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Free Radicals in Medicine 111 (Liver, Eye, Skin) 
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'1 5.1 FREE RADICAL SCAVENGERS IN TOXIC LIVER LESIONS 
Janos FehCr 

2nd Department of Medicine, Semmelweis University 
S7entkiralyi u. 46, 14- 1088. Budapcst. Hungary 

The nonenzymatic antioxidans can be natural and synthetic 
antioxidants. The authors extensively studied the effect of some 
natural and synthetic antioxidants in several models in vitro and in 
vivo. The aim was to prove the hepatoprotective effect of these 
drugs. The in vilro experimenLs carried out by pulse radiolysis 
proved that silibiniri (the most important isomer of silymarin) are 
able to reduce superoxid radicals. In experimental hyperlipidaemic 
rats both the natural silibinin and other syntlretic antioxidants 
produced il decrcasc of cholestcrol and triglyceride contents of liver 
microsome treated with fat rich diet. The efficiency of silymarin 
trcatmcnt was investigated in d o u t k  blind study. on patients with 
chronic alcoholic livcr disease. Tlie treatment lasted for 6 months. 
The elements of antioxidant protective system. the activity of serum 
glutation pcroxidase (GPX) serum free - SH group. superoxide 
tiismutaw (SOD) of erythrocytes and lympliocytes were studied. 
lhe liver function tests showed a significant improvement in the 
Iherapygronps. Lcvcl of malondialdehide (MDA). marker of serum 
L2P0, decreased significantly during the silymarin treatment 
(p<0.02). Following silymarin administration the serum glutation 
peroxidase (GPX) activity the free SH grouplevel. and thesuperoxid 
dismutase (SOD) activities of erythrocytes and lynrphocytcs 
significantly increased. During a 6-month administration of 
placebo considerable changes in SOD expression of lymphocytes 
were no1 obscrved. Sidc-effects descritrd to silymarin were riot 
otserved. Our studies show that in hyperlipidaemic wts and in 
paticnts with chronic alu)tiolic livcr disease the cxtrahcpatically 
detectable oxidative stress state - ils typical biochemical 
parameters-wcrc favourable influenced by silymarin trcatnierit. 
Applied tlicrapy decreased lipid peroxidation and improved the 
patictits aiilioxidarrt protection. 

15.3 CORRELATION BETWEEN LIPOPEROXIDATION ADDUCTS AND 
NON ENZYMATIC GLYCATION I N  COLLAGEN DURING A G I N G  
" O d e t t i  P . ,  ' "Noberasco G . ,  P r o n z a t o  M . A . ,  C o s s o  
L . ,  B e l l o c c h i o  A . ,  C o t t a l a s s o  D. ,  Marinari U . M .  
I n s t i t u t e  of G e n e r a l  P a t h o l o g y  and  "Department  
o f  I n t e r n a l  M e d i c i n e ,  U n i v e r s i t y  of Genoa ,  
Genoa,  I t a l y ,  Via L.B. A l b e r t i .  2 ,  16132 

The  role o f  o x i d a t i v e  stress d u r i n g  a g i n g  is 
m e d i a t e d  by t h e  f o r m a t i o n  o f  p r o t e i n  a d d u c t s  
w i t h  l i p o p e r o x i d a t i o n  s i d e  p r o d u c t s .  F u r t h e r m o r e  
d u r i n g  a g i n g  a d v a n c e d  g l y c a t i o n  e n d p r o d u c t s  
(AGE) a c c u m u l a t e  i n  s l o w  t u r n o v e r  t i s s u e s .  S p e -  
c i f i c  f l u o r e s c e n c e s  character ize .  t h e  compounds 
f rom t h e  two  non e n z y m a t i c  r e a c t i o n s .  To e v a l u a -  
t e  the  r e l e v a n c e  o f  such p r o t e i n  m o d i f i c a t i o n  
d u r i n g  a g i n g  w e  i n v e s t i g a t e d  c o l l a g e n - l i n k e d  
f l u o r e s c e n c e s  i n  s u b c u t a n e o u s  t i s s u e  of h e a l t h y  
a g i n g  Wistar rats ( 2 - 2 8  m o n t h s ) .  T h e  f l u o r e s c e n -  
ce o f  AGE showed a n  e x p o n e n t i a l  i n c r e a s e  a g e -  
d e p e n d e n t ,  meanwhile the f l u o r e s c e n c e  d e r i v e d  
f rom MDA a n d  HNE a d d u c t s  i n c r e a s e d  less a n d  
s i g n i f i c a n t  r e l a t i o n s h i p s  w e r e  f o u n d .  A s i g n i f i -  
c a n t  c o r r e l a t i o n  b e t w e e n  M a i l l a r d - d e r i v e d  a n d  
o x i d a t i o n  d e p e n d e n t  f l u o r e s c e n c e  was o b s e r v e d .  
In s u p p o r t  of these r e s u l t s ,  " i n  v i t r o "  e x p e r i -  
m e n t s  w e r e  p e r f o r m e d  b y  i n c u b a t i n g  c o l l a g e n  w i t h  
s p e c i f i c  p r e c u r s o r s  ( r i b o s e ,  MDA a n d  HNE). T h e  
r e s u l t s  showed t y p i c a l  maximum p e a k s  i n  t h e  
e x p e c t e d  area. An i n t e r c o n n e c t i o n  b e t w e e n  g l y c a -  
t i o n  and o x i d a t i o n  reactions w a s  s t r o n g l y  s u g g e -  
sted s u p p o r t i n g  the  h y p o t h e s i s  t h a t  b o t h  p a t h -  
ways ,  e v e n  i f  w i t h  d i f f e r e n t  mechan i sms ,  are 
s i g n i f i c a n t l y  a c t i v a t e d  i n  a g i n g  a n d  may p l a y  a 
l e a d i n g  r o l e  i n  t i s sue  damage. 

PROTECTIVE O R  PHOTOSENSITISIN(; ROLE 15.2 
OF VITAMIN E? 

LIGHT-INDUCED AND DARK REACTIONS OF VITAMIN E 
RADICAL IN LIVER, EYE AND SKIN 

Valrrian KA(;AN* and I,e\ler Picker** 

'Ucporrmrru 01 Environmnral and Ocrupuliorlnl I lralrh. U n i w r ~ i r y  of 
Pirr.\hurxh, PA 15261. USA 

**Uepurrmr,u of Molecular and Cell Biology. Uni wcrriry of Californta 
Berkeley. C A  Y4720. USA 

I .  To explain an extremely high efficiency of vitamin E as the rnayir c h a m  
hreaking antioxidani a hypolhesis was put forward on 11s possible regeneration 
by some in1ral;cllularductanls. Using direct!.?% niciL\urcmcnLc wcdcmmswdled 
thai viiarnin E chromanoxyl radicals can Lx rcduccd nun-cnzymically in 
inembrancs and LDL hy ascurhate, ascorhaic+rduced lhiols (dihydrolipoate. 
GSH). uhiquinnl. In ilic absenceof ascurhate rhiols arc not efficient. In clectmn- 
transporting mcmhrancs (liver mitnchondria and rnicrosomcs) w e  discovered 
eniyrnic NADI'H-.NADH-. and succinatc-supported rctluciion of chrommoxyl 
radicals. Wc found that uhiquinoncs mcdiatc thc enryniic rcgcncrauon of 
vitamin E by clectrnn transport. Rascd on thcsc data the functioning of thc 
vitamin E cycle was postulated in which vitamin E act5 as a harvesting centrc 
collecting reducing cquivalcnu frnm other water-and lipid-soluble antioxidmts 
for its regeneration 
2. Vitamin E ahsorhancc (lambdamax 29Snm) extends well into thc solar 
spcctrum. Wc hypollicsiscthatinUVR-expscd tisaucs(c.g inskin andeyelcns) 
chrurnanoxyl radicals may bc gcncraiul by solar Iighi. Rcduction of thcsc 
radicals by (rthcr mtioxidants (C.6 ascorhatc thinls) w i l l  rcgcneratc vitamin Eat 
(lie cxpcnsc o f  their nwn dcplction. We fuund that UVR gcncratcs viiamin E 
chromaniixyl radicals in niousc skin and rat lcns hoiiic)pcnatcr Tlir radicals arc 
r d u c u l  hy a\cq,rhalc ur ascorhatc+(lihyd~,rli~niic Iicncc vitamin E in >kin and 
c y c  niay aci in iwu cwfllcrmg nianncrs q x m  solar ~ l l i i r i i i i i s ~ i ~ t n  in addition to 
ILC anlioxidaiii firncuun as a pcrwxyl radical \ iavcngci .  i t  niay act a an 
cndogcniiur ptiotmcn%!itfcr cntiancing Iiglii-induced O X K I I I I V C  damagc This 
may cxlilaln vcry low concentration c r f  vilainin E in UVH-rrlnrscd iicsue (ckin. 
eye.  Icns) 

VITAMIN E AND RETINAL FUNCTION 
MA Goss-Sampson,  A Kriss, KJ Lindley and DPR Muller 

Institute of Child Health, London, UK 

Ophthalmic studies in patients with severe vitamin E deficiency 
show characteristic visual changes  including night blindness, 
loss of visual acuity and pigmentary abnormalities. Changes in 
visual e~ec t rophys io~ogy  indicating retinal dysfunction have also 
been described in these  patients. In order to  gain a n  
understanding of the mechanism whereby vitamin E maintains 
normal retinal function w e  have carried out  longitudinal (50  
weeks) physiological and biochemical studies in vitamin E 
deficient and control rats. 
Visual function w a s  a s ses sed  by measuring flash 
electroretinograms (ERG), oscillatory potentials (OP) and cortical 
visual evoked potentials (VEP). The ERGS and OPs were 
significantly (p<O.OOl)  reduced in the deficient rats after 2 0  
weeks and undetectable a t  50 weeks.  By 30 weeks changes in 

the VEP secondary t o  retinal dysfunction were also recorded. 
These electrophysiological abnormalities are similar t o  those 
reported in patients with severe vitamin E deficiency. After 30 
weeks of deficiency the retinal changes  could not be reversed 
by vitamin E repletion. 
These functional changes  are being correlated with biochemical 
studies of the retina and associated neural pathways.  These 
include the  measurement  of [ l  I vitamin E and A 
concentrations, [21 markers of free radical activity 
(dichlorofluorescein) and damage (rnalondialdehyde), 131 retinal 
fatty acid profiles and [41 retinal membrane fluidity. 
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15.5 In Vitro Model of Lipofuscinogenesia in Human 
Retinal Pigment Epithelium Cells. MR Liles', NV 
Miceli'.', PD Oliver',', and DA Newsome'.'. 'Sensory 
and Electrophyeiology Research Unit, Tour0 
Infirmary and Department of hphthalmology and 
'Anatomy, Tulane Univ., New Orleans, LA, USA 

Damage mediated by reactive oxygen 
intermediates in the retinal pigment epithelium 
(RPE) may contribute to the development of 
macular degeneration, which is accompanied by 
prominent lipofuscin formation. The RPE 
phagocytozes shed outer segments of the retina, 
which are rich in long chain fatty acids. 
During n-oxidation of long chain fatty acids, 
H,O, is generated in the peroxisome and is 
decomposed by catalase. Human RPE catalase 
activity decreases with age and macular 
degeneration (Liles et al, Arch ODhthamol 109, 
1991). To develop an acatalasemic cell culture 
model, we treated cultured RPE with 3-minO 
triazole (3AT, 1mM) for 2 weeks, which inhibited 
catalase activity by > 9 5 % .  This treatment did 
not alter the activity of other antioxidant 
enzymes or affect phagocytosis of rod outer 
segments (ROS). Compared to controls, RPE cells 
treated with 3AT and fed ROS for 2 weeks had 64% 
more lipid peroxidation (TBARS) and 11% more 
lipofuscin-like autofluoreecence. To 
demonstrate the presence of intracellular 
oxidation, we used a HZ02 sensitive probe 
covalently bound to ROS. 4 hours post ingestion 
of labeled ROS, we noted oxidative activity 
comparable to a murine macrophage cell line (RAW 
2 6 4 . 7 ) .  In contrast to the macrophage, 
extracellular superoxide production by RPE was 
not detectable. In the RPE, catalase is 
essential for protection against intracellular 
production of hydrogen peroxide. The mechanism 
by which peroxisomally generated H,O, contributes 
to RPE lipofuscinogenesis and macular 
degeneration is under investigation. 

15.7 PROTECTION BY VITAMIN E AND SILII31NIN 

CELLULAR DAMAGE IN PARTIALLY 
HEPATECTOMIZED RATS 

6.M. Horvdth, A.Bl&zovics, I. Barta. J.FehCr 
11. Department of Medicine, Semmelweis University 

Medical School, Budapest, Hungary 

PRE-AND POST TREATMENTS OF HEPATIC 

The effect of Vitamin E and Silibinin pre-and post 
treatments were studied in 70% partial hepatectoniia 
(lob.sin.lat.,lob.sin.med., lob. dext.med.) in young male 
Wistar rats. The animals were treated with 50 
nig/b.w.kg Silibinin i.p. and 500 mg/b.w.kg Vitamin E 
mixed in food for 5 days before operation and for 2 
days after lobectomia. The effect of antioxidant 
treatments on cliangesof lipid peroxidation. content of 
diene conjugates, thiobarbituric acid reactive products 
and natural scavenger capacity of rat liver 
homogenates were measured by spect rophotometric 
and luminonietric methods. In  the sera from partially 
hepatectomized rats after 72 h there were significant 
enhanced in the level of GPT, gamma GT, GOT. AP, 
cholesterol, triglyceride and bilirubin comparing to 
sham operated animals. The parameters measured in 
(he serum and detected tissue injuries caused by free 
radical reactions were significantly decreased and the 
data were approached to those of sham operated 
anirnals during Vitamin E and Silibinin treatments. I t  
was established, that antioxidants favourably 
influenced on regeneration of rat liver. 

LASER SCANNING CONFOCAL MICROSCOPY 1 5.6 
LSCM) AND DIGITIZED VIDEO MICROSCOPY 
DVM) OF CULTURED HEPATOCYTES AFTER 

Anna-Liisa Nieminen, Brian Herman and John J. 
Lxmasters, Department of Cell Biology & Anatomy, 
University of North Carolina, Chapel Hill, U S A .  

Here, employing LSCM and DVM we defined subcel- 
lular events leading to lethal injury in single cultured 
hepatocytes after exposure to 100-300 p M  I-BuOOH, a 
lipid hydroperoxide analog which produces oxidative 
stress. 1-day cultured rat hepatocytes were labelled 
with rhodamine-dextran for lysosomes, rhodamine 123 
for mitochondrial membrane potential, Fura-2 for 
Ca2+, and propidium iodide for loss of cell viability. 
Lipid roxidation was assessed b malondialdehyde 
(MDAyformation. After about d minutes of expo- 
sure to f-BuOOH, individual lysosomes broke down 
followed by mitochondrial depolarization. After 30 
minutes cells lost their viability. At about the same 
time, cytosolic free Ca2+ rose sharply. In the presence 
of 10 pM phenanthroline, onset of cell death was de- 
layed several fold. Lysosomal breakdown was also 
greatly delayed but mitochondria1 depolarization was 
only slightly changed. Again, Ca*+ rose sharply at the 
onset of cell killing. Phenanthroline also decreased 
MDA formation induced by f-BuOOH. In conclusion, 
phenanthroline provided striking protection against 
lethal injury to hepatocytes after oxidative stress. Pro- 
tection may be mediated by stabilization of lysosomal 
membranes and suppression of lipid peroxidation. 

G XIDATIVE STRESS WITH f-BuOOH: PROTEC- 
TlON BY 1,10,-PHENANTHROLINE. 

LIVER PROTECTING AM) LIPID LOWERING 15.8 
EFFECTS OF SEMPERVIVUM TECI'ORUM IN 
THE RAT 
A. BlAzovics. T. KernCny*. I,. Prlinai, fi. M. HorvAtli. 

A. KCry+, G. Petri', J .  FehCr 
11. Department of Medicine. lnstituteof 

Pharmacognosy*. Senmielweis University Medical 
School, Research I p i t u t e  for VegetableOils and 

Detergents , Budapest, Hungary 

Sempervivum species are wellknown plants i n  folk 
medicine for treatment of inflammations. 
Phytochemical screenin of the lant extract irovcd 
t i le presence of a notab?e c uaritiyy of low rnofecular 
mass, potentiall antioxidive compounds (flavonol 
glycosides: 0 . k  pol henols: 4.2%; phenol- 
carlwxylic acids; ;olpsacXaricles. etc). 
Superoxitle scavenging activity of iiophylizeci extract 
was determined by , the electron paraniagrietic 
resonance spin trappin methods. The extract 
inhibited th: ascorl?ic acifjnduccd and iron stim!ilated 
lipid peroxidation in the liver microsorrial fraction of 
rats. Liver protecting activities of the extract were 
examined on experimental hyperlipiclemia. in the 
pat!ior!iechanisrn of fatty liver. The effect nf 
anlioxitlant treatment on changes of fatty acid 
con! m i t i o n  of liver homo enate was determined by 
cap[lary gaschromatogra&y. l'hiobarbituric acid 
reactivc products and diene con iugates were measured 
by s1)cctropIiotornetric niethtds and the changes o f  
natural scavenger capacity of the liver homo enate 
were clctected b iuminometry. Serum lipif. level 
lowering and HZIl-choiesterol enhancjng activltles of 
SemperC i vum tec t or u ni were observed in ex per i ine n ta I 
11 y per I i pi dem ia. 
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15.9 PREVENTIVE EFFECT OF EGB 761 ON CHLOROQUINE 
RETINA FUNCTIONAL DISORDERS 
M.T. Droy-Lefaix*, J.C. Vennat **, G .  Resse**, 

B. Bonhomme**,M. Doly** 
* IPSEN Laboratories, PARIS, ** Biophysics 
Laboratory, Chemistry and Medecine University, 
CLERMONT FERRAND, FRANCE 

Toxicity of xenobiotics are known to be 
associated to free radical release. Chloroquine, 
a drug widely used for chronical treatemtnt 
of malaria, induces retinal disorders, 
specifically directed towards pigmentary 
epithelium and photoreceptors. The aim of 
this study was to test the effect of a free 
radical scavenger, the Ginkgo biloba extract 
(EGB 761) on  the chloroquine-induced retinal 
impairments. Experiment was realized on isolated 
albinos rat retinas. Retinal function was 
assessed by electroretinogram (ERG) obtained 
after standard stimulation of retina, by flashes 
of white light (300 lux, 1 ms). In this study, 
two groups of animals were analysed, untreated 
rats and rats treated with EGB 761 
(100 mg/kg/po) during 15 days. Results showed 
that in untreated rats (n = lo), chloroquine 
(10-5 M) added to the solution perfusing, 
induced rapid and severe decrease in ERG b 
wave amplitude. In rats pretreated with EGR 
761 (n = 101, the ERG b wave amplitude decrease 
was not so marked and retina survival was 
increased. 
These experiments confirm the toxic effect 
of chloroquine on retinal function. The 
protective effect of E G B  761 may be due t o  
its free-radical scavenger property. 

15.11 PRODUCTION O F  OT IN VITRO AND TOXICITY lllf 
VIVO OF ADRIAMYCh (Adr) AND Fe(Adr), 
F.Capolon 0, M.Carrara, N.Asti, L.Cima, U.  Russo' anP 

Department of Pharmacology, Department of Lnorganiq 
Chemistry ' and Institute of Occupational Medicine ', Uni- 
versity of Padua, 35100 Padova, Italy. 

M. Manno 4 

Fe Adr (Quelamycin) had been proposed as a less toxi4 
su6stitute for Adr. In preliminary studies (i) Fe(Adr)3 tod 
was less toxic than Adr, when administered as a fresh solui 
tion to tumor-transplanted C57 female mice, and (ii) the, 
toxicity of Adr decreased while that of Fe(Adr) hcreasd, 
with aging of the solutions (unpublished data). k the toxi- 
city of Adr has been attributed to excessive production of 
superoxide anion radical (03. we compared the ability of 
fresh and aged solutions of h e  two compounds to modulate 
the production of 0; - measured as SOD-inhibited succinoy- 
lated cytochrome c reduction - by liver microsomes from 
phenobarbital treated rats. A linear, dose-dependent in- 
crease in 0; production was measured in the presence of 
Adr(7.2f0.1, 8.7k0.3, 14k0.6, 20.3k0.6 and 28.7k0.4 
nmol/mg pmteinfmin, with 0,7.7, 20, 40 and 74 p M  Adr), 
but not i0 the pzsence of Fe(Adr) at concentrations up to 
21 pM. When 0; production in de presence of fresh, 24 
and 48 hr old soluaons of the two compounds and in their 
absence (controls) were compared, 0; production decreased 
with aging, for both Adr (30.1$1.0, 20.6i2.2 and 
13.5k1.2, respectively) and Fe(Adr), (8.7f0.1, 7.2f0.4 
and 5.4k0.3, respectively), control values being 7.0k0.7 
and 7.6k0.6 for Adr and Fe(Adr),, respectively. These 
results may suggest a role for OT production in the toxicity 
in mice of both fresh and aged d d r  solution, and, possibly, 
fresh Fe(Adr) solutions, while the greater toxicity of aged 
Fe(Adr), solu?ions might be unrelated to 0; production. 
(Adr was lundly supplied by Farmitalia-C.hrba) 

HEPATIC ANTIOXIDANTS AND LIPID FEEOXI- 15.10 
DAT I ON DURING FETAL L IVER DEVELOFMENT . 
ROLE OF MATERNAL ADRENAL STFROIDS. 

R M Arahuetes, R Madrid, T 1 G s r r i d o  

Dept Animal Biology 11, C o m p l u t e n s e  
University Mddrid, 28040, S p i n  

The aim of precent w o r k  w a r  t o  
study the effect ot early maternal 
adrenslectomy on CulZn SOD 3nd CP:: 
activities, GSH and GSSG l c v e l c ,  as 
well as, endogenous and "in vitro" 
lipid peroxidation in fetal liver on 
day 20 and 21 of pregnancy The experi- 
mental model was as follows (a) 
maternal bilateral adrenalectomy (day 1 
of gestation) and (b) c o n t r o l  pregnant 
rats Maternal adrenalec t omy produce a 
significant diminution on SOD activity 
and G S H  concentration, both in day 20 
and 21 It is noteworthy a higher 
G S S G / G S H  r a t i o  in day 20 control 
respect to adrenalec toml zed group, 
which had significantly increased total 
GPx activity. The "in v ivo"  lipid 
peroxidation was equal in both groups 
on day 20 and 21. However, " i n  vitro" 
was higher in control than 
adrenalectomized group on day 20 The 
absence of maternal glucorortcoids 
affects in a different w a y  to the 
studied fetal liver antioxidants 
defences on day 20 or 21 

INCREASED SUIJEROXIDE ANION PRODUCTION IN 15.1 2 
DERMAL FIItROBLASTS OF PSORIATIC PATIENTS 

A. I.:H-KAKl(ab), M. CHAHVEHON(b),  J.L. I3ONAFUa) 

(uJ  Lubororoire de culture de peno. Service de Dermalologte. 
f16ptral Je Ranguerl. 31054 TOULDUSE CEDEX. France 

(6J Cenfre de RBcherche Dermarologiqve er C0sntp10l0gi4lre 
PILRRE FABRE. 8 P .  74,31322 C A S ~ ~ i i 7 : I O L O S A " .  France 

Psoriasis is an inflammatory skin disorder with kcratintxyte hyperproliferation 
as an incomplete differentiation of their ccIIs. 
Dysxgulauon and ovcrprtduclion of cytnkinc release o f  rcactivc oxygen species 
by many types of cells are dcscnbul. 
Fihrohlasts are ubiquilous mesenchymal cells and generate come inflamrnalory 
citokynes. They can play M important role in inflammatory skin diseases such 
as psoriasis. Wc have thercfore investigatcd the Iikrauon of supcroxide anions 
in dermal fibroblasts of psoriatic patients. 
Supcroxide anion production wasmeasurcd with he tKhnique nTPick and Mizel 
in fibroblast cultures of psoriatic and nomial patients. 
Thc likration ofsuperoxidc anion is signifrcantly incrcascd in fibroblast culturc 
dpsoriaticskin: cheaugmentationoflikrati~~n isrcspwovclyof 83% and 122% 
in uninvolved and involvcd psoriatic fihroblacts 
InconcluPmti. fibroblasts are a s,,urccofsuperoxiile~n,,," prw.iuction in psoriatic 
lesions in vivn and can panicipate in the rccruitrnent of plymorphmuclears in 
psoriaitc \kin. 
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15.13 ALLANTOIN A N D  URIC ACID A S  A M A R K E R  FOR 
OXIDATIVE MECHANISMS IN CATARACT DEVELOPMENT. 
Ora Lux. Frank Billson'. Daya Naidoo. 
Department of Clinical Chemistry, The Prince Henry/ 
Prince of Wales Hospitals, Randwick, N.S. W. 2037, 
Australia. * Deparfment of Clinical Ophthalmology, 
The University ol Sydney, Australia. 

Recent population and clinical studies have indicated 
that oxidative mechanisms may play a role in the 
pathogenesis of the so-called senile cataracl. Since the 
lens is challenged by a number of oxidative insults 
eilher endogenous (hydrogen peroxide) and exogenous 
(photoperoxidation). oxidative stress is  likely to be a 
causative cataractogenic mechanism. In this study we 
measured levels of uric acid and allantoin. its major 
oxidation product in aqueous humor and plasma from 
cataract patients. 
Allantoin and uric acid were measured sirnullaneously 
by an improved HPLC technique. Levels of allantoin 
in the aqueous ranged from 10.5 - 23 pol/L. 
(mean k SEM = 15.14 k 1.2). Uric acid is generated 
in the human body by the oxidation of purines but no 
enzyme is present to oxidize i t  further, thus allantoin 
might be a "marker" in vivo for the exlent of 
oxidative stress. Because the depletion of uric acid is 
associated with increase in allantoin, a calculated index 
from the ratio of their concentrations would be a more 
sensitive marker. The index in aqueous humor from 
cataract patients was three times the value in plasma, 
suggesting accelerated oxidative depletion of uric acid. 
Oxidative damage appears to be a likely mechanism in 
the development of cataract. 

15.15 LIVER ANTIOXIDANT ENZYMBS AND MAXIMUM 
LONGEVITY IN SEVEN VERTEBRATE SPECIES 
R .  Perez-Campo, M. L6pez-Torres, S .  Cadenas 
C .  Rojas and G .  Barja de Quiroga 
Dept. Animal Biology-11, Complutense 
Univers i ty ,  Madrid, 28040, Spain 

There is considerable i n t e r e s t  i n  
c l a r i f y i n g  i f  an t iox idant  enzymes have been 
used a s  longevity determinants i n  animal 
evolution. A previous study showed a 
pos i t i ve  co r re l a t ion  between SOD 
ac t iv i ty /metabol ic  r a t e  and longevity i n  
various mammalian spec ies .  Nevertheless no 
co r re l a t ions  were found f o r  CAT and GPx or 
f o r  SOD/protein. Another s tudy  d id  not f i n d  
co r re l a t ions  with maximum l i f e  span f o r  
these  enzymes i n  o ther  mammals. We have 
measured l i v e r  SOD, CAT, Se and non-Se GPx, 
g lu ta th ione  reductase and cytochrome oxidase 
i n  seven a d u l t  ve r t eb ra t e s  with well defined 
maximum l i f e  spans: two mammals (guinea p i g  
and r a t ) ,  two birds  (canary and pigeon),  two 
amphibians ( R a m  perezi and Xenopus laev is )  
and a f i s h  (Salmo trutta). The r e s u l t s  did 
not show s i g n i f i c a n t  c o r r e l a t i o n s  between 
these  enzymatic an t iox idants  and species- 
s p e c i f i c  maximun l i f e  span. I t  is concluded 
t h a t  enzymatic an t iox idant  defense i s  not  a 
longevity determinant i n  ve r t eb ra t e  
evolution. 

Supported by FISss 90/0013. 

HEME OXYGENASE INDUCTION BY UVA 
IRRADIATION OF SKIN FIBROBLASTS IS 

FOLLOWED BY AN INCREASE IN FERRITIN 
Glenn Vile and Rex Tyrrell 

Swiss Institute for Experimental Cancer Research 
Lausanne. Switzerland. 

15.14 

I Ieme oxygenases 1 and 2 (€10- 1 and HO-2) are the 
rate limiting enzymes in the degradation of heme 
proteins. Whereas €10-2 is a constitutive protein, 
110- 1 messenger RNA levels are transiently elevated 
by a number of oxidative challenges including UVA 
light (320 - 380 nm). For example mRNA levels are 
increased ap roximately 10 fold 3 h after exposure 

that HO enzymatic activity increases to a maximum 
of approximately 4 fold 18 h after irradiation with 
250 kJ m-2 of UVA light. Elevated HO levels 
would increase heme degradation thereby increasing 
intracellular free iron levels. It would be expected 
that an increased level of iron would derepress the 
iron responsive elements involved in femtin 
translation inhibition. This effect was confirmed by 
measuring a 42 10% increase in femtin levels 22 h 
after irradiation. An increase in fenitin will 
contribute to the iron scavenging capacity of the cell 
thus limiting damage during subsequent oxidative 
challenges. 

to 250 kJ m- 5 of UVA light. In this study we show 

l l l ~ l ' A ' ~ l C  I)AMA(ili WIIIiN 'I 'III i  I.IVl!l< WAS l ' l ~ l < l ~ l ~ S l ~ l )  M'I'I I I  
A KAIIICAI. INI'I'IAIOR AND ITS INHIBII'ION IIY VI I'AMIN Li 
I 1  Yasuda, M. Miki*. T 'l'anabe*, M. Miiio*. and I: N i h  
Depruiient of Keacuon Cheuirsmy. Faculty of Iingmeenug. University 
of Tokyo. 1 longo. Tokyo 113. and *Departmen1 of Rdiatncs. Osaka 
Medical College. Takatsuki. Osaka 569. Japan 

15.1 6 

One of the most basic characteristics of hcpauc lailure IS thc decrease 
in energy charge levels and mitochondria has been increwngly rec- 
oguir.cd as a critical site in the pathogenesis of hepatic failure because of 
its central role in An-synthesizing ability. Using an iyo compound. 
AAPH (Z,Z'-ozubiu/Z-omidinupropo,le)dihydrochlor). which IS well 
known to generate pcroxyl rascals in wakr phase at a coiiliint rate, 
therefore. we tried to elucidate the injurious actions of free radicals on 
hepatic mitochondrial function uuder coutrollcd conditions lo liver 
mitochondria. acetoacetic acid (AcAA) undergoes reducuou to 
hydroxybutyric acid (POHI3A) by POILI3A dehydrogenase locallzed in 
the mitochondrial cristae and tlicy can freely penetrate thie cell rnciiibrane 
into (lie blood stream. The equilibrium hctween their co11centraUo11s re- 
flects the ratio of NADINADH in the mitochondria (mitochoudnal redox 
poteutial). In lh is  study. we catheterized the portal vein and inferior 
vena cava of the rats and infused Ca-free lIank.-tILPIL7 buffer cai-  
taiiliiig AAPlI via p o d  vein. Aliquoly of {m"wale coining out of 
iul'erioi vcua cava were taken at spccific times ti) deteriiune the coti- 
sutuuon of ketone bodies and hepatic cytosolic erlzyuies The ketone 
bodies in die perfusate decreased rapidly and B-O€U3A disappearcdniuch 
faster than AcAA. indicating the change in nutochondnal redox 
poteutial. Such a rapid depletion of mitochondrial NADH may be an 
initial event induced by free radicals. In the case of rats injected of u- 
tocopherol previously, the change in mirocbondrial redox potential was 
slow, dependently on doses of the tocopherol administration. The 
similar effect was oblained by the addition of Trolox. a water-soluble 
analogue of vitamin E. into the pcrfusatc. l l i e  leakage of cytosolic 
enzymes (GOT. GFT) into the perfusate was a subsequent event to the 
change in mitochondrial redox potential. suggesting that hepatic cell 
membrane damage may be cawed by increased cy!nsolic Ca due to 
NADII depletion. These results show that the liver was damaged exactly 
depending on the amount of radicals generated in the circulation and 
hepatic a-tocopherol inhibited tlieir injurious eflcccts efficiendy. 
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15.17 Oxidative damage to k r y s t a l l i n  and reaction with 
transglu taminase. 

'Milfred Seccia, ?EMco Gravela, 3Patricia Groenen, 3Wilfred 
W de Jon& and 'Kevin H Cheeseman. 

'Dept. of Biochemistry, Brunel University, Uxbridge Middx 
UB8 3PH, UK. 2Dip. di Scienze Cliniche e Biologiche, 
Universita di  Torino, Italy. Dept. of Biochemistry, 
University of Nijmegen, The Netherlands. 

In our previous work we showed that the attack by oxidising 
free radicals on Bcrystallin predisposes it to transglutaminase 
(TGase) activity and we suggested that this synergistic effect 
might be involved in the pathogenesis of cataract. The 
previous study utilized the incorporation of "C-putrescine and 
effectively measured the reactivity of glutamine residues 
that act as amine-acceptor sites. We have extended this work 
by utilizing a synthetic probe for the lysine residues that can 
function as amindonors  in the transglutaminase reaction as 
well as studying the effects of oxidising free radicals on TGase- 
mediated cross-linking of crystallin subunits. 
The experiments measuring lysine-site reactivity mirror the 
"C-putrescine results and confirm that oxidising free radicals 
make both types of site more available to TGase. 
Electrophoretic analysis (1D and 2D) demonstrates that these 
probes are incorporated into whole crystallin subunits, not 
radiolytically-produced fragments. These data suggest that 
the effect is due to a conformational change in the crystallin 
following free radical attack. The effect of oxidising radicals 
on TGase-mediated cross-linkings is difficult to ascertain 
against a background of radical-mediated, TCase -independent 
cross-linking. 

15.19 EFFECT OF MERCURY AND N-ETHYL-MA~EIHIDE 

E.Morgante, S.Miccadei, S.Ianniello and 
M.A.Russo. Department of Experimental 
Medicine, University "La Sapienza", 
Rome, Italy. 

ON PRIMARY CULTURE BEPAT<XSYTES. 

Sulphydril reagents are frequently 
involved in environmental or 
professional toxicology. Their 
mechanism(s) of action may differ in 
relation to the ability of the agent to 
penetrate the cell. A cell-penetrating 
agent, like NEM, interacts with surface 
proteins as well as with cytosolic or 
organular proteins, triggering an 
integrated cell reaction which may lead 
to cell disorganization and necrosis. 
Hg++ do not penetrate immediately the 
cell, interacting mainly with surface 
sulphydril groups; once plasmamembrane 
damage is established, cell may progress 
further to disorganization. Primary 
culture hepatocytes, in the presence of 
high concentration Hg++ ffOO uM), 
rapidly form cytoplasmic blebs and 
progress to necrosis, allowing Hg to 
specifically compartimentalite into the 
mitochondria or associated to glycogen 
particles and smooth membranes of 
endoplasrnic reticulum. Primary culture 
hepatocytes treated with NEM also form 
cytoplasmic blebs, with a much slower 
progression through disorganization and 
necrosis. The role of cytoskeleton, Ca++ 
and Hg++ will be discuss. 
Supported by XURST grant (40%) t o  MAR. 

ROLE OF LIPID PEROXIDATION AND 15.18 
RADICALS IN DUODENAL ULCERS INDUCED BY 
MEPIRIZOLE IN RATS 
S. Iinuma. T.Yoshikawa. Y.Naito. S.Kokura. 
T.Kaneko. S.Nakamura. Y.Nakahashi and M.Kondo 

First Department of Internal Medicine / 
Kyoto Prefectural University of Medicine / 
Kamigyo-ku, Kyoto 602 / Japan 

POLYMORPHONUCLEAR LEUKOCYTES-DERIVED OXYGEN 

We have reported that active oxygen 
species may play an important r o l e  in the 
pathogenesis of duodenal ulcers induced by 
mepirizole(MEP). In this study, we 
investigated the role of active oxygen 
species from polymorphonuclear 
leukocytes(PMN). 
Male Wistar rats each weighing 190-210 g 

were used. We administrated to them 
MEP(200rng/kg) p.0.. In one  study, the 
myeloperoxidase (MPO) activity which is an 
index of PMN's accumulation were measured by 
Krawisz's method after administration o f  MEP. 
After administration of MEP, we found the 
increase in MPO activity in the duodenal 
mucosa before the appearance of the ulcers. 
In another study, we administrated anti-PMN 
antibody i.p. at 18hr before administration 
of MEP. And we measured the total area of 
duodenal ulcers and TBARS in the mucosa. The 
increase both in the total area of the ulcers 
and in TBARS in the mucosa was significantly 
inhibited by treatment with anti-PMN 
antibody.These results suggest that active 
oxygen species from PMN may play an important 
role in the duodenal ulcers induced by MEP. 
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Plenary Session on Pharmaceutical Intervention in Free Radical-Based Pathology 
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D.2 MIXAL-CATALYZED EREE RADICAL INNRIES IN MILDKC0 DEORDERS 
AND P t P J w c w n c A L  mvE" 
Makoto M h 3 ,  M.D. 
Department of Pediatrics, Osaka M d c a l  College, Takatsuki, 
569,Japan 

Transition metals, ard i r o n ,  are well known to 
catalyze the generation of free radicals i n  vitro which 
prdxbly cause pthological cadttons in diseases. I n  this 
pap=, such cadi t ions in childtcd will be discussed 

Wilson's disease is  an inherited disorder of copper 
metabolism characterized by prcgressive cop~er accumulation 
in the liver and subsequent overflow to extrahepatic tis- 
sues. Then, rnn-doplasmin ocp~or increased and f a d -  
dase activity decreased in plasma, although copper i r n x q o -  
rated into ceruloplasmain is m-toxic. 'me copper releasel 
from the liver into blood stream catalyzes the gewat icxa of 
free radicals, which axsum radical trapping antiaxidants 
including urate ard vitamins C ard E in plasma. 'ITS? findixy 
was ob ta id  that the radical trapping capcity was i m p a i r 4  
due to increased non-ceruloplasmain copper i n  Wilson's 
diease, while the radical trappins capacity was i m p 4  in 
response to the copper chelating therapy. In addition, the 

rous salts-stimulated lipid peroxidation was reduced, and 
zink inhibited the peroxidation l h i s  finding wincided with 
ameliorption of c l i n i c a l  cmrse of Wilson's disease w i t h  
zink therapy. 

