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SYNOPSIS

Clinical and electrophysiological examinations have yielded visual pathway function
abnormalities in both humans and animal models with diabetes mellitus (DM). However,
subclinical involvement of the optic nerve has not yet been fully investigated. In this study, we
demonstrated the different impairments in retrograde axonal transport occurring in selective
retinal ganglion cells (RGCs) of Type I and II diabetic rats. Rats were injected with
streptozotocin (STZ) to induce Type I DM. The Otsuka Long-Evans Tokushima Fatty (OLETF)
rats represented the Type II DM group. The STZ-induced (Type I) diabetic rats had low body
weights and significant elevations in blood glucose levels compared with the age-matched
control rats. On the contrary, the OLETF rats (Type II) had high body weights and significant
elevations in blood glucose concentrations compared with the age-matched controls. Fluoro-
Gold (FG) was injected into the bilateral dorsal lateral geniculate nucleus. Accumulation of FG
in large and medium type RGCs in STZ-induced diabetic rats was significantly decreased
compared with the controls. However, the accumulation of FG in RGCs of OLETF rats did not
show a significant decrease compared with the controls. Our findings suggest that, within the
time frame of study, retrograde axonal transport impairment of large and medium type RGCs

Received for publication :  October 30, 1998
Authors’ names in Japanese : 3§ %, # L EHIl. ® sl
A&

205



L. X. ZHANG, ET AL.

in the STZ-induced (Type I DM) diabetic rats was greater than in the OLETF (Type II DM)
diabetic rats. Impairment of retrograde axonal transport in Type I diabetes may precede or be a
consequence of metabolic dysfunctions in the large and medium-sized RGCs eventually leading
to optic nerve atrophy.

INTRODUCTION

Diabetic neuropathy is characterized by signs and symptoms of peripheral sensory, motor
and autonomic nerve dysfunction. ® Histopathological, biochemical and electrophysiological
changes have been demonstrated in the peripheral nerves of experimental diabetic animals.
71017.22) Metabolic factors related to hyperglycemia and several other unknown variables have
been implicated in peripheral neuropathies in diabetic subjects. These peripheral neuropathies
have been reported to differ between Type I and II diabetes mellitus (DM) in both rat and human
subjects. '® In Type I DM, widespread axonal degeneration with axonal transport impairment
and myelin wrinkling occurs in the nerve fibers. This is in contrast to Type II DM where the mild
elevation in blood glucose concentrations leads to a more localized fiber damage characterized by
Wallerian degeneration and ischemia which is unrelated to aging.

In the nerve cell, proteins associated with axonal structure and synaptic transmitter
function are synthesized in the cell body and subsequently carried by the anterograde transport
system to the axon and its terminals. In the opposite direction, the retrograde transport of
macromolecules is suggested to act as a messenger system safeguarding the integrity of the
entire neuron, 'V Axonal transport, therefore, plays a basic role in maintaining the structural
integrity of the axon, and its impairment may be the primary event in several neuropathies,
including those characterized by axonal degeneration. We therefore investigated the impairment
of selective retinal ganglion cells (RGCs) in streptozotocin (STZ)-diabetic rats and the Otsuka
Long-Evans Tokushima Fatty (OLETF) rats using a fluorescent retrograde labeling technique.

MATERIALS AND METHODS

Animals and Induction of Diabetes

Male Wistar albino rats (6 weeks old, weighing about 200 g, Japan Clea Co., Japan),
OLETF and Long-Evans Tokushima Otsuka (LETO) rats were used in this study. The animals
were treated under the Guidelines for Animal Research of Kobe University and in accordance
with the Declaration of Helsinski and the Guiding Principles in the Care and Use of Animals.
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Type I DM was induced in the Wistar albino rats by an intraperitoneal injection of STZ (Sigma,

St. Louis, MO) in 0.01 M citrate (pH 4.5) at a dosage of 70 mg/kg body wt. Age- and weight-

matched control rats received an intraperitoneal injection of citrated buffer in identical amounts

and pH. The OLETF rats served as the Type II DM group with the LETO rats as the

corresponding control group. In the STZ-induced diabetic rats, fasting blood glucose levels

were measured 48 hrs after intraperitoneal injection, then every two weeks and before sacrifice.

