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A T8 R AR TR S 05 1 A /0 BB A B AL

BHE, RAF, MNRK, #AET, ZE%HF
(LATESSZFEHFR, LA MBS 264199)

[HE] BB X 3 08 V5 5 s P T (non-alcoholic fatty liver disease, NAFLD ) A R /IN [ A AT JIE /2 15 B AT 13
Ve R LML . J5 3% ofF BALB/c /NEUBEAL 4> N IE % 20 A V2 25 AR Ab VT 20 (2.5 mg-kg ™), f i MK L i AU 41 (3.5,
7.0 g-kg ™) FH O R i R SR 12 JE 4 NAFLD B58 JEB 4525, 4K 17k ,28 d I H i = (wiglyceride, TG ) , AH [ B
(cholesterol, TC) , 15 % £ g 2 A ( high-density lipoprotein cholesterol, HDL-C) , {ik % J& Jig 2% 4 (low-density lipoprotein cholesterol ,
LDL-C) , 7N % B2 2 2 % % i (alanine aminotransferase, ALT) , K [] & 2 M2 % %t % # [} ( aspartate aminotransferase , AST) , 118 JiF 45
BB E /R x 100% ) 5 8 W0 S A0 Al 0 5 JF 59 3 b 8 A0 4 AL i (superoxide dismutase, SOD) 1 ¥ A% 2 L % R ¥4
I & N — ¥ (malondialdehyde , MDA ) &5 45 5 JJ 25 1 4298 Bl 38 325 ( Western blot) ez il JH- 20 2R A IG BE K 52 4K 2 (adiponectin receptor 2,
Adipo R2) B (A Rk BB MBI ALUE S WAL, R 5IEF A E, BB /N TC, TG, LDL-C, AST, ALT 7K - & i 15 # %
ZFF (P <0.01) ,HDL-C & & T FE(P <0.01) s JFZ41 4 SOD {f P R (P <0.01) ,MDA & & I F+ 55 (P <0.01) ; 414
H Adipo R2 fE AR IB A (P <0.01) , JFAERR DT AZBI R (P <0.01) , SEEHEIZ L #, A7 i 0 ol B AR i W TC, TG, LDL-C, AST,
ALT JKF B850 (P <0.01) s BEARATFZH Lt MDA & (P <0.01) 485 SOD {f T (P <0.01) ; JFH 4 Adipo R2 2 1 £ ik
B (P <0.05) 5 BT 4 M g 17 28 PR 2 B B % (P <0.01) o £5i8 : A i i % NAFLD #8578 /N fUE A BB AR 1 A, JLAL 60 ]
fiE -5 30 4 S AL BL I Adipo R2 fY3R3A4H G .
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Effect and Mechanism of Micrococtis Folinm on Mouses with Non-alcoholic Fatty Liver Disease

SU Shi-zhen ™, XTIANG Dong-yu, LIU Xiao-qing, JING Xue-ning, MENG Fan-wei
(Shandong College of Traditional Chinese Medicine, Yantai 264199, China)

[ Abstract ] Objective: To explore the protective effect and mechanism of Micrococtis Folinm on liver of
Mouse with non-alcoholic fatty liver disease (NAFLD). Method: BALB/c mouse were randomly divided into normal
group, model group, simvastatin group (2.5 mg-kg™') and high and low-dose Micrococtis Folinm groups (3.5,
7.0 g-kg™'). The NAFLD model was prepared through intragastric administration with high-sugar and high-fat
diets for 12 weeks, once a day. Serum triglyceride (TG), cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol ( LDL-C ), alanine amino transaminase ( ALT) and aspartate
aminotransferase ( AST) were detected, and liver index were calculated (liver wet weight/body weight x 100% ) at
the 28" day. Activity of superoxide dismutase (SOD) and malondialdehyde ( MDA) in liver homogenate were
determined by xanthine oxidase and thiobarbital acid method, respectively. Adiponectin receptor 2 ( Adipo R2) in
liver tissues was detected by western blotting. The morphological changes in liver tissues were observed under light
microscope. Result:; Compared with the normal group, the model group showed higher levels of serum TC, TG,
LDL-C, AST and ALT (P <0.01), and a lower level of serum HDL-C (P <0.01), higher liver index (P <
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0.01), lower SOD activity (P <0.01) and higher MDA (P <0.01) in liver homogenate, decreased Adipo R2
protein expression in liver tissues (P <0.05) , and severer hepatic steatosis (P <0.01). Compared with the model
group, the Micrococtis Folinm group showed lower levels of serum TC, TG, LDL-C, AST and ALT (P <0.01),
lower liver index (P < 0.01), lower MDA (P < 0.01) and increased SOD activity (P < 0.01) in liver

