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Monophospboryl Lipid A (MLA) is a detoxified 

derivative of endomxin and was first derived and 

purified from bac~rial lipopolysaccharide in 1980s． 

pharmacological agent has been studied as a 

vaccine adjunct，anti-septic，or anti-tumor agent by 
nlem'lS ofiIs immanomodulatory properties． In addi- 

tion． MLA is 0ne of the most well documented 

protective drugs against cardiac iscbemia／reperfusion 

Iniurym various animal species． Mechanismsinvolved 

with the M匝．A．induced cardioprotection are still not 

fIll1v un derstood． A key mle for ATP-sensitive 

potassium channels and inducible nitric oxide symhase 

(iNOS)h-as been proposed． article provides a 

bdef overview on the updated understanding of h皿A- 

induced cardioprotection and focuses on the new 

evidence andinsightsthat broughtmm thefieldby 

a number of I1 w publications during l998 — 1999． 

Our rece~lt study in a globally isehemic ii~ouse heart 

model is partacularly highH曲ted An obligatory mle 

for nitric oxide (NO) in m耐ia虹ng the detay~d 
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cardiol~otective effectinduced byMLA viainduction of 

iNOS was double-confirmed by using S-methyliso。 

thiourea(SMT)一 a specific inhibitots of iNOS as 

we ll as the iNOS gene knockout mice． A direct 

association of the MLA．induced infarct size mduction 

wi山 IncreasedNO productionwas also demonstmtad in 

this study． Future studies should target Oil identifying 

the keytype(~)of cytokineandtheieceptors aswell as 

free radical-activatad transcription factors that may be 

responsible for i／lth~ o1]of iNoS and the subsequent 

an 6-isehemic cardioprotection with MLA． Information 

gathemdin the studies onMLA may eventually enhance 

our understmading in themeclm isms of de 0d phase 

of myocardial—preconditioning and iIs clinical 

applications． 

BACKG矗oUND 0F 

LIPIDA《blLA) 

MLA is a relatively nc~toxic derivative of 

endo toxin and was first derived and DIⅡj丘cd from 

lipopplyseccharide(LPS)of the grmn negative sttai~ 

in 1980sL ． Its chemical nx血I is shownin Fig1． 

It retains several ofthe hnmunomodniatory prooert~ of 

the parent endomxin molecule with the reduced 

toxicity． MLA has been shown to induce beneficial 

immunomodulatory effects such as cytokine production， 

macrophage stimulation．and a variety of other effects 

upon both humoml and cell-mediated lmunmological 

host defense sDDnse 一 ． These effects of MLA 

‘may be exploited断  use 0f：1)inducing the 

tolerance to endotoxemia which has been observed in 

both laboratory animals(2t3一and human mbjects0L~：2) 

be ing an immuno-thera~anic or immmao-pn> 

phylactic ：3)being an adjuvant for a number of 
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vaccines【lo ：4)inducing the delayed protection against 

cereb~ vasc~ spasm caused by hemorrhage~ 

The COl／Lrnon@,st SOlll~e ofthe solubleMLA madits 

vehicle solvent{40 ％ propylene glycol and10％ ethyl 

alcoholinwater)usedinthe published paperswasfrom 

the Ribi ImmtmoChem Research Inc． (Hamilton Mrr． 

USA)． 

O 

(Ct6) 

