristics (17). 

Before the time of optic-nerve myeli- 
nation, near the start of the third week 
(18), we could classify with certainty on- 
ly about one-third of the cells encoun- 
tered as X or Y (19). Also, during this 
time cells were difficult to drive electri- 
cally (see Table 1). In most cases, dual 
instead of single shock pulses and high 
(30 to 50 hertz) rates of shock were nec- 
essary to evoke reliable responses. Even 
then, there was considerable variability 
in the spike latencies for a single cell 
(20). The latencies of all cells we encoun- 
tered are plotted by age in Fig. 1A. Most 
cells of kittens younger than 20 days had 
OX latencies greater than 12 msec and 
greater than nearly all cells of older kit- 
tens. 

Figure 1B, top, shows the frequency 
distributions for cell latencies by cell 
classification: X, Y, or unknown. Prior 
to the third week very few of the short- 
latency cells are X-cells, but after this 
time both X- and Y-cells are found at all 
latencies. The adult pattern of short-la- 
tency X-cell populations begins emerg- 
ing in only the oldest kitten, 38 to 40 days 
of age. The means for X- and Y-cells of 
kittens 21 to 35 days of age did not differ 
significantly (21). 

X-cells of the adult cat LGN have OX 
latencies ranging from about 1.6 to 2.5 
msec (mean 1.8 msec), whereas Y-cells 
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have latencies ranging from about 0.8 to 
1.6 msec (mean 1.2 msec) (2, 22). Begin- 
ning at 21 days, one-fourth of all of the 
X-cells found in kittens have OX la- 
tencies within the adult X-cell latency 
range. In contrast, we found only one Y- 
cell with an OX latency within the adult 
Y-cell range in all of the kittens studied 
(see Fig. 1B, bottom). The mean latency 
for the fastest X-cells (less than 2.5 
msec) in the oldest kitten was about 1.88 
msec [standard deviation (S.D) 0.2], 
about equal to the adult value. The mean 
latency for the fastest Y-cells (less than 
2.5 msec) in the oldest kitten was about 
1.7 msec (S.D. 0.18), 0.5 msec from the 
adult value. The one Y-cell in the adult 
range had a latency of 1.6 msec. This 
suggests to us that at least some of the X- 
cells in kitten LGN have matured very 
early in terms of OX response latency. 

The appearance of adultlike OX la- 
tencies as early as 21 days is surprising in 

view of the fact that the distance be- 
tween the optic chiasm and the LGN 
doubles after this time because of growth 
(12). It is likely, however, that the con- 
tinuing myelination of optic fibers (18) 
provides a velocity increase which off- 
sets the increase in conduction distance. 

More complete early myelination of 
these X-cell afferent fibers may be re- 
sponsible for their fast maturation. Also, 
we have evidence that suggests that syn- 
aptic mechanisms within the LGN may 
be important. Eight times in our experi- 
ments we recorded OX-evoked re- 
sponses from an LGN cell and a retinal 
fiber simultaneously, and in three of 
these dual recordings we were able to 
isolate both units and ascertain that they 
had the same receptive field character- 
istics. While this does not provide con- 
clusive evidence for a functional rela- 
tionship, the inference has been made by 
others (23) and our data indicate that it 

Table 1. Subjects and cells sampled. 

Age Kittens LNG cells (N) Retinal fibers 
(days) (N) OX driven Not driven in LGN (N)* 

6 to 13 5 51 25 3 
14 to 20 5 41 10 1 
21 to 27 3 61 5 7 
28 to 34 3 70 2 9 
35 to41 1 14 0 3 

Total 17 237 42 23 

* These were units within the LGN which had all the characteristics of optic tract fibers including all-or-none 
responses, perfect following of a 100-hertz OX stimulus, and. typical fiber spike waveform. 
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Fig. 2. Responses of four retinal fiber (f)-LGN cell (c) pairs to 100-hertz OX stimulation. Stimu- 
lus onset is indicated with an arrow. The time marker represents 0.5 msec in (A) and (C) and 1.0 
msec in (B) and (D). In each case the retinal fiber shows perfect following while the LGN cell is 
irregular and variable in latency. (A) X-cell pair from K29 (21 days). (B) Unclassified cell pair 
from K29 (21 days). (C) X-cell pair from K30 (33 days). (D) Y-cell pair from K30 (33 days). 
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might be so (24). Examples of four fiber- 
cell pairs are shown in Fig. 2. In three of 
the four pairs both units were isolated 
and found to have similar field character- 
istics. The delays between the retinal fi- 
ber spike and the LGN cell spike for the 
two X-cells are about 1.2 msec (1.0 to 
2.0) (21-day-old kitten) and 0.5 msec (0.5 
to 0.8) (33-day-old kitten). The Y-cell 

pair of the 33-day-old kitten had an inter- 
spike delay of 2.0 msec (1.4 to 3.8), and 
the unclassified pair (21-day-old kitten) 
had a delay of 1.6 msec (0.5 to 2.8). This 

suggests the possibility that devel- 

opmental events within the LGN may 
contribute to the observed latency dif- 
ference between cells. 

