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FAL T Z B0 R IR 5 T B i B AR T/ B
JFF T i J 122 P 4D 552 Wi

I B ke AR X o ok H

HE BHH RKTAKLELARSZEHFFHRE Z R RITFIRIERA Hw, ik 72 R
ApoE TN R B RETR IR 16 BRI A M B A IKAAR A [ A B A 28 AL Ak 25.50 .100 mg/kg 48, 4
2118 X ,18 X C57BL/6J /) Rk A 2 B4, BB A A H THAR B EALEABEF 8 A, sTBAZAER
LT RRARGG SR SRy F - B F H A XX R B AR, M R A EHEE(GIR) s
R i e B %5 B B By B (FFA ) 4% ;M % FBG.TC.TG.FINS K-F, 3+ 3k 5 % 3435 5 (HOMA-IR) ; 5%
Bt 3 %2 8 PCR(QRT-PCR) = Western blot 4| I 28 22 i Iy 82 A AL A4 B F [ i BACH B 4Kk 38 78 4 8 0%
%4k a(PPAR«) . 28 & % P4502E1 (CYP2E1) . 2 i & % P4504A1 (CYP4AA10) ] | i b Bk AL IR i B
[ WFEmAz s L 4 /8 1 (CPT1) . el & & A ALdE (COX1) . M8 B & & 2(UCP2) |y k ik, &R
5ad ks A RARE o 7F FBG.TC . TG.FINS K-+ HOMA-IR 14, fo & Fo if B ¥ FFA 4334 9
2% (P<0.05),GIR ¥ 2 %44 (P <0.05) ,PPARa.CYP2E1 .CYP4A10 % CPT1 mRNA =% & % i&
MAk (P <0.05),COX1 % UCP2 mRNA #e & & £ A 7% (P <0.05), 54 A 4 ki, A EF 55
25 mg/kg#e TC. TG #= HOMA-IR 1A %A% (P <0.05) , & L& A5 50 mg/kg #8275 FBG.TC . TG.FINS &
FF+ HOMA-IR 4% (P <0.05) , 4b¥ %4% 100 mg/kg 214k £ . fo 7% FBG.TC.TG.FINS 7 -F# HOMA-
IR 3 %4%(P <0.05) , A4t 4% 50 .100 mg/kg %1 GIR B 24t & (P <0.05), S5AEM M bR, AALE A&
A7 % A JE PPARa. CYP2E1.CYP4A10 % CPT1 mRNA # % & £ # & (P <0.05),COX1 %A
UCP2 mRNA #=%& & £ A VAR o i Ao BT IE F FFA & Z 3 B (P <0.05) . £t  RAAL¥ Aaladitif ¥ A
BE FFA 8L, 5 & & R85 30 Re9 Mk B £k,
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Effect of Oxymatrine on Fatty Acid Oxidation in Hepatic of Fat-Induced Insulin Resistance Mice
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ABSTRACT Objective To investigate the effects of oxymatrine on fatty acid oxidation in liver of
high fat diet induced insulin resistance mice. Methods 72 ApoE '~ mice fed with high fat diet for 16
weeks to construct insulin resistance model were randomly divided into the model group and Oxymatrine
25, 50, 100 mg/kg groups, 18 in each group. Eighteen C57BL/6J mice were recruited as the control
group. Then the mice were administered with appropriate oxymatrine by gastrogavage for 8 weeks in each
dose group of oxymatrine, equal volume of pure water to the control and model group. Hyper insulinemic-
euglycemic clamp test was used to evaluate insulin resistance of mice, while the glucose infusion rate
(GIR) was measured. The levels of free fatty acid (FFA) in the serum and hepatic tissues, FBG, TC, TG
and FINS were detected, while the insulin resistance index (HOMA-IR) was calculated. The expression lev-
els of fatty acid oxidation regulators [ peroxisome proliferator-activated receptor o (PPAR«a), cytochrome
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P4502E1 (CYP2E1), cytochrome P4504A1 (CYP4A10) ], fatty acid oxidation rate-limiting enzyme [ carni-
tine palmitoyl transferase 1 (CPT1), cytochrome oxidase (COX1) and solution uncoupling protein 2
(UCP2) ] in liver tissues were examined by Real-time reverse transcription PCR (qRT-PCR) and Western
blot. Results Compared with the control group, the body weight, serum FBG, TC, TG, FINS, HOMA-IR
value, serum and liver FFA content increased significantly (P <0.05), while GIR decreased in the model
group (P <0.05). The mRNA and protein expression levels of PPARa, CYP2A1, CYP4A10 and CPT1 de-
creased (P <0.05), while COX1 and UCP2 increased in the model group (P <0.05). Compared with the
model group, the levels of TC, TG and HOMA-IR decreased in oxymatrine 25 mg/kg group (P <0.05), while
the levels of FBG, TC, TG, FINS and HOMA-IR increased in oxymatrine 50 mg/kg group (P <0.05). The lev-
els of weight, FBG, TC, TG, FINS and HOMA-IR decreased in oxymatrine 100 mg/kg group (P <0.05),
while GIR increased in oxymatrine 50 and 100 mg/kg groups (P <0.05). Compared with the model group,
the mRNA and protein expression levels of PPARa, CYP2E1, CYP4A10 and CPT1 increased in all
oxymatrine groups (P <0.05), COX1 and UCP2 mRNA and protein expression decreased (P <0.05) , while

