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Abstract  Objective: To explore the effect of exercises on caudal nerve conduction velocity (CNCV) in
streptozotocin —induced diabetic rats. Method: Twenty —one diabetic rats induced by streptozotocin (STZ, 55mg/kg)
were randomly divided into diabetic group A with exercises for 8 weeks, diabetic group B with exercises for 4
weeks and diabetic control group C without exercises. Seventeen diabetic rats survived at the end of experiment,
which were distributed respectively in group A (n=6), group B (n=6) and group C (n=5). Twelve SD rats with
euglycemia were randomly divided into normal exercises 8 weeks group D (n=6) and normal control group E (n=60).
The exercises rats were forced to swim 60min/d with Sd/week. Body weights, blood glucose and CNCV in all rats
were evaluated at the points of baseline, the 4th week and 8th week. Result: Blood glucose in diabetic rats were
higher than that in rats with euglycemia (P<0.05). Blood glucose in group A decreased significantly after 8§ weeks
exercises in comparison with baseline (P<0.05). The CNCV were significantly lower in all diabetic groups than that
in groups with euglycemia and were significantly higher in group A than those in groups B and C at the 4th week.
The CNCV in groups A and B increased significantly beyond baseline (P<0.05) and to normal level as the groups
with euglycemia at the 8th week. The CNCV in group C at the 8th week decreased significantly in comparison
with baseline (P<0.05). The CNCV in groups D and E at the 8th week increased significantly in comparison with
baseline. Conclusion: Exercises training may prevent and treat the diabetic neuropathy.

Author’ s address Department of Rehabilitation Medicine, the First Affiliated Hospital of Nanjing Medical
University, Nanjing, 210029

Key words exercises training; diabetic neuropathy; caudal nerve conduction velocity

DR o 1 22 78 2 W PR i UL O R Il
PRIGAT 3 2% BE R 7R 2 8% 1) T 124 PR J8. 75 i 2
254 W8 PR A R il 2895 72 (diabetic peripheral neu-
ropathy, DPN) ) & 80, i 2 10 4E DL Ly & A
B DR A 28 78 R SR IR T 52 i 2B A7 S, TR
DPN Ay IR SN B Jek 5 5 i 8 0, 45 B
JE WL, e 5 [E R AR K294 86000 44 i IR &
R [N B R 50% 1 8 R A R R A Rl 22
o 748 1 RS 0 B AR A AR A SR DRt 3 T
B AT AR R R B IR R LR TSR MO LA
AL BT 25 W R 228 37 2510 )7 DPN (ER )7

A W, Balducci 452006 4T 35 5 I 4 28 995 75
S 0RO S5 9T R B I 46z 3l ) LA
Bii DPN 19 & A (H 2z sl 266 2 & A 1 ph 28005 728
SETAUCEE R MR DT R 5 4 R 2 50D
#HRT DPN Xtz shge 71 iy BR &1, i 5K 22 50k o84t
FESRCTE R IR A 0T A SRR 2R AR S B BT IR Ak

1 B R R R — ) B e FE & B 2, 210029
2 MAERR R R

3 i

TR WA AL T b B, L

Wk H 39 :2009-01-15



o B A R A 2k, 2009 4 ES 24 85 5 ) 413

SIE T, bR FARDA N OGTEIZ BhiR YT 4T DPN (1)
YERIE, 32 gl 75 BE 8 TR A1/ a5 DPN & — > Jf
AT BB & ZE A )l H A ARG 2 A 22 ) g
B0 1 G A8 b, T LAKS T 8 R A i i 28 1Y) SRR o R
12 Bl 28 AL S T EED) AR T S E Ao AG TN FE A 4% ik
£ (caudal nerve conduction velocity, CNCV) i1z
SIS B8 s R BRI 2295 2 1) T AR, AT
e PR J 3 430 22995 2 1) 3 2 16 07 2 AL BRI AR 5

1 #Mr5F*
1.1 s

12 JE s et SD KB, (& 5 250—300g, 1 L=
iy 3 v SE B S W A RS R AR L [ W HIEYS . SCXK
() 2003-0003], filF% T Fg 5t BERF K A 5L 5 3l )
L, AUV RTEROK 2= iR 202°C, A JE 65%—
70%, 12h W (8:00—20:00)/12h I (20:00—8:00) &
WG H K BRIORE TR % ) [ B AROK il b
G O 7 A sme, FiAA R R PR R R 1 S
HEASEG A L R AR e R R s
PR S HLE .
1.2 PRI R BRURSE 7Y 1) g 37

