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[ Z] Bey: Mg 1 BB (TIDM) N BFFE TIDM /) BUBER) B 40 23K 525 % (Ins) S I3 Tns
KR Frik: IR HEME CSTBL/6) /NEL 104 L, BEAL AT Ry S B0 21 R 7K F BE 20 1 IE % %k HE 401 5 BE TR 35
SR FH i 28 22 /IR i R A 04 28 465 2415 (MLDSTZ ) il /E TIDM /)N RASERY 23 5] 59 5 56 3.7 .10 14 21 % 28
AW /IS BRI 2 JE LW (AR, BRIV B SR AR L 28, o7 P o e 4L 4 fk 2 SABC BRI ISR B 4iifE Ins 3K, &
1G0T JEATT LA Ins BHAE AN M2 0 BE A L 1330 18 4505 BE (N, ), T I B0 88 T B 32 ( ELISA ) K IfiL ¥ Ins
K. G5 HIEHE KRN B e, Sl /N RS 10 KDL LB B 1) 21K 2 5R I 3l 2> 5 L 700 PR
9 (DM) B, 25 M /K7 A SE B0 14 RIF46 I S TH 8, LASE 28 R4 , 2 A Gt L (P <0.01) ;5
I 2H /N BB S TR PPN o B Ins PHUEZNMAESEINER 10 14 2 21 AL YLt N , Sy S I 5 B 3 o, - 359 JK
FEMHRRAR, 22 A G048 L (P <0.01) 5N, WS 7 KIFURISVIN, St FRERas, 510 R MK x4 g, 22 5+
AU (P <0.01) s SLEAH/INR S X RZIMT EG, 3 Ins B MSEERER 7 KI5 B FRAMOKT-. 45i8: TIDM
AT/ IN FRUBR 5 T BR8N, BB B ANER s, & N i Tns gt/ HL3GK R I, I Tns ZKOF T R
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Establishment of Type 1 Diabetic Mouse Models and Study
on the Expression Changes of Insulin in Islet B Cells

ZHANG Pu, LI Rongrong, LI Yixin, LI Zhanchun, LIANG Wenmei
( Department of Histology and Embryology, Guiyang Medical College, Guiyang 550004, Guizhow, China)

[ Abstract] Objective: To establish mouse models of type 1 diabetes mellitus (TIDM) , and to inves-
tigate the expression changes of insulin in islet B cells and serum insulin levels of mice with T1DM.
Methods: A total of 104 normal male C57BL/6] mice were randomly divided into three groups: exper-
iment group (EG) ,saline control group (SCG) and normal control group ( NCG). Mouse models of
T1DM were induced through injecting low dose of streptozotocin ( MLDSTZ) continuously and repeat-
edly. Fasting blood-glucose and weights of the mice were measured subsequently on the 3¢ 7™, 10",
14", 21" and 28" days after the first injection, and the serum and pancreatic tissues of the mice were
taken at the same time. The expressions of Ins in islets were detected by immunohistochemical SABC
staining method. Islet area, numerical density on area(N, ), and Ins positive cell number in islet were
detected with image analysis method. Serum Ins levels were determined with enzyme linked immu-
nosorbent assay ( ELISA) method. Results: Compared with NCG and SCG ,mice in EG appeared typi-
cal diabetes mellitus manifestations such as polydipsia, polyuria and less activity on the 10" day. Fast-
ing blood-glucose level was increased from the 14" day onwards, and with the highest value on the 28"

day(P < 0.01); The area of islets in EG was reduced. Compared with NCG and SCG,the immune
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staining intensity of islet Ins immunoreaction (Ins-IR) cells was enhanced on the 10" 14" 21 days in

EG,and the mean gray value was decreased at the same time (P < 0.01); N, of Ins-IR cells was ap-
parently decreased in EG from the 7" day onwards (P < 0.01); The ELISA results showed that the

concentration of serum insulin in EG was at a low level from the 7" day onwards. Conclusions; The ar-

ea of pancreatic islet of T1DM mice is reduced, the number of B cells in islet is decreased, the synthe-

sis and secretion of insulin is down-regulated, the serum insulin level is low.

