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Effects of Acadesine on Myocardial Energy Metabolism of Model Dogs with Myocardial Ischemia-reperfu-
sion Injury after Cardiopulmonary Bypass

ZHANG Dengshen', LIANG Guiyou', LIU Daxing', ZHANG Jian', WANG Feng', LIU Xiaochen®(1.Dept. of Car-
diovascular Surgery, the Affiliated Hospital of Zunyi Medical University, Guizhou Zunyi 563000, China; 2.
Dept. of Cardiovascular Surgery, the First Affiliated Hospital of Xinxiang Medical University, Henan Xinxiang
453100, China)

ABSTRACT OBIJECTIVE: To explore the effects of acadesine on myocardial energy metabolism of model dogs with myocardial
ischemia-reperfusion injury (MIRI) after cardiopulmonary bypass (CPB). METHODS: Dogs were randomly divided into control
group, model group, acadesine low-dose, high-dose groups (0.8, 3.2 mg/kg), 6 in each group. All dogs received CPB. Except for
control group, dogs in other groups were reduced for MIRI model, and perfused St.Thomas cardiac cardioplegia lipid containing rel-
evant drugs 60 min after main artery block. The uptake rates of myocardial glucose and free fatty acid (FFA), creatine kinase isoen-
zyme (CK-MB) concent in venous sinus plasma and adenosine triphosphate (ATP) content in mitochondria were detected and calcu-
lated before bypass and after 15, 60, 90 min of reperfusion. Left ventricular systolic pressure (LVSP) and left ventricular end dia-
stolic pressure (LVEDP) were analyzed, and mRNA expression of adenylate-activated protein kinase (AMPK) and protein expres-
sion of phosphorylated AMPK (p-AMPK) in myocardial tissue were detected. RESULTS: Before bypass, all indexes in each group
had no statistic significances (P>0.05). After bypass, compared with control group, uptake rates of myocardial glucose and FAA,
ATP content, mRNA expression of AMPK and protein expression of p-AMPK and LVSP in 3 time points in model group and each
administration group were obviously decreased (P<<0.05); LVEDP and CK-MB concent in plasma were obviously increased (P<<
0.05). Compared with model group, uptake rates of myocardial glucose and FAA, ATP content, mRNA expression of AMPK and
protein expression of p-AMPK and LVSP in 3 time points in each administration group were obviously increased (P<<0.05) ;
LVEDP and CK-MB concent in plasma were obviously decreased (P<<0.05); and high-dose group showed more obvious change
than that of low-dose group (P<<0.05). CONCLUSIONS: Acadesine can promote the AMPK phosphorylation, contribute to the
myocardial glucose and FFA uptake to promote the increase of ATP in myocardial mitochondria and relieve MIRI after CPB.
KEYWORDS Acadesine; Cardiopulmonary bypass; Dogs; Myocardial ischemia-reperfusion injury; Myocardial energy metabo-
lism
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O (10.16 +2.12) kg, H1 38 X BE2# B 3l 4 52 5 o #
Mt FHF AT UE 54 SYXK (B5)-2011-003 3256 Frh K
FIHRAE S S A BRAF G 2 9 S 06040 35 H A PR, 36 o
N EEER s e 2 D1 4s iR (No.2015(2-015]) o
2 FHik
2.1 B

FERTIIBESE e, B 57 CPB AR J5 MIRIRE RIS R
ip 2.5% J% B b 2240 25 mg/kg RIS, KRB IE G KL
2 TF ARG b, A & PG < (< 12~15
mL/kg, W-W A5 % 15 Y /min) , £ Bz R4 7R 260 v [
I, 2 P e R VT O e 7 A YR o i 1 v ) 1 R
CNTRWGITR O, B iDL, A0 B SR 3 mg/kg,
WRRAT A T BIK A0 B~ BB KOS 5 Dk A Al
B EENTARIMEES . N TOMHLIN LU 2 5E R 500 mL
Je I8 7 AALEN 1 000 mL il 5t , ¥ 4 5 60 mL/(kg+min) ,
A7 24 5 ik s (MBp ) 50~70 mmHg (1 mmHg=0.133
kPa) . TELARFATHRNEAES IS, FHRRIE R 0 30k 25 )
BHRORIMALLLE K K NE, JMEBL-420E £
PHESRAGE SR O IIRE . SR, S IR B 9 %2 32 CHYFH
Wit 32 Bk, 280 T 2 ) = S BRAR TR T 4 C¥ St
Thomas /> 45483 (-4 500 mL, 10% KCI 7.5 mL,
25% MgSO. 4 mL, 5% NaHCO, 20 mL, 2% | £
200 mg, 20% H & 15 mL, #b 22 K44 20 mg) 100 mL 1
UK S MR IR 88 o4 28 24 °CA5= 1k B, O WO 2 T VK O 5 o
F= B0 K FELIKT 60 min, &I, S ME IR R 28 32 SR A 3
Bk, IO B LB L (S HL 120 V/s) BREA Bk
22 HESHYH

