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AN 38 A@BF &4 v|XE= Ethyl Pyruvated &3

Pyruvates= AlZU Qo] FrLstA EAlste ddAd Fiks EZolH,
Ethyl pyruvate (EP)9] JEIZ AALE FAT F Aoy, AF7-A A%

s AdF A EPo mdtel ik Bis Itk ol & ATolA

rr

A dd AT EGCNA EP Fojoll o7 AFER JA anE &

Asta, 1 /1AL WPOEA, EP 9 A8 4L Bolud #9

LN

i

nt

Sprague-Dawly ratollA] 213 38 AAF &4 o711, EPE Fo3t
EP Foli (n=18), sz (n=18), 281 AFed (n=18)9 372

= afrstalch 2

M

He A F 1, 3, 594 €34 A#otEld ¥ TNF-

ut

e
ol

as shom, AdzAo 2R EA AAA FFH/HAI High
mobility group box-1(HMGB1)< western bloto. & #4135} t}.

=l vls EP FofolA AR 3¢ olFo &3 AdotEd 2
TNF-aX7F oJu| YA ol = s &<lsint. olgjd AdAd a3
gelsly] Yal NFzHo2REH HMGB-14 S48t HMGB1 A%

s AJF S SUHIN LY, ol x7IFEH FUEHAT Addew
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sodium pyruvate?} 417]1%5S HET ¢ UL BAFPTP. E TE B
Lo A= sodium pyruvate T Al A, 2%, 3 FE AFJF Sl A

A7) &40l APHE AL FAFAN. £ 9FY D FIY Lo

sodium pyruvate AJA Wlell A aldole like condensation reactionol] ]
3 v EZ=Zolo] TCA 32 YASE parapyruvate(2-hydroxy-2-
methyl-4-ketoglutarate) 2 W27 WM 7] w2 b3t g8 F2
3 Yepd 5 gl

EPE  pyruvate} ethanolZFE 459 0™!2  Ringer's ethyl
pyruvate solution(REPS)9] dejo| A EPS} Z 2 FElG o]&o] AT

o2A A FAANZA F AT EPE 2% JE ARF & A

o
1
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T3 Ay e EFE9 sodium pyruvate® Fo3 A9HT £
02 AAZ F g M Tsung 52 7o) 51d AAF &4 59
A5l o REPSE Fodk A3 €3 transaminases ¥ IFAF AL,
AT Afol AFE AN S-S Busdntt w3 A% 5" AR
ERA N E EPE Fodto], A% &L A7 v ol

ROS 7§14 FAAIFE-Aol A sodium pyruvateE Fog oz Al7V|&
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1. A% 38 ABF &4
Sprague Dawly rat(200-300g)& ketamin &573W FAIZE vt3 & 4

& HolZol 24 du 5 538 AN $SAEL Aa 79

F 2e PO nH F AF 5B ANl A5 NG =24
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2.4 ¥4 49 O

Sprague-Dawly rat 54 v}g]E& 2F4<=7(h=18), EP

I
2
ot
=)
Il
%
o

iz (n=18)2.2 o] AdFsidlon, drede $5AGEA & 7
d 5 #H5 SITskNE Al ¥, #Eskth. EPE Ringer's ethyl
pyruvate solution(REPS)9] AE|Z o|stodxjtfgru A4 335t A 2 H g
FH S35 EP Fo2 3 A 20%°] REPSE Rat9 kgd EP 100mg

o] §¥om Folgta AAF AT 2 ¥ T sldd=x

M
flo

3 dd 208 Ringer's lactated solution lccE Fo&ta ATF 2
L% lccE FAsAoh. 7 #E=Z 42 6vtg]d 194 34 5LA
ketamines H74U Foste nHAA T & ER2E JFAst] AFxF

2 AHAF, AEBOEYE AL SR Fustel 545U



3. AdoleEld € TNF-a £4

oft

glate] 23 A4

dHdomiy dF AdetElds SASAT (Vitrose,

M

ZF FolA e T @REE AFHT d9s 44
stolon, Eed

Johnson & Johnson, New Brunswick, New Jersey, USA). 3t ELISAE
o]g3to] TNF-a © AAES AFHeR FAson, gl da+=
olgf e} Tt} 50u9 standard dilute bufferE zero wellol]l 21, 50u09]
TE H BFEAY NS89 7 welld ¥ T anti-TNF-a €9
50x0 (Bender MedSystem, Vienna, Austria)E ZF wellol] Yo &35t
F2ol A 1AIZE 3083 WEEAIZT S de AT F A buffer® 3
3 A"sEt. 1 & streptavidin—HRP working solution 100E 7zt
welloll Qi1 4583F g2ollA w3 A Z T A buffer® thAl 3 3 AF
shal, 100ue] EAAE ZF wellol ¥ F o] F& LollA 303 BFEA
Atk HFH o= 100ue] stop solutione ZF wellol ¥ 3, microplate

reader”] o4 (450nm) S EE SA skl A} a3t

4. High mobility group box 1 (HMGB1) 3

HMGB19] 42 ojde] 7]|&HAd ®HHOZE  Western
immunoblottingS Al@stPcH’. d% AF AL #4243 3 F lysis
buffer (0.5% Nonidet P-40, 20mM Tris pH 8.0, 50mM NaCl, 50mM NaF,
100uM Na3VO4, 1mM DTT, 50ug/ml PMSF)E Fo]&lal 4ColA 30&3F