The fasting blood glucose levels in the OLETF and LETO rats were measured every two weeks

throughout the experiment and before sacrifice. The STZ-induced diabetic rats were weighed

before the injection and at two week intervals. All the other groups were also weighed at 2 week
intervals throughout the experiment.

Retrograde fluorescent labeling of RGCs

Retrograde fluorescent labeling of RGCs was done as follows. Briefly, the rats were
anesthesized with an intraperitoneal injection of 5% pentobarbital sodium (0.5 ml/kg wt) and
then positioned in a stereotaxic frame (Narishige, SR-6). Two small holes were drilled into the
skull at the site corresponding to the bilateral dorsal lateral geniculate nucleus (dLGN). Glass

micropipettes with internal diameters of 20 4 m were loaded with 4% Fluoro-Gold (FG,
Fluorochrome Inc.) dissolved in distilled water, then stereotaxically lowered into the bilateral
dLGN. The dye was injected iontophoretically, applied intermittently (7-sec on/off cycles) at 3

1 A charge for 10 min. The micropipette was left in place for an additional 10 min. to allow for

complete diffusion of the dye into the tissues. Postoperatively, all of the animals were left in a
dark room. After 72 hours, the rats were put under deep anesthesia, then perfused with 200 ml
of saline followed by 1000 ml of 4% formaldehyde in 0.1M neutral phosphate buffer (pH 7.3).
Prior to enucleation, the center of insertion of the superior rectus muscle was marked with 0.1%
cresyl violet. The brain and one eyeball of each rat were excised and the retina was freed from
the pigment epithelium and mounted vitreal side up on a non-fluorescent gelatin-coated glass
slide by making incisions that extend radially from the dorsal, ventral, nasal and temporal poles
to the optic disc. The dorsal pole corresponded to the median line of the previously marked
insertion of the superior rectus muscle. After air-drying in a dark box, the retinal specimen was
viewed by a fluorescence microscope (Nikon Optiphoto-EF, Japan). A UV filter system (main
excitation wavelength 360nm) was used to identify the cells labeled with FG. The retina was
first divided into 72 areas. The distribution of labeled cells was plotted on an outline drawing of
these 72 microscopic fields then photographed individually. The brain was sectioned serially on

a cryostat in the coronal plane at a thickness of 40 1 m. Every fifth section was mounted on a
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gelatin- coated glass slide. The exact site of injection, as well as the extent of diffusion within
each structure, was confirmed under the fluorescence microscope. Results were considered only
if the injection had labeled the dLGN adequately without involvement of neighboring nuclei.
Seven control and seven STZ-induced diabetic rats, six OLETF and five LETO rats were
considered for analysis.

Estimation of Fluoro-Gold labeled RGCs

The photographs of the retina were processed by a microcomputer imaging device (NIH,
Image 1.44). RGC soma sizes were measured manually by encircling each cell in each

microscopic field and were classified into three types, Type 1: more than 20 £ m, Type 2: 16~

20 22 m and Type 3: less than 15 £ m respectively. '® Next, the labeled cells in each microscopic

field were counted manually and the percentages of the population of each type of RGCs in the
control and diabetic retina (Type I and I DM) groups were estimated.

Nissl staining

After viewing under the fluorescence microscope, the wholemount retinal specimens were
stained with 0.1% cresyl violet and photographed in the plane of the ganglion cell layer as
described previously'®. The percentage of the population of each RGC type in the retina was
calculated using the same method as above.

For statistical analysis, data from experimental and control groups were compared using
the Student's ¢ -test. A probability level of 5% was set for statistical significance.

RESULTS
Diabetes

The STZ-induced diabetic rats showed a significant high level of blood glucose
concentration and low body weight throughout the experimental period (Table I). The blood
glucose concentration of OLETF rats began to increase 20 weeks after birth, and then increased
gradually accompanied with a increase of body weight. At the end of the experiment, the blood
glucose and body weight of OLETF rats were significant higher than those of the contol rats
(Table I).
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Tablel. Body weight and blood glucose of the STZ-diabetic rats before sacrifice.