Y5k K (streptozotocin, STZ, Sigma A Al )
iz B8 55mg/ml 7 5% T 0.01M A9 # B iR 2% oh i b
(pH=4.4—4.6), ENPEMEFE 1 85 ,SD K2 K
12h J5 4% 55mg/kg T I 451 STZ,1 )5 #4787 2
Bt , 1 4 A (Surestep  Plus, Lifescan, USA ) Ml ffi.
B, 48>16.7mmol/L 5 1 72 A B PR KBRS 1 5 1l
W 2H R B0 591 = % 7 s i) 3 S5 0 3] 2 170 A 4 i V5
W o
1.3 & nd

SD KB 33 HElHL5 R IEH ML (n=12) FIB
PRIRZH (n=21) . IE % MUBHEZH 53 A 1E % X BB 20 (D, n=
6)MIIEH 125 8 JAL(E ,n=6), 1 Il 58 R s K
21 H BN BObE PR iz 2h 8 JE 4 (A ,n=7) HH IR
iz 3l 4 A4 (B, n=7) FUkE IR % B4 (C,n=7) , 5L
6 45 U I8 IMOBE 2 K B0 A7 TG, 8 b 41 K B
W17 H, 2 AHd6 L BHA6HMCYS
14 B3iFE

iz g 40 2R H Ploug? Il 45 7 6, # K ELE +
KT 50em, 7K 35°C 22 A7 AR o 2E AT JE 7 for I FH
wkiz sl , AR R 60min/d,5d/JF , FeLemta)E
W DR ALK B STZ 1 49 1 J8 5 B 1E 5 il Bl 41K
BT AR BRI RTE ST 1 S . A A& B D T 46
HLLZ ) 8 JH B Al BN T e SR 4 F, AR 5 JH

THhiESiizsh 4 J8,D A5 A iz shistaAH R, C A
E HATizdh, &bk REE Tz s iaiss, i
o B 58 I F) 520
15 fEniE

O3 T AR B 4 JR B 8 TR R AR
1 WE Kz CNCV 1k I ILH B35 & H A7 (Keypoint,
P+, Dantac 24 0 )il E KB CNCV, 1.5%3 2 b %
I I A T 55T (40mg/keg ) K R BRI | 8] 7 T 44 F- A
b R A E T R R A B 20mm AR (T ) | i Rk
FE A T ) A 100mm F4 il 1 B 5 Ak (G iy )
22 B 0 0l BT A L A U g A 3 S AN
247 20mm Ab il A AR AT S FL AR Y TP R L
2 A PR AR A, A F B O P IR Al ) i
i b 4l H Bk 4% 7 KRR S R S DR A IR EE
Easytem Z I Re£0 A R T E i 1 ) I R R R
JE R Jr i Ui B (R 5 7E 36—38°C.,
1.6 Ziit=aori

F SPSS13.0 Geit Ak dhAT Bt 7 Hr, 4 4 KR
KB AR EZE LR o RN R T5 220007, 7 22
FEI SR F LSD ¥ #E4T P FL AL, T 25 8 55 ISR H
Tamhane 5P W L3S, P<0.05 F#n2Z5A B &R
X

2 HF#R

TEARWFFEH ,SD KL 27 R4 T STZ {4+, Hirp
A6 FUMBEAIEbR , 8 IR K BURSE L  A5 1 T 2 R
77.8% . TEASMEGE v e T 18 M 0 9 R 2 A g 3 3L
PR IGXT R K BAE TS 2 B, IR 4 8 345t
T 1 R, BERGIZ 3 8 J& 4 K BUFE T vk VIl 25 i ¥ 4
1 RO &S558 A B .C.D.E 41453
HeH 6H5H6H6H,
2.1 54K RGEE BT WHT IS A9 B AR 1L

FLLERT A B.C AL AKFE&F DE4 (P<
0.05). A ZH55 4 J& i b b 90 R Bk 5, 55 8 JR
i F AR T R K (P<0.05), B 4H%5 8 JRI It i 3
TR HER TR EEE L (FE ),

£1 BAKXREHTHBGEMAEKT (vts ,mmol/L)

