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Table 1. The expression of cytokines IL-1f in reperfusion time
point by the experimental groups. *p<.01 versus control at base-
line, **p<.001 versus control at baseline.

N M SD F(p)
IL-1p  SC - 8 16700 25026

IC 05H 8 24163 21.186 0.005(%)
IH 8 27838 12070  0.000 (*%)
2H 8 326.13 51324  0.000 (%)
4H 7 27314 35793 0001 (*%)

P 05H 8 20725 30.626  0.005(%)
IH 8 24288 39.668  0.000 (*%)
2H 6 22183 73.725  0.000 (¥*)
4H 8 22325 27354 0001 (*%)

IPIC  05H 8 19288 27300  0.005(*)
IH 6 20733 34.110  0.000 (+%)
2H 8 171.88 39223  0.000 (**)
4H 8 19238 36.820 0.001 (*%)

SC: Sham control

IC: Ischemia

IP: Ischemia preconditioning

IP-IC: Ischemia preconditioning and ischemia

0.5H: Half an hour reperfusion after ischemia or ischemia preconditioning
1H: 1 hour reperfusion after ischemia or ischemia preconditioning

2H: 2 hours reperfusion after ischemia or ischemia preconditioning

4H: 4 hours reperfusion after ischemia or ischemia preconditioning

ZHE QAL (p<.001), S| S YA E ST
Hoh @Y IL-1p7F 94 A =%t (p< .05, Table
1,2, Fig. 1).

ETY IL-1pE AR 22X = F7tste] 7H
A BEEHUL, 4xTel = FREAL, S FYEY
IL-1B= A#F 1A S74e $ Zagdet. s dst
4 8 IL-1pE ABF AR F718taL, 24174
£ AAEAI, AT AR 308 TR IL-1p 5

Z7HA] F7HE itk (p < 05, Fig. 1).

2. 1L-4

AT 3020 BEEH [L-4= {EHLS 2 S8l
A A dero BAR R G5 ehorthp<.13).
ATF 1AZHP< 05T 4X7Hp<.001)llE 3 FAs}H
oA EA WEEHAL, B8R 24 FERY 14
278 7H =A YERRThH(p < .05, Tables 2, 3, Fig. 2).

SIS IL-4= ABF 1A F7E, 2413t
THA] gt F Azl AT 1A &7 Adsst
Act. S L AL 102 ABF 24774
© 2 A7k e, 4X7hel HaE A (p< .05, Fig.
2).
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Table 2. The difference of the expression of IL-1[3, IL-4, and IL-10 in reperfusion time point by the experimental groups. *p <05,
*¥p < 01, ¥*¥*¥p<.001

0.5H 1H 2H 4H

M SD t(p) M SD t(p) M SD t(p) M SD t(p)

IL-1p IC 241.63 21.186  3.990%** 278.38 12.070 6.292%#% 326.13 51.324 6.754%%* 273.14 35793 4.293%**
IP-IC 192.88 27.300 (.001) 199.88 33.160 (.000) 171.88 39.223 (.000) 192.38 36.820 (.001)

IL-4 IC 186.88 7.846 —1.662 203.25 17.442 .149 300.75 38.321 4.531%%% 264.88 26.734 6.259%%*
IP-IC 20538 30.482 (.119) 201.88 19.335 (.883) 220.63 32.147 (.000) 176.50 29.665 (.000)

IL-10 IC 101.00 13.342 —1.662 96.13 7530 —2.289% 116.38 19.412 3.037** 96.75 9.618 2.879*%
IP-IC 9450 18.716 (.135) 11133 16.848 (.041) 9450 6.188 (.009) 79.13 14397 (.012)

IC: Ischemia

IP-IC: Ischemia preconditioning and ischemia

0.5H: Half an hour reperfusion after ischemia or ischemia preconditioning
1H: 1 hour reperfusion after ischemia or ischemia preconditioning

