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Abstract

AIM: To investigate the effects of ethyl pyruvate
(EP) on the levels of tumor necrosis factor-a
(TNF-a), interleukin-1B (IL-1pB) in serum and
mRNA expression of high mobility group box
1 (HMGB1) in lung tissues, and explore the
mechanisms of ethyl pyruvate in protecting
the lungs against acute injury induced by acute
necrotizing pancreatitis (ANP).

METHODS: ANP model was induced by retro-
grade injection of 50 g/L sodium taurocholate
into pancreatic duct. Animals were divided
randomly into 3 groups: control group, ANP
group, and EP treatment group. EP solution was
administered intravenously every 6 hours (40
mg/kg once). The serum levels of TNF-a and
IL-1B were measured by enzyme-linked immu-
nosorbent assay (ELISA). The mRNA expres-
sion of HMGBI in lung tissues was detected by
reverse transcription-polymerase chain reaction
(RT-PCR). The partial pressure of blood oxygen
(PaO,) was measured, and histological examina-
tion of the lungs was also performed.

RESULTS: The serum levels of TNF-o and IL-6
were rapidly increased after ANP model was in-
duced, and reached peak at the 6™ hour, but they
were decreased at the 12" hour. In comparison
with those in ANP group, the serum levels of
TNF-a and IL-1p were markedly lowered in EP
group 6 and 12 hours after ANP model was in-
duced (TNF-a: 131.6 £ 29.6 ng/L vs 196.3 + 16.3
ng/L, 65.0 £ 16.6 ng/L vs 90.2 £ 20.1 ng/L, P <
0.05; IL-1B: 194.9 £ 26.8 ng/L vs 223.0 + 34.8 ng/L,
105.2 +24.0 ng/L vs 130.4 + 23.0 ng/L, P < 0.05).
The mRNA expression of HMGB1 in lung tis-
sues was increased significantly at the 12" hour
and maintained to the 24™ hour after ANP mod-
el was induced, whereas in EP group, HMGB1
mRNA expression was significantly lower than
that in ANP group at each time point (0.68 + 0.11
v50.88 £0.11, 0.81 £ 0.11 vs 1.04 £ 0.10, 1.08 + 0.08
vs 1.33 £ 0.15, all P < 0.05). The injury of lung tis-
sues in EP group was milder than that in ANP
group, and the value of PaO, was also obviously
higher in EP group than that in ANP group (P <
0.05).

CONCLUSION: EP can inhibit the release
of TNF-a and IL-183, down-regulate HMGB1
mRNA expression in lung tissues of ANP rats,

and protect lungs from acute injury induced by
ANP.
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Fik: HATHEMRALE EAF50 o/ LAAR AL BR 4N 6]
VEANPAE R, REALL R34, *FI84L. ANP4
F2EP 7% 77 £8(40 mg/kg, H 86 h# bz — K).
ELISA &4 fn A TNF-of=1L-1B7KF; ¥ 5%
= 1 R A B4k RS (RT-PCR) 4] fif 28
LHMGB1 mRNAKGA, S+ o 8K AL R Al
BRI T AL,

HR: ANPA & ATNF-afelL-1pK-F £ &
JE6 hik Z¥%, 12 h T, ERF 57
28 o A TNF-ofe1L-1p7K-F 9 24& T ANPZL
(TNF-a: 131.6429.6 ng/L vs 196.3+16.3 ng/L,
65.0£16.6 ng/L vs 90.2%20.1 ng/L, P<0.05;
IL-1B: 194.9426.8 ng/L vs 223.0£34.8 ng/L,
105.2424.0 ng/L vs 130.4+23.0 ng/L, P<0.05).
ANP4L K R A ZH22HMGB1 mRNA & ik K -F
AANPE12 hi] 7+, £24 hip £ 35K
F. BT AMALZHMGB]I mRNA & ik K-
A2 BBt ) 534 9 BAK T ANPZL(0.68+0.11 vs
0.88+0.11, 0.81£0.11 vs 1.04+0.10, 1.08 £
0.08 vs 1.33£0.15, P<0.05), H ]2 A 3345
ANP#8%%. 74 77 41Pa0,3) A . % T ANP4H.