Homocystinuria, an inborn error of methionine meta- 
b a l i s m  chdracterizes elevated level of homocysteine in the 
body fluids which causes premature atherosclerosis and 
thrombsis. Transition metal-catalyzed oxidation of homo- 
cysteine thiols is thought to lead to the reduction of 
oxygen with the gewration of superaxi& and hydrajen per- 
oxide. The active oxygen species generated in plasma must 
attack lipoproteins to produce oxidatively modified LDL, 
which may contribute to onset of atherosclerosis. We 
examined the possibility of bmccysteine-induced oxidation 
of LDL in the presence of metals and the role of alpha- 
tompherol in LDL in preventing its oxidative mcdification. 
Additionally, oxidatively modifeid LDL in the patients' 
plasma was demonstrated, acommapnied by decreased plasma 
alpha-tocopherol levels. V i t a m i n  E therapy should possFbly 
be required to pevent the premature athervsclerosis. 

antiaxidant effect of the wisonian plasma against the fer- 

D.4 ANTIOXIDANT ACTIVITY O F  SILYMARIN 

I:.Mlnlsd, A.Citlerici, M.Datlilo* 

DipurIimenro dr Chirnira del PolilPcnrco. 

P 220 L da V I N J ,  32 - 211133 M I L A N O  (Ifoly), 

' I D 1  Isrifufo Oiurhrnirro Ifalwnr, Grovorvit Lnrrnzrnr S p A , ,  
Viu Ripomunrr. 332/4 20141 MILAN0 (Ifoly) 

Silymarin contains silyhin. isosilyhin. silyclianin aid silychristm. a class of 
natural producls, namely 3-hydroxy-4~chromanonc derivatives. Silymann has 
ancffmtivc aniioxidant activity. whichci~uldcxplatn i t s  antihepamtoxic efficacy. 
Thc antioxidant aciivity has k e n  evaluated hy ihc R A N C I M A T  rnclhdology in 
Ihc auu>sidaiwn 11f fatty acids. cstcrs (soyhcan o i l .  p;dm o i l .  palnntic acid. rnrlhyl 
Iinolcnalc) and cuincne and cxprcsscd by the ratio of die induction lxrirds o f  the 
substrate autoxidatton in thc presence and in thc ahscncc of silyniann. T h i s  drug 
acts as scavenger ofpcruxy radicals and shows a secondary antioxidant activity 
higher than R H T  and slightly lower than alpha iocophcrol. The structure of thc 
chromanones and some prcviouc results in the presence of  iron sali suggcst that 
silymann could also excn a prirnary antioxidant cffcct. due M the chclating 
properties towards metal salts. The study of thc mcchanisrn IS in progress. 

PHARMACEUTICAL INTERVENTION FOR THE PREVENTION 
OF POST I S C H M I C  REPERFUSIGN INJURY. 
Gregory B. Bulkley. M.D. 

In many organs a substantial proportion of 
the injury sustained as a consequence of 
ischemia is  actually caused by a cascade of 
events which are initially triggered by the 
generation of the superoxide free radical by 
activated xanthine oxidase at the time of 
reperfusion. This mechanism. first elucidated 
in the feline small intestine, has been found 
t o  be operative in the heart, lung, stomach, 
liver, kidney, skin, skeletal muscle, and 
other organs. Its ubiquity is based upon the 
ubiquity of endothelial cell xanthine oxidase 
in the microvasculature. Pre-clinical studies 
in animal models of human disease have 
demonstrated a variable contribution of this 
reperfusion injury mechanism to the total 
injury sustained consequent to ischemia. 
While 111-conceived and poorly designed 
clinical trials which have failed to take this 
into account, and therefore have included 
heterogeneous and unstratifiable patient 
populations, have been predictably 
unenlightening, a number o€ trell designed 
trials, particularly in renal transplantation 
in cardioplegia have confirmed the efficacy of 
free radical ablation for the prevention of 
reperfusion injury in man. 

D.3 

S )  limann I, dnactivc flarolignan uichountng LO xis lrce radical \cdvengrrdcir\ii\ 
a mcmbrdnc stabilizing apcnt and an effective dnlioiiddnl Si1)rnann I\ an lsoiiicri 
mxiureolsilibmin.silidianmandsilichnsi~n silihmin k i n g  the most acnvccomponnt 
The thcrapeutw dpplicarion of silyrnann (Legdlon) for lratincni of palients u iih 111, 
diwaw remains i n  be established Rcccntly a wdter soluble form of sihbinm (Ih 
dlhemsucclnaic sodiurnsalt)hasbecndcvclopcd Sdymann andsilibuunhcnusuccidc 
sodium salt proved 10 be cffcctivc rn animal crpcnmcnts in the prcvcntion of carbi 
tctrachlonde. galaciosanunc and ethanol hepaioxiciry as well as Amanrta pha l l o~k  
mioxication ThcunonconpctitivelipoxygcnaYandprori~glan~ssynthclascmtiihirin~ 
aciiviiy nnd ccllularimmunorcaciivity reducing effcci is favourable m ihe thcrrp\ UI 

chronic livcr diseases I n  clmical mils thcw compounds wcrc cffccnvc m chronit 
hcpalilis.drug induced hvcr loxicily (CC14. galaclosarmnc. cthanol. iubcrculoslaiicc 
A phalloides hypnotics. insccricidcs) The cffcct of silibmm. 10 100 FJmi UI 

phytohacmaggluiirun (PHA ) and Concanavalin A (CON-A)-induced lymphor\lr 
blast mnsfmauon in normal mdtvidunls and paticnts with chronic alcoholic lircr 
d i s u u  With a subopumal dosc of PHA. silibinm cxened no significant cffecl on 
blastogcncra i n  a concentralion rdnp comsponding to the usual i n  v ivo  Ihcrapcuric 
U X K ~ ~ M I O ~  Howcvcr. wthmcparml Etunulatory douo f  PHA. silibuunsigruficruill~ 
decreaccdthymidinc 3H incorpuatrmat a camjcnlratronof 10 O&ml Con A, s i l rbm 
mhibited m vitm lymphozyte blast lnnsformaiionof thc p a t m a  i n  adowdepcndcni 
fashion Athcrogenclic Let significantly Inhibited the Con A-induced bla\i 
mnsformarion of rat spleen cells in VIYO. Silibirun revcrscd this reaction A S I ~ I A I  
cffcct of silibirun was found UI lysosomal examinations nf rat livcr Silymarin dnd 11, 

water-rolublc dcnvalivc probably excn their cytoprolecttvc cffccl m two ways (3) 
owing 10 their fnc  radtcal suvcngcr activiiy the> increase the tissue gl~itathuonc 
conrcntudarcpolcnlPntioxtd~is.and~) bytheirintcrxuon withcyioduomr PA10 
thcyblockchc bioUansfomUonofdrugs whose mcrsboliicsuccylotoxic Our siuilcs 
show lhal m hypcrhpdacmic rats and in palients with chroruc alcoholic liver discaTc 
Ihc c x r ~ p a i i u l l y  dctmableoxidativc slmssxtatc i t s  typical biochunical pararnclcr. 
wcre favourable influenced by silymann treaimcnl Applied thcrapy dccrcrccd lipi 1 
pcroridauon and improved thc paiicnrs antioridam proteciion 

D.5 
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Session 16 

Antioxidant Defences in Eukaryotic Cells 
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16.1 ANTIOXIDANT MECHANlSMOF VlTAMlN E 
A N D  P-CAROTENE 

G .  Ihrlon 

NaiiomI Researrh Counrrl o / C o ~ d u .  100 S u \ w x  Drive. Oiiowa. CUM& 

Vitamin E is an excellent trap for Ixroxyl rddicals and is the major 11pid I, , , c 
antioxidant present in niamnialian ccI1s. I t  therefore occupies a unique position 
in the ancnal of  natural antioaidants providing protections against various 
diseases. Studies ca r r id  out with deuterium-labcllrd u-wophcrol  havc shown 
Ilia1 thcre is a wide range in rates of turnover of vitamin E in tissucs. The tissues 
that show the lowest rates of turnover (c.g . neural tissue) also arc found to be 
those most susceptible to thecffccts of II dcficrcncyof vitamin E. Thccytosolic 
lowphcro-binding protein. which is found only in die liver. appears m play a 
central role in rcgulating lcvcls of vitamin E in plasma. 
Them is much cuncnt intcrcst in P-carotene bccausc cat appears to have 
anticancer activity. 11 is hclievcd thai Ihc rnlicanccr activity dcrivcs from the 
antioxidant properties of p-carotene Howcvcr. tlic naturc of thc mtioxidwl 
action is unclear. Although p-carotcnc i s  a supxior qucncher of singlet oxygcn. 
thcrc is a question as to the imprtancc o f  singkt oxygen in mast Bssucs. b- 
C m t c n e  can trap peroxyl radicals hut only under low p d a l  pressures of 
oaygen. This fact is difficuli u) rcconcilc with tlic cpidcmiological evidcncc that 
$sarotcnc is most effeAvc in h e  lung 

16.3 PHOSPHOLIPID HYDROI’EROXIDE GLUTATHIONE 
PEROXIDASE IS THE MAJOR SELENOPEROXIDASE IN 
NUCLEI AND MITOCHONDRIA OF RAT TESTIS 
Matilde Maiorino, Antonclla Roveri and Fulvio Ursini. 
Department of Biological Chcmistry. Padova University, and 
‘Department of Chemistry, Udinc University, Italy 

The sclenocnzynie Phospholipid Hydroperoxide Glutathione 
Pcroxidase (PHGPX) was detected enzymatically and 
immunohistochcmically in rat testis. Subcellular fractionation 
revealed an unusual activity distribution pattern, since a 
specific activity five limcs higher in nuclei and mitochondria 
than in cytosol was measured. Furthermore, PHGPX increased 
dur ing  testis matura t ion .  In fact, whi le  nei ther  
immunodctectablc protein nor activity were present in weaning 
rats, both rose up from the 20th to the 60th day after birth. This 
risc was prcvcntcd by hypohysectomy. In adult animals the 
specific activity was 102 and Y4 nmoles/niin/nig protein i n  nuclei 
and mitochondria, rcspcctively. These values were the highest 
so far measured in mammalian tissues. I n  adult animals also 
hypophysecloniy Icd to disappearance of PHCPX activity, 
which was partially restored by gonadotropin treatment. By 
contrast, classical Glutathione Pcroxidasc (GPX) specific 
activity was not affected by aging, hypophyscctomy and 
gonadotropins Specific testis immunolabelling by antiscrum 
dgrinsr Pt i i i ’h  dppcdrcw microscopicairy ds d tiriciy grdnuidr 
brown end product localized throughout thc cytoplasm in 
spermatogonia, but confined to the pcriphcrals regions of the 
cytoplasm, thc nuclear membrane and mitochondria in 
maturating primary spcrmatocytcs of adult normal testis. 
Spermatozoa w e r e  not immunostaincd w i t h  this technique, but 
Western blot analysis showed the presence of PHGPX in mature 
spermatozoa. A possible idcntity of PHGPX with the previously 
described 15-20 Kd sclcnoprotein in the mid-piccc of 
spermatozoa involvcd in their maturation (Gamete Res. $ 139) 
i s  proposed. 

ORAL ANTlOXlDANT ADMINlSTRATlON PARTIALLY 16.2 
PREVENTS EXERCISE-INDUCED GLUTATHIONE 

OXIDATION I N  RATS AND HUMANS 

J. Vinn, M. Awncl, V. Anton, J. Eslrelrc, F.V. Palhrdb, 
.I. Sarlrt., J.A. Ferrrro 

Urpriuw~?ruo dr F d . w h g i o .  Fmuliud de Medirina. 
Avenidu Rlasro I b r i i i z  17. 46010 Valenria, Spain 

Exhaustive physical cxcrcisc gcncr;itcs frcc radicals ( I ) .  This causcs oxidative 
strcss (2). The glutathione system constitutes a major defence against oxidative 
SVCSI (3). Anoxidailon ~ ~ f t l i c g l i l u t a i l i i ~ i n e p ~ x ~ l  in vnrioustisrucs waspreviously 
reported ( 4 ) .  W e  havc found dirt a widely uscd method for the mcasurcmcnl of 
glutathione which IS adcquatc h r  use in various Bssues is not adqualc for blood 
becauc of high rates of oxidation of CSH. This may lead m erroneous 
conclusions when vying to evaluate o a  idativc strcss using the GSSGSSH ratio. 
A new mcthod tomeasurcGSSG and GSH in blood will bcdescribed. Using this 
method. wc have found that exhaustive concentric physical excrcise causes an 
oxidation of GSH in blood. Furthermore. changes in GSSGESH ratio arc 
paralldtochangcs in h e  laclatc/pyruva~cratioindic~~n~lhat when hcanaerohic 
threshold is rcaclicd. glutrthionc oxidscion mcurs. Oral glutathioncresults in an 
increase in glutathwnc in tisiucs. hccause it increases thc plasma lcvcls of 
cyslcine and the rate of inlraccllulrr glutathione synthesis (5). Thus oral 
glutathionc might scrvc to protcct cclls against oxidativc stress cawed by 
eaercisc. Indccd. administration of antioxidants such as glutathione. vitamin C. 
vitamin E or  mixtures of h x c  thrcc anlioxidants prrtially prcvcnt thc oxidation 
of glutahionc causul hy cacreise. 
Rcfcrcnccs 
( I )  Davics K.J.A. ct al.. Ricrhcin Riophys. Rcs. Commun. 107:1198-1205 
(1982). (2) Sics H.. Angcwandtc Clicm.. 25:1058-1071 (1986). (3) Viria I.. 
Glutathione: mctahdism and physiological functions. CRC Press. Boca ratim, 
Florida.USA(IW(1) (4) Lcw H . c i  XI.. FERS leu. l85:2n2-266(19sS).(5)Viea 
1. ct al. .  Brit J Nutrit 62 683-601 (l9X9). 

b INVOLVEMENT OF FREE RADICALS CATALYZED 16.4 
BY METALS IN WILSON’S DISEASE AND ANTI- 
OXIDANT DEFENSE. M. Mila and M. Mino. 
Department of Pediatrics, Osaka Medical College, Takatsuki, 
Osaka 569, Japan. 

Wilson’s disease is an inherited disorder of copper metabolism 
characterized by progressive copper accumulation in the liver and 
subsequent ovefflow to extrahepatic tissues. The chemistry with 
m i t i o n  metals has been supposed to be involved in the copper 
toxicosis. however, the mechanisms of their injurious actions still 
remain unclear Recently a mutant strain of Long-Evans rats (LEC) has 
been found to bear a very close similarity to Wilson’s disease: 
P) Acute onset of lluminent hepatitis associated with hemolytic crisis at 
the age of 4 months; 2) Progressive accumulation of copper in the liver 
leadmg to hepatic daamge;and3) Defects in biliary excretion of coppcr 
and incorporation into ceruloplasmin In this study. using this animal 
model. we speculated on the involvement of copper in free radical- 
mediated injuries of Wdson‘s disease. 

In LEC rats. copper was found to accumulate in the hepatic 
cytosol in very high concentration and its majority was included in 
increased metallothionein. At the age of 4 months when hepatic 
metatlothionein was supersaturated wirh copper. the liver was severely 
damaged and hepatic copper was released into the blood stream. If 
Copper released from the liver cata lps  the generation of free radicals, 
the consumption of plasma antioxidants and hemolysis would he the 
likely consquenccs. We observed that noncedoplasmin copper in 
plasma increased and radical-trapping capacity was impaired as the 
leakage of hepatic cytosolic enzymes was getting signilkant. At that 
time. antioxidant defense systems in the liver and RBC were impaired 
and thci membrane constituents showed the chages due to lipid 
peroxidation. Thus our scenario that hemolytic crisis was brought by 
copper relcased from damaged liva has bcen substantiated and the 
evidencefor the involvement of copper-mediated radical reaction in the 
pathogenesis has been obtained. 
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16.5 Oxidative Stress Status ( O S S )  in H I V  seropositive 
patients. Possible improvement by antioxidant therapy. 

J.  Emerit*, D.Bonnefont**, MC.Jaudon**, A.Marchand* 
* Service de Maecine Interne - La Salpdtritre - Paris 
** Laboratoire de Biochimie - La Salpdtritre - Paris 

I n t roduc t i on  : 
- A growing body of evidence concurs to an antioxidanb 
deficiency in H I V  seropositive patients. In cultured cells 
oxidative stress increases HIV replication and antioxidants 
decreases it. Vitamin E improves the antiviral action of 
AZT. 
- We studied : 
* the action of Dithiocarbamate (DTC) versus placebo on 
OSS in 29 HIV seropositive patients. 
* the action of antioxidants therapy wi th  several 
antioxidants including Superoxide Dismutase (SOD) in 3 
HIV seropositiv patients, also treated with A m .  
Results : 
- After 2 years of DTC administration, there was no 
difference in OSS between treated (16) and placebo (13) 
groups. The clinical evolution in the 2 groups was also the 
same. 
- In 3 patients treated with several antioxidant (Vit  E. Vi t  
A, selenium, N acetyl cysteine) and Cu Zn SOD the OSS 
improved well as the biological markers monitored.(CD4, 
immunoglobuline.82microglobuline). One patient returns 
to work for one year after a one year interruption in very 
good health. 
Conclusion : 
The antioxidant therapy associated with antiviral treatment 
deserves to be tested in controlled trial monitored by OSS 
and biological markers of H I V  infection. 

16.7 
-, Lisa S. Wong and Richard 0. Day 8 Janusz M. 

Gebicki. 
Department of Clinical Pharmacology and Toxicology. St 
Vincent's Hospital, Victoria St. Darlinghurst. NSW 2010, 

Australia. 

The aim of the present study was to separate and characterise 
products formed by oxidation of uric add by hydroxyl radicals with 
a view to probing for these products in vivo in clinical contexts 
thought to be associated with free radical production, especially 
alcohol-related liver injury and rheumatoid disease. 

Aerated solutions of 200 pM urate, or its oxidation products. 
allantoin or parabanic acid were exposed to gamma radiolysis, 
(570 Gylmin). as a source of HO. radicals at pH 3.4 and 7.4. 
Aliquots were taken every 5 minutes for 20 minutes and 
oxidation products were analysed by HPLC with a diode array 
detector. Chromatographic conditions were as follows:Column: 
250 x 4.6mm Activon Gold-Pak (reverse phase, 5 pm particle 
size); Mobile Phase: 5mM NH3HPOdH3P04. pH 3.4 (for pH 3.4 
irradiation) or 10mM K H ~ P O ~ / H S P O ~ .  pH 3.4 (for pH 7.4 
irradiation). Identities of oxidation products were made on the 
basis of similarity of retention time and absobance spectrum with 
known standards. Hydroperoxides were measured by tri-iodide 
formation in the 20 minute sample. 

Exposure of urate to such HO. fluxes produced a nett loss of the 
parent compound with formation of a complex mixture of 
produds with allantoin and parabanic acid being the predominant 
products at pH 3.4. When irradiated at physiological pH. the rate 
01 urate loss was lower and the distribution of products slightly 
different. A small but significant amount of urate hydroperoxide 
was detected at both pH's. A mechanism for urate oxidation 
under these conditions will be presented. 

R E W X  CYCLE OF ASCORBATE IN THE LIVER: A STIJDY 16.6 
OF DEHYDRASCORBATE-REDUCTASE ACTIVITIES 
Casini A.F., Maellaro E., D e 1  Bello H. 

Sugherini L. and Comport1 M. 
1st. Patologia Generale, Universith di Siena 

53100 Siena, Italy 

A number of antioxidant systems protect cells 
against oxidative stress. Among these, ascorbic 
acid ( A A )  is generally believed to play an 
important role both by scavenging aqueous 
radicals and by regenerating vitamin E. 
Following interaction with free radicals, AA 
undergoes one-electron oxidat ion to the semi- 
dehydroascorbic radical from which, by 
dismutation, dehydroascorbic acid (DHAA) is 
produced. DHAA is then further metabolized and 
lost by the cell. In order to restore the 
antioxidant potential offered by AA. cellular 
systems capable to reduce back its oxidized 
forms are clearly of particular importance. 
However, available data concerning DHAA 
reduction are controversial. 
The present study deals with a re-evaluation 
of liver DHAA-reducing enzymatic activities. 
Several DHAA-reductases were observed in the 
(dialysed) ,cytosolic compartment, which were 
dependent either on glutathione (GSH) or NADPH 
as cofactors. The measured apparent Km's for 
the.substrates indicate that one GSH- and one 
NADPH-dependent activity can efficiently work 
in the range of physiological concentrations of 
X H ,  NADPH and DHAA. Thus, an efficient 
reduction of oxidized forms of AA can be 
accomplished in the liver cell. This may 
represent an efficient defence system, as it 
has been observed in isolated hepatocytes 
challenged with various prooxidants. 

The importance o f  the  t h r e e  a n t i o x i d a n t  16.8 
e n z y m e s  in c e l l u l a r  de fense .  
Jose Remacie. Carine Michiels and Mariine Raes. 
Laboratoire de Biochimie Cellulaire 
Faculrks Universiraires. 61 Rue de Bruxelles. 5000 
Namur, Belgium 

Aerobic cells contain various amounts of the three main 
antioxidant enzymes: superoxide dismutase (SOD), catalase and 
GSH peroxidase. These three enzymes are necessary for cell 
survival since inhibition 01 their activity lrom 21 % for GSH 
peroxidase and 55 O h  for catalase leads to the arrest of cell 
mitosis and to cell death. Amongst them, GSH peroxidase was 
shown to be more efficient than catalase and much more than 
SOD. This result was obtained by comparing the cell protection 
against oxidative stress after their microinjection in the 
cytoplasm. A solution containing 2000 times more SOD than 
GSH peroxidase and 100 times than catalase was necessary to 
obtain the same protective effect. 
In order to evaluate the effect of free radicals on cells, we have to 
distinguish between their respective eflects on cell mitosis, cell 
death and cell ageing. The effects on mitosis and cell death are 
well described and the results clearly show a threshold response 
The level of this threshold is determined by the level 0 1  anti- 
oxidant enzyme concentration indicating that there is a dynamic 
balance between the defense system and the lree radical 
production.This dynamic interaction can also be seen in a 
modelisation of the general system of free radical production and 
elimination where bifurcation point between stable and unstable 
domains was found. There is now evidence that short free 
radical stresses can also speed up the ageing 01 in vitro cultured 
human fibroblasts. This was demonstrated by looking at the 
evolution of the cell types which evolve much faster under 
oxidative stresses.However this accelared ageing process is not 
restricted to the free radicals and is dependant on the energetic 
level of the cells. 
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16.9 

16.1 1 

IRON MEDLATED INCREASES IN 
MITOCHONDRIAL AND LYSOSOMAL 

ACTMTIES AND INDUCTION OF HSP7O AND 
IJBIQUITIN mRNA IN 17v VITRO CULTURE 

Siin M. Thomas, Brian H. Anderton, James Uney' 
Dept. Neurosciences, Institute of Psychiatry, University 
of London, Denmark Hill, London SE5 S A F ,  U.K. tel: 
071 703 541 1 fax: 071 703 5796 

Dept. Anatomy, University of Cambridge, Downing 
Street, Cambridge CB3 2DY, U.K. 

Following heat shock (42.5'C for 30 minutes), 
differentiated C 1300 N2A neuroblastoma cells increase 
the synthesis of mRNA's for the inducible form of hsp70 
and for ubiquitin, Incubation of C1300 cells with iron (1- 
IOomM) also induces an elevation in *A's coding for 
ubiquitin and hsp70 which can be blocked by 
preincubation of the cells with alpha-tocopherol. Iron 
was shown to increase mitochondrial and lysosomal 
enzyme activies in these cultures as measured by the 
M?T and neutral-red uptake cytotoxicity assays. These 
changes were not initially associated with any loss in 
viability as assessed by the lactate dehydrogenase release 
assay. The results suggest that there is production of 
cytoprotecthe heat shock proteins in response to 
iron-mediated cell damage in neuronal cells, possibly 
involving free radical generation. The apparent stress 
response by vulnerable neurones in neurodegenerative 
disease, particularly Parkinson's disease, may be induced 
by iron-mediated free radical production in degenerating 
neurones. 

Differentiation-induced manganous superoxide dismutase is 
enhanced by TNFa and phagocytosis of Staphylococcus aureus 
in U937 cells. S. Kantengwa, H. Stubbc and B. S. Polla 
Allergy Unit, University Hospital of Geneva, Swiocrland 

Superoxide dismutase (SOD, EC 1.15.1.1) is a key enzyme for 
the scavenging of superoxide anion. SOD exists in at least two 
isoforms: the constimtive, containing copper and zinc as metal 
core, and the inducible mitochondrial enzyme (MnSOD) which 
has been found associated with differentiation and development 
in eukaqotes. As a protective enzyme against oxidative injury. 
SOD is a candidate member of the stress protein families. We 
investigated the expression of SODS during differentiation and 
activation of the. human premonocyric line U937. Total SOD 
activity was determined in a xanthine-xanthine oxidase system 
and the two isoforms were characterized by immunoblolting 
with plyclonal antibodies. Cellular functions such as 
respiratory burst and phagocytosis are acquired during 
differentiation of U937 cells. In 1.25-dihydroxyvitamin D3- 
differentiated cells we found a threefold increase in total SOD 
activity. This increase was enhanced by rhTNFa ( 5  ngml) 
(+30%) and further so by phagocytosis of inactrvatcd S. aureus 
( +70%). By Western blot analysis M O D  was not detected in 
undifferentiated U937 cells but was induced in differentiated and 
activated cells, whereas CuZnSOD remained unchanged. Our 
results on MnSOD suggest that during differentiation. 
monocytic cells acquire in parallel the ability to kill bacteria 
(phagocytosis and mpiratory burst) and to protect themselves 
against oxidative injury. 

El?3TT OF HYDRXEN FEKKILE CN HLMAN EPITHELIAL 

F. Franm, A. PhttaM, F. Be 1 '  i, C. Ju- 
liano, V. P i c c i .  
Inst .  Biochuruca ,  Botanica, 'lkcnica Famceu- 
ti=, FacolG E7mmcia, 07100-Sassari, Italy 

Hydmgen pemxi.de ( H S 2 )  is me of the m y  ac- 
t ive species produced &ring n o d  cell mta- 
bolisn. When.HS2 is overprorluced, it can cause 
daroage of DNA and proteins directly or indirec- 
t l y  by generat- oxygen free radicals. We stu- 
did the effect of H$2 M cult& epithelial 
cells derived f m n  banan &cs w i t h  respect to 
cell functicns: in additi.cn, the morpblogy and 
the cell structure e r e  also imrestiqated. The 

ture W m ,  anpletaly inhibited cell growth, 
a l tkugh  WISH antair& catalase and glu- 
tath~me-pemxidase act ivi t ies .  After 1 h inm- 
h t i m  with 5 nM H A  the mjority of cells 
=re still alive, tut the r e i n a h t i c n  w i t h  
n o d  medican, dramtical ly  decreased the cell 
vmbil i ty .  Cel l  adh%-iCn MLS a n S e - d e p x h t l y  
r e d u d  by H & ,  treatnrslt (0.1-0.5 nM). "IE in- 
cubaticn w i t h  1.5 nM H 9 2  cause3 bleb fo-- 
t im cm cell surface, mitodndrial swdling 
and cytoskeletm W i c a t i o n s  both in microtu- 
hles and microfilaments. hTSH.treated w i t h  1 .5  
n M H 9 2  S h x d  decreased kveki of GsH 
to ccntrol cells: even t k  glutathime-transfe- 
rase act ivi ty  wv, rdu& wfiile the otkr enzy- 
ITS of the glutathime-cycle =re unchmged. 

CELLS (WISH). 

of law Hfl2 rmCentraticnS in the ad- 

A NOVEL METHOD FOR DETERMINING BOTH Mn- AND 
CuZn-SUPEROXIDE DISMUTASE ACTIVITIES IN GASTRIC 
MUCOSA 
S.Nakamura, T.Yoshikawa, SKokura. Minuma, T.Kaneko, 
S.Nishimura, Y.Naito and M.Kondo 

First Department of Medicine, Kyoto Prefectural University of 
Medicine. Kyoto 602, Japan. 

In the present study, a highly sensitive chemiluminexence 
method for determining Mn- and CuZn-SOD activities in human 
gastric mucosa obtained by endoscopic biopsy was reported. 

METHODS: SOD activity was measured by the inhibition of the 
cypridina luciferin analog(CLA)-dependent chemiluminexence 
induced by superoxide radicals. Mn-SOD. which is sensitive to 
sodium dodecyl sulfate, was delermined and calculated by 
subtraction of SOD activity in tissue extract treated with this deter- 
gent (0211-SOD) from that in untreated tissue extract (total SOD). 
Both SOD activities wereexpressed as units of SODactivity/mg 
protein. 

RESULTS: CuZn- and Mn-SOD activities could be measured in 
only one biopsied specimen. CuZn-SOD activities in the fundic 
gland area were significantly higher than &ose in the pyloric gland 
area. Both CuZn- and Mn-SOD activities in the gastric rnucosa 
showed no significant differences among subjects in their 20s to 70s. 

CONCLUSIONS: Using a CLA-dependent chemiluminescence 
method, Mn- and CuZn-SOD activities in the human gastric mumsa 
obtained by endoscopic biopsy were measured. These SOD activities 
showed no significant aging-related changes in healthy voiunteers' 
stomach. 

16.10 

16.12 
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16.1 3 ANTIOXIDATIVE PROPERTIES OF CLUTATHIONE 
ARE POTENTIATED BY “ECAPONE 
Erkki Nissinen, Inge-Britt LindCn and Pentti Pohto 
Orion Research Center, Orion-Fmos Pharmaceuticals 
P.O.Box 65,02101 Espoo, Finland 

Oxygen derived free radical mediated reactions contribute to 
a wide variety of tissue injuries including duodenal and 
gastric ulcers. Glutathione (GSH) dependent systems 
reduce lipid peroxidation especially when adequate amount 
of vitamin E is present in the cell membranes. GSH itself is 
a poor scavenger of free radicals, but it has a role in 
recycling vitamh E. Nitecapone (NC) is a gastroprotective 
agent with multifactorial mechanisms of action. 
Interestingly, under oxidative stress NC spares GSH better 
than ascorbate, which may enhance cellular defense 
mechanisms. In this study the effect of nitecapone alone or 
combined with GSH on inhibition of lipid peroxidation was 
tested in vitro. Lipid peroxidation was induced in guinea-pig 
liver microsomes by azobisamidinopropane (ABAP) or t- 
butylhydroperoxide (tBHP) and quantitated as MDA by 
HPLC and TBARS by spectrophotometry. NC inhibited 
ABAP and tBHP induced lipid peroxidation with IC50- 
values of 8 pM and 80 pM, respectively. The 
corresponding values for GSH were 72 pM and 350 1M. 
Fu~thermore NC reduced lipid peroxidation more effectively 
in nondenatured microsomes than in boiled microsomes 
(IC50 = 32 @I / ABAP). In contrast GSH had similiar 
effect in both assay conditions. NC in combination with 
GSH protected the nondenaturated microsomes signifcandy 
longer than GSH or NC alone.The results indicate that NC 
can either spare cellular GSH or additively contribute to 
GSH-related protection against lipid peroxidation. 

16-15 ANTIOXIDANT DEFENSE SYSTEM I N  THE ERYTHROCYTES 
AND PLASMA I N  VARIOUS STRAINS OF THE RATS 
Sai t iC Z.S., SimoviC M.,KoraC B.,BlagojeviC 
D.,BuzadZiC B.. SpasiC M. and PetroviC V.M. 

Department of Endocrinology and Metabolism, 
I n s t i t u t e  f o r  Biological Research, 
Belgrade, Yugoslavia 

The e x t e n t  o f  the  oxidant damage t o  the 
e r y t h r o c y t e s  could be a su i tab le  biomarker of t h e  
oxidant damage, generally. We examined superoxide 
dismutase (SOD), ca ta lase  (CAT) and glutathione 
peroxidase (GSH-Px) in  t h e  erythrocytes and 
glutathione-S-transferase (GST) in  the  plasma of 
the  rats.The males of outbred r a t s  ( Wistar and 
Mill Hil l  hybrid W e d  1, inbred r a t  ( DA ) and 
the  Belgrade laboratory rat ( two phenotypes : 
anemic and nonanemic ) were used. The animals 
bred under s imilar  breeding conditions. 
Superoxide dismutase a c t i v i t y  was found t o  be 
markedly lower i n  t h e  erythrocytes of t h e  
Belgrade anemic rats i n  comparison with other 
s t ra ins .  Catalase a c t i v i t y  was lower in  t h e  
erythrocytes of t h e  Wistar s t r a i n  than in  other 
investigated rat s t r a i n s .  Glutathione peroxidase 
a c t i v i t i e s  were c l e a r l y  increased i n  the  Belgrade 
ra t s ,espec ia l ly  i n  nonanemic ones.However, 
glutathione-S-transferase a c t i v i t i e s  in  t h e  
plasma of two Belgrade phenotypes were c lear ly  
depressed in  comparison with other  s t ra ins .  I t  
was concluded there are the  phenotype and s t r a i n  
s p e c i f i c  differences i n  t h e  blood antioxidant 
s y s t e m  of examined animals. 

HYDROGEN PEROXIDE IS NOT MORE CYTOTOXlC AT 

Eva M.Linkl and  Martyn C.R.Symons2 
lDepartment of Chemical Pathology, Molecular Pathology 
Division, University College and Middlesex School of 
Medicine, Cleveland Street, London W l P  6DB, U.K. 
2 Department of Chemistry, Leicester University, 
University Road, Leicester LEI 7RH, U.K. 

H 2 0 2  cytotoxicity as measured by cell survival was 
claimed t o  vary depending o n  t h e  temperature  a t  
which cells had been exposed to it. The lowest 
surviving fraction was found a t  37oC, whereas H 2 0 2  
a t  the same concentration did not  affect the cells a 
4 o C  (s.f.=100%). However ,  we show th is  
interpretat ion to b e  faulty, a n d  t h e  difference 
being due t o  a significantly lower rate  of H 2 0 2  
degradation by cells a t  4OC than a t  37oC. An equal 
consumpt ion  of  H 2 0  2 a t  e i ther  tempera ture  
(achieved by  extending the incubation time with 
H202 a t  4oC)  resulted i n  t h e  cell survival lower by 
20% a t  4OC than a t  37oC. This allows the conclusion 
that temperature  does not affect H202 cytotoxicity 
but  determines the  rate  of H202 consumption b y  
cells exposed t o  it while having no or little 
influence on cell survival. 

16.1 4 
37% THAN AT 4% 

ANTIOXIDANT DEFENCE SYSTEM IN THE HIBERNATORS 16-16 
EXPOSED TO LOW ENVIRONMENTAL TEMPERATURE 
BuzadZiC B.,BlagoJeviC E.,KoraC B.,SaiEiC 
Z.S.,SpasiC M.B. and PetroviE V.M. 

Department of Endocrinology and 
Metabolism,Institute f o r  Biological 
Research,Belgrade,Yugoslavia 

Male ground squi r re l  ( C i t e l l u s  c i t e l l u s )  
were acute  exposed t o  low environmental 
temperature (7%) 3.6 and 24 hr in  d i f f e r e n t  
seasons:sunmer,autumn and uinter.Al1 animals 
were a t  30% before t h e  experiment.The following 
an t ioxidant  enzymes: superoxide di smutase 
(SOD).glutathione peroxidase (GSH-Px),catalase 
(Cat).glutathione S t ransferase  (GST) and 
glutathione reductase (GR),as well a s  the 
nonenzyme components: vitamins C and E ,and GSH 
were examined i n  t h e  l i v e r  and interscapular  
brown adipose t i s s u e  ( IBAT) .  

T h e  ground s q u i r r e l s  kept a t  30% examined 
i n  d i f f e r e n t  periods of year,showed d i f f e r e n t  
a c t i v i t y  of  AOS components.with season dependent 
response a f t e r  short exposure t o  low tmpera ture .  
small changes in  t h e  a c t i v i t y  of AOS components 
were found after cold exposure i n  sumner-Exposure 
t o  cold produced changes in  mre components of 
ant ioxidants  defence i n  autumn. Nevertheless t h e  
i n t e n s i t y  of changes was t h e  grea tes t  i n  t h e  
winter. 

Very slowly answer to cold exposure was 
c h a r a c t e r i s t i c  f o r  the  surmer,and f a s t  f o r  t h e  
period when ground s q u i r r e l s  were prepared f o r  
the  hibernation. 
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16.1 7 ACTIVITY AND EXPRESSION OF 
ANTIOXIDANT ENZYMES IN RABBIT 

ARTICULAR CHONDROCYTES TREATED BY 
SUPEROXIDE ANIONS 

Konvin-Zmijowslca C., Vincent F., Demignot S., Adolphe M. 
Labomtoire de PharmacoloBe Cel lulak de I'hde Pratique des 

Hautes Etudes 
15, nte de I'Ecole de Mtklecine, 75006 Paris - FRANCE 

Oxygen reactive species play an important role UI 
rhumatoid arthritis and artbrosis. 

We have s~~died m a ceUular model tfie antioxidant 
enzymes activity following an oxidative stmss, in order to 
appreciate its threshold. 

Rabbit articular chondrocytes cultures have been exposed to 
superoxide lmioos geuemted by the hypoxanthine-xanIhine 
oxidase system. The activities of glutnthion peroxidase and 
copper-zinc superoxide dismutase have heen d after the 
tIVatment 

The enzymatic kinetin study has revealed an increase m 
their activity. In the treated cells, SOD activity enhanced 
eariier than glutathion p x i d a s e  activity. 

To elucidate the Fegulation of their activity, we have 
studied the expression of their mRNA, but no difference 
between these mRNA levels have been observed. 

Wepostukted thpt (he increase of tbis.otioxidant enzyms 
activity could be explained by fhe activation of an etlLymaric 
inactive pool. 

16.19 FAST AND SPECIFIC COLORIMETRIC ASSAY OF 
MERCAPTANS WITH NON-ENZYMATIC DISCRIMINATION 
OF GLUTATHIONE 
YADAN J-C., AGUINI N., CHAUDIERE J. 
Centre de Recherche BIOXYITCH. 2 av des coquelicots, 94385 
Bonneuil/Marne Cede7 FRANCE. 

A large number of halogen*N-alkylquinolinium structures were 
assessed as potential and ehromogenic reagents of mercaptm. The 
rate of formation and chromophoric features of thioether adducts 
were studied from halogen substitution in 2-, 4, 5-, 6-, 7- or 8- 
position on the quinoline ring. 
Substitution of good leaving groups, in 4-position on the quinoline 
Mg, was always characterised by fast kinetics and intense 
absorbance of the thioether adducts in the 340- to 370-nm range, 
around neutral pH. For instance, the reaction of 0.05-10 mM CSH 
with BXT-OMl5 (i.e. Qchloro-7-trinuoromethyl-1-methyl- 
quinolium) in IO-fold excess, is completed in less than 5 minutes 
at pH 7.3, and it yields a Qthioetherquinolinium with strong 
absorbance at 356m. In biological samples, a mixture of different 
mercaptans yields thioether adducts wich cannot be resolved by the 
means of colorimetry. In most cases however, fast HPLC separation 
of such adducts provides a convenient tool for measurement of 
individual mercaptans. 
When the GSH-adduct of BXT-03015 is further incubated at 
pH > U and ambient temperature, a fast reaction of &elimination 
yields 100% of the corresponding Qmercaptoquinolinium with a 
strong absorbance around 400nm. In a s w e y  of more than twenty 
other mercaptm, including mercaptoethanol, dithiothreitol. 
cysteine derivatives and various drugs, &elimination w d  never 
observed, in the above conditions. The latter, therefore, provides a 
chemical signature of GSH. 
A fast, reproducible and scnsitive measurement of total mercaptans 
in general and GSH in particular, requires only one sampling and 
two colorimetric determinations. 

