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Establishment of type 2 diabetes model in rat with peripheral neuropathy and detection of indicators
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Abstract: Objective To establish a rat model featured peripheral neuropathy associated with type 2 diabetes mellitus(T2DM).
Methods 44 male SD rats were divided into normal diet control(NC) group,high fat diet control(HC) group and diabetes mellitus
(DM) group. High fat diet plus small dose streptozotocin(STZ) were used to induce T2DM. 8 weeks after inducing,nerve conduc-
tion velocity was detected by neuroelectrophysiology testing and morphology changes in sciatic nerve were detected by electron mi-
croscopy. Results 8 weeks after inducing, part of rats were coincidence with diabetic neuropathy, with lower sciatic nerve conduc-
tion velocity(P<C0. 05) ,and with apparent pathological changes such as demyelination. Conclusion High fat diet combined with

small dose STZ could replicate the rat model with progress similar to T2DM of human. The model could be conducive to causing pe-

ripheral neuropathy,and could be used to study the pathology mechanisms.

Key words: diabetes mellitus,type 2; peripheral nerves;

PR 95 (DM J2: [ 52 38 4 W6 S5l B R (0 8 5 3% 7 FH ikt B
JIt 512 DA e M P Bk K Ak 5 0 06 0 N R AR
K AE A AR R . R A R Tt 2 BB R % (T2DMD
JERCH WL DM A — RS RS B AN R RS 2 i
AR DY v R A 2RI L 3T R R S AP OG . W IR R T
M 295725 (DPND & DM L 48 4 I & 9E 2 — , ) 5 S50 38 5t
o I, L E N R O R o B w DL N . 2
Wi 3597 DPN ] Bl it MR R R 38 4R W B AR FR 3R I
ERFEATE R, AR AE DM R0, F8 B o 22 0% A8 gk 2 A
HA S, {E AR b 2 1) B8 R R A2 BT R e e 2R B SR
B, S BR3P B RG R A B 9T DPN B 143 T 89 2%
SO, HATZ R DM BERIE ST AR S5 5 % 4 IR 4 T % (ST2)
W25 W64 o RS ) R 8 5 T2DM. T J] B i 28 5 78 K BB 280
R 228 T A8 5 ol 22 B0 1R L0 45 T R B B T S B
1 #MRE5FZE
L1 Mk IETERMEME SD R 44 H,7 JEES IR R (186
3D g; ML A 3 4 EH X B (NC) 4L 6 L, 3% 3 47 b 0 35 5 75
JEXTECHC 2 8 H . i g i B 5% s DM 40 30 H, = i 4l e it
Fr o SD B U 38 1R A} R i B AR RE 4 f DY 1 R 2 AR T R A B
TR B YR

L2 {50 B4 B s 400 o R E S

PEFE TR B » 0 AT Y 1 00, 258 IS RO 52 38 S e 22 T

neuroelectrophysiology;

microscopy.electron; rats

%) ,STZ(2 [ Sigma), bL-420F 4 4 1 i 52 1 2 55 O #6 %8
) H-600 IV B E G (HA H D,

1.3 Jr

1.3.1 T2DM g A HI/E KBS IR Al STZ P25k
il /E DM A RILTS S 5E Ry P R R 2 JA, MR AR R R 4 R
STZ W& &5t 7 5 24 25 mg/ke, 2 JH )5 5K B 6 3 ) STZ,
F i 40 mg/kg; HCONC 21 3 5 6] 55 & FAr 45 R 2% v i .
72 hJE I W A AR T 16. 7 mmol/L Ky B ARAE
1.3.2 AEMFIEmRA G 2R ERN R 8 AG,
3.6 0 /KA A 2 mL/kg JE IR T 5 R B TF K BUA R B
S WL 2 UL 22 TR] 1 B 0k I 98 TG JUL 2 TR0 AT i 44 4 B 2 8 At
£, ok BL-420F A W) AL AE S5 3 & 48 31 LI bl 28 5%
B i 2 T 2 Ay % S R T R A T A M & T Bl
i B 0 S50 IR HOK 5 mV, B[] 0. 01 s, F:5
kHz, F3 283 B an iy e, 07 = B0 8, ZE /Y 100 ms,
P58 1. 00 ms. P EIFE 10,45 % 10. 0 Hz, 38 1. 000 V.,

