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INT RO DUCT IO N

Both metabolic 1 , 2 ) and vascular defects3 - 5 ) have been

implicated in the pathogenesis of diabetic neuropathy, but

the precise mechanisms caus ing peripheral neuropathy

have not been elucidated. Nerve conduction is impaired

in overt diabetic neuropathy by a combination of structural

and metabolic defects in the peripheral nerve6 ) . Many

studies attribute the s lowing of nerve conduction in

diabetic rats to alterations in nerve Na+ and Na+ - related

metabolis m mediated by a revers ible Na+ , K+ - ATPase
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O bje c t iv e s ：T h is s t u dy e x a m ine d t he e f f e ct o f c ilo s taz o l, a p o te nt p h o s p ho d ie s te r-
a s e in h ib ito r, o n t he p ro g re s s io n o f ne u ro p at h ie s a s s o c iate d w it h s t re p to z o to c in -
ind uc e d d ia b e te s m e llit us in S p rag u e - Daw le y rat s .

M e t h o d s ：Eig ht w e e ks af t e r s t re p to zo to c in t re at m e nt , a p e lle te d d ie t co nta in ing
0 .0 3 % c ilo s ta zo l ( 15 m g/ kg b o dy w e ig ht ) w a s g iv e n f o r f o u r w e e ks . Bo dy w e ig ht ,
b lo o d g luc o s e le v e l, m o to r ne rv e c o nd uct io n v e lo c ity ( M N CV ) , m y e linate d f ib e r d e ns ity
a nd s iz e d is t rib ut io n o f s c ia t ic ne rv e s w e re c o m p a re d b e tw e e n ag e - m atc he d no rm a l
rat s (G ro u p 1) , co nt ro l d ia b e t ic rat s (G ro u p 2) a n d c ilo s ta zo l-t re ate d d ia b e t ic rat s
(G ro up 3 ) .

Re s u lt s ：Bo dy w e ig ht w as s ig n if ic a nt ly re d u ce d a nd b lo o d g lu co s e le v e l w a s
s ig n if ic a nt ly in c re a s e d in d ia b e t ic rat s (G ro u p 2 a nd 3 ) c o m p a re d to no rm a l rat s .
M N CV a nd cA M P co nte nt o f s c ia t ic ne rv e s w e re s ig n if ic a nt ly re d u ce d in d ia b e t ic rat s
12 w e e ks af t e r s t re p to z o to c in t re at m e nt . My e linate d f ib e r s iz e a nd d e ns ity w e re a ls o
s ig n if ic a nt ly re d uc e d , a nd t h ic ke n ing o f t he c ap illa ry w a lls a nd d up lic at io n o f t h e
b a s e m e nt m e m b ra ne s o f t h e e nd o ne u ra l v e s s e ls w e re o b s e rv e d in t he d ia b e t ic rat s .
W he re a s b o t h b o dy w e ig ht a nd b lo o d g lu co s e le v e l o f G ro up 3 d id no t d if f e r
s ig n if ic a nt ly f ro m t ho s e o f G ro up 2 , c ilo s taz o l t re at m e nt s ig n if ic a nt ly inc re a s e d M N CV
a nd cA M P co nte nt o f s c ia t ic ne rv e s in G ro up 3 b ut no t to t he le v e ls o b s e rv e d in G ro up
1 . M N CV p o s it iv e ly co rre la te d w it h cA M P c o nte nt o f s c ia t ic n e rv e s ( r = 0 .8 6 ; p <
0 .0 0 1) . Cilo s taz o l t re at m e nt n o t o n ly re s to re d m y e linate d f ib e r d e ns ity a nd s ize
d is t rib ut io n b ut re v e rs e d s o m e o f t he v as c u la r a b no rm a lit ie s .

