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ABSTRACT

 Retinal ganglion cells in the rat wore studied using the
heavy metal  intensified cytochrome oxidase and horseradish
peroxidase histochemical methods.  The results show that a
population  of large  retinal  ganglion cells was  consistently
observed with the cytochrome oxidase staining method in retinas
of normal rats or rats which received unilateral thalamotomy at
birth. Those eytochrome oxidase rich ganglion cells appeared to
have large somata, 3-6 primary dendrites and extonsive dendritic
arbors, and are comparable to ganglion cells labeled by the wheat
germ agglutinin conjugated to horseradish peroxidase (WOA-
HRP). However, the morphological details of some of the cells
revealed  by  the  cytochrome  oxidase  staining  method are
frequently better than these shown by the HRP histochemieal
method. These results suggest that the mitochondrial enzyme
cytochrome oxidase can be used as a simple but reliable marker
for identifying and studying a population of retinal ganglion
cells with high metabolic rate in the rat.
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INTRODUCTION

 It has long been recognized that the mitochondrial enzyme cytochrome oxidase can be
used not only for revealing neurons or brain regions of high oxidative metabolic activity,
but can also be used as an marker enzyme for neurons or anatomical entities of the brain with
certain special physiological properties [6-9, 12-14,17,18,24-26] In the retina, it has been
demonstrated in a variety of mammalian species that the cytochrome oxidase histochemical
technique is useful for staining a population of ganglion cells with relabively large somata
 [13-15] However, in most of the cases reported, the dendrites of the retinal ganglion
cells especially their secondary and more distal branches can not be visualized using the
cytochrome oxidase histochemistry, In view of the fact that the dendritic morphology has
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become an important feature for studying or classifying ganglion cells [1,4,5,19,22] it is to
our interest to find out that whether the cytochrome oxidase histochemical technique can
be modified to such an extent that it can stain not only the somata of neurons but also
their dendritic arbors. In this study, our attention is given to a populabion of large or
alpha-like retinal ganglion cells which is known to constitute only a small percentage of
the ontire population of ganglion cells in the rat robina [13, 15, 23]. The application of the
modified cytochrome oxidase histochomical method in studying plastic changes of dendritic
arbors of retinal ganglion cells was also discussed. For comparison, rebinal ganglion cells
labeled by another neuronal marker, the wheat germ agglutinin conjugated to horseradish
peroxidase (WGA-HRP) were also studied.

MATERIALS AND METHODS

 Five litters of Sprague-Dawley rats were used in this study. The animals were divided
into two groups. The first group consists of normal rats, whereas the second group of rats
received left thalamotomy at birth (Fig. 1). The purpose of the thalamic lesion was to
remove most if not all of the contralaterally projecting retinal ganglion cells, which is
known to result in rescuing a population of ipsilaterally projecting retinal ganglion cells
and considerable remodeling of their dendribie trees in the temporal part of the retina

Fig. 1 Schematic drawings illustrating the retinofugal
 projections in normal rats (N) and rats with
 neonatal thalamic lesion (T) on the left side.
 Note that the retinofugal projections in the rat
 are predominantly crossed  (thick solid lines
 with arrows). The broken line represents the
 abolished crossed projections in the lesioned rats.
 The asterisks indicate the sites of implantation of
 W G A - H R P.