P MR LB AL R F W H TNF-o. IL-1B
FPHMGB1 5T X 8 B T, A& Kz,
*FANPAT 545 7 B AR AP AE .

XA WEBRKREB -1, BUEFFEEBR K,
LR, RERER ZBE; BREC o R MRS, M
R -RA BB
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FOE 2 MR 4 (severe acute pancreatitis, SAP)
S AMREE WK G RE, BT R
i B 5 RBLAL, AR B IR 4 B S S
B R 2 3B, HR R nik10%-25%".
Hrp 2Pl (acute lung injury, ALI)/ &
PPN I8 255 fE(acute respiratory distress
syndrome, ARDS) & H 4 WIf RAEZ —, SAPK
il wk A FET IR, 60%5E T ALVARDSEff:
I ALVARDSHI 2 4% B DI RebEfG 2551k (multiple
organ dysfunction syndrome, MODS)™, [jj ¥ fili
T3 R PR S APYE T 26 ¥ 24 it i %8 [A]
RSP A g P B 1) R 1R et B A Ok
SR R 98 I R I A B BT I R A R B
IHEFERY], ST R E M1-1(high mobility
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group box1, HMGBI1)J& X T s $4 4E A+
-o(TNF-a). FI4 A Z-1B(IL-1B)HF I “
W7 JOE T, BELR KRBT AT R BT YR IT
7”7 PO PR £ B (ethyl pyruvate, EP)J&—Fil
Fa 2 WK IR VE I IR RT 2B, VF 2 WF R WA
HAHURA G AR, 1@ 50 g/Lo
T L P2 A 300 A R L A 5 R R B S P IR A
P JBE i % (acute necrotizing pancreatitis, ANP) %Y
I il O R 28 00 5 DA AT T £ 1 0 A 5% 9T A
TIPS, PR AR £ W S IR R JB
R Bl B PR3P 4 Y S SERLRY, O il R VR 9T 32
LR

1 SRR
1.1 A# R L B8 A - R HH R, Sigmaly
f]; TNF-o, IL-1BHIELIS AIRFI &, RN
Ay BMRNAFRBGY 5 f &, Promega
Al PCRACK HLIKAL B/ #T R &8, 56
EKodak. & iy fdHEWistar KR 725, 4485
#250-300 g(HH b [ B BR R 27 S B b 4
Ay, BENL N34, FE24 K, 23 0 R T ALl
ANPA K EPYATT 4.
1.2 7%
1.2.1 shp A& KT RAT12 h2Efr, H
oK, 100 g/LKA (4 mL/k g5 &) B P
TSR, [ 52 . Z Ao er alf» 48 17130047
I JIEL A A 9 S 2 R R A 1 P IR B T
RBA AT FREEEH DI, BT RIS
TR ERR O R R s AL, 4241 Sh e IR T T
I3 FH /N 20 ik e 85 B BELT HELY T3, 4575 Sk B2 T
S Fa RS N A T 1A, 3 AT N NS0
/LB RN (1 mL/kgMo i, #ididi% 0.2
mL/s), T H 2 B 5 3l kR 2 P 27 ) 55 24 5 min,
DLEER oy R B KB . s, BRI sk
SR e A AEE L VNI SN L VA W =P N il
FAF 5 IR 6, 12, 24 Wy 34, B4
8 K. A5 IR IS K043 ) R B Bl ok i, B DO )
Jifint-.
1.2.2 42572 &5 X EPIGIT 4190 ) T i B,
)52, 8, 14H120 hZe [ 25 Bk sl I i ki S EP
WR(EPH T LIRS # T, 28 mmol/L), 6 h
ALK, 12 WIS 252K, 24 WAL 4 254K &
WK HEP 40 mg/kg. ANPL[R] IR v 525 5
{14 7L IR B PR T
1.2.3 2B 3847277 % (DK <8 +
%/
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WA 3 & % *® 1 SEYMEDENEERIMELHMGB mRNAZS K (mean + SD, /7 = 8)
R X8l A B Z A
T8 A GHR

it T &R B T B
w4 PR 3R 5T M MR
NS W
Wy AR A AR R AL
T Ak 69 4E A AL
), A R ERER
L5 R AP IR AT
P R B KA AR A%
KGR B K
“HITE” .

