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[FWE] B WA K RO DU SE G O = T A B AL, BT A [] B (] B 3 2 A 2 20 240 Jif 26 3%
(recombinant human erythropoietin, tHu-EPO) O WUEEFE R R MRS 1% . O LA SHAETH A m. BT
EPO M O UESE S D IEEM A2 LA S, DGR SR AL S iR yE. ik ZeBUEERE SD KL 60 K,
WA RIBRFARA . ARG CIEEMA . ARAGYTHAH (Hu-EPO THIZH . SB203580 1. rHu-EPO
+SB203580 1) 455 K. fEBIRENIKETRE A E 1/3 AL EAC LR EEFL, IR O NURIAERCRS, W% 4 . ARRZ
YT B AR B T WA T2, LUSER 2. 4TRG24 h 2 8. 4 AWGE MR s 24550, il
AEWSEE (LVSP) . A=F&FHKE (LVEDP) . AENERERK EF#E (+dp/d) FAEZE NEREKT FE#EE
(=dp/dv) , IFiEsEFZ0% (HR) . 4 B PBER CIEbR A, RIEA A CELRERE (LVW, RVW), it
AAELOLEMMER (LVBW. RV/BW) . TTC ARG R 22 Z A0 AL . PRI R ARG T B8
B, S ORG24 h: SEFARAME, Rai0 G OCIEREM AL T WA E (LVSP) . AZEFikAME
(LVEDP) FIZEZENERK EFAFMTREEE (xdpdy) HESFH, LVSP. =dp/dt #EEEM, LVEDP BEF &
(P<0.05) ; SR4LOUERRE CIEEMAM L, AR T4 (Hu-EPO T 140 . SB203580 41. rHu-EPO
+SB203580 ) +dp/dt A MEE (P<0.05) . K52 A 5EFRAMLL, Sai.0PUAEL S OB E 4
LVSP. LVEDP Al + dp/dt 384k (P<0.05) ; SHaioJUEIEE OIEEMAM L, SR THH (Hu-EPO
TFHidd . SB203580 4. rHu-EPO+SB203580 1) +dp/dt & kE (P<0.05) . K54 FE. S5EFRHAME,
AL AU S AR EE AL LVSP. LVEDP Al £ dp/dt 2.3k (P<0.05) ; 5840 jUE LS O RE A 41 AH L,
AEZ5YW T GHu-EPO TiZH . SB203580 4. rHu—EPO+SB203580 ) =+ dp/dt A B3k (P<0.05) . 5
BFRH b, HBai0 UL CIEEMA LVBW ¥ B, ZRAZRIEENL (P<0.05) . S5H4L0 LS
ODREEMAME, ARZYTHH (Hu-EPO T HiZH. SB203580 1. rHu-EPO+SB203580 ZH) LV/BW ¥4
Me, ZRAGIFEX (P<0.05) . SH4L0JUEE CIEEMAM L, RRZGHTH4 (Hu-EPO T W4
SB203580 2. rHu-EPO+SB203580 £) .CMEFESEHIFE E /N (P<0.05) . &5 rH-EPO Al Bz AMIJG K
R A= Wgs K ek Re, RIOIhEE. H-EPO W@ BT AMLJE REUO EMXTE R . 46/ MESLETR  fE AR
A H X BANMAE FiA, IAF .= FHA.
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Effects of Recombinant Human Erythropoietin on the Cardiac
Function and Infarct Size after Myocardial Infarction in Rats

CHEN Xiao — guang, ZHANG Xin - jin, LI Jian - mei, LI Xian —hua
(Dept. of Cardiology, The Fourth Affiliated Hospital of Kunming Medical University, Kunming Y unnan
650021, China)

