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2 : 5go] o]Fold T AAFEHUEA dojdrt 3F HAF &4
A7)9F EAdstE WM 7} B[t cytokine©| T} Cytokine2 Zrgolu HYRES, €5 52
Z *}0191 /}li%j‘?a}%’é‘i S S7H7Ie AS JESA cytokineo]2} gt & AN AHAESS 31?%

1924 cytokine$! IL-la, IL-1p, IL-2, IL-3, IL-5, IL-6, eotaxin, MCP-1, MDC, MIP-
RANTES TARC IFNyQ] Hi3}E ol wgpet,
2 A BFE olgsto] A2 247 1B, 4A7E 3B, 06Xt B LR TR, F 96mt
ﬂ«l *@Hé A8kt S EAAE Y2dEEHS Mlg l%—‘}@l et al, 7t 382 AHF ATt
E}E} OA|ZE, 2A1ZE, 4A17E, 8 m 16A1ZF0. 2 A EF8Hch AR A7t whet AFHE AR & AAolA
< AHetgct HL 23t 3 ELISA B4 S 0] 8519 IL-1a, IL-1p, IL-2, IL-3, IL-5, IL-6, eotaxin, MCP-1,
MDC, MIP-10, RANTES, TARC, IFNy9] 555 &435}o tf&t 22 AaE It
137]9] cytokine F=+= | EAIZte] what Tej3 AEF Azl wheh §oJ3t Zol7h ek 8 24174
IL-109} IL-3& ARG §94 A S7HE 9L, ABF T MIP-1aE AQd 2E cytokineE2 5715+
oo, MCP-13 TARCZ A&7 16417t 7Hd w2 522 FHE T 318 4X7h2ol A TARCREo] BAtt 2+
Hoh o4 A S7HEI oY, ABF T BE cytokineES ATF 447t o|Fof Fradhe AFgoz IHE
8|8 6A|7FEoA] IL-2, IL-3, MCP-1, TARCS AR $94 JA 271593, AR 1647k IL-39
MCP-1°] #9143 QA F7H= St
o|e] AE T, 5|82 WHFA cytokined AR LR F7H71E AL & £
T} 6A17F 38 TEE IL-1a, IL-3, MCP-1, TARCZ A#H 37717 H1d &2 552 SAHE
4= AU

._.

SOty 2 A, 9295 H, 38, AAF &4, I EFA cytokine

A = A e R A E5tA AT B3 54 E¢ 1

Ao g Qe HEF, ALENS /\]'7\] 38 Fol= T4

5@ A7 &4 (ischemia-reperfusion injury)& 18  FQl 27 &A4o] FUETH2]. AT APLY Helo]
T ARV AT HuA st A2 AL B ot 7|k Ste 38 AAF &Y F8 dde Aot
[3]. 95983 27 B 74EA] 7IL A=Y TAke}

ARE)E el 2WEE slo|=akel g a3y L-0]-& (superoxide anion), T4+l Eﬂ'ﬁ\—ﬂ eroxyl
AZHE)E o AT HHste ol uATt 9SS wIYTh (sup ' ro N !
DA A oot 2 radical), =AF7] (hydroxyl radical) S 22 A At47]
ZA-$-H : seoyk75@hanyang.ac kr (reactive oxygen species)2t B/J3hel WEFolTh[14]. &
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3te WE 1= HAuhEo] Bofsts AEZESS A5t
cytokine< EH|3}A Stch[5].

Cytokine> AlZ EHo| = +&A % F=a-gst
of Az 54 W3S olEfU= ZYPEe|E &3
Z2(6], g58sd HYureS 2EAT(7]. AESA
cytokine (pro-inflammatory cytokine)< F3HMH-S &3
A7 AEE oAl o G Fi v RAEA
cytokine (anti-inflammatory cytokine)2 @5 T4AAl7]
I AFE AN 98-S (8] Koh 591 1%

3t Ao Ae IESFA cytokined FHFA cytokine
o] A& #& & o|F1L glo] ol fAHAT &
Atelo] Fo] MAA HH FFHhgo] HAYstE= Ao
2t Gt AEAFAE 2 FHFA cytokine 7He] 2E
2 G59s 28 IS Sk wEA JE AYBAF £
ol dold wf THEE cytokine] +2|= AF5H &4

£ ddsts AR o]&d £ vty d#A Ut

B

r
O:

[10,11].

