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Inhibitory effect of diOxOpiperazine compounds on malondialdehyde 

formation induced by doxorubicin in rat liver mitochondria in ~itro 

ZHANG Yu，HUA Hai—Ying，ZHANG T~n-Mu (Department of Pharmacology，He一71an Insti 

tute of Medical Sciences，Zhengzhou 450052，China) 

^BSI1臣 The isolated rat liver mitochond ria Were 

used in vitro to study the effect of doxoruhlein on Iipid 

4Qeroxldation． found that NADH_dependent mito-~ 

chondm l per'oxidation，measured by thioha rbituric acid 

(TBA)method，惴 stimidatad to fourfold by doxoru— 

bicin (50 pmoI-L一‘)． The addition of Fe produced a 

slsniiieant iIIcrease of malondialdehyde(M DA)forma— 

tion induced by doxorubicin． Doxorubicin enhanced 

the pero xldation ot llplds in liver mitochond ria through 

enzymatic mechanism especially in the presence of 

Fe ． Probimane． bimolane。 dexrazoxane (dioxo- 

pipe razine compounds)，and ad etic acid (ED A)Inhib_ 

itad the formation ofM DA in doxorubicin or doxoru— 

bicln + FeC1，systems in a 

II~Rnn@l-． The bitory rates ofM DA formation by 

probimane at the  concentrations of仉 01，o．05，仉 l， 

and o．25mlno卜L～ were 27．80 ．25．19 ，47．80 ， 

and 59．77 r~ pactively- bimolane 21．04 ， 

2 5．55 ， 24．83 ，and 54．13 { dexrazoxane ~irere 

11．29 ． 2O．68 ， 34．94 ， and 58．65 ； EDTA 

were 57．52 ，55．67 ，61．62 ，and 63．16 inDox 

and  FeCIa system．The inhibitory rates of M DA forl11~一 

tion by ptoblmane at co ncentration 0．O1，0．05．0．1． 

and  o．25衄 o】·LIl帆 re 19．27，39．02，59，60，and 

58．63 respectividy~ bimolane were 6．10， 17．19， 

41．58，and 53．22 I dexrazo】 le宵ere 27．弘 ．33．26， 

58．21． and  59；ll { E A WIE~e 63．76， 67．柏 ， 

61．68， and  63．27 respectively in Dox system． 

Th ese results suggested tha t protection against car— 

dlotoxleity of doxorubicin afforded by probimane．bi— 

moIane，and  d~ xane may be relatad  to their abill— 

tytocombinewiththe complexiron 3othatthe iron 

m s no longer able to take part in free radical reac— 

tinm ． 
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Clinica1 use of doxorubicin <Dox) a8 a 

chemotherapeutic agent was hindered by the 

occurrence of cardiomyopathy associated with 

its chronic cardiotoxicityf”． noxorubicii"1 

stimulated the formation of free radicsis 

through redox cycling interaction with cellular 

flavoproteins， particularly microsomal 

NADPH—cytoc hrome P450 red utase and mito— 

chondrhl NADH dehydro genase‘ ’ ． These 

free radicals were thought to initiate the cell— 

damasing processes such as lipid peroxidation． 

Probialflne(AT一2153)，bimolane(AT一1727)， 

and dexrazoxane(1CRF一187，d—form of ICRF一 

159 and hydrolyzed to ICRF一198，which has a 

structure similar to EDTA‘ )belong to diox— 

opiperazine(DOP)compounds with antitumor  

activity． These compounds reduced the tOXic— 

ity of Dox in humans‘ ’and rat9‘ ． Probi— 

mane scavenged the semiquinone free radicaI 

induced by Dox in rat heart c”． In order to 

evaluate the protective mechanism of these 

drugs， we studied the effect of DOP corn— 

pounds on MDA formation—induced by Dox or 

FeClj in Tat liver mitochondria by n  spec — 

trometric method． 

MATERIALS AND M ETIIODS 

Cbemleals and drug NADH and  bovine serLLYn a1． 

bumin were purchased from the Sigma Chemica1 Co． ． 

Dox hydroeldoride—v哺s purchased fr0nl Farmitalia Car— 

loerbra Ltd，Italy． Probimane and bimohne were 

synthesized by Shangha i Institute of iateria Medi∞ 。 · 

Chinese Academy of Scfends． Dexrazoxane啪 s syn - 

thesizad  by A M Creightonin ICRF inLondon． 2一 

Th inha rblturie acid (TBA) 啪 0 purcha sed from the  ’ 