[ Abstract] Objective Ventricular remodeling mode after myocardial infarction in rats was used to investigate
the effects of recombinant human erythropoietin - (tHu-EPO) on hemodynamic, ventricular function and infarct size
of left ventricle in rats with myocardial infarction, so as to find out the optimum time and protocol of EPO treatment
for ventricular remodeling after myocardial infarction and provide evidence for clinical application of EPO. Methods
Sixty healthy male Sprague Dawley rats were divided randomly and equally into 5 groups: sham group, simple cardiac
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remodeling after myocardial infarction group, the intervention groups of different drugs ( rHu—EPO in the
intervention group and SB203580 group, rHu-EPO + SB203580, group) . Ligation was set at more than 1/3 points
on the anterior descending coronary artery to make model of myocardial infarction in rats, and the rats were feeded
for four weeks. Different drugs in the intervention groups were subcutaneously injected once before ischemia and twice
a week after ischemia. Respectively, 24 hours, 2 weeks, and 4 weeks after ischemia, we detected the
hemodynamic parameters, recorded the left ventricular systolic pressure (LVSP) , left ventricular end diastolic
pressure (LVEDP) , maximal rate of left ventricular pressure
(=dp/dt) , and recorded the synchronization of heart rate (HR) . The animals were sacrificed 4 weeks after
ischemia, and the heart specimens were collected. The relative weight of left and right ventricle (LV/BW in the
RV/BW) was calculated according to the left and right ventricular weight (LVW, RVW) . TTC and Evans blue
staining was used to detect left ventricular infarct size, and pathological examination was used to observe the gross
24 hours after operation: Compared with the sham group, in

(+ dp/dt) and left ventricular pressure decline rate

and microscopic morphological change. Results
simply cardiac remodeling after myocardial infarction group, rats' left ventricular systolic pressure (LVSP) , left
ventricular end diastolic pressure (LVEDP) and left ventricular pressure maximum rise and fall rate ( = dp/dt)
was significantly abnormal, LVSP and + dp/dt were significantly reduced, the LVEDP was significantly increased
(P<0.05) ; compared with simply cardiac remodeling after myocardial infarction group, in the intervention groups
(tHu-EPO in the intervention group, SB203580 group, rHu-the EPO + SB203580 group) rats' + the dp / dt
improved significantly (P <0.05) . After 2 weeks: compared with the sham group, in simple cardiac remodeling
after myocardial infarction group rats’ LVSP and LVEDP and =+ dp/dt significant deterioration ( P <0.05) ;
compared with simply cardiac remodeling after myocardial infarction group, in the intervention group (rHu—EPO in
the intervention group, SB203580 group, rHu-the EPO + SB203580 group) rats’ + the dp / dt was significantly
improved (P<0.05) . After 4 weeks: compared with the sham group, in simple cardiac remodeling after myocardial
infarction group rats’ LVSP and LVEDP and = dp/dt significant deterioration (P <0.05) ; compared with simply
cardiac remodeling after myocardial infarction group, in the intervention groups (rHu-EPO in the intervention
group, SB203580 group, rHu-the EPO + SB203580 group) rats' + the dp/dt was significantly improved (P <
0.05) . Compared with the sham group, in simply cardiac remodeling after myocardial infarction group rats' LV/BW
increased, the difference was statistically significant (P < 0.05) . Compared with simply cardiac remodeling after
myocardial infarction group, in the intervention group (rHu—EPO in the intervention group and SB203580 group,
rHu-the EPO + SB203580 group) rats’ LV / BW decreased, the difference was statistically significant (P < 0.05
) . Compared with simply after myocardial infarction cardiac remodeling group, in the intervention groups
(rHu—EPO in the intervention group and SB203580 group, rHu—EPO + SB203580 group) rats’ cardiac infarct size
was significantly reduced (P <0.05). Conclusions rH-EPO can protect the heart function through improving the
left ventricular systolic and diastolic function after AMI in rats. RH-EPO can suppress ventricular remodeling,
through reducing ventricular relative weight and infarct size and promoting the renewal of capillary in infarction area
after AMI in rats.