Zhang 5[7]1& F9 Ao oS 53
3 ¥, ML cytokine?] FE| Xol7h YTk 3H
Gravante 5 [12]2 79 sjut& 3181} A&7 & F =3
%]+ tumor necrosis factor-o (TNF-a)2} interleukin (IL)-1(
7t BeEe] JHe o ST Yassin 131
A S8 AT E40] ADSA cytokined WA
S-S 771 71, Sjuh, T8 Soll BolE €&

G 1
ot stgek 28 7129 AFE 2 cytokine?HS o
=2 A
nn Pe)

ST

-

cytokine®] W32 }elgt 3

oo A= AFY d2FBFUE 247, 4A7E 6
AZEOZ Wieo] SEAIZL - 0AIZE, 2413, 4A13E, 8L,
16Xkl A7 stie o, BNM JAHSA cytokine
ol IL-1a, IL-1B, IL-2, IL-3, IL-5, IL-6, eotaxin, monocyte
chemoattractant protein-1 (MCP-1), macrophage derived
chemokine (MDC), macrophage inflammatory protein-1la.
(MIP-1a), regulated uponactivation normal T cell express-
ed and secreted (RANTES), thymus and activation regulat-
ed chemokine (TARC), interferon y (IFNy)2] H3-E o}
wag 2 g AN

Mz W U

dFdsty FEddIALIZRE SAHY-
IACUC-14-0071)& &2 % L 2E ubo] 2 (Orient

Co., Seongnam, Korea)o|A] 8% ICRA +H AFE
@13} specific pathogen free (SPF) A E 5 &4 A 43
e ARSI AdEEe] 1270 HAUE o, B
Z73 AT wet 2417, 4A17E 6AIME SR SR
sto], Z+zF A EF OAIZEE, 2417, 4X 7, 8AIZHE, 16
NZFEoR BAYE BRI 2 2T coled 3 96
utel g Agst e

2.4

el

S= XX

Zoletil® (Virbac, France)¥} Rompun® (Bayer, Korea)=
1:1 H]&2 ST SRS AL dpet 1:9 HERE 3
At =gt vt HtE AP E AF 10g9 0.1mL
2 Bt DA AT BRE T T, 429
Foig AFE BRUAR 242 2417, 47, 6417 Bt
slEA o, S| Fet FRHER A2S FAAH
o 38 & EHAAE AASH ABFAI7IZ FE &
Fo| fRE FFsIAT AT 0AIZE, 2417, 4A1%E, 84]
Zh 164170 AP s e A vHHAIZ & AAelA &
He AT AR AFTES uhF F ofF
A AAE A geH, AAolA EHE YF e &
B2 7500 (pm &2 4°Cofl A 208 2 PHEsto] &
e den, B4 A7tA -70°Co] Bt

3. ELISA St

g3 9| IL-1a, IL-14, IL-2, IL-3, IL-5, IL-6, eotaxin,
MCP-1, MDC, MIP-1a, RANTES, TARC, IFNy¢] &&=
W3S ZA43817] Y3 ELISA kit (Q-Plex ™ Array, Quan-
sysbio, USA)E AME-3} %t}

2E Aok 8FHS AL AUYE H antigen standard
powder®]| sample diluent 500 uLE gl 3 X3}4t. 96
wello] 47} )43 standard® 50 LY HL = A8
oA 500 rpm SE=Z 1AIZF Fet wRE7] oA EFAIH
T}. Wash buffer2 33| Hl& & detection mix-&2-S 50 uL
A Pe T HRoA 500 rpm HEZ 1A7F FF w7
QoA ¥ESAI R 33] A& $ streptavidin-HRP-§--
50 LA @2 F A20]4 500 rpm £E 2 158 59 &
7] elell A ¥ESAIF T 63] AlA F A9 BEHS E3s)
o] 50 LA Y11 158 Yol ChemiDoc XRS Plus System
(Bio-Rad, USA)2. 2 #93trt &9H ATE Q-Plex™
SOFTWARE (Quansysbio, USA)Z £43}¢]t}.

