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Abstract

AIM: To detect the effects of acid fibroblast growth factor
(aFGF) on apoptosis and Bax and bcl-2 expression in rat
intestine after I/R injury, and to explore the protective
mechanisms of aFGF on intestinal villus.

METHODS: One hundred and eight Wistar rats were ran-
domly divided into 4 groups, namely intestinal ischemia/
reperfusion group (R, 77 =48), intestinal ischemia group (I,
n =6), aFGF treatment group (A, n =48) and sham-oper-
ated group (C, n =6). The rats sustained 45 min of arteria
mesenterica (SMA) occlusion to establish the ischemia
model. At the beginning of reperfusion, rats in group R
and A were treated with normal saline (0.15 mL) and aFGF
(20 pg/kg, 0.15 mL) respectively. Then each six rats as a
sub-group were reperfused for a duration of 0.25, 0.5, 1,
2, 6, 12, 24, 48 h respectively. Cell apoptotic rates in in-
testinal villus were determined with terminal deoxynucl-
eotidy transferase mediated dUTP-biotin nick—end-label-
ing technique (TUNEL). RT-PCR was used to detect the
expressions of bax and bcF2 gene in intestinal villus. Im-
munohistochemical methods were adopted to detect bax

and bcl-2 protein expressions and distributions.

RESULTS: The improvement of intestinal histological struc-
tures was observed at 2 h, 6 h and 12 h after the reperfusion
in group A, compared with group R. The apoptotic rates
were (41.1743.49 %), (42.83+5.23 %) and (53.33+6.92 %)
at 2, 6, 12 h after reperfusion respectively in group A, and
these rates were significantly lower than those in group R
(P <0.05). The expressions of bax gene and bax protein in
intestinal villus were gradually increased after ischemia/
reperfusion, while the transcription of bct2 gene and ex-
pression of bcl-2 protein were decreased. During the 2-12
h of reperfusion, the transcription of bc/-2 gene and ex-
pression of bcl-2 protein were significantly increased in
group A compared with those in group R (P <0.05). However,
the expressions of bax gene and bax protein were signifi-
cantly higher than those in group R (P <0.05).

CONCLUSION: Intravenous aFGF could alleviate I/R-in-
duced injury, in which its effects on the facilitation of bcF
2 transcription and inhibition of bax expression may play
an important role.
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E0Y: SIS NI E PN KR - (aFGR)X R
SR PR 5 /N R AN T LA SR T AR SR baxdil
bel=2 FIRHI .

ToiE: R FE IR EEK(SMA)IEA145 min fEHATEIE sk
FHEEUR) LIS PEAY , 15108 H Wistar X FRFEL>
BARTFARL(C). Iplingi@) . 7k — FEEAR)FI
aFGFIRITAH(A). a5 PR R A AN F] SIS RZAFI
AHNA0.25, 0.5, 1, 2, 6, 12, 24 148 h ik
84, &6 Hahdy. A 4 R HIERI 3 kel [FRT,
Srlg EEIGEN 20 Ug/kg aFGEFIAFER7K 0.15 mL. &
B AH BN S AR i A B S B O A
%%Hﬁﬂw%ﬂ?ﬁ ICBR(TUNEL RHIIZHREE 123R; Rl
PR ALY S5 BRI bax Tl bel-2 B A Fik; I RT-
PCR 5 1EME baxFll bel-2 FEPIH) kK F.

