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[ Abstract | Objective: To observe the action mechanism of components of water extract from Qixue
Bingzhi recipe ( CWQB ) for adenosine monophosphate activated protein kinase ( AMPK ) related glucose
metabolism and fatty acid oxidation pathways in hypoxia/reoxygenation ( H/R) myocardial cells. Method: The
myocardial cells from 1-2 d newborn SD rats were separated and extracted. Morphology of primary cardiacmyocyte

under different duration of culture was observed by an optical microscope. After a-actinin immunofluorescence
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identified cardiomyocytes, the H/R models were made by depriving oxygen for 3 hours and then regaining oxygen
for 2 hours. Then the cardiomyocytes were randomly divided into four groups: control group ( with normal oxygen) ,
H/R group (the H/R model) , trimetazidine (TMZ) group, and CWQB group. The H/R cardiomyocytes in TMZ
group were treated by TMZ 100 pmol « L™'; H/R cardiomyocytesin CWQB group were treated by CWQB
1 wmol-L~". Finally, the mRNA and proteinexpressions of adenosine monophosphate activated protein kinase-a
(AMPKa) together with its related glucose metabolism pathway including glucose transporter4 ( GLUT4) and
phosphate fructose kinase 2 (PFK2) , fatty acid metabolism pathway including fatty acid translocase/CD36 (FAT/
CD36) and acetyl-CoA carboxylase 2 ( ACC2) were figured out by Real-time polymerase chain reaction ( Real-time
PCR) and Western blot. Result; As compared with the control group, both mRNA and proteinexpressions of
AMPKa, GLUT4, PFK2 were increased, while ACC2, FAT/CD36 mRNA and proteinexpressions were decreased
in H/R group, TMZ group, and CWQB group (P <0.05). As compared with H/R group, the mRNA and
proteinexpressions of AMPKa, GLUT4, PFK2, ACC2 and FAT/CD36 were increased significantly in TMZ group
and CWQB group (P <0.05). By the way, the up-regulation of mRNA and protein expressionsof AMPKa and
FAT/CD36, as well as mRNA expressions of GLUT4 and PFK2 in TMZ group were more obvious than those in
CWQB group (P <0.05). Conclusion: CWQB can activate the AMPK pathway in H/R cardiomyocytes, enhance
glucose transport mediated by GLUT4 and glycolysis mediated by PFK2, promote the absorption of fatty acid
adjusted by FAT/CD36, and inhibit its oxidation by up-regulating ACC2. Therefore, CWQB recipe can improve the
utilization of energy materials in myocardial cells under H/R situation, and then optimize the energy metabolism to
prevent damages caused by energy deficiency.

[ Key words | Qixue Bingzhi recipe (CWQB) ; hypoxia/reoxygenation ( H/R) ; cardiomyocytes; glucose

metabolism and fatty acid oxidation; adenosine monophosphate activated protein kinase ( AMPK)
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A6 Bt ARSeH I 3:3:3:2:2 4, 7 KR I
AR Gy LR 7 25 22 B d it , o AT 24
T CEVE R SRR TOHLER SR BRI R, R
CWOB 1 F & £ 25 33.16 g 5 4 W iy 3 flh 6
il £ b 25 R 8 B 5T B, it % 100889-201302,
25100 mg/ ),

L3 5 0.25% HREAM, T&5R-HES5ER, R
v, B AL R 2 B (Dulbecco’s Modified Eagle
Medium , DMEM ) % 32 5 , To 85 DMEM 1% 35 5 ( 25 [
Gibco 2% &, #t 2 43 B %% 25200056, 15140-122,
10099-144 , C11995500BT, 11966025 ) ; Jji 40 A% 1 1 iz
fifi (8 Roche A W], b5 104159) ; T # fit 5 iff ( 55
[ Sigma 24 F] 4t 5 17101015 ) 5 o~ 2 L4 WL 3 28
1 (a-actinin ) 050 BT, ¥k 45 B SABC-Dylight488
/NER TG A 92 20 Ak e £ 3250 & (IR Boster 24 F] it
45 511 % BMOO3 , SA1092) ; trizol £ RNA 2 B iz 71
(dbmt RAR AL B A R 2 A, it 5 DP405-02) ;
SYBR ® Premix Ex Tag™II,PrimeScript ® RT reagent
Kit with gDNA Eraser, DL2000 DNA Marker ( K %
TaKaRa 2% @, #t 2 4 %] % RRS2LR, RR047B,
3427Q) ; AMPKa f 2 FEfEHUIA , GLUT4 K R £ 5 b
ik (% B Abcam A F], #it 5 43 5l Sh ab3760,
ab65267) ; PFK2 4 2 5 B Hi ik ( 36 [F CST A+, it
5 13123) ;ACC2 2 5 R P K ( 35 [E Lsbio 24 W],
it LS-C11717) ;FAT/CD36 4 £ vg BT {4 ( 3£ [
Abcam A A, #t 5 ab133625) ; 1l i e 1gG (H +
L) HRP $ifk, 4t/ R 1gG (H + L) HRP $i K
(dt 52 TDY Biotech 2% ®], it % 43 %l & S004,
BMO003) .