Co nc lu s io n：T he s e f in d ing s s ug g e s t t hat a re d uce d cA M P c o nte nt in m o to r ne rv e s
m ay b e inv o lv e d in t h e d e v e lo p m e nt o f d ia b e t ic ne u ro p at hy , a nd t hat c ilo s taz o l m ay
p re v e nt t h e p ro g re s s io n o f d ia b e t ic n e u ro p at hy by re s to ring f u nct io na l im p a irm e nt a n d
m o rp ho lo g ic a l c ha ng e s o f p e rip h e ra l ne rv e s .
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defect1 , 7 , 8 ) .

The decreases in Na+ ,K+ -ATPase activity and motor
nerve conduction velocity (MNCV) in diabetic rats have

been reported to be ameliorated by treatment with aldose

reductase inhibitors8 - 1 1) , dietary myo- inositol s upplemen-

tation12 ) , gangliosides 13 , 14 ) , prostaglandin E1
15 )

, anti-

oxidants 16 or essential fatty acids 17 , 18 ) . More recent

experiments showed that there was a positive correlation
between cAMP content and Na+ ,K+ - ATPase activity, and

MNCV and Na+ ,K+ - ATPase activity in the rat sciatic

nerve 19 ) .

Haemodynamic abnormalities of the peripheral nerve

have also been suggested as a major cause of the

functional deterioration in the neuropathies observed in
streptozotocin (STZ)- induced diabetic rats3 , 2 0 ) . In addition

to marked biochemical and functional abnormalities ,

morphological changes have been demonstrated in the

nerves of diabetic rats2 1) .

Cilostazol(6- [4- cyclohexyl- 1H- tetrazol- 5-yl)butyl}3,4- di

hydro-2(1H)- quinolinone]), a potent phosphodiesterase
inhibitor, increases the cAMP content of the sciatic nerves

of rats 19 ) . In this study, we examined the effects of

cilostazol on biochemical, functional and morphological

aspects of experimental diabetic neuropathies induced by

STZ in the rat.

MAT ERIA LS a nd MET HO DS

Expe rime ntal des ign

Eight-week- old male Sprague Dawely rats (Charles

River, Japan) were acclimatized to their new environment

for one week before the experiment. After an overnight

fast, the rats were rendered diabetic by i.p. injection of

STZ (35 mg/kg) (Sigma Chemical Co., St. Louis , MO,

USA) in 10mM citrate buffer, pH 4.5. A diabetic rat was
identified by a nonfasting tail- vein plasma glucose level

exceeding 16.7mM/L in the first week after injection with

STZ.

Diabetic rats at 8 weeks after STZ treatment were

divided into two groups: the first group was given a

pelleted diet containing 0.03% cilostazol(15mg/kg/day)
(Otsuka Pharmaceutical Co. Tokyo, Japan) for another

four weeks and the second group was the untreated

age- matched diabetic rats . Age- matched normal rats

were used as non- diabetic controls . Motor nerve

conduction velocity (MNCV) was measured before and

after treatment with the drug. Rats in each group were
killed by cardiac puncture under light ether anesthesia in

the 12th week after STZ- treatment for the measurement

of cAMP and light and electron microscope examination

of sciatic nerve samples.

Dete rmination of motor ne rve conduction ve locity

(MNCV)

MNCVs were measured in the sciatic nerves of rats

using a Nuropack II (Nihon Kohden Co., Tokyo, Japan),

as previously reported2 6 ) . Briefly, animals were lightly

anesthetized with an i.p. injection of 40 mg/kg

pentobarbital sodium. Body temperature was monitored

using a rectal probe and maintained at 37。C with a

warming pad. Sciatic- tibial NCV was determined

non- invasively by stimulating proximally at the sciatic

notch and distally at the ankle via bipolar electrodes with

s upramaximal stimulation. The proximal and distal

latencies of the compound muscle action potentials ,

recorded via bipolar electrodes from the first interosseous

muscle of the hind paw, were measured from the

stimulus artifact to the onset of the negative M-wave

deflection, s ubtracted, and divided into the distance

between the stimulating and recording electrodes, giving

a value for MNCV in m/s.

Bioche mica l meas ureme nts .

