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Ischemic preconditioning mediated by activation of KATP channels 

in rat small intestine1 
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Y I如 smal1．．_m giyb．uride．； INTRODUCTION 
Kalxm ； 1SClleEllC "0reconolttomn~ ：poIasSlUlil channels 

A皿Ⅱ! T0 study whether the protective effects 

iscbemic preconditioning against rat 讪 intes~ e 

ischemia／reperfusioninjmy could bemediated by KArP 

channel opener M哐THODS：Preconditioning(Pc．) 

was induced by 3 cycles of 8．rain superior mesenteric 

artery(SMA)occlusion and 10一rain reperfiisionbefore 

prolongedischemia． Cromakalim (Cro 75 ktg’ ) 

and glibenclamide(GU8mg‘ )were ectediv10 
min before prolonged i~hemia and Pc，respectively． 

RIgSULTS：Compared with ischemic reperfusion(IR) 

group，Pc before prolonged iscbemia (Pc+R ) 

decreasedLDHrelease (38O±55)w (559±49)U· 

L_。，P <0．05 I，attenuated intestinal edema l wet 

gh weight(WW／DW)，5 6±0．6 vs 6．34± 

O．29，P <0．O5 l，ameliorated intestinal histological 

damage grading scale，3 4 vs 5．7，P<0．01)，and 

improved reperfusion—induced hyix~tension． Ⅱ se 

effects ofPcweremimicked byCm lLDH，(298±40) 

vs(559±49)U·L一 ．P<0．05；WW／DW，5．6± 

0．4 6．34±0 凹 ，P<0 05；grading scale，3．6 

5 7．P<0．01 J and abofished in the presence of Gh 

lLDH，(62／~±44)W(559-4-49)U·L_。；WW／DW， 

6．6±0．6 vs 6．34±0．29：grading scale，5．7 w 5 7： 

P>0．05 J compared with IR group，respectively． 

coNCLUSION：Ischemic preconditioning on the rat 

small intestine is mediated by activation of K P 

channels． 
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Single or mu卸le ef periods of ischemia 

protected the myoo ardinm from infarction after a 

subsequent nlore prolonged ~ hemi c insult ． 1hjs 

phenomenon was described as preconditioning(Pc)and 

received arteminnbecause ofitsmarked cardioprotective 

effects against v~ ous毋pes of myocardial ischemia／ 

reperfusion injuriesH’ J lschemic preconditioning also 

prevented intestinal injury induced by jschemic 

reperfilsion’ ． Evidences flora myocasdium suggested 

that acfivatiolfl ofmyocardialK̂ ” channelwasinvolved 

inthis effect~ J
． K IP channelwas presentin smooth 

muscie cells ofmesenterlc arteriesand activation ofthis 

channel markedly increased mesenteric blood flowL 
． 

In abe present study the relationship be tween ischemic 

preconditioning and KAte channels of the rat small 

inms~ e was evaluated 

MATERIALS AND ⅡⅡHODS 

Reagents Cromakalim (Cro)and glibencla- 

mide(Gli)were flo ra Sigma Ch cal Co Lactate 

dehydrogenase (LDH) assay kit wBs bought from 

Beijing丑10I1gsIl g Biolngical Co． 

Surgicalprocedure Wistarrats(舍，n=50， 
280—320 g，provided by Laboratory Animal Center of 

