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Effect of high sucrose/high fat diet and streptozotocin on liver damage and
expression of protein kinase B in Chinese Banna minipigs
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[ Abstract] Objective To observe the effect of high sucrose/high fat diet and streptozotocin (STZ) on glucose and
lipid metabolism, liver histology and protein kinase B (PKB) phasphorylation in Chinese Banna miniature pigs, and to in-
vestigate its molecular mechanism. Methods  Eight healthy 2-month old male Banna minipigs were randomly divided into
control and diabetes groups, 4 pigs in each group. Diabetic minipigs were induced by high sucrose/high fat diet and STZ
and the levels of fasting blood glucose, insulin, total cholesterol, triglycerides were measured per month for 12 months. At
the end of 12" month, the minipigs were sacrificed and liver histology was examined using HE staining and the hepatic lipid
accumulation was observed using Sudan IV staining. Real-time PCR and Western blot were used to determine the expres-
sion of PKB mRNA and protein, and the phosphorylation level of PKB-Ser*” in the liver tissue. Results At the end of
12th month, the minipigs of model group showed hyperglycemia, insulin deficiency and dyslipidemia compared with that of
the control group (P <0.05). The fat degeneration was increased, and glycogen was decreased in the liver tissue of model
group. High sucrose/high fat diet and STZ increased the PKB mRNA and protein expression, while decreased PKB phos-
phorylation in the liver tissue (P <0.05). Conclusions High sucrose/high fat diet and STZ can induce insulin resistance

(TIR) and diabetes mellitus, promote lipid and cholesterol accumulation, and inhibite hepatic glycogenogenesis, which may
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be related with inhibition of PKB phosphorylation.
[ Key words]

Chinese Banna minipig
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Fig.1 Time course of the changes of plasma glucose, insulin, triglycerides and total cholesterol.
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Fig.2 Histology of liver tissues in the minipigs of two
groups. A,B: HE staining; C,D. Periodic acid-Schiff stai-
ning; and E,F. Sudan IV staining( x400)
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Fig. 3 Representative photomicrographs of immuno-
histochemical staining for PKB in liver tissue from Chinese
Banna minipigs. A. Control group; B Model group ( x
400)
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Fig.4 Western blot and densitometric quan-
tification of PKB phosphorylation and PKB total

protein in the liver of Chinese Banna minipigs.
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Fig. 5 The mRNA expression of PKB in
the liver of Chinese Banna minipigs determined

by real-time PCR.

3 it

A L = A = IR R A STZ 175 5 hR 40 i Y
W A T 5 AP MR BRI 2 UBH RS 1)
fiE, SCERIN 1 BB A RAAE , B T A2 2 Y
PRI ) At R

PKB J& 1 5% 3 255 % PI3K/PKB 1 rh
[0 A S Z Pt R A B EENEH,
FFRH, PIBK 5 5842 T IERY PKB 5 F AR 19 /)N
SR B i LS 20 20 B 0 I B2 28 1) R IV 48 A
JINBRAG S [ V0 555, e U 28 B A TP D
JGBRAL R FUL U 5 B0 A o 5 25 A 1) W A /D | S
PKB JEIE# WAV i 0 75 B, PKB KR
FEPR iy IX A AR | 3k o 98 A8 2 Ji (2 R AIRPT A A
PRI H Y o A S PR 28 AR ik 26 0 BTE IR AL 20 i
7 A o 8 R AR i R b PKB Y E B
VT AEARAERFT /N BRI AR BLEF 4E 40 A (3T3-11) B, 4>
AR T PKB B9 2H Rk 3% Ak X6 158 5% 25 30 3 i
GULT4 WG S B F6 8 se ™ ok, 7E ik
SN AR ZE T R B, AR ATP 524+ PKB 940 157
AKTi-1/2 fg = 20 BE $E 0 ] PKBa A1 PKBB W
TIOT S M PKBo FI1 PKBR 5 25020 i v #8524
AL P A L

I 5 2 A 0 ZH AN PRI O B L B s A
PR A I ZE L 5 10 5 R HCHT 2 IR AR R R B 0
A A B F AR T AR A N S B
RIS FHAG M, IR R A RS R
W EEIE RS RICPUIRAS T, 4120 T
WS , T 80 I R T e i R R 2 —

PKB 7EAR P LL The'® Fl Ser'” i 1L I R AEAE
BER Ak I S P G , PR R e T, RAEA Y
it . Hop Ser BB R LT PKB & 45 K Th
REZ T E, UL PKB A4 AR 1k 26 ALIA & 454
HEZMEN, R, A4 42 PKB 5 H
FIRE R TIEH XYL, 5 5 PKB EH RN B —
B, XN RB A PKB 3k R AR 5% KT & AR A | e AR
5 e B A S A HIDRZS T B AT 3 38
FREHC AR ) R i e S SRR B L SR AR
K WA B 2R 43 I8 /) PIBK/PKB 15 5%
ek 55, PKB 8 B2 bk 20, S B B0 =L
PKB AJ 335t AR JLAN I 1 98 5 s AR (1) @ bk
JEA L P -3 (glycogen synthase kinase-3, GSK-
3) fE IR A Y, GSK-3 J2& PKB fiw i & B AY HL 2 S