24 Z5 R WAL % BEZHL ASHY 20 BT - HUBIC L
FIE 2 (0.8.3.2 mg/kg) , FEAL 6 H o Bl g7 45 24 ) &
WL S R, BT RAT CPB AR, BRXT R4 4h,
A AR MIRUBERY, - 3 2 ik BH KT 60 min 1ij
T 1R AHR 25800 St. Thomas O JEFE PG . S2ie b, &
ANET B R T LASNBR I B #h 7E , iR 4 41 R AR E R
R L R G E X (P>0.05)
2.3 FRARRE

43 AE F S BKBHWTRT (CPB #537 AT) | BT 60 min &
oA ik 32 3 K (P57 ) 15,60 .90 min 5, Bt 20 R 5t
AREFIKEE MARAS 4 mL, 4355 LI A ik it 2% %
Wi 2 IR DR (FFA) R BE s G BN K AR 4R 2 mL, 4325
I3 F A 00 2 ik ol 2 A 2 0 (FFA MR . IS0
IFBBIR/INZT R 0.2 emx0.2 em BYC ILZH 2 (75 38T 7ok
Bl S = SN MAS ), LAAE BRER K i 2~ 3 WK, 43 Al —
K—/NHER Ao ZINBIT 43 B BRI 25 AN AR A7 (T
JEHN Trizol ¥ 1 mL) {547 2 —80 CARIRVKHEH ; Ky
TR AE 2 T T 109 H R [, A e (T2 h i), A
T gl AU 2E kA
2.4 D ALKIGHFEFRA R
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ik AU2700 4= | B AR S BT SOR F AR AR 2 A
I3 HP A 2 B B AUS400 4 B s A4 B3R
o A I 2 P FRA LR 35 W) T/ (CK-MB) 1% 1 5
T LA 2 BE 5 FRA SRBOR 0 JULAS 25 B B R
(% ) = (SR I AR B — elbR e IOk 552 At W R 32 ) /50 ik i,
WM BE < 100% , 0> )L FFA $5% B (% ) = (3 ik FFA ¥
i — AR DK 32 FRA MR ) /80 ik FFA ¥ < 100% . BY
AR B O RERAIZHL 0.5 g, ITA 5 mL 4 CHr B4 i
[210 mmol/ L H & E%, 70 mmol/ L i, 5 mmol/ L 2 &
LR 2 6 fifi R (Hepes) , 1 mmol/L £ —- X (2-Z F: 2
Lk ) P 2% (EGTA) , 0.1% 4 1L 3% 11 2 11 (BSA) , KOH
P pH 2 741 A3, 20 (4 °C 800 g B0 10
min B 3%, 10 000xg 2.0 10 min 3 B , BULVE, A
2 mL 4 °CA» B A TR TR UL, FFIK 10 000x g B0 10
min JUTHE . ZPTTE R R4t kil . PIiE A 2 mL
I3 B TR TR RAT , SR P e AR 8 3502 S T — B 1
BE1F (ATP) i,

