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Ischemic preconditioning mediated by activation of K,rp channels

in rat small intestine!
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ABSTRACT '

AIM: To study whether the f)rotective effects of
ischemic preconditioning against rat small intestine
ischemia-reperfusion injury could be mediated by Kirp
channel opener.  METHODS: Preconditioning { Pc)
was induced by 3 cycles of 8-min superior mesenteric
artery { SMA) occlusion and 10-min reperfusion before
prolonged ischemia. Cromakalim {Cro 75 pg-kg™!)
and glibenclamide (Gli 8 mg-kg™') were injected iv 10
min before prolonged ischemia and Pc, respectively.
RESULTS: Compared with ischemic reperfusion (IR
group, Pc before prolonged ischemia (Pec + IR)
decreased LDH release [ (380 +355) vs (539+49) U-
L™', P <0.05], attenuated intestinal edema [ wet
weight/dry weight (WW/DW), 5.6+0.6 vs6.34 =
0.29, P <0.05], ameliorated intestinal histological
damage ( grading scale, 3.4 w 5.7, P <0.01), and
improved reperfusion-induced hypotension.  These
effects of Pc were mimicked by Cro [LDH, (298 +40)
vs {559+ 49) U-L~!', P<0.03: WW/DW, 5.6
0.4 vs6.31+£0.29, P<0.05; grading scale, 3.6 15
5.7, P <0.01] and abolished in the presence of Gli
[LDH, (624+44) vs (359249} U-L~'; WW/DW,
H5.6x0.6 vs 6.34£0.29; grading scale, 5.7 vy 5.7;
P > 0.05] compared with IR gronp, respectively.
CONCLUSION. Ischemic preconditioning on the rat
small intestine is mediated by activation of Kp
channels.

! Project supported by the Namwral Science Foundawon of Shanad
Province, Mo 971050,

? Correspondence to Prof HAQ Yi-Bin.  Phn 86-351-413-5079;
86-331-404-5740.  Fax 86-351-406-(031.

E-mail sydw@ shanxi. jhep.ac.cn

Received 1957-12-29 Accepted 1998- 10-28

INTRODUCTION

Single or mutiple brief periods of ischemia
protected the myocardium from infarction after a
subsequent more prolonged ischemic insuit!-. This
phenomenon was described as preconditioning { Pc) and
received atienton becanse of its marked cardioprotective
effects against various types of myocardial ischemias
reperfusion injuries™*?),  Ischemic preconditioning also
prevented  intestinal injury induced by  ischemic
reperfusion'® . Evidences from myocardium suggested
that activation of myocardial K,ypp channel was involved
in this effect®) . K,qp channel was present in smooth
muscle cells of mesenteric arteries and activation of this
channel markedly increased mesentetic blood flow'®!
In the present study the relationship between ischernic
preconditioning and K,rp channcis of the rat small
intesting was evaluated .

MATERIALS AND METHODS

Reagents Cromakalim (Cro) and glibencla-
mide {Gli) were from Sigma Chemical Co. Lactate
dehydrogenase { LDH )} assay kit was bought from
Beijing Zhongsheng Biological Co,

Surgical procedure Wistar rats { § . # =50,
280 - 320 g. provided by Laboratory Animal Center of
Shanxi Medical University (Grade I, Certificate Mo
LSDZ 521) were fasted for 24 h before the experiments
with access fo water. The rats were anesthetized with
urethane 1 g kg~ !, ip. Systemic arerial pressure was
measured with an arterial pressure recorder that was
connected to a carotid artery cannula. A midline
laparotomy was performed and superior mesenteric
artery (SMA) was exposed. After gently clearing the
surrounding fat and comnective tissue, heparin sodium
600 U-kg ™! was iv injected.

The rats were divided into 6 groups. Control
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group: only laparotomy was performed without clipping
of SMA; ischemic reperfusion (IR} group: rats were
subjected to 30-min occlusion of SMA followed by 60-
min reperfusion; preconditioning { Fc) + ischemic
reperfusion { Fc + IR} group, the same as IR group,
but with previcus 3-cycle occlusion of SMA for 8-min
and 10-min reperfusion; Cro group: Cro 75 pg-kg~!.
a selective Kqpp channel opener was injected iv before
ischemic reperfusion damage; Gli group: Gli 8 mg -
kg~!, a selective Karp channel blocker, was injected iv
10 min before Pc followed by prolonged ischemia, 5
mL 10 % pglucose was injected iv along with Gli and
during the reperfusion period; Pc group: no other
treatment was made but Pc.

A small intestinal tissue was obtained approximate-
Iy 10 cm to the ileocecal junction at the end of
reperfusion or Pc.  The tissue was sectioned in 2
segments.  The biopsy specimens were rapidly placed
in buffered {pH 7.4} 10 % formalin. Abouot 1-g
samples were used for analysis of wer weight/dry
weight (WW/DW}, At the same time, blood samples
were withdrawn from the femoral artery and centrifuged
{4 T.3000x g) for 10 min. The supernatants were
preserved at —20 1C for analysis of LDH.

Experimental protocol The degree of
intestinal injury was evaluted on a grading scale, Grade
0 - VO and V1 - W', Systemic blood pressure
was recorded before Pc, after 30-min ischemia and 60
min reperfusion, before or after iv Cro and Gh.
Intestinal edema was evalwted by DW/WW
measurement. LDH level of serum was analysed by
assay kit.

