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N-terminal kinase ) {55l B0, Fix  HU32 H SD KR, FEHL (BEVLECTFE: ) i 4 4 .
RYEREH4 (CR, n=8), A FEEh/KZH (NR, n=8), FLERENIMM WAL (LR, n=8) FIMH2 44
AW ZH (AR, n=8), CRZ1. NR 41, LR 4] K AR £ il & Ak Fo A0 (S 2 30 bk K 4k 45 405
mmHg ), NR £, LR 4/ AR 1 T4K7E)5 60 min 7 FHA AR AT 30 min AR 5, EIREW
K 4h, CRUAARTEI . NR4., LR AKX AR HEJ5/5 4 h BUCEIAHZ ; CR AUATEUE 4 h (5
YT MW IET-BIZ) ) J5 BUK R4 4, R SE T 22 £ PCR A6 I fii 241 21 (1) TNF- o mRNA |
IL-4 mRNA ,IL-10 mRNA 53, h ] Western Blot {246l rﬁéﬁ INK %2 {LFl MKP-1 ZBELK .
22 24 8] H AR FH BRI R 7 22001 (one-way ANOVA), BTG [E] L #R ] LSD-1 4 36. #5587 KR
filigH 21 IL-4 mRNA ik AR ZH 1 CR 20 \NR £H LR ZH3E/N( CR £H:0.42 + 0.34;NR £H :2.60 + 0.66;
LRZH : 6.24+2.95; AR 4 : 11.08 £4.24 ; P<0.05) ; 7£ K FUIIIZHZ IL-10 mRNA %3k AR 2HH CR
ZH. NRZH. LRAWEMEHN (CR4 :025+025; NRZH :2.79+1.62; LR4H : 3.51 +1.66 ; AR 4H .
9.35+2.86 ; P<0.01); KEMZHLIH TNF- o mRNA ik AR 4 [t CR 41, NR 40, LR 407 @ F&{%
(CR#H :498+126; NR#H :250+0.76 ; LR 41 : 3.87+3.00 ; AR 4 : 0.19+0.09 ; P<0.01), 7
KA INK BRIk, AR AP BAKT CR 21, NR 20, LR 40 (CR 41:0.52 +0.12;NR #1:
0.42+0.08 ; LR ZH : 0.30 £0.08 ; AR 41 : 0.17 = 0.06 ; P<0.01 ), AR 20K FUii 021 i MKP-1 Z. 78t
FEKFLE CR 4, NR 4, LR AW B THE (CR 41:0.14 + 0.07;NR 41:0.30 = 0.07;LR £1:0.37 £ 0.02;
AR 4 : 0.48 +0.06 ; P<0.01 ), AH LA BRERACHIZLER BAMAR L, 1 FH S FR MM TR A2 75 2R il MR 5
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[ Abstract ] Objective To study the effects of acetated ringer's solution resuscitation in
hemorrhagic shock rats on inflammatory mediators on lung tissue and their JNK (c-Jun N-terminal kinase)