4. K2 M

5744 cytokine FE+ oA (outlier)E |83t 3



A FA Blold ghe A% F, IBM SPSS statistics 21
ver. (SPSS Inc., Chicago, USA)S AR&3dte] EA4314tt.
AA 8 A 7hol T2 cytokine?] HEAFo|9}t 7+ FEF A
ZHAIZL, 4AIZE, 6A1Zh ol A R AlTtel]l WE cytokine
9] x=2}o]= Kruskal-Wallis testS o] -&3Fo] BA5}¢ 11,
23t vlalste] @ ATk W cytokined] F&
Z}o]= Mann-Whitney testE o|-&3to] EX35tHth £4
S 5o 92 RE ARt WY BEEAR Yy,
EAA Fo+FL Kruskal-Wallis test:= p<0.05, Mann-
Whitney test:= p<0.01252 A3}t

g 6A 72 A e IL-2, IL-3, MCP-1, TARCO| A §-2]4
o] HEUE 318 247k} 3| 4A7HES B WS
< 4 cytokineE9] FZl= F240] §13lem, 318 24
oA BEE IL-lo= 38 AR §94 A
AAE R, TARCS 3|8 6AIZHET 94 A 7}
st 884X S8 oA B S e
cytokineE9] sEoll= 52940 §13th(Table 1).

5|E 2417k oA AR ATt ©E cytokine= 9
27} B AL IL-1a, IL-1P, IL-2, IL-3, IL-5, IL-6, eo-
taxin, MCP-1, MDC, RANTES, TARC, IENyol| A -§2]4]
°] A%en, MIP-la2 #24°] SiSlth MIP-la& A9
gk 12709 cytokines2 ATF 2417k A7 0A7HY
FEED §94 JA FUHEAL, AR 4417 8AIZE
16A1Z ol A7 2A22 3 B 8tAY e 7
S R4t} Eotaxin®} MCP-1, TARCS A5 1647k
FE7F A ks AEFE Bol7|E sttt (Fig. la).

S8 4AZE WolA ARF ATt ©E cytokineE 9
Z7} B 2= BE cytokineSolA A A =
HAch IL-1BE A3 12719 cytokineES A TF 24]
Zroll A7 0AIZHY 2ot 94 A F7HE A
IL-1a, IL-2, IL-3, IL-5, IL-6, MCP-1, MIP-1c., RANTES,
IFNy= A&F 4A177HA] 5715 2, eotaxin@ MDC,
TARCZ A&7 247t o] % HaEE FAFeE BHEHI
t}(Fig. 1b).

3d 6AI7HE WA ABF At 2 cytokine S
71 B g4 E IL-1a, IL-2, IL-3, IL-5, MCP-1, IFNYy9]|

%

T T

Table 1. Mean levels of cytokine concentration in serum according to the ischemia time.