1.4 {Ug% AC2-4S1 RIZE H i@ TAES CRmk
Esco /4] ) ;Forma 310 # CO, H A I FR46 (K H
Thermo Scientific 2 &) ) ; KDC-140HR # 25 3 ¥ 1 &5
DL CZ B B AR A SR AR A A
MultiSkan3 {454 ( 25 [ Thermo 2 & ) ; Mini P-4
K HL Pk HE (b 50 Cavoy 23 @] ) ; Mini-PROTEAN Tetra
AU PR AL (3 [ Bio-Rad 24 #] ) ; QL-902 AU i3 i€ 4k 7
ACCHE T T AR DL R AL A & A R A A
NANODROP 2000 #! 43 5% ¢ J& 31 ( 3¢ [E Thermo
Scientific 2 7] ) ; Tanon 1600 B %¢ I 1% & 46 (L i
KAeREH A BR A A ) 5 ABI7500 % 5% 5% % &8 PCR Y
(2 H Applied Biosystems 2y ] ) .,

2 [k

2.1 AR LR MY o B R R AT ~
2 dpy e SD FLE 12 H E AR BE ,75% &£ i i

5 min o AR 91 75 e 1 Bz 0k, T R B 59 5 I g 5 Rz
JoR B B, 2 0 W B S R A BB O, TR A B A
380 JH 2% A i R 3 22 vl i (PBS) H B RR I, 59 $
b SR B k4 40, PBS 5 U6 O IE B o FH %9
HHRUZTT R K0 E L STYTRE R 29 1 mm® KN Y
WAk, B A 15 mL 8.0 8, in A k|
(0.125% i & (1§ +0.1% 1 %5 i + 0. 05%
DNA i) 7E 37 C 444 T 4 R IH AL (55 1 3K 50 min,
PUG BRRLS5 ~25 min, J 4k 3 ~5 ), WCHEBR B IR TH
b0 4 B, 26 B8 0 5 I A SRR B 10% Ji 4 1l
1% 7 HERE Z 1 @ B DMEM 85 3% 3 2¢ 1k 1k
AT 5] J5 22 200 H i W o 38, #F 37 C €O, H
P KE IR R b 25 0 RE S R R AT 4E AN, A R
30 min, 2 2 Y, OKEFSBR AT ZE 40 LA I RE A ST
ODWLAIMILL 5 x 10° A/ mL /%5 B8 F 90 mm 1
FEMA, A 10% JG 4= 03, 1% T 6 55 2 00 &
DMEM k: 30k, & F 37 CR M ab S5 55, 24 h
JE W, BURR FR A3 ~ 4 KAy AR 0 WL A0 i AT
2.2 JFACLAL4H H/R R Y EE ST B IR
BROI21 5% R B 3 h 4 2 h il 4E B A0 L
A H/R 505880, BLAR 7 1 0 [ g A JC B DMEM
BEFRW B 0 4 e A LR B R (95% N, +
5% C0O,)15 min, il V£ JC B JC A DMEM K 52, R
FHTCHE DMEM 15 55 W Uk 40 A J5 A 19 3% 55 W s o
ek TSR TOHE DMEM 35 5520, S8 5 B T H i % 1 &
SR A 95% N, +5% CO, IR45 15 min KL T4
HS & &b iy sk R /R, 8 T 37 CHY CO, Ko
FPIEE 3 h JE I B A IR (FE DMEM B
FEW) Hi 7 2 h,