FAST SPECTROPHOTOMETRIC ASSAY OF SOD A C T M W  16.18 
BASED ON THE ACTNATION OF BXT41050 AUTOXIDATION 

CHAUDIERE J. 
Centre de Recherche BIOXYTECH. 2 av des coquelicots, 94385 
Bonneuil/Marne Cedex, FRANCE. 

This new assay method is based on the SOD-mediated increase in 
the rate of autoxidation of BXT-OIOM (I) in aqueous alkaline 
solution. 

MOUTET M., FARGUES C., HUET P., XU J., YADAN J-C., 

mou 
(.Imax=282 nm) 

This autoxidation yields a chromophore with a maximal absorbance 
wavelength of 525 m. Two mechanisms are proposed. The first one 
involves two reversible steps of one-electron transfer to oxygen. 
producing 2 equivalents of 02'-.  Subsequent deprotonation of the 
resulting orthoquinone yields the chromophoric product. The 
second hypothesis is consistent with a one-electron oxidation of 
BXT-01050 into the corresponding semiquinone, which upon 
deprotonation of its five-membered ring. adds oxygen to form a 
tertiary peroxyl radical which then extrudes superoxide. In either 
case, equilibrium of 02' production are driven to the right by SOD 
activity. The assay is carried out at pH 8.8, 3TC, in air-saturated 
buffer. The kinetic measurement of 525-nm absorbance is 
performed upon addition of BXT-01050. This reagent is stabilized in 
its stock solution by the means of boric acid. The SOD activity is 
determined from the difference in autoxidation rates, measured 
over 30 s. in the presence and in the absence of the sample. Another 
reagent with vinylpyridinium structure directly eliminates 
interferences due to sample mercaptans such as glutathione, by the 
means of a very fast alkyiation reaction. A fast, reproducible and 
speciftc measurement of SOD activity only requires a single 
determination per sample. At pH 8.8, an optimal assay sensitivity is 
achieved without inactivation of Cu/Zn-. Mn- or Fe-SOD. 

SYNERGISTIC ANTIOXIDANT EFFECTS OF 0-CAROTENE 
AND a-TOCOPHEROL IN A MEMBRANE MODEL 

Paola Palozza and Norman I. Krinsky 
Institute of General Pathology. Catholic University 

00168 Rome, Italy and Department of Biochemistry. 
Tufts University School of Medicine, Boston, MA 021 11 

Rat liver microsomal membranes were incubated at 37°C 
under air with either NADPH/ADP/Fe+3 or with 2,2'- 
azobis(2-amidinopropane) (AAPH), and the antioxidant 
activities of 0-carotene and a-tocopherol. individually 
or in combination. were studied. Lipid peroxidation was 
monitored by MDA formation. 0-carotene, added 
individually at the concentration of 10 nmoles/mg 
protein, although consumed, was not effective as an 
antioxidant using 25 mM AAPH, while it produced a 
significant inhibition of MDA formalion using 
NADPHIADP/Fe+3- a-Tocopherol added individually at 
the concentration of 6 nmoles/mg protein, effecliveiy 
suppressed MDA formation and produced a clear lag time 
using either NADPH/ADP/Fe+3 or AAPH as prooxidants. 
The addition of both the prooxidants also resulted in the 
loss of added a-tocopherol. The combination of 0- 
carotene and a-tocopherol, at Ihe same concentrations 
used individually, resulted in an inhibition of MDA 
fo:mation tha; was significantly greater than the sum of 
the inhibitions observed individually. The presence of 
both the antioxidants induced an a - t o c o p h e r o l  
consumption which was higher than the consumption of 
a-tocopherol alone. 0-carotene consumption did no1 
change significantly in the presence of a-tocopherol. 
These data provide the first evidence that 0-carotene can 
act synergistically with a-tocopherol as an effective 
radical-trapping antioxidant in a membrane model. 
Supp.by AlRC (to PP) and by NCI CA51506 (to NIK). 
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16-21 EFFECT OF OXIDATIVE STRESS ON SYNTHESIS OF 
EXTRACELLULAR-SOD AND OTHER SOD ISOENZYMES IN 

HUMAN DERMAL FIBROBLASTS. 
Pontus Strilin and Stefan L Marklund 

Department of Clinical Chemistry. UmeA University Hospital, 
S-901 85 UmeA, Sweden 

Oxidative stress was induced by a variety of agents; by xanthine 
oxtdase-hypoxanthine, via redox-cycling and autoxidation of 
paraquat and pyrogallol, via GSH depletion by buthionine 
sulfoximine and diethylmaleate, by Fe and Cu ions in excess, by 
tertbutylhydroperoxide and cumene hydroperoxide and by 90% 
oxygen. Protection was also enhanced by selenite, citiolone. SOD, 
and catalase. The effect of the factors on cultured fibroblasts was 
tested in a wide range of doses for periods up to 4 days. With EC- 
SOD and to less extent CuZn-SOD. depressions of synthesis were 
seen at high doses, apparently because of toxic effects. NO 
stimulating effects were observed. With some of the agenls at 
intermediate doses; xanthine oxidase. paraquat, pymgallol, and 
high PO2 about 2-fold increases in Mn-SOD activity were seen. 
Compared with inductions in Mn-SOD produced by IL-1 and TNF. 
30- to 50- fold, the effects are minor and may be due. to unspecific 
interferences with the transscriptional machinery, which mpy 
involve a labile protein depressor. We have previously shown that 
EC-SOT, synthesis is fundamentally infliienced by inflammtoy 
cytokines (S. L. Marklund (1992) J. Biol. Chem., in press). We 
suggest, based on the present data and the previous study, that in 
mammals EC-SOD and Mn-SOD are regulated by cytokines on the 
tissue level and not directly on the cellular level by oxidative stress, 
and that none of these influences affect the CuzO-SOD activity. 
The regulation is thus different from that of SOD'S in unicellular 
organisms, which respond directly to oxidative stress. 

16.23 C H A R A C T E R I Z A T I O N  OF C U P R O Z I N C  S U P E R O X I D E  
D I S M U T A S E  FROM PLANT PEROXIJOMES 
L .A .  del R io ,  G. Giminez-Gallego and P .  Bueno 
Untdad de Bioquimica Vegetal, Estdci6n Experj-men- 
t a l  del  Zaidin,  CSIC, 18080 Granada, Spain; "La- 
boratorio de Quimica de Proteinas ,  C l B ,  CSIC, 
28006 k d r i d .  Spain 

I n  previous works we ca r r i ed  out w i th  i s o l a t e d  
peroxisomes from watermelon cotyledons, the pres- 
ence o f  a soluble Cu,Zn-SOD was demonstrated 
(1,2), and t h i s  enzyme has been recently p u r i f i e d  
and p a r t i a l l y  characterized ( 3 ) .  
The determination of the amino acid composition 
o f  peroxisomal Cu,Zn-SOD showed a lower h i s t i d i n e  
and a higher tyrosine content than mos t  Cu,Zn- 
SOOs. The amino acid sequence o f  the N-terminal 
region o f  peroxisomal Cu,Zn-SO0 was determined 
and compared w i th  that  o f  Cu,Zn-SODS from d i f -  
ferent  c e l l u l a r  l o c i .  A polyclonal antibody 
against Cu,Zn-SOD f r o m  watermelon peroxisomes was 
raised i n  rabbits. The IgG f r a c t i o n  was p u r i f i e d  
by ammonium-sulfate p r e c i p i t a t i o n  and FPLC w i th  
a Mono Q column. The antibody had a high a f f i n i t y  
and was monospecific by Western b l o t t i n g .  The i m -  
munological c ross - reac t i v i t y  o f  peroxisomal 
Cu,Zn-SOD antibody t o  d i f f e r e n t  c e l l - f r e e  ex- 
t rac ts  and pure SODS was studied by SDS-PAGE and 
Western b l o t t i n g .  

(1 )  J. Plant Physiol. 127, 395-409 (1987) 
( 2 )  Plant Physiol. 88, 1215-1218 (1988) 
( 3 )  Plant Physiol. 98, i n  press (1992) 

Suppxted ~ I J  pant Po87-0404-01 {nom the  & K Y T  
and ~IJ the  ,$'.nt~ de Andelucia, S p a n  

CHARACTERIZATION OF CHO CELL VARIANTS RESISTANT 
TO HYDROGEN PEROXIDE' 

16.22 

0 Canton!. A. Guidarelli, P Sestili, F Mannellol. 
E. Malatesta', G Gazzandli' and F Cattabeni 

61029 Urbino (Italy) 

Hydrogen peroxide resistant sublines of Chinese Hamster Ovary 
(CHO) cells were selected by continuos in vitro exposure to the 
oxidant Stepwise increase in hydrogen peroxide concentration 
produced variants which were progressively more resistant to 
the growth inhibitory effect elicited by the oxidant These cells 
displayed a different morphology when compared to the 
parental cell line and the higher cell volume and total protein 
content were accompained by an increased ratio 
nucleus/cytoplasm. Cytoscheletal proteins were also higher and 
actin was overexpressed (about 10 fold) in resistant cells. Light 
and electron microscopy analysis has suggested that cell 
variants had an increased number of nucleoli. Wild type cells 
were slightly more sensitive to the DNA damaging action elicited 
by the oxidant, although the different sensitivities to the 
induction of DNA single strand breakage appeared related to the 
differential depletion of H@2, rather than being dependent on 
ditferent velocities in DNA repair processes. On the other hand, 
cetalase ectivity and NPSH levels did not show large variations in 
resistant sublines with respect to the parental cell line. The 
differences m cell size and the amount of total cell proteins of 
the sublines seemed to account for the small changes in 
catalase actiwty and NPSH levels observed in the resistant cells. 
Results obtained in this study suggest that resistance to 
hydrogen peroxide is associated to marked variations in cell 
morphology and certainly cannot be fully explained on the basis 
of an increased capacity of cell variants to metabolize the 
oxidant. 

*Supported by a grant from A I R C 

Depts of Pharmacology and Hlstolcgy. Univ. Urbino, 

DI- 8 E U  l'CI.,l'A!.3 Xi% AS A I J T 1 O X I j ) ~ ~ i T S  16.24 
Varga  ,Sz.I.,  Laticovics,  !I. elid 

Kecslcem6ti ,v. + 

Bio log ica  1 I s o t o p e  Labora to ry  , 56 zs~f 
A t t i l a  U n i v e r s i t y  of Szeged ,  + i k p a r t -  
ment of Pharmacology, ~3emnelviei.s hi- 

v e r s i t y  l.ledica1 Schoo l ,  h x i a p a s t ,  Kun- 

ea ry .  

A n t i o x i d a t i v e  p r o p e r t i e s  of p u t r e s -  
c i n e ,  spe rmid inc  and sperniine mere t e s t -  
ed w i t h  i n  v i t r o  models a t  t h r e e  con- 
c e n t  r a  t ions. 

/i/ F i r s t  i t  WBS s t u d i e d ,  hoa t h e  
polyamines mentioned i n f l u e n c e  t h e  
f i l t r a t i o n  pa rame te r s  / F i /  end bioche- 
m i c a l  pa rame te r s  i n  human r e d  blood 

c e l l s  /lii3Cs/. 

t h e s e  polyamines i n f l u e r i c e  t h e  izi t  i e t -  
ed  12 of  p i g  b r a i n  houogenate.  

/ii/ The q u e s t i o n  a l s o  a r o s e  how 

/iii/ Noreover i t  was s t u d i e d  no:.i 
diamine  and polyamines i n f l u e n c e  j u i n e o  
p i g  h e a r t s  LP. 
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16-25 GLUTATHIONE-S--TRANSFERASE SUBUNITS IN CELLS OF 
EPITHELIAL ORIGIN ISOLATED FROM RAT LIVEK. 
CONSTITUTIVE AND INDUCIBLE ISOZYME PROFILE. 
M.Parola, M.E.Biocca, E.Albano, M.U.Dianzan1, 
"K.Gilmore,?:D.J.Meyer,':B.Ketterer,§T.F.Slater, 
5K.H.Cheeseman. 
Dip.Med.Oncol.Sper., Univ.Torino, Italy; "Dept. 
Biochem.,Hiddlesex Hospital Hed.Schoo1, London, 
U.K.; 5Dept.Biol.g Biochem.,Brunel University, 
Uxbridge, U.K. 

Cytosolic glutathione transferases (GSTS) are a 
family of multifunctional enzymes involved in 
phase I 1  metabolism of xenobiotics. In this 
paper we present a complete analysis of GST 
subunits in cytosolic fractions obtained direc- 
tly from hepatocytes and biliary epithelial 
cells (BEC) isolated from rat liver. This 
approach, that avoids contamination by GSTs 
from liver cells of mesenchymal origin, gives 
the following major information: a) hepatocytes 
exhibit the complete pattern of subunits belon- 
ging to alpha and mu classes but almost unde- 
tectable levels of subunit 7 (pi class); b) BEC 
have a distinctive constitutive pattern compri- 
sing high levels of subunit 7 (pi class), 
subunits 2 (alpha class) as well as 3 and 4 (mu 
class); c) hepatocytes show a clear induction 
profile of alpha and mu class subunits after 
phenobarbital and P-naphthoflavone; induction 
is much less evident i n  BEC; d) BEC and hepato- 
cytes show a clear induction of all constituti- 
ve subunits after dietary ethoxyquin supplemen- 
tation with special reference to subunit 7. 

A NUCLEAR POOL OF GLUTATHIONE IN ELiKARIOnC CELLS 1 6-26 
G. Bellorno. M. Vairetti". L. Stivala##, F. Mirabzlli and P. Richrlm' 

Dipartimento di Mdicina lnterna e Terapia Medica, Clinica Medica I .  
#Istituto di Farmacologia I1  and ##Istitdo di Patologia Generale. 

University of Pavia. 27100 PAVIA. Italy 

Using the compound monochlorohimane (BmCI) that specifically (via 
glutathone transferases) interacts with glutathione (GSH) to form a 
highly fluorescent adduct. the intracellular distribution of GSH has 
been investigated in living cultured rat hepatocytes. Image analysis of 
BmCI-labelled hepatocytes revealed a predominant localization of the 
fluorescence in the nucleus with a nuclear-cytoplasmic concentration 
gradient of approximately three. This concentration gradient was 
collapsed by treatment of the cells with ATPdepleting agents, 
suggesting the existence of an active (ATPdependent) mzchwisrn 
regulating the accumulation of GSH in the nucleus. In time-course 
experiments using BmCl-labelled hepatocytes, a progressive 
redistribution of the fluorescence (and hen= of the BmClGSH adduct) 
from the nucleus to the cytoplasm was detected. Using hepatocyte 
couplets, where a specialized canalicular space is retained. a 
subsequent extrusion of the fluorescence in this compartment occurred. 
Taken together thest: results suggest the existence of a multicomponent 
defense system within the nucleus composed by ( I )  GSH. (2) GSH- 
transferase(s) and (3) a GSH-conjugate exporting process. l%s system 
and the plasma membrane GSHxonjugate translocator would 
cooperate in protecting DNA and other nuclear structures from 
oxidative and chemical injury 
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Inflammation 
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17.1 R0I.E OF NEUTROPHIL-DEPENDENT OXI‘CEN RADICAL 
IN INFLAMMATORY REACTIONS A N D  CANCER 

TREATMENTS 

Tnshlkoxu Yoshikawa 

Firsf Dcparimcni u/Medrcine. Kyoru Prc/eciurd 1 In8vcrrtiy ,,/Medic im .  
Kyoro 002. Jopan 

In rcspinsci~irciivaiionofncumiplii1~ hy piml‘uI:uor y r c  dic soluhlr mul!aion. 
ihese cells undergo a rcspiraiory huni  Ccncraiion id rcacuvc oaygcn s p x i c s  
from aclivatctd ncuirophils arc ni<*lulricd by scvcral Lhenitcal medinion 
(arachidmic cascade prcducis. I’AF. TNF. IL. GCSF.  etc.). and thcsc aciivc 
s p i e s  arciinpmani rnediainrsoltr,ih normdl I I ) \ I I C  ‘ n p q  durlng tnllammaiion 
and lumor ccll killing during cancer ircdimcni) 1 ipid [xroxidauon indued  by 
oxygen radical is believed LO hc cine of thc m a p ?  CAII\CI of ccll damage and 
injuries of ccll membranes. Oxygcn radical rLaL.cngcr\ aiicnuaie acuic 
inflarnmuiory gastric rnuuisal injwcsandTNH iiiiluccd ciilitis which isamwicl 
of chronic inflammatory howcl discascs. and twih injuncs arc significanily 
inhibited in neuimphil-dcplcied raL\ adminiricrd with ani~-nculrophil serum 
(ANS). These scavengers and ANS ircaimcni also inhih~icd i h c  Increase in lipid 
peroxides in the gastric and cnlnn mucosa T l i c x  rc\iili Indlcaics ihai oxygen 
radicals generaled from ncutroplills and lipid pcroxlilaim are implicaicd in 
ihesc innamrnaiory disease. In adrl~ i~on.  wc r c p r i  iliai i icu~n~phil~i lcpcn~lcni  
oxygen radicals and lipid pcroxdaia<m play an irnlwriittli rnlc Ln ihc i lnuimor 
effect of inira-arterial injcciinn <>f ihc  u;m\lcnl ~.mhcilu<. milcancer drugs. and 
hypcnhcrmia 

EXPRESSION O F  IIUMAN EC-SOD IN PANCREATIC p- 
CELLS O F  T l l E  NON-OI3ESE DlAllETlC (NOD) MOUSE 

J.Sondstrorn*, I..Cilrlsson+, ti .Ohlwm*, S..M.Morklund+, T.FAlund*. 

Ileporfrned o/ Mir . rohdu~~y*  and CIinirul Chernirlry+. Unrvervrry of UMEA. 
W I N 7  U M E A ,  SH’CDTN 

To ,itnly iltc p u t . ~ i ~ v c  rdc  nr EC~SOU m inflanimairrry procases we waniul to 

m viva Incrcax ihc local conccnmiiion o f  EC-SOD In an organ aflecicd hy 
inndmniaiwn llic non-obese diahciic (NOD) niiiim which is esiahlished as a 
nicilcl vlliuinnn i y ~ x  I ,  tnsulindcpcndcnt diahcic\. IS an  riiractivccxprimcntal 
nysicni for \uch siud!cs. The N O D  mice spiniarictnisly dcvclop diabetes and the 
underlying cause IS ilic dcsiruction o f  ihc pancreatic p-cells. O v e n  diubetes IS 

prixccdcd hy a p c r i d  in which lymphoid cells infiliraic the pancreas hut remain 
ouisidc ihc isleis (pmmsuliiis) and by a p e r i d  01 inwliiis. i.c. infiliraiion af 
nionnnuclcar cells inlo the islcu of Langcrhans and dcsiruction of insulin 
pr<xlucing!?-cclls. In nddition.thcNODmouseshiiws aicndcncy fnrinnarnmaiinn 
of certain cawrinc glends hccauzc salivary. lacrinirl. ~xribrnnchial and vaginal 
glands arc umsisicntly arfccied by ccllular infilir.iics Thus the NOD mouse 
consiituics a m(mIcI noi only for d iak tc s  bui a I s i ~  for inflaminaiion in general. 
Ihc p-cells arc a l w  unusually sensitive to oxygen radicals and cxprimenial 
dtahctcsrriduccd hy ailoximcanbepr~vcntcdbyadniinisiaiinnofCli/nSOD.To 
crcaicaNODnir~usccxprcssing EC-SODinpancrc~iic~~-cclls. wclinkcdihe Ec- 
SOD LDNA hi ihc insulin 5’ regulatory region Due in ihc hcparan sulphaic 
hinding of EC-SOD this \hiiuld rcndcr high l o ~ a l  cimcenwdlions of EK-SOD in 
ihc islets 01 Langcrhans. We now have a transgenic hnc of mice that by clisa 
shows human EC-SOD in plasma and ihc lcvcl of EK-SOD is increased upon 
irijccuon of ticparin. Immunostrining of limereas also shows expression of 
liiiinan EC-SODrcstncicd to llic islcisof Langcrhmc. It i s  now pissihlc iostudy 
ihc rolc of oaygcn ridicals in ilic dcvclopmcni of pcrllnsuliiis. insulitis and 
diahcics w ~ i h  or w~ihoiit induciion by alloxan. 

17m3 

REDOX MECHANISMS IN T CELL ACTIVATION 

N.H.Hunt. ’T.M.Jrllnrr, J.C.l;raponac, C.l..Knrale. D.M.van Kryk 

Deparfmrni o/Pofhobgy. Unrvcr.,iry o / S t d m y .  N S W 2006. Aurrralia 

A nunihcr ofaniloxidanis (Iicrc dcfmcd as agcnr\ i h d i  Inhihit thc fnrmation of. 
or prcfcrcniially rcaci with. radical spc.ckc.;) lnlithii T ccll proliferaiion in vitro. 
Tlicsc incl tide cyslcaniine. dcsfcniox;rminc. fcnlcyandc. nordihydroguaiareiic 
acid (NDCA) and chsclen. In Tcclls Ioadul with dichl~inifliiorescin. addition of 
I’MA lcads wiiliin an hour i o  ihc fc>rl i1Ai1o!i  of iliclil~ir~ifloi~rcsccin. presumably 
indicaiing inuaccllular peroaidc forniriwn This IS prcvcniul by cysteaminc. 
Thcse data. iogcthcr with oihcrs. have hccn iakcn it1 indlcaic ihc ncccssiiy lor an 
oxidative cicp in the early stages of T lyniph<n.yic aciivauon. The naiure of this 
oxidative slgnal. and its tniegraiwn wuh oilier h>ocluillcal processes and with 
“activition genes”. is now undcr invcstigaiim ~n ihls ialxiratory. 
nlc unit-oxidanis dir not inicrfcrc with ihc dcl~vcry  of iitittigcnic signals io Ihe 
wll However. hey  dn inhihii (huinoi uimplciely hlwk)ccll surfamcaprcssion 
of rcccpiors for inicrlcukin 2 and uan\fc:nin L)csfcrr~ox:~m~nc. fcrricyanidc and 
NDCA svongly inhihii the increase in omithinc dccarhixylasc (OW) activity 
that follows miiogcnic activaiion of T cells hut do no i  prevent the increase in 
ODC mKNA Icvels. suggcsiing lhai Lhctr cf fui  is cxcrtul post-iranscripiionally. 
Whether this inhihilion o f 0 W  aciiviiy i s  crlilcal in ihc anti-prolifcraiivccflecir 
of thcsc agents in this sysicni IS not clear. 
Hcccni rcpnnr nf anlioaidrni~~nliihirahlc aclwaiion <if iranscripiion facton by 
H201 suggcsi a nicchanirm through u I I i i L h  our ohsrrvatwnc can be crplaincd 

17.2 

IDENTIFICATION OF THE REACTION PRODUCTS OF 17.4 
UNSATURATED FATTY ACIDS WITH THE 

NEUTROPHIL OXIDANT, HYPOCHLOROUS ACID. 
J.J M van den Bergl. F.A. Kuypersl, E. Roitmanl 

and C.C. Winterbournz. 
Children’s Hospital Oakland Research Institute, Oakland, 

CA 94609, U.S.A. and ZChristchurch School of Medicine, 
Chnstchurch. New Zealand. 

Hypochiorous acid (HOCI) i s  a highly reactive oxidant and is 
Ihought to play an important role both in microbial killing and 
inllammatory tissue injury by neutrophils. Although i t  has been 
observed that HOCl inhibits neutrophil-mediated lipid 
peroxidation, suggesting that it causes lipid modification other 
than peroxidation. surprisingly little attention has been given to 
its reaction wilh membrane lipids 
We have studied the reaction 01 HOCl with oleic acid (18:1), 
ltnoleic acid ( 1 8 q  and arachidonic acid (20:4). both as free tatty 
acids (in rnicellar lorm) and esterified in phosphatidylcholine 
(PC) (in vesicular torm). The reaction mixtures were analyzed by 
gas chromatography-mass spectrometry 01 the methylated and 
trimelhylstlylated derivatives The reaction products were 
identified as chlorohydrin derivatives of the corresponding fatty 
acids. Addition of HOCl lo a fatly acid double bond yielded a 
mixture 01 stereoisomeric products. At high HOCl : fatty acid 
ratios (> 0.5), two or more double bonds were lound to be 
modified in the case 01 18:2 and 20:4. 
Experiments with PC vesicles containing equimolar amounts of 
18.1, 182, and 20:4 as the sn-2 fatty acid of PC revealed that 
lhese three fatty acids have comparable reactivities towards 
HOCl When HOCl was produced in sifu by the neutrophil 
enzymatic system myeloperoxidase/H202/CI-. the same fatty 
acid chlorohydrrns were formed as when HOCl was added as 
such. Lipid chlorohydrins are m r e  polar than native fatty acids, 
and 11 lorrned in cell membranes could cause disruption of 
membrane structure. Since cellular targets for HOCl appear to 
be membrane constituents. chlorohydrin formation from 
unsaturated fatty acids could be significant in neutrophil- 
medialed cytotoxicity. 
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17.5 OXIDATION OF PLASMA CONSTITUENTS BY HYPOCHLORITE 
ML Hu'. S Louie', P Motchnik', CE Cross', B Halliwell' 
'Department of Medicine, UC Davis Medical Center, Sacramento. 

CA 95817 USA 
'Department of Biochemistry. University of California, 

Berkeley, CA 94720, USA 

Hypochlorous acid is produced by myeloperoxidase. Halliwell el 
&I. have previously suggested that albumin and ascorbate are 
important antioxidants protecting against HOCI. but the 
integrated defenses against this molecule have not been 
explored. Freshly prepared human plasma was incubated with 
0. 50, 100. 200 and 500  pM NaOCl at 37'C for 30 min wi th  
shaking. Lipid hydroperoxide and protein SH were determined 
immediately following incubation. Remaining samples were 
frozen at -20°C for determination o f  ascorbic acid, uric acid, 
protein carbonyls and thiobarbituric acid reactive materials 
(TBARS). NaOCl caused a dose-dependent decrease in plasma 
SH with 75% loss of SH at 500 pM NaOCl and a 50% decrease 
at approximately 200 pM NaOCI. Ascorbic acid decreased wi th  
increasing NaOCl concentration with 78% loss at 500  p M  
NaOCI. Uric acid was only slightly decreased (1  1 % at 500 p M  
NaOCI). There was no  increase in protein carbonyls over the 
control levels. There was no  detectable lipid hydroperoxide as 
determined by rhe HPLC post-column chemiluminescence 
technique (detection limit 30 n M  hydroperoxide) even at 500  pM 
NaOCI. NaOCl also did not affect TBARS. The results indicate 
that NaOCl oxidizes proteins -SH groups rather than lipids. That 
ascorbic acid but  not  uric acid was decreased b y  NaOCl 
suggests that ascorbic acid may be protective against NaOCl 
toxicity. 

17.7 REACTIVE OXYGEN FORMATION IN MURlNE AND 
HUMAN T LYMPHOCYTES. 

0 .  van Reyk, C. Kneale, E. Cook, N. Hunt 
Department of Pathology, 

University of Sydney NSW 2006 AUSTRALIA. 

Oxidation of dichlorofluorescin (DCFH) to  the 
fluorescent compound dichlorofluorescein (DCF) has 
been used previously to  demonstrate reactive oxygen 
formation in neutrophils (Bass e t  al., 1983 J. 
Irnmun. 130, 1910-1917). By flow cytometry we 
have shown that, in human and murine lymphocytes 
loaded with DCFH, phorbol myristate acetate (at 
mitogenic concentrations) induced an increase in 
DCFH oxidation as demonstrated by an increase in DCF 
fluorescence. By combining this procedure with cell- 
surface labelling of lymphocyte antigens, we have 
demonstrated that T lymphocytes from both species 
possess the capacity t o  oxidise DCFH. Certain 
antioxidants that inhibit lymphocyte proliferation 
( e b s e l e n ,  d i p h e n y l e n e  i o d o n i u m ,  
nordihydroguaiaretic acid, and desferrioxamine) 
have been tested for their ability t o  block the 
increase in DCF fluorescence. Of these, only the iron 
chelator desferrioxamine did not  interfere 
nonspecifically wi th the fluorescent signal. 
Desferrioxamine was found to  block DCFH oxidation 
in murine but not human lymphocytes. 
The observation that a T cell mitogen can induce 
intrace!lular reactive oxygen formation provides 
further support for the existence of a positive role 
for oxidative events in T lymphocyte activation. 

COLLAGEN BREAKDOWN BY HYPOCHLOROUS ACID AND N-  
CHLOROAMINES: POSSIBLE ROLE IN SYNOVlTlS 
Jmiiina M .  S .  Davies*, David A. Hurwitzt, and Kelvin 1. A. Daviesf 
'Division (if Rhzumatolngy. Deparcinent of Medicine, Alhany Medical 
College. Alhany. New York, USA; tDivision o f  Rheumatology. 
University of Southern California Schtwil n f  Medicine, Los Angeles, 
CA, USA; and $Department (if Biochemistry and Molecular Biology, 
Alhany Medical College. Alhdny, New York, USA. 

We have tested the el'lzcts o f  the neutrophii/macrophagz products, 
hypochlonius acid (HOCI) and Nshloroamines on the structural 
integrity and proteolytic susceptihility of collagen to determine i f  these 
agents could play a role in inllammatory joint destruction. Rates of 
HOCI reactinn with collagen. and collagen gelation were monitored hy 
spectrophotoinetric method\. Direct fragmentation, and degradation by 
collagenase were mzasured hy the release of acid-soluble counts from 
['il]collagen, electrophoresis gels. thin-layer chromatography, and 
lluorexamine reactivity. Physiologically relevant concentrstions n f  
HOCL (5-50pM) ructed rapidly and quantitatively at several sites in 
the collagen polypeptide chain, causing extensive protein fragmentation 
and preventing collagen gelation. In  contrast, reaction with (5-50pM) 
N-chlnroannnes induced l i t t l e  or no direct collagen fragmentation. N-  
chloroalanine and N-chloroleucine did, however, increase the 
susceptihility of collagen to  degradation by collagenase by as much as 
threefold. Interestinglv. N-chlorotaurine had no effect on the 
proteolytic susceptihility of collagen. HOCl treatment of collagen 
produced a mixed prnfile of effects on proteolytic susceptihility; 
prohahly hwausr: some o f  the products were improved substrates for 
proteolysis and some were inhihitors of collagenase. 

I t  i s  known that HOCI can directly activate neutrophil procollagenase. 
We now reporc that N-chlorotaurine (but not other N-chloroamines) 
directly inhihits hacterial collagenase. lnhihition of collagenase by N- 
chlorotaurine may provide a mechanism for minimizing inflammatory 
joint  damage i f  the rnanimalian enzyme mimics its hactenal cousin. 

17.6 

SUPEROXIDE GENERATION AND SCAVENGING ACTIVITY BY 
LEUKOCYTES I N  RtIEUNAlOID AKTHRIlIS AND BEHCET'S 
DISEASES 
LAsz l6  P r 6 n a i * ,  Yuk lnobu I c h l k a w a * * ,  Jdnos P e h k r '  
'2nd Dep t .  M e d l c l n e ,  Seriiciiclwels Un lv .Schoo i  Med., 
Budapest H-1088. Hungary, * *  4th Dept .Med. ,Tokai  
Unlv .Schoo1 Med., I s e h a r a .  259-11, Japan 

17.8 

Thc s u p e r o x l d e  ( 0 2 ; )  g e n e r a t l o n  o f  po ly inorpho-  
n u c l e a r  cells (PMN) and t h e  s u p e r o x l d e  scavcng ing  
a c t i v i t y  (SSA) o f  PMN, mononuclear  c e l l s  (MNC) & 
p lasma wcre riicasurcd i r i  45 p a l l c r i t s  w i t h  rhcuoia- 
t o l d  a r t h r i t i s  (HA) and 23 p a t i e n t s  w i t h  B e h c e t ' s  
d i s e a s e  (BD) b y  u s i n g  t h e  h i g h l y  s e n s i t l v c  and 
s p e c i f i c  MCLA-dependent cheml lu tu inescence and 
e l e c t r o n  s p i n  r e s o n a n c e / s p i n  t r a p p i n g  methods. 
S lnce  many, s l o w - a c t l n g  a n t i - r h e u m a t i c  d r u g s  
(SARDs) used  I n  RA and BD, may a l t e r  t h e  02. me- 
t a b o l i s m .  t h e  e f f e c t s  o f  SARDs on  SSA were a l s o  
s t u d i e d .  The 02. g e n e r a t i o n  by PMN was s l g n l f l -  
c a n t l y  i n c r e a s e d ,  w h i l e  t h e  SSA o f  PMN and p lasma 
was dec reased  b o t h  i n  HA and i n  BD p a t i e n t s  as 
compared t h o s e  from h e a l t h y  c o n t r o l s .  A n e g a t i v e  
c o r r e l a t i o n  was a l s o  found  between t h e  SSA of 
plasma and e r y t h r o c y t e  s e d i m e n t a t i o n  r a t e s  in 
b o t h  d i s e a s e s .  The SSA of plasma and PMN were 
s i g n i f i c a n t l y  h i g h e r  i n  p a t i e n t s  t r e a t e d  w i t h  
SARDs t h a n  t h o s e  w i t h o u t .  None of t h e  SARDs exa- 
mined c o u l d  scavenge 02. a t  c o n c e n t r a t i o n s  r e p o r -  
t e d  i n  p a t i e n t s '  p lasma.  The r e s u l t s  i n d i c a t e  
t h a t  t h e  dec reased  l e v e l s  of SSA i n  p lasma and 
PMN a r e  n o t  d i s e a s e  s p e c i f i c  and  a s s o c i a t e d  w i t h  
t h e  d i s e a s e  a c t i v i t y  and /o r  t h e  enhanced 0 2 ;  ge- 
n e r a t i o n  b y  P N N .  SARDs examined, e x p r e s s  t h e i r  
a n t l - i n f l a m m a t o r y  e f f e c t s  i n d i r e c t l y .  by b l o c k i n g  
t h e  02. g e n e r a t i o n  o f  PMN. 
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17.9 ALTERED OXIDATIVE METABOLISM tN P M N l ; S  Oft 
ELDERLY AND PATIENTS SUFFERING FROM 
ARTERIOSCLEROSIS 
Fulop, T.Jr., Mohacsi, A., Varga, 2 5 .  +, Kozlovszky' +, B., Scres, 
I.. liauck, M + + + . 
First Dept. of Medicine, + Dept. of Forensic Medicine, + +First. 
Dept. of Surgery, + + +Dept .  of Experimental Surgery, Univ. 
Med. School of Dehrecen, 4012 Debrecen. 
The respiratory burst (RB)  plays an important role in the defense 
mechanism of the organism against invaders. We know that in some 
pathological state as  well as in aging the incidence of infections and 
tissue destruction are increasing. We measured the production 
superoxide anion and hydrogen peroxide in sera, in resting and in 
stimulated PMNLs of healthy young /< 25yrd. of healthy elderly 
/>6Syrs/, and of middle-aged f3S-S9yrs/ and elderly />6Oyrs/ 
arteriosclerotic subjects. In resting state the RB was increased with 
aging and in arterisoclerosis independently of the patient age. 
Under stimulations (opson i~zd  zymozan, FMLP, carbachol) 
through various receptors we found a clear decrease in the 
stimulation of the RB with aging and in arteriosclerosis, while it 
remained unchanged o n  the effect of non-specific stimulation 
(A23187, PMA) comparing to young subjects. T o  elucidate the 
tranmembrane signalling mechanism involved in respiratory burst 
stimulation. various inhibitors were used as follows: neomycin (for 
phospholipase C enzyme), mepacrine (for phospholipase A2 
enzyme) and pertussis toxin (for Gi protein). The results suggest 
that phospholipase C as well as phospholipase A2 could be involved 
in the transmembrane signalling mechanism, depending on the 
stimulus, but the impairment of the pertussis toxin sensitive G T P  
binding G protein with aging and with arteriosclerosis might 
explain, at least in part, the decreased response of the RB after 
stimulating the different receptors. Our results suggest that we 
assist to similar tranmembranc signalling alteration in aging and in 
arteriosclerosis, the arteriosclerotic process might appear as an 
early aging process. 

17.11 NONSTEROIDAL ANTI-INFLAMMATORY AGENTS: IS 
INHIBITION OF SUPEROXIDE/PEROXIDE GENERATION OR 
RADICAL SCAVENGING INVOLVEI) IN THEIR MODE OF 
ACTION ? 
R. Hirschelmann. Claudia v. Rein, J. Giessler, 
I . E .  Blasig, Dept. of Pharmacy, Division of 
Pharmacology, Ha 1 le- 
Wittenberg, Halle (Saale), D-4010. Germany 

Nonsteroidal antiinflammatory agents are 
polycompetent substances that a r e  able to 
inhibit or modulate more than one molecular or 
cellular event. Reactive oxygen species ( R O S )  
are presumed to play an essential part in prod- 
ucing tissue damage and inflammation, and there 
is a large body of papers suggesting an 
inhibition of generation or scavenging of ROS 
mainly by nonsteroidal anti-inflammatory agents 
Thus, these effects might be part of the mode 
of anti-inflammatory substance activity. There 
are, however, some unexplained discrepancies 
which cause some doubt of this view: 
-Some substances which are potent inhibitors of 
the respiratory burst cause only weak o r  no 
anti-inflammatory activity (ascorbic acid, 
tocopherol, D-penicillamine and others). 
-We found indeed an inhibition of RQS 
(generation or scavenging) ,,_ by. nonsteroidal 
anti-intiammatory agencs ciaule). iilowever, 
taken together, we can hardly suggest that this 
activity is part of their mode of anti- 
inflammatory actiqn. 
Substance AOA 

Diclofenac-Na 1.8x10-' 1.1~10-~ 1 . 4  p.0. 
BW 155 C 3.5~10.' 9.0~10.' 3 5  p.0. 
Ascorbic acid 5.0~10-~ S.OxlO-' ,2000 p.0. 
MnC12 2 . 3 ~ 1 0 . ~  35% at 20 1 . v .  
Propyl gallate 2 ~10.' 5 ~ 1 0 . ~  ,250 p.0. 

Mart 1 n- L u  tfier -Un i vers I ty 

Carrag.edema 
EDCo: w/kg 

0 2  ED 
m o ~ / l  2 k / l  3n 

*)Antioxidative ac t iv i ty .  ESR technique 

CHEMILUMINESCENT TECHNIQUES LN 17.1 0 
STUDIES OF THE RADICAL REACTIONS IN 
LABORATORY AND CLINICAL 
INVESTIGATIONS. 
Putvinsky A.V., Vladimirov Yu. A 
Institute for Radioengineering and 
Electronics. Russia Academy of Science, 
Moscow, Russia. 