[Key words] Recombinant human erythropoietin;

weight; Infarct size

Myocardial infarction; Hemodynamics; Ventricular

REHATHEREAR, RAFEO TR R
| CEARFgACE:, EET. Ik, MHFW
i QRAPIE H O LA B AN BRSO LA e £F
Hifl, o EmA, ERRIE R O WA IR & &F
KINRE, M OURERAF EREE. WAL,

2 PE.O WAL (acute myocardial infarction,
AMD J20 R IR 2 fEEAE.  ImR F 2R
Wk e . 2 B RS Bk AR YT (percutaneous
coronary intervention, PCI) J 7 iR 3l Pk 5 #F R
(coronary artery bypass graft, CABG) Fil#HFEAH &

, BERHIE 0L, di/N O IERESE IR, R
Aﬂﬁﬁﬁi 1M AMI Je B A DL ZEfE . 0=
FAY, HOERN TEA . HEGH IR L
AR SR WURE AL 2 Ji& DAy 0 308 ) L S B AR L A,

P T RARRIREA, BSOS AMI 355
WmE ) FEEER. AMLEEUNS, HUER T
YRR IEH A OME A B RE B i AR A5 A9 AL 1
AT R, BT R RS SBR[ Bt
TE@@EW%Q?MTﬁMﬂﬁb§E%%%$
RIS/ O BT KFETE BOEZ) , o

e A pizE  (erythropoietin, EPO) FE.OMER,
RS RTINS ISE A S 2 b R
HEZMAMRAER. RSO N B 5T
v, EPO L LA T . SR DALk . A
AN IUVBEBETE AR | ek O D RE AR I FE 2 Stk
O VBRI / B T s AR R R AR BIE SR,
4N 2 B AR L %E (recombinant human
erythropietin, rHu-EPO) HYH{bAE BRI Py~ 5k
5 NP AL B AR SR AR TR, (HE A rHu-EPO
R A — 2, HBAANIR B AEE. ALK



%8

PRIGEE, 5. HZH LA A RO IURESE J5 R Bt DI RE S AR B IR A 5 7

18 3 A R B0 WURESE AT, AN [ i 6] B 45 7
rHu-EPO T, RO UESE 5 ok O LR SE
AR MU SN R, AN [ B ] B 140 2
REZEAL, PRI EPO M. IURESE f 0o ik o A4 1Y) 25
LGNS, il PRI AR LS IR A

1 5%
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RIS, R A0, PR BIFRE
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RV/BW) . TTC Y afil st M, HE 4L @ik
T SR A
1.5 FTENZIER

BT ARG 24 hy 2 J8 . 4 JEAIAH S 1M
mahJtEdENN, AiR.O0% (HR) © Sish kil 4 &
(SAP) . #ighPk&F 5k k. (DAP) . A % W % &
(LVSP) , ZE=&FskAMIE (LVEDP) | 22 N i fix
KEFATREEZR (+£dp/dimax) . 4 JHJF4EER
L, BRI EUOME, Mo IR (A B S 4 229
T TASAE TR RR A PEA
1.6 FitEDT

K SPSS17.0 A AT it Hr, TR T
RIAEL + b2 (xxs) Fon. L4 AR
FEMH q KT, P<0.05 NESAG 5 L.

2 R

2.1 KRRESMONELERIE

I8 B EZ B N BATHE SRR RSCR A, AR Fh I A
S H IO SN R A, T IR % 60 IR
fmin, W52 R 1:1.5, MRIRHLIERERAE. ASsg
s 60 K, S iiE e 40 H, iiE %
1 67%.
2.2 MiFEshAFHM LR
2.2.1 DAEIRF 24 h & 3LI64H i 3h 124 )
£ R 5 Sham M L, AMI 41 . EPO 41 .
SB203580 £ X EPO+SB203580 £ 1) /2 % W 4 5 &F
KIREFE bR T, ZRARIFEEN (P<
0.05) ; 5 AMI HAHE., EPO 4. SB203580 4 &



