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B—m', xFF, KEE, BF, B 8, T, Z4gF’
(1. 3 & EEGER M S E2A R BE M B S 45300052, A8 RlH 2 R B 2= Be B & YAl B Be 25 0 R, AL
I 430022)

WE: Br HTRAESE MM Sprague Dawley (SD) KBRS RILHLIHLH . FTiE 4% 20 HEd: SD
KBS Xt AL AR 2L, 4 10 HG BECFA RS H AT 1.5 mg - kg™ BUARCPHES W IR R A P45
PR KHES  E L 8 B TEZIRT A EI IS 1 ~8 AW 2 ALK RS IR L BE (FBG) , IFid st K IR R, 25 2.
4.6 .8 JE B BRUR i IDK UL, 2R J AR 3 W B 2 ( ELISA) il afn 2 Jik 15 ZE 7K F- , 1480 R i F HE4i 46 40 (HOMA -
IR) ; 4525555 8 J8, 47 1 MRoblimt 52 5205 (OGTT) s - T4 245 )5 55 8 JRIR UK B € Jig i 20 23 S R iy 451 - 1z JoT , Wesst-
ern blot JEAIN 2 4 K B C G D7 42 v R AR 4 R PR F-1 (Egr-1) A7 ik JL A 5 B R 75 Ul ( GGPPS) | Ji 5 3%
I -1 (IRS-1) 2 (338K, ELISA K il 2 21 K BR € M 20 40 B R M wis 24 - iz ot g 31 38 B 7~ ( TNF-a )
HAEA R (L) -18 . IL-6 /K, R A5 2 HRRIAFGE R ER TSI EE L (P>0.05) /255 1 ~8
JA,2 AR B E Y BT BT H 2 KRR 22 R BG4 X (P>0.05) . Sz kiziia 1~2 7,2
KRB FBG LR IGHI2# BN (P>0.05) ;4525)5 3 ~ 8 Ji , WA K FBG & X RAL (P <0.05) ; 42556
2.4.6.8 Ji, A K BUR S F K HOMA-IR 5 F X BEA1 (P <0.05) . BAFALFXT B4 K Bl OGTT ik T il
1k 932.4 £51.5 F1762.8 £90. 7, A KR OGTT B F m AR FXIHIRZL (P <0.05) ; A SFA KRR A @5
g4l Egr-1 .GGPPS \IRS-1 & FIAIX ik s i AR (P <0.05) . A FAHAKRR A G AL TNF-o IL-18
FNIL-6 AR TR (P <0.05) o 2 41K BRI AT & 57 it i TNF-o IL-18 il IL-6 7K F L 22 7 R4 it22 3 L
(P>0.05), &% WEFAIESMEME SD K™ AR 55 RACHT, S FZHTIE T 685 A @i 44 Egr-1
GGPPS \IRS-1 Fl 41 A F 7K B 5 = A ok,

FEIFE:  WEOT BRE BHEPU; AR KRB -1 5 i A 2 i R & U ; B 5 R 2 AR -1
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Mechanism of olanzapine-induced insulin resistance in male rats

LYU Yi-fan' ,LIU Shou-qing' ,ZHANG Qian-qian' ,PENG Shi-yong' , YANG Ni’, LI Shi-hong’,

LI Wei-yong’

(1. Institute of Psychiatry and Neuroscience ,Xinxiang Medical University ,Xinxiang 453000, Henan Province ,China ;2. Department
of Pharmacy ,Union Hospital , Tongji Medical College , Huazhong University of Science and Technology , Wuhan 430022 , Hubei
Province ,China)

Abstract: Objective To investigate the mechanism of olanzapine-induced insulin resistance in male Sprague Dawley
(SD) rats. Methods Twenty male SD rats were randomly divided into control group and olanzapine group, with 10 rats in
each group. Rats in the olanzapine group were given 1.5 mg + kg ™' olanzapine daily by gavage, and the rats in the control
group were given the same amount of physiological saline for 8 weeks continuously. The fasting blood glucose (FBG) levels of
rats in the two groups were measured before and at 1 —8 weeks after administration,and their body mass was recorded. Venous
blood was taken from the tail of rats at 2,4,6 and 8 weeks after administration,and the plasma insulin levels were detected by
enzyme-linked immunosorbent assay,and homeostasis model assessment-insulin resistance index( HOMA-IR) was calculated.
Oral glucose tolerance test (OGTT) was performed at 8 weeks after administration. White adipose tissue and prefrontal cortex
of rats were taken at 8 weeks after administration. The expressions of early growth response factor-1 (Egr-1), geranylgeranyl
diphosphate synthase (GGPPS) ,insulin receptor substrate-1 (IRS-1) protein in the white adipose tissue of rats in the control
group and the olanzapine group were determined by Western blot. The levels of tumor necrosis factor-a ( TNF-a) , interleukin
(IL)-1B and IL-6 in the prefrontal cortex of the brain and white adipose tissue of rats in the two groups were examined by
enzyme-linked immunosorbent assay. Results There was no significant difference in body mass between the two groups before
administration (P >0.05). After 1 —8 weeks of administration,the body mass of rats in the two groups increased steadily, but