There are a variety of instruments and 
experimental rocedures for 
chemiluminescence (a) measurements of 
model biochemical systems, blood components 
and urine. Cell-electroporating luminometer 

has been designed by BIKAP' group 
and used in our laboratory. The 

ollowing series of experiments have been 
camed out by using t h s  instrument and its 
predecessors: 

and limsomes. Rate constants of Fe 
L Studies of CL kinetics in W h o n d r i a  

-induced 
lipid peroxidation reactions (LPO) have been 
determined 

2 Discovery of a series of 'sensitizes', ie. 
compunds enhancing CL inten+ty in a%ve 
mentioned systems, includmg Eu +- 

tetracycline, rhodamine G and several laser 
dyes. Some of these compounds increase CL 
intensity during LPO reactions by 3-4 orders of 
magnitude. 

3. Diagnostics of early infarction, 
inflammatory diseases and drug aller by 
measuring luminol-dependent CL m bloorcells 
and whole blood after chemical or electrical 
stimulation 

EFFECT OF ZINC-CARNOSINE CHELATE COMPOUND 17.1 2 
(2-103) ON GASTRIC MUCOSAL INJURY INDUCED BY HY- 
POXANTHINE-XANTHINE OXIDASE INFUSION IN RATS 
H. Yamamolo, T. Yoshikawa. Y .  Minamiyama, Y. Naito, T. Yoneta, 
S. linuma and M. Kondo. 
1st Dept. of Internal medicine, Kyoto prefectural University of 
Medicine, Kamigyo-ku, kyoto 602, Japan. 

2-103 is a chelate compound consisting of zinc ion and L- 
carnosine. It is known that zinc and carnosine have anti-oxidative 
effects. In this study, the protective effect of 2-103 on gastric 

mucosal injury induced by hypoxanthine-xanthine oxidase(HX/ 
XO) infusion was studied in rats. HX was infused through the 
jugular vein, XO was infused through the left gastric artery at the 
rate of 40 0 l /min for 30 min. 2-103 was administrated 1 hr 
before a start of infusion. At 30 min after HX-XO infusion, raki 
were sacrificed. The extent of any gastric mucosal lesions was 
expressed in a Smre O;normal, l;mild, Zmoderate, 3;severe ero- 
sions. Erosions and bleeding were revealed in the gastric mucosa. 
The s a x e  of any lesions was significantly decreased by treatment 
with Z-103. TBARS in serum and the gastric mucosa after Kx/xO 
infusion showed slight increase, and that tended lo be decreased by 
ireatment with 2-103. a -Tocopherol in the gastric m u a m  signifi- 
cantly decreased. 2-103 did nor inhibit the decrease. GSH-Px and 
SOD didn't show any changes after HX/XO infusion. GSH and ATP 
were significantly decreased by HXKO infusion. 2-103 markedly 
restored the decrease. Therefore. 2-103 is effective against bee- 
radical induced gastric mucosal injury. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
1/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



17-73 ROLE OF POLYMORPHONUCLXAH LEUKOCYTES(PMN) AND 
ACTIVE OXYGEN SPECIES I N  HYPEHTHERMIA 
---ANTITUMOR EFFECT OF HYPERTHERMIA COMBINED 
WITH G-CSF--- 
S . K o k u r a ,  T .Yosh ikawa .  T .Kaneko .  S . I i n u m a ,  
Y . N a i t o ,  K.Matsuyama, H.Yamamoto. and M.Kondo 

F i r s t  Depa r tmen t  o f  I n t e r n a l  M e d i c i n e .  Kyoto 
P r e f e c t u r a l  U n i v e r s i t y  o f  M e d i c i n e ,  Kamigyo-ku. 
Kyoto 602 J a p a n  

C a n c e r  is s t i l l  in t h e  t o p  o f  t h e  cause o f  
d e a t h  i n  J a p a n .  T h e r e f o r e .  i t  is  a dream f o r  
c l i n i c i a n s  of  t h e  f r e e  r a d i c a l  damage t o  tissues 
c a n  be a p p l i e d  fo r  t r e a t m e n t  of cancer. We h a v e  
r e p o r t e d  t h a t  p o l y m o r p h o n u c l e a r  l eukocy tes (PMN)  
a n d  a c t i v e  oxygen  s p e c i e s  from PMN may p l a y  an 
i m p o r t a n t  role  i n  t h e  mechanism o f  t h e  an t i tumor  
e f f e c t  of H y p e r t h e r m i a .  I n  t h i s  time. we would 
f o c u s  our e x p e r i m e n t a l  s t u d i e s  of ra t  AHlO9A 
carcinoma t reated w i t h  H y p e r t h e r m i a  combined  
w i t h  a r t e r i a l  i n j e c t i o n  of G-CSF. Rats w i t h  
t r a n s p l a n t a b l e  AHIOSA c a r c i n o m a  a t  t h e  h i n d  l e g  
r e c e i v e d  H y p e r t h e r m i a .  T h e s e  tumor showed a mild 
s u p p r e s s i o n  for t h e  f u r t h e r  d e v e l o p m e n t  o n l y  by 
H y p e r t h e r m i a .  However,  when a r t e r i a l  i n j e c t i o n  
of G-CSF was a p p l i e d  i n  t h e  c o m b i n a t i o n  o f  
H y p e r t h e r m i a .  marked s u p p r e s s i o n  on  t h e  
deve lopmen t  of t h e  tumor was observed. Our da ta  
s u g g e s t  t h a t  H y p e r t h e r m i a  combined  w i t h  G-CSF is 
c l o s e l y  r e l a t e d  t o  t h e  g e n e r a t i o n  of  f r e e  
r a d i c a l - m e d i a t e d  tumor c e l l  k i l l i n g ,  and  t h i s  
t r e a t m e n t  c a n  b e  t h e  e f f e c t i v e  t r e a t m e n t  f o r  
c a n c e r .  

17.1 5 PROTECTION BY EBSELEN AGAINST ENDOTOXIN- 
INDUCED INTESTINAL MUCOSAL INJURY IN RATS 
Kiichi Matsuyama, Toshikazu Yoshikawa, Shunichiro Nishiniura, 
Shuji Takahashi, Satoshi Kokura, and Motoharu Kondo 
F h t  Department of Medicine, Kyoto Prefectural University of 
Medicine, Kamigyo-ku, Kyoto 602, Japan 

We have reported that active oxygen species may play an impor- 
tan1 role in the pathogenesis of the experimental model of endotoxin 
shock. Ebselen is a seleno-organic compound which exew novel 
biological activities, i.e., gluthathione peroxidase like activity. inhi- 
bition of NADPH oxidase activity. In present study. the effects of 
Ebselen on small intestinal mucosal injury induced by endotoxin 
were investigated in rats. Male Wistar rats weighning 2OOg were 
used. Ebselen was orally administered 60 mins before intravenous 
injection of endotoxin. The smaU intestinal mumsa was carefully 
examined macroscopicaUy 45 mins after injection of endotoxin, and 
alpha-tocopherol, superoxide dismutase, glutathione peroxidase, 
thiobarbituric acid reactive substances in tissue were measured. 
Severe intestinal muccsal damage was macroscopically found after 
injedion of endotoxin, and this damage was significantly inhibited 
by pretreatment with Fbselen. And the levels of alpha-tocopherol, 
or antioxidant enzymes showed the possibility that Ebselen pro- 
tected against this injury ulough its antioxidant function. 

ROLE OF POLYMORPHONUCLEAR LEUKOCYTES(PMN) 17.1 4 
AND A C I l V E  OXYGEN SPECIES IN HYPERTHERMIA 
--- AUGMENTATIVE EFFECX OF G-CSF ON SUPER- 
OXIDE GENERATION FROM PMN --- 
T.Kaneko, T.Yoshikawa, S.Kokura. Y.Naito, S.linuma. 
S.Nakamura, Y.Nakahashi and M.Kondo 

First Department of Medicine, Kyoto Prefectural University of 
Medicine, Kamigyo-ku. Kyoto 602 Japan 

We examined,in vitro,the effect of G-CSF and temperalure on 
superoxide(0;) generation from PMN. <MaferioLF and Methods> 1) 

Preparation of PMN. PMN were isolated from the peripheral blood 

of healthy volunteers by dextran sedimentation followed by 
Ficoll-Paque separation and hypotonic lysis of contaminating 
erythrocytes. 2) Measurements of superoxide. A Luminescence 
Reader was used for the assay of CLA dependent chemilumines- 
cence. The standard reaction mixtures contained 2x10J PMN/ml. 
1 j i  M CLA, 0.1 mM DETAPAC, plus a stimulus in a total volume of 
2nd HBSS. A stimulus was added after 3min. preincubation of 
PMN with G-CSF. The reaction was initiated by the addition of G- 
CSF at a final concentration of 0.1-1oOO n g / d  and at 37 to 45" C 
temperature. <Results> 1) 0,- generation from PMN was re- 
markably augmented ,stimulating by both OZ and PMA. at 41" C as 
compared with 37" C. 2) PMN generated 0,- at the concentralion of 
G-CSF Zng/ml or more at 37" C 3) 0,- generation was enhanced 
both at the concentration of 25 n g / d  and at 41% compared with at 
41°C alone. ~ConcluC.ion> The significant augmentation of 0; 

generation from PMN was observed at 2Sng/ml G-CSF and 41 ' C. 

EFFECT OF HISTCIMINE ON XCINTHINE OXIDASE 17.16 
MG B a t t e l l i ,  A Abbondanza and F S t i r p e  
D i p a r  t 1 m e n  t o  d i  Pa t o 1  ogl a S p e r i  m e n  t a  I e 
V i a  S .  G i a c o m o  1 4 ,  40126 Bologna, I t a l y  

Xanthine o x i d a s e  ( E C  1.1.3.22) d e r i v e s  
from a NAD'-dependent dehydroqenase (EC 
1.1.1.204) by l i m i t e d  p r o t e o l y s i s  o r  by 
o x i d a t i o n  o f  t h i o l  groups e s s e n t i a l  f o r  
t h e  dehydrogenase a c t i v i t y .  Dur ing t h e  
o x i d a t i o n  o f  s u b s t r a t e s  t h e  enzyme i n  
i t s  02-dependent forms g e n e r a t e s  super-  
o x i d e  a n i o n  and H=O=, which i n  t h e  pre-  
sence o f  c h e l a t e d  i r o n  a r e  converted 
i n t o  h y d r o x y l  r a d i c a l  by t h e  Haber-Weiss 
and t h e  Fenton r e a c t i o n s .  These oxygen 
products  aggravate  c e l l  damage when 
x a n t h i n e  dehydroqenase i s  converted t o  
an o x i d a s e  d u r i n q  s e v e r a l  p a t h o l o g i c a l  
c o n d i t i o n 5 .  I t  has been r e p o r t e d  t h a t  
h i s t a m i n e  can enhance x a n t h i n e  o x i d a s e  
a c t i v i t y  i n  v i t r o  as w e l l  as  i n  v i v o .  We 
i n v e s t i g a t e d  about t h e  e f f e c t  o f  h i s t a -  
mine on t h e  dehydrogenase and o x i d a s e  
a c t i v i t y  of  t h e  enzyme. Xanthine de- 
hydroqenase was p a r t i a l l y  p u r i f i e d  from 
r a t  l i v e r  and converted t o  an o x i d a s e  
e i t h e r  r e v e r s i b l y  by t r e a t m e n t  w i t h  
o x i d i z e d  g l u t a t h i o n e  or i r r e v e r s i b l y  by 
p r o t e o l y t i c  c l e a v a g e .  P h y s i o l o g i c a l  con- 
c e n t r a t i o n s  o f  h i s t a m i n e  induced a 26% 
increment  o f  t h e  dehydrogenase a c t i v i t y  
o f  n a t i v e  enzyme, a 36% increment  o f  t h e  
r e v e r s i b l y  converted xanthrne o x i d a s e  
a c t i v i t y  and a 67% increment  o f  t h e  
i r r e v e r s i b l y  transformed enzyme. 
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17.1 7 HYDROGEN PEROXIDE GENEKATION IN HUMAN P L A T E 1  
M a r e s c a ,  M., C o l a o ,  C .  , I x o n c i n i ,  G .  

I s t i t u t o  P o l i c a t t e d r a  d i  Ch imica  B i o l o g i t n  
U n i v e r s i t i  d e g l i  s t u d i  d i  Genov‘i 

V i a l e  B e n e d e t t o  X V / I  
16132 Genova ,  l t a l y  

D i f f e r e n t  e f f e c t s  o f  h y d r o g e n  p e r o x i d e  on p l a t e -  
l e t  f u n c t i o n  h a v e  b e e n  r e p o r t e d :  i n h i h i t i o n  , ~ n d  
a c t i v a t i o n  a r e  b o t h  d e s c r i b e d .  Moreove r  i t  was 
shown t h a t  human p l a t e l e t s  s t i m u l a t e d  by y . i r t  i c g  
l a t e  s t i m u l i  o r  c o l l a g e n  g e n e r a t e  H E O L .  Hy 
mean:; of  a s e n s i t i v e  f l u o r i m e t r i r  a s s a y  we h a v e  
measu red  hydrogen  p e r o x i d e  l o r m a t i o n ,  f o J  l o w i n g  
t h e  o x i d a t i o n  of d i c h l o r o f l u o r e s c i n  ( D C F H )  e n -  
t r a p p e d  i n t o  p l a t e l e t s .  We h a v e  d e m o n s t r a t e d  
t h a t  r e s t i n g  p l a t e l e t s  p r o d u c e  nanomola r  c o n c e n -  
t r a t i o n s  o f  DCF, p r o p o r t i o n a l  t o  p l a t e l e t  number 
and  s t e a d y  d u r i n g  60 m i n u t e s  o f  i n c u b a t i o n .  A 
s i g n i f i c a n t  i n c r e a s e  of  b a s a l  I)CF w a s  g e n e r a t e d  
by s t i m u l i  a s  a r a c h i d o n i c  a c i d ,  A 2 3 1 8 7 ,  t h r o m b i n  
o r  PMA. The e f f e c t  of t h e s e  a g o n i s t s  was a l s o  te 
s t e d  i n  t h e  p r e s e n c e  of  3 - a m i n o - I , 2 , 4 , - t r i a z o l e  
( A T )  or  N - e t h y l m a l e i m i d e  (NEM), i n h i b i t o r s  of  ca 
t a l a s e  and  g l u t a t h i o n e  p e r o x i d a s e  r e s p e c t i v e l y .  
A f u r t h e r  s i g n i f i c a n t  enhancemen t  o f  DCF p roduc -  
e d  i n  s t i m u l a t e d  p l a t e l e t s  w a s  o b s e r v e d  o n l y  
when NEM was p r e s e n t .  Moreove r  DCF c o r r e l a t e s  
w i t h  t h e  e x t e r n a l l y  a d d e d  h y d r o g e n  p e r o x i d e  o r  
t h e  o x i d i z i n g  s p e c i e s  fo rmed  by xan t l i i r l e  c ~ x i d a s e  
a n d  a c e t a l d e h y d e .  The y i e l d ,  n o t  m < > d i f i e d  by s u -  
p e r o x i d e  d i s m u t a s e ,  i s  h i g h e r  i n  t h e  p r e s e n c e  of  
AT or  NEM. A c o o p e r a t i v e  e f f e c t  o f  h(itI1 i n h i h -  
to rs  w a s  shown.  

1 7 . 1  9 AN INVESTIGATION INTO THE MECHANISM OF 
LYSIS OF RED BLOOD CELLS BY HOCI 

Margret C M  Vissers, Tony Kettle and Christine 
Winterbourn 

Dept of Pathology, 
Christchurch School of Medicine, 

Christchurch, New Zealand. 

In  response to inflammatory stimuli, neutrophils pro- 
duce HOCL, which can be both microbicidal and cyto- 
toxic. This study was carried out to determine the 
mechanism by which HOCl causes cell lysis, using red 
cells as a model. 
Reagent 11OCI Iysed red cells in a dose dependent 
manner. Lysis was inhibitible by t h e  addition of 
scavengers such as niethionine and taurine, when these 
were added prior to mixing of the red cells arid I-IOCI. 
Lass of membrane protein sulphydryls occurred even at 
sublytic doses of HOCI, and was alniost complete before 
lysis was si nificant. It is unlikely that -Sli oxidation in 

diarnide- treated cells lysed only very slowly. SDS- 
PAGE of the membrane roteins showed that HOCL 
caused the formation of, Eratly reversible, and then irre- 
versible crosslinked material. 
Haemolysis was preceded by cell swelling and passive 
K +  leak, suggesting that the membrane had lost its irn- 
ermeability to ions. Analysis of the red cell fatty acids 

Ey TLC showed the formation of a more polar species. 
This may be a chlorohydrin derivative, formed by 
reaction of HOCl with an unsaturated fat:! acid. Our 
hypothesis is that the formation o f  such a species leads 
to a de5tabilisation of the lipid bilayer, aiid consequent 
loss of its barrier function. 

itself was t a e cause of lysis since N-ethylmaleirnide- or 

ACETAMINOPHEN AS A PUTATIVE SCAVENGER OF 1 7 . 1 8  
P E R O X Y L  RADICALS 

I‘crese (. I’ I) i i i is ,  J o a C  1% A (:iistMio. Irolwr M Al1neld;i aid Vitor 
M. (. bliideirii 

I iihrathno dc l ~ i ~ y i u i n i ~ ~  da 1,’acidcLade tle Ik rmkxi  dA I liiivu.;idnde (le 
( ‘01  nihra. 3MX) <i)iinhra, t’ortugid 

Non steroidal iurii-iiill;uiii~iatory diugs have hcxn developl  mostly 
directed at 1);ithw;iys 01 c ir~~ano id  synthesis l iowever i t  IS possible thai 
siicii dmgs exert n i i i l t i ~ ~ l e  actions, niirnel y antlondant effects, i n  

Acctiunrnophcn IS a widely i isd nowsteroidal 
i1n11 -i i i t l~~tninii t~ g rhat has hcen alrcady shown io possess 

itro. ‘Ibis acuon was tlcvclopxi on the hasis of 
icst that lacks scirsitiviiy and spec~ficiiy. The 

iuni oi our siiid) attempis i o  asce r t~~ i i  ilie acuoii of low u)iiwniratioiis 
oi ac~tuiiiiiopheii on nieinbririie l i p ~ d  peroxiclatioii I i~vesiignung its 
~x)tciitid role iui a peroxyl riKficiil scavcngcr Sarcoplasmlc reticulum 
nremhraies (SK) aid Irposoines oi their w i d  l lpd  cx.uilct were used as 
niodel nicni1)r;uies 1 0  study die drug elfrct on hpid Ixroxldatlou induced 
hy llic free radical generating systeni Ik++/ascorhatc llx iiuhal stages 
oi tlrc degradaiive process were coni~nuo~is ly  i i i o ~ r ~ t o r e d  hy the 
lluorcsccnce quenclunp of ris-paniianc incorjmorated i i i io  nicnibranes 
l%rtlieniiorc, lipid perosidation was evaluatd hy the degradation of  
phospholipid aliphatic chains hy gas-cluoniatographic aialysis and h e  
pr[xluction of Ihioharhiiimc acid reactive suhsurces I n  order to clarify 
its aiuoxi&nt activity. thc putative dircxi reaction of paracetaniol and 
~ x r o x y l  radical involved i n  lipid Ixroxidaladon was awtyed b) exposing a 
SK lipid extract in the lipid soluble i i i d i d  init~aior 2.2’-u.ohis (2.4- 
din~e~hylvaleroi i i tr i le )  (AMVN) .  111 the presciicc of diffcrcnt 
~ncen t r : i t~ons  0 1  ilic drug. L i p d  pcroxidatioii w a s  qu;in~iiatively 
nioiiiiored by the r.1 arid 1.1 hydroperoxidienes formed iising second- 
tlcnvati\c sprctropli~~tometry. and the proxy1 radicds wavenging 
activity of pimceiainol wis a .ed  IS c ~ i i p i w e d  wiih thai of a-  
tocopherol Ihc observed strong cliiun hrcakiiig actlvity oi ~xmcckunol 
IS likely lo coiitnhutc to its iuiti-iiillluiini;iiory ; i c t i v i ~ y  

M A C R O P H A G E  D E A C T I V A T I N G  FACTOR:  1 7 . 2 0  
PIJRIFICATION AND PARTIAL BIOCHEMICAL 
CHARACTERIZATION OF A NOVEL CYTOKINE. 
VCIY. Cmianro. I’ ( ~ e p l w i o .  JMC K i t x i r o l  aid M ~arnovsliy2 
IQ-USI’, SAo i’aulo. n r a i l .  ‘ I  lniversity of Arizona. Tiiwron. I ISA. 
211arvard h 4 e d l d  School. Ihston. USA 

The release or superoxide anion by inflammatory 
niaci-ophages. multinucleatd giant cells and epithelioid cells, 
obbined by insertion of round glass coverslips into the 
subcutaneous tissue of mice, was investigated. Superoxide 
anion was spontaneously released by cells on coverslips 
implanted up to 7 days, but not 14 t o  21 days. When 14 day 
coverslips were incubated for 30 minutes in vino , the medium 
so conditioned (MCM) inhibited superoxide r e l a e  by cells 
ol. S-day preparations. This indicatcs release by cel ls o n  
longer term coverslips o f  a substance that inhibits superoxide 
anion prtxluction by cells or Sday coverslips. This inhibitory 
f‘actor (MDF) was sensitive to proteaes, but was heat stable 
and exerted its effects even when the test cells were exposed to 
PMA. I t  is able to regulate superoxide release by neutrophils 
i ~ s  well as macrophages. MDF is also not s p i e s  specific and 
acts o n  guinea pig, human and mouse neutrophils and 
macrophages. PMA, all-trans-retinal or Met-Leu-Phe do not 
reverse this “deactivation”. The factor was purified by 
ul trafiltration, gel chromatogrdphy and reverse phase HPLC. 
MCM shows two peaks o f  activity when subjected to gel 
filtration corresponding to molecular weights of 3 and 1lkD 
respectively. Extracts of the cells themselves had only the 
lormer peak. Fractions corresponding to a Mw of 3 kD were 
combined and subjected to HPLC. MDF activity then 
appeared in a single peak. MCM thus contains a factor that i s  
able to modulate the crdal activity of phagocitic cells that 
utilize reactive oxygen species for cytocidal activity. 
Supported by NIH, CNPq, Fapgp & The Council for Tobacco R s  
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17.21 EFFECTS OF COPPER COMPLEXED NIFLUMIC ACID ON RAT 
POLYMORPHONUCLEAR RESPONSIVENESS 
M ROCH-ARVEILLER'. L J. FONTAGNE'. J.R.J. 
SORENSON3, J P. GIROUD', D. PHAM HUYr-2. 
1 - Department of Pharmacology and Association CI. Bernard, 
Hdpital Cochin, 27 rue du Fbg St Jacques 75674 Paris cedex 
14, France. 
2- UFR Odontology, Pans V, Montrouge, France. 
3- Department of Medicinal Chemistry, College of Pharmacy, 
University of Arkansas for Medical Sciences. 4301 West 
Markham. Little Rock, AR 72205, USA 

Previous studies have demonstrated that some copper 
complexes of non-steroidal anti-inflammatory drugs (NSAIDs) 
are more ellective than their parent drugs as anti-inflammatory 
and inhibiting agents of migration and oxidative metabolism of 
polymorphonuclear (PMN) leukocytes. These studies were 
intended to compare the effects 01 niflumic acid with those of its 
copper complexe Cu ( 1 1 ) ~  (niflumate)4 on rat PMN 
reponsiveness. Experiments were performed in vifro and in 
vivo. PMN migration was measured with the Boyden chamber 
using N-formyf-methionyl-leucyl-phenylalanine (fMLP) as the 
chemoattractant. PMN oxidative metabolism was assessed by 
0 2 -  generation (reduction of ferricytochrome C) and 
chemiluminescence using opsonized zymosan as stimulus. 
A dose related decrease of these parameters was observed with 
both drugs as well in in vifro as in vivo experiments. However 
copper complex was found more effective than its parent drug 
or Cu gluconate. 
It is  concluded that modulation of the PMN responsiveness by 
copper complexes offers an accounting for the anti-inflammatory 
activity of these compounds. 

17. ,23 THE EFFECTS OF NlFLUMlC ACID ON 
POLYPHOSPHOINOSITIDE AND OXIDATIVE METABOLISM IN 
POLYMORPHONUCLEAR LEUCOCYTES FROM HEALTHY 
AND THERMALLY-INJURED RATS 
M. TISSOT. M. ROCH-ARVEILLER, J. FONTAGNE and J.P. 
GIROUD 
Departemen1 de Pharmacologie, URA CNRS 595, H6pital 
Cochin. 27 rue du Fbg St-Jacques, 7501 4 Paris (France) 

Thermal injury in rats leads to an impairment of 
polymorphonuclear leucocyte (PMN) functions, particularly 
oxidative metabolism and phosphoinositide turn-over. As 
prostaglandin E2, which has immunosuppressive properties, is 
released in high levels after burn trauma. we investigated the in 
vifro and in vivo effects of a non-steroidal antiinflammatory drug, 
niflumic acid, on oxidative and phosphoinositide metabolism in 
PMN from healthy and burned rats. Given the role of fluoride 
ions on PMN. the influence of niflumic acid was compared with 
that of sodium fluoride (NaF) at equivalent doses of F-. 

In vifro, niflumic acid and sodium fluoride had no effect 
on oxidative metabolism in stimulated (by fMLP or opsonized 
zyrnosan) or non-stimulated PMN from healthy and burned rats. 
Nillumic acid slightly increased the production of inositol 
phosphale by non-stimulated PMN from healthy and burned 
rats. Niflumic acid and NaF partly restored the stimulating effect 
of IMLP on inositol phosphale production by PMN from burned 
rats. 

In vivo treatment with niflurnic acid (0.1 mg to 10 mgkg) 
and NaF (0.05 to 5 mglkg ) increased the oxidative metabofism 
01 PMN from burned rats but not healthy rats. Niflumic acid, more 
than NaF, reslored the activity of both slimulants on 
phosphoinositide metabolism in PMN from burned rats. 

In conclusion, at non antiinflammatory doses, yet 
inhibiting cyclooxygenase activity, niflumic acid exerts a complex 
effect on the burn-induced depression of PMN functions. The 
fluoride anion induces similar but generally weaker effects and 
seems to be involved in the resloring effects of niflumic acid on 
PMN functions in burned rats 

CIMETIDlh'EANDOTHER RECEF'TOR 
ANTAGONISTS AS PO& HYDROXYL 

RADICAL SCAVENGERS 
T.L. a n g ,  G.R.M.M. Haenen and A. Bast 

Fac. Chemistry. Dep. Pharmacochemistry, Vrije Universiteil. 
de Bcelelaan 1083,1081 HV Amsterdam. the Netherlands 

3 Receptor antagonists are beneficial in treating gastric 
and duodenal ulcers by acting as inhibitors of the. histamine- 
stimulated gastric secretion. In this study we report another 
characteristic of 4 receptor antagonists. viz. powerful hydroxyl 

Hydroxyl radicals are generated in  a reaction mixturc 
containing: 100 pM FeCI,. 100 pM EDTA, 100 pM ascorbic 
acid, 1 mM H2.0z and 2.8 m M  deoxyribose as the detector 
molecule. After mcubation for 1 hour at 37 T thiohbituric acid 
reactive fragments of deoxyribose, caused by hydroxyl radicals 
can be measured. Rate constants for reaction of rtceptor 
antagonists as scavengers with hydmxyl radicals aw%xuned in 
this assay. 

We found that the H receptor antagonists like cimetidme. 
burimamide, ranitidine. farnotidine and tiolidine are good hy- 
droxyl radicai scavengers. We observed rate constants ranging 
from 12.9 x lo9 M-'s-' to 14.8 x lo9 M-Is-'. For the widel 
applied drug cimetidine we found a rate constant of 14.8 x 10 
M.Is-l . For comparison, the well-known hydroxyl radical 
scavenger mannitol had a much lower rate constant i.e. 1.7 x lo9 

Using fragments of the cimetidine molecule i t  was found 
that the cyan0 guanidine group is not necessary for he. hydroxyl 
radcal scavenging activity. A methylated imidazole with a sidc 
chain containing a sulfur and amino sou had a rate constant 
comparable to cimetidine, i.e. 14.7 x 10pM-'s-'. Therefore i t  
was concluded that the imidazole part of cimetidine molecule i s  
rcspmsible for the potent hydroxyl radical scavenging effect. The 
radical scavenging activity of H, receptor antagonists might also 
contribute to their established pharmacological profile. 

radical scavenging activity. 

I 

M.is- l  

14Yl3DPEROXIDASE-DEP!ZNDElTI PROTWLYSIS AS A 
CAUSE OF I N F L W ' A  PNEUMCtJIA DEVELOP!ENT 
Boris P. Sharonov, Alla V. Dolganova 
Pesearch Inst i tute  of Highly Pure Bioprepara- 
tions/ 7 Pudozhskaya St., 197110, St.Petersburq 

Russia 

The proteolytic cleavage of surface influenza 
virus glycoprotein - hamgglutinin (H?.) is 
nesessaq for virus infection, but the cause 
of proteolysis activation is unknown. We found 
out, that  bronchoalveolar f luid (W) of 
infected mice contains considerable munts of 
myeloperoxidase (MH)) and different proteases. 
The release of Mpo leads t o  inactivation of 
antiproteases via generation of € E l  and, 
therefore, to  increasing of proteases in addi- 
tion t o  secreted proteases. The treatrwnt of 
mice w i t h  h m  superoxide dismtase leads to 
a considerable survival of infected mice and 
a decrease in proteolytic and Mpo act ivi t ies  
in BAF. W e  assume the follawing steps of 
reactive oxygen species (S) influence on the 
developvent of influenza pnemnia: 
virus--*Ro5 generation by neutrophils (espe- 
cially,  Hocl) ---L oxidative inactivation of 
antiproteases---*proteolytic activity incre- 
ase ---+ cleavage of HA --* virus replication 
m the host cel ls .  
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17.25 DIFFERENT SENSITIVITY O F  I lOVlNE A N D  H U M A N  Cu. Zn 
SOD TO OXIDATIVE INACTIVATION 

Shvriinov I\, Churihiva 1, I.wnovs N. 

l m t ~ t u e  ofl I8xhly Pure B~y,, ‘ . , ’o‘ut, , , ,~~ 

S f  Percrdurg.  Hu\\to 

Supcnirdc dIsniutasc (SOD) IS coniidcrd 4s an c l fcc~ivc  anuinflainniauq 
agent. However. contradictive rcsuli\ wycrc ohtamed alx,til SOD e l f u c n c y  from 
varii~us s o ~ i r c e ~  (human. rat.hwinc.ctc.). Sincc a high ‘iinccnlrrta~nofnxldants 
into thc inflammation site is ohscrvcd. we s~tultcld vxidalivc inactivation of 
twvincand hunianCu.7.n SOD hyIiy~xrhLiri~c(HOCI) H O C I  rndyhcumsiderul 
a$ thc main oxidant in d a m m a l o r y  Ionus Wc iciund out that hSOU b a s  more 
iiclivc than hSOD after H K l  incubation For cxaniple. hSOD rcsidual activity 
was 4070 and hSODonc was iinly 5% after trcainicnt w111i I(H) pM HOCI during 
10 niinolcs. In  addition. structural H O C l - ~ n d u ~ u l  disirrdcr was dcvelopcd in a 
higher dcgrcc i n  [he case of hSOD. The advanugc in ~ix idai ivc  stability o f  hS0D 
c<iuld lead lu the more clfcctivc applicatwn of hSOD Y C ~ S I I S  hSOD. 

17.27 EFFECTS Ot.’ 4-IIYIIHOXYNONENAL (HNE) ON RAT 
NEUTROPHILS: SECOND MESSENGERS MEDIATION 
Di Mauro C., Paradisi L - ,  R o s s i  M.A., 
Roux V., Dianzani M.U. 

Dept. Exp. Med. O n c o l .  I J n i v .  ot Turin 
Turin, Italy 

HNE is a reactive dldehyde derived from 
the non enzimatic bred kdown of arachi- 
donic acid. It has been identified at 
micromolar concentrations in exudates 
formed during various experimental in- 
flammatory reactions. “In vitro“ studies 
showed that HNE exerts dif€erent eEfects 
on rat neutrophils (PMN) a-c&ording to the 
concentrations tested. 10 M HNE inhib- 
its PMN functions without affecting cell 
viability: whereas in the micromolar 
range it induces PMN morphological polar- 
ization and oriented migrati-9. A_t,chemo- 
tactic concentrations (10 -10 MI n o  
stimulation of respiratory burst is ob- 
served. T h e  aim of o u r  study w a s  t o  
investigate more closely the effects and 
mechanisms of HNE action. Previous data 
showed that HNE stimulates phospholipase- 
C activity: present data evidence also an 
increased adenylate cyclase activity in 
PMN plasmamembranes treated with micro- 
molar HNE concentrations. These results 
suggest that HNE chemotactic activity 
might be mediated, like that o f  other 
more well known chemoattractants, by the 
stimulation of second messangers 
product ion. 

ACTIVATION OF HUMAN PHN l3Y 4-HYDROXYNONENAL 17.26 
M. Curzio. C. Ferrett.j”, 1 1 .  Esterbauer“”, R.J 
Stephens 9 and M . U .  Dianzani 
Dept. of Experimental Medicine and Oncology, 
Div. of  General Pathology, Turin, Italy. “Inst. 
of Pharmacology and Experimental Therapy, 
Turin. $:A lnst. of Biochemistry, Graz, Austria. 
5 Life Science Div.. S R I  International, Henlo 
Park 94025 Ca, Usa. 

The lipid peroxidation product 4-hydroxynonenal 
(HNE) is chemokinetic for human PMN leukocytes. 
The possibility that t.his activity is mediated 
by specific binding sites on PMN was investiga- 
ted. Results showed that [3H]-HNE binding to 
PMN is a complex process. H N E  binds nonspecifi- 
cally to many SH-groups of the cells. When SH- 
groups are completely blocked with NEM, i t  is 
possible t o  show the presence of saturable, 
sperific binding sites (Kd-319 nM). The binding 
is partly reversible. Competition tests with 
various aldehydes showed the  following order of 
potency a s  displacers: 2-nonenal > HNE > 4 -  
hydroxyhexenal > nonanal. Under the same expe- 
rimental conditions ( N E M  preincubation) the 
chemokinetic activit-y of the same aldehydes was 
measured. The biological potency of the aldehy- 
des as chemokinetic agents correlated with 
their potency as displacers. 

THE I N V O L V E M E N T  OF O X Y G E N  R A D I C A L S  
IN A C U T E  PANCREATITIS  

M.H. Schcwnherg, M. Iturrhler, S. Eisele, H.G. I k g e r  

Oepr ofGeneral Surjiery. Utirvcrrity 01 Ulm. .Sieinhnvrlrlr 9. 0 ~ 7 9 0 0  lllm 

I‘qwsc of rhe srudy wils 10 ilsscss the involvcincnl of oxygen rddicrl? . . 
and hcmm~hagtc pancrcatitis. Acuw pancrcatitis (AP) was induced in l a i c  i l -  
cerulcin (5pg/kglh) and by remigrade injecttonof 5% sodium- taurccholalc lor 
30min.3.5hours.and 12hours.Atlhesc1imepoinlsscrwnen~ymes.wnJuga1ed 
dienes (CD). and malondialdehyde (MDA) in the tissue were measured and the 
tissue samples underwent light-microscopical examination. In both mndcls of 
AP thc serum enzyme levels, CD and MDA. increased already at an c m l y  phase 
followed by severe histological damagcs. Trcalmenk with superoxidc dismurax 
( I 0 0  OOO U/kg/h) and catalase (400.0(H) U/kg/h) prevcnkd increase. rn CI) and 
MDA. rcduced the hislological damages and improved the survival late of the 
r am It is concluded thal oxygen radicals sccm to bc instrumenla1 for the 
development o f  AP. 
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17.29 STUDY O F  T H E  ANTI-INFLAMMATORY ACTIVITY OF 
SOME FI.AVONOII)S FROM CLERODENDRUM INDICUM L 

Ferrundir, M.I.., Ilu~itis, (;., Sanq M.J., Alcnrnr. MJ. 
(;unaweirun, K:, Rantachandran Nalr, A X . '  

Opio Formm O I O ~ J < J  I ( I ,  uliri,/dc I 'urnw~ L O .  Untvenidud de Vuknrro. Dlo.sco 
Ihdiuv I I 50010 Vukru-io. S / m n  

' I J ~ ~ ~ V J ~ I ~ ~ U . ~ ~  (4 ( ' h w t u r r y .  Pnndrrhrrry Uniurrsrly. lndio 

In coii i inu.st~on <if our wciik O" ncw plani drugs. wc have isolated 4 active 
pnc!plcs hirpnliilin ( h l X ' H  3 apzgc:riin).nepttin (6-OCH3- liileulin).sculr~ltin 
(6d)tl -apigcnin) and  wutcllilrcin 7-glucuronidc. from an lndianmedicinal plani 
Clcrrxlcndniin I I I ~ I C U I I I  L (Vcrhcnaceac) using DCCC and their structures were 
rharnctcrtrul  hy \ Ixc i rd  mclliotls. Fl;ivi,noids wwc assaycd in two different 
niotlcI\. citnagccn;tn m o u x  p ~ w  (xdcnia ( 1 )  and tetradecanoylphorbol aceLaic 
(TPA) ~ndur.ctl itnxlsc car ixdcn,;, (2) Flnvcinoids or veliiclc were administcnd 
nrdlly ni d c h , ~  nl 150 mgikg. 1 h r  bclorc induction o f  inflanirnati~m. M o u e  ear 
' u l c n i r  wa, inilucul hy TPA (2 5 ppjcar) dissulvcd in acelone. h g s  were 
, ~ d m ~ n ~ s t c m d  t u p ~ c a l l y  at  a dosc of I niglcar 111 accionc or in 80% EiOH. 
Suhplmlar I I I ) C C I B ~  111 carrageenan in mouse cruscd a iimcxoursc increase in 
paw swclltng which u a  n,axirnmn ai 3 hr. Oral administrationof nepetin and 
,cuicllrrcin pr'duccd an inlithilion higher than 5090. quite similar to h a 1  

,)nxluccd by tndomcthacin (56%) Tlic lxrceniage inhihition of ear oedcma was 
loioid tokovcr70'1: for alldriig\assaycd. Inthisnicdel.ihesamebehaviourhas 
k c n  crhscrrcd a \  ncpciin ant1 xii lcl larcin have manifcsrcd lhc highest wti~ 
mflnmnirtiay artivtiy R a \ u l  ( l i t  ilic rcrults ohtninwl with scutcllarcin and 
\ C L I I C I I A ~ C I I I - ~  -g lururmidc .  I I  \CCIIIS i h d l  glucuronic acid suhstitution reduces chc 
,nliihit~,rycllaic.On ~licolhrr Iiand.c;~tccliol orpyrogallolgro~ipsarcslruciural 
fcaturcs I C I L Y B I I I  fo r  ihc .m!i ~riflrinmatory activity 

( I )  S u g ~ r l ~ ! ~ . ~  I:. Arn~gay:~. S , (Jgrhara, Y .  J I'linnnacohicxlyn 4. 565 (IUXI). 
( ? ) O c  Ycrunp.1. M . K I i c ~ f ~ i \ .  I Ii .Iiall;inm.S.J ,Yoiing.J M..A~en&Aciions. 
26. 377 (198'1) 

77-31 "OXIDATIVE DAMAGE TO CONNECTIVE TISSUE: THE 
ROLE OF FREE RADICALS. COPPER(1I) IONS, 
HYDROGEN PEROXIDE AND S A L T  

B. J. Parsons, D. J. Dccblc, G .  0. Phillips and H. S w c s  

Thc North East Walcs Institute, Dcesidc. Clwyd. CHS 4 B R .  
U. K. 

