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HE] B HNAKEERNKETFG-CSHRARSHAEAAEKEE ChGH) 3 R 2.0 S
KR BB TAR UEFEEROCNANEEERRL. HE BAREERSOIERER., SIS
REFEFHRAN =8 BFRHESO,n=06) #FIHMI,n=8).G - CSF 5T 4 (G,n=8) . rhGH 357
(GH,n=8)# G -CSF+rhGH i{§¥7 H (GG ,n=8). I W AMBE AHBE TR WBO RRA M RARE o 1
(MNCY%)sRE 4 RSy ROBRE  AHAZ-FLHD AR AHAALEE. H8R ONARGH
R 5 WBC 1 MNC % 83 5 BT ¥ 8 8 8 i (P #<<0.01), MI 431 RS WBC Bl 8 B F3h R AT (P<<0.01),
BEMNCUEFRAMEBEZEREEE®P>0.05). GHFRE WBC I MNCYUBEEBFMIAZRE
(P ¥<0.05), @QMI.G.GH.GG 4 ARIFFEERLHE 25 (P>0.05) . @GH.GG 4 5h ¥y 4k JE & F A0
MEEHHE®EF SOMIMG HWP #5<0.05, GGHLPER/AEHLE T SO.MI 1 G 4 (P<C0.05).
@G.GHM GG HEMM B HHE £ F MIL.SO 4,GG HEZF G.GH 4 (P #<0.01), ®G.GH H GG 4
BB dU(HDOFHAAR. RO RFETHANE G.CCEBETRAEFE LML, £ OG-CSF T
HREFRMOVNEREXAEBEESHTHRIINEMBEFFH ALK, XBRFFEX.OUERE EH
MEHAE. QrhGH IR #AFERAX THMFHE . ERFA LN, @G -CSF B4 rhGH (7 K BE
EXEHMMEFEFHBHM, VARG SHEHIEN.
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Treatment of acute myocardial infarction with autologous bone marrow stem cells mobilization combined with
recombinant growth factor in rat LIU Ke-giang * , QI Xin, DU Jian-ping, CHENG Li-song, YANG
Wen-ling, LI Yan. * Tianjin People's Hospital, Tianjin 300121, China

[Abstract] Objective To observe the regeneration cardiomyocytes and neovascularization after
mobilizing autologous bone marrow stem cells by granulocyte colony stimulating factor (G —~ CSF) alone or
G - CSF combined with recombinant human growth hormone (rhGH) in Wistar rats with acute myocardial
infarction (AMI). Methods AMI rat model was reproduced by liquid nitrogen cryoinjury. The rats were
randomly divided into six groups: mobilization group (N group, »=28), sham operation group (SO group,
n=6), myocardial infarction group (MI group, n=28), G - CSF group (G group, n=8), rhGH group (GH
group, n=28) and G - CSF combined with rhGH group (GG group, n=_8). White blood cell (WBC) count
and mononuclear cells proportion (MNCY%) in peripheral blood were determined with ABX blood cell
analyzer to estimate bone marrow stem cells mobilization. Four weeks after intervention, the rats were
sacrificed, their respective body and heart weight were obtained, and the hearts were harvested for
hematoxylin and eosin (HE) and immunohistochemical examination. Results () Comparing with baseline
values, after 6 days administration of G - CSF, the WBC and MNC%; increased in N and G groups (both
P<C0.01); WBC increased (P <C0.01) but no difference of MNCY% in MI group (P >>0.05); WBC and
MNCY% were significantly higher in G group than those in MI group (all P<(0.05). @Body and heart
weights in GH and GG groups were higher than those in SO, MI and G groups respectively (all P<C0. 05).
The ratio of heart and body weight was higher in GC group than that in MI,G and SO groups (P<C0. 05).
@ There were no significant differences in infarct size among MI, G, GH, and GG groups (P >>0.05).
@ The capillary densities were higher in G, GH and GG groups than those in MI and SO groups; the density
in GG group was higher than that in G and GH groups (all P<C0.01). &BrdU positively stained neonatal
cells were observed in G, GH and GG groups. Of them some developed into the endothelial cells. BrdU and
¢Tnl double positive stained cells were observed in G and GG groups, which implied these cells might have
differentiated into cardiac myocyte like cells. Conclusion ()G - CSF can mobilize bone marrow stem cells
into peripheral blood in normal and cardiac infarct rats. The mobilized stem cells may enter into the infarct
zone and induce the regeneration of cardiac myocyte like cells and vascular endothelial cells. @rhGH may
promote the regeneration of capillary in the zone of infarction, but does not induce regeneration of cardiac
myocyte like cells. 3 The combination of G - CSF with rhGH might promote more capillary regeneration than
either of them used alone.

