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Effect of Huayu Qutan Recipe on Respiratory Chain Enzyme Complexes of
Liver Mitochondria in AS Rabbits

CHEN Ning, SONG Nan, JIA Lian-qun® , CHEN Si, WANG Jian, WANG Qun, YANG Guan-lin”*
( Translational Medicine Research Center of Traditional Chinese Medicine ( TCM) in Liaoning Province
Liaoning University of TCM , Shenyang 110847, China)

[ Abstract ] Objective: To study the effects of Huayu Qutan recipe on liver mitochondrial respiratory chain
enzyme complexes in atherosclerosis ( AS) rabbits. Method: Totally 90 healthy male SPF New Zealand white
rabbits were randomly divided into the normal group, the model group, high, middle and low dose Huayu Qutan
recipe groups (4, 8, 16 g-kg '), simvastatin group (1.4 mg-kg '), 15 rats in each group. The normal group
was fed with basic feeding, and other groups were fed with high-fat diet to establish the atherosclerosis model. After
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8 weeks, high, middle and low dose Huayu Qutan recipe groups and simvastatin group were given with
corresponding drug solution, while the normal group and model group were given with the same amount of saline.
After 4 weeks, the levels of triglyceride (TG), cholesterol (TC), low-density lipoprotein cholesterole ( LDL-C)
and high-density lipoprotein cholesterol ( HDL-C) in serum were tested by the automatic biochemistry analyzer.
Hematoxylin-eosin ( HE ) staining and oil red O staining were used to observe the changes of liver tissue
morphology. The activity of liver mitochondrial respiratory chain enzyme complexes was tested by the
spectrophotometry. The content of mitochondrial respiratory chain enzyme complexes was tested by Blue-Native-
Page. Result: As compared with the normal group, TC, TG, LDL-C levels in serum were increased significantly,
and HDL-C level was decreased significantly in model group. As compared with the model group, TC, TG, LDL-C
levels were decreased significantly, and HDL-C was increased significantly in high, middle and low dose Huayu
Qutan recipe groups and simvastatin group (P <0.01). The effect of high dose Huayu Qutan recipe was most
obvious. HE and oil red O staining results showed that as compared with the normal group, the swelling of rabbit
liver tissues was obvious and fat vacuoles were clearly visible, with significantly accumulated lipid droplets in the
cytoplasm in model group. As compared with the model group, fatty vacuoles in high, middle and low dose Huayu
Qutan recipe groups and simvastatin group were decreased significantly or disappeared, and liver tissue morphology
was all or partly recovered. The effect of high dose Huayu Qutan recipe was most obvious. As compared with the
normal group, the activity and contents of hepatic mitochondrial respiratory chain enzyme complexes I, 11, TI, IV,
V were decreased in model group (P <0.01). As compared with the model group, the activity and contents of liver
mitochondrial respiration chain enzyme complexes I, 1I, I, IV, V were increased (P <0.05). Conclusion:
Huayu Qutan recipe may reduce lipidosis to prevent and treat atherosclerosis by affecting contents and activity of
mitochondrial respiratory chain enzyme complexes.

atherosclerosis; mitochondrial respiratory chain enzyme
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SR (2.2 +0.2) kg, SPF/VAF %%, 57/ 4 52586
WA R A A B, A R IE S SCXK (&) 2014-
0006, 2l ¥ 5255 75 6 3L T v B 2 K24 5256 3h ) 16 38
7 BL S bR e, S S A8 AR A 4 5 20160704,

L2 24ROk M3 C(Cyt C), i S Ml
fiff ICNADH) , Z. Bk 4l A (AcCoA) ,2,6-— & &t iy
IR KG9 (DCPIP) 5,5 - 7 X ( 2-FiFf 5 H R )
( DTNB ), Ubiquinone-1 ( Ub ), Tris, & & 1k &N
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(2-Z,%# ) (HEPES) , TritonX-100, Z, — % U Z, i
(EDTA) ( 3£ [ Sigma 2w, #it %5 4 5l iy C2506,
N1630,A2181, D1878, D8130, C7956, 10708976001 ,
S8032,E0396 , H3357 ,T9284 ,798681) ; E &b iT ( Hi
M BRD AR i 25 A BR A FD L dik 5 1036325 ) 5 H i = g
(TG) ; G AR[E EE(TC) |, v %5 FE i 25 1 A [ i ( HDL-
C) % B N 4 H JIH [ i ( LDL-C ) ) s a5 & (1
JI3E 8 A ) BBy A BR AL S A i R
CH0101151, CHO101152, CHO101161, CHO101162) ;
IR T7 38 2 30 ¢, B0 EE 30 g, Zi K 30 g, 7t
Z 15 g ARE 15 g, I E 15 o, A B 20 g, JI[ 5 20
g, AT 15 g, B4 15 g A, LA B2 p ¥ 10 7
oS 24 K2R IR B B, F AR B o B 24 S g 0 |
A v 245 DIl A B s O AE L, B AF A 2015 A R
25 ) B bR UE, DL 25 R AL T R 2 KA Bl i S
Bl — R