Coppcr(I1) ions are diverscly rcportcd bob LO enhance and 
inhibit oxidative darnagc to biological systems. Superoxidc 
radicals are produced in living tissucs and arc likcly initiators 
of oxidauve damage. Hyaluronic acid (HA) is a major 
constituent of conncctivc tissuc and in c e m i n  discasc sntcs 
undergoes free-radical rncdiatcd dcgndation. Copper(1l) ions 
could influcncc free radical-medialcd damage of H A  by (a) 
complex formation with supcroxidc anion radicals. (b) 
oxidation of hyaluronic frce radicals and (c) thcrmal reaction 
with hydrogen peroxidc. Absorption specuophotomcuy W;LS 

used to provide binding constants for Cu(l1)-HA complcxcs 
(apparent K=1200 M-I) Pulsc radiolysis studics showcd that 
an intcrrncdiate, Cu@+, is lormcd whcn 02.' rcacts with 
Cu(1l). Ct@+ subsequently decays unirnolcculxly 
(k= 2.5 x l@s-') presumably to form Cu(1) and 02. When 
HA free radicals are formed by OH attack in pulse radiolysis 
studics, Cu(l1) ions were shown to r d u c c  OIC yicld of strand 
breaks by a factor of 2 rclativc to a system conmining no 
Ca(l1). Finally, lhe rcacdon of hydrogcn peroxidc with HA 
was shswn to occur in h e  presence of Cu(ll) l ad ing  u) chain 
brcakage of HA. The ratc wax considcrably cnhanccd in ihc 
prcscnce of chloridc ions. 

ANTI-INFLAMMATORY EFFECTS OF SOME FLAVONOIDS 17-30 
ISOLATED FROM INDIAN MEDICINAL PLANTS 

Busios, C . ,  Fer rhdiz .  M.L., Sanz, M.J., Alcaraz, M.J. 
Cunasegam.  R.*, Rumachandran Nair, A.G.* 

Dpto. Farmacologia. Fucullad de Farmacia. Universidad de 
Valencia. BIawo Ibdiez 13. 46010 Vulencia, Spain. 

*Department of Chemistry, Pondichemy University, India. 

Three flavonoids isolated from Indian species: htbifolin from 
Hibiscus virifooliuc (Malvucene). kaempferol-3-galactoside from 
Aerospermum suberifolrurn (Sterculiaceae) and morellofluvone from 
Garcinia spicara (Clusiaceae) have been tested to evaluate their 
possible anti-inflammatory activity. These compounds have hasn 
isolated using different chromatographic trchniques including 
DCCC. Identification of t h e u  flavonoids have been carried out by 
UV-Vis. ' jC-NMR, and IH-NMR spectral analysis. Flavonoids 
were assayed on carrageenan mouse. paw c d e m  ( I )  and on 
Uradecanoylphorbol acetate (TPA) -induced mouse ear cdema (2). 
Flavonoids or  vehicle were administered orally at a dose of I50 
m g k g .  Indomethactn was u.4 as reference drug at a dose of 5 
mgkg. Wrma was measured at I .  3, and 5 hr after induction of 
inflammation and w& found to be maximum at 3 hr. Mousr: ear 
edema was i n d u d  by TPA (2.5 pglear) dissolved in ucetone. Drugs 
were administered topically at a dose of 1 mglear in acetone o r  in 
80% EtOH. A refrrencr: group was treated with indomethacin (0.5 
mglear). Wema WIU measured 4 hr after TPA delivery 
Kaempferol-3-gillactoside and morelloflavone have shown the highest 
effect on the paw otdrmu, with percentages of inhibition over 50%. 
However. it is noteworthy that on TPA-induced ear oedema all 
compounds manifested a powerful inhibition wi& percentages close 
to 100% and thuq. these tlavonoids can be considered as effective 
topical anti-inflammatory agents. 
( I )  Sugishita. E.. Amagaya, S.; Ogihara. Y. J .  fhurmacobiudyn. 4.  
565 (1981). (2) De Young, L.M., Kheifets. J.B., Ballaron, S.J., 
Young. J .M.  Axenr.c Acrrom, 26. 335 (1989). 

XANTHINE OXIUASE-DERIVED FREE R A D I C A L S  IN cy'ro- 17-32 
K I N E - M E U  LA'I'ED PATtIOl.0GIES 
P i c t r o  ( : h i ~ z z i  
l s t i t u t o  "Mario Negr i " .  20157 MILAN, I t a l y .  
P r o i n f l a m m a t o r y  c y l o k i n e s ,  p a r t i c u l a r l y  int t . r - -  
l t a u k i n s  .and ttlmor n e c r o s i s  f a c t o r  (TNF)  a r e  
p a t h o g e n e t i c  m e d i a L o r s  of i n f e c t i o n  and  i n f l m m a -  
t i o n ,  where  f r e e  r a d i c a l s  are a l s o  o v e r p r o d u c e d .  
Wr f o u n d  t h a t  a g l u t a t h i o n e  p r e c u r s o r  ( N - a c e t y l -  
c y s t  e i n e )  c a n  i nh  i b i t  e n d o  t o x  i n -  i ndu< .ed  TNII p ro -  
d u c t i o n  .____ i n  v i v o  and  p r o t e c t  a g a i n s t  c n d o t o x l n -  
i n d u c e d  pu lmonary  edema. On t h e  c o n t r a r y ,  i n h i -  
b i t o r s  o f  g l u t a t h i o n e  s y n t h e s i s  p o t e n t  i a t e  1°F 
p r o d u c t i o n .  T h i s  s u g g e s t s  t h a t  f r e e  r a d i c a l s  
c o n s t i t u t e  a s e c o n d  m e s s e n g e r  s y s t e m  i n  ~ h t .  pro -  
d u c t i o i i  of TNF. F u r t h e r m o r e  e n d o t o x i n  a d m i n i -  
s t r a t i o n  i n d u c e s  x a n t h i n e  o x i d a s e  (XO),a p o t e n t  
f r e e  r a d i c a l  p r o d u c e r ,  i n  most t i s s u e s .  T h i s  i n -  
d u c t i o n  i s  m e d i a t e d  by  a n o t h e r  c y t o k i n e ,  i n t e r -  
f e r o n ,  and i s  i n d u c e d  by  a d m i n i s t r a t i o n  of r e -  
combinan t  i n t e r f e r o n s .  A l l o p u r i n o l ,  a XO i n -  
h i b i t o r ,  p r o t e c t e d  a g a i n s t  e n d o t o x i n - i n d u c e d  
pulmonary edema i n  v i v o ,  a n d  a g a i n s t  t h e  i n c r e a s e  
i n  e n d o t h e l i a l  cell p e r m e a b i l i t y  i n d u c e d  by endo-  
t o x i n  i n  v i t r o .  
I n  c o n c l u s i o n ,  f r e e  r a d i c a l s  p l a y  a role a s  s e c -  
ond m e s s e n g e r s  of c y t o k i n e  a c t i o n ,  i n  a d d i t i o n  
t o  b e i n g  i n v o l v e d  i n  t h e i r  p r o d u c t i o n .  
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Reactive Species in Metabolic Disorders 
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18.1 FREE RADICAL PRODUCING REACTIONS OF 
Fe2+ IONS IN BIOMEMBRANES AND 
LIPOPROTEINS 
V l a d i m i r o v  Yu A., Osipov A.N., and Kozlov A.V. 
Depar tment  o Bio h sics Russia Medical 
University, M o ~ o w  117gli Ruisia. 

Fe2+ ions a re  known to react  with h y d r o  en a 
lipid peroxides to produce free radicai. Fe@ 
autoox idat ion b d ioxygen  i s  accelerated by many 
compounds inc Kudin desferr ioxamine and was 
found to be follo%ed$ formation of superoxide. In 
reaction of Fe ions with hypochloric acid, 
h y d r o x y l  radicals were formed as indicated by spin 
tra s and chemiluminescence measurements. In 
h&o hobic hase of biomembrane lipid l a y e r  f r e e  
radicays mecfiate chain perox idat ion reactions, 
which kinetics and mechanism can studied by 
measuring chemiluminescence. Fe ions are 
prooxidants o r  antioxidants depending on ir% 
concentration. The rate of interaction of F e  
dissolved in aqueous hase with NO-radicals o f  
spin-label led fatty acizchains inside the li id layer 
was  measured by monitoring the  EPI! signal 
disa prance. T h s  rate decreased in the  presence 
o f  c!olesterol and increased after lipid peroxida- 
t i o n  in a close parallelism with membrane 
r a t h e r  than membrane fluidity. 
ions can netrate inside lipid laye r  and interact 
there wi t re i t  h e r  lipid hydroperoxides (producing 
new radicals) or with lipid radicals (so inhibiting 
chain peroxidation reactions). 

18.3 THE EFFECT OF ASCORBATE AND DESFERRIOXAMINE 
TREATMENT ON OXIDATIVE STRESS IN DIABETES 

IS Young, S Tate and ER Trimble. Department of Clinical 
Biochemistry, Queen's University, Belfast, UK. 

Increased oxidative stress may contribute to the 
development of complications in diabetes mellitus. In the 
streptozotocin diabetic rat untreated diabetes is 
characterised by increased lipid peroxidation as shown by 
increased levels of plasma malondialdehyde (MDA) 
[diabetic 1.92t0.21 pmol/l ( n = l l ,  mean5SEM)vscontrol 
1.0320.23 pmol/l (n=9), p<O.Ol] and conjugated dienes 
(CD)[0.595~0007Uvs0.540~0.010U.  p<O.Ol]. In 
addition, there were reduced levels of ascorbate (40 6 z 5  6 
vs 67.2?5.7pmol/l. p <0..01), retinol (0.98+0.12 vs 
1.39~0.14pmol/I, p<0.05) and tocopherol (18.02 1 5vs 
28.45 1.6 pmol/mmol cholesterol, p<O.Ol). Insulin 
treatment returned all of these parameters to normal. 
Ascorbate supplementation restored antioxidant vitamin 
status to normal but failed t o  reduce lipid peroxidation 
[MDA2.10+0.25pnol/l,CD 0.620?0.008U(n=9), p=NS 
vs untreated diabetes], probably due to a balance between 
antioxidant and pro-oxidant effects mediated by 
interactions with transition metals. In support of this, the 
addition of daily subcutaneous desferrioxamine to oral 
ascorbate treatment significantly reduced lipid peroxidation 
[MDA 1.2750 21 pnol/ l ,CD0.559~0.008U(n=ll) ,  
p <  0.05 vs untreated diabetes] although desferrioxamine 
alone was without effect [MDA 1.672 0.21 pmol/l, CD 
0.5952 0.007 U (n = 12). p= NS vs untreated diabetes]. Due 
to the presence of increased transition metal availability in 
diabetes, the use of ascorbate supplementation as an 
antioxidant treatment may not be effective. 

OXIDATIVE STRESS IN ISCHEMIA.REPtRFUSION. Albert0 
Boverts. Physicalchemistry Dlvlslon, School 01 Pharmacy 
and Blochemlstry. Unlverstly ot Buenos Alres, Argentina 

Oxldative stress, defined a6 an increase In the physiologlc 
steady4ate concentratlons of active oxygen specles (02'. 
H 2 0 2 .  HO, ROO and ' 0 2 ) ,  occurs upon reperfuslon 01 
ischemic tissues Organ chemllumlnescence in sifu showed 
overshoots of 20 to 60% over the normal stable 
photoemission 2 to 5 mln after reperfusion in rat liver and 
intestine and In rabbit heart The phenomenom was also 
recorded in isolated cells 01 the amoeba Organ 
ischemia lasted lrom 15 mln (heart and intestine) lo  60.180 
min (liver). Tlssue chaln-breaker antioxidants (retlnolds and 
tocopherols) determined by hydroperoxide-Initiated 
chemlluminescence, decreased after reperfuslon In rat liver 
and human heart, lndlcatlng oxidalive stress and correlating 
wilh mitochondrial structural damage. In rat Ilver. Ischemia- 
time correlated with the decrease in mitochondria1 elate 3 
resplratlon and with LDH release. morphologlcal changes and 
edema (water content). Intracellular H202 6l@ady.state 
levels delermlned In liver slices were increased after 
ischemla.reperfuslon. Allopurinol treatment dld not alter the 
increase In intracellular H 2 0 2  concentratlon following 
ischemia-reperfuslon. Phenobarbital treatment did not alter 
H 2 0 2  concentrations. but increabed cytochrome P-450 
level, In slru organ chemiluminescence and LDH release. 
indicatlng a role ol cyl. P-450 in H202-medlated cytosolic 
injury Oxidallve stress during reperfusion seems a 
consequence of the Increase in the rate of 02' and ti202 
produclion by lnhlblted rnilochondria. Converslon of xanthine 
dehydrogenase 10 oxldase. Inactivation of antioxidant 
enzymes and PMN infiltration appear as amplifying events 
that lollow to the primary mltochondrial phenomena. 
Suppomd by grants from CON/C€T and UBA. 

18.2 

OXYRADICALGENERATION AND IRON SECIUESTRATION BY A 
NOVEL MICROSOMAL PROTEIN: A DOUBLE EDGED SWORD ? 
Giorgio Minotti' and Masao Ikeda-Saito2 
'General Pathology, Catholic University, Rome, Italy, and 
2Physiology B Biophysics, Case Western Reserve 
University. Cleveland, OH, USA. 

An Mr - 66,000 Microsomal Iron Protein (MIP) with 17 
atoms Fe (Ill)/molecule has been identified and purified 
(1). An iron-free apoMlP has also been prepared and 
shown to incorporate Fe (Ill) directly or via the oxidation 
of Fe (11) (1,2). In either case, apoMlP cannot be loaded 
with more than the iron present in native MIP, which 
should, therefore, be considered as iron saturated (1 , Z ) .  
MIP can shuttle electrons from NADPH-cyt. P-450 
reduclase to oxygen v/a the reduction-reoxidation of its 
bound iron. MIP can. therefore, stimulate the oxidation of 
NADPH and the formation of 0;. with each iron center 
being inwlved in electron transfer. Although native MIP 
cannot accomodate any extra iron, microsomes from iron- 
loaded animals have higher Fe (Ill) contents and NADPH 
oxidation activities. This suggests that the cell can adapt to 
iron overload by synthetizing apoMlP for the formation of 
new MIP. Both 05 and free iron can be toxic to the cell, 
hence MIP behaves as a double edged sword. On Qne hand, 
MIP may disrupt cell homeostasis by producing 0;. On the 
other hand, MIP may assist ferritin in sequestering free 
iron. Pathophysiological ramifications can be envisioned in 
tissues (e.9.. heart) with low superoxide dismutase 
content and ferritins with low iron-sequestering activity. 
(NATO CRG 901 102). 
1 .  Minolti, G. and Ikeda-Saito, M. (1991) J. Biol. Chem. 

2. Minotti, G. and Ikeda-Saito, M. (1992) J. Biol. Chem. 

18.4 

a. 201 11 -201 17 

XZ, in press. 
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1 8 . 5  EFFECT OF PROTOPORPHYRIN ON THE SUSCEPTIBILITY OF 
HUMAN ERYTHROCYTES TO OXIDATIVE STRESS. 

M. Williams, B . B . H .  Krootjes, J. Van der Zee and J. Van 
Steveninck. 
Dept. of Med. Biochemistry. State University Leiden. P.0. Box 
9053, 2300 RA Leiden, The Netherlands. 

Protoporphyrin (PP) is accumulated in all body tissues of 
patients with erythropoietic protoporphyria. Exposure to light 
can lead to severe skin damage as a result of the formation Of 

reactive oxygen species, but in the dark the accumulation of 
PP can also induce profound toxicity. However, not much is 
known about the biochemical background of these dark effects 
of PP. We used erythrocytes as a model system to investigate 
the toxic dark effects of PP, with special emphasis on 
membrane damage. Red cell membrane damage can be 
reflected by lipid peroxidation and increased permeability of 
potassium ions. Incubation of erythrocytes with hydrogen 
peroxide, tert. butyl-hydroperoxide and cumene hydroperoxide 
resulted in K'-leakage and lipid peroxidation. The presence of 
PP affected peroxide-induced lipid peroxidation and K'-leakage 
in different ways. Lipid peroxidation was inhibited in all cases, 
whereas the presence of PP enhanced the K '-leakage, 
considerably. Another porphyrin. namely uroporphyrin, had no 
effect on either lipid peroxidation or K+-leakage. Subsequently 
it was determined that protoporphyrin binds to membrane 
proteins, whereas the hydrophylic uroporphyrin does not. 
These results might be explained as follows: due to its 
localization in the membrane protoporphyrin is able to 
scavenge lipid radicals, resulting in inhibition of lipid 
peroxidation, but also in the formation of porphyrin radicals. 
The formation of these porphyrin radicals exerts a toxic effect, 
which in the erythrocyte results in an enhanced K'-leakage and 
cell lysis. 

1 8 . 7  ANTIOXIDANT STATUS IN HEREDITARY 
HAEMOCHROMATOSIS 

IS Young, *TG Trouton. JJ Torney. klE Callender. ER 
Tr imble. 

Dfpartment of Clinical Biochemistry, Queen's University and 
Department of Medicine, Royal Victoria Hospital, Belfast, 

Northern Ireland. 

Iron overload may increase free radical production and 
oxidative stress in haemochromatosis. We have therefore 
assessed antioxidant status and lipid peroxidation in 15 
patients with hereditary haemochromatosis and 15 healthy 
age and sex matched controls. Groups were compared 
using the unpaired t test or Mann-Whitney U test and results 
are given as mean with 95% confidence limits. Plasma iron 
was increased in haemochromatosis patients (24.82 3.7 vs. 
17.8+1.7pmol/l, p<O.O5). as were ironsaturation (51.829.9 
vs. 38.1 t6.0%, p<0.05) and ferritin (1 11.72 48.3 vs. 
50.1 t 12.9 pg/I, ~ ~ 0 . 0 5 ) .  Plasma malondialdehyde, 
measured by an HPLC technique, was increased in the 
haemochromatosis group (0.59t0.10 vs. 0.46+0.06prnol/l. 
~ ~ 0 . 0 5 ) .  In addition tocopherol was reduced (5.895 0.73 vs. 
7.24k0.77 prnol/mmol cholesterol, p <0.05), as was retinol 
(1.78k0.24~~. 2.46+0.24pmol/l. p<O.Ol). Total ascorbate 
wasreduced in haemochrornatosis(51.3+18.8vs. 89.1 223.8 
jmol/l, p<O.Ol), but the ratio of dehydroascorbate to total 
ascorbatewasincreased(22.1 ir9.Ovs. 11.4+3.7%. p<O 05). 
There was no change in thiol groups (506 2 85 vs. 448 2 95 
pmol/l, p=NS). These results provide further support for the 
idea that Increased oxidative stress is important In the 
pathophysiology of hereditary haemochromatosis. 

IRON RELEASE AS A MECHANISM OF MEMBRRNE DAMAGE 
IN ERYTHROCYTES EXPOSED TO OXIDANT AGENTS. 

mM.. Signorini c., Ciccoll L. 
and Comport1 M .  

1st. di Patologia Generale, Universith di Siena 
53100 Siena, Italy. 

Iron is released from intracellular stores in 
an active form when the cells undergo an 
oxidative stress; such a release can induce 
cellular damage. Mouse erythrocytes have been 
incubated together with oxidant agents such as 
acrolein, phenylhydrazine, divicine, and 
isouramil. Methemoglobin formation and free 
iron release (Desferrioxamine (DF0)-chelatable 
iron) can be observed during the incubations. 
When the erythrocytes are depleted of 
glutathione (directly by acrolein or after a 
short incubation with diethylmaleate in the 
other cases), i r o n  release induces lipid 
peroxidation (LP) in erythrocyte membranes and 
1ysis.LP and lysis are completely prevented in 
erythrocytes properly loaded by DFO. It seems, 
therefore, that intracellular iron chelation 
prevents erythrocyte membrane damage suggesting 
a primary role of iron initiating oxidative 
reactions. Further studies show that iron, 
released from the erythrocyte lysate by oxidant 
agents, induces damage ( L P  and protein 
aggregation in red cell membranes) in the own 
ghosts separated from the lysate by a dialysis 
bag. These findings could be of interest in the 
study of the alterations induced in tissues by 
hemorrhages. 

18.6 

MEASUREMENT OF THE RESPIRATORY 18.8 
BURST AND PRO'IEASES ACTIVITY IN SERA 
AND PMNLs OF PATIENTS SUFFERING FROM 
ARTERIOSCLER S S Mohay$A+, Kozlovszky +, B., 
Seres, I., Hauck, M? ', Kiss I 
First Dept. of Medicine, +First. Dept. of Surgery, 
+ +Dept. of Experimental Sur ery. + + +Inst. of 
Biochemistry, Univ. Med. Schoof of Debrecen, 4012 
Debrecen. 
We know that in some pathological state the incidence 
of infections and tissue destruction are increasing. We 
measured the production of superoxide anion and 
hydro8en peroxide, the elastase and myoeloperoxidase 
activities in sera, in resting and in stimulated PMNLs of 
healthy young I < 25yrs1, elderly I > 65yrs1, and of 

/35-59yrs/ and elderly / > 60yrs/ 
arteriosc middle-aPd erotic subjects. In resting state the RB was 
increased with aging and in arterisoclerosis 
independently of the patient age, Under stimulations 
through various receptors we found a clear decrease in 
the stimulation of the RB in arteriosclerosis, while i t  
remained unchanged on the effect of non-specific 
stimulation comparing to young subjects. In the sera of 
patients suffering from arteriosclerosis the RB was not 
increased. The elastase and myeloperoxidase activities 
increased in sera and P M N h  of arteriosclerotic 
patients. Our results suggest that we assist to similar 
tranmembrane signalling altefation in aging and in 
arteriosclerosis, the arteriosclerotic process mi ht 
appear as an early aging process and the increased kE3 
and proteases activity could contribute to the 
pathogenesis of arteriosclerosis. 

, Fulop, T.Jr. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
1/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



18.9 LIPOXYGENASE-CATALYZED MODIFICATIONS 
ON H O L 3  
Rarenghi L,':- Bradamante S ,  Merati G ,  
# Vergani C .  
Fondazione Rivetti, .:t CNR C.Spnc.Sist. 
D r g a n i c i , # I s t . I n t . M e d . , U n i v . M i l a n - I T A L Y  

Lipoprotein oxidative modifications may 
be the result of a concerted interplay 
between the non enzymatic and enzymatic 
lipid peroxidation. We examined the eff- 
ects produced b y  a purified soybean lip- 
oxygenase ( S L O )  on H D L 3  in comparison 
with those found in extensively oxidized 
HOL ( C U - H O L ) ,  prepared by a Cu-catalyzed 
reaction [ I ] .  The  level of SLO-catalyzed 
HDL oxidation was controlled b y  varing 
the S L O  concentra'tion (2000-36000 U SLO1 
umol P L  for 24 h ) .  The presence of pho- 
spholipase A 2  ( 0 . 1 5  ,ug/umol P i )  did not 
increase the rate o f  oxidation. Bioche- 
mical and NMR analysis o f  SLO oxidized- 
HDL [SLO-HOL)  revealed modifications o f  
lipoprotein structure compared to con- 
trol HDL (c-HOL) a s  well a s  to C U - H D L .  
In particular we observed in SLO-HOL 
[using 36000 U SLO/,umol PL) : 

t .PO(pmol / rnrnol  P L )  338534 5 ~ 5 . 6  nd 
TBARSC nmol /mg T C )  9.3~0.03 3856.4 nd 
E M  on agarose( crn) 1.8-2.2 2.5-3 1 . R - 2  
Apo A 1  M W  ( k D a )  25.4 28-200 22.3 
Oxysterol(% o n  TC) n d  30 nd 
We suggest that SLO-HOL i s  an example of 
minimally modified H D L .  
IlBradamante S et al. FRBM 1992 i n  p r e s s  

SLO-HDL C U - H O L  C-HDL 

18.11 1NCREASE1) HYDROGEN PEROXIDE FOWATION I& STIMU- 
LATEG PLATELETS OF PATIENTS WITH ESSENTIAL THROE 
BOCYTHAEMIA ( E T )  
Leoncini G., Maresca, M., Colao G., *Piana A . ,  
*Armani U. 
lstituto di Chimica Biologira e *Cattedra di C l j  
nica Medica R R .  Universit; di Genova, Viale Ben5 
detto X V / l ,  16132 Genova, Italy 
In platelets of patients affected with ET, meta- 
bolic, structural and functional abnormalities 
have been described. A non controlled oxygen ra- 
dical production seems to be implicated in path2 
logical and aging processes. Since some of the 
alterations described in ET could be related to 
their modified oxidative state, the basal levels 
of oxygen species (superoxide anion and hydrogen 
peroxide) and their modification induced by ago- 
r6ists have been assayed. In activated piatelets 
of patients lower concentrations of  superoxide 
anion and higher quantities of hydrngen peroxide 
than i n  controls have been measured. The assay 
of the most important enzymes implicated in the 
reactive oxygen species metabolism pit in eviden 
ce that the specific activity of NADPH oxidase 
and that of superoxide dismutase are incr-eased. 
Catalase on the contrary is decreased in plate- 
leis of ET patients. 
The abnormal hydrogen peroxide product ion ohserv 
ed in platelets 0 5  patients, consequence of the 
modified ratio between the prnducjng and the sca 
veriging oxygen radical enzymes could be involved 
in the numerous platelet alterations described 
in E'i. 

FREE RADICALS INJURIES IN AGING: A SURVEY FROM 
THE.RELIAI$ILITY THEORY POINT OF VIEW 

Vltsll K. Kollover 

lnvrr 1 ~ 6 '  o/ Chrrniiul P h y . h ,  Ruvsiun Acudemy of Sciences. Mo.wow 
L)ivrrrcr. C h e r n o p l o v h .  142432. Rursiu 

Tlic results (il our nicaurcnicnts of prcwluctiim iif oxygen free radicals and ESP. 
signals in lissiics o f  rills of different age, us well as the analysis of the data 
availahlc froin IiIcraIurc. evidence l l i a l  any intensilicatian of frre radical chain 
prircrscs such as conihustions or  outhrcaks in living systems with age scems to 
he incrcdihlc. However. the kinctics of mortality rate growth for human k i n g s  
a d  nninials follows [he cxpincnlial law with age. The reliabiliiy thcory 
apprwdch 10 the free radrcal thcory of aging has k e n  developed. In lcrms of this 
approach 11 bcconics possible 10 cxplain how the lincar kinetics of accumularion 
o l  f rw  radical injuries in the cellular targels (chromosomes) leads m the 
cxpmcntial mortality rate growth. as well as lo explain the nature of the well- 
known cinpiric conclations between the maximum life-span values and the 
metabolic factors and estimate spcics-spccific lifespan poicntials (1  20 years for 
men) 11 Iias hccnalsocsiimatedtha! Ihclifc-spanofprimaiescouldrunupto2SO 
years hui lor lhc injuries due to the oxygen free radicals. 

18.1 0 

AN ASSOCIATION BETWEEN TRANSFERRIN SATURATION 18.1 2 
AND MORTALITY IN 

MALNOURISHED JAMAICAN CHILDREN 

V.D. Hamdath, .M.H.N.Golden, ILK. Golden R. H.Howell 

Tropical Melabolrsm Research UII I I .  Unrvcrsiry <,/[he West Indies. 
Kingsrun 7 ,  Jamuica. Wesr / d i e s  

Mortality amongst malnourished children is a s s w i a u l  with high hepatic stores 
of iron (Fe). This excess Fe ha.  been implicatcd in the acliology of oedematous 
malnutrilion. To  examine the possibiliiy that unbound Fc may k present in the 
plasma~ifmalr~ourishcd Jamaicanchildrcn. Feand i s  transport protein. uansfcmn 
(Tr) were rneasurd. Transfcrrin satwiltion (QTS) was calculated. A groupof 23  
healthy children served IS controls. Plasma Fe lcvcls (pg/dl) in children with 
niara..mic-kwashiorkor(MK; n=S9: 7Oi4 -nieall-tSEM). kwashiorkor(K; n=37: 
76i4). and in those who died (D; n=24: 11 I i l  5 )  were not significantly different 
from the uintrol gmup (C; 7%8). In the marasnlic group Fc levels (M: n=63: 
66f4 pddl) wcrc significantly lower (p<O.OS) than nornial. In malnu1rit;on. T r  
levels (mg/dl) were significantly lower (p<O.OOI) than normal: C- 2 3 3 i 1 0  M- 
17MlS; n=M: M K - 1 1 0 f 1 0  n=61: K-8Si.13; n=41: D- 77flS; n=24. In the 
marasmic group transfemn levels werc significanlly higher (p<O.oOl) than the 
other malnourished groups. %TS was lowest in the marasmic group and highest 
in the group of children who died. At a %TS o f  ~ 3 0 % .  mortality was 5% 
compared with a monality of 24% when %TS was >W%.lt is concluded that 
oedcmstous malnourished Jamaican children have niirm;il plasma lcvcls of iron. 
hut significantly rcduccd levels of circulating uansfcmn. The latter were morc 
ahnormally decreased inchildrcn with kwashiorkorand 11iosc whodied. Elevated 
%TS was assncirad with increased mortality. 
'niis work was s u p p i r i d  by the Wcllcome Tni.1 
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18.1 3 

18.1 5 

5-AMINOLEVULINIC ACID: A POSSIBLE 
ENDOGENOUS SOURCE OF REACTIVE 
OXYGEN SPECIES IN SATURNISM AND 
ACUTE INTERMITTENT PORPHYRIA 
E.J H. Bechafa, M. Hermes-Lima, R.F. Castilho', V.G.R. Valle* and 
A.E. Vercesi . Instituio de Ouimica da USP, CP 20780, 01498 Sao 
Paulo, SP, Braiil and lnstitulo dc Biologia da UNICAMP, CP 6109, 
1.3081 Campinas, SP, Brazil. 

5-Aminolevulinic acid (ALA) - a heme precursor accumulated in 
saturnism and acute intermittent porphyria (AIP) carriers - has been 
shown to yield 0 2 - ,  H202. and HO by iion-catalyzd aerobic 
oxidation. Upon incubation of ALA (mM) with rat liver mitochondria 
(RLM), transmembrane potential collapse, calcium flux alterations, 
and state-4 respiratory rate increases can bc olwrved. RLM swelling 
can also be verified even at the ALA concentrations (50-100 pM) 
expected to occur in the liver of AIP patients. Removal of 
contaminant Ca2+ (10 pM)  from the RLM suspension medium by 
added EGTA abolishes the Am-induced potcntial collapse and 
swelling. Prevention of ALA-induced swelling by addition of 
ru:henium red prior to RLM energkition demonstrates the 
deleterious coadjuvant role of internal Ca2+.  Addition of 1-5 mM 
Mg2' completely prevents the ALA-induced swelling, potential 
collapse and Ca2+ efflux The RLM damage promoted by 
AWinternal  Ca2+ is partly repaired by addition of either catalase, 
o-phenanthroline or dithiothreitol, sugesting mitochondria1 injury 
involves oxidation of membrane SH-proteins. Thcse data might be 
relevant with regard to thc biochemical nicchanisms (oxidative 
stress?) invofved in the clinical manifestations of both diseases. 
Acknowledgements: FAPESP, CNPq, and BlDlUSP and Atlantis 
Brasil Com. Ind. Ltda.. 

TOXICITY OF SINGLET OXYGEN GENERATED 
THERMOLYTICALLY IN ESCIiERICIiIA COLl 

TCISUO Nagano, Takako Ohwada, Hitomi Mizuki and Mauaki llirobc 
Faculty of Pharmaceutical Sciences. Universiiy of Tokyo, Hongo, 

Bunkyo-ku. Tokyo 113. Japan 

Much intcrcs& have k e n  focused on rextivitics of singlet oxygcn 
('03 not only in the field of organic chemistry, but also in hi11 of 
biological chemistry. The effeu of '9 on living cells has bccn 
examined mainly using a class of dyes known as photodynamic 
sensitizers. Howcver, '0, pcraml from the pholoscnsitimr-light-O, 
system or from the NaOCI-H,O, system is often accompanied by other 
reactive species whose toxicities should be difficult to distinguish from 
that of '0, in living cells. Generally. photosensitizers with irriidiation 
often rcact with biological components in dcpcndent of 'O? In 
photodynamic systems it is often uncenain to what extent an eNwt can 
be ascribed to '4. Thus the photosensilizex-light-0, systcm should be 
used only with special pmul ion .  We have applied a wa:er-solublc '0, 
source, which is generared thermolydcally, but not photochemically, for 
examining biological damages by '4 This '0, generating system using 
naphlalene endopcroxide derivatives appars to overcome the difficulty 
and provide significant resulls for elucidation of '0, toxicity. Our 
intercs: was fccuscd on thc loxicity of the water-soluble 
naphlhalene-dcrivcd cndoperoxide showing cemperaturcdcpcndcnt '0, 

release on Escherichia coli growlh and survival. A: this c o n f m m  we 
repon that E. coli growth was inhibited by '4 from the cndqrcroxidc 
wihou: induction of supcroxide dismulasc and that Lhe toxicity was well 
rclatcd to half-lives of naphlhalene derivatives. 

CHANGES OF INTRACELLULAR I O N S  INDUCED BY 18.1 4 
SUPEROXlDE : REAL TIME OBSERVATION I N  
SINGLE LIVING CELLS 
Masumoto,N.,Kasahara,K.,Tahara,M.,Mizuki,J. 

Tasaka.K., Miyake,A..Tanizawa,O. 
Department o f  O b s t e t r i c s  and Gynecology 

Osaka Un ive rs i t y  Medical School 
Osaka 553 Japan 

The e f f e c t s  o f  superoxide on i n t r a c e l l u l a r  
ions were i nves t i ga ted  i n  human amnion c e l l s  
u s i n g  d i g i t a l  i m a g i n g  m i c r o s c o p e  and 
f l u o r e s c e n t  dyes  s e n s i t i v e  t o  i n t r a -  
c e l l u l a r  Ca2' ( [ C a " j i ) ,  i n t r a c e l l u -  
l a r  pH ( p H i )  and i n t r a c e l l u l a r  M g "  
( I M g 2 *  I i 1 .  S u p e r o x i d e  i n c r e a s e d  
[Ca'* 1 i. The i n c r e a s e  was p a r t i a l l y  
dependent  on e x t r a c e l l u l a r  Ca"'. 
S u p e r o x i d e  a l s o  i n d u c e d  i n c r e a s e  o f  
pHi and d e c r e a s e  o f  [ M g 2 ' ] i .  w h i c h  
p receded  t h e  [Ca'* 1 i change .  These 
changes were  i n h i b i t e d  by a n i o n  
c h a n n e l  b l o c k e r  D I D S  and  SOD i n j e c t e d  
i n t o  c e l l s  b y  c e l l  f u s i o n  t e c h n i q u e .  
Changes of p H i  a n d  [Hg") i  a a n i p u l a t e -  
ed b y  N H s C l  o r  [Mg2*]i i o n o p h o r e  
a f f e c t e d  t h e  [Ca" ' ]  1 i n c r e a s e  i n d u c e d  
by s u p e r o x i d e .  These r e s u l t s  s u g g e s t  
t h a t  s u p e r o x i d e ,  t r a n s p o r t e d  t h r o u g h  
a n i o n  c h a n n e l s  i n t o  c e l l s ,  d i r e c t l y  
i n d u c e d  pHi  and [ M g " ' ] i  changes and 
t h a t  t h e  changes may r e g u l a t e  b i o l o g -  
i c a l  f u n c t i o n s  o f  t h e  c e l l s  v i a  t h e  
Ica" 1 i j ncrease. 

SIMULTANEOUS MEASUREMENT OF ALLANTOIN AND 18.1 6 
URIC ACID IN DIABETIC PATIENTS AS A MARKER FOR 
OXlDATlM STRESS. 
Ora Lux, Daya Naidoo and Chris Salonikas. 
Department of Clinical Chemistry, The Prince Henry/ 
Prince of Wales Hospitals, Randwick, N.S. W. 2037, 
Australia. 

Glucose and glycosylated proteins have been shown to 
promote the production of oxygen free radicals. 
Oxidative stress may therefore contribute to the 
development of diabetic complications. Several 
oxidation products were proposed to correlate with the 
extent of tissue pathological damage. In this study we 
determined the levels of uric acid and its major 
oxidation product allantoin in diabetic patients, in 
relation to their glycaemic control. Allantoin and uric 
acid were measured simultaneously by an improved 
HPLC technique in plasma ultrafiltrate from fifty 
diabetic patients and eighteen healthy individuals. 
Allantoin levels in the two groups were 19.8 2 0.9 
and 16.5 1.3 respectively, uric acid levels were 
290 2 13 and 340 2 7 (pnoVL, mean 2 SEM). 
Uric acid is generated in the human body by the 
oxidation of purines but no enzyme is present to oxidize 
it further, thus allantoin might be a "marker" in vivo 
for the extent of oxidative stress. However a calculated 
index from the concentration ratio between allantoin 
and uric acid in the two groups was 70 2 3 versus 
50 2 4 (mean 2 SEM) (pc 0.005). suggesting this 
may be a better indicator for oxidative stress than 
allantoin levels per se. The correlation between this 
marker and the degree of glycaemic control is still 
under investigation. 
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18.17 INDUCIRLE DILIRUIlIN- AND PORPHYRINOGEN.  
OXIDIZING SYSTEM OF LIVER MICROSOMES.  