TARC
1640.9

RANTES

MIP-1a
1230.1

MDC

4505.1

MCP-1
5717.1

IL-6
1338.4

Cytokines
IL-5
1059.9

IL-3
840.6

IL-2

IL-1B
309.6

IFNy IL-la

915.8

Eotaxin
4620.4

a

Groups

1370.1

1004.0

587.9

Normal

Control

+629.1
1991.5

+365.9
1325.5

+740.5
1254.5

+2334.8
2155.2

+204.1
829.3

+514.8
1384.5

+209.8
1222.3

+189.4
1251.0

+336.3
1340.5

+255.9
579.5

+277.9
1146.8

+310.5
963.2

+1866.9
4530.2

2-hour

Ischemia

+594.0
3866.0

+277.1
1729.8

+751.4
959.5

+1012.6
3830.8

+345.1
1776.5

+601.8
1631.3

+330.3
1868.0

+280.6
1168.2

+510.4
1306.5

+374.5
558.8

+2154
943.8

+336.9
903.3

+2192.8
8779.2

4-hour

+415.3 +2355.7

+168.3
1095.7

+2044.1

3401.5

+1945.9
1003.8

+979.4

1655.2

+1311.7
1391.2

+757.8 +234.7 +242.2
1601.5 1325.5

286.3

+451.4
542.5

+206.5

1297.5

+4208.3
7798.0

6-hour

+3253 +298.8 +318.2 +243.7 +207.7 +681.9 +137.1 +2256.3 +440.2
3.874 1.184 0.176

+2289.0

+5335.8

16.128**

6.433

4.524

9.962*

11.536** 6.267

7.954*

11.191*

6.546

4.641

b

H-statistics

c

Multiple comparisons
Normal vs. 2-hour

—-1.42

—1.033

—2.582%
—2.324
-2.711%
—0.241
-0.722
-1.121

—1.42
—1.807
—2.324*
-0.32
—1.441
-1.601

—2.84*
—1.549
—0.258
—0.801

—2.489
—3.098*
-0.913
—0.641
-0.913

Normal vs. 4-hour

—2.582%*
—2.969*
—2.402

Normal vs. 6-hour
2-hour vs. 4-hour

A cytokine?2| H5}

—2.722%
-1.761

2-hour vs. 6-hour

—2.722%
—1.281

21

“Mann-Whitney test was performed for post hoc comparisons with Bonferroni correction method. Z-scores from pair-wise comparison was presented, and one asterisk indicates an adjusted p-value of 0.0083.

Kruskal-Wallis test was performed to determine any differences between the ischemia groups including normal control group. One asterisk indicates p <0.05, and two asterisks indicate p<0.01.
*; Significant values.

4-hour vs. 6-hour

* All descriptive data are expressed as mean + SD.
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b
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Fig. 1. The changes in the concentration of cytokine in the serum
after of ischemia. Data are presented as mean (Pg/mL). Kruskal-
Wallis test was performed to determine any differences between
the reperfusion groups including the 0-hour reperfusion group as
a control group, and the levels of all cytokines were significantly
different between the reperfusion groups. Mann-Whitney test was
performed for post-hoc comparisons with Bonferroni correction
method, and one asterisk indicates an adjusted p-value of .005.

A folAo] gllem, IL-1pB, IL-6, eotaxin, MDC, MIP-
la, RANTES, TARCO| A= S-9Ao] ¢igith IL-1as A
2 gA 7| Z718FA A, IL-5% AT 24| 7bo| ZHAsh
5 AT 16417kl F7HE ATk IL-39F MCP-12 A3+
16X 7kl 3914 Al S7H=] STk (Fig. 1o).

n #
2 A4 HHH JAHFA cytokine 3|8 FA|A]
2 AZH} A2 Azbe] Aol whet Wt Ao g gl
ik
o] IL @HE F IL-1od} IL-1B= DFef thAA=
of o3 FAEEHM[14], TFFE B A TS
Z33keeh[6]. IL-2= FX o] s A= m, AAALA|
IZo Y3 F7HAZIAL(15), TRZ 9 SAikat 442
oF7| AJZIT}H16]. Serrick [16]1 7H2] &aS S HA|7|H,
AT 271 IL-27 F-9sHA S7HE ok skqith IL-3
= 243k TA 2o} vTA|Zof| &3 A= o] WP
Al ARG A RH7)52 SAAZIH([17], HES
At A S7HEL[18], EEEFNAE FolaHA L
= ALE dEA Jou(19], Xu 5202 gz 599
58 &4 & FEFA cytokine?l GM-CSF7} 571 o
IL-37} ZHAETY shgith B3 IL-5& THZ, JZ, b
A2, 35, WA 2o s AP, 35S LE
AIZITH21]. Li 5221 749 8|€ A7 &44A IL-57F
AT oA 9 oHA F7HtthaL shiet. IL-6+= tf 4]
Az, e, oAl zof o3 B/ =L, TNF-a2t IL-1p
o Amo2: HHHATY dHA ch(23]. Gravante &
(1212 A3 7te] 318 AB/FAl IL-67F F-2J3HA S7F8t
o, 53] ATF{ 6AIZHA M 2 FEE YHHGY
skt
B AY A, 38 247kl A BEE IL-1a, IL-1f, IL-
2, IL-3, IL-5, IL-62 2% A7 AT §o94 A 571
HA, AT AR o] Bld EY] FEE W
ZE Ao 518 Aol A IL-1BE A3 IL-1a, IL-2,
IL-3, IL-5, IL-6°] A&7 AF §o4 A F71ste] 44
7HA F7HE e, AR 8AIZE o] HAaEH I
AU 58 oAt A= IL-29‘r IL-5%to] 7 A% &
o A Srtstdtt 318 & FUHd ILE2 Tt}
HAIA| 2 [14], FZE([16] ,THIE, HTA 2, 35(21,22]
ol A BAEE Aoz AAEA, o5 AlZE0] 518
AZo] QL Fo T TS0 P=uL L 73A|7]|T 3
&S A5 O BT A0 2(12,16,22,24] 4=