the contents of FFA in serum and liver decreased (P <0.05). Conclusion

Oxymatrine can regulate the

fatty acid oxidation in liver, thus improving high-fat induced insulin resistance in mice.
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MH57 %

1 ¥ SPF 4 ApoE ' /Nl 72 H,C57BL/6J
/NER 18 L B ENE (K 18 ~22 g, bRt KAf R 2
BB, B AIES : SCXK (5)2011 = 0012, A S2I6 A/
AL LA B2 245 0058 Bt 52 95 Sl W) 0 11487 B S , 3l ¥
IR BE 2SI Be (312 51 234t HE(No. N0012) .

2 Y RS S R, g
0.1 g/kL, W 8 1E R K g 25l B A A PR 2 7 (=
131026) . HE AL ST T AK B HI AL 2.5 .5 .
10 mg/mL ¥R JE TR

3 FEBN GG 1k A ALY A TE YOS
Z/K o (peroxisome proliferator activated recep-
tor a,PPARa) A4t K B 2 5 B BT K (3£ 1B Abcam
W], #H 5. ab8934 ) 5 A B Bk £ A I Ak B A2 i 1

oxymatrine; high fat diet; insulin resistance; fatty acid oxidation

(carnitine palmitoyltransferase 1,CPT1) A hi KR
Z iR (3215 Abcam A H] L5 :ab83862) 5 4l
6 Z %4k 1 (cytochrome oxidase 1,COX1) 11174t
KL FipediiR (% [E Abcam /A, 5 :ab22720) ;
fif (B 11 2 (uncoupling protein 2,UCP2) fdfi K Bl
ZrifEPLiAR (2 E Abcam A H] it 5 :ab203244 ) ; 4
fifif®, % P4502E1 ( cytochrome P4502E1, CYP2E1)
Bt KB £ 50 B bt ik (3£ [E Abcam A H], #it 5.
ab28146 ); 41 fy @ & P4504A1 ( cytochrome
P4504A1,CYP4A10) it K E 2 se b4k (3 Ab-
cam A7), b5 : ab3573 ) ; 7t it RT-PCR i &
(£ ABI A H] L5 AM1005) o 4 H B 2E LAY
(H37.7080) ;ABI 7300 Real-time PCR System ( 3&
ABI A H]) 5 VKA LA (s —TiliE) ) o

4 Jrik

4.1 Sy#MLZ C57BL/6J /NEURFRIER AL
(R EE T 24.2% , kKL & ) 65.5% , IR 1T
10.3% ) , B M X B4, RERLG 45 S IS5 ik (4]
ApoE "7 /NP SR AR TR (VR4 : B IR 20. 1%
Bk G 20. 1%, 1§ 17 59. 8% ) ,16 J& J5 % F i i %
F - IR E e e I 2 i A B 2 (glucose in-
fusion rate, GIR) ,5IZ SXTHEAL i, 22 4 Gt
ESUONERRIN® o HENIRC T 0 AT A A
21§ 25 .50 100 mg/kg 41, Al R AR 5,10 ,20
A 18 Ho Ay S M dE g B 457 8 JH
FIRR R AR A S, o) BE A RS TR 2 25 - [R) AR R Y
gk, THE/NRRER, SEER A5 A AL 8 /N BRI
GIR, 4 10 HU/NR BRI AT, -80 CLRfr# .
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4.2 AAbEESREI BT A R A H SRR
B ASC 22 /IN BRI 1B (FBG) . TG.TC #l FFA 1%
o U B VA E IS B & (serum  insulin,
FINS) & &, 115 JE & 2 #K P45 20 (insulin resist-
ance index, HOMA-IR) =75 i Il B} x =5 i ik & K/
22.5, oo i g A 2 40 it i B T R 1) 5 o