[ Key words ] streptozotocin; diabetes mellitus, insulin-dependent; model, animal; insulin

B PR 955 ( diabetes mellitus, DM) & — 1 FL3G
BBl A ) B )t , e v 1 B8 PR (type 1 diabetes
mellitus, TIDM) Iifi RAEIR 7™ 85 H 2 B RAFE N,
FHR R, 2% ~5% W EERe K S H AT
Ay TIDM & T A A S0 e B 20 it 1k £ b
W B G 8 PR B , (HIZR B I ACE 1Y 95
RS HILIR v R 8 4 T Y BT A T A AT A
SEH . BREY A B 4 AL A 4 ] i ) 2
) RSN . A A %) PR I) VBB ORFF AR 7K
VAL T B ST 124 Dk, AH G ST A DL
TIDM i[RI A B 20 i IE 2 5 D) RE B iy AH ¢
f3H o HEMR A R R (streptozotocin, STZ ) J& 5 & 5l
Wk R B AL 4155 0], — R B )
) I e e S 249 AT 4 46 TIDM AR/
Fl 2 R FE ST STZ ( multiple low-dose of streptozoto-
cin, MLDSTZ) 5 5 C57BL/6J /N & 4 T1DM, ¥
JIEAE A2 TIDM (i 420 HERR ) o A 5250 38 3o
AR B TIDM /)N FRBE RS R fe 928 4 2k 2
SABC BAZevk MRG0t JE AT 1 M K A g
W BF (ELISA) 45, %] & 2R (Tnsulin, Ins ) BH 1 20
WA B I Ins # B2 FEATASIN , O TIDM F &
B Al FRYG 7 B2 B S B AR

1 #HR57E

1.1 #E

1.1.1 W MireH  1EH 6 ~8 JE ik C57BL/
6] /NER 104 (16 ~26 ¢/ H ), i1 5t FH R B 52 50
.o HE FRBEPLIE I 3y 525 2H (experi-
ment group, EG) 48 H k7K X} i 4 (saline control
group, SCG ) 48 H K 1F % X} #8 20 ( normal control
group ,NCG)8 H  SZIRZH FIER KT B2 S]] 5
SRS 3.7.10.14 21 J2 28 K6 A~/N A 8 H
112 TIDM /AR B0 104 HfEdE CSTBL/6J /)
B RS PR TR 1 F S, e /N RESE S d T
S STZ i (& [E Sigma 24 7,40 mg/kg) ,
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1 /d, 1 0.01 mmol/L ¥R EEZZ i H (pH 4.5)
T 5 ek A OGT B ZH e (A o0 I Js 3 33 15 5 9 2 A Y
Fl AR B ER K, 2 S IR, 1 IR/ d ;TR R B4
AMELIE, FrashY ¥ A mioK 3 e, LR
T PIER /N B — MRS VOK R PR 2 AN B
FAE O o
L1L.3 bt RenAtdls s e e 3.7,
10,14 21 J% 28 K /)N B 2 BRI 00 G 24 i i AR
(HIBFASC Rt A i AR e i 2E R g A PR w42
BE) I MR, e b A s R] ASRR T B4, IR BR B
I, ## & 60 min J543 25 L5 , f- 47 T -80 °C, T
ELISA 7L % 5 WU IR A2, 4% 22 5 W [ 2,
FATEE AL 4 pm JRIESEY) R, B9 3 5K 1)
h, Yl half 56 pum,
1.2 EdER
L2.1 RS Ins G S BH M40 A I )
SABC 246 W g &5 Tns %5 S5 1 BH 1 40 i ( Ins-
IR) . FZLENy ) MBS 20K, I EE-H, 0,
FH 10 min, 1EH 1ML (1:50) =T &7
20 min ARUHE MK Ins P, TAEWE 1: 400
(GZE R ERARAL) 4 CIEF IR, Fhik IgG(1:
100)37 CHE#E 20 min,SABC & 447 (1:100)37 °C
¥ H 20 min, DAB-H,0, ¥ & €4, 75 ARG 52 U 21 Jifd
B, R IR B F o DA PBS 22 g A4 B 4 B e BT
I3 37 7 k] R
1.2.2  Ins-IR i JK FEAE 198 5% AR LA A% Ins-IR
I AER TEBCR BE (N ) Bl AL B 9 2 Ak K
XTRAZH 6 NI A] /N B A SO TE R X B AL B S
H 8 HEPi s A, 7540 x Y15 T, Bio-
Mias UL 5B R GE (DU K2 ) Kl Ins-IR 248 i 1)
SERIREEAA s T QWIN LITE L5387 & 5t ( LEICA
3] ) IR S T AR A A% Ins-TR 4B %, DA IS 4
SUERS IR 4L T ISR N, (4+/4 000 wm*)