homogenate, increased Adipo R2 protein expression in liver tissues ( P <0.05), and significantly relieved liver

steatosis (P <0.01). Conclusion: Micrococtis Folinm has lipid-lowering and hepatoprotective effects on NAFLD

mice, and its mechanism may be related to the inhibition of oxidative stress and the increase of Adipo R2

expression.
[ Key words ]
stress; adiponctin receptor 2 ( Adipo R2)

AR TR LR 197 PE AT (NAFLD ) 2 45 Jo il i 28
73 10T BV 40 I 5 74 4 1) I B NAFLD £
35 T G R s b e e A, e B 2O AR T
WP IF 22 00 5 K . FRT, X T NAFLD
S IR AL B BIF 5 3 T S A iR AU o LR R R AR
P g Bk A K g RE R S i . R k&R
(adiponectin, APN) & — Fft 37 & B i A5 s 40 e 4+
SRR BRI AR RO, 5 AR 4
NS AL XA NN YRR I S I e
FIIgE & 2 AR A5, LT f) NAFLD #9925
RS,

WEoE & B, Hh BE 2597 k%) NAFLD #3697 BA
A BRSO T T B AR B g K B A i e
NAFLD HA — &0 97 1 T, {H 5 A ¥ i % NAFLD
Bl YIRTRL 1 T IIE A R 25 2, APN B A2 1A 119 5% il
WF5E 1 R WA IE o AR 5250k e bl L R KB e o
NAFLD /N B2 AL, A I 1 35 H 9 = B ( triglyceride,
TG) , BH [# & ( cholesterol, TC) |, 155 2% & g 45 B ( high-
density lipoprotein cholesterol, HDL-C) , ik % & g &
[ (low-density lipoprotein cholesterol, LDL-C) , I &
Wik 24, 3 % % Bf§ ( alanine aminotransferase, ALT) , K []
K AR R I F [ (aspartate aminotransferase , AST)
IR, I BT 2 R AR ) AR B (superoxide
dismutase, SOD ) 7% £, 9 — [ ( malondialdehyde,
MDA ) & &, WL T 45 20T 20 21454 272 B Adipo
R2 R, B TEIR W A i 1 XS NAFLD #5284 /)
R BT I F) DR 1 HT B FEBIL )

1

1.1 Z% %iAk BALB/c /NEL.6 JEl IR, SPF %,
TR 20 ~25 ¢, 114 A -t 504 B AR W) B B A7 BR
N EREIE S SCXK (5) 20140004, &5 4 = g
TEH(10% %5, 10% 1M, 2% JH [ B, 10% 4K 5
3,68 % Feali kL, 41t~ 20160829 ) Wy { YL J5 P[] B2

Micrococtis Folinm; non-alcoholic fatty liver disease; mice; lipid metabolism; oxidative

