
ation of the initially nondeprived eye had 
little, if any, effect in this animal (Table 
1); however, its acuity had already risen 
to a value equal to that of the MD-DE 
animals deprived for the same duration. 
In this regard, it has been observed that 
the electrophysiological effects of re- 
verse suture after the critical period are 
apparently variable between animals and 
that reverse suture is sometimes as effec- 
tive as removing the nondeprived eye; 
however, the effects of reverse suture 
take longer to develop (6). Thus, the 
removal of the initially nondeprived eye 
in a reverse-sutured MD cat was some- 
times, but not always, accompanied by a 
further increase in visual acuity. Wheth- 
er or not this increase occurs may be 
determined by the final acuity reached 
after the reverse suture. 

Combining all animals' visual acuity 
after enucleation, established after eight 
reversals in the staircase procedure with 
visual acuity measured in exactly the 
same way (16) after reverse suture, indi- 
cates that removing the nondeprived eye 
after the critical period was associated 
with higher final levels of a visual acuity 
than was reverse suture (Mann-Whitney 
U test, U = 2, P = .048 one-tailed test). 

These results indicate that enucleation 
of the nondeprived eye in adult MD cats 
results in greater final visual acuity than 
does merely suturing closed the lids of 
the nondeprived eye. These behavioral 
results parallel increases in the percent- 
age of responsive cells in the striate 
cortex of MD cats after enucleation (4-6) 
or reverse suture (6) of the nondeprived 
eye outside of the "critical period." The 
main differences between these recovery 
conditions is that the electrophysiologi- 
cal increase in the percentage of respon- 
sive cells seen after removal of the non- 
deprived eye is more rapid and usually 
greater (6). These same relationships 
were observed in the behavioral results 
of this study. These results are also in 
agreement with the effects of reverse 
suture or destruction of a portion of the 
central retina of the nondeprived eye in 
MD monkeys, in terms of both rate of 
acquisition and final acuity (17). 

Experimentally induced monocular 
deprivation has been suggested as a 
model of human amblyopia (poor vision 
in one eye not due to refractive error or 
organic abnormality of the eye) (18). 
While comparisons from animal to hu- 
man behavior must always be viewed 
cautiously, the correlation between the 
results of the present study and the liter- 
ature in clinical ophthalmology further 
support the similarity between monocu- 
lar deprivation in animals and human 
amblyopia. For example, in clinical 
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treatment of human amblyopia, occlu- 
sion of the nonamblyopic eye is fre- 
quently used to improve vision using the 
amblyopic eye. This seems analogous to 
the effects of reverse suture in the MD 
cat and monkev. Moreover. it is a well- 
known but poorly documented finding 
(19) that some human amblyopes who 
suffer a loss of the nonamblyopic eye 
showed improved visual acuity through 
the amblyopic eye. This finding is also 
similar to my finding that removal of the 
nondeprived eye in an MD cat usually, 
but not always, results in improved visu- 
al acuity. Our knowledge of the neuro- 
physiological correlates of these effects 
in the MD cat (4-6) may lead to a better 
understanding of the mechanism in- 
volved in human amblyopia and thus to 
improved techniques for correcting this 
disorder. Deprivation amblyopia in hu- 
mans is the only condition that is directly 
analogous to monocular deprivation in 
animals; however, other types of ambly- 
opia, while certainly different in cause, 
may be similar in terms of the effects on 
the brain. 

DOUGLAS C. SMITH 
Department of Psychology, 
Southern Illinois University, 
Carbondale 62901 
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Retinal Ganglion Cell Classes in the Old World Monkey: 
Morphology and Central Projections 

Abstract. Labeled ganglion cells were studied in whole-mount retinas of Old World 
monkeys after electrophoretic injections of horseradish peroxiduse into physiologi- 
cally characterized sites. A number of diferent morphological classes have been 
ident$ed, each of which has a distinctive pattern of centrul projection. Since 
d@erent functional classes of primate retinal ganglion cells also have distinctive 
patterns of central projection, correspondences between functional and morphologi- 
cal cell types have been inferred. There prove to be parallels between morphological 
types of cat and monkey ganglion cells. 

