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Effects of hydrogen peroxide on membrane fluidity and Ca( 一trans— 

porting ATPase activity of rabbit myocardial sarcoplasmic reticulum 

su Zhi ，YAN Xiang Dong。，LI Yuan-Jian ，CHEN Xiu 

(Department of Pharmacology，Hu-nan Medical University，Changsha 410078，China) 

^磷 订nIACT This study was to investigate the effects 

of hydrogen peroxide on membrane fluidity and Ca 一 

ATPaae activity of rabbit myocardial $1Rrcoplasmic 

retlcolIlIn (sR)． The membrane fluidity of SR 机 s 

monitored by measuring the changes in the steady state 

fluorescence anisotropies(̂ )using diphen hexam ene 

as a probe． The Ca 外_ATP啪 activity was deter- 

mined by assaying the amount of inorganic phosphate 

(Pi>released from ATP． It was found that the mem- 

brahefldidity ( ：0．154土 0．014 5 0．113土0．010，P 

< 0．01)and Ca抖一ATPase activity (3．1土 1．3 25．3 

土z．4／~mol P ·h-i／mg protein，=P< 0．01)were re- 

duced in SR exposed to H：Oi(2 mmo1．L )for 40 

m_m． “ m  20 ng ·III1 completely prevented th e 

SR damages caused by H2Oz． H ：~eopardlzed the SR 

in a concentration--and  time--dependent msrxner as lea-- 

sured by changesin y'a values andCa  一ATPase activi- 

ties ．which we negatively correlated (rffi O．981，P< 

0．01)． These results suggest that H2O：produces dys— 

functions of the rabbit myoeardiaI SR 。and  that the al— 

teratlon of membrane flu／dity may be one of th e me cha— 

msms responsible for the dec rease of Ca 0+一ATPase 

activi ty． 

KEY W ORDS myocardinm f sarcoplasmic reficulum ； 

hydrogen pe roxide；membrane fluidityI Ca  。 ’-trans— 

po rtingATPase 

Hydrogen peroxide is a well known oxi— 

dant and phys st key role in myocardial 

ischemia and reperfusion injury。一 ． The 

processes that have been proposed as factors 

inperoxide—induced cell injury include decrease 

|n ATP concentration，disturbances of intra— 

ce llular Ca抖 homeostasis．and an increase in 
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oxidi~x*d sulfhydrils． H2Oz could reduce the 

membrane fluidity of erythrocytes“ and car— 

diomyocytes C53． But the detailed mechanisms 

of cell damage byH2O2 are upto now notfully 

clarified． Nothing is known about the effects 

of H2O2 on SR membrane fluidity，and infor— 

marion about the effectS of H 2 on ” 一 

ATPase activity remain limited． This study 

was undertaken to observe the alteratiofls of 

membrane fluidity and Ca 一ATPase activity 

in SR when exposed to H202． 

M  TERUUJs AND M ETHODS 

10d ation of myne ~ em  sa~ oplasmlc reflcuhlln 

11 rabbits(of either sex，wehghlng z_6±i 0·3 ) 
were stunned and the hearts were rapidly excised  and  

placed in ice-cold NaHCO3 10 mmo卜 L～ ． The Ieft 

ventricles were trlmmed of ep／car um ，eud ocardinm ， 

fat。and  sibh blood vessels． The myocardial tissue 

wasminced and  homogenized(1 gtissuein 5w lNaH- 

coa 10 mmo卜LI1)thrice for 30 s with a ZS83-1 tissue 

homogenizer at a setting of he lf-max~nal spe ed· The 

homoge nate wits centr／fuged twice for 20 ram at 14 000 

× at 4℃ in aRP一83T ro tor ofHitachi ultracentrifuge 

to re move the  nuclei，cell debris．and mi tochondfia． 

Th e supernatant from the aeeond  spin WSS centrifuged 

att5 000× g for 30min． The resultingpe Hcts w 

resuspe ndedin 10mI ofKCln 6mo卜L一】。hisfidine  30 

mmol ·L～ at pH 7．0， and then sed imentsd again at 

45 000× g for 30min． The final pellets wP．1*e gendy 

resuspe nded in I ml trls-chlorlde 10 mmo1．L (pH 

7．O)． The SR-enriched suspension was immediately 

stored at 一 4OC for measurements of Ca 什一ATPa搴e 

activity and membrane fluidity within 24 h ‘’”． 1-1le 

protein content wBs determi ne d colorimetrieallym ． 

using  bovine serulll albumin as the reference standard． 

Meuaremea t of membrane flIdmty M emhrane  

fluidity of SR wasmonitored bythe steady statefluc- 

re~ellce anisotropies(n)． The~]uorescence pro be I， 
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6-dipha nyl一1，3，5-hexatriene (DPH ，2~maol·L一 ，in 

