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Abstract

AlM

To develop a rat model of non-alcoholic fatty liver
disease combined with type 2 diabetes (T2DM).

METHODS

T2DM combined with nonalcoholic fatty liver disease
was induced in rats by feeding a high-glucose and high-
fat diet and injection of low dose streptozotocin. Seventy
specific pathogen free female Wistar rats (200-220 g)
were randomly divided into two groups: a model group
(injection with 30 mg/kg streptozotocin after feeding
a high-glucose and high-fat diet, n = 55) and a normal
control group (n = 15). At 4 wk and 7 wk, the level of
blood glucose was evaluated by the oral glucose tolerance
test (OGTT), and body weight (BW), food intake, and
water intake were measured. At 7 wk, fasting serum
insulin (FINSs), triglyceride (TG) , total cholesterol (TC),
alanine aminotransferase (ALT), glutamic-oxalacetic
transaminase (AST), procollagen IIl amino-terminal
peptide (PIIINP), and hyaluronic acid (HA) were tested,
and insulin resistance index (HOMA-IR) and the area
under the curve (AUC) were calculated. At 2 wk, 4 wk,
and 7 wk, pathological changes of liver tissues were
detected by Masson staining and HE staining.

RESULTS

At 7 wk, the levels of OGTT, AUC, BW, food intake, and
water intake were significantly higher in the model group
compared with the normal control group (P < 0.01). The
levels of serum TG, TC, FINs, HOMA-IR, ALT, AST, PIII
NP, and HA were also significantly higher (P < 0.01) in the
model group than in the normal control group (P < 0.01).

2018-11-08 | Volume 26 | Issue 31 |



TR 5. BB PR G H2AB R AR RIS TT

With the prolongation of model making time, simple
fatty degeneration of hepatocytes observed under a light
microscope was aggravated as large vacuole type or large
vacuole predominant mixed type fatty degeneration,
with obviously increased collagen deposition, which
were consistent with typical pathological changes of non-
alcoholic fatty liver disease. These findings indicated that
a rat model of nonalcoholic fatty liver disease combined
with T2DM was successfully developed.

CONCLUSION

Low dose STZ injection plus a high-glucose and high-fat
diet can induce nonalcoholic fatty liver disease combined
with T2DM in rats.

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Nonalcoholic fatty liver disease; Streptozotocin;
High-glucose and high-fat diet; Type 2 diabetes
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- AF B A IR B AT SR (non-alcoholic fatty liver
disease, NAFLD)-&-5F2 2! 4 fk J (type 2 diabetes, T2DM)
KAAEA.
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2 M B HEARAT 4 AN ) 4R kA% A % (streptozotocin,
STZ) M iE 4} 72 52 3R UB A%t g 7 AT T2D M- K R A%
A 70 A T4 & & B AR (specific pathogen free, SPF)Z&
200-220 gt Wistar K RUREALS A 240 JE 5 *F R840
(BBARRRIR, n = 15) RART L0 (548 & Re R I 6 TR
FE 24430 mg/kg STZ, n = 55). Yei"EF4 wk. 7 wk
B, S&AKRBMETE. HAKRE. hZ. HEABETE
X5 (oral glucose tolerance test, OGTT) & A ¥ & F
f#2(area under the curve, AUC)E AL, FLE"RIRT wk
B &40 K R e 7 il = B5 (triglyceride, TG). f2if
X R2 ] B5 (total cholesterol, TC). &7 4% & B (alanine
amino transferase, ALT). &34 & B (glutamic-
oxalacetic transaminase, AST). III7! 4] AR &.35% Ak
(procollagen III amino-terminal peptide, PIIINP)% &
" Jf B8 (hyal- uronic acid, HA). J% & % (fasting serum
insulin, FINs). M £ & #4354k (insulin resistence
index, HOMA-IR)/K-F &4k, F T*& 52 wk. 4 wki=
7 wk it LA B2 R R IR 2 25 My 0 LUK
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ALFG AR P Al PR I AL . AR TPRS 14 i M 98
(non-alcoholic steato hepatitis, NASH). JHAE{LFI 41
fifdJ (hepatocellular carcinoma, HCC), & —Fh 5%
fPt(insulin resistance, IR)FIEAL 7y B ) AH G ()AL
L R, E A 2R R B AR — K R A
i B A A T I S 5 1 o B IR, T2 B PR I (type 2
diabetes, T2DM)& 5| FENAFLD 3= 5 [K 2 —, B
ZHE AR I, MRIENAFL DI PR i S A
AL, A SC LA i b o B A A /N R R B IR TR R
(streptozotocin, STZ){E4I /712, B L IE K AR T2DM I
KNAFLDJRAZ A A B,
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648 SRR BN T O, S REIE S SCXK(5)2003-00035,
TFET-SPRaYIbG, H e, 12 WG, SR H &R
(streptozotocin, STZ)(Sigma, 39H1482); = = gtk 1%
U0 BC (S AR < PR < A el P [ RE AR R WA
E = 66.5:20:10:2.5:1:4:1.5, F-idb4 5w 2 i
T ), FINSHIGE AL AL I E AR A R A
L), Hih =B (triglyceride, TG). s JH[E B (total
cholesterol, TC). 2% M (total protein, TP). HEM
(albumin, ALB). BRZE [ (globulin, GLO). % %
(alanine aminotransferase, ALT). %+ 5.5 % ff(glutamic-
oxalacetic transaminase, AST)(A P 5 #:CL-72004= H 3]
ARSI AT AR I ), LA (3 ] 5 AE R £ i B i W 13 R0
it £Zi84K, CODE 008); PIIINP & HARF & (i AR
EVFARGIRAF). HHECL-72004 H 3410 53X
I 1t 3 A Ak Fa b ; DEM-967E 22 45 Ui S s 1 B dis (%
BORHL AR A A, HIrH-60080E 5 i, LKB-V
RG] A HLGH ), SRR 2 R B R 2 B T Bf s
B LA A FIHPTAS-1000 7577 B 5 7 €55 28 K S it
Z4; 2 E Thermo/ @ Multiskan MK3 B FR1%; 3 H
Thermo’/A 7] Wellwash4 MK2 4 AR AL,