In both the cat (1-8) and the monkey also been described in both species (13- 
(9-12), different functional classes of ret- 17), but much less is known of their 
inal ganglion cells have different patterns central projections. Recently, a number 
of central projection. A number of mor- of studies have described the sizes of the 
phological classes of ganglion cells have cell bodies of ganglion cells labeled by 
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Fig. 1. Retrogradely labeled 
monkey retinal ganglion cells 
in neighboring regions in the 
same retina differing only in 
elevation. (A) B cells approxi- 
mately 10 mm from the foveal 
slope, labeled by an electro- 
phoretic injection of HRP into 
the parvocellular laminae of 
the LGN. (9) A cells approxi- 
mately 10 mm from the foveal 
slope, labeled by an electro- 
phoretic injection of HRP cen- 
tered in magnocellular lamina 
1 of the LGN. The positions of 
the receptive fields of the units 
recorded at the two injection 
sites allowed the patches to be 
differentiated unambiguously. 
Scale bar for both (A) and (B), 
100 pm. 

Fig. 2. Camera lucida drawings of ganglion cells belonging to the different morphological classes 
in the monkey retina. Very fine dendrites in our material were often visible as a series of HRP 
granules. These have been represented by continuous lines in the drawings only if continuity 
could be determined unambiguously. Scale bar, 100 pm. (Cell 1) An A-type cell, 6 mm from the 
fovea, labeled by an injection into the magnocellular laminae of the LGN; A cells were also 
labeled by injections into the superior colliculus and pretectum. (Cell 2) B cell, 7 mm from the 
fovea, labeled by an injection into the parvocellular laminae of the LGN; B cells were observed 
only after injections into the parvocellular laminae. (Cell 3) Cluster of B cells on the foveal 
slope, labeled by an injection into the parvocellular laminae. (Cell 4) E cell, 6 mm from the 
fovea, labeled by an injection into the pretectum. (Cell 5) C cell, 3 mm from the fovea, labeled 
by an injection into the pretectum; C cells were also observed aftef injections into the superior 
colliculus. (Cell 6) An unclassified cell 6 mm from the fovea, labeled by an injection into the 
pretectum. 

injections of horseradish peroxidase 
(HRP) into central visual regions (18- 
21). These studies suggest that different 
morphological classes have distinct pat- 
terns of central projection. 

Our aims were to identify the morpho- 
logical classes of ganglion cells project- 
ing to different visual regions in the Old 
World monkey (Macaca fascicularis) 
and to compare these classes and their 
projections with those in the cat. We 
electrophoretically injected HRP 
through microcapillary electrodes into 
physiologically characterized brain sites 
(22). The effective uptake sites resulting 
from such injections can be as small as a 
few hundred micrometers in diameter 
and can thus be localized within any area 
receiving retinal aerents.  After an ap- 
propriate sunrival time, the animals were 
perfused; a procedure based on the p- 
phenylenediamine-pyrocatechol reagent 
and cobalt intensification (23) then per- 
mitted visualization of HRP reaction 
product in the axons, dendrites, and cell 
bodies of the retrogradely labeled gangli- 
on cells (Figs. 1 and 2). 

In the monkey, we have found a num- 
ber of different morphological classes of 
retinal ganglion cells, which we have 
termed A, B, C, and E (Fig. 2, cells 1 to 
5). Some ganglion cells that do not fit 
clearly into these classes were also found 
(Fig. 2, cell 6) (24). 

The A cells have large cell bodies and 
medium-sized, characteristic dendritic 
fields (25) (Fig. 1B; Fig. 2, cell 1; Fig. 3). 
They have the coarsest axons of any 
ganglion cell type in the monkey retina 
(Fig. 4) (26). It is unlikely that there is a 
strict relationship between A cells and 
any of Polyak's morphological classes. 

