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On behalf ofthe International Society for  Free Radical Research, the Organizing 
Committee extends to you its cordial invitation to attend the 6th Biennial Meeting in 
Torino, June 16th-20th, 1992. 

It will represent a further step in the constitution of a single big community with 
American, Asian, Australasian and European Regional branches. 

Fifteen plenary lectures and twenty afternoon sessions with two invited and four 
selected oral presentations per session, as  well as an unique poster session extended 
for  the whole duration ofthe Meeting, should cover the majority of the areas of 
research, even i f a  special emphasis will be given to problems of biomedical interest. 

Beside the scientific program, we will try to do  our best in involving you in a warm 
and friendly social atmosphere, offering the history, the culture, the arts and of 
course the foods and the wines of Piemonte. 

Welcome in Torino ! 

Mario Umberto Dianzani 
President Local Organizing Committee 
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ORGANIZING SCIENTIFIC COMMITTEE 

President Mario Umberto DIANZANI 

Chairman Giuseppe POLI 

Secretary Emanuele ALBANO 

Members Giorgio BELLOMO 
Efena CHIARPOTTO 
Mau rizio PA ROLA 
Aldo TOMASI 

Dipurtimento di Medicina 
e Oncologiu Sperimentale 
Sezione di Patoloxiu Generale 
Universitu' degli Studi di Torino 
C.so Rafluello, 30 - 10125 Torino (Italy) 
tel. ++ 39 I 1  6-5.27.750-757-781 
fbx. ++ 39 I 1  65.27.153 

ADVISORY BOARD 
The Chairpersoits of the Plenary and Afternoon Sessions 

Organizing Secreturiat 
M.A.F . Servizi 
Via G .  Vico 7 - 10128 Torino (Italy) 
tel. 
jbx. ++ 39 505.976 

++ 39 505.900 - 598.383 - 592.626 
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SCIENTIFIC PROGRAM 

PLENARY SESSIONS 

- Radical Rcactions in Agcing 
- Frec Radicals and Canccr 
- Reactive Spccies in Mctabolic Disordcrs 
- Pharmaceutical Intcrvcntion in Frec Radical-Bascd Pathology 

AFTERNOON PARALLEL SESSlO N S  

1 

2 
3 
4 
5 

6 
7 
8 
9 

10 

I l  
12 

13 
14 

15 

16 
17 
18 
19 

20 

Free Radicals in Radiation-Exposcd Syslcms 
Oxidizcd Lipoprotcins 
Frcc Radicals inArachidonic Acid Cascadc 
Frce Radicals in Drug Activation and Metabolism 
Free Radicals in Medicinc I (Lung,Kidncy) 

Redox Chcinistry and Antioxidanls 
Genc Exprcssion and Oxidativc Darnagc 
Oxidant and Antioxidant Rcactions in Plants 
Ischemia-Rcpcrfusion 
Frce Radicals in Mcdicinc I1 (Ncrvous Systcrn, Musclc) 

Antioxidants in Food 
Lipid Pcroxidation 
NO and Rclatcd Radicals 
Carcinogcncsis 
Free Radicals in Mcdicinc I11 ( Liver, Eyc,Skin) 

Antioxidant Dcrcnccs in Eukariotic Cclls 
Inflammation 
Rcactivc Spccics in Mctabolic Disordcrs 
DNA Damage and Repair 
Frcc Radicals in Mcdicinc IV (Rcd Cclls,Hcart) 
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FORMAT OF THE MEETING 
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P R ~ ~ ~ ~ I ~ A R Y  SCZENTZFZC PROGRAM 

TUI:’SIMY JUNE 16 

PRE-MEETING CONFERENCE 

Free Radical Mechanisms of Cell Injury 

14130- 14~45 M.U.Dianzani, Univcrsity of Torino (Italy) 
V.Vannini, Univcrsity of Pavia (Italy) 
Opcning rcrnarks. 

14:45-15:30 S. Orrenius, Karolinska Institutct (Swcdcn) 
Mcchanisrns of oxidative ccll darnagc. (abstract PM.l) 

15:30- 

16115- 

16:30 

615 H.Estcrbaucr, Univcrsity of Graz (Austria) 
Cytotoxic and gcnoloxic cffccls of lipid pcroxidation. (abstract PM.2) 

6:30 Conclusions. 

Get-together Party. 
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WEDNESDAY JUNE I 7  

OPENING ADDRESSES 

9 :00-9: 20 
9:20-9:40 

M.U. Dianzani (Magnificus Rcctor, University of Torino). 
E. Niki (Prcsidcnt of SFRR Intcrnational). 

PLENARY SESSION ON RADICAL REACTIONS IN AGING 

9:40-9:50 D. Harman, Univcrsity of Ncbraska (U.S.A.). 
Chairpcrson’s rcmarks. 

9:50-10:30 R.G. Cutlcr, National Institutc on Aging (U.S.A.). 
Frcc radicals in aging and longevity mechanisms. (abstract A.l) 

10.30-1 1 :00 Coffee break 

11.00-11:10 B. Chancc, Univcrsity of Pcnnsylvania (U.S.A.). 
Chairpcrson’s rcmarks. 

11:10-11:50 R.T. Dean, Hcart Rcscarch Institutc (Australia). 
Protcin oxidation as markcr and mcchanism in aging and atherosclerosis. 
(abstract A.2) 

11:50-12:30 V. Monnicr, Casc Wcstcrn Rescrvc University (U.S.A.). 
Maillard reaction and oxidativc strcss are intcrrclated stochastic 
mcchanisms of aging. (abstract A.3) 

12130-13-30 

13:30-14-30 

1 3 :  30- 14: 30 

13:30-13-40 

1 3140- 13155 

Lunch nreak 

Poster Viewing 

Lunch Time Seminar 
New Therapeutical Implication of NAC in Lung Pathologies 
(Sponsored by Zambon Group) 

J.Viiia, Univcrsity of ValCncia (Spain). 
Introrlucmry rcmarks. 

B.S. van Asbcck, Univcrsity Hospital Utrecht, (Thc Netherlands). 
Hydrogcn pcroxidc dcpcntlcnt inflammatory mechanisms in acute lung 
injury. (abstract A.4) 

VllI 
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13:55-14: 10 S .  Dc Flora, M.Bagnasco, R.M. Balansky, C. Bcnnicelli, A. Carnoirano, 
F. D’Agostini and A. Izzotti, University of Genova (Italy). 
Antigenotoxic and anticarcinogenic effccts of N-acetylcysteine in lung 
cells. (abstract AS) 

14: 10- 1425 F. Bistoni, Dottorini, Cociani, Pistrella, Todisco, Vccchiarelli, 
Univcrsity of Perugia (Italy). 
Enhanccmcnt of candidacidal activity of peripheral blood mononuclear 
cclls aftcr “in vitro” trcatmcnt with N-acctylcystcine. (abstract A.6) 

14:25- 14:30 Conclusions 

AFTERNOON PARALLEL SESSIONS 

Session 1. 

Chairpcrson: 

14:30- 15:OO 

15:OO- 1 530  

1 5:  30- 1 6:OO 

16~00-I 6:30 

16:30-17:00 

17:OO- 17:30 

1 7: 30- 1 8:OO 

Free Radicnls in Radiation-ICcposed Systems 

R. Bisby, Univcrsity of Salford (U.K.). 

C. Von Sontag, Max Planck Institut, (Germany). (abstract 1 . I )  

K. Neriishi, Radiation Effect Rcscarch Foundation (Japan). 
Oxidative strcss in atomic bomb survivors. (abstract 1.2) 

D.E. Cabclli and R.A. Hallcwcll, Brookhaven National Laboratory, 
Ncw York and Scripps Rcsearch Institutcs, La Jolla (U.S.A.). 
Studies of modificd supcroxidc dismutases. (abstract 1.3) 

Coffee break 

J.A. Simpson, S.P. Gicscg and R.T. Dcan The Hcart Rcs. Inst. (Australia). 
Long livcd rcductivc moictics on frce radical darnagcd proteins. 
(abstract 1.4) 

H. Utsumi, H. Kawabc, S.  Masuda, K. Takeshila, Y. Miura, T. Ozawa, 
T. Hashimoto, H. Ikchira, K. Ando, 0. Yukawa and ’r. Hamada 
Showa University or Tokyo and Nat. Inst. Rad. Sci, (Japan). 
In vivo ESR studies on radical reactions in wholc mice - Effect of radiation 
exposure. (abstract 1.5) 

M.T. Lcccia, M.J. Richard, J.C. Bdani, H. Faurc, J. Cadet, P. Amblard and 
H. Favicr Ccntre d’Etudc Nucldaircs dc Grcnoblc (France). 
Protcctivc cffcct of sclcnium and zinc on UV-A damage on human skin 
fibroblasts. (abstract I .6) 

IX 
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Session 2. 

Chairperson: 

14: 30- 15 :OO 

15:00-15:30 

15:30-16:00 

16:OO-16:30 

16:30- 17~00 

1 7 :OO- 1 7: 30 

17:30-1X:00 

Session 3. 

Chairpcrson: 

14:30- 15:OO 

Oxidized Lipoproteins. 

C. Rice-Evans, University of London (U.K.). 

H. Puhl, G. Waeg, F. Tatzber, A. Krebs, H. Estcrbauer, 
University of Graz (Austria). 
Effect of vitamin E and othcr antioxidants on thc oxidation resistance of 
low density lipoprotein. (abstract 2.1) 

B. Kalyanaraman, The Mcdical College of Wisconsin (U.S.A.). 
Effect of ascorbatc on the production of frce radicals during oxidative 
modification of low density lipoprotein - An electron spin resonance study. 
(abstract 2.2) 

R. Stockcr, V.W. Bowry and D. Mohr, 
The Hearth Research Institute (Australia). 
The role of ubiquinol-I0 in the inhibition of the early stages of lipoprotein 
lipid oxidation. (abstract 2.3) 

Coffee break 

N. Noguchi, N. Gotoh, E. Niki and H. Shimasaki, 
University of Tokyo (Japan). 
Oxidative modification of low density lipoprotein induced by free radicals 
gcneratcd in its inside or outside. (abstract 2.4) 

G. Paganga and C. Ricc-Evans, Univcrsity of London (U.K.). 
Haem protcins as mediators of oxidative modification of low density 
lipoprotcins. (abstract 2.5) 

N. Hogg, M. Wilson, V. Darlcy-Usmar and V. O’Leary, 
University of Esscx and Wcllcoinc Research Laboratories (U.K.). 
Kinetic simulation of copper induccd oxidation of low density lipoprotein. 
(abstract 2.6) 

Free Radicals in Arachidonic Acid Cascade. 

S. Nigam, Frec University of Berlin (Gcrmany). 

C.R. Pacc-Asciak, 0. Lancuvillc, A. Margalit and A.A. Livne, 
University of Toronto (Canada) and University of Negev (Israel). 
New biological propcrtics of the hcpoxilins derived through the 
transformation of 12-HPETE. (abstract 3.1) 
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1 5 : 00- 1 5 30 

1 7:OO- 17: 30 

Session 4. 

C hairpcrson: 

14~30- 15:OO 

R. Pclla, A. Krctz-Rommcl, H. Schawmbcrgcr and V. Ullrich, 
University of Konstanz (Gcrmany). 
Vitamin C and E oxidation by cyclooxygenase and lipoxygenase reactions. 
(abstract 3.2) 

K.V. Honn, B. Liu, D. Tang, Y.O. Chcn 
Wayne Statc University of Detroit (U.S.A.). 
Eicosanoid modulation of signal transduction: importations for cancer 
mctasusis. (abstract 3.3) 

Coffee break 

C.S. Boycr, G.L. Banncnbcrg, A. Ryrfcldt, P. 
Moldcus, Karolinska Institute (Swcdcn). 
Hydrogcn pcroxidc-mcdiated libcration of arachidonic acid in endolheliurn: 
lack of cvidcncc for frcc radical mcchanisms. (abstract 3.4) 

E.M. Link, London University Collcgc and 
Middlescx School of Mcdicinc (U.K.). 
Mechanism of H,O, cytotoxicity and inflammation. 
(abstract 3.5) 

G.N. Scmcnkova, U.V. Zakrcvskaja, S.N.  
Cherenkcvich, Byclorussian Statc Univcrsity (Belarus). 
Rccombinant intcrlcukin-1 p cnhanccs the active oxygen forms production 
in ncutrophils. (abstract 3.6) 

Free Radicals in Drug Activation and Metabolism. 

F. Dc Mattcis, Mcdical Rcscarch Council, Carshalton (U.K.). 

R.P. Mason, R.V. Lloyd, H. Monlciro and V. Fischcr, 
Research Trianglc Park (U.S.A) and 
Drug Safcty Dcpt. Sandoz Pharrna Ltd. (Switzerland). 
Possiblc rolc of frcc radical formation in clozapine(clozari1)-induced 
agranulocytosis. (abstract 4.1) 

A. Tomasi, D. Constantin, P. Moldcus, V. Vannini, 
Univcrsity of Modcna (Italy) and 
Karolinska Inslitutc (Swcdcn). 
(BI) sulfitc mctabolism in human granulocytes and macrophages. 
(abstract 4.2) 

XI 

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.



16:OO- 16:30 

16: 30- 1 7:00 

1 7: 30- 1 8: 00 

Session 5 .  

Chnirpcrson: 

14: 30- 1 5 00 

A.J. Kcttlc and C.C. Wintcrbourn, Christchurch School of Medicine 
(Ncw Zcaland). 
Oxidation of hydroquinone by mycloperoxidase. (abstract 4.3) 

Coffee break 

E. Cavalicri and E. Rogan, 
Univcrsity of Ncbraska (U.S.A.). 
Mctabolic activation of the potcnt carcinogens bcnzo-[alpyrene (BP) and 
7,12-dimcthylbcnz[a]anthraccnc (DMBA) by one-elcctron oxidation. 
(abstract 4.4) 

J. Butler, J.A. Hartlcy and B.M. Hocy, 
CRC Paterson Institute for Canccr Research and London University 
Collcgc and Middlcscx School of Mcdicine (U.K.). 
Rcdox studics on diaziridinyl bcnzoquinoncs; DNA site specific damage as 
a conscqucnce of rcductivc activation. (abstract 4.5) 

M.M. Kostic, B. Ognjanovic, K.V. Zikic, A. Stajn, 
Faculty of Mcdicinc and Faculty of Sciences, Kragujevac (Yugoslavia). 
Activity of antioxidant cnzymcs of intcrscapular brown adipose tissue 
(IBAT) in cadmium-trcatcd rats. (abstract 4.6) 

Free Kadicals in Medicine I (Lung, Kidney). 

A. Ciaccia, University of Fcrrara (Italy). 

C.E. Cross, M.L. Hu, P. Motchnik, S. Louie, A. Rcznik,L. Packer, 
B. Halliwcll, UC Davis 
Mcdical Ccntcr of Sacramcnto and Univ. of California, Berkeley (U.S.A.). 
Molccutar mrgcts of biological damage by inhalcd environmental oxidants. 
(abstract 5.1) 

F.J. Kclly and S.C. Langlcy, 
St. Thomas’ Hospilal, London (U.K.). 
Role of glutathionc in oxygen-induccd lung injury of the newborn. 
(abstract 5.2) 

M. Lopez-Torres, R. Pcrcz-Campo, C. Rojas, S. 
Cadcnas, G. Barja dc Quiroga, R. Madrid and R.M. Arahuetes, 
Univcrsity of Madrid (Spain). 
Pulmonary antioxidants in the fctus at tcrm. Influence of matcrnal adrenal 
stcroids. (abstract 5.3) 
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16~00- 16~30 Coffee break 

16:30- 17 :OO L. Baud, B. Fouqucray, C. Philippc and R. Ardaillou, 
INSERM - Hopital Tcnon (Francc). 
Thc glomerulus as a source of reactive oxygen mclabolites (ROM). 
(abstract 5.4) 

17:OO- 17:30 J. Pinccmail, J.O. Dcfraignc, C. Fransscn, C. Philippart, D. Serteyn, C. Deby, 
M. Lamy and M. Mcurisse, 
Univcrsity of Licgc (Bclgium). 
Frcc radicals production during in vivo ischemia/rcperfusion of rabbit kidney. 
(abstract S . S )  

I7:30-18:00 J.K. Orak, C.S. Dhaunsi, S. Gulati, A.K. Singh, P.R. Rajagopalan and 
I.  Singh 
Medical Univcrsity of South Carolina (U.S.A.). 
Comparativc activity of rcdox cnzymcs in cold rcnal ischemia utilyzing 
Euro-Collins(EC) vs. Univcrsity of Wisconsin(UW) preservation solution in 
a whole organ model. (abstract 5.6) 

18:00-19-00 Poster Viewing 

Xll l  
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THURSIMY JUNE I8 

PLENARY SESSION ON FREE RADICALS A N D  CANCER 

9:00-9: 10 

9: 10-9:50 

9:so-10:30 

10:30-1 1:OO 

11:00-11:10 

11:10-11:50 

11.50-12:30 

12:30- 13:3O 

13:30-14.30 

I. Emcrit, Inslitutc Biomedical dcs Cordelicrs (France). 
Chairpcrson’s remarks. 

P. Cerutti, 
Swiss Instilutc for Expcrimcntal Canccr Rcscarch (Switzerland). 
Ccllular rcsponse to oxidativc strcss. 
(abstract B.l) 

B. Goldstcin. Rudgcrs Univcrsity and UMDNJ Mcdical School (U.S.A.) 
Frcc radicals and canccr. 
(abstract B.2) 

Coffee break 

T. Galcotti, Catholic Univcrsity of Roma (Italy). 
Chairpcrson’s rcmarks. 

C. Hennekens, Harward Medical School (U.S.A.). 
Current and future epidemologic perspectives on vitamin E and 
beta-carotene in prevention of cardiovascular disease 

K.H. Chccseman and T.F. Slatcr, Bruncl Univcrsity (U.K.). 
Lipid pcroxidation and ccll division. (abstract B.4) 

Lunch Break 

Poster Viewing 

AFTERNOON PARALLEL SESSIONS 

Session 6. Hedox Chemistry and Antioxidants. 

Chairpcrson: L. Ernstcr, Univcrsity of Stockholm (Swcdcn). 

14:3O- 15:OO E. Cadcnas, Univcrsity of Soulhcrn California (U.S.A.). 
Rcactivity of thiols towards thc high oxidation state of myoglobin, 
fcrrylm yoglobin. Importancc of clcctron transfcr and alkylation reactions. 
(abstract 6.1 ) 

XIV 
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1500- 1530 

15:30-16:00 

16:00-16:30 

16:30-17:00 

17:00-17:30 

Session 7. 

Chairpcrson: 

14:30-15:OO 

1 5 :OO- 1 5:  30 

K.D. Asmus, A. Accd, S.A. Evcrctt and Ch. Schoneich, Hahn Meitner 
Institute of Bcrlin (Germany). 
Recent aspccts in pcroxyl and pcrthiyl radical chemistry. (abstract 6.2) 

R.H. Bisby and A.W. Parker, 
Univcrsity of Salford and Rutherford Appleton Laboratory of Chilton (U.K.) 
Propcrtics of the or-tocopheroxyl radical in phospholipid bilayer 
mcmbrancs. (abstract 6.3) 

Coffee break 

L. Landi, D. Fiorcntini, L. Cabrini and A.M. Scchi, 
Univcrsity of  Bologna (Iuly). 
Lipid and watcr solublc azoinitiators as a tool for h e  study of the 
antioxidant propcrtics of ubiquinols with different chain length. 
(abstract 6.4) 

D.R. Allcn and P.B. McCay, 
Univcrsity of Oklahoma, Collcgc of Mcdicinc and Oklahoma 
Mcdical Rcscarch Foundation (U.S.A.). 
Formation by cpincphrinc of an iron-dcpcndent reactive species that is not 
HO. but is capable of cfficicnt hydrogcn atom abstraction. (abstract 6.5) 

F. Ursini, M. Maiorino, A. Roveri, P. Morazzoni, G. Pifferi, 
Univcrsity o f  Udine, University o f  Padova and Inverni della Beffa, 
Milano (Italy). 
A novcl antioxidant flavonoid (IdB 103 1) affccting molecular mechanisms 
o f  cellular activation. 
(abstract 6.6) 

Gene Expression and Oxidative Damage. 

K.J.A. Davics, Thc Albany Mcdical College (U.S.A.). 

K.J.A. Davics, Thc Albany Mcdical Collcgc (U.S.A). 
Rcgulation of gcnc cxprcssion in oxidative stress. 
(abstract 7.1) 

R. Tyrcll, A. Nascimcnto and S .  Basu-Modak, 
Swiss Institute for Expcrimcntal Canccr Research (Switzerland). 
Oxidant-induciblc cxprcssion o f  thc human hcme oxygenase gene. 
(abstract 7.2) 
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15:30-16:OO 

16:OO- 16130 

16~30- 1 7:OO 

17:00-17:30 

17: 30- 1 8:OO 

Session 8. 

Chairpcrson: 

14:30- 15100 

15:oo- 15:30 

15:30-16:00 

16:OO-16:30 

S. Farr, X. Gidrol, D. Johnstonc, M. Chernova 
Harvard School Public Hcalth of Boston (U.S.A.). 
Charactcrization of the soi28 gcne product in E. Coli. 
(abstract 7.3) 

Coffee break 

S. Borrcllo, M.E. Dc Lco, T. Galcotti, 
Catholic Univcrsity, Roma (Italy). 
Regulation of mangancse supcroxidc dismutase expression in normal and 
tumor cclls. (abstract 7.4) 

A. Azzi, D. Boscoboinik and E. Chatclain, 
Univcrsity of Bcrn (Switzerland). 
Rcgulation of ccll growth by a-tocophcrol. (abstract 7.5) 

M. Parola, G. Lconarduzzi, E. Albnno, G. Barrera, F. Biasi, M.E. Biocca, 
I. Dianzani, R. Muraca, G. Poli and M.U. Dianzani, 
Univcrsity of Torino (Italy). 
Protcction against CCI,-induccd livcr fibrosis by dietary vitamin E 
supplcmcntation is accompanicd by the decrcase of oxidative damage and 
by the inhibition of TGFBl and procollagen I expression. 
(abstract 7.6) 

Oxidant arid Antioxidant Reactions in Plants. 

W. Bors, GSF Rescarch Ccntcr, Ncuhcrberg (Germany). 

K. Asada, Kyoto Univcrsity, Japan. 
Microlocalization of scavcnging cnzyrncs for active oxygen in chloroplasts. 
(abstract 8.1) 

M. W. Suthcrland, Univcrsity of Southcrn Quccnsland (Australia). 
A revicw of oxygcn radical gcncration during the response of plants to 
pathogcnic challcngc. (abstract 8.2) 

A. Puppo and M. Davics, 
UnivcrsitC dc Nicc-Sophia Antipolis (France) and University of York (U.K.) 
Dctcction of a globin-dcrivcd radical from lcghernoglobin: possible 
protcctivc cffcci of glutathionc. 
(abstrac t 8 .3) 

Coffee break 

XVI 
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16130-1 7:00 

17:00-17:30 

17: 30- 1 8:OO 

Session 9. 

Chairpcrson: 

14: 30- 1 5 :00 

1 5100- 15 : 30 

15:30- 1 6:OO 

1 7:OO- 1 7: 30 

R.F. Hascloff, H. Hartcl, B. Ebert, I.E. Blasig, 
Rcscarch Institutc of Molccular Pharmacology, Humboldt University, 
Physikalisch-Tcchnischc Bundcsanstalt, Berlin (Germany). 
Methyl viologcn-induccd formation of free radicals in chloroplasts. 
(abstract 8.4) 

M.J. Alcaraz, M.L. Fcrrandiz, M.J. Sanz, C. Montcsinos, M. Paya, 
Univcrsidad dc Valcncia (Spain). 
Effccls of 7,8-dihydroxyflavone on glutathione dcplction and lipid 
pcroxidation in brornobcnzcnc intoxication. (abstract 8.5) 

R. Carini, A. Comoglio, E. Albano, H. Basaga and G. Poli, 
Univcrsity of Torino (Ilaly) and M.E.T.U., Ankara (Turkey). 
Frcc radical scavenging, antioxidant and antihcpatotoxic activity of 
Silipidc. (abstract 8.6) 

Ischemia-Keperfusioti. 

F. Ursini, Univcrsity of Padova (Italy). 

J.J. Lemaslcrs, Univcrsity of North Carolina (U.S.A.). 
Cellular changcs lcading to ccll dcath from hypoxia and oxidative 
stress. (abstract 9.1) 

G. Gcrbcr, F.-R. Ungcmach, W. Sicms, T. Grune, S.  Klee, 
Univcrsity of Bcrlin (Gcrmany). 
Oxidativc stress during ischacmia/anoxia and rcoxygenation: similarities 
and divcrgcncics dcpcnding on thc cxpcrimcntal model. (abstract 9.2) 

S .  Bradamantc, E. M o d ,  L. Paracchini, F. Piccinini, 
CNR Ccntcr and Univcrsity of Milano (Italy). 
Involvcmcnt of frce radicals in lhc rcpcrfusion injury: prevention by 
infusion of spin traps. (ahstract9.3) 

Coffee break 

S .  Masuda, H. Utsumi and A. Hamada, Showa University of Tokyo (Japan). 
In vivo ESR sludics on radical rcaction during fcmoral ischemia-reperfusion 
injury of micc. (abstract 9.4) 

L.C. Bcnov, V.I. Markova, Mcd. Inst. of Stara, Zagora,Pleven (Bulgaria). 
Kinctics of activalcd oxygcn production and lipid pcroxidation in ischemia 
and rcpcrfusion. (abstract 9.5) 
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17~30- 18:OO 

Session 10. 

Chairperson: 

14: 30- 15:OO 

15 ZOO- 1 5:  30  

15.30- 16.00 

1 7: 00- 1 7: 30 

18:00-19:00 

C. Guarnicri, R.M. Borzi, B. Grigolo, A. Facchini, T. Portsmann, 
I. Caldarcra, A. Branzi, University of Bologna (Italy). 
Plasma Cu-Zn supcroxidc dismutase concenuations after acute myocardial 
infarction. (abstract 9.6) 

Free Radicals in Medicine I1 (Nervous System, Muscle). 

L. Packcr, Univcrsity of California, Bcrkcley (U.S.A.). 

A.Z. Reznick, E.H. Wilt, P. Starkc-Rccd and L. Packer, 
Tcchnion-Isracl Institute of Tcchnology (Israel), University of California, 
Bcrkclcy and Gcorgc Washington Univcrsity School of Medicine, 
Washing ton (U . S . A.). 
Oxidativc strcss and damagc indicators in animals and human exercise. 
(abstract 10.1) 

G.G. Duthic, Rowctt Rescarch Institute (U.K.) 
Frcc radicals, antioxidanls and calcium horncostasis with reference to 
malignant hypcrthcrmia. (abstract 10.2) 

F.F. Oldficld, Univcrsity of Missouri (U.S.A.). 
Frcc radicals, dopaminc, lcvodopa and Parkinson’s disease. 
(abstract 10.3) 

Coffee break 

G. Bruchclt, M. Schcnk, G. Boos, J. Trcuner and D. Nicthammer, 
Univcrsity of Tubingcn (Germany). 
Induction of poly(ADP-ribosc)polymcrasc in neuroblastoma cells by 
antibody-glucosc oxidasc conjugatcs and its cnhancernent by ascorbic acid. 
(abstract 10.4) 

T. Hascgawa and M. Ichiba, 
Saga Mcdical School, Nabcshima (Japan). 
Activc oxygcn radical spccies as a first signal stress. 
(abstract 10.5) 

G.A.C. Murrcll, R.D. Goldncr, A.V. Scabcr, T.M. Bcst, 
Dukc Univcrsity, Durham (U.S.A.). 
Thc cffccts of thc frcc radical modulator, tumor necrosis factor-a, on 
Achilles tcndon hcaling. (abstraci 10.6) 

Poster Viewing 

xvn1 
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FRIIMY JUNE 19 

PLENARY SESSION ON REACTIVE SPECIES I N  
METABOLIC DISORDERS 

9:00-9: 10 

9:10-9:50 

950-10:30 

10:30-1 1:00 

11.00-1 1:lO 

11:10-11:50 

11:50-12:30 

12:30-13:30 

13:30-14:30 

1 3 :30- I 4: 30 

1 3 : 30- 1 3-40 

13140-1 3:55 

J. Gcbicki, Macquaric Univcrsity (Australia). 
Chairpcrson’s rcrnarks. 

M. Navab, UCLA (U.S.A.). 
Athcrosclcrosis as an inflammatory reaction: artery wall cell and lipoprotein 
intcractions. (abstract C. 1) 

G.M. Chisolin, Case Wcstcrn Rcscrvc Univcrsity (U.S.A.). 
Frcc radicals and diabctes. (abstract C.2) 

Coffee break 

U.M. Marinari, University of Gcnova (Italy). 
Chairpcrson’s rcrnarks. 
M. Ingclman-Sundbcrg, Karolinska Institute (Swcdcn). 
Ethanol-induciblc cylochroinc P450 2E1. Mcchanisms of regulation, radical 
formation and toxicological importance. (abstract C.3) 

B. Bacon, St. Louis Univcrsily (U.S.A.). 
Hcpatotoxicity of expcrirncntal hcrnochromatosis. 
(abstract C.4) 

Lunch Break 

Poster Viewing 

Lunch Time Seminar 
Glutathionc in Frcc Radical Pathology 
(Sponsored by Boehringer Munnheim Italia) 

P.F. Mannaioni, Univcrsity of Fircnzc (Italy). 
Introductory rcrnarks. 

G.Annoni, B. Arosio, D. Santambrogio, A. De Vincentiis, C. Vergani, 
Univcrsity of Miiano (I~aly). 
Glutathionc (GSH) supplcmcnlation prcvcnts rat’s liver damage from the 
acutc CCI, intoxication. (abstract C.5) 
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13:55-14:10 D.P. Joncs, P.S. Sanicc, L.J. Dahm, W.J. Eley, E.W. Flagg and R.J. Coates, 
Emory Univcrsity (USA). 
Utilization of oral glulathionc (GSH). (abstract C.6) 

14:10-14:25 A. Altomarc, G. Vcndcmiale, P. Angclini, F. Circlli, 
Univcrsity of Bari (Italy). 
Rolc of glutathionc as a thcrapcutic agcnt. (abstract C.7) 

14:25-14:30 Conclusions 

AFTERNOON PARALLEL SESSIONS 

16:OO- 

16:30- 

Session 1 I .  

Chairpcrson: 

14:3O: 15:OO 

15:00-15:30 

1930-1 6:OO 

6:3O 

7:oo 

17:OO- 17: 30 

17:30-18:00 

Food A n tioxida nts. 

A.T. Diplock, London Univcrsity (U.K.). 

M.G. Simic and S.V.  Jovanovic, Univcrsity of Maryland (U.S.A.) and 
thc Boris Kidric Institutc, Bcograd (Yugoslavia). 
Mcchanisrns of food antioxidants. (abstract 1 1 .l) 

S. Banni, M.A. Dcssi, M.P. Mclis anti F.P. Corongiu, 
Univcrsity o l  Cagliari (Ilaly). 
Changcs of vitamin E contcnt in livcr, plasma and adipose tissue of ratS 
following carbon tctrachloridc intoxication. (abstract 1 I .2) 

F.R. Hcwgill, Univcrsity of Wcstcrn Australia (Australia). 
BHA-prccursor of a chcmical mcnu. (abstract 11.3) 

Coffee break 

P. Lambclct, F. Saucy and J. Liiligcr, NcstlC Rcscarch Centre (Switzerland). 
Radical cxchangc rcactions bctwccn vitamin E, vitamin C and 
phospholipids in autooxidizing polyunsaturatcd lipids. (abstract 11.4) 

J. Tcrao and F. Ojima, National Food Rcscarch Institute, 
Tsukuba and Kagomc Rcscarch Institute, Tochigi (Japan). 
Antioxidant crfcct of carotcnoids on photoscnsitizcd oxidation of human 
blood plasma and low dcnsity lipoprotcin. (abstract 1 1.5) 

H. Korpcla, R. Saloncn, K.  Nyyssiincn, M. Parviaincn. M. Kantola, 
J.T. Saloncn, Univcrsity ol Kuopio (Finland). 
Low plasma bcta-carotcnc, alpha-tocophcrol and sclcnium lcvcls associate 
with accclcralcd carotid athcrogcncsis in hypcrcholcsterolernic men. 
(abstract 11.6) 
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Session 12. 

Chairperson: 

14:30-15:00 

1 5 30- 16:OO 

17:OO- 17:30 

17:30-18:00 

Session 13. 

Chairpcrson: 

14:30-15:OO 

Lipid Peruxidafiun. 

M. Comporti, Univcrsity of Sicna (Italy). 

I.B. Afanas’cv, Vitamin Rcsearch Institute, Moscow (Russia). 
Effccis of pro- and antioxidanrs on superoxide production and lipid 
pcroxidation. (abstract 12.1) 

W.G. Sicms, T. Grunc, H. Zollncr and H. Esierbauer, 
Univcrsity of Bcrlin (Gcrmany) and University of Graz (Austria). 
Metabolism o f  thc lipid pcroxitiation product 4-hydroxynonenal in liver and 
small intcstinc. (abstract 12.2) 

L. Masotti, E. Casali, N.  Gcsmundo, G. Cavalli, A. Spisni, 
Univcrsity o f  Parma and Univcrsity of Bologna (Italy). 
Hydroxystcaric acid: an unusual lipid pcroxidation product affecting in vitro 
ccll prolircration. (abstract 12.3) 

Coffee break 

S. Takcda, D. Horrobin, G. Sim and M. Manku, 
Efanol Rescarch Institutc and National Rescarch Council (Canada). 
Polyunsaturcd fatty acid pcroxidation mechanism specific to human breast 
canccr cclls (ZR-75-1) producing sclcctivc cancer cell-killing in response to 
gamma-linolcnic acid + Fc(I1). (abstract 12.4) 

D. Blxhc, INSERM, Bron (Francc). 
Effccts of oxystcrols on arachidonatc mctabolism and calcium flux in 
platclct. (abstract 12.5) 

E. Lissi, M. Slim-Hanna, L.A. Vidcla 
USACH, Univcrsidad dc Chile, Santiago, Chile 
Spontancous visiblc urinary chcmilluminescence and oxidative stress 
(abstract 12.6) 

NO and Related Radicals. 

H. Nohl, Univcrsity of Wicn (Austria). 

V.M. Darlcy-Usmar, V.J. 0’ Lcary, M.T. Wilson, N. Hogg and S .  Moncada, 
Wcllcomc Rcscarch Laboratorics and University of Essex (U.K.). 
Hytiroxyl radical formation from the simultaneous generation of superoxide 
and nitric oxidc: rncchanisms and implications for the pathogenesis of 
athcrosc lcrosis. (absuac t 1 3.1 ) 
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15:OO- 15:30 

15:30-16:00 

17:00- 17.30 

Session 14. 

Chairperson: 

14:30-15:00 

M.J. Murphy, Univcrsity of Vcrmont (U.S.A.) 
Interactions bctwccn nitric oxide (NO) and oxygen radicals. 
(abstract 13.2) 

M. Saran, C. Dalke, C. Michcl, W. Bors and U. Andrae, 
GSF-Institutc fur Strahlcnbiologie and GSF-Institute fur Toxikologie 
(Germany). 
The formation of NO, radicals can explain the genotoxicity of 2-nitro- 
propanc. A pulsc radiolysis study. (absuact 13.3) 

Coffee break 

J.S. Bcckman, H. Ischiropoulos, L. Zhu, J. Chen, M. Tsai, J.C. Martin and 
C.D. Smith, Univcrsity of Alabama (U.S.A.) 
Production of pcroxinitritc by activatcd rat alveolar macrophages. 
(abstract 13.4) 

Y. Naito, T. Yoshikawa, T. Kancko, S.  Iinuma, S. Mishimura, S.  Kokura, 
K. Mastuyama and M. Kondo, Hikone Ccntral Hospital and Kyoto 
Prcfcctural Univcrsity of Mcdicinc (Japan). 
Synergism bctwccn supcroxidc dismutasc (SOD) and nitric oxide in gastric 
mucosal protcction following ischcmia-reperfusion in rats. 
(abstract 13.5) 

V.K. Koltovcr, Russian Academy of Sciences (Russia). 
Stimulation of transcription in mousc liver cells by nitric-oxide radicals. 
(abstract 13.6) 

Carcinoge nesis. 

R. Burdon, Univcrsity of Suathclydc (U.K.). 

P.A. Rilcy, Univcrsity Collegc and Middlcsex School of Medicine (U.K.). 
Dcrangcmcnts of ccllular mclabolism in the pre-malignant syndrome. 
(abstract 14.1 ) 

R. Lindhal, Univcrsity of South Dakota (U.S.A.). 
Rolcs of aldchydc dchydrogcnascs in carcinogcnesis. 
(abstract 14.2) 

0.1. Aruorna and B. Halliwcll, Univcrsity of London, King’s College (U.K.) 
Iron and copper induccd DNA damage. (abstract 14.3) 

XXII 
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Coffee break 16:00-16:30 

16:30-17:00 

17:30- 1 8:OO 

Session 1.5. 

Chairpcrson: 

14:30-15:00 

15:OO-15.30 

16:OO- 16.30 

16:30-17:oo 

17 :OO- 17: 30 

B. Fubini, A. Astolfi, S.Boasso, E. Giamello, M. Volante and E. Belluso, 
Univcrsity of Torino (Italy). 
Rolc of iron in asbcstos carcinogenicity. (abstract 14.4) 

M. Gcrbcr, C. SCgala, J. Simony-Lafonlaine, C. Astre, A.B. Guizard, 
H. Mathicu-DaudC and H. Pujol, CRLC Epidaure, Montpellier Cedex 
(Francc). 
The rclationship bctwccn plasma oxidant-antioxidant status and 
aggrcssivcncss charactcristics of brcasl cancer in young and aged patients. 
(a bs trac t 1 4.5) 

R.H. Burdon, Univcrsity of Strathclydc (U.K.). 
Rclcascd activc oxygcn spccics as intcrcellular signals - their role in regula- 
tion of normal and turnour ccll prolifcration. (abstract 14.6) 

Free Radicals in Medicine I I I  (Liver, Eye, Skin). 

G. Bcllomo, Univcrsity of Pavia (Italy). 

J. FchCr, Scrnmclwcis Univcrsity (Hungary). 
Frcc radical scavcngcrs in toxic livcr Icsions. (abstract 15.1) 

V. Kagan and L. Packcr, Univcrsity of Pittsburgh and 
Univcrsity of California, Bcrkclcy (USA). 
Protcctivc or photosensitizing role of vitamin E? Light-induced and dark 
rcaclions of vitamin E radical in livcr, cyc and skin. (abstract 15.2) 

P. Odctti, G. Nobcrasco, M.A. Pronzato, L. Cosso, A. Bellocchio, 
D. Cottalasso, U.M. Marinari, Univcrsity of Gcnova (Italy). 
Corrclation bctwccn lipopcroxidation adducts and non enzymatic glycation 
in collagcn during aging. (abstract 15.3) 

Coffee break 

M.A. Goss-Sampson, A. Kriss, K.J. Lindley and D.P.R. Muller, 
Inslitutc of Child Hcalth, London (U.K.). 
Vitamin E and rctinnl function. (abstract 15.4) 

M.R. Lilcs, M.V. Miccli, P.D. Olivcr and D.A. Newsome, Touro Infirmary 
and Tulanc Univcrsity, Ncw Orlcans (U.S.A.). 
An in vitro modcl of lipofuscinogcncsis in human rctinal pigment 
cpithclium cclls. (abstract 15.5) 

XXlII 

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.