1.2 7%

1.2.1 AL Tr kW SRR AN P Seid MR TR wk, BEHLIE
RS VB IE &5 HRAH, PR DA 3@ Bl (3l i 6 2 075
P O AR AL, HARSS K Tl AR, DL m b
R RGBT ), TR wkilf, BT
KEATHE— UWET SAT IS, B84 4530 mg/kg i,
HE I E ST 1% STZ(0.1 mol/LATARERZE iR BC i, pH N
4.5)4, TE % B G S AR R A A5 FR AN 2 1
T, REEMESR3 wkE, BT K SRAT 88 — U A U, 4%
2 g/kg I A MERIFIERER, MO hy 0.5h. 1h. 2hifiLkE{E,
W = s MR = T 15 K SR L AT 2 A b 22 DA
EFVONRBERIFE KRS, BT ecsiE2. 4. 7, B
MUAMBUE R KR A, 2548 hEL b, %40 mg/kglg i
TES2% S L AN, R =S, 45 ST, BX0.5 cm
il 2 T4%% I, ZaS s R &4, 7THEKR
MassonFett, MR T T AFREFE 4R BB Zs. 3 H B
R B DA KT R 32 )R B P A P g i 2 A
A AR SIREEAS L /N TR B SRR 40 s i DL 2
FEJH AL E I\ ENAFLD T2DM A ARSI (E
RSP AR AT 29T 1678 ) 20104 181T ”R)™. 3450
RBREE R KR T 82, 4 7RBACIEAT IR 3
R, 2 KRBT, W AR WL B 555, HIESTZ#H
PR R o S BT,

1.2.2 AR eyl e ol TSR 5848 . 78 53 B4
AR YOKE R EE, 1T E RS T HOGTT
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AR AT AR (3)FINS G260, (4)HOMA-IR =
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hBG)/2; (5)PIIINP. HA: ¥J% FHELISAZ A
1.2.4 FFALHES & a3 6320 7 JBEZ1 um,
HEZ (S AMIG A B UL S PH I PR KA O, P 22 s i
B MEE.
1.2.5 A lEMasson# &: A BT F, JEEZ1 um, &
FiMassongeth, 5t A IS I A4 A5 10, P
AL M.

Bt APR SRAISPSS 17.004 1H#ck, HEHE
Plmean+ SDFR IR, ZH Bt LR FFEAAG 55 LLP<<0.05
NEFH G L

2 BR

2.1 BAXRAKE, kE. RREE. OGTTAL
AUC. TG. TC. FINs. HOMA-IR# %4t M23:4 wk
J&, HIEE XA G, BERYLH KB h/Z2 hillhE oG B
B2, 0.5 h&1 hifl BEHE &(P<0.01), AUCIHY =, 14
. POKE. REERINEP<0.0188P<0.05), MEIE7 wk
J&, HIEE X RAAR L, BAYZHKEO0 hy 0.5 hy 1 h.