Y TN, SR A IR P EL & EL
b2 10 B 22 51 23 A 1, S5 50 Bh W A8 B A G
520160908 ,
1.2 259 Rk A i i [ db s R s 5 —
O35 B AR PR 2 i A L B A R S B R AR
TR 55 0 N W BB W BB AT I Miicrocos paniculata
TR S A 7T (AR & B 25 Iy A IR
Al b5 H20083839) 55 x 85 1 EAESE il [ RAR A=
R (db ) B BRA AL LS 170218 ] B R £h 2% it
W (PBS, X AWAEYFEARALA, #S
161827) ; i Bk & 52 1k 2 (Adipo R2) — i (£ [
Abcam /2% H], 5 ab12612) ; TC, TG, LDL-C, HDL-
C,ALT,AST 50 & (P AR db = A R e A A PR A
AL S 4 5k 161209, 161221, 161117, 161225,
170206,161219) ; SOD , % iy 2% 22 & {1, MDA i 71
(B s @A E Y TR B, it S ik
20170218, 20170119, 20170218 ); B-Wl 3 & A
(B-actin, 3¢ [E Bioworld /A #] , 4t 5 AB02231) ,
1.3 {Y#: MINDRAY BS-200 %4 [ h 4 4k 4 7
A CERYINE Hi B2 7 28 \) ) 5 TU-1900 #4435 0% B i
(b 5T 3% 5 38 A a% A PR 7)) ;RM2016 A LEICA
i BY) ML B pR R AR A R R ) 55300 AU K
WL & 4t , VE-180 AU 1 1 H k18 (1 K g B
BA WA A 153BR B4 A (36 [# Bio-Rad A
G
2 A#miE
2.1 MoK F & At 0.5 kg iInA S %
K, R KR 30 min J5 R AR KR A E WS H
SCKAB R 20 min, G UE . RIS 2 WA 4 £
K, BER B, A IE W . 60 CIHIR T hEfs & &
Wi e i R B R 2 6 g-mL T YK R, B 4 C UK
AR
2.2 NAFLD /NRBERSE 25 02 K22 /B 65
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H Mt & MR R 1 R R e R AL R 15 )
VENIE# 4, 45 7 388 fm R 5%, % 50 NS T
R A TRV 3R 12 JR S A IE 2R i A 4
AL B 2 AR BE, BUm i & TC, TG, LDL-C,
HDL-C, ALT, AST, HUiF 41 21 95 K Z-fr 41 (HE ) %
(8, F SRS A2 A T S R RN B 1 T B AL
SRR AL SE R AT 41 (2.5 mg-kg ™), A i 0
I R 41(3.5,7.0 g-kg™') , 4541 10 H 4k 2L
DLW BR AR, AR RLZH RN IE B 4 4A T S IR B 2R
WK HEE B2, H 1R, ESE 28 d,

2.3 IERAKGI TSR TGRS E 12 h FRE
J5i BRI TE 5 2% IR EL 240 (50 mg-kg ') BRI, 0
JIEBCIM , 43 B 3 , 4% A 3 A4 A B AR I TC, TG,
LDL-C,HDL-C, ALT, AST ; 3t & JF i Ji= , P3 HR W ¢
JHF I SR AR A0 RO U, A B R K wh gk, i 4R T )5
FREE (5 I 48 50 = P & /K 8 x 100% ) . M
JHF W A o e S BN BRI 21 20, UK T il A 10% 21 41
A3, SR FH B S Ak Il T S A) 3K R SOD TR
P A L Z R I MDA 3 &, 7™ 4% He i R &
Wi B

2.4 P RPENIE P (Western blot) £ Il i 41 41
Adipo R2 Fik/KF  HEHFRIBUF 4141 100 mg fin A
S W VKK Fp 20 S 0 5 BV W, F BCA B a2
SR VR EE o PR R B TS IR bk 4 S TR R
HRRARERE L 5% Mg EREA 2 h, —
PL(1:2000)4 CHER A, P (1:3 000) $ZIK |-
wEGIRE 2 h G UESE R Y PVDF i E F K BE 5300
BERE AR RGN, BOCTRAMAE PYDF I 32 17 % L

JRAGR 2 GE BB 10 BROT A, LA B0 7R 1B
5 B-actin B IR JEE {1 LL B 2 7% %6 & 19 B9 2K (R
JORes

2.5 UM BRAH A SO BEE BRI
HEUE 10% T Wb I 2, W M4 S, )
Fr HE Ye o, b F 8y 5 28 56 10 996 B8R 168 U 3% 43,
SCBE T WLEE T 20 M NG 5 A8 4k 4y i AR s
g 195 725 e 43 o K 0 EE 40 B 4 1 T 1 4 LL iR
TR, <25% ,26% ~50% ,51% ~T75% , >75%
XS ARUGBA BN 0,1,2,3 Fd 5y, RAEFR
YA i I I P9 26 RE AN MR N E R TG R L R
JiE R S AR, B 0,1,2,3 F
445,