Nonfasting plas ma glucose was measured in tail- vein

blood samples, using Beckman glucose analyzer Ⅱ

(Beckman Instruments , Inc., Fullerton, CA). Sciatic nerves

were removed from the rats under ether anesthesia and

weighed. The whole or prepared nerves were

immediately boiled for 5 min with sodium acetate buffer

(pH 4.0), homogenized us ing a glass homogenizer, and

then centrifuged at 2000 x g 5 min. The supernatant was

used for cAMP determination by radioimmunoassay (RIA)

(Incstar Co., Stillwater, Minnesota , U.S.A.)

Morphological finding

On the day after the final MNCV determination,

non- fasted animals were anesthetized with ether. Mid-

thigh segments of the sciatic nerve were surgically

removed and fixed in a 2.5% cacodylate- buffered

glutaraldehyde fixative, dehydrated and embedded in

Epon. Embedded sciatic nerves were sectioned and

examined microscopically. Ultrathin cross sections were

stained with toluidine blue.
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Statistical ana lys is

Results are expressed as means±SD. Multiple

between- group comparisons were performed us ing

one-way analysis of variance (ANOVA). Statistical

comparisons in three groups were made using Student's

t test. The correlation between cAMP content and MNCV

was analyzed by linear regression analysis .

RES ULTS

Effect of Cilostazol on Body We ight, Blood

Glucose a nd cAMP Contents of Sciatic Ne rves .

As shown in Table 1, blood glucose levels were

significantly elevated and body weights significantly

decreased compared to normal control rats 12 weeks

after STZ administration. cAMP levels were decreased in

the sciatic nerves of the diabetic rats . Administration of

cilostazol (weeks 9- 12) had no effect on blood glucose

levels and body weights but significantly increased cAMP

levels of sciatic nerves compared to age- matched,

untreated diabetic rats . However, cilostazol treatment did

not restore cAMP levels of diabetic rats to those of

age- matched normal control rats .

Effect of Cilostazol on Sciatic Nerve Conduction

Velocity (MNCV).

As s hown in Table 2, significant reduction in MNCVs

were observed in diabetic rats compared to those in

age- matched normal rats at the 8th and 12th weeks after

STZ treatment (p<0.001). Cilostazol treatment significantly

increased MNCV in the sciatic nerves of diabetic rats but

they were not restored to the levels noted in

age- matched normal control rats .

Table 2 . Motor ne rve co nductio n ve loc ity (MNCV) of
rat s c iatic ne rve s at 8 and 12 we e ks afte r

s tre ptoz otoc in tre atme nt

MNCV (m/sec)

Group n
8 weeks 12 weeks

(treatment for 4 weeks)

Age- matched,
Normal control 10 47.5±3.4 a 51.8±4.3 a

Age- matched,
Diabetic untreated 7 30.9±3.2 31.6±4.4

Diabetic cilostazol
- treated 8 31.4±5.1 41.4±2.9 a .b

Values are means±SD. Statistical s ignificance was deter-
mined by ANOVA and Student's t tests .
The experimental conditions were the same as those
described in Table 1.
a p<0.001 vs . diabetic untreated
b p<0.005 vs. before treatment
n = number of animals

Table 1. Blood g lucos e , body we ig ht and cAMP conte nts of rat s c iatic ne rve s

Group n Blood glucose Body weight cAMP
( mM ) ( g ) ( fmol/mg wt )

Age- matched,
Normal control 10 5.9 ±0.7 a 376.0±11.6 a 93.9± 10.8 a

Age- matched,
Diabetic untreated 7 18.5 ±0.9 214.1± 7.5 62.6±3.8

Diabetic cilostazol
- treated 8 17.8 ±0.9 218.5±6.0 80.8±5.3 a ,b

Values are means±SD. Statistical s ignificance was determined by ANOVA and Student's t tests .
Eight- week- old, male Sprague- Dawley rats were divided into two groups: an age- matched, normal
group and a group rendered diabetic by administration of streptozotocin (STZ; 35mg/kg,i.p.). Eight weeks
later, the STZ- treated diabetic rats were further s ubdivided into two groups: one group consisted of
age- matched, untreated diabetic rats and, in the second group, the diabetic rats were treated with 0.03%
cilostazol in their daily diets for four weeks.
a p<0.001 vs. diabetic untreated.
b p<0.005 vs. normal control
n = number of animals
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Correlation Betwee n cAMP Conte nts a nd MNCV in

the Sciatic Ne rve

As shown in Fig. 1, there was a positive correlation

between cAMP content and MNCV in the sciatic nerve at

12 weeks after STZ treatment (r=0.86 ; P<0.001).