1.3.3 AEHMABESFmIN KEMREASE, 5 5 70 A
P23 00 150 I T 0, 106 DU AR A B T [ TR R R K
Epon812 A3, 2 U] F ot 2% %€ A, 88 W10 1 J5 I 1R il S A
15 mR 4 WU ety , H-600 TV 28 3 5 Ry B LS, 3% .

1.4 Seit2esbs SR SPSSI7. 0 Ge it 844 40 At . i1



2 . Efra i E¥4%5 20134 1 % 34 %% 13 Int] Lab Med,January 2013, Vol. 34,No. 1

BERHA T s o8 L & AL BB BCR B B R 2 O 25 43 A B4 B
I H 5 2257 R SNK 5 5, 5 26857 & A Dunnett T3 J7
2 BEMER I KUE R «=0. 05,
2 4 )
2.1 — RO NC.HC AR RA K RIF B Es K,
5 NC it H, HC 41 K BLU7R B & 39 K 8 P (P<<0. 05), DM
AR RAETES STZ Hi (55 6 JH) M B &t 7R K B e, i 4 STZ
S B K B S R BT NC 41 (P>>0. 05), I3 1, mifs
BB B AKOK SRR BB PR A I T L B BB R &
6 R T S8 4 DM A G E AR

x1 ESHAXBRERETK(g,7L5)

51 %14 5 6 i 5 16 JH
NC #4 183440 329452 41840
HC 4 214+32 404+50" 49866
DM 4 198440 31949 45244

"5 NC 4R R I ) f7 8. P<<0. 05,

2.2 IUBEIE SR A& AR BUL AL o KT G LD TSI
2 EF(P>0.05), {4 STZ )5 72 h(5 6 Ji) H 2 L5 45 1
(5% 16 J&) , DM 4 Ifii # /K - T NC, HC 24 (P<C0. 05) , NC,
HC AR L4 2¢ 25 (P>>0.05), ILk 2,

®2 EAARDENELR(mmol/L,zts)

415 41 55 6 )i 5516 )4

NC 4 6.750. 37 6.5040. 54 6.551. 19
HC 4 6.68£0.73 6.66+1.05 6.5840. 65
DM £ 6.4840. 86 19.9546.80"  19.64+6.05"

* 1 5 NC 240 [ i [A] 05 L 4%, P<<0. 05,

2.3 DM.DPN KBS R ZIET- R DM 4 RR 30 K,
H Al R BT 2 R, SR g STZ R 28 R, {E4F STZ )5
FET- 4 HL R 14 L Jf % DPN KR 4 2. DM il DPN A

RRIET-RILE 3,
%3 DM.DPN KRR EERERIETE
4 STZ T A MR TR
2 5 n
(n) () () % %
DM %4 30 28 4 14 58.3 14.3
DPN 4 14 14 0 4 28.6 0.0

2.4 BFHE SR FHEIERWAE R FE S FE
DPN 41 A i 2 T 3 ff B 6 9 BE R T NC 41 (P<
0.05) 1l FIC 41 DM 4115 NC 411 T4 i2 % 5 QLI 1