F. D e  Mutlek, SJ. Dawuin and .Il.li. I'ramsso 

M I K  'I'mricolo~y Unri 
Curdhullon. Surrey, SM5 4EF. Ilnglutrd 

We have recently dcscribcd a bilirubin-degrading system. iii the hcpauc and rm.1 
microsomal fraction. that can hc induced by treatment with either TCDD. 0 
naphthoflavonc o r  3-mctliylcholanlhrcnc in v i v o  and niarkdly stimulated by 
addition of a planar pulychliirinaul biphenyl ( ITR)  10 the niicroromes in vitrii. 
Addition of the biphcnyl also caused a dose-dcpcndcni inhibition of the EROD 
aclivity. suggesting tight binding of the chemical to  thc active site of the tnduccd 
cytochrnnic. leading to production of a bilirubin-dcgratling s p i e s .  
We havenow ccmparcd bilirubin and hen ahydmunrpiqihynn (unipirphynnogcn) 
as substrates for this inducihlc oxidiiing system. using lwcr microsomcs from 
0-naphthoflavonc-induced cliick embryos and 3-meliiylcholanlhrcnc-induc~ 
male rau.  With chicken microsomes the ratc of oxidillion nf hoth subsuatcs was 
stimulated by planar PCRs (3.3.4.4'-tetrachlorohiphcnyl and 3.3'.4.4'.5.5'- 
hexachlorohiphenyl). while their non-planar di -iirlhosubstiluwd wngcncrs WCI r 
virtually inactive. Microsomcs obtained from induced rats hchavcd in niost cascs 
as described above lor chicken microsomcs. However in the case o r 4  out of a 
total of 14 rats, the basal ratc of oxidauon o l  hoth hillrubin and pnrphyrinogcn 
(Ihc ratc. that is. wilhoul addition of a I'CR) was rignllicanily highcr and the 
planar PCRs failed to sdmulatc furllicr the oxidalion of the porphyrinogcn and 
wem less cflcctivc II stimulating biliruhin oxidation Tticsc findinl:- hclp 
substantiate thc hypothesis dial intcractiiin iil a pi)lyh.ilqcnaicd aromatic 
compound with Llic induced cyiir-hnmc may inithlic ,111 IIXN!IIIW n i u h a n i c m  
leading lo oxidation o f  largcr molcculcs in ihc ccI1 ti<.wc.,cr wi cannol yci 
provide an explanation f o r  the aiionialnu'i h c t i a v i o u r i > l  t l ic  intcrosonic~obl;lincd 
from some rats. 
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19.1 Oxidation reactions of the purine and pyrimidine 
moities of DNA and model compounds. 

J. Cadet' M. Berger', G. Buchko', J.-L. Ravanat' and 
H. Kasai' 

'Laboratoire des Lesions des Acides Nucki ues, 
SESAM/DRFMC Centre d'Etudes Nucleaires, 852, F- 
3 804 1 GrenobIe Cedex, Fronce and 'Biol y Division, 
National Cancer Center Research institute, To 2 yo, Japan 

The main ovailoble reactions of reactive oxygen species 
including OH radicals, superoxide radicals, singlet 
oxygen, ozone ond hydrogen peroxide with the base 
moieties of 2'-deox ribonudeosides and DNA are 
critically reviewed. L addition, information is  also 
rovided on the oxidation reactions that arise from the 

Pormation of a purine or o pyrimidine radical cation as 
the result of initial electron transfer processes. Emphasis 
is placed on the rde of the DNA structure and external 
factors such 0 s  reducing agents on the reactions of 

urine radicols. A survey of the main approaches 
LPLC seporations associated with various spectroscopic 
detections, GC-MS postlobeling assays, ...) involvin 
either initiol acid hydrolysis or enzymic digestion o 
DNA which were recently developed for monitoring the 
formation of oxidative DNA base damage in cells and 
tissues are also presented. 

9 

19.3 OXIDATIVE STRESS I N  H U M A N  SPERM: DNA QAMACE 
AND ANTIOXIDANTS. 

C e w r  C. Frugal, Paul A. Molchnik2 and llruce N.  Ames?. 

I Division o/Pkysiral Ckemislry. Srhool OfPharmacy and Biochemistry. 
University Of BIU,U,.S Air rS .  A r g e N i M  

2Divi.vion of Biwkemisiry and Molecular Bi010gy. 
University oJCalifortua. Berkeley. U.S.A 

Thc spcrm cclls arc suhjcctcd to oxidativc daniagc under normal physiological 
conditions. Oxidative suess arising froni an increase in the production of active 
oxygen species or insufficient antioxidant lcvcls could lead to modifications (if 

normal sperm cell functions. This oxidalive strcss may produce cells conlainrng 
highly oxidizcd DNA, potentially incrcaing the probability of mutations and 
birrh defects. Thc cxtent of oxidativc damagc and antioxidant protection in 
human sperm was determined by rncdsuring the endogenous levels of a) 8 - 0 x 0 ~  
2deoxyguanosinc (oxo'dG) in DNA; h) antioxidants in seminal plasma; and c )  
the spontaneouschimilumincsccncc (CL) or isolated sperm cells. The following 
resulls wcre obtained: a) steady statc lcvcl of oxoXdG = 14f2  fmolcs/pg of DNA 
( d . 3  oxo'dGI10' dG = 27.000 crxo'dG/spcrm): b) antioxidants in serninhl 
plasma:u-uropheml= l.lf0.1 pM: ascorhatc=39~55~;ur icac id :36Xf42  
pM. The concenuaiias  of B-carotene. uhiquinol-I0 and lycopcrne werc nnt 
dctectcd (<50 nM): c )  isolatcd spamatoma CLF.430 cps/5x1O'cclls (=2.0n10' 
photons/s/ccll). 
The rcsults indicate: a) endogenous oxidntivc damagc to spcrm cclls is extensive: 
h) h i s  damage is incrcascd in conditions of iixidativc stress; c )  adquatc lcvcls 
of antioxidants would protcct thc spcrmatonia against irrcvcrsiblc oxidativc 
damagc. The inversc rclationship ohserved hctwecn the lcvcl of oxidativc 
damagc to spcrm D N A  and seminal plasma ascorbic acid lcvcls indicate that 
diclary ascorbic acid pmtccts spcnn fnnn cridogcnnus oxidativc D N A  damagc 
The steady statc lcvcl nfoxidativc dam.igc to sperm D N A  is important in that i t  

could lead to improper spcnn function. inrcrtdity. and birth defects. 
This work was supported hy grants: NCI CA 3991 0 and IEHS ES 01896 t o  R N  A. 
Knckfcllcr Founda~icm RF 89033 t o  CFG; and A H A  YO-28 to PM. 

DNA BASE DAMAGE AND DNA-PROTEIN CROSS- 19.2 
LINKS IN CRROMATIN OF y-IRRADIATED OR 
H,O,-TREATED CULTURED HUMAN CELLS 
M. Dizdaroglu, R. Olinski C 
2 .  Nackardien 

National Institute of Standards C 
Technology, Gaithersburg, MD 20899, USA 

The induction of DNA base damage and 
DNA-protein cross-links (DPCs) in 
chromatin of y-irradiated or H,O,-treated 
cultured K562 human cells was 
investigated using GC/MS. Eleven 
modified DNA bases were identified and 
quantitated in chromatin of y-irradiated 
cells. Hydroxyl radical involvement in 
product formation was inferred from the 
pattern of lesions. Linear dose-yield 
relationships of most modified DNA bases 
were observed from 42 up to 200 Gy, with 
no increases observed in the yields 
above 420 Gy. The yields of guanine- 
derived bases amounted to ~ 4 5 %  of the 
total net yield of modified bases. Both 
8 - 7 - 8 2  ~y of y-rays and 0.5-10 mM H,o,- 
treatment of cells caused formation of 
a thymine-tyrosine cross-link. Its 
amount was increased up to =4-fold above 
the control level. The yield of this 
DPC reached a plateau above 82 Gy or 10 
mM H,O,. Pretreatment of cells with KCN 
or ascorbic acid increased the amount of 
the Thy-Tyr cross-link, whereas 
dimethylsulfoxide and o-phenanthroline 
partially inhibited its formation. 

MUTAGENECITY OF DOXORUBICIN IN A FREE 
RADICAL GENERATING SYSTEM 

E. L. Nalvarte and D.M. Yourtee 
Division of Pharmacology, Schools of Phamacy and Medicine 
University of Missouri, Kansas City. MO. USA, 64108-2792 

Doxorubicin. an effective anticancer agent, has dose limiting 
cardiotoxicty and has been described as genotoxic with strong 
mutagenic activity. The capability of doxorubicin to intercalate 
DNA is the usually cited mechanism of mutagenic activity. There 
has, unfortunately, been but scant attention directed to its 
capability of producing fm radicals in the mutagenic context yet 
studies using isolated DNA have correlated increased DNA damage 
with the doxorubicin Fe(II1) complex (1.2). In this study, the 
mutagenicity of doxorubicin in a free radical generating system was 
tested. The free radical mutagen sensitive Salmonella smin TA102 
was used in conjuction with two sources of iron FeC13 and 
Fenitin, the biological source of Iron. Comparisons also included 
experiments with GSH and rat liver S-9. The concentrations of 
Ferritin, inorganic iron, GSH and rat liver S9 used were non- 
mutagenic and non-cytotoxic to the tester strain bacteria Ferritin 
alone increased the mutagenecity of doxorubicin by 45% while a 
1: 1 stoichiometric combination of doxorubicin with inorganic iron 
alone showed a 20% increase. Furthermore, the mutagenecity of 
doxorubicin was increased 100% with femtin in (he enzymatic 
environment as compared to the mutagenecity of doxorubicin in the 
enzymatic system alone. It is suggested from these and other 
results that fenitin may, enhance the mutagenecity of doxorubicin 
by providing ferric iron and thus potentiating its capability to 
produce doxorubicin free radicals and oxygen derived free radicals. 
(1) Berlin, V. and Haseltine. W.A., 1. Biol Chem. 256, 4747, 
1981. (2) Eliot. H., Gianni, L. and Myers, C. Biochem.. 23,928, 
1984. 
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1 9.5 DNA OXIDATIVE DAMAGE ANT) MI I'IAGENESIS IN E. COLI 
D. Touaii. R. 'I'ardat and I. Cornpail 
Ikpanmeni  of Microbiology. institut Jncqucs Monod, 
2 Plrcc Jussicu, 75251 Paris Ccdcx 05 - France 

Although supcroxldc r a d i u h  do not dircctly otiack 
DNA, tlicy favor thc formation of oxygrn spccies, 
such as  hydroxyl rndicnls prnduccd via a Fciiton 
reaction. which daniagc DNA. Supcroxidc dismutase 
as rcmoving suycroxidc prolcct tho cells from such 
damagc. Indccd SOD deficient miitants werc shown to 
have incrersc.d spnntancous mutagcricbis. We show 
hcrc that simllarly 111 lncrcssc of iron intraccllular 
concciitiaiion crcstcd by the dereprcssion of thc 
sysicm of  iron assimilation (in E .  cofi fur mutaritr) 
favors an i n  vlvn Fcnron reaction arid lcads to DNA 
damage .  f u r  rnulanis show increase oxygcn 
dcpcndeni sponionoous muiagcncsis. and fur rccA 
double mutants nte visblc in anacrubiosis, but dicd 
irpnn shift to acrobiosis: Addilion of ferrosin (iron 
chclators), DMSO or  thiourea (supposedly radical 
scavcngcrs) conipletely or partially protcct tlic cclls 
from dealh upon shill to aciobiosis., suggcsting th31 
oxidailve dariiagc (prcsumebly double strand breaks) 
arc rcsponsiblc for the cell death. This obscrvarlon 
provide6 a biologicnl significance LO tlis rcgulation 
of MnSC)U by Fur. Fur protcin nccd rcduccd iron 3s a 
cofacior iu t c  activc. In aufficicnce of iron. Fiir 
l in i i tcs  in t racol lu la r  i ron concentrar ion and 
porenl ia l  ox ida t ive  damapc.by rcyicsslng iron 
assimilaiion. i t  also partially reprssscs MnSOn 
ciprcssion.  When iron bccamcs ccnrce. the iron 
assimilat ion dcreprcsaian produccs Y I I  oxidativc 
burst which is conipcnsatcd by thc dcrcpression of 
MnSOD. 

19.7 DNA SCISSION MEDIATED BY 
ASCORDATE AND BY THIYL RADICALS 

John A. Murphy* and Jonathan Griffiths, 
Department of Chemistry, University of Nottingham. 

University Park, Nottingham NG7 2RD U.K. 

It is established that molecules such as glutathione, ascorbic acid, 
tocopherol protect against damage to DNA by quenching rcactivc 
radicals. We suggested that although these molecules do have a 
protective effect when the body is exposed to reactive free radicals, 
they could in principle also damage DNA in the presence of cenain 
chemicals. The purpose of this project is to identify undcr what 
circumstances this happens. 
The model study was performed by allowing ascurbate to act as 
an electron donor to compounds capable of being converted into 
reactive species by this process. Arene diazonium salts were found LO 

undergo very rapid reaction leading to scission of DNA from QX 
174. The mechanism of the reaction was shown to involve elecuon 
transfer. The nature of the chemical reactions was further 
invesrigalcd by examining the reaction of diaznnium salts with 

models of deoxyribosides in the presence of electron donors. 
The reactions of thiyl radicals [related to glutathionyl] with 
alkynes were investigated. Here the product vinyl radicals also 
reacted with models of deoxyribosides by reactions which lead to 
DNA cleavage. 
This study shows that it is now possible to predict that glumhione 
and ascorbate in the presence of co-factors can indeed lead IO cleavage 
of DNA. 

MUTAGENESIS BY OXYGEN FREE RADICALS 
Daniel I. Feig and Lawrence A. Loeb. 
Department of Biochemistry, University of 
Washington, Seattle, Washington 9 8 1 9 5 .  

Reactive oxygen species (ROS) produced in 
mammalian cells have been implicated in DNA 
damage and malignant transformation. In order 
to assess the contribution of ROS to 
mutagenesis, we have determined the effect of 
ROS damage to DNA on the fidelity of purified 
mammalian DNA polymerases p and a .  
catalyzed oxidation systems containing 
Fe(II)+H202 or Cu(I)+H202+ascorbic acid were 
used to damage a single-stranded lacZn sequence 
in M13mp2 DNA. Following damage, the DNA w a s  
copied by purified recombinant rat DNA 
polymerase p (pol p)  or calf thymus DNA 
polymerase a (pol a). Mutants with reduced p -  
galactosidase activity were isolated and 
sequenced. Oxidative damage to DNA increased 
the error frequency of pol p 3 . 4  to 4 . 2  fold and 
that of pol a 2.9 to 4 . 1  fold. Analysis of the 
mutational spectra suggests the mutants 
resulting from oxidative damage fall into four 
categories: randomly dispersed single base 
substitutions or deletions; 'hotspots", where a 
s i rry ic  O d a i  subsrittitior, L ~ L U L ~  f:Lbu>ntld. :,& 
the same site in lacza; multiple mutations in 
which a single mutant contains 2 or more 
closely spaced base substitutions; and an 
exacerbation of certain mutational hotspots 
that are specific to each polymerase. The 
latter two categories suggest that in addition 
to miscoding by damaged nucleotides. ROS damage 
may induce conformational changes in DNA that 
reduce the fidelity of polymerases in the 
vicinity of a lesion. 

Metal 

19.6 

MENADIONE INDUCES AN INCREASE IN INTRACELLUIAR 19.8 
Cu AVAILABLE FOR OXIDATIVE DNA DAMAGING 
REACTIONS. 
Rogerio Meneghini, Elizabeth A. L. Martins and 
Marcelo Calderaro, Department of Biochemistry, 
University of S B o  Paulo, CP 20780, S l o  Paulo, 
Brazil. 

Transition metals are important mediators of 
oxidative DNA damage. Therefore, it is important 
to evaluate whether the cellular pool of "free" 
Fe and Cu is modified in cells under oxidative 
stress. When V79 Chinese hamster cells are 
exposed to menadione, Cu is released from 
storage sites and becomes available for 
oxidative DNA damaging reactions. This can be 
probed by 1,10 phenanthroline (phen). which 
forms a strong clastogenic ternary complex with 
Cu and DNA. Concentrations up to 1 mM of phen 
causes no DNA strand scission (dss). However, if 
cells are previously exposed to menadione, dss 
increases dramatically with increasing 
concentrations of phen. These dss are completely 
prevented by neocuproine, a specific Cu 
chelator. Possible mechanisms of Cu release have 
been considered. The redox cycle in which 
menadione is involved causes GSH depletion and 
it has been recently shown that GSH is involved 
in Cu transport. Metallothionein seems to be 
important in Cu storage and we determined that 
menadione causes a reduction in its content. 
Therefore, the depletion of two major 
intracellular Cu chelators causes an increase in 
the pool of "free" Cu to an extent that it may 
become significant as a mediator of oxidative 
DNA damage. 
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19.9 PHOMSMSITIZED FOIMATION OF 7.8-DIHYDRO-8-OXG2'- 
DMXYGOANOSINE (8-HYDROXY-2' -DDOXYCUANOSINE) IN DNA BY 
RIBQRAVIN 
H.Kasail. Z.Yamaizumi'. F.Yanranato'. S.Nishima'. 
H.Berger' and J.Cadetz ('Biology Division, National 
Cancer Center Research I n s t i t u t e .  Japan; 'Centre 
d'Etudes Nucleaires Grenoble. France) 

7.8-Dihydro-8-ox0-2~ -denxyguanosine (oxo*dC. 8- 
hydruxydeuxyguanoslne) is one of the major forms of DNA 
damage induced by oxygen radicals. Recent s tudies  have 
shown that 1) oxo'dG is pmduced i n  cellular DNA by 
oxygen radical forming carcinogens.; 2) E.coli and 
d i a n  cells have repair mechanism for oxo'&; 3) 
oxo'dG i n  DNA induces mutations. In  this presentation ue 
uish to report that  riboflavin. an endogeneous cellular 
photnsmsitizer, was found to efficiently photoinduce 
the formation of oxo'dG i n  DNA. Exposure of calf thymus 
DNA i n  phaqhate buffer cantaining r ibf lavin to 
visible light w a s  found to generate woad(; whase 
formation was quantified the HPLC-ECD method. 
Irradiation i n  80 X D20 aerated ?jolution uas found to 
lead to a slight decrease i n  the yield of oxo'dc. 
ruling out any significant involvement of singlet 
oxygen. I n  contrast, about fivefold enhancement i n  
formation of oxo'dG uas ohserved when the 
photoreadians were performed in  oxygen-free aqueous 
solutions. A reacticn mechanisn involving guanine 
radical cation and hydration reaction uas pmpased. 
This hypothesis yas confirmed by the incarporation of 
["OI-atun u i t h i n  guanine moiety i n  an isotopic 
experiments using ["O] HzO. Formation of oxo'dG i n  
cellular DNA uas also observed, uhen m ~ ~ s e  lymphoma 
L5178Y cells or human lung fibroblast K138.VA13 cells 
were irradiated i n  the presence of riboflavin. 

19.1 1 MODULATION OF OXYGEN RADICAL-INDUCED 
DIABETOGENESIS I N  TRANSGENIC MICE. 

H. Michael Kubisch', John  P. Phillips' and Charles J. 
Epstein2. 'Dept. of Molecular Biology and Genetics, 

University of Guelph, Guelph. Ont. CANADA; 2Department 
of Biochemistry and Biophysics. University of California, 

San Fransisco, CA. USA. 

We have investigated the role of active oxygen i n  
diabetogenesis through the use of transgenic mice which 
selectively augment normal CuZnSOD activity. Transgenic 
strains RIPSOD 1 1 and 389 cany a fusion transgene made of 
CuZnSOD cDNA of Drosophila melanogaster under the 
transcriptional control of the rat insulin promoter and 
selectively over-express CuZnSOD i n  pancreatic beta cells. 
Transgenic strain TgHS-SF carries an intact human 
CuZnSOD transgene and over-expresses CuZnSOD in a wide 
variety of tissues including the pancreas. We have measured 
the effect of CuZnSOD over-expression in these strains on 
diabetogenesis induced by the radical-generating diabetogenic 
drug, streptozotocin (STZ). Both RIPSOD strains are 
markedly hypersensitive to single acute doses of STZ and, in 
contrast to their nonuansgenic littermates, develop rapid 
hyperglycemia within 24 hours indicative of a rapid failure of 
beta cell function. TgHS-SF, on the other hand, exhibits a 
marked resistance to the effects of acute STZ exposure and, 
in  contrast to nontransgenic littermates and to both RIPSOD 
strains, TgHS-FS exhibits a marked delay in the onset of 
hyperglycemia indicative of significant beta cell protection. 
None of the  transgenic strains show a differential 
hyperglycemic response to repeated subacute doses of STZ. 
These results demonstrate unequivocally that in vivo genetic 
manipulation of CuZnSOD expression can affect 
susceptibility to diabetogenesis, and that active oxygen has 
important diabetogenic potential. 

RADICAL OXIDATION REACTIONS OF T H E  PURlNE 

IRON-CONTAINING MINERALS 

M. Ilergerl, M. dc Humnl, A. Nejjurlt. H. ZulmuZ, 
.I. Guignurdt, H. I'eLerat and .I. Cudell. 

I Laboramire des Lesions d e s  Acides Nuclkiques. SESAMIDRFMC. Cenrre 
d E ~ u d e s  Nucltuires. 8SX. F-38041 Gremible Cedex 

2 Luboroloire de RkacrivirP de Sur/oce ed Slruclure. Univerrire Pierre el 
Morie Curie. CNRS - URA 1106.4 place J u w e u .  75252 Paris Cedex 0s. 

Frame 

The radical oxidation capahilily o f  several classef. <)f iron rich minerals and 
asbcsuis including hicitite,hcmatite.magncritc. mincilc. ncrnalitc, pyrile.uivianire 
and two chrysolitcs was invcs~igatd by using a douhlc expcrimcnral approach. 
One involved the FSR-spin trapping measurcmcnt of oxygen rcactive s p c i c s  
relcascd upon incubation of the minerals in phosphate buffered solutions. In 
addition. the formation of mineral-mcdiatcd oxidation purine dccomposi!ion 
products including 8-oxo-7.8dihydro-2'dconyadcncsinc and 8 ~ x 0 - 7 .  84ihydro- 
Z'dtoxyguanorincwasscar~cd within nuclwsidcsand DNA.This was achicvd 
by using spccific and sensitivc HI'LCclectrochemical assays. Emphasis was 
placed o n  tlic mechanistic aspects OF lhc radical oxidation reactions tnvolved in 
the formation of h e  two C(8) hydroxylalcd pwmc dccoinposilion products. 

1 9.1 0 
MOIETY OF Z'-DEOXYRlnONUCLEOlilDES AND DNA l3Y 

Induct ion of hea t  s h o c k  protein s y n t h e s i s  19.12 
appears  to b e  independent  from DNA st rand 
b r e a k s  
Maria Perin, Salornb Kantengwa and Barbara S. Polla 
Allergy Unit, University Hospital, Geneva, Switzerland 

The induction of stresslheat shock (HS) proteins 
(HSPs) is suggested to be mediated by the presence, in a 
given cell, of abnormal, unfolded or misfolded proteins. 
Oxidative injury, one of the many inducers of HSPs. 
induces both DNA and protein alterations. Furthermore, 
HSPs relocate to the nucleus during cellular injury. W e  
thus asked the question whether DNA alterations could 
represent the final common pathway for HSP induction. 
After exposure of the human premonocytic line U937 to 
HS, hydrogen peroxide, iron, bleomycin (BLM), and 
erythrophagocytosis. DNA strand breaks were measured 
by alkaline unwinding and determination of ethidium 
bromide fluorescence according to Birnboim (1 981 ), 
and protein synthesis analyzed by metabolic labeling and 
SDS-PAGE. We found that both heat shock and H202 
induced DNA strand breaks, and that these alterations 
were potentiated by iron. HS, but not H202, alsa 
induced HSP synthesis. The antitumor drug BLM, which 
intercalates into DNA molecules and causes DNA strand 
scission, did not induce HSP synthesis in U937 cells. In 
contrast, erythrophagocytosis, a physiological process 
which is in 1,25-dihydroxyvitaminD3-differentiated 
cells associated with high level induction of HSPs, did 
not induce DNA strand breaks. Taken together, these 
results indicate that DNA strand breaks are neither 
required nor sufficient for HSP induction. HSPs 
however appear to play a role in protection from 
oxidation-induced DNA strand breaks. 
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19.1 3 CHEMILUMINESCENCE AND DNA STRAND 
BREAKAGE DURING HORSERADISH PEROXIDASE 
CATALYZED OXIDATION OF DNA ADDUCTS 
WITH 24-DECADIENAL 

M.H.G. Medeiros, E.E. Palkow and AS. Lima 
Departamento de Bioquimica Instituto de Quirnica Universidade 
de Sio Paulo, CP 20780,01498, SAo Paulo, SP, Brazil. 

Lipid peroxidation in biological systems is believed to be a toxic and 
destructive sequence of reactions leading to cell damage. The 
interaction of DNA with degradation products formed from lipid 
hydroperoxides gives rise to a fluorescent product which is 
supposed to be implicated in cancer, idamation and aging process 
(Frankel et al, Biochem. Biophys. Ada, 
In the present work, adduct formation between 2,4-decadienal and 
DNA was followed by fluorescence emission (excitation 315 nm, 
emission 420 nm). Addition of 2pM horseradish peroxidase (HRP) 
to the DNA-aldehyde adduct at physiological pH is accompanied 
by chemiluminescence which is dependent on addud 
concentration. Furthermore, pBR322 plasniid DNA strand brerka 
were detected when exposed to this system. 
Knowing now that DNA-2,Qdecadienal adducts generate 
electronically excited species in the presence of HRP, one may 
speculate that these excited species may act as the toxic agents in 
the deleterious processes mentioned above. 
Supported by FAPESP and CNPq. 

239,1987). 

19.15 FREE RADICAL DAMAGE TO NUCLEIC ACIDS 
Helen C a t t e r a l l ,  Michael J Davies  and R C G i l b e r t  
Dept. of Chemis t ry ,  Univ. of York,YORK Y O 1  XH),U.K. 

Damage t o  D N A  can be produced e i t h e r  by d i r e c t  
i o n i z a t i o n  of  t h e  b a s e s  o r  v i a  r e a c t i o n s  of  H O ' ,  
e-aq and H '  produced from w a t e r  m o l e c u l e s .  
Evidence s u g g e s t s  t h a t  damage t o  t h e  sugar-  
phosphate  backbone of DNA is r e s p o n s i b l e  for 
c l e a v a g e  of t h e  n u c l e o t i d e  c h a i n ,  though o n l y  a 
s m a l l  p e r c e n t a g e  of HO' r a d i c a l s  r e a c t  d i r e c t l y  
a t  t h i s  s i t e ;  i t  has  t h e r e f o r e  been p o s t u l a t e d  
t h a t  i n i t i a l  a t t a c k  on t h e  b a s e s  c a n  l e a d  t o  t h e  
f o r m a t i o n  of s u g a r  r a d i c a l s  and hence s t r a n d -  
breakage .  
E.s.r. s p e c t r o s c o p y ,  i n  c o n j u n c t i o n  w i t h  a r a p i d -  
f low s y s t e m  and s p i n - t r a p p i n g  has  been used t o  
s t u d y  t h e  r e a c t i o n  of HO'  w i t h  n u c l e i c  a c i d s  and 
t h e i r  components ;  compar isons  have a l s o  been made 
w i t h  t h e  r e a c t i o n s  of S O 4 - * .  I n i t i a l  s t u d i e s  slw 
t h a t  SO4-' and HO'  ( a t  low pH), g e n e r a t e  r a d i c a l -  
c a t i o n s  from t h e  p y r i m i d i n e  b a s e s  which t h e n  
t r a n s f e r  t h e  r a d i c a l  s i t e  t o  t h e  sugar -phosphate  
backbone. Thus,  u r i d i n e  reacts  w i t h  HO'  t o  g i v e a  
base-der ived  r a d i c a l  a t  pH 7. A t  low pH h m v e r ,  
t h i s  r a d i c a l  i s  l a r g e l y  r e p l a c e d  by a n o t h e r  
base-der ived  r a d i c a l  and  a s u g a r  d e r i v e d  r a d i c a l ,  
whose p r e c u r s o r s  are b e l i e v e d  t o  be t h e  b a s e  
r a d i c a l - c a t i o n .  

Experiments  w i t h  a range  o f  model compounds show 
t h a t  t h e  h y d r o x y l  group a t  t h e  C 2  i n  t h e  s u g a r  
i s  c r u c i a l l y  i m p o r t a n t  for t h e  t r a n s f e r  of 
r a d i c a l  s i t e .  P o s s i b l e  mechanisms f o r  t h i s  
p r o c e s s  w i l l  be d i s c u s s e d .  

DNA DAMAGE TO MAMMALIAN C E L L S  19.14 
UNDER OXIDATIVE STRESS. 

Govind Rao. Marco Cacciuottolo and Janice Lumpkin. 
Chemical and Biochemical Engineering Program and 
Medical Biotechnology Center of t h e  Maryland 
Biotechnology Institute, University of Maryland Baltimore 
County, Baltimore, MD 21228. 

The central role of oxygen derived free radicals in  
inducing damage to various cellular components is well 
established. However, most studies reported in the 
literature have been conducted under conditions where the 
cellular growth environment was not controlled. In our 
studies, hybndoma cells were exposed to various elevated 
oxygen tension levels (200,300 and 476% with respect to 
air saturation at 1 atmosphere) while growing in a 
bioreactor. Using a modified fluorometric assay for DNA 
unwinding, we show that there is a direct relationship 
between the extent of DNA strand breakage and oxygen 
tension. In addition, hyperoxia affects other metabolic 
functions such as the glucose consumption rate, lactate 
production rate and cell growth. When hyperoxia induced 
DNA strand breakage was compared to that induced by 
exposure to hydrogen peroxide, a semi-quantitative 
relationship was observed. Exposure to a dissolved 
oxygen level of 200% induced DNA strand breakage 
comparable to a bolus of 4.2 pM hydrogen peroxide. 
However, the kinetics were quite different with peroxide 
treated cells showing strand breaks within 10 minutes 
versus 180 minutes for hyperoxia exposed cells. 
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Free Radicals in Medicine IV (Red Cells, Hearts) 
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20.1 'ME ROLE OF FREE RADICALS AND VITAMIN E IN HLR.t9N 

WD Flitter , ,!G cOghlan2, 511 Glutton', A Rees2, CD Ilsley 
and 'IF Slater . 
1. Dept. of Biology and Biochemistry, b e 1  University, 

Uxbridge, Middlesex, U.K. 
2. Cardiology Ikparfment, Harefield Hospital, 

Harefield, Middlesex, U.K. 

2 REPEwUSIopl INJURY. 

Results fran studies into free radical production during 
hunan myocardial reperfusion shall be presented. Patients 
undergoing either percutanas transluninal coronary angio 
plasty (PICA) or coronary artery bypass grafting, for the 
treamnt of acute, chronic, stable angina were studied. 
In the first group of 10 patients, sequential coronary 

sinus sarpling was performed ad free radical production 
was assessed using the spin trap PIN. Free radicals ere 
only detected duriq, the reperfusion phase of this techni- 
que ard radical production reached a peak bebeen two ad 
five minutes after reperfusion. 
w s  f a d  to correlate, psitively, w i t h  the degree of the 
Cschaenic insult. 
Paired arterial ard coronary sinus blood sarrples were 

obtained fran patients undergoing routine coraLvy artery 
bypass surgery. Free radical induced dmage was assessed 
by rreasuring the levels of thiobarbituric acid reactive 
mterial ('IBARS). 
in bth arterial a d  coronary sirus blood five minutes 
after reperfusion. 

reperfusion, h v e r ,  changes in vitanin E levels did not 
reach significance in either arterial or cornnary sinus 

Free radical production 

?he levels of ?BARS K O S ~  significantly, 

%ere was a net myocardial loss of vitanin E 30 sec aftei 

STpleS. 

lhese studies provide direct evidence of myocardial free 
radical generation in man during both PICA angioplasty 
ad coronary artery bypass grafting. 

20.3 DETECTION OF GSH-LEVELS IN PERFUSED RAT 
HEARTS BY MEANS OF A NOVEL ESR-METHOD 

H. NOHL. K. STOLZE AND L. WEINER* 
Institute of Pharmacology and Toxicology, 
Veterinary University of Vienna 

Glutathione is considered to be a sensitive in- 
dicator of oxidative stress in reperfused organs 
due to its scavenging activity towards free rad- 
icals. Thus, the continuous monitoring of GSH- 
levels was taken as a reliable approach to 
estimate the existence of an "oxidative stress" 
following reperfusion of the ischemic heart. For 
the first time we have studied the validity of a 
new and highly sensitive method to detect steady 
state concentrations of tissue GSH-levels non- 
invasively. The essential of this method is a 
GSH-induced disruption of a biradical to a 
stable monoradical. Both types of radicals ex- 
hibit different ESR signals allowing qualitative 
and quantitative estimation of GSH. Differences 
in the partition coefficient of the mono- and 
biradical favoured the accumulation of the bira- 
dical in the extravascular space and redistri- 
bution of the monoradical into the vascular 
system. Monitoring of the paramagnetic reaction 
product in the effluent perfusate elicited sig- 
nificantly lower GSH-levels following ischemia 
compared to the controls. This finding clearly 
indicates that reperfusion of the ischemic heart 
causes metabolic alterations in favour of in- 
creased generation of reactive prooxidants. 

Weizmann Inst. of Science, Rehovot, Israel 

20.2 

PEROXIDATION OF THE ANTIMALARIAL. 20.4 
PR1MA~UINE:CHARACTERIZATION O F  A BENZIDINE- 
LIKE METABOLITE WITH METHEMOGLOBIN- FORMING 
ACTIVITY 
Ohara Augusto, Mauricio da Silva Morais, Jeannette V6squez- 
Vivar 

lnstituto de Quimica, Universidade dc Sio Paulo, 01408 S B o  
Paulo. Brad 

Primaquine is one of the most effective exoerythroyic 
antimalarial agents; its clinical utiiity, hdwever, is compromised by 
hematotoxicity. The latter effect is usually ascribed to a rnelabolite 
rather than to the parent compound. The only identified 
metabolites known to be more effective than primaquine in 
oxidizing hemoglobin and depleting GSH from erythrocytes, are 
those expected from cyrochrome P4 O-mediated hydroxylation 
such as 5-hydroxyprimaquine. Althod proteins with peroxidase 
activity such as horseradish peroxidase, methemoglobin and 
myeloperoxidase are known to oxidize primaquine, none of the 
resulting products has been unambiguously identified. Now we 
report the characterization of an organic extractable product 
formed in incubations of primaquine (70mM) with hydrogen 
peroxide (70 mM) and horseradish peroxidase ( 0 5  mg/ml) in 
acetate buffer pH 42. The metabohte was identilied as 55-di- { 8- 
((4-amino-1-methylbutyl) aminold-methoxyquinoline) by 'H- 
NMR, mass, UV-visible and infrared spectroscopy. The elucidated 
benzidine-like structure demonstrates that a carbon-carbon 
coupling between two primaquine molecules occurs during 
peroxidation. The identified metabolite (0.2-0.5mM) was able to 
promote oxidation of hemoglobin in a time- and concenrration- 
dependent manner, when incubated with suspensions of rat 
erythrocytes (25% in phosphate buffer-dine) at 37%. The 
benzidine-like metabolite was more effective than primaquine in 
forming methemoglobin, but less efficient than the previously 
described hydroxylated metabolites. 
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20.5 CARNITINE AND CARNITINE PALMITOYLTRANSFERASE. 

COURSE OF THE SECONDARY ANTIOXIDANT RESPONSE 
TOOXIDATIVE STRESS. 
Arduino Arduini. Vladimir Tyurin, Yulia Tyurina. Gianni Dottori. 

Francesco Molayoni. and *Rona R. Ramsay. 
lstituto di Scienze Biochimiche. Universita’ degli Studi ‘%. 

D’Annunzio”, Chieti. M y ,  and *Department of Biochemistry and 
Biophysics, University of California at San Francisco, U.S.A. 

The antioxidant biochemical network may be envisioned as a 
system o p t i n g  at two different levels: a primary defense barrier 
which prevents oxidative injury by scavenging toxic oxidants, and 
a secondary defense system which eventually repairs the damage 
occurred after the oxidative attack. The deacylation-reacylation 
process of membrane phospholipids is considered a major 
component of the secondary anuoxidant defense system. In fact. it 
is known that peroxidation of polyunsatured fatty acids esterified in 
membrane phospholipids is followed by an increased membrane 
phospholipid fatty acid turnover. 

V k  have recently demonstrated that long chain acylcamitines 
are metabolic intermediates of the reacylation pathway in 
erythrocyte membrane phospholipids. This process takes place in 
the absence of ATP, suggesting that long-chain acylcarnitines 
represent an important pool of intracellular fatty acids available for 
the reacylation of lysophospholipids. and that carnitine 
palmitoyltransferase (CPT) modulates the acyl flux. CPT catalyzes 
the reversible transfer of the fatty acid from CoA to camitine. and 
because of its near equilibrium condition, the net flux of this 
reaction is highly sensitive LO the mass action ratio of the 
reactants. In addition, the inhibition of CFT resulted in a marked 
reduction of the reacylation process in human erythrocytes exposed 
to ter-butyl hydroperoxide. Thus, CPT may affect the reacylation 
process of membrane phospholipids by modulating the size of the 
acyl-CoA pool between the activation step of the fatty acid and its 
uansfer into lysophospholipids. 

KEY MODULATORS OF THE ACYL-TRAFFICKING IN THE 

20.7 S H A P E  CHANGE A N D  SECRETION INDUCED BY 
N-ETI~YL-MAI,EIMII)E IN H U M A N  PLATELETS 

F. I’ulclnelll, K.  Morgunte, H. Grudlnl, A. Zurlo, <LA. Perrune, S. 
I’asqulnl and M.A. R u s w  

Deporrmeril<$ i3permetoi Medicine 
University “La Sopienza”. I(oma. Italy 

N-ethyl-maleimide (NEM) is a cell-pcnctraiing thiol agent with several 
hiirhcmical and physiological effects on hlixwl platelets. NEM inhibits plalelct 
aggregation. but not shap: chingc induced by AUP. Stimulation of platckt 
adenyl-cyclare by prostaglandins (PGEI) is cnhwccd by NEM. and high 
concentration (2mM)of NEM cause irrcvcnihlcdcpletionof pla~elctnuclwtidcs. 
Furthcr.NEM inducesadosc-dcpcndcnt increase incytosolicCa++(asmeasured 
by fluorescent dyes) and pmduciion of thomboxane A2. NEM (2 mM) also 
causes achwgc  in plateletshapc. which in aggrcgomctcr tracings appacars to be 
triphasic; thc first phase causing il slow increase in optical density (OD) of 
platelct rich plasma (PRP). the second being rcsponsiblc of a rapid decrease. Ihe 
third. quite late, cnusing n wave of incrcasc in OD. This work for the first time 
mmlates biochemical and aggrcgomctric changes with chc ulnasuuclwal 
modifications. as studied by scannig and transmission electron microscope and 
by morphomcuy. 
Supported by MURSTgrant (40%) ui MAR. 

