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The Role of HMGB1 and the Effect of Ethyl
Pyruvate on Ischemia and Reperfusion Injury of
Rat Kidney
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Purpose: High mobility group box-1 (HMGB1) was identified
as a DNA binding protein that functions as a co-factor for
proper transcriptional regulation in somatic cells. Extra-
cellular HMGB1 acts as a potent pro-inflammatory cytokine
that contributes to the pathogenesis of diverse inflammatory
and infectious disorders. Ethyl pyruvate (EP), a stable
aliphatic ester derived from pyruvic acid is the first described
pharmacological inhibitor for HMGB1 secretion. We designed
this study to identify the change of HMGB1 expression in
rat kidney tissues of ischemia reperfusion injury and the
effect of EP on the expression of HMGB1. Methods:
Sprague-Dawley rats (200~300 g) were subjected to 40
minutes of renal warm ischemia. The animals were divided
into three groups: sham group without warm ischemia, the
EP group (EP given before ischemia), and the ischemic
control group. Kidneys were harvested and serum creatinine,
IL-1 and IL-6 were measured at 6hours, 1 day, 3 days and
5 days after reperfusion. Immunohistochemical stain of
HMGB-1 was done. Results: Serum creatinine and IL-1 level
were elevated in ischemic control group and EP injection
group. In EP injection group, serum creatinine and IL-1 level
were lower than the ischemic control group. In the rat 40
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minutes ischemia reperfusion model, HMGB1 expression
was increased at 6 hours after reperfusion. which was
decreased gradually at 1 day, 3 days, and 5 days after
reperfusion. HMGB1 expression was more distinct at outer
medullary area. intraperitoneal EP injection has no effect on
the expression of HMGB1. Conclusion: From these results,
we deduced a conclusion that the preventive effect of EP
on the rat kidney ischemia reperfusion injury is not by the
decreased expression of HMGB1 but by the prevention of
the release of the HMGB1. (J Korean Soc Transplant
2007;21:234-240)
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7137& B A 4=Z(reactive
oxygen species (ROS)), 54! #}o] E7}2] (inflammatory cy-
tokine) ‘5ol 213k 2 FelH el EgllA Algtsto] o]
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associated molecular pattern (DAMP)S 2143}l ligand$l
Toll like receptor (TLR)7} 4t}.(3) TLRE A= 23 &
A7 A= YA ezl DAMPO+= heat shock protein
(HSP)Z} High-mobility group box 1 (HMGBI1)°] Slt}.(4)
High-mobility group box 1 (HMGB1)< B & Ef5& 2%
Aol FH sl A E3E 8= nonhistone chromatin & ©l
Mo g 216709 opw|:=ito® FA o] glow AX 7ot
QA 7ZF Aolof] ofu| At ¢17] Al UX|go] 98%0l| o] & &
EZ F7 Aozt A9 firh(5) HMGBIL d5HEs2] o
E# z7] #Ao]EF}Q1Ql tumor necrosis factor alpha (TNF-
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@)} Interleukin-1 (IL-1)oll ¥]3l] s&F2] *7]7A ol Hod
sl AZuNAE g A Qlrh(6,7) HMGB1IS Al WS
Zeof] 2EEHAUE ] oA el tollA] SEH o g
= o] TNF- e 59 Ao|E71Ql Hu] & Fukeie}(8) 3 Ad
% EdollA] HMGB1e 51hed §4F 184]7F Fof] Aol 4]
folstA Frtsle Ao E Hasn uwlghi] HMGBLE %
EZE G X5 XSATNE G AF T ks HollA
2 Z8A4el Ak 3 5 k(7)) HELol 98t 554
Hu] 9ol = HMGBI-E A E9] E4ol Q84 5508
FZE o]d A 2% HMGBIo| TLR® ¥H2&}il TLR

= AlEW AZAE E29 MyDsgel| 23k Az AL 14

—
o
=

71X NF-« BE 8493t} 454 Aol 27k EHlE
F43teh(9) HMGB19] 554 LulE dAlshs =42
Ethyl Pyruvate (EP), Acetylcholine, Nicotine, Stearoyl Lysopho-
sphatydylcholine 5| €¢&#HA Qlr}.(10-12)