40
X o
o _
ﬁ?, 20 -
=
& 10 *
R

0 b T T T

NCZE HCZR DMZE DPN4H
483

* L HHA A& 4L 4R, P<<0. 05,
1 EEHXBRLEHETHEBUEEREE
2.5 HEERELR  NC 4K A §E fh 2 2F 4 6 b mal 0L

22N IR A I A LI A R RO T L R A A A e BRI
ARTA] T o B8] PR A2 AR 5 4 L i 2 T R Y 3 50 AR
2L WU 2L VBRI T TRD A B R B /i . DML NC
B AL, DPN 2 40 1fiL 45 Py B2 i ik 48 A A B o
ST HEBRSE 5 B R AR 0 B RN — PR IR B
MEAEAR Mz 223 2 (WLE 2)

Q%

A:NC 4 ;B:.DM 4] ;C.DPN 4,
& 2 BHXRLBHIBEEINE( X5 000)

3 it it

DM & 93 2 AE B8 1, T LA AT i 988 ARG 1L 78 95 99 1
B RAEREATS . 2010 4F 3 H 25 A U B E kR
TECH g 2 2 B MAT R R AL R R, P E 20 &2k
ABE DM R R 8 9. 7% . DM RT3 s R S 15, 5%,
T2DM J& % WL DM 255, T2DM B 5% & W 78 DM (1 06 4%
AR S N R B AR B T2DM 52 56 3l 49 85 2 I
R#AT T2DM HFE I REH T Z —.

DM & il #5 B 50K 43 o S Ik L B kT R PR R )
B DM gl P BT A 3 A P55 5% 2l g 455 R b 8 T kAT
A FRER B B, B kM Eh WA R 5N 2 A8 R AE e
o, 07 P A R v AL TR SR U /0 L A B B L R 3R B BB AR A
BRI G R S R DR O A R R A Ok
A4 1D B3k A TR Ak 2% 75 e 700 49 0 % 4 L 5 L H o S o R 4
A 7 B R [R) B EL A & 0 R ) 3 5 B R R T R — B AR
ST BNz BT

STZ & Hui# b FHSHZ —, AL KA STZ W4
WA R AR LS S T2DM B, 72 h 5 A6 D 25 1 1l B 3% {8
7 19. 95 mmol/L, K T 16. 7 mmol/L, JH#i % 58. 8% . & S 4
LEH I 349 B 19. 64 mmol/L. 5B F NC,HC 41 (P<0.05),
27 RS DM R BUAE R B8 BB T2 R AR 14. 3%, B 1A
HiZ kSR DM R AR A BB R E A HRE R R 5
FANBF 5T 45 SR — 5o,

DPN & s AL 1 1 7 3 A& 5 38 3 oA O 5 0 1 B 25 VDA O
ASH R STZ i3 09741 T2DM K BRUAE 8 Ji i i Bl & 4%
5 R IR B ™ 0 G B A O A Ak, 5 2 BRI T 45 R —
o UL STZ 59 DM oK U AL v 3 & o DPNL /]
T DPN A0 % L 5 052

&% ik

(1] # K E. Joslin IR [LMI. db s AR TUA: HiRAL . 2007338,

(2] BFE3E, phmg . WARREIMI. dEat: AR LA W e, 2008 . 770.

(31 gkoucAfy. 4 RO B LT B A AR 2 B2 i 28 K PR e L0 ). | B
Iy P2 235 ,2012,33(10) - 1177-1178.

(4] E&FME. M7 UAIL-6.hs-CRP.Lp(a) /K ¥ 5 2 BUAH IR G J H 9
AT S AL [ PR 5 B 24 R 7, 2012, 33(14) 1 1760-1761.

[5] Cotter MA.,Jack AM, Cameron NE. Effects of the protein kinase
C beta inhibitor .Y333531 on neural and vascular function in rats
with streptozococin-induced diabetes[ ] ]. Clin Sci(Lond), 2002,
103(3):311-321. CREE 5 50D



E b E¥2%5 20134 1 A% 34 %% 13 Int ] Lab Med,January 2013, Vol. 34,No. 1 e 5 .