17:30- 18:OO A.L. Nicmincn, B. Hcrrnan and J.J. Lcmasters, 
University of North Carolina (U.S.A). 
Laser scanning confocal microscopy (LSCM) and digitized video 
microscopy (DVM) of cultured hcpatocytes after oxidative stress with 
t-BuOOH: protcction by l,lO,-phcnanthroline. (abstract 15.6) 

18:00-19:00 SFRR International General Assembly 

XXIV 
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PLENARY SESSION ON PHARMACEUTICAL INTERVENTION IN FREE 
RADICAL-BASED PATHOLOGY 

9:00-9: 10 

9: 10-9150 

9:50-10.30 

10130- 1 1 :00 

1 1 :00-11: 1 0  

11:10-11:50 

11:50-12:20 

Chairpcrson: 

12:20-12:30 

12:3O-13.30 

1 3: 30- 14: 30 

13:30-14:30 

1 3: 30- 1 3 :40 

H. Sies, Univcrsity of Diisscldorf (Germany). 
Chairperson’s rcmarks. 

A. Mcistcr, Corncll University Mcdical College (U.S.A.). 
Approachcs to Lhc thcrapy of glukithione dcficiencics. (abstract D. 1) 

M. Mino, Osaka Mcdical Collcgc (Japan). 
Mctal-calalyzcd frcc radical injurics in childhood disorders and 
pharmaccutical intcrvcntion. (ahsuact D.2) 

Coffee break 

G. Burton, National Research Council (Canada). 
Chairpcrson’s rcmarks. 

G.B. Bulklcy, Thc Johns Hopkins Hospital, Baltimore (U.S.A). 
Pharmaceulical inlcrvcntion for the prcvcntion of post ischemic reperfusion 
injury. (abstract D.3) 

Discussion on Antioxidant Interactions 

L. Packcr, Univcrsity of California, Bcrkcley (U.S.A). 

Closing Remarks 
G. Poli, Univcrsity of Torino (Ilaly). 

Lunch Rreak 

Poster Viewing 

Lunch Time Seminar 
Lipid pcroxidation: rolc of silymarin 
(Sponsored b y  Istituio Biochimico Ituliuno, Giovanni Lorenzini, IBI) 

K.H. Chccscman, Bruncl Univcrsity (U.K.). 
R. Fantomi, Univcrsity of Novara (Italy). 
Introductory rcmarks. 
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13:40- 14:OO F. Minisci, A. Cittcrio, M. Dattilo, Politecnico di Milano and IBI, (Italy). 
Antioxidant activity of silymarin (abstract D.4). 

14 100- 14: 20 J. Fchcr, Scmrnclwcis Univcrsity, Hungary. 
Antioxidant protcction by silymarin in toxic liver lesions. (abstract D.5) 

14:20- 14: 30 Conclusions. 

AFTERNOON PARALLEL SESSIONS 

Session 16. 

Chairpcrson: 

14:30-15:00 

15:OO- 15:30 

15:30-16:00 

16:0O-16:30 

16:3O- 17:OO 

17:00-17:30 

1 7: 30- 18:OO 

Antioxidant Defences in 1:'ukaryotic Cells. 

E. Niki, Univcrsity of Tokyo (Japan). 

G. Burton, National Rcscarch Council of Canada (Canada). 
Antioxidant mcchanisms of vitamin E and 8-carotenc. (abstract 16.1) 

J. Viiia, M. Ascnsi, V.Anton, G. Estrcla, F.V. Pallard6, J. Sastre, 
J.A. Fcrrcro, Univcrsity of ValCncia (Spain). 
Oral antioxidant administration partially prevents exercise-induced 
glutathione oxidation in rats and humans. (abstract 16.2) 

M. Maiorino, A. Rovcri and F. Ursini, 
Univcrsity of Padova and Univcrsity of Udinc (Italy). 
Phospholipid hydropcroxydc glutathionc pcroxidase is the major 
sclcnopcroxidasc in nuclci and mitochondria of rat tcstis. (abstract 16.3) 

Coffee break 

M. Miki and M. Mino, Osaka Mcdical College (Japan). 
Involvcmcnt of frce radicals catalyzcd by mctals in Wilson's disease and 
antioxidant dcfcncc. (abstract 16.4) 

J. Emcrit, F. Congy, D. Bonncfont, M.C. Jaudon, J. Delattre, 
Hopibl dc la SalpctriCrc, Paris (Francc). 
Oxidativc stress status (OSS) in thc cldcrly. (abslract 16.5) 

A.F. Casini, E. Macllaro, B. Dcl Bcllo, L. Sughcrini and M. Comporti, 
Univcrsity of Sicna (Italy). 
Rcdox cyclc of ascorbale in the livcr: a study of dchydroascorbate-rcductase 
activities. (abstract 16.6) 
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Inflammation. Session 17. 

Chairperson: 

14:3O- 15:OO 

15:OO- 1530 

1 7:OO- 1 7 : 30 

Session 18. 

Chairpcrson: 

14:30.15:00 

B. Halliwcll, UC Davis Mcdical Ccntre (U.S.A.). 

T. Yoshikawa, Kyoto Prcfcctural University of Medicine (Japan). 
Rolc of ncutrophil-dcpcndcnt oxygen radical in  inflammatory reactions and 
cancer trcatmcnts. (abstract 17.1) 
N.H. Hunt, T.M. Jeitncr, J.-C. Fragonas, C.L. Kneale, D.M. van Reyk, 
University of Sidncy (Australia). 
Rcdox mechanisms in T cell activation. (abstract 17.2) 

J. SandstrCjin, L. Carlsson, H. Ohlsson, S.M. Marklund, T. Edlund, 
Univcrsity o f  UmcS (Swcdcn). 
Exprcssion o f  human EC-SOD in pancrcatic B-cclls of the non-obese 
diabctic (NOD) mousc. (abstract 17.3) 

Coffee break 

J.J.M. van dcn Bcrg, F.A. Kuypcrs, E. Roiunan and C.C. Winterbourn, 
Childrcn's Hospital Oakland Rcscarch Institute (U.S.A.) and Christchurch 
School of Mcdicinc (Ncw Zcaland). 
Idcntification of h c  rcaction producrs of unsaturated fatty acids with the 
ncutrophil ox idan t, h ypoc hlorous acid. (abstract 17.4) 

M.L. Hu ,  S. Louic, P. Motchnik, C.E. Cross, B. Halliwell, UC Davis 
Mcdical Ccntcr, Sacramcnto and University of California, 
Bcrkclcy (U.S.A.). 
Oxidation of plasma constitucnts by hypochlorite. (abstract 17.5) 

J.M.S. Davies, D.A. Horwitz and K.J.A. Davies, 
Albany Mcdical Collcgc and Univcrsity of Southern California, 
Los Angclcs (U.S.A.). 
Collagcn brcakdown by hypochlorous acid and N-chloroamines: possible 
rolc in synovitis. (abstract 17.6) 

Reactive Species in Metabolic Disorders. 

G. Nanni, Univcrsity of Gcnova (Italy). 

Y.A. Vladimirov, A.N. Osipov and A.V. Kozlov 
Mcdical University, Moscow (Russia). 
Frcc radical producing rcactions of FcZ+ ions in biomcmbranes and 
lipoprotcins. (abstract 18.1) 
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Session 19. 

Chairpcrson: 

14:30-15:oo 

A. Bovcris, Univcrsity of Bucnos Aircs (Argentina). 
Oxidativc stress in ischcmia-rcpcrfusion 
(abstract 18.2) 

I.S. Young, S .  Tale and E.R. Trimblc, Quecn’s 
Univcrsity of Bclfast (U.K.). 
Thc cffcct of ascorbatc and dcsfcrrioxamine treatment on oxidative stress in 
diabctcs. (abstract 18.3) 

Coffee break 

G. Minotti and M. Ikcda-Saito, Catholic 
Univcrsity of Roma (I~i ly)  and Casc Wcstcrn 
Rcscrvc Univcrsity, Clcvcland (U.S.A.). 
Oxyradical gcncration and iron scqucstration by a novel microsomal 
protcin: a doublc cdgcd sword‘? (abstract 18.4) 

M. Williams, B.B.H. Krootjcs, J. Van dcr Zcc and J .  Van Steveninck, 
Statc Univcrsity Lcidcn (Thc Nclhcrlands). 
Effccts of protoporphyrin on lhc susceptibility of human erythrocytes to 
oxidativc strcss. (abstract 18.5) 

M. Fcrrali, C. Signorini, L. Ciccoli and M. Comporti, 
Univcrsity of Sicna (Italy). 
Iron rclcasc as a mcchanism of mcmbranc damagc in erythrocytes exposed 
to oxidant agcnts. (abstract 18.6) 

D N A  Ihmage and Repair. 

R. Mcncghini, Univcrsity of San Paolo (Brasil). 

J. Cadct, M. Bcrgcr, G. Buchko, J.L. Ravonat and H. Kasai, 
Ccntrc d’Etutics Nuclkaircs, Grcnoblc Ccdex (France) and National Cancer 
Centcr Rcscarch Institutc of Tokyo (Japan). 
Oxidation rcactions of thc purinc and pyrimidine moieties of DNA and 
modcl compounds. (abstract 19.1) 

M. Dizdaroglu, R. Olinski and Z. Nackcrdicn, 
National Institutc of Standards and Technology, Gaithersburg (U.S.A.). 
DNA basc damagc and DNA-protcin cross-links in chromatin of gamma- 
irradiatcd or H,O,-trcatcd culturcd human cclls. (abstract 19.2) 
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16100- 16~30 

16: 30- 1 7 :00 

1 7 00- 1 7: 30 

Session 20. 

Chairpcrson: 

14:30-15:OO 

1 5: 30- 16:OO 

C.G. Fraga, P.A. Motchnik and B.N. Amcs, 
University of Bucnos Aircs (Argcntina) and University of California, 
Bcrkclcy (U.S.A.). 
Oxidativc strcss in human spurn: DNA damagc and antioxidants. 
(ahstract 19.3) 

Coffee break 

E.L. Nalvartc and D.M. Yourtcc, 
Univcrsity of Missouri, Kansas City (U.S.A.). 
Mutagcnccity of  doxorubicin in a frcc radical gcncrating system. 
(abstract 19.4) 
D. Touati, B. Tardat and I. Compan, 
Institutc Jacyucs Monod, Paris Ccdcx (Francc). 
DNA oxidativc damagc and rnutagcncsis in E. Coli. 
(abslract 19.5) 

D.I. Fcig and L.A. Locb, 
Univcrsity of Washington, Scaulc (U.S.A.). 
Mutiigcncsis by oxygcn frcc radicals. (abstract 19.6) 

Free Radicals in  Medicine IV (Red  Cel ls ,  Heart) .  

P. Hochstcin, Univcrsity of Southcrn California (U.S.A.). 

W.D. Flilkr, J.G. Coghlan, S.M. Clutton, A. Rces, C.D. Ilslcy and 
T.F. Slatcr, 
Bruncl Univcrsity, Uxbridgc and Harcl‘icld Hospital (U.K.). 
Thc rolc of  frcc radicals and vitamin E in human repcrfusion injury. 
(abstract 20.1) 

G. Rotilio, M. Paci, M. Sctta, A. Bozzi and M.R. Ciriolo, 
“Tor Vcrgata” Univcrsity of Rorna and Univcrsity of L’Aquila (Italy). 
Glutathionc and rcdox rcactions of thc crythrocytc membrane. 
(abstract 20.2) 

H. Nohl, K. Stolzc and L. Wcincr, 
Vcterinary Univcrsity of  Wicn (Ausuin) and Weizmann Institute of Science, 
Rchovat (Isracl). 
Dctcction of GSH-lcvcls in pcrfuscd rat hcarts by means of a 
novcl ESR-method. (abstract 20.3) 
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16:00- 16:30 Coffee break 

16:30- 1 T O O  0. Augusto, M. da Silva Morais and J. VBsquez-Vivar, 
Univcrsity of San Paolo (Brasil). 
Pcroxidation of thc antimalarial primaquine: characterization of a 
bcnzidinc-likc mclabolilc with mcthemoglobin-forming activity. 
(abstract 20.4) 

17:OO- 17~30 A. Arduini, V. Tyurin, Y. Tyurina, G. Dottori, F. Molayoni and 
R.R. Ramsay, 
“G. D’Annunzio” Univcrsity of Chicti (Italy) and 
Univcrsity of California, San Francisco (U.S.A.). 
Carnitinc and carnitinc palmitoyltransfcrasc, key modulators of the 
acyl-lrafficking in thc coursc of thc sccondary antioxidant response 
to oxidativc slrcss. (abstract 20.5) 

1 7 :  30- 1 8:OO I.B. Zavodnik, Acadcmy of Scicnccs of Belarus (Belarus). 
The proccss of human hcmoglobin autooxidation as source of free radicals 
in rcd cclls. (abstract 20.6) 

xxx 
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Pre-Meeting Conference 

Free Radical Mechanism of Cell Injury 
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MECl IANlSMS OF 0 X I I ) A T I V E  C 
Stcn Orreiiius, I)epaiImenl of Toxicology. Kiii uliiiska Instituter, Ilox 
MWJ, S-103 01 Stockholm.  Sweden 

Exposuic of mamnialiiin cells to oxid;itivs wcss iiiduced by icdox- 
active c o n ~ ] ~ u n d s  results iii thiol aiid NAl)(l’)ll* oxitlation followed 
b y  A T P  depletion and the loss o f  cell viiiliility, I’icrtciri thiol 
niudification is associated with effects OII V;II ioris cell lu~~ci icrns .  
IIIc~LIdillg alteration o f  enzyme  activities. i i i ipwinent  or signal 
timscluction. and pcnuibat ion of cy~oskelcrd orgiininitinn. The Lfter 
cfftct appeals 10 he iesponsiblc  fnr tlic Iniin:itinn o f  the nuniciotis 
~ilasnia membrane blebs. lypically sccn i i i  cclls c x p t ) s d  to cytotoxic 
concciitiations of pronxitIants. Following I I ) ~  disruption of tliibl 
1)w)eostasis in prooxidant-t1eated cells. t I w e  IS a ~ r t u i b ~ i t i n n  of 
intiaccllular Ca” homeostasis and sulircquciit Ca2’ uvsi load.  This 
ca” increase can  catisc aclivatioii ol v x i o u s  Ca2’-dependeiit 
dcgrxlat ive e r u y n m  (phnsphnlilwscs, liiute:iscs. edonucleases) arid 
inay iilsn be responsible for thc initocli[iiidi.iaI h n a g e  seen in 
oxidative stress. Severe oxiclinive stic‘ss is ;ilsn ;issoci;itcd wit11 
r.xtc‘ri+fc D N A  damage which inay iesult IIOIII direct radical :i~tack 
:rnd/ur endoiiuclease activatioii Uirdci ccttain experitneti1;il 
conditions the D N A  clamage inay lead to excessive stimulatiiin crf 
poly(AI)I’-tibose)polymcIase iiclivity and subsequent NAD’ and 
A T P  depletion which may  cont i ibute  to cell killing. Oxidat ive cell 
dcatli ix noimally of the necrotic tyjx, l)ut in  some experimental 
systcms, modcrate  o x i d d i v e  strcss can induce apoplotic cell death. 

CYTOTOXIC AND CENOTOXIC EFFECTS 
OF LIPID PEROXIDATION 

H. Esterbauer, F. Tatzher, H. Puhl, H. Zollner, J. Schaur, C. Waeg 

Invrilure I)/ Biochcrnivlry, l lnivrrsiry of Gra? 
Schuberrsrr I ,  L Y O I O  (;ruz. Arorrio 

A nunibrr nf palhological effccs asrociaiul w i h  frcc radlcals and oxidative 
slrcss appear to bc mediated by l i p d  pcroxrdatlon nnd r cacwc  aldehydic lipid 
peroxrdalion products. such as 4-hydroxynoncn;rl. malonaldchyde and others 
(1)  Thefindings. whichsuppinthrshyp)lhcsis. wiIIbedisc~sedwihpanicular 
emphasis to the cytotoxic antiprolifcrdlive and gcnotoxic effects of 4- 
hydroxynonenal (2). Research o n  lipid peroxidation and hpid peroxidation 
producs received aremarkablestimulus in thr recent years hrough hcdiscovcry. 
thal oxidatively modified low density lipoprotein is highly cyiotoxic and causes 
foamccll formationandisprohahly involvsdinthepathogenesisofathcrosclaPsis 
(3). Thesestudies also led to thcdcvelopmeni ofantibodies. which allowcd thc 
demonstration dial 4-hydruxynonenal and malonaldchyde modified proteins are 
mdccd produced in vivo. 

I H.  Estcrbaueret. al.. Free Rad. R i d .  Med. 11.81-128. 1991 
2.  tl. Esterbauer ct. al.. in: Oxidative stress. Oxidants and antioxidants (H. Sics 
ed.). Academic Press 1991.pp. 337.369. 

3. D. Stcinbcrg el. al.. N. Engl. 1. Med. 320.915-924. 1989. 
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Plenary Session on Radical Reactions in Aging 
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A.1 Free Radlcals in Aging and longevity Mechanisms. 
R.G. Cutler, Gerontology Research Center, NIA, NIH, 
Baltimore. MD 21224 

Most evidence indicates that aging is a result of normal 
metabolic processes that are essential for life. Thus  
an important approach in biogerontology is to identify 
specific metabolic reactions necessary for life but 
which could also lead to aging. A unique characteristic 
of this approach is an explanation of what governs 
aging rate or longevity of a species or even individuals 
within a species. These would be mechanisms tha" 
would act to reduce the long-term toxic or aging effed- 
of the normal metabolic and developmental reactions. 
The reactions involving oxygen metabolism clearly frt 
into this model for they are essential for life yet c a n  
potentially cause many of the dysfunctions associated 
with aging. Such a model c a n  also account for 
differences in aging rate or longevity of different animal 
species by differences that may exist in their innate 
ability to reduce oxidative stress state. Our laboratory 
has been testing this oxidative stress state (OSS) 
hypothesis of aging and longevity by determining if a 
positive correlation exists between OSS of an animal 
and its aging rate. Much of our data has found wch a 
positive correlation, yet there are some indications thal 
separate ausive mechanisms may exist in deiarmining 
aging rate as opposed to those related to age 
dependent specific diseases such as cancer or 
cardiovascular disease. 

A.3 M A l L l , A l ~ l ~  REACTION A N D  OXIDATIVE STRFSS A R E  
INITRIIELATED STOCffASTIC MECHANISMS OF AGING 

V.M.Monnler, D.R.SeI4 H.H.Nsgnraj, and P.Odettl. 

liutiture I>/ Pathology. Cast. Western Reserve University. 
CIeveland. Oliio 44 /06 ,  USA 

Thc mcuhation ofproteins with Educing sugars leads tononcnryniatic browning 
Fluorcscciit and UV active priducis arc formed which link covalently the 
prcxins iogcthcr. The formation o f  thccc cros*links can k dramatically slowed 
d w n  by rcnrovmg 0, from the reaction niiaiurc 
O u r  laberatory has isolated a fluorcscml mvlcculc (3351385 nm) froni aging 
liiunan wllagcn and elucidated 11s struLturc which rcvcalcd ptcscnce of an 
irnidaio 4.Sh pyridiniuin mdcculc inwdving a lysinc and an arginirie re 
crosslinked h y a ~ ~ n t o s e . ~ i e m i r l ~ u l c ,  ti~~,tir.cd"pcnt~isiidiiic".cw besynlhc 
i l iost  rapidly from ribcisc. but even hcaoscs. thrcorcs. Wiozcs as well as ascoiiiate 
can act as pentosidinc precursors. In cvcry case. removal o f  0, dramatically 
rcduces pentosidine formation rate. 
Quantitation o f  pcntosidirie in various biological tissues revcalcd I )  pentosidine 
increases with age ubiquitously in the extracellular matria 2) that diahctes and 
especially uremia promote i a  formatiirn 3) that i t s  formation in cataractous 
lenscs is dcpcndcnt on the integrity or h e  ascorhatc/glutathic~ne system and 4) 
that dietary restriction decreases its formation ratc. 
Thcrc data. togelher with workon carboaymcthyl-lysinc by Raynes and colleagues, 
lhosc from Wolffel al. on aulooxidalivc glycosylalion and thosc frum Narnki & 
Hay ashi on sugar-derived pyrazinc radlcal formation during hrowning reactions 
suggest Iliatmuchof thedarnage resulting from free radicals in agingmay in fact 
bemediaid by oxidative stressonrcducing sugars whichengage in the Maillard 
reaction. 

PROTEIN OXIDATION AS M A R K E R  A N D  MECHANISM IN A.2 
AGING AND ATHEROSCLEROSIS. 

Roger T.Dm 

Ilenrt H r w r r r h  I m t t ~ u e ,  145 Misrnden  Raad. Camperdown. 
S y d n q  NSIV 2050, Ar*nruLa 

Thcrchas hccnni~icI~cniph.is~s in d~cl~icrature~Jnthenccumulationdunngaging 
o f  inactivc proteins. containing stahlc mcxlificd o r  lipid-dcrivatised amino acids. 
Many o f  lhcsc mcxltf,cdimns may dcnve dircctly (pcoteinoxidation) or indirectly 
(protein dcrivrtirriion hy lipid oxidation products) from radicnl prucesscs. 
While discusLing the inlormation o n  mechanisms of generation of such enmes .  
I would also I t  kc to prcrcnt new information on two novcl protein modifications 
which give risc to rcactivc spixics: prolcin hydroperoaides and protein-bound 
reducing moieties including DOPA 
These species can. r c sp t ivc ly  . c o n s u n i e c c l l u l a r m d u e ~ ~ .  and reduce transition 
metals such as iron and copper. whether present in low molecular weight or 
protein-bound forms Their possible importance in influencing the progression 
ofradical cvents.cspwially nn adjacent protcin surfaces. will bediscussed. Data 
on their Occurrence in ccnain aged materials is heing galhered. and will be 
discussed. Kinrtic considerations reveal that the sieady-stale pool of even a 
reactive mnleculc caii be substantial. dcpending on bob rates of gcncration and 
removal. Thus I wrll d ~ c u s s  how damage these species inflict may relate to the 
progression of aging. 

HYDROGEN PEROXIDE DEPWDENT INFLAMMATORY A.4 
MECHANISMS IN ACUTE LUNG INJURY 
BS van Asbeck, Department of Medicine, 
University Hospital Utrecht, PO Box 
8 5 5 0 0 ,  3508 GA Utrecht, The Netherlands 

The damage to lung tissue that occurs 
during ARDS is a consequence of an in- 
flammatory process that is set in motion 
by various stimuli, such as endotoxin 
and high concentrations of oxygen. Under 
the influence of vasaactive, chemotactic 
and adhesion-promoting substances produ- 
ced by damaged endothelial cells and 
activated alveolar macrophages, activa- 
ted platelets and granulocytes are se- 
questered in the pulmonary microcircula- 
tion, which leads to occlusion and pul- 
monary hypertension. This results in an 
increased permeability of the alveolar- 
capillary membrane, leading to hemorrha- 
ge and protein- and cell-rich intersti- 
tial and intra-alveolar edema. There is 
strong evidence that toxic oxygen spe- 
cies play a major role in this process. 
'In particular hydrogen peroxide. This 
molecule is not only the precursor of 
hydroxyl radical and myeloperoxidase 
derived oxidants, but also appears to 
serve as a messenger in mediating the 
release of inflammatory factors. Thera- 
peutic interventions aimed at control- 
ling the effects* of H ~ O ?  by increasing 
intracellular concentrations of gluta- 
thione are thus indicat.ed. 
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A.5 ANTICENOTOXIC AND ANTICARCINO(;ENIC EFFECTS O F  
N-ACETYLCYSTEINE IN LUNG CELLS 

S. de Flora, M. Ilugnuw-11, H.M. Ilnlan’iky. C. Ilennlcelli, 
A. Cun1oirano.F. D’itgostini and A. Irrlitti 

Imrirrur ~ J l l y ~ ~ c n e  utd Prrvrwrw’  Mcdii  IN.. 

Universiry ojGrru,u. I 16/32 (;tvwu, Iruly 

711c hid N-acetylcysteinc (NAC) clisplaycd aniigcnotoxic and anticarcinogenic 
properties in a varxty of in v i m  and in vivo test systcms. and is now assayed as 
acancer chcmoprevcnlive agent in clinical trials pcrformd both in Europe and 
USA. NAC has~enshownu~worktl in~ughmulti~~lcn~ccl ianisms,among which 
the ahility to act as a nuclu)philc and antioxidant. inhibiting the genoloxicily of 
O;H,O,. and products nf (he r cac t i~n  hstwccn ‘02 nrid cell components. NAC 
exhibited several in vivoprotcctivc cffccis in lungcclls. In urcthw-weated mice. 
oral NAC prevented to a largecxtcnt thc f n n ~ i ~ ~ t ~ n n ~ i l  lung tuniors. In pulmonary 
alvu)lar macrophages (PAM) and lung parenchymal cells o f  rals. i.p. NAC 
sliniulatcd detoxifying biwliciiiical pathways In mis rccciving 1.1 instillations 
[ , l~n.rola]pyrenc(RP).NAC by gavagcprevcntcd ~I~cinductinnofmicronuclci 
in PAM wd inhibited the formation c i f  RI’DE-DNA adducts in livcr and lungs. 
In raK exposed whole-body to nisinswcam cig:ircttc sniokc for 40 consecutive 
days, NAC by gavage prolectd the respiratory tract form smoke-induccd 
histopathological clianges prevented the indiiction of micronuclei in PAM, 
exerted antitoxiceffects in bone-marrow crythnxytes. inhihired the formation of 
RPDE-DNA adducts in heart and lungs. and modulated biochemical parameters 
in liver and lung cells. 

Suppried by CNR FATMA and CNK-ENEL I’inpxs 

ENHANCEMENT OF CANDIDACIDAL ACTIVITY OF A.6 
PERIPHERAL BLOOD MONONUCLEAR CELLS AFTER 
.I.N VITRO TREATMENT WITH N-ACETYL 
CYSTEINE B i a t o n i ,  Dottorini-, Cociani, Pirtrella. 
Todieco-, V e s c b i a m l l i .  Dept. Exper. Med. b Biochem. 
Sci.. M~crobiology Sec.. University and -Pulmonary 
U n i t ,  R .  S i l v e s t r i n i .  P e r u g i a ,  Italy 
N-acetyl cysteine (NAC)  is a thiol con- 
taining compound used as a mucolytic 
drug It i s  able to reduce mucus viscos- 
lty. acts as a gluthatione precursor and 
increases cysteine levels in cells. It 
is employed a s  a direct free radical 
scavenger: in particular, i t  has an ex- 
cellent action on hydroxyl radicals 
(OH): The beneficial effect has been 
studled in chronic bronchitis. Recently 
NAC has been involved in the inhibition 
of stimulatory effects of T N F - a  on re- 
plication of HIV in T cells and periphe- 
ral blood mononuclear cells (PBMC). In 
the present study. w e  selected 10 pa- 
tients with chronic obstructive pulmona- 
ry disease and 10 with lung cancer. Ten 
assumed NAC (600 mg/die) for 15 days and 
ten received placebo consecutive for 15 
days. We analyzed candidacidal activity 
in alveolar macrophages (AM), PBMC and 
polymorphonuclear cells (PMN) from these 
patients before and after treatment. The 
results show that candidacidal activity 
of the cells before and after NAC treat- 
ment were similar to placebo-treated pa- 
tients. On the contrary in an other 
group of lung cancer patients (n. 5) the 
addition of NAC in vitro was able to en- 
hance candidacidal activity. In our opi- 
nion. the phenomenon observed in vitro 
could be reproduced in &, through ap- 
propriate dosage and monitoring. espe- 
cially in immunodepressed patients. when 
opportunistic infection become frequent 
and life-threatening. 
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Session 1 

Free Radicals in Radiation-Exposed System 
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1.1 FREE HADICALS IN RADIATION - EXPOSED SYSTEMS 

Clemens yon Sonntae. 

M a r  Plank lnsrrrui f i e ,  Sirahle-ncheniie 
D 4330 Mullheim /X Gerniany 

1.3 

R.diatioii chcrniial iechniqucs have made m a p  conaibuuuns u, our prewn 
knowledge of freeradical chcmisny. especially 10 that in a aqueourcnvuonmenl 
Here it i s  recalled that the living cell consisis of 70% water. 
When ioniring radiation is absorbed by matter.radical cations. electrons an1 

excited molecules are generated hi watcr t h i s  lcads 10 the formation of OH 
radicals. rolvaled electrons and H-atoms as rcacrive intermediaus. The solv~ted 
electron can be convened with ninous oxide inlo funher OH-nd~als. Thc 
system then consists of 9096 OH-radtcals and only 10% H-atoms. 11 will be shown 
that in a similar manner the water radical can be convened quitc specifically into 
a whole Scrics of radicals. c.g. R, R.'. CO;, RS . PhO. 0; or ROO,. 
The reactions of such radials and their kinetics can bc followed by pulse 
radiolysis using a variety of detection systems, e.g. optical specoOSWpy. 
conduciomeuy. e.sr.. and (with polymers) light-scamring . With che help Of 

these [cchniqucr a whole body of reaction rate constants and r~dox-poccncial~ of 
free radicals has becn obuincd. 
In the radiotherapy of CMCCJ use is made of the ability of ionizing d o n  to 
kill cells. It has becn show that chis effect is mainly caused by DNA damage. 
Some of the DNA damage can be repaired by che a l l ' s  thiol pool. lvgdy 
glumchione. Examples will be given. high radiation-chemical tehniqucr can bc 
used to elucidate Ihc underlying free radical reactions. 
Ionizing radiation provides I unique tool lo generate fnu radicals in nysulline 
material Under favourable conditions chain reactions may be induced who% 
propagation are determined by the smc~ule of the crystal. 

STUDIES OF MODIFIED SUPEROXIDE DISMUTASES' 
D. E. Cabelli" and R. A. Hallewellb 
Whemistry Department, Brookhaven National Laboratory, 
Upton, NY 11973 [USA), bDepartment of Molecular Biology, 
Scripps Research Institute, La Jolla, CA (USA) 

Superoxide dismutase (SOD) is a n  enzyme tha t  catalyzes the 
dismutation of 0 2 -  to oxygen and peroxide. Site directed 
mutagenesis has  been successful in affording the 
preparation of SOD in which selected amino acid residues 
have been altered. The activity of these enzymes, as 
measured by pulse radiolysis, when compared to tha t  of the  
unmodified enzymes, allows us to assess the importance of 
certain residues to the electrostatically facilitated direction 
of 02- to the active site and to the overall activity of the 
enzymes. Modifications were carried out  to the  residues: 
Arg 143, T h r  137, Lys 136, Glu 133 and Glu 132. The effects 
of these modifications upon catalytic activity will be 
discussed. In addition, some results demonstrating the 
effects structural changes at the  active site and  in  the active 
site channel have on the  activity will be presented. Finally, 
an anomalous result concerning the effect of phosphate on 
enzymes modified at Glu 132 and  Glu 133 will be described. 

'This research was supported by NIH Grant  ROlGM23658-12 
(DEC) a n d  by Chiron Corp. (RAH) and carried out at 
Brookhaven National Laboratory, which i s  operated under  
contract DE-AC02-76CH00016 to the U.S. Dept. of Energy. 

O X I U A T I L ' F  STHESS IN ATOMIC BOMB SURL'IVOHS 1.2 
Kazuo Neriishi, M U 

DepartmPrit of Clinical Studies. Hadiation 
t-ffects Hesearch Foundation. 5-2 Hijiyama Park, 

Minami-ku. Hiroshima 7 3 2 .  Japan 

Based on accumulated epidemiological data for 
the atomic bomb (A-bomb) survivors in Hiroshima 
and Nagasaki, two possibilities with regard to 
radiosensitivity are discussed, 1 . e . .  cell 
turnover and an oxidative stress t o  the host. 
In previous studies, significant relationships 
between an acute symptom of irradiation 
(epilation) and leukemia mortality and between 
epilation and chromosome aberrations were 
observed, suggesting radiation estimation 
errors and:or individual differences in 
radiosensitivity. There is evidence that 
epilation is observed more in younger survivors 
than in older survivors. Taking into 
consideration that rapid cell turnover is 
related to radiosensitivity. and that there is 
a similarity between hair cells and bone marrow 
stem cells in terms of rapid cell turnover, the 
evidence is more likely to be due to 
radiosensitivity. In addition, since the 
oxidative stress of inflammation damages DNA 
and/or cell membranes, i t  is possible that the 
oxidative stress of inflammation that has been 
observed in A-bomb survivors might p l a y  an 
important role in the late effects of A-bomb 
irradiation. Neutrophilla. observed in A-bomb 
survivors. could be typical evidence of both 
the rapid cell turnover and the oxidative 
stress to the host. 

1.4 - 
J.A. Simpson,S.P. Cieseg,and R.T. Dean 

The Heart Research Institute, 1 6  Missenden Road, 
Camperdown, Sydney, NSW 2050, Australia 

Interactions between free radical species and protein, with resulting 
modification of the latter are well known. As part of our strategy to 
define protein oxidation more fully and to permit adequate assessment 
of its physiological relevance, we report some studies on novel long 
lived reactive produds in oxidised protein. 

Ln contrast to the native form, BSA exposed to free radicals generated 
by gamma irradiation, LJV irradiation, and Fe or Cu/H202 systems, 
significantly reduced cytochrome c as assessed by its increase in 
absorbance at 550 nm. The reductive capacity, termed protein bound 
reducing moiety(ies, PBRedM), was stable for many days, and the 
amount of PBRedM generation was related to the dose of UV o r  
gamma irradiation of the protein.The reductive capacity was 
consumed after approximately two hours of incubation with 
cytochrome c at room temperature and was stoichiometric with the 
concentration of the irradiated protein. The radical modified BSA also 
reduced free ferric and cupric ions which were detectable by coupling 
to neocuproine and ferrozine dyes respectively. PBRedM formation 
was not specific to BSA but was found on soybean trypsin inhibitor, 
insulin, lysozyme and human serum albumin after gamma irradiation. 

Irradiations under different gassing regimes and the inclusion of 
radical scavenger studies have indicated that PBRedM is formed by 
hydroxyl radicals nteracting with aromatic amino acids. 'Qrobine was 
found to produce higher levels of reductive capacity than the other 
common amino acids. Recent studies have indicated that PBRedM is 
probably protein bound DOPA. PBRedM may play a role in the 
replenishment of reduced transition metal ions involved in potentially 
physiological and pathological free radical reactions. The stability of 
PBRedM should permit them to diffuse through biological systems, in 
contrast to the transient radicals themselves. 

Simpson, J. A,, Narita, S., Gieseg, S., Gebicki, S., Gebicki, J.M. and 
Dean, R.T. (1992) Biochem. J. In p r e s  
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IN VWO ESR STUDIES ON RADICAL REACTION IN 
WHOLE MICE -EFFECT OF RADIATION EXPOSURE- 
H. Utsumi, H. Kawabe. S. Masuda. K.Takeshita. Y. Miura, ?'. Oz.awa. 

T. Hashimoto. H. Ikehira, K .  Ando. 0. Yukawa. and A. Hamada 
Sch. of Pharmaceu. Sci.. Showa University. Shinagawa. Tokyo 142. 

and Natl. Inst. Radiol. Sci.. Anagawa. Chiba 260. JAPAN 

Recent development of L-band ESR spectrometer made possible 1 0  

measure radical species in whole animal noninvasively. Nitroxide 
radicals are known to react with various redox systems including active 
oxygens. and in vivo ESR measurement using nitroxide radicals as 
probes were investigated by several groups to estimate the radical 
reaction in  whole animals. We previously reported nitroxide rddlcal 
reactions in  head, lung, muscle. and blood in  whole mice by in V ~ W J  

ESR spectroscopy. Here, we demonstrate the relation of spin-clearance 
of nitroxide to biological phenomena. and the effect of radiation 
exposure on nitroxide radical reaction in whole body. 
Nitoroxide radicals. TEMPO and PROXYL derivatives, were dissolved 
in isotonic buffer. The solulion was administered to female ddY or AIJ 
mice anesthetized with pentobarbital. and then ESR spectrum was 
successively observed with in vivo ESR spectroscopy. 
Nitroxide radicals lost their paramagnetism in  whole mice obeying f irst 
order kinetics. The reduction rate of the radicals i.v, administered 
depended on oxygen concentration of the inspired gas, and the influence 
of oxygen differed between in  head and i n  abdomen, indicating that 
inspired oxygen should affect radical reaction in different manner. 
Nitroxide radical injected into lung also reduced its paramagnetism by 
oneelectron reduction. Treatment of lung with SH modifying reagents 
inhibited the reduction and lipid-soluble nitroxide radicals were reduced 
much faster than lipid-insoluble one, suggesting that membranous 
components should take pan in the radical duc t i on  in lung. 
The radiation exposure to whole mice also influenced on spin-clearance 
of nitroxide radicals i.v. administered. High dose (IS Gy) reduced spin- 
clearance to the half, but low dose (7.5 Gy) reduced a little. indicating 
that radiation exposure caused damage in some redox systems of mice. 
The present studies suggest that in vivo ESR measurements with 
nitroxide radicals as probes should reflect biological activities such as 
radical generation and reduction. 

'5 

1.7 FREE RADICALS IN IRRADIATED SPICES 
G.J. Troup, D.K. Hutton, J.R. Pilbrow and D.R. 
Hunter* 
Physics and *Anatomy Dept., Monash University, 
Clayton, Victoria, Australia, 3168 

Twenty five different spices were irradiated to a dose 
of 20 k Gray by a Cs13' source. The ESR free 
radical spectra of all samples were measured 2, 8, 
22, 42, 72 and 403 days post irradiation, using a 
carefully standardised technique, with a Varian E l 2  
spectrometer. Wide low field scans were also used to 
check transition metal ion spectra. ESR intensity 
decay curves can be explained either on the basis of 
a second order process, or on the basis of different 
radicals decaying at different rates. For some spices, 
permanent (against subsequent re-irradiation) 
changes in transition metal ion signals occur; some 
retain quite large stable free radical signals. 
Difficulties in detecting "irradiated" form "non- 
irradiated" species will be discussed. 

PROTECTIVE EFFECT OF SELENIUM AND ZINC ON UV-A 1.6 
DAMAGE ON HUMAN SKIN FlBRO.ELASTS 

M.T. Leccia.8 M.J. Richard", J.C. Beani , H. Faure**, J. 
$adet*'*, P. AmpJard' and A. Favier'.. 