ZR: PTG 2, 6, Ml12 h, AWAPREPHE
B BB T3R5 A (41.1723.49%),, (42.83%5.23%)
F(53.33£6.92%), BELTF CLHBE NN ATE) S FAYZ



2600 ISSN 1009-3079 CN 14-1260/R

R ARG 2004113168 F12%5 E11 8

WP TR (P <0.05). UR G/ MHE BN baxFERFKIER
Wieg, BEEERIIE, W bel-2 FPEEFRERR, &

SR> AEFET 2-12 h, A A bol-2 FFEEFK
FRE A& EHREE C BN, W bax FEKIH) mRNA & &
R A 7K PH5 CAR AR

£518: HMNJEYE aFGF RENS SRR LN AMAER B 17
B3, HALHITRE 5 aFGF {24 bel-2 FEPRIAET | 4 bax B
SESUYERS

Wb, 107 T, S, 0, R, B0, 89768, BRI K
R Y R AR BB bax R b2 ZOABUSEIN. HHFREE AL
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RS AME . R Ry, TREAIG . B B
SRR, R B T a8 5 AN T B
s, WPrEEThReRA, oA ME KBS 2 Bn%;
HEHE ARTEES, BOEMPIR N 288, sHERE RS
FEANAN R R TR, i s B SRR S R S AR A 22 AR
BIIREREE 1 & A RICRICE Stz o b A i aa /e
FIXHmEREA E E R EEMER. EER R AR,
N PERRYE AT HE R T (aF GF) A Jld% 0o L . B R Le
PRSI I PR 40 09 RS A B R T A 2 4 T 2
F AT A G R R SR i A R ], Horp b2 50
AR ETAEEAERDT. i, JAAPIKKRE UR
PR, 25 TRRIKESHAMNEYE aF GF, WS/ N
LU AR R T A AR R LT B AR LA, S
JRR aF GF fieiE i 18 #5145 146 A2 4 Ik B S A .

1 #MRRGEE

1.1 ## TR Wister KE(FZEEE 2R 2B s o)
108 H, K& 220 + 20 o, MEHL AIRTFRAC,
N =6), FaifkilZi(I, N =6), B I/R 4R, N =48)
M aFGF IGYTAL(A, N =48). YR I I [ A [R]
(15 min, 30 min, 1, 2, 6, 12, 24 f148 h), ¥
R ZHF0 A H X 43 R15 min, R30 min, R1, R2, R6,
R12, R24, R48 h 1 A15 min, A30 min, Al, A2,
A6, A12, A24, A48 h, H164, A6 H. X
FH Z 05 sh K (SMA)SE ] 45 min J58A, EHlAiE
fL 0L PP R ARSI R s Y S I L L AR L A
SMA RHEB. C LA ES SMA FEFE R, HAag 4
SIYITE I F AR Bl IR B R m S e Je A, 56 4= BH

F# 1 RT-PCR RN bax, bei-2 and B-actin B:EFHARE 455

ML 45 min, SRJGHAJSTE B, R 41R1 A 4055 F
SMA J&/4 45 min #3398, B0 MR 5 ik v 4 A L ER 7K
(0.15 mL)&{ aFGF(20 He/kg, 0.15 mL). %15 E HHA] B 7%
R IR AT, BUEE R R L5 10 em L
A, 8B BNREGR T, T Tt -2
BRMFHE SV (RT-PCR); 75— PR AN 40 o/LH A F S
W, WK, AleMED R, 4 CHRAG.
1.2 &k

1.2.1 gnfe A kel B AE R (S S Hm)BE, B2
FERK, T FAE AN K 7£ 37 C&4 NI E 30 min,
SRIG PBS ik 2 Yk, 1 50 UL K Sili B A B R i
A AP PR R ORI H AR (TUNEL
1 & (72 [ Boehringer Mannheim 235 7= 0h), 37 CigE
60 min. 7EH] PBS #hy5E 3 ¥KJ5 1 50 ML ZEFIZR SR 4
i, 37 CIR&t® 30 min, PBS #hik3 Wk, &g
FIDAB 2215 min, AR YIT RIBKE R, 7£400
fEesl FES, AMBEAZ A R R R BH AR .
1.2.2 DIHERLE T bax Fo bol-2 & 4T HN KH%
PEL AL SP . hax(SC=7480). hel-2(SC-7382) Mt
RFN SPIRFE I H Santa Cruz A 5. SCEFAVERARH
SULH B HET, KA REY) A I 2K I TR s
B5, F54e, Hh—HiRPTERBREE 1 - 1005
P GBS, 45 SR DI s/ B A A (0 R B