458 MEDENEE(ImmHg) FZA4RHMGB1 mRNA

6h 12h 24 h 6h 12h 24 h
BFAA 88.62 +5.14 91.24 +5.42 93.10+4.67 0.48+0.08 0.57+0.11 0.62 +0.06
ANPH 80.61 +8.97° 72.75 +8.27° 69.36 + 9.90° 0.88+0.11° 1.04+0.10°  1.33+0.15°
BH 85.43 +7.29 83.42+7.72°  80.35+7.87°  0.68+0.11°  0.81+0.11°  1.08+0.08™

°P<0.05 vis WIBZH: “P<0.05 v's ANPZH.

R 2 BEDYIMBETNF-aRIL-1pFENLER (mean + SD, ng/L)n = 8)

PAVz] METNF—a A E

M- 1pAEHE

6h 12 h 24 h 6h 12h 24 h
BFAAE 55.7 +17.3 37.7+12.2 285+11.8 59.1+7.9 48.8+7.6 46.9+8.1
ANPZH 196.3 +16.3" 90.2 +20.1° 82.7+28.8" 223.0+£34.8 130.4+23.0° 113.3+248
Ve RgAs| 131.6 +29.6™ 65.0+ 16.6™ 60.5+18.3" 194.9+26.8° 105.2+24.0°  899+21.9

°P<0.05 vis WIBZH: “P<0.05 vis ANPZH.

F 4 B 3k H =53 A AL E 2 ik i 4 53 Hs
(2)IMIETNF-a, IL-1BHAM: T F ok iy UK
100 g/L7K A S0 (4 mL/kg A S ih) 5 s 9 13 6]
BETFAE, N R bCR I, =i N EE2 h, T H
MIE )5, K M35 5> 2 A7 T--80 C Ak . R H
ELTS A LA I £ i 4 M35 TN F-a FTL-1B 7K,
BARAE DB B BT, ()42 HMGBI
mRNARIAIK: R A4 55 2R A Bl B I 3 2
AR(RT-PCRYK Mt 21 2L FHMGB1 mRN A
FIK, VLR H i i S8 (GAPDH)E A Y
X K ELHMGB1F 41 (33 1 BEh 680 bp):
5-ATGGGCAAAGGAGATCCTA-3'(_Liff); 5'-A
ATTCATCATCATCATCTTCT-3'(Fii%); GAPDH
FERE 1 1 B k309 bp): 5-TCCCTCAAGATT
GTCAGCAA-3'(_L37); 5-~AGATCCACAACGG
ATACATT-3'( Fii¥). PCRE N ZAEHT T 94°C Tl
A543 min, 94°C 45 s, 61°C 40's, 72°C 1 min, 3~
BE3SAMIEIR, 72°CHEMI10 min, 4°CZ kM. HL
10 pLy BEP=H) 415 o/ LEEH e i F 9K (120
V, 45 min), WA LEERE)S, T RGBT
Z G5 (GDS-8000) 1 HEAT 451 % FE 419 73 B, LA
HMGBI15GAPDH% A % & (& 7R"HM GBI
mRNA LK

1.2.4 M LRI SR L2340 /LA A
IRE PP 2, A, U], HER (A, e N &
N B AT A2 ML il Ik 4 2000 BE 22 9P 40 &
e g 2P fOsman er al' " FRiE.

6h 12h 24h
C A B C

C A B

700 bp
600 bp
400 bp
200 bp

100 bp

HMGB1(680 bp)
GAPDH(309 bp)

1 HMGB1 mRNAZE34A KSR AMZA4RPHYFRIART-PCR). A:
JAIT4E: B: ANPAL; C: R4,

St K Dimean + SDETR. 4iit
KHISPSS10.04fF, %[ 55 %43 H(One-way
ANOVA). P<0.05I\ b 7% A7 5 k.

2 BR

2.1 A& M B H R 4R ANPLLFIEP
AT IR L A3 Fs B TS P ) F) S K T B 1.
[i) = IsJ ) 557 1) 1M 46 23 He 7K °F, ANPZLAIEPYA Y
B RACTRF AR, MEPHRIT AL ANP
oA, HAE12 %24 WA B2 R GERD.