8 R ERKF%H 534 %

EPO+SB203580 £H [ +dp/dtmax Fll —dp/dimax F &
FWE, ERASKITFE L (P<005); 5
SB203580 HAH I, EPO 4 +dp/dtmax F1 —dp/dtmax
EZR TG FE L (P>0.05); %4 SAP. DAP,
HR ZR Gt E L (P>0.05), W1
2222 DAEIRE 2 B& L5 4 MR 3h /14
£ R 5 Sham 4 # L, AMI 41 . EPO 4] .
SB203580 41 & EPO+SB203580 £H 114 75 25 it 45 5 4T
IR fe bR E TR, ZERASITEENL (P<
0.05) ; 5 AMI 41Af kL, EPO 4H. SB203580 4H %
EPO+SB203580 £H [ +dp/dtmax Fll —dp/dtmax £
FWE, ERASRIT¥E L (P<005); 5
SB203580 HAH I, EPO 4 +dp/dtmax F1 —dp/dtmax
LREGHFEX (P>0.05); 441 SAP. DAP,
HR ZR G2 (P>0.05), W3k ?2.
2.2.3 DAEIESS 4 &I A MR 3h 1 F K
£ R 5 Sham 4, AMI 41 . EPO 4] .
SB203580 41 & EPO+SB203580 £H 114 75 25 i 45 5 4T
KRR bR E TR, ZERASITEENL (P<
0.05) ; 5 AMI 41AfEL, EPO 4H. SB203580 4H %
EPO+SB203580 £H [ +dp/dtmax Fil —dp/dtmax £
HWE, ERARITFEEL(P<005; 5
SB203580 HAH L, EPO #41 +dp/dtmax F1 —dp/dtmax
TREER (P>0.05) ; %4 SAP, DAP, HR
WEEFE (P>0.05), W3
2.3 IhLERNEER A

5 Sham 4 AHIL, AMI 40 LV/BW I F+H] &,
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Tab. 1 Comparison of hemodynamic indicators at 24h postoperation between the experiment groups (X +5)

A5 HR (bpm) SAP(mmHg) DAP(mmHg) LVSP(mmHg)
Sham 4 398.24 £ 24.13 123.45 £21.34 87.46 + 18.15 140.79 + 14.58
AMI 2H 386.34 +29.18 108.78 +13.20 79.28 £20.20 120.56 + 12.74°
SB203580 £H 389.50 + 26.73 113.32 £10.13 78.37 +19.36 125.83 + 11.52°
SB203580 £H 377.35 + 30.12 116.67 £ 16.35 76.65 +17.79 127.46 + 10.98°
EPO+SB203580 40 382.34 x27.14 119.80 +19.23 81.46 +20.44 12691 + 12.85°

5 Sham ZHAHEL, *P<0.05.
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Tab. 1 Comparison of hemodynamic indicators at 24h postoperation between the experiment groups (X +5)

49l LVEDP(mmHg) +dp/dtmax(mmHg/s) —dp/dtmax(mmHg/s)
Sham £ 4.62+2.54 7 396.57 £ 787.30 -5369.35 £ 674.75
AMI 2 14.76 +4.32" 4758.80 + 739.46" -3340.89 + 563.45"
SB203580 41 8.93 +3.86 5889.34 + 576.23"* -4 276.55 +523.64"*
SB203580 41 8.45 £ 4.05 5923.89 + 656.74"* -4209.47 +579.78"*
EPO+SB203580 £ 8.06 £ 3.65 6 030.52 + 689.23"# -4108.23 +584.92"*

5 Sham dHAHLL, *P<0.05; 5 AMI 4AHEL, *P<0.05.
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Tab. 2 Comparison of hemodynamic indicators 2 weeks postoperation between the experiment groups (X +5)

ELE ] HR (bpm) SAP(mmHg) DAP(mmHg) LVSP(mmHg)
Sham 41 406.23 +26.15 119.58 + 19.86 89.57 + 19.52 138.84 £ 14.22
AMI 21 396.54 + 28.44 106.53 + 13.49 78.94 +21.34 122.59 + 13.51°
EPO 24 385.43 +25.84 114.41 £10.89 80.67 +19.78 124.96 + 11.78°
SB203580 £H 383.56 +29.43 116.47 £16.79 79.43 £ 18.63 127.97 + 11.34°
EPO+SB203580 41 379.35 +25.69 118.87 + 18.74 83.59 +20.76 126.68 + 12.45°

5 Sham ZHAHEL, “P<0.05.

®2 ARiF2FRIWAHMBENFIERILER xxs) ()