Second Chemical Reagent Factory of Shanghai． Dox· 

probimane．and dexrazoxane,ol?~re dissolvad ；n KC1 150 
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mmel-L-。and Ttis—HCI buffer 50 mm0l·L～ ，pH 7．4+ 

jus[before use and Dox was．protected from hEht． 

Rat and mitodwndrta prepm'atl~t Sprague-Daw— 

ley rats，0，weighing 256~-s 15 g，fed in the LaboTo- 

tory Animal Center， He：nan Medical University． 

Rate were killed by cervical slocatlon and  the livers 

were excised，rinsed in KCI—Tris buffer，and gently 

homoge nized (1 0 ， wt：so1) in cold saceharose 

0．3 meI·L～ ： terethanolamine l 0 mmol·L～ ： 

EDTA 2 mmo卜L～ (pH 7．2)isohtion solution． The 

c EDTA di．finished any microsoma1．．fi tocbond rial asso- 

ciation which was facilitated by divalent cation ，and 

che la~ed any free irOB released from the tissue during 

homogenation． M hochondria were isolated by differ— 

ential eentrifuge ~io11 ”． The mitochodd ria pellets 

。Wef ge ntly resuspend ed and repelleted  by eentrlfuga— 

tion 3 additional times in KCI—Tris buffer to reHiove 

the sociable and  EDTA which ；ntedered with the assay 

for Iipid peroxidation． M hochond Hal protein m s 

determined co lorimetrlcally‘ 。 using bevine serum 

albumin as the standard． 

^I鞠 for lipid peroxldatioa Mirochondria (1．0 

mg·lnl )we1"e；ncubated ；n dark environment at 37℃ 

with the  D。x (25，50，100 #reel·L一 )for 60 nlin ；n 

KC1一Tf；s(1．75 mI finnl volume)． Lipid peroxidation 

_ras terminated by adding 0．75 nd  of cold 

trichioroacetic acid 2 mmol-L～ ：Hc】1．7 mol·L 

(vol=so 1)． TI1e precipitated proteins removed by 

centnfugafion． Following  the addition of 2 nd  of 1 

(wt：vo1)TBA to 0．5nd  aliquota ofthe resulting su- 

pernatant fractions，they were he ated at 95℃ for 15 

min，cooled to 25℃ and the malodd ialdehvde (MDA)一 

TBA adduct was quantitated spectrophotometricaIly at 

535 nm Ⅲ ． The molar extinction coefficient of the 

MDA adductwasfound to be 1．53× 106·mol—i·cm 一‘ 

at a peak absorption of 535 nm． This value was used 

；n alI ca]culations ． 

Enl~ tor EDTA， probimane， bimolane ， and 

dencrazoxane were preinc uhated with the  protein at 

3 7℃ for 3O "fi n，follo~ d by adding the Dox (50 

gruel·LI1)add NADH (2．5mmol-L-。)． Theinc uha— 

tioncontinued for aned ditional 60 rain，andthe extent 

of MDA formation was measured． 

Efleet of Fe 蚰 MDA ferm~tlmalⅡda~ed by Dox 

Varlous concentrations of FeCIa(0— 15 ·L ) 

re added  to the  reactive system (including Dox 50 

‘Ⅲl0l-L～ and  NADH 2．5 mine卜LI1)． AIlincuha tion 

re initiated by the add ition of proteim The；ncuha— 

tion _ra quenched at appropriate time by the addition 

0f 0．75 ml of trichloroacetic acid 2 mine1．L～． e 

extent of啪 A formation wa3 measured． 

Efleet of D0P compound 蚰 帅 A formati~  

Varions co ncentrations of D0P co mpounds (0— 0．25 

mmol·L一 ) 砒 " preincubated with the Frotein at 

3 7℃ for 30 "fi n+followed by adding the Dox (50 

卜 L-1)，Fea a(5 nD】·L一 )，and  NAI)H (2．5 

mmo1．L叫 )。the incuhe tion continued for an add itional" 

60 ．fi n and the  extent of MDA formation Wl蹦 ulna— 

sured． 

StafllNIt~! anal~ls e data were presented 

as i士l add  Conlpared wi thltest． 

RE ULTS 

Dox,indueed M DA f0rm ation in rat liver 

mitoehondrla The extent；of peroxidadon was 

quantified by measuring the amount of M DA 

produced，which was found to be a function of 

the concentration of Dox and Fe”． The 

amount of M DA produced in the presence of 

Dox alone was quite smal1 with a maximum at 

Dox 50 ／11110I．L～． NADH—deoendent mite— 

ehondrial membrane peroxichtion was cn— 

hanced to fourf0Id by Dox． Highest concentra— 

tiens of Dox resulted in Iess peroxidation (F 

1)． The addition of Fe” caused a significant 

increase in Dox—induced M DA formation 

(1．78_f0ld at Fe0 5／11／1oI·L一 )with a maxi— 

mum at FeCI3 5 t~mo[·L一 (Fig 1)． 

广 广— 
FeCIl，／~mol·L-‘ 

FIgl_ Effects ofDox(0)sd FeCI，(●)n MVA 
cont~ t ia liver hK _叠 4 f_b， i士 l_ 

，> 0l05， “P< 0-峙 ， ～ ，< o．Ol 姗 I—蝴． 

1I! 0置 *E ＼． 

O  

—E 二1 ．《0Z 
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Inh量bltlon of Dox—stimulitted m ito- 

ekitndriit lipid peroxidatton by OOP ~Olfln- 

pound| and ekelator The concentration— 

dependent inhibitions of mitochondrial lipid 

peroxidation by probimane，bimolane，dexra— 

zoxane and EDTA were showed in Fig 2． EⅡ  

TA。a cation—chelating agent。significBm ly di— 

minished the mitochondrial peroxidation with 

an inhibition rate above 60 ． The inhibitory 

effect of probimane wilts stronger then that of 

bimolane． 

The addition of Fe” produced a signifi． 

cant increase in Dox-induced MDA formation． 

DOP compounds and EDTA were effective in 

preventing  Fea l—promoted peroxidation 

induced by Dox in rat liver mitochond ria in a 

concentration-dependent manner(F 2)． 

_至 
￡ 

E 

) 