2.2 MiZAR PHMGBI mRNA & kKT 49 F AL
ANPHL K2 HMGB1 mRNAK F-/EANP
J 12 Wi BT, 2224 WM 4EREAE K. Z A
IR CBEALIR VAT, 17 4l 412AHMGB1 mRNA
IV W] AR T ANPAL(P<0.05)(£ 1, El1).

2.3 {2 FTNF-ofe1L-17K-F 49 % 4t ANPZL AR
M TNF-oITL-1B7K V- fEANP J& i Tt 5, £y
166 hiks g, 2 Jaiul R, fEANPJS12 hEK
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iR EE
AR ER RN

B 2 BHALRIETMK( x 400). A, C: ANPZ12, 24 h; B, D: /477212, 24 h.

W R B, ARG — EHY4EFEE24 h. LN IIR LRt
RIAYY, MLIETNF-oNIL-1p7K T (% T-ANPA,
HAE6, 12 h2E 57 8.3 (P>0.05, K2).

2.4 AR TEIER G T 6 7 SFANP X R 2
LB e rm BT ARA S RS T AR W
] BB A F A . ANPZL L EPIAYT 4095 B ik
A 1) I T A I ] S K T N B ANPALIH D
BE R WSRO AN A —, iR BE SR A PR R
I Jk e =B 4 07 7 I, T 5 7 i K i R 98
I My, VR P AT AL S R A B S 41 4 . 24 h
A D i A 2R A L, R AT LI v B 4
IR, Wl Rl Rl I B B R A it A
5K, > FR A RS 1l EPYRYT 4
APNZHAH LG, fili 2 2R 45497 B 2 ol (1412).

3 11e
AR R EoR, ANPRI K & 90 K 1
IR BO™ H IR 4> 5 RIE R VLR E(SIRS), A&
RS BMMEBRGSIE. 28T EA
BLEAIE(MODS). £ 48 H Jfe =% (MOF)
HELGN L X2 RORE N PR FE TNF-a, IL-1BA
HMGBI1%. SRl 2 ANPIH WL BRSNS
B RAE. 1R 0 R 2 4% 40 g PR et il
JUE S 38 B LG FH N, R, AEANPIFERR A HE
G VR TT SR AL I

PR PR £ TG e — TR s 1D 238 R 12k ) 7R T 1
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AW, AR A R AN, A
AU N ARz, I IRE RS, I ERR £ 1
& BT R PSR Y, o e EERE 51 1
SIRSZH AL A W& R E R, At mT 30 A 25
5P EWEA A TNF-o MTHMGBI1 [ 31X,
I Ao 58 5 1 TP NF-x BRIp38-M A PK A i fi5 5
AT PR A, TNF-oofIIL-1B454E
A G PR ST S IS (1) I T A ORI, A2 T
HUAR 2 2 M 98 i S I3 R 4 00408 55 1) 6 B A
FIOBR S 40 DR U AR G 45 R R, ANP
1K UM S TNE-o fHTL- 137K ¥ 7E ANP 5 i T
f, 20706 hik s, 2 f5iuE R, fEANP)S 12
hERME &%, AR5 — H4EHF 2224 h. &N iR
LBEREIRIATT, MIETNF-ofIIL-1B7K 34K F
ANP4, H7E6, 12 hZER B2, AT R4
JETNF-o fIIL-13R] 5|k B Wl (R 20 2345 40, 230
IS FH R A mT sk 8 s 5 49 1) R S, B R
TR ME LA L SRS P, VAT IR AL
TR AEATAE.

TR R R I (HMG) & — KK R AT
A, 20 T REBMRG0 kDa), #ff B & FE R
A, DN A SR A I T vk h 1T B
M54, HMGBIZHMG K K 12—,
HEAT (5T £ 0], HMGB 241 ok A & i
WA EARAED, TS 5DNAKE
il 4o A B I DR 3R 08 4 22 Al i 2 o