Biochiyi: C. C.H.R.U., B.P.2 1 7X. 38043 
Grenoble Cedex, France. 

Dermatologie, 
DRFMCISESM, C.E.N.G., France. 

Ultraviolet A radiation participates in cytotoxicity and 
carcinogenesis of the skin by a mechanism involving the 
generation of reactive oxygen species. Endogenous antiradical 
defense systems utilize metalloenzymes including selenium- 
dependent glutathione peroxidase (GPX) and copper and zinc 
superoxide dismutase (SOD). We determined the protective 
effect of selenium (Se) and zinc (Zn) on human fibroblasts 
exposed to UV-A radiation (A=375nm1. Se in the culture 
medium (0.1 mg/L) in the form of sodium selenite increased the 
synthesis and activity of GPX by 60.5% and 35% in the 
absence of irradiation and after irradiation with 5 J/cm2 
(P=O.O431. The presence of this element significantly increased 
the survival of UV-A-irradiated fibroblasts (P<O.OOOl). In 
addition, malondialdehyde (TEARS) decreased in the presence 
of exogenous selenium: - 1  9% and -22% without irradiation and 
after irradiation with 5 J/cm2 (P=O.O56). When Zn was added 
at the dose of 6.5 mg/L as ZnC12. fibroblasts subjected to 
oxidizing stress induced by UV-A were protected (P<O.OOOl I. 
TBARs prodtiction decreased significantly: -33% and -34% 
without irradiation and after irradiation with 5 Jlcm2 
(P =0.0085). SOD activity, however, decreased after 
supplementing with zinc: -26% and -20% without irradiation 
and after UV-A IP=O.O17). These results confirm the essential 
role of Se in the detoxifying activity of the GPX whereas the 
antioxidant properties of Zn are Thus apparently independent of 
SOD activity. 
Ref.: Dudek E.J. and al., 1990, J. Free Rad. Biol. Med. 9, 76. 
Richard M.J. and al., 1990, Nouv. Dermatol. 9. 1-7. Thomas 
J.P. and al., 1990, J. Biol. Chem., 265, 454-461. Tyrrell R.M. 
and al., 1990. Photochem.photobio1. 4, 349-361. 

INDIRECT EVALUATION OF IRRADIATION GENERATED 
FREE - RADICALS I IY MEASUREMENT O F T n A  ~ REACTIVE 

SUBSTANCES AND LIPOFUSCINOGENESIS 

I<. A h j  Tittnrrt. Sa.iu, F.S., Lucsdamo I,., Furrillo K.. <;reco S. 

Oiporiinrrrvo di Erologio. Caircdra dr Eccologiu. Univcr.>iiu &/la Caiabriu. 
Arravoroia di Hmde.  87036 (Cs),  lioly 

I i i i iwo d i  Srtcnze Hadiobgrrhe, I faroli l i  di M e d i r r m  e Chtrurgzn. Napolr 

n i c  ~ i m i n n g  ratltdlicms damage hioli,gical suucIucs in dsffcrcnt ways hut nnr 
of the most imlxirtant is the production of fr~rrrdicalr.part~cularlyoxyrad~cals.  
illat can  rubvrci electrons to hioinolcculcs uiggcring n process iaking to h c  

coinprmiision 111 whole ccllular arcas. Well known indexes of oxidative stress 
arc ihe cvaluation of 1otal THA (Iliioharhituric acid) rcactivc ruhstances and 
fluorinleuic levels associated 10 the so called pigment "lipfuscin". 
In this work wc have iricd io qu;tnhry. from a hkrhrmical  point o f  view. ihc 
consequenmofa single doseof4C.y cm a marinc organmil, Torpedo m m o r a i a .  
charactcrisrd by thc lack of antioxidan1 defenses in ccnurl nervous sysicrn 
(CNS). 

1 -8 
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1.9 THE liECHANISIl OF NORDIHYDROGUAIARETIC ACID 
ACTION IN HICE AFTQl IRRADIATION 

A. b j e k ,  A.  Kozubik, J .  Hofmanovh, I¶. El:! 
Insti tute of Biophysics,  Czech. Acad. S c i . ,  

KrblovopolskA 135, 612 65 Brno, Czechoslovakia 

Our earlier experiments shoved improved 
hemopoietic recovery in mice irradiated for  one 
hour after app l i ca t ion  of nordihydroguaiaretic 
acid (NDGA). I t  is known that NDGA acts as 
a cyclooxyqenase and l ipoxygewe (enzymes 
regulating hemopoiesis) blocker and has also 
been reported as a strong antioxidant (AO) .  T h i s  
study was designed to decide whioh of these two 
mechanisms determines the radioprotective e f fec t  
Of NDGA. 
A 0  e f fec ts  of NDGA i n  a concentration range of 
0.03 - 30 ,ug/ml were studied on bone marrow 
phagocytas of CBllxC57Bl mice. Luninol-amplified 
chemiluminescence (CL) was employed to detect 
reactive oxygen species generated by phagocytas 
activated with opeonized zymosan. 
While NJXA applied in v i tm strongly reduced the 
CL reeponse, no changes were detected i n  sera 
samplea of mice investigated one hour after 
i .p.  application when compared w i t h  controls. 
These differences euggest that NDGA is probably 
metabolized i n  viw. Therefore, the improved 
hermpoietic recovery nmy be a consequence of 
NDGA interference w i t h  regulatory events rather 
than due to direct A 0  effects.  

1 .I1 Oxidative damage to lysozyme by the hydroxyl 
radical; comparative effects of scavengers 

E. FRANZINI, H. SELLAK, J. HAKIM AND 
C.PASQUIER, 
INSERM U 294 CHU Xavier BICHAT, 46, rue Henri 
Huchard, 75877 Paris Cedex 18, France. 

The hydroxyl radical (0H)O is considered the most toxic 
reactive oxygen species, given its high reactivity with 
molecules present at its site of formation and the 
generation of secondary, potentially toxic, free radical 
formation. This study was aimed at determining if (OH)' 
scavenging by uric acid, pentoxifylline (Ptx, a 
methylxanthine) or thymine could fully or partially 
protect a protein (lysozyme). 
When lysozyme was incubated with (OH)', it was 
inactivated with a yield of 7 moles (OH)' per mole of 
lysozyme; acrylamide gel electrophoresis showed the 
presence of dimer and trimer aggregates. Inactivation 
was associated with a loss of the major protein band 
(14.4 kDa) corresponding to native lysozyme; 
tryptophan fluorescence was lost before aggregation 
became detectable in terms of bityrosine formation. 
Densitometric analysis of electrophoretic gels of 
irrrldiated lysozyme also revealed specific fragmentation. 
Increasing concentrations of (OH)' scavengers gave 
increasing protection of lysozyme activity, showing that 
none of the scavengers used were toxic. Although all 
three compounds scavenge (OH)' with high rate 
constants, their effects were different: uric acid and Ptx 
prevented aggregation and preserved enzyme activity, 
whereas thymine preserved activity but did not prevent 
aggregation. The protective effect appeared to be 
associated with the quantity of reducing secondary 
radicals formed. 

THE REACTIVITY OF NITRO BLUE TETRAZOLIUM 

D. E. Cabellia and J. Holcmanb 
Vhemis t ry  Department, Brookhaven National Laboratory, 
Upton, NY 11973 (USA), k h e m i s t r y  Department, Risa 
National Laboratory, Roskilde. Denmark 

The generation and disappearance of the  one-electron 
reduced intermediate of NBT2+, NBT-+. was investigated. 
The kinetic results indicate that ,  under anaerobic condi- 
tions, the latter process involves a NBT2+-dependent 
second-order reaction a t  high pH (pH>8), resulting in the 
production of parent NBT2+ and the protonated two-electron 
reduced species, MF+. At lower pH, a similar kinetic 
process was observed, followed by a NBT2+-dependent 
first-order reaction, resulting in much smaller production 
of MF+. A plausible mechanism to tit these results is 
suggested. In the presence of high concentrations of 02, the 
reaction between NBT*+ and 0 2  was measured 
(k = 1.1 x lo5 M-1 s-l), yielding a n  equilibrium constant for 
NBT*+ + 0 2  +NBT2+ + 02-  of K = 0.31. A reaction 
between 0 2 -  and NBT*+ was not observed, leading to a 
limiting rate  of k<108 M-l  s-l. Finally, the reaction 
between 0 2 -  and MF+ was found to be much faster than that  of 
0 2 -  with NBTz+. 

*This research was supported by NIH Grant  ROlGM23658-12 
and carried out a t  Rise National Laboratory and 
Brookhaven National Laboratory, which is operated under 
contract DE-AC02-76CH00016 to the US. Dept. of Energy. 

WITH c o 2 - / 0 2 -  RADICALS' 
1 .I0 

G a m m a  a n d  pulse radiolysis s t u d y  of 1.12 
pentoxifylline, a methylxanthine 
C. PASQUIER*. E. FRANZlNI*, Z. 
ABEDINZADEH**, M. N. KAOUADJI and J. 
HAKIM* 
*mSERM U 294 Paris, France. 
**Labratoire de Chimie Physique (UA 400 CNRS), 

Pentoxifylline (Ptx) is a uisubstituted purine with 
antiinflammatory properties thought to be due, in part, to 
oxygen radical scavenging. We reports an investigation 
of the reaction of Ptx with hydroxyl radical [(OH)O], 
superoxide anion, azide radical and hydrogen peroxide 
generated by pulse and y-radiolysis, which are carried 
OUL to derermine the scavenging properties of Ptx 
towards oxygen radicals. 
In y-radiolysis, the action of (0H)O on Ptx at pH 7.4 
gave rise to an end-product separated by high 
performance liquid chromatography and identified by 
nuclear magnetic resonance and mass spectrometry as 
C-8-OH-Ptx (yield of 0.12 x 10-6mol. J-*). 
The reaction of Ptx with (OH)' after pulse radiolysis at 
pH 7-7.4 occurred with a rate constant of (7.7 It 1.0) x 
109 dm3 mol-1 s-1. forming time-dependent transient 
radicals. The initial spectrum (2 ps after the pulse) 
showed three maxima. A decrease in the absorbance 
around 500 nm and an increase around 310 nm reflected 
a first-order reaction suggesting a unimolecular 
rearrangement. It was shown by redox titration that at 
least two OH-adducts were formed; one with reducing 
and the other with oxidizing properties.These results 
suggest that the reducing radical may be (C-8-OH-Ptx)'. 
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1.13 ON THE SPIN TRAPPING OF PEROXYL RADICALS 
BY DMPO. 
A STUDY COMBINING PULSE RADIOLYSIS AND 
EPR SPECTROSCOPY. 

Kurt Stettmaier, Christa Michel and Wolf Bors 
GSF-Institut f. Strahlenbiologie. D 8042 Neuherberg, 
Germany 

Conflicting data exist on the spin trapping of peroxyl 
radicals by the cyclic nitrone spin trap 2,2-dirnethyl-pyr- 
rolidine-N-oxyl (DMPO). On the one hand, the peroxyl 
radicals CH 00. and (CH COO. can be clearly identi- 
fied as mdrately stable a3d)ducts with hyperfine splitting 
constants distinct from those of other adducts of oxygen- 
centered radicals (e.g. alkoxyl, hydroxyl or superoxide). 
On the other hand, several studies reported on the instabi- 
lity of peroxyl adducts of DMPO which should eventually 
lead to an adduct which is identical to or closely resembles 
the DMPO-OH adduct. 

To resolve this discrepancy we determined the rate 
constants of peroxyl radicals derived from alcohols with 
DMPO. While we obtained quite high trapping rate con- 
stants, no EPR-detectable adducts were observed both after 
pulse-radiolytic and photolytic generation of the peroxyl 
radicals. 

We propose therefore that alkyl peroxyl radicals with 
alpha-hydroxygroups form highly unstable adducts, 
whereas simple alkyl peroxyl radicals can be clearly identi- 
fied by their DMPO-adducts. 
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Session 2 

Oxidized Lipoproteins 
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2.1 EFFECT OF VITAMIN E A N D  OTHER ANIIOXII)ANTS ON 
THE OXI1)ATION RESISTANCE 

OF LOW DENSITY I,II'OI'ROTEIN 

II.Puh1. (;. W n q ,  k'. ' l a tzher ,  A .  Kreh,, H. I 5 t e r h a u e r  

/t~tlilidle <>,I ltrm-hernr,\rry. Univrrsiry vj (;r(lz 
.s( tlut,cr,tr I .  A <soin (;,(I:, A K , I ~ ~ ( I  

nic Cu" - s t i m i i l a i u l  liXlddl!V~ Illo~ilfIciltloli d 1.IX can hc nicasurcd by 
LonIiniioiicIy monitoring thc 234niii ahwrhari'c. wIitc11 hhows thrcc uinsccuiive 
p l i a rc *  a Lig. propigatwn and dcconiprri i ion pli.i\c Wc use h e  lag phase 
imcnwrcnicnt to ilcfinc ilic oxid:itton rcsistancc ( O K )  c , f  dtlfcreni LDL samplcs.  
I h n n g  i hc  lag phase ihc anuoxidantc in LIIL (vii.iiiiin F .  cari,tcnoids.ubiquinol- 
1 0 )  iiic uso>unicd wt th  $1-iocriplrcrol (11 T) a\ tlic f m i  and U er ro icnc  as ihe last 
onc c:-T IS tlic most proniincni anticixitlimi of ILVL ( 0 4 1 1  .X moVmol LDL). 
whcreas ilic conccnuatmn of i lw ~iihcr,  I \  only 1 / 1 0  t u  1/1W of cr-T. In a 
scrccning study with 78 suhlcca  tlic lag pliasc v.iricd from 34 lo 114 min. 
1ntcrcsiingly.only a weakconelation was found bctwccii thccr-Tconientand h e  
lag pliarc (r=0.2.p<0.01 .n=7R). lncrcasing die t r -T  r m t c n t  [if individual LDL 
samples in vitroor hy oral supplementation Icd always i o  a proporlional i n c n a s e  
of O K .  according io the q u a t i o n  y=kr+a Thc shqx k is the cfficacy 01 vitamin 
E w d  the intercept n rcprcscnts a vitaniin E indilxndcnt parameter. Strong 
rndivrdual variations were rihscrvcd h r  k arid n (1)  7 LO 17 fork and 68 to I08min 
fora). whicliprobahlycxplainsthat ihcviianiins Econtcnialone isnotpredictive 
for the O K  of an individual LDL 
Oihcr anuoxidanu no1 u in ta inul  In LDL (prohuctd.cr- and gantma -1ocotrienol. 
tnilox C, ascorhaic. glulalliionc) were ;ilso tcxtcd 111 v ~ t n )  All of them prolonged 
the lag phase. with prohuciil as tlic mo\t c f l i i  icni one In contrasi to ascorbaie. 
inikix C and gluiathionc. prrihucol did r i o i  s f w c  viianiin E in LDL. 

2.3 THE ROLE OF UBIQUINOL-10 "THE INHIBITION OF THE 
EARLY STAGES OF LIPOPROTEIN LIPID OXlDATlON 

R., V.W. Bowry. and D. Mohr 
Heart Research Institute, 145 Missenden Rd. Sydney NSW 2550. 

Australia 

oxidation of low-density lipoprotein (LDL) lipid is imponant as 
oxidatively modified LDL is thought to conlribule to the formation of 
lipid-laden cells (foam cells) in arherosclerotic lesions. 

Using ultra-sensitive HPLC assays for lipid hydroperoxides (LUOH). 
we have shown recenlly tluu (i) ubiquinol-I0 (CoQ10H2) is associakd 
wich LDL, and (ii) under conditions of constant rate of initiation he 
oxidation chain length in LDL was low (0.2-0.4) as long as CoQioH2 
was present, but increased -25-fold upon its consumption even though 
80.95% of a-tocopherol (a-Toc) and carolenoids were still present 
(Stocker. R. et al. Proc. Natl. Acad. Sci. USA 88, 1646). We now 
show that dietary supplementation of human volunteers with 
ubiquinone-I0 (CoQlo) resulted in increased [CoQloHz] within 
circulating LDL and such supplemented LDL was more mistant towards 
h e  initiation of lipid oxidation, to an extent h a t  was proportional to 
the LDL's initial [COQIOHZ]. In sharp ulntrast to & situation with 
the LDL panicle. the pemxyl radical-- oxidation chain length of 
erlrocred LDL lipids in homogeneous system was very low (-0.03) and 
not significantly influenced by the addition of physiological 
[COQIOH~].  Also in contrast to LDL, oxidation of isolated high- 
densily lipoprotein (HDL) resulted in LOOH formation without delay 
and at a Linear rate throughout Ihc incubation. Competition experiments 
carried out in fresh plasma showed that HDL lipids waz oxidizcd belore 
hose in LDL. This was likely due 10 mC absence of CoQioH2 and a- 
Ta from most frcshly isoIated HDL panicles. Indeed. in plasma lhcsc 
antioxidants were preruCntially bcated in LDL and this was reflected in 
an uneven distribution of plasma W H :  8% of b e  dctectabk plasma 
cholcsterylesler-00H (CEOOH) wert carried in HDL panicles and only 
15% in LDL. Linked with high [CEOOH] was (i) h e  presence of 
phospholipid hydroperoxides in HDL. and (ii) a low CoQloHz:CoQio 
ratio. Neither CoQioH2 nor a-Toc alone correlated with plasma 
LOOH. The resulu will be discussed in the light of the role of 
CoQlOH2 in preventing the early stages of lipoprotein lipid oxidation. 

EFFECT OF ASCORRATE O N  THE PRODUCTION OF FREE 
RADICALS DURING OXIDATE MODIFICATION 

SPIN RESONANCE STUDY 

I!. Knlyanaranin i i  

O q j I  O / R , I ~ I , J / O ~ Y .  M d u  ol Cdlcjie ofWi .womrn  .Milwa&e. W I  53226 

T l i w  Isovcrulicltii mycvidcriicthat rix~d;itivcly n i ~ x i ~ f i c d  low density Iipoproicin 
( O X  LUL) I S  atlicrogcnic Arcorbate supplemcniauon hiis txlcnshown to inhiblt 
significanily the fom.+iion of OX-LDL. Elccuon spm rcsonancc (ESK) siudies 
have shown i l i a t  tlic - -  tocoplieroxyl radical IS a primary lrce radical formed 
during o x i h l i o n  of LDL In sonic oxidation systems. a secondary free radical. 
prc\uinahly clciivccl from ilie other cndoigcnous anti-oxidirna in LDL. also 
a p p a r e d  willl lime. ESR stud~cshrvralsodcmonsirdtrd lhai both --rocopheroxyl 
and  l > n h u L o I  phcnoxyl riitlicals are formed during oxidation of LDL-probuwl. 
nlcsc l ~ p i ) ~ h ~ l ~ c  a n i m x i d m - d c r i v u l  rrdicals undcrgo r a y c l i n g  m the prescncc 
o~dscorhic  acid. with tlic conccmiiani formation 0 1  ascorhaic rndicals. ?he ESR 
rcsulis are consisteni with the finding that ascorhaic supplementation inhihits 
dcgradation o f  OX-LDL by macrophages. In this talk. ESR evidence for the 
prooxidant and antioxidant mcchanirm of action of ascorbic acid in LDL- 
oxidatinn will bc discussul 

2.2 
OF LOW DENSITY LIPOPROTEIN- A N  ELECTRON 

o x i m r i w  MODIFICATION OF LOW DENSITY LIPOPROTEIN 2.4 
INDUCED BY FREE RADICALS GENERATED IN ITS INSIDE OR 
OUTSIDE 

N. Noguchi. N. Gotoh, E. Ntki and 11. Shtma.saki(*) 
Dcpanmcnt of RcacLion Chemistry and Research Center for Advanced 
Science and Technology. University of Tokyo. Tokyo I13 and (*) 
Dcpament of Biochemistry. Teikyo University School of Medicine. 
Ilabashi. Tokyo 173. Japan 

The oxidatlve rnodificaoon oll-DL induccd by copper. water-soluble 
radical initialor, 2,2 ' -~bis (2-amii l inopn~~~anc)  dihydrochloridc (AAPH) 
or I tpid-soluble radical initiator. 2.2'-a~obis(2.4-dimethylvaleronilrile 
(AMVN). has bcen studied by following oxygen consumption and che 
changes in  viurnin E. lipid hydroperoxides. thiobarbituric acid reactive 
substances (TBARS). relative elecuophorctic mobility (REM), and 
aggregation and fragrncnlation of apolipoprotein B. Thesc initiators all 
induced the free radical-mediated, chain oxidation of LDL and gave 
phosphatidylcholine hydroperoxide (PCOOH) and cholesteryl ester 
hydroperoxide (CEOOH) as  major producls. When compared at  the 
same extent of oxidation. AMVN gave CEOOH in the highest yield. 
suggcsting that AMVN initiates lipid peroxidation in the core part of 
LDL. Furthermore. the rates of accumulation of hydroperoxides were 
enhanced after depletion of vitamin E in  b e  oxidations induced by 
copper or AAPH but those induccd by AMVN were less dependent on 
the presence or absence of vitamin E. implying that vitamin E docs 
not suppress Ihc oxidation taking place in the core elliciently. TBARS 
also increased in all oxidation systems and copper gave higher TBARS 
than both azo compounds. Good correlation was observed betwcen 
TBARS and REM or fragmentation of apolipoprotein B in all 
oxidation systems. although the manner observed in the oxidations 
induced by AMVN was different from those induced by copper or 
AAPH. These results suggest that the oxidative modification of LDL is 
dependent on the type of chain initiation. above all the presence or 
absence of mctal ions and site of radical formation. 
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2.5 HAEM PROTEINS AS MEDIATORS OF THE 
OXIDATIVE MODIFICATION OF 
LOW DENSITY LIPOPROTEINS 

Paganga G and Rice-Evans C. 
UMDS Division of Biochemistry, 

St.Thomas's Hospital, London S E l  7EH 
England U.K. 

We are interested in the potential for 
haem proteins to mediate the oxidative 
modification of low density lipoproteins. 
The interaction of ruptured erythrocytes 
and myocytes with LDL induces oxidative 
damage to the LDL as detected by 
alterations in electrophoretic mobility 
and the peroxidation of the 
polyunsaturated fatty acyl chains. 
Difference spectroscopy reveals that the 
induction of the oxidative process by the 
haem proteins is apparently dependent on 
the transition of the oxidative state of 
the haemoglobin in the erythrocyte lysate 
from the oxy  [X-Fell-0,] to the ferryl [X- 
Fe"=Cj state. The timescale of this kaem 
conversion is related to the antioxidant 
status of the LDL and the erythrocyte 
lysate. The incorporation of lipid- 
soluble antioxidants at specific time 
points during the LDL-erythrocyte 
interaction prolongs the lag phase to 
oxidation, eliminates the oxy to ferryl 
conversion of the haemoqlobin, and 
prevents the oxidative modification of 
the LDL. 

2.7 SYNERGISTIC INHIBITION OF THE OXIDATION OF LIPID 
MICROSPtiERE BY UBIQUINOL-I0 AND a-TOCOPHEROL 

Y. Yamamoto. S. lioka, and E. Niki 
Lkpmnicnt of Kcaction Cheinistry and Research Cenlcr for Advanccd 

Scicncc and Technology, University of Tokyo. Tokyo 113, Japan 

Thc oxidation of low density lipoprotein (LDL) has received much 
attrntion since i t  may play a vcry important rolc in atherosclerosis. a- 
Tocophcrol (VE) has bccn suggested to be the best antioxidant in LDL, 
howcvcr. wc rcponcd at thc previous SF'RR meeting lhat the dccrcasc 
of ubiquinol-l0 ( ( JQ- lo)  preceded that of VE and lhe formation of lipid 
hydropcroxidcs W~LF significant only after the depletion of UQ- 10 in the 
cupric ion-induccd oxidation of LDL. Stocker et al. also reported 
similar rcsulls when the oxidation of LDL was initiated with othcr 
SOUTCCS of frcc radicals [PNAS (1991) 8 8.  16461. In order IO clarify lhc 
rolc of UQ- 10, we have compared lhe antioxidant activities of  UQ- 10 
and VE in lipid microsphcre (LM). since the preparauon of VE-free 
LDL IS difficult. LM was preparcd by dispersing a mixture of soybean 
phosphatidylcholine (PC), methyl linoleatc (18:2 Me), and 
stearylamine (SA) into waler. In thc oxidation of LM initiated with 
oil-soluble azo-initiator at 47°C in air, constant rates of the formation 
of hydroperoxidcs of PC and 18:2 Me were observed. The addition of 
VE or UQ-10 gave a distinct induction period and !he stoichiometric 
nunibcr for pcroxyl radical uap by UQ-10 was calculaled as 1 by h e  
comparison of the Icngths. The ram of o x i d ~ o n  (Rinh) of 18:2 Me 
during the induction period were similar for two antioxidants. 
suggesting the rates of peroxyl radical mp by VE and UQ-10 are 
similar. On h e  other hand, VE inhibited he oxidation of PC better 
than UQ-10. When both antioxidants were preseni UQ-10 spared VE 
and Rinh of two substrates decreased with increasing VE concentration. 
However. in the absence of UQ-10. Rinh did not decrease with 
incwasing VE concenuation. indicating that VE needs rcduclanu for its 
maximum antioxidant activity. These results and the fact that UQ-10 
content i s  much lcss than VE in LDL suggest that UQ-I0 mainly acts 
as a reduclant for VE radical rathcr lhan a dimt trap of oxygen radicals. 

KINETIC' S l ~ l C I L A ' I I O N  OF COI'I'EH INI)UCEI) OXIDATION 
OF LOW DENSITY LIPOI'ROTEIN 

2.6 

EFFECTS OF VITAMIN E AND ITS ANALOGUES ON THE 2.8 
OXIDATION OF LOW DENSITY LIPOPROTEIN MEDIATED BY 
FREE RADICALS 
N. Gotoh,  N Noguch i ,  E .  Komuro ,  E .  Niki. and t i  
Shimasaki' 
Department of React ion Chemistry and Research 
Center  fo r  Advanced Sc ience and Techno logy .  
University of Tokyo, Tokyo 113 ,  Japan and 
* Depart me n t  of Biochemistry,  Te ikyo Universi ty 
Schoo l  of Med ic ine .  Tokyo 173 ,  Japan.  

It I S  now accepted  that the  oxidat ively mod i l ied  low 
dens i ty  l ipopro te in  (LDL) plays a s igni l icant role in 
the  progress ion  of at he  roge nes is .  a -Tocophero  I, 
the  major ant ioxidant in LDL,  d o e s  no t  p revent  t h e  
l o  rmatio n of p h o s p  hat idylchol ine h yd ropero xide 
(PC-OOH) and cho les tero l  es te r  hydroperox ide  (CE-  
OOH) as e f f i c ien t ly  as it d o e s  in  the  homogeneous  
so lu t ion .  In this study, we ox id i zed  LDL t reated w i th  
several  k inds  o f  a - tocophero l  analogues, hav ing  
d i f fe ren t  l eng th  0 1  i sopreno id  s ide  chain in o rde r  to 
elucidate the  weak ant ioxidant activity of a- 
t ocophero l  in LDL. The ox ida t ions  were  i nduced  b y  
e i the r  AAPH o r  Cu(ll) in pH7 .4  phospha te  bu f fe r .  
When t h e  LDL t rea ted  w i th  2.2.5.7,8-pentamethyI-  
6-chromanol(PMC) was ox id ized  b y  AAPH o r  Cu(ll), 
the  format ion of PC-OOH and  CE-OOH was n o t  
obse rved  whi le PMC ex is ted  in LDL. O n  t h e  o t h e r  
hand,  LDL t rea ted  with o t h e r  k inds  of ana logues 
gave the  hydroperox ides  e v e n  when  they  were  
present  in LDL and the  rates 0 1  format ion of 
hydroperox ides  increased with increasing l eng th  of 
s ide chain.  These resu l ts  indicate that t h e  
ant ioxidant activity of chroman r i ng  is h igh  e v e n  in 
LDL b u t  that t h e  s ide chain a f fec ts  i t s  ant ioxidant 
activity. We conc lude that t h e  weak ant ioxidant 
activity of endogenous  a - tocophero l  in LDL is 
ascr ibed t o  a reduced  mobi l i ty  d u e  t o  i t s  l ong  phy ty l  
s ide chain.  
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2.9 FATE OF LIPID HYDROPEROXIDES IN IfUMAN PLASMA 
Y. Nagam, Y. Yamamoto. and E N i k i  

Dcpanmcnt of Reaction Chcmisvy a i d  Rcscarch ('cnlcr Tor Advanced 
Science and Technology. University 01 ' lbhyo. Tnkyo 1 13. Japan 

\u, could dclcct about 3 nM cholcslcryl cskr hyilropcroxidc (C:E-0011) 
in hcalthy human plasma [EBRC (10x9) 165.  9x81 as ;I tlircct cvidcnce 
0 1  lipid pcroxidation i n  vivo Ilowcvcr. ptiospliat~dylcholinc 
hydropcroxidc (PC-OOH) was not found in nicttimol cxtracw of  human 
plasma [Frcc Rad Eiol Mcd (19x7) 3 .  3591. and neithcr in  

mcthanol/chloroform cxuacts. This dilfcrcnce is likely duc to the 
inslahility of PC-OOH in plasma [Frci ct al., PNAS (1987) W 5 .  9881. 
Lecibin:cholcstcrol acyluansfcrasc (LCAT) in  IIIlL or phospholipaw 
A2 (PLAZ) activity in LDL has bcen suggcslcd to convcn PC-OOH to 
CE-OOH and IysoFC, and frec fatly acid hydn)pcroxide (FFAOOH) and 
IysoPC. respectively. In ordcr to examine thc above hypothcsis. we 
havc studied thc fau: of PC-OOH. CE-OOkl. and PA-OOH in plasma. 
Soybean PC-OOH and hydropcroxidcs o f  cholestcryl linolcatc and 
linoleic acid wcrc used as subsuatcs. Hydropcroxides wcre added as 
small volume of alcohol solution to human hcparinizcd plasma and 
analyzed by an HPLCKL assay. Alcohols (PC-014 and CE-OH) wcrc 
cstirnaled by their absorption at 234 nm by submcting PC-OOH and 
CE-OOH, respectively. FFA-OH was dctcrmined by thc prccolumn 
fluorescence dcrivatization method. First of all. CE-OOH was stable 
in plasma but FFA-OOH was rapidly reduced to FFA-OH. PC-OOH 
also dccayed rapidly in plasma and was convcncd to PC-OH as the 
major product. At thc samc time. small amount of CE-OOH and CE- 
OH wen: also produced, but liulc FFA-OH. No significant decrease of 
antioxidants in plasma was obscrvcd by Ihc addition of hydropcroxidcs. 
indicating that hydropcroxidcs wcrc rcduccd cnzymatically. 
Furthermore, PC-OH was slowly convcrtcd to CE-OH in plasma. 
Thcsc rcsults indicau: that thc pcroxidasc IS likely to be thc major 
dcfcnsc against FC-OOH i n  thc plasma. PLAZ activity is not 
important in dccompsing PC-OOH in  plasma. Howcvcr, LCAT 
activity is not ncgligiblc if PC-OOH is formed in HDL. 

2-11 DETERMINANTS OF LIPID PEROXIDATION 
[LPO] IN CYSTIC FIBPOBIS 1'251 
B.M.Winklhofey-Roob , H.Puhl 
D.H.Shmerling , A.Krebs2, H. Esterbauer' 
'Dept.of Pediatrics, Univ. of Zurich 
'1nst.of Biochemistry, Univ. of Graz 
Polyunsaturated fatty acids [PUFAs] of 
LDL are protected against LPO by vita- 
min E and carotenoids. In vitro expo- 
sure of LDL to a prooxidant leads to 
consumption of these antioxidants [AO] 
(lag-phase [lag]), resulting in forma- 
tion of conlugated dienes [CD]. In 5 
patients CD generation in LDL was moni- 
tored up to complete LDL oxidation and 
lag was measured. a - ,  y-tocopherol [TI, 
8-carotene [C] and other carotenoids 
were determined in plasma and LDL. 3 
patients showed a short lag (30,57,60 
min) compared to others (135,152 min) 
and to healthy controls, indicating a 
suboptimal supply of AO. They also had 
decreased plasma a-T (median) (11.0 
pmol/L) and LDL a-T (1.4 nmol/mg) . l3-C 
was very low in all patients (0.08 
pmol/L), as were other carotenoids. The 
length of the lag was more closely 
(r2=0.84) related to LDL a-T than in 
controls (r2=0.51), indicating the lack 
of other AO. CD absorbance in fully 
oxidized LDL was considerably lower in 
patients (0.4-0.6) compared to controls 
(0.8-1.0), suggesting a limited amount 
of oxidizable PUFAs in LDL. In conclu- 
sion, LDL-LPO in CF is almost exclusi- 
vely prevented by a-T. Low oxidizable 
PUFAs in LDL due to essential FA defi- 
ciency lead to limited CD formation 
even in severe A0 deficiency. 

l.ll 'll) l ' l : R ~ ~ x l l ~ A ' I ' l o N  0 1 ;  I,()\!' I 
IN1 Illll'llON l 3 \ .  hll('K(X'0hflY)NI 
I'/\I<INARI(' ACID 1.1.C IORIiSS('I1,M 
.lo30 A N I ~ ~ i ~ i j i i i h ~ i ,  Ixoiior h l  Aliiicidii iiiid Vitor hl ( ' hkidcirii 
I iihnr;itc(no dc 1 3 i o q i i h i i u i .  I~iicultliidc dc 1:iiriiiAciii. 
( h i ih ra .  3049 <:oiiiiI)r:i ( .~nlcx, )'OK 1'1 ! ( i . A I .  

11ii\ crsidiide tlc 

Sevcr;il lines o f  cvidciicc suggest that l ipid pcroxidatioii o 
derisity lipoprowinv (1 .1) l . )  occurs i n  W W I  ;md that this CYCIII  p 
cutrid role i n  tlic niwh;uiisiii 01 atherosclerotic diuiiiige to  hl(nd v 
'llierelore. iicvcrttieless tlir prcsciicx o1 ;uitioxi&uit ~ i i i p ~ i i i i d ~  i n  I .IX 
these lipoproteins are iiii  important target for free radicals i i i  viv i i ,  

Ix)ssihly hecausc o f  heir  high content in polyunsaturated fatty acids 
Sinre plasma coinposition is diet dependcot. a rapid and siiiiple 
iiierhodology to assess ch:uii-hrcikiiig xtivities of some u~nipoiiiids is of  
ohvious I titerest rcgxdiiig I .Ijl. protcctioii agiunst peroxidiimii 'l'he 
fIiiorcsaii1 free I;ilty x i d  pnni inc ;icid (1'11.4) recently introduced :IS ;I 

iiicnibraic pcroxidiitioii piolx. h;is kcri used i i i  our 1;ihoratory i i i  I .Ill. 
pcrnxidation studies to get precisc aud reliable qumtltative indices 01 
;intioxidant actlvity 111 t h i s  assay. LIX. with PnA incorporated arc 
suhjecl to a u)iisianl f l u x  of Ixroxyl radicals hy theniial deconilwsiuon 
01. 2.2' ru*~bis(2-aiiiidiiio1,ropule hydroclrlonde) (AAl'l I )  i n  tlie aqucoiis 
ph;~ve. 'llie peroxidation reiictioii is followcd hy 1'iiA fluoresceiicc 
d c c r ~ ~ w  'llic antioxidant acuvity (chaiii-hr4cing) of ;~ddcd u ~ m p i n d s  IS 

evaluated as the inhibition ~nxi"xl corresponding to the supression 0 1  
Iluorescriiu: d e u y  l l ie  antioxidant is cooswned at a ~ ~ I I S I I U I I  rate and. 
when dcplctcd. the inhihition period ends and the Iluorcsunu d a y  rate 
I S  resumed l'rcviously we havc shown that for coinnion pl~ i sn i~ i  

antioxidant compounds. namely ascorhate. urate and cystcine, :I close 
relationship bctween iiilubitlon pcricxls ol I ' d  acid fluoracenu: dcciiy 
a id  0 2  cnnsuniption is ohsemul ( I )  In &is study. tlie chain-hreAing 
efficiencies of sonic t i i i c ~ c ~ ~ m ~ w i ~ c n t s  of diet. nanicly cllagic. Gdfeic ;uid 
chlorogciiic acids were nie;rsurcd and coinpared with the clficieiicy of 
;isu)rhatc hy tlie I'nA assay. Data also uwelatc well with inhihilioii 
periods of 1.1>1. oxidat ion as iiiwsirred by 9 consuniptiou l:vcii iit iihl 
concentrations. tlic coiiiln)uiids exhihit a strong chain-hreikiiig 
antioxidant nctivity ;iw)nling t o  the sequence in tcrnis of inliihitioii 
pcnod ellagic > chlorogcnic > d f e i c  

(I) JoZii A N I.;iraiijiiilia. I .eonor M Alnicida a i d  Vilor M C 
Malcir;t Arch. /lioc/triii. /lii~p/iv.r. (subinitled) 

REACT L O N  O F  ACT I V A T E D  HAEMPKOTE I NS W 1'Tti 
I ,  1 PL) I' K O ' I ' E  1 N S 

2.12 

M i c h a e l  . I .  IDavies,  George Paganga  a n d  C a t h e r i n e  

Depar tmen t  of C h e m i s t r y ,  U n i v e r s i t y  of  York,  
York Y O 1  5DI) a n d  

D i v i s i o n  o f  I 3 i o c h e m i s t r y ,  S t .  'Thomas' H o s p i t a l ,  
I.ondon S L l  7 E H ,  UK 

K i c e - E v a n s  

R e a c t i o n  o f  tlie i r o n ( I I 1 )  fo rm of c e r t a i n  
h a e m p r o t e i n s  w i t h  H202 i s  known t o  g e n e r a t e  a 
f e r r y 1  [ i r o i i ( I V ) - 0 x 0 1  s p e c i e s ,  wh ich  i s  one 
o x i d i s i n g  e q u i v a l e n t  a b o v e  t h e  i n i t i a l  l e v e l ,  
a n d  a p r o t e i n  ( g l o b i n )  r a d i c a l .  P r e v i o u s  
s t u d i e s  h a v e  shown t h a t  t h e s e  s p e c i e s  c a n  i n d u c e  
o x i d a t i v e  damage t o  b i o l o g i c a l  membranes ,  t h o u g h  
t h e  e x a c t  mechanisms b y  w h i c h  t h i s  o c c u r s  h a s  
n o t  b e e n  f u l l y  e l u c i d a t e d .  

l h e  o x i d a t i o n  of LDL m o l e c u l e s  by s y s t e m s  
c o n t a i n i n g  Metmyog lob in  or  m e t h a e m o g l o b i n  a n d  
H 2 0 2  h a v e  b e e n  i n v e s t i g a t e d  by u s e  of b o t h  
d i r e c t  ESK s p e c t r o s c o p y  a n d  ESR s p i n  t r a p p i n g  
and  a number of  r a d i c a l  s p e c i e s  w h i c h  m i g h t  b e  
i n v o l v e d  i n  t h e  i n i t i a t i o n  of LDL o x i d a t i o n  
a n d  t h e  s u b s e q u e n t  p r o p o g a t i o n  of damage 
d e t e c t e d .  The s t r u c t u r e  a n d  i d e n t i t y  of t h e s e  
r a d i c a l  s p e c i e s  w i l l  b e  d i s c u s s e d  t o g e t h e r  w i t h  
t h e i r  p o s s i b l e  r o l e s  in t h e  g e n e r a t i o n  of 
damage. C o r r e l a t i o n  of t h e  o b s e r v e d  r a d i c a l s  
a n d  t h e i r  c o n c e n t r a t i o n s  w i t h  o t h e r  m a r k e r s  of 
LDL damage s u g g e s t  t h a t  t h e s e  s p e c i e s  p l a y  a 
c r u c i a l  r o l e  i n  LDL o x i d a t i o n .  
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2.13 FORMATION OF PROTEIN PEROXIDES BY FREE RADICAL 
GENERATING SYSTEMS 
J.M. Gebicki and S. Gebicki 
School of  Biological Sciences 
Macquarie University, Sydney, Australia 

The demonstration that some proteins exposed to 
gamma radiation in presence of oxygen acquire 
peroxide moieties ( 1 )  prompted u s  to examine 
other radical-generating systems for their 
potential effectiveness. We found that BSA, 
lysozyme and a range of susceptible amino acids 
exposed L O  a variety of oxidizing conditions 
gave positive tri-iodide peroxide tests. The 
effective systems included those which generate 
hydroxyl o r  similarly reactive species directly, 
as in the Fenton reaction, OK indirectly, from 
less potent reactants such as superoxide. Of the 
latter, we found that the systems xanthinel 
xanthine oxidase/iron, NADH/NADH oxidase/iron, 
aSCOKbate/iKOn and neutrophils activated with 
phorbol rnyristoyl acetate induced formation of 
peroxide groups on BSA with varying efficiencies. 
A more surprising finding was that AAPH ( 2 , Z ' -  
Aiobis(2-Amidinopropane)Hydrochloride), which 
generates peroxyl radicals, was also able to 
induce protein peroxidation. In cases where the 
superoxide radical was the initial reactant, 
SOD was not able to offer complete protection 
from peroxidation, but catalase was an effective 
inhibitor of the process. 