there was no significant difference between the two groups (P >0.05). There was no significant difference in the FBG level

DOI: 10. 7683/xxyxyxb. 2019. 12. 002

W fs HEF.2019 -03 -20

E£WH: FEARBFELS R H (45 :81573509) ,

YEETE A B—WL(1994 - ) 2 TR B & Nt (BB, OF58 7 1) - FORS PR 2507 AR BRONE A BAAR DL
BISMESE 25 (1968 - ) , 55 Wb, B, 2082 W55 05 1]« #1424 9% 5 E-mail ; penshy@ hotmail. com,



- 1106 - G Bl

2019 4E 4536 &

http : // www. xxyxyxb. com

between the two groups before and at 1 —2 weeks after administration (P >0.05). At 3 —8 weeks after administration, the FBG

level in the olanzapine group was higher than that in the control group (P <0.05). At2,4,6 and 8 weeks after administration,

the insulin levels and HOMA-IR in the olanzapine group were higher than those in the control group (P <0.05). The area

under curve of OGTT of rats in the olanzapine group and the control group was 932.4 £51.5 and 762. 8 £90. 7, respectively;

and the area under curve of OGTT of rats in the olanzapine group was larger than that in the control group (P <0.05). The

relative expressions of Egr-1,GGPPS and IRS-1 in the white adipose tissue of rats in the olanzapine group were higher than

those in the control group (P <0.05). The levels of TNF-a,IL-1B and IL-6 in the white adipose tissue in the olanzapine group

were higher than those in the control group (P <0.05). There was no significant difference in the levels of TNF-a,IL-18 and

IL-6 in the prefrontal cortex of brain between the two groups (P > 0. 05). Conclusion

Olanzapine can induce insulin

resistance in male SD rats,and the formation of insulin resistance may be related to the significant increase of Egr-1,GGPPS,

IRS-1 and inflammatory factors in white adipose tissue.
Key words:

receptor substrate-1

Fa P 0 BLRE S —ZH 0 PN RN Ty 55 22 07 T S
B RGP " E e B AR . AR TR
PAFRLREST RO A2, BT B PERE IR 5 P R A
B AR S HA OB pR 25 R L, O 5 5 R I
BET = B i 5 Z 5T (insulin resistance, IR ) 284/ B
JRE o BT B AR EE RL A B H Al A R
FUIERE . BT R, A 25 25 W] LU &
WP Sprague Dawley (SD) K Bz A4 IR AR BF 584
AR b, i — 2P PR B A7 S P SD R R
A IR BRI SO AT RERIL

1 #R5FE

L1 sk 518 8 Ja i Jo e i i 1A 0
£ SD KR 20 R Hidb g geds ol shi L s fif
FVFAIIES : SYXK(56)2010-0057 ; B H 3¢ [
Sigma v#], A K W A F-1 (early growth re-
sponse-1,Egr-1) 5 2 Z K JEEY-1 (insulin receptor
substrate-1,1RS-1) . H il -3 -5 12 I = ( elyceral-
dehyde-3-phosphate dehydrogenase, GAPDH ) Jii {4 It
B B DU 2 oA YRR FR A ] i A i 2
T WEBR & R ( geranylgeranyl diphosphate synthase,
GGPPS) Ht &l H ¥ [5 Abcam 23], B & R MR IR
BE IR F--o (tumor necrosis factor-oc, TNF-o0) . [ 4 4T
# (interleukin , IL) -6 TL-1B . G028 W 0 72 (en-
zyme-linked immunosorbent assay, ELISA ) & 7] & %4
B BB RN A FRA A, ik H R ( diquin-
oline formic acid, BCA ) Z& [ i i )5 I 27 &0 A
b3 = KRB FR 2 A 5 i it 4kt 3
i 2 A2 W™ i A RS A Ak 08 B & E
Millipore 73], ¥ R 25 O HLIW A 28R K HHRBHE (h
=) A RA T, RER B 3 1 K GERHE
AHIRAT