The B cells have small cell bodies (Fig. 
1A; Fig. 2, cells 2 and 3) and fine to 
medium axons (Fig. 4). They have the 
smallest dendritic fields of any of the 
ganglion cell types in the monkey retina 
(Fig. 3). Near the fovea most have one 
principal dendrite that terminates in a 
characteristic, stratified (14) treetop 
(Fig. 2, cell 3). In the periphery, these 
cells have larger cell bodies and two or 
three main dendrites, and their dendritic 
fields are larger (Fig. 2, cell 2; Fig. 3A). 
It is unlikely that there is a strict relation- 
ship between B cells and any of Polyak's 
classes, although B cells in central retina 
do fit Polyak's description of midget 
ganglion cells. 

The C cells have small cell bodies, fine 
axons, and very large dendritic fields 
(Fig. 2, cell 5; Figs. 3A and 4). The C 
cells within 3 mm of the fovea often have 
dendritic fields larger than those of A 
cells in the far periphery (Fig. 2, cell 5). 
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These cells remind us o f  the small diffuse 
ganglion cells o f  Polyak (13). 

The E cells have medium to large cell 
bodies, fine to medium gauge axons and 
very large, distinctive dendritic fields 
(Fig. 2 ,  cell 4; Figs. 3A and 4). This type 
of  cell, which does not seem to have 
been described or drawn by Polyak, re- 
sembles cat E cells (16). 

Some cells in our sample did not fit 
clearly into any o f  the four classes. W e  
do not yet know whether these cells 
represent distinct classes, subtypes o f  
the groups already described, or simply 
unusual examples o f  familiar types. 
Some o f  these resemble the cells Polyak 
termed garland cells and have small to 
medium cell bodies, fine axons, and 
large dendritic fields consisting of  fine 
dendrites that branch more than those o f  
C cells. Others share a number o f  char- 
acteristics with E cells. These cells have 
cell body, dendritic field, and axon diam- 
eters within the E cell range. Neverthe- 
less, the morphology of  these cells dif- 
fers from that o f  typical E cells (Fig. 2 ,  
cell 6) .  

The sizes and morphologies o f  A and 
B cells vary gradually with distance from 
the fovea. Changes include increases in 
cell body diameter, dendritic field diame- 
ter, and number and gauge o f  principal 
dendrites (Fig. 3) .  

After the injections o f  HRP into the 
parvocellular laminae o f  the lateral ge- 
niculate nucleus (LGN),  all o f  the cells 
that stained well enough to be classified 
were B cells (Fig. 1A). In contrast, all 
classifiable cells resulting from injections 
into the magnocellular laminae were A 
cells (Fig. 1B). However, a few lightly 
labeled cells with small cell bodies were 
seen after an injection centered in mag- 
nocellular lamina 1 o f  the LGN. These 
cells were not labeled well enough to be 
definitively characterized, but they 
could represent a projection from small 
cells to the ventral S laminae. 

Injections into the superior colliculus 
labeled A cells, C cells, and some cells 
that remain unclassified. Finally, injec- 
tions into the pretectum labeled A cells, 
C cells, E cells, and some unclassified 
cells. 

Bunt et al.  (21) injected HRP into the 
monkey LGN and superior colliculus 
and reported that all retinal ganglion 
cells project to the parvocellular laminae 
of  the LGN. In contrast, none o f  our 
injections into the parvocellular laminae 
labeled all retinal ganglion cells in any 
region of  the retina. In particular, no A ,  
C ,  or E cells were labeled by injections 
into these laminae. In all regions o f  the 
retina, however, the spatial density o f  
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cells labeled after injections into the par- 
vocellular laminae was greater than that 
after other injections, presumably re- 
flecting a high proportion o f  B cells in the 
monkey retina. In agreement with Bunt 
et al. (21), we have found that large cells 
( A  cells) project to the magnocellular 
laminae, and cells o f  different sizes ( A  
cells, C cells, and unclassified cells) pro- 
ject to the superior colliculus. 

In the monkey, A cells project to the 
magnocellular laminae, which reportedly 
contain only relay cells with Y-like prop- 
erties; B cells project to the parvocellu- 
lar laminae, which reportedly contain 
only relay cells with X-like properties 
(10-12). Thus, A and B cells presumably 

3 0 [ ~  Monkey 

have Y-like and X-like properties, re- 
spectively. Other receptive field types, 
which project to the pretectum and supe- 
rior colliculus ( I I ) ,  are therefore likely to 
correspond to the remaining morphologi- 
cal types which project to these regions. 