[Key words] acute myocardial infarction; bone marrow stem cells mobilization; granulocyte colony

stimulating factor; growth hormone; cardiomyocyte regeneration; neovascularization
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it B A DU PE GO ) KRS R, TLEE
BAREERNEETG-CSHIERASHTHRS
HEAAAKEECRGGH) M ERARONAERE
EMEBAMEEKAEM.
1 HES5HE
1.1 LY KRR Wistar K 46 B, MBEL
A, KH 160~180 g(EFE¥H ¥ DAEFFEER
FWRA . BA:G-CSFULRFEHMALAFD.
thGH(KEESFEAG L ARFTELAED . HIRHF (KF
EFREFBEWMRID.BRA.5-R-2-BEARHF
BrdU), i LU BE B 1(cToD) BTG,
B.H. ABrdU # 53 F& i & & Histostain™- DS 9500
WEAFALENEGCEPFLEDBERAFD.
DW - 2000 BIZh A TRFRHL( LB EBB AR
8D ,ABX MM B 34, o s BN,
1.2 LOEEBH L. S8 Tomita FVFEES K
Rt O R FIRE 0. 2 ml/kg JULPI T 5T KB,
FOREHBREERITIO . FEFIYATIER
PL.Z2BOME.UER6mm HELBEE TF-190 C
KBEETAHERERY . ETFTLOREZWEEN
AhFE =AU AE . B % 30 s X3 R, RBHEY
7 1 min X 10 ¥, #1201 B # E O ULHR 6 BT .
1.3 SARKH 46 AXREMIVEFEES N
4., FHHIRARANHA,»n=84F G -CSF
50pg e kg dTETHHN . ELEZSGBFARA
(SOH,n=6)FF B A HIB; BWILH MI H,n=28)
HBEELXTHBEH:;G-CSFIRITHG H.n=28)
M1 d SR THEHNG-CSF 50 pg < kg™ «d™', %
#5d;rhGH BT A GH A, »n=) %I 1d 7
FrhGH 2 U « kg™ - d' B F . 52 HE;
G - CSF+rhGHIZFF A (GG H.n=8) 4 1d 5 F
G -CSF 50 pgkg '-d', #E&5d, lA % rhGH
2U kgl ed L EG2 B HETEN. RERAF
4 AL FESh Y, Bk N A& H KR ALSERT 10d B H
ST BrdU 50 mg < kg™ «d ™',
1.4 BHETHBEINAFELNE:N.G HTFHHH.
MI A FOERT, RAH S 6 d By R UM, W (5 40 i
HHWBCO R BN ZAME 5 L (MNCY%) .,
1.5 HAZUREEUE - BREEX S .CREAEY .17

HEGHE . XBH DERAMEESEBHTE (02KZ40)