HEAL, AR, FET B R =R
1.2.3 baxFa bel-2 R W EFoagdem 2ECAH. 14,
RAFN A AR/ NHA R RNA, FIEIMH 65
B FTEE I B kARSI T A BB RNA A SR Fn vk . 31
PolyATtract® mRNA TIsolation System & Z40 5 4k
mRNA, LM A, R RT-PCR Jik.
e EUEE B mRNA, F Promega 2> 5] A9305%% S542857)
£(A3500), FHULBHBHEIT cDNA G . M8 A bax,
bel=2 F B-actin LAY cDNA 551, $ M85 Wik it IEm]
518, 51 (IR 1). PCRINSEJy: A8 94 °C
3min ¥ 1: 94 °C (30s), 60 °C (30s), 72°C (30s): 1
fif1: 72 °C, 10 min. FAFEFE ST 32 MEFR. A FER I
S ROBARIETT PCR §74. BUPCR P24 5 UL, 1E 15 /L,
HE SR H IS SN T B FBEREI G i 258
(UVP-GDS800, & [E)%} B (R FE 2k = it 11 K %
FEME . PR Bk g2 DA B A 5 B-actinZ& K K 5
FEE A H(E .

Brit 23R (5 BISPSSTLOFKFNH 4 R AT S 2

el LE5 19 THE
bax 5’ ~AGGTCTTTTTCCGAGTGGCAGC-3’ 5’ —~CCCGGAGGAAGTCCAATGTCC-3’
bel-2 5’ ~GACTTCGCCGAGATGTCCAG-3’ 5’ ~GTGCAGGTGCCGGTTCAGG-3’

5’ ~AGCCATGTACGTAGCCATCC-3’

B-actin

5’ —GCCATCTCTTGCTCGAAGTC-3’
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Qb3 BRI DEISE £ ARiEZE (mean = SD, N=6)
Forn. BHPEZR TGRSR ANOVA J 220 HT I SNK 22
k.

2 &R

AN AR BN PR R S R AR R R, R Rk B
FIFHIE R ZFE00 . K, R SR gniEiR
AHCAT DR b R K. TE BN FEETE S 6-12 h, ZhAE
KA BERS, G 2 KRR A0 | W & e
ANMIIR . P S5 24 WINIARE IR EE A FE AN PR 2 3 1E %
FHIEEEFY . aFGFIBYTIR , /NBHEERETEIML , KM S PEA
JiL K% - Bz BE RS IR BT AR P 7R 45 I 1] A 20488 R 418 el
F, HEFE2M6h i NHE.

2.1 arpe R ey AL RSB S, NmdHE T
R TR W T . S L b AR TR B
FIRFARA; Bl FFED S 12 h, /NHBEET R
THE R, ECHM 334, Ha, 0BT RIKE 2
C K- aFGF BT, SR PR A/ N 2R P A BH
PEANER B A R TR, EmiEEET RA. 7F
B EETT G 2-12h, AP 4RI TR 8K T R
ZH HPAHRY RS R]EL(P <0.05), TS 24 h, /NBSE
BYEMAERAT RS R AMEZEF AR E ).

2 aFGF XRINBEF AR NESEHR N AMREAT AR =6,

2.2 bax#e bal-2 % @ ¥ &k TEIEE KRV NG ES
bax B HFE BT/ INAHGE A A A0 R .
TR FREE IR, hax B AMIFIA R KA B As,
Wi FEREYE B ] P, bax B8 1 INFEIA 7K LB #T T
wr, FF EAE/NASE NS Z A AR 1 A B
FRIRIRL. B RS 2—-12 h,  bax 25 1B BREE4A
RpFEmT CH, BTG 24 h, bax EEM LN
R RILE C AR aFGF IGY7 S, FEIE)S 2-12h
IR, NASEA LAY bax PN AR B AL
FRAP<0.05, F£3, B 1. CARENIZE FE
YRR Z M bel-2 TR, ZEAFEM TS
NGB R0 N A e 1% i JE R0 A PN ot R P T )
9, bel-2 BAMMHEAMB SRR L AN BN, ME
FHE T BoF [] P FEAC AR T 0 e, T2 B 3 BV I A P 2
ATG. ZEBR M PRI S 1 h, PRI BT C 4
(P<0.05), SRIMFEHREES 24 h, PAHEFERIKE S
C K. aFGF 36974158 R ABRIHB] S bel-2 Feih K-
O, TESR I FESSS 2-12 h WHE], bel-2 BATE A
20 HP ) BRI AN B R AT . E R  R AR AP A A R AR ]
(P <0.05)(F% 3, Kl 2).