signaling pathways. Methods Thirty-two SD rats were randomly(random number) divided into four
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groups: shock without resuscitation group (CR, n=8), saline group (NR, n=8), lactated ringer's solution
group (LR, n=8) and acetated ringer's solution group (AR, n=8). The rats of NR group, LR group and AR
group were prepared into shock models (mean arterial blood pressure maintained at 40-45 mmHg), The
rats of NR group, LR group and AR group were in the shock for 60 min and then the corresponding kinds
of liquid were administered for 30 min and observation was carried out for 4 hours. The rats of CR group
without liquid resuscitation were observed for 4 hours after shock. After that, the lung tissues of rats were
taken from NR group, LR group and AR group as well as from CR group 4 hours after shock (if the rats
died, the lung tissues were immediately taken). The levels of TNF-a, IL-4 and IL-10 mRNA in lung were
measured by real-time polymerase chain reaction (RT-PCR) , and Western blot was used to measure the
levels of JNK phosphorylation and MKP-1 acetylation. The one-way ANOVA was used for comparison
among groups . Between the two groups, the comparison was analyzed by using LSD-7 test. Results The
IL-4 mRNA expression of lung tissue in AR group was higher than that in CR group, NR group and
LR group (CR group:0.42+0.34; NR group:2.60+0.66; LR group:6.24+2.95; AR group:11.08+4.24;
P<0.05).The IL-10 mRNA expression of lung tissue in AR group was significantly higher than that in CR
group, NR group and LR group (CR group:0.25+0.25; NR group:2.79+1.62; LR group:3.51£1.66; AR
group:9.35+2.86; P<0.01).The TNF-a mRNA expression in AR group was significantly lower than that
in CR group, NR group and LR group (CR group:4.98+1.26; NR group:2.50+0.76; LR group:3.87+3.00;
AR group:0.19+£0.09; P<0.01). The level of JINK phosphorylation in lung tissue of rats in AR group
was significantly lower than that in CR group, NR group and LR group (CR group:0.52+0.12; NR
group:0.42+0.08; LR group:0.30+0.08; AR group:0.17+0.06; P<0.01). The level of MKP-1 acetylation in
lung tissue of rats in AR group was significantly higher than that in CR group, NR group and LR group (CR
group:0.14+0.07; NR group:0.30+0.07; LR group:0.37+0.02; AR group:0.48+0.06; P<0.01). Compared
with normal saline and lactated ringer's solution, acetated ringer's solution used in hemorrhagic shock rats
could promote MKP-1 acetylation, inhibit the phosphorylation of JNK, significantly inhibit the lung tissue
TNF-a released, promote the release of anti-inflammatory factors, IL-4 and IL-10. Conclusions The
acetated ringer's solution for resuscitation of hemorrhagic shock in rats could reduce inflammation of
lung tissue in a certain extent, probably by enhanced the acetylation of MKP-1 to inhibited JNK signaling
pathway and reduced lung tissue inflammation.

[ Key words ] Acetated ringer's solution; Hemorrhagic shock; Rat; Fluid resuscitation; Inflammatory

mediators; JNK signaling pathway; lung tissue; MAPK phosphatases-1
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.OAL (Thermo Fisher A H], SEHE ) ; BRI E
{¥ ( Thermo Fisher AH], & );qPCR X ( Thermo
Fisher /A 7], 2£[H ); SDS-PAGE HiJk &4 ( BIO-Rad
A, R 5 0.9% FALEE SR (ZEER k2L
A RRAT], L8, HE) ; LRI (%
BORERZDL M A B AR, L8, D), BERREN
MRAE (I BRI 254 BR AW, Wimd, R ;
SuperScript Il RT Jz %3¢ kit ( ABl-invitrogen /A /],
FH) ; —PiRBR (At E BEREY RS A
HRRAH, At PED); ZhiRBRR (dbE R
BRVEY BEEHARARAR, dunt, E); INK
antibody ( bt F BIEEHEY BEF ARG RA A,
s, WE ) ; MKP-1 antibody (b5t BUEFRHA:
YIRS ARBRR A, deat, E ),
1.3 oA SERMES

BEHLE R IR AL BOR BRI 73256, 20 Wik
WA SA (CR4YL, 8 H), AHE/KE A (NR
4, 8 H). FLRRENMAR B 4l (LR 41, 8 H) Al
FERRENMAR I S 02 (AR ZH, 8 H ), ZMscik
(8 7 R VEAR AR AR | A R MR I 1 S o 4050 4%
7K AR (1 mL/100 g ) SEFTRRIEE, RIS
EMY B T FAR G L, K I RUBUIN G 7 X 2%
B, MRS T 3 el o e B S
sk, Mk, HoEeE . B, EALE 2.5%
MR N4, ORI TE Y . ARSIk B
1% 4% Medlab-u/2cs ZEWIFE 5 RE RS (AT
TR KB as e hr ), FRFRER M- 35 3 ik i
JE (' mean arterial pressure, MAP ) ( 2.5% HIFIZ R
BR AR SRR I R R G A ek ), 22N
JEEsh iR F i s AR v, Ak A R fS
MRARE I, eIk et e . KRB S S
N 20 min TR TEIA S
1.4 AKEFSMREER