N, =Nx/ Ar

N,y b T 0% B2, Nx i 11506 4% FH M 40 g 2
B, Ar RO S AU S AR
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1.2.3 |1} Ins {#i A} Mouse insulin ELISA iz 5]
& (3£ Millipore 24 ] $2{it ) I 15 B 45 7454
(TEABEH O SER= JEAT) , HEEPR AL (5 22 g &
) M L Ins & i (pe/L) o
L3 Stk

B EliE R FH SPSS 11,5 Gt a2k 47 B
PR J5 22500, Bt A 50 + AR 22 (x £5) 2R,
P <0.05 hZERAGHFE L,

2 HR
2.1 DRIk
SUE BT BRALA L R STZ 457

T, SRR A/ B B2 IRELGAER Hh BLOK R Y
BN, 2 10 RIT4G BT R B9 22 IR 221K 1 Bl
DAEMLRI) DM G R B, 3 245 I [a] 45 25
I ESR G (P >0.05) Ik 1,

x1 BANRTEEERZEEE(g,x+s)

Tab.1 Test results of fasting weights of mice in each group at different time points
3 /NEIAE (g)
i 3K HTR %10 K 14K %21 K %28 K
NCG 22.10 £1.25 22.10 £1.25 22.10 £1.25 22.10 £1.25 22.10 £1.25 22.10 £1.25
SCG 21.00 +0. 33 19.38 £0. 89 20.50 +0. 87 20.00 +0. 89 21.75 £1.01 21.89 +£0.73
EG 21.13 +0. 30 19. 50 +0. 50 20.22 +0. 62 20.30 +0. 72 21.00 +0. 87 21.78 +0.72

2.2 i mE

AL/ S B MR I SR DL 1 S
Lo R oK RAL HL AR, FE 35T STZ JRJ I (10 d Z
) SEB /N B MR AN LR, 25 S e ge it

000 o)

—-NCG
-=-SCG
-+ EG

3 7 10 14 21 28
IR CR)

(1) NCG F1 SCG g, P < 0.01
B 1 &R R R B B A KT
Fig. 1

of mice in each group at different time points

Test results of fasting blood-glucose levels

(P >0.05) ; A5 14 RIFIG 5256 21/ B i
TS, 2R A IR L (P <0.01), R
SO FRAE A A T T, DASE 28 R A) S i o
2.3 JBES B 4HM

2.3.1 HREEHLLFMEE LT, 5IER &k
K% HRZH LR, SR 4 /INERTE I 4 STZ 56 3 KIFIG
i 5 T AR S A8 /N (B 2A - H) . 22 DAB-H,0, #{
B, T /NS B 41 Ins G 0 FHAE =)
AR BB EANIURCIR  FE TR . B /D
BURE S B 41 32 2 43 A g S v e 40 2 A R
B, =ML AL, HE5 LA R AR (B 2A)
5 1EH G He A, R K 6T BE 20 % DL BH i X 5] (1A
2B) SLERHT 10 14 J¢ 21 KAF[RISZE L B 41 4
P8 Y (2 R JIE 50 I B R /KX HR 41 B {8 344 5 ( & 2C
-H),

