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Fig. 1. The changes of pro-inflammatory cytokines after ischemia-reperfusion injuryin the skeletal muscle. Data are presented as mean
(pg/mL). SC : Sham control, H : hour reperfusion after ischemia,  : p<<0.05; The difference in the pro-inflammatory cytokines at the same

reperfusion timing.
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A3 T8xAL Azial el 4 2 Re T 2AA1 7 2] 7] (MICRO17TR, Hanil Science Industrial Co.,

Table 1. The changes of pro-inflammatory cytokines after ischemia-reperfusion injury in the skeletal muscle. Data are presented as mean

+S.D. (unit: pg/mL)
Muscle SC OH 0.5H 1H 2H 4H 8H 16H 24H
(n=06) (n=6) (n=06) (n=06) (n=6) (n=6) (n=6) (n=6) (n=06)

Eotaxin 5355.8 4645.7 3891.6 4788.4 3272.7 5814.7 5994.3 14080.5 3803.3
* +3605.3 +2524.1 +1867.1 +3064.8 +645.3 +3583.2 +3557.1 +7928.0 +1166.2

IEN 6865.8 3800.0 2355.4 5373.4 2611.7 4676.8 5713.7 14601.8 3174.2
Y +6098.5 +2718.3 +2023.2 +6012.4  +1115.8 +3564.7 +3947.3 +9264.1 +1807.8
Lol 16816.3 5098.5 4481.0 4921.8 3283.0 5891.0 6404.0 14649.8 5511.0
) +17432.4 +3141.1 +3170.5 +2964.2 +1318.7 +4175.0 +3824.9 +9078.3 +3858.6
IL-1 4706.3 3287.3 2289.2 4218.6 2158.5 3849.3 5756.0 12690.8 1910.0
1P +3627.1 +3129.7 +1689.0 +3299.2 +818.8 +3348.7 +4672.0 +7779.5 +1436.8
L2 4826.3 3141.7 1802.2 4611.6 2089.0 3213.5 5914.5 13434.2 2683.8
+4332.7 +3313.5 +1451.9 +4485.0 +973.2 +2567.8 +4563.0 +9169.1 +1893.9

L3 4968.5 44245 2062.0 5104.0 2218.0 3749.5 5299.3 13310.0 2671.7
+3698.9 +3193.3 +1574.6 +5118.1 +762.6 +2749.8 +3796.2 +8435.3 +1426.4

L5 3525.0 2271.7 1025.2 4090.8 1245.0 3979.2 3314.5 12903.2 1715.3

i +2882.8 +2655.6 +623.8 +4531.9 +724.4 +4424.1 +2391.3 +9161.9 +1064.7
IL-6 4293.0 2458.2 3003.8 4682.8 2460.2 5057.8 5803.3 13557.7 2399.8
+3366.6 +3446.3 +2392.6 +4720.9 +1470.9 +4411.4 +4423.2 +9218.8 +1606.4

MCP-1 3877.5 3031.3 6456.2 5273.6 2713.2 5091.8 4964.5 14797.5 2620.5
i +2995.5 +1631.4 +9065.4 +4226.8 +406.7 +3260.4 +3287.7 +9430.7 +1776.5
MDC 4943.5 3398.0 2175.8 4727.2 2185.2 4001.2 5567.3 14466.0 2228.2
+3968.0 +2629.3 +1860.5 +4796.8 +938.9 +3349.2 +4238.2 +9659.9 +1427.9

MIP-10t 4153.0 2183.2 1313.0 3421.0 1347.3 3700.8 5048.8 13940.0 2526.0
+3537.4 +2285.9 +756.2 +4229.7 +1021.9 +4691.1 +3519.2 +9999.1 +1446.2

RANTES 6550.8 6459.0 4301.8 2614.4 2285.2 4819.0 5249.7 18274.3 3127.7
+4359.9 +4012.9 +4296.5 +2439.4  +1640.8 +5363.7 +4499.8  +13564.0 +1328.4

TARC 6550.5 8837.0 3392.0 9583.2 3705.7 5500.2 7313.0 16623.7 3607.2
+1098.3 +3236.4 +2107.3 +9939.9 +3526.0 +5482.8 +7885.9 +9041.6 +2112.1