M sk ek o554 08 5 8 JH
A 6 23.40+1.61Y  20.25+5.70Y  14.98+6.30?
B4 6 21.30+2.43Y  24.43+1.88%Y  20.20+3.987
C4H 5 24.06+1.70Y  26.22+1.44Y  25.36x1.60"
D 6 5.38+0.33 5.58+0.37 5.77+0.29
E 41 6 5.52+0.29 6.12+0.88 5.38+0.36

D5 D.E 4 i P<0.05,25 H:4 L P<0.05
22 AHKEGZ ST E A E AR 1

FEL I AR RBAE R 22 5% %6 4 AR D
E 4K BUARE B B & FILOK T (P<0.05),A K



414 Chinese Journal of Rehabilitation Medicine, May 2009, Vol. 24, No.5

FUAH A 8 T C 41(P<0.05), 45 8 J&mf D .E 41k
Bl A 40k 22 I 2 189 0 (P<0.05 ) 1 BR 7 4% 4 1A 5 7k
KT IR H MBS 4L (P<0.05) (% 2)
23 HUHKEE TR CNCV 1451k

FELE I £ 2 E] CNCV 22 i A W E TR S, 26
4 JE BB PR 9 45 41 CNCV 2 0E % I b 40 5 35 T B#
(P<0.05), A H KR CNCV m T B.C4l, FHEER
TR K (P<0.05) , 1E 4 M BE 2H K B CNCV K-
By TR (P<0.05), % 8 I A B.D.E 4
CNCV i3 KT C 41 (P<0.05),If H ¥ & T R4k
F(P<0.05),B ZH K BUALES 4 JE I b 315 1t (P<0.05)
(#3),

F2 BEXRENFTHABEEENL  (v25.9)
a0 Sk ML 5 4 %8 1

A4 6 295.55+10.21 354.73+44.939%  357.42+68.84%
B4 6 208.77+20.76  332.65+25.23%  354.22+35.752%
CH#H 5 278.72+9.38  301.34233.55%  320.26+51.85%
D4 6 287.95+10.83  413.33+10.95%  495.30+13.68°%
E#4 6 277.10+26.46  407.97+37.80°  489.93+35.60°"

D5 C 4lIb# P<0.05; @45 D .E 4114 P<0.05; 35 3Lk [Li: P<
0.05;@5 4 J& H&: P<0.05
x3 BEXBRESsHhTFHaIEXRE

HMEEEREKTE (as ,m/s)
415 sk 824 9554 4 55 8 A
A 6 37.18+5.70  42.90+1.77V2%%  46.80+4.402%
B4 6 34.80+2.56 37.35£1.53%  47.60+3.3920%
C#H 5 37.92+3.25 35.66+1.33% 32.5422.04%
D4 6 33.35+2.18 46.78+3.93% 46.57+3.942%
E 4 6 35.30+2.29 46.55+3.30% 4773445429

D5 B 4lIb# P<0.05; @15 C 4l L% P<0.05; 35 D .E 4l L5 P<
0.05:@5 528 1L 45 P<0.05:0)5 4J8 L8 P<0.05

3 it

BRI A — A B 2538 i T A B 7 (), B
FHNBEAE WG I, k& iz shs ko as | B R B R
o B G K2 DPIN R PR o DL O RONE | 3%
A AT A R T RE Bk 5 B R Y 2R
JE T AR AR o P A ARG I AT AR 0 2 B A 485 A 114 £
e, AWFFEEE A R 1s s Zh] LUBE & 0l PR K R
1) CNCV, Xf DPN AJ LU 21 71 By F1IG I AR

STZ & 1) L) 23R 5 5L 90 sh W AR B — 3 (1)
K& ,Hoybergs 253 % B STZ 14 5t 5 14 H <300g
18 R Bl B I ] o 2 1 AR o g 4, {H R AE A >
300g K FRAR 2 B0 AR 8 1 1%, B 4l it A1 5 (R i
VU A B AR I I 3T R R, 3R IR R B0 AR IR
BRI B HRE STZ 1 [ IV 28 5 A5 3 B PRI i 455 784
(YL A A, R EE T R SE 5 3 ) B ACIR I
BRI, BRI A L7 PR A 23 X6 52 56 508 =74
SRE A A S 6 1o A v I R M 2 R K R R A
BEIR I K BARE 2R 4 AR g K py s, 56 8 M4

