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ABSTRACT

Accumulations of substance P, somatostatin, vasoactive intestinal polypeptide (VIP)
and dopamine-B-hydroxylase (DBH) after ligation of the ischiadic nerve of streptozotocin-
induced diabetic rats were observed by an immunohistochemical technique and the
results were examined both qualitatively and quantitatively. Besides, effects of adminis-
tration of an aldose reductase inhibitor (ONO 2235), a key enzyme for polyol synthe-
sis, on these accumulation patterns were studied. Immunofluorescent positiveness of
these biological active substances was intensely observed along the axon in nerves of
control animals. In the ischiadic nerves of diabetic rats, it was weakly observed in ir-
regular shapes. On the other hand, in the ischiadic nerve of the diabetic rat treated
with the aldose reductase inhibitor, substance P-, DBH- and VIP- immunoreactive posi-
tiveness was recovered in both distribution pattern and accumulation length. Our find-
ings show that there are abnormalities of the axonal flow of the peripheral nerve in
diabetic animals. These results also suggest that polyol pathway activity may contrib-
ute to the pathogenesis of diabetic neuropathy and ONO-2235 may be useful in prevent-

ing diabetic complications.

Pathophysiology of diabetic neuropathy has
been so far examined mainly from viewpoints of
clinical signs and symptoms, clinical elec-
trophysiology and morphological pathology.
Nevertheless, factors involved in development of
diabetic neuropathy have not yet been clarified.
The authors studied on the axonal flow of the
peripheral nerve of experimental diabetic rats
whose abnormalities might be one of factors as-
sociated with etiology of diabetic neuropathy.
Ischiadic nerves of alloxan- or streptozotocin-
induced diabetic rats were used in this experi-
ment. Accumulations of neuropeptides or neu-
rotransmitter synthesizing enzymes after ligation
of the ischiadic nerve were observed by an im-
munohistochemical technique and the results
were examined both qualitatively and quantita-
tively. Besides, how much effects an aldose
reductase inhibitor (ONO 2235)'?, a new ther-

apeutic drug against diabetic neuropathy when
orally administered, had on these accumulation
patterns was studied.

MATERIALS AND METHODS

Wistar strain male rats were used in this ex-
periment.
1. alloxan treated rats

Two rats weighing 150 g were administrated
40 mg/kg body weight of alloxan intravenously.
After administration, the blood sugar level was
checked with glucose analyzer YSI 23 A. Mean
fasting blood sugar levels of rats were 304 mg/dl
and 267 mg/dl after 42 and 95 days of alloxan
administration, respectively. One hundred days
after administration, the ischiadic nerves were
ligated under pentobarbital anesthesia. The
animals were perfused with 4% paraformalde-
hyde buffered in 0.1 M phosphate solution with
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pH 7.4.
2. streptozotocin treated rats

Thirty six rats weighing 100 g were ad-
ministered 100 mg/kg body weight of strep-
tozotocin intravenously. Two weeks after, fasting
blood sugar levels of all rats were higher than
250 mg/dl. Fifteen of these rats were feeded by
the fodder that was prepared to include 50
mg/kg/day of the aldose reductase inhibitor. The
ischiadic nerves were ligated at various times
from 28 to 100 days after streptozotocin ad-
ministration. The animals were sacrificed 2 days
after ligation.

3. control rats

Five rats weighing 400—450 g and 3 rats
weighing 150 g were used as control. The
animals were perfused 2 days after ligation of
the ischiadic nerves.

After perfusion, the ischiadic nerves were re-
moved, post-fixed in the same fixative for 3 hr
and embedded in OCT compound. Cryostat sec-
tions of the longitudinal direction of 6 um thick-
ness were prepared. As for immunohistochemical
technique, the indirect fluorescent antibody tech-
nique was applied. Sections were incubated with
an antibody against substance P, somatostatin,
vasoactive intestinal polypeptide (VIP) or
dopamine-B-hydroxylase (DBH) at 37°C for 30
min. As the next step, the sections were incubat-
ed with FITC-labeled anti-rabbit IgG goat IgG
at 37°C for 30 min. Sections were mounted in
glycerine-PBS. A Nikon fluorescence microscope
was used for observation and photographing.
The length, intensity and pattern of im-
munofluorescence positiveness in the ischiadic
nerves were observed. Careful comparison
among control, drug induced diabetic animals
and diabetic models treated with the aldose
reductase inhibitor was done.

RESULTS

Fig. 1 shows immunofluorescence microphoto-
graphs of DBH immunoreactivities in the ligat-
ed ischiadic nerves of a control rat and an
experimental model of alloxan-induced diabetes.
DBH immunoreactivities in the ischiadic nerves
of control rats as shown in Fig. 1-c were in-
tensely observed along the axon. In contrast,
DBH immunoreactivities of alloxan-induced dia-
betic models were shortened in an accumulation
length from a ligation point to a distal end of

a series of fluorescence and did not come into
line along the axon. They were markedly irregu-
lar in shape, when compared with those of con-
trol nerves (Fig. 1-DM).

