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WE: BRI T (UTD X i (TICH ) K BR324 BER i (FAK) /405 ME 5 08715 i (ERK) 15 538 I S 28
JCPRTCRREM . ik ST ICH R RS , (ff FH A ML AR 7 3 4 1 A i D 1) R BRI 43 S B A0 20 R A kR 1 0.99% Sk sk
W) A 7 2 (FAK 0 7] PES62271, 50 ma/kg # B ) L UTL 21 ()& & Ik i3 45 10 77 U/kg UTD) | UTT+ 30 il 79 41 (FAK 0 il 51
PF562271,50 mg/kg i 5 [F 0 ki 5T 10 7 Ulkg UTL) , RR4H 20 1, 5335 20 FUR BT AR 4L R 5 bk e 51 0.99% Sk 8 10O 18
Xt IR AT AR ERA RER VUKL IELR T do T bl EE T I 5 2K U 20 20 5 7K R 5 TR S 2 W B (LIS A ) 5 45 21 K R i i v 42
PR T B8 s R A SR IE (TUNEL ) A 4520 K U T Al 2l 28 ST I T 5 SBe 20 UAE4 4 I i K g S 2 i 1= 1A
F B4R ELIRE -2 (Bel-2) AR 8 T2 P F Bel #H2E X (Bax) K 8 FI T 3 (caspase-3) 2635 5 J& PR (2032 A0 45 21 K R iAG 41 41

P2 TOAE TR O 5 2 110 ER R 2% (Western blotting) ¥ K K BLifE D41 4 rh FAK 2B (1 3235 M ERK 12 B R IL K P . R S
FARAAA L, A 20 K B2 275 7K 28 (84.5127.42) % R VERN T % i AL ICM T 48 40 (44.51£3.77) % LA K AR 98 77 F - Bax
(3.05+0.41) . caspase-3(3.27+0.46) 3235 Il ERK1/2 B B2 b AT T , M & T AEiE 2L H I T2 R F Bel-2(1.23£0.21) 3Rk LA K
FAK(0.29+0.07) 35 15K F-HEAK (P<0.05) . SHEBIZHAR 1L, UTT R UK ZH A8 K R (71.43+6.11) % AR T8 & gt
T80 (15.34+0.76) % L) BAZ I T2 T Bax(2.0320.15) | caspease-3(2.27+0.61) Z ik Al ERK 1/2 B R A K - FEAR , #2047 %
BH BT HF Bel-2(2.67+0.27) & ik LU K FAK (0.58+0.09) 5 4 42 15 FF 155 (P<0.05) 5 411 il 551 2H K BRUG 2H 21 5 7K % (92.83+
7.56) % HRMEHF & METTI T E%5K(51.99+5.65) % LI AR P T~ K- Bax(3.73£0.37) . caspcase-3(3.99+0.26 ) K il ERK1/2
BRI K TH & M 2 e A s B0 M T2 T Bel-2(0.73+0.06) 6 3% DL M2 FAK (0.1220.02) 2 1 36 15 K AR (P<0.05) . 5
UTIHZAH LG, UTT+3 ) 500 20 BRI 2 20 5 7K %6 (84.1646.76) % - MR T i PP G R T 45 41 (43.22+4.07) % L B AR PH T- A T
Bax(2.98+0.35) .caspease-3(3.26+0.31) K5 Al ERK1/2 BEFR L AKE- T, M Z 0GB H I T+ Bel-2(1.27£0.12) £3E D)
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I FAK(0.28+0.03) 55 A R IA /K F-FEAE (P<0.05) . #5318  UTL Al {E ¥E FAK 25 (L 2638, i ERK BEER AL , YEM ] ICH K B
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Effects of ulinastatin on FAK/ERK signaling pathway and neuronal apoptosis in rats

with intracerebral hemorrhage
MIAO Zhikai,XIA Qingxiu,WANG Yan
Author Affiliation:Department of Neurosurgery, Cangzhou Hospital of Integrated Traditional Chinese and Western