TCA-3 7780.3 5420.3 3249.2 5736.8 3421.0 5484.8 7240.5 15257.8 3827.5
+7018.2 +3929.3 +1653.6 +5618.3 +2068.7 +5201.8 +5912.8  £10769.0 +2641.2

p-value" 0.9867 *0.0067 0.1112 0.9126 0.0696 0.6933 0.9463 0.9980 0.2650
p-value? 0.8682 0.7724 0.5444 0.5684 0.6854 0.5576 0.3954 0.9190

SC : Sham control, H : hour reperfusion after ischemia

IL : interleukin, INFy : interferony, MDC : macrophage derived chemokine

MIP-1a : macrophage inflammatory protein-1c., MCP-1 : monocyte chemoattractant protein-1

TCA-3 : T-cell activation protein-3, TARC : thymus and activation regulated chemokine

RANTES : regulated upon activation normal T cell expressed and secreted

p-value" : The difference in the pro-inflammatory cytokines at the same reperfusion timing. Kruskal-Wallis test used. = : p<0.05.

p-value? : Differences of cytokines in the time period of reperfusion compared with the sham control group. Repeated Measured ANOVA test used. + : p<0.05.
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Fig. 2. The changes of pro-inflammatory cytokines after ischemia-reperfusion injury in the serum. Data are presented as mean (unit:
pg/mL). H : hour reperfusion after ischemia, SC : Sham control, = : p<<0.05; The difference in the pro-inflammatory cytokines at the same
reperfusion timing. 1 : p<0.05; Differences of cytokines in the time period of reperfusion compared with the sham control group.
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3) EAZHAZTEEAY (ELISA)

ELISA kit (Q-Plex™ Array, Quansysbio, USA)E A}-4-
ste] w2832k AN Hehbs AlelEIRRIS &
Atk A Axl= AlFE Akt Wl wet o
=3 7] Al

A LS Abe] &7kl Ho] vhgsl== A== v
2k 7} (microtiter plate)2] Z} A (well)ol] 50 uL& &
Fata Aol A 1A7F 52t wH7] (plate shaker)el] A]
WA FA 33] Al 3 7 dol] HEEFE 50uld
S B53lar Aol 1A17F F<k anbr]el A vhEAIR
}. 38] M2z & Streptavidin-HRP (horseradish peroxi-
dase)8-<f 50 uL¥ & FF3t A2oA 158 53 o
"ol A WEEAIZEE A 63] Al & AlgE A
(substance) A2} 22 B 415 k9] AlS kgt Adefoll
N 27 3mLA EFses.

£313 714 (substrate) & 7ZF of] 50 uLA FF3k
158 ghel] Fhod A} (plate image)-2- ChemiDoc XRS Plus
System (Bio-Rad, USA) e 2 Zodslgic).

golg Avte] 2234 2 doE &3S Q-Plex™
SOFTWARE (Quansysbio, USA)& £ 3}¢t}.

4) EHIE4N

ZGFA Aol &1 W FHAFA Alo| £ BA|
EAE $]5le] SAS 9.2 versions A3} HE F
ANFF Al 2 Ale] 7SS WA RS &

o}® 7] ¢]5}ed Cronbach’s alpha £-4-& s}9ic}h. =d3dt
AR AN Ao mAklel Hw Apele] Aol
Kruskal-Wallis testE o]8-3le] BAsl9 1, =7}
Hlwsk AFF AHE Ale]E7}ele] o] Repeated
Measured ANOVA testE o] &3} 2A38}9it}). Cron-
bach’s alpha = 0~ 12, a>0.9 w]-$ =8 (excellent),
0.7<0<0.9 ¥2-(good), 0.6 <0< 0.7 2% (acceptable),
0.5<0<0.6 &4 AS (poor), a<0.5 T4 ¢S (unac-
ceptable) 0 2 | A3l c). B E B8 d& =& A
2 H3t (mean)?t TFA2H(S.D)E YR, FA
A Fo] aFL p<0.052 A3

Z =

1. 2HSY AfO|ETe

2 AgoA HASA Atol &kl sgse A
Eotaxin, IFNy, IL-1a, IL-1p, IL-2, IL-3, IL-5, IL-6,
MCP-1, MDC, MIP-10,, RANTES, TARC, TCA-3 0|t}

Y 3 A AF A o w28 W A4S A
o] £7}qle] W3} FhE FAFHAl YeRskel (Cronbach’s
alpha : 0.9905, Fig. 1). A5 0A] 2ol A= Apo] 7}
Q9] FxAtele] Apol7} 3t Zlom JeRt A (p<
0.05, Table 1). 2T B3 AAF AAE Alo|E
7kele] ztol= FAA F-oA42 glslot IL-1ag A<
g BE Alo|EFIRIE ] ATF 164172 7H &
A Z7FEEE 248 70l A AEE oes e
et (Fig. 1).
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Table 2. The changes of pro-inflammatory cytokines after ischemia-reperfusion injury in the serum. Data are presented as mean % S.D.