B AT 219 A% N AT £ ZAL ol §
oll 4] EPS] Folol olall Aol 318 AIF £4bol ol
B skgik(13) o]edt 23k= HMGB1| wdd
¢ el oizlel QlabEl Aoz wukEgld).

oWl A7 A, 2] 318 A3F E4boll A HMGBIS]
3o ofal Z17} gt shelek. F 318 AT £l
olelf HMGB12] Rrdo] oA el F 9 A=z Foll
A Sl o] st & B A daA seleh
EAlZE EPe] Folo] o8k wrh ke el Az oA
2] HMGB19] & Aol 23 ZANA] obv] HMGBI12]
ol M7t glo] 553 £hl Aol o3 AUA
Hsl7] 91, EPS| Foiof wh== HMGB1S| dl Wets
Wl 243 AL Feto] WA seleh
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Sprague Dawly rat (200~300 g)< ketamin 73] FAZ
wF F < ol Bl 24 st AFAMNE FF A
gt w2 2 AP AEuUH A3UE B
AAEZ FFobA ARE AL 4027 HE S RS F A

—-20 min 0 40 min 6 hrs
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Sprague-Dawly rat 20m}2] & AFFET-(m=4), EP Fol-
(1=8), 27 H P2 T0=8) 2% 1ol Adds}le
AFETS ASAMNE Adste] &4 9 diAS 9 &
74 gre g =FA AT} #4833tk EP Ringer’s ethyl
pyruvate solution (REPS)S] Ae]Z o]t ztelgt ¥ 4173
It AR RE FHSslel EP Fo7 €A 2080
REPSE- rat9] kg EP 100 mge] £330 & H7h Fojsla
AT Aol E e EFE Folaglct ddzT
] A 204 ol] Ringer’s lactated solution lccE Foistal zH
T AFoll= 1 ccE Foslsieh 7 tHE 247} onfeE| 4
A7, 194, 38, L8|a 594 ketamineS E7H F

ofsto] WA ¥ UG AEA Nl AR2AE A2
o3, ol 2R Sl FHe| usn ¢ ohe 3]

A&k ek (Fig. 1).
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3) Serum creatinine, IL-1 2! IL-6 S &X

ZF TollA E T A E AQF 3 dAE dAEEs
of IS Ao, Leld Yoz Ry I 4
olel & =439 ch(Vitros®, Johnson & Johnson, USA).
Sk ELISA (Enzyme Linked Immuno-Solbent Assay) (Bender
MedSystem, Austria, Europe)= ©]-&3}o] IL-1, IL-69] 55
55 AFH o2 248t A% A ELISA
plate A|ZAllA] AlFgE AP S whgkon, d2kl A
A= otdlel 2} 50 £L9] standard diluent bufferE zero
welle] W3, 50 2L v5 M IFEN A 5E&Hs 7
wellel] W2 t}&- anti-IL-1, anti-IL-6 (BioSource International,
Inc., US) &4 50 L& 7+ welloll Wo] E3tslar 4ol A
IA1ZE 3027 vb A H Y A5 S AAZE 3 A buffer
2 33] A"l 2 % streptavidin-HRP working solution
100 £ L& ZF wellol] L 4557 Aol A vb-SA At
A buffer thA] 33] AlFslar, 100 L2 WAAE 7 well
ol T o StollA] 3047k HEGAIFLE HEH R

yo 3
100 1 L9] stop solutions Z+ wellol] ¥ 31, microplate reader”]

S w T

3 day 5 day

t1 a1

EP injection Renal pedicle Reperfusion Harvest Harvest Harvest Harvest
100 mg/kg clamping and and and and
sampling  sampling sampling  sampling X . .
EP injection Fig. 1. Ischemia reperfusion injury,
100 mg/kg harvest and sampling.
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Table 1. Serum creatinine level, 40 minutes ischemia and

reperfusion
Time after reperfusion
6 hr 1 day 3 days 5 days
EP group (n=2) 0.9 2.5 2.5 29
Control group (n=2)  0.95 2.65 35 4.1
Sham group (n=1) 0.3 0.7 0.8 0.3

EP group = EP injection group; Control group = Ischemic control
group; Sham group = Sham operation group; Unit = mg/dL.