4.3 EEBER - ERAREelEE GR =
S0k [6 . /NEUKREF S , >k Dow Corning Si-
lastic FIARENCE I T 47 S K AT S IKAGEE . 72/
USRS T L4 mIU/(kg - min) &vERRS 21 30%
N W, E ) GIR, fd FBG /KF-7£ (5.0 £0.5)
mmol/L & Fl, B2 T W E GIR H & i/ URE &5 &R
M

4.4 gRT-PCR £l i i PPARa.CYP2E1
CYP4A10 ,CPT1,COX1,UCP2 mRNA %35 Jif
Ik, 515 FEHUE RNA 0055 5% 586 1 PCR (kAT
SN P, 518 K 5. PPARa 51 9. | . 5'-GG-
GAAAGACCAGCAACAACC-3', T ift: 5'-TGGCAG-
CAGTGGAAGAATCG-3', /=) i Bt 140 bp; CYP2E1
319 Fi#%:5'- TCCAAAGAGAGGCACACTTCC -3/,
T ii#:5'- GCACAGCCAATCAGAAAGGTA-3', =¥
F Bt 85 bp;CYP4A10 54 Lii#:5'- AGAGAGGCA-
CACTTCCTGGT-3’, T if: 5'- GCACAGCCAAT-
CAGAAAGGTA-3', /=¥ Fv B 80 bp; CPT1 5|#: I
:5'- TTATCGTGGTGGTGGGTGT-3', Fii#:5'- CG
CTCACAATGTTCTTCGTCT-3', /= ¥ i Bt 132 bp;
COX1 5| #: I iif: 5'- GACCGCAACCTAAACA-
CAAC-3', T iif:5'- GGTGCCCAAAGAATCAGAA -
3,77 W K Bt 88 bp; UCP2 3| #: I iif: 5'-GATA
CTCTCCTGAAAGCCAACC-3', T ii%: 5'- CGAAG-
GCAGAAGTGAAGTGG-3', /=¥ i Bt 64 bp; N = A
B-actin 5| ¥: I Ii#: 5-GGTCATCACCATTGGCAA-
3', F %%: 5'-GAGTTGAAGGTAGTTTCGTGGA-3', **
P Bt 105 bpo HEX BB hy 1 AR B 53T, LA
H 1 PPARa., CYP2E1, CYP4A10, CPT1, COX1,
UCP2 J& AR & B B mRNA FRik7KF-

N

CYP2E1. CYP4A10,CPT1.COX1.UCP2 & 1% ik
JHERE, 5028 SR RV 1, BE LUk o0 5, SR 2 T T
AT EE AL FE il A PPARa.CYP2E1. CYP4A10,
CPT1.COX1 UCP2 fi Bt —Hisk NS & , 5 AR B
PR L, fb 2 BRIk B ME# ., UHMER
PPAR«a.CYP2E1., CYP4A10 .CPT1.COX1.UCP2 5
W2 B-actin JKIEFHGE N FLIE R MR 657K F

5 %iteFdiy: H SPSS 13.0 Geit#st, it
AL, x s R, SRS TEIR LR R 2R 5 22
I3, WIZH2H 6] AR ] SNK #6536 ,P <0. 05 25 5+
e

# =X
1 A4/ U TS AR e br e B (52 1)
50 B U, BRI AL/ N B (1LY FBG L TC TG,

FINS 7k F- 1 HOMA-IR {EFt 7 (P <0.05) , S
H A, EAL T2 25 mg/kg 41 TC . TG 1 HOMA -
IR fEFEMIK (P <0.05) , A4k =ik 50 mg/kg 4 1l
% FBG.TC . TG.FINS 7K *F-F1 HOMA-IR F#{%k (P <
0.05) , %A k120 100 mg/kg 1A . Il #E FBG.
TC.TG.FINS 7K °F-#1 HOMA-IR #[%{% (P <0.05)