3 aFGF XRIEEI RS/ NBERMIEA baxF be-2 BAFL

£1(n =6, mean + SD, %)

mean + SD, %) bax bel-2
i
vl R4 A4 R4 A R4 A
ca 197 £ 3.5 197 + 3.5 c4 19.8 + 3.7 19.8 + 3.7 353 + 4.6 353 + 4.6
14 77 + 9.6 77+ 0.6 144 238 + 7.7 23.8 + 7.7 282 = 4.1 282 + 4.1
FEEEES 15 min 295 £ 5.6 250 + 6.4 RS 15 min 250 59 19.8 + 5.3 298 £ 6.1 312 5.0
TS 30 min 31.0 + 5.0° 26.0 = 4.9 FHHEES 30 min 28.0 + 9.2 203 + 4.8 28.8 = 59 302 + 6.0
FHEFE 1h 34.7 £ 5.5° 08+ 7.1° BHEEE 1h 37.8 + 4.8 242 + 4.5° 24.5 + 6.2°26.0 £ 5.1°
HEFE 2h 50.7 + 7.0° 412 + 3.5° HEEE 2h 477 & 7.3°37.5 £ 7.0°20.7 + 7.2°29.7 + 4.8°
FHEERE 6h 542 + 7.9° 428 + 5.2 HEFRE 6h 547 £ 53°47.0 £ 3.5°18.8 + 54°27.8 £ 2.7°
FHEREE 12h 64.3 + 6.5° 533 + 6.9 FHEES 12h 463 + 4.3°37.7 + 3.8°19.5 + 4.4° 257 + 4.0
FHEREE 24h 285+ 5.5 233+ 38 FHERE 24h 200 + 44 250 + 43 287 £ 29 293 = 6.0
THERE 48h 26.0 + 5.8 2.0 + 4.6 HEFRE 48h 262 3.5 22.8 + 3.2 29.0 + 3.7 30.5 £ 4.9
*P<0.05 vs C ;P <0.05 vs R 20 FP AR 7 4 sF ] *P<0.05 vs C #4; “P<0.05 vs R 28 FPAE R A H:FE] .
) T
A B e, N N C
! e —. =
5 ——
- F -F‘-_-: .

1 FAEAEANGHAD paxEONFIAE L. A: sham-operated group; B: 6 h after ischemia—reperfusion in R group; C: 6 h after
ischemia-reperfusion in A group. baxEBEBRFAAXR/NZAEAREIEBR, MERMDBETC N EAN/NBREMBAZRHOMRIE, &
BFNFESGT/NGHERENRERA,; RILBFETC hENaFGF O BAMN/NFZHEDREN bax EARKKEWRS X TERIMBETAH.
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2 ANENEANGHR D poi-2 EANFIATL. (A) sham-operated group; B: 6 h after ischemia—reperfusion in R group; C: 6 h after
ischemia-reperfusion in A group.bcl-2 ZEAEBRFARAMAR/NBREAEAN2RMAMERIKL, EAaRNFESG T/ N\BHEEMEABREDE
%N, BREEAE 6 WG, RANNEHEEMEN be/i-2 EARIKKER,; BRIMBET 6 h G aFGF LIBAN/NREEMEAN bei-2 EAE
ERESTHMBETA.

1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
A B

2000 bp
1000 bp 2000 bp
750 bp 1000 bp
i
250 by p

bax(168 bp) ba)‘(’( 168bp) 250 bp

100 bp 100 bp

3 E(AVRLMEETHFI(BlaFGF M IBA M/ NZAASD pax B REZFATAL. 1: BEEFE48h, 2. BEEF24h, 3 BEAIFE12h;, 4 BEIXE
6h:5: BEXFE2h 6 BEEE1 h 7: BEEE30min; 8 F#EE/S 15 min; 9: ShimdH; 10: RFARYH; 11: DL2000 marker.

i 2 3 4 5 6 7 8 9 10 11 i 2 3 4 5 6 7 8 9 10 1.1
A B
2000 bp
1 000 bp 2000 bp
750 bp 1 000 bp
500 bp 750 bp
bel-2 250 bp 500 bp
(228 bp) bcl-2(228 bp) 250 bp

100 bp 100 bp

4 ZEAVRMBEFHMDBaFGF LIBHANA/NFHA D por-2 BERFEFATL. 1. BEZFE48h, 2 BEFE 240, 3. BEEF 12h 4. BEER
6h:5: BEXFE2h 6 BEEE1 h 7: BEEE30min; 8 F#EE/S 15 min; 9: ShimdH; 10: RFARYH; 11: DL2000 marker.