Fig. 2 shows substance P immunoreactivities
in the ligated ischiadic nerves of control,
streptozotocin-induced diabetic animals and dia-
betic models treated with the aldose reductase
inhibitor. Substance P positive immunofluores-
cence was observed along the axon in control
nerves as shown in Fig. 2-C. In the ischiadic
nerves of diabetic rats 59 days after streptozoto-
cin administration, substance P immunoreactivi-
ties did not get into line along the axon and an
accumulation state was abnormal appearing as
irregularly shaped masses (Fig. 2-DM). On the
contrary, in the diabetic rat feeded with the al-
dose reductase inhibitor-containing fodder for 76
days, an accumulation of substance P positive-
ness was observed as serial spots along the
axon. Abnormal immunofluorescence of irregu-
larly shaped accumulative substance within the
nerve had gone (Fig. 2- DM-T). Accumulation
lengths of substance P immunoreactivities in the
ischiadic nerves of both diabetic rats and disease
models treated with the aldose reductase inhi-
bitor were about half of those of control rats.
Fig. 3 shows DBH immunoreactivities in the
ischiadic nerves of control and experimental
model rats. An accumulation state of a control
nerve is shown in Fig. 3-C. DBH immunoreac-
tivities in the ischiadic nerve of a diabetic rat
59 days after streptozotocin administration are
shown in Fig. 3-DM. They do not bring into line
along the axon and show abnormal fragmentary
distribution. The ischiadic nerve of a rat that
survived for 38 days after streptozotocin ad-
ministration, followed by treatment by the al-
dose reductase inhibitor for 24 days, is shown
in Fig. 3- DM-T. The abnormal immunofluores-
cent pattern which was found in Fig. 3-DM was
improved. The lengths of DBH accumulation of
diabetic rats and those treated with the aldose
reductase inhibitor were shorter than control
rats. Fig. 4 shows VIP immunoreactivities in the
ligated ischiadic nerve. VIP immunofluorescence
of control rats was intensely observed along the
axon (Fig. 4-C). In the ischiadic nerve of a dia-
betic rat 77 days after streptozotocin injection,
VIP immunoreactivities were weakly observed
in irregular shapes (Fig. 4-DM). In the ischiadic
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nerve of a diabetic rat that survived for 41 days
after streptozotocin administration and was feed-
ed by the aldose reductase inhibitor-containing
food for 35 days, fine spots of VIP im-
munofluorescence were observed. An accumula-
tion length of diabetic rats with the treatment
was longer than that of non-treatment diabetic
rat (Fig. 4- DM-T). Immunofluorescence
microphotographs of somatostatin immunoreac-
tivities in the ligated ischiadic nerve are shown
in Fig. 5. Somatostatin positiveness of a control
rat was observed along the axon (Fig. 5-C). In
the ischiadic nerves of the rat 100 days after
streptozotocin administration, however,
somatostatin immunoreactivities were sparsely
observed (Fig. 5-DM). After treatment with the
aldose reductase inhibitor, somatostatin im-
munoreactivities did not show much difference
from those of non-treatment diabetic rats (Fig.
5- DM-T).

Accumulated lengths of immunoreactive posi-
tiveness against substance P, somatostatin, VIP
and DBH in ligated ischiadic nerves were com-
pared among control rats, diabetic model
animals and diabetic ones with treatment by the
aldose reductase inhibitor (Fig. 6). Eight control
rats, 21 diabetic ones and 15 diabetic ones treat-
ed with the aldose reductase inhibitor were used.
Immunofluorescence microphotographs of the
ligated ischiadic nerves were taken and 50 times
enlarged. The distance in a straight line from
a ligation point to a distal end of a series of
fluorescence observed was measured. As for the
length of substance P immunofluorescence, those
of diabetic rats were decreased with significant
difference (p<0.05). In addition, the length of
somatostatin immunoreactivities also had a ten-
dency to be decreased in diabetic animals. The
difference between the accumulation length of
non-treated diabetic rats and that of diabetic
rats treated with the aldose reductase inhibitor
was not significant. Nevertheless, in the ischiadic
nerves of the rat given the aldose reductase in-
hibitor, abnormal irregular distribution pattern
of accumulated immunofluorescence within the
nerve had gone and immunoreactivities in line
along the axon were observed. These changes
were found in 6 rats among 15 rats which were
treated with the aldose reductase inhibitor.

