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Table 1.Immunoreactivities of iINOS in the rat myocardium of
the control and remote ischemic preconditioning groups

Time of reperfusion (h)

0 3 6 24 72
cont +
3P + + + + +
6P ++ + + + +
10IP + + + + +

Abbreviations: cont: control, 3IP: 3 cycles of remote ischemic precondi-
tioning, 6IP: 6 cycles of remote ischemic preconditioning, 10IP: 10 cy-
cles of remote ischemic preconditioning; trace immunoreactivitys:
weak immunoreactivitys+: moderate immunoreactivity; ++: strong
immunoreactivity.
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Fig. 1.Immunohistochemical staining of INOS in rat myocardium after remote ischemic preconditioning. Intensity of the immu-
noreactivity (IR) is shown in Table 1. Remote ischemic preconditioning (IP) increased iNCI3) (Bompared to control group
(A). cont: control, 3IP: 3 cycles of IP, 6IP: 6 cycles of IP, 10IP: 10 cycles of #®0).
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Table 2.Immunoreactivities of eNOS in the rat myocardium of
the control and remote ischemic preconditioning groups

Time of reperfusion (h)

0 3 6 24 72
cont +
3IP +4+, + + +++ +++ ++
6IP ++ +4++ + ++ +
10IP + ++, +++ ++ ++ +++

Abbreviations: cont: control, 3IP: 3 cycles of remote ischemic pre-
conditioning, 6IP: 6 cycles of remote ischemic preconditioning, 10IP:
10 cycles of remote ischemic preconditionidg, trace immunoreactivity,

+: weak immunoreactivity;+: moderate immunoreactivitys ++:
strong immunoreactivity.
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Fig. 2. Western blot analysis of iINOS in rat myocardium. A: 0 hr cont  Ohr 3hr 6hr 24hr  72hr

after remote ischemic preconditioning (IP), B: 3 hrs after

IP, C: 72 hrs after IP. Values are mea®D. C & cont: Fig. 3. Western blot analysis of iINOS in rat myocardium. A: 3
control, 3IP: 3 cycles of IP, 6IP: 6 cycles of IP, 10IP: 10 cycles of remote ischemic preconditioning (IP), B: 6P, C:
cycles of IP. 10IP. Values are meassSD. C & cont: control.
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Fig. 4.Immunohistochemical staining of eNOS in rat myocardium, 3 hours after remote ischemic preconditioning. Intensity of the
immunoreactivity (IR) is shown in Table 2. Remote ischemic preconditioning (IP) increased eNOS compared to control group
(A). Immunolocalization of eNOS in the 10IP groups (D) was weaker than that in 3IP (B) and 6IP (C) groups. cont: control, 3IP:
3 cycles of IP, 6IP: 6 cycles of IP, 10IP: 10 cycles of*RQ0).

Table 3.Immunoreactivities of Akt in the rat myocardium of the Table 4.Immunoreactivities of Akt in the rat myocardium of
control and remote ischemic preconditioning groups the control and remote ischemic preconditioning groups

Time of reperfusion (h) Time of reperfusion (h)

0 3 6 24 72 0 3 6 24 72
cont + cont +
3Ip + * + HHE + 3P + —— + ++ ++
6IP + +++ + + + 6IP ++ N ++ =+
101P * + + + + 0P +, 4+ ++ +

Abbreviations: cont: control, 3IP: 3 cycles of remote ischemic pre-
conditioning, 61P: 6 cycles of remote ischemic preconditioning, 10IP: 10
cycles of remote ischemic preconditioning; trace immunoreactivity,

+: weak immunoreactivity;+: moderate immunoreactivitys++:
strong immunoreactivity.