1 2 3 4 5 6 7 8 9 1011 1 2 3 4 5 6 7 8 9 10 11
A B
2 000 bo 000 o
P 750 bp "
B-actin 0 BB 500 bp

----------—

294 b
(294bp) (294 bp)
00 bp

5 7 (AVER B ST A0 (BlaFGF AN FALN D B-actin ERFEFM (L. 1. FHTE48h, 2. B I/E 24 h, 3. FEEF 12 h; 4: FiEx
JG6h 5 BEFFE2h; 6 BEFEFE1h; 7: B#EFEK 30 min; 8 B F/S 15 min; 9: SR 10: RFAR4H; 11: DL2000 marker.

2.3 bax#e b2 AW A4 bax il bel-2 FEH M mRNA R[] {5l fi R FE VY 7T S0 bel—2 PRI Sk OF- i 241K
% RT-PCRY S, 3R IR DNA BRI S F 4l (P<0.05). aFGFIAIF IR BU/INB AL 4 4l , 78
168 bp 1228 bp(1&13, 4). WK 4 Pn, SR Bl RN 15 min 5, bel-2 HFH T BT C
A SEUNG B AL hax HEIRIF RIS, A, JFHX AR EFE TR 6 h fEREE S
TEERE G 1 h kB S, SREREIRES C AT 12-48 h HH[a], /IMAHZ R hel-2 FEFI AT mRNA & &
K- aFGF {67 R, SRIMFEIEAVMAHRAEN bax  KEZE C HACE. BREREESS 15 min I S46, 7EHA
FENF R BAMET R4L, P FE MRS 15 min, 1, FREEASETRLS b, aFGFIRTT A/ INAHZIN bel-2 5
2406 h R EEZEFLA(P<0.05, K 3). AFRMEEAT  FFRRAKOEE ST R 415 & H R RIRE 5 (P<0.05,
INBHLGEMEN bel-2 B RS bax ] 24, W 4). ZEARRGEA/NGSHEF, ERNESMN
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B-actin JENHCA FKIL, I HRBRIA BEEESR
(P>0.05, K5).

F 4 aFGF MHRIMBEEFIRG/ NGERABN baxF boi-2 BRFEF

£0f(N = 6, mean =+ SD, %)

bhax bel-2
|
R4 A R4 A#H
CH 81.0+ 81 85775 246 +32 278 +33
144 106.0 + 89° 97.8 + 9.6° 11.2 + 2.8° 10.7 + 3.5°

FEES 15min 939 + 33 839 + 6.7° 23.1 + 46 205 + 5.0°

FHERS30min 941 £ 46 943 +37 129 £ 3.1° 180 £ 1.7*
FHEFRS1h 1084 £ 1277 76.1 £ 63° 118 £ 32° 205 + 2.2*
FHEAEF2h 902+ 66 767 +62° 9.1 +22° 207 + 1.5
FHEFE6h 85860 624+35° 65+25 155+ 18"
FHHEFRE12h 87063 802+68 79=x21° 273+ 36
FHERE24h 852 +£9.1 905+ 51 159 +24° 304 +23°
FHERE48h 867 +73 948 + 144 148 + 3.3 239 £ 27

“P<0.05 vs C 2H;°P<0.05 vs R 20 A A7 B4 BT[]