2 hif B B A B M E R (P<0.01), HARE. 1K
KE. R EEEING 8% % % 7P<0.01), TG,

TC. FINs. HOMA-IR. AUCIHMEFEH BEMZE
F(P<0.01)(F1-3).

2.2 £ KRTP. ALB. GLO. ALT. AST. PIII
NP. HAK-F& T4 5IEE A ER, HAZH K B 2%
AST. ALT. PIIINP. HA. TP. GLOKFHETEH
M2 R (P<0.01), (HALBAEAL AN K (P>0.05) (24 H15).
23 IFIERE AR TSEIEE2. 4. TR, FIFHEG &,
GG B B AE A 1 s IR R A ARG
W, (R, BN WM R 2 MY, diiZ 2
WEETE, AT e RN —, M et 5], /N S AL AN
T DR WL . 2 wioRRREALZH A ALK, 5T
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T 1 4wk, 7WCRBEDWERE. MEE. RKELEB(mean £ SD)

58 0wk 4 wk 7 wk
A5(g) £5(g) mES0) RIKE(mL) 07 N==1(o)] MEZ9) RIKZE(mL)

Bae 50 20324 + 678 2683 + 15635 1635 + 289 2441 £ 713" 2792 + 2242° 2341 £ 3.12° 8731 + 1062°

EENIRA 15 20491 + 692 24706 + 346 1312 £ 103 2023 + 315 2599 + 846 1421 + 203  22.02 + 4.51
P<0.05, °P<0.01, SIEEWIRAMELL,.

=& 2 4wk, 7 WwkkREBHAEYOGTTREAUCELLH (mean + SD)

458 4 wk(mmol/L) e 7 wkimmol/L) e

n
Oh 05h 1h 2h Oh 05h 1h 2h

Tl 50 395+ 042 1049 +217° 612+078° 49+ 046 1331+ 142> 611+211° 1908 +594° 187 + 675° 10.88 + 621° 3054 + 1026°

IEENIRA 15 405 +024 614 +063 55+032 435+021 1042+0656 363 +042 697 +084 7.02 + 066 491 + 047 1213 = 1.01
°P<0.01, SIEBWIRAIEH,. OGTT: EEfEMERI; AUC: M5 NER.

x 3 7WKKRBARMPTG. TC. FINs, HOMA-IREEZE (mean + SD)

x| n TG(mmol/L) TC(mmol/L) FINs (ulU/mL) HOMA-IR

il 50 1.92 + 0.37° 9.79 + 1.35° 55.11 + 14.37° 7.39 + 3.12°

EBWRAE 15 0.59 + 0.12 1.35 + 0.13 13.99 + 4.11 2.90 + 0.51

°P<0.01, SIEEWIRABLL. TG: BEIh=EE; TC: RIBEES; FINs: BB, HOMA-IR: IRBRITNIEEL

=] 4 7WKRRLBEIYITP, ALB, GLO. ALT. ASTEL#(mean + SD)

paxi:] n TP(g/L) ALB(g/L) GLO(g/L) AST(U) ALT(U)
il 50 69.92 + 6.17° 34.22 + 1.84 33.25 + 6.76° 306.91 + 46.09° 58.00 + 18.38°
EENIRA 15 57.89 + 4.48 32.66 + 2.07 24.03 + 3.59 194.50 + 33.69 21.60 + 3.31

°P<0.01, SIEEWIREMELL. TP: ©EE; ALB: B&E0; GLO: IKEDS; ALT: STHIEEEE; AST: SEREHE.

R 5 7WKRSBBAEIYIPIINP, HAKFE LR (mean + SD)

paxi:| n HA(ng/mL) PIIINP(ug/mL)
il 50 467.568 + 49.102° 93.352 + 21.874°
ERWIRA 15 261.837 + 74.167 59.676 + 10.831

°P<0.01, SIEENWREAEL. PUINP: IEVEIRESIRL, HA: EIERE.

TR R ERNAE I BTG, 4 whAR 2 A 40
T IO IS AE, 7 w26 FF 400 i g 2
PR Bl DA o 3 TR A M AT I A2, £ T
M SERFEAR, AN VR A MR SOREAIIR I, B 474
(B, FFEMassonZe i, MEHEE T AL EE S5 4 1)
S IEH T IR R I AR 4E, 2 wk 4 wk 27 wkRK
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BRI T A SR AL BT I 22, [l S I 4 I A R
YD, Geta Boeax ty(#12).