fE& A 300121 REHARER.OBES L XIER,FH, 4
BB KB ML (X H L FED

EEBA N R (948 -, BB, KB A, EHEM,. 1§+
PR 4 7 i (Email : kentliu999@sohu. com),

EABAREAFLHE R 6, WEEFEX LI,
HAEARAEREHME D, NETH .
1.5.1 OEER:LUREEGQL4BRKGRNEN R
O AME R T )RR X I, [ B I 2 8 A O B S R
B EITE &K A, B0 ANERIRE I /05
IR A ZAR AR E 2 .
1.5.2 E4mEFED - TELFBHETHRK
400 5, EB IR XN ER 10 B E0E
(HP) , 1B BB N EHZ<10 pm B FE 40 10 8 5
B, BER>10 pm B30 K7 Bk g HEBRAE ST . B
KU REE 20 MTEER, BABIT RS R 1y
H,i T EESEATERO. 2 mm) EHMEFE.
1.5.3 GBI A e EZHaRe. 8 M4l
B=EBY 4T BrdU 1 cTnl XN E SREHMLY G,
Mitx BrdU FHME R BT A M, £SO M B, AR
A ;cTnl HEEREEARCG . AHERBR.,
1.6 ZitZEH R A SPSS 11.5 it #4, 5iE
UM+ ()RR, £ HRARE
EFTEANMLSD-r REB. BEXM :EEM: RE,
P<O0.05HERAZRITHEX.
2 & B
2.1 BHTHMRIIAGE D :N4A3GRRE WBC fil
MNCY% ¥ B E®H FaRAF (P ¥<<0.01);GAHE
MI 4 3 i1 dif WBC fl MNCYUE R ¥ L B FH
(P #>0.05);G i3 5iJ§ WBC #1 MNC % ¥y B %
AT a5, [ e IR B EE T MI 4 (P 3#<<0.05);
MI 4H.0 85 WBC Bl 8 & F .08 /j (P<<0.05), /8
MNCYX% BRI R ZREB EHP>0.05),

%1 HADRWEHEIM WBC B MNCY% (x+s)

Table 1 Changes of WBC and MNC ; before and

after mobilization in each group (x=+s)

w3 B R HRE

(R) wBC(x10%/L) MNC%  WBC(X10%/L) MNCY%
Ng 8 8.3440.8] 17.7648.73  14.8542.56%  33.1944.52*
G4 7 8.58+1.01 17.6343.17  16.4743.00% 2 34.4645.47* 4
Mg 6 8.4440.91 17.0442.80  11.4941.89*  18.2242.70

F S5 ARHE . " P<<0.01; 5 MI 4 . 4AP<0.05

2.2 LHERRAEAEG2) .SHABRAHERL
RYEEEE; CHERERAFBESE , SARKRL
RAEAEMOEEERUYAFEEFRE P B
0.05), &/~ GH sJRAKS ik E , Bz & Ant.OEE
BmEFHhE,

2.3 LCEERMEAMLEITHRGE D . SHOEHT
RERHESE® . EANEHTREHAERFRE
#(P<C0.01),
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£2 EAGE. CEER CBE/EELERLLERGLs)
Table 2 Changes of body weight,heart weight and

their ratio in each group(x+s)

. PR RWKE PR KE LEER UE/RER
(R) (g) (g) (g) %)

SO4 6 173.25+12.33  180.83+14.71 1.08+0.10 0.597+0.038

Mig 6 175.22+11.48 182.83118.52 1.1140.05 0.61110.036

(¢::] 7 173.33+ 8.35 187.50% 9.59 1.1540. 08 0. 610+0.020

GHA 6 173.63% 7.55  206.10%+13.18 1.29+0. 12 0.62610.018

’ GG4A 6 173.05+ 9.01  209.85+11.24 1.36+0.12 0. 64710, 026
Fii 0. 048 5.968 9. 448 3.250
P >0.05 <0.05 <0.05 <0.05

X3 HEHARBK.OEMNEK. LETH
REAMEFHE L)

Table 3 Changes of length of scar, peripheral
length of heart,myocardial infarct size and

capillary density in each group (x+s)

g5 FHRA)  EERCw)  DESBEKCm)  CERRCD BAREIHHCN/HED
0 6 1.0210.87
Mg 6 0.62540.089  3.06710.137 2036176 3.6041.39
GH 7 0.58620.103  2.929%0.161  20.1144.29 7.6032.04
GHEL 6 0.615£0.054  3.10630.141  20.1541.9] 7.2542.28
GG 6 0.57540.052  3.13330.186  18.3611.34 9.2042.28