2.5 LINEEHE K IEERIQ

il BL-A20EAYIE S RE T AEENEIEIE A D)
O3, 2 22O S WS TR (LVSP) | A2 0 &8 &F 3K AR 3
(LVEDP),

2.6 RT-PCR#&CAZHZ AMPK mRNA B3R 1%

B AE — 80 °C vKAE N Trizol i 1 mL Ly JILZHZY , 4%
Trizol {7 & $2 HUE RNA, 256 583k 15% cDNA, L cDNA
MM AT PCRY 1S . GeneBank 25 5141541, KN
Rl RUR, 51 K& A TRARA /IS4
. AMPK Fi#51#7:5" -ACCAGCTTGCAGTGGCTTAT-
3", P51 .5’ -CATCTCGCTTTAGGGCTGTC-3' , Ji
B BE £ 193 bp; f-NLah & M (B-actin) FIE514):5" -TG-
GCCGAGGACTTTGATTG-3' , F i 514 : 5’ -AACGG-
GGTGGCTTTTGG-3", i B i : 186 bp, %1 RT-PCR
RS UL B B PCR RN AR R, P4 5544 : 95 CHAR
3 min, 95 CA8M 55,57 CiB 'k 30 s, 40 MEFH G H-4E
110 min, 45500 R A E BEEE (2% ), LU 1)
FEH 5 NS 5L B-actin 18 1Y FUAETEAN H B9 JE A9 AH
PO Sy
2.7 REALERNOELR T p-AMPK EHRIE

e aE OATRC IS 10 9% HIRE [ 72 , 72 h N HL
HVE A D) 7, 4 CCORATE, B RS | & MR B Sk
b, Bl (6 minx2 ) B, 6 % I3 L} 4] 60 min; 7% i 4
I8 p-AMPK £ 78 [ T4 (1:100) 50 uL, 4 °C vk 4 %
(18 h) ;3 i — Pt (1:100)50 pL, 37 CHRAHCE 1 hs
A T FERR N (DAB) B8, B TS, 4Nt Az K 2
L5 B 240 L B A | B (L Bl (8 BT E: p-AMPK
FRAME S0, 70 0 A5 T 5 i e G bsf ) RN AR B2, K, 7
AN, K PE K BB CEHE (37 CCHERE 30 min.
K H Leica QWin V3 EMZ ZGe411 Fr, W IPP 6.0 K14 43
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BT R GEME p-AMPK 2 [ 4L B (I0D),
B PSS SR EARE ST
2.8 GritFHE

K SPSS 19.0 AT br . B Ax 55
71N R BN 2R T3 22 FUBCAS [R] B e T s 8 B8l , O 22 5%
iF, SR T LSD J5 i 5 5 )5 25 A 550, R ] Games-How-
ell LGS . P<<0.05Fm2m HA AR L.
3 #HR
3.1 DALREHER

25 20 R T B BT AT dR bR 22 A TR g e
(P>0.05) ; Fe Ui 5 , 5ok REZH P4, 1850 20 N 45 45 245 4
R 3N IA] RO VAT A BB (FAA BICR AL ATP
I B REAIR(P<<0.05) , M3t CK-MB & it Bl i 7
5 (P<<0.05). SR LA, A2 25 R 3 AN ] s 1Y
O U A E SR  FAA SRIBCR AN ATP 35 5 B 2 75
(P<<0.05), M3 CK-MB & & B i B IL (P<<0.05) ,
Hh e R e ZH AR B 2 AR A I IR (P<<0.05) . 4R
O WU EHECR FFA B HCR  CK-MB 5 & Al ATP 5
HAYMESRILE L,
&1 JBRAKXOCNHFEERE FFAERZE CK-MB

BEMATP ZEMNNELR (x£5,1=6)
Tab 1 Determination results of uptake rates of myo-
cardial glucose and FFA, CK-MB, ATP con-

tent of dogs in each group(x+s,n=06)

B , - R
Bz 13| i 15 min 60 min 90 min
R T 1597£201 1652167 1724182 1637£113
2% fRRI 1761£156 0572015 2051088 286+096°
PSR 16802203 1452082  312£117F 4308139
WAEMEEARA 16482195 3271098 64TELIS™ 915ELT3
FRASRIICR, MR 26121239 25521255 2461287 24391261
% fiR 024200 12940.16° 5824064 10811132
PSR 25042234 153421237 2021£267%  2054+2.28"
WHEMEREARA 25732231 2162212 3192432170 3333+2.67
CK-MB, X 3685214431 3883414562 3903414028 4052114633

mmol/L  FRUA 392.61£43.07 92539+ 10247° 1023.71+11748° 1257.64£130.55"
WEFHITEA 3806544184 T25.67481.247 8346719461  889.16+100.73
WHEAETRALRA 4023724906 5341763897 5796427631 625.37+81.25"