2.3 Sy AP BURE R 3 ~4 KRR
LA AR5 S 56, 43 o O IE 4l s BRAR 0 UL i i T
37 CHYy CO, BEFRA R ER 3% 3 h 5 BUH e il &2 U s
FEMAREERE R 2 b, ASIME5 Y T Bl ; QAU 2 : J AR 0
WUAR AT 3 h &2 4 2 h A R 259+ 7
@M A + H/R 4 (TMZ) « J5 A0 LA i 2E 47 Bk
03 h A A 2 h AbER Bl AR R T R SRR AR O
B A M BE R 100 wmol - L™ ) TMZ ; @S 1fi I3 7
AR5y + H/R 4 (CWQB) « J5 AR JUL A0 i 3 47 G5k
A3 h M2 h Ab B B RE 55 R B R SR
FhmA 1 mmol-L ™'y CWQB[”: o

2.4 JFACL AN ETIE S AR K Al S E R
5] A 22 W IO S UL SR 1G9 0,24,48,72 h, D) Kk
A3 h B4 3 h A 2 h JE R LA i B 28
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HERCRB . A, BURE SR 72 h B JRARO LAY, R
H a-actinin 558 5¢ 56 44 6,35 #4700 L0 A 1Y 46
YoE ., BT Z R A RO CH G T
24 ALAR Y, B0 WLAR L DL 2 x 10° AS/mL B % ¥ 4%
Fho difC R 72 h J5 5 1E 4% 2R W &, &
3% H,0, ¥ 5F ,3% TritonX-100 $7 fL3# % . 1l F 1fiL
WERB MG, 12100 ) a-actinin HLk 4 C i
BLARTE A 12100 B9 490 R Fnic £ B/ B 1gG AN
1:200 A SABC-DyLight488 Z= iE % & 30 min, DAPI
P HEATAZ G, U R B Rl B o e T2
I U T R, G 8 B A o DR A0 LA AR

2.5 PO E = R A B AE X N (Real-time
PCR) ¥ M 5 AMPK AH ¢ BE [H K3k R trizol 2
RNA $EEGR K VEFTRE A RNA #5252, f# B NanoDrop @
ND-2000 735606 B I € RNA R JE 4z, B1.0
g & RNA, #7218 PlrimeScriptTM RT reagent Kit with
gDNA Eraser i ffll & #: 1E # 17 ¢DNA & ¥ 5%, LA
GAPDH i N & it 17 PCR ¥ ¥4 Jx N, 51 ¥
Invitrogen NFEERGL I E 1,

*1 AMPK HX#ERERBEBEERESIWFT

Table 1 Gene primer sequence of AMPK related glucose

metabolism and fatty acid oxidation pathways

519 P30 (5'-3") TERI RN/ bp
AMPKa ¥ CAACAAGCCCACCCGATTC 221
F i TGCTCTACACACTTCTGCCATGAT
PFK2 3% CGCAGATGAGTTGAAGTACT 167
i TCCTTACAGGGTTTGGCTC

GLUT4  Fiif CCATCCCCTGGTTCATTGTG 137
F i ACCCATAGCATCCGCAACAT

ACC2 -3 GGGACTTCAACCAGGAGCATC 121
F# AGACTGTCCACGATGTAGGCG

FAT/CD36 I ATGAGACTGGGACCATCGGC 123
T CAACAAACATCACTACTCCAACACC

GAPDH  [-J)f CCTTCCGTGTTCCTACCCC 131

Fif GCCCAGGATGCCCTTTAGTG

PCR 1 ¥R F2 J ) b % 4 2k 95 °C,30 s;40 4~
PCR MR ,95 °C,5 5560 °C,40 s, 310 i 4%
J& 3% (95 °C,10 ;60 C ,60 ;95 C,15 5)60 C 2%
12 hn#E] 99 °C &k~ PCR =¥k fgth <.
1 % B g BE &8 g #E 17 FE Wk A I RNA 5% % M I i
Tanon1600 & H B R G ST Y IE =W 0 53 Fr o LA
S AE i S DRURN N 2 R 1 45l 18 60 B LU AEL
HeFe 8 mRNA 3K il A X i, 45 5% ) 2 744 A xt

- 02 .