Monophosphoryl lipid A 

A list of sixteen representative studies since 1991 

on the MLA-induced cardioprotcetion is surralmrized in 

Tab1． Knowledge oilthis drug has been accumulated 

mainlywithinthefonowing areas． 

1 Forms of the eardioproteefi~a Vast 

rr~iority of the studies reported a reduction in 

myocardial infarct size foUowing ischemia／reperfusion 

in MLA-pretreated ra惦【舫]
． 

rabbits(15—17,21一铝，25]
． 

dogs~ 0- 一 ]madmice~ 
．
In addition．afew studies 

also demonsWated that MLA protected heart against 

stanoing~12， 0- ，担J and／or al曲v出mia【抖-∞ caused by 

isd肼 d 口 fusion． The卸 -isch~rtic aⅡdi0pIDtec． 

tions wq~l'e observed not only in healthy 锄e 吐2jed 

ani~ s but a／so in the conscious rabbits with 

hypercholesterolemia mad athemsclerosisL25J
． 

2 Temporal pr0fik Almost all published 

snJdieslistedinT b1 hadfocused oilthe delayed phase 

of cardioprotection， ie the protection occurred 

approximately 24,h follow~g the drug treallnent． A 

more complete time conrse of myocardial infard size 

following a dose ofin 印0Ils-n{ection ofMLA (35 

／~g／kg，iv)wfls recently reported byElliott【 who also 

showed an ‘‘early window ’’ for the anti-infarct 

protection These early effects seeaned to be short- 

lived mad lasted no ino1~ than 30 mill after the drug 

treatment． In conlrdst，a delayed phase of protection 

reappeared around 6 h and sustained antil 36—48 h 

afterthe  ̂ treatment． It is notable that the late 

window of MLA．induced protection is mRch better 

investigated mad can be consistenfly reproduced by 

nmr~rous laboratories， as compared to the early 

window． 

3 Species．related dj￡ 啪 ce It is intorest- 

ing that rodents appear to rmuire much hi#aer drug 

concentration to exert the c~'dioprotective effects(T曲 

l】． ．nle cardiowotective doses ofMLA were from at 

least 300~e／kg【 ]toasmuchas 5O00~e／kg【 ， ]for 

tats，350 ~g／kgformice ，wtteteas a small dose of 

35,ug／kg was sufficient to induce protective effects in 

rabbits and dogs． 

hⅡK期．AN硅船 0F I 

Ⅱm I『(雹D By 帆 A 

．nle mechanism of MLA-induced protection‘is no t 

well umlerstood although several D(，ssi 石es have been 

suggested． It is notable that this s~eet was 
exmasively reviewed by Elliott[嚣 

． Accordmgly．the 

present articlefocusesmainly onthe new evideD0e and 

insights provided by a nulllb~ of ne、v publications 

during 1998—1999． Up to date，majori~ of the 

previous mech~ stic stDdies had targeted on the 

following alias： 

1 Induction of cytoprotective proteins 

One of the plausible explanations for the delayed 

cardioprotoction induced by MLA was that this drug 

might indn~ new synthesis of cymprotoctive prote~  

such asⅫdo)ddaIlt enzymes and heat shock proteins 

(I-ISP)． However，all of experimen~ dam~eun2u． 
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Tab1． Rep删 在 他 tite叫 瑚嚣pu叫 eddm'i~ 1991—1999吼 delayed酬 ·is b日nic衄rd]l哪呻鸲 蚰 r曲hlcedby 

nl0I∞ph0spl10rylt~pidA 

lated I to today showed very little SUppOl~iYe 

evidencestothis hylx~thefis． For example，Nelson et 

a{found an assccia6on of post-isct~ernic functional 

hnD M蜘 ent wi廿1 a significant increase of camlase 

enzyme activity in 吐le rat hearts J． However． 吐le 

drug dose used by these authors WaS very high(50O0 

，／k窟，ip)． In conwast，Yao al found only a 

rr~gmalina咤aseinmyocardial ea~alase activitiesintlle 

MI_A一~eated dogs as compar~ttothe control group ． 

In addition． despite U pre~eamaent．1vas shown to 

induce}王SPT0i expression in rat myocanliam that is 

assceiated with the delayed c~ tlopmtection(29J
， 

cardioprote~ive dose of MI．A did not result in a 

concomitant induction of 蚰 s 啪 tein in raNoit 

hooal~Llo， J
． These evidences i~licated neither 

amio：ddatm nor }王SP ~ ible for 血e 

rer~ I：able c删 0Dr0 咖 afforded byMI．A ． 

2 hlvolveln朗 t 0f adenosine and b矗卸 

n hIost ofthe studies Oil the subject of ad自x堪i玎 

and MI．A-ir~tuced protection had been done by 

Ptzyklenk and ce-workers in a canine model[~，∞J
．  

They found the d ∞am effects of MI．,A-~ t 

and ischemic NecondifioNng ol1 the myocardial 

aden0sine leve1 and~'tivity of an aae~ sine-regulating 

e．~yme-5’．nucleo~tase(5'-NT)L如J． 1k w ∞ 

eorrelafion between 5 ．NT ~'tivity and i c【 

reduction． In fact，during b0廿1 0fthe pIB。clⅡdid。ning 

appI1Ⅻ s， the myocardial 5'-NT activity and 

aden0sine leve1 need n0t to be elevated beyomt the 

control level to achieve the infi-act rel~ on． Taken 
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together． an adenosine-dependent mechanism for the 