1.2 A 54E 120 HSD KRN
XTI AR, B 10 H o, BECFA RRAEEH
BTHAT 1.5 mg - kg HEH XA KRA T
G PR R HE E L LE 8 i BT 4 255
ERIRIG R 2 Bz A G R e, BREF
KRR 5 = L PT 45 28 ( homeostasis model asses-

olanzapine; insulin resistance; early growth response 1; geranylgeranyl diphosphate synthase; insulin

ment-insulin resistance index, HOMA-IR) 5 %f B 2H [t
B2 FAGAT R RS IR ).

1.3 =35 [ #E ( fasting blood glucose, FBG) . {2~ &
=% HOMA-IR #1 2 HKETFTHZE 1 ~8 ],
ARE 12 h e RERFKIL, F MBI FBG K-,
B JA I IR AT FR R BRI BT it . 7656 246 .8 JE R AR
FEFRIK AT, S HE 29 0.5 mL IR BTN
EP & B0 J5 WO LK, ELISA A6 00 i 2% fié %
ZKF, IE 115 HOMA-TR 34 B e 5 2 Uk
#:; HOMA-IR = FBG(mmol - L™") x 25 i i 53 &= 7k
F (pg- L7 /22.5,

1.4 [OfR#EM =SLL6 (oral glucose tolerance test,
OGTT) S:40%6 8 Jil,2 ZH KBS & 12 h U= #ik
1 FBG J5, 457500 g - L™ A IAI 2 g - ke ™'
HEH HEE G 15.30,60,90 120 min 28 i kR i
AR, VERT ] — it 2k, 1] GraphPad 13T
TERR; i 2 T ARG 17K, TR AR, sl
T 2 7K P

1.5 Western blot ;5#:ll 2 A AR A BIEHAR
i Egr-1,GGPPS #1 IRS-1 EAMRIE THESE
8 JAIKMAEE 12 h 5, RAENRIES # Ik MAE , & F
IR EP A& v K EUREE S 20 25 I8 S 1 )s
0 £H 25 8 K i i A 2 5 T - 80 °C R R A A H
B 50 mg K BR8240 278 vk b S e 2 DT
TEI 5 SRR, A 100 x B 26 1 B 41 5] , AR
i BCA 255 Sy 20 BRI B MR 5 LA 30 pg
SR YK R 80V, HL PR 2 43 B I K LR
9120 VR FHLTE 300 mA 90 min F% 5 it 4t 434
5% WiRE IR £ 2 by —HrhiR 4L Ul B BT RC I
—Pi 4 CWET 0 YEME G2 P VR IEE 3 3Kk, Bk
10 min; “HEBRMF 1 h; Ve iR vENE 3 Ik, 4
K10 min; BESGACHE S ; SR Image J 304453 #7 KB
R4 Egr-1  GGPPS Fl IRS-1 & [ #35/KF,
VAR 1% H 3 1 A S0 ( reduced glyceraldehyde-phos-
phate delnyderogenase, GAPDH) i N it 8 & & H
AR Rk 1

1.6 ELISA 5% 2 AKX R B BAERALR KN
BRI B i TNF-o IL-1B 5% IL-6 7K F  HL“1.5
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T HR R R B 5 U 2L 3 RN R I i st B Js, >R
ELISA AN K BRI 15 5 20 4 K R i 4t - B2 Joit
H TNF-o IL-1B8 IL-6 1 238 7K F- 5 #R A 7 A 4 Il
UL AIEAT o

1.7 Zeit=4biE WA SPSS19.0 Guit it 4k
Paotire THEGORIIEEL + bR (x £5) #0102 AL
BERFIMSIAEAS ¢ K33 P <0.05 AZEFA AR o

2 #FR

2.1 2HKXRAKFTE . FBG.JE L X . HOMA-IR ¥

8 i, 2 KA BRI H 2 4R EUAR
it LA 22 RIS L (P >0.05) . 2R 24T M
2551 ~2 J,2 R FBG 2R LS # &
X(P>0.05);4525)5 3 ~8 Ji, A4 K FBG
TR IR, Z R A RITFE X (P <0.05), 42
JEH2.4.6.8 i, BE T4 K BRURR 5 R K P HO-
MA-IR @& X2, 22 A it L (P <0.05)
OGTT S5 45 RAELH] , A V- A% BEZH K B OGTT
2 T 1 A4 Bk 932.4 +£51.5 i1 762.8 +90. 7,
BACFALRE OGTT ph £k R T ALK F X IR, 22 5%