Fig. 2 A schematic drawing illustrating a wholemount
 rat retina.  The  shaded  area  represents  the
 temporal crescent of the  retina  where  the
 ipsilaterally projecting retinal ganglion cells
 are mainly distributed, The part of the retina
 nasal to the central border of the temporal
 crescent is considered as the nasal retina. D,
 dorsal; T, temporal.
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(Fig. 2) [2, 3, 11, 13, 16] The neonatal lesions were performed on newborn rats under
ether anesthesia. The skin and calvarium overlying the occipital cortex of rat pups was out
open, and the cortex and hippocampus above the dorsal posterior part of the thalamus were
removed by aspiration under visual guidance with a glass pipette connected to a suction
pump[4, 9]. The wound was sutured and the rat pups together with their normal littermates
were returned to their mothers and raised until one and half months old before sacrifice.
Three days before perfusion, some of the animals including normal rats and rats with
neonatal lesions received an implant containing WGA-HRP in the right optic tract. This
was done by introducing a piece of previously air-dried gelfoam containing WGA-HRP
into the dorsal lateral geniculate nucleus on the right side (Asterisks in Fig. 1). All
animals were deeply anesthetized by chloral hydrate (7 %, 0.5 ml/100g body weight) and
then perfused transcardially by physiological saline followed by 1% glutaraldehyde and
1.25% paraformaldehyde in 0.1 M phosphate buffer. The eyes of the rats with their dorsal
pole marked by a cut were removed and the retinas dissected out in phosphate buffer. The
brains were collected and sunk in 30 % sucrose-buffer before they were frozen sectioned at
30μm thickness. The retinas were divided into two groups which were processed either for
cytochrome oxidase or horseradish peroxidase histochemistry. For revealing cytochrome
oxidase activity, the retinas were washed with phosphate buffer and then incubabed in a
phosphate buffer solution containing 0.5 % diaminobenzidine, 0.3 % cobalt chloride and
0.3% cytochrome C (Sigma, C-2506) at 37℃ for two hours. Some of the retinas were proces-
sed for HRP reaction using the heavy metal intensified protocol as described elsewhere
[3, 11]. The retinas of right eyes obtained from 12 normal rats and 14 rats with neonatal
lesions were included in the present study. The others were discarded due to unsatisfactory
reaction and thalamic lesion which failed to eliminate the entire left optic tract.

RESULTS

 In general, the cytochrome oxidase technique stained selectively a population of large
cells in the ganglion cell layer regardless of the sources of the retinas. In normal rats, the
cytochrome oxidase reactive cells were fairly evenly distribubed across the entire retina
(Fig. 3A), a pattern similar to that described in previous studies[13-15]. The great
majority of the cells appeared to have relatively largo somata with a diameter varying
from 18 to more than 25μm. These cells were usually multipolar in shape with 3-6
primary dendrites running in different directions (B, C & D in Fig. 3). The secondary,
tertiary and oven more distal branches were frequently observable in many cases.
although the intensity of staining decreased gradually towards the berminal dendritic
endings.
 The cytochrome oxidase reactive cells in bhe ganglion cell layer: in right retinas of
rats with neonatal thalamic lesion appeared to concentrate primarily in the far periphery
of the temporal retina, an area which is known as the temporal crescent of the retina
(Figs. 2 and 4B). Only a very small number of eytochrome oxidase reactive cells were
scattered in the nasal part of the retina. Interestingly, the cytochrome oxidase rich cells
located in the temporal crescent had a completely different dendritic pattern as compared
with cells situated in corresponding part of the retina in normal rats. As shown in B, C
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and D in Fig. 4, the cytochrome oxidase rich cells located in or near the central border of
the temporal crescent had their dendritic trees biased strongly towards the nasal part of
the retina. In fact, the entire dendritic arbor of many cells located in the temporal
crescent was found to be located on the nasal side of the somata. The dendritic arbors of
the cytochrome oxidase reactive cells located in the nasal part of the retina of rats with
neonatal lesion was basically similar to those observed in normal retinas. They were
multipolar in shape and had several primary dendrities which extended from the cell
body and ramified with no orientational preference.
 Another feature about the cytochrome oxidase reactive cells which needs to be
mentioned is the laminar distribution of dendrites of the cells in different sublaminae of
the inner plexiform layer. While the dendrites of most of the cytochrome oxidase rich
ganglion cells appeared to ramify in the sublamina  b or inner part of the inner
plexiform layer,  a small number of cells with their dendrites distributed in the
sublamina a or outer part of the inner plexiform layer was also noticeable (Fig. 4C).
The reason that more cells which ramified in the sublamina b than in sublamina a is
probably due to a better infiltration of the chemicals or reagents in the more superficially
located dendritic arbors.
 In preparations reacted for horseradish peroxidase histochemistry, the number of
WGA-HRP labeled retinal ganglion cells was considerably higher than that revealed by
the cytochrome oxidase method, and the majority of the labeled cells were distributed in
the temporal crescent, as expected (Fig. 4A). Furthermore, retinal ganglion cells of all
sizes were labeled and their primary dendrites were invariably observable. The primary
and secondary dendrites were distinct in cells with large somata, although more distal
branches were relatively lightly labeled as compared to that shown by cytochrome
oxidase. In normal rebiuas, the primary dendrites of most of the labeled cells tended
to be spread out in all directions with no strong bias as to which direction they ramified.
In retinas obtained from lesioned animals, however, the dendribes of many of the cells
located in the temporal crescent were clearly biased towards the nasal part of the retina
which was depleted of ganglion cells. On the other hand, cells in the nasal part of the
retina did not show any preference in their dendritic orientation. The dendritic arbors of
cells in this part of the retina were not significantly different from those cells observed in
the normal retina.