( 1 )  Simpson J . ,  Narita S., Gieseg S., Gebicki S . ,  
Gebicki J.M. and Dean R.T., Biochem. J., 
in press. 

2-45 TOTAL PEROXYL RADICAL-TRAPPING CARAPILTIY 
OF HUMAN LDL. 

T. Metsa-Keteld and A-L. Kirkkola 
Department of Biomedical Sciences, 

University of Tampere,Tampere. Finland 

In order to study antioxidant contents of 
human low-density lipoprotein a new 
luminescent method was developed. The 
precipitated LDL fraction was extracted 
with cho1oform:methanol and devided for 
determinations of organic phosphorus and 
for a chemiluminescent assay of chain- 
breaking antioxidants. The sample was 
exposed to peroxyl radicals produced by the 
thermal decomposition of 2,2'-azobis(2,4- 
dimethylvaleronitrile). The rate of peroxyl 
radical production in the thermal 
decomposition of AMVN was followed by the 
luminol enhanced chemiluminescence. The 
addition of an antioxidant to the reaction 
mixture extinguishes the chemiluminescence 
and its duration has a linear correlation 
to the radical trapping cabapility of the 
sample. D-a-tocopherol was used as a 
standard. The duration of the extinction 
caused by 1 nmol of D-a-tocopherol is about 
1100 sec. Normal human LDL has total 
radical-trapping cabapility of 19f4 (SD) 
mmol per mole of organic phosphorus. I f  
human LDL contains 700 molecules of 
phospholipids per LDL particle this 
antioxidant capacity can be achieved with 
the tocopherol composition of 7 molecules 
per LDL particle. 

FORMATION OF PROTEIN PEROXIDES ON LOW DENSITY 2.14 
LIPOPROTEIN EXPOSED TO FREE RADICALS OR COPPER 
J.M. Gebicki and A.V. Babiy 
School of Biological Sciences 
Macquarie University, Sydney, Australia 

Oxidation of LDL results in modifications o f  
its lipid and protein components, some o €  which 
may be responsible for its atherogenic 
properties. A possible protein modification, not 
studied so far, is acquisition of peroxide 
groups. To test this, we oxidized LDL by free 
radicals generated with gamma rays or by 
exposure to Cu(I1). The LDL protein (apo B )  was 
isolated by the removal of lipids, using four 
techniques: extraction with methanol/chloroform 
or dissolution in Nonindet P-40 (J. Lipid Kes. 
1979,20:631), and extraction with ether/ethanol 
with or without Gu.HC1 (Biochem. 1982,21:4503; 
PNAS 1977,74:5150). The protein recovered in 
the Nonindet method was tested for presence of 
hydroperoxide groups with the tri-iodide test 
(Atherosclerosis 1990,81:175). Both free 
radicals and Cu(I1) induced apo B peroxidation 
which was linear with time of irradiation and 
incubation with Cu(1I). The kinetics of the 
process suggest that endogenous antioxidants 
are unable to protect the apo B from this form 
of modification. 

C A R O T E N O I D  EFFECTS O N  O X I D A N T  INDUCED H U M A N  
LOW-DENSITY LIPOPROTEINS SURFACE: C H A R G E  

SUIIPOPULATIONS DETECTED IIY LASER DOPPLER 
ELECTROPHORESIS  

1%. Arrli i l ,  U. l ~ 1 1 1 i n ~ f i i 1 i t ~ ~ i i u ~ ~ ~ ~ i i t 2 ,  J.1). Catudicr3, 1.. I'ncker3 

I lr~boraroire fiioinerxilique Mrmhramtrr .  Bor 4.12. Unrv & Paris-.'id. 
Yl40.5 O r . w y  

2L*lboruIoire dt Biorhmiie. 116piloIde lu .Sallx3riCre. 47 nivd & l ' I l 6 , p d .  
7S651 P u r n .  FRANCE 

3 Moleculrrr and Cell Biology. Univ.  o/Cali/brniu. B e r k l e y .  CA 94720. U.SA 

Oxidative mudiflcatiiinsof human low dcnsity Iiywpruieins (LDL) is bclicvd t c i  

be Ihe f irs t  of many steps in aBerusclcro~ic plaqtic f<wmata,n. Oxidants depleie 
LDL aniinxidants. cause lipid and proicm oxtdaliiin md increase Rf on ngarosc 
gel elcctropliorcsis (ACE). Chrractrriration of oxidants-induced LDL swfacr 
charge nubpopulations and antioxidant prevcntioii rcquirc scnsitiw methnls In 
lhis study. Laser Doppler Elcccvophorcsis(LDE) was used todetect modifications 
in LDL surface charges occurring before and afrcr oxidant strcss. In the prescncc 
of 0, and the water-soluble a m  initiator of pcroxyl radicals. 2.2-ambis (2  
amidinopropwe)HCl (AAPH).ur cobalt y-radiolysis (OH, 0,) increased ncga- 
live surface charges of LDL. Mean mobililics measurcd varied from -1.7 to 
Spms 'Vcm according t o  lreatrnent. AAPH cffccts wcre partially prevented hy 
preueament with bctatcne (Henkcl) and 0-carotene (Ruche). the latcr obscrved 
by Jialal e l  al.. RRA. 1086: 134-138.1991 by AGE. In an LDL sample from a 

vitamin E deficient patient. B-carutene was cxucmcly cffcctivc in preventing 
fornation ofoxidant inducul surfncc charge suhpipulalions. Thus. LDE revealed 
unmbiguuusly that oxidalivc modifications mcrcasul negative surface chargc 
density and verification by light-scattering showd that LDL s i x  was not 
affectd. Beyond the results. an important tcchnical point is he comparison 
bciwccn LDE and ACE. LDErcvcals immcdiatc 1"ramctcrsofphysico-chemical 
pmpcrIics and surface charge subpopulations (at least 4 may bc distinguished). 
Murwvcr. LDE allows for rccovcry or  LDL subpopulations 
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2-17 REVERSAC-OF CIRCULATING HIGH PLASMA OXIDIZED 

DM Kramsch, P Avogaro, A Sevanian, G 
Z Cazzolato, HN Hodis and G Bittolo-Eon 
Regional Arterioscler Center, Venice, Italy; 
Univ. South. Calif., Los Angeles, USA 

Abdominally obese cynomolgue monkeys on ad 
lib atherogenic diet (AD) for 12 months were 
compared to lean control diet (CD) monkeys. 
Magnetic resonance imaging revealed 
visceral fat accumulation in AD primates 
associated with elevations of insulin, 
insulin resistance, glucose, blood pressure, 
heart rate, plasma triglycerides, LDL, 
AND LDL . LDL correlated with body weight 
and was shown to correlate stronger with 
atherosclerosis than unmodified LDL. 
Four AD monkeys were treated with oral 
antioxidants for 8 weeks: 2 with the 
powerful vitamin E analog (VEA) U-81556; 2 
with the lazeroid (L) U-14,389T. This 
resulted in the following meat lipoprotein 
changes (mg/dl). In VEA: LDL- 11.1-1.5, LDL 
459-62, HDL 91-311; in L: LDL 11.0-0.8, LDL 
385-45, HDL 83-321. Conclusion: Exogenous 
antioxidants reversed atherogenic LDL to 
normal and improved remarkedly two other 
risk factors: LDL and HDL. Thus, 
antioxidant therapy may be a powerful tool 
in prevention and reversal of cardiovascular 
disease in a high risk group. 

LDL (LDL ) WITH ANTIOXIDANTS 

2.19 OXIDATION OF LDL BY BOVINE MICROVASCULAR CELLS. 
D.L. Feldman, T.C. Mogelesky, C.F. Koehne, J.J. 
Rediske. Depts. Atherosclerosis/Cardiovascular 
and Inflanrmation Research. Pharmaceuticals 
Div., CIBA-GEIGY Corp., Summit, NJ, U.S.A. 

Oxidized low density lipoprotein (oxLDL) is 
thought to promote the formation of fatty 
streaks during atherogenesis in large and 
medium arteries. The in vivo oxidation of LDL 
is believed to occur in fatty streaks, since 
all cell types present in these lesions can 
oxidize LDL in vitro. However, it is possible 
that LDL oxidation occurs in the microvascula- 
ture. We report that cloned bovine adrenal 
microvascular endothelial cells (BHEC, Furie et 
al., JCB 98:1033, 1984) can oxidize LDL in 
HAM'S F10 medium. OxLDL was more mobile than 
unoxidized LDL on agarose gel electrophoresis. 
After 4 hr incubation of LDL with BMEC, in- 
creased ?gARs were seen; ?gARs rose through 24 
hr. of incubation. The BMEC-induced oxidation 
was inhibited by alpha-tocopherol (20 pM) and 
probucol (10 pH). These results opn the pos- 
sibility that some oxidation of LDL may occur 
in the microcirculation when lipoproteins 
interact with endothelial cells under slow flow 
conditions existing in these vascular beds. 

HUMAN SERA CONTAINING AUTOANTIBODIES BINDING 
T O  OXIDIZED LOW DENSITY LIPOPROTEIN PARTIALLY 

ALSO RIND T O  NATIVE LnL 

F. Tulrber. G .  Wneg. H. Puhl,.I. Salonen, H. Eslerbvuer 

Incrirvle o/ Biochrm,ury. Univrrviry o/Gruz, Alrsrriu 

lnrruvle o/ Publrr I/culrh, Unwer.v~ry o/ K I U J ~ W .  F i n l u d  

Screening of 500 atherosclerosis palienis and ctintrol individuals by a self 
developed ELlSA mcihod gave posiiivc rcsulis for IgG moleculcs binding lo 
oxidizcdlowdensitylipoproicin (oLDL)in 30% d a l l  samples oLDLautoantibaly 
positive sera wcrc thcn investigaicd for their binding properties lo nalivc LDL 
(nLDL). Mosi of lhese scra guve binding rignalp io nLDL in rangc of 10 to 3090 
of lhe signals obiained in oLDL ELlSA Sioragc and stressing of these scra 
resulted inreductionofIgC bindingtooLDL. buinol nLDL. Similarrcsullr werc 
obtained incaseof polyclonal animal an!iseraraised againsioLDLin rabbio The 
highest signals in nLDL ELISA were always lowcr than in oLDL ELISA. which 
indicates a smaller number of IgG antibodies bound per molecule nLDL 
compared io oxidized LDL. From these data wc suggest that oLDL is Fobably 
thc trigger for dcvclopmeni o f  auioantibodics The fact that we also observe 
bindingtonLDLsirunglysuggesis thaiauioaniih,dics rrealsogcneratedagainst 
unmodified par6 of oLL)L.Thcreccni finding chat pisitiveoLDL autoantibody 
signals are suongly assxiated with s<rnograph~cally measured increascofblocd 
vessel intimal thickness fwthcr suppons the daia presented. 
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Session 3 

Free Radicals in Arachidonic Acid Cascade 
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3.1 NEW BIOLOGICAL PROPERTIES OF THE HFMXLINS I~ERIVIJ) 
'IIIROUGH THE 7RANSFORMAllON OP 12-1IM.JTF. 
IC. R .  Pace-Asciak, lo. Laneuville, 2A. Margalit a i d  2A. A. Livne. 

'Research Institute. Hospital for Sick Children, Toronto. and 
Department of Pharmacology. University of Toronto. Ontario, Canah. 

2Dcp.xtment of  Life Sciences. Ben-Gurion University of h e  Ncgev. 
Beer-Sheva Israel. 

We have previously shown that mchidonic acid (M) IS 

uaiisfonned into 12-liPtXE via 12-lipxygena\e(l2-ll~X) and diat 
this product is furUier msformed into hydmxy-epoxide rnctaholitcs 
which we tenned 'hepoxilins' (IixA3). 12-LOX is present in a variety 
of tissues. while the transformation of l2-llPI.3E inio the hcpnxiliiis 
is calalysed by ferric iron. making a vancry of femcctritining 
suhstarxes candidates to carry our this mansfonnation i n  vivo. 
Ilepoxilins are indeed found in h e  circulation. l l ie  hepnxilins an! 
metabolised via two independenr pahways. one involving their 
inactivation via an epoxide hydrolase into uihydroxy melaholiles 
termed 'trioxilins' (TrXA3), the second involving inactivation, 
retailion or further activation of the biological activity through 
conjugation with glutathione 10 form hepoxilins A3-<' via glutailiione 
S-uansferase. We previously showed char h e  hepnxilins am capahlc 01 
inducing the release of insulin frcin pancreatic islets. h e  uanaport and 
mohilisation of calcium in human neuuophils. and the potentiation of 
vasoconstriction in isolated aortic strips. Novel accions of the 
hepoxilins on vascular permeability and regulation of cell volume will 

(Supported by the MRCI, FCAR2, and a special grant from Dr. A. 
Rothstein and MI. B. Rose2) 

be presented. 

3.3 EICOSANOII) MOUIILATION OF SIGNAL TRANSDUCTION: 
IMPORTATIONS FOR CANCER METASTASIS 

K.V. Honn, 13. Liu. D. Tang, Y.Q. Chen 

HadiafioniOtu olofiy L)eparf,netu. L4 uytw Srufr University. Defroif, Mirhigan 
48202 USA.  431 ('hcrnrrrry Bur l r lm f i .  [ Iefrott ,  Mlrhixan 48202 USA 

Metastasis the proccrr o f  i i i n i o r  ce l l  dtwxnmauan involves multiple cell-cell 
mtcraclionr. c.g. ttinior cells (TC) pldtclcts (I'LT)-endothelial cells (Ec). 
Eicosanoids pmduc~d (luring dicw crli-cell interactions have a profound effect 
on Ihe dcvelopmcnt o f  a succcs*ful nieiastat~ Icswn. Thc effect of these various 
cicosanoidson cell-cell interactions arc inullatcd by modulationofcell signaling. 
via enrymcs involved in signal tran\diiction 1i.e. protein kinasc C (PKC) and 
protein kinasc A (PKA)]. A lipoxygcirasc (L.0X) metaholiieof arachidonic acid 
1i.e. IZ(S)-HETEI positively cffccis h e  mctastalic proccss whereas a u3X 
me~aholi~e~illinolcicacid 1i.c. 13(S) HODEI has anegativcimpaclonmrlastasis. 
IZ(S)-HETE cnhmccs the surface cxlircsslon of the intcgnn rcccplor allbB3on 
lumor cclls and avfi, on ECs. mducc, EC rcuaction and cnhanccr lumor ccll 
spreading on suhndolhclial rnatnx Thczc ccTccu u c  mcdialcd by aclivalion of 

5 mcmbranc bound PKC activity. Quantiuiive We- 
skm blotting using I'KC ISO form sprcific antibodies reveals h a t  IZ(S)-HETE 
mduces protein uanslocation nus PKC actrvation inCresulls inphosphorylation 
of cytoskeletal proceins ( 1  c. virncntin) and cylorkrbla~ associaicd proteins 
(myosin light chain. myosin hcrvy 'ham and vinculin). Similar resulrs were 
observed in EC with the cxccption or an additional phosphorylaiion of rclin. All 
ofhcabovecffecui lrcmiagoni~.~by I)(S)-HODEwhich blocks I2(S)-HETE 
inducsd PKC uanslwation LO mcmbrme. In addition prosiacyclin by activation 
by PKA also inhibits the effects or 1 Z(S)-HETE and demonstrates synergy with 
13(S)-HODE for inhihition of h e w  cffccb. Therefore. various oxygcnizaiion 
producls of arachidonic and linolcc acid can hiducftionally modulatc tumor ccll 
melastasis through rciwallon of A and C kinascs. 

V I T A M I N  c A N D  E O X I D A T I O N  BY CYCLOOXY- 3.2 
GENASE A N D  LIPOXYCENASE REACTIONS 

R .  Pella.  A. tiretz-Rommel. 
H. Schwamberger and  V .  Ullrich. 

Facul ty  of Biology. Univers i ty  of kons t anz .  - - -  / ( S O  t ionstanz.  Germany 

Incubat ions  of human hlood p l a t e l e t s  ex v ivo  
with a rachidonic  acid or thrombin resu l ted  in a n  
oxida t ion  of endogenous  ascorb ic  ac id  (v i tamin  
C) a n d  a- tocophero l  (v i tamin  El .  whereas  g lu t a -  
t h ione  was n o t  cons iderably  reduced. Experi- 
ments  with inh ib i tors  of t h e  oxygen ac t iva t ing  
enzymes cyclooxygenase/prostaglandin H s y n t h a -  
se a n d  t h e  12-lipoxygenase (ace ty lsa l icy l ic  ac id ,  
e scu le t in .  5.8.1 l . l j - e i c o s a t e t r a e n o i c  ac id)  and , 
t he i r  corresponding products  (pros tag landin  Gz, 
18-HPETE) showed t h a t  t h e  major pa r t  of t h e  
v i tamins  i s  oxidized by pros tag landin  H s y n t h a -  
s e .  12-lipoxygenase con t r ibu te s  l e s s  t o  t h e  con- 
sumpt ion  of t h e  v i tamins .  We cons ider  t h e  ob- 
s e rved  e f f ec t s  as co-oxidations induced by t h e  
a rachidonic  ac id  d ioxygenase  reac t ions .  Since 
t h e  t w o  v i tamins  are no t  inh ib i tors  of cyclooxy- 
genase  or 12-lipoxygenase the i r  ox ida t ion  
should  occur a p a r t  from t h e  ca t a ly t i c  cycle.  
Preliminary exper iments  suppor t  t h e  hypothes is  
of a n  aux i l i a ry  peroxide cycle for t h e  ac t iva t ion  
of t h e  enzymes as poten t ia l  source  of t h e  oxi- 
da t ion  equ iva len t s .  

HYDROGEN PEROXIDE-MEDIATED LIBERATION OF 3.4 
ARACHIDONIC ACID IN ENDOTHELIUM: IACK OF 
EVIDENCE FOR FREE RADICAL MECHANISMS 

C.S. Boyer, G.L. Bannenherg, A. Ryrfeldt, P. Moldeus 
Deptartment of Toxicology, Karolinska lnstitutet 

Stockholm, Sweden 

Administration of hydrogen peroxide to the isolated perfused 
lung system viu the systemic circulation results in marked 
enhancement in both the circulatory and airway resistance 
reflecting a general increase in the pulmonary smooth muscle 
tonus. Previous experiments have indicated that this effect is 
mediated through the actions of arachidonic acid metabolites, 
particularly throniboxane A,. The present study assesses the 
liberation of arachidonic acid in pulmonary endothelial cells in 
response to hydrogen peroxide. In particular, the possibility that 
intracellular arachidonate is released by free radical-mediated 
events is addressed. Significant release of arachidonic acid can 
be seen from ['HI-arachidonate-loaded bovine pulmonary artery 
endothelium 5 minutes after administration of 250pM hydrogen 
peroxide and reaches a maximum between 10 and 15 minutes. 
Pretreatment of the cells with mannitol or the iron chelator 
desferal had no effect on the extent of arachidonate liberation. 
Similarly, pretreatment of the cells with the antioxidant DPPD 
had no effect. The possibility that hydrogen peroxide could act 
viu the stimulation of intracellular thiol oxidation was also 
investigated using the thiol oxidant diamide. At diamide 
concentrations ranging from 1-500pM. no enhancement in 
arachidonic acid release was found. Thus while it is clear that 
in bovine pulmonary endothelium hydrogen peroxide can 
stimulate significant arachidonic acid liberation, these findings do 
not support the possibility for the contribution of free radical- 
mediated processes in this event. 
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3.5 h1l~:CIIANIShl 01. 11102  (:Y1'07Y)XICl'IY ANI) INI~IAMMA'I'ION 
Eva hl. Link 

Depdrtnwnt of Chemical l'athology, blolecular I'JthOlOgy 
Division, University College and Middleceh School 0 1  

Medicine, Cleveland Street, London W1 D O D H ,  U . K .  

Erythema and inllammation are first symptoms occurring 
alter intracutaneous injection of H202 or radiotherapy 
suggesting that the same cytotoxic pathway(s) is triggered 
hy both or l l 2 O ~  contribution to damage caused by ionizing 
radiation is significant. Il2O2 is known to be involvcd in 
inflammatory processes. All forms of inflammatory 
reaction are also associated with increased prostanoid 
synthesis. The appearance of both l120z a n d  prostanoids in 
inflammation is suggestive of a causative link between 
them. A mechanism of HzO2 CytOtOXiCity might, therefore, 
help to elucidate such an association. Cyclooxygenase is 
crucial  in pros tanoids  f o r m a t i o n .  E x o g e n o u s  
hydroperoxides including H 2 0 2  activate the enzyme. 
Cyclooxygenase. therefore, by using 1i202, not only 
increases synthesis of prostanoids but should protect cells 
against 1 1 2 0 2  cytotoxicity. Indeed, cyclooxygenase alone 
was crucial in the protection of cells exposed to t 1 2 0 2  a t  
the concentrations not  exceeding 3.5x10-loM per cell. hn 
interaction of cyclooxygenase with glutathione peroxidase 
when both enzymes were fully activated resulted in a 
lurther protection against even higher concennations of 
1 1 2 0 2  ( u p  to 9 ~ 1 0 - l ~  M per cell): surviving fraction of 
almost 100% was obtained as compared with 20% in the 
presence of a very limited activity of both cyclooxygenase 
and glutathionc perosidase. The findings help to explain 
why both HzOz itself and ionizing radiation induce 
erythema and inflammation. 

3.7 A PHYSIOLOGIC ROLE FOR THE HYDROXYL 
RADICAL? TRIGGERING OF "PRIMED" PLATELET 

L. Iuliano*, J.Z. PedersenS, D. Pratico*, G. RotilioS, F. 
Violi*. 
*Institute of I Clinica Medica, University 'La Sapienza". 
+Department of Biology, University of "Tor Vergata". 
Rome. Italy. 

We have previously shown that human platelets 
"primed" with arachidonic acid or collagen can be 
activated by nanomolar concentrations of H202, either 
generated from platelet derived 0 2 -  by SOD or added 
directly. We now report that H 2 0 2  activation of 
"primed" platelets is actually mediated by OH" formed 
in a Fenton-like reaction. H 2 0 2  effects on platelets are, 
in fact, prevented by OH" scavengers mannitol, 
deoxyribose and salicylate, and by Desferal. Also OH" 
generated by the redox cycling of iron activated human 
platelets. ESR spin trapping experiments confirmed the 
formation of OH" during SOD-, H202- and iron (It) 
driven platelet activation. The DMPO-OH" spin adduct 
was detected only in conditions that led to platelet 
aggregation and was prevented by catalase, mannitol 
and deoxyribose. OH" induced arachidonic acid 
mobilization from platelet membranes blocked by 
mepacrine, suggesting a radical reaction mechanism 
linked to phospholipase A2. These results indicate a 
possible messanger-like function in transmembrane 
signalling for the hydroxyl radical. 

ACTIVATION BY A FENTON-LIKE REACTION. 

RECOMBINANT INTERLEUKIN-1p ENHANCES THE 3.6 
ACTIVE OXYGEN FORMS PRODUCTION I N  NEUTROPHILS 

Semenkova G.N.Zakrevskaja  U.V.CherenCevich S.N. 
Department of Biophys ics ,  

Byelouruss ian  S t a t e  U n i v e r s i t y ,  
Minsk, Republ ic  of B e l a r u s ,  
S c o r i n y  avenue 4 ,  220 080 

The i n f l u e n c e  of recombinant  i n t e r l e u k i n - l p  
(r I L - l p )  on a c t i v e  oxygen forms g e n e r a t i o n  by 

human blood n e u t r o p h i l s  and a g g r e g a t i o n  of 
t h e s e  c e l l s  were s t u d i e d .  

Af te r  t h e  a d d i t i o n  of r l ~ - l p t o  n e u t r o p h i l  
s u s p e n s i o n s  t h e  enhancment o f  luminol-dependent  
chemiluminescence (LDCL) a t  a d h e s i o n  t o  g l a s s  
and t h e  a c t i o n  of Con A was o b s e r v e d .  The s h a r p  
i n c r e a s e  of  t h e  r a t e  o f  t h e  s p o n t a n e o u s  and 
Con A-induced ce l l  a g g r e g a t i o n  was a l so  e s t a b -  
l i s h e d .  S p e c i f i c  s c a v e n g e r s  (1 ,4-diazo-2,2,2,2-  
- b i c y c l e o c t a n  and catalase) i n h i b i t e d  e s s e n t i -  
a l l y  and s u p e r o x i d e d i s m u t a s e  (SOD) a b o l i s h e d  
t o t a l l y  t h e  r IL-lp e f f e c t s  on n e u t r o p h i l s .  I t  
was found t h a t  i n t e r a c t i o n  o f  r I L - l p  w i t h  
n e u t r o p h i l s  l e d  t o  t h e  a c t i v a t i o n  superoxide-  
g e n e r a t e d  s y s t e m s  l o c a l i z e d  on ce l l  s u r f a s e  and 
p l a i e d  a key role i n  t h e  regula t . ion  of i n t r a c e l -  
lu la r  myeloperoxidase  system. I t  was shown t h a t  
i n c r e a s e  of LDCL y i e l d  i n  n e u t r o p h i l s  under  t h e  
r I L - l p  i n f l u e n c e i s  receptor -media ted  process. 

The e f f e c t s  observed  were independent  of 
t h e  p r e s e n c e  of g l u c o s e  i n  c e l l  i n c u b a t i o n  m e -  
dium and s u p r e s s e d  e s s e n t i a l l y  by i n g i b i t o r s  of  
a r a c h i d o n a t e  metabol ism.  I t  was s u g g e s t e d  t h a t  
t h e  g e n e r a t i o n  of a c t i v e  oxygen forms induced 
by r I L - l p  connec ted  main ly  w i t h  t h e  l ipoxyge-  
nase  pathway of a r a c h i d o n a t e  metabol ism.  
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Session 4 

Free Radicals in Drug Activation and Metabolism 
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4.1 POSSIBLE ROLE OF FREE RADICAL FORMATION IN 

Ronald P. Mason, Roger V .  Lloyd, Hugo 
Monteiro, and Vol ker Fischer. Laboratory of 
Molecular Biophysics, NIEHS/NIH, Research 
Triangle Park, NC 27709, and Drug Safety 
Department, Sandoz Pharma Ltd., 4002 Bas1 e, 
Swi tzerl and. 

The use of clozapine, a unique antipsychotic 
drug, has been restricted due to a 1-22 
incidence of drug-induced agranulocytosis. 
Metabolic activation of clozapine to a free 
radical in neutrophils or stem cells could be 
the molecular mechanism underlying this side 
effect. Evidence for the intermediate 
formation o f  a clozapine radical during the 
peroxidase-mediated metabolism of clozapine 
stems from the observation of thiyl and 
ascorbyl radicals in the presence of 
glutathione and ascorbate, respectively. The 
ascorbyl radical was detected by direct ESR 
spectroscopy in a myeloperoxidase system. Its 
steady-state concentration was significantly 
increased in the presence of clozapine. 
Glutathionyl radical formation was a1 so 
demonstrated by radical trapping with DMPO. 
Again, the radical adduct concentration was 
significantly increased in the presence of 
clozapine. It can be concluded from these 
data that radical scavengers such as ascorbic 
acid, when coadministered with clozapine to 
patients, may reduce the clozapine-derived 
free radical to regenerate the parent drug and 

CLOZAPINE(CLOZAR1L)-INDUCED AGRANULOCYTOSIS. 

4.3 OXIDATION OF HYDROQUINONE BY MYELOPEROXIDASE 
A J Kettle and C C Winterbourn 

Department of Pathology. Christchurch Schod of Medicine, 
Chrlstchurch. New Zealand 

Myeloperoxidase is a prime candidate for mediating the 
inflammatory tissue damage of neutrophils because it converts a- 
to the potent oxidant hypochlorous acid. It also oxidizes 
xenobiotics to reacthre free radicals. Peroxidation of 
hydroquinone displayed a distinct lag phase, which was 
practically aboiished by excluding 0 and was elimlnated by 
adding benzoquinone at the start of &e reaction Superoxide 
dismutase Increased the rate of peroxidation by 40% but did not 
eliminate the lag phase. Spectral investigations revealed that 
during the inltial phase of the reaction, MPO was converted to 
oxy-MPO. or compound 111. by a mechanlsm that was not reliant 
on superoxide. Benzosemiquinone, however, was able to convert 
ferrlc-MPO to compound 111. Both compound 111 and ferro-MPO 
reacted with benzoquinone to regenerate ferric-MPO. We 
propose that the lag phase occurs because benzosemlqulnone 
reduces lenlc-MPO to ferro-MPO, which rapidly binds O2 to form 
compound 111. Since compound 111 Is outside the peroxidation 
cyde, conversion ot hydroquinone to benzoqulnone Is retarded.' 
However, as benzoquinone accumulates, it oxidizes lerro-MPO 
and compound 111 !o lerric-MPO. thereby increasing the rate of 
peroxidation. There is a minimal lag phase under an atmosphere 
of N2 because ferro-MPO wodd be rapidty oxidked by 
benzoqulnone, wkhm formation of compound 111. We conclude 
that when substrates produce radicals capable of reducing ferrlc- 
MPO, they wlll be peroxidized efficiently only if oxy-MPO Is readily 
recyded. Furthermore, these radicals wlll prevent M@+ from 
reacting wth H202, and thereby prevent the enzyme from 
oxidizing CI- to hypochlorous acid Thus, this mechanslm could 
be explotted to prevent hypochlorous acid-mediated inflammatory 
tissue aamage. 

(BI) SULFITE METABOLISM IN HUMAN GRANULOCMES 4.2 
AND MACROPHAGES 

A. Tornasi. 'D. Constantin, 'P. Moldeus, Y. Vannini 
lstituto di Patologia generale (Modena. Italy) 
'Dept. of Toxicology, Karolinska lnstitutet (Stockholm, Sweden); 
"Istituto di Patologia generale (Pavia, Italy). 

Sulfur oxides are important atmospheric pollutants; 
their presence in the air is mainly related to car exhaust and 
household heating. Inhalation of sulfur oxides causes 
hyperreactivity and inflammation of the respiratory airways. 
along with the inhibition of macrophage and granulocyte 
phagocytosis. 

In aqueous solution at pH 7, sulfur oxides exist primarily 
as sulfiie (SO:) and bisulfite (HSOj), to a minor extent as 
hydrated SO, A free radical intermediate, sulfur trioxide radical 
anion (SO;.); is produced during @i)sulfite autoxidation and is 
invoked in a number of reactions of biological signifiince, 
including oxidation of methionine, addition to double bonds of 
alkenes and peroxidation of fatty acids. 

In this work. sulfite metabolism has been studied in 
human granulocytes isolated from fresh blood. Sulfiie 
disappearance rate and sulphate accumulation were measured 
using HPLC and spedmphotometry. Electron spin resonance 
speclroscopy coupled to the spin trapping technique 
demonstrated the formation of the radical anion SO;. Oxygen 
consumption was recorded in the presence of sulfie and TPA 
stimulation. GSH cosumption was determined also in the same 
model system. 

Similar experiments have been carried out on human 
lung macrophages obtained through lavage. 

M E T A B O L I C  ACTIVATION OF THE P O T E N T  
C A R C I N O G E N S  IIENZO-[ A IPY RENE (BP) 

A N D  7,12-DIME1'HYLI~ENZ(AIANTHRACENE (DMRA)  BY 

4.4 

O N E - E L E C T R O N  OXIDATION 

li. Cavalieri and E. Ropnn 

Eppley Injl , Uniw Neb Med C I ~  , Onwho. NE 

The DNA adducts of R P  and DMRA formcd after activation hy 3 -  
mcthylchnlanlhrenc- inducd rdlhVCr rnicroximw mvw(iwvucanalysd. Adduclz 
were formcd from cithei radical cation o r  d ~ o l  cp)xidc (DE) intermuliates, and 
hcadductswcrcstahlein DNAorlosr ImmDNA hydcpwinalion Stahleadducu 
wcrcquantitatd and partially identirid hy the "l'-postlahcling nielhod. whercns 
depurination adducu were separated by HI'LC. ideniiCied by fluorescence line 
narrowing spcrctroscopy and quantitatd by a radialton flow monitor. For RP, 
81% wcre dcpurination adducts: R P  hound at C-6 LO the N-7 of Ade (RP-6- 
N7Ade. 5RQ). RP-6-N7Gua (10%). RP-6-CXGua (12%) nnd BPDE-IObN7Adc 
(0.5%).Stablcadducis(l9%)includedRPDE-IO-N*dC (15%). For DMRA,W% 
wcredcpurination adduas: 7-MB A- I 2-CHI-N7Adc(82Q) and 7-MR A- 1 Z-CH,. 
N7Gun(17%).7hcstahlcadduc~(l.2Q)includcd0.2~ h a t  may arisefromhe 
DMRA DE The 12-CH, group of DMRA is critical in metuholic activaiion of 
DMRA. a finding consistent with the rcsults or carcinogcnicity studies in 
rodenls. These results show chat with activation by cytochromc P-450. the RP- 
DNA and DMRA-DNA adducts nre predominantly formcd hy onc<lwtron 
oxidation and arc lost from DNA by dcpurinaiion. Similar profiles ofadducts are 
observed in the target tissur mouse skin ircatcd with RP or DMRA. suggesting 
lhn one-electron oxidation plays the central mlc in lhc carcinogcnicity of these 
compounds. (NIH grants KOI-CA25176. K01-CA44686 and POI-CA49210) 
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4.5 Redox studies on diaziridinyl bcnzoquinoncs; DNA site spccific 
damage as a conscquencc of rcductive activation. 

J Butler, J A Hanlcy' and B M Hoey 
CRC Paterson Instuture lor Cancer Research, Christie Ho\piLal 
(NHS) Trust, Manchestcr M20 YBX and *University College and 
Middlcsex School of Mcdicinc, London WlP 8BT. U K  

Several diaziridinyl benzoquinones have undergone clinical trials 
as antitumour drugs. These compounds can be activated after 
reduction by several enzymes including cytochrome P450 
reduclase and DT-diaphorase. We have previously shown 
(Dziclcndziak er al. 1990, Cancer Res., so, 2003) that the 
cymtoxicity of a series of novel diaziridinyl benzoquinones can be 
related LO the e a e  of one-electron reduction, the intensity of the 
ESR signals produced when the drugs are incubated with cells, 
and the ability of the reduced forms of the drugs to cross-link 
DNA. 
Recent results have shown that certain novel diazindinyl 
benzoquinones can react selectively at certain specific sequences 
in linearised pBR322 DNA segments. Essentially, all of the 
compounds react at the N7-positions of guanine and the 
alkylkauons are randoni in the absence of reducuon. liowcver, 
some diaziridinyl benmquinones &splay a preference for E C  
sites, but only when reduced to the hydroquinone/semiquinone 
forms. Computer modelling of the d rugDNA interactions for 
different diaziridinyl bemoquinones has been used to explain the 
selectivity. 

4.7 NAD(P)H: QUINONE-ACCEFTOR OMDOREDUCTASE (QAO, 
D r - D I A P H O R A S E ) W C F ! S  THE ALKYLATING ACnVlTY 

OF T H E  ANTITUMOR AGENT DIAZIOUONE (AZQ) 
Peter L. GutierreS Geoffrey R. Fisher, and lsaf Al-Nabulsi 

Univ. of Maryland Cancer Center, Developmental Therapeutics 
University of Maryland Medical School 

Baltimore. Maryland 21W1, United States 

There is evidence to suggest that the mechanism of AZQ cytoloxicity 
k due to: a) redox cyding leading to reactive oxygen species. and b) 
aziridine alkylation enhanced by reduction of the quinone. We 
reduced AZQ by le' and 2.5 and assessed alkylating activity by the 
nitrobenzylpyridine (NBP) assay. Free radical production was 
assesscd by ESR. Two elcctron reduction was accomplished 
chemically with borohydride and enzymatically with the diaphorasc- 
rich S9 fraction from MCF-7 cells, a human breast cancer cell line. 
One electron reduction was carried out with NADPH cytochrome C 
rcductase and the mild 16 reducing agent NADPH. Results showed 
that upon reducing AZQ with 2e-, the alkylating activity increased 3 
fold over parent compound. This activity was totally abrogated by 
dicumarol. In contrast, l i  reduction did not increase the alkylating 
activity over the oxidized drug, and dicumarol had no effect. ESR 
measurements indicated that free radicals are  produced in both, the 
li and k- reduction. The latter reduction results in the 
hydroquinone which can be oxiduzd 16 at a time with the 
production of reactive oxygen specics. Dicumarol was shown to 
protect MCF-7 cells from the cytotoxic effed of AZQ when 
incubated simultaneously for 1 hr. These results show that in MCF- 
7 cells, part of the cytotoxicity of AZQ is due to the 2e- reduction by 
QAO because this toxiu!y can be modulated by dicumarol. These 
data begin to explain the variability of toxic effects of AZQ in 
different cell Lines. For example, in lines with high QAO content, 
the damage to DNA was almost exclusively interstrand cross-linking 
with no detectable strand breaks (D. Ross, et al.). QAO is a 
particularly important enzyme in the bioactivation of AZO. 