7 B B} 2 B 3E 1R
R AR 4 R B A
V3R ST MR IR K
KB B, A H
JE B M 3R T R
B M AR A5 08 T
Ty R R FR Ak
W R e IR
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: 25 RE G EANE SNEERMAER LR, hIEsLihsRlx
145 L3y 4m g Pl HMGBI1 H 3 F e
A SN AL, e i
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"P ‘ﬁ*ﬁéﬂﬂ H@E Hfﬁéﬂé}j\ %%ﬁ 3‘%[26]_ 2% W@@@ Zﬂg 11 Dobsak P, Courderot-Masuyer C, Zeller M, Vergely
_— " . o C, Laubriet A, Assem M, Eicher JC, Teyssier JR,
IEIRGT, T AL HMGB UK 124124 h Wolf JE, Rochette L. Antioxidative properties of
B AL AN Péﬂ(P<0.05). [i) A ) — s 1) A 4 o, pyruvate and protection of the ischemic rat heart
. . . N during cardioplegia. | Cardiovasc Pharmacol 1999; 34:
H A TEACE, EPIRIT 2 ANPA vy, HAE12 651-659
K24 hgﬂﬁ ﬁ%‘:]ﬁﬁﬁ, HEpyﬁﬁ H 'QTPN?E *ﬁ 12 Song M, Kellum JA, Kaldas H, Fink MP. Evidence
that glutathione depletion is a mechanism
M40 24 gH B
b, M1 23003 A S el responsible for the anti-inflammatory effects of
AHFGEL T, AN B he W S HTH ANP ethyl pyruvate in cultured lipopolysaccharide-
- ey SN stimulated RAW 264.7 cells. | Pharmacol Exp Ther
453 7 - S0 5 99 8 A 240 L AL 1 PO RE TR B 2004; 308: 307-316 .
WA SR BRI, 5511840 13 Fink MP. Ethyl pyruvate: a novel anti-inflammatory
. Crit Care Med 2003; 31: S51-56
T 4 . " agent ;
H@‘ ? H/] E/HQE E[ i H:’ WE]EJE& 4 EE'?:EANPHF'E 14  Venkataraman R, Kellum JA, Song M, Fink MP.
WA G ERKN “WIrd” , TBAeEm % Resuscitation with Ringer's ethyl pyruvate solution
e S oy S AP (2 AN - prolongs survival and modulates plasma cytokine
B S > Joe R ﬁ’ JXEEAR LT85T B > P and nitrite/nitrate concentrations in a rat model of
1R ZBEXT ANPIE 147 1R 57 6 2 K1 a5t lipopolysaccharide-induced shock. Shock 2002; 18:
W H T b VA G T . % S 507-512
T H HI P AT 0 JJT‘,I%%LB% H j]%;&i,’u, Fﬁ 15  Ulloa L, Ochani M, Yang H, Tanovic M, Halperin
LT A i 12 £ 156 R Bt A HIAIL IR 22 4 AT o5 D, Yang R, Czura CJ, Fink MP, Tracey KJ. Ethyl
e E RIS pyruvate prevents lethality in mice with established
fRil 5L, lethal sepsis and systemic inflammation. Proc Natl
Acad Sci U S A 2002; 99: 12351-12356
4  H=EXEA 16  Kingsnorth A. Role of cytokines and their inhibitors
1 Pitchumoni CS, Patel NM, Shah P. Factors in acute pancreatitis. Gut 1997; 40: 1-4
influencing mortality in acute pancreatitis: can we 17 Mayer ], Rau B, Gansauge F, Beger HG. Inflamma-
alter them?  Clin Gastroenterol 2005; 39: 798-814 tory mediators in human acute pancreatitis: clinical
2 Bank S, Singh P, Pooran N, Stark B. Evaluation and pathophysiological implications. Gut 2000; 47:
of factors that have reduced mortality from 546-552 )
acute pancreatitis over the past 20 years. | Clin 18 Koh Y, Hybertson BM, Jepson EK, Repine JE.
Gastroenterol 2002; 35: 50-60 Tumor necrosis factor induced acute lung leak in
3 Mayerle J, Hlouschek V, Lerch MM. Current rats: less than with interleukin-1. Inflammation 1996;
management of acute pancreatitis. Nat Clin Pract 20: 461-469
Gastroenterol Hepatol 2005; 2: 473-483 19  Yoshinari D, Takeyoshi I, Koibuchi Y, Matsumoto K,
4 Steer ML. Relationship between pancreatitis and Kawashima Y, Koyama T, Ohwada S, Morishita Y.
lung diseases. Respir Physiol 2001; 128: 13-16 Effects of a dual inhibitor of tumor necrosis factor-
5 Wang H, Bloom O, Zhang M, Vishnubhakat JM, alpha and interleukin-1 on lipopolysaccharide-
Ombrellino M, Che J, Frazier A, Yang H, Ivanova induced lung injury in rats: involvement of the p38
S, Borovikova L, Manogue KR, Faist E, Abraham E, mitogen-activated protein kinase pathway. Crit
Andersson ], Andersson U, Molina PE, Abumrad Care Med 2001; 29: 628-634
20  Ulloa L, Messmer D. High-mobility group box 1