3 e
AR RATIR T B P ENAFLD B3 R A4k 55 AR e
JiE . T2DMARIZE S 1E(MetS) AT #aH AR AT, T
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DOt RN :;‘

e

0, N v

2 BLAKBIFIHREZK(Masson x 200). A: TEH AR B: 2 wkikHUAH; C: 4 wiisHZH; D: 7 wkigiFuZe.

“HRRFEAPL” R IR RO ALEI Y SLE
Nt — L FEN AF LD [ R ML, g — N
TR KINAFLD S HT2DME R R 3. H #
NAFLD# H T2DMB IR IE 1R IR 2, ST R
IR R AL T AENAFLDA HT2DMI A
REAE, 244 rp 2 M i 7 JFFASE 284 5 N 2K i 07 JEF F 0 L
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) R 2L A B A S A ) DX, B R R T AR I
JHASE AL, 5 AR 1 R 5 N S FrF T fact R 2l (H it
BRI, SERGEh 5 Pe B R . IRTE A R Y,
BT A, FESEBRBFE A 75 B B FH 8 97 S 25 % A
R KRR S ENAFLDI 5 251, i s i
WA FESTZIESE H BTN AFLDIEREAT 78 A B £
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TRZL 5. BB PR G H2AB R AR RIS TT

2 SRR, A8 BARER AR J7 5 B A s AR L I )
WA G —, S BN e 2 s R R BT 5 N 2K
NAFLDIERE I ZE FBK, ARLIAEZ JIER T F
HEAT T B E 735 B R 8 b 1 ek, o DL A6 2R
T3 N I 0 e B v P A £ (REE 25 566.5%, JIF [ i
B R10%)EIE Wistar K R4 wk, DA SR, B R
AU ARIIAT, FELLNFIERSTZ(30 mg/ke)i A ARBAH
i, 3 BROK BRI S5 B AREE PR AR, 51 R LR, AT
s RV 14 AR 0 A BT A, STZIES3 wkis, $F
Fr BEAE DA BEATL IR 525 M6 IR 15 A 0% 7K T 340 5 b e
(A, DABH I 2R 3 5 (O G TT LA K I [7] - I fh 28 1)
AUCHE AT IR K4 e b, HEEIEREE 2 . 4)H
FTREEK, BREHEY D K Masson e i3 748 W 22K 5 AT A
L G N

ASZEG 45 R R R4 wki, 0 hAe2 hifilfEAs
AN 2. (P>0.05), PR K AR & =1 NP<0.01), X
JK B 4% B 48 A0 (P<0.05), AUC. 0.5 hJ%1 hifit g7t
(P<0.01), 4 wkIN B H KB CA AL, (H AR A
8, OGTTHX0.5 h/%1 hift¥iTHE, (HAUCE A B &
FHir, AUCYENOGTT R4 5 IUBE () J LA P44, 58 RE {4
IR LA 7K~ PR A 3 R B ] P SRR RIS, A A 2 B f.
BB UL A T e R, R 2 I I B AL I
HE10-16.7 mmol/L& VE M MA@ AR dE, BEFRTE T i
BRI IR PRI KB, R S BAN R L, RS R
PUARIIE; MEMEFRT wk(STZVES3 wkm )i A S 1
IEE R I E A YOKE RN, OGTTIE—
A% BA 51 51 (351P<0.01), REFET2D MK BRSE 2R 3 45 il
Ih, INFHSTZES 5, B S &y, 3 — D4 G A
[ FEARIE T SIS AR e P, TESEbRis B FE rp, A
[ S BAHMLAEAE H BB E AT e, FESTZEN 3 wkH
A PT RE S BMT IR E BEI IE W, BRAE IR R AES TZIE S IR
48 hy 72 halil w555 MFE 07 X35 ] R S BEh AR
RURFEsE; [FIFHIETG. TCy FINs/KF- S HOMA-IR B
RIS (P<0.01), KB HH I e I fURE A B R 5 R
HCPL, 1M H, HFE7 wkin A2 K R MK AST. ALT. P
IIINP & HAZK-BR i 5 3 P 2 57 (P<0.01), i8]
JE B e I, i S LE A OS5 S50 4 PR ATLAS) 22 )
REd510n, fEATZM N AST L ALTRE N ML, [ Hsf i 274
ALFRPRPIIINP S HA R B 38 i, b i3 A AL AR A AR
2B T T2DMOK SRAEAE 545