ATPSiE, % MR 1523041427 15367+1347 1523941281 1532541247
g 1526141264 52641792 62384638  68.61£8.15°
PHEAEIAIEA 1503221308 7019656 75641721 8026+10.17

WIFHBRAIRA 149651503 81251126 84.64+1199™ 100.2749.30"

1 X IR R, ©P<<0.05; ALY A, "P<<0.05; 5 B - b
BRI R, *P<<0.05

Note: vs. control group, *P<<0.05; vs. model group, “P<<0.05; vs.

acadesine low-dose group,*P<<0.05
3.2 ILIMREETER

A LR R I PR A A 22 e R R e A Y
(P>0.05) ;s ¥ 3 ) , S5 X IR LA, A TRU2H 4% 2 25 4
R 3 A E]L Y LVSP 2] 1 [ (P<<0.05) , LVEDP

EZED; 2017 45 28 5 28 1

BB T (P<0.05) . SR FbA , 5 45 20 4R 3 i
6] 25 1% LVSP 2418 i FH 25 (P<<0.05) , LVEDP 4 Bl i [ AI%
(P<<0.05) , H: v e 701 15 4 A1) e 2H 28 AL B I (P<<
0.05), 420K LVSP .LVEDP HJill E 45 W 2,

R2 KHAAXLVSP LVEDPHIMELR (x+5,n=6)
Tab 2 Determination results of LVSP and LVEDP in

plasma of dogs in each group(x+s,n=06)

A A~ g

ErL Tl A 5 g P oo

LvSp, WAL 145214924 143.1247.69 1388241024 1392411231

mmHg 4 00051124 504857 552546197 65.72£955°
WA IEAEA 138924989 720085147 806026717 90.13£8.18"
WEHE AR 1307541004 816721095 92.63+12.66" 11428+ 14.99

LVEDP, 4 5384072 5614081 5374057 592+0.64

mmHg  FRA SATE088 407144897 370438 28984438
WIEMBIEAEA 5772060 350824197 2699£429%  19.00£2.50
WEHEAEA 5875076 26771837 2025£267°% 151741807
T 0 R He A, *P<<0.05; SRR Z Hu A, "P<<0.05; 15 Bl b

BRI REAE AR, *P<<0.05
Note: vs. control group, *P<<0.05; vs. model group, ’P<<0.05; vs.

acadesine low-dose group,*P<<0.05

3.3 DAL H AMPK mRNA p-AMPK EARILER
25 20 R T B BT AT dR bR 22 S R

(P>0.05) ; 5% i Ja , 5 % BRAL L, AL A AN 4% 25 2 4

K3 A E] g0 LZH 21 H AMPK mRNA 3% . p-AMPK

FEAFBH I B RFR(P<0.05), HHA i, 545

2520 R 34N ) £ JILZH 2L AMPK mRNA £ 3k |

p-AMPK 4 AW T (P<<0.05) , Hirb sl i 2

AR AR AL T B 2 (P<<0.05) . 4541 RO LA

AMPK mRNA | p-AMPK £ [ 2 1k 1)l 5 25 5L L 5% 3,

AMPK 35 I Z R B e 4L R LI 1.

£3 HBAROAELA T AMPK mRNA . p-AMPK EH

RIZWMELER (x+5,n=06)
Tab 3 Determination results of mRNA expression of
AMPK and protein expression of p-AMPK in

myocardium of dogs in each group(x+s,n=06)

i 413 i 15 min fof 90 min

AMPK mRNA FHRAL 155£0.14  159%0.12 1.61£0.17 1491010
fRA 1520015 031£0.00°  037+0.017  0.44£0.09°
PEMEEREA 1572020 057200127 0622008 0712013
BEMBEAEA 1582014 07420057 07720107 0.98+0.16"

p-AMPR 4 2612741500 257314012 251371710 252.88+15.24
fRAg 2505241580 423611133 ST50+10.13° 6462413491