A FEARBF I A AR UESE TR A5 E . WIT A S R A
TGF-B, FiXKFERA G2 E L (P<C0.05), UL T H
I AUk TGF-8, M 7E L H ¥ 7T 8 4l BMP-7 K %
KT R A B4 A WF 52 41 (P<<0. 05) , $2& 75 W& 7T 37 A fe {2 ik
BMP-7 #ik,

BMP-7 J& HA B WE 4% 97 2 /8 /9 40 0 87 . A R A /0 BR
U AT AR R R E LR T, BMP-7 33k 0 2
TGF-B, 512 B 4F 4k (g — Fp T EL ALK . BMP-7 £ %50 52
FEPL TGF-B, 1M 8 0 240 22T 4 b, % 5 48 5 0 A9 £ 9.
BMP-7 7E B IE R A VR B T 4 e B T R e v R 5 T AR
F B 4028 BMP-7 b 5 0 /NG ) R 2T A A 0 kA A e
A5 A AL B4 BMP-7 K S T X B8 41 (P<<0. 05), IR
ViR 18 1 B 3 08 S 3 BMP-7 JK A% . B B BE 4L BMP-7 5K
- B AR T X RR AL AR B S TR AL A RS TT R AL 4R R
FEA{EYE BMP-7 ik . ASBFIT 45 00 WoR & T3 B R ]
R 1 ZE s AR /N B, BUNL Cr I JR 3B H K B8 TT 357 16
Fb R RS R L AR TV VTR RT A ) TGE-B, 263k T 5 o
MEARAL AT ] TGF-p, 223k, w2 #f BMP-7 ik, &M
(R EMERTRON $- 35 J= R R iEad F A (o RN € 1l i B
TE S B %2 R BT 2F 2 A0 AR A B AL 55 00 ) 41 213k % TGF-B
MR BMP-7 2356 XK.

s ABER T 89 PCR & 7 48 4F i 7 K 5 AW 4048 W
BY %A 4% o B

S & ik

(1] BRZFESC SRR R A, 18 B e sl (M. db s op [ b B2 25 B
Ji AL, 2006 :160-162.
[2] Sato F,Narita I,Goto S, et al. Transforming growth factor-betal

gene polymorphism modifies the histologied and clinical manifes-

tations in Japanese patients with IgA nephropathy[ J]. Tissue An-
tigens,2001,64(1) :35-40.

(3] BRTF &, 40 25 SO, 45, I8 2 ok 3R 6 A i 400 36 00 08 42 1 /D 3R
BE AL AL BRI LT, P B 25 35 1998, 14(3) £ 139-142.

(4] K35, 95 s, SRR, 25, B /0N ) o 21 Ak Ak i A 2R HLBRLT ]
HNEE 2 AR RS 5 WE.2005,25(3) :419-422.

[5] Wang S, Chen Q, Simon TC, et al. Bone morphogenic protein-7
(BMP-7) a novel therapy for diabetic nephropathy[ J]. Kidney
Int,2003,63(6) :2037-2049.

[6] Wang SN, Lapage J, Hirschberg R. Loss of tubular bone morpho-
genetic protein-7 in diatic nephropathy[J]. J] Am Soc Nephrol,
2001,12(11):2392-2399.

(7] Bbk, B 8 i -7 £ B 2F e b b g fE LT DL Tt B2 A
K2R 2006,27(3) :225-227.

[8] Brabcova I, Tesar V, Honsova E, et al. Association of advanced
vasculopathy and transforming growth factor-betal gene expres-
sion with immunoglobulin A nephropathy progression[ J]. Nephrol
Dial Transplant,2011,26(2):573-579.

[9] Boor P.Floege J. Chronic kidney disease growth factors in renal fi-
brosis[ J]. Clin Exp Pharmacol Physiol,2011,38(7) :441-450.

[10] Tossidou I, Schiffer M. TGF-3/BMP pathways and the podocyte
[J]. Semin Nephrol,2012,32(4) ;:368-376.