M3EE AT AR X e SN I AAE 45403, (HAS— 8 2
NAFLDJTEL, ANfe W ARG B, ANGERH € NAFLDI)
P R S P R, R T R 12N AFLD
(4 bRl RS ag E A K R 9R2 wk 4 wk
A7 WIS 73 5158 i HE G 2 U0 5% 4 g i 28 1, FFFAE
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RIEL FFAF YA S 3 A, JFi8 0 Masson e i3t
— IS T 7 4 B SO, o PR O R, B ZH K R
SN A VE R D — i 7 PRI R — FF AR 4EAL
AL AR L, R Masson YL (O fF 154wkt gt a]
B BIH MR YA, BHEG (U 5 .

AT AR AR I AT 8 2 R 2 RN PR AT 78 5 B
FHPUENAFLDH AL 2 —, M T2DMA % UL
AR JE, eI v R R B 2 S /N R S TZH 0 U7 ik
A T2DM I K NAFLDEIIARE, ST A (1) K
SRR B . T IhRe R AR 4R R bR BRI AR
L. BRI S IRRNAFLD A H T2DME D —5L,
BRI AT AR 9N AFLDAm L & 254000 1) R (1) 5)
VIR SR, 1A% 5 IR EE VIR NAFLD &R AL A o]
B FE 2 —, N —DH A, R EETEB A4 R R A
il FECA NS IR R AL SRR E A, ¥he
R PR EERL A EN AFLD AR ALHI G2 44k, K B
B AR S FH A 5

NERR

A dE B

Y=

e MR EORE R 2 A /D R B B R B R S S AR A
4 Hig 5 14 799 (non-alcoholic fatty liver disease, NAFLD)
& 2 BB R (type 2 diabetes, T2DM)Zh AR f& H #if
i N IREASET7VE, 1207 1 R e A E L AR SO0 A S )
SEARAL IR HEAN G —, S EUAR S S R I 72
R, NFITFNAFLDIARAELL AT AL

5l

A8 2 B 0 5 A v I v, S SRR S S I i
PRER I 1 RWE PR, JF B Z NAFLD R 5 2 5038
HERE, ASAE W IG5 VR Atk X IR ) R A ik
e

73 HEFIE A RIGR RN FINAFLD & HT2DMEIY)
B,

BT E

AL H bR 7 BB Z AP, AR i
e JE IUAE S5 A X BLASFAE JaN AF LD SR (i 2 ot
FEIINAFLD & T2DMEN IR, LAE SE 47 1T ST AT
YEITNAFLD. A SE56 R FH i 2 B & il 58 (oral glucose
tolerance test, OGTT) A FLif [a]- MK th 45 R T (area
under the curve, AUC/E N ILFEAEbRUE, AT ZhAEE. M
JE THEF4EA ., 75 G 1R B 22 55 LI5S Fa b S AR 25
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L, LASHAHE 5 S Masson e €8, S5 57 TR BE B 2E .

AR R IR Al s R4 wk, 7T Ui
SR EIRPT, BARL 0 hA2 hifnBEIE B R ARE, (H
OGTTIH} [i)- B 22 I AUC B4 B 55281k, AUCEL f
T UK W FUIE R BUHE G o %o B 1A 45 B 4 41k
LANEHUR, {HMasson%e i~ 1B 4wk AT UL JF2H 21
-4k, R, MassonZe 52 A] DATE 50 22 3 41 4E L.

Zisgie

(DG E TR LR Z 4% FINAFLD S JF T2DM B4
BRY, FeoE i, 1M BT 20 H S N AFLDY B e i
T2, H& 2R AR ARG 5y, 7o B T A%
RUFZRELT 5%, U, PR3, A 5, GG
(ARSI, AR E, WT LA V2 B FH TN AFLD A
9T, (2)LAOGTT K HL AU CHE AR AL Bl o 1K H1 52 b
A, 7T DA G g 5 BAH M 45 17 1ok 7, R B AP B
(3)BNASHES 1 i Masson L o £ #l o A7, v DLEE L
RIS 1) FFF 2T g BRI 1 i

BEE=

ARG AN AL R 3 ) S AR K i R o g4 [
R, DI, A EAE A K A ERCE N E IR 2
VISR T = N AR, i KR FER R
NAFLDRFHLE 1R F Pk K R RS, BB
TNAFLDF AT AL,

4 2
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