Medicine,Cangzhou,Hebei 061000, China
Abstract: Objective To investigate the effects of ulinastatin (UTI) on focal adhesion kinase (FAK)/extracellular signal regulated ki-
nase (ERK) signal pathway and neuronal apoptosis in rats with intracerebral hemorrhage.Methods ICH rat models were established
and randomly divided into model group (tail vein injection of 0.9% sodium chloride solution), inhibitor group (FAK inhibitor PF562271,
50 mg/kg by gavage), UTI group (tail vein injection of 100 000 U/kg UTI), UTI+inhibitor group (gavage of FAK inhibitor pf562271 and
50 mg/kg, meanwhile, tail vein injection of 100 000 U/kg UTI), with 20 rats in each group, another 20 rats were divided into sham opera-
tion group (tail vein injection of 0.9% sodium chloride solution) as control, all treatments were once a day for 7 consecutive days. The
water content of brain tissue was measured by dry wet specific gravity method; the content of inflammatory factors in serum of rats in
each group was detected by enzyme-linked immunosorbent assay (ELISA); TUNEL method was used to detect neuronal apoptosis in hip-
pocampus;the expressions of anti apoptotic factor Bel-2 and pro apoptotic factor Bax, caspase-3 were detected by immunohistochemistry;
the survival of neurons in hippocampal tissues of rats were detected by Nysch staining; and Western blotting was used to detect FAK
protein expression and ERK1/2 phosphorylation level in hippocampus.Results Compared with those in the sham operation group, the
water content of brain tissue(84.51+7.42)%, inflammatory factor content, neuronal apoptosis index(44.51+3.77)%, Bax(3.05+0.41) and
caspase-3(3.27+0.46) expressions, ERK1/2 phosphorylation level in model group were higher, while the expressions of Bel-2(1.23+
0.21) and FAK(0.29+0.07) protein was lower (P< 0.05). Compared with those in the model group, the water content of brain tissue
(71.43+6.11)%, inflammatory factor content, neuronal apoptosis index(15.34+0.76)%, Bax(2.03+0.15) and caspase-3(2.27+0.61) expres-
sions, ERK1/2 phosphorylation level in UTI group were lower, while the number of neurons alive, the expressions of Bcl-2(2.67+0.27)
and FAK(0.58+0.09) protein was higher (P<0.05); the water content of brain tissue(92.83+7.56)%, inflammatory factor content, neuro-
nal apoptosis index(51.99+5.65)%, Bax(3.73+0.37) and caspase-3(3.99+0.26) expressions, ERK1/2 phosphorylation level in inhibitor
group were higher, while the number of neurons alive, the expressions of Bcl-2(0.73+0.06) and FAK(0.12+0.02) protein was lower (P<
0.05). Compared with those in UTI group, the water content of brain tissue(84.16+6.76)%, inflammatory factor content(43.22+4.07)%,
neuronal apoptosis index, Bax(2.98+0.35) and caspase-3(3.26+0.31) expressions, ERK1/2 phosphorylation level in UTI+inhibitor group
were higher, while the number of neurons alive, the expressions of Bel-2(1.27+0.12) and FAK(0.28+0.03) protein was lower (P<0.05).
Conclusion UTI can inhibit ERK phosphorylation by promoting FAK protein expression, then inhibit neuronal apoptosis in ICH rats.
Key words: Ulinastatin; Intracerebral hemorrhage; Focal adhesion kinase/extracellular signal-regulated kinase; Neuronal apop-

tosis
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cellolar signal-regulated kinase, ERK) i #f ERK1
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Z: 55 240 W38 B Ak 2R A TR 25 R R T A L
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XF ICH AR YT P R 4