ACTIVITY OF ANTIOXIDANT ENZYMES OF 4.6 
INTEFEXAPULAR BROWN ADIPOSE TISSUE ( I BAT I I N  
CADMIUM-TREATED RATS 
M.M.KostlC*, B.OgnjanoviC, R. V.ZikiC. A.Stajn 
Institute of Physiology, Faculty of Medicine. 
and Faculty of Sciences 
34000 Kragujevac, P.Q. Box 124, Yugoslavia 

A little is known about antioxidant status of 
brown adipose tissue, a unique termogenic 
system. Therefore, the aim of this work was the 
elucldation of this system In nontreated 
(control) and rats expossed to dietary Cd. 
Male Wistar albino rats, 2 months old, were 
given Cd-supplemented drinking water f o r  1 
month. Average Cd intake was about 15 mg/d/kg 
b.m. After 30 days of treatment animals were 
sacrified. IBAT w a s  isolated, its mass measured 
and activity of following antioxidant enzymes 
of IBAT were determined SOD (total. CuZnSOD 
and MnSOD). catalase. GSH-POX and GST. 
The average mass of IRAT amounted in contol 
group of rats to 317242 mg was significatly 
reduced In Cd-treated rats (228t15 mg, ~(0.025) 
Somatic index of IBAT was not, whereas its 
protein content w a s  significantly reduced (3.92 
vs 2.68 mg) In Cd-treated animals. In 
comparlson to the control all antioxidant 
enzymes determined were increased: total SOD 
for 47% (p<0.005). CuZnSOD for 78% (p<0 .005) ,  
catalase for 26% (p<0.005). GSH-PX f o r  45% 
(p<0.005) and GST for 15% (p<0.0051, respecti- 
vely. Dietary selenium supplementat ion ( 7  pg 
Se/d/kg b.m.1 during 30 days altered nonsig- 
nificantly activites of all mentioned enzymes 
in IBAT of either Cd-treated or control rats. 

" I N  VIVO" ELECTRON PARAMAGNETIC RESO- 4.8 
NANCE IMAGING OF A NITROXIDE FREE 
RADICAL IN WHOLE RAT. 
Valentina Quaresima, Marcel lo Alecci, 
Marco Ferrari, Antonello Sotgiu. 
Dipartimento di Scienze e Tecnoiogie 
Biomediche, Universita' dell'Aquila, 
Collemaggio 67100 L'Aquila, Italy. 

Low frequency (280 M H z )  electron para- 
magnetic resonance spectroscopy has 
been used to follow uptake, spatial 
distribution and reduction of a 
pyrrolidine nitroxyl spin label, PCA, 
in the rat. No difference of half life 
was found in seven normotensive rats 
submitted to three administrations of 
0.44 mmol/Kg PCA ( 1  1.3kO.4; 1l.OkO.6 
and 11.520.7 min). Transversal two-di- 
mensional images of PCA distribution 
in the living rat body were obtained 
over 6 min by means of field gradients 
and imaging reconstruction techniques. 
The observed regions are attributable 
to the superimposition of all the 
sites where the PCA signal was 
present. Three not completely separate 
regions of PCA were observed by 
projections along the longitudinal 
axis of the rat. PCA accumulation was 
found in the lower abdomen 12 min 
after the start of the PCA injection. 
REFERENCES 
Colacicchi, S. et al. Int. J. Biochem. 
24, 205-214 (1992). 
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4.9 MECHANISM OF CHrCL, TOXICITY: INFLUENCE ON 
INTRACELLULAR THIOL GROUPS, CYTOSOLIC FREE Ca" 

AND CELLULAR MEMI%ItANE INTEGRITY IN ISOLATED 
RAT IIEPATOCYTES. 

C. .Iiichmenn(*), S. Klee(*), M. Nurnherger(*), F.H. Ungemachf'), 
M. Younes(X) ,  (;. (;erher($), W. Siems($) 

f ' ) I n s ~ ~ l u i e  of Verrnmiry Pharm a d  l i ,x ic ,  Free Univ , Berlin. G e r m m y  

(&)Wl /O,  Eurup <'erulrejor Environ a Ileulrh. Rilrhoven, Nerherlunri? 

(%)lml oJl3wchpmrirry. Medical 1;aculry (Charrte). I IU Oerlin. Gerrnnny 

Kadical spccies, as induccd by CHrCI, metabolirnt. arc able t o  attack cellular 
mcnlhrdru and tliiol groups and probably to increase cyWrolic free Ca" 
concenuat1on. An intcrrelationship txtween thesc evens i s  sdll obscurc. 
In isolated hepawcylcs. the influence of 0.5. 1 .O. I .S mmoUl CRrCI, on MDA 
production. thiol homeostasis (GSH. protein hiols). damage of lysosomal and 
plasma memhranes (release of glucoronidasc and LDH, uypan blue uptake and 
plasma mcmbranc blcbbing) and cytosolic free Ca*-concenuatkms wcre 
comparatively investigated. 
After an initial 50% decrease of h e  CSH -wnccntration, the cells retained an 
amount of about 4 mmoW cellular water at each CRrCI,-conccnrration used. 
Total protein thiols showed no apparent changes. The parameten reflecting 
membrane damage reacted dose-dependently and heir time wme comelaled 
wcll with glumhione depletion. In wntrast. a distinct rise in cytosolic free Ca'* 
concentation was not observed until 45 minutes after CRrCl, addition. 
The obsewed GSH depletion dcm no1 explain the dose-dependent membrane 
damage and herefore membrane damage is a coincidence ralher than h e  result 
of GSH consumption, On the other hand membrane damage might result in loss 
ufGSH. followed by an increaseolcylosolicCa'-. Thus. helateriseofcytosolic 
frceCa"seems tobeasubsequentandnotacausativeeventin CB~Cl,mediated 
toxicity. 

T h i s  srudy was supported by the Deutschc F,,rschungsgemeinschaft 

4.11 EFFECT OF PROSTAGLANDIN E ON RADICAL 
GENERATION IN RAT L I v m  MICROSOMES 

V. U. Ruko, V. V. Sadvnichy 
I n s t i t u t e  of  Biochemistry Ryelorussien 
Academy o f  Sciences,  Grodno, 2 j O O O 9 ,  
Byelorussia  

One o f  the  mechanisms o f  hepatoprotec-  
t i v e  a c t i o n  o f  some p ros t ag land ins  (PG) 
i n  a l c o h o l i c  l i v e r  i n j u r y  can be r e a l i -  
zed v i a  t h e i r  a n t i o x i d a t i v e  p rope r t i e s .  
NADYH-dependent product ion  of r a d i c a l s  
by the  cytochrome P-450 systm i s  an i m -  
po r t an t  source of peroxide spec ie s .  
Chronic a l coho l  i n t o x i c a t i o n  ( 5  g/kg, 
i.g., 30 days)  l e a d s  t o  i nc reased  NADPiI  
ox ida t ion  r a t e ,  cy tochrom P-450 content  
, superoxide dismut a se  ( S O D 4  and micro- 
soma1 e thanol  ox id i z ing  system (MEOY) 
a c t i v i t i e s  as w e l l  a s  NADPH-stimulated 
r a d i c a l  product ion i n  l i v e r  microsomes. 
PGE ( 4  g/kg, i . p . , 7  days)decreases  the  
cytdchrome P-450 conten t  and MEOS a c t i -  
v i t y  lower the  c o n t r o l  va lue  and norma- 
l i z e s  the  NADPH ox ida t ion  r a t e ,  NADPH- 
induced chemoluminiscence and SOD a c t i -  
v i t y  i n  the  l i v e r  of  a l coho l - t r ea t ed  
rats. YGE, develops similar e f f e c t s  i n  
the  l i v e r  of  rats a f t e r  phenobarb i ta l  
induct ion  (80 mg/kg,i.p.,3 days) of t h e  
microsomal systems. We can conclude 
t h a t  t h e  a n t i o x i d a t i v e  p r o p e r t i e s  of  
PGE, a r e  re la ted t o  a decrease  o f  NADPH 
-dependent f r e e  r a d i c a l  gene ra t ion  i n  
l i v e r  microsomes. 

ON THE ROLE OF CYTOCHROME P-4502E1 PHOSPHORVLA- 

ZYMATIC ACTIVITIES 

4.10 
TION FOR LIPID PEROXIDATION AND MODULATION OF EN- 

Souren Mkrtchian and Magnus Ingelman-Sundberg 
Department of Physiological Chemistry, Karolinska Institute 

PO Box 60400, S-104 01, Stockholm, Sweden 

Posttranslational modilication of some hepatic 
cytochromes P-450 due to the CAMP-dependent 
phosphorylation has been shown lo regulate their level and 
relative enzymatic activities. The goal of current study was to 
follow the phosphorylation-induced changes in enzymatic 
activities, including lipid peroxidation (LP), dependent on  the 
ethanol-inducible cytochrome P-450 (CYP2E1). CYP2E1 was 
induced by treatment of rats with intragastric acetone 
combinea with starvation. Phosphorylation of CYP2El was 
followed by its immunoprecipitation from incubation media 
containing microsomes, [32P]ATP, catalytic subunit of CAMP- 
dependent protein kinase and 0.05% Na cholate with 
subsequent SDS-PAGE and autoradiography. The time- 
course of 32P incorporation into CYP2E1 was found to be 
linear u p  to 30 min. Detegents increased the extent of 
phosphorylation in a dose- dependent manner. Although in 
the control rat microsomes NADPH-dependent LP (assayed 
by TBA test) was increased by 35% after incubation with 
kinase, the effect was opposite (20% inhibition) in 
microsornes with high level of CVP2El. Studies of CYP2E1- 
dependent enzymatic activities showed similar e!fect of 
inhibition in the two cases. The most expressed inhibition 
was observed in case of CCi4 dependent lipid peroxidation 
(about 40%). Para-nitrophenol hydroxylation a s  well a s  
NADPH utilization rate followed by its disappearance at 340 
nm were also depressed, but slightly less. This data are 
mnsistent with the previously shown phosphorylation- 
induced rapid degradation of CYP2E1 both in hepatocytes 
and microsomes. 

ENHANCEMENT OF ETHANOL-INDUCED LIVER INJURY 4-12 
D U R I N G  ISOLATED HEPATOCYTE POISONING WITH CCL4 
OR 1,Z-DICHLOROETHANE. 
C o t t a l a s s o  D . ,  Domenicot t i  C . ,  Dapirio D . ,  Gazzo 
P., Rosso E . ,  Prorizato M . A . ,  Nanni G. 
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 ,  Genoa, I t a l y ,  
Via L . B .  A l b e r t i ,  2 ,  16132, I t a l y .  

Chronic  e t h a n o l  consumption r e s u l t s  i n  s t r i c k i r i g  
s t r u c t u r a l  and f u n c t i o n a l  a l t e r a t i o n s  i n  h e p a t o -  
c y t e  membranes, i n c l u d i n g  endoplasinic  r e t i c u l u m ,  
Golg i  a p p a r a t u s  and plasma membranes. These  
e f f e c t s  may be a s c r i b e d  to o x i d a t i v e  damage. 
S i n c e  f r e e  r a d i c a l  mechanisms a r e  involved  i n  
CC14 and 1,Z-dichloroethane(DCE)-mediated l i v e r  
damage, t h e  aim of t h e  p r e s e n t  s t u d y  was t o  
d e t e r m i n e  t.he e f f e c t s  produced by t h e  a c u t e  
concomi tan t  a d m i n i s t r a t - i o n  of  t h e s e  x e n o b i o t i c s  
t o  h e p a t o c y t e s  i s o l a t e d  from c h r o n i c a l l y - e t h a n o l  
t r e a t e d  r a t s .  R a t s  were f e d  w i t h  c h r o n i c  e t -hanol  
d i e t  f o r  8 weeks,  t h e  i s o l a t e d  hepat0cyt.e.s were 
p r e l a b e l l e d  b o t h  w i t h  l i p i d  (311 Na P a l m i t a t e )  
and g l y c o p r o t e i n  (14Cd Glucosamine)  p r e c u r s o r s ,  
and s u b s e q u e n t e l y  p o i s o n e d  w i t h  CC14 or DCE f o r  
d i f f e r e n t  t i m e s .  The r a d i o a c t i v i t y  s i g n i f i c a n t l y  
i n c r e a s e d  i n  t o t a l  G o l g i  a p p a r a t u s  of h e p a t o c y -  
tes i s o l a t e d  from c h r o n i c  e t h a n o l  i n t o x i c a t . e d  
r a t s  and  exposed  t o  t h e  t e s t e d  x e n o h i o t i c s  i n  
r e s p e c t  t o  t h e  u n t r e a t e d  h e p a t o c y t e s .  These  d a t a  
show t h a t  t h e  c h r o n i c  e t h a n o l  consumpt ion  
p o t e n t i a t e s  t h e  CC14- o r  DCE-induced h e p a t o -  
t o x i c i t y ,  s u g g e s t i n g  t h a t  t h e  s y n e r g i c  a c t i o n  o f  
t h e s e  compounds may be dependent  on common p r o o -  
x i d a n t  mechanisms as  a l r e a d y  hypot -hes ized .  
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4-13 USE OF TWO METABOLICALLY DIFFERENT HEPATOMA CELL 
LINES IN THE ASSESSMENT OF ALDEHYDE CYTOTOXICITY 
Ferro M..Bassi A.M.,Penco S.,Piana S.,Adamo D. & 
Nanni G. 

Institute of General Pathology 
Via L.B.Alberti. 2,  16132 Genoa, ITALY 

It has been suggested that potentially harmful 
aldehydes are detoxicated via multiple oxidore- 
ductive pathways. We have employed two hepatoma 
cell lines to study the correlation between the 
metabolism and the cytotoxicity of four alde- 
hydes, namely benzaldehyde (BA). acetaldehyde 
(ACA). propionaldehyde (PA) and valeraldehyde 
(VA). The rat hepatoma cell line HTC possesses 
very high levels of aldehyde dehydrogenase 
(ALDH), particularly with BA as a substrate, and 
less marked levels of alcohol dehydrogenases 
(ADH) and aldehyde reductase (ALRED). The mouse 
hepatoma cell line Hepalclc7 has barely detecta- 
ble levels of the above enzyme activities, with 
all substrates. The cytotoxicity of the four 
aldehydes was assessed by two "in vitro" assays: 
the colony forming efficiency, and the deta- 
chment of dead cells from the monolayer. The HTC 
cell line was shown to be highly sensitive to BA 
in the two assays, and less sensitive to ACA. On 
the contrary,the poorly metabolizing Hepalclc7 
cell line was much less influenced. Moreover, 
the two assay systems were found to be diffe- 
rently sensitive in detecting the toxicity of 
aldehydes. Inhibition of BA metabolism reversed 
the effects. thus ALDHs do not play a detoxica- 
ting role in this model, but other mechanisms 
could be involved in the cell toxicity. 

4.1 5 THE NADPH ROLE IN THE REGULATING GSH-MIXED 
DISULFIDFS AFTER OXIDATIVE STRESS. 

Paolo Dl Slrnpllclo 

5epr. of Envirun Biology. Univerrrry 
Via Malrioli. 4. 53/00 SIENA - IXALLY 

It  is r c p r l d  thni during oaidniive stress tlicre is an increase u1 mixed disulfides 
(MDS) between CSH and proteins It IS also known that Ihioluansfcrase could 
regulate &c qudibnum of MDS formation. GSH+PSSC===GSSG+PSH. Data 
u c  presented of in viuo eaperirncnls. carried out in the cytosolic fraction of rat 
liver which confirm the eaistence o f  the qu i l ib rwn  in model systems much 
morecomplex than Ihosepreviouslystudiedand indicatcthatthcNADPHsupply 
is imponant in regulating the MDS formation. Rat liver homogenates were 
mated with increasing doses of H,O, and ten-butyl hydropcroxrde: kinem 
sNdies of GSH and CSSG were carried out and the wtal GSH (GSHt), s u m  of 
GSH and GSSG. was calculated. The GSHt decrease was a clear index of MDS 
formation: this index increased with increased doses of peroxides. Direct 
musurcmcnts of MDS conccntration confirmed Ihc MDS formation. During 
oxidative stress with 1-2 mM ofproaides. GSH was extensively transfamed to 
GSSG and abut a 30% of MDS w a  fom,ed. The addition of NADPH was able 
loregaerate  all GSH and decrease MDS w their initial values. 

FREE RADICAL MEDIANIIISMS OF 1 , 2 - ~ ~ ~ I N O N E  
DERIVATIVES C > m X I C  ACTION 
A .V .Pcqii-nitskaya, 5. D. Spraixjky, V.P. Zorin, 
E.Ch.Spernnskaye. S.N.Chererkevich 
kp-tment of Biophysics/Eiyelorussian State 
University/&elorus. Minsk, 220080 

Experiments have keen performed with HeLa cells 
nrd Ehrlich ascite tumor cells to study the 
mechanisms of l12-orthobenzoquinone (Om) 
derivatives cytotoxic action. The incubntion 
of cancer cells in the presence of lipophilic 
derivatives induces a significant decrease of 
cellular viability. Meanwhile polar quimnes 
have no influence. The OB& cytotoxicity 
correlates with quirione ability to penetrate 
cellular memht-anes. The cytotoxic effect of 
Om derivatives is oxygendependent and 
involves the formation of active oxyyen 
species (Am). By means of AOS quenchem 
has keen shown that the main mediators of 
quinone toxic action on the tumor cells are 
supemxide anion radical and hydrogen 
peroxide. An elimination of the A 0 3  by 
irnpermenble acceptors protects cells frcin 
the 0- cytotoxicity. .he aprjenrencg of  
ACE in extracellular medium is supposed 
to be the result of transplasma membrane 
electron trailsfer owing t o  Om derivatives 
redox qclirq reactions in cytoplasmic 
membrane. The resvlts obtained showthat 
the generatioi of ACE in extracellular 
medium mediated by ti-ansplasma membrane 
electron transport is the major mechanisms 
of Om derivatives-induced tumor cells damage. 

4.1 4 

HYDROGEN PEROXIDE AND HYDROXYL RADfCAL 
GENERATION RY RAT LIVER NUCLEI 

4.16 

Suunn Puntnrulo 

Physical Chemisiry 5ivixion. .<choo/ o / P  harmncy and Biochcmcsrry. 
Uniwersiry of B u n o r  Awes. A r g e N i ~ .  

Kat livcr nuclei contain cytochronic P,,. NADPH- and NADH- cytochrome c 
reductarc. Thecffccton OH and H,O, gcneration.ofcithrr inducing h e r a t  liver 
nuclear mixed-funcliun oxidace system by phenoharbital (PB) or 3-  
mcIhylcholanthrenr (MC) or irun ovcrload. was studicd. PB and MC treatments 
increased by two-fold nuclei cytuchromc P,, content and Fe-dextrm dose 
reduced the levels to undetectable valucs. To evaluate Ihe effects of the 
m a m e n u o n  thegcneration of'OH. Ihc ability ofthenuclei to oxidizechemical 
scavcngcrswknomproducts wasasrayed.InthcNADPHdependcntsyskm the 
generation of formaldehyde fn)m DMSO in the presence of Fe-EDTA. wss 
i n c r c d  by 92% and 63% after Pfl and MC treatments. rcspcctivcly and 
decreased by Myk. 6 h after iron overloud. NADH-dependent DMSO oxidation 
by rat liver nuclei obtuincd after Pfl or MC exposure. showed an increase of 54% 
and 22%.rcrpectivcly. but imndextran single injection dccreascd'OH generation 
by 56% after 6 h. The rate of H,O, generation in the presence of Fe- EDTA wm 
higher with NADH than with NADPH. Treatment of the rats with PB and MC 
slimulalal HIOl production in the presence of NADPH by 104% and 6 8 9 .  
rcspcctively. Hydrogen peroxide gmeration after iron ovcrload wasd-sed by 
22% in the absence of addd iron and 4 W  in Ihc prcsence of Fe-EDTA. using 
NADPH as cofaclor. The dau prcwntcd hcre sugges~ thai c y t o c h e  P,s 
aclivily is involvcd in oxygen radical generation by isolated rat liver nuclei and 
that this production is affected hy inducing agents or  iron overload in vivo. 
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4-17 NEUTROPHIL ACTIVATION O F  HYDRAZINE 
DERIVATIVES TO ALKYL RADICALS 
Luciana C.C. Leite and MArcia Gamberini 
Cen tro Bio tecnol og ia, Ins ti tuto Butan tan 

Sao Paulo. SP, Brazil, CP 65 
Neutrophil (PMN) induced xenobiotic 

derived f r e e  radicals could. have a r o l e  
in the significant correlation observed 
between chronic inflamatory sites and 
tumor induction. I Here w e  show that the 
metabolism of the carcinogenic hydrazine 
derivatives (HD): methylhydrazine (MeH), 
dimethylhydrazine (DMH), phenylethyl 
hydrazine ( P E H )  o r  procarbazine (PCZ), 
Oy P M N  from rat peritoneal exudates 
leads t o  the formation o f  alkyl 
radicals, as determined by spin-trapping 
with POBN. Mono-subst-HD oxidation by 
phorbol ester o r  Zymocel activated PMNs 
generates 11.6-13.0 uM POBN-alkyl 
adducts, while di-subst- HD produce 1.4- 
3.5 uM. Radical formation from 
supernatant o f  sonicated PMN generates 
radicals to d similar extent which f o r  
mono-subst-HD a r e  inhibited by t h e  
myeloperoxidase ( M P O )  inhibitor, azide. 
The active oxygen sequescers, SOD and 
catalase also inhibit radical formation 
by PMNIPMA: 30% in MeH and 60% in DMH 
metabolism to alkyl radicals. These 
results .show that activated PMN 
sletabolise H D  to alkyl radicals 
mediated by both M P O  .and active oxygen 
species in different .degrees, depending 
on hydrazine substitution. 

4.1 9 BIOTRANSFORMATION REACTIONS AND LIPID 
PEROXIDATION IN MICROSOMES FROM CIRRHO- 

TIC RAT LIVER 
R. Dargel, T. Zimmermann, D. Miiller, M. 
Sommer, M. Kretzschmar’, U. Buko’ and 
0. Lukivskaya’ 
Institute of Pathological Biochemistry, 
’Institute of Pharmacology, University 
Jena, FRG and ’Institute of Biochemi- 
stry, Bjelorussian Academy of Sciences, 
Grodno, Bjelorussia 

Microsomes from thioacetamide(TAA)- 
induced macronodularly cirrhotic livers 
exhibited a reduced cytochrome P450 
content and lowered activities of 
ethylmorphine N-demethylase, ethoxycou- 
marine 0-deethylase and epoxide hydro- 
lase. The malondialdehyde (MDA) produc- 
tion of microsomes from TAA-treated 
rats was decreased either when stimu- 
lated by ascorbate-iron or by ADP-iron- 
NADPH. Contrarily, in isolated hepato- 
cytes from cirrhotic livers MDA forma- 
tion was increased in both systems. The 
microsomal phospholipid fatty acid 
pattern was significantly changed in 
the cirrhotic livers. The 18:2/20:4 
ratio of phospholipid fatty acids was 
markedly elevated. Increased free 
radical formation due to the inhibition 
of mitochondria1 respiration might 
account for the differences in lipid 
peroxidation in microsomes and hepato- 
cytes from cirrhotic livers. 

A L L O H A N  CVTOTOHICITY M A Y  INUOLUE L Y S O S O M R L  O A M R G E  
Hong Zhang and Johann Zdolsek 

Depr o/Parhology 11. Universiry ofLi&ping, S-581 85 Link@ing, Sweden 
The diabetogcnic effect of alloxan is not understood in detail. 
although i t  is thought to involve reactions mediated by oxygen and 
alloxan radicals. These reactive species may form exlra- or 
intracellularly and cause cell damage through a variety of complex 
interactions with several macromolecules. Plasma and lysosomal 
membranes may be important targets. A model system of J-774 cells 
were studied in culture. Fluorescein diacetate and propidium iodide 
double staining technique was used m investigate the plasma 
membrane permeability. Acridine orange was used to study IysosOmal 
membrane integrity. Fluorescence intensities were recorded by a Lei& 
MPV 111 microscope fluorometer connected to a personal cornputex. 
Exposure of J-774 macrophages to 2 mM alloxan and reducing 
substances (1 mM ascorbic acid or cysteine) in the surrouning 
medium rapidly resulted in plasma and lysosomal membrane damage 
and ensuing cell death. Separate pre-addition of catalase, 
desferrioxamine or superoxide dismutase resulted in evident, slight and 
no protection. respectively. The combined pre-addition of caulas. and 
desfemoxamine resulted in a pronounced inhibition of cell damage, 
while catalase desfemoxamine and superoxide dismutase together 
totally inhibited cell damage. Cells preincubated with 30 phi Fa13 
in F-10 medium with 10% felal calf serum for 24 h showed a much 
enhanced sensitivity to alloxan and reducing agents. The results are 
interpreted as indicating cell damage mainly due to the extracellular 
formation of Hz02 and OH. .The latter agent forming in close 
proximity to the cells with effect on the plasma membrane whik the 
former, after diffusing into the cell, may have several intracellular 
targets, including lysosomes. secondary lysosomes normally contain 
trace amounts of iron some of which may occur in reduced, reactive 
form allowing O H  forming F e m n  reactions to take place. OW may 
initiate peroxidation resulting in lysosomal membrane damage. 
References: 1. Hong Zhang. et al. Effects of alloxan and reducing 
agents on macrophages in culture.. APMIS 99: 1038-1048, 1991. 2. 
Hong Zhang, et al. Alloxan cytotoxicity involves lysosomal damage. 
APMIS 1992, in press. 3. Hong Zhang, et al. ExIracellular reduction 
of alloxan results in oxygen-radial mediabed attack on plasna and 
lysosomal membranes. APMIS~ 1992. in press. 

4.1 8 

THE EFFECT OF SOME ANTICOAGULANT RODENTICIDES ON 4-20 
THE A C T I V I T Y  OF ANTIOXIDANT ENZYMES I N  THE BLOOD 
OF RATS 
Kora6.B.. Kataranovski D..BlagojeviC D., Sai t iC 
Z.S..BuzadfiC B. and SpasiC M. 

Department o f  Endocrinology and 
Metabo 1 ism, I n s t i t u t e  f o r  Bio logica 1 
Research,Belgrade,Yugoslavia 

The e f fec t  o f  hemosterilant (a-chlorhidrin) and 
anticoagulants (bromadiolon, chlorofacinon and 
flokunafen) i n  v ivo under the chronic treatment 
on the a c t i v i t y  o f  antioxidant enzymes: 
superoxide dismutase (SOD). catalase (CAT), 
glutathione peroxidase (GSH-Px) i n  the blood and 
glutathione-S-transferase (GST) i n  plasma i n  DA 
s t ra in  o f  male ra ts  were studied. A l l  examined 
supstances increase the SOD a c t i v i t y  i n  the blood 
a f te r  7 days o f  treatment. Long term treatment 
w i th  a-chlorhidrin reachlng the SOD a c t i v i t y  on 
the control level ,  u n t l l  a l l  anticoagulants 
decreased SOD a c t i v i t y  under the control  leve l  
14th day. After 21 day a c t i v i t y  o f  SOD was 
increase i n  groups w i t h  b r d i o l o n  and 
chlorofacinon. A l l  examined anticoagulants 
decreasing the a c t i v i t y  o f  catalase a f t e r  21 day 
o f  treatment. Ac t i v i t y  o f  GSH-Px i n  a l l  groups 
was increase a f te r  14 and 21 day o f  treatment. 
The greatest changes was found i n  the a c t i v i t y  o f  
GST. Af ter  1 days o f  treatment o f  ra t s  GST 
a c t i v i t y  was decrease i n  a l l  studied groups.Long 
term exposure reaching the GST a c t l v i t y  on the 
control level.  A f te r  21 day GST a c t i v i t y  again 
decreased charac ter is t i ca l l y  i n  animals t reated 
with a-chlorhidrin. 
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4.21 PHOTOSEW3IBlLIZATOR-ANTIBODY CONJUGATE 
USAGE A S  FREE R A D l C A I S  CENXEUTORS FOR SE- 
LECTlVE DESTRUCTION OF VIRUSES ANU CELLS 
B.P.Sharonov, S.Yu.Sundukov, N.M.Kalinina, 

A.V.Dolganova, V.I.ChernJavskij 
Institute of Highly Pure Biopreparations 

S t .  Petersburg, l 9 ' l l l O .  Russia 

The usage of conjugates of photosensitive 
moleoules with speoifio antibodies (AB) 
has some advantages in localizing drug 
effeot: enhanoed speoifioity beoause of 
AB. space seleotivity beoause of limitary 
irradiation range. and ability to oontrol 
the preparation aotion time in organism. 
The oonjugates of influenza virus AB with 
porphyrine demonstrated the preserving of 
AB antigen aotivity and porphyrine nuolei 
ability to generate aotive oxygen forms. 
During neutralization reaotion in dark 
the oonjugates deoreased virus culture 
infeotious grade as well as AB alone. 
Being subsequently exposed to visible 
light virus oulture was l ed  to the ad- 
ditional signifioant 108s of the infeoti- 
vity. This way is suitable not in the 
case of viruses only. but also f o r  the 
whole O e l L 6 .  There are some oonvinoing 
results as f o r  the seleotive destruotion 
of the  &lymphocytes (the T-lymphocytes 
are kept alive) by the oonjugates of B- 
lymphocyte specific AE3 with diiodofluo- 
resoein. These data proved the undoubted 
perspectivity of this way of the struggle 
against virus infeotions and tumors. 

4.23 SHIFT OF DBE ETABOLISH IN TRE LIVER BY 
SIHOULTANEOUS TREATMENT WITE CC14. 

Biasi F. ,  Chiarpotto E. ~ Aragno H., Scavazza 
A., Danni 0.' and Poli G. 
Dept. Exp. Medicine and Oncology, University of 
Torino, * Inst. of General Pathology, Universi- 
ty of Sassari, and * Immunogenetics and Exp. 
Oncology Center CNR. Torino, Italy. 

Hepatocytes isolated from rats were exposed to 
combined treatment of carbon tetrachloride 
(CC14) and 1,2-dibromoethane (DBE) up to five 
hours. A significant potentiation of lipid 
peroxidation and plasma membrane damage was 
observed in presence of the mixture CC14 plus 
DBE. This enhanced toxicity could be due to the 
reduced levels of GSH-S-transferase by CC14, 
following a shift of DBE metabolism versus the 
oxidative dehalogenation by microsomal enzyme 
system. The microsomal metabolism of CC14 is 
not affected by the contemporary presence of 
DBE, while the covalent binding of DBE reactive 
metabolites to hepatocyte protein was signifi- 
cantly enhanced in the presence of CC14. As a 
consequence, CC14 could impair the DBE detoxi- 
fication pathway by increasing the microsomal 
transformation of DBE into highly reactive 
chemical species. To support these conclusions, 
recent studies were performed on acute trea- 
tment of rats with ethanol. The obtained re- 
sults in this experimental condition suggest 
that ethanol could reduce either GSH-transfera- 
se and aldehydic DEE metabolic pathways leading 
to an excess of bromoacetaldehyde toxicity. 

EFFECT OF ALCOHOI, AnMINISTHATION ON ATI', CELL 
ENERGY POTENTIAL, OXYGEN FREE RADICALS FORMAT1 ON 
AND CELL lNJUHY I N  HAT HEPATOCYTES. 
A.Gnsbarrini. l).li.Van Thicl, H.Farhali, I'.Caracfl 
ni, F.Trevisani, G.I;.Stefanini, Al.Gasbarrini, 
M.Bernardi, G.Gnsbarrini, fat.Medica, Univ.8010- 
gna, Dept.Surp,.Physiol.. Univ.Pittsburgh. 
Ttrr effects of' a lcohol  (ETOH) were studied in he 
patocytes isolated from fed or fasted (24  hrs)  

rats. Freshly isolated hepatocytes were inbedded 
i n  agnrose gel t.hreads and perfused with KHB. In.  
trncellular ATP (1ATP) and the cell enerpy poten 
tlal (CEP) were measured by 31P-NMR spectroscopy 
Oxygen free radicals formation was assessed by 

chemiluminescence. In fasted rats, IATP was de- 
pressed 48% compared with fed controls (p<0.05). 
The CEI' was depressed even more 50% in the fasted 
group (ptO.05). ETOH decreased IATP by 20% in 
the f ed  group and 95% in thefasted group (~(0.01) 
and CEP was depressed 15% and 90% respectively 
(ptO.001). ETOH did not increase oxygen free ra- 
dicals formation in either group, but LDH relea- 
se increased 3 fold in the fed group and 20 fold 
in the fasted group (p<O.OOl). These data indict 
te that fasting decreases the IATP concentration, 
and the hepatocyte energy potential and that the 
nutritional status is an important determinant 
of damage to liver ce l l s  due to alcohol. 

4.22 

GSH MODIFICATION INDUCED BY XENOBIOTICS IN 4-25 
ISOLATED HEPATOCYTES. EFFECT OF OXYGEN 
CONCENTRAT ION. 

B.Botti, A.Iannone, A. Bini, A.Tomasi and 
V.Vannini# 
Istituto di Patologia Generale, 41100 Modena e 
#Istituto di Patologia Generale, 27100 Pavia, 
Italy. 

1,2-dibromoethane (DBE), diethylmaleate 
(DEM) and phorone are well known glutathione 
(GSH) depleting agents, in rat liver in vivo. In 
contrast, carbon tetrachloride (CC1,) poisoninq 
is known to increase liver GSH In vivo. We have 
also previously found that these changes of GSH 
concentration, are inversely correlated to 
changes of the liver Vit C concentration. 

We have investigated the in vitro effects 
of DBE, DEM, phorone and Ccl, treatment on GSH 
concentration in isolated rat hepatocytes. 
Hepatocytes incubated at 37% under aerobic 
conditions showed a significant decrease of GSH 
content in the presence of DEE, DEM or phorone. 
Maximum effect was seen at 1 h for DEM and DBE 
and 30 min for phorone. The extent of GSH 
depletion was similar to that observed in vivo. 
However, in contrast with the effect observed in 

CC1, produced a decrease of GSH in t z  
hepatocytes, being the lowest concentration at 
4 h. Experiments carried out with hepatocytes 
incubated under anaerobic conditions indicated 
that oxygen plays a determinant role in 
modulating the -in-vitro effects of CC1, on GSH 
concentration. 

In addition, the possibility that the 
different effects elicited by CC1, in vivo and in 
isolated hepatocytes on GSH concentration can be 
explained by a modulating effect of Vit C ,  which 
concentration seems to be markedly decreasecl in 
isolated hepatocytes, is under current 
investigation. 
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DAUNOMYCIN TOXICITY IN DIFFERENTIATING 
ERYTHROLEUKEMIA CELLS 

Chrbt lun Stelnkuhlertt, Lucla M a r c o d &  I'aolu Pletran~el l f f ,  Bruno 
iMondovi5 and  Irene MavelllS 

BDeparrmeru o/,/Oiochemical .Srienvce.r and 
CNR Center for Molecular Orobgy. 

university o/ Rome "Lo Saplenza". Rome. Italy 

UDepartmed o/Biology, Unrversiry o/ Rome "7ur Vrrxaia". Rome. Italy 

%Departmenr o/Biomedical Sclenrer and 7pchnoloxles. 
University o/Udine. Udine. ltaly 

The produelion of oxygen radicals hy h e  aniincoplasiic agent Daunomycin can 
bclriggcred hyoxyhemoglobin, whichcan actas arcductantof hcanlhrac-ir: 8:: 

therehy giving rise lo ai least 50% ofihe hydrogen pcruxidc detectable in hiJm, $1 
erylhrocyics. The rclaiivc rolc of hcmoglohin in the rcductive activation of 
Daunomycin was investigated during differcntiaiiun of Fricnd eryhroleukcmia 
cells, a process during which an induction of hemoglobin synlhcsis occurs 75- 
150 Daunomycin as well as 2-20 mM hydrogen pcroxide proved to bc more 
toxic to difrercntiatcd Friend cells. which had a 20-fold increased hcmoglobin 
oonlcnt.than toundiflcrcntialcdcells. However, Ddunomycin-&pendenl.cyanldc- 
insc~it iveo~yg~.cons~ptionofhomogena~s,derived f rmcontmlor  induced 
ccllsdid not differ significantly. indicating similar activation ratcsof h c d m g  in 
both ccll types. Moreover. we did not notice any appreciable diffcrcnces. 
bctwccn differentiated and undifferentiated Fricnd cells. in h e  specific activities 
of a series of oxygen-frcc radicals detoxifying enzymes. Thus. thc obscrved 
increased susceptihiliiy of diffcrentiatcd Fricnd cclls toward Daunomycin was 
apparently not related to incrcascd cellular levcb of oxygen frcc radicals. On h c  
ohahand .no  altered Daunomycin uplakcratesordiNcrences indrug metabolism 
wcre dctectahle whcn thc two cell iypcs were u,mpard.  These findings are 
indicative of a minor rolc of hcmoglobin in Daunomycin activation in nuclealcd 
cclls. They suggcsl as wcll h a t  the cytoioaicity of this drug in diffcrcntiatcd 
erythroleukcmia cells may bc due to alterations in the physiology of h e  cclls. 
closely linked to thc differentiation process. which could makc some target 
(membranes andlor DNA) more susceptible t o  h e  action o f  Daunomycin 
Experimcnts arc in progress u) invcstigatc ihls Iwssihility 

4.28 OXYGEN FREE RADICAL ( 0 - F R )  PHOUUCTION l!Y HUMAN 
SPERMATOZOA 

MAK'llNlCO**, C .  RONCONI', L. 
ANICA** ,  F. DONI)EHO* 

'I.<tuwo V Clrnica Medrca I' Unrversita di Roina 

*'Drparrrrncmo Medrrino Sperimeruale I' Unrvrrsira dt Roma 

Rrccni research has shown that human spcrmaioma produce Oxygen Free 
Radicals (0-FR). and i t  1s probable that here  are involved in \pcrn-oocytc 
interaction. 
The aim of  this work was to cvaluate 0 - F K  gcncratum in: a) 15 ff.rtric 
normuspcrmic suhjwts: b) 25 male parmcrs of infertile couplcs (semen prulilc 
total spcrm count > 20 x lo"; >304 progrcssivc nio!iliiy at  2 h . lcucocytes < 1 
L loblnil). The spermatoma were washed iwicc i n  niodlrlul Tyridc's solution 
and finally resuspendcd at a concentration of 20 x 1061rnl. 
0-FR production WBS assayed, both in basal conditions and in  r r s p  
ucatment with ionophore A 23187. using luminol as the luminescent pi 
addition. h e  following iesu wcrecarriedoui in all thesuhjccis.a) spcrm mm!iny 
cvaluationa130min.2h.6h.and24h; h)heSwellingTest(SW-T)asarnartcr 
of Ihc functional intcgrity of lhc sperm membrane. 
Amorcsigni~cantO-FRproduction(pcO.Ol)wasohsewed in infcrtilcsuhyxts 
han in normal subjecu. Funhermore. hc re  was an inverse correlation bctwecn 
0-FRvalues and rcsidual motilityat6and24 h.Thcre was noconclauon bci wccn 
0 -FR values and h e  SW-T. Howevcr. it was observed h a t  in all Lh.es I n  which 
h c  SW-T values showed altcration. also 0 -FR values wcre clcvated. 
Thc incrcase in 0 -FR generation could bc one of the pathogenic aspects in some 
cases of infenility. 