V'ﬁ.@""' "';”’ !, %

A IEEALLB. K4, C - He Sp 5 SRR 37,10 14 21 J% 28 K [H)41
2 Ins fH P40 (SABC, x400)
Fig. 2

Insulin positive cells in each group
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2.3.2 Ins [HPEANAE 41/ BUK S Ins FHPEZN
RIS 2 B A L% 20 1E 5 6] BR AL 5 3 7K ) B 41
[ &% Tns BE: 40 B 1 - 340 K B2 A 25 R TCGE 32 3
SC(P>0.05) , £k 7K X B2 4% B[] 5 A S X5 K B8
H2ZEF G FE (P >0.05) . SLH0 /N ERUEE

&y Ins FHPEZRMIAESS 3.7 K 28 K [A] 4 2 K
JEME T AL, 22 G2 XL (P >0.05),
fHAESS 10,14 Je 21 K [a] 4 2 3% FE AR (P <
0.01) o BERIIHTE: R FIIE &2 WA LA —
£ g8

*2 NERES Ins [HESENTHREM/(x£s)

Tab.2 The mean grey values of Ins-IR cell in islets of rats

a5 Ins [HM: AN 7257 K BE{E

ERIPN TR 10 K %14 K 21 KR 28 K
NCG 98.18 =1.05 98.18+1.05 98.18+1.05"" 98.18+1.05"V  98.18 +1.05" 98.18 =1.05
SCG 99.45+0.74  102.70 £1.40 102.19 +1.88”  102.79 +2.40"  99.75 +1.43"  101.68 +1.31
EG 101.84 1. 81 99.60 £2.13  84.66x1.15 86.76 +1.28 87.35 0. 87 98.28 +1.47

5 EG 4Lk, P < 0.01

2.3.3 Ins FHPEANM N, A5 2/NRUBES) Ins AL
A N, BRI 3 RO HRZH 55 1 7 0 R4

(1)1 NCG F1 SCG H#:,P < 0.01
H3 NEES B A E S EE (x£s,4 000 pm®)
Fig.3 Numerical density on area of

B cell in mouse islets

JBe Ins FHYEANMIAY N, AL, 225 RG22 B X
(P > 0.05) ; Eh/KX HRZH & mf 8] 51 LU 4K, 22 5 T4t
HFEX(P > 0.05) ;5L 7 RITHRIES Ins
PR 4B Y N /)y, 5 TR R ER KO BRAH T A
ZFAGIFEX(P < 0.01) , 2ZH K,
JELAE 28 Kty i o
2.4 [y Ins

F ELISA YA A6 25 41/ BT Tns ., #h7K ) iR
5 IEH R IR /N UM Tns I 5E (22 5 TTGE T
FEX(P>0.05) ; 5 1EH R dh KR FREH bu A, 52
B H/NBUMLTE Tns PUEELNEE 7 RITIRFRAR, 45
R 3,

#3  AAANRTFE A E Ins AP

Tab.3 Test results of serum insulin levels of mice in each group at different time points

15 M35 Ins (pg/L)
%3 K EINPS %510 X %14 K 5521 K 428 K
NCG 0.72 +£0.23 0.72 +0. 23 0.72 +0.23 0.72 +0. 23 0.72 +£0.23 0.72 +0.23
SCG 0.67 0. 07 0.69 +0. 25 0.76 £0.23 0.73 £0. 18 0.75 +0. 10 0.65 +0. 08
EG 0.64 £0.08 0.44 +0. 04 0.44 £0.06 0.42 0. 02 0.44 £0.03 0.45 +0. 04
A, S & DM 2R %, STZ 1
3 g S R B U I 2 , 2o STZ X 52 56 3