2 K4/ GR E(F2) SXTHRALE,
A /MR GIR W B IR (P <0.05) . HHIRIZ L
ST 2% 50 100 mg/kg 41 GIR B @ A5 (P <
0.05),

3 HUUNR FFA SiEtbE(F£3) SRl
AR ZH /)N BRI I T IIE e FRA 5 i 4 B 8 Tt
(P<0.05), SHEERIZLLEL, AL S 45 7] o 40 1
AR FEA & 40 B FEAR (P <0. 05) .

4  RH/NFIFIE PPARa.CYP2E1 J CYP4A10
MRNA REARIKILK (R4, E1)  HXTHRALE,
1A 20 /N BUFFIE PPARa . CYP2E1, CYP4A10 mR-
NA FIEE R E B WL (P <0.05), SR L
5 A1 2% 25 mglkg 4l CYP4A10 4 &k T
(P <0.05), % 1k ¥ = % 50. 100 mg/kg 41
PPARa .CYP2E1. CYP4A10 mRNA Fl%E 13k

4.5 \Western blot J5 & #: Ml iT IF PPAR«. FE (P <0.05),
1 SA/NREERMBAMEREE  (xxs)

20531 n K& (g) FBG(mmol/L) TC (mmollL) TG (mmol/L)  FINS(mIU/L) HOMA-IR

Xif HE 10 33.40 +2.76 5.10 +0.38 2.02.%0.24 0.65 +0.08 25.86 +3.27 5.89 +1.00
B 10 46.07 £3.34* 7.41+0.88" 12.16+8.37" 1.69+0.78" ) 96.05+9.85° 31.54+4.30"
A LTS 25 mg/kg 10 44.20+3.18 6.91+0.97 10.41 +1.26"  1.26 £0.15° 88.57 +8.78  27.05%3.52%
50 mg/kg 10 42.58 +3.82 5.96 +0.412°9.87 +1.04”*  1.18+0.20% 82.72+8.27" 21.84+1.87"
100 mg/kg 10 41.14+3.12% 5.75+0.77% 8.81+0.72% 1.00+0.16% 67.48+9.33°% 17.27 +3.59%

T X IR A, * P <0. 055 S RBIZH Ak, 2P <0. 05
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K2 HBHDPEGREK (xxs)

2551 n GIR[ mIU/(kg * min) ]
oyl 8 26.65 +2.88
K 8 16.46 £1.62*
ATES 25 mglkg 8 18.53 +1.62
50 mg/kg 8 20.13 +1.84%
100 mg/kg 8 21.33+2.26%

1 X HRAL RS, * P <0. 05 ; SR [hAs, 2P <0. 05

Fx3 HH/PMHFFA SEIE (x=xs)
o 13 FFA JFME FFA
2151 n
(mmol/L) (mmol/g)
X HE 2 10 1.90 £0.31 13.61+1.78
2] 10 3.17+0.46* 43.76+7.02"
Ak S0 25 mg/kg 10 2.65+0.41% 32.86+3.39°
50 mg/kg 10  2.45+0.29% 27.78+3.52%
100 mg/kg 10  2.23+0.29° 26.44 +3.16°%

G IR e, * P <0. 05 ; SHEBI4 4, 2P <0. 05

PPARa

- w— 52KD

CYPZET Sl e e S D 55 10

CYP4A10 -_ e e e 59 kD

Bactin S D S -

A

B

C D E

A XTHRAL B WA C R AT 20K 25 mg/kg 4;D
AT S8 50 mglkg 415 E LS8 100 mg/kg 415 & 2 [7)
B1 F4/MFNE PPARa . CYP2ET .
CYP4A10 & L1k