Table 2. Serum IL-1 level, 40 minutes ischemia and reperfusion

Wl 2438 Qe gstol shebslel Eolg 24& of
4ume] FAZ Aok fel Febol ol BArsto] Fi]

=

A=A At 23S xylene Yol 23] A 2|% 100%, 95%,
80%, 70% LTLE WAH 0 o] Gsto] shepal S AAe
I Z779}, QA A3 4= (phosphate buffered saline) 2 Al
A3t o] F 3% AL TE HElsle] WA pero-
Xidase® Aehlch A 3L 510] aypsin L
o] & 1587 B3 A A

Table 3. Serum IL6 level, 40 minutes ischemia and reperfusion

Time after reperfusion

Time after reperfusion

6 hr 1 day 3 days 5 days 6 hr 1 day 3 days 5 days
EP group (n=2) 0.005 1.62 3.65 0.015 EP group (n=2) 0 0 0 0
Control group (n=2) 2.23 2.065 3.255 4.05 Control group (n=2) 0 211.6 24 64.3
Sham group (n=1) 1.62 1.62 1.62 1.22 Sham group (n=1) 04 0 0 0

EP group = EP injection group; Control group = Ischemic control
group; Sham group = Sham operation group; Unit = mg/dL.

EP group = EP injection group; Control group = Ischemic control
group; Sham group = Sham operation group; Unit = mg/dL.

oS

Sham op.

Rep. 6 hours

Rep. 1 day

.

Rep. 3 days

Rep. 5 days

Fig. 2. Immunohistochemical stain in sham operation and ischemic control rat kidney (x12.5) Increased HMGBI1 expression at reperfusion
6 hours, HMGBI expression is gradually diminished at reperfusion 1 day, 3 days, and 5 days (1:1000 antiHMGBI1 antibody,
Shamp op. = Sham operaion, Rep. 6 hours, 1 day, 3 days, 5 days = reperfusion 6 hours, 1 day, 3 days, and 5 days each) (c

= cortex, os = outer strip of outer medulla, is = inner strip of outer medulla, im = inner medulla).
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Uz} A E 1:10002- 2 3] 4 st HMGB134| (Novus bio-
logicals, Littleton, CO, USA)E AFg-slo] 4°CollA] 124] 7} Hl
AL QA ASiFR S8 23] AlFela 110002
3] 43¢t o|x} ¢A|(donky anti-rabbit poly-clonal antibody)E-

A2of|A 1A7F BEgA]F|a Ak AR AlE F

3,3’-diaminobenzidine-tetrahydrochloride 2 ¥FAgt & =z ]

A ARSA g et =g AAeleleh
5) 2 2A0lel Hlzm

g4 =elobelds 4 TNF-a ol tigt & 37719
137k Yeu ol A & = A
MAG7E Aol A FAZE BA kg =24

Sham op.

Rep. 6 hours

Rep. 1 day

Rep. 3 days

Rep. 5 days

Fig. 3. Immunohistochemical stain in sham operation and ischemic control rat kidney (outer medulla x200) (1:1,000 antiHMGBI1 antibody,
Shamp op. = Sham operaion, Rep. 6 hours, 1 day, 3 days, 5 days = reperfusion 6 hours, 1 day, 3 days, and 5 days each).

« Control

EP

Reperfusion 6 hours Reperfusion 1 day

Reperfusion 3 days Reperfusion 5 days

Fig. 4. Compare of HMGBI expression between ischemic control group and EP injection group at reperfusion 6 hours, 1 day, 3 days,
and 5 days (control=control group, EP = Ep injection group) (1:1,000, outer medulla *200).
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t EA0] ok 9 24 LebolSol4 oz Wt AT
of A AEE 0 (A3 o] & BE B, 1 (el
el el = 49, 2 Sz AELeA el 9

= 79,3 (@5 AEDNA sl Gale] 5t 7
$FOE SFE trold Wela T Gl
A5E Gaehe] vlmelelet.

