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Role of Nitric Oxide on the Neuropathic Pain
in Streptozotocin-induced Diabetic Rats

Jin-Jung Choi, M.D., Byeong-Hwa Joen, M.D., Seok-Hwa Yoon, M.D.*
Young-Ho Lee, M.D.f, Moo-Gang Kim, Ph.D,T, and Kwang-Jin Kim, Ph.D.

Depamnents of Physiology, *Anesthesiology and T Anatomy, College of Medicine,
College of Veterinary Medicine, Chungnam National University, Daejeon, Korea

Background: It is controversial whether the change in nitric oxide (NO) expression in the dorsal root
ganglia {DRG) may be responsible for developtment andfor maintenance of painful diabetic neuropathy.
The aim of this study was to clarify the role of NO in the pathogenesis of painful diabetic neuropathy.

Methods: The effect of L-nitroargine methylester (L-NAME) or sodium nitroprusside (SNP) on allodynia
was measured in streptozotocin (STZ)-induced diabetic rats. NO concentration was measured in the
cerebrospinal'fluid (CSF) and plasma of the diabetic rats. NADPH-diaphorase (NADPH-d) histochemistry
was performed on the DRG and spinal cords of the STZ-induced diabetic rats.

Results: L-NAME, an inhibitor of nitric oxide synthase, alleviated allodynia, while SNP, a nitric oxide
donor, aggravated allodynia in diabetic rats. Plasma NO level in the diabetic rats was significantly de-
creased compared with control rats. NO level in the CSF of diabetic rats did not differ from that of
the control rats. NADPH-d positive cells were decreased in the DRG of diabetic rats. However,
NADPH-d histochemistry in the diabetic spinal cord was not different from that of the control rats.

Conclusions: Downregulation of NO expression in the diabetic rats may not be causaily related to
the development andfor maintenance of painful diabetic neuropathy.

Key Words: Diabetic, L-nitroargine methylester (L-NAME), Nitric oxide, Sodium nitroprusside (SNP),
Streptozotocin
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Table 1. General Characteristics of Control and STZ-in-
‘duced Diabetic Rats

Control Diabetic
n = 15) n = 15)
Body weight (g) 469 + 16* 295 + 0%
Systolic blood r
ystolic blood PresSure 1100 + 24 1136 + 34
(mmHg)
Heart rate (beats/min) 344 £ 6 337 %9
Blood glucose (mg/dl) 109 + 57 445 + 16"

All data are mean £ SE. Systolic blood pressure was
measured with Tail-cuff methods.
*,TStatistically significantly different (P < 0.001).

2, ANl e L-NAMEe] &jsle] dakiz) ¢
grev} (238 * 32% vs 175 + 37%, P = 0.25) %
LAl A FoletAl ZLSUT (580 £ 77% vs
440 £ 93%, P < 001). =3 33z ATl g
FFL F T 2504 L-NAME Fojo]| 2jsjo] o
skubz] okokrh (125 * 3.7% vs 150 * 50% for
control rats, P = 0.6; 560 * 49% vs 52.0 = 9.0%
for diabetic rats, P = 0.66). L-NAME ¥o0jA] 3}¥H4
ZAel] 98 FFub-3o] FAislA g AL acetone
o7 whilehg 258 o) 39F A4S g acetone 7]
2 Q3 YalFo] FAl stalA 55 e #
&7 2 JehdA g2 Aoz s A 7]H
ik Adg A7 Hasih

NO donor¢l SNP (0.3 mgkg)E E70 Fsix
Zeld A% 9 3oy Aol % EF9) WE
2319 vhFig. 2). Fig. 20 SA1% ulg} Zo] SNP
£ B Foldh 308 Fol EElF AFel A F
Zo] wdE Y Az, AHA 9 Fxrwe)
A BF SNPFolol] gfslo] FFo] fo3Al S7HH
Ar}(33.8 + 65% vs 47.5 £ 6.2% for control rats,
P < 0.05; 466 * 50% vs 67.7 £ 5.2% for diabetic
rats, P < 0.05). =3 Lol 3}3tE 2SSl
A3 FF L SNP Foioll ojzied foldt FULE R