cAMP and MNCV in untreated diabetic rats were

scatterd in the lower left part of the curve and cilostazol

treatment shifted the data points to the upper right part of

the curve.

Morphological Finding

Morphological changes were examined in the sciatic

nerve by light and electron microscopy. In the peripheral

nerves of the diabetic rat, there was reduction in the

number of myelinated fibers and there appeared to be

more small fibers in the nerve when compared to

non- diabetic control rats . Myelinated fiber density and

size distribution were restored after treatment of cilostazol

(Fig. 2. a , b, c).

In electron micrographs, a thickening of capillary walls

and duplication of basement membranes in the nerves of

diabetic rats were noted. These vascular abnormalities

were restored towards normal after cilostazol treatment,

(Fig 2. c, d, f).

DIS CUS S IO N

The streptozotocin (STZ)- induced diabetic rat is the

most commonly used animal model of human diabetic

neuropathies . Early changes in nerve function are

characterized by reduced nerve conduction velocity in this

animal model3 , 2 2 , 2 3 ). Diabetic rats of eight weeks ' duration

s how a significant reduction in sciatic MNCV which can

be normalized by insulin treatment and near

normoglycemia2 4 ). Acute hyperglycemia induced by STZ

elicits activation of the polyol pathway with sorbitol

accumulation, myo- inos itol depletion and reduction of

Na+ ,K+-ATPase activity2 5 , 2 6 ). The decrease in myo- inositol

causes depletion of phosphoinositides, followed by poor

calcium mobilization and impaired protein kinase C

activity, eventually res ulting in impaired Na+ , K+-ATPase

activity2 7 ).

Thus, nerve Na+/K+ pump activity is reduced; fibers

become Na+ loaded, Na+ channels become inactivated,

and MNCV decreases. Decreasd Na+ ,K+ -ATPase activity

and motor nerve conduction velocity(MNCV) have been

reported to be restored by aldose reductase inhibitors8- 1 1),

dietary myo- inositol supplementation8 , 12 ), gangliosides, 13 , 14)

prostaglandin E1
15 )

, anti- oxidants 16 ) or essential fatty

acid17 , 18 ) in diabetic rats . Recent studies have shown that

cAMP levels are decreased in the peripheral nerves of

STZ- diabetic rats 19 ). cAMP is one of the intrins ic

intracellular modulators which regulates Na+ ,K+- ATPse

activity or the Na+/K+ pump in various tissues2 8 , 2 9).

Therefore, the possibility was suggested that increased

cAMP may improve MNCV by restoration of

Na+ ,K+-ATPse activity. It has been reported that cilostazol

increased cAMP content in the nerves of diabetic rats

and improved MNCV without changing myo- inositol

levels , and the positive correlation between cAMP content

and Na+ ,K+- ATPse activity was noted also19 ). In addition

to marked biochemical and functional abnormalities ,

morphological changes have been demonstrated in the

peripheral nerves of STZ- induced diabetic rats2 1).