2.6 St B & o+ s o, A BUE
J1i SPSS 13.0 HEFF 407 , 2 18] He 48 5% 1 7 2240 47, Wi
5 H 5 R Al SNK 75, P <0. 05 A4 445 X,

3 #R

3.1 xFEW— B R SE s R Eh
FET, IE A/ BUR FOIR S B S S IEw, B RO
VEBE U, KRR A /N L B R NGB B, B R OB
WS, AR SR . AT R R
BRI T B . 5 IE 2 L A, B 2 LI
TG TR W R (P <0.01) ; 5K
UHEE, At 3.5 gokg T AI/NRAIRE FRE(P <
0.05), AFIB T MK (P <0.05) , AP 46 B R (P <
0.05) ;4 ¥t it 7.0 g- kg ™' 40/ UMK T W1 8 T %
(P <0.01), i & B G FEAT (P <0.01), T8 50
BIEAE(P <0.01), Wk,

F1 HEMIEBSEREREFFNREESHEEMFERNZM (2 s ,n=10)

Table 1 Effect of Micrococtis Folinm body mass, hepatohygroscopic weight and liver index of non-alcoholic fatty liver disease mice(x = s ,

n=10)

45 /g kg ™! /g PR/ g JiT 48 %/ %
EH - 28.23 £2.01 1.49 +0.96 0.042 9 £0. 028
LAY - 39.67 +2.32% 2.95 +1.16% 0.052 8 £0. 032%
FARARIT 0.002 5 27.18 £1.98% 1.94 £1.25% 0.045 3 £0.021%
Hi 785 3.5 34.22 +2.56% 2.57 £2.02% 0.050 9 £0.019%

7.0 29.43 +3.16% 2.02 +1.63% 0.047 2 £0.031%

e SIEWAEY P<0.05,2P<0.01; SHBA A P<0.05,YP<0.01; 53¢ &MIT4 LK P<0.05,P<0.01(£2,3 ),

3.2 X NAFLD /NRUMAR A2 5 IE % 40 Hh i, A
RIZH/NEUML I TC, TG, LDL-C 7K - 8 & 7+ & (P <
0.01) ,HDL-C F & FFE(P <0.01), HHBIAIA AL,
i 3.5 g-kg ' ZH/NR MG TC, TG, LDL-C 7K -3
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FRE(P <0.05,P <0.01), HDL-C & & F+ & (P <
0.05) ;A@smt 7.0 g-kg ' /N ML TC, TG, LDL-C
K2 BB R BE (P <0.01) ,HDL-C & & It (P <
0.01) ,fHAEHA K E AT (P <0.01), W32,
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F2 FEMIEEBERBENFMRLENZE (x5 ,n=10)
Table 2 Effect of Micrococtis Folinm on serum lipid in mice with non-alcoholic fatty liver disease(x +s ,n =10) mmol-L '
21 3 Flt/g kg ™! TG TC LDL-C HDL-C
EH - 0.98 +0.09 1.63 £0.07 0.22 0. 02 1.18 £0.04
i - 2.27 +0. 10% 3.65+0.11% 0.61 +0.07% 0.63 0. 06%
FEARARTT 0.002 5 1.43 £0. 129 2.11 0. 11% 0.37 0. 04% 0.92 +0.07%
iiRiEay 3.5 1.85 0. 10% 3.09 +0. 13% 0.51 +0.03% 0.69 =0.05%
7.0 1.79 0. 13*® 2.67 0. 10*% 0.45 +0.04*% 0.79 0. 05*%

3.3 % NAFLD /U35 ALT, AST, iF40 40 SOD &
PE,MDA &M m 5 IE R 4 R, SR N R
M3 ALT, AST /K34 285 (P <0.01) , 2021
t MDA & & % JHE (P <0.01),S0D {if £ i
(P <0.01), 58 R4 W%, £ i nb (3.5,