ShanxiMedical Unjversity(GradeⅡ，Certificate NQ 

LSDZ 521)werefastedfor24h beforethe experiments 

、vith aoc~s to water． 1be rats w~'re anesthetized wi$ 

ureahane l g’ _。，ip． Systemic arterial 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． Afcer gently clearing the 

surrotmding fat and connective tissue，beD sodiunl 

6OOU·kg一 was ivinjected 

n1e mts were divided into 6 grou10s Control 
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group：only laparotomy was performed without clipping 

of SMA；isc~mic reperfmsion(IN)group：rats w 

subjectedto 30--rain occlusion of SMAfollowed by 60-- 

rain reperfusion；preconditioning (Pc)+ ischemic 

reperfusion(Pc+IR)group，Ⅱle sanle its IR group， 

but wj previovs 3-cycle occlusion of S／vIA for 8-rain 

and 10-rain reperfusion；Cm group：Cm 75鸺 ‘kg～ ， 

a selective rP channel opener was inje~ted iv before 

ischemic reperfusion damage；Gli group：Gli 8 nag’ 
_ 。

， a selecdve KArP channel blocker，was-mje~ted iv 
10 rain before Pc followed by prolonged ischemia，5 

mL 10 ％ glucose was e~ted iv along with Gfi and 

during the reperfusion pedod； Pc group： no 0lh目 

treatment was made but Pc． 

A smalI intestinal tissue WItS Oblail~ approximate— 

ly 10 cm to the ileocecal junc~n at the end of 
re, fusion O1"Pc． The tissue was sectioned in 2 

segments The biopsy 邛eci rapidly placed 

in buffered (pH 7．4)10 ％ formalin． About 1-g 

samples were used for analysis of wet weight／d~y 

weight(WW／DW)．Atthe sametime，blood samples 

werewithdrawnfrom thefemoral artery and centrifuged 

(4℃，3000X gj for 10 rain． The s~ tants were 

preserved at一20℃ for analysis ofLDH． 

E】中劬 n即 切l protocol The degree of 

intestinalinjuryWaS evaluted Oil a grading scale，Grade 
0一V【 、andⅥ 一Ⅷ 

． Systemic blood i~ llre 

was recorded before Pc．afterN)-minischemia and 60- 

min reperfi~sion， before Or after iv Cm and Gli． 

Intestinal edema was evaluted by DW／W W 

n1easurernem LDH level of S~rlllll was analysed by 

assaykit． 

Star,ties Data were pr删 as j ± ． 

Between groups differences w compared by 

ANOVA． Significant differences between w~rpho- 

logical ap mm  of tissue was determined by the 

Wilcoxon rank slllrltest． 

RESI】If1S 

Pc orivCm decreased LDH release f(38O±55 J． 

(298±40) JR(559±49)U·L_。，P<0．05l and 

improved the intestinal edema l(WW／DW，5．6±0．6， 

5．6±0．4Ⅷ JR(6．34±0 29)，P<0．051． Gfi 

abolishedthese effects of Pc lWW／DW，Gli(6．6± 

0．6) IR(6．34±0．29)．P>0．05；LDH，Gli(624 

±44) IR(559±49)U·L_。．P>0．O5l(TabI) 