NN, Sama A, Tracey KJ. HMG-1 as a late mediator
of endotoxin lethality in mice. Science 1999; 285:

(HMGBI1) protein: friend and foe. Cytokine Growth

www.wjgnet.com



K, 5. IRBIRR C BN RIEIASUIMERRIR KA S A D BV R IPER 1369

Factor Rev 2006; 17: 189-201 box 1 as a late-acting mediator of inflammation. Crit W& % ¥~

21  Bustin M. Revised nomenclature for high mobility Care Med 2003; 31: S46-50 ALHR T RER
group (HMG) chromosomal proteins. Trends 25 Abraham E, Arcaroli J, Carmody A, Wang H, B LB *F LR
Biochem Sci 2001; 26: 152-153 Tracey KJ. HMG-1 as a mediator of acute lung b B R KRR

22 Sunden-Cullberg J, Norrby-Teglund A, Treutiger inflammation. J Inmunol 2000; 165: 2950-2954 il 4 4 69 £R 47 4
CJ. The role of high mobility group box-1 protein in 26 Kim JY, Park JS, Strassheim D, Douglas I, Diaz del {‘? > ‘1@ f(j’ = %}"‘L
severe sepsis. Curr Opin Infect Dis 2006; 19: 231-236 Valle F, Asehnoune K, Mitra S, Kwak SH, Yamada <, ‘ﬁ%"ﬂ B, 5

23 Scaffidi P, Misteli T, Bianchi ME. Release of S, Maruyama I, Ishizaka A, Abraham E. HMGB1 ﬁ;f:g%}z_g ;]E
chromatin protein HMGBI1 by necrotic cells triggers contributes to the development of acute lung injury ézil;;’% 3 “
inflammation. Nature 2002; 418: 191-195 after hemorrhage. Am | Physiol Lung Cell Mol Physiol s

24 Czura (], Tracey KJ. Targeting high mobility group 2005; 288: L958-965

W KA mEE ERA

ISSN 1009-3079 CN 14-1260/R 20074FFRAY VA tH 5L 5 795 2 2= i 4t
° ‘#j»@v °

ADHWAKWABDHLEA LA AMTLRXEF

AHIR b e T B A B2 BOR IR, (PR A B 245D St 40l T-2007-08 76 i 92 B AR
FFHATE “AEMA L BB S T HRF AR &7, s AR N Bt AR G R
T UK R SIS, JF I TARSLEE 1 28% 70, (PRI B E) KPRt 8 AL 8 3.

1 EXART

TESC N HATEH RGN B S 6. B8 T iR, Wk Kss. WiEs. s, #s
WBLSE)ISTT B, PWBEANRHIOIG RS B k8, €45, B W MTIH. BEARSOR MIERIAT ST, IRPRiS 8 M
BER(RAES S L. 8. S5 WALRGEIRIN RS, shFals g4 ind7 SOLRE R, T P e i
PEEHR, WAL RGP ) 2s P L

2 EXEKR

NAESCF G (R AR N BE AR ) R ZORBRS HTED, JF2730007 LA A 42 S0 K 5007 Lh N A8 U 2 45—
O O (RN EEARE) MR RRIRRIE, 1EE RS, NAESCTE 2 AR 55 A TS, B r Rl AT
MR35 CRAETHAL LA D B ER b /NAR L BESCIRI G . B gk : 210003, {53 A8 R “AESC” F4FF, [
RV 2 57 F 9 1070, 3 PR, AURIERS. #0R H 1H2007-05-31. 45 92 0 HAAR SR I0 S5 47 40 16 &R FlL il
025-83472831, 86086091.

www. wjgnet.com