FUAT i A TIDM S T EL 4 A 3 F B
5y B AN B B IR A B B SR M, O B
7 DM B A LR LA S Al 36377 DM, 7 A LAY
YRR E O AEWTSE DM B R F Bz —, W
JHE) DM sh¥y s B4 Seg P DM s B A B &
PE DM Z e o Pk DMl 58 B 4z i
A2 DM 1 E SR S A JE A0 P Se 3 sy i ks 6
B, RN S PR X , 552 56 JA) 0 S8 T LA 92 B
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Jile 5 T RE 2R, HLW WL 4] R d AR X4 0N , sh#
AR A RS e 4 5, 2 H AT E N A
T4 4 DM sz . CSTBL/GJ /)
BRI A8 Z /N B, DRS00 465 SRS 3 vy T Ee PR A
JOE SR P — S s 2 B A Lo 1 L AR s
39>k H MLDSTZ (1) J5 375 5 et CSTBL/6J /)N B
KA TIDM  FESEER X 25 41/ a7 TIES, 5
IEH B ERARS BEAL AR L, 2R 1R ST STZ J5 7 d JF g,
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1 RORE PR /N SRR R S S Je 5 B 4410 v e 5 28 ik

SEEZH /N B B2 R LGB R T B JOK S 3G
10 d JFUA, B B0 22 IR L 224K i 20k /0 45 i
TR DM IR, SEE2H /N LAY B 14 d JF
tH R ETHE, KT DM SRR 11, 1 mmol/LM
HLRE SR R, I0E S A T T v, P
B

JiR & B 40 AL o W B B ERFAER Ins 2 51 I
WETE R R DM &9 B A BE 45 1T B 20 i D) e 5
B AT B DM A I Ins 5 EEAY
W 2T DM 95 A JE & B 240 i T ge 1) & I IR
fEbr. TIDM B35 TR B 2408 Z IR, Ins
BRI R RPN Ins P X = 0 RS2
K I3 Ins 25 53R, N7 d FH4G, MG Ins W JE
FEAR, /R SEIR 2 /N BRUBR 5 B 4 M 53 W0 Ins B3 98
s G HACEE T R SR 2 g 5 T AR )N ,
Ins BEMEZNAEA N, 7E7 d LU, 55507 F gk
028 d IR, (HEZHZH /N U Ins BHYEZN
HE G e Y (B AE 10 d 14 d 21 d B ] 41105
S8 A 2 BTG, DU 3R I S B 1) Jk 5 PR R
IR B A rh Ins Jp 33 220 AR SO iX 34
S TR/ 2GRS STZ, 78 T1DM #1311
MR 4 I 5 B A, HAb R B IR Y J 5 B 2
JH R AR S 3l 3 38 0 43 00 Is Sk 38 07 LA 1) 75
BT AEE BRI (3 ~ 10 d) 1 b i 7 5 JF A W
W FEEBE B 40— 0 IR, 40 M AT P
W B 5 Ins (DI REIL 55 HE B2k Ins 35
T,

G BE i 57 (A% R A1 Th1/Th2 45 8 2 TIDM %
PR TEEERT ) Ins 2 —Fh 32 301 40 0 ik
HIIE 5T m Ins XF Thl F1 Th2 [k HAG 1
FTEA L RINE IR WIS B B W Y Tns 410
il Th1 220 g X543 3 39 70 Th2 240 i K 5 49
We, Thl/Th2 ~F-Aa) Th2 J7 [t ; je 2, ARk P8¢
F = Ins, Thl/Th2 S i) Thl J5 [ gl o A
SCoHT, 5 TIDM ], iy F Tns 40000800, 238 F
P&, A Wl fig Th2 48 j 19 43 A 52 B30 6, A REHR BT
Th1 2005 EE S B A A e 5, s A BHIEA T
TIDM R K& s 53— J7 T W R & B 4 i fi
PrBIBE s RAE Lt — g I a] iR 5 32 2 ) 3
TR A A I R A AR R IR T
WA . HHFIAERE Ins Q)2 5 F08 7
Th F1 Th2 k40 L 72 .

L L TR, TIDM % Az I, 5236 20 19t 1 1
I/ s ey Ins BH 1 200 M B0t 020, & RN 43
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