1 #R5HE®

1.1 &

111 %34 #EESD AR (120 B, i, 7~8
S A5 i 200~220 o) W [ T PR B RN F 8l 5
B HLs I AT HIE S SCXK (i) 2018-0003 , £ A7 [ 5 5K
552 S BROR I AR o SR ST R o 2 E 3R
JE V) 75 7> S 56 2l ) N R ST BB, Rl SR AR R
TP 22 °CL IR 55%,12 h GRS A PR . LG T R E
AR S S SR R It

112 %y ST (BA%: 10 7 U, Hit5
H19990134) W [ |~ A8 KA A = 25 e dn A PR ]
PF562271(FAK i3] , CAS 5 717907-75-0) 4 |-
TFEE A TREA PR

1.1.3 £ & XA FMNE LA -1 (interleu-
kin-18, IL—IB) R 3R E Al - (tumor nectosis fac-
tor-a, TNF-a0) . [ 40 841 2 -6 (interleukin-6, 1L-6) fiff
I S92 W 5 (ELISA ) G0 S 350 13 L Vi ek 2 Bt
AR R TUNEL P8 T- AR & A il =
KAYIRHH A B A e Y il & H R 3EE
AR BRG] 5+ be 2R R 4 (sodium dodec-
yl sulfate , SDS ) F1H 7 i -3- i /1% I3t 20 (GAPDH) B
P B £ Sigma /A Al 5 & HHEHGLR & ECL 2
A &R DAB 2 e =il & A Ak st i 4
B A= W Bk 5 A BR A ] 5 B 20 i b B9 -2 (Bel-2) L Bel
A X (Bax) e K2 18 2 (caspase-2) \FAK \ERK1/
2 1 p-ERK1/2 BT  BAR i S8 A6 W Bl b i ~F- bt B B
PEBRHE 1 (1gG) —Hr I H 3 [E Abcam 23 7] ; i b5
1Y Fax-20100 I [ 5% [F INStat 23 7 ; J& HE SMZ745 5%
WU H T R R A R A FR A D 5
BE I A% A W [ 5 [ Bio-Rad 23 &) 5 B /K AL | F 41
ML A Y) 7 MU AL [ W SR A TR
NI

1.2 Ak

1.2.1 ICH K SR T R 54 K HAIRRIE
il S il A ICH R BRUBE RS - (i FH 109% 7K A SRS
(400 mg/kg) L FBIE SRR, 4 K BN Rib 181 2 T 7 44
SN b, TR IE A AT U0 8 R BB B B
feft L SeE IR % R X RR 5 , 4K B ST A 7 (RT3 A7
A7, A I SCIRAR (AT X 0.2 mm 22553 FF 3.5 mm Al
BE RSN S mm A AR AR ) 218 5 3 1 pL VI
TG S (R AR ZH M 1l 2R BER K ), 2518 4t
B EE AL AU 0, By kR A R
RS KK . DLERE R B BES H BRI Horner
TECEDR R 2 AT A T mPEny A £z 5 fE i)

] A M S5 « B AT 1) A B B A i T R A R B
A TR R Sk T A O ) A A ICH K RS A
il 85 D bRk o B T AR R D Y TCH K B FH R L
B RTE ML B 2 (R F kTR 5 0.9% S AL M
W) A 7 2 (FAK 9461 55 PF562271, 50 mg/kg
VEH ) UTIAL (RIS 10 77 U/kg UTEY) (UTI+
0 300 2H (FAK 41006157 PF562271, 50 mg/kg #E H If:
KT 55 10 J7 Ulkg UTD) , 44020 2, 5K 11k,
B2 T do I3 20 AR R TR A (R i bk i 5
0.9% AN ) o

122 FTEREZMNZZARA WAL S KE
2K RAE AL IG5 TR 24 S, 5T 3% 1% T LG 24
(50 mg/kg) HEAT RIS SE it 2 AR A . A4 BEHLER 10
SURCER, SR FH 0 b 33000 5 S it ) B M 4 4 5
K < X6 IR BRI BB , e A A R e ] R A 2 21
VIR i B B+ AN 8 A 2 AU T LT ROF
FARHAR E S A A B EEAE Y 100 °C
HET 48 h BEE fF B T &, A kgl
L5 KR (%)= S0 T -l 41 211 3 ) /i 41 21
TREX100%. FHIG & 7K S IR K LR