DAMAGE OF RAT LIVER MICROSOMAL M I X E D  
F U N X I O N  OXIDASE BY CARBON TETRACHLORIDE 
THE ROLE OF LIPID PEROXIDATION 

Alla 1. Pohpovkh and Vtadimir A. Kostyuk 
Laboratory of Bioenergetics, Byelmssian State University, 
220050 Minsk. Byelorussia 

Two kinds of free radical reactions can be invdved in  the 
liver injury by carbon tetrachloride. The first process i s  lipid 
peroxidation (LPO). The second one is covalent binding of 
products of metabolic cleavage of CC14 to proteins and 
lipids. In  this paper we try to clarify the role of LPO i n  
injury o f  rat liver microsomal mixed function oxidase. I t  
was found that administration o f  a single dose of CC14 
resulted in an increase o f  conjugated dienes (CD) level i n  
liver to 160.2*30.7 nmol lg  tissue whereas l i p id  
hydroperoxide level increased only lo 10.9iI .8 nmol lg  
tissue and the amount of TBA reactive substances practically 
did not change. The hydroperoxy groups of the unsaturated 
fatty acids of phospholipids were found can be changed lo 
hydroxy groups as analyzed by HPLC. We also found that 
the injury action of carbon tetrachloride on l i v e r  
monooxygenase of female rats was substantially stronger 
than that of the chemical on the enzyme of male rats, but 
the level of products of LPO (CD) was practically the same 
i n  both male and female rats. Pretreatment o f  rats 
with 4-[4-N-sodium-N-(Scthyl- I -thia-3,4-diazol-2-yl) 
sulfophenylamino]-5-methoxy- 1.2-benzoquinone ( Q )  
before CC14 inhibited lipid peroxidation by 85% but did not 
prevent cytochrome P-450 destruction, decrease of 
hydroxylase activity, and loss of the capability to bioactivate 
carbon tetrachloride i n  rat liver microsomes. Thus. we 
propose that initiation of LPO is not crucial factor of cel ls 
injury by CC4 because antioxidant defence system convert 
l ipid hydroperoxides into appropriate alcohols, which 
include conjugated dienes. but which are rather stable and 
less dangerous to cells. 

4.27 

FURTHER SIIJDIES ON OXIDATIVE STRESSINDUCED 4.29 
ALTERATIONS OF CYTOSILELETON 
F.Mtrabellt, M.Vatrettt# and G.Bellomo 

Dipartmento dt Medicina Interna e Terapia Muiica. Clmica Medica I 
and 'Istituto di Fannncologia 11. Uuivenity of Pavia, 27100 PAVIA. 

Italy 

Cytoskeleton IS a preferential target m oxidative stress-induced cell 
injury and previous biochermcal studies have demonstrated marked 
alterations in microfilapwnt as well as microtubule proteins (Bellomo 
el al. J.Cell.Pbysiol. 143. 118. 1990). Usmg immunocytochemical 
techniques. the localization of some cytoskeletal structures was 
investigated in T3T fibroblasts exposed to the redox.cycling quinone 
menadione. Micmfilaments. As a consequence of menadion.: 
metabolism, actin stress fibers were progressively destroyed. and a 
perinuclear accumulation of aggregates occurred. with a concomitant 
loss of plasm membrane anchorages. One of the major actin-bindmg 
protein u-actinin co-distributed with actin fibers in control cells. 
Following treatment with menadione. clusters of a-actinin were early 
detected in the pinuclear region and subsequently in discrete regions 
scattered over the whole cell. Vinculin is a cytoteletal protein 
involved in the attachment of actin microfilaments to the inner face of 
the plasm membrane and, in control cells it was localized in small 
patches whose immunoreactivity to monoclonal antibodies disappeared 
during menadione metabolism. Micratubules. Two major alterations in 
microtubule organization have been detected: (i) an early 
depolymerizntion and (ii) the appearance of tubulindevoided vacuoles 
surrounded by refmcted bundles of tubulin structures. At later time- 
paints tubdin was concentrated in spots whivh coincided with the 
regions in the plasma membrane where small protrusions (blebs) 

In conclusion. thee data demonstrate that a disruption of 
microfilament and microtubule organization occurs during oxidative 
cell injury. 

appead.  
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4-30 OXIDATION OF POLYCYCLIC NITROARENES WITH 
POTASSIUM SUPEROXIDE 

Naoki MIYATA. Kiyoshi FUKUHARA and Yukie HARA 
Division of Organic Chemisrry. 

National Institute of Hygienic Sciences, 
Setagaya. Tokyo 158, Japan 

Superoxide anion radical plays a crucial role in a 
vast spectrum of metabol ic  processes. Severa l  
n i t r o a r e n e s  a r e  k n o w n  a s  e n v i r o n m e n t a l  
carcinogens and/or  mutagens and the a romat ic  
ring oxidation a s  well as  the nitro reduction is 
involved in their metabolic activation pathways. To 
clarify the action of superoxide anion radical on the 
oxidation of polycyclic nitroarenes, the reaction of 
potassium superoxide with a series of nitroarenes 
was examined. 

O x i d a t i o n  of ni t ra ted polycycl ic  a r o m a t i c  
hydrocarbons  such  a s  ni t ra ted pyrenes  wi th  
K 0 2 / c r o w n - e t h e r  s y s t e m  a f f o r d e d  r i n g  
hydroxylated products. Hydroxylation proceeded by 
two different manners. One was the direct oxidation 
of the aromatic ring and the other was the oxidative 
replacement of nitro group by hydroxyl group. In 
the case of  the oxidation of I-nitropyrene. the 
f o r m e r  r e a c t i o n  w a s  predominant  a n d  t h e  
hydroxylation proceeded at 5 ,  6, 8 and 9 positions. On 
the other  hand,  the oxidation of 1.6- and 1.8- 
dini t ropyrenes mainly gave 1 -nitropyren-6-01 and 
1 -nitropyren-8-01. respectively. The pattern of the 
oxidation greatly depends on the multiplicity of  
nitro substituent, the substituted position and the 
number of fused aromatic rings. The details and the 
possible reaction mechanisms will be also discussed. 

FREE RADICAL ACTIVATION OF ALKYLHYDRAZlNES B Y ,  
CYmCHROUE P-4502E1. ~ 

A .  Comog 10, A. Iannone- A.  Tomasi-, M .  Ingelman- 

Dept .  o f  Exper imen a 1  M e d i c i n e  and O n c o l o g y ,  
U n i v e r s i t y  o f  T u r i n ,  I n s t i t u t  of  Gene a1 Patho-  
logy,  U n i v e r s i t y  of Hodena, I t a l y  and ' Dept. o f  
P h y s i o l o g i c a l  C h e m i s t r y ,  K a r o l i n s k a  I n s t i t u t e t ,  
Stockholm, Sweden. 

S p i n  t r a p p i n g  e x p e r i m e n t s  per formed u s i n g  
l i v e r  microsomes p r e p a r e d  from c h r o n i c  e t h a n o l -  
f e d  (EtOH), p h e n o b a r b i t a l  (PB) ,  P - n a p h t o f l a v o n  
(P-NF) o r  a c e t o n e  ( S / A )  p r e t r e a t e d  r a t s  a n d  
i n c u b a t e d  w i t h  methyl - ,  e t h y l - ,  i s o p r o p y l -  and 
1,Z d i m e t h y l - h y d r a z i n e  show t h a t  o n l y  E t O H  and 
S/A microsomes a c t u a l y  d i s p l a y  a t w o  f o l d  r ise i n  
t h e  ESR s i g n a l  i n t e n s i t i e s  e x p r e s s e d  by nmoles of 
cytochrome P-450. F u r t h e r m o r e ,  E t O H  microsomes 
have  Km v a l u e s  f o r  e t h y l - h y d r a z i n e  a b o u t  t e n  
time lower t h a n  PB microsomes. The p o s s i b l e  r o l e  
o f  e t h a n o l - i n d u c i b l e  cytochrome P-4502E1 (CYP2El) 
i n  c a t a l y z i n g  t h e  f r e e  r a d i c a l  a c t i v a t i o n  o f  
h y d r a z i n e s  is s u p p o r t e d  by t h e  o b s e r v a t i o n  t h a t  
t h e  a d d i t i o n  o f  s p e c i f i c  s u b s t r a t e s  o f  CYPZEl, 
such  as d i e t h y l d i t h i o c a r b a m m a t e  and p - n i t r o p h e -  
n o l ,  o r  of a n t i b o d i e s  a g a i n s t  CYP2El s e l e c t i v e l y  
i n t e r f e r e  w i t h  t h e  f r e e  r a d i c a l  f o r m a t i o n  i n  
c o n t r o l ,  E t O H  o r  S / A  microsomes,  w h i l e  a r e  w i t -  
hout effect  i n  PB microsomes. 

I n  c o n c l u s i o n  t h e  r e s u l t s  o b t a i n e d  i n d i c a t e  
t h a t  t h e  isoenzyme CYPZEl is r e s p o n s i b l e  for  t h e  
m e t a b o l i s m  of a l k y l h y d r a z i n e s  t o  f r e e  r a d i c a l  
i n t e r m e d i a t e s  a n d  t h a t  t h i s  e f f e c t  m i g h t  b e  
impor tan t  i n  modula t ing  t h e  t o x i c  as  w e l l  a s  t h e  
c a r c i n o g e n i c  p r o p e r t i e s  o f  t h e s e  compounds. 

Sundberg t ' and E .  Albano 

t 

4.31 

4-32 R e a c t i v i t y  of catalase towards  L-Dopa and  d e r i -  Plechanisa of CBrCl3 toxicity: influence on energy-dependent 4-33 
v a t i v e s :  ESR s p i n  s t a h i l  i z a t i o n  approach .  processes in  isolated rat  hepatocytes 

R. P.  Ferrari, E .  Lauren t i ,  0. Cambino,  L .  P a r a d i s i  
and M.L'.Dianz.rni, 1 . i n j r . r r s i f d  d i  Tvrino, I t a l y .  

C a t a l a s e  is a r e d m  hemoprote in  u h i c h  f u n c t i o n s  
as d e f e n c e  a g a i n s t  o x i d a t i v e  damage due t o  endo- 
gei iously produced Iiytirogeii  p e r o x i d e .  L-Dopa arid 
d e r i v a t i v e s  a r e  w i d e l y  used a s  a i i t i h y p e r t e n s i v e  
a g e n t s  arid s t i m u 1 a t . e  H z O 2  p r o d u c t i o n ,  c a u s i n g  
c h r o n i c  a c t i v e  l i v e r  dtvesse.  I n  particular some 
a u t h o r s  g i v e  evidei ice  of a-methyldopa i n d u c i n g  
s p e c t r a l  v a r i a t i o n s  (catalase S o r e t  band ) i n  a 
p u r i f i e d  c a t a l a s e  and i s o l a t e d  h e p a t o c y t e s  , u -  
s i n g  t h e  t r a d i t i o n a l  o p t i c a l  s p e c t r o s c o p i c  met- 
hod (1). Our aim is t o  \ , e r i f y  t h e  catalase redox 
mechanism t o w a r d s  t h i s  k i n d  o f  s u b s t r a t e s  a t  
d i f f e r e n t  s u h s t r a t e  o x i d a t i o n  s t e p s .  
T h i s  is p o s s i b l e  u s i n g  a n  ESR s p i n  s t a b i l i z a t i o n  
approach  t o  i n d i v i d u a t e  o-semiquinone f r e e  ra- 
d i c a l s  complexed  w i t h  d i a m a g n e t i c  m e t a l  i o n s  
( f i r s t  s t e p  of s u b s t r a t e  o x i d a t i o n  mechanism)  
( Z ) ,  combined k i t h  e l e c t r o n i c  method i n  o r d e r  t o  
c h a r a c t e r i z e  t h e  second s t e p  o f  t h i s  redox c y c l e  
(0-quinone f o r m a t i o n ) .  
The e x p e r i m e n t s  a r e  done on p u r i f i e d  c a t a l a s e ,  
i s o l a t e d  h e p a t o c g t e s  and l i v e r  microsomes from 
r a t s .  

C. Jochmann', S.KLee*, F.R.Ungemach', T.Grune', U.Siems', 
G.Gerber', 

Institute of veterinary Pttarm. end Toxic., Free univ., Berlin, 
Germany 
'Institute of Biochemistry, M i c a 1  Faculty (Charit&), HU Berlin, 
Gecmbny 

The haloalkane CBrCl3 causes cellular injury due to i t s  radical 
inducing metabolism. The central mechanisms mediatiw the 
cytotoxic effects are discussed controversially. A potential 
target of CBrC13 toxicity might be the cellular energy state. 
Thus, in  isolated rat  hepatocytes total  ATP. mitochardrial 
metabolism of MTT (a tetrazolium dye) and ATP-dependent processes 
l ike lyso~ollsl  uptake of neutral red and intracellular K' w r e  
investigated i n  the presem of 0.5, 1.0, and 1.5 ml/l CBrClg. 
A rapid decrease i n  total  ATP content was accocpanied by a 
moderate declim in  mT reduction, a dose-depndent decreased k+ 
accuaulation and a dose-dqmndent marked inhibition of neutral 
red uptake, uhich was almst coqlete at the highest 
concentration levels. 
The rapid i n i t i a l  dec l in  of a l l  parameters , vhich paralleled 
the wtabolic activation of mCl3 uas followed by a plateau 
phase indicatiw a Lower cellular steady state o f  ' energy 
consrnption and production <K+, ATP, NIT) and a profwnd 
inhibition of other energy-d.pndent procastes l ike neutral red 
uptake, uhich appeared t o  k irreversible. 

(1): D . P . J o n e s ,  D . B . W e y e r ,  B .Andersson  and  This study was Supported by the buts& Forschun(ls(leleinschaft. 
S . O r r e n i u s ,  Mol. Pharmacol. 2 0 ,  159 ( 1 9 8 1 ) .  
( 2 ) :  R . P . F r r r a t - 1 ,  E . L a u r e n t i ,  L.Casella and  
S . P o l i ,  Spec t rochim.  Acta, i n  press. 
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Session 5 

Free Radicals in Medicine I (Lung, Kidney) 
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5.1 MOLECULAR TARGETS OF BIOLOGICAL DAMAGE BY INHALED 
ENVIRONMENTAL OXIDANTS 

CE Cross', ML Hu', P Motchnik', S Louie', A Reznik". 
L Packer", B Halliwell'. 

'Department of Medicine, UC Davis Medical Center, Sacramento, 
CA 95817, USA 

Departments of 'Biochemistry and "Molecular and Cell Biology, 
UC Berkeley. Berkeley, CA 94720, USA 

exposures of human plasma (whose antioxidant defenses 
have been well characterized and which serves as a preliminary 
model for the respiratory tract lining fluids) to gas phase 
cigarette smoke ICS) and to ozone (0,) were performed. Both 
of these important environmental pollutants are believed to  
damage the lung via oxidative mechanisms. We measured the 
temporal relationships between antioxidant depletions in 
relationship to the occurrence of oxidative damage to proteins 
and to lipids. CS exposure caused rapid ascorbic acid depletion 
followed by oxidative damage to lipids (Frei u. Biochem J 
227: 133-1 38, 1991 ) and induced oxidative protein damage as 
monitored by loss of -SH groups and increases in protein 
carbonyls. Ascorbate appeared to protect against peroxidation, 
(Frei u.) but did not protect against protein carbonyl 
formation. This was, however, partially prevented by GSH. CS 
exposure did not deplete plasma uric acid. By contrast, when 
plasma was exposed to 0,. uric acid and ascorbate were 
oxidized quickly. Oxidative protein damage was readily detected 
by decreases in protein thiols, increases in carbonyls and 
changes in fluorescence. Only submicromolar concentrations of 
lipid hydroperoxides could be detected. The results demonstrate 
that quantitative differences exist in the spectrum of oxidative 
damage caused by different air pollutants. Hence there is a 
need for different antioxidants to protect the various molecular 
targets. 

5.3 PULMONARY ANTIOXIDANTS IN TIE FETUS AT 
TERM. INFLUENCE OF MATERNAL ADRENAL 
STEROIDS 
H.Lbpez-Torres, R.Perez-Capo, C.Rojas, 
S.Cadenas, G.Barja de Quiroga, R. Madrid, 
and R.M. Arahuetes 
Dept. Animal Biology-11. Complutense 
University, Madrid, 28040, Spain 

It has b&n previously shown that rat 
antioxidant enzymes increase in the fetal 
lung during the final days of gestation, 
probably preparing the tissue for the 
exposure to relatively higher 0 2  
concentrations at birth. This change is 
stimulated by dexamethasone treatment and 
delayed by glucocorticoid blockade with 
metyrapone. In this study, the effect of 
early maternal adrenalectomy on levels of 
CAT, GPx, GR, cytochrome oxidase, GSH, 
ascorbate and uric acid (HF'LC) in the lung 
of the fetus at term and on corticosterone 
levels in maternal and fetal blood was 
investigated. Adrenalectomy profoundly 
depressed maternal, but not fetal blood 
corticosterone. No changes for any 
antioxidant were found when fetuses from 
control or adrenalectomized mothers were 
compared. It is concluded that maternal 
corticosterone is not required for the 
normal development of the fetal antioxidant 
capacity in the lung. 

ROLE OF GLUTATHIONE IN OXYGEN-INDUCED 5.2 
LUNG INJURY OF THE NEWBORN. 
F . J .  KELLY & S.C. LANGLEY, 
Cardiovascular Research, Rayne 
Institute, St Thomas's Hospital, London. 

Glutathione (GSH) is an important 
component of the pulmonary antioxidant 
defence network. We have previously 
shown that lung GSH increases 2-fold 
over late fetal and early neonatal life. 
We have used the cytosolic GSH depleting 
agent diethylmaleate (DEM) to lower lung 
GSH concentration to determine if, and 
how, this influences hyperoxia-induced 
lung injury in the newborn. 
A GSH depletion protocol was followed, 
which led to a 75% depletion of GSH in 
the lung over 6-12 hours, followed by a 
period of enhanced GSH status from 12- 
1Bhrs. 48hrs of hyperoxic exposure (95% 
02) significantly increased mortality of 
newborn guinea pigs. Markers of lung 
injury (microvascular permeability and 
inflammatory cell numbers) were 
increased in these pups, even though 
alveolar and intracellular GSH were 
elevated relative to controls by 24hrs, 
and were normal by 48hrs. These results 
suggest that GSH is important in the 
protection of the lung during the early 
period of hyperoxic exposure. 
Interventions which lead to increased 
pulmonary GSH in the newborn may provide 
protection against hyperoxic stress. 

THE GLOMERULUS AS A SOURCE OF REACTIVE OXYGEN 
METAnOLlTES (ROM) 

L. Iinud, U. Pouqueriy, C. Phlllppr, R .  Ardnlllou 

INSERM U M. Ildpjpr~al7'ENON. 4 rue de la  Chrnr, 75020 Paris 

Thew IS uinsidcrahlcevidcnccsug~~s~ing rhai KOM (supcruxidcanion. hydrogen 
pcroxidc, hydroxyl radical. hyprhlornus acrd) arc iniplicaled in the pathogenesis 
o f  1oxic. ischcmic. and irnmunoli)gically-incd~a~cd glornerular injury. Thc 
capacity of glomerular cells. especially rncsangial cells. 10 generate ROM in 
response to several stimuli suggests khat lhcse aulacoids may play a mlc in the 
models ofglomcrular injury that are indcpndent of infiltradng polymorphmuclear 
lcukocyics and monocyies. Thc mechanisms whereby KOM formation rcsulu in 
morphologic lesions and in modifications o f  g l o m c ~ l a r  pcrmcabilily. blood 
flow. and filrration rate have b a n  inferred from m vilro studies. They invrlvc 
dirccl and indirect injury to rcsidcnt cells (rncsangiolysis) and glomcmla! 
basement membrane (In concerl w i l h  rnelallopromascs). and alleralion of bolh 
rclesse and binding of v a s o a c ~ v e  subslances such as bioactivc lipids (e.g. 
proslaglandin E,. proslacyclin. Ihromboxanc). cytokines (c.g. lumm necrosis 
factor alpha). and possiblyendothclium-dcrivcd rclaxing factor.Thc importance 
of such proccsscs appears 10 bc rndulalrd by chc inlrinsic antioxidant defenses 
of glomeruli. Funher studics are nceded to address thc role of ROM in human 
glomerular diseases. 
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5.5 FREE RADICALS PRODUmION DURING IN VIVO 
ISCHEMIA/REPERFUSION OF RABBIT KIDNEY 
Pincernail J, Defraigne 1.0, F m s e n  C. Philippan C, S e m p  
D. Deby C. Lamy M and Meurisse M. 
Interdisciplinar Center of Biochemistry for normal and 
pathological Oxygen. University of Likge. B6. Sarf Tilman. 
4000 Likge, Belgium. 
In vivo ischemia of 60 minutes in rabbit kidney followed by 
subsequent reperfusion of 10 minutes provokes a significant fall 
(48%) in vitamin E content of renal cortex, when compad to 
kidney not subjected to occlusion The decrease in this major 
antioxidant substance is associated with : I )  a free radical 
production within the f i s t  minutes after reperfusion as 
evidenced by esr spectroscopy (With PBN as spin trap agent) in 
the venous blood arising from the ischemic kidney ; 2) a 
decrease of 29 and 49% in the pmlamping value of renal blood 
flow (Doppler Laser), respectively after 5 and 10 minutes of 
reperfusion; 3) a significant increase of 249% after 120 minutes 
reperfusion in the initial level of lactidcshydmgenase (LDH) 
measured in the renal venous blood. 
'Ihe involvement of free radical production in our rabbit model is 
also contirmed by the following observations : 1) an ischemia of 
15 minutes followed by 10 minutes of re.per€usion does not 
modify the vitamin E content of cortex. produces two fold less 
free radical than after 60 minutes of ischemia. does not alter the 
blood flow after the Rperfusion and only increases the LDH 
concentration up to 102% of the preclamping value; 2) the 
administration of desft=rriormine $v.: Sn mag), as imn 
chelator. before inducing a 60 minutes ischemia significantly 
reduces the fall in vitamin E (16% vs 48%). restores a normal 
blood flow after reperfusion. and decreases the release of LDH 
(53% of the preclamping value) in the venous blood. 

5.7 PLATELET-ACTIVATING FACTOR (PAF) 
ANTAGONIST WEB2086 BLUNTS HYPEROXIC- 
INDUCED LUNG INJURY IN THE PRETERM 
GUINEA PIG 
G. Phillips, Y. Dai', M. Church+ J. 
Shute+ and F. Kelly. Departments of 
Nutrition and Clinical Pharmacology+, 
University of Southampton, Southampton, 
SO9 3TU, UK. 

PAF has been implicated in the 
development of chronic lung disease 
(CLD) in the preterm infant, however, 
its precise role remains unclear. In the 
present study we assessed the effects of 
WEB2086, a PAF antagonist in the preterm 
guinea pig (GP) model of oxygen-induced 
pulmonary injury. Preterm GP's were 
delivered by Caesarian section three 
days prior to term (68 days) and were 
randomly allocated to receive either 95% 
0, or 21% 0, for 72h. Half of the pups in 
each group were given an I.P. injection 
of WEB2086 (5mg/Kg) or saline every 12h. 
Bronchoalveolar lavage (BAL) was then 
performed after 72h. 
Treatment BAL PMN BAL Protein 

10~cells/mll fmalml) 

saline 2.05fl. 53 1.57k1.07 
WEB2086 0.46+0.62' 0.88f0.41 
n=6-9 animals/group. WEB2086 < Saline, 
*p<0.05. These data suggest that PAF may 
play an important role in oxidative lung 
injury in the immature lung. 

COMPARITIVE ACTIVITY OF REDOX ENZYMES IN COLD 5.6 
RENAL ISCHEMIA UTILYZING EURO-COLLINS(EC) VS. 
UNIVERSITY OF WISCONSINo PRESERVATION SOLU- 
TION IN A WHOLE ORGAN MODEL. 
John K. Orak, Gursev S. Dhaunsi. Sukhvarsha Gulati, Avtar K. 
Singh*. P.R. Rajagopalan# and Indexjit Singh 
Departments of Pediatrics. Pathology* and Surgery# Medical Uni- 
versity of South Carolina, Charleston S.C. 29425 USA 

Exogenous addition of free radical scavengers has been of Limited 
success in extending the viability threshold of transplanted organs 
after long hypothermic preservation. To understand the possible 
mechanism of this limited success. we have studied the effect of 
cold flush hypothermic perfusion with EC vs UW preservative solu- 
tions on endogenous redox enzyme activity. The kidneys of Sprague 
-Dawley rals were flushed in situ with either EC or UW Solution, 
surgically removed and preserved at 4°C for various times in each 
solution. Controls were cold flush perfused only. Kidneys in each 
group were analyzed morphologically by electronmicrograpy and 
part homogenized for enzymatic and western blot analysis. Cata- 
lase(CAT). Superoxide Dismutase(S0D) and Glutathione Peroxi- 
dase(GPX) actmities are reported as percent conml: 

PRESERVATION CAT SOD GPX 
TIME(hrs) EC UW EC UW EC UW 

0 loo loo 100 100 loo loo 
24 78 130 84 85 86 122 
48 93 133 79 87 103 169 
72 83 84 77 81 104 129 
96 57 96 79 87 65 140 

Western blot demonswted approximately the same levels of CAT, 
SOD and GPX at all time intervals for both EC and UW soh- 
tion,indicating that the deaease in enzymatic activity is secondary 
to inactivation rather than degradation. UW had a significant ptec- 
tive effect on CAT and GPX. The inability of both solutions to pre- 
serve SOD activity may be the rate limiting factor in organ preser- 
vation. Supported by DCI. 

INHALED TAURINE AND AIRWAY HYPERRESPON- 5.8 
SIVENESS. 
Bagnato G.F.,Gulli S.,Caristia F.,Cugliari A., Covarmb- 
bias J.* 
Dept.of Internal Medicine, University of MessinaJtaly. 
*Nativelle Pharmaceuticals,Firenze,Italy. 

Recently it has been suggested that Taurine (2-aminoetha- 
ne sulfonic acid) has antioxidant and membrane stabili- 
zing properties. 
We evaluated the ability of Taurine (T) administered by 
aerosol route to prevent the bronchoconsmction induced 
in man by ultrasonic nebulized distilled water (UNDW) 
bronchial challenge and Methacoline (M) challenge. 
Taurine pretreatment (250 mg.) was compared to placebo 
(P) and Disodium cromoglycate (2Omg.) (DSCG), in 12 
asthmatic subjects. Results showed that inhaled T pre- 
vents bronchoconstriction induced by UNDW challange 
similarly to DSCG. The protective effect of T, as 
compared with those of P, was found to be statistically 
significant (p less than 0.01). Furthermore there were no 
significant differences in changes in PC20 Methacoline 
between T and DSCG pretreatment. The ability of T to 
inhibit aiway hypemsponsiveness may lead to a new and 
more large therapeutic application of this aminoacid in 
prventing lung injury generated by oxidant air pollutants. 
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5.9 N-ACETYL CYSTEINE (NAC) AMELIORATES 
HYPEROXIC LUNG INJURY IN THE PREMATURE 
GUINEA PIG. 
S.C. LANGLEY & F.J. KELLY, 
Cardiovascular Research, Rayne 
Institute, St Thomas's Hospital, London, 

The efficacy of NAC as a protective 
agent against hyperoxic lung injury was 
assessed in a guinea pi? model of 
prematurity. Day 6 5  gestation, 3 days 
preterm guinea pig pups were exposed to 
normoxic ( 2 1 %  O ? ) ,  or hyperoxic ( 9 5 %  02) 
conditions for 72  hours and injected 
with 4 0 0  mglkg body weight NAC or saline 
twice daily. Pups exposed to 9 5 %  0, 
showed elevated levels of GSH in both 
lung and liver compared to normoxic 
controls. Hyperoxic exposure resulted in 
an increase in bronchoalveolar lavage 
fluid (BALF) protein content ( 0 . 6 6 2 0 . 0 7  
vs 0 .33kO.07  mglml, P<O.O5). NAC 
administration did not alter tissue, 
blood or BALF GSH content, either in 
normoxic or hyperoxic conditions. NAC 
did, however, reduce the BALF protein 
content in hyperoxia-exposed pups 
( 0 . 3 2 f 0 . 0 5  vs 0.66AO.07 mglml, P<O.O5). 
The activities of the antioxidant 
enzymes catalase and glutathione 
peroxidase in the lung were unchanged by 
NAC treatment. 
The benificial effect of NAC on lung 

injury cannot be ascribed to an improved 
antioxidant status. 

5-11 FASTING AND HYPEROXIC LUNG INJURY IN THE 
PRETERM GUINEA PIG. 
S.C. LANGLEY & F.J. KELLY, 
Cardiovascular Research, Rayne 
Institute, St Thomas's Hospital, London, 

Undernutrition may exacerbate 
hyperoxia-induced lung injury. 7 2  hours 
food restriction in guinea pig pups 
delivered 3 days preterm increased 
mortality rates among pups exposed to 
9 5 %  oxygen ( 8 / 1 8 ) ,  yet had no effect on 
2 1 %  oxygen (air) exposed pups ( 0 1 1 0 ) .  
Reduced tolerance of hyperoxic 
conditions was not, however, associated 
with increased lung injury. 

BAL Protein BAL Neutrophils 
mq/ml 104/ml 

Air Fed 0 . 3 0 + 0 . 0 4  1 . 4 2 0 . 7  
Air Fasted 0 . 2 9 2 0 . 0 4  0.820.2 
0, Fed 0 . 6 8 k 0 . 1 1  2 . 3 2 0 . 5  
Q2 Fasted 0 .66kO.14  1 . 6 2 0 . 5  
Pulmonary antioxidant enzyme activities 
(Cu/Zn-SOD, MnSOD, GPx, CAT) were 
unaltered by starvation or hyperoxia. 
Lung glutathione concentration was 
slightly decreased following food 
restriction, whereas hyperoxic exposure 
did not change either lung or 
bronchoalveolar lavage fluid glutathione 
concentrations. Increasedsusceptibility 
to the lethal effects of oxygen in the 
starved, preterm guinea pig pup could 
not. be attributed to a deficiency of 
pulmonary antioxidant defences. 

DIETARY VITAMIN E (VE) SUPPLEMENTS 5.10 
INCREASE LUNG VITAMIN E CONCENTRATIONS 
BUT FAIL TO PREVENT OXIDATIVE INJURY. 
S.C. LANGLEY, G.J. PHILLIPS, S. TAHEDL 
& F. J. KELLY. Cardiovascular Research, 
Rayne Institute, St Thomas's Hospital, 
London, 

Exposure of preterm guinea pigs to 
hyperoxic conditions provokes lung 
injury similar to that seen in premature 
infants. Preterm guinea pigs have low 
circulating levels and tissue stores of 
the antioxidant vitamin E (VE). 3 day 
preterm guinea pig pups were exposed to 
85% 0, or 2 1 %  0,. The animals were fed 
either a standard formula milk (NM) ( 6 . 4  
mg/l vitamin E) , or a VE supplemented 
milk ( 1 0 0  mgll) for up to 7 days. After 
3 days VE supplementation, plasma but 
not erythrocyte VE concentrations were 
elevated, while following 7 days both 
plasma and erythrocyte VE concentrations 
were significantly increased. Lung and 
liver VE concentrations were elevated at 
both 3 and 7 days. At 3 days the 
increase in lung VE was oxygen- 
dependent, suggesting that the lung 
increases uptake of VE in response to 
oxidative stress. 
Despite an increase in the VE 

concentration of the lungs of preterm 
guinea pigs, no amelioration of the lung 
injury was observed. These results 
suggest that VE is unable to adequately 
protect the lungs from hyperoxic injury. 

THE SUPEROXlDE ANION CAN TRIGGER HUMAN SPERM 
HYF'EXACTIVATED AND CAPACITATION. 
E. de Lamirande and C. Gagnon 
Urology Research Laboratory, Royal Victoria Hospital & Facully of 
Medicine. McGill University 
Montreal, Quebec, Canada, H3A 1Al 

Capacitation (CA) of mammalian spemialoLoa is essential for 
fertilization and is visually characterized by hyperactivated molility 
(HA). Since reactive oxygen species (ROS) can induce in cells some 
of the changes observed during CA (calcium influx, dianges in 
enzyme activities. etc.). we investigated whelher low levels of 
exogenously added ROS could induce HA and CA in human 
spermalo7.oa. Percoll-washed spermatoLoa were incubated, at 37°C. 
in Ham's F-10 medium supplemented or not with sources of ROS. 
The combination xanlhinc (0.6 mM) t xanthine oxidase (0.05 U/ml) 
t catalasc (50 pdml) (XtXO+Cat) induced levels of HA that were 
higher (15.4 f 1.61, mean f SEM. n=14) than those observed with 
foetal cord serum (FCS, 7.5%) (8 f 1%. n=17), a h w n  inducer of 
HA and with Ham's medium alone (5.4 f 0.7%. n=15). The HA 
measured were part of the CA process: ROS-treated spermatozoa 
showed bigher levels of spontaneous (7.9 f 0.9%) and 
lysophosphatidylcholine-induced acrosome reaction (27 f 3 % )  (han 
spermatozoa incubated in Ham's medium alone (3.1 * 0.3% and 12 
f 2% respectively). Spermatozoa that were added to the X+XO+Cal 
mixture after the .Oz- generation had ended, reached similar levels 
of HA (5.6 f 0.5%. n=7) than spermatozoa incubated in Ham's 
medium alone. The presence of superoxide dismutase (SOD) 
prevented fhe HA induced by X+XOtCal and FCS as  well as the 
spontaneous HA observed with spermatozoa incubated at pH 2 8. 
These results suggest that '02- is involved in human sperm HA and 
CA. 
Supported by the Medical Research Council of Canada. 
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5.1 3 ATP DEPLETION AND INSUFFICIENT AXONEMAL 
PHOSPHORYLATION IN SPERMATOZOA IMMOBILIZED 
WITH REACTIVE OXYGEN SPECIES. 
Claude Gagnon and Eve de Lamirande 
Urology Research Lab.. Royal Victoria Hosp. & McCill Univ. 
Montreal. Quebec. Canada, H3A IAl 

5.1 5 

Rcactive oxygen species (ROS) can be detected in 25% of semen 
from inlcnilc men. Furthermore, spermatozoa incubated with ROS 
generatmg systems become immotile. To investigate how ROS affect 
sperm function. Pcrwll washed spermatozoa were treated with H,O, 
(0.5 mM) or xanlhine (0.6 mM) + x a n W  oxidase (0.05 U/ml). The 
decrease in beat frequency observed wilhin the first hour of treatment 
was associated with a rapid loss of intracellular ATP. Motility of 
intact spermatozoa stopped when their ATP was reduced by 85 f 5%. 
Damage to the axoneme. the microfubule slmcture responsible for 
sperm movement, was conlimed when ROS treated spermatozoa 
cwld not reactivate motility after demembranation in a medium 
containing Mg.ATP. However, in conditions allowing 
rephosphorylation of the axonemes (addition of CAMP and protein 
kinase or sperm extract to the medium), the motility could reactivate. 
ROS immobilized spermatozoa. supplemented with pyruvate. 
reinitiate motility in pardlel with an increase in their ATP level. The 
effects of r o t e m ,  an ATP depleting agent, were similar to ROS 
effects and could also be reversed by pyruvate.. These data suggest 
that ROS treatment produced axonemal damage, which results in 
sperm immobilization. mostly as a result of ATP depletion. 
Suppoli from the Medical Research Council of Canada. 

PROTECTIVE EFFECT OF GLUTATHIONE 
IN GENTAMICIN NEPHROTOXICITY IN RATS 
Canuto R . A . ,  Biocca M.E., Maggiora M., 
Canavese C.*, Stratta P.* and Muzio G .  
Dept. Experimental Oncology and 
Medicine, *and Nephrology Turin, Italy. 

Aminoglycosides represent an important 
clinical tool used to cornbact serious 
infections involving bacteria and 
micobacteria. It has been established 
that aminoglycoside use is associated 
with nephrotoxicity. Since gentamicin 
nephrotoxicit appears to be correlated 
with the procflction of reactive oxygen 
metabolites, reduced glutathione (GSH), 
a substance able to restore intra- 
cellular antioxidant potential, was 
used in an attempt to limit such 
toxicity. 
Rats were injected daily with 
gentamicin s.c.(lOO mg/Kg), or with 
gentamicin S.C. plus G S H  (1260 mg/Kg) 
i.p. for 8 consecutive days. 2 4  h after 
the last dose the following were 
determined: blood creatinine and urea, 
renal cortical gentarnicin and GSH, 
renal cortical TBARS production (thio- 
barbituric acid reactive substances). 
Gentamicin nephrotoxicity was accompa- 
nied by an increased TBARS production 
and a reduction in renal GSH. Nephro- 
toxicity was significantly attenuated 
when renal cortical content of 
gentamicin was significantly reduced. 

OXYGEN RADICCIL PRODUCTlON OF BRONCHO-OCVEOLAR LCIVCIGE 5-14 
FLUID ( B A L F )  FROM SUBJECTS W I T H  CHRONIC BRONCHITIS 

S. Pinamonti. PI. C. Chicca. n W u z r o l ~ .  C I .  Papi, 
G. Fellsatti. F. Ravenna, L . M .  Fabbri and A .  Claccia 

Department of Evolutionary Biology 
Institute of  P u l m o n a r y  Diseases 

University o f  Ferrara. 1 - 4 4 1 0 0  I t a l y  

In order to Lnvestigate dioxide ( I - )  19uperoxlde or 
Oa'-) production of broncho-alveolar lavage fluids 
(ECILF). r e  compared the kinetics o f  cytochrome c 
reduction in presence of  BOLF obtained f r o m  patients 
with chronic bronchitis (C8) with those f r o m  control 
healthy subjects. Cytochrome concentration In the 
experiments w a s  1.5 x lo-' n and pH 5.5 - 6. Kinetics 
were monitored with a UVlKON 860 spectrophotometer. 
Results a r e  shown here. 

Kinetics of cytochrome C reductaon 

1.. 

.I 

E 3 '-' 

:: 
0). 

The results clearly show the production of  Superoxide 
by CB BALF. The speed o( cytochrome c reduction 
increased upon adding 0.2 units o f  xanthine oxidase to 
CE BCILF. but not when added to control BALF. Upon 
Comparison of  spectra o f  BCILF and purines. it w a s  
possible to exclude that O = - -  production could  be d ue 
to nucleic acid degradation caused by BCILF handling. 