HEST AR T A AR ¢ T A A R A A T 0.2
mL T 2 mL {E528, L2 mL/3 min 3 i 220 A%
BIPKELIL, 20 min ¥ MAP 4EFF7E 40~45 mmHg (1
mmHg=0.133 kPa ) Z[a], FEARse 2z,
I B [ A AR L 2E+F MAP 7E 40~45 mmHg 22
] 60 min, 43 30 FHAEFRER K . FLER G ARAR W A
itk R S M Y 2 95 (30 min 52 A )NR 4. LR 405
AR =HRKR. U3 - 1 (BHRARE Kk
=3 1) JrikEEE N, B IE W 4 h BUKE
A, CRAARTWIAE TR, WE 4 h (F3hY)

FET- N ST BN Z) ) BOR BRI A4, 7E S5
b, (e 2 i AR i e AR B K [S mL/
(kg - )], PLFRANFA X8 K PGB AR Y 252k
1.5 SRIGMERIEHR

I FH RT-PCR 754G ifi2H 41 1L-4 mRNA | 1L-10
mRNA . TNF-a mRNA &+, h A Western Blot 1
Rtz 20 INK BERRIE A MKP-1 Z bk -,
1.6 FHAELAH IL-4, IL-10. TNF-oamRNA #JFRiE

KBRS A 5, Trizol #2 HU BL RNA % 1
Btz 57 R0 G U B A5 R 4R B RNA % S il
cDNA, # 37 9 3% {& & (20 nL), GAPDH #~
5] ¥ . F:GTTACCAGGGCTGCCTTCTC,
R:GGGTTTCCCGTTGATGACC, IL-4 ¥ 14
51 ¥ : F:CTTGCTGTCACCCTGTTCTG,R:
CTCCGTGGTGTTCCTTGTTG ; IL-10 ¥~ 14
5] ¥ . F:TGCGACGCTGTCATCGATTT,R :
GTAGATGCCGGGTGGTTCAA; TNF-« §" 1454 .
F:ATGGGCTCCCTCTCATCAGT,R:GCTTGGTGGT
TTGCTACGAC. &MY 4 - 95°C 2 min
FASHE, JEER 1 7K;94°C 20 s Z5PE, 60°C 20 s ZEff,
PEI 40 K 5 72°C 30 s 2l iA AR M2 (e br
TR E 3 ). RIVATH G A mRNA Y%A,
1.7  Bh4A 4 F INK B ER 1L F1 MKP-1 Z Bt L 59

EARIE

B2y 100 mg ffiZHZ, HITV% 1) PBS MhPEMIIR,
BT ARG A AR I BT R, in A RIPA 24 W 1
mL, Tk EAFES. g2, 7£4 CE.O
HLHLL 12 000 r/min AYHEE 250> 10 min, HCETHH,
Fi 18 BCA 85 1 5 1 a0 G000 88 1 Btk 7 i 49
Mr, M EWE . R 10% 735 5 4% 19 45
JBE 47 SDS-PAGE HEEHL K , LUK 5 R PVDF Ji,
M B A N . 5% JBLNE Wk S P VR T4 IR - &t
1 h, 5 S A R —3t TAER P R, 4°C
PERER S, AR P IR R R 1 h,
TBST % =K, £EK 10 min, #iz)5 K ECL &
T E R ER, TR ER, FluorChem K
FEAT A1 . HEA SR = (HEN
JKFE /B -actin JKE ) x 100%.
1.8 SHitFEAE