OGTT tb% 4RWFE1 ~3, @eyuimzh)a 1~ ASitrEs(P<0.05),
x1 2HEKRREREBLLE
Tab.1 Comparison of body weight of rats between the two groups (¥ xs)
4151 n — : : : Rize A A :
] 1 2 A 34 54 4 55 4 5 6 JH 574 58 A
X HEZH 10 333.7+14.8 366.2 +17.4 394.8 +17.0 426.1 £13.4 440.5 +14.2 454.3 £12.1 470.7 £14.6 492.9 £18.3 501.1 +18.1

BWESELH 10 335.1+£8.5 369.3+12.9 398.6 +17.1 430.1 +£20.1 445.2 £22.4 455.6 £26.6 473.4 +£20.9 495.3 +27.9 502.5 +18.3

F2 24K FBG L&

Tab.2 Comparison of FBG of rats between the two groups (xxs)
g1 FBG/(mmol + L")
- M IR W2 M3JA B4R WS M6 TR H8Td
X HR 2 10 5.2+0.9 5.0+0.6 5.1+0.7 4.5+0.3 4.1+0.3 4.4 +0.8 4.7 +0.6 4.7+0.3 4.7+0.4
WAFH 10 5.4+0.6 5.3+0.3 5.6+0.5 5.6 +£0.6" 5.5+0.6" 5.5+£0.7* 5.4+0.8" 5.2+0.6" 5.4+0.7°
T SXF IR L P <0.05,

=3 2AKXKREBEHERKFR HOMA-IR [EE
Tab.3 Comparison of insulin level and HOMA-IR between the two groups (xxs)
43 EHE/ (ng - LY HOMA-IR
Z n

! %24 4 46 Ji 8 Ji 2 4 46 i 48 i
X B2 10 16.2 £3.8 16.6 £3.5 17.9£3.0 16.3 £4.8 3.7+0.9 3.0+0.5 3.8+0.9 3.4+1.0
BEF4L 10 31.1+4.3* 28.5+4.0° 33.6 +4.2° 27.2 £6.3° 7.7 +1.4° 6.9+1.1° 8.1+1.4° 6.5+1.8"

T SX IR P <0.05,
2.2 24KREEEHALSS Egr-1, GGPPS . IRS-
1 EAFRIEKFLRE ZRILAE 1 fik4, BENA
KR A 42 Egr-1 .GGPPS IRS-1 78 [ 4H Xf

TR TXIH, 2R A G2 (P <0.05),
1 2

Egr-l -

—

GGPPS e “
IRS-1

GAPDH

Lo X HRAH 2 A T4
1 2AXRBRBEBEHALAF Egr-1, GGPPS(IRS-1 £H
ZRi% ( Western blot)
Fig.1 Expression of Egr-1, GGPPS,IRS-1 protein in white

adipose tissue in the two groups( Western blot)

x4 2HKRBBIERARAS Egr-1 GGPPS  IRS-1 &
BRIEKFELLE
Tab.4 Comparison of expression of Egr-1, GGPPS and

IRS-1 protein in white adipose tissue between the two

groups (x xs)
2157 n Egr-1 GGPPS IRS-1

Xt HE 2 10 0.18+0.03 0.11 £0.02 0.11 £0.01
WAL 10 0.43+0.01°  0.39£0.10°  0.31 =0.02°

T SRR P <0.05,

2.3 2 KRB &AERHESR K KET &M E
B TNF-o IL-18 #0 IL-6 RikKk FLb&, 45
RWFRS, BATPHAKRER A G0N 4HH
TNF-« | IL-18Fl IL-6 K-y F X BEAL, 22 A Ge it
FEX(P<0.05), 2 ZHRFRIHNFTAII: K 5T TNF-
o JL-1B Fl1 TL-6 7K oA 22 S ¥ T ge it L (P >
0.05),
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x5 2AXRABIEHARMKMETHM KA TNF-o IL-1B F0 IL-6 K%K F LI

