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AIM ：To compare the activities cf antioxidation of 

4--oxy-and 4-hydroxy-nitmxides in tissues and RBC 

from rats ME1] DDS：11 horriogeflatesofliver． 

heart．and kidneys of tats 毪 used to determine 

malondialdehlyde(MDA)formation using TBA 

colorimetric method． H，02一caused hemolysis was 

measudred spectmmetriealiy． Superoxidem-fionfrom 

zymosa~sfimuhted neutrophils 0f mrs was assayed 

bv NBT reductionmethod+ RESULTS：Nilroxide 

flee radicalson andHn inhibited 皿A 

generation口used by’0H generation syStelTl(MIC 

1O．5 and21 tanol L-。，respe~vdy)。antagonized 

h∞ol s induced by H2()2(MIC：338 and 168 

／maoI．L～，respecti,,dy)，but did not affect 02- 

formation frmn activated neutrcrohils+ 1-Hydroxyl 

e~mpounds on and H嘲 H Dc旧8耐  

similarly potent antilipoperoxidafive aetivities． But 

nonIree radicaloTⅣ andHTMP had no effect on 

peroxidafion ti8 u曲． C0NCU ISlON：Nitro- 

xides exert their antili~ dafive effect bv 

specifically sc n ng ‘OH free radicals in taolog- 

ical _锄 ． Trapping of ‘OH flee radicals by 

nitroxides is not by reduction of NO ·group in 

rtitmxide~． BothNO’group andNOH group日 

essential active grtmps． 

The nitroxides belong to stable free radicals 

which are widely used for spin labeling in electron 

spinning resonance technique( ]and possess some 

antitumor activities Such compounds trap 
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hydroxyl radical in nonbiological system like aqueous 

solutionL ． ·OH radicals attack theri1 by abstrac— 

tionH atomsfrom 4-hydroxy group aswe[1 as bound 

to carbon on nitroxidesL ． The formed 

interm ediates react further preducing  stable free 

tadicals and biradicalsl ． But it is unknown 

whether they have similar actions in biological 

system． This paper was to mudy the antloxidative 

activltles of nltroxides in tissues and erythrocytes 

(RBC)of rats． 

R厂‘ R2 

2，2，6，6·1"etramethylpiperidlne compom~  

MATERIALS AND METHODS 

4-Oxy 2，2，6，6-tetramethyipiperidirte(OTMP)，4-oxy- 

2，2，6，6-tetramethylpiperidinooxyl(OTMPO)， 4-oxy- 

2．2，6，6-tetramethyl 1一hydroxy-plpefidine(OTMPOH)，4 

hydroxyl2，2，6，6-tetramethyl-piperidine (HTMP )． 4 

hydroxy-2，2，6，6 tetramethylpiperidinooxyl(HTMPO)，and 

4-hydroxy-2， 2， 6， 6 tetramethy[一1一hydroxy piperidine 

(HTMPOH) were synthesized by Labomtccy of Applied 

Organic Chemistry．Latazhou University，the purity>98％
．  

andwHe dissolvedin 5 ％ MezSO Z
．vmosanA (Signua)wss 

orm mzed with rat serllln an d suspended in phosphate buffer 

0．I5 mol’L (pH 7 4) Bovine superoxide ut 

(SOD)was purchased from Xiahe Biological Preparati。n 

Factory，Garman，China The other t agenIs~,vere AR 
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Wistar ra(s( =50，旱古，8 wk)wd曲Lng 176± 14 
g were provided by Animal Breeding Center，Lanzhou Medical 

Co L Lege 

DecenrIim ofnmlomlialdehyde(̂mA) Theheart， 

liver．and kidneys from rats＼vere prepared as 5 ％ 6ssue 

hernogenate in T̂  KCl buffer(oontaining trihydroxymethyl— 

aminc~mthat1e 0．1 rglO__L一 0nd  KC|1 mmol-L ，pH 

7．41 The 6ssue h~roogenate 1 mL wan ncubated with test 

compounds or x．ehic／e fMe>SO 2．5 mL-L )a【37℃ 10 

min Fd 一ascorbic add mlufon (FeSO4／ascorbic acid=50／ 

50 ·L )wan added After 30一min incubation，MDA 

was determinedl The spontarteous MDA generation froli) 