Tab 1． LI)It release alId mtes~ml t t／dry 

wei t(ww／ )． ± s． 甲 >0．05， <0．05， 

cp<0．01玎s啪  d．中 0．05．中 <0．05玎s IN． 

IN：Ische~ e reperf惜．衄 ． Pc：p e咖岫dm啊1itlg． 

Cm ：a础m k jln． Gli：g bencl翘 Iide． 

Pc ilseff did not result in ble d pressure change 

Pc Or Cro improved hypotension induced by reper~sion 

as compa~ 、vi血 IR group l(Pc+IR，from tII．4± 

1 7)to(II．7±1．7)kPa；Cm．from (I3．8±1．3)to 

(11．4±0 7)kPaⅧ IR，from (14．0±0 9)to(10 0 

±2．3)kPa，P<0．05)(Tab 2)． 

T曲 2． 五e蛐 arterial es锄  c|啪 l学酋 d1埘 ng Pc． 

0。cIl玛j越 ．arId pe由I c )． 2± ． >0．0s． 

<O，05懵 b日seH|le ntin i砌  dm J鲫 唧  

The sDedInentakenfrom 山e~ontrol group or Pc 

group showed a normal illll~osa in all山e rats． Ⅱt 

group revealed s ，eIe mllcOsal lesion f】c 0r 

叫 扛e{山nem wi山 CrO before ischemic reperfusion(f，c 

+ IR or Cm group) produced a less pronounced 

mucosal damage compared with IR group (grading 

scale，3．4，3．6坩 5．7，P<0．01，． S effect was 

abolished血tbelxesenee ofGli(1l曲 3，FigI)． 

Iseheraic preeondidoning has marked删 i01)r0tec- 

rive effects[ · · ， 
． Our present results along with 
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lbSg 1． Representadve examples of ∞U intestinal mucosal injury． 1m SU]~I．x 200 

A)Co~ttrol；B)IR group；C】Pc+IR group；D)Cro group；E】Gli group；F)Pc group 

Hotter’s work suggest that ischemic preconditioning 

has similar protective effects against the rat small 

teslinal injury induced by ischemic repeffusion． We 
also found that the specific KArr,channel antago

．

nist 

abolishedthe beneficial effects of Pc and these effects 

were mimicked by Cro． These 曲 djI1 suggest that 

ischemic preconditioning might be a universal protective 

effect and _ntes血e has a similar mex：harfism to 

mycw．ardium． 

Although the present study demonstrated the role 

ofKAav channel openerinintestinal Pc，itis necessary 

to investigate which endogenous mediators are involved 

inthis protective effect Theintestinal Pcwastriggered 

by an initial transient increase jn N0 synthesist 
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Tab 3． Grade of 恤stim l muonsal damage in different 

groups． >O．05 t control 

>0．05． <0．D1 w IR． 

NO itself appeared to activate KATe channels of vascular 

smooth muscle cellsL 
． This suggested that NO might 

be an endogenous mediator that msulted in activation of 

the KArP channels and thus preconditioned small 

intestine which was resistant“)SU~ Uent m0re 

pmleng~ ischemia． However，further work is needed 

to investigate the relationship between KATe channels 

and NO， and other endogenous substances， such as 

calcitouin related peptide(CGRP)，adenosine to 

getmore direct evidence． 

In the present study．the ability of Gli t0 affect 

insulin and glucose blood levels may also have a 

negative effect on Pc which call not be mlcd out． 

Prc~ous work showedthat Pc protection occurred only 

in the presence of lli曲 glucose concentrations during 
the reperfusion periodl 0J To avoid this negative 

effect，we systemically mjected iv glucose daring the 

reperfusion period or at the time when glibenclamide 

was given． Thereforeit seems unlikelythatincreased 

insulin or decreased blood#tr．ose levels is responsible 

for effect ofthis compoundto prevent Pc． 

In suiiBnal~．ischemic preconditioning oI1 the rat 

small intestine is mediated by acfvation of K̂口 

channels． 
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号大鼠小肠的缺血预处理 尺77 K̂TP通道激活介号大鼠小肠的缺血预处理 J＼y f V ’ 

塑丝．±，壹二 ，吴毓秀，顿 文，申丽红，章 毅 
(山西医科大学药理教研室，太原 030OOl，中国) 

关键词 4 ；挺 塑；龟煎]E盐； 
缺血预处理；钾通道 
- ～ — ● ●'  - ' _，  — 一  

目的：研究缺血预处理对大鼠缺血再灌注损伤小 

肠的保护作用是否由 K̂lrP通道开放剂介导的． 方 

法：用短暂反复夹闭肠系膜上动脉诱导预处理，观 

察其对长期缺血再灌注损伤小肠的保护作用，并 

用 K̂口通道开放剂色满卡林(Cm)和拮抗剂格列苯 

脲(Gli)进一步探讨其作用机制． 结果：预处理对 

大鼠缺血再灌注损伤小肠具有保护作用，其作用 

可被Cm模拟，并被 Gli取消．结论：预处理对大 

鼠缺血再灌注损伤小肠的保护作用是由K TP通道 

开放剂介导的 (责任编辑 杨雪芳) 
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