(unit: pg/mL)

Serum SC 0H 0.5H H 2H 4H SH 16H 24H
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
Eotaxin 75420 102434 5505.7 3820.8 14658.5 15972.2 12796.8 15991.5 4537.0
X +2899.2 440240  +£32100  +1963.7  +87762  +6749.7  +6053.1 +16850.5  +2751.0
N 1512.0 2438.6 17277 1171.5 1446.7 13222 1621.0 1933.0 2317.4
v +686.2  +£3444.6  +14297  +11828 +851.5 +593.1  +1003.2 +865.7  +1874.9
_ 13452 1404.0 2488.3 1797.2 1952.5 3520.7 1528.0 1692.5 3632.8
i +4880  +818.3  +£27637  +13188 +805.9  +1883.9 +995.1 +383.9  +4797.0
L1 1401.8 3100.0 11293 2265.7 3197.5 4467.5 1514.2 1506.5 1415.0
+541.6  +4161.4 +269.0  +1667.6  +2246.6  +3739.7 +653.0 +817.6 +861.0
_— 1283.8 1517.8 1255.3 1100.2 1194.0 2266.5 1267.2 1676.0 1463.2
+4554  +1519.5 +894.5 +543.8 +257.9  +1527.8 +453.6 +3493  +1109.8
L3 1050.6 1681.2 1772.5 1039.5 11635 12237 1299.4 17422 1665.0
g +4153  +£22522  +23756  +1017.0 +505.4 +316.2 +763.0 +496.1  +1445.4
_ 1053.0 1355.6 1026.7 2533.0 13712 17432 1663.0 1785.2 2449.4
. +216.1  +1226.2 +5952  +35485 +411.7 +773.4 +550.7 +513.0  +18105
L6 1682.6 4246.2 1780.3 4579.3 4798.0 24400.7 6437.2 10598.3 2087.4
+6560  +6621.1  +£1000.6  +6700.8  +1661.5 +£233972  +£34309 +14229.4  +1637.4
MCP-1 1586.8 1617.4 3012.2 1329.0 5114.3 14502.3 10089.8 21765.5 3717.0
) +911.9  +1360.3  +£2879.2  +12637  +£4899.8 +11530.0 +11807.5 +138750  +2475.1
MDC 2040.2 2093.4 1766.8 1776.5 2702.5 2291.5 2483.2 4868.8 3495.0
+812.8 410744  +16451  +1413.5  +1694.9 +944.6 +819.2  +20843  +1780.5
MIP-1 1580.0 2398.0 14233 1317.7 1164.5 1780.8 33274 2990.3 3608.8
@ +798.4 432953 +980.1  +1058.9 +461.1 +668.0  +4239.6 +597.9 429256
RANTES 2886.4 6833.8 1969.3 3138.5 2310.8 2799.5 3404.0 3631.5 3140.0
+469.8  +£9372.5 420112  +2761.9  +12987  +12446  +25339 +781.8  +1504.9
TARC 5307.4 9273.0 5361.7 45135 11280.0 9664.2 13702.6 14599.0 6587.2
+2803.6  +4167.1  +£53862  +£3615.6 +10017.6  +25122 +10561.8  +89722  +2872.1
TCA3 647.6 858.4 857.5 759.5 1157.8 1016.7 2640.6 10256.5 13404.2
- +317.6  +755.7 +575.4 +525.6 +928.7 +5142  +2003.0 +£10267.0 +20570.2
p-value” #0.0001  *0.0114 0.1541  %0.0330  *<.0001  *<.0001 #0.0005  *<.0001 0.1384
p-value? 0.7364 0.6146 0.0854 T0.0088  T<.0001 0.0666 10.0123 0.0853

SC : Sham control, H : hour reperfusion after ischemia
IL : interleukin, INFy : interferony, MDC : macrophage derived chemokine

MIP-1o: macrophage inflammatory protein-1a, MCP-1 : monocyte chemoattractant protein-1
TCA-3 : T-cell activation protein-3, TARC : thymus and activation regulated chemokine

RANTES : regulated upon activation normal T cell expressed and secreted

p-value" : The difference in the pro-inflammatory cytokines at the same reperfusion timing. Kruskal-Wallis test used. * : p<0.05.
p-value? : Differences of cytokines in the time period of reperfusion compared with the sham control group. repeated Measured ANOVA test used.