2H: 2 hours reperfusion after ischemia or ischemia preconditioning

4H: 4 hours reperfusion after ischemia or ischemia preconditioning
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Fig. 1. The difference in the expression of IL-1f3 by reperfusion time. Data are presented as mean (pg/mL). IL-1f3 level decreased more
significantly in IP group and IP-IC group than in ischemia group. At all the time points of reperfusion, IL-1f levels were lower in IP group
than in IC group, and were the lowest in IP-IC group. Values are mean. *p<.01 versus control, *¥p< .001 versus control. “p<.001 versus
IP-IC group. SC: Sham control; IC: Ischemia; IP: Ischemia preconditioning; IP-IC: Ischemia preconditioning and ischemia; 0.5H: Half
an hour reperfusion after ischemia or ischemia preconditioning; 1H: 1 hour reperfusion after ischemia or ischemia preconditioning; 2H: 2
hours reperfusion after ischemia or ischemia preconditioning; 4H: 4 hours reperfusion after ischemia or ischemia preconditioning.

A 7P A BFEEH UL (p<.05), AT 2417t THEE i =t

IL-102 3|83t s|@gdsttolA A vetsth(p<

05). ATF 4X 7o) BEE IL-10S 3D FASHL o) A AREL 38 & H3EE D54 Ae|EFRL IL-1
= YEFSTH(p< .05, Tables 2, 4, Fig. 3). o} =4 Abo| Bl IL-49}F IL-10S #EsE L, 3

SIEPATHL L 102 ABE 14714 7H 91, BB 4 FoEohT GeiH AT} IL-1B
247k 71 Wsreh EZY IL-10€ AR Al T 9} L4, 1L-109) We] WA ek skt

EP S7F e AaFUT BS9S] IL-10 B Ao A IL-1pE 227} u]ngg_E_ ) = AFD
& AT AT 7P B, o] FRE AZto] B2 oA FHEAL, S FolA TRE IL-187} YT}
5 ZaE At (p< 05, Fig. 3). =3 ST % BETY oSt w4 TEHE
AZ & AT (<000, IL-18¢ 22 AHF/ Atel
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Table 3. The expression of cytokines IL-4 in reperfusion time
point by the experimental groups. *p<.001 versus control at base-
line.

N M SD F(p)
IL4 SC - 8 18725 8812

IC 05H 8 18688  7.846  0.130()
IH 8 20325 17442  0.000 (%)

2H 8 30075 38321  0.000(*)

4H 7 26900 25981  0.000 (%)

P 05H 8 18788 12811  0.130()
IH 8 27883 42650  0.000(*%)

2H 6 24083 33054  0.000(*)

4H 8 27825  39.176  0.000 (%)

IPIC  0S5H 8 20538 30482  0.130( )
IH 6 20233 22853  0.000(*%)

2H 8 22063 32147  0.000(*)

4H 8 17650  29.665  0.000(*)

SC: Sham control

IC: Ischemia

IP: Ischemia preconditioning

IP-IC: Ischemia preconditioning and ischemia

0.5H: Half an hour reperfusion after ischemia or ischemia preconditioning
1H: 1 hour reperfusion after ischemia or ischemia preconditioning

2H: 2 hours reperfusion after ischemia or ischemia preconditioning

4H: 4 hours reperfusion after ischemia or ischemia preconditioning
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Fig. 2. The difference in the expression of IL-4 by reperfusion time. Data are presented as mean (pg/mL). At 0.5H, IL-4 was highest in
IP-IC group, At 1H and 4H, IL-4 were highest in IP group. At 2H, IL-4 in IC group was higher than in IP group. *p<.001 versus control,
#p <001 versus IP-IC group. SC: Sham control; IC: Ischemia; IP: Ischemia preconditioning; IP-IC: Ischemia preconditioning and ischemia;
0.5H: Half an hour reperfusion after ischemia or ischemia preconditioning; 1H: 1 hour reperfusion after ischemia or ischemia precondition-
ing; 2H: 2 hours reperfusion after ischemia or ischemia preconditioning; 4H: 4 hours reperfusion after ischemia or ischemia preconditioning
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Table 4. The expression of cytokines IL-10 in reperfusion time
point by the experimental groups. IL-10 showed the highest ex-
pression level in IP group. In IC group, IL-10 was the highest
at 2H. In IP group, IL-10 was the highest at 1H. In IP-IC group,
IL-10 was the highest at 1H. *p < .05 versus control at baseline,
**p<.01 versus control at baseline, ***p<.001 versus control at
baseline.