KH SPSS 22.0 Geit i A TE AL, 45
DIFSE = bR (xas) £, KEUAFTE . JERY
SEEI kT . RT-PCR F1 Western Blot % 4f 22 £ 1]
Hedse R B R 2 224081 (one-way ANOVA), P
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] FL 35 % I LSD-¢ K 56 75 v5 4081 5 LA P<0.05 5%
INERAEGIHE X,
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Table 1 Weight and baseline mean arterial pressure in rats of
each group (X=s)

21 5] %8 Wi (g) Pk (mmHg )
CRAH 8 286.75 + 15.63 102.35 £4.17
NR 4 8 284.38 + 10.16 102.85 + 5.94
LR 41 8 287.12 £ 13.70 106.25 + 4.34
AR 41 8 286.13 + 17.75 100.85 +7.20
F{H 0.056 1.350
PH 0.982 0.278

2.2 MHiZA4H IL-4 mRNA. IL-10 mRNA, TNF-«
mRNA By R i%
5 CR4. NRAIMH, AR 4] IL4 mRNA &3k
B 34N P<0.01 ), 5 LR ZHAHEL AR ZH381( 1=2.293,
P<0.05); 5 CRZ.. NR 41F1 LR 44, AR 4 1L-
10 mRNA 3k B @38 (P<0.01); 5 CR 40 A1 LR
ZHARA G, AR 2H TNF- o mRNA FikHH /I P<0.01 );
5 NR 41 #H Ft AR 41 TNF-o mRNA 3 A B & i />
(=7401, P<001), W32, FIKE 13,
£ 2 KHKE IL-4 mRNA, IL-10 mRNA ., TNF-a mRNA
HFIE (Xts)

Table 2 The expression of IL-4 mRNA, IL-10 mRNA and
TNF- o« mRNA in rats of each group

A5 B IL-4 mRNA IL-10 mRNA  TNF-a mRNA
CR# 8 0.42 +0.34 0.25+0.25 498 £1.26
NR#H 8 2.60 £ 0.66° 2.79 £ 1.62° 2.50 £0.76"
LR#H 8 6.24 £2.95° 3.51 + 1.66" 3.87 £3.00
AR 8 11.08 + 4.24™ 9.35+2.86™ 0.19 + 0.09®
F1H 25.544 34.757 12.191
P{H <0.01 <0.01 <0.01

I 5 CRAAE, “P<0.01; 5 NR 4. LR 4k#, °P<0.05

2.3 FHALR INKBEER{L. MKP-1 2Bt ER

Fix

L ZH 21 INK B2 1k 0 2 R X 3R 3K 1 40
. CRZ:(0.52+0.12); NR 2 : (0.42 +0.08 );
LR 41 :(0.30+0.08); AR 41 :(0.17+0.06); 5
CR 41, LR 41 FIl NR 41 #H k., AR 41 INK # % 1t
(AR AR A 1 B i s> (P<0.01 ), #5414
21 MKP-1 & Ak i 8 AR X F ik 143 51 8« CR
20 :(0.14£0.07); NR4 : (0.30+0.07) ; LR 4 -
(0.37+0.02); AR 4 :(0.48+0.06); 5 CR 4.

20

ab
15

JiliZH 47 TL-4mRNA AN 355

s & &

5 CR 41Lb#, *P<0.01;5 NR 411Ez, °P<0.01; 5 LR 41Hh4#%,
°P<0.05
B 1 A4IKEITZZ IL-4 mRNA AHX A
Fig 1 Relative expression of IL-4 mRNA in lung tissue of rats in each group

15
ab

JiliZH 4T IL-10mRNA FHX}Fe ik

& & Ny S
5 CR #4HIbAE, “P<0.01; 5 NR41. LR 4HIbAr, *P<0.01

2 SRR Z IL-10 mRNA FIXS Rk
Fig2 Relative expression of IL-10 mRNA in lung tissue of rats in each

group

ab

JiliZH 4T TIL- o mRNA FHX}F2 ik
i

S
5 CR 414, 'P<0.01; 5 NR4L. LR 41104, *P<0.01
3 HUIKEUMAIZ! TNF- @ mRNA HIxt ik
Fig 3 Relative expression of TNF- & mRNA in lung tissue of rats in each

group
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NR ZH M1 LR 44 t, AR 4 MKP-1 Z kit 321k
B3 (P<0.01), VLKl 4-6.