Body weight (g) Blood glucose (mg/dl)
Control 516.6 = 41.0 106.1 £9.3
(n=7)
Diabetes 28522344 627.9 2636
(n=7)
TableIl. Body weight and blood giucose of the OLETF and LETO rats.
6 weeks after birth Before sacrifice
LETO OLETF LETO OLETF
(n=5) (n=6) (n=5) (0=6)

Bods('g‘)veisht 2160+115 2732131 53602245 6253 =64.1

Bloodglucose 84250 99.7+73 98836 4683 £41.2
(mg/kg)

Retrograde axonal transport

The bilateral dLGN injection sites demonstrating the main features of dLGN afferents and
their topographic organization are illustrated in Fig.1. All cases having the same features as
above were included in the analysis. FG-labeled RGCs were identified as large, medium and
small cells (Figs.2A & 3A). After manually counting all FG-labeled RGCs in each microscopic
field, the percentage of each RGC type was computed.

A) STZ-diabetic rats

The average numbers of FG labeled large, medium and small RGCs in the normal retina

were 31.14£11.63, 273.29+£95.51 and 3073.71 £ 1418.97, respectively, as shown in Table

3. The average proportion of each type of RGCs were calculated to be 0.9510.15% (large),

8.43+1.13% (medium) and 90.621+1.24% (small). In STZ-induced diabetic retina, the large
type of RGCs were rarely found (Fig.2B). The average number of FG-labeled large and
medium RGCs in diabetic retina were 6.8615.11 and 213.57 1 88.10 respectively, as shown
in Tablell. These values were less than those in the control retina. The mean percentage of large
type RGC in diabetes was 0.22 £0.16% which corresponds to a significant decrease compared
to age- matched controls (p <0.0001). The mean percentage of medium type RGC was also
significantly different in diabetes and controls, measuring 6.56 = 1.40% in diabetes and 8.43 +

1.13% in controls (p <0.05).
B) OLETF diabetic rats
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The average numbers of FG labeled large, medium and small RGCs in the retina of
normal LETO rats were 23.80%4.60, 257.20£61.23 and 2569.601460.94 respectively, as
shown in TablelV. In the OLETF diabetic retina, the sizes of the FG-labeled RGCs did not differ
from the normal control LETO rats (Fig. 3B). The average number of FG-labeled large, medium
and small RGCs in diabetic retina were 20.331£4.32, 242.83+49.20 and 2694.67 +=508.27
respectively, as shown in Table 4. Statistical analysis showed no significant difference in the
population of each type of RGC in the retinas of the OLETF diabetic and control LETO rats
(Large cell: p >0.05; Medium cell: p>0.05; Small cell: p >0.05).

Fig. 1. Injection sites of Fluoro-Gold in the bilateral dorsal lateralgeniculate nucleus. dLGN;

dorsal lateral geniculate nucleus. fi; fimbria hippocampus. LP; lateral posterior thalamus
nuclei. Po; posterior thalamus nuclei group.
A. Right side. B. Left side. Scale bar=0.6mm

Fig. 2. Retrogradely-labeled retinal ganglion cells. Large, medium and small arrows show

large type, medium type and small type retianl ganglion cells, respectively.

A. Controls. B. Streptozotocin-diabetic rats. Scale bar=60 /£ m
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Fig. 3. Retrogradely-labeled retinal ganglion cells. Large, medium and small arrows show

large type, medium type and small type retianl ganglion cells, respectively.

A. Controls. B. Otsuka Long-Evans Tokushima Fatty diabetic rats. Scale bar=60 /£ m

Histological study by Nissl method

After observation under fluorescence microscope, the retinas were stained by the Nissl
method. Light microscopic examination revealed the somata of large, medium and small-type
RGCs in both normal and STZ-diabetic retinas (Figs.4A & 4B). Although the perikaryon of the
RGCs in diabetic retinas showed slight shrinkage, this was not statistically significant.
Furthermore, neither significant degeneration nor cell loss was observed. Statistical analysis
showed no significant difference in the population of each type of RGC in the retinas of the
diabetic and control rats (Large : p >0.05; Medium : p >0.05; Small : p >0.05).