7.0 g-kg ') 4l ALT, AST K F# 2 M F R (P <
0.01) A it 7.0 g- kg " 419 1E Ak F ¢ R AT
(P<0.01);fi#n(3.5,7.0 g-kg ™) 4 fF 41 81
MDA & 5 % FRE(P <0.01),SOD 7 P i ## T
(P<0.01), W33,

F3 HEMIEEBE SR EFB/NR ALT,AST,SOD,MDA ) #0g (x5 ,n=10)
Table 3 Effect of Micrococtis Folinm on ALT, AST,SOD,MDA of non-alcoholic fatty liver disease mice(x +s ,n =10)

21 51 HlE /g kg ™! ALT/U-L~! AST/U-L ™! SOD/U-ml ™! MDA/mmol-L !
EH - 25.12 +1.02 32.08 =1.54 289.32 +4.56 3.24 +£0.42
A - 58.78 3. 427 67.35 £2.29% 183.41 £5.12% 9.28 +1.01%
FARAMTT 0.002 5 53.72 £2.93% 60.24 2. 06" 203.23 £4.11% 7.42 0. 84%
A i - 3.5 49.31 £2.21% 58.28 +2.15% 216. 46 +6. 184 6.99 0. 73"

7.0 40.52 +3.269% 50.22 £2. 6399 238.69 +5.38% 5.65 +0. 63"

3.4 X} NAFLD /pERFAH S Adipo R2 2 m 5
1EH A b B AL /N BRFFAIE TP Adipo R2 2 138 5K
WERM (P <0.01), S5HIAIH L, Mk (3.5,
7.0 g-kg ") 4l/NEUFAE Adipo R2 2 11 %3k i
JhE (P <0.05), WA 1,

A B C D E
1.5
g
g 10 2)
N 2) 2) ==
3, = T
& 1)
3
<
0.0
A B C D E

ACIEH B BRI AL C R AT 415D ~ B A i i A% L 77 ik 4 (]
2[) ; HIEHALLE P <0.01; HITAL L P <0. 05

B1 #mEMINRFHALRD Adipo R2 EAFRIEMFM (v +5,n=3)
Fig. 1 Expression of Adipo R2 protein in each group of liver tissues

(x+s,n=3)

3.5 XU/NRUFREIE 252840 A2 M Y HROUL : 1E %
T ' T 56 R (5 I 1, D SR O, T R0
DY T JC i g o A R 2 I A BB S O, B
B, AR R UL fih 2 A B R A i et
3.5 grkg ZH I INE AR BB K, (4 0k #E, V) A
S, A 7.0 g-kg AL AN oMb T 2 I I £ OE B
Qi A, {HL HE A RS 2 AT i ik /s, R 0 (8 5 21 V)
TE A i R

BT AT UL, IEH LN AR T I, R DA b ke
Ik g v 1) 0 JED RS IR HE S T 440 i R 9 A 5
JCIG T PEAS A BT WA o S TR AL JiF /NI S5 R AN 3
IFRHEFZE L, M5 A T3 DR /N AS S5 1) B HE i 7, 2
MURZHCET I % o 253007 AT/ S5k I Rl
T B RL AL 8 0, T R WU Y | I 52 HE 91 B A
I, PRI R . WL 3.

551 2 PR, AR A A O PR R
AE BT YR 8 T (P <0.01) 5 S AN H B, A i
3.5 g-kg ™ 2T 4M A B 0 25 Pk B B/ R E By 3
BEAR (P <0.05) s A it 7.0 g~ kg™ 41 40 i g s
ARVEREE RAE BT S B R AR (P <0.01) {HAE
A B AE AT (P <0.01) o LK 4,
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D E
2 HEM/NRAFREESFTAAZME(HE, x200)
Fig. 2
(HE, x200)