= at
1) Serum creatine, IL-1, IL-6 X

g4 Fdlobelde A7 194 5E F7tslr] A&t
3dAet 5YA AL =2 TAE Ech EP FoT
Z7 B AEETel vl =2 Zdoteld X E B
Sd AT Sl FAlsHAl H Zlo] E}l ¥ Ylrk(Table
D). ¥4 IL-13} IL-6= 2 EP Fo 7ol thzTol| H|3

< THE B ok(Table 2, 3), 4 IL-6 ¢ 75 /A
b 29 Apol7h A#A F Y W AMAITE HA ok

o2

3 HMGBIS] 27 Wl 19, 320, SUA 2 A7ko] 2
S 9% wdle] pasE o] WA TkFg. 2, 3.
HMGB1 W& 9] F7k= 417-2] outer medulla’f-#]ell 4] F-&1
shA| BEE 9 ckFig. 2, 3), HMGB1S] WS Y =T
3} EP %ol Aololq ulm 9w AT 647l
EP Sol o4 Hdle] Zrelt A% & 4 qlglort Ale
7+ 19, 3%, s¢Aldl= 2 xbol7l glsich(Fig. 4).
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Ao 2] L&A A AA HE Y AT E4L
o]Al & FA Al AL} olof] W2 FA AlV]s HAS
Z g Wk ole}, WAl o] A V) FHAS Zels}
© T3 99le] Evh(14) A MW7 4L AlAe]4]
FEolgoE B1 dlEsuT F& 5 AAe gz dR7)
Haste BE FE 52 g4 ASddE 22 e
9 Aoz Ayls FAL Xkl (15,16) ¥ut olvzt
Az, A, 7 B 5 ol A7) w3kl AstoA s o
Al Y AP E4o] A7) 75 Ao g AYsts A
off NS ARt ek 38 ABF{F EFL P Y =
AEA B AFF Aol 27 E4bo] HA o AskA WA
=, o]z A7 ol MBreta o JAE X E
MAL Aol A 1 2% EAL diste WS A &
I vk A7 HAA o] HE AT £42] okl o
g FExeF Qu)E ZA wHEa 9

2 £49 W Al daliAe AFA %
A7t Ao} ghedl A Bds ol FA A4S,
Aol E7Q1 Foll 93t Fel A £43 o]d] o]ofRl
H| So]# &2 SolF wWoutgol o3t dFukso| 3t &
ol o3t FAZ 1At gk A4l o] 7|4l &
A+e} @ 4= Hemeoxygenase-1 5-©| ¥ tf o7 ATy
3 Utk (17) & ATl HE A Sl 23t EE
A 22 £4o] Sold WAntgs FWAT= A A
HMGBI1©] 3}= 9&5 sl Kzt &gl
A Abel] 232 ol 41 2] HMGB12] B4 el #slol] sl 4]
© ot Had A AT WA 24, Zhang 5(18)2 F
o] ddF 2ol 4], A, 7 £ 2F ¢4 HMGB19|
m-RNA7} Z7138kc}ar B 33l 9ic}. Akaike 5(19)2 intes-
tinial type2] $1GAZEZZ ol A diffuse type] $GA|EZZ]
Xt} HMGBI12 Wheo] Z718kcha 61913, Popovic 5(20)
< Lupus erythematosus $FA}2] 3] K22l ol| 4 HMGB12] %
o] Zrlgtcta 19} Ulfgren 5(21)< polymyositis 2}
dermatomyositis 3F2}Foll 4] 715 HMGB19] W& o] o &-3F
9] ZH|Ro|E Fofo o3l Ak &gl
£ Aol A 8 AFF E4ol4 HMGB19
W WoHE W23 o sl Kzt s
g, 1:1000 o} 2F 52 4] FRoA+= Ao RE AX
oflA ¢dAo] Hof xto]E &l & F Ao, 1:1000 &
9] A FollA B 2ol vlsl &8 APFe A
Aol A ol Xpol7} oo S = Uik HMGB19
Z 2] AL medulla 9] £3] outer medulla F-$]ol] 4] W+l
o] T7tsl= AR Wt ol A4 HE ARy &£
ol 53] proximal tubuleol| ] FE A FAES A
u o]} dE wW3tE A7tEich HMGBI ¥WHale] Z71=
AT oA MR B e AT 19, 3Y, 5YE A
Zro] Aapem A v ZE #Q18kelek. Yang?} Ochani
(7)= F1¢] Fubedol] o3t s F 2ol A] &4 18417
] W HMGBI1o| S71gtelar Bl sd], 2% ol A
o W Z7he EAW SUbE 94 vehve 2o 3
gt
EP+= pyruvate$} ethanol 2 5-8] 34 =9 27 (22) Ringer’s
ethyl pyruvate solution (REPS)2] S eljol| 4] EP} Zr | 3%
Bl o] o] APFo 2] M-S FAAZE T Urk(23)
Tsung S (24)< 7He] 1€ 37 £ 2ulellA Epot
lactated Ringer’s solutions ™ FA}slo] EP FoffollA] &
% transaminase ¥ A BE, TAT Aol fv] A
et Basglt ole Ao Bkl FHlo| Hojste
NF- k B &4]o] oA|w]o] dFA4 so|Balele] Hagdow
A A7) ZAzekar skdck. Uchiyama 5(25)<, 519 4
2 At " AT E8A 3 ARkl hydrophilic
macromolecule 2! fluorescein isothiocyanate dextran (mole-
cular mass 4,000 Da)ol] gt F3}-&o] A Z7tsl=ul,
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< 5517 mg/kg)ﬂ EPE
Hak7h glglon}, =2 F5(50 and 150 mg/kg)2] EPS
ol 7é%°ﬂ‘ 518 AT ol g AFIAo] &
£ A& glsldit) Ulloa 52602 < 1"
Edlol|2] EPY| Foi7} XAHES A AT o3t
EP9| &7+ HMGBI19| 8] E Ao 24 vephdoha
33t