Tab.5 Comparison of TNF-«,IL-13 and IL-6 levels in white adipose tissue and the prefrontal cortex of rats between the two

groups (xxs)
1 B R RN A B2 J5it

- TNF-o/(ng - L7') IL-18/(ng-L7'") 1L6/(ng-L7') TNF-o/(ng-L7'") TIL-1B/(ng-L7'") IL6/(ng-L7")
HHE4L 10 0.029 0. 003 0.034 +0. 005 0.025 +0. 003 0.022 +0.008 0.017 +0. 008 0.016 +0. 004
BAFAH 10 0.047 +0.007° 0.058 +0.001° 0.034 0. 006" 0.027 +0.012 0.025 £0.011 0.021 0. 008

SRR & P <0.05,
3 g

PURE Hi 25 SR OTAEIAR T TAG M 43 20 P 1k
(i TR B AH 5 1R AL, £1 28 ™ T 540 1A #5193
I7, B R B ARAEZ G I, WA T R X R YT
PR EE TR WA o B B 5 AR L
(i R R B O3 R TR pHL A B Tk —
B 2590 B

WRRITRS e ZUERT, BB B S B A IR
T IR AR T RN B, IR HA i 2
LRI 25 5, B4 P4 B R T 5 % LR AR RES , HO-
MA-IR JE PR AR5 S LAY S s A5 . A0 o
FAEREY, AT HENE SD K74 IR, H
VN R NN e a e o B o AR = = =11 S
RO SR B 2E IR BOBFSE 0 TCHGE . AW
FEEER IR, R 25 25 )5 R 5 | R A A B A R
W F Tt 5H 4 ALBAUGH 25 B 5T 45 LA
Al ASHFFE IR & B, AR K24 25 1] 5 | ke A SD
R B A A S A 248, T S K R IR Y
7

BT FHEYE SD KRS E IR, A T
H A A g 2200 IR B AR CE 1 Egr-1 .GGPPS
IRS-1 25 1553k 7K, 45 3 7, Egr-1 . GGPPS | 1RS-1
22K A T2 i T X B2, SR ZE AP A B TR A
1 Egr-1/GGPPS/IRS-1 i % B 2 3435 , A V-5
B IR AJfEY Egr-1/GGPPS/IRS-1 i % 2 VI

IR &—FH8 ME R AR, SIS £ L, IR &5
R TR AR 2 BOBE R R
HOMA-IR 55 46 P 5 28 A1 61, 3 B 46 0 J2
P IR BN E Y Eg-l B—MEHEE A
FHET M ZRGER TA SR Ak
W], Egr-1 ] LI2f# GGPPS #5340, fiff Ras & %
PFA TS B A M AP R T B T 12 s,
G5 IRS-1 7E 22 % 1R 612 4b i B R 1k 137 25 8%
%O IRS-1 M 22 AR AL K- TH s, 3 T H 5
JiR 5 2R A2 AR B X IR 245 6, a0 — 20 2D T A 2 b
BB W TS RGeS . XAk
JEREFSECIR (TR, Egr-1 0] i 5 £ 15

AL AR I I WA e IR R R
AR LR RATTE R TEMEME SD KB,
A5 TR 5 )8 5 20 2L 12 1 4 6E A % )
g Egr-l XX £ A g vk T A R A
FAUST HE Egr-1 AT A2 A 585 IR Y B
Bl Egr-1 AT/ &y 2 A0S I - i 1D 20 2 K%
PEAIMIN TR, AT g R R, WAF
HKR A4S Egr-1 TNF-o IL-1B il IL-6
KRR ETE 3R AP35 S ) IR ATRES Egr-1
M FIIRMER T RBOEZ A K. (XS IR A T
YA BRI A A B2 S TNF- IL-18 1 IL-6 7K
Ve SRS R, R AP X AN A
IR fii i P B2 S5 A 4 A [ 119, 3 o T R 2 B
RPAESNE LR IR, TE P el 2 RGER BNE T 1E
R

AR AR ECE K AL ks S T
HEPE SD R EUZ A4 IR, JFRIY T Egr-1 FER A5
TR {5 S TP VR R, L B BT 45 25 ) A e 4
LRI AR ZH R rh e M R I A I 0, 45 SR 3R],
RS0 IR A RE & 1k Egr-1 8200 1R & R A5
I BRI AE T 5 R PR TR, 2 R U A
AL IR, A Egr-1 dH K n] BER i pe B2
g IR g —Fh 7, 3 R LS D A A R
QA7 DN
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