4 FHKRRIFHLS INK BRI . MKP-1 Z Rt A 450 ]
Fig4 The JNK phosphorylation and MKP-1 acetylated protein bands in
lung tissue of rats in each group

0.8

0.6

0.2

filiZH 20 INK BB LR AR Sk &
S
~

0.0
s & s
5 CR41HE, "P<0.01 ; 5 NR 4L, LR 414, °P<0.01
B 5 A4 ENTLIZ INK BRI A Rk
Fig 5 Relative expression of JNK phosphorylation protein in lung tissue
of rats in each group

o 0.6
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5 CR 41, ‘P<0.01; 5 NR4L, LR 4114, "P<0.01
6 SUIREUIZZ MKP-1 LB AMIXTRE &
Fig 6 Relative expression of MKP-1 acetylation protein in lung tissue of
rats in each group
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A3 ) K6 I il 2H 21 Y TNF- « mRNA . IL-4 mRNA |
IL-10 mRNA &, SRR R AR SRR R 785
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S5 LRI MAPK 15538 [ 7] 1 45 22 % THS 75
SRR G . INK & T MAPK Z80%, Al 90w %
O FT TNF- o 008, INK {5538 B2 40 M 5 59
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Pt 2 DA R A B INK 3 A S 2
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R IR G I 2 A B G E 2 P2, MKP-1
HA U TG, [R5 ) INK /N B
20 g p38MAPK f i M 20 3 2o X K B A 2
Jhk A ZE PR VR AR TR RO BIF ST 45 SR 3R B, MKP-1 #]
LA INK A5 SR ARis g iEmHEE AT
{1 200 6L T 0 28 SRR R AR R Y K
MR, MKP-1 GES 58 3 0] INK iAok psds &
SiE SN LA SR T TR SRR, CR 41K
BRI EZ MKP-1 ZPAK-FREA, T INK BERR 1L
JKOFLE NR 2, LR 2. AR ZH 9] ks, BT A
XF B BER T 38 A R S 5 RE A8 4% il 2 40 MKP-1
LBEARIKT, FET D INK SRR 1, D8 il 4141
RAEL o
T3] RV B2 95 2R PR AR S TR 97 8 B
iz —, WFFERM, BV R A e R, A
SRR RES IR ve S8 L A L B RSB AR B
RES B BHETE ™ WS TR SRR VR S I R I 2
L5, o IL-6 RO, WA, g2
TNF-« . IL-6 By 6, $i i 25 AR vd KR TG
A B2 IR A R I AR R T, BERRERAE
TR N BT BRIR B A 1 At LU FLRRER R, T4y
HUA TR BT [ 7 RS i 2 i ACR 7, i
TR Iz R 0 T AR AR e S AR A
I TR AR A 38 i 4 5 A 2 R T AR
MUHER . ARAEA CBH LR E A GZ I T « B
(NF-k B), MAPK {5 538 J Ifi 9 42 A S o I
12 £h Ak PR BE A Jal /L g 22 WH175- 5 1Y p38 FT INK Wi iR
A=A I B UK bt S R v R R ] S S i S|
i PR 2 S5 (4035 R AT AR B R A, P TR
/NS AR AR BORE P ARBIE SRS SRR
AERS T4 BEER KR ZLIR BAARAS I, BRIR AR A2
SRR MR R BRn] e B RRER A AbSE , 4 a2l
21 MKP-1 LIALKF-, BEMTFEAR INK BERALKF-
] TNF-« BB, fEuk IL-10, IL-4 B, I
2 T AL AT SN o PRI X 2R L P AR o R L
RS RRENAAR RS T3, SORAE T A KRN FLIR
BRI -
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