Tab. 2 Comparison of hemodynamic indicators 2 weeks postoperation between the experiment groups (X +53)

49 LVEDP(mmHg) +dp/dimax(mmHg/s) —dp/dtmax(mmHg/s)
Sham 44 4.69+2.78 7409.43 £ 765.54 -5384.36 + 646.63
AMI 4 20.76 £ 5.67° 3 867.27 + 696.46 -2 987.48 + 576.58"
EPO 2 11.34 + 445" 6 409.54 + 586.03°* -3976.32 + 546.67"*
SB203580 44 11.09 +4.79 6 432.76 + 596.65™* -3943.65 + 558.84"*
EPO+SB203580 £ 11.67 +3.95" 6 457.43 £ 667.46"* -4 089.47 + 589.83"*

5 Sham AL, *P<0.05; 5 AMI4LAHLL, *P<0.05.
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Tab. 3 Comparison of hemodynamic indicators 4 weeks postoperation between the experiment groups (X +s)

A 5 HR (bpm) SAP(mmHg) DAP(mmHg) LVSP(mmHg)
Sham 41 397.23 £ 22.34 116.43 +17.84 88.64 +19.34 139.65 + 15.37
AMI 2H 386.45 + 23.24 104.67 + 14.31 80.58 + 19.63 124.53 + 14.43°
EPO 24 379.78 + 23.87 112.26 +11.68 83.78 +20.56 126.32 + 12.83°
SB203580 £H 380.45 +27.37 109.74 + 15.58 82.39 +19.42 127.86 + 11.89°
EPO+SB203580 40 383.62 + 26.65 117.74 + 16.67 84.64 +20.88 128.46 + 13.64°

5 Sham A, “P<0.05.
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Tab. 3 Comparison of hemodynamic indicators 4 weeks postoperation between the experiment groups (X +5)

4 5 LVEDP(mmHg) +dp/dtmax(mmHg/s) —dp/dtmax(mmHg/s)
Sham 2 4.83+2.74 7 403.64 +753.58 —-5397.45 £ 649.56
AMI 4 18.86 + 5.86" 4043.86 + 692.67" -3034.57 + 583.57"
EPO 2 8.69 +4.37" 6569.47 +594.32"7# -3994.32 + 564.76"*
SB203580 4 8.37 £5.03" 6589.84 + 603.42"°# -4 012.64 + 583.68"%
EPO+SB203580 41 8.23 £4.14 6596.49 + 678.56"* -4132.08 + 596.47"%

5 Sham gAML, "P<0.05; 5 AMI AL, *P<0.05.
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Tab. 4 Comparison of the indicators of the relative
weight of cardiac ventricle 4 weeks
postoperation between the experiment groups

(X+s)
EE ]| LV/BW (x10%)  RV/BW (x10%)
Sham 2H 2.03+0.36 0.56 +0.17
AMI 21 2.36 +0.42° 0.59 £0.20 Bl 3 Sham H HE B4R (x400)
EPO 4H 2.09 + 0.38% 0.57+0.18 Fig. 3 The HE staining of myocardium in Sham group
SB203580 41 2.07 £0.35% 0.57 +0.19 (x 400)
EPO+SB203580 £ 2.06 +0.37% 0.56 +0.18

5 Sham 4L HEE, *P<0.05; 5 AMI4LtbE, 4P<0.05.
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. Fig. 4 The HE staining of myocardium in AMI group
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Fig. 1 Comparison of the indicators of the relative

weight of cardiac ventricle 4 weeks
postoperation between the experiment groups
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Fig. 5 The HE staining of myocardium in EPO group
(% 400)

12 i

B2 FHEEERERILE
Fig . 2 Comparison of the infarct size of myocardium
between the experiment groups
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Bl 6 SB203580 £H HE & (x400)

Fig. 6 The HE staining of myocardium in SB203580
group (x400)

E 7 EPO+SB203580 £ HE #fa (x400)

Fig. 7 The HE staining of myocardium in EPO +
SB203580 group ( x 400)
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