tetrahyd~ofuran) waft added to 1 ml SR suspension 

(200,ug protein)to a Iirml probe concentration ul 1 

gmol·L一 andineuha tnd at 37℃ for 3 h． The^ vslue 

of DPH wBs measured using a M-850 spectrofluo- 

ro~eter(Hitachi．Japan)equipped with a temperature— 

eommllnd ，thermally知cketed cel1 holder，k 360 IIm 

and 430 n The r'i valLie Was calculatnd  by the 

formula{r,=[1w--Gl~a]l[1w+2GhH]．whereG= 
ins trument correction factor，1w and  Iv．= vertical and 

horizontal earlsalon intensity respe ctively，when exclt- 

i light wag vextically polarized ． 

A站-y。f C●什一ATPase moil,dry The ATPase ac— 

tlvlty waB determlnnd  by colorimetric me thod n 船 ur． 

ing the inorganic phosphate (P．) released from 

ATP 埘 ． For the assay of ATPase activity．SR vesi- 

cles(20 pg protein)were prelncubsted at 37"C for 10 

min in 0．4 ml of reaction mnd ium containing kistidine 

50， (pH 7．4)． MgCI2 3- KCI 1】1， EGTA 1 

mmol·L～ ．and  calcimycin 3 Pg·ml一 in the absence or 

presence of a 1 0．6 ramoi·L～ ． The reaction was 

initiated bythe addition oftris ATP 5mmot·L一 and 

terminsted after15rain bythe addition of 2．5mI stop 

solution which contained sodium bisulfite 4．3， p- 

methylamino phe no l sulfate 1．4，ammonium molybdate 

3．6 mg ·mr ’， and  H=SO‘ 360 mmol·L-。． The 

reagents in stop solutlon。 re slso reqairnd  fo eotori- 

metric detm-ruination ofP；． After15min at 25℃ ，the  

aha orha ／ice WaS read at 660 nm． Tha  reaction ratein 

the  absence of a 2tills subtracted from thatin the 

preserve of Ca CIjto obtain the  Ca“一ATP̈ t activity 

(retool⋯Pi h ’／tug protein)． 

To obSel-Cethe effects of catalase on OIt-medlat— 

ed alterarions iⅡmembrane fluidity and  AlTPase act 一 

ty。the SR waBincuha tedwith orwi thout 2mmo1．L一 

in the presence or absence of c8talase (20 

·lnl )for 25rain at 37"C． 

Reelemt~ ATP (Tris salt)，ca1c_皿 蚰 m，and 

EGTA were obtained fro m sigIna Cha micaI Co．USA． 

DPH 'w'as purcha sed from Fluha  AG ．Switzerland． 

AII othe r cha lD刈 swere ofAR． 

st叫 lH Resulte were presented 咕 孟士s． Sta- 

tisfical differences hctw~．n groups were determined by 

olle—Wa，AN()vA OT t test． 

R咖 LTS 

Effects of H 2 oB membrane fluidity of 

SR The SR (200 protein·ral )was incu— 

bated with various concentrations of H2O2 for a 

required period of time prior to measu"rement 

of fluorescence anisotropy． The value of rl 

for DPH was elevated by H：O2 0．5 

mmol·L～ ，followed by a further gradual in— 

crease in a concentration-dependent manner 

(Fig 1)． The r-value was increased after 15 

rain of incubation with H2O2，followed by a 

further slight increase in a time-depe ndent 

manner(Fig 2)． Since the r．value varies 

inversely with the membrane fluidity， the 

membrane fluidity of SR was shown to be 

reduced by H：O2 in a concentration—and time— 

dependent fashion． 
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Flg 1． Effects。fH ∞ tim animtrooy-Dd 

Ca= -ATPam activity el'rabbit m a删 Sit． 

Sit wasiaculbated wi th HIOIfor ●-min． e= 6 or 11 

n妯  协 ， 士 ¨P< O．05． ⋯ P< O．Ol憎 centre]． 

Effects of Hl0l oN Ca -ATPas~activity 

of SR Befoie assaying the Ca件一ATPase ac— 

tivity，SR was incubated at 37℃ in reaction 

medium with or without H2O2． The Cä 一 

ATPase activity was depressed耐 th H：O2 0．5 

mmol·L一 followed by a continuous decline in 

a concentration—dependent manner (F 1)． 

H2O2 also produced a time—depe ndent inhibi— 

tion on ATPase activity of SR (Fig 2)． A 

negative~orrelationshlp was found he tween r- 

values and ATP幻e activjties of SR． 
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Flg 2． Effects of H2O2(1 m 0l·L )on flr~res- 