BTG 2508411598 13234+ 14,617 140.67+9.63" 15654+ 1125
BIEEE AR 2603841259 15702+ 18,78 159.30£21.94° 175.95+26.75"

T X AL IR, © P<<0.05; S RERULL LA, "P<<0.05; 5 BT 3
BRI EE A LA, *P<<0.05
Note: vs. control group, *P<<0.05; vs. model group,P<<0.05; vs.

acadesine low-dose group,“P<<0.05
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Fig 1 Immunohistochemistry of protein expression of
AMPK in myocardium of dogs in each group ( x
400)

S H AT ST W, CPB (ki P VR 5 7778 I B 1Y
oL ZE L , FEA A 25 B v B B o i3, 457 St
O LA B X FRA 58 25 b ) S EU Dk 11 o 8K T 746
WA FFA 20 LA M fe 22 1 B = I 9, Horp 609% ~
709% ATP [ FFA A ALACH ™4, 5540 30% ~40% ATP 3k
i R e s e O e o = r Y AT
EPOKERTT ZLHAERE &, O LI AR BRI REAKE T ATP (9 72
JEHER] . MIRTHE] ATP 7K -2 s O LA I & A i
() FELR R 22—, MO LA R T 4™ 5 O I e 45
B E AT DL, MIRT ] BE &R 21 Gl ATP 7K
R O NI AR A2 A g R, D LR
)G , RG2S, AN MBS Z 0, — SE 5 s 2 41w,
AR RO WU A5 54 , Hoh DL CK-MB SUS M B e 5
PSSR R . ARSLEGZE R KW, MIRLJ5 15 min, .0 UL ATP
Tk T 65.68% , iR F K SE CK-MB % R 2Tt
1, B CK-MB F g I, R 2 AR 90 min 45K 5
b5 5 ARXT N, LVSP B g F+5 \LVEDP B g T R, $27
CPB /U4 Dy RE S0 LA 3 7™ B, 5400 L ATP £G4
[FRETIE

AMPK J& T 22/ 55 2 R 5 1 8 e iR, FLooll 3
FEAE AN R , AR LA M e AR h HoAT
YEM . olE 545 Thrl72 437 &5 BB R 1k i AMPK 7 1b 2
#1, AMPK JEANAERE IR S A TR 28 , g P2 —
% B (AMP)/ATP AR A5 . 24 40 it 52 2T AT 5] ke
ATP A= G0 19 7 S8R , AMPK U 87 3 e 41
il B 2 T FE AR AR I R A R AR, 40 i b ATP A
W2 HERE AMP 5 ATP AR s . BRR Bl - b B ik A
Y fL I B IR TL hy 5- 24 LK -4- 2 H I 42% (ZMP) , ZMP
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SERZSABLF AMP, AT JH0E AMPK, 77 A AR 4800
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Improvement Effects of Citalopram Combined with Huperzine A in Aged Depression Model Rats

TAN Panpan', LIU Meng’, LI Xiuying',ZHANG Pengyan', DU Yuchen’(1.Dept. of Basic Teaching and Research,
Office of Academic Affairs, Health School of Puyang City, Henan Puyang 457000, China;Z2.Office of Scientific
Research, Health School of Puyang City, Henan Puyang 457000, China;3.Dept. of Pharmacy, People’s Hospi-
tal of Puyang City, Henan Puyang 457000, China)

ABSTRACT OBJECTIVE: To study the improvement effects of citalopram combined with huperzine A in aged depression model
rats. METHODS : Aged rats were randomly divided into blank control group, model group, huperzine A group (0.3 mg/kg), citalo-
pram group (5 mg/kg), and combination group (huperzine A 0.3 mg/kg+citalopram 5 mg/kg), 10 in each group. Except for blank
control group, rats in other groups received chronic unpredictable mild stress to reduce depression model. After modeling, rats were
intragastrically administrated relevant drugs once a day, for 2 weeks. The depression, learning and memory behavior changes of
rats in each group were observed by using open-field test, sucrose consumption test, tail suspension test, forced swimming test and
Morris water maze test. RESULTS: Compared with blank control group, the horizontal crossing number, uprightness number, su-

crose preference rate, crossing number in platform, percentages of target quadrant distance and time of rats in model group were ob-
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