MLA-indaced cardioprotection is unlikely the primary 

de terminant 

A recent study of Mazenot et al J demonstrated 

that，in control to U ，pretreatment of MLA (100 

t~g／kg，iv)in rabbits did not induce bradykinin B】 

receptor synthesis and its assoc：iated hy~ tensive 

response to (des-hrg9j-bradykinin 24 h later． Them． 

fore， MLA—induced de layed cardiopmtection seemed 

riot relatedto a Bj receptor-dependent pathway
， 

3 OperJng朋 ·st~ ve lamtassim  c ) 
chammls Opening of KATe channel appears to be 

protective due to the increase in outward potassium 

current resulting in shortening of the action potential， 

which in turn may spare A IP thereby allowing less 

elitry of calcium into the myocyte l~'ot。gh the voltage 

sensitive ca]cium channell Decreased iraracellular 

calcium oveflon d may reduce ischemi c iniury and lead 

t0 be tier myocyte preservation． There is mounting 

evidence supporting the involvement of KATe channels in 

吐le mechanism of ischemic preconditioning 32J and 

口harmaonlogical protection with MLA 19,22,~J
．  

Althou曲 opemng of channel is s~-ongly 

befieved tobe themostimportant end-effector ofMLA- 

induced cardioN'otecfion ．tIle key intermediate factors 

of the sigr~ transducdon cascade remflall to be 

hypothetical It was recently proposed that phos— 

phorylafion caused by activation of the possible 

recep∞ o0llpled msine dⅡase and in tll兀l pmtoin 

kinase C may be the common mediators to far~ r 

uctivare the nuclear factor kappa B and upregulation of 

NO 0roduction tinou~ induction of oS J． It is 

notablethat untiltoday therole oftyrosiue  kinase mad 

proteinldlmSein MLA—induced cardiopmtection has not 

yet been proved by any pu shed experimental data． 

However．evidences for a critical mle of OS have 

emerged duringthetmae pe~od of1998—1999． Inthe 

followin~ p~tgrapbswediscussthese rlew evidence and 

insi曲ts inmore details． 

NEW EV1I)ENCE OF AN iNOS．DEPENDENT 

M咂 I I圃Ⅶ F0R nⅡA-INDUCED CAR瑚 - 

腿 0TBCTl0N 

Recent studies have shc,wn the ability of MLA to 

dⅡce iNOS either in vitro or in vf [柏，34]
． It was 

刁1a0 et al L who In'st demonstrated  that de layed 

cardiopmtection with MLA can be abolished by 

aminogtmnidine——an inhibitor of inducible nitric oxide 

synthase (iNOS)． However， $onqe non-s0ecific 

effectsof the pharmacologicinhibitors CaD not bemled 

out． Since nitric oxide (NO) is produced from 

L一&1woi／~e throtI曲 chemical reaction which is catalyzed 

by at least three major isoforms of NOs．ie iNOS 

(inducible)， eNOS (endothefia1)， and I1NoS 

(neumm1)adL ．them js an tmavdidable redundancy 

in functional actions amongthedifferentNOS isoforms 

Therefore the exact role of jNoS in Ⅱ ．indaced 

cardioprotection requiresfurther direct confirmation with 

more specific methods such as state of the art gone 

knockout technology． Accordingly， in one of o111" 

recent atlldies 27 J
． we pretreated adult male ICR mice 

and the B6，l29 homozygous(-／一)iNOS  knockout 

mice wi th MLA． W1e ischemia／reperfusiou protocol 

was carried out in our well-established Langendo rff 

isolated f【】sed mou se heart model 36 
． The 

protocol consists of 30 min of stabilization ．20 rain no- 

flow global ischemia． and 30 min reperfasion 

Parameters of cardiac function as well as myoc ardial 

infarct size Ⅵ assessed in this mouse mode1
．  In 

addition ． the No oxidation 0roducts (ni te and 

nitlate)accumulated In the}1e缸 tissue s~maples were 

alsomeasuredas inde x oftotalNo production．using a 

niIric oxide analyzer(SmVERS，Model 280NOA)． 

In this investigation． we observed 吐lat the 

cardioprotection was markedly abolished by,SM[r— a 

potent and selective inbibitor of 0S J． Therefore 

the abrogation of MLA，induced anti，ischemic effect 

cooldbe atleastin partduetotheinhibition  of oSin 

the ischemic heart． Fnrthermore，the completelackof 

MLA-induced 121"ott~ on in the jNoS knockout mice 

suggests an obligatory role of this isoform of NOS in 

the protective proceas． We also found that the 

cardiopmtective dose of M A markedly increased NO 

0roduction following ischemla／reperfusion but not in 

the non，ischemic hearts， suggesting that jNOS was 

functional only in the ischemic heartsL ． Similar 

observation was also previously reported in MLA— 

Ireated rabbits L21J
． 

suggests that post，translational 

mcdificatiou s of thejNoS enzyme are required be fore it 

is able of generating NO ． It is possible that 

isehamia may activate certain kinases (such as protein 

kin~e C and tymsine kinase)or inhibit phosphatases 
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that may promote activation 