o 3|8 2A17H oA A AR 71 7HA] v E
At 2 {EE IL-1a, [IL-35= AAF $7]9 g=4
5 AT AR Y7E

Eotaxin IL-5¢] 93] 255 o], 359 slstAdat
WAl zete] §2hS A7 S8 HEFT A
A 7 E= ALE A IHH[25]. MCP-12 HZ ¢}
SGHAG L, A FEAZ, SHH A EZ A FAE ] Hx
ToF GHAG LS BAIA7|= IS 5t (7], 24 5
g Al AR 2447 A F8HA S7HE T dE A
UTH26]. MIP-lo= THF, AT AZ, Af2A 2, 85t
AZ, AA| 2, 8, Fztof o BAE TF9
et S A=ghar g2 A QitH27]. MIP-laxs 3|1t
9] 38 A7 &AM F7HE (28], 29 518 A
F &AM E AR 24A70 7 A SEET L &
HA UTH26].

2 A, 318 2417 T} 4417 Lol A #-E eota-
xin ATF 2A|7W7FR] Z7}V8E 5 Aadt= Ao
@Q‘”htﬂ ol A/{F 27| WEA F7tsto] &

2 733N Ao F AZiEr [25], MCP-1& 38 24
ﬂr oA A B AB/F $7], & 1647kl 71
FTEE HFE. ol 249 3 A ATF 24412
oA FosHAl F7HEt= AAZTet(26] Bt o,
AHF 7l AFESS A3 A S =T Ae
2 AZLE Yok MIP-1o= 3|8 24170 6417 ol A A3t
5 Alztel AgeE FUHekARE fo42 1L, 5E
AN T A BT 4XZE o] Fofl= Hadhe Aor B
of AFuH3Y 27)9 2 283 AR (27,28] B
At

MDC+= HZA, @8, 7FA A 3, NKA| 22 oJsfiA] 2
=] 4FHeS ?—__39_2’1 1 a8 A 9loed, Richter 5
[29]12 S8 = sjuto] dFH-3o] AZlS W F7H MDC
7b slato] @SAIEY] Fd M&S ST sl
RANTES+= HAAZ, HG2A2E, WAL Fof oA
Ay = T/‘ﬂé-—E 7R A, i%:rl, NKA|Z, B]RtA| 32, &
BT T2 FATA7IH [30], 259 38 AHBF &4l
A= FosHA 7t = /\~§ 4 A SITH31]. TARCE
TR Z, PAANZ, WA Z, ZHEANE Fo] &3} =H
A ZFE Ht}H32]. Greaves 5 [33]2 TARCS WA=
oA FosHAl F7tetH, gl WAz J&E 4
gho] &S FEITAL SFATE IFN-y= HEZ 9 NKA
o] oJa) A= [34], TNF-a&} AFs}a 40 Bu|E &
J3HA]7) AL, ““d:r"—J FAEAE A8t YAz X
a2 S7HA7IH (8], 3289 3 E AuR{ &4l Tt
Aoz dHA UTH35].
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£ A4, 58 24723} 4ATFE, 6A1ZHEAIA
18 MDCE ABH A% STt AT I/ &
£3) 38 2A132 3} 4TI A E AT 24
7] 7}% Be SEE PHY 0% Ho} MDCTL AT

o i

stal AFHES 7HEAT e 98 S A Oi [29] *JPL“
2= 19tk & 2A 72T 4X| 7oA B=E RANTES
< AR 270 WEA F7RRE Aog Hol YHF X
ZHkgo BojstE A2 2(30,31] B ZE Ut TARC
7 27190 7t AEF F7I7HA] vlnA w2

FAEE Aog Hol HBF F7|7HA] EF5HHE

9 skt A0 2(32,33] A2 E T 3E 24
I 427 2ol A TEE IFN-y A7 27]0) F7H=
Ao g Hol PF 27|19 dFHSel ¥ £ A=
[8,34,35] A7+ = it