REDUCTION OF PARAQUAT TOXICITY BY A 5.16 
POLYAMINE-CHELATOR COMBINATION 
BS van Asbeck, JFLM van Oirschot, RC 
Sprong, I Wyatt, LL Smith, RC Hider. 
Department of Medicine, University of 
Utrecht, The Netherlands, ICI Central 
Toxicology Laboratory, Macclesfield, 
UK, Department of Pharmacy, Kings Col- 
lege, London, UK. 
Paraquat (PQ) uptake in alveolar type 
two cells (ATTC) is mediated via the 
polyamine receptor. The anti-PQ effect 
for ATTC of the lipid soluble iron che- 
lator l-(CH2)2CH3-2-methyl-3-hydroxypy- 
ridine-4-one (CP22) with spermidine 
attached was investigated. Two analo- 
gues, SSC359 and SSC460, were compared 
with the anti-PQ activity of deferoxa- 
mine (DF), which inhibits PQ uptake 
because of its polyamine-like structu- 
re. At 100 pM both compounds inhibited 
(45%) ATTC lysis (25.6+6.8%) by 100 pM 
PQ. DF, and CP22 without spermidine 
attached were as effective as SSc359 
and SSC460. Saturation with iron of DF 
and CP22 coEpletcly blockrd their anti- 
PQ activity, whereas iron-saturated 
SSC359 and SSC460 still significantly 
inhibited ATTC lysis. In agreement with 
the iron-dependent toxicity of PQ, 
SSC359 and SSC460 at 1 mM reduced 'OH 
generation by 50%. It is concluded that 
attachment of spermidine to CP22 combi- 
nes two anti-PQ activities that act 
separately in one molecule. 
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5-17 TARGET SPECIFICITY OF THE FERRIC NITRILOTRI- 
ACETATE-INDUCED LIPID PEROXIDATION I N  MICE 
S . O k a d a 5 ,  Y.Minamiyama1, S . H a m a z a k i t ,  
S . T o y o k u n i t  

§Depar tmen t  o f  Pa thology,  Okayama U n i v e r s i t y  
Medical School,  Okayama 700,  YDepartment  of 
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  Medical 

College,and t F a c u l t y  of M e d i c i n e  Kyo to  
U n i v e r s i t y ,  Kyo to  6 0 6 ,  J a p a n  

W e  h a v e  r e p o r t e d  t h a t  f e r r i c  n i t r i l o t r i a c e t a t e  
(Fe-NTA) is a n e p h r o t o x i n  wh ich  c a u s e s  l i p i d  

p e r o x i d a t i o n  (LP) i n  t h e  p r o x i m a l  t u b u l e s  ( P T ) ,  
a n d  c a r c i n o g e n i c  t o  t h e  k i d n e y .  T h e  p r e s e n t  
s t u d y  w a s  u n d e r t a k e n ,  u s i n g  m i c e ,  t o  see: (1) t h e  
d i f f e r e n c e  of f a t t y  a c i d  c o m p o s i t i o n  b e t w e e n  
r e n a l  c o r t e x  ( r i c h  i n  PT) a n d  m e d u l l a ;  ( 2 )  i f  t h e  
sex d i f f e r e n c e s  s e e n  i n  Fe-NTA-induced LP c o u l d  
be e x p l a i n e d  i n  t e r m s  of y-GTP ( a  k e y  enzyme f o r  
a n  i r o n - r e d u c t a n t  c y s t e i n e  on  d e g r a d a t i o n  o f  
GSH) a c t i v i t y  a n d  l o c a l i z a t i o n .  

The r e s u l t  showed  u n s a t u r a t e d  f a t t y  acids a r e  
more  a b u n d a n t  i n  t h e  c o r t e x  t h a n  i n  t h e  m e d u l l a .  
Mice treated e i t h e r  w i t h  A c i v i c i n  (a y-GTP 
i n h i b i t o r ) , o r  BSO ( y - g l u t a m y l c y s t e i n e  s y n t h e t a s e  
i n h i b i t o r )  showed  i n h i b i t i o n  of Fe-NTA i n d u c e d  
LP. H i s t o c h e m i c a l  demonstratiori of i n  v i t r o  
l i p i d  p e r o x i d a t i o n  showed  LP l o c a l i z a t i o n  and 
y-GTP a c t i v i t y  w e r e  w e l l  cor re1a ted .h  10-week- 
old m i c e .  y-GTP a c t i v i t y  i n  t h e  k i d n e y  is known 
t o  i n c r e a s e  a f t e r  b i r t h .  In males TBARS became 
s i g n i f i c a n t l y  h i g h  f r o m  6 weeks ,  r e a c h i n g  
maximum a t  10 weeks .  I n  f e m a l e s ,  TBARS b e g a n  t o  
rise a l s o  f r o m  6 weeks ,  b u t  no peak  was  o b s e r v e d  
t h e r e a f t e r  . 

The r e s u l t s  is c o n s i s t e n t  w i t h  our a s s u m p t i o n  
t h a t  target s p e c i f i c i t y  of Fe-NTA-induced LP is  
d e t e r m i n e d  b y  t h e  p r e s e n c e  o f  i r o n - r e d u c t a n t .  

5-19 THE PROTECTIVE EFFECT OF RECOMBINANT HUMAN 
COPPER-ZINC SUPEROXIDE DISMUTASE (R-HCUZNSOD) IN 
ACUTE HYPEROXIC LUNG INJURY IN NEONATE PIGLETS 
Amwo Goaenne. Ph.D., Bio-Technology GurerPl Corp., 1250 
Broadway, New Yo&. New York 1OOO1. Dr. Joapchpn M. Davis and 
Dr. W- Rasenfeld. Depplimeot of Pediatrics. Winthrop University 
Hospital. New Yo&. 

N-ly 50% Of PEW hfM6 daVClOp rcSpintOry distress ~pdrom 
(RDS). with a subsequeat developopmeat of broachopulmwnry dysphsii 
(BPD) in up to 40% of these pstimts. The -t intmductiw of 
surf.ct.01 replacemeat therapy effectively reduced mortality but did not 
dter the incidence of BPD among thesc RDS patients. 

Pre-(erm infants are routinely treated with oxygen and mechanical 
vmtilation. This therppeutic intervention may in fact initiate acute lung 
injury which could lead to BPD. In newborn piglets. 48h of hypemxir 
d hypcivmtil.tioo (HOlHV) c~wm acute lung injury wbich is not 
unelionted by surfactants. We hrpotbcsilad uut thc injury is mediated 
by superoxide r e d i d s  and lhrt r-hCuZnSOD therapy may attenuate tbe 
insult. Newborn piglets w e n  byptrvmtiLced with 100% oxygeo 
(HOIHV) for 48h d computd to piglcts tnued with inhtrached (IT) 
h-ICuZrrSOD at timu mu. Sbm cootrd piglets were normally 
vmtiLced with room air for 48h. lo thc HO/HV pigld group tben wp6 

aspirate rell oounts. number of ncutmphils. et.slrsc activity. pmteh 
uwrmtntion d cbemotrtr 'c activity over 48h. Morpbologic 
examination mvealed modonrs .tdect.sis. infl.mrmtioll and pn*loucad 
cell necrosis. HOlHV piglets .dminirtaed IT I-~CUZOSOD .bowed a 
significant reduction in thc severity of dl d indiccs, end w m  

1 S i ~ f i c P n t  dec- in l q  C O ~ ~ k K C . o d  M ill trnchal 

c o e l c  to the sh.m cootmls. 

T k e  results suggest thsl .cute lung damage fmm 48h of byperoxin .nd 
hypervcotilition can be significantly d i  hy a single dose of 
SOD. C l i c r l  studies arc UDdaUrly to dstamiae if SOD can ppcvmt 
.cute lung injury Md BPD in ptsterm infants. 

ARGIMESNA A NEW DRUG W IT11 UROPROTECTIVE ACTION 
F Pea * P A  Migl io l i '  M Mazzo' P Palalini' T Berli' A 
De Pascale" 
' Deparlrnenl of Pharmacology Universily of Padova 
' *  Retearch & Development Dep l  5chering Spa Milan 

Mesna (M) sodium sali of 2 mercaptoethansulronic acid (MES) 
I $  a n  u r o p r o l e c l i v e  lh io l  a g e n l  used 10 p r e v e n l  
oxazaphosphorine induced hemorragic cyslitis 
Argimesna ( A R )  is a new sal i  of MES in which sodium IS r e  
placed by arginine.  wilh consequenl  advantage over M of 
avoiding s o d i u m  overload when  high doses are  used 
In this s tudy  lhe urinary excrelion of t h e  lwo salts has  been 
compared after single oral  equirnolar dose administration to 
5 healthy volunleers 
Following a cross over  design. 800 mg of M and I800 mg of 
A R  (equivalent lo 920 mg of M) have been administered 
In spile of a Lola1 ( f ree  lhiol plus disulfide) higher ur inary 
excretion after ArgimeSna lhe recovery of lhe reaclive lhiol 
groupc was  almost comparable wilh the  two  salts 0 - 1 2  hrs  
recovery were 1 4  8 %  and 13 2% of lhe dose afler M and A R  
respeclively lhe higher concenlration being excreted within 
0 4 hrs  ( 3  9 and 3 3 p m o l  m 1 - l  for AR and M )  
According to Burkerl  e l  al (Arzneim Forsch Drug Res 3 4 ,  
IS97 19811, 0 6 1  p m o l  m1-l  is presumed l o  be the minimum 
proleclive concentration b o t h  salts  mantain higher level 
until 8 h r s  afler adminislralion 
We conclude l h a l  A R  e n s u r e s  a n  uroprotecl ive activily 
equivalent 10 lhal of M and can  represent  an advanlageous 
tobsli lute of M when oral l reatmenl  is requesled 

5-18 

FLUORESCENT PROllES FOR INTRACELLULAR H,02 5.20 
PRODUCTION IN ENDOTHELIAL CELLS 

J.A. Royal1 and 11. Ischiropoulos 
Depiartmentr of I'ediatrics and Anesthesiology/ Univ. of Alabama 
at Birmingham/ Birminghani, Alabama/ 35233 / USA 

I)iclilorolluorescin diacetate (DCFH-DA) and diliydrorliodamine 
123 (DHR) have been used to quantify oxidant production in 
neutrophils and other cells. Both are  proposed to be membrane 
permeable, oxidized by H20z-dependent mechanisms to fluorescent 
compounds [dichlorofluorescein (DCF) and rliodamine (RH)], and 
become trapped intrdcellularly (by esterase-depended deacetylation 
of DCFH-DA to DCFH and localization of RH wthin mitochodria). 
We evaluated these agents as fluorescent probes for intracellular 
H202 production in bovine aortic endothelial cells (BAEC). 

Spontaneous oxidation in media alone was low; 05% for DCFH- 
DA and 0% for DHR over 1 hr. Both agents achieved stable Intra- 
cellular levels by 15 min and remained stable for 1 hr. Alter 1 hr, 
16% of DCFH was oxidized to DCF and 45% of DHR to RH. Lass 
of intracellular DCFH, DCF, and DHR was significant (92% 1 
DCFH, 99% 1 DCF, 94% 1 DHR after 1 hr) while RH was well 
maintained ( I  13% after I hr). Exposure of BAEC to 100p M HiO, 
for 1 hr  resulted in a 2 fold increase in DHR oxidation but no 
change in DCFH oxidation. In vitro studies showed that  DCFH and 
DHR were not oxidized by H20Z alone. Both probes were oxidized 
b) !I2O2 + Fet2 and by H202 + henieprotein. Tlie oxidation of 
DHR by H20, + cytochrome c was inhibited urate but not by 
DMSO or SOD. Xanthine + xanthine oxidase oxidized DHR only 
in the presence of Fe-EDTA a c d  oxidation was inhibited by 
hydroxyl radical scavengers. 

Oxidation of DHR and  DCFH reflect changes in intracellular 
H20? production due to secondary reactions. Unlike DCF, the 
oxidized product of DHR, RH, has stable intracellular levels. I_n 
- vivo studies with BAEC indicated DHR is a more sensitive 
indicator of changes in intracellular H202 than is DCFH-DA. 
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5.21 ARGIMESNA I N T E R A C T I O N  WIT11 SOME C A R C I N O G E N I C  
TRYPTOPHAN METABOLITES.  EXPERIMENTAL D A T A  A N D  
POSTULATED C L I N I C A L  I N V O L V M E N T  
M .  Von Heland, E. De Oerardinls. C Izzi. C. De Vico. F. DI 
Silverlo 
Dip .  DI  Urologia. Universita La Sapienza. Roma 

Arglmesna (L-arginine mono 2-mercaptoethansulTonate: A R )  
I S  a sulphur-containing nucleophile under study as bladder 
chemoprotectant against eleclrophiles arising from Com- 
pounds like the activaled species of alkylaling anticancer 
agent or other compounds which are postulated playing a role 
in bladder carcinogenesis as some l ryptophan ( T )  meta- 
bolites (anlhranilic acid and its der ivat ives)  or aromallc 
amines and other occupational carcinogens.0ur attention was 
rocused on  lhe urinary T melabolic profile in bladder cancer 
patients and on A R  activily in binding the T melaboliles 
anthrani l ic  acid ( A A )  and 3-hydroxyanthrani l ic  acid 
(30HAA). In vitro erperimenls documenled their inleractlon 
with AR both in physiological solution and in urine Samples 
obtained Tram bladder cancer patients (almosl complete 
disappearance of A A  and 3DHAA after incubation at  37-C for 
6 hrs). The in vivo s ludy on 2 4  bladder ca patienls lreated 
with A R  (four 450 mg cps). showed a 61% reduction of A A  
and 71% of 30HAA. Assuming lhal  recurrences of superficial 
bladder ca could be  stimulated by the constant oncogenic 
stimulus exerled by A A  and its derivatives and on the basis 
of our previous preliminary positive results with Mesna 
(sodium mercaplo-ethansulfonic acid; oral t reatmenl  using 
the commercially available i.v. vials, the only one a1 that 
lime available) in prevention of bladder ca recurrences. 
together with the recent published da ta  on in vi t ro  grow 
inhibition of 2 / 4  bladder cancer lines b y  Mesna.we started a 
multicentre study wilh A R  in order to evaluate its efficacy in 
prevenlion of recurrences in patients completely resected 
(TUR) for superficial bladder cancer. 

5-23 H I G H  LEVELS OF Mn-SUPEROXIDE DISMUTASE I N  SERUM 
OF PATIENTS WITH NEUROBLASTOMA A N D  IN H U M A N  
NEUROBLASTOMA CELL LINE 
Naohisa  Kawamurafi, K e i i c h i r o  Suzuki, Munenori 
Miyake", Makoto Mino", and Naoyuki Taniguchi  
Department of B i o c h e m i s t r y ,  Osaka I lnivers iLy Med- 
i c a l  S c h o o l ,  2-2 Yamadaoka S u i t a ,  Osaka 565 
"Department o f  P e d i a t r i c s ,  Osaka Medical  Col l ( .ge ,  
4-7 Daigakucho,  T a k a t s u k i , O s a k a  569. Japan  

Levels of serum manganese s u p e r o x i d e  d i s m u t a s e  
(Mn-SOD) i n  normal  c h i l d r e n  and c h i l d r e n  w i t h  va- 

r i o u s  h e m a t o l o g i c a l  and m a l i g n a n t  d i s e a s e s  were 
de termined  by enzyme-linked immunosorbent a s s a y .  
Assuming t h e  upper  l i m i t  o f  normal  Mn-SOD level 

i n  serum t o  be t h e  mean value 2SD o f  c h i l d r e n  
a t  e a c h  a g e ,  h i g h  serum l e v e l s  o f  Mn-SOD were 
found f o r  8 of  1 2 p a t i e n t s  w i t h  neuroblas toma,  t h -  
ree of  f o u r  p a t i e n t s  w i t h  W i l m s  tumor,  and f o u r  
of f i v e  p a t i e n t s  w i t h  a c u t e  myelo id  leukemia .  
The p a t i e n t s  w i t h  neuroblas toma e x h i b i t e d  a t ran-  
s i e n t  i n c r e a s e  i n  Mn-SOD f o l l o w i n g  chemotherapy,  
b u t  a f t e r  1 week t h e  l e v e l s  d e c r e a s e d  markedly to 
t h e  c o n t r o l  l e v e l s .  The changes  i n  serum Mn-SOD 
l e v e l s  i n  t h e  p a t i e n t s  w i t h  neuroblas toma c o r r e i -  
a t e d  w i t h  t h e  l e v e l s  of n e u r o n - s p e c i f i c  e n o l a s e .  
High l e v e l s  o f  Mn-SOD were a l s o  found i n  c u l t u r e d  
human n e u r o b l a s t o m a  cells. T h e s e  d a t a  i n d i c a t e  
t h a t  Mn-SOD is e x p r e s s e d  i n  neuroblas toma c e l l s ,  
may s e r v e  as o n e  o f  t h e  d i a g n o s t i c  and  p r o g n o s t i c  
markers  f o r  t h e  neuroblas toma,  and may be u s e f u l  
t o  p r e d i c t  t h e  e f f e c t i v e n e s s  o f  chemotherapy f o r  
neuroblas toma and t h e  r e c u r r e n c e  o f  t h i s  d i s e a s e .  

SULFITE ACTIVATES OXIDATIVE METABOLISM IN 
HUMAN N EUTROP H I LS. 
I. Beck-Speierl, B.H. Belohradsky2, J.G. Lies$, J.J. Godlesk?. 
1 Projekt Inhalation, GSF-Forsch ngszentrum fur Urnwelt und 

UniversiBtskinderkinik, Mirnchen, FRG, 3Respiratory Biology 
Program, Harvard School of Public Health, Boston, USA. 

Long-term exposure of dogs to SO lsulfite induced inflammatory 
reactions in the lungs accompanie$by an influx of neutrophils 
(PMN). In their defensive role PMN may deleteriously affect the 
lung by releasing large amounts of oxygen radicals when the 
oxidatrve metabolism is stimulated. We therefore studied the effect 
of sulfite on the oxidative metabolism of PMN in vitro. Human PMN 
were incubated with sulfite for 20 min at pH 7 and 3TC and q- 
production was determined by lucigenindependent 
chemiiuminescence (CL). The CL of resting PMN increased by 
595+22"/. (mean+SEM, n=12) with 1 mM sulfite. A 1.6-fold CL- 
increase was already found with 0.01 mM sulfite. PMN 
preincubated with the Same sulfite concentrations and then 
stimulated with zymosan or orb01 myfistate acetate (PMA) 
exhibited a two-fold higher F L than control cells with zymosan or 
PMA. The activity of NADPH oxidase, measured in membranes of 
sulfite-treated PMN by CL, i n c r e d  by a fact7 of 2.6 compared to 
membranes of resting control 

b 4  MN). MN from patients with chronic granulomatous disease with 
deficiency in the components gp91phox and p47phOX of NADPH 
oxidase did not show any increase in CL by sulfite. e inhibitor of 

calmodulindependent processes, W7 and Calmidazolium, 
completely inhibited the increased CL of sulfite-treated PMN. These 
results indicate, that sulfite stimulates PMN to produce %- by 
activation of NADPH oxidase thro h a si nal transduction pathway 

5.22 

Gesundheit, Neuherberg, FRG, Y lmmundefekt Ambulanz, 

s 7.7+1.3x10 CL countdmg 
rotein n=5) versus 3.0+0.3xIO "vl C countslmg protein in resting 

protein kinase C, H7, as well as the inhibitors of Ca P '  + and ' 

involving protein kinase C and Ca R g  /calmodulin. 

MODULATION OF THE RESPIRATORY BURST OF 5.24 
CANINE NEUTROPHILS BY SURFACTANT PROTEIN A 
A-G. Lenz, H. Hinze, L. Leuschel. and K. Maier 
Projekt Inhalation, GSF-Forschungszentrum fur Urnwelt 
und Gesundheit, D-8042 Neuheherg. Germany 

Pulmonary surfactant is essential for normal lung function. 
The major surfactant associated protein, SP-A, was shown 
to affect the host defence system of the lung. We were 
interested in the influence of SP-A on the respiratory burst 
of neutrophils (PMN) under various conditions. Canine 
PMN (1.2x105/ml) were incubated in the absence or 
presence of canine SP-A (12 pg/ml) and the formation of 
reactive oxygen metabolites was measured by lucigenin 
dependent chemiluminescence (CL) for production and 

methionine sulfoxide. Spontaneous release of - by PMN 

APMI-medium (Table), whereas 02' release was increased 
upon stimulation by opsonized zymosan as compared with 
control cells. 0 - generation of PMA-stimulated cells 
pretreated with 6 P-A was decreased in PBS-buffer but 
increased in RPMI-medium. Similar results were obtained 
measuring methionine sulfoxide formation. It is 
hypothesized that spontaneous release of reactive oxygen 
species by PMN as a result of unspecific activation is 
prevented by SP-A to avoid unwanted oxygen burden. This 
inhibitory potency of SP-A is reduced or abolished when 
cells are activated by specific stimuli. 

by oxidation of extracellularly adde 4 methionine to 

was inhibited in presence of SP-A in both PB 0s -buffer or 

02- production of PMN in presence of SP-A' 
spontaneous with op. zymosan with PMA 

PBS/Glc 3525 (n=9) 112+13(n=6) 44+9 (n=8) 
RPMVGlc 3926 (n=7) 112+17 (n=5) 134213 (n=7) 

'Values are given as % CL of control without SP-A (mean+SEM) 
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5.25 DEVELOPMENT OF MARKERS FOR THE REACTION 
OF OZONE WITH BIOLOGICAL MATERIALS 

H. Knur', C.E. Cross' and B. Halliwell+ 
aepartment  of Biochemistry, King's College. The Strand, 

London WC2R 2LS 
+hlmomaty/Critical Care Medicine, UC Davis Medical 

Center. Sacramento, CA 95817, USA. 

Onme (0,) is an important toxic component of 
photochemical air pollution. It is a powerful oxidant, capable of 
oxidising several biological molecules directly and it reacts slowly 
with water at physiological pH to yield the highly reactive 
hydroxyl rsdicals, .OH. 

In an 'In Vitro" study the reactions of 0, with Uric acid, 
DL-F'henylalanine and Salicylic acid were studied. The principal 
p d ~ ~ ~ t s  of oxidation were meaFured by HPLC, high performance 
liquid chromatography. Uric acid yields Allantoin as the major 
product, DL-PhenylaLanine yields 9-, a- and p Tyrosines and 
Salicylic acid yields 2. 3 and 2, 5 Dihydroxybenzoic acids. 0, 
pmbably oxidises Uric acid directly, whereas hydroxylation of 
Salicylnte and Phenylalanine is probably mediated by .OH. 

Uric acid has been shown to be the most important 
scavmger of O3 in human b l d  plasma and it may play a 
significant role in removing inhaled ozone in the upper respiratory 
tract lining fluids. Ascorbic acid and protein -SH groups were also 
oxidbed. whereas there was no loss of bilirubin or a-tocopherol. 
There was little foxmation of lipid hydropemxides and no 
detectable formation of 4-hydroxynonenal. hexanal or n o d .  or  
changes in lipoprotein electrophoretic mobility. 

Oxidative damage to lipids must not be. assumed to be the 
mechanism of respiratory tract 0, toxicity. 

5.26 ARGIMESNA : NEW THIOL FREE-RADICAL SCAVENGER 
De Pascale A, .  Del Masuo S. 
Research and Development Research, Schering SPA, Milan 

In  the recent years there has been growing evidence that 
thiol compounds interact very closely with free radicals, rea 
ctive oxygen compounds and other cytotoxic agents. and 
consequentely defend cells against these toxic agents 
damage. Argimesna (AR)  is a new thiol derivative. arginine 
salt of mcrcaptoethansulphonic acid. recentely synthetized 
i n  order to overcome the possible osmotic imbalance 
consequent to sodium overload resulting from high dose 
administration of Mesna (M). M is a site-selective 
chemoprotective agent clinically used (i.v. use) to prevent 
the oxazaphosphorines urotoxicity. mainly hemorrhagic 
cyst i t is .  
Moreover. preliminary experiences with M were suggestive 
for new indications : prevention of superficial bladder ca re- 
currences and cystinic calculosis therapy. Thcse indications 
require long term treatments and an oral administration is 
mandatory.  
Intcrestingly. the salification of mercaptoethansulfonic acid 
with the aminoacid arginine. made possible a stable oral 
formulation (capsules containing 450 mg AR). 
Indeed, the salification with arginine was choosed for its 
lack of toxicity and for its potentially positive effects of 
enhancing non specific immune response and host responces 
to tumors. 
A review of preclinical and clinical experiences of AR vs M 
will he presented. 

INEIBITION OF CTCLOSWRIN A-MWCKD NBPHROTOXI~ IN RATS 5-28 
BY COADHINISTRATION OF SWKBOIIDE DISMUCA!Z AND CATALASE 

A .  Wolf, H. Tschopp, B. R j f f e l ,  

CB-4002 Basle. Switzerland. 

The main  adverse e f f e c t  of Cyclosporin A (CsA,  Sandimmun') 
immunosuppression is nephrotoxicity. The mechanisms under- 
lying t h i s  adverse reaction a re  s t i l l  unclear. We recently 
found that  CSA induces an oxidant s t r e s s  i n  r a t  kidneys 
both in  vivo and i n  vi t ro .  The goal of t h i s  study was t o  
determine vhether f r e e  react ive oxygen pa r t i c ipa t e s  i n  the 
pathomechanism of the drug i n  vivo. The spec i f i c  f r ee  reac- 
t i ve  oxygen detoxifying enzymes superoxide dismutase (SOD) 
and catalase (CAT) were therefore coadministered with the 
drug in  the r a t ,  and the s ide  e f f ec t s  determined by h i s to -  
logy and c l i n i c a l  chemistry. 
CsA administered o r a l l y  once dai ly  a t  a dose-level of 50 
mg/kg fo r  15 days caused d i s t inc t  h i s to log ica l  changes i n  
r a t  kidneys, such as tubular regeneration, formation of in- 
clusion bodies, ca l c i f i ca t ion  and tubular vacuolization. 
The simultaneous S.C. in ject ion of both 10 mg/kg/day SOD 
(5000 Wmg) and 10 w/lyl/day CAT (loo00 Wmg) one hour be- 
fore  each CsA appl icat ion led to s ignif icant  reductions of 
CsA-induced kidney damage i n  the range of 34 to  89 X .  Sim- 
ilar r e s u l t s  were obtained as regards c rea t in ine  clearance,  
a c l i n i c a l  chemical parameter of kidney function a l so  used 
fo r  drug monitoring i n  man. SOD and CAT given together sig- 
n i f i can t ly  inhibi ted the CsA-induced decrease of creat inine 
clearance by 78 X .  SOD and CAT a l so  s ign i f i can t ly  inhibi ted 
the decrease i n  protein content i n  kidneys of CsA t reated 
r a t s  by 64 X .  SOD and CAT did not, however, change the 
plasma l eve l s  or the immunosuppressive propert ies  of the 
drug. 
Our r e s u l t s  suggest that  the free  react ive oxygen species  
superoxide anion and hydrogen peroxide contr ibute  to  the 
CsA-induced renal  s ide  e f f ec t s .  We could a l so  show that i t  
is possible to inh ib i t  these adverse e f f ec t s  by means of 
spec i f i c  f r ee  radical  scavengers without a f f ec t ing  the 
pharmacological propert ies  of the drug. 

Drug Safety Assessment, Toxicology, Sandoz Pharma Ltd., 
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5-29 PLASMA OF PRElERM BABIES STIMULATES PEROXIDATION 
OF PULNONARY SURFACTANT. 
RM.W. Moison, J. Palincloc. M. Roest, H.M. Berger. 
Department of Pediatrlcs, Neonatal Unit, University Hospkal, 
2333 AA Leiden, The Netherlands. 

Respiratory distress syndrome, a malor cause of mortality in 
preterm babies, is produced by deficient surfactant a c t k i  
and leakage of plasma across the alveolar wall. We hypo- 
thesized that these two mechanlsrns may be linked by lipid 
peroxidation of surfactant due to non-protein-bound iron in 
the plasma We investigated, in vitro, the ability of plasma 
from babies (cord blood, n-8 preterm and n=9 term) and 
adult;; (n=8) to inhibit intrinsic iron induced lipid peroxiddon 
of porcine surfactant liposomes. Inhibition of peroxidation by 
the adults was signfficantty greater than by the babies 
@<o.m). me prasma of the term babies inhibited 
peroxldatlon, in contrast to that of the p r e t m  babies, which 
actuaity stimulated peroxidation @<0.005). In 71% of the 
preterm babies, 33% of the term bables. twt none of the 
adults nokproteikbound iron was present In the babies the 
inability of plasma to lnhibt surfactant peroxidation waS 
related to the presence of non-protdn-bound iron @<0.05) 
and addtion of increasing concenvations of apo-transferrin 
increased inhibition to 100%. Similar results were obtained by 
:ncorporatlon of atqherol into the staiactant iiposomes 
Measurements of plasma hemoglobin and heme and studies 
in which they were added to plasma did not provide evidence 
that these compounds contributed to surfadant peroxidation. 
The presence of nonproteln-bound iron in plasma may play a 
role in the pathogenesis of respiratory distress syndrome in 
the preterm baby. Adddion of primary or secondary anti- 
oxidants to exogenous surfactant may improve the effective- 
ness of this new therapy. 

5-31 MACROPHAGE-PRODUCED OXYGEN RADICALS AS AN 
ORIGIN OF DLEOMYCIN-INDUCED LUNG FIBROSIS 

L.C. Korklnn 

Russian lnsruure ojllemarology for Children. / 17437 Mosrow. Rursra 

It is usually supposed that anticancer cffcct of hlwrnycin (RLM) is due to DNA 
dcsuuctionbythcactivatedFc(lll)RLMu)mplcx. RLM alrorxhibitssirongsirlr. 
effcca inducing the development of lung fihnrais. Earlrcr. W K  havc shown thr! 
BLM ellictcntly stimulatcsoxygenradical production hy maLrophagcs. Tliercfore.. 
one may propose that the induction o f  lung lihrosir hy R LM I S  a conscqucncc of 
thc overproduction of oxygen radicals by RLM-stimulaicd nlacrophagcs. I n d c d .  
it was found that bioflavonoid rutin. which is a frcc radical scnvcngrr nnd a 
chelator. suppressed RLM-induced lung fihrosis in rats 
The mechanism of BLM stimulation of oxygcn radical producrion !-:y ai 
pcriloncal mmrophager has k e n  studied. Usingcorrcspond~ng cniymc inhibic?r;. 
laurin. indomcthacin. and NDGA. we shciwed that BLM d w s  not activate 
myclopemxidase. cyclooxigcnsc. and lypoxigenasc. and that there is no non- 
reception stimulation. Therefore. we proposed drat RLM activates NADPH 
oxidase supposedly he interaction with cywchromc b,. 

ANTIOXIDANT DEFICIENCY IN PREMATURE 5.30 
NEONATES. 

Miller NJ' , Rice-Evans C' , Gopinathan V2, 
Milner A', Davies MJ'. 

UMDS Division of Biochemistry ', 
Department of Paediatrics 2, St.Thomas's 
Hospital, and Department of Chemistry, 

University of York '. 
England U.K. 

A new method for the measurement of total 
plasma antioxidant activity has been used 
to investigate the antioxidant status of 
premature and normal term infants. While 
it is known that premature babies are a- 
tocopherol deficient, and that oxygen 
therapy carries with it the dangers of 
harmful side effects, the retinopathy of 
prematurity remains a problem, and such 
babies are highly likely to develop other 
complications associated with inability 
to de-toxify free radicals. This work has 
shown that the levels of water soluble 
antioxidants in premature infants rapidly 
fall after birth, and that phototherapy 
to remove bilirubin from the circulation 
?ay depress the plasma level of an 
important antioxidant at a time that is 
highly significant for the neonate. A 
case can therefore be made for further 
augmentation ofthe antioxidant intake of 
premature infants, and for not removing 
bilirubin from the circulation unless 
there is a strong chance of the 
development of kernicterus. 

CFLI I!I .AR T'RO'I'FASTS AND OYTDANTS 1'4 
1'ATIIOGFN~STS OF PUI MONARY I l I$~ASl 'S  
\'. D J U  r (IJI r , R. lie b i C  , S . Sto,]aiii )v  I c 
(:I i n  icnl Cf.ril.c:r, rlel gradtz 
* Fiwu1t.y of Cticiriislry, Ur i iv t , r . s t l  5' of' lh~lgra<tc~ 
ancl TOIIDIA, POD 550, Y U - I  1000 Ik~lgt'aclc. S v r l i i a  

'flic rolt, of crllular proteasrs,  natiit:l>' I Iw role'. 
o f  ~)r~)l .e;ist~/aril . lprnt~ase inhalaiice IS  1 i t ~ ) w  11 in  
ttic pat.liogenrsis of chronic obsl.rucLtve pul inunary 
diseases.  Thr inht-rited ~nolet~rilar c l r f t - < . l  nf 
(I -anliprotc.ast: irihi1)Itor <al - l ) I )  itiigtil b r .  a 

pr'i iaar-ily raus(: of pul inontlr y e in pIiysi:niii. 
Herently toxicity caused by oxygen and its  art^\;^ 
s pc~:ies has received ni u c: ti ate I i 1.1 10 11 I n co I i i i e r :  t to 11 

witli variety of pathological everits. "Res~iiratury 
llurst" in nctutrophils a f t e r  tiiicroorganisiiis 
ingestion geiierates a series  of ofiidants. These 
ntigtit be contributors on Lissuct daiiiage at. site o f  
rriflamrnation. O n  this  way m o d i f i e d  sLrc~r:turiil 
components of lung tissue might be or enhanced 
susceptib,$ity to proteolitic digestion. On t l i t :  
other hand the major antiprotease , al-PI , may 

be oxidative destructed,too.The siniilar reactions 
might be generated by  oxidants from cigarette 
smoke .  In this  work the activity of proteases. 
protease inhibitors and indices of antioxidant, 
status,  namely antioxidant enzymes and s m a l l  
organic compounds were investigated in healths 
nonsmokers and suiokers, as w e l l  as in a group 
patients suffering of chronic obstructive 
pulmonary diseases.  On the basis of results 
obtained the importance of oxidative t issue 
degradation in pathogenesis of pulnionary 
e nip h ysema w a s  discussed. 

I 
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5.33 R E O U C E O  GLUTATHIONE MAY I M P R O V F  T H E  IMMUNOLOGICAL 
SURVEILLANCE IN ALVEOLAR ENVIRONMfNI. 
G Piazza, CC Montoli, GI Miqliorino. A Oe Vincentiis. G 
Scarpazra. 

INRCA Pneuaology Oept ~ Casatenovo (Coma)-Italy 

The control of redox balance i s  important for the 
maintenance o f  normal pulmonary cellular function. To 
confirm this assumption ue have been administering 
aerosolic reduced Glutathione (600 mg bid for 6 days) to 
patients affected uith chronic obstructive pulmonary 
disease in steady state. Before and after administering 
Glutathione ue valuated the C03. C04. CD8 lymphocyte 
subsets (monoclonal antibodies and flow cytometry) and 
COC/COS ratio in bronchaalveolar lavage (50 a1 of normal 
3aline solution at 3 7 O C  f o r  4 times in middle lobe) and 
the alueolar sacrophages phagocytosis (superoxid anion 
production after phagocytosis o f  opsonized zymosan). The 
10 patients studied (7 males, 3 females) shoued an 

increase in C04 lynphocyte subset ( 3 2 . 1  v s  39.6; p c 0.03) 

and in CO4/CD8 ratio (uhich nevertheless does not reach 
any statistical significance) and an iaprovenent of 
alveolar macrophages phagocytosis ( 3 3 . 2  vs 50.7; p <  0 . 0 4 ) .  

We think there is a possible connection between the 
increase of helper lymphocite subsets and the improvement 
o f  alveolar macrophages phagocytosis. Though our study 
deserves further confirmations to get to any decisive 
conclusion, our data already show an increase in 
immunological surveillance in alveolar environment, after 
administering aerosolic reduced Glutathione. 

EVIDENCE OF LIPID PEROXIDATION 
IN CHRONIC RENAL FAILURE 

Lucchl L, Ildnnl S,*, Lusvarghi E, Tomssl A.*' 

lwruro di Nefrologia e **Palologia generole. University oJM&M 

'Diporrimenlo di Biologia Sperimeruale. Universuy oJCaglIari. lrafy 

Alihough there have been several repom of increases in lipid peroxidation 
produclc m the plasma of patients with chronic renal failure, both chemelhodology 
and the interpretation of these results in vivo is still under considerable debate. 
We have used s a n d  derivative spectrophotomeuy as a sensitive melhod for 
detrcting conjugated dienes in the plasma and adipose tissue of patients in 
different stages of chronic renal failure (CRF) including dialyzed subjects. 7he 
study was carried out on I1 1 patients affcclcd by CRF and 28 healthy conmls. 
A significant increase in conjugated dienes was obscrvcd. boh in the plasma and 
adipose tissue. exclusively in end-stage CRF paticnls (glomcrular filmation rate 
<IOml/min). Deloused patients showed values similar to  chose of the m d s .  
Nosigniricantconelation wasobservcdbctwccnconjugatcddieneslevelmdthe 
lipid profile of patients and controls. This study suggcs~s chal che evolution of 
CKF 1s accompanied by an i ncnas r  in lipid peroxidarion at its tcnnind stage. 
After dialysis lhe level of conjugated dienes return m I h e  same levels as 
compared wilh conuols. 

5.34 
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Plenary Session on Free Radicals and Cancer 

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.



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.



6.1 CELLULAR RESPONSE TO OXZDATZYE STRESS 
Peter C e r u t t i ,  G i r i s h  Shah, Alexander Peskin and 
Paul kns tad  - Swiss I n s t i t u t  f o r  Exper imental  
Cancer Research - 1066 Epal inges/ iausanne, 
S w i  t zer 1 and 

Growth promot ion b y  ox idan ts  i s  observed w i t h  
c u l t u r e d  human- and mouse f i b r o b l a s t s  as w e l l  as 
epidermal c e l l s .  It i s  expected t o  p l a y  a r o l e  
i n  i n f l amna t ion ,  f i b r o s i s  and tumor igenes is .  
Indeed, ox idan ts  t r i g g e r  ( p a t h o ) p h y s i o l o g i c a l  
r e a c t i o n s  which resemble those induced b y  
growth- and d i f f e r e n t i a t i o n  f a c t o r s .  They a c t i -  
v a t e  p r o t e i n  k inases, cause DNA breakage and 
induce the  growth competence re1  a ted  protoonco- 
genes c - fos  and c-myc. 