JIE TR/ W A
2.6 ZH A SIEELTE ( Western blot) il 582 AMPK #H
KEEFEE  AEEE S Z RIPA PE47 8 A 42 8
B E I L 4% 10 L/ fLmAE #EAT AR I, 7E 300 mA fH
WA TR 0.45 um fL12 NC JE ( ACC2 #% i
2.5 h,PFK2,AMPKa,GLUT4 ,FAT/CD36 %51 h) ,
£P] 30 min, 4 i AMPKa (1:5 000), % PFK2
(1: 5000), & B GLUT4 (1 : 500), % ACC2
(1:500) , % FAT/CD36 (1:2 000) §i 1k % 8% &
10 min, 4 Cid % . =4[ tL¥E$Hi% IgG(H + L) HRP
1:10 000, (11 240 /N 1gG(H + L) HRP 1:10 000] %%
FEWFE 40 min VRS ECL HOGCK N & 1, L4 4 H
i 2% 5 2 GAPDH (1:20 000) 7% 47 i1 K FE {8 [b
1Bk 3R 2 AR Rk &
2.7 SeitsEab A EE DL v £ s ROR, SPSS
18. 0 et S b B, AT IE A0 A T Z MR R,
K 15 22 43 A A 6 5 AR 2 800K 30 04T 22 A BN 22 T
FHAEE P <0.05 KR 2EFA G5 X,
3 £R
3.1 R[ERE SR A0 A O LA e S8k W
P E WG T AT LR SR 0 h iy B A0 LA BT 25
S B SO BT | L il B TR R W R
24 h J5 A DL VAR B HR 40 0 BE  JE 38 2 2 A B BR
BB B A LA, /b e 240 S 1 fl 55 L AS R 0 1) 43
Bl K7 48 h g ] LR iU LA Jif 3R A A AT, BT
A R 2D PE 0 HE Bl S R A 5 1SR 72 h
J5 AT UL O ILZA0 B 1 BA A2 5 0T , 240 A - 52
RATE PR W 5 2 HEATHRE 3 h M A
3 WA 2 h SO WLAE IR 28 JC I ek s (]
FHZ) 7 BE U S , BB 4 A A A4 S R, DR 1
O UL 20 M MY 2% T B9 a-actinin 7] % 430 5 Yy i
kAo, [AlBF DAPL Jy £ 1 4 Mg A% 2 0 €05 1 M 28R 1
etn AUMEAZ 2 E AR AR O UM, 45 R B, it
WL 1% F2 1Y a-actinin Z (8 FH M (9.0 L 40 M 5
RSB 95% DL E . W 2,
3.2 CWOQB Xf H/R .0 L40 ffle AMPK AH 56 4% g X i8¢
gL RIA M 4520 RNA FE G Uk S50 T
W, A WLAZ AR RNA 27 (9RO 4, R B RNA R o %
fife e R A7, AT VAT T — 2520, WA 3,
S5IEH 4 s BRI, TMZ 2, CWOB 411 AMPKa
FENE B EH (P <0.05), 5 B4 L, TMZ 4,
CWQB 21 AMPKa &K F ik B (P <0.05), H
TH 4 AMPKo JE[H BRI 3%5 (P <0.01) . $#&/1
H/R fifi .0 WL 40 L 3% &b AMPKe 3£ X |4, TMZ,
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D 7 E F
AEiFE O hyB. B 9224 hyC. Ki g2 48 hyD. K532 72 hyE. BRAL3 hsF. Bk
H3hEE2h
1 FEEFE£GENEROCIMABEESTHOLE, x100)
Fig. 1

duration of culture

Morphology of primary cardiac myocyte under different

observed by optical microscope ( light

microscopy, X 100)

A B (¢
A. a-actinin 55 F Pk YL 60 (9 I 2% s B. DAPI & {0 () 40 il #% ; C. a-actinin
Rt DAPT L 4 &
B2 EROCMAMERLEERER (LI, x100)

Fig. 2 Immunofluorescence images of primary cardiacmyocyte observed

under an fluorescence microscope (immunofluorescence, x100)

CWOQB fE A [A] 72 Ji Hb {2 #F 35 fb AMPKa (1) JE P 3%
ko WE2,

HOE B R, BEA 4L, TMZ 41, CWQB 41
PFK2,GLUT4 %t [H 32 35 4 fii, ifi FAT/CD36, ACC2
FIEAKF W E TR (P <0.05) s 5HIAIZ AL, TMZ
41,CWQB 41 GLUT4,PFK2, FAT/CD36,ACC2 % [A
Tk K B (P <0.05), K TMZ 4 | i
GLUT4,PFK2,FAT/CD36 J:H A0 B E (P <
0.01),7F ACC2 B HFEIL 1, TMZ 15 CWQB 4
ZIHARETER 2R, WEK2, #/5 CWQB 5 TMZ
I BEAS [ R B 1l B2 =5 H/R 450005 .0 UL 40 L 7 24 0 4
16 K TG AR T A oL AR A2 0F 22 3040 ) 1 B8 s R § 2
R ARG, 1 2t 1 4 W8 R R I 1% 7 8 B 4% 1 T 1
[ AR