0f the inactive 0S induced bv MLA within certain 

time period after the drug administration． 

N0 is critical in the si ffansduc tinn in 

biological systemsl驯J inclnd ing in the ischemic 

myceardiumL ． N0 is one of the key modulators of 

vascular srllooth muscle tone and its biological action 

call be cardioprotective against ischemia／reperfusion 

injury through coronary vasodilatation and reduction in 
myocardial oxygen consumption via d]ⅣlP．dependent as 

wel1 as cGMP．independent mechanisms~4~一 More 

recently，NO has been appreciated as the possible key 

trigger and mediator for the ischemic precondition— 

ing J． NO itself or through the second messenger 

may also modulate KATP channels． 

dependent protein kinases ma y be capable of 

phosphorylafing K channels and priming the channel 
to offer cardioprotecfion~ studies that we 

diSCtlSSed above oil the MLA—induced late cardioprotec．． 

don fill'the[support the concept that opening of KATe 

channels ma y be the ultimate elid-effector for the drug- 

induced protection which is i~'imadly mediated bv NO． 

UNSOLVED PRoBLE 重S a ND F1 ITURE 

Dm ECTIONS 

Onthe other hand．the role of constitutive fom s 

of NOS (cNoS) in MLA．induced protection is still 

unclear． There is a good possibility that MLA ma y 

also activate cNOS which ma y serve as the Iliggefs of 

the signal a'ansdection cascade 血at causes the above- 

discussed secondary induction of oS． For exmnple． 

we observed a consistent improvement in pre．ischernic 

coronary flow in a】1 MLA-tr~ted groups． Blocking 

iNoS with SM r did not reverse the imlx'ovenlent of 

coronm3r flow in MLA—treated mice． 1l se data 

suggest that MLA ma y have been impmving vascular 

endothelhalfi．mcdo n independent of oS enzyme． In 

addition，despite a great dea]of evidence supporting 

oS as the obagatory mediator and l rP channels as 

the possible end—effector， the upsla~arn signal 

transducdo n including initial triggering meehanima 

relll~ tmkllown． ．n1e role of free iadicals and／or 

cytokines acting oil any type of membrane receptors 

and／or other intracellular pathways in the underlying 

mechan isms has aot yet been confirmed by any 

published experimental data． Further investigations in 

the murine mode1 should be necessary in elucidating： 

1)the potentialmle ofeNOS or nNOSin MLA-induced 

cardioprotecdon；2)the key types of cytokines and 

their receptors that ma y be responsible in activation of 

iN0S： 3) the potential mle of PKC and tymsine 

kinasesin the si~altransducfion cas(：ade：and 4)other 

pharmacological agents which could induce late 

preconditioning via similar signaJ transduction pathways 

as MLA． Most recently， we and another research 

group in the US have observed that RC552 一 a 

synthetic compo und that mimic the chemical structure of 

MLA can also hiduce delayed cardioproteetion in 

mice~44 and dogsI45J with even less side．effects than 

MLA ． 

A detoxified dedvafive of bacterial endoto~ 

MLA is able to induce late cardioprotection against 

myocardial infarction in the ischemic／rerxnffmed hearts 

in a dose—dependentm舢 er santi．necrotic effect 

is associated with enhanced N0 production in the 

ischemic tissue and can be blocked by selective 

inhibition of oS and is completely absent in iNoS 

knockout mice ． ．nle direct evidences obtained from 

o111"recent studies hi a mouse model suggest an 

0bh2atory role of oS in mediating the delayed 

cardiolrmtection by MLA． In addition．it seems血at 

the upreguhfion of NO production may open the 

mitochondrial al'ld／o~sa~olemmalKATP channelswhich 

appear to be the end—effectors of the drug-induced 

cardioprotecdo n． n detailed trigg ering mechanism 

by MLA to initiate the signaJ transducdo n cascade 

rglTlaills unkllowI1． 
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