Fii 0.611 2.169 0.722 390. 451
P 0.615 0.122 0.550 0.000

2.4 HLHRBENAREAFBERE 1~4):S0 4K
B0 L4 B HE S B 57, 40 A RO BUE B PT o 45 52
30 40 34 W3R 5 A4 0 JUL 40 4 40 ok DR 4 4 388 A R R R
BEAEBREALATRFEOI. BRNEREL D
A—sMIAH.OHNBETH 3~4 B4, .0 HLHEF
EiL R, BHmE SR KA NEEHBIEA
S MGHOHBETE 5~7 2O, O PLHES)
BN AIAELEANE;GHALHNETHE
4~6 RO, OCNHFI LR B F T REKELE
MME;GCHULRNBETH 6~8 2.UUMK, LW
HFIR S, BAMEREMAL,

2.5 FAEOCHNHABREAEANENEEEER:
MI AR X R % Kk W4 410 ;G .GH & GG
W% X B XA WAE# BrdU(H) 2B 6
CMF SR, UG E L R, A DU A B 4 1
BEHNERAFEEREHETE 57 G.GG @ikl
A ORI A, B BrdU(H) B A8 H
cTnl(+H) B 3K R B A E CEBmITE 6), 41
B THRS R, EAESER OULARAR.

3 i i

3.1 BHTHRMR ALK S K Orlic FYH K
% ¥ G - CSF X 3h B, UF 3¢ 7% 22 31 vl 42 3k B 1

LS M T 40 B B A S B MR, Bk %S
B4 F G- CSF wB 8] 3¢ A fEim CD34* 4518
RS, B, ABFRE s R etEE R 5 d, WERS
JE i WBC B3 MNCY% 73 RAH B A5, iF
LTEHRABERE. MIEAELERF WBC 827
% {HE MNC % 7ERESE R Ja F TG it 2 & 5, s ]
BB 0 LIRFE 5 48 AE 3 A% o 14 L 400 Ffa % i 4 40 B i
WBC A&, ME 8T A+ REERNHA .

ES B R NAERNYLE TEL , Stauer 94
Hy » B AH B [B] B 7E R AE SR JE R A S BOEY K
B, BIREFESS 7~14 d. O E R B T R 5E S 0 40
JOXE DAFEIE L 170 A 5 1A B8 A 40 R R T AR S A0 R R
RARBBEMEL 578 F AR BB BB, E5E 5
T~14d BB T ERARAEKMS, B S ERER
HYEHAMER MANAKRES TRARGXHFE
of I 4 B A LA A B . Ohtsuka Z B R ML
FHUHTTEZR.ERERAELENEHAALR
ZREHRER, ALBRERIFABASREA
#J5 5~7 d, Wit X IE{E R AE R B EGR L, B Al T2
HARNEE RELER 1dHBETG-CSFii
ST, R4 5 d G RIEZ LRI 17 .

B8 T 40 i o 2 AL I T £ A R AR i A 4
MBS THREE B2 FHANTFTE LN HBEE
BETEmT I, HaEFH c -kit+ . Lin -9 4
SRR EAEOIEHIEE. KT EHET
20 MR 1 A AL B PLE, BRI K2 M AW SRR
AR BN HFBEERMLY . ALRIES, &
ROBEFHAT R EHmMEHE",HMI AP
MMEFEENEET SO A, HR,G HBHMEit
BHEBEETFSOMI A, HHG-CSFaRNBHET
MM CREXER T /IR0 WL RSt ¥ T 4 4
Sy I P9 B S MR, WA TG 4R 5 B 4 O B A B, BB AR BE
X gt . & 5B 8P AL —Fh UL E g, BB B
REHE | LY, FEH Sk i 5K 44 F 3 B R TR
Al g RPIBR AR LB M B FAEY ., RER T
ARG B AE B M BT RO W X 5E
MERERE.CHEmEER, FFiE—SHE,

3.2 GHWER - AZRETGHSS5.0MAEKA
TR EMRE GH S G -CSF & ¥ ENNEL
EET OV ESET 400040 f e ik . 45
REB&.GHAXRRANF A ONELK, B GG AfF
WHEHAEONEARIEAREZ T G 4, %8 GH .0 F
BUOMBANXER  BAREREEH T ONNE
BET MM b O N4 . T IR R AT BB
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GH R %t 0 LR ¥ 57 A= 0 JULRE 40 i A5 12 3k 38 7 4 4k
BIYE F , IE 20 e w42 2 S GO UL 40 A 3% 7 o B 1
A—R, Xt Bk B AR BEHEH.