Fig. 4. Retinal ganglion cell layers of a wholemount retina stained by Nissl method. Large,

medium and small arrows show large type, medium type and small type retianl

ganglion cells, respectively.

A. Controls B. Streptozotocin -diabetic rats. Scale bar=30 /£ m
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Tablell, The average number and percentage of each type of FG labeled RGCs in the STZ-diabetic rats.

Large cell Medium cell Small cell
Number (%) Number (%) Number (%)

(Eom;;’l 31.14 £ 11.63 (0.95 £ 0.15) 273.29 + 95.51 (843 + 1.13) 3073.71 = 1418.97 (90.62 £ 1.24)
n=

D(iab;t)es 6862511 (0.22:0.16) 213.57+88.10 (6.56 + 1.40) 3119.86 = 1286.29 (93.22 £ 1.51)
Nm

TableV. The average number and percentage of each type of FG labeled RGCs in the OLETF rats.

Large cell Medium cell Small cell
Number (%) Number (%) Number (%)

IEET?) 23.80+4.60 (0.84+007)  257.20 = 61.23 (9.05 £ 1.23) 2569.60 + 508.27 (90.02 = 1.15)
n=

OLETF 20331432 (0.74£0.14)  242.83 2 4920 (8.27 + 0.74) 2694.67 £ 508.27 (91.25 £ 0.72)
(=7)

DISCUSSION

Animal models of DM can be classified into two groups as chemically induced
hyperinsulinemic models of Type 1 DM and the genetically induced models of Type I and Type
II DM. Although several studies on the pathogenesis of neuropathy have been conducted with
animal models of Type I DM, %2139 stydies on Type Il DM models are still rare. '> To that
end, we used STZ-induced Type I diabetic rats and OLETF (Type II) diabetic rats to study the
neuropathological features in optic nerves of both models. Several morphometric studies on
peripheral nerves of Type I diabetic rats revealed reduction of axon size and cross-sectional area,
loss of axonal neurofilaments and atrophy of nerve fibers. *'¥ It is already known that retinal
protein biosynthesis is significantly reduced and slow anterograde axonal transport is

1,2)

secondarily impaired. Functional data provided evidence about accumulation of
retrogradely transported glycoproteins in the sciatic nerve of Type I diabetic rats and reduction in
retrograde axonal transport of nerve growth factor (NGF), transmitter enzymes and fucose-
labeled protein, which all may induce misinformation for structural protein synthesis in the
nerve cell body. *? In this study, we found that FG labeling of large and medium sized RGCs
decreased significantly in type I diabetic rats whereas Niss] staining showed no evidence of

reduction in RGC population. Previous studies have shown a decrease in the cross-sectional
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area of the distal segment of peripheral axons' *?"?? and reduction in optic nerve myelinated fiber
caliber of diabetic rats, particularly in the large fibers. ¥ This leads us to suggest that decreased
retrograde axonal transport in larger ganglion cells precede the morphological impairment of the
larger myelinated fibers of optic nerve. Furthermore, no significant decrease of FG-labeling of
the large and medium sized RGCs was observed in OLETF rats. These results suggest that there
is a selective impairment in retrograde axonal transport of large and medium sized RGCs in type
I diabetic rats without shrinkage of the perikaryon or loss in ganglion cell population.

On the other hand, retrograde axonal transport was not impaired during the experimental
period in OLETF diabetic rats. The characteristic features of OLETF rats include the late onset of
DM, chronicity, mild form of obesity and renal complications; all closely resembling those of
human Type II DM. Although OLETF rats in this report did not demonstrate any significant
pathological abnormalities in the optic nerve, a longer study might have revealed changes in the
diabetic optic nerve. Recent reports suggest that sucrose-fed OLETF rats develop numerous
pathophysiological abnormalities in the peripheral nerve. 2% These observations point out to the
importance of hyperglycemia and increased polyol pathway activity in the development of
diabetic neuropathy. We believe that further work on hyperglycemic OLETF rats is highly
essential to highlight the pathogenetic mechanisms of diabetic neuropathy in Type II DM which
is the major type of human diabetes.
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