Abbreviations: cont: control, 3IP: 3 cycles of remote ischemic pre-
conditioning, 6IP: 6 cycles of remote ischemic preconditioning, 10IP: 10
cycles of remote ischemic preconditioning; trace immunoreactivity,

+: weak immunoreactivity;+: moderate immunoreactivitys ++:
strong immunoreactivity.
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Fig. 5.Western blot analysis of eNOS in rat myocardium. A: 0 cont hr 24hr  72hr
hr after remote ischemic preconditioning (IP), B: 3 hrs aft-
er IP, C: 72 hrs after IP. Values are mea8D. C & Fig. 6.Western blot analysis of eNOS in rat myocardium. A: 3
cont: control, 3IP: 3 cycles of IP, 6IP: 6 cycles of IP, cycles of remote ischemic preconditioning (IP), B: 61P, C:
10IP: 10cycles of IP. 10IP. Values are meaftsSD. C & cont: control.
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Fig. 7.Immunohistochemical staining of Akt in rat myocardium after remote ischemic preconditioning. Intensity of the immuno-
reactivity (IR) is shown in Table 3. Remote ischemic preconditioning (IP) increased Akt compared to control group (1A). Immu-
nolocalization of Akt in the 10IP groups (D) was weaker than that in 3IP (B) and 6IP (C) groups. cont: control, 3IP: 3 cycles of

IP, 6IP: 6 cycles of IP, 10IP: 10 cycles of #400).
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Fig. 8. Western blot analysis of Akt in rat myocardium. A: 0 hr

after remote ischemic preconditioning (IP), B: 3 hrs after
IP, C: 72 hrs after IP. Values are mea8D. C & cont:
control, 3IP: 3 cycles of IP, 6IP: 6 cycles of IP, 10IP: 10
cycles of IP.

49

o] NOS®} Akt —
A C Ooh 3h 6h 24h 72h
35.0
30.0
€
£ 25.0
E 20.0
2 150
2
$ 100
[a]
0.0
cont hr 3hr hr 24hr  72hr
B C O0h 3h 6h 24h 72h
*P<.05; vs cont
tP<.05; vs Ohr
35.0 +P<.05; vs 3hr
30.0
€
£ 25.0
E 20.0
> 15.0 "
2 T
8 10.0
5.0
0.0
cont 0 hr 3hr 6hr 24hr  72hr
C C Oh 3h 6h 24h 72h

*P<.05; vs cont
1tP<.05; vs 3hr

35.0 FP<.05; vs 6 hr

30.0
25.0
20.0
15.0
10.0

5.0

0.0

Density (INT/mnf)

24 hr

cont 0 hr 3hr 6hr 72hr

Fig. 9. Western blot analysis of Akt in rat myocardium. A: 3
cycles of remote ischemic preconditioning (IP), B: 6IP, C:
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Abstract

Effects of Remote Ischemic Preconditioning on the Expressions
of NOS and Akt in the Rat Myocardium

Ji-Yon Jo, Youn-Kyoung Seo, Su-Kyoung Jeon, Doo-Jin Paik

Department of Anatomy and Cell Biology, College of Medicine, Hanyang University

Remote ischemic preconditioning (IP), brief tolerating cycles of ischemia and reperfusion in remdatalrgans,
can reduce ischemic injury of the heart. IP induces cardiac protection byrdgulating iINOS or upegulating eNOS.
In addition, Akt has been known to protect myocardium against ischepeafusion injury. This study was undertaken
to observe the expression of INOS, eNOS, Akt and pheaph@p-Akt) in the rat myocardium after IP.

Thirty-five weeksold male Spragu®awley rats were divided into control and IP groups. The IP group was further
subdivided into 3 groups based on the number of cycles of IP. For IP, left commom iliac artery was occluded 3, 6 and
10 cycles for 5 min of ischemia alternating with 5 min of reperfusion. The rat were sacrificed at 0, 3, 6, 24 and 72 hours
of IP and the heart was removed. The expression of INOS, eNOS, AktAktdrpthe rat myocardium was examined
by immunohistochemical staining and Western blot analysis.

The expression of INOS was increased by IP and was higher in 10IP groups than 3IP and 61P group. The expression
of eNOS was increased or decreased by IP and was showed no difference with increasing episode of IP. The expression
of Akt was decreased by IP at 24 and 72 hours after reperfusion, and showed no differences with increasing episode of
IP. The expression of Akt was increased by IP and showed no difference with increasing episode of IP.

These results suggest that hind limb ischemic preconditioning provides cardiac protection throemgiation of
eNOS and phosphorylation of Akt, however excessive episodes of remote preconditioning may induce the myocardial
ischemic injury through overexpression of iINOS.
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