5 &K4/NEUTIE CPT1.COX1.UCP2 mRNA
FEAFGRB (£S5, K 2) G e, g
/NEIFIE CPT1 mRNA Fl 3K 1 3 35 F ik, COX1 .
UCP2 mRNA Fil#E [k FHm (P <0.05) , H#im
A HEE, AT Z0% 25 mglkg 41 CPT1 mRNA ik
FHim,UCP2 mRNA Fl#E [ FRIKFFEIR (P <0.05) ,
k#2850 .100 mg/kg 41 CPT1 mRNA FI#E H %
kFHE ,COX1 . UCP2 mRNA 17 1B AL (P <
0.05),

CPT1 88 kD

- - — -
COXT s D s s . 68 KD
UCP2 o v " S S 33 kD

B-actin T TR - 10D
A B C D E

2 BY/NESFE CPT1.COX1 .UCP2 & 1 HLIK A
it it

R B mR SR S AL AL 1 R
ApOE ' /INEUEESE T RS R AP, W v EAT
[Fi] 38t (4 15 5 i B A ) C57BL/6J /INEE R T BB, 3T 1]
A 1065 2 HR BT A0 4 6 A i S 52 56 W0 2% 31 5 g M
ApoE ~"" /N AERE B Ih ] £ RS KPR . B SR
i, A S A PR SoR T RIS DR 4
J s 25 VR S R PR S O AR A s R

x4 KA/NETHE PPARa.CYP2E1 }2 CYPAA10 mRNA MEEFRIXLIE (x+s)

PPAR« CYP2E1 CYP4A10
21 51 n
mRNA = mRNA EH mRNA HH
payiist 3 1.02 +0.15 0.97 +0.15 1.03 +0.15 0.93+0.13 1.03+0.13 1.08 +0.14
TBETR 3 0.23+0.04* 0.22+0.04* 0.28+0.05" 0.25+0.04" 0.35+0.04" 0.37+0.04"
AL S0 25 mglkg 3 0.26 +0.04  0.34 £0.04 0.34+0.06  0.30x0.05 0.40£0.07  0.46 =0.05%
50 mg/kg 3 0.68+0.11% 0.65+0.10% 0.63+0.09% 0.57+0.08° 0.82+0.14% 0.83+0.10%
100 mg/kg 3 0.55+0.08% 0.71+0.11% 0.69+0.12% 0.62+0.10° 0.98+0.13% 1.03+0.14%
1 SRR EES, * P <0. 05; SR Hh4s, 2P <0. 05
x5 K4/NRIFHE CPT1.COX1.UCP2 mRNA REMFEBLE (x5 )
CPT1 COX1 ucP2
20 51 n
mRNA HEH mRNA = mRNA HH
oyt 3 1.00 +0: 14 1.10 £0.15 1.01 £0.12 0.21+0.03 0.99 0. 11 0.20 +0.03
TR 3 0.28+0.04* 0.31+0.05" °2.20+0.35" 1.12+0.18* " 4.78+0.62* 0.96 +0.12"
ATES 25 mglkg 3 0.69 +0.08% 0.76 £0.08 1.88+0.28  0.96+0.14 2.11£0.31% 0.42'x0.06%
50 mg/kg 3 0.87 £0.12% 0.96 +0.13*% 1.58+0.20% 0.81+0.10° 2.16+0.21% 0.43+0.04%
100 mg/kg 3 0.90£0.15% 0.99 +0.17% 1.10+0.14% 0.56.+0.07%2 1.66 +0.22° 0.33 +0.05%

0 ST BRAL HL#R, * P <0. 05 SHEEI4 4, 2P <0. 05
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FFA 7KV Tt i 2 AU 25 5 Ak BB AR S5 A 4 0
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AT TR 5 Z AP/ D BUF 44 PPARa #2ik
TR, R U AR B R AC A 6 I F CYP2E1 A
CYPAA10 ik T, Bk A B SR G Tt
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JHERE R CPTA 114 i 15 1 1) b 14 N 1) 5552
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TN IR R & R R . COXT Lk A
L LA iy IR ", UCP2 SR 2R b P I b 2%,
TREE®,COX1 Fl UCP2 H54i #eik v 4 i
ATP FE38 , M0 SRR (1) T B8 , A AL 2 0 B 1% 3 1ot
F#A% COX1 Ml UCP2 #ik, el 4R AR T g , 3 fin H
SAALRE T, s = RIS T R ZE AR A 453475

g5 LT B AT SR AR G I R AR BT, T
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o R T R A o T T — 2B T R,
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