E 

二 

量 
鼍 

凸 

D r~gs／maxol·L’。 

F-I glTectJ村 3 DOP eemapoumds and ElYrA ∞ 

MDA euattem  imduc~ by Den  50 I_ ol·L一。witlMmt 

(0) -Hh(●)F蝴 ，5m ·L inlivermiteclmm- 

d由 a=4 rm ，i士I． ‘P>0．峙 ，”P<O．帖 ．一 P< 

01省 c删Itro1． 

In this investigation we examined the 

enhancemeitt of NADH—dependent reactive 

oxygen—mediated  membrane lipid peroxidation 

by Dox in isolated liver mi tochoadria in rats． 

Our studies focused primarily oll the mitochon· 

dria for several reasons： (1)ultrastructural ’ 

studies of human and rabbit heart with 

doxorubicin—induced cardiomyopathy she wed ’ 

mitochondrisl swelling and  degeneration ’ ． 

(2)Doxwilts capabh of a one-electron reduc一 ． 

tion to the semiquinone free radical by mito- 

ehondrial NADH dehydrogenase(毫’． (3)Dox 
．  

appe aredto have a high affinityforthe nega— 

tively—charged phospholipid，cardiolipin which 

is located exclusively in the inner membrane of ’ 

mitochondria( ． 

Our results showed that the amount of ’ 

M DA produced in the presence of Dox alone 

was very small，but it stimulated mfrkedly by J 

low levels of F ̈ ． Tbe role of Fe in Dox— 

induced lipid peroxidation can be appreciated  ̂

when o11econs ers a prohahle che inof events， 

the anthracycline Can be reduced enzymatieally 

to the semiquinone radical by NADH dehydro： · 

genase，which then cart cycle into the superox— 

ide to generate Fe ． In addition．there may 

be a direct electron traitsfer between Dox and 

Fe” ，whereby the drug donates an electron to - 

Fe0+． The ferrous ion Fe thus geiterated 

can their red uce oxygen to hydrogen peroxide， 
． 

which enters the Fenton reaction(m ． 

0ur results showed that bimolane，probi— 

Inane。dexrazoxane and EDTA prevented the ‘ 

forma tion of MDA ．n both systems． The 

inhibitory effect of pr0bina ne wilts Stronger · 

than that of bimolane，maybe because of high- 

er solubility in water of probina ne． E TA is 

a cation chelating agent；while bimolane and 

probimane is nonchelating  agents． TheY are 

lipo philic analog s of EDTA，which can  enter 

eells and undergo conversion into EDTA-1ike 

chelators in cells，likewise，strongly binds the 
． 

metal iOIlS． Fe” Dox reacted directly with 

dexrazoxane， promoting  a Fing-ope nmg hy 

drolysis of dexragox~ttie that resulted in dis一 · 

placement of the metal ion from its complex 

with Dox‘ ． Our results suggested that 
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these D0P compounds bound the Fe” ，so that 

it would be unable to take part jn the free radi— 

ca1 reactiOll and thus dim inished the Dox car- 

diotoxictty． In addition．our previous studY 

suggested that probimane could scavenge the 

D0x semiquinone free radica1 by inhibition of 

NADH dehydrogenase‘”． It might be  One of 

the reasons of inhibiting the lipid peroxidation 

by probinmne． 

her technical assistance． 
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医̂事； j 究所药理室， 

■曩 用大鼠肝线粒悻在体外研究阿霉素对脂质过氧 

化 的影 响 ，采 用 TBA 比色 法 发 现 阿 霉 素 (50 

／mml·L )可使NADH依犊的线粒悻脂质过氧化增加 

近I倍，如凡Fe抖可嘎显增加阿霉素诱导的线粒悻丙 

二醛生成． 二氧嚷嚷化合物可抑 阿霉素或阿霉素及 

Fecl 体系的丙二醛形成，其抑制作用呈剂量依犊关 

系． 提示二氧嚷嚎化合物对阿霉素心脏毒性的保护作 

用可能与其结合 Fe”的船力有关． 

关t调 曼!!塑 哩受壹I乙双吗啉}(+)一(s)一1，z． 
二n一(3·5_二氧代 嚷嚎基)]_丙娩I乙二胺四乙醇}旦 
塑墼血 旦三墅 三价铙化台物 
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