1.3 {U#%  U-3900 R 40566 B 1T ( B AR H 57
5] ) s TAB-120FR B4 {3 A AL 43 B f ( H A AR 2
/NE]) ;Thermo Scientific Multiskan FC % fiff 45 {3 ( £
[ Thermo Scientific 22w ) ; BXS1 #4558 ( H
A Olympus 23 ] ) ; GS-900 %45 i £ 5 %5 BF {X , Mini-
PROTEAN Tetra % /|\ 38 5 P B, 3k K ( 2 [E Bio-Rad
NEIDI

2 Hik

2.1 s SAbE (@R SPF i 1R B v ==
B2 90 K, 3% 3 A k3 R R 3R 2 RS BEAIL 4 Sk IE
G NS IR o7 =N AN 51 B i D s A
TTAL, B4 15 Ho IE 410l 3 3 1kl Hofth 45 41
W Am] e B G RE (S B e R C oA 1. 5% R B 1%
NAER 3% 60, 3% F62E 0, 5% B H Ry, i 86. 5%
AR , A HEE L PR 8 A A
PR IT 1 T AR i 2 B S AR AT T A 43 ) 4 T AE I 24
Wy 1L, 45 24 50 i e R Bl ) R 3R TR A B R B0
S AR TR b 2 4G 2 R R iR 4,
8,16 g-kg ' +d ™', ARMITLL 1.4 mg-kg ' -d 7', IE
WS BIRVA S T AR 281K EB 42, 462
RS mL-kg ' -d ™" LA 4, BHERK
WA 8 12 h FRAR B & /5 I8 1 5 10% K&
G (3 mL-kg™") HEAT R, T 350 JF I L 1 32 B
Jok BRI, PR R UE S I R AR S UL I, kBB s T 24
UG A GRAEE T, A T4 Y 45 I 21 VR A
Wi (0.21 mol-L™ " H #&M,0.07 mol- L ™" JFEHE,20%
TSR, pH 7.5) , UK E R E 10 min £ 47, B
T —80 CUKFI W TR RILE . 5 4 FBUS T