BHSAT 2 3 4T 12,000rpmol A 208-37F G525t gdwd g &
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2]8}%1 3., Bradford methodsE o]&3dte] AZFslott ¥ dlzd

o
38
k|

12% SDS-PAGE gel& AF&3te] AV|9&5S A , nitrocellulose
transfer membrane2. & %71 3 H|Eo|H Q] wHg-S AA 57| st 3%
skim milk® blocking=S AAEE T 1234A 2= anti-HMGB1 antibody

(Novus, Littleton, Colorado, USA)E nitrocellulose transfer membrane

Fola, 1082 3 54 buffer® A2 3} T} peroxidaseet 24

ol

of A2
A (Novus, Littleton, Colorado, USA)7} A3td &R0z AHFg F,
ECL detection system (Amersham Pharmacia Biotech, Uppsala,
Sweden)g& ©ol&ste] ©MH  bandE FsHth. Z optical
densitiy(OD)+= GS-690 densitometer(Bio-rad, Hercules, CA, USA)E

o] g3to] AYsert.

5. TAE4Y
Mann-Whitney testE& ©o]&3}o] #4890, o +F2 p < 0.05

= st e §F ZAAT mE £E AdetEld AARE TNF-af
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1. @3 FdolEd &34
9 gxTNE 58 ABRF &4 39 F 24 AdotEy 3ol
19500 vla Z7lele A%e wPon, EP FolZoAt sd AunF

=4 F @3 AdotEd FFol 19ARY 394 #astes A3
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o=2A, 5d dx=T ¥ EP FolT Aol9] s ARF & 3dF 24
dlotEid 2 Foldk AbelE WERSITE 594 €4 Aot %
EP Folx & tf 344 Adoteld 3ol Hls) #2]s)

A gastgom, BP Folgo] 88 gzl val vad we 54

i
fz

gou, Fold 2ol & BolA= @tk EP Folxel €4 Adloted

A% pasgon, 394 594 BF H5e
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3. High mobility group box 1(HMGB1)¢] &

HEZH AAA GS5uAA HMGB13e] dAaAde Felsty] s
western blot analysisE& A1 FZ2 o2 HE A5t HMGB12 217335
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aHy AFERY] RS dE FEY, AFTdEE vuwE 42
Fo] ool FFHY] wEel, NFFHEE D & 9% wgst
d & ABF Alole AExZe] taAEoA ROS 2 Alo|EFQlIE
At ROSe] Y932 xanthine oxidase, PEZEEZZo}9] electron
transport chain, A2¥ AW thiols® autooxidation, cyclooxygenase =
lipoxygenase &43, =& NAPDH oxidase® @43} So] HidE i

QH? Algd ~EfAE A3k glutathion 23 2 lipid peroxidation?]

7t Wl wsAdol =2 ARy Zy 4HslES { X351, aromatic

thioethers®] 4F3t2 =310 oj9} e Wr32 A X PR &AL

Hkx] 7] W olu)g} NFKBE

e

2 3F8}= signal transduction®] ZA43E
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X

Hl8-o GukA)ZITE? o] )8} transcriptiond] @A 3= cytokine
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=32 £ Jdob?. 28y sodium pyruvates= ABA] oA aldole like
condensation reaction®] 98] wEZE=#olo] TCA <32 A s
parapyruvate(2-hydroxy-2-methyl-4-ketoglutarate) & W-Z A H3} %] 7]

W&o I JIE =83 yekd ¢ . EPE pyruvate9t

A

ethanolZ2FE 45902 Ringer's ethyl pyruvate solution(REPS)<]

QoI EPSt 24 oA ordge §7A

%e,
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o,
)
o
rfo
e
it
)
ol
s

F Q. EPE &40 S8 ARG £4 A Folg A3 2o BEEo

. = 13
sodium pyruvate® Fo3 A¢HT &4 U A2 7 AAdT.