DISCUSSION

It is known that the axonal flow of the nerve
cell is altered in various neurological disorders.
On the other hand, the rate of the axonal flow
is dependent on the flowing substance and the
axonal flow are generally divided into 3 groups,
that is, slow-, intermediate- and fast axoplasmic
transports®. The authors studied the axonal
flow of the ischiadic nerve of diabetic model
animals in order to understand one aspect of the
pathologic state of diabetic neuropathy through
a simple experimental system. The axonal flow
of peripheral nerves in diabetic neuropathy was
reported by Schmidt et al”. They produced
streptozotocin-induced diabetic rats, ligated the
ischiadic nerve after three or four weeks and
measured the accumulation of acetylcholine es-
terase and choline acetylase with use of enzyme-
fluorescence technique. These enzymes flow wi-
thin the axon at an intermediate rate. In the
ischiadic nerve of diabetic rats, the flow of
acetylcholine esterase was 20% reduced and that
of choline acetylase was 40% reduced. The
authors measured the length of accumulation
from ligation point using immunohistochemistry.
Measured substances were substance P,
somatostatin, VIP and DBH. In the ischiadic
nerve of diabetic rats, the accumulation length
of substance P immunoreactive positiveness was
significantly reduced. From this result, it is con-
sidered that the axonal flow of substance P is
slowed down or substance P itself is reduced in
the ischiadic nerve of diabetic rats. It is con-
firmed by many investigators that substance P
is neurotransmitter of a small-calibered primary
sensory neuron”. The results obtained from
these experiments are consistent with Bischoff’s
result that the primary change of diabetic neu-
ropathy occurs in the small-calibered nerve
fiber”.

There have been several reports that imply the
importance of polyol accumulation in peripheral
nerve tissue in the pathogenesis of diabetic
neuropathy®®. Furthermore, inhibitors of al-
dose reductase, a key enzyme for polyol synthe-
sis, have been reported to improve the
conduction abnormalities of peripheral nerves in
animal experiments®® and clinical trials*®. In
our experiments, in the ischiadic nerve of the
diabetic rat treated with the aldose reductase in-
hibitor, substance P- and DBH- immunoreactive
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positiveness was improved in distribution pattern
and accumulation length in 6 out of 15 rats. It
is assumed that an accumulation of sorbitol in

the

ischiadic nerve of diabetic animals causes

such abnormalities of accumulated biological ac-
tive substances as above-mentioned after ligation
of the nerve. We conclude that the results offer
an evidence of an effect of the aldose reductase
inhibitor on the peripheral nerve of diabetic
animals.
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Fig. 1. Immunofluorescent microphotographs of DBH immunoreactivities in the ligated ischiadic nerves. The left
plate shows the ischiadic nerve of a control rat and the ligation point is on the left side. DBH immunoreactivity
in the ischiadic nerve of a control rat is intensely observed along the axon. The right plate shows the ischiadic
nerve of an experimental model of alloxan-induced diabetes. DBH immunoreactivity is shortened in an accumula-
tion length from a ligation point to a distal end of a series of fluorescence and do not come into line along the axon.

Fig. 2. Immunofluorescent microphotographs of substance P immunoreactivities in the ligated ischiadic nerves.
The ligation point is on the right side. The upper plate shows the ischiadic nerve of a control rat and substance
P immunoreactivity is observed along the axon. The middle plate shows the ischiadic nerve of a streptozotocin-
induced diabetic rat. Substance P immunoreactivity do not get into line along the axon and an accumulation
pattern is abnormal appearing as irregularly shaped masses. The lower plate represents the ischiadic nerve of
a disease model treated with the aldose reductase inhibitor. An abnormal distribution pattern as shown in Fig.
2-DM has gone.

Fig. 3. Immunofluorescent photographs of DBH immunoreactivities of the ligated ischiadic nerves. The upper
plate shows that of a control rat, the middle one shows that of a diabetic rat and the lower one shows that
of a diabetic model treated by the aldose reductase inhibitor. In the ischiadic nerve of a diabetic rat, an accumu-
lation length of DBH immunoreactivities is short and its pattern is irregular when compared with that of a con-
trol rat. This abnormal immunoreactive pattern is improved in a diabetic rat treated with the aldose reductase
inhibitor.

Fig. 4. Immunofluorescent microphotographs of VIP immunoreactivities in the ligated ischiadic nerves. The liga-
tion point is on the right side. The upper plate shows the ischiadic nerve of a control rat and VIP immunoreac-
tivity is intensely observed along the axon. The middle plate shows the ischiadic nerve of a streptozotocin-induced
diabetic rat. VIP immunoreactivity is weakly observed in irregular shapes. The lower one shows that of a diabet-
ic rat treated with the aldose reductase inhibitor. Fine sports of VIP immunofluorescence are observed and an
accumulation length of a diabetic rat with the treatment is longer than that of non-treatment diabetic rat.

Fig. 5. Immunofluorescent microphotographs of somatostatin immunoreactivities in the ligated ischiadic nerves.
The left plate shows the ischiadic nerve of a control rat, the middle one shows that of a diabetic rat and the
right one shows that of a diabetic rat with treatment by the aldose reductase inhibitor. Somatostatin immunoreac-
tivity of diabetic rat with treatment do not show much difference from that of non-treatment diabetic rat.

Fig. 6. Accumulation lengths of immunoreactive positiveness in the ligated ischiadic nerves. SP: substance P,
ST: somatostatin.
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