AL GH.GG .o MEE 2S5 E F SO.
MIFIG4H,MMGH S5 GG HLUHERBEER,. 5
BROSIE R —E . ¥ GH v G i {2 ik s B0 AL
WA EKMENCHER. K4 EOM/KE
,.GG B F SOMI f1G 4, %P GG HLMBE
BERMEETAREE M. MXAACRERMEE
HWMEFREH. HMEFRETER GG AMAT
GH {2 LA K, B G-CSFERESET A
1R BE .0 L4 AR 0 I B A, B AR A I — € R
FErmT OoMER.
3.3 G-CSF5GHAH :A%LK GG HAmEHMMm
BEEEET SOMI 4, e F G.GH 4, 8
—HAAMEBANENFEERAERTHAME. A%
BHEGG AR T HA OV, BT WA HE
OCMBEARFAZTGAH, B, ALRERKRE
W —ESRAMOCIEAREMER. 5547 GG
HONBTREAR 6~8 2.0 U408, 0 ULHEZ 8
F.8GH.GHHAZX,AIBR G-CSF®' "5 GH &
At .o B REATHhRIER.
3.4 BY-BRTsHRABEETHAREIT OENEF
RXMAEMHMARBEFMGH. IEAREKETF
(VEGF) s BFi8 L #H P (CGZXP, B & LA R)
BIFTOEARBRIREHRENER B, AHSH
RESMBRE TR P ELIBIT A BRK R OBERIT
R3S | P,

% FFTR AR PIESL G - CSF Al 8 /i K R
B &5 889 75 R T 40 a1 O LR 45 SR AL B L FF
HAE O BMIRE R0 UL 4K nENEAR
M. GH 25 a0 U404 K 38 B F (2 2 I 8 3
4, BT G - CSF 4 F GH Eai &5 —p AR EL .
BT -
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B DICHMRERES MLMSE > BORAM: T Sikmin: «33) B2 NSETERDHROMILAEE (MR, 1 spgsm; *33)

Figure 1 Type ol cells in lymph fluid during DIC.
(—>lymphoeytes; T monooytes; »33)

Figure 2 Types of cells in lymph fiuid after treatment with NS
{—>lymphocytes; ] monocytes; x33)

BB T @M RS E KT AT RRABMEONER

(QESTRA94T )

B MR DM, (40 A
DRIEFLHL (HE, %400

Figure 1 Scar (left) and less normal cardial tissue (right)

ingroup MI (HE, x400)

E2 GGEBURANZEM), HETM)ARTNES
JE R [ HE, x 400 )

Figure 2 Scar (left) and more narmal cardial (right)
ingroup GG (HE, x400)

H3 GGARZMBHME (HE =400 )
Figure 3 Gapillary vessel in group GG (HE, x 400)

J o N

H5 GRAKEHETHNE, ME2BrdU(+) K,
BidgeTnl (-] (HE, x400 )
Flgure 5 Neonatal caplllary vessel In group G, BrdU(+)
in neuclear but cTal (-) in cytoplasm (HE, x 400)

B4 MIEHEEMEEE (HE, =400 |
Figure 4 Density of capillary vessel in group MI (HE, x400)

o T

B GBS RN ECIRMMBAU ( + ) MERT (+)
MBI TFE [ HE, x400)

Figure 6 Neonatal cardiac—like mocytesin in group G, BrdU(+)

in neuclear and cTni(+) in cytoplasm (HE, x 400)
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