I A Ak S 3G 0 | $27 STZ Y S s % A5 i 3L 3h iy
PAEE B T R, T LA 4R E PR 3R 6 S 56 50k 11 5
H R W5 R BT KB BE T B, 12 B if 1 B A1,
Tl vz sh AR 5 e A= K, RUER G o JR 9 Xof
RKFIET: 2 H ORI 4 JHZ sh 58T 1 B BEIR
Wiz ah 8 JH A K AR vk VI 2R g st 1 H, PR st
5 25 SR A A S A R B 5T A Y

DR A L ) L 4 i b 25 S I A B 35 e
SC, WEIRGIZE 3h 8 A ALTEZ shE 4 JE i B0l A Ak
T R S S5 8 A R B L T S
1EH IR R RRUAH b 22 S 0 e S, IR s
B 4 R TEZ S5 4 )5 A TR, B5
BRI B ES, $ERi8 sh il Zh i B i b 1
FHUARG, 3 A R0 B T 4K 1932 3h I 25 ]
W PNFTEBCAECRT LG T o 8 8 JH \Sd/w I [z B
JEE 1 U U U 5 0 W PR R BRUR TR, R
HiZ 2 i (60min/d ) BE 2 il bS48 IR 2, /1N
iz ) i (30min/d ) F1 K32 2l it (90min/d ) 1 bR 55 21 24
ANREIRBTRYT ROR . AT R 1 60min/d, 5d/J& (1)
iz s RIT, BRI R RO K ARz 315
4 AR TR R R g, 12 25 8 JE i i 2
1%, #E— 25 T vz 2l Ui vk I 25 Y I B ROR
I FLREBE B ROR W] BE 52 sh A K JE A 2

A BESEHE 1, STZ 75 5 (1 0 R % K BU7E 20d
B 25 i3 CNCV (19 F B, O Bl 2 i 8 i ik — 25
TRET AT s IR KB CNCV 25 4 i85
1EH X PR L I S sAE AR 8RR 3 AR T LRk
S, B B (1 ] BBl d 2 AR — A 4 JE 22 A
PR, Bt s () 3 A 0 0 W PR 32 3 8 ] 4 KRR
TR D)5 G AT s Sk, R UL TE A IR
JE Bl A 2806 78 G oK & 2k Z PRk S T s s T, a8
N 4 FEE CNCV 5 3R T 1E 5 0% 25 (H 25
FHERARZ s R, 12 305 8 R CNCV 5 1E %
MR K BTG 22 31, B I IR A #8528 3h il
Al DL TR RN AE 28 OB RS AR AW AR kA S
Balducci 2554 18 /9 K 30152 sl 2k 7T DL ol 3% % R
J A2 AR B AR R R, BT
Balducci 3 $ A9 J2& JC #2895 78 305 52 A0 8 DR 0 1B 3,
A WF 5T A2 shill Zxd 2 B 2205 48 HOE R YT
YERT, I FRATT B T HEIR 12 3 4 20 7E 05 IR e
KRG R ) R Ak Se i 5% 4 8, SR Rk pTaE sl
Yo G5 WIORTEME RN TS 4 BT CNCV #IE &
MR B B BRAIG, 50 PR O o) IR A b 25 S W
MR R LT A B 2R AR ) 4 S
BT 4 MBI g, KB CNCV I kst | w22 /%



o [ B R A 2k, 2009 45 24 L 48 5 00 415

S I TR R B AL, T S R IR A2 B 8
A IS, Bonis shill gxt © & Lk i R s #h 28
7 725 R AE T DA BB 3Ry T VE T . A 9T & 30
JLEE ) A B L B 22 % T R R Y 40%
LAy, LR i m ,6—14 % 35 KM AHESY
i IEE X AL CNCV FE5S 4 JF RS 8 JRI B i
Bl HEI AT B S O B A K & B A O AR B
Tt — W UESE

5| EBE IR 2 AR W AR HLRI A IR 2, B
LRGN N FE B FAEALN L (oxidative stress)
SR 2T Re R, FATT I FI 5T Kk RS R
K BT A Bl 2275 9 NF—kB 3% 1k 5 3 5 T A6 R s
FR, o BRI 5 2 5 sl I 2 340 RE A 0 o R A
PRI R B NF-KB 16 M S s Bi IR KRR 5 Tk A=
Ji B 22 1) S A R 7, T T DI R LA R PR
95 K BT AR A 2275 9 NF-KB 7% 1E09, 5 H & LAk &
JH 3%z I 2kl DL g R R B S L Cu/
ZnSOD mRNA ik, #& & Cu/ZnSOD B I 1 ,Cu/
ZnSOD JE:Mi 7L sh ¥ Ik i EZ bR ALY, 255
ARSI EE R Rz sl G I FA T R 42
I 22 (AL T RT BE 55 8 LR 1 S0 Ak IR 6
BRI LASE W R s A 20 78 1 el 3 2 5 3 A7 A At
P aniz sh 2 52 B = N F T E S, A1
E— 5T