T :p<0.05.

E71ele] W3l o FAF2 fAFHl el (Cronbach’s
alpha : 0.8355, Fig. 2). ¥bH djx=+, A #F 0,1,2, 4,8,
162 7Fel| A Abe] 71919 5= Afo]o] 2}o]7} o]t
Aoz Jepgteh w3t A7 2, 4, 16417004 =
3 vlwst AFF A Abo]| =Rl Hfe]7l #-9]
g Aoz eRdtl (p<0.05, Table 2). Aol A IL-6=
A A7 4472 A, Eotaxin, MCP-1, TARCY: | o5&
16417+l A, TCA-3% A BF 242712 7 =

A 21ERE 2 ohe} e Afo) =vlelng) )
S 2o s R (Fig 2).
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Fig. 3. The changes of anti-inflammatory cytokines after ischemia-reperfusion injury in the skeletal muscle. Data are presented as mean
(unit: pg/mL). H : hour reperfusion after ischemia, SC : Sham control.

Table 3. The changes of anti-inflammatory cytokines after ischemia-reperfusion injury in the skeletal muscle. Data are presented as mean

+S.D. (unit : pg/mL)
Muscl SC OH 0.5H 1H 2H 4H 8H 16H 24H

¢ (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
L4 4128.0 4062.5 2581.8 5747.0 3375.2 4572.8 5212.5 13618.7 2096.0
+2972.2 +3143.5 +1671.7 +4355.2 +3066.6 +3127.3 +4796.1 +7745.0 +1272.2
IL-10 3115.5 3298.7 2036.2 3639.0 2736.2 4227.3 3899.7 11821.8 2713.2
) +2101.5 +2528.1 +1024.9 +3170.9 +2753.6 +4084.6 +2282.1 +7535.3 +749.6
p-value? 0.6650 0.6889 0.6761 0.5309 0.2980 0.8102 1.0000 0.6889 0.5752
p-value? 0.9752 0.9356 0.7168 0.8504 0.9798 0.7925 0.5770 0.4967

SC : Sham control, H : hour reperfusion after ischemia, IL : interleukin
p-value! : The difference in the anti-inflammatory cytokines at the same reperfusion timing. Wilcoxon rank sum test used.
p-value? : Differences of cytokines in the time period of reperfusion compared with the sham control group. Repeated Measured ANOVA test used.

E}te} (Cronbach’s alpha : 0.9585, Fig. 3). =3t =3} = 183 93} & A F= A=Y Chen 5 (1998)
ANFF AN = ALe] ETR] Afe]f] sl 23k = w252 Y MEzA ) ARAL) ZEAEA
1

2po7b Q1= Aoz vehdth(Table 3). 223} vlm  ADe £AA7)|1 249462 Jgegos WA
g AIF AAE Abe|ETEelS 2l BAA /94 Zlgk 3 3kl ar[12], Filosto 5 (2003)2 22| &AL
2 ot AF/F 16A17E2AA 7P A Z71E9 Z7}=l 8AALA~7] (reactive oxygen species, ROS)7} A}

Bk AR iR Aoz et (Fig 3. olErkdle] ¥ulg 2Ase] 9% ¥ AAES] BF
A2 F AR Agel W WY o FAFY Aol & 7RI Aol shanhl
=q1e) wah P Al dl Aes et Y ARF e saTsRe ERe HEN

(Cronbach’s alpha : 0.1223, Fig. 4). A AF 4A]7F2olA Fo| oebx] o224 Yeldz 3 3 2R =

r\l

Ao 27119 Fx Afolo] el frolgt Ao ® el oJFgS F= ZoR OPF;]Z% ok whe 2= A9 3
W, et vlmat A A AlelETRgle] 2 ke type N AFE =7 £54fol slgsls type ]
o] 3t {23t Aoz yehdth(p<0.05, Table 4). Afre 58 Sl o miztEly 3EEERE o =
A A13]ez RuEHg T, 247 FHEE 7pdAel &
e FARE AAZEY] HEE Alg E4E Z wak of
LS Yzt #AF g A £21E A} (apoptosis) & R 4 SlH

3 3deH[14].
W 282 Y AAF S AF Ak, AHE & AEFA Atol Bl AT 2H-& A 3)s)ed
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Fig. 4. The changes of anti-inflammatory cytokines after ischemia-reperfusion injury in the serum. Data are presented as mean (unit:
pg/mL). H : hour reperfusion after ischemia, SC : Sham control, * : p<0.05; The difference in the anti-inflammatory cytokines at the same
reperfusion timing, 1 : p<0.05; Differences of cytokines in the time period of reperfusion compared with the sham control group.