FAFeF Y. @3 transaminases 2 AL AR, TAT FEHS EPE

Folgk A s dasiglvh o] AW FAE = EPE Fod A4
m-f- Zaskitt. EPE Fold TolA  inflammatory cytokine HEFF
ZAasholeh %k olygl cytokine #H]o] #oldhE= NFkB, AlE9]

A5 Zzd Fhol YA, p38, c—Jun N-terminal 7}o] YA, mitogen—activated
protein ZholupAl o] @A s7h AA AT EF EP7E o] AEAME S
AA TS Bist . Uchiyama 52 C57BL/6 mice® A3k 2ol A
27 A sd AdF &G4 3% AWl hydrophilic
macromolecule 2 fluorescein isothiocyanate dextran (molecular mass
4,000 Da)el wig F3tgo] @A F7HEE Haslth @ s&=(17
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mg/kg)e] EPE Fold Advc A% Fa&o Wiy gldloy, w2

5%(50 and 150 mg/kg)®] EPE Fo3t Agode 38 AFAF &

=

% Rl AAT Fasch B ¥ FE0) EPE Fol@ 4

37 Ae 2 A gea 2k 59 wA g9 #AR7F AAEAG

High mobility group box 1(HMGB1)E o]do] HMGlI =&

amphoterin®. 2 Eggom® H7|d5A wWE o]Fo] HJzFHo] o]}
Zo] B84 Hrt. HMGB1L 216709 oln|xito g FAEo] glon,

AR FeE A7 Afolol opmit FVIME dAEo] 98%° ol A=
F7F Aol 7t A Qb Fx2AH o7 HBGB1S 3719 9gow FA 5 0]

ath A box¢ B boxZ E#$E DNA A% FAQ Frleo Asod o]

gor, SAFE ue C-terminus(acidic tail)e] =A%ttt HMGB12
RE XIfFeE Ao FHLsA Exdte wlg FHS dwdoly,

HMGB1 #AF @l d 2 o] ~E Hig|g|o}, 2] &A=

e
Y
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9 TH°, Wang

2 Andersson %< HMGBlo] EZAUA 2 HAIHSS j7fst=
Tl gl Aol BRIl UF YL HAFJTH” . HMGB12 dIAAHELE
Eet ket AxolA ZsiA EuEe HakeA AET, 3t
Gz Ao gel 7 gy Ho| AudEY AXoME T I
8" HMGB1<& Toll-like receptor?2, Toll-like receptord®} &
AEZEA FE&A 28T + dor, o474 ®HIAd Jzes Ty,
Ay )5, F3I4 MAE olE, AESA AbelE7F] EH|(tumor



necrosis factor—a, interleukin-18) & G2A]71t}20 28,

o}

o} %

HE

Q1 7toll A

5

o
L

HMGB1

AREEEER

e

1
|

5 3lom, o

s

7W7F &

o
ﬂu

]
=

51d

g]

3t 189Y Tsung, Watanabe S& 7F

al

TS B

HI7F Z7]o] S7HE]

HMGB19] +

1
| .

=3A ol

o]

gy

=3y}
S — mouse

A okl %2 Ulloa

)

ol

wH
i

Aol BFHAE 2427 Hel EP

1591}

glo
= U

| FAEE

% HMGB1o

a, LPS T4 A EPel 93] &

H 113

Aol A

Al
=

)

5

—_L
=

w3l LPS & macrophage like cell(RAW 264.7)2 =t

NFkB¢} p38

3o

o

EPE

o, HMGBI19]

)

mitogen activated protein kinase? ZA3E A

Miyaji

STk,

B

H

ol
Ton

or

!

jans
i)

17



A WAAR Hasa oy, obF7A FHE AdF A

e 383 WA A @k,
$d ARF  SRAelE AEIA B ohjE  MEAN

1

(apoptosis)&E #Zo] A B, Bell & thkst Azujt 28S

oZ,
ol
-
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Abstract

Ethyl Pyruvate Ameliorates Renal Ischemia-reperfusion Injury

Gyu Young Jeong

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Yu Seun Kim)

Reactive oxygen species (ROS) contribute significantly to
i1schemia-reperfusion injury and are associated with the gradual loss of
renal function and renal failure after renal transplantation. Pyruvate is
an endogenous antioxidant but its use as a therapeutic agent in treating
conditions mediated by oxidative stress is limited by its poor stability
in solution. However, ethyl pyruvate (EP), a soluble pyruvate
derivative, has far greater stability than pyruvate and thus may serve
as a practical pyruvate precursor. Therefore, we assessed the ability
of EP to prevent renal ischemia-reperfusion injury.

Sprague-Dawley rats were subjected to 40 minutes of renal warm

i1schemia. The animals were divided into three groups: the sham group
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without warm ischemia, the EP group (EP given before ischemia), and
the ischemic control. Serum creatinine and TNF-a were measured 1, 3
and 5 days after ischemia. The expression of high mobility group box-
1 (HMGB-1), a delayed inflammatory mediator, was also assessed by
Western blot from renal specimens.

In the EP group, there were late improvements in serum creatinine
and TNF-a compared with the ischemic control. Based on this delayed
effect, we assessed HMGB-1 expression in renal tissue. HMGB-1
expression increased with time in the ischemia process, and EP
suppressed HMGB-1 expression 3 and 5 days after renal ischemia-
reperfusion injury.

These results demonstrate for the first time that EP ameliorates
renal ischemia-reperfusion injury. EP attenuates the renal ischemia-
reperfusion injury at least in part by suppressing HMGB-1, a late

mediator of delayed inflammation.

Key Words: ethyl pyruvate, high mobility group box-1, renal ischemia-

reperfusion
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