P51 em x 1 em /N FF2H U T E 4H 4005 2H 2
ez I o
2.2 ImARKEIN SR NE 3 Bl kI S A B0 HL
P 3 500 remin ' B0 25 min, $K 45 103 R H 4 @ 3
A A AT ASCRS: T 4% 2H 58 %R 1l % TC, TG, HDL-C,
LDL-C 7K,
2.3 MRS = s IR R R4 (HE) 3
B IR [ 2 T 4% 2 B W 24 h DL E B EE IR OK
JE A AT AT, RS w7 UL S AP BRI AT
Juth, JMEL O Juft IR ALY 1 cm x1 cm
ANHREEAT AL R R A R I [ T KR D) AL,
A7) 10 wm B B W U R, 4% Z2 R W OEE I E
S min,60% FNEERE 40 s, 13 AWML O T /EH
15 min,60% 53 N B v 06 Jm 28 TRK WPk 2 W, IR R &R
Qe85 min, ZEMBK 0P 2 IR ,1% BhR-LBEr 0 1 s,
B JETE T W I LA 22 3 W [ 5 BV ¥
2.4 ISR B HUER S R/D R R NE TS
S fin A Liver-1 2 mL,pH 7.4 (0. 045 mol-L™'
HEBE, 1 mol- L' Tris-HCL,0. 015 mol - L ™" ¥ 48,
0.1 mol-L™" EGTA,BSA 0.25 g) ¥k I B J&& 25 4] 3
AR, 740 x g B 4 C AT B0 10 min BBV (R
K 3) o 9000 x g Hel 4 C AT B L 15 min B
DUVE 5 i liver-1 FAEDITE,9 000 x g 7% 4 C 514
TR 15 min B0, BIE BRI (RE 2 )) ;3 H
ffi JH liver2, pH 7.4 (0.045 mol - L™" H #& Bz,
1 mol-L™" Tris-HCI,0.015 mol - L ™' H #8£,0.25 g
BSA) & PLTE, 10 000 x g i 4 C &4 F &0
15 min, 3¢ B BOTE (R K 2 ) , i Ja i 1] MRB,
pH7.4(0.1 mol-L™" EGTA,0.5 mol-L "' HEPES,
0.07 mol-L™" H £ B, 1 mol - L™ Tris-HCI,
0.015 mol-L~" FEME) H B 2 obi A I o vk i, 4%
— LB H E FH MRB T A 1 g L' 02 45 F
e 2R AR B 2 & W isHERT R PR E R AT R =
Wk 3 .
2.5 G302 i Rl
2.5.1 ZRKARPFIREEREE G L IEHENE WA
EW 1 RN 94 pL [0.5 mol- L™ "KPi 100 pL
(pH7.5), 50 gL ™" 1fiL#% F1 & (4 (BSA) 60 pL,
0.5 mol-L " 'NaN, 10 pL,10 mmol-L 'NADH 10 uL,
IR E R 2 994 pL] 5L R K (mito) 5 pL, F
37 CIRA 2 min, FIA S mmol- L™ 'Ub 1 plL, %42
W5E 2 min N 340 nm K 4 NADH By WO JiE A 45
Ak (NADH 428 £ =6.2 mmol-L "-ecm™') .
2.5.2  ZRRIAREIREERG S G IS ED E R
<173 -
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A TR 28 i 96 L [0.5 mol - L™l iR 45 14
% (Kpi)50 pL (pH 7.5),50 g- L 'BSA 20 pL,
0.5 mol-L™'NaN, 10 pL,400 mmol - L' 3§ ¥/ £k
(succinate )50 uL, Fi & 4340 0. 015% DCPIP 145 uL,
A ERZT 996 pL] 5 mito 3 pL, T 37 C|EHB
10 min, FAIA S mmol-L~'Ub 1 pL, % ZE1 5 2 min
N 600 nm % K &b DCPIP ) A A28 fL M %€ 2 min
(DCPIP M E % ¢ =19. 1 mmol L™
2.5.3  ZORi AT EERG S S0 G I E R
A IS0 A 28 hif 96 L [0.5 mol-L™" Kpi {4 &
50 wL(pH 7.5),1 mmol-L ' CytC 75 pL,0.5 mol-L ™"
NaN,15 pL,5 mmol- L '"EDTA (pH 7.5)20 pL],{&
T B0 2.5% Tween-20 10 pL, X B K E K &
990 pL]5 mito 3 pL, T 37 CIEE 2 min, FiIA
100 pmol L "I J5 %1 DB 2 1 pL, # £z 5 2 min 4
550 nm K AL CytC 1 A B84 (L (2 3% C (Y 7H
Ve Z ¥ =18.5 mmol-L ™ 'vem ™),

2.5.4  ZAIAREIREERGE S IVIEENE  BRE
EWN KR 2% w97 wL [100 mmol - L™ Kpi
250 pL(pH 7.0),1 mmol-L "3 JEH CytC 50 pL,7&
MAKEZ R 995 L] 5 mito 3 pL, T 37 CiRH
2 min, JEZME 2 min N 550 nm bR JF AL CytC 1)
AL 3 min (ML E R CHIHELERE ¢ =
18.5 mmol-L ™ "em™")

2.5.5  ZRNARNTWEERE S A W) R R A T (CS) I
PEN & HE G CS A2 il 94 pL
[200 nmol-L"'Tris 500 pL, (pH 8.0, & & F 4> %k
0.2% TritonX-100), 1 mmol -+ L”" DTNB 100 ulL,

cem”')

F1 URBEERAEFRFEBUREMATHHIE(x£5,0=6)

10 mmol-L ™" AcCoA 30uL, K E R R 950 pL]
5 mito 3 pL, T 37 CIRA 2 min, FRIIA FLBE L B2
3 pLjgsh, LI E 3 min N 412 nm 4b AcCoA ) A 7%
b (AcCoA MITHICEREL ¢ =13.6 mmol - L~
2.6 Blue Native Page Hi Uk 7 £ il T Wi 5% i 52 & )
L0, W, IV, VE s B Eon AR JF I e W B2, B
400 ng L ki 4, 15 000 x g % @ 4 C Z&FF & .0
10 min 2 | %, 1 A solution buffer A 40 pL
(0.32 mol-L™" ¥ %5, EDTA 1
10 mmol-L ™" Tris-Hel, pH 7.4) #1 20% digitonin
6 wL, vk #5820 min,20 000 x g 5538 4 C 0T &
> 45 min BLOWCETE . UK EFCE BNG BB EEBERE,
(4 °C,45V,1 h;4 °C,180 V,2 ~2.5h), o=
WA RIS RE Y 1 b {00 58] (B 12,5 mL + 7K
L% 4 mL ffi FIZE 18K E 75 2 50 mL) 7E 38 K L i €5
30 min,4 ~5 ¥, &5 i GS-900 #174A 4 .