Fog A4 A

T

A17ke] 01 A7 EZNA Yeld= EPS I
HMGBI19] Aol ogk Q1A 32 HMGB19| 4]

AA et Aol RS BAsty] 9lste] EP Fol T3t
39 tl=72 HMGB19] 2l ok4-g- n| 3k Aol 4] )
B 194, 3LA, 5DAol]l ol Z Hpo]E e £ ¢l
don 2] A 64171 2] EPFol ol A= HMGBI
o] uhelo] Z7lE e Ao g WAH ) ojei et Ao EP
9] Eojoll ¢]3l] HMGB19 554 5u|7} A5 o] AE

o] ZHFo] Qleo gy o]y o] ZlEE Aog
ks wlgba] EPO] Folof o3t #¥ ARF oAt
£ HMGB19| W¥lof| ks FolA] 2}r] Hrle olu] &4

A 24 %2 047l Tel A HMGBLS) $H] S 744

AozH vehte d49 Aer F4H
| g

Fo Az 5" ARF E4oll4 HMGB1E] W o] 3t

§ 6417l 58] Outer Medulla -]l 4] 57}51-5— 7; |

Z =glom, ot a9 Frhe AT 19, 3%, 59A

A|7ko] Zasti Al At Zhazsldek. Al °1°é Zﬂ%v
£4ollA vehE EPS] A7/} HMGB19| W A Alof] ¢
g 719014 32 HMGB19] £1] A9} d3ts]o] QIE=AE
gelslr] 9lste] EP Fol73 ¥ iz HMGB19| 2
A s vlast A AFF 6A17AS] EPFod ol A]
HMGBI1¢] W&lo] &¥ vzl vl F7t=dctrt o] %
ANDF 1940, 3°A, 5UAoll A= FtollA kol 7} AekA]
L Zlo] #AE| Q). olet Azt EPY Folo 93
HMGB19] 554 £u]7} dAl=o] AlEol] ZA=o] 3l

Fo M e3le] dAle] FrtElE Ao Jekyw ulehA]
EP2| Fofoll 23t &Y A7 oA adt= HMGB19| i

ol A& FolA 7| Hebe oln] £4d 27 22 i
;Lmsﬂ-?—oﬂxi HMGB19] En]& 7247024 Uehts
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