68 W E SR SR 2015 4E2 HEE 23 B85 1 Acta Lab Anim Sci Sin, February 2015, Vol. 23. No. 1

Wz — , ELAT (O I B el 1 e 11 2 0% P, B
iR iy PKB A GSK-3 MR AL, (i 2 2 LTh . b
T FICEHTTG P10, 26 2040 A 240 L PN 1) 00 5 4
g BRI AERE R R, AR R AR K
W M= R IR B AN STZ 1915 S T A4 iFIE PKB-
Ser'” WM IR Ak W 5 AR T 1E % BRAL, I/t 25 4 25
AL, B A k>, JE & BL( 1K 2B ,2D,2F ,2H) , AL
P AT HE N, B0 RE (181 1) |, 5 STk
E—3, (2) 8 R 4GB FE 2 1K (glucose trans-
porter 4, GLUT4 ) [n] J5t i (1 ¥ iz S A 18 5] 285 4 110 i
W, AERFHLAAR B (9322 . p-PKBSer™ KPR AR
GLUT4 i 3z B, 71 % W% 1) # 1z W i, AILAAR ) FH
EPRERE ) AR, S B BT S, (3) 38 Ak A
JERRE S AR R HLAORE AP A, X — i R it
TR 5% 2R A T Tl 1 A A T T2 2 W3k Tl 1 4 260 -6 -
R A Y s SE AR,

25 bRk, PKB AR b 45 520 1, 181 45
Iy ZH 2 AETRE () 40 B, 2 7 AR 5 R AP Y )
THEAh . YR AR /NG 240 PKB {4 [
1% /N G5 AR ZE L D G sl R BT 25 AR A4
WE O % iz B DL R A 00 A e 00 B IR, S 3um
WETH o AW AT R PRARIAY T I R 25 9 i B i
MR, (B H HBE PR /N B B8 g AL ATD AN 5 BH
W, A HAME S E %S5 TIFHSUE &
TR A i, LA B 3 6 3 % 2 (8] 114 G R A 19 F
RA T, H PKB BEIR L5 412U it & RO 5t
AMKRBAE SR, FI, g 42U it 3
WEIEG B IRTTRE PR B AL A S EE AT TR A
BT

5 % X W
[1] Shaw JE,Sicree RA, Zimmet PZ. Global estimates of the preva-
lence of diabetes for 2010 and 2030 [ J]. Diabetes Res Clin
Pract, 2010, 87(1) ; 4 - 14.

[ 2] American Diabetes Association. Diagnosis and classification of

diabetes mellitus [ J]. Diabetes Care,2006, 29 ( Suppl 1) ; $43
-48.

[ 3] HelL, Simmen FA, Mehendale HM, et al. Chronic ethanol in-
take impairs insulin signaling in rats by disrupting Akt association

with the cell membrane. Role of TRB3 in inhibition of Akt/pro-

(7]

[10]

(1]

[12]

[13]

[14]

tein kinase B activation [ J]. J Biol Chem, 2006. 281 (16):
11126 —11134.

Greene MW, Gorofalo RS. Positive and negative regulatory role
of insulin receptor substrate 1 and ( IRS-1 and IRS-2) serine/
threonine phosphorylation [ J]. Biochemistry, 2002, 41. 7082
-7091

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.

HESE, KRR, KRIR, & mHEIRKS NS STZ 35
RGN AE 2 BB SR B RSy, (1], h R BE R
Zeiki, 2012, 40(4) : 351 -356

George S, Rochford JJ, Wolfrum C, et al. A family with severe
insulin resistance and diabetes due to a mutation in AKT2 [J].
Science, 2004, 304 (5675) ; 1325 - 1328.

Ng Y, Ramm G, Lopez JA, et al. Rapid activation of Akt2 is
sufficient to stimulate GLUT4 translocation in 3T3-L1 adipocytes
[J]. Cell Metab, 2008. 7(4): 348 —356.

Barnett SF, Defeo-Jones D, Fu S, et al. Identification and char-
pleckstrin-homology-domain-dependent  and
isoenzyme-specific Akt inhibitors [ J]. Biochem J, 2005. 385
(Pt2): 399 -408.

acterization  of

Gonzalez, E, McGraw TE. Insulin signaling diverges into Akt-
dependent and -independent signals to regulate the recruitment/
docking and the fusion of GLUT4 vesicles to the plasma mem-
brane [J]. Mol Biol Cell, 2006, 17(10) ; 4484 -4493.
RS, B, KIC 2 BRI R BRI B E R
(J]. HEEEZ G4, 2009, 6(19): 25 -26.

He L, Simmen FA, Mehendale HM, et al. Chronic ethanol in-
take impairs insulin signaling in rats by disrupting Akt association
with the cell membrane. Role of TRB3 in inhibition of Akt/pro-
tein kinase B activation [ J]. J Biol Chem, 2006. 281 (16) .
11126 —11134.

Horowitz JC, Lee DY, Waghray M, et al. Activation of the pro-
survival phosphatidylinositol 3-kinase/AKT pathway by transfor-
ming growth factor-betal in mesenchymal cells is mediated by
p38 MAPK-dependent induction of an autocrine growth factor
[J]. I Biol Chem, 2004. 279(2) . 1359 - 1367.

Logie L, Ruiz-Alcaraz AJ, Keane M, et al. Characterization of a
protein kinase B inhibitor in vitro and in insulin-treated liver cells
[J]. Diabetes, 2007. 56(9) : 2218 -2227.

[WFEEHEA] 20140721





