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Abstract

Ž Ž . w x .We previously reported that OT-7100 5-n-butyl-7- 3,4,5-trimethoxybenzoylamino pyrazolo 1,5-a pyrimidine had antinociceptive
potency in various animal models. To further characterize this compound, the present study examined the effects of OT-7100 on
mechanical hyperalgesia and motor nerve conduction velocity in streptozotocin-induced diabetic rats. OT-7100 significantly increased the

Ž .nociceptive threshold in the diabetic rat in a dose-dependent manner. Gabapentin anticonvulsant agent and insulin strongly increased the
nociceptive threshold but gabapentin increased it above normal levels. An aldose reductase inhibitor slightly increased the nociceptive
threshold at a high dose. We also measured glucose levels and motor nerve conduction velocity in OT-7100-treated rats. Insulin decreased
glucose levels but OT-7100 had no effect on glucose levels or on motor nerve conduction velocity. These results suggest that OT-7100
alleviates hyperalgesia in a diabetic neuropathy model in a different manner from gabapentin or aldose reductase inhibitor and may be a
new treatment for the pain associated with peripheral nerve injury. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Neuropathic pain is generally considered to be one of
the most common and troublesome complications afflict-
ing diabetic patients, and painful diabetic neuropathy is
one of the more frequently encountered neuropathic pain

Ž .syndromes Clark and Lee, 1995; Vinik et al., 1992 . In
humans, painful diabetic neuropathy is associated with

Ž .burning, tactile hypersensitivity Bays and Pfeifer, 1988
and is treatable with antidepressants, anticonvulsants, cap-
saicin, nonsteroidal anti-inflammatory drugs, opioids and

Žan aldose reductase inhibitor Courteix et al., 1993; Hotta
.et al., 1996 . However, such analgesic relief is often

inadequate, potentially toxic, or is associated with depen-
Ž .dence liability Arner and Meyerson, 1988 .

The streptozotocin-induced diabetic rat has been widely
used as a model of insulin-dependent diabetes mellitus,
and a number of anomalies in pain perception have been

Ždemonstrated in this model Hounsom and Tomlinson,
.1997 . Mechanical hyperalgesia and thermal allodynia have
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also been observed following streptozotocin treatment
Ž .Wuarin-Bierman et al., 1987 . A single dose of streptozo-
tocin leads to the development of abnormal pain syndrome
in rats similar to that seen in patients with painful diabetic

Ž .neuropathy Calcutt et al., 1996 . A number of agents that
are effective in clinical studies have been shown to allevi-

Žate mechanical hyperalgesia in this model Courteix et al.,
. Ž .1994 . For example, gabapentin anticonvulsant agent was

Žreported to block static and dynamic allodynia Field et al.,
.1999 . This drug and other classical drugs generally have

side effects affecting the central nervous system or stom-
ach. In Japan, aldose reductase inhibitor is widely used. It
inactivates the polyol pathway and has a beneficial effect

Ž .on nerve function Kikkawa et al., 1983 . However, this
drug has weak potential for diabetic complications. Thus,
new therapies need to be developed for the treatment of
painful neuropathy. We have been searching for new po-
tent analgesic agents with no ulcerogenic effect that can be
used for the treatment of peripheral neuropathic pain. We
screened our compound library for an agent which had an

Žanalgesic effect in acute hyperalgesia models yeast-in-
.duced pain model and substance P-induced pain model

without causing inhibition of prostaglandin E2 biosynthe-
sis by cyclooxygenase, which is known to cause gastric

Ž Žside effects. We found OT-7100 5-n-butyl-7- 3,4,5-tri-
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. w x .methoxybenzoylamino pyrazolo 1,5-a pyrimidine to be a
novel analgesic compound and tested it in various pain
models. A previous report on OT-7100 focused primarily
on its activity in models of acute and persistent pain
induced by peripheral nerve injury without affecting
prostaglandin formation. Also, this compound did not af-
fect behavior in pharmacological studies and showed no

Ž .toxicity in toxicological studies Yasuda et al., 1999 .
Therefore, it is expected that OT-7100 will be an antinoci-
ceptive agent without side effects. The objectives of the
current investigation were to further characterize the ef-
fects of OT-7100 in the streptozotocin-induced diabetic
neuropathy model by studying the time course of effect
following oral dosing, determining nerve function and
comparing it with other agents that have been clinically
used for the treatment of painful neuropathy, such as an
anticonvulsant, an aldose reductase inhibitor, and a pancre-
atic hormone.