1000 bp
750 bp

500 bp
250 bp

100 bp

A B C D
A, IEH4L;B. BRI4];C TMZ 41;D. CWQB 2 (& 4 [A])
3 CWQB 3 H/R (WAL E F R IE R #MS RNA Bk
Fig. 3 Electrophoresis graph of total RNA in CWQB intervened H/

R cardiomyocytes

F2 CWQB3 H/R {50 AL4HH AMPK X #ERER I ERERRIEZMNEIN (x+5,n=3)
Table 2 Effect of CWQB on mRNA expression levels of AMPK related glucose metabolism and fatty acid oxidation pathways(x +s,n =3)

41531 e i /mmol - L.~ AMPKa PFK2 GLUT4 ACC2 FAT/CD36
E# - 0.84 +0.05 1.00 0. 04 0.97 £0.07 0.94 +0.08 1.03 £0.03
A - 1.01 £0.03" 1.25 +0.08" 1.21 £0.01" 0.40 0. 05% 0.38 +0.08%
TMZ 0.1 1.28 £0.09%* 1.93 £0.03>% 1.54 £0.05%% 0.66 +0.08" 0.78 0. 04"
CWQB 1.0 1.16 £0. 033 1.37 £0. 03 1.41 £0.07*% 0.71 0. 12"% 0.67 0. 10"%

HHEFALEY P <0.05,YP<0.01; 5EHALEYP<0.05,YP<0.01(F3F).

3.3 CWOQB X H/R .0 L4 s AMPK AH JCH B X 15
WEMARBMEW  5IEF A, B4, TMZ
4,CWQB 411y AMPKa £ [ & & B W 3 n (P <
0.01) ; SEIEIZ 3, TMZ 41, CWQB 41 AMPKa 2
Ik FE (P <0.01), Hp TMZ 41 I 4 AMPKa
HEHFRIEE CWOB HH K (P <0.05), #&/nR
TMZ, CWOQB fE % fi #F H/R & 4 T .0 Wl 46 ffe
AMPKa 25 IR 3. W& 3, &l 4,

S5E® A, A g, TMZ 4, CWQB 4
PFK2,GLUT4 7& {4 % ik #8 fil, ACC2, FAT/CD36 %
FERIAAKF I W T RE(P <0.05) ; 5HAY 2 AL,

TMZ 41, CWOQB 41 PFK2, GLUT4, ACC2, FAT/CD36
BEHRIEKEH A (P <0.05), Hrph TMZ 4
FAT/CD36 & [ KA KA S E R B (P <
0.05) . H&7R.0 L& AR i S B BT, 46 45 05 TR 7
iR A 8 15 %2 B — E FE R FILAS , CWOQB 5 TMZ fE
fR3E H/R WO JLZH ML AMPK AH SCHE g i iz [ G 420 b
B e Wi b B P A G T Rk, WLk 3,
4,
4 itig

TEH O LY B8 S A A0 465 IS 4 1 WO i L 2
PR A AL BER AL, ATP B9 BEBCRIAI 3 NS 3=

.03 .



55 24 55 6 PEXEAFFERE Vol. 24, No. 6
2018 43 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2018

*3 CWQB 3t H/R #5150 B4R AMPK X ERERHEREARENZM(x+5,n=3)
Table 3 Effect of CWQB on protein expression levels of AMPK related glucose metabolism and fatty acid oxidation pathways(x +s,n =3)

245 W E /mmol - L' AMPKa/GAPDH PFK2/GAPDH GLUT4/GAPDH ACC2/GAPDH FAT/CD36/GAPDH
EH - 0. 14 0. 06 0.47 0. 06 0.29 +0.08 0. 15 £0. 06 0.32 +0.04
LT - 0.26 +0. 08% 0.63 +0.07% 0.32 £0.07" 0.05 +0. 02" 0.15 0. 05%
T™MZ 0.1 0.67 0. 06>* 0.74 £0. 1223 0.58 +0. 022 0.17 £0.03% 0.60 +0. 04>
CWQB 1.0 0.50 £0.05*% 0.79 £0.01%% 0.52 £0. 029% 0. 14 +0. 02% 0.36 0. 06>

AMPK o 63 kDa

PFK2 58 kDa

GLUT4 56 kDa

ACC2 265 kDa

FAT/CD36 53 kDa

37 kDa

GAPDH

A B Cc D

E 4 CWQB 3 H/R {50 A4 H AMPK 18 X 485 (R 5B B &
B Rk Bk

Fig. 4 Effect of CWQB on protein expression levels of AMPK

related glucose metabolism and fatty acid oxidation pathways
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