∞ Ⅱ  rO阿 and 0  -ATPue 删 vity of rllbl~t 

myocardial Sk． a=$-- 6， 士 。。P< 0．05， ⋯ P< 

0．01t_coatro1． 

Effect of cnt丑lase oil H±02-mediated SR 

●njury H20。increased the values and de— 

creased the Ca。 一ATPase activity dramatical— 

ly． These changes were abolished completely 

by catalBse(Tab 1)． 

1 1- Effect of~atlll~ (加 ug·L )on H=O2 (2 

衄 0l·L_。)-medla~ sareo#mmlc retkelum tnj『盯了． 

^一 5— 6 r岫 lb ，i士 ‘P> 0-05，‘P< 0．01啊 c0n． 

trei．rp<0．O1口 H2仉 

Control 0．̈ 3士 0．010 

H 2 0．154士 0．014 

o2+catalase 0．118士 0．011 

25．3士2．4 

3．I士1．3 

23．2士 3． 

DISCUSS10N 

The present work proved that the mere— 

brane fluidity，as reflected by decreases in the 

r_values for DPH incorporated into the SR ， 

was red uced by H2O2 attack in a 

and time．dependent fashion． These results 

were consistent with those obserred in other 

biological membranes such as huma n erythro- 

cyte membranem and myocardial mem— 

branes cs,93． 

There were contradictory experimental 

data regarding the chan ges in Ca 。 一ATPase ac— 

tivity after H2O2 exposure． Results in our 

study were consistent with those observed by 

Kukreja alcl13 and Scherer et al ，but were 

in contrast wi th those obtained by Rowe 

al0” and Kaneko et alcl0 Rowe et al 

found that exogenous H202 could uncouple 

Ca。 transport from ATP hydrolysis leading to 

depression of Ca 。 uptake by SR． However， 

the Ca  一ATPase activity was not inhibited by 

H 202， Kaneko et al reported that Ca  一 

ATPase activity in sarcolemmal membranes 

was stimulated by H2O2． Lipid peroxidation 

and oxidation of SH groups were respo ns ible 

for alteratisns in Ca  一ATPase activity( 一 ， 

Our results suggest anoth~ plausible explana- 

tion that the decrease of membrane fluidity 

may be re lated  to the inh ibition of SR Ca 一 

ATPase activity， since optimal membran e 

function requires the membrane to be in an ad— 

equately fluid state and alterations in fluidity 

interfere wi th the activity and kinetics of mem— 

brahe—bound enzym esc ． FurtheTmore．our 

results indicated that there was a good correla． 

tion between r_values(representing the degree 

of membrane fluidity)and  Ca  十一ATPase activ． 

ities in SR damaged by H2o2． It was，there- 

fore，conceivable that the decrease of fluidity 

was another important mechanism contribut— 

ing to the decrease of Ca 。 一ATPase activity of 

—O  
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SR attacked by Hz02． BullHunanMedu 1990 p It{|208--9‘ 

In conclusion．these resuhs demonstrate 10 Jones LR，Beseh HR Jr· T自 Ⅱnon0_caof n 【le c&rd_呲 s r_ 

⋯h can directly cause dys unction of c o le ： 
rabbit myocardial SR，and that the decrease of 1

一

l 

membrane fluidity may be one ot the mecha一 11 Kuk a RC
． Okabe E，Schrl GM ，H s M L． O n 

nisms responsible for the decrease of Ca 一 radical— mediated lipid perorddatlon and inhihifion 0f 

ATPase activity． c 一ATPmm aet[vity of cardiac sarcophmmtc retleulum· 

ArchBiochem 肼 廿  1988，161 ：447-- 57． 

REFERENCES 12 Soberer NM ，Ve&mer DW ． Orddative sB'ess impairs the 

function of sarvopidsmle retieuhlm b oxidation of 

l Br0肌 JM ，T盯 LSt G删 o MA- 咖 肌 GJ， 
蛐1fhydr，i即 u呻 m the 一ATP越e． 

IB3co sE-P．tt A， ‘ X蛐 th_恤 。 蛳 produc~  ̂ B如ĉ
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擒蔓 用荧光偏振技术测定兔心肌浆网 (sR)膜流动 

性，定磷法测定 Ca 一ATPase活性 ，过氯化氢 (H： ) 

显著降低 SR膜流 动性和 Ca 一ATPase活性；荧光各 

向异性值与 ca14-_ATPase活性变化呈负相关 }过氯化 

氡酶(20 ·L )完全取消 Hz (2 n'm~l·L-1)对 SR 

的损伤作用，表明Hz 能直接损伤 SR，膜流动性改变 

可能是 ca24-ATPase活性下降的原 因之一． 

关键调 ，里兰旦，苎墨堡垫! 
钙一转移腙苷三磷酸酶 

膜 流 动性 
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