The physiological class o f  cells in the 
parvocellular laminae of  the monkey 
LGN that has been termed X-like (10) 
actually includes a number of  receptive- 
field types (9-11); each of  these may 
have a distinctive morphology. Although 
all B cells labeled by injections into the 
parvocellular laminae share a number of  
properties, the dendritic branching pat- 
terns of  adjacent B cells can differ, sug- 
gesting diversity within this class. 

\ 
+-B - Monkey 

01 L 
0 100 200 300 400 0 

Dendritic fleld diameter (urn) 

Fig. 3. Cell body and dendritic field diameters of cells belonging to the different morphological 
classes of monkey and cat retinal ganglion cells. Identical procedures were used in experiments 
on cats and monkeys. (A) All cells were 10 to 12 mm from the fovea. (B) a and P cells in the cat 
retina 2 to 4 mm from the area centralis and A and B cells in the monkey retina 2 to 4 mm from 
the foveal slope. 

C a t  M o n k e y  

Fig. 4. Axon diameters of cells 
belonging to the different mor- 
phological classes of retinal 
ganglion cells in cat and mon- 
key. All cells were more than 5 
mm from the central area. 
Sample sizes for histograms: 
a, 54; P, 89; y, 21; E ,  14; A ,  33; 
B, 42; C, 30; and E, 12. The 
mean axon diameter for each 
histogram is indicated by an 
arrow. 

Axon diameter (pm) 
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Although A and B cells in the monkey 
differ morphologically from a cells and P 
cells in the cat, the relative differences 
between monkey A and B cells in their 
central projections, soma1 size, dendritic 
field size, and axon caliber are, for the 
most part, qualitatively similar to the 
corresponding differences between cat a 
and p cells. Thus, in cats and monkeys, 
just as there are parallels between differ- 
ent ganglion cell types in their functional 
properties, there seem to be parallels in 
their structural properties and central 
projections. As in the cat and other 
mammals, visual function in primates 
seems to be mediated by a variety of 
different classes of retinal ganglion cells 
that have distinctive patterns of central 
projection. 
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Behavioral Effects of Lead and Toxocara canis in Mice 

Abstract. Adult mice were administered the common parasite Toxocara canis or 
lead or both. The parasite clearly altered mouse performance on tests of exploration, 
activity, learning, and motor coordination; behavioral effects in mice receiving lead 
alone were less general. Consequences of Toxocara administration appeared 
attenuated in animals receiving both agents. Parasite larvae were found in the 
central nervous system in all infected mice. 

Although an estimated 500 million to 1 
billion people are infected with parasites, 
the behavioral consequences of such in- 
fection are virtually unknown. One com- 
mon parasite is Toxocara canis, the dog 
roundworm; its eggs are passed by the 
dog's feces and may remain viable in the 
environment for years. This parasite is 
carried by perhaps two thirds of all do- 
mestic dogs and is the primary agent of 
visceral larva migrans ( V L M )  in the 
United States (1, 2 ) .  In V L M ,  the inges- 

Time: (P e .0 1 ) 
Time x Tox: (P e .0 1) 

Tox No Tox 

tion of embryonated parasite eggs by 
abnormal hosts such as humans or mice 
results in second-stage larvae migrating 
through the visceral organs, where they 
can remain viable for years (3). The 
difficulty of diagnosing and treating 
VLM in humans emphasizes the need for 
additional information concerning its be- 
havioral consequences. 

Ingestion of lead, another environ- 
mental hazard, may result in profound 
toxic manifestations as well as more sub- 

30 35 45 55 65 75 85 95 105 115 
Days after intubation 

Fig. 1. Time line of body weight and behavioral measures. The four groups are represented by a 
2 x 2 factorial design (inset). Results of analyses of variance with time as a repeated measure 
are presented in the upper left corner. All groups started with ten animals; N values give the 
number of animals surviving at the end of the experiment. C, control; L, lead; T ,  T o x o c a r a ;  and 
LT, lead and T o x o c a r a .  
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