Statistics  Data were expressed as I + 5.
Between  groups  differences were compared by
ANOVA.  Significant differences between morpho-
logical appearance of tissne was determined by the
Wilcoxon rank sum test,

RESULTS

Pc or iv Cro decreased LDH release [ (380 + 55},
{298+ 40) w IR {559+ 49) U-L~', P<0.05] and
improved the intestinal edema [ { WW/DW, 5.6+ 0.6,
56+0.4 vs IR {6.31£0.29), P<0.05]. Gli
abolished these effects of Pc [ WW/DW, Gli (6.6 =
0.6) vs IR (6.340.29), P>0.05; LDH, Gli {624
+44) vs IR (599 £49} U-L™', P>0.05] (Tab1).

Tab 1. LDH release and intestinal wet weight/dry
weight (WW/DW). x z 5. “P>0.05, "P<0.05,
tP<0.01 vs control. P >0.05, P <0.05 vs IR.

IR: Ischemic reperfusion. Pc: preconditioning.

Cro: cromakalim. Gli: glibenclamide.

Group n WW, DWW LDH/UL™’
Control 6 5.6+0.6 276 + 31
IR 6 6.34+0.29" 539 + 46
Pc+IR 7 3.6x0.6° 380 + 55°
Cro 6 3.5+£0.4° 208 + 40F
Gli 7 6.6+0.6° 624 + 44¢
Pc 7 3.620.3 271218

Pc itself did not result in blood pressure change.
Pc or Cro improved hypotension induced by reperfusion
as compared with IR grovp [{Pc + IR, from (11.4 =
1.7) o (11.71.7) kPa; Cro, from (13.8+1.3} to
{11.4+0.7) kPa vs IR, from (14.0+0.9) to {10.0
+2.3} kPa, P<0.05) (Tab 2}.

Tab 2. Mean arterial pressure changes during Pc,
occlusion, and reperfusion (klPa). ®+s5. "> 0.05,-
Y < ).05 vs baseline within individual group.

Procedure  PrecondiGon 30 min of 60 min of

Group » baseline -ing occlusion  reperfusion

11.8+2.0
14.2+x1.3
13.0+0.9
13.4x1.6
7 136223

121+1.6
10.0+£2.3
11.7+£1.7
11 4x0.7
12.2x1.6

Control 6 11.8x+2.3
IR 6 14.0£0.9
11.4+1.7
13.81+1.3
12.1+1.3
F 12.4x1.7

10.8+1.5

The specimen taken from the control group or Pc
group showed a pormmal mucosa in all the ras. IR
group revealed severe mucosal lesion. Poo or
pretreatiment with Cro before ischemic reperfusion { Pe
+ IR or Cro group} produced a less pronounced
mucesal damage compared with IR group ( grading
scale, 3.4, 3.6 w8 5.7, P<0.01}. This effect was
abolished in the presence of Gli (Tab 3, Fig 1}.

DISCUSSION

Ischemic preconditioning has marked cardioprotec-
tive effects''>*3 . Our present results along with
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Fig1.

Hotter's work'®) suggest that ischemic preconditioning
has similar protective effects against the rat small
intestinal injury induced by ischemic reperfusion. We
also found that the specific Kyye channel antagonist
abolished the beneficial effects of Pc and these effects
were mimicked by Cro.  These findings suggest that
ischemic preconditioning might be a universal protective

> 2im
Representative examples of small intestimal mucosal injury. HE stin, = 200,
A) Control; B) IR group; C) Pc+IR group; D) Cro group; E) Gli group; F} Pe group.

effect and intestine has a similar mechanism to
myocardium.

Although the present study demonstrated the role
of K,1p channel opener in intestinal Pe, it is necessary
to investigate which endogenous mediators are involved
in this protective effect. The intestinal Pc was triggered

by an initial transient increase in NO synthesis™® .
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Tab 3. Grade of intestinal mucosal damage in different
groups. °F > 0.05 vs control.
15005, 'P<0.01 vs IR.

Grade of mucosal damage { number of rats}
Gop o I I D K VvV W W W
Control 4 2 0 0 0O O 0 0 0 0.3
IR o0 0 0 1 2 2 2 0 57
Pc+ IR 00 1 2 4 0 0 0 0 3.4
Cro 00 ¢ 3 4 0 0 0 0 36
Gli 00 0 0o 0 3 2 1 0 s
Pc 23 1 0 0 0 0 0O 0 Q7

NO itself appeared to activate K, p channels of vascular
smooth muscle cells'”’ . This suggested that NO might
be an endogenous mediator that resulted in activation of
the Kuirp channels and thus preconditioned small
intestine which was resistant to subsequent more
prolonged ischemia. However, further work is needed
o investigate the relationship between Kyrp channels
and NO, and other endogenous substances, such as
calcitonin gene related peptide { CGRP), adenosine to
get more direct evidence.

In the present study, the ability of Gli to affect
insulin and gluicose blood levels may also have a
negative effect on Pc which can not be ruled out.
Previous work showed that Pc protection occurred only
in the presence of high glucose concentrations during
the reperfusion pcriod“o]. To avoid this negative
effect, we systemically injected iv glucose during the
reperfusion period or at the time when glibenclamide
was given. Therefore it seems unlikely that increased
insulin or decreased blood glucose levels is responsible
for effect of this compound to prevent Pc.

In summary, ischemic preconditioning on the rat
small intestine is mediated by activation of K,
channels.
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