DISCUSSION

 The present study in the rat has demonstrated that the heavy metal intensified
eytochrome oxidase method is useful in revealing dendritic morphology of a population of
retinal ganglion cells. This population of cytocrome oxidase reactive retinal ganglion cells
appeared to have large somata and several primary dendrites, thus resembling the alpha
or Y type retinal ganglion cells described in previous reports[1, 4, 5,19,22]Therefore, this
method provides a simple but useful way for studying a population of large retinal
ganglior cells with high metabolic activity. The reason why the dendrites of smaller
retinal ganglion cells were not stained is not altogether clear, although it is possible that
the intensity of staining may reflect the actual amount of the enzyme molecules present in
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the cells and their processes. In other words, the larger cells which presumably contain
more enzymes can be stained better with the cytochrome oxidase technique. The lack of
distinct labeling of cells with small somata supports previous observations that non-
ganglion cells contribute very little to the cytochrome oxidase activity in the retina under
normal condition[13, 15]. On the other hand, the selective staining of the large retinal
ganglion cells by the cytochrome oxidase method implies that these cells are more active
than the smaller ones. If that is the case, the finding of a population of large retinal
ganglion cells with high cytochrome oxidase activity in the temporal retina seems to
coincide with the observation of a high density of large retinal ganglion cells located in
a region in the temporal retina where the midline of the visual field is represented
[15, 23]. It is also worth noting that many of the large cells located in the temporal
crescent probably contribute to the uncrossed retinofugal pathways under both normal
and experimental conditions[2, 3, 11, 13, 16, 20]. This is supported by the observation of
a significant increase in the number of large ret inal  ganglion cells which project
ipsilaterally,  and  large cells with high eytochrome oxidase activity, as revealed by
horseradish peroxidase and cytochrome oxidase histochemical methods respectively. Further
evidence for this arises from the observation of retinal ganglion cells with strongly biased
dendritic arbors towards the nasal part of the retina in rats which received neonatal
thalamic lesion as demonstrated by the two histochemical techniques used in this study.
The fact that many of the cells with their dendritic arbors biased in nasal direction can be
explained as a result caused by competition for trophic factors available in local region, as
proposed by Perry and Maffei[21]. The dendrites therefore tend to grow in nasal direction
into retinal regions where few retinal ganglion cells are preserved and the competition is
much less severe. Whereas for cells in the nasal part of the retina, the supply of trophic
substances in nearby region is relatively equally distributed, the dendrites of these cells
are more evenly spread out and a strong preference in orientation of the dendrites was not
observed. In any events, our findings showing that the dendritic morphology of a
population of ipsilaterally projecting retinal ganglion cells is similar to that revealed by
cytochrome oxidase histochemistry imply that these cells are metabolically highly active.
Whether the cytochrome oxidase rich ipsilateral cells represent a population of cells with
special physiological properties is certainly an interesting issue which remains to be
determined by further experimentation.
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Fig. 3 Cytochrome oxidase rich ganglion cells in retinas of normal rats. (A) is a low power view
 of a portion of the peripheral nart of the temporal retina showing a fairly evenly distributed
 pattern of the cells across the retina. (B) shows several retinal ganglion cells which are
 moderately stained for cytochrome oxidase. (C) and (D) show two cytochrome oxidase
 reactive cells with slightly different dendritic morphology. Magnifications: A, 200 ×; B,
 600×; C and D, 700×.
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Fig. 4 Photomicrographs showing retinal ganglion cells labeled by WGA-HRP (A) or reactive for
 cytochrome oxidase (B-D) in rats with thalamic lesion made at birth. (A) shows a cluster of
 WGA-HRP labeled retinal ganglion cells located at the central border of the temporal
 crescent. These cells project to the ipsilateral side of the brain because the tracer was
 introduced to the right optic tract (see Fig. 1). (B-D) show retinal ganglion cells located in
 corresponding retinal regions but reacted for cytochrome oxidase histochemistry. Note the
 similar dendrtic orientation of the cells with strong bias towards to the nasal part of the
 retina to the left of the figures. The asterisk in (C) indicates a retinal ganglion cell with its
 dendrites ramifying in the deeper sublamina a in the inner plexiform layer and is therefore
 slightly out of focus. Magnifications: A, 250×; B, 250×; C and D, 600×.
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