Effect of morphological changes of liver in each group

R4 HEMNMNRFABERSEERERSBOIEME (x5,

n=10)
Table 4  Steatosis of hepatocytes and histological inflammatory
grade in each group(x £s5,n=10) s
215 FlE /g kg ™! Jg Wi A RAEF )
EH# - 0.11 £0. 02 0
LAY - 4.01 £0.22% 3.95 +0.20%
FEARABTT 0.002 5 1.23 £0.19% 1.42 0. 16"
A v i 3.5 2.91 0. 13% 2.88 +0.25%
7.0 2.35+0.1699 2,20 +0.139%
4 itig

HHETIAH , 75 NAFLD ) & 4 (R v A7~ —
UATd BB EHLEN o BE WA NAFLD 490 ¥k
Tk o m IR E AT 30w AR e DL R AR AR5 25
AL, o B IR IR T Y TG HERR, 5158 48 i B
U AR R I E 36 100 IR AT i, JF 5 S 0 Y Ah IR
PR F A - B 1 IR D S PR AR AR S D T
W P S b Fa R sz #5178 SCER R B R 2 /N
LAY TC,TG,LDL-C,ALT,AST, AT 45 %M & 7 = , AT
U A 05 5 P R B R 8 0 9% B B W e, 2 R oA
FAE, UL W BB ST, 5 R N A A G B 5Y 45 R A
21 A G Y 41 TC, TG, LDL-C, ALT, AST
T e B W AR, UL A e B R
NAFLD 5 #1559 1l 1 | 3 Bl ORI, A 3 8038 1 2
REBYAE T, R B, o5 BRT) R S /s A d P B D 2 JH 240
JL R 5 A%, 4 A i v m] DAB iR NAFLD 9 & A8 f kR
.

SAALRLON NAFLD 55 — k4T . A
R BT i A AR I JHE A B 0 0 AR R L Y I
S B PR A8 I S5 SO T 25 1 7 IR A 21 L
SRR RE 25 L, g 0T Ak 7 3 2 DL KO E Bt
A RE 1 IR A L rh AUk I O AR R R I
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FHE, SOD HA KRB AN T a1
T8 7 0 e I R LR B AR e 77 s MDA 2 il 57 i 4
Al Wy, 5 0 1 AR 3R B i o o A A P B i
55, 814 R W HLAR 32 A vh 2k Tt 5 oA i g 4 v
AR, BT B RGN RUF 41409 iy SOD 7k
R BE, MDA & 5 Tt A i IR T AR/ R4
Z1rh SOD % M Tk , MDA & & 1 K, 16 W 11 i i g
A NAFLD /)y B P8 1) B 5 2o S A KT 2 8 Hobit
Ak e

B 6 3 AT 3E a5 S R AR R R R
A R B 2 4%k 5 2R ) SR S5 B ) NAFLD 1)
k5 BE Y Mgk % 2 1k 35 E A 45 Adipo R1,
Adipo R2, Adipo R2 FZFE i K38 IREKER 5
Adipo R2 %5 J5 £ W A3 25 09 400 il B 5% 46 JiT 40 i 9 19
HEALS T Adipo R2 5 515 3 A0 55 A1 7 IR K BE 2%
R 25 VITAE O, I UL P A Y Adipo R2 33k B
PR R I AR B BB o ARG R B 4
/NP2 Adipo R2 4 3R 3K 5 30T B, A i i
BT /N BUIFA 20 Adipo R2 2 1R IBHE N, ik
EIEi 2k e NS RO R O W il [ S SR NI ESI S
0 B 0 A FEEIE P9 B HE AR . &5 A DL L i B LR A R
PR AR 25 JE A AT, I L 9 A K 2R 2 AR i ek T
AE IR S A i i XF NAFLD YA Y7 (Y ME— 38 i, A i i
A B2 i 2 0 6 NAFLD #4711

R ARSI FH AR s K BERIE ST NAFLD A5
INER 45 S 8 A S R B S R AR LN Bl A L 2
2 I Dy Re 48 r | 5 AR i 50 V802 T 4 i s A A2
FWH NAFLD BR8N BE A FERR ORI AE A, 3L
BT fil 55 40 1 A0 R L B Adipo R2 ) 3%
A XK
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