THE PROCESS OP HUMAN HXMOGLOBIN AUTOXI- 20.6 
MTION AS SOURCE OF FREE RADICALS IN 

RED CELLS 
llya B. Zavodnik 

Institute of Biochemistry Acad. Sci. of 

Grodno, Belarus, 230009 

Vie studied the processes of reversible 
oxygen binding and nonreversible aut- 
oxidation of human hemoglobin. Super- 
oxide anion was generated in the latter 
process. The activation energy of the 
oxygen binding, as determined by the 
temperature dTpendence of the P 
meter, was 26-4 kJ/mol, the act%ation 
energy of the autoxidation, as deter- 
mined by the temperature dependence of 
the apparent $ate constant of autoxida- 
tion, was 120-15 kJ/mol. The rate of 
autoxidation appreciably increased as 
the pH value of the medium decreased, 
reflecting, probably, protonation of 
the distal histidine of the hemoglobin. 
The activation energy of the autoxida- 
tion was independent of pH. Aliphatic 
alcohols also increased the rate of the 
autoxidation process, probably, either 
by stabilization of the hemoglobin T- 
state, or by direct nucleophilic dis-  
placement of the oxygen molecule as 
superoxide anion. 

Belarus 

para- 

FREE RADICAL PRODUCTION FOLLOWING 20.8 
THROMBOLYTIC THERAPY IN ACUTE MYOCARDIAL 

INFARCTION 
IS Young, *JA Purvis, JH Lightbody. *AAJ Adgey. ER Trirnble. 
Depacment of Clinical Biochemistry. Queen’s University and 

Royal Victoria Hospital, Belfast. Northern Ireland. 

In animal models myocardial ischemia and reperfusion are  
associated with free radical production, although the relevance 
of such studies to  the human myocardium is unclear. We have 
therefore assessed free radical production following 
thrombolytic therapy for acute myocardial infarction. Sixty-six 
subjects were seen within 6 hr of an acute myocardial 
infarction and received 2 bolus injections of rt-PA (alteplase) 
separated by 30 min (total dose  70 or 1 OOmg). Coronary 
patency was assessed by angiography 90 min after the first 
bolus injection (TIMI 0-3). Malondialdehyde (MDA. pmol/l), a 
marker of lipid peroxidation, and the major lipid-phase 
antioxidant vitamin E. (vit E, pnol/mmol cholesterol), were 
measured a t  0,30,60 and 90 min, 6 hr and 24 hr using HPLC. 

TIM1 Omin 30min 60min 9Omin 6hr 24hr 

2or3(patent) MDA 0.91 0.95 1-01 1.02* 0.85 0.90 
n = 5 2  vit E 7.13 6.90 6.71 6.64. 6.96 6.96 

Oorl (closed) MDA 0.90 0.96 0.86 0.89 0.88 0.87 
n=14 vitE 6.19 6.08 7.62 7.81 6.79 6.48 

= ~ ~ 0 . 0 5  compared t o  0 min 

The rise in MDA and fall in vit E following successful 
thrombolysls are consistent with significant free radical 
production. The potential use of antioxidant supplementation 
with thrombolytic treatment to  prevent these changes should 
be investigated. 
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20.9 OXYHEIblOGLOBIN A N D  METHEMOGLOBIN AS 
AN‘IIOXIDAIJTS AGAINST HYDROXYL AXD 

ALDEiIYDE FREE RADICALS. 
Stepuro I. I., S i l i n e v i c h  I. I. ,  Soko- 

lovskaya  S.N. 
l n s t i t u t e  o f  Biochemistry,  Grodno, 

Belarus ,  230009 

We have shown t h a t  reduced g l u t h a t i -  
one (GSH) and c y s t e i n e  are oxid ized  t o  
GSSG and c y s t i n e  as w e l l  as t o  pro- 
duc ts  o f  more profound ox ida t ion ,  such 
as c y s t e i c  acid,GSO H and GSO H under 
the  i n f l u e n c e  of hygroxyl  r ad?ca l s  ge- 
ne ra t ed  by u l t r a sound  dur ing  oxyHb 
ox ida t ion  i n  Penton’s  r e a c t i o n s .  
Free r a d i c a l s  of a l i p h a t i c  a ldehyds 

a c c e l e r a t e  t h e  o x i d a t i o n  of  oxyHb t o  
metHb and also t h a t  of c y s t e i n e  and 
GSH. Free r a d i c a l s  of a l c o h o l s  and a l -  
dehydes reduce m e t H b  t o  deoxyHb i n  a 
compet i t ive  r e a c t i o n .  

I n  the  presence  of  oxyHb, a decrease  
of t he  o x i d a t i o n  ra te  of  c y s t e i n e  and 
GSH was observed. Thyi l  r a d i c a l s  of 
c y s t e i n e , g l u t a t h i o n e  and aldehyde f r e e  
r a d i c a l s  reduce metHb t o  deoxyHb. The 
ox ida t ion  of  a l i p h a t i c  a ldehydes  f r e e  
r a d i c a l s  t o  monocarbonic a c i d s  by 
metHb o r  t h e i r  r e d u c t i o n  t o  a l c o h o l s  
by HbO exer t  a p r o t e c t i v e  e f f e c t  on 
red  cef’ ls ,  because t h e s e  p rocesses  d i -  
minish t h e  l e v e l  of  a ldehyde f r e e  ra- 
d i c a l s .  

20.1 1 EFFECTS O F  (;M-CSF STIMULATION ON VARIOUS HUMAN 
GRANULOCYTE FUNCTIONS AND POSSIBLE 

TRANSMEMIIRANE SIGNALLING WAYS WITH AGING 

Seres 1, Hsuck M. Kiss I, Lenvcy A m d  Fblop T h .  

Tini lkpi ti/MCdirirw. * L k p i .  uj L.rpcrrrwmuI .Sur#cry. “lmr ./ 
Broc hrrniury. Univ Mid .\chool o / l ) c h r c r m  4012 lkbrecen.  l l u n p r y ,  

llrc hiiiiian horninne gr;inulcr yic I I I : I C I I ~ I ~ ~ I . I ~ ~  c~i lo i ry  sliinulating factor ( G M ~  
CSF) IS an imporvan1 in VIYO icgi i lator 01 g r ~ n u l ~ i ~ x r ~ c ‘ \ ~ ~  And nculrophil funcuons. 
Tlrc addilicm o f  GM-CSF t o  iiiaiiirr: human ncuuopliilc prunes Ihicsc cells lo 
siimulatinn hy l l ic  clicmtilactic factor FMLI’. l l i u c .  in addilion 10 its role in slcm 
~ c l l  prolifcrauonGM -CSF plays a role in hubt dcIcnsc Our aim was tn determine 
whcdrcr the CM-CSF has diffcrcnl clfwts on I’MNLs o l  young and elderly 
s u b p i s  and whether ~ h o  ITcan  modulaic i i s  action. meaning the parucipauon 
of a PT scn<itive G protein. We rncasurcd in  caw- o f  10 young (<25yrs) and 10 
eldcrly (>65) healthy SubjKls the 0, pr~iduclion. ihc inuaccllular frex calcium 
melaholism. the intracellular killing and ADCC a c ~ i v i ~ i c s  of PMNLs We found 
in case I’MNLs of young nubjalc that 1. GM CSF primed thc FMLP induccd 
s u ~ r o x i d c  anwn prduction. while i t  was not L11c c a w  for intraccllular frcc 
calcium: 2. the I T u m l d  influence ihcstimulating aclivriy of GM-CSF.as incase 
of FMLP; 3 GM-CSF primed also thc 0, production of IMNLs ofclderly. huc 
1 0  a much lesser dcgrce. while II was not the case lor intrnccllular fret calcium: 
4. rhe ~didnolinflucncetheGM-CSFor FMLI’sdmulations incascofPMNLs 
of elderly. The intraccllular killing and ADCC activity were slimulatcd by GM- 
CSF in case of PMNLs of young and elderly. hul to much lcsser degrcx in the 
latter case. We can umclude that I .  GM-CSF modulate strongly Ihc activity of 
P M N L  ofyoungsubjecls via a ITscnsilivcG protein. 2. while in caseof PMNLs 
of cldcrly its effect is much less and did noi sccm to acl through the same 
transmembrane signalling pathway. 

D e t e c t i o n  or e l e c t r o n  s p i n  r e s o n a n c e  s i g n a l s  in 
blood of HIV s e r o p o s i t i v e  p a t i e n t s .  

20.10 

J .  E m e r i t ,  A .  RassaL. R .  Chiarelli, A .  Marchand 
(cliniqk W<icale - I!+ik?l de ?a .%ilp+tri6ic p m  e t  
k o l e  Normale S e r i e u y  - 214, Rue W i m d  - PAAIS) . 

I n t r o d u c t i o n  : 
An ix reased  p d u c t i m  of ayigen h e - r a d i c a l s  ( K R )  by 
m s t h i a t e d  granulocytes has ally& b x n  recorded in KTV 
s e m p i t i v e  patients. Tnis oxidative stress is assessed i n  
such pat iects  @ an kcmase of p l a .  PEA levels and a 
decrease of V ~ t a n i n  E a~% Seleniwn -A plasm. L-irg 
endotoxic arid hmmrrhagic shock in rats. an lplequivocal 
detecticn of ESR signal a t t r i tu ted  to hare No ccmplexes has 
teen descrited. B b o d  smples of 42 patients fillfilling 
the Cn: c r i t e r i a  of ATE or ARC d of 4 c m t m l s  
inmediately a f te r  ttieeir co l lec t im were t r a n s f e d  into 
esr quartz t u b .  Spectra were recorded a t  102 k m a ESP 
Eruker. 

R e s u l t s  : 
Signals were detected in three spectral areas : 
-a  : 1 , 5 O O < H  ( i . 7 0 0  G (g+4) 
-b : 2,60O<H(3,600 C i g # 2 )  

Similar signals h a s  been detected i n  several patients 
ssanples ard cniy a very weak signal in  area a ,  in ccnt rds .  
The signals wer‘e recorded m l y  in erythmytes .  

C o n c l u s i o n  : 
Tne observed spectra n q y  k related to the presence of a t  
least 3 or 4 differrnt -tic s p c i e s  in low 
m c e n t t a t i c n .  A this iinnent theiP is r o  sufficient 

- C  : 5 , 0 0 0 <  H < 6 . 5 0 0  G (gwl)  

OXYGEN RADICAL I’RODUCTION IIY THE LEUKOCYTES 
OF FANCONI ANEMIA PATIENTS: THE USE OF 

ANTI0XII)ANT THERAPY 

I,.(;. Korkina and  1.15. ARnns’e\ 

Hw,rnn ltuidiuc o j I l c , ~ u m h ~ y  / o r  Children. I17417 Mo,vrnw. Ru\siu 

Fanconi iincniid ( F A )  II an a u i ~ ~ w i i i l  rcccssivc iIi<ordcr. which IS bupposully 
induced hy dc~rca\cd SOL) : I L I I V ~ I ~  and enhanced supcn~)x~dc prixluclion. WE 
lnund t h a t  hlaHxl .md h m c  ni.trrou. Icukocytcr o f  FA patienis not only produce 
the enhanced amount< of oxygen radic i l l~  in comparison with nomnal Icukocyles 
hut ihcsc r d d i u l s  coiil:im liighcr Icvcls 0 1  activc hydmxyl or hydroryl-like 
radicals. Thcsc d a u  ucre ohtaincd frwn the cimrpanson of luminol- and 
hsigcnin~dc~rn~lcnlclreniilun~incsccncc intcnsiticsolFA and nwrnal Ieukcryles. 
We concluded that c l c v a ~ u l  rcactivity of oxygon radicals prduccd  by FA 
lcuk<rytcs may hc onc 01 m a p r  factors of FA dcvclqmg.  Since hioflnvonoid 
r u m  (vilainin 1’) su~riigly inhihiled luminol-dependent CL produced by FA 
Icukocyics. we apl,licd i t  lor the trcatmenl of FA palienu. Long-kern rutin 
trcaunenl of 3 lcmalc childrcn rcsul~cd in an essential dccrcase in CL of hlrwd 
leuuxytcs. adecreaw In the amoin~ofchromow~mcr~nr~ ions .and  impmvemcnt 
of hcmaioliigical characteristics and health of  FA patients. Thercforc mlin can 
bc recommended as and effective drug for llic lrcatmcnt of FA patients. 
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20.13 CHEMILUMINESCENCE DETECTED DURING THE FORMA- 
TION OF FERRYL HEME FROM PERFERRYL COMPOUNDS 

H. NOHL, K. STOLZE AND S. NAPETSCHNIG 
Institute of Pharmacology and Toxicology, 
Veterinary University of Vienna 

Recently we postulated the transient exis- 
tence of a ferryl species in the reaction of 
hydroxylamines or butylated hydroxyanisole 
with oxyhemoglobin (1). More detailed studies 
revealed transient light emission in this re- 
action. Chemiluminescence was also observed 
when H O2 was mixed with metHb or MetMb, but 
not wifh hematin. This suggested the follow- 
ing set of reactions: 
HX-Hb(III)+H202 - - >  'X-Hb(1V)-OH + H20 

'X-Hb(1V)-OH + H - >  HX-Hb(IV)=O + H+ + light 

The identity of the light emitting species is 
unclear. Wavelength analyses of the emitted 
light 8s well as the influence of oxygen ex- 
clude O2 as a source of chemiluminescence in 
theee reaction sequences. The main subject of 
our investigation is to clarify whether the 
observed chemiluminescence is characteristic 
for the involvement of ferryl compounds so 
that it could be used for their detection. 

(1) K. Stolze and H. Nohl, Methemoglobin For- 
mation from Butylated Hydroxyanisole and Oxy- 
hemoglobin. Comparison with Butylated Hydr- 
oxytoluene and p-Hydroxyanisole. Free Rad. 
Res. Corns. (1992), in press. 

!!carts of v a r i o u s  experii : ,cntsl  nzi- 
m : i l s  /:frost f ' rsquerit ly used i n  ischein?: c 
- r e p e r f u s i o n  experi;nents/ !:s-,rc (:sit 2 

d i f f e r e n t  a n t i o x i d a n t  systems. C'ornps- 
r a t i v e  s t u d i e s  were conducted t o  dctcck 
t h e  r e l a t i o n s h i p  between t h e  s n t i o x i -  
dant enzymes aEd l i p i d  peroxida t ion  of 
d i f f e r e n t  p e r t s  of r a t ,  r a b b i t ,  c a t  
and dog h e a r t s .  A t  t h e  same time t h e  
amounts of t h e  most important  water  
s o l u b l e  a n t i o x i d a n t ,  reduced c l u t a t h i o n e  
/GSH/ were conpared. 

Experimental  r e s u l t s  showed, t h e  an- 
t i o x i d a n t  systems i n  dog h e a r t  a r e  most 
s i m i l a r  t o  t h a t  of human hear t .  

HYPOCHLOROUS ACID-INDUCED MOBILIZATION OF ZINC IN 20.14 
ISOLATED RAT HEART MYOCYTES. 
H.Fliss and T.Tatsumi 
Dept of Physiology, University of Ottawa, Ottawa, 
Canada, K1H 8M5 

Hypochlorous acid (HOCl), a potent neutrophil 
oxidant, is suspected of causing injury in 
reperfused myocardium. We have shown recently that 
HOCl can cause oxidative damage by mobilizing zinc 
from isolated metalloproteins. The present study 
examined the ability of HOCl to cause intracellular 
zinc mobilization in rat cardiac cells. Isolated 
myocytes in calcium-free Tyrode solution were 
loaded with N - (6 -me thoxy - 8 - quinolyl) - p  - 
toluenesulfonamide (TSQ) , a Zn'+-specif ic 
fluorescent chelator. Changes in fluorescence were 
rnitored in single cells with a 

spectrofluorometer. Superfusion with 1pM ZnZt bur 
not CuZf (200pM),Fezt (10pM). or Mn2+ (200pM) 
increased fluorescence, confirming the specificity 
of TSQ for Znzt. Superfusion with HOCl (50pM) 
caused a rapid increase in fluorescence indicative 05  zinc mobilization. TPEN (lOpM), a membrane 
p rmeant heavy metal chelator. rapidly decreased 
f uorescence , but EGTA (100pM), a 1 1 0 1 ~  permeant ZLIIC 
c elator, did not, suggesting that ZnZt 
m ! bilization occurred intracellularly. 
D lthiothreitol (DTT.0.5mM). a dithiol membrane- 
p rmeant zinc chelator which we have shown to be 
c pable of reversing HOCl injury in heart, also 
decreased cellular fluorescence. The data suggest 
t at HOCl may cause cardiac injury through the 

pjrmeant zinc chelators (eg. DTT or TPEN) may be 
able t o  reverse-tliis injury. 

1 
m d bilization of cellular zinc, and that membrane- 

INCREASE OF Fe3+-INDUCED LIPID PEROXIDATION IN MI 
TOCHONDRIA ISOLATED FROM SENESCENT RAT HEARTS. 
C.Cuarnieri,C.Muscari,P.L.Biagi and C.M.Caldarera 
Dept.Biochemistry, Center of Research on  Heart Me 
tabolism, Univ. of Bologna, 40126 Bologna, Italy. 

The interrelationship between respiratory func- 
tion and lipoperoxidation of heart mitochondria, 
isolated from 3 and 24 month-old male Wistarrats 
has been evaluated. The respiratory activity(RC1) 
did n o t  change during lifetime. Tissue and mito- 
chondrial malondialdehyde (MDA) levels were also 
unchanged, whereas an elevation of tissue content 
of lipofuscine was evident in aged rats. When a 
reaction of lipid peroxidation was induced by in- 
cubating the mitochondria with a mixture of ADP 
and Fe3+ f o r  10 min, an increase of MDA mitochon- 
drial levels and a decrease of RCI values wereob 
served particularly in the aged rats.Theincrease( 
of Fe3+-induced lipid peroxidation in the mito- 
chondria of the oldest group could be correlated 
with a parallel increase of C20:4 and C22:6 mitg 
chondrial polyunsatured fatty acid content obser 
ved in the same group. These results seem to sug 
gest that heart mitochondria of 24month-oldrats. 
although do not show an impaired respiratory acti 
vity when compared to the young rats, are moreex 
posed to damages induced by peroxidative stress. 

Research supported by grants from M.U.R.S.T. and 
C.N.R. (Ageing project). 
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20.1 7 PRESENCE OF AN ACTIVITY THAT REDUCES NITRO BLUE 
TETRAZOLIUM IN HUMAN ERYTHROCYTE MEMBRANES 
G. Hakim and B. Tadolini 
Department of Biochemistry, University of Bologna, 
Via Irnerio, 48, 40126 Bologna, Italy 

During the study of lipid peroxidation of erythrocyte membranes 
catalyzed by iron, we have observed the reduction of nitro bluc 
tetramlium (NB7?+). In our experimental conditions, the ghosts 
were incubated in the presence of FeCI, and N W .  During this 
incubation no blue formazan was produced. The reduction of 
N B P  occurred only when a chloroform/ methanol mixture was 
added to the reaction. The reaction needs the presence of FeCI,, is 
blocked by the iron chelator o-phenanthroline and the extent of 
colour development depends on FeCI, concentration. The amount 
>f blue formazan formed depends also on ghost concentration. To 
assess the specificity of the chloroform/methanol mixture to 
induce the development of the colour we have tried other solvents 
in different ratios. Some compounds, with general anesthetic 
action, were effective whereas others, among which hexane, 
heptane, benzene, cyclohexane, were not. The activity was lost 
when the membranes were incubated with sodium dodecyl 
sulphate. 
Selective solubilization of proteins from red blood cell membranes 
showed that the activity was mainly associated to the Triton X-100 
extract. 
We developed a method to speahcally stain the activity on 
polyacrylamide slabs. Isoelectric focusing experiments conducted 
on the solubilized membranes showed that the activity banded 
approximately with a PI = 6. The activity could be, in fact, 
adsorbed on DEAE cellulose at pH 7.6 and eluted by increasing 
the ionic strength. 
Studies are in progress to better characterize this activity and to 
ascertain its function. 

This work was supported by grants from Italian M.U.R.S.T. 

20.1 9 TIRILAZAD MESYLATE PROTECTS ENDOTHELIUM 
FROM DAMAGE BY REACTIVE OXYGEN 

W. Rodnev Mathews. C.K. Marshcke. Jr.. R. McKenna 
Biochemistj, The Upjohn Company 

Kalamazoo, MI 49001 USA 

Tirilazad mesylate (U-74006F) is a 21-aminosteroid 
inhibitor of lipid peroxidation under development for the 
treatment of acute CNS trauma and ischemia. We 
examined the ability of tirilazad mesylate to protect 
endothelial function from acute damage by reactive oxygen. 
Endothelium dependent relaxation to acetylcholine was 
measured in rabbit aortic rings contracted with 0.25 pM 
phenylephrine. Acetylcholine produced a dose dependant 
relaxation of the rabbit aortic rings that was abolished by a 
30 min treatment with the superoxide generating system 
xanthine, 0.4 mM, plus xanthine oxidase, 0.1 U/ml, WO). 
Relaxation to the endothelium independent vasodilator, 
nitroglycerine, was not affected by WXO treatment. 
Protection against WXO mediated damage by various 
antioxidants was assessed by comparing the amount of 
relaxation produced by 1 acetylcholine before and after 
X/XO treatment. Inhibitors were added to the baths 25 min 
prior to XIXO. Catalase, 1000 Uhnl, and oxypurinol, 
10 pM, completely protected against XKO damage; 
acetylcholine relaxations were 10lk12 and 96*15% of 
pretreatment oontrol values respectively. Superoxide 
dismutase, 150 Uhnl, partially protected against XlXO 
(39+11% control) while vitamin E had no significant effect 
03-96 control).Tirilazad mesylate, 0.05 pM, protected 
against WXO mediated damage to endothelium dependant 
relaxation ( E M %  control). These results demonstrate that 
tirilazad mesylate can protect endothelial function from 
damage by reactive oxygen species. Preservation of 
endothelial function might represent an important 
component of the activity of tirilazad mesylate in uivo. 

ACUTE IRON-LOAD INCREASES AGGREGATION, 20.1 8 
CALCIUM UPTAKE AND ARACHIDONATE 
METABOLISM IN RAT PLATELETS. 

Denis BLACHE 
INSERM Unit 63, 

Ave du Doyen LBpine-69675 BRON, FRANCE. 

We investigated the influence of an in vivo acute iron 
load on several platelet parameters. Iron load was 
achieved in rats by injecting iron dextran (0.1 mg 
Fe3+/kg). Analysis were performed 18 h after injection. 
By comparison with controls, in iron-injected animals, 
we found significant increases of serum total iron (by 
1 10%) and thrombin- and ADP-induced platelet 
aggregation (by 350 and 120%, res ctively). The 
thrombin-stimulated release of [14garachidonate 
preincorporated into platelet phospholipids and 
metabolite formation (thromboxane 
significantly increased. We also found in pasma an 
increase (b 67%) of malondialdehyde as well as a 
decrease ofvitamin E (by 60%). When vitamin E was 
injected the day before iron injection, plasma MDA, 
platelet hyperactivity and thromboxane biosynthesis 
were reduced. Given the key role of calcium, we 
studied and also found that the thrombin-induced C$+ 
uptake was increased by 218Ok in plateldc from iron- 
treated rats by comparison with controls. In contrast, 
the Ca*+ uptake of platelets from iron-loaded animals 
and pretreated with vitamin E, was greatly reduced. 
Our results suggest that modification of the calcium 
homeostasis due to an oxidative injury might explain 
platelet hyperactivity. In these conditions, vitamin E 
supplementation has a protective effect on acute iron 
load-induced platelet abnormalities. 

7) were 

THE APOENZYME OF GLUTATHIONE REDKTASE 

Becker, K., kichsenr ing ,  M. & Schirmer, R.H.' 

Vniversit2itsIunderklinik und * Ins t i t u t  fiir B io -  
chemie 11, 6900 Heidelberg, G e m y  

The antioxidant flavcenzyme glutathione reduct- 
ase (GR) is of interest a s  a ta rge t  of drugs 
against  paras i t ic  infections. In regions w i t h  a 
high prevalence of infectious diseases, malnu- 
t r i t i o n  going along w i t h  r iboflavin deficiency 
is very c-. This deficiency is reflected by 
a high eqthrocyte glutathione reductase activ- 
ation coef f ic ien t  (EGRAC) which represents l o w  
in t race l lu la r  FAD leve ls  and a high proportion 
of inactive a m  (1) .  
In vivo FAD, apoCJI, and h o l m  do coexist (Kd = 
53 nM) and a-, in cont ras t  to h o l e ,  cannot 
be msdified by the GR-inhibitor BCNU. In v i t ro ,  
hcwever, holm does not  dissociate even a t  
concentratims lmer than 1 @; BcNu nrd i f i e s  
isolated a p  by mre than 90%. As fac tors  
which might m t r o l  the in vivo concentratims 
and protect a- f r an  rrodification, glwse-6- 
phosphate ckhydroqmase (G6PD) and ATP are prime 
candidates. G6pD in t e rac t s  sterically w i t h  GR 
and in GPD-deficiency lw ERAC-values are 
mintajned even in severe mlnu t r i t i on .  MgATP 
(1 m) slaws dam the canplementation of apGR 
(130 nM) with FAD (410  nM) by mre than a fac tor  

of 10. A role of a@ in the regulation of 
antioxidant nechn i sns  is discussed. 

(1 )  Becker, Krebs & Schimr.  In t ema t  J V i t a m  

20.20 

_-  

Nutr Res 1991; 61: 180-187. 
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20.21 OXIDATIVE STRESS RELATED IILOOD PARAMETERS IN 
ACED PATIENTS SUIIMITTED T O  ANTIOXIDANT 

THERAPY. 

V.1I.C. Junqueiru; C. Frilgu';  K. Slmlzu; A.P. Fur.ro; F.R. Rodrlgues; 
I.S. C o s l n  und GS'. Deucher. 

L)cpnrt,nriu oJBiwhemi.$try, Inxiitwe ofChrmisrry. Uniwrsrry ofSao Paufo. 
C Postal20780. OJ4YS So0 Poulo. Drool 

'FaculIy oJPharmory and l lwrhrmi. \ fry.  Universiry ofOuenos Aims 

1 1  h a  bccn p r q n s d  thal Ihc aging yrcxcrs niay result from dclcterious and 
irrcvcrsihlc changcs caused hy frcc radicals on cell macromoleculcs. There is 
alsolarge evidenu: indicating thc par~ici l~t ion oloxygcn free radicals in scveral 
human palhologies. Despite of c~introversinl dala conccmmg that hypothesis. i t  
is well accepted thal the unbalance ktwcen lhe prooxidant and antioxidant 
activities favouring thc first. can lead to oxidativc stress condition which may 
result in cell dcath. Considering this possibility a group of aged patients. with or 
without apparenr disease. was suhmittul 10 andoxidan1 lhcrapy (metal chclalion 
and daily oral antioxidant supplementation). Clinical behaviourof !he% patients 
was evaluated during the trcatmcnt. Rlmd samples of them were taken at the 
beginning and during the trcalmcnt. Thc total anlioxidanl capacity of palicnl's 
plasma was measurcd against two diffcrcnt systems: rat brain homogenates 
undcrgoing autoxidation and patient's red blood eclls challenged with t- 

butylhydmpemxide.7helastsystem meniionedalsoallows lhccvalualionofrcd 
blood cell endogenous anti-prooxidanl status. Plasma levels of liposolublc 
antioxidant vitamins were also evaluated The first results obtainedshow that the 
clinical improvement of some patients arc accompanied by an i n w e  in plasma 
and/or red blood cell antioxidant capacity. 

20.23 I N  VITRO STUDY OF DAMAGE INDUOED BY PRODUCTS OF 
LIPID PEROXIDATION ON CARDIAC TISSUE: COMPARISON 
OF THE EFFECTS OF AN ANTIOXIDANT AND AGENTS 
INTERFERING WITH CALCIUM REGULATION. 

Jean Pime ILIOU, Catherine THOLLON, FrCdcric ROBIN, 
FrdnCoise de COURTOIS and Jean-Paul VILAINE. 

Institut de Recherches Servier. 
I I.  me des Moulincaux, 92150 Suresnes. France. 

In this work. we evaluate the effects of oxidative stress induced by 
products of lipid peroxidation using 3 "in vitro" models: (1) kinetics 
of lipid pcroxidation. (2) necrosis of cardiac cells and (3) electro- 
mechanical coupling of papillary muscle. We compare the activity 
of a powerful antioxidant (BW755C) with that of 2 agents 
interfering with cellular calcium regulation (amlodipine, R56865). 
These 2 molecules are devoid of intrinsic reactive oxygen species 
(ROS) scavenging properties. 
First model: Only BW755C inhibited various kinetic parameters of 
non-enzymatic peroxidation of arachidonic acid initiated by 
photochemically produced ROS. Seeond model: Amlodipine and 
R56865, but not BW755C. protected cardiomyocytes against 
nemosis induced by calcium paradox. In contrast. only BW755C 
protected cultured cardiac cells against oxidative neaosis initiated 
hy peroxidized lipid. Third model: AW755C x d  R50865 
completely inhibited the electromechanical disturbances induced by 
peroxidized lipid on guinea-pig papillary muscle. 
These results suggest that pmducts of lipid peroxidation may play an 
important dle as a "relay" of the toxic effects of unstable and labile 
ROS. The elecvophysiological results suggest that products of lipid 
pcroxidation may induced ionic disturbances interfering with 
intracellular calcium homeostasis. These alterations were inhibited 
both by an antioxidant (BW755C) and by an agent protecting 
cardiac cells against calcium overload (R56865). 

- 
02' GENERATED BY BENZO- AND NAPHTHCQUINONES 
INCREASES CARDIAC CONTRACTlLITY "IN VITRO" . 
Francescn Carpenedo, Stefano Bellln and Maura 
Floreani 
Department of Pharmacology,University of Padova, 
Largo Meneghetti 2, 35131 Padova, Italy 

To ascertain the contribution of quinone-genera- 
ted active oxygen species in altering myocardial 
contractility "in vitro", two benzoquinones 
(2,5-dirnethylbenzoquinone and duroquinone) and 
two naphthoquinones (menadione and its 2.3-dime- 
thoxy analog) were tested for 02r generation in 
guinea-pig and rat subcellular cardiac prepara- 
tions and for their effect on the force of Con- 
traction of electrically-driven left atria. 

- in both guinea-pig and rat cardiac tissue ben- 
zoquinones generate 02' mainly (90%) through 
mitochondria1 one-electron reduction, naphthoqui- 
nones through both mitochondria1 one-electron 
reduction ( 7 0 % )  and soluble two-electron reduc- 
tion (DT-diaphorase) (30%) i 
- only quinones which generate 02- and active 
oxygen species are able to increase cardiac con- 
tractility through a catecholamine-mediated 
mechanism, the effect being antagonized by sca- 
vengers of active oxygen species, SOD, catalase, 
mannitol and desferoxamine; 
- a linear relationship (r=0.90) between the 
amount of 02: generated by benzo- and naphthoqui- 
nones in guinea-pig and rat cardiac tissue and 
the extent of the catecholamine-mediated positive 
inotropic effect is evident. 

Our results indicate that: 
- 

20.22 

PURIFICATION OF RED CELL GLUTATHIONE PEROXIDASE 20.24 
ON A L-PENICILLAMINE-SEPHAROSE AFFINITY COLUMN 

Baldur SimonaMn and J6hann G. BjamasOn 
Department of Biochemisuy, Faculty of Medicine, 
University of Iceland. Vatnsmfnrvegur 16. IS-101 Reykjavik. Iceland 

Hamstcr liver glutathione peroxidass (GSH-Px. EC 1.11.1.9) is slrong- 
ly inhibired by penicillamine (I). We have investigated the use of this 
inhibitor as an affinity ligand for the purification of red cell GSH-Px. 
L-penicillamine was coupled according to the manufacturer's instruc- 
tions ~r, Sepharose 48 ,  linked to an activated 6-aminohexanoic acid 
spacer arm. GSH-Px from whole blood haemolysate was fin! partially 
purified on a DEAE-Sepharose column by a modification (2) of the 
method of Corrocher cr af. (3). This step typically gives a 50-fold puri- 
fication. The partially purified enzyme was applied to the afrmity col- 
umn, which had been equilibrated with 0.1 M potassium phosphate 
buffer. pH 8.0. Unbound proteins were washed lhrough with the equili- 
brating buffer, and GSH-Px was eluled with the same buffer, containing 
50 mM glutathione and 0.5 M NaCI. Enzyme activity was measured 
by a modification of the method of Agergaard & Jensen (4) in a 
Thermomax microplate reader (Molecular Devices Corporation). The 
affinity slep typically gives a 450-fold p u r i f d n .  and an overall puri- 
fication of 22000 is thus obtained in two easy steps with good yield. 
However, D-penicillamine, which inhibits red cell G S H - h  to a similar 
degree as the L-isomer. is not a useful affmity ligand for the isolation 
of the enzyme. We conclude that Lpenicitlamine, coupled via a spacer 
arm to Sephamse 4B, is a useful alfnity ligand for the purification of 
red cell glutathione peroxidase. 
Refmmes 

Chaudiere. J.. Wilhelmsen. E. C.. & Tappel, A. L. (1984) J. Biol. 
Chem. 259, 1043-1050 
Eiriksd6trir. G. & Sfmonarson, B. (1989) Biochem. Soc. Trans. 
17, 102-103 
Corrccher. R.. Casaril. M., Bellisola G., Guidi. G. C.. Gabrielli, 
G. B. & De Sandre G. (1985) Acta Haematol. 74,222-226 
Agergaard. N. & Jensen. P. T. (1982) Acta Vet. Sand .  23, 515- 
527 
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- 20.25 METABOLISM OF QUINONES AND 02-  GENERATION I N  
G U I N E A - P I G  AND RAT CARDIAC PREPARATIONS. 
Maura F lo rean i  and Francesca Carpenedo 
Department of Pharmacology,University of Padova, 
Largo Meneghetti 2, 35131 Padova, I t a l y .  

Two benzoquinones (2.5-dimethylbenzoquinone a n d  
d u r o q u i n o n e )  and t w o  naphthoquinones  (menadione 
a n d  its 2,3-dimethoxy ana log)  were tested for  
t h e i r  m e t a b o l i s m  th rough m i t o c h o n d r i a l  and  micro 
soma1 NAD(P)H-dependent one-electron reductases 
and soluble two-electron DT-diaphorase, and for 
t h e i r  a b i l i t y  t o  generate 02: i n  subcel lular  
cardiac preparations f rom guinea-pig a n d  r a t .  

- mitochondrial reductase and s o l u b l e  DT-diapho- 
rase account for a b o u t  90% and l o % ,  respectively, 
of benzoquinone metabolism, whereas m i t o c h o n d r i a  
reductase and  soluble  DT-diaphorase account for 
a b o u t  50% and 50% of naphthoquinone metabolism; 
- t h e  total  metabolizing capacity of guinea-pig 
is  higher t h a n  t h a t  of r a t ,  the apparent Vmax of 
DT-diaphorase being 2-4-fold higher i n  guinea-pig 
than ra t ,  w h i l e  t he  apparent K,+ are s imi la r ;  
- b o t h  one- and two-electron reductions are 
responsible for  quinone-induced 021 generation. 
The re la t ionship  between m e t a b o l i s m  and 02: 
generation is  shown by the higher amount of Ozl 
generated i n  guinea-pig than i n  ra t .  Th i s  rela- 
t ionship i s  l a c k i n g  for duroquinone; a l though 
metabolized to  a great extent ,  it does not f o r m  

Our r e s u l t s  show t h a t :  

02' I 

20.27 ESR STUDIES ON NEUTROPHILS 
- CYTOCHROME b-558 AND PEROXIDASES 

Hirotada h j i i  and Katsuko Kakinuma 
Department of Inflammation Research, The Tokyo 

Metropolitan Institute of Medical Science, Honkomagome 
3-18-22, Bunkyo-ku, Tokyo 113, Japan 

Neutrophils have a unique membrane-bound electron 
transport chain named the NADPH oxidase system, which 
consists of a membrane-associated cytochrome b,, (cyt b- 
558) and cytosolic components. Cyt b-558 has been proposed 
to be the terminal site of the electron transport chain, i.e., 
the 02-forming site, but its functional role has not been 
determined. We examined ESR spectra of cyt b-558 in 
concentrated cellular and subcellular fractions of pig blood 
granulocytes. A thick cell suspension containing mostly 
neutrophils showed typical high spin ESR signals due to 
myeloperoxidase (MPO) and a low spin signal a t  g value of 
3.20. A similar thick granulocyte suspension containing 
eosinophils showed not only these signals but also another 
low spin heme signals at g values of 2.86, 2.13 and 1.66, 
which has been previously reported to be cyt b-558. MPO and 
eosinophil peroxidase (EPO) were released from the 
membrane fractions, and then were highly concentrated, in 
which no cyt b-558 was detected by their absorption spectra. 
The signal at & value of 2.86 was found only in the EPO 
fraction, suggesting that this signal is derived from a low 
spin form of an EPO-mmplex, but neither from MPO nor cyt 
b558. The OT-forming NADPH oxidase was solubilized from 
the peroxidasedepleted membranes and concentrated up to 
45 $4 cyt b-558. Cyt b-558 showed an anisotropic ESR 
signal (g=3.20), which was cyanide-insensitive and reducible 
with reductants. These results suggest that the ~ 3 . 2 0  signal 
is characteristic of the low spin heme iron in cyt b-558. 

GENERATION OF OXYGEN SPECIES B Y  P H A G O C Y T I C  LEUCO- 
CYTES I N  PLATELET AND LEUCOCYTE-RICH PLASMA. 

20.26 
A . R .  Saniabadi. 

Terumo Corp. R&D Centre, Kanagawa 259-01, Japan. 

Routine chemiluminescence (CL) technique t o  study 
generation of oxygen species by leucocytes invol- 
ves several centr i fugat ion s teps  to  i s o l a t e  neut- 
rophils which a r e  then suspended in a buffer f o r  
study, or  the study i s  carr ied out in  highly d i l -  
uted whole blood. Both methods a re  unphysiolog- 
ical and may not r e f l e c t  in vivo phagocyte oxid- 
a t ive  function. I n  t h i s  study, we removed 99% of 
the red c e l l s  by mixing 9 vol. o f  heparinised 
human blood with 1 vol. of 6% dextran T-70 with- 
out centr i fugat ion,  and the p l a t e l e t  a n d  leuco- 
cyte-rich plasma obtained was used f o r  CL exper- 
iments without fur ther  separation; phagocyte 
count was adjusted t o  106/m1 with Hanks' buffer. 
I n  t h i s  medium, phagocytes responded t o  stirnula- 
tion by opsonized zymosan or  FMLP, producing 
strong luminescence in tens i ty  (LI) in  the res- 
ence of a highly sens i t ive  luminescence enlancer. 
MCLA. The L I  was abolished by 0.5pM SOD, suggest- 
ing tha t  the luminescence reaction i s  a t t r i b u t a -  
ble t o  0-, b u t  the LI was a l so  p a r t i a l l y  inhib- 
i t ed  by $Opg/ml ca ta lase  or 15uM azide, indicat- 
ing some contribution t o  the L I  by H202, HC10. 
myeloperoxidase system. As t h i s  medium contains 
a l l  the leucocyte populations, p l a t e l e t s ,  res id-  
ual red c e l l s  and plasma proteins ,  i t  i s  a s tep  
towards a physiological condition f o r  studying 
phagocyte-generated oxygen f r e e  radicals  using 
the CL technique. The exhaustion of leucocytes 
by repeated centr i fugat ion should be avoided. 