As reported by other investigators , STZ in the present

study also increased blood glucose levels and reduced

body weights of the rats . In addition, the cAMP level and

MNCV of sciatic nerves were decreased by STZ as

reported earlier.19 Blood glucose and body weights were

Fig . 1. The correlation between cAMP content and MNCV
in the sciatic nerve of rats at 12 weeks
Eight-week- old, male Sprague- Dawley rats were
divided into two groups: an age- matched, normal
group and a group rendered diabetic by
administration of streptozotocin (STZ; 35mg/kg,i.p.).
Eight weeks later, the STZ- treated diabetic rats
were further subdivided into two groups: one group
consisted of age- matched untreated diabetic rats
and, in the second group, the diabetic rats were
treated with 0.03% cilostazol in their daily diets for
four weeks.
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unaffected by cilostazol treatment but cAMP levels and

MNCV were significantly increased compared to untreated

diabetic rats but were not restored to the levels observed

in age- matched, normal control animals as previously

reported19 ). This discrepancy may be explained by the

different strains of rats used to produce the diabetic

animals or by differences in the duration and/or the

severity of the experimental diabetes. Since rats with

STZ- induced diabetes were not treated with insulin, we

intentionally used rats with a milder diabetic state to

38

Fig . 2 . Light (a , b, c. × 400) and electron (d, e , f. × 5100) photomicrography of semi- thin
transverse section of rat sciatic nerves. Eight-week- old, male Sprague- Dawley rats were
divided into two groups: an age- matched, normal control (a , d), and a group rendered
diabetic by administration of streptozotocin. Eight weeks later, the STZ- treated diabetic
rats were further subdivided into two groups: one group was an age- matched untreated
diabetic rat (b, e) and the second group was treated with 0.03% cilostazol in their daily
diets for four weeks (c, f).
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ensure survival of the animals to the end of this

prolonged study. A positive correlation between cAMP

content and MNCV in the sciatic nerve was also

observed. Whether the association of a reduced cAMP

content with decreased MNCV implies the involvement of

cAMP in motor neuron function is unknown at the present

time. Reduced cAMP levels could modulate the function

of motor neurons and precipitate the neuropathic

condition. Clear mechanisms by which cAMP enhances

MNCV are unknown, but it is possible that an increased

cAMP content could affect cAMP- dependent protein

kinase activity, followed by an enhancement of

Na+ ,K+-ATPase activity in the sciatic nerve. It has been

reported that protein kinase C agonists normalized

Na+ ,K+-ATPase activity in the diabetic rabbit nerve27 , 30 )

and cAMP stimulates protein kinase C activity in cultured

renal cells3 1). In addition to various metabolic factors ,

reduced nerve blood flow, caused by rheological changes

coupled with vasa nervorsum microangiopathy, leads to

endoneural hypoxia of sufficient magnitude to impair

nerve function3 , 2 0).

Some experimental studies have reported that

hyperglycemia- induced blood flow reduction and the

resultant endoneural hypoxia were important factors

underlying nerve conduction deficits early in the

development of diabetic neuropathy3 ). The alteration of

nerve blood flow, accompanied by nerve ischemia in

diabetic rats , may be related to functional abnormalities3 )

and the reduction of Na+ ,K+- ATPase activity observed32 ).

Uehara et al3 3) reported that the anti- platelet effects of

cilostazol improved nerve blood flow, increased mean

myelinated fiber size and enlarged the lumen of

endoneural microvessels in diabetic rats . In our study,

STZ reduced myelinated fiber size and there appeared to

be more small fibers , thickening of capillary walls and

duplication of basement membranes in the endoneural

microvessels of sciatic nerves when compared to those

of the non- diabetic, control rats . The myelinated fiber

density, s ize distribution and vascular abnormalities were

restored after treatment of cilostazol. It is possible that

correction of nerve ischemia by cilostazol may res ult in

the prevention of structural changes also. Cilostazol is a

potent phosphodiesterase inhibitor, which increases the

cAMP content in the sciatic nerve of rats 19). Our study

revealed that cilostazol can elevate cAMP levels and

prevent impairment of MNCV in the sciatic nerves of

STZ- induced diabetic rats , functionally and morpho-

logically. This suggests that there is a relations hip

between the decreased rate of nerve regeneration and

the decreased cAMP contents , which may be a poss ible

pathophys iological link in the peripheral motor nerves of

diabetic rats . Cilostazol may be useful for the prevention

of diabetic neuropathies from functional and structural

aspects of its action.
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