Table 4. The changes of anti-inflammatory cytokines after ischemia-reperfusion injury in the serum. Data are presented as mean+S.D.

(unit: pg/mL)

Serum SC OH 0.5H 1H 2H 4H 8H 16H 24H
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6) (n=6)
L4 1206.6 1208.2 29343 980.2 1038.3 1162.7 1557.2 1739.3 2050.6
+645.2 +1189.5 +4736.9 +791.1 +567.5 +577.7 +1176.2 +744.8 +2120.2
IL-10 1081.6 2986.2 2871.3 3361.0 1288.3 3112.0 1655.0 2037.3 1389.6
+434.4 +4747.0 +5336.8 +6299.4 +475.7 +1167.2 +555.4 +603.2 +912.0
p-value? 0.8345 0.8340 0.6889 1.0000 0.4712 *(,0051 0.6761 0.4712 1.0000
-value . . . . X . . .

p-value? 0.3901 0.4609 0.3291 0.1367 70.0047 0.6706 0.2350 0.4869

SC : Sham control, H : hour reperfusion after ischemia, IL : interleukin

p-value" : The difference in the anti-inflammatory cytokines at the same reperfusion timing. Wilcoxon rank sum test used. * : p<0.05.
p-value? : Differences of cytokines in the time period of reperfusion compared with the sham control group. Repeated Measured ANOVA test used.

t:p<0.05.
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Serum and Gastrocnemius Muscle of Mice after 2-hour Postischemic

Reperfusion Injury

Shin-Young Kim

Department of Anatomy and Cell Biology, Hanyang University

Abstract : This study aimed to investigate the inflammatory changes and their main indicators according to the
time-period of postischemic reperfusion injury confirmed by analyzing changes of both pro-inflammatory and
anti-inflammatory cytokines in the skeletal muscle and serum.

By using 12-week-old male ICR strain mice were grouped into sham control and 8 different time-periods of
reperfusion groups (0, 0.5, 1, 2, 4, 8, 16, 24 hours). Left common iliac artery of each mice in the reperfusion group
was devascularized by a vascular clamp for 2 hours. Once anesthesia was applied to the experimental animals,
blood serum was obtained from right heart atrium on the difference time-period of reperfusion (0-, 0.5-, 1-, 2-, 4-,
8-hour, respectively). Then, tissue fluid was collected in calf muscles (gastrocnemius muscle) after the mice were
sacrificed by cervical dislocation. By using these serum and tissue fluids, enzyme-linked immunosorbent assay
(ELISA) was used to analyze both pro-inflammatory cytokines (Eotaxin, IFNy, IL-1a, IL-1f, IL-2, IL-3, IL-5, IL-
6, MCP-1, MDC, MIP-1a, RANTES, TARC, TCA-3) and anti-inflammatory cytokines (IL-4, IL-10). Con-
sequently, there were significant differences of pro-inflammatory cytokines levels in the skeletal muscle of 0-
hour reperfusion group (p<.05) and those in the serum of 0-, 1-, 2-, 4-, 8-, 16-hour reperfusion groups (p<.05).
In the serum of 4-hour reperfusion group, the presence of anti-iflammatory cytokines was significant from other
groups (p<.05). By the comparison with the control group, furthermore, pro-inflammatory cytokines in the
serum of 2-, 4-, 16-hour reperfusion group and anti-inflammatory cytokines in the serum of 4-hour reperfusion
group were considerably different (p<.05).

To sum up, changes of cytokine levels according to the time-period of reperfusion were considerably different
in the serum rather than the tissue fluids from the skeletal muscle. In particular, IL-6 and MCP-1 in the serum
showed higher density in 4- and 16-hour reperfusion groups so that they could be considered as the main
indicator of pro-inflammatory cytokines.
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