2. Materials and methods

All experiments were conducted in accordance with the
guidelines on ethical standards for investigations of experi-
mental pain in animals defined by the International Associ-

Ž .ation for the Study of Pain IASP; Zimmermann, 1983 . In
particular, the duration of the experiments was as short as
possible and the number of animals was kept to a mini-
mum.

2.1. Animals

ŽMale Sprague–Dawley rats Charles River Japan,
.Yokohama, Japan weighing 200–250 g were used. On

arrival at the laboratory, the rats were allowed to acclimate
for 3 weeks in groups of 5 rats per cage under a 12-h
lightrdark cycle with free access to food and water.

2.2. Induction of diabetes and measurement of blood glu-
cose leÕel

The rats were rendered diabetic by i.v. injection through
Ža tail vein of 50 mgrkg streptozotocin Sigma, St. Louis,

.USA dissolved in 0.01 M citrate buffer. Three weeks
later, the presence of diabetes was confirmed by measure-
ment of tail vein blood glucose levels with the Wako

Ž .glucose test Wako Chemical, Osaka, Japan . Blood sam-
ples were obtained from the tail by pinprick, and only rats
with a final blood glucose level )400 mgrdl were in-
cluded in this study. After final drug administration, we
collected and measured blood samples in the same way.

2.3. Drug administration

ŽOT-7100 Otsuka Pharmaceutical Factory, Tokushima,
. Ž10, 30, and 100 mgrkg , gabapentin Neurontin, Park-

.Davis, USA, 30 and 100 mgrkg and aldose reductase
Žinhibitor epalrestat, Ono Pharmaceutical, Osaka, 30 and
.100 mgrkg were suspended in 5% acacia and adminis-

Žtered orally once daily for 21 days. Insulin Novo Nordisk
.Pharma, Tokyo, 30 Urkg was administered subcuta-

neously once daily for 21 days.

2.4. The Randall–Selitto mechanical hyperalgesia test

The antinociceptive effect was determined by measur-
ing the foot-withdrawal threshold elicited by pressure on

Ž .the left hind paw Randall and Selitto, 1957 , using the
Ž .Ugo Basile analgesimeter Unicom, Chiba, Japan . Me-

chanical hyperalgesia was chosen as the endopoint in the
diabetic rats based on preliminary studies in our labora-
tory, which indicated that this measure was more reliable
than the tactile allodynia measure. This instrument gener-
ates a linearly increasing mechanical force applied by a
dome-shaped plastic tip placed on the dorsal surface of the
rat’s hind paw. The force was applied until the rat with-
drew the paw. We measured the nociceptive threshold 20
days after streptozotocin injection and chose animals whose
nociceptive threshold was lower than 30 mm Hg. During
the 3 weeks’ administration, this measurement was carried
out once a week.

2.5. Measurement of motor nerÕe conduction Õelocity

Motor nerve conduction velocity was measured in the
most rapidly conducting fibers of the rat tail nerve supply-
ing the segmental muscle according to the method previ-

Ž .ously described Miyoshi and Goto, 1973 . The rats were
kept on a heated pad in a room maintained at 25 8C to
preserve a constant rectal temperature. After intraperi-

Žtoneal injection of sodium pentbarbital 30–40 mgrkg per

Fig. 1. Time course of the effects of p.o. administration of OT-7100 on
mechanical nociceptive threshold in streptozotocin-induced diabetic rats
ŽI: nondiabetic rats; `: diabetic control; v: OT-7100, 10 mgrkg; ^:

.OT-7100, 30 mgrkg; ': OT-7100, 100 mgrkg . Data are expressed as
means"S.D.; ns10 rats per group. ))P-0.01 versus diabetic control,
Dunnett’s multiple comparison test.
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Fig. 2. Time course of the effects of p.o. administration of gabapentin on
mechanical nociceptive threshold in streptozotocin-induced diabetic rats
ŽI: nondiabetic rats; `: diabetic control; ^: gabapentin, 30 mgrkg; ':

.gabapentin, 100 mgrkg . Data are expressed as means"S.D.; ns8 rats
per group. ))P-0.01 versus diabetic control, Dunnett’s multiple com-
parison test.