[11] Veerasamy M, Nguyen TQ, Motazed R, et al. Differential regula-
tion of E-cadherin and alpha-smooth muscle actin by BMP 7 in
human renal proximal tubule epithelial cells and its implication in
renal fibrosis[J]. Am ] Physiol Renal Physiol, 2009, 297 (5)
1238-1248.

[12] SRBF3E, F 5B ik, J8 b, 55, 'V 5 BT 1) BT 21 2 4k 19 <2 36 OF 5%
LI b B rp g R 45 S B Ak 35,2003, 10(6) : 344-349.

Wi B #7:2012-07-18)

(LHESE 2 7D

[6] Brussee V,Guo G,Dong Y.et al. Distal degenerative sensory neu-
ropathy in a long-term type 2 diabetes rat model[ J]. Diabetes,
2008,57(6) :1664-1673.

[7] Srinivasan K, Viswanad B, Asrat L, et al. Combination of high-fat
diet-fed and low-dose streptozotocin-treated rat:a model for type 2
diabetes and pharmacological screening[ J]. Pharmacol Res, 2005,
52(4):313-320.

[8] Mperse. EUBR, £ 5l 55, 2 RUBE PR BN A5 84S A () g 7. J AH ¢
FEFRIHTLIL. I R 22 v 2 B2 2 35, 2009, 18(5) - 270-274,

[9] WEAE, WM BB 55, PR TP I R 48 G iRy LML dbat: A
B A AL, 20020 1-7.

[10] Yang W,Lu J,Weng J, et al. Prevalence of diabetes among men
and women in China[ J]. N Engl ] Med, 2010, 362 (12): 1090~
1101.

(11 Mg, S, . 2 BB DR sh A BT S Mo [T ). BE A2kt
2011,17(6):905-908.

[12] X085 0 A0 . 2 B0 PR oK BB 8 Ay e 5 B pP i LT 1. b [ 52
TR ,2010,16(12) :212-214.

(18] ZIHWK. £&. B R R F. AR 2 BB R Gt 28 3l 4 154
FEMEBLLT ], b 2 58 7 ) 27 4% . 2010, 16 (6) : 267-271.

[14] B0, B2 R AL, 2 BURE PR S BT B S A 0L [ . A

% 1 2 B 242 - 2009, 11(6) : 783-785.

L1570 20, il 5% <57, 4. 1T B0 IR s 3l 9 A5 B0 1) F 5 gk JRe 7). 52
B3 5 PR ,2009,29(1) :66-70.

L16] Phmed5 . B4 53, WRIE , &5 = M e IR AR 6 o B PR A T 3% 2 7 52 3
PER B 2 M PR A5 R0 [T 1. p o B2 B K 2 %4 4, 2009, 29 (6)
797-806.

L1770 sHed, SR BEPRHE L 5. 2 RO B s R FRUASE 280 1y s 7. B L i
LI 1 PR AN 52 38 P2 27 2% 35, 2009, 8(4) + 5-6.

(18] BREL. B2 S0 S 4y LML U« DU 1 RE 2 R i At . 1998
348-349.

C19] XURRT, £ A IR R BOR B s R R e A 5E [0,
WA ORI BE R R A 2 . 2006, 40(4) 1 272-274.

[20] Wu Z, Mata M, Fink DJ. Prevention of diabetic neuropathy by
regulatable expression of HSV-mediated erythropoietin[ ]J]. Mol
Ther,2011,19(2) :310-317.

[21] Himeno T, Kamiya H, Naruse K, et al. Beneficial effects of ex-
endin-4 on experimental polyneuropathy in diabetic mice[ J]. Dia-
betes.2011,61(9):2397-2406.

[22] BE7KCHE L JUT S8 PR g Jrg 2 Jo0 B Aot 222 728 O B 486 /00 1B I 4 M
Toll B2 44 3 A2 AT, A I AR BE 2% ,2011,18(3) ; 284-286.

(e fis H 3 :2012-07-28)