rat 1iver 惦 measured after 2-h ncubafion with test 

ecmg~unds and without Fe iKseorNc a[id 

Superoxide aniqm focnmtion ana1)sis Leukocytes from 

rat abdominal cavity prepared and suspemded in 

Hanks’solution(Cat|2 1．3，Mgso 4 0．8，and glucose 10 

mmol·L～，pH 7．4) The[eukocyte viabifity a．-,．sessed by 

trypan blue exclusion was>98 ％ The neutrophils l,vere 

97％ in leukocytes At【the procedm'es were carded out 

betow 4 c S~eroxide anion formation{ determined by 

NBT(nitmbkie tetramlitma)reduction assay ：0．1 mL of 

KC 10 rr~lol·L ，0．4 mL of 0．1％ NBT—normal saline， 

0．4 mL of neutrophll suspension(1×10 0 cells-L )，0．1 

mL。f zylno~n A 2．5 g。L and 50 L of test ccrnDound 

solution or vehiete were added in plastic tubes The mixture 

} 包sincuhat at 37 c for 35mi n and reaction 咄 stopped 

by adding 5 n1【 ofcordHC1 0．5 mol。L一1 tubeswl~re 

then spinned at 4 I7 for 10 min e ptmple pellet州5 

extracted with 3 mL of pyridinein boiling water(>95℃ ) 

for 20 n absorbance (A ) of reduced NBT 

(fomxazan) was deterrrdned by spectrometer at 515 Ⅲ  

agatm t a p
．

m dine btank specificity of assay for 

superoxlde anion  ∞ determined by adding superoxide 

dismutase(SOD)into assay system 

lfer~ysis lest Rat RBC was washed 3 tlines with 

nonm l emaine and made nto 0．5 ％ suspealaon 眦  

suspeo．sion 1I札 w incubated withH2O2(100mrr~l‘L。。) 

越 37℃ for 1 h after adding test corapoo~ds 0"2 vehicle． 

After diluted 5 times with normal amine．the rrtixture was 

spinned at 1000 g for 10 min The absorbance(A)of 

superaatant wan measured at 415 tltTt under 0 5∞ optical 

path The A of o：2,rttro【tube 憾 defined as 100 ％ The 

hemolysis extent was calculated by referring Io control 

tubes 

Statistics Data c ±s)were compared using group 

t—test． The inhibitory concentration whieh Callsed 50 ％ 

reduction telattve c0 oorttro【tubes was defined as ICs0 The 

I~5o and ts 95％ confidence 1imits were determined from 

Linear gI 。【1 of efteet vs tg dose 

RESUI S 

MDA generation from tissues MDA was 

spontaneously formed in homogenate of rat 

liver afteT 2-h incubation (Tab 1)． OTMPO， 

0TⅣ OH， HT～ 0， or HT～ l。H inhibited 

spo ntaneous MDA generation from liver， but 

0TMP and HTMP did not(Tab 1)． 

The homogenates of liver，heart，and kidneys， 

stimulated by hyrdr0xyl free radical generation 

system (Fe2 ascorbic acid)f0r 30 min，produced 

MDA 4—8 times over unstiwulated homegenates 

did． The effects of test o：)mpounds on MDA 

generation induced by Fd 一ascorbic acid were quite 

similar on spontaneous MDA generation：OTMPO， 

HTMPO， OTN OH． and HTMPOH strongly 

inhiblt。d MDA generation from homogenates of 

liver， heart，and kidneys of rdts stimulat。d by 

Fd 一asc0rbic acid ButaTMP andHTMP didnot 

show any antioxidatire activity(Tab 1)． 

Hemolysis of rat RBC stimulated by H202 

Free radicals 0TM O and HTMPo alleviated 

hemolysis caused by H202 hut their inhibitory 

effects were weaker than those of 1-hydroxyl 

eompounds 0TMlPOH and HTMP()H． However， 

OTM and HTMP did no t antagonize hemolysis 

induced by 02(Tab 2)． 

02- generation from rat neutrophils N盯  

was reduced to form&zan with purple color by 0f 

from neulrophils stimulated by zynlosaD． The 

specificity of assay for O was demoDstrated by the 

fact that S0D 600 kU ，L inhibited fornl~xRn 

formation by 84±s 5％ (n =5)． OTMP， 

HT ， OT ， }rr～∞ ， OTMPOH． and 

HT～正0H aU did not affect 02- generation from 

activated neutrophils(Tab 3) 