4 Z5it

DR ) [T A 28 728 S — A~ 52 A 1) 1 P i
T AT R T AR BRAR BR AR Ry pif 28 WSR3
WEE T 18 3T 4 &A1 8 J& i B IR i KB CNCV,
45 S 7R 38 s IR AS B AT LR 4 DR K R A 280
AR A T ELXT B & AR B e R 2 AR kS B YR
STPER . ARS8 45 T I PRI JR Wl PR s i) 16l ot 28 95
AF ) is BIE T SR AL T IR AR

Sk

[1] Késtenbauer T, Irsigler P, Sauseng S, et al. The prevalence of
symptoms of sensorimotor and autonomic neuropathy in Type 1
and Type 2 diabetic subjects [J].
2004,18(1):27—31.

[2] Vinik A, Ullal J, Parson H.K, et al. Diabetic neuropathies:

Diabetes Complications,

clinical manifestations and current treatment options [J]. Nature

(3]

[4]

[5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Clinical Practice Endocrinology & Metabolism ,2006, 2 (5):
269—281.

VIE AT R BR A, A 2 O R it 28955 718 1 R o 17 L 5
AR ZA AL )] PN, 2003 , 42 :868—869.
Said G. Diabetic neuropathy —a review [J]. Nature Clinical
Practice Neurology,2007,3 (6):331—340.

Balducci S, lacobellis G, Parisi L, et al. Exercise training can
modify the natural history of diabetic peripheral neuropathy|J].
Journal of Diabetes and Its Complications, 2006, 20: 216—223.
AR TE A SE . BRI R 20 4% < 32 8 5 SR A O 5[], R
AR PR 2R ,2004, 19 (2): 156—158.

Sullivan KA, Hayes JM, Wiggin TD, et al. Mouse models of
diabetic neuropathy[J]. Neurobiology of Disease, 2007, 28:276—
285.
X% T8 VLA ST R 2 A2 A AR TR) 50 B 1A T 32 3 % DR s K B
HOUL GLUT4mMRNA K IA M52 0 [J]. +h [ BE & B 2% 2 75, 2005,20
(4):244—247.

PN K e, B0 A . 32 3l X B DR K SR I 98 3R K 15
W[ Ho e 3 5 2 5 B O 2 36,2001, 23(5):261—264.

Ploug T, Stallknecht BM, Pedersen D, et al. Effect of en-
durance training on glucose transport capacity and glucose
transporter expression in rat skeletalmuscle [J]. Am J Physiol,
1990,259 (12): E778—E786.

Zotova EG, Christ GJ, Zhao W, et al. Effects of fidarestat, an
aldose reductase inhibitor, on nerve conduction velocity and
rats [J].
Journal of Diabetes and Its Complications, 2007, 21(3): 187—
195.

Engelgau MM, Narayan KM, Saaddine JB, et al. Addressing

the burden of diabetes in the 2Ist century: Better care and

bladder function in streptozotocin —treated female

primary prevention [J]. Journal of the American Society of
Nephrology, 2003,14:388—S91.

Hoybergs YM, Biermans RL, Meert TF. The impact of body-
weight and body condition on behavioral testing for painful
diabetic neuropathy in the streptozotocin rat model [J]. Neuro-
science Letters, 2008, 436(1): 13—18.

TRANE, 2507 B 0—14 /N LIRSSl & 0 2 S O hR()]. hAe
JLARH R ,1995,33(1):19—21.

Vanotti A, Osio M, Mailland E, et al. Overview on Patho-
physiology and Newer Approaches to Treatment of Peripheral
Neuropathies[J]. CNS Drugs, 2007,21(1): 3—12.

AW T A S b WL 5 T S I 2% STZ 75 5 s K B 75
HR A2 5 9 NF-KB 3% ¥ 09 98 15 R T [7]. B B & I A e
2005,20(3):176—179.

T #h, 14N, B0 I RLZ s #0620 BRI R R
WL Cu/ZnSOD mRNA £ iKAI M [J]. o B B2 2GR,
2006 , 21(5):393—397.