2.7 it ar At SR SPSS 21. 0 AR k4T R4l
Gt PR RLL v £ ROR, ZHZ I LR
JH ANOVA BRI ZR J5 225387, P <0.05 Ry 22 %A 48

cem”),

mmol - L7,

=
3 #R

3.1tk AL KR iE W sE e 5 IE R 4
HeAss AR ] I H TC, TG, LDL-C & & Fh & (P <
0.01) ,HDL-C % & B B &L (P <0.05,P <0.01),
SR LA AR R O e b AR B R
T4 TC, TG, LDL-C 4 5 i 2 %% (P <0.01) ,
HDL-C & 8 B ¥ JH&E (P <0.01) . H AL R Iy
A AR R, W 1,

Table 1 Effect of Huayu Qutan recipe on serum lipid in diet-induced rabbit atherosclerosis model(x +s,n =6) mmol -1 7!
2 51 Flf/g kg ! TC TG LDL-C HDL-C
EH - 6.34 +0.91 1.48 +0.43 6. 11 £0. 66 3.94 0. 56
7% - 67.87 £3.50" 10. 18 £1.07" 42.19 £3.39" 1.01 0. 62"
AL IR T 16 30. 54 £2. 96 2.60 =0.67% 26. 84 2. 54 3.57 0. 47%%
8 36.49 +3.78%) 4.36 £0.98%% 32.56 £5. 64> 2.28 +0.34%%
4 41.29 £3.72%% 5.48 +1.07>% 37.24 £2.45% 2.03 £0. 69%
FEARABTT 0.001 4 22.22 £2.61% 1.52 £0.10% 20.13 =1.07% 3.70 +0. 76%

HESIEWALEDP<0.01; SHEMA KD P <0.01; 5BFETT 16 g kg " #H K P <0.05,2 P<0.01,

3.2 xh s koo B BE AL 5 G I IR 20 2U8 35 2 105 R

TE W LT A0 i 2R A% B O, o SR K v IS O
ORI KR MU N TE IR AR SRR AL L
B, AT 2 00 AR ARG O A A I S g i B

<174 -

AR iR 5 25 9, A 20 € iR D I 2 R S R T A
B AR R g b AR R AN AR AT A S T
ZUIT 40 B A9 PR FR /N BT S, 240 i i ik T S el
25 AR D G 2140 i TR B e A, i 7 S P R T ek
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%o P AL O v 7R i 2H 0 T I U BUE 28
A B B O T PR i BRI R . HE B ¢ UL A
1 ler O Qeta LA 2,

ACTER 4B BB Co 3 (RALIT 405 D. AL BE 7 16 g-kg ™' 415
EALBEERE T 8 gokg ™ AL F AR DT 4 g-kg” AL(IE 2 )

Bl URERFHIRREEARETFBALARSENR
fig (HE, x400)

Fig.1 Effect of Huayu Qutan recipe on liver tissue morphology in

diet-induced rabbit atherosclerosis model( HE, x 400 )

3.3 0k ik ok B BE 1L 52 G I IUE £k 1A IR 1 B il
BV LR I S B 5 SR R W T AR
R T e AR i i e, I S G LR A R R O
e N R AR . IR 2H P AR, A 2 O R I
WHEEREE AW T T I, IVIE R FREM(P <

E
B2 URERAMNPEEEFEELREABEAARSENZ N
41 0, x400)

Fig.2 Effect of Huayu Qutan recipe on liver tissue morphology in

diet-induced rabbit atherosclerosis model( oil red O, x 400 )

0.01) ; S AE A A P A, A58 5 8 O e 711 i 4 0 £
i THLR AR B 2 AR T, 10, I, IV P4
T (P <0.05,P <0.01) , AR5 40 e ) i
HEFRAMTHZ R LR EEZS . L2,