1.2.3 ELISA x#m &m K R o iF F XL HEF 4
= MR 1.2.2 % SRA0 5 & T A K U bk i
% , 13 000 r/min 250> 15 min Ji5 B35, 2 BB IL-18 .
TNF-o F11L-6 ELISA i3 & 16 B B A 75056

1.2.4 JR4% K% 4738 (TUNEL) x4 &40 K R %
LmparZ2 At WERI122984H4TFI10H
KB WSk UK IS 43 85 401 5, D16 4 T 4% 2R
FH v [ A 24 b, B R 2T B K O A 3 T
M B A AR R R S mm. (T
T 0T A I A3 Y U0 R R AT R B K T 7
T T SR 20 A% v AT 48 €0, Bl €0 0B R 1) 4
LA BRI . DL 1245 %K (apoptosis index, AL PF
W 4 LR T K S o A= CBH 4 40 6 55060 40 ik 450) <
100% . 5 41 K BRI A3 15 5 4 27 7T -80 “CHEAIR
VK AR T T S Sl

1.2.5 FRALBAF A iEARMNIA = B -F Bel-2
Fo 4 A = B F Bax. caspase-3 #) & ik U I i
1247 AEIR R H SRR, T8 7TE R
HIE  FE SR K . KGR, AT 3% H,0, 11
FH BV T, 0 20 min Ji , AP R 2% R (pH=
6.0) I FGE BT, 5% BSA E 4] 20 min. 1:5 000 ¥
% B 5 B9 Bel-2 . Bax il caspase-3 ST 4 °Cadd 14
B PBS tiik | AR L E A Y bR C ) B (1
1 000) % IR % 5 40 min DABIRF| YL B 4. KI5
TR IF W FEA R A b ik B R
BEAILIE IR S S ILET | B GBS T+ 45 PH M A e, DA g
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o5 B 45 BH A A 5O 20 Eb R AT IR, DA B0
Y{E 2 i Bel-2 .Bax Fll caspase-3 FEIRIKF

126 RKFEXRAMNSERRELLLENET
HEEL BER 124" P BOKRE A A ED
WA, RIS T 4% Z KPP EE 24 h 5, B 4
P MK I T A3 T s rh Vg 2 SUA WA R
BEoM 5 mm. BRGNS =K, &K k)R B Ry
W 5 10 min, ZE IR K PR 0P BE IS, ] 70% &
B, 35 T 95% LB G ZH 2 ik H B IR
IR U, o ok i s o, =R T
Jei o R i [, T A R AR B 20T
Ji 5 AT 6 E0RE BD A BH P JE EC AR, £
HPIAS-1000 43 H7 45 5037 I BT Hh 2 R e 2 11 BH 4 20
MG . 6% ORI HA & T fAis %
1.2.7 &% & JU¥P i& 7% (Western blotting) # M X R %
I 40 4% FAK & & & ik f= ERK1/2 BB AL KT B I
R 1.2.4 fF750 T80 “CHERIR PKAR rh 1) 4 20 K Bl
2L A8 FH AR R IO R S PR A 40 S L 2L
B T BACH & S5 & 8 [ T i
SR AT SDS- 2R T A5 IR AU HBE A FLTK (PAGE ) VB
PrAR SR 1:2 000 ¥ B B 1) p-ERK1/2 . FAK Al
ERK1/2 i 4 CHRME & HR S A&
B =t (1:5000) HE=HEIF T 2 h, H ECL & 235
&0, B UL AT R, 2 B K {E, L GAPDH
RS BAREIANER .