.body weight , motor nerve conduction velocity was deter-
Žmined using a Neuropak 2 instrument Nihon-Koden, Os-

.aka, Japan at 0 and 3 weeks following the treatment.

2.6. Drugs

Ž ŽOT-7100 5-n-butyl-7- 3,4,5-trimethoxybenzoylami-
. w x .no pyrazolo 1,5-a pyrimidine was synthesized at Otsuka

Pharmaceutical Factory. Streptozotocin was purchased
from Sigma. Insulin was purchased from Novo Nordisk

ŽPharma. Gabapentin was extracted from Neurontin Park-
.Davis . Aldose reductase inhibitor was extracted from

Ž .epalrestat preparation Kinedak, Ono Pharmaceuticals .

Fig. 3. Time course of the effects of p.o. administration of aldose
reductase inhibitor on mechanical nociceptive threshold in strep-

Žtozotocin-induced diabetic rats I: nondiabetic rats; `: diabetic control;
^: aldose reductase inhibitor, 30 mgrkg; ': aldose reductase inhibitor,

.100 mgrkg . Data are expressed as means"S.D.; ns8–9 rats per
group. )P-0.05 versus diabetic control, Dunnett’s multiple comparison
test.

Fig. 4. Time course of the effects of s.c. administration of insulin on
mechanical nociceptive threshold in streptozotocin-induced diabetic rats
Ž .I: nondiabetic rats; `: diabetic control; ': insulin, 30 Urkg . Data are
expressed as means"S.D.; ns8 rats per group. ))P-0.01 versus
diabetic control, Dunnett’s multiple comparison test.

2.7. Data analysis and statistics

Data are expressed as means"S.D. The time course of
the effects of the various treatments was analyzed statisti-
cally by means of an analysis of variance followed by
Dunnett’s test. The significance level was P-0.05.

3. Results

3.1. Effects of OT-7100 or other drugs on nociceptiÕe
threshold in diabetic rats

Three weeks after the induction of diabetes, the noci-
ceptive threshold was significantly decreased in the dia-

Žbetic control group nondiabetic group: 49.2"4.1 mm Hg;
.diabetic control group: 17.6"3.4 mm Hg . Injection of

citrate buffer did not influence the nociceptive threshold.
OT-7100 significantly increased the nociceptive threshold

Žfrom day 7 at doses of 30 and 100 mgrkg OT-7100 30
mgrkg group: 35.5"10.4 mm Hg; OT-7100 100 mgrkg

.group: 33.8"9.7 mm Hg and from day 14 at a dose of 10
Žmgrkg OT-7100 10 mgrkg group: 31.1"4.5 mm Hg;

.Fig. 1 . Gabapentin strongly increased the nociceptive
threshold from day 21 at doses of 30 and 100 mgrkg

Table 1
Effect of OT-7100 on motor nerve conduction velocity in diabetic rats

Treatment Before After 21 days
Ž .mrs

Nondiabetic rats 44.1"1.5 48.3"2.4
a aDiabetic control rats 41.3"1.5 44.2"1.5
a aOT-7100 100 mgrkg 41.1"1.7 44.4"0.9

Each value represents the mean"S.D.; ns10.
aP-0.05 vs. nondiabetic rats, Dunnett’s test.
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Žgabapentin 30 mgrkg group: 42.6 " 7.0 mm Hg;
.gabapentin 100 mgrkg group: 54.5"6.3 mm Hg; Fig. 2 .

Aldose reductase inhibitor slightly increased the nocicep-
Žtive threshold on day 21 at a dose of 100 mgrkg aldose

reductase inhibitor 100 mgrkg group: 25.3"11.7 mm
. Ž .Hg; Fig. 3 . Insulin pancreatic hormone significantly

Žincreased the nociceptive threshold from day 14 insulin
.30 Urkg group: 43.8"3.1 mm Hg; Fig. 4 .