3.4 Xk ok B BE 1L 52 G T INE 2Ok 1A I 1 B A2
Yol o BRI 5 OE R A PR, A I A 2k A
e A AEE T ~ VSRR (P <0.05); 5K
L, AR AR B T e ) i 2 0o A 7T 2 P I
MS R T ~ V& B3, 55 S 4% % J7 v 7 B
HAIHE(P<0.05), WA 3,

R2 HURBEBRAMNHHEEEUARETREEESWE AWM (1 £5,n=6)

Table 2 Effect of Huayu Qutan recipe on respiratory chain enzyme complex activity in diet-induced rabbit atherosclerosis model(x +s,n =6)

nmol-min " +mg !
24 4] Fltt/g kg ! Complex I /CS Complex II /CS ComplexIll /CS Complex[V/CS
iEH - 1.453 +0.384 3.228 +0. 823 5.146 +0. 781 0.543 £0. 055
iR - 0.503 +0. 114" 1.508 +0. 238" 3.172 +0. 439" 0.369 +0.039"
A8 A% 998 T e ) it 16 1.378 +0. 346> 3.023 0. 863% 4.737 +0.924% 0.527 £0.082%
FEARARTT 0.001 4 1.125 0. 338> 2.633 +0.677% 4. 449 +0. 803% 0.477 £0.017%

G IERA LR P <0.01; HHIMAH Y P <0.05,% P <0.01,

RI URBERAMNOREBURGENETREBESWLIENH

M(x+s,n=6)

Table 3 Effect of Huayu Qutan recipe on content of mitochondrial respiratory chain enzyme complex in diet-induced rabbit atherosclerosis

model(x +s,n=6)

25 ) F /g kg ™! Complex | Complex I[ Complex Il Complex[V Complex V
EH - 1 1 1 1 1
L7 - 0.798 £0.012" 0.569 0. 058" 0.661 £0.056" 0. 684 £0.049" 0.532 0. 064"
A58 A% 998 5 e 1) 16 0.958 +0.012% 0.990 0. 041% 0.982 +0.032% 0. 968 +0.038% 0.959 £0.018%
FEARARTT 0.0014  0.866 +0.030%"  0.722 £0.069% 0.939 0. 039% 0.891 +0.022% 0. 805 +0.037%

FESIEWALE P <0.05; SHEMAHLE P<0.05,

4 iFig

Y B A TG I JUK 5 A B A X B #4544 , AT R e
P bRy BT BT A S W R AL 2 O AS A
S IR R BT I AL S U A7 O b 2 1 S A 95
ARPETT Wi RIS ) 7 %, ) o R 40T i 0, A 2R

I W A S 2 T A BT AR B O

Biiie AS P, A SC ) LLZR R A R 1A B i D)

AR R T A AL IR D7 B iR AS PV LEALT AT 5T

RPN BB, R w A R A ) R S =

B, 7 TIE L AS BAAL )7z i T AS 58 v, iR
175 -



5524 5T FELEATFZERE Vol.24,No.7
2018 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2018

R BRI T R AAE IR B, R s IR ki i 5
(4 75 1k BEAT T, AR AR AT D9 VDA R R TS A A
PRIT X LKL AL BRI A Y 2 B AT — i 8 L

S g5 R R, BRL A K AR LN h TG, TC,
LDL-C & W] 2 T , HDL-C W] S °F ¢, JIF Ak B
AT R e B B IR B T AR 0 i 72 1, 0 W i
BERzh P SRR AL AR IR YT ALK e i i TG,
TC,LDL-C &4 2 3 [ 1% , HDL-C B & J7h w5, A ik 26
ZUl A AR FE B RIK A o e AR AL 88 O s ) B 2
B R R AR B 2 A ROR AR, N 7 S 225 5
WA A 92 7 v 7R ik AL AT LA AR AT

Jiig s A S R T B3 Jok ok R A AL A O B 3
W I HEAE B A PR RO AR BRI TR R
A B T B8R o FFIE IR 526 A5 20 A 1] 1Y
S 51 5 B KOF B A8 A i 32 B Y
ATBT ST, 0D SO A S A B R 1L 2 5 R RE 6
I Ag W5 e B AL, AT 5 s I A2 A TG oy
W R IR 0 A B A B L A G A
25, LR R AL R IR AL R IR 2 LTS A, i
BERT DL S TE R A S S HK 2 IR 7 R & hl 2> i Rk
KR A AL R AL B T BT L . AR AR I B | 52
AT B4 3% P S T ) SR o D) e e 4 AL W TR
PR AR B i, I T HEE £ BT A N TS £ I
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