1.3 SitZEAHE AR SPSS 24.0 X 52 55 B4l
HATG A, TR R 2+ s RoR, Z A L
AT R 7 200, 3E— 2L P[] F 3284 T SNK-¢
K%, P<0.05 FnZ R AT EE L

2 #R

21 UTIMEHAXRBKMEENZE BFAR
20 REARUZH UTIZH 5004 U0 500 2H K B
AL KA ) R (72.65+6.11)% . (84.51+7.42) %
(71.43+6.11)% . (92.83+7.56)% . (84.16+6.76) % , 1
B (B2 10 HOK L Heds F=17.39 . P<0.001, Hr,
ST AR L, SR ZH K U ZH 2 5K = (P

<0.05) ., SR E, UTIZH K BG4 21 & 7k
FEAIK (P<0.05) 5 314l 551 25 R BRUIG 20 2 75 /K 3 T v (P
<0.05) . 5 UTITZHAH EL , UTT+ 6 570 25 K i i 2H 4
TKFETHE (P<0.05) o S 4L AH G, UTT+ i
20 R BRI ZH 2R & 7K R AR (P<0.05) o
22 UTINEARBRMBEPRERFEENE
Mmoo 5T ARYLAR E, 8578 2 R B v P IL-18
TNF-o I TL-6 & £ Tt (P<0.05) . SR A L,
UTIZ K B 3E A IL-18 . TNF-o F1 TL-6 5 FE A% (P
<0.05) ; #1751 4 A BRI 7 H TL-18 \ TNF-a A1 11-6
HHRTEE (P<0.05), 5 UTTA A H, UTT+30 i 751 26
K LIV § IL-1B . TNF- o Ml IL-6 & & JF & (P<
0.05) . IR LA b, UTT+ ) 50 28 Kk UG
IL-1B .\ TNF-a FII IL-6 7 P& IR (P<0.05) . W3 1.
23 UTINEAXREIHLAMETATHR
W TR AL UTIZ 20 UTI+ 0 ]
2 K R S AL 2 ph 28 e R T8 B0 R (12.33+
0.98)% . (44.51+3.77)% . (15.34+0.76)% . (51.99+
5.65)% (43.22+4.07) % , 4L 10] (FE4 10 KR Hegg
F=259.88,P<0.001, H, 5EF AR, BIAIZH
KR S L 2o T8 50 (P<0.05) . 5
AU AH LE, UTTZH K BRI 5 2L b bl 2 T i 124
BUREAR (P<0.05) 5 3106l 57 20 K BRI 5 4 40 rp o 225
JHT- 48 BT 5 (P<0.05) o 5 UTTZLAH B, UTI+ i
F 2 K B B 2l 20 b 48 o0 TR BT 5 (P<
0.05) . SGHMHIFILLAR b, UTT+H 1 30 28K B 2 20
L 2 o R T AR BEIR (P<0.05) . TLIET 1,
2.4 UTIX & A X R Bel-2, Bax #1 caspase-3 R iX
9 ST ARG, BRI K U 41 40
Bel-2 235 7K P4, Bax Al caspase-3 FE LK TH
(P<0.05), SEIARIZHAH L, UTIZH K B 5 20 20
Bel-2 Fik K ETHE, Bax Al caspase-3 Fe IR K BRAK
(P<0.05). 5 UTTZLAH EE , UTT+30 il 51 41 K fU
ZH U Bel-2 3K KB , Bax Fll caspase-3 215 7K
P IR (P<0.05) o SR 4 AH F, UTL+ i 57 25
BRI B 2 21 Bel-2 R 35 K T 5, Bax A cas-

R ALURBUMLE h 2 75 5 LY (ng/L % £ 5)