3.2. Effects of OT-7100 on motor nerÕe conduction Õeloc-
ity in diabetic rats

We measured motor nerve conduction velocity before
OT-7100 administration and after 3 weeks of OT-7100
administration. Before administration, motor nerve conduc-

Žtion velocity decreased in diabetic rats nondiabetic group:
44.1"1.5 mrs; diabetic control group: 41.3"1.5 mrs;

.OT-7100 100 mgrkg group: 41.1"1.7 mrs . Three weeks
of repeated OT-7100 administration had no effect to motor

Žnerve conduction velocity in diabetic rats nondiabetic
group: 48.3"2.4 mrs; diabetic control group: 44.2"1.5
mrs; OT-7100 100 mgrkg group: 44.4"0.9 mrs; Table
.1 .

3.3. Effects of OT-7100 or other drugs on glucose leÕels in
diabetic rats

Blood was collected from a tail vein 3 h after drug
administration. OT-7100, gabapentin and aldose reductase
inhibitor had no effect on glucose levels in diabetic rats.

ŽInsulin strongly decreased glucose levels to normal di-
abetic control group: 492"196 mgrdl; insulin 30 Urkg

.group: 158"71 mgrdl; Table 2 .

Table 2
Effects of OT-7100, gabapentin, aldose reductase inhibitor, and insulin on
blood glucose level on day 21

Doses Blood glucose
Ž .mgrdl

Diabetic control rats – 492"196

Diabetic ratsqOT-7100
10 mgrkg 612"113
30 mgrkg 606"129
100 mgrkg 580"85.0

Diabetic ratsqgabapentin
30 mgrkg 626"256
100 mgrkg 594"46.0

Diabetic ratsqaldose reductase inhibitor
30 mgrkg 518"85.2
100 mgrkg 588"130

Diabetic ratsqinsulin
a30 Urkg 158"71.0

aNondiabetic rats – 120"8.2

Each value represents the mean"S.D.; ns8.
aP-0.01 vs. nondiabetic rats, Dunnett’s test.

4. Discussion

This study examined the antinociceptive potency of
OT-7100 in rats with streptozotocin-induced diabetic neu-
ropathy. We confirmed that streptozotocin-treated rats
showed mechanical hyperalgesia, as previously reported
Ž .Ahlgen and Levine, 1993 . This hyperalgesia was evident
within 14 days of streptozotocin injection and lasted for at
least 10 weeks. In this diabetic rat model, the mechanical
hyperalgesia induced had a similar time course and magni-
tude to that seen after partial sciatic nerve ligation, which

Žserves as a model of peripheral neuropathic pain Seltzer et
.al., 1990; Bennett and Xie, 1988 .

We examined the effects of OT-7100 on mechanical
hyperalgesia in diabetic rats and compared the activity
with that of other drugs that are clinically used for the
same condition. OT-7100 significantly increased the noci-
ceptive threshold in rats with streptozotocin-induced dia-
betic neuropathy in a dose-dependent manner. OT-7100
had no effect on the glucose levels in diabetic rats. In a
previous study, this compound restored the nociceptive

Žthreshold in a chronic constriction injury model Yasuda et
.al., 1999 . This compound was reported to have a specific

effect on neuropathic hyperalgesia without affecting the
normal nociceptive threshold, and the antinociceptive ef-
fect of OT-7100 decreased when administration stopped,
which showed that this effect was reversible. We used a
receptor binding assay to study the mechanism of OT-7100.

ŽThe receptors related to pain and nerve function adren-
2q .ergic, serotonergic, opioids, dopaminergic, Ca channels

were investigated, but this compound had no binding
Ž .affinity for these receptors data not shown . So, we

presently do not know the mechanism of action of OT-
7100. This compound has a pyrazolopyrimidine structure

Žthat is similar to adenosine ligands Jacobson and van
.Rhee, 1997 and adenosine is an inhibitory neuromodulator

that have shown antinociceptive effect in animal model of
Ž .neuropathic pain Lee and Yaksh, 1996 . We predict that

the site of action of OT-7100 might be an adenosine-re-
lated enzyme or receptor.