Ic50 values The potencies of stable free 

radicals(OTMPO and HTMPO)and 14ydroxy! 

compounds【OTMPOH and HTMPOH)were not 

all the 8&tYle in different test systems In hydroxyl 

free radical generation system，the potency of 1一 

hydroxyl compounds was stronger than that of 

stable free radicals except in kidneys． In H，o)一 

caused hemolysis test，1-hydroxyl compounds were 

alsomorepotent than stahlefree radicals：the ratio 

of potency of antiheraolysg of OTMPO／OTMOH 
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Tab 1． Ef№ t of nitroxides on malondialdehyde~eneration from homogenates of rat liver，heart，and ki血  s 

H=5 h0ITm哪 a慨 (ea pooledfrom 6—7 rats)． ± ． >0·05，bP<0·05· <0·01惯 佣 r0I‘ 

Tab 2． Effect of nitroxides Oilthe hemolysis of ratRBCinduced by H1O2 

n=s suspensions(eachw豁po~edfrom 1—2 rats)． j±s． >O．05，bp<0．05，中<0．01惯control 
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Tab 3． Effect of nitroxides Oll the suoeroxi~ anion production from zymosan-activated neulrophtls of rats 

n=5 Neu suspensions(e~tch w pooled from 3—4 rats)- j±s· 

was 16．3／100 and HTⅣ o／} 加 )H was 43．1／ 

100，demonstrating that reduction of NO‘group to 

NOH group on nitmxides by H atoms enhance8 

activity of nitmxidas to scavenge hydroxyl radicals 

and to antagonize lipopemxidation． However， 1一 

hydroxy1 compounds were weaker than stable free 

tadicals in inhibiting MDA generation from kidneys 

stimulated by Fe2 一ascorbic acid(Tab 4)． 

D巧CUSSIoN 

In our experiment，MDA generation was used 

as an indicator of·OH-caused 1ipid pemxidation and 

indireetlv reflected the amount of·oH formation 

in tissue homogenate stimulated by Fez 一ascorbic 

acid． H，O，一caused hemolysis mainly reflects the 

extent of 1ipoperoxidation of RBC memlorane~ 

The formazan， the NBT-reduced product by 

supemxide anion during neutmphil activity， 

represents amount of 0 generation from activated 

neutmphils{10 
． 0ur experiment demonstrated that 

nitmxide free radicals inhibited MDA generation 

caused by hydroxy free radical generation system in 

tissue homogenate，antagonized hemolysis induced 

bv 02， but failed to affect forrnation 0f 

superoxide anion from activated neutmphi[s； 

suggesting that nitmxide free radicals exen their 

antioxidative actions by specifically scavenging ’oH 

free radicals in biological systems or by directly 

antagonizing  iipoperoxidation aS demonstrated 0n 

H)o，一caused hemolysis test 1-Hydmxyl 

compounds aTMPOH and HTMI研 I also p0ssessed 

potent antioxidative activity，implying that trapping 

of hydroxy free radicals by nitmxides is not by 

reduction of NO ’group． This result is justly 

concordant with the test in nonbiological systems ． 

Because non-free radicals 0T and H had no 

effect on peroxidation of tissues，it iS ratlonal to 

condude that either NO’group or NOH group on 

nitmxidas is essential active group 
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目的：研究氮氧自由基的抗脂质过氧化作用． 方 

法：用 ·0lH生成系统 野  +抗坏血酸捌激太鼠 

心、肝、肾组织匀浆，用 TBA比色法捌 MDA生 

成；用分光光度法测 }b02诱导的大鼠RBC溶血 

度；用NBT还原法测酵母多糖诱导大鼠中性白细 

胞生成的 02． 结果：氯氧 自由基 OTMPO和 

Hn佃。 抑翩 MDA 生成，对抗溶血反应，但 

不影响O 生成． 1一羟基化合物 H 和 

H 蹯{也有类似作用． 但非 自由基 an 和 

HTMP对组织脂质过氧化无任何影响．结论：氨 

氧自由基通过清除 ·OH而对抗脂质过氧化，其捕 

捉·OH不是通过NO·的还原作用，NO·基和NOH 

基都是必需活性基团． 
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