GLOBIN-HEME INTERACTION IN FREE RADICAL- 20.28 
INDUCED HEMOGLOBIN OXIDATION 
Cinzia Mallozzi, Maurizio Minetti, Giuseppe Scorza 
Istituto Superiore di Sanita, V.le Regina Elena, 299 
00161 Rome, Italy 

Oxidative inj ry to Hemoglobin (Hb) is associated with 
formation o{metHb and degradation to a group of 
pigments collectively called hemichromes. In intact red 
blood cells, this denaturated Hb precipitates in the form 
of Heinz bodies that a re  attached to the red cell 
membrane. We have investigated the role of carbon 
and oxygen-centered radicals in the formation of Hb 
irreversible cross-linking and in the oxidation of 
aromatic aminoacids during the denaturation process. 
As radical source we used an azocompound (AAP) that, 
by thermal decomposition at 37T,  produces a carbon 
radical and, in the presence of oxygen, peroxyl/alkoxyl 
radicals. The electrophoretic analysis of AAP-oxidated 
Hb showed a time-dependent loss of Hb monomer and 
the formation of Hb-dimer a n d  otigomers. In 
agreement with a low heme oxidation observed at high 
p02,  the increase of oxygen concentration reduced by 
24% Hb aggregation. The protective effect of oxygen 
was more evident on Hb oligomers. At high p 0 2  a 
protective effect was also observed on oxidation of 
aromatic aminoacid while a t  low pO2 this process W.IS 

accelerated. We hypothesize that AAP carbon radic-.ils 
can interact with some globin aromatic amino.ic-i,l 
working as electron-transfer centers for the hemc I I O I I  
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20.29 ANTIOXIDANT DEFENSES, LIPID PEROXIDATION A N D  PROLIFERATIVE 
RESPONSE IN SPORTSMAN LYMPHOCYTES 
M D Ferrandez, M Maynar. P Mena. S Rubio' and M De la Fuente 
Departamento de Fisiologla Animal Facultad de C Bioi6gicas 
Universidad Complutense 'Centro de Medicina Deportiva del 
Consejo Superior de Deportes 28040 Madrid Spain 

Physical exercise results in an increased production of oxygen free 
radicals and it produces changes in immune cell function. concretely 
on lymphocytes. the principal cells implicated in the immune 
response.The present work represents the first time that antioxidant 
levels in blood lymphocytes from sportsmen are measured and 
correlated with the most representative property of lymphocytes. its 
proliferative response. Fifty elite sportsmen of dinerent modalities 
were distributed in 2 groups: A) the aerobic group (bicyclists) and B) 
aerobic-anaerobic group (athletes and canoeists). In addition. 25 
subjects with moderate training exercise (C group) and 25 sedentary 
controls were studied. Superoxide dismutase (SOD) activitiy was 
measured by spectrophotometric method. and malonaldehyde. 
vitamin E and vitamin C concentrations by HPLC. The proliferative 
response w a s  estimated as 3H-thymidine incorporation in cultures of 
72 hours In the presence of the mitogen phytohemagglutinin (PHA) 
The results indicate that In relation with the control group SOD 
activities Increased In B and C groups and they were not modified In 
A group. The vitamin C concentration increased In A and C groups. 
but decreased In 8. The vltamin E concentration increased in A and 
C groups and was unchanged in group 8. Malonaldehyde was 
increased in B and C groups and decreased in group A. The 
lymphoproliferative response was increased in group C and 
decreased in the other groups respect to the controls. Therefore. no 
relation was found between the levels of antioxidants and 
lipoperoxidation. and the proliferative function of lymphocytes. 
This work was supported by a grant from Consejo Superior de 
Deportes. 

20.31 W E  ci.iKicAi. i w ~ c r  01: SL'PEIIOXIDI: I ) I S I I U T ~  HI:~WI 
S ~ O N  I N J C H Y  I N  Acu'ri: M Y O C A R D I A L  INI~AIKXION 
Shinj I Otikubo. !:I j i  Murakami. Noborii 'lakckoshi. Shinobu 
Malsui. Iliroichi 'lsugawa. Sciyu Kancrn~ tsu 
Ikpartmcnt o f  Ckdiology. Kanazawa lcdical linivcrsi t y .  
Uchinada. Ishikawa 'Japan. 92002,'Japan 

Iluman rccombinant siipcroxidc dismutasc ( h  r SOD) ras 
administc%rcd before rcpcrfusion to patients u I t h  actitc 
myocard 1 2 1 1  i nfarct i on  undergoing succcssfu I pcrcutiincous 
transluminal coronary rccanal ization (1"fCR) Y I th in 6 
hours. and tlic effects on cardiac funcl ion. rcpcrfusion 
arrhythmias. and the infarct size investigated. 'The s u b  
jects comprised the control group ( n  6. 60.5 1-4 years) 
and SOD administered group (n 6. 54 + 10). a1 I o f  whom 
had a f i r s t  myocardial infarction w i t h  blood flow suc 
cessfullv reestablished by PTCR within 6 hours of onset. 
infarct s i t e  proximal to the f i r s t  diagonal branch of 
the LAD. and no collaterals. 3.500U/kg SOD was adminis- 
tered by I V  bolus injection just prior to PTCR followed 
by 31.5OOU;'kg by continuous drip infusion over a 120 min 
period. The degree of infarction was judged by the 
cxtcnt and severity scores deterpined by " 'TI  SPIXT i n  
the acute and chronic phases. and cardlac function 
evaluated by RlEF performed i n  the acute and chronic 
phases. Also, the degree of ventricular arrhythmias 
development was determind from 24 hour Hnl ter IXXs. 
CHesul Is1 SOD administration showed no significant 

cardiac function ameliorating effect  or infarct size 
reducing effect. although i t  significantly suppressed 
the development of ventricular arrhythmias within 24 
hours a f te r  reperfusion. 

T H E  M A I N  M O L E C U L A R  S P E C I E S  O F  20.30 
P H O S P H O L I P I D  H Y D R O P E R O X I D E S  I N  
ERYTHROCYTE MEMBRANES O F  CHILDREN. 
P.Therond, M.Couturier, J .F .  Demelier, J .  Navarro and 
F. Lemonnier. 
Unite INSERM 347, Hapita1 Bicetre, 94276 Le Kremlin 
Bicetre and H6pital Robert Debre, 75019 Paris, FRANCE. 

We repor t  t he  concentrations of four individual 
molecular species of phosphatidylcholine (PC)  and  
phosphatidylethanolamine (PE)  and their  corresponding 
hydroperoxides a f t e r  l ipoxygenase incubation in 
erythrocyte membranes  of control children. After 
separation of PC and PE with Silica Sep-Pack column, we 
used a single RP 18 column to separate the molecular 
species and their  hydroperoxides. The molecular species 
were detected at 205 nm and  the  eluate was then mixed 
with a chemiluminecence r eagen t  to de tec t  t he  
cor responding  hydroperoxides .  Fu r the rmore  we 
determined a-tocopherol in plasma and  erythrocyte 
membranes The  hydroperoxide concentrations of PC 
:16:0/20:4, 16:0/22:6, 18:0122:6 and P E  16:0/18:2 were 
positively re la ted  with membrane  a - t o c o p h e r o l  
concentrations. These last  results suggest tha t  when a- 
tocopherol level was low, an  observed lower concentration 
of hydroperoxides was probably due to a n  overproduction 
of secondary products which were not detected in our 
experimental conditions On the o ther  hand, t he  a-  
tocopherol membrane concentration was not correlated 
with the plasma level usually performed. In conclusion 
our work underlines the  key role of membrane a- 
tocopherol upon the hydroperoxides formation in presence 
of lipoxygenase. 

EFFICIENCY OF GLUTATHIONE RECYCLING DURING 20.32 
HYDROGEN PEROXIDE STRESS IN ERMHROCWES OF 
NEWBORN BABIES AND ADULTS. 
R.M.W. Moison, P.C. Clahsen, C.A.J. Holtzer, 0. Hogers, H.M. 
Berger. 
Department of Pediatrics, Neonatal Unit, University Hospital, 
2333 AA Leiden. The Netherlands. 

Hydrogen peroxide catabolism by erythrocytes plays an 
important role in protecting the lung against oxygen toxicity. 
This mechanism may be partlcularly important in preterm 
babies, whose pulmonary antioxidant enzyme systems are 
immature. We compared, In vitro, the glutathlone recycling 
system in erythrocytes of babies (cord blood. n=8 preterm 
and n=9 term) and of adults (n=lO). The concentration of 
glutathione peroxidase was lower (p<0.05) and glutathione 
reductase higher (p<0.05) in the bables. In all subjects 
incubation of erythrocytes with H,O,, with or without inactiva- 
tion of catalase, caused a rapid depletion of reduced 
glutathione (GSH) and concomitant accumulation of oxidized 
glutathlone (GSSG) followed by recovery of QSH and fall of 
GSSG to initial values. Inactivation of catalase resulted in a 
50% loss of intracellular glutathlone (p<O.OoS), a larger 
maximum GSHdepletlon @<0.05) and a longer GSH- 
recovery time (p<O.OoS). Erythrocytes from newborn babies 
showed a smaller maximum GShdepletion (pc0.05) and a 
shorter GSH-recovery time @<O.oos) compared with those 
from adults. These differences between the newborn and 
adult group persisted after inactivation of catalase. The 
efficient glutathione recycling was malntalned in the first 
postnatal week in babies who were healthy or suffering from 
acute respiratory distress. Erythrocytes of newborn bables 
have a more efficient glutathione recycling compared with 
those of adults and this may help prevent the development of 
chronic lung disease in the preterm baby. 
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20.33 EFFECT OF NITRONE SPIN TRAPS AND NITROXYL 
RADICALS ON ISCHEMIC HEART INJURY 
Ingolt' E.  Blasig, Katrin Schonheit, Reiner F. Haseloft', 
Arpad Tosaki'; Res. Inst. Moi. Pharmacol.. D-I 136 Berlin, 
Germany, *Biol. Res. Center, H-6701 Szeged, Hungary. 

Nitrone spin trap compounds are frequently used to detect free 
radicals hy means of the ESR spin trapping technique in the 
ischemic hean. Via the spin trapping, nitroxyl radicals are 
formed. However. little is known about direct interactions of  
the nitrones and nitroxyl radicals with the heart. T l z  nitrone 
spin trap dimethylpyrroline oxide (DMPO, I 0 0  FM) was 
perfused into the isolated rat heart during postischemic 
reperfusion (30 min total and global ischemia, 30 niin 
repertision): irreversible ventricular fibrillation (VF) was 
completely abolished; the incidence and duration of VF, 
ventricular tachycardia (VT) and the number of ventricular 
ectopic heats were reduced. The postischemic recovery of left 
ventricular developed pressure (LVDP), contractility 
(LVdpldt,,), aortic and coronary tlow were significantly 
improved compared to the untreated control @<0.05, n =  10). 
The nitroxyl radical pentamethylimidazoline oxyl (PMIO., 
2000 pM), which is considered as a nitroxyl derivative of 
DMPO, significantly reduced the incidence of VF and the 
duration of VT. The functional recovery also was better in 
comparison to the control @<0.05, n =  12). Comparing the 
effective concentration range of two compounds studied, it is 
concluded that the cardiopretective effect of DMPO is rather 
related to the radical trapping activity of the molecule than to 
the nitroxyl radical formed after the trapping procedure. 

20.35 E V I D E N C E  OF O X I D A T I V E  DAHAGE I N  A L C O I I O I . I C  P A -  
TIENTS: RELATIONSHIP WITH ALCOHOL- INTAKE. 

P. C l o t ,  '.'S. A r i c 6 ,  "M. Tabone,  '' De I n  P i e r r e  
G.  P o l i  and E.  Albano. Dep. ExperimentaI_Nedicine 
and Oncology,  U n i v e r s i t y  o f  T u r i n  and ''Dept. of 
G a s t r o e n t e r o l o g y ,  Ospedale  Mauriziano,  Torino.  

The involvement  o f  f r e e  r a d i c a l  rnediaLed 
damage i n  t h e  p a t h o g e n e s i s  o f  a l r o h o l i c  l i v e r  
d i s e a s e s  is s t i l l  m a t t e r  of deba t  mainly because 
t h e  l a c k  of c o n v i n c i n g  e v i d e n c e  s u p p o r t i n g  t.hr 
presence  of  o x i d a t i v e  i n j u r y  i n  humans. To e l u c i  
d a t e  t h i s  p o i n t  we have exhamined 26 n l c o h o l i c s  
t h a t  w e r e  g r o u p e d  a c c o r d i n g  t o  t h e  e s t i m a t e d  
d a i l y  a l c o h o l  c o n s u m p t i o n  a s  ALC1 ( 1 0 0 - 2 0 0  g 
e t h a n o l / d a y )  and ALCZ ( >  200 g e t h a n o l / d a y )  and 
20 c o n t r o l s  a l l  d r i n k i n g  l e s s  t h a n  100 g 
e thanol /day .  I n  ALCl and ALCZ groups  t h e  l e v e l  of 
maloni ld ia ldehyde  (MDA) i n  t h e  e r y t h r o c y t e s  and 
plasma l i p i d  hydroperoxides  (LOOH) were found t o  
be, r e s p e c t i v e l y ,  2-3 and 5-6 time h i g h e r  than  i n  
c o n t r o l s .  S i g n i f i c a n t  d i f f e r e n c e s  i n  M D A  and 
LOOH v a l u e s  were a l s o  a p p r e c i a b l e  between ALCl 
and ALCS. The d e t e c t i o n  o f  l i p i d  p e r o x i d a t i o n  was 
a s s o c i a t e d  w i t h  a 50% d e c r e a s e  i n  t h e  e r y t h r o c y t e  
GSH c o n t e n t  o f  b o t h  ALCl and A L C Z  g r o u p s .  S imi-  
l a r l y ,  plasma v i t a m i n  E l e v e l s  i n  ALCl and ALCZ 
were a l s o  s i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s ,  
b u t  n o t  among t h e  a l c o h o l i c s  g r o u p s .  T h e s e  
r e s u l t s  d e m o n s t r a t e s  t h a t  s i g n s  of  o x i d a t i v e  
damage a r e  a c t u a l y  p r e s e n t  i n  a l c o h o l i c s  and  
c o r r e l a t e s  w i t h  t h e  a l c o h o l  consumption,  but  n o t  
w i t h  chanees i n  t h e  a n t i o x i d a n t  c o n t e n t  of hlood. 

Reduced g l u t a t h i o n e  p e r o x i d a s e  a c t i v i t i e s  a s  20.34 
p o t e n t i a l  i s c h a e m i c  h e a r t  d i s e a s e  r i s k  f a c t o r s .  
D . J .  P e a r s o n .  M .  P o r t e r ,  Suarez-Mendez VJ and 
Blann AD. Department  of Medic ine ,  U i t h i n g t o n  
H o s p i t a l ,  Manches te r  M20 8LR, UK. 

Plasma.  p l a t e l e t  and e r y t h r o c y t e  g l u t a t h i o n e  
p e r o x i d a s e  a c t i v i t i e s  were measured i n  i s c h a e -  
mlc h e a r t  d i s e a s e  p a t i e n t s  and comparison 
s t ih jec t - s  matched f o r  a g e ,  s e x ,  r a c e ,  smoking 
h a b i t  and month of vene  p u n c t u r e .  Both mean 
p l a t e l e t  and plasma p e r o x i d a s e  a c t i v i t i e s  were 
s i g n i f i c a n t l y  lower  i n  I H D  p a t i e n t s  compared t o  
c o n t r o l s  (p=O.0001). Mean e r y t h r o c y t e  peroxi -  
d a s e  and plasma l i p i d  l e v e l s  were similar i n  
t h e  t w o  g r o u p s .  
No c o r r e l a t i o n  was o b s e r v e d  between plasma,  
p l a t e l e t  and e r y t h r o c y t e  g l u t a t h i o n e  p e r o x i d a s e  
l e v e l s .  Examinat ion  of plasma and p l a t e l e t  
enzyme v a l u e s  in a t w o  d i m e n s i o n a l  manner showed 
t h e  IHD group t o  be h e t e r o g e n o u s  and t h e  comb- 
i n a t i o n  o f  t h e  two v a r i a b l e s  produccd an 86% 
d i s c r i m i n a t i o n  between I H D  and non-IHD s u b j e c t s .  
Our d a t a  s u g g e s t  t h a t  plasma g l u t a t h i o n e  
perosidse-  a s  b-c re_ levant  t h e  control of 
i n t r a v a s c u l a r  a t h e r o g e n i c  l i p i d  p r o d u c t s  and 
be a p r e v i o u s l y  u n r e c o g n i s e d  d i s e a s e  risk 
f a c t o r .  
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AFANAS’EV IGOR 12.1 
ALCARAZ MARIA JOSE 8.5 
ALLEN D. RANDAL 6.5 
ALMEIDA LEONOR MARTINS 2.10 
ALOJ TOTARO EUGENIA 1.8 

CARL-MAGNUS 6.1 I ANDERSSON 
c .5  GIORGIO ANNONI 

ARAGNO MANUELA 6.3 1 
ROSA MARIA 15.10 ARAHUETES 
ARDUINO 20.5 ARDUINI 

ARRIO BARNARD 2.16 
ARUOMA OKEZIE I. 11.11 ,  14.3 
ASADA KOZI 8.1 
ASMUS KLAUS-DIETER 6.2 
ASPBERG ANDERS 10.10 

OHARA 14.14, 20.4 AUGUST0 
ANGEL0 7.5 AZZI 
BRUCE c.4 BACON 

BAGNASCO M. A S  
BAGNATO GIANFILIPPO 5.8 
BALANSKY R.M. A S  

ELISABETTA 9.20 BALD1 

__ 

._ ______________ 

- 

- 

_ _  

-________ 

~- 

._ 

__ - 

- 
BANNI SEBASTIANO 11.2 

18.9 BARENGHI LIVIA 
BARNARD HENDRIK C. 9.10 
BARROS S.B. DE MOREAS 11.9 
BARTOLI GIANNA MARIA 14.8 

6.13 

~_ 

_ _  BASAGA HUVFYDA 
BATTELLI MARIA GIULIA 17.16 
BAUD LAURENT 5.4 
BECHARA ETELVINO 18.13 
BECK SPEIER INGRID 5.22 
BECKER KATJA 20.20 

-. . - 
BECKMAN 
BELLOMO 

S. 
GIORGIO 

13.4 
9.24, 16.26 

- 
BENOV LUDMIL C. 9.5 
BENNICELLI C. A S  
BERGER MAURICE 19.10 
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BIAS1 FIORELLA 4.23, 9.29 
BINDOLI 
BISBY ROGER HUGH 
BLA’ZOVICS 
BLACHE DENIS 12.5, 20.18 
BLASIG INGOLF 12 30, 20.33 

LIZA BORNMAN 
SILVIA 7.4 BORRELLO 

BOTTI BARBARA 4.25 
BOYER SCOTT 
BOVERIS ALBERTO 18.2 
BRADAMANTE SILVIA 9.3 
BRUCHELT GERNOT 10.4 

-. - ~ _ _ _  ~ _ _ _ _ _ _ _ _ ~ - ~ -  
ALBERTO 9.1 1 

~- ~ _ _  

6.3 _- _ ~ _ _ _  ~ _ _  
ANNA I5 8 ___ - -_ ~ 

-_______ ~ 

10.12 
~- _- ~ 

~- 

- ~- _ _ _ _ ~ _ _ _  ___________  __ ~ 

_ _ _ _ _ _ ~ ~ ~  - 
3.4 _ _ _ _ _ _ _ _ _ _ ~  

- 

BUC CALDERON PEDRO 9.13 
BUDINI ROLAND0 ANTONIO 8.7 
BUKO VYACHESLAV 4.11 
BULKLEY GREGORY B. D.3 
BURDON ROY HUNTER 14.6 
BURTON GRAHAM 16.1 

~- 
17.30 ~ - _ _ _ _ _ _  GLORIA 

~_ _____ BUSTOS 
BUTLER JOHN 4.5 
BUZADZIC BILJANA 16.16 

- - ~ ~- 

DIANE ESTHER 1.3, 1.10 
ENRIQUE 6.1 

~~ __ CABELLI 
CADENAS 
CADET JEAN 19.1 

12.13 CAJONE 
CAMARERO VALERIA 17.20 
CAMOIRANO A. 
CANTON1 ORAZIO 16.22 

CAPO LONG^ FRANCESCA 
CARGNONI ANNA 9 14 

-~ ~ - - __ 

-__ 
- _ _ ~  

FRANCESCO 
_ _ ~ _ .  -~ 

- 

- ___ A 5  
- _ ~ _ _ _ _ _ _ _ _  ~ 

_____ _ _ _ ~ _ _ _ ~ _  - 

-__ 
CANUTO ROSA ANGELA 5 15 

15 1 1  
________ - _ _ _ ~ _ _ _ _ _  __- - . _-___ __ 

___ - 
CARINI RITA 

- -~ ~- - - - 

CARPENEDO FRANCESCA 20.22 
CASINI ALESSANDRO 16.6 

- --_ 
HELEN 19.15 

._ -_ 

CAVALIER1 ERCOLE L. 4.4 -_ 
CERRUTI 

_ _  - 
B. 1 
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B.4 CHEESEMAN KEVIN H. 
12.36 CHEVALIER 

CHING TJONG-LIE 17.22 
CHIRICO 
CHOPRA MRIDULA 6.21 

~ _.__ ___________. 

- _ _  GASTON -_ 
-.-______ __ 

SUSANNA 10.15, 12.24 -_ 

-______ 

~- 
5.27 __ -. CHRISTIE NEIL A. 

CINI MASSIMO 12.14 
CIZ MILAN 6.19 
CLOT PAOLO 20.35 
COMOGLIO ADRIANA 4.31, 8.13 
COMPAN 
CONTE ENRICO 6.14 
CONTI 
COTTALASSO DAMIANO 4.12 
CROSS CARROL E. 5.1 
CURZIO MARINA 17.26 

RICHARD A. 1 CUTLER 
A S  
4.19 DARGEL ROLF 
13.1 DARLEY-USMAR VICTOR 

DATTILO M. D.4 
DAVIES JOANNA M.S. 17.6 

MICHAEL J. 2.12 DAVIES 
DAVIES KELVIN 7.1 
DE FLORA 
DE LAMIRANDE 
DE MATTEIS FRANCESCO 18.17 
DE PASCALE 
DEAN 
DEL RIO LUIS A. 16.23 
DELLA ROVERE FILIPPO 14.9 

PAOLO 12.7 DI MASCIO 
DI MAURO CLELIA 17.27 

INES 7.7 

MARC 12.16 

.~ .~ 

-___ 

~ __ -~ _ _ ~  

_. __________-. 

~ 

____ D’AGOSTINI -~ F. 

___ - ~ 

_-__ 

___ 
__._ ~~ 

~ _ _ _ ~  - 

S. A S  
EVE 5.12 

~ _ _ ~  

__- 

ANTONELLA 5.26 
A.2 ROGER 

_ _ _ _ _  - .~ _ _ _ ~ _  

~~ __ - 

_________ 

___- 

PAOLO 4.15 ~_ DI SIMPLICIO-- 
DINIS TERESA 17.18 

MURAT MIRAL 19.2 DIZDAROGLU 
DJUJIC IVANA 9.16 

MARIE-THERESE 15.9 DROY-LEFAIX 
DUTHIE GARY 10.2 

_.___ _ _ _ ~  ~ 

~ 
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.- 
EGNER PATRICIA 14.19 

12.26 EK BENGT 
EMERIT JACQUES 16.5, 20.10 
ESTERBAUER H. 
EVERETT STEVEN 6.18 
FARR 
FARRUGGIA 
FEHER JANOS 15.1 

19.6 FEIG 
FELDMAN DAVID L. 2.19 

MARC0 18.6 FERRALI 
FERRANDEZ DOLORES 20.29 
FERRANDIZ MARIA LUISA 17.29 
FERRARI ROSA PIA 4.32 
FERRO MARGHERITA 4.13 
FIORUCCI PATRIZIA 12.32 

- 

PM2 
~ 

- 
SPENCER 7.3 
GIOVANNA 

_ _ _ _ _ _ _ _ ~  
12.17 _ _ _ ~ - _ _ _  __ 

__ DANIEL 
. ~ 

~ ... . 

FLISS HENRY 20.14 
FLITTER WILLIAM D. 20.1 
FLOREANI MAURA 20.25 
FOURNIER JEANINE 14.7 
FRAGA CESAR 19.3 
FRANCONI FLAVIA 16.10 
FRANZINI ELIZABETH 1.1 1 
FREDERIKS WILMA MARIA 9.9 
FREISLEBEN HANS J. 10.11 
FUBINI BICE 14.4 
FUJI1 HIROTADA 20.27 
FULOP TAMAS 17.9 
GA DA LETA MARIA NICOLA 10.14 
GAGNON CLAUDE 5.13 
GASBARRINI ANTONIO 4.22, 9.25 
GEBICKI JANUSZ M. 2.13, 2.14 
GELVAN DAN 6.22 
GERBER GERHARD 9.2 
GERBER MA RI ETTE 14.5 
GHEZZI PIETRO 17.32 
GHIGO DARIO 13.11 
GIDROL XAVIER 7.11 
GIESEG STEVEN P. 6.20 
- 
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GOLDSTEIN BERNARD B.2 
GONENNE AMNON 5.19 
GONZALEZ FLECHA BEATRIZ S. 9.27 
GOSS SAMPSON MARK 15.4 
GOTOH NAOHIRO 2.8 
GREEN EMMA 12.31 - 
GREENLEY TINA 14.12 

~- 

GRUNE TILMAN 12.22 
GUARNIERI CARL0 9.6. 20.16 
GUICHARDANT MICHEL 11.7 
GUIXIAN GAO 12.37 

_. 

GUTIERREZ PETER L. 4.7 
GUYTON KATHRYN Z. 14.18 
HAKIM GABRIELE 20.17 
HASEGAWA TOHRU 10.5, 10.9 
HASELOFF REINER 8.4 
HAUCK MATYAS 9.8 
HENNEKENS CHARLES H. B.3 
HEN ROTIN -- YVES 9.15 
HEWGILL FRANK 11.3 
HICKS MARK 16.7 
HIRSCHELMANN ROLF 
HOGG 
HOLLEY 
HONN 
HORVATH MONIKA 15.7 

MIA0 LIN 17.5 HU 
HUNT NICHOLAS 17.2 

SHOJI 15.18 IINUMA 
ILIOU JEAN PIERRE 20.23 
INGELM AN-SUNDBERG MAGNUS c . 3  
I U L I A N 0 LUIGI 3.7 

A. A S  IZZOTTI 
12.29 JAMIESON DANA 

JANSSEN YVONNE 14.1 1 

_ _  17.11 _ _  
NEIL 2.6 
ANNE 12.12 
KENNETH V. 3.3 

~- .. - ~ 

- __ 

- __ 

- 

_____ - 

- ~ _ _  

_____ 

JOCHMANN CLAUDIA 4.9 
JOVANOVIC SLOBODAN 6.16 
JUNQUEIRA VIRGINIA 20.21 
KAGAN VALERIAN 15.2 
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~- 
2.2, 9.28 

-- 
KALYANARAMAN BALARAMAN 
KANBAYASHI YASUHIRO 12.27 
KANEDA HAJIME 6.30 
KANEKO TOSHIRO 17.14 

16.1 1 

~- 

- 

. ~. 
KANTENGWA SALOME 
KASAI HIROSHI 19.9 
KAUR HARPARKASH 5.25 
KAWAMURA NAOHISA 5.23 

5.2 KELLY FRANK J. 
KETTLE ANTHONY 4.3 
KOKURA SATOSHI 17.13 
KOLTOVER 
KOOIJ ARNOLD 9.21 

4.20 KORAC 
KORKINA 
KORPELA HEIKKI 11.6 
KORWIN-ZMIJOWSKI CARLA 16.17 
KOSTIC 
KOSTYUK 
KRA M SC H 

- _ _ _  - 
______.__ 

VITALI KIMOVICH 10.8, 13.6, 18.10 
- 

-_____ __ BATO 
~~.~ .. 

LUDMILA 5.31, 20.12 __ 

-. 

MILOSAV -- 4.6 
6.10 VLADIMIR A. 
2.17 DIETER M. 
14.15 LUISE 

HANS-MICHAEEC 19.11 

- ~ - _ _  
.-. - - 

~~~ .- . . 

_._______~_ ..-. - 
KRAUTH-SIEGEL 

-~ . . - - ~ _ _ _ _ _ _ _ ~ _ .  .. 
KUBISH 
LAMBELET PIERRE 11.4 
LAND1 LAURA 6.4 
LANGLEY 
LECCIA 
LEITE LUCIANA 
LEMASTERS JOHN J. 
LENZ ANKE-GABRIELE 5.24 
LEONCINI GIULIANA 
LEVINE 
LILES MARK 15.5 
LIN YI GUANG 12.34 

- 

- ___ ... -. 

5.9, 5.10, 5.11 ___ SIMON 
MARIE THERESE 1.6 

~- 
.- ~- ___ 

~- 
4.17 
9.1 

.. 

- 

~ _ _ _  

18.11 
7.8 

.- 

~ 

RODNEY L. 
~~ 

~~ 

14.2 
12.18 

- LINDAHL RONALD-. 

-_ LINDLEY KEITH 
LINK 
LISSI EDUARDO 
LIU GENG TAO 8.8 
LIVREA MARIA A. 12.28 

EVA MARIA 3.5, 16.14 
. - _ _ ~  

12.6 _ _ _ ~  
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LLESUY SUSANA F. 10.19 
LOJEK ANTONIN 1.9 
LOPEZ-TORRES- MONICA 5.3, 12.25 
LUCCHI L. 5.34 
LUX ORA 15.13, 18.16 
MADRA SUKHDEEP 14.13 
MAIORINO 
MALLOZZI CINZIA 20.28 
MARESCA KOSCHATZKY MARIA 17.17 
MASINI ALBERT0 6.12 
MASON RONALD P. 4.1 
MASOTTI LANFRANCO 12.3 
MASUDA SADAO 9.4 
M ASUMOTO- NOBUYUKI 18.14 

6.27 MATSUMOTO SHIGENOBU 
MATSUO MITSUYOSHI 6.26 

MATILDE 16.3 ~ ~ _ _ _ _  

- 

MATSUYAMA KIICHI 17.15 
MAVELLI IRENE 6.32 
McARTHUR KATHRYN 6.25 
MEDEIROS MARISA HELENA 19.13 
MEISTER ALTON D. 1 
MENEGHINI ROGER10 19.8 
METSA-KETELA T I M 0  2.15 
MIGLIETTA ANTONELLA 12.19 
MIKI MASAY UKI 16.4 
MILLER NICHOLAS 5.30 
MINAMIYAMA YUKIKO 13.8 
MINISCI F. D.4 
MINO MAKOTO D.2 
MINOTTI GIORGIO 18.4 
MIRABELLA FRANCESCA 4.29 
MITSUI AKIRA 9.22 
MIYATA NAOKI 4.30 
MKRTCHIAN SOUREN 4.10 
MOHACSI ATTI LA 18.8 
MOISON RALF 5.29, 20.32 
MONNIER VINCENT M. A.3 
MONTESINOS MARIA D. CARMEN 8.10 
MORGANTE EMANUELA 15.19 
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MOUTET MARC 16.18 
MULLER DAVID 10.16 
MURACA ROBERTO 7.12 

MICHAEL 13.2 MURPHY 
MURPHY JOHN A. 19.7 
MURRELL GEORGE ANTHONY C. 10.6, 10.7 
NAGANO TETSUO 18.15 
NAGATA 
NAITO YUJI 13.5 
NAKAHASHI YAY01 13.7 
NAKAMURA SATOSHI 16.12 
NAKAMURA MASAO 6.23 
NALVARTE ELISABET 19.4 
NAVAB MAHAMAD c .  1 
NAVIDAD-NOVALVOS RAFAEL 9.19 

1.2 NERIISHI KAZUO 
NIEMINEN 
NISSINEN EAKKI AARNE 16.13 
NOGUCHI NORIKO 2.4 
NOHL HANS 20.3, 20.13 

PATRIZIO 15.3 ODETTI 
OHKUBO SHINJI 20.31 
OKADA SHIGERU 5.17 
OLDFIELD FIFI F. 10.3 
ORAK 
OSIPOV ANATOLY 6.24 
OTEIZA PATRICIA 12.38 

CECILROBERT 3.1 
PAGANGA GEORGE 2.5 
PALASCIANO A. D.4 
PALOZZA PAOLA 16.20 
PAOLETTI FRANCESCO MAURO 14.10 
PAROLA MAURIZIO 7.6, 16.25 

BARRY J. 17.31 PARSONS 
CATHERINE 1.12 PASQUIER 

PEA FEDERICO 5.18 
DAVID 20.34 PEARSON 

PEREZ-CAMPO ROSA MARIA 15.15 
PERIN MARIA 19.12 

-~ 

~- 

YUICHIRO 2.9 
- 

_ _  

______.____ -~ __ 

~. 

ANNA LIISA 15.6 _ _  

~- 

JOHN 5.6 _______ 

~ _ _ _ _ _  

~ __ -~ - 
PACE-ASCIAK 

- 

__ 

_. ~ ~ _ _  

__-_ .___ 

- 

-_ __ 
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PHILLIPS GARY 5.7 
PIAZZA 
PI ETRAFORTE DONATELLA 13.10 
PINAMONTI SILVANO 
PINCEMAIL 
POCH 
POGIRNITSKAYA ANGELIKA 
POMPELLA 
POTAPOVICH ALLA IVANOVA 4.27 
POVOA HELION 12.33 
PRONAI LASZLO 17.8 
PUHL 
PULCINELLI FABIO 20.7 

GIUSEPPE- 5.33, 14.22 
-~ - 

5.14 
- 

JOEL 5.5 
BERTRAN 9.7 

_ _ _ _ _ _ _ ~ ~ _ _ _ _ _  

~~ 

4.14, 14.20 __ - 

ALFONSO 12.15 _ _ _ _ _ _ ~  

HERBERT 2.1 _~ ~ ~ - - ~ _ _ _  

PUNTARULO SUSANA 4.16 
PUPPO ALAIN 8.3 
PUTVINSKY ALEXEY 17.10 
QUARESIMA VALENTINA 4.8 

10.13 RABL HANS 
RAMDATH DAN D. 18.12 

~~ _. - 

RAO GOVIN D 19.14 
RAVINDRANATH VIJAYALAKSHMI 9.26 
REMACLE JOSE 16.8 
REZNICK ABRAHAM 10.1 
RIGOBELLO MARIA PIA 9.12 
RILEY PATRICK A. 14.1 
ROCH-ARVEILLER MONIQUE 17.21 
RODNEY M ATHEW S 20.19 
ROMEO MARIA RAFFAELLA 6.15 
ROSS1 TIZIANA 4.28 

-~ 
ROTILIO GIUSEPPE 20.2 

5.20 ROYALL JAMES A. 
10.18 SIGRID R. RUULS 

STEFAN 7.9 RYTER 
MASARU 14.24 SAGA1 

SAICIC ZORICA S 16.15 

~- ~- ~~~ 

__ ~ __ ~ 

- - ._______. - ~ - ~- -~ 

~~ ~ __  ~ _ _ _  ~ _ _  

- _ _  ~ ~- ~ - 

- - 
JAN 17.3 
ABBY 20.26 
MARIA JESUS 

_ _  _ _ _  - 
SANDSTROM 

- 
SANIABADI 
SANZ 8.1 1 ___ ~ ~- 
SARAN MANFRED- 13 3 
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SCHAUR RUDOLF 12.21 
SCHOENBERG MICHAEL H. 17.28 
SCHOENHEIT KATRIN 9.23 
SCHONEICH CHRISTIAN 6.8 
SECCIA MILFRED 15.17 
SEGURA-AGUILAR JUAN 14.21 
SEMENKOVA GALINA 3.6 
SEMENYUK A.V. 12.9 
SERES ILDIKO 20.1 I 
SHARONOV BORIS 4.21, 17.24, 17.25 
SHEN JIANGANG 12.11 
SIEMS WERNER 12.2 
SIES HELMUT 6.9 
SIMlC MICHAEL G. 1 1 . 1  
SIMONARSON BALDUR 20.24 
SIMPSON JEREMY A. 1.4 
SINGH INDERJIT 9.17, 9.18 
SMITH CHERYL 12.23 
SOMENZINI LORENZO 12.40 
SPRINZ HELMUT 12.39 
STEINKUHLER CHRISTIAN 4.26 
STEPURO IVAN 20.9 
STETTM A I ER KURT 1.13 
STOCKER ROLAND 2.3 
STRALIN PONTUS 16.2 1 
SUTHERLAND MARK W. 8.2 
TADOLINI BRUNA 6.17 
TAKEDA SCHUMPEI 12.4 
TALSEPP TIIT 14.23 
TANAKA HARUMI 10.17 
TARDAT BRIGITTE 7.10 
TATZBER FRANZ 2.18 
TERAO JUNJI 11.5. 11.12 
TERENCIO MARIA D. CARMEN 8.9 
THEROND PATRICE 20.30 
THOMAS SIAN 16.9 
TISSOT MICHELE 17.23 
TOMASI ALDO 4.2 
TOUATI DANIELE 19.5 
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TOYOKUNI SHINYA 14.17 
TROUP GORDON J. 1.7, 11.8 
TSA I JYH-HSIN M. 13.9 
TYRREL REX 7.2 
UBEDA AMALIA 8.12 
ULLRICH VOLKER 3.2 
URSINI FULVIO 6.6 
UTSUMI H I D E 0  1.5 
VAN ASBECK SWEDER A.4, 5.16 
VAN DEN BERG JEROEN 12.35, 17.4 
VAN REYK DAVID M. 17.7 
VARGA SZOLLOSI ILONA 16.24, 20.15 
VIDOSAVA DJ U R D  J IC 5.32 
VILE GLENN 15.14 
VINA JOSE 16.2 
VISSERS MARGRET C.  17.19 
VLADI M I R QV YURI 18.1 
VON HELAND MAGNUS 5.21 
VON SONTAG CLEMENCE 1.1 
VUILLAUME MONIQUE 14.16 
WAEG GEORG 12.8 
WILLIAMS MONIQUE 18.5 
WILLNOW AMADEUS 6.7 
WINKLHOFER ROOB B.M. 2.11, 12.20 
WOLF ARMIN 5.28 
W RATTEN MARY LOU 12.10 
YADAN JEAN-CLA U DE 16.19 
YAMAMOTO HIROFUM I 17.12 
YAM A M O T 0  YORIHIRO 2.7, 6.28 
YAMAUCHI RYQ 11.10 
YASUDA H. 15.16 
YOSHIDI Y ASU KAZU 6.29 
YOSHIKAWA TOSHIKAZU 17.1 
YOUNG IAN 18.3, 18 7, 20.8 
ZAVODNIK ILYA 20.6 
ZHANG HONG 4.18 
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