2 AgoA 3 E 6A 7oA = AF ATl wet &
AE cytokine?] 3=+ HEE Aol ¢t} Sukhot-
nik S[36]& 38 A|7to] 2A7 oA 3A|ZF, E= 2447k
° 2 ZojXH AZo YAt F7HETHAL sH=d, 2 A
AolA S8 oA AFZATTE oo fIE AL,
AF ] A2PPEHE 6AI7F Bt FEAFHLRE AL
&4 B AL F7HE 0] cytokine2] WA 24 4TS
23] skA] Z3kl7] wEoletar Az

2 o2
o]

BN
N

o off rlo M
f
oy
H

5N

B A3l A &el5tR] B3R E, tiEF el FEFureel
Z}E &3 A TNF-aof t3t 27120l Ago] Helg] ol gt
o2 AZE, sl Aoy wt SR &
31"%‘_‘ cytokine®] ¥ =7} AE ] TA}F WjEQlR] s

ARE F7RIE, 6A17F 318 Al Uehd AdAate] o
3 o ZHA|8] = 5= S Ao AZ4E B3 F4H
34 cytokine] W3t 7 &2ste] 3d R LAt
w2t FHF4 cytokineo] HB7L =4, 12 EFA
cytokine®] ¥AZIe} A TB/A T} =R = ERlste]opFltt.
olggt o7 AAZdnso| HAHETH, 3|8 YAF{ Al &
dolu A5 AFEE cytokineo] AHEE 4= & Aolzt
Az, o Yobrt & A= g qAdsts dl =ee &
o= ok AZbE
ool AmE FTSHH, 82 AESA ¢

Azl S/ e & & 9\191-9‘:4 71
cytokine52 3877t ABFFAI| GE FFTHSS

st B Aol A4
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Abstract : Ischemia-reperfusion injury arises from the restoration of blood supply after ischemia. Both reactive
oxygen species and various cytokines produced by activated immune cells are the primary causal risk factors for
ischemic injury.

Cytokines are intercellular signaling substances for regulating any infection, immune reactions and inflamma-
tion, and pro-inflammatory cytokines adversely affect any diseases through an increase in inflammatory reaction.
This study was conducted to investigate whether the periods of reperfusion after ischemia result in any changes of
pro-inflammatory cytokines in the serum, including IL-1a, IL-1f, IL-2, IL-3, IL-5, IL-6, Eotaxin, MCP-1, MDC,
MIP-1a, RANTES, TARC, IFNJ.

A total of 96 male mice aged at 12 weeks was used in this study, and the groups of ischemia were divided into
the following three different groups: 2-hour, 4-hour, and 6-hour ischemia groups. For the object of ischemic injury,
the left common iliac artery was clamped by vascular clamp, each ischemia group was subdivided into 5 different
groups according to the periods of reperfusion: 0-, 2-, 4-, 8-, and 16-hour reperfusion time. Blood samples after
general anesthesia were collected from the mice hearts, and the serum was separated from them. The concentration
of pro-inflammatory cytokines (IL-1a, IL-1§, IL-2, IL-3, IL-5, IL-6, Eotaxin, MCP-1, MDC, MIP-1a, RANTES,
TARC, IFNJ) in the serum was measured by ELISA, and the following results were acquired.

The concentrations of the 13 pro-inflammatory cytokines were significantly different in accordance with the
periods of ischemia and the reperfusion time. In 2-hour ischemia group, IL-1a and IL-3 were increaed compared
to normal control group, and 12 cytokines were increased followed by reperfusion except for MIP-1a. MCP-
1 and TARC were expressed as the highest concentration in the 16-hour reperfusion time. In 4-hour ischemia
group, TARC was significant differences with normal control group, and the concentration of 13 cytokines were
decreased after 4-hour reperfusion time. In 6-hour ischemia group, IL-2, IL-3, MCP-1 and TARC were increased,
compared to normal control group, and IL-3 and MCP-1 were increased in 16-hour reperfusion time.

To sum up, ischemia increased the pro-inflammatory cytokines compared to normal control group and in the
2-hour and 6-hour ischemia groups, IL-1a, IL-3, MCP-1 and TARC were increased until the late reperfusion time.
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