ZH 5 Uk IL-1B TNF-a 1L-6
BFARA 20 112.60+9.67 121.63+9.67 32.32+4.14
sk 20 204.71+18.487 203.05+19.14% 55.68+5.64"
UTI4 20 119.76+10.72% 119.38+10.29% 30.33+3.99%
P4 20 278.37+20.60% 259.49+19.99% 76.94+7.82%
UTI+HI 1721 20 201.31£19.872°% 198.74+18.7829% 53.25+5.8729%
FAE 172.16 135.45 114.32
P1H <0.001 <0.001 <0.001

- O5 TP RAMIL, P<0.05, QS5HAIAALL, P<0.05, @5 UTIAAHLL, P<0.05, @54 L, P<0.05,
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pase-3 KKK (P<0.05) . WK 2 F15E 2, R3 FHKESHLAFAKEAHKFE
FIERK1/2 BERRAL KT LU x + 5
T2 HHKF Bel-2 Bax fll caspase-3 e A AL PEA> E B/ e B FAK/GAPDH pERKIERKI p-ERK2/ERK2
Grzes) BT AL 10 0.56+0.06 0.16+0.03 0.11+0.05
A5 RB B2 Bax caspase-3 o 10 0.29:0.07"  0.580.137  0.5320.10"
B FAH 10 2.11=0.58 2.07+0.58 2.25+0.35 T4 10 058:0.09%7  0.18:0.04%2  0.1340.072
BRI 10 1.23:0217  3.05:0.417  3.27+0.46" 4 10 01240022  0.96£0.22°  0.93+0.08%
UTI41 10 2.67+027%  2.03:0.15%  2.270.61% UTIHMEFIZL 10 028+0.032%% 0.54+0.122%7 0.55£0.092%7
Bl prlEEE 10 0.73+0.06%  3.73x0.37%  3.99+0.26% Pl 109.72 66.35 18213
UTIHIHIFIZL 10 1.27+0.12%°% 2.98+0.35%%% 3.26+0.31%7% Pl <0.001 <0.001 <0.001
P 0384 3309 3184 (D5 AU P<0.05. @5EIRLLHLE . P<0.05. B
PH <0.001 <0.001 <0.001

T O5RTFARHAMEL, P<0.05. Q5HRHM I, P<0.05. @
S UTIHM H, P<0.05. @S55I 40M L , P<0.05,

25 UTIMEEXREBSHELAMITHERERLN
2 RFARA B UTIAL PRI  UTI+3
il 790 25 K BT 21 U8 1R G o PH P 200 i D' %% B (L
73 ) (24 543.15+2 658.39) . (13 897.16+1 392.76) |
(21 546.89+2 239.58) . (10 540.65+1 124.06) .
(12 876.55+1 295.29) , 21 ) (B34 10 H R ) Lh# F=
107.15.P<0.001, Hrh, 5 FARHAH M, BRI K
BRI Sh 1 4L A T A1 B H BRI (P<0.05) o 5
RUZA A HE , UTTZH K BRI S 4 4 rp wh 2 oo A7 36 50 H
T i85 (P<0.05) 5 3 il 71 20 A BV 5 L 2L i 28 5047
TEECH B (P<0.05) . 5 UTTZLAR EE , UTT+ il 551
21 K RV S 2 20 P A 48 T A7 T 4 H R AIG (P<0.05) o
EFPIFRI AR L, UTT+00 ] 500 20 K U S 4 4 b
U IR ECH FHE (P<0.05) o WL 3,

26 UTIMEZEAKRBREDHLAFAKEBRIEH
ERKI12 BB K FRIENE S5 F R4 ML, K
40 K BT 4 24 h FAK R 1 26 38 7K F FRAIK
ERK1/2 BB L /K T (P<0.05) . SRR AL,
UTI 20 K KU & 20 40 rp FAK 25 (1 % 38 KETHE
ERK1/2 B R Ak 7K FF A% (P<0.05) . 5 UTIHAM L,
UTI+ 8 350 20 K BT S 20 23 b FAK 2R 1 8k K F
FEAIK, ERK1/2 B2 AL 7K P T 5 (P<0.05) o 54 fil 741
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