We tested the effects of other agents that are used
clinically for the treatment of diabetic neuropathy in this
diabetic model. Classical anticonvulsant drugs have a long

Žhistory of use in the treatment of chronic pain McQuay et
.al., 1995 . Gabapentin is a new anticonvulsant that is

effective for alleviating neuropathic pain in animal models
Žas well as in humans Rosner et al., 1996; Hunter et al.,

.1997 . This compound has been reported to show antinoci-
ceptive efficacy after 4 weeks of treatment with few side

Ž .effects Backonja et al., 1998 . In the present study,
gabapentin increased the nociceptive threshold above the
normal level in rats with streptozotocin-induced diabetic
neuropathy after 3 weeks’ treatment with 100 mgrkg. We
examined the effect of gabapentin on the nociceptive
threshold in the chronic construction injury model.
Gabapentin increased the nociceptive threshold in both the
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Žinjured paw and the uninjured paw in this model data not
.shown . These results suggest that gabapentin has not only

an antinociceptive effect but also the ability to induced
mechanical hypoalgesia, by increasing the nociceptive
threshold above the normal level. OT-7100 administration
did not increase the nociceptive threshold above the nor-
mal level and did not affect the nociceptive threshold in
the uninjured paw in the chronic construction injury model
Ž .Yasuda et al., 1999 . These results suggest that OT-7100
specifically suppresses hyperalgesia induced by diabetic
neuropathy and has little likelihood of causing side effects
related to hypoalgesia.

Aldose reductase inhibitor is clinically used for diabetic
complications, especially numbness and pain induced by

Ž .diabetic neuropathy Hotta et al., 1996 . In this study, this
compound slightly increased the nociceptive threshold in
diabetic rats. Aldose reductase inhibitor inhibits the trans-
formation of glucose to sorbitol, inactivating the polyol
pathway, and also improves nerve conduction velocity
Ž .Judzewitsch et al., 1983 . In animal models, there are no
reports that aldose reductase inhibitor improves pain caused
by hyperglycemia. These results suggest that aldose reduc-
tase inhibitor has a weak potency to improve pain in
diabetic rats.

Insulin is the most common therapy for diabetes melli-
tus. In this study, insulin normalized blood glucose levels
and significantly increased the nociceptive threshold in
diabetic rats. Blood glucose level is the most important

Ž .factor regarding diabetic complications UKPDS, 1998 . In
this study, we found that control of blood glucose levels
prevented the progression of painful diabetic neuropathy.

Changes in motor nerve conduction velocity are an
indication of peripheral nerve disorder. In diabetic patients,
motor nerve conduction velocity is decreased by hyper-

Ž .glycemia Halar et al., 1982 . It is known that motor nerve
conduction velocity is decreased in streptozotocin-induced

Ž .diabetic neuropathy Van Dam et al., 1999 . Aldose reduc-
tase inhibitor increases motor nerve conduction velocity
in diabetic rats by inhibition of sorbitol accumulation
Ž .Judzewitsch et al., 1983 . In this study, streptozotocin
injection decreased on motor nerve conduction velocity.
OT-7100 orally administered had no effects on motor
nerve conduction velocity despite increasing the nocicep-
tive threshold. These results suggest that OT-7100 im-
proves the nociceptive threshold without affecting motor
nerve conduction velocity, and that the mechanism of
OT-7100 is different from that of aldose reductase in-
hibitor.

To summarize, we reported the effects of OT-7100 on
nociceptive threshold, glucose levels and motor nerve con-
duction velocity in streptozotocin-induced diabetic rats.
This compound significantly increased the nociceptive
threshold in diabetic rats without affecting glucose levels
and motor nerve conduction velocity. These results suggest
that OT-7100 alleviates hyperalgesia in rats with streptozo-
tocin-induced diabetic neuropathy in a different manner

from gabapentin, aldose reductase inhibitor or insulin, and
that it may be a new treatment for the pain associated with
peripheral nerve injury.
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