3 e
I L B A E R MRS, NI TR
145 1T e 2 T 25040 TR AN 7 25 i R R ABLAZR i
W, M N A S RAE T g A AR
W, SEUHSEAMET RN TP, B
M FEEREE S EUNB S AR RT3, KA
AR AL B ML B /N7 B T 234 Nz a8 R
ZHZ; aF GFRENEIR DB FE VR 5 /M b Kz 4R =
2 NHSE LS B IE . aF GFHN S i FEAETE 5 /N
W I K A BR T MIRLHDE A4, B AT e A
S DRI R S5 SRR, TR Rk A (b AT
RETE BRI PRV B2 M O LA, IR’ &
BEWLATI" S B e A e bR R R A A
AT AP EE AR, NIRRT T aFGF I
I7Ja, BTN B AN P R T AR DG 1 hax il
bel-2 FR AR, DIEBIE R aF GF BT T AL
YU IR T AT BB Hh UR T A O 2 R 4 () 2R R T 4
il SRR E R R R A U E AR, bel-2
KGR TS B i —2E B, %R
KA & R REAR S 2R R, — 2 0 R 4B IR =1
FERN bet-2 FEH, 55— bax TS HITE N A
ST IR Y, bel-2 LB R P2 12 40 A
FLRMAR N PIBAZIE . hax B R—FR AT
+, FENTMEEY, 5 bel-2 BARIENE. bel-2 Fi
bax #hEE I FEIIE —RAIE X AAAE, ] =Z R TR A
TR UANFE S AT, bax FERE R
BARFE S ERAARIEALE G, I baxBE AR BTE L
i) " BRAR, AN €6 28 Calfl o 2R b A R A JR )5
H, RHEIEET. Y bel-2 FEFF LM, HIA

bel-2 FEH E RTINS, MORME M hax—bax —B{AH
A5, 5 bel-2 TR H, bax—bax TERTEN] bax—bcl-2
SRR, AN bax BIAEET-AE ™. KA1k
P, MBI FEEE 30 min iR, SFEUVNAHSAMEHE
TR BT, FET 2w E, ARFATEAER
W, W aFGFiRYT /R, KEVMNaASUnEHT- R 2
Wb, NS B, AN A RiA
AR, I P AL bax FEDI SRR, EA A
AL B S AR T A UL, A P
2-12 h WAl B T AL, 1 aFGF iY77 M 8L
AN A hax FEFI R R (% & i AR, Bl
HEIE R bel-2 HFFIAME L SRR, W
aFGF NI hel-2 FEF AN AR AKEREAL. X3RN,
bel-2/ bax HLFIREAIG AT BE 2B FEE FBU N 412040
MIRT-RIE AR Z —, 10 aFCF 675, bel-2/bax
FEEEIF R, ATEEE aF CF Mkl 4niEkamET, W
el m PR T E XS BB SR HIBLE] . AN, FATIE A,
S FEHEVE 30 min 5, /NIAHSE AT TR I IE T,
PIHEVE 24 h JE, AT R E BERFARA K. X
— AR B JE R FT REE: R T P T, TR
HEIEDR, 0 bax FE FAHE R, EASETHE, A
TR, A0 hel-2 FEIRMEAK. Bl P T Ao ] Y 4E
K, #lifms A B mEsisE, Fofedt s mm
PRT- IR B FE SRR PR E RN EH , IR/ INASEE
AT A A, S e I PR I LR A, 1B
BUR R R A AR 22, RS AIESRE , SRORIR: 1
aFGF AbH T, (B &t K] ke i FE T, R
AR ARIE R AT R AL, 7A0GR i E 4 . B Ab At
FRIAEI, TEGIL PR Y B Y 30 min, /MM
GBI AT 2R bax LB Tk AR o & T, Wi
aFGFAbFH 53X B RS bR 550t B2 AR H JC I i 22 4t
ANTENURIR 3G, B AR aFGF 1 TIRYT, W
ANFEREAE R /INB SE 4N 3

M2z, SEFHANEE aF GF BERSIS A I PR T X
RANAEBAL I, HIEFE TR R T aFCF i@
SUMATET- AR EEE ], W bax Tl bel-2 FERES R 2R
K, A e I Y S SR A AR M R T o, e B
G ST B FIREIR. BT aFGF B 2R E Y shte, A6f
BTSN o) g i o A = N G ey G g A et 1
TR aF GF 157 S I P v O REALH], (H B 14
LFEH 5T, B0 aFGF 2 /EREETE bel2 Fil
bax “EFEF ik, ST S DI LA B E
K5 _E RIS M40 56 2 HoAb S 4n gm0
KR IER 155 587 /INA SR B A IR TS AT
ARt — R

4 BEM
1 Cuevas P, Carceller F, Martinez-Coso V, Asin-Cardiel E,

Gimenez-Gallego G. Fibroblast growth factor cardioprotection
against ischemia-reperfusion injury may involve K+ ATP
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