N M SD F(p)
IL-10  SC - 8 8575 2053
IC 05H 8 10100 13342 0005 (**)
IH 8 96.13 7530 0.005(*)
2H 8 11638 19412 0047 (%)
4H 7 9757 10081  0.000 (+¥%)
P 05H 8 12363 16396 0005 (¥*)
IH 8 13525 30089 0.005 (%)
2H 6 11350 24023 0047 (%)
4H 8 12163 18213  0.000 (***)
IPIC 05H 8 9450 18716  0.005 (**)
IH 6 11133 16848  0.005 (%)
2H 8 9450  6.188  0.047(%)
4H 8 79.13 14397  0.000 (¥**)

SC: Sham control

IC: Ischemia

IP: Ischemia preconditioning

IP-IC: Ischemia preconditioning and ischemia

0.5H: Half an hour reperfusion after ischemia or ischemia preconditioning
1H: 1 hour reperfusion after ischemia or ischemia preconditioning

2H: 2 hours reperfusion after ischemia or ischemia preconditioning

4H: 4 hours reperfusion after ischemia or ischemia preconditioning
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Fig. 3. The difference in the expression of IL-10 by reperfusion time. Data are presented as mean (pg/mL). IL-10 showed the pattern of
repeated increase and decrease in all the groups. At 0.5H and 1H, IL-10 was the highest in IP group. At 2H, IL-10 was the highest in IC
group. At 4H, IL-10 was the highest in IP group. *p <.05 versus control at baseline,**p < .01 versus control at baseline, ***p<.001 versus
control, *p< .05 versus IP-IC group, #p<.01 versus IP-IC group, ‘p<.05 versus IC group. SC: Sham control; IC: Ischemia; IP: Ischemia
preconditioning; IP-IC: Ischemia preconditioning and ischemia; 0.5H: Half an hour reperfusion after ischemia or ischemia preconditioning;
1H: 1 hour reperfusion after ischemia or ischemia preconditioning; 2H: 2 hours reperfusion after ischemia or ischemia preconditioning; 4H:

4 hours reperfusion after ischemia or ischemia preconditioning.
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Abstract : The large volume of reactive oxygen species are generated during reperfusion after transient or post-
procedural ischemia, which leads to cell injury. This ischemia-reperfusion (IR) injury may cause local and even
systemic injuries. Thus, the need to reduce the IR injury has been highlighted and in this regard studies have
demonstrated the ischemic preconditioning (IP) in which short ischemia and reperfusion are repeated before
ischemia. Such IP is known to protect the tissues from IR injury by reducing inflammation response during
ischemia.

Thus, this study was based on IP known to protect the tissue with developing the mechanism of resistance
to ischemia and reperfusion injury in cellular tissue. As the substance that plays an important role in the
inflammatory response during IR injury is cytokines, this study was intended to review and discuss the
methodologies of IP as well as to analyze the correlation of its effects on the expression of cytokines.

Left common iliac artery in male mice of which weight was from 40 g to 45 g, was treated for ischemia. The
animal groups consisted of ischemia (IC) group receiving 2-hour ischemic treatment alone; IP group receiving
short 5-minute ischemia and reperfusion treatments repeated three times; and, ischemic preconditioning-ischemia
(IP-IC) group receiving IP treatment followed by 2-hour ischemic treatment. Following these treatments in each
group, reperfusion for intergroup comparisons was carried out at 30 minutes, and 1, 2 and 4 hours. The results of
this study were as follows:

First, the expression level of pro-inflammatory cytokines, IL-1[3 was the highest in IC group receiving 2-hour
ischemic treatment alone (p<.001). Second, the expression level of anti-inflammatory cytokine, IL-4 was the
highest in the IP group (p <.001). Third, the expression level of anti-inflammatory cytokine, IL-10 was the highest
in the IP group (p<.001).

In conclusion, even though the results had the degree of difference, the expression level of pro-inflammation
cytokine, IL-1f in IC group was significantly lower than that in IP group, and the expression levels of anti-
inflammatory cytokines, IL-4 and IL-10 in IP were significantly higher than those in IC group and IP-IC group.
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