100 M Basal
1 L-NAME
~ 8041
S e
Lo
s 604
g
@ 40
hel
=
gl i i
0 T T T T
MC MD cC CcD

Fig. 1. The changes of paw withdrawal responses to von
Frey filaments (mechanical test) and acetone (che-
mical test) 30 min after intraperitoneal administra-
tion of L-NAME (20 mg/kg, ip) in control (n =
5) and STZ-induced diabetic (n = 5) rats. Error
bars represent the standard error of the mean.
*Statistically significantly different (P < 0.01).
MC: mechanical test in control rats, MD:
mechanical test in diabetic rats, CC: chemical test
in control rats, CD: chemical test in diabetic rats.
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Fig. 2. The changes of paw withdrawal responses to von
Frey filaments (mechanical test) and acetone
(chemical test) 30 min after intraperitoneal
administration of SNP (0.3 mg/kg, i.p.) in control
(n = 5) and STZ-induced diabetic (n = 5) rats.
Error bars represent the standard error of the
mean. *Statistically significantly different (P <
0.05). MC: mechanical test in control rats, MD:
mechanical test in diabetic rats, CC: chemical test
in control rats, CD: chemical test in diabetic rats.
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Fig. 3. Concentration of NO in the plasma and CSF of
control and STZ-induced diabetic rats. Nitrite and
nitrate (NO»/NO;) levels were measured with
modified Griess reaction. Nitrate was converted to
nitrite using nitrate reductase. Error bars represent
the standard error of the mean. *Statistically sig-
nificant different (P < 0.01).
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Table 2. Comparison of NADPH-d Positive Cells in the
DRG between Control (n = 5) and STZ-induced
Diabetic (n = 5) Rats

Control Diabetic
DRG 834 + 7.6* 32,6 + 59%*
Spinal cord 142 + 35 127 £ 4.6

All data are mean + SEM.
*Statistically significantly different (P < 0.001).

veld #Ae £ AgolA A Aw, A4z
o A% 8% Eokol o 134 53 A4 AN
of MhE £ 74l UR HE EE AEdE WT
o2 gaubge] Uehgrn Rk,

Sl UEhhs $33 9% 9 "5
o NOFES] FAE LoluuA w3 Fig. 3ol
EAE ule} 7ro] HAruRA L] ¥zl 7 Hg=eHe] NO
25 Z7b 201 £ 2.1uM, 3.0 £ 02 uMe]glon,
el oA Z+2; 134 £ 1.54M, 3.0 £ 0.3pM2

24 BgxmAe] 8F NOFET B4 vlsto
ot FolZ ZAFFoVHP < 001) HeHe] NO
S8 f93 X7t ggie

A4+ L5 DRGo|A&= NADPHd =2]3}e} oA 27}
Uiz A} 844 + 7.67001¢90F, BxF L5 DRGeIA]
SEANE 7} 326 £ 598 Zr&slglcHTable 2,
Fig. 4A, 4B)P < 0.001). A4 L5 < F7oll4 NA-
DPH-d z;_q:‘g;}:b‘l- o]:Hx-“Ey], Zéii:]d— 3‘3—71'- 142 = 3.5
APer, a3 L5 Hg FHAE HF 127 *
4.6Mz AU ZTH o3 Zolrt glirt

ok’ do

r1r

M3k

a

Aol Bu4 $5A NOS AL P4
28 S3A7IE, NO donork FFE AN
Helsteln, BuuAdd 8% NOFEE A4h=
Foll ulsto] 4%} Sgieh DRGelAY: NADPH-d
nNOSS] #4o] ZAEHlT, AFelAE NO ¥
M7k e Halstsle

NOL AAALIA Bold ABAFEARA A%
ZEQe) Aol A % B gyl A
t}. 22 So] NOS9 A 7}A] o} (nNOS, eNOS B
INOS)H WA T o5 #AA ° obvlxAt Aol

03"., J{N



16 g-E533]x] 4 148 A 1.3 2001

Fig. 4. NADPH-d in the DRG and spinal cord of control and STZ-induced diabetic rats. A) and B) The number of
NADPH-d positive cells was decreased in the DRG of STZ-induced diabetic rats (B) compared with controls
(A), X 200. C) and D) There was no significant difference in the number of NADPH-d positive cells in the
dorsal horn of spinal cord between control (C) and STZ-induced diabetic (D) rats, X 100.
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