In adult cats the LGN cell responses 
are time-locked to the maintained activi- 

ty of one to three retinal ganglion cells 
(25); however, this relationship has not 
been demonstrated in the kitten. It has 
been our finding that LGN cells of kit- 
tens younger than about 4 weeks of age 
have zero to very low (< 1 per second) 
maintained rates of firing, while retinal 
fibers have higher rates (26). It is likely 
that temporal and spatial summation are 
a requirement for driving immature LGN 
cells, in which case any single fiber-cell 

pair might not be related as in the adult 
cat. Certainly this should be investi- 

gated. Our finding, however, is that 
when the visual pathway is stimulated 

electrically, activating large numbers, if 
not all afferents to the LGN, cell pairs 
have different fiber-cell response inter- 
vals. And, in addition, the data we have 
indicate the possibility of longer inter- 
vals for immature Y-cells. The different 
fiber-cell response intervals, as well as 
the variability in intervals observed with- 
in a single pair of units, might be an in- 
dication that there is summation between 

synapses of different retinal afferents at 

single LGN cells in kittens. Loss of this 
convergent input, as well as synaptic 
maturation, might then account for syn- 
aptic delay changes. Furthermore, these 

processes may have different time courses 
for X- and Y-cells. 

In addition to early OX latency matu- 
ration, we also find that some X-cells de- 
velop surround responses, surround in- 
hibition, adult receptive field sizes, and 
mature responses to moving targets by 
21 to 34 days and prior to nearly all Y- 
cells (26). 

Our data show that before myelination 
of optic-nerve fibers, all LGN cells have 
long OX latencies and immature recep- 

might be so (24). Examples of four fiber- 
cell pairs are shown in Fig. 2. In three of 
the four pairs both units were isolated 
and found to have similar field character- 
istics. The delays between the retinal fi- 
ber spike and the LGN cell spike for the 
two X-cells are about 1.2 msec (1.0 to 
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In adult cats the LGN cell responses 
are time-locked to the maintained activi- 

ty of one to three retinal ganglion cells 
(25); however, this relationship has not 
been demonstrated in the kitten. It has 
been our finding that LGN cells of kit- 
tens younger than about 4 weeks of age 
have zero to very low (< 1 per second) 
maintained rates of firing, while retinal 
fibers have higher rates (26). It is likely 
that temporal and spatial summation are 
a requirement for driving immature LGN 
cells, in which case any single fiber-cell 

pair might not be related as in the adult 
cat. Certainly this should be investi- 

gated. Our finding, however, is that 
when the visual pathway is stimulated 

electrically, activating large numbers, if 
not all afferents to the LGN, cell pairs 
have different fiber-cell response inter- 
vals. And, in addition, the data we have 
indicate the possibility of longer inter- 
vals for immature Y-cells. The different 
fiber-cell response intervals, as well as 
the variability in intervals observed with- 
in a single pair of units, might be an in- 
dication that there is summation between 

synapses of different retinal afferents at 

single LGN cells in kittens. Loss of this 
convergent input, as well as synaptic 
maturation, might then account for syn- 
aptic delay changes. Furthermore, these 

processes may have different time courses 
for X- and Y-cells. 

In addition to early OX latency matu- 
ration, we also find that some X-cells de- 
velop surround responses, surround in- 
hibition, adult receptive field sizes, and 
mature responses to moving targets by 
21 to 34 days and prior to nearly all Y- 
cells (26). 

Our data show that before myelination 
of optic-nerve fibers, all LGN cells have 
long OX latencies and immature recep- 
tive field properties. After myelination 
onset it appears that some of the X-cells 
mature to their adult response character 
quickly. If some cells in the visual cortex 
receive primarily Y-cell input from the 
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LGN (9), then some of those cells may 
matuie more quickly than their counter- 
parts receiving Y-cell input. This may 
account for the fact that some mature 
cells have been observed in young kitten 
visual cortex (8). Also, a protracted de- 
velopmental period for Y-cells might 
help to account for some of their modifi- 
ability with visual deprivation (27). 

JOYCE L. NORMAN* 
J. D. PETTIGREW 

J. D. DANIELSt 

Beckman Laboratories of Behavioral 
Biology, California Institute of 
Technology, Pasadena 91125 
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Hair Element Content in Learning Disabled Children 

Abstract. Hair samples from 31 learning disabled and 22 normal children were 
analyzed for content of 14 elements. Significant group differences were determined 
and a discriminant function was completed which separated the groups with 98 per- 
cent accuracy. Elevated lead and cadmium content in the learning disabled group is 
viewed as being of particular importance. 

The influence of heavy and trace ele- ments on behavior. The finding reported 
ments on human physical functioning here, of a significant relation between the 
has been well studied (1). Much less is content of these elements in the hair and 
known about the effects of these ele- learning disabilities, represents an initial 

SCIENCE, VOL. 198 

Hair Element Content in Learning Disabled Children 

Abstract. Hair samples from 31 learning disabled and 22 normal children were 
analyzed for content of 14 elements. Significant group differences were determined 
and a discriminant function was completed which separated the groups with 98 per- 
cent accuracy. Elevated lead and cadmium content in the learning disabled group is 
viewed as being of particular importance. 

The influence of heavy and trace ele- ments on behavior. The finding reported 
ments on human physical functioning here, of a significant relation between the 
has been well studied (1). Much less is content of these elements in the hair and 
known about the effects of these ele- learning disabilities, represents an initial 

SCIENCE, VOL. 198 


	Cit r332_c475: 