Mechan is t i c  s tud ies  i n d i c a t e  t h a t  p r o t e i n -  
phosphory la t i on  and -po l yADP- r ibosy la t i on  a re  
r e q u i r e d  f o r  t h e  t r a n s c r i p t i o n a l  i n d u c t i o n  o f  
c - fos  b y  ox idan ts  and t h e  syn thes i s  o f  p r o t e i n  
fac to rs ,  i n c l u d i n g  FOS- and JUN-proteins, which 
b i n d  t o  the  fos-AP1 enhancer element. P o l y  ADPR 
p a r t i c i p a t e s  i n  t h e  e f f i c i e n t  r e p a i r  o f  DNA 
breaks  which o the rw ise  may r e t a r d  o r  b lock  
t r a n s c r i p t i o n a l  e longa t ion .  A f i n e  ba lance o f  
t h e  m u l t i p l e  components o f  t h e  c e l l u l a r  a n t i o x i -  
dant  defence determines t h e  growth response o f  
c e l l s  t o  o x i d a t i v e  s t ress .  T rans fec tan ts  o f  
mouse epidermal c e l l s  which overproduce Cu,Zn- 
SOD were s e n s i t i z e d  t o  t h e  t o x i c  e f f e c t s  o f  an 
o x i d a n t  w h i l e  overproducers o f  c a t a l  ase (CAT) 
were pro tec ted .  
6. Trump & P. Ceru t t i -Cancer  C e l l s  3 : l -7 (1991) .  
P.  Ce ru t t i -Eu r .  J. C l i n .  I nves t .  21:l-5(1991). 

B.3 CURRENT AND FUTURE EPIDEMIOLOGIC PERSI'ECTIVFS 
ON VITAMIN E AND BETA-CAROTENE IN PREVENTION OC 

CARDIOVASCULAR DISEASE 

C.H.tlennekens 

Brighorn and Women's Ilosprlal. l lorvard Medico1 Srhool. 
Bosron. Mmssachuwt.\. USA 

In basic rcscarch. lhc propertics of antioxidants. includmg the possiblc in 
of oxidation of low dcnsity lipoprotcin cholcsternl. have raiscd thc possibility of 
their role in reducing risks of cardiovascular discasc In cpidcmiologic studies. 
dcscriptivc. cross-sectional. case-conlrol and cibscrvational whon .  thc data arc 
somcwhat. but not cnlircly. consistent with this possibility. Wc addresLpd this 
question in two largc. prospfctivc studies which assessed dictary mtakc ai 
baselinc and followed apparcntly hcalthy individual, for the dcvcloprnent af 
cardiovascular discasc ouwmcs. In the Nurses' Health Study. ovcr 81.000 
worncn complctcd dictary qucstionnaircs in 1980 and 921 dcvclopcd 
cardiovasculardiseoutcomcsduringcightycarsolfollow-up.Thoscconsuming 
dicts highinbeta-caroteneas wcll asvitamin Ehad lowercdrisksofcardiovascular 
discasc. cvcn after controlling for a largc number or cunruundmg variablcs. In 
acohon study of 1299Massachusctts cldcrly. 161 dicdofcardiovasculrrdisr.asc 
aftcr4.75 ycars of follow-up. Those consuming dicts high in beta-carorcnc had 
significantly lowcr risks of cardiovascular discase. In the Physicians' Health 
Study, among 333 rncn with chronic stable angina lhcrc was a significantly 
reduced riskofa subsqucntcardiovasculardiscasccvcnts among lhosc assigncd 
at random lo beta-carolcnc supplcrncnlation A1 prcscnt. dietary antioxidanu 
reprcscnl a promising but unprovcn mcans tu rcducc risks of cardiovascular 
diseasc. Large-scale randomized trials. such as thc Physicians' Hcalth Study of 
over 22.000 men and the Women's Hcallh Study or ovcr 44.0M worncn, arc 
necessary to provide rcliablc data about whcthcr a n u ~ i x  Idants thcrnsclvcs rcduu: 
the risk o f  cardiovascular discarc. 

FREE RADICALS AND CANCER 

llernnrd D.GoldsteIn 

Enviroimenral and Occupational tlealfh Sciences Inrrinue. 
I<wgers Univ.and UMDNJ-Robert Wood Johncon Med.Schoa1 

Pizcatawoy. New Jersey 0&954. USA 

Classic conccptr of tumor initiation and promotion have k c n  u d u l  'L. > 
cxplorc the roles of oxidants and antioxidants in carcinogcncsis. Howevcr. oc 
conceptual basis for the invcstigation of thc role of frcc radicals and oxidizing 
agcnts in human canccr has been greatly cxtcnded by the confirmation. using 
molecular biological techniqucs.of thc multi-slcp nalurc of carcinogcncsis. 11 is 
clcar that for ccrtain human can- lhcre arc at Icast six discrctc  SIC^ in thr. 
progression betwecn a normal cell and a clinically overt cancer. In such c - 4 ~  I /  

is not unreasonable to assurnc that thcrc arc at lcast six diffcrcnt targcls fm thc 
action of frec radicals. Moreover. it is apparcnt that in a singlc stcp. such c a1 
thc p53 tumour suppnssor gcnc. there arc dillerent patterns of gcnedc darnage 
caused by diffcrcnt carcinogcnic agcnts. thus further magnifying thc possible 
loci of activity for free radicals and active oxygcn s p i e s .  It  is suggcstd that the 
focusof research in this ficld shouldnot beon whctherornot human canccn have 
a frce radical basis. but rather on what cxtent thr. causativc role in any one of rhc 
many stcps leading to cancer can be atuibutcd to frce radicals and activc s m - s  
of oxygcn. This will rcquirc a careful cvaluation of thc potcnlial KOIC of Frw 
radical mechanisms in the dcvcloprncnt ofdiffcrcnt canccn. As cach of thc stcps 
appcan to be ncccssruy but not sufficicnt for canccr. cach in which a fnx  radical 
reaction is involvcd rcprcscnts a target for anticarcinogcnic action through 
antioxidant agents. 

LIPID PEROXIDATION AND CELL DIVISION 

Depnrfmenr o/Siology nnd Iliochemisfry, nruriel Universuy 
Uxbridge URX 3Pl l .  U K 

For many ycars it has been csldb\ishcd that tumou tiscuc exhsbits 4 :' :A,!: 

resistance to lipid pcroxidation. adamaging proscss to  which most othcr ~ e l ' r  wt" 

ccll rncmbrancs are highly swccptiblc. Other rapidly dividing cells wers I:'; 
shown to bc resistant to lipid peroxidation and it was suggested that low lipid 
pcroxidation activity is a common fcalure of ccll division and that thcre is 

actually a biochemical connection between thc two procesxs. The crux of this 
hypolhcsis was that possibly lipid peroxidation i s  a normal cellular proccss Lhrt 

somchow acts as a coarse regulator of ccll division. The rcsulttng rcseiuch thsl 
tcstcd that hypothesis has been cxtrcmcly valuable. I t  has lcd m a grcatci 
understanding of the fundarncntals o f  lipid pcroxidatmn in biological sysIcrn5 
and to exciting developmcnts. such as thc study ol lhc previously o b s c ~ ~ i c  
hydroxyalkcnal products of lipid pcruxidation that arc so wcll charactcrised 
today. This prcscntalion will rcvicw this arca of rcscarch from thc standpoint of 
the work donc by ourgroup in recent ycan. Wc havc studied the mechanisms of 
resistance of tumours to lipid pcroxidation and have attcmptcd LO establish the 

relalive roles of pm-oxidant facton such as cytochromc P-450 and antioxldanf 
factors such as a-tocopherol. Thc tumou  work has led into the study of rapidly 
dividing n o n - e a n s f m c d  livcr cells using the rcgcncraring livcr model and has 
provided interesting obscrvalions on the tight tcmpral  connection betwecn ccll 
division and resistance to lipid pcroxidation. and thc role of cr-tocopherol in this 
phcnomcnon. 7hc nicchanisms of rcsistancc or foctal  livcr and intestinal 
epithelial cells havc also  bcen investigated and thc overall imprcssion from all 
theseccll types is thatthcrc is Ilycommon mcchanisin of rcsistance Finally, Vir 
association between antioxidmu and canccr has hccn cxtcnded ID thc h mian 
situation and rcccnt obscrvalions on changes in plasma antioxidants in canccr 
patients will bediscussed, as will the sU1ry of how mucsttgations inm low frcc 
radical lcvcls in utcrin cervix canccr havc Icd in thc dircction of a biochcrnical 
method of diagnosing malignancy. 
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6.1 KEAC(1VlTY OFTHlOLS TUWARDS THE tUCH OXIDATION STATE O F  
MYOGLORIN. FERRYLh4YOCU)RIN IMPORTANCEOF ELECTRON 

TRANSFER AND ALKYLATlON REACTIONS 

Enriquc Cadenas 
Institute for Toxicology. Univcrsity of Southcm California. 

Los Angclcs. CA 90033. USA 

The reactivity of several thiols, including gtuuthbonc, dihydrolipoic 
acid, cystcinc. N-acetylcystcinc. and crgothioncinc, as well as several di- 
sulfides. toward different rcdox slatcs of myoglobin, mainly met- and 
ferryl-myoglobin. was evaluated by optical spccual analysis. product 
formation. and thiyl free radical generation. 

All lhiols interacted to dimerent extcnt with the high oxidaLion state 
of myoglobin. i .e..  fcrrylmyoglobin. via two proccsscs. First. dircct 
electron transfer m the heme iron in ferrylrnyoglobin with formation of 
mctmyoglobin or oxy-myoglobin; the former transition was effcctcd by 
all lhiols except dihydrolipoate. which facililated the latter, Le.. the 
two-electron reduction of ferrylmyoglobin. Second. nucleophilic addi - 
Lion onto a pyrrole in fcrrylmyoglobin with subsequent formation of 
sulfmyoglobin. Thc contribution of cither direct electron transfer to the 
heme iron or nuclcophilic addition depended on the physicochcmical 
properties of the thiol involved and the availability of H202 to m x i d i x  
metmyoglobin to fenylmyoglobin. The thiyl radicals of glutathione, 
cystcine. and N-acctylcysteinc were formed during the interaction of the 
corresponding thiols with ferrylmyoglobin and dctccted by EPR in con- 
junction with the spin uap 5.5'-dimcthyl-l -pyrrolinc-N-oxide. The in- 
tensity of the EPR signal was inscnsitivc to supcroxidc dismulase and i t  
was dccreased. but not supprcsscd by caulasc. 

The disulfides of g l u u h o n c  and cystcine dld not react with fer- 
rylmyoglobin, but the disullide bridge in lipoic acid interacted efficient- 
ly with the ferry1 species by either reducing directly the heme iron to 
form metmyoglobin or adding onto thc pyrrolc ring 10 form sulfinyo- 
globin; either process dcpcndcd on thc prcscncc or abscncc of c a c l l : ~  (to 
eliminate the excess of HZ02) in hc reaction mixture, respectively. 

6.3 PROPERTIES OF THE a-TOCOPHEROXYL RADICAL 
IN PHOSPHOLIPID BILAYER MEMBRANES 
Roger H Bisby and Anthony W Parker 

Department of Biological Sciences, 
University of Salford, t45 4WT, UK and 
Laser Support Facility, Rutherford 
Appleton Laboratory, Chilton, Oxon O X 1 1  
O Q X ,  UK. 

The 5-tocopheroxyl radical has been 
generated within phospholipid bilayer 
membranes by photoionisation of 
-tocopherol using a nanosecond XeCl 
excimer laser pulse at 308nm. The 
radical located in the dimyristoyl- 
phosphatidylcholine bilayers reactswith 
ascorbate in s o l  tion wi h a rate 
constant of H-1 s-1 at room 
temperature and an activation energy of 
26 kJ/mol. The rate of reaction is 
significantly decreased by addition of 
an acidic lipid, dipalmitoylphosphatidic 
acid, to the bilayer membrane. The 
results show that the reaction is not 
particularly impeded by the membrane 
interface, except when the membrane 
carries an excess negative charge. The 
resonance Raman spectrum of the 
tocopheroxyl radical has also been 
obtained and shows that the radical has 
significant semiquinone-like character. 

RECENT ASPECTS IN PEROXYL AND PERTHIYL RADICAL 
CHEMISTRY 

K.-D. Asmus, A. Accd, S. A. Evcrctt, and Ch. Schoncich 
Hahn-Mcitner-Institiit Bcrlin. Bcrcich S, Aht. Strahlcnchcinic. 

Postfach 39 01 28 .  W-1000 Bcrlin 39, Gcnnany 

6.2 

Halogcnalcd pcroxyl radicals, R(Iia1)00'. arc gcncrally known 
as one-clccuon oxidancs and as such rcadily dcplctc, e.g., viL;imiiic< C 
and E, phcnothiazinc drugs and many othcr suhstratcs or biological 
signiricancc. Rccent investigations on the R(Hal)OO- Induced ox&-  
tion of, for cxamplc, organic sulfides has revealed that these pcroxyl 
radicals arc also capable of overall two-clecuon oxidations. Thc me- 
chanism involves an adduct radical as key intcrmcdiatc and an inua- 
molecular electron uansfcr wilhin this adduct. I t  rcscinbles certain 
features of two-electron oxidations in  elccuochemical systems. An 
efficient oxidation of methioninc to mcthionine sulfoxidc, initiated 
by hydroxyl radicals, is obscrved in oxygen containing SoluLions of 
mcthionine and the vililminc E analogue Trolox C. Evidence will bc 
present4 and discussed that this oxidation operates also via thc abovc 
two-elcctron mechanism and involves Trolox-derived pcroxyl radicals. 

The peroxyl analogue perthiyl radicals, RSS'. (gcncratcd. c.g., 
by means of photolysis and radiolysis of organic trisullidcs) have so 
far been investigated to evaluate thcir reactivity in relation to thiyl 
radicals, RS'. They appear to be moderately good oxidants, c.g. 
toumds ascorbate (c-transfer) or PUFA (H-atom ahstraction). P c r ~ i y l  
radicals also readily add to molecular oxygen. The rcspectivc raw 
constants for these proccsscs are, generally, lower than for the 
corresponding reactions of thiyl radicals. A most inlcrcsting finding 
is the formation of inorganic sulfate as a result of the pcrthiyl 
reaction with molecular oxygen. The proposed mechanism of sullatc 
formation involves oxygen-adduct radicals, rearrangcincn& and cha- 
racteristic features o f  gcneral pcroxyl chemistry. The possible rolc 0 1  
the hyctropcroxide analogue RSSH as a potential protcctivc agcnt will 
also be discussed. 

LIPID AND WATER SOLUBLE AZOlNITlATORS AS A TOOL FOR 
THE STUDY OF THE ANTIOXIDANT PROPERTIES OF 
UBIQUINOLS WITH DIFFERENT CHAIN LENGTH 
L. Landi, D. Fiorentini, L. Cabrini and A.M. Scyhi 
Dipartimento di Biochimica, Via Imcrio, 48 - 40126 Bnlogna - ITALY 

We have rwently determined the anhnxidailt effcrtiveiirss of 
ubiquinol (QH2) by studying thc. autoxidation of c e  
phosphatidylcholine initiated by lipid-soluble azocompnund bnth in 
homogeneous solution and in 1ipusornc.s. Our results showed that 
Q,H, behaves as a chain-breaking antioxidant, its inhibition ratr 
constant being about one half that a-tocophrrcil (a-T). In nrganic 
solvents the stoichiomchic factor was iound (a. 2 and in Iipownim 
ca. 0.5. In a similar study on the antioxidant activity 01 Q,ji , ,  Frei 
ef a/.  (1) estimated a value of 1.1. This work was undertaken tn 
investigate whether the difference bctwcwi thc stoichiometric factors 
of the two homologues could he ascrihcd to thcir different 
localization in the lipid bilaycr or to a diffcrence in their physical 
association in the model membrane. To this puqwsc we used both 
water-soluble and lipid-soluble radical inihdtors, which generate 
radicals at a specific site and at a cmvenicnt. known and constant 
rate. In liposomes containing either a-T o r  Q,H, or  Q,H2 oxidation 
initiated by both lipid-soluble o r  water-wluble a m o m p n u n d  was 
inhibited and the rates of oxidahon d u n n g  the inhibition period 
were similar. It is to be pointed out that thc inhibition time was 
strikingly different for equal amounts of the thrcr antioxidants and 
these differences could be related to the azcwrompound used. Them 
preliminary results suggest that the longer side chain quinol is 
embedded deeper into the membrane with little availability a t  the 
surface, and that i t  might bc partially accomodatcd in the lipid 
bilayer as a separate p h a r .  The short chain quinol, instead, can be 
intercalated among the acyl chains, exposing the quinol ring to the 
water environment. 
1. Frei, B., Kim, M.C. and Amrs, B.N. (19%)) Prnc Natl. Acad. 5. 

Research supported by grant from M.U.R S.T , Romr. 

6.4 
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6.5 FORMATION BY EPINEPHRINE OF AN IRON-DEPENDENT 
REACTIVE SPECIES THAT IS NOT HO. BUT IS CAPABLE OF 
EFFICIENT HYDROGEN ATOM ABSTRACTION. 
D. Randel Allen, M.D.* and Paul B. McCay. Ph.D.+ 
'Dept. of Pulmonary Medicine, University of Oklahoma College of 
Medicine; and the *Molecular Toxicology Program and National 
Biomedical Center for Spin Trapping and Free Radicals, Oklahoma 
Medical Research Foundation, Oklahoma City, OK, U.S.A. 

markedly potentiate free radical production in systems containing 
ferritin and a source of superoxide anion. In particular, it was 
demonstrated that the generation of I-OH-ethyl radicals from ethanol 
was enhanced very significantly by the catecholamines, but this effect 
was not observed with adrenergic agonists lacking the catechol 
function. When xanthine oxidase was incubated with hypoxanthine. 
fenitin, and ethanol, in the presence of the spin trap, DMPO, there 
was moderate production of both hydroxyl and I-OHethyl radicals 
at an intensity ration of 2: 1. But when epinephrine was added to this 
system there was up to a 15-fold increase in the intensity of the 1- 
OH-radical signal with no increase in the HGradical generation. 
These results suggest that epinephrine and related catecholamine 
compounds interact with superoxide anion and femtin to form a 
reactive species that is capable of efficient hydrogen atom 
abstraction, but is clearly not the hydroxyl radical itself. In an effort 
to understand the role of epinephrine in this reoctioo, a simpler 
system containing ethanol and Fe" was incubated with DMPO. No 
EPR signal was obselved in this system. When epinephrine was 
added, a strong signal for the I-HO-ethyl radical appeared, but no 
evidence of the hydroxyl radical was detected. Further studies with 
structurally similar compounds lacking the hydroxyl groups in the 
ortbo position on the benzene ring were not active. Other studies 
indicated that iron chelation by the catechol functional group was 
critical for the formation of the reactive species. This property of 
catecholamines may be responsible for some their known toxicity of 
these compounds. (Supported by NIH Grant T32 GM08237). 

We have observed that epinephrine and other catecholamines 

6.7 Trolox C Enhances Hydroxyl Induced Oxidation of 
Methionine to Methioninesulfoxide 
Amadeus Willnow, Christian Schoneich. Ahrned Aced, 
Daniel L. Thomas and Klaus Dieter Asrnus 
Hahn-Meitner-lnstitut Berlin, Bereich S ,  Abt. 
Strahlenchemie. Postfach 390128, 1000 Berlin 39, 
Germany 

A survey will be given on the 'OH induced reaction of 
the vitamin E anlogue lrolox C with methionine to yield 
methionhe sulfoxide. y-Irradiation of an aqueous 
solution of methionine M Met-S) results in the 
formation of methionine sulfoxide (Met-SO) with 
G=0.35 corresponding to 7% of the 'OH radicals which 
are available for the oxidation of methionhe. If the 
same experiment on Met-S oxidation is carried out in 
the presence of trolox C (5 x M) the yield of Met- 
SO increases to G=2.1. i.e. to ca 40% of the initial 'OH 
radical concentration. A similary high yield of Met-SO 
(G=2.3) is also found when the concentration of trolox 
C is diminished by a factor of ten. When trolox C is 
added to an aqueous solution of Met-S immediately after 
irradiation the sulfoxide yield is considerably reduced 
to G=0.4. This indicates that Met-SO does not result 
from a stable 'OH-induced degradation product of trolox 
C. thereby excluding, e.g.. epoxides, peroxides or 
hydroperoxides. The sulfoxide formation must be 
associated though with the 'OH + trolox C reaction and 
is suggested to involve carbon centered peroxyl 
radicals. Chain reactions are indicated by different 
sulfoxide yields obtained upon variation of the steady 
state radical concentration. A possible mechanism will 
be presented and discussed. 

A NOVEL N f T I O X I D / w T  FLAVONOID (IdB 1031) PFFECTING 6.6 
M X E C M  MCHANI% (F CELLNAR ACTIVATION 

F .Ursi ni*, M.Maiori nof*, A.Roveri P .Fbrazzmi*, 
G.Pifferi* 
wt. of Chen. I h i v .  Wine - T k p t .  of Biol.Ch.Univ. 
Padova - -1nverni della Beffa, R & D Labs. Milm 

By screening several f lavmids for antioxidant capacity we 
identified the ccrrp0ur-c 3-hydroxyfarrerol (Id6 10311, h i d 7  
scavenges DPPH and inhibits microsawl l ip id  pemxidation. 
The reactivity with hydroperoxyl radicals, masured as 
inhibition of c m i n  bleaching i n  the presence o f  a 
generator o f  hydroperoxyl radicals, gives an account for 
the observed antioxidant capacity, k i c h  i s  i n  the s a w  
range of quercetin. when tested on h m  neutrophils 
activated by M P ,  Id!3 1031 inhibits "respiratory burst", 
masured as superoxide production ( I D  20 LEl). This 
effect could be due to  the inhibition ef%t of IdB 1031 on 
PKC (ID9: 9 a). This se~m rather specific since IdB 
1031 Qes not inhibit tyr-kinases awl casein-kinase-2, 
hhile quercetin inhibits a l l  these enzyires. In  Hela and 
m t h  nuscle cells, IdE 1031 inhibits the release of 
calciun frun intracellular stores (IP sensitive) induced 
by an oxidative stress. The effect of ?dB 1031 on different 
medlanima of cellular activation, possibly related to the 
free radical scavqing capability, candidates IdB 1031 as 
a drug addressed t o  diseases i n  k i c h  peroxidative dsnage 
i s  associated t o  the activation of cellular responses such 
as "respiratory burst" or m t h  rmscle contraction. 

IRON-THIOLATE INDUCED OXIDATION OF METHIONME TO 6.8 
METHlONlNE SULFOXIDE IN PEFTIDES. 

INTRAMOLECULAR CATALYSIS BY HISTIDINE 

Christian Schbneich, Shihong Li, Savitri Madan. George S. Wilson, 
and Ronald T. Borchwdt 

Dcpartment of Pharmaccutical Chemistry, University of Kansas. 
Lawrcncc. Kansas 66045. USA 

In biological systems the oxidation of mcthionine to mcthionine 
sulfoxide is observed in  several protcins under various condilions nf 
oxidative stress. Similiar mechanisms might be responsible for the 
pronounced liability of methionine towards oxidation under conditions 
of syirdiesis. isolation and storage of pharmaceutical relevant pro[cins 
which are nowadays produced in large scale quantities through the 
recombinant DNA technology. Thus a detailed mechanistic study was 

undenaken to investigate the influence of sequence and suuclurc on thc 
stability of methionine in proteins towards oxidizing systems such as. 
for example, iron-thiolate-oxygen. Formation kinetics and yields of 
methionine sulfoxide were found to depend suongly on concenmljon of 
peptide. iron, and thiol, on the pH, and on neighboring amino acids. 
Effective oxidation of methionine. for example, was observed whenever 
histidine was present in the same peptide skeleton in His<Gly),-Met 

peptides with n U .  Kinetics. but not yields, of the latter process could 
be suppressed by addition of methanol. In contrast histidine did not 

catalyze methionine oxidation intcrmolecutarly. Mechanistic 
conclusions derived from the above experiments are of use for b e  design 
of pcptides more stable towards oxidation and therefore of greater use for 
therapeutical purposes. 
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6.9 NADPH-DEPENDENT OXIDATION OF REDUCED EBSELEN AND OF 2 -  
(~ETHYLSELEN0)BENZANILIDE CATALYZED BY PIG LIVER PLAVIN- 
CONTAINING NONOOXYCENASE 

Helnut Sies, Peter Graf, Laurence L. Poulsen, Yilheln Stahl and 
Daniel 1. Zieqler 

Institut fur Physiologische Chenie I, Hoorenstrasse 5, 
Universitit Dtisseldorf, W-4000 Disseldorf I Gernany , and Clayton 
Foundation Biochemical Institute, University of Texas at Austin, 
Austin, Texas 78112 

The selenazole ring-opened metabolites of ebselen, 2 -  
(hydroxyse1eno)benzanilide and 2-(iethylseleno)benzanilide, are 
substrates for flavin-containing ionooxygenase fro1 pig liver. 
The 1. values were 25 and 3 uK,respectively, ieasured at 37 "C, 
pH 7 . t I  in the presence of 1 rH GSE. The V... values were 390 
uU/ng of protein, sirilar to those obtained with iethiiazole or 
other substrates for PHO1. Although ebselen also appears to be a 
substrate in the absence of GSE, it progressively inactivates the 
eneyre, apparently by binding covalently t o  essential eneyre 
thiofs. me oxidation products of the selenol and iethylseleno 
derivatives are rapidly reduced by GSE, regenerating the parent 
substrates. Rapid reduction of the selenide o x i d e  by GSB was 
unexpected and suggests that, unlike S-oxidation of sulfides, Se- 
oxidation of selenides ray be a route for bioactivation. The data 
shov that in the presence of PRO1 microsolar amounts of either of 
these ring-opened ietabolites establish a futile cycle catalyzing 
the oxidation of GSR to GSSG by NADPE and oxygen. 

6.1 1 A TWO-PHASE MODEL FOR THE STUDY OF ANTI- 
OXIDANT RECYCLING MECHANISMS 
Carl-M Andersson'. Mats Berglund and Mikael Ekstrom 
Dept of 'Medicinal Chemistry and Analytical Chemistry 
Astra Draco AB. 
P 0 Box 34. S-221 00 LUND, SWEDEN. 

A new method has been developed, which allows direct obser- 
vation of antioxidant regenerating processes during stimulated 
autoxidation of unsaturated fatty acids. The assay utilises a 
two-phase system comprising an aqueous buffer and chloro- 
benzene. wherein the level of conjugated dienes can be conti- 
nuously measured by an automated HPLC system. The method 
furlher facilitates sampling of the status of the antoxidant and 
co-antioxidant. Importantly, in this system hydrophiiic suppor- 
ting co-antioxidants such as asMrbate or thiols do not interfere 
with the peroxidation process. The model thus allows con- 
venient assessment of antioxidant propaties in a physiological- 
ly relevant situation. 

INHIBITION OF FREE RADICAL REACTIONS BY 6.10 

BENZOQUINONES IN VITRO A N D  IN V I V O  

V. A. Kostyuk, A. 1. Potapovich, G.T. Maslovd 
Laboratory of Bioenergctics.Byelorussian State liniversity, 
220050 Minsk, Byelorussia 

Free radical reactions including lipid peroxidation are  
widely discussed as a possible mechanism of tissues injury 
during ischemia-reperfusion. If so, use of free radical 
scavengers would be important f o r  prevention of 
degradative events in these conditions In this paper, we 
describe the inhibition of free radical reactions hy 4-(4-K- 
phenylamino)-5-methoxy- I .Z-benzoquinones. We found 
that these substances can be easily reduced enzymatically in 
mitochondria, microsomes and cytosol. Their reduced forms 
- dioxybenzoles - appeared to be powerful antioxidants that 
effectively inhibited NADPH-dependent lipid peroxidation 
and free radical processes initiated by CClq in liver 
microsomes and in vivo. Recently, was shown that the free 
radical injury to endothelial cells of the vascular wall can be 
initial event of the reperfusion injury. We investigated the 
inh ib i tory  effect  of  o-benzoquinones  o n  l ipid 
hydroperoxide-induced injury of cultured endothelial cells. 
It was found that the addition of 4-14-N-sodium-N- 
(5-ethyl-l-thia-3.4-diazol-2-yl) su l fophenylaminoJ-5-  
methoxy- 1,2-benzcquinone (Q) significantly inhibited the 
increase in cellular lipid peroxide level and the release of 
LDH activity. The  inhibitory potency of Q was slightly 
stronger as  that of butylhydroxytoluene (BHT). IC50 of Q 
and BHT for LDH release was found to be 20 p M  and 25 
pM, respectively. In the following experiments, protection 
action of  Q was studied in conditions of ischemia- 
reperfusion in vivo. It was shown that Q at a dose 50 mglkg 
increased the time of reversible circulatory ischemia of 
rabbit brain from 5 up to 15 minutes. Thus, we expecting 
such antioxidants would be important for a clinical use. 

4-(4-R-PHENY LAMINO)-5-METHOXY-I,2- 

MITOCHONDRIAL INNER MEMBRANE PERMEABIL ITY CHANGES 6.12 
INDUCED BY OCTADECADIENOIC A C I D  HYDROPEROXIDE. 
ROLE OF MITOCHONDRIAL GSH POOL. 
A .  Masini,  D. Cecca re l l i ,  T .  T r e n t i * ,  D. Ga l l es i  
and U. Muscatel lo. 
I s t i t u t o  d i  Pato log ia generale, Un ive rs i t a  d i  
Modena e *Tossicologia e Farmacologia C l i n i c a ,  
P o l i c l i n i c o ,  41100 Modena - I t a l y  

I t  has been stud ied the e f f e c t  o f  exogenous 
octadecad i enoi c ac id  hydroperox i de (HPODE) on the 
func t i ona l  p roper t i es  o f  inner membrane of 
i s o l a t e d  r a t  l i v e r  mitochondria, as evaluated by 
the measurement o f  t he  membrane p o t e n t i a l  ( A T ) .  
Very low concentrat ions o f  HPODE ( 1 . 5 - 4 . 5  nmol/mg 
p r o t )  do no t  appreciably modify the ~ ' p  o f  con t ro l  
mitochondria wh i l e  i t  br ings about the  drop of 
b'p, i n  a concentrat ion dependent mode, i n  
mitochondria w i t h  a GSH l e v e l  diminished by 
approx 60%. Mitochondria1 GSH dep le t i on  has been 
obtained by i n t r a p e r i t o n e a l  admin i s t ra t i on  t c  
r a t s  o f  buth ion ine sulfoximine a s p e c i f i c  
i n h i b i t o r  o f  GSH synthesis. The presence i n  the 
incubat ion system o f  GSH-methyl e s t e r  which 
normalizes mi tochondr ia l  GSH.ful1y prevents AT 
drop induced by HPODE. The same p r o t e c t i v e  e f f e c t  
has been p re  ented by EGTA, which chelates the  
ava i l ab le  Ca . Nei ther  an an t i ox idan t  nor  a 
s p e c i f i c  i n h i b i t o r  o f  mitochondria1 phospholipase 
Aq are ab le  t o  prevent t h e  HPODE e f f e c t .  From the 
r e s u l t s  obtained we can assume t h a t  HPODE i t s e l f ,  
a t  the concentrat ions here used, induces 
permeabi l i ty  changes i n  the  inner  membrane w i t h  
the  l oss  o f  coupled funct ions,  when the GSH 
mitochondria1 l e v e l  i s  below a c r i t i c a l  value. 

'it 
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6.1 3 CYTOTOXICITY OF H,O, ON ELQLl 

H. ilusugu, F. D o q l u ,  A. Pukdrl 

Depurmed of Food Engineering. Middle Earl 7echnical Uniuerrrly. 
Anknm 06531 Turkiye 

H,O,lcthnlity u n m  has bwn cliaractcriful by two niixlcs of killing occurring 
at two di llcrcnt uinccniriltions. unc hcliiw 2 mM and the second a1 concentralions 
higher than 10 mM. and indicaling diflcrcnt toxic species andlor c i r i : ~  of 
damage(1) Actively gruwing cells in nutricnt broth. whcn e x p c i s d  t o  20 IFM 
H,O, in the prcscnce of hydroxyl radical scavcngcr OMSO were protected from 
the wxic clfcct o l  H,O,. cr~tocophcrol also significantly increased the r w ~ v i n g  
fraction of thecells. However. percentagesurvival was not significantly effected 
when cells were treated at high concentrations of H,O,at lag. log. ur stalronary 
phases. Funher sNdier on the identification of the toxic spxics andlor siteh of 
damage are in progress. 

( I )  Imlay J.A. and L. Stuart. 19R7. Mutagencsis and stress responses induccd in 
by hydrogen proxidc. J .  of R;icteriol. 1692967-2976. 

6.1 5 GI.IJTATlIIONE, CAPTOPRIL AND OTHER DRUGS 
AS FREE RADICALS SCAVENGER 
? l . R .  Romeo, G .  B r u n i ,  D .  C e r r e t a n i ,  
A . I .  F i a s c h i ,  L .  ) . l i c h e l i  and G .  G i o r g i .  

T i r s L  I t u t e  of  Phar rnacology,  F a c u l t y  of 
Mvdic i i re ,  U i i i b e r s i t v  o f  S i e n a .  

i-i'i d c l l e  S c o t t e  6 ,  57100 S I E N A ,  IT.-2I,\i. 

T I I P  i n t e r e s t  i n  r a d i c a l s  shown by t h e  
b i o l o g i s t s  arid c l i n j c i a n s  has b e e n  
r a i s e d  r e c e n t l y  by t h e  d i s c o v e r y  of t h e  
impor t ance  of  r a d i c a l  r e a c t i o n s  i n  
normal  body c h e m i s t r y  and  i n  t h e  mode 
(if a c t i o i i  o f  se \ re t -a l  t o x i n s  i n v o l v e d  i n  
d i f f e r e n t  p a t h o l o g i c a l  c o n d i t i o n s .  
P r o t e c t i o n  a g a i n s t  o x i d a n t s  i n  
b i i ~ l 0 g i c : a l  s y s t e m s  i s  o b t a i n e d  i n  
v a r i o u s  modes:  by enzvnies ,  by s m a l l  
i r i o l e c u l e s .  by s e q u e s t r a t i o n  of  m e t a l  
i o n s ,  bv r e p a i r  s y s t e m s .  
I n  t h i s  p a p e r  we examined  t h e  a b i l i t y  
o f  some m o l e c u l e s  : g l u t a t h i o n e ,  
c a p t o p r i l  (ACE i n h i b i t o r )  and  some new 
s u b s t a n c e s  ( a l d o s o  r e d u c t a s e  i n h i b i -  
t o r s ) .  The t e c h n i q u e  t h a t  was u s e d  t o  
a s s e s  t h e  s c a v e n g i n g  a b i l i t ? .  of t h e s e  
d r u g s  was d e s c r i b e d  by  Misra a n d  
F r j d o v i c h  ( 1 9 7 7 ) .  I n  t h i s  a s s a y  f r e e  
r a d i c a l s  a r e  g e n e r a t e d  by  p h o t o -  
o x i d a t i o n  o f  d i a n i s i d i n e  s e n s i t i s e d  by  
r i h o f  l a v  i n .  
T l i i ~  o b t a i n e d  r e s u l t s  show t h a t  
g l u t a t h i o n e ,  c a p t o p r i l ,  A R q ,  A R 5 ,  AR6 
1iai.e a v a l u e  f o r  I C ~ ~  e q u a l t o  10-5 M. 

SOD-LIKE ACTIVITY OF COPPER (11) COMPLEXFS , 6-14 
E.Conteb,Rizzarellianb, G.Vecchioa 
a)DiparthMntO di Scienze Chimiche, 
Dhiversita' di Catania, viale Andrea Doria 
8 CT 95135, Italy b) Istituto per lo Studio 
delle Sostanze Naturali di Interesse 
Alimentare e Chimico-Farmaceutico, CNR. 

Superoxide anions and related free-radicals 
are involved in a number of diseases, 
including inflamnation .In many cases, SOD 
enzymes or sinthetic SOD mimiking compounds 
are an actual therapeutic approach. In this 
context we have synthesized B-cyclodextrins 
with one or two coordinanting residues (1) 
and have investigated their copper(I1) 
complexes, a potential SOD-mimicking systems. 
SOD activity has been determined by the 

indirect method originally developed by 
Beauchamp and Pridovicth (2). Our results 
suggest a correlation between the structure 
of the com~lexes in solution and SOD 
activity, and point out a synergistic effect 
due the contqorary presence of cyclodaxtrin 
hydrophobic cavity and coordinanting 
moieties. Putative therapeutic effects of 
these complexes rill be investigated by in 
vitro and in viw experimonts. 
1 ) R .  P. Bonomo, V. Cucinotta, P. 
D'Alessandro, 0.  Maccarrone, G. nupallizzeri, 
a. Vecchio, E. Rizzarelli (1991) Inorg. 
chem, 31, 2708. 
2)C.Beauchamp and 1.Pridovich (1971) Analyti- 
cal Biochemistry, 44, 276.  

FREE RADICAL CHEMISTRY OF 6.1 6 
HETEROCYCLIC THIOLS 

S. V. Jovanovic, B. Majanovic and M. G. Simic 
Laboratory 030, The Boris Kidric Institute 
P.O. Box 522.1 loo0 Beograd, Yugoslavia 

The mechanisms of radioprotective and antimutagenic 
effects of thiols are based on their ability to scavenge and 
inactivate damaging free radicals. Aliphatic thiols, such as 
glutathione, are moderately good H-atom and poor electron 
donors. Aromatic thiols are better H-atom and excellent 
electron donors. The antioxidant mechanism of heterocyclic 
thiols has not been fully established yet. To better understand 
the protective properties of heterocyclic thols, we investigated 
the efficiency of imidamlethiols as free radical queochers in the 
reactions with various free radicals. 

Free radicals were generated in aqueous solutions by 
radiation prouwes. Their reactions and kmetics were 
investigated by pulse and gamma radiolysis. Some 
imidazolethiol derivatives were found to efficiently inactivate 
superoxide radicals by one-efectron donation, as opposed to 
glutathione, which was unreactive. Tyrosine phenoxy radicals 
rapidly oxidize ovothiol derivatives, k= 6.6x106M%", whereby 
tyrosine is restored. Thiyl radicals may be removed in the 
renctioz witk ascozhte, k= ! .1x!o'W; . ' .  h the b.-k cf&esr 
data, the ability of heterocyclic thiols to act as antioxidants - 
electron donors is compared with that of aromatic and diphatic 
thiols, on the one hand, and phenols, on the other. 
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6-17 STUDIES ON THE MECHANISM OF PHOSPHATlDlC ACID 
INFLUENCE ON Fe" OXIDATION AND LIPID PEROXIDATION 
B. Tadolini, P. Motta and A.M. Sechi 
Department of Biochemistry, University of Bologna, 
Via Imerio, 48.40126 Bologna, Italy 

The phospholipid composition of biological membranes is 
important in determining the susceptibility of the membranes to 
the oxidative stress. Not only the hydrophobic but also the 
hydrophilic components of the membrane affect lipid peroxida tion 
catalyzed by iron. We have shown that the presence of 50% 
phosphatidic acid (PA) in phosphatidyl choline liposomes causes: 
rapid Fez' oxidation and oxygen consumption; increased 
generation of lipid hydroperoxides (LOOH); decreased generation 
of thiobarbituric add reactive materials; very low inhibition of Fe*+' 
oxidation and LOOH generation by BHT; inhibition of the, 
termination phase of lipid peroxidation at high F a 2  
concentrations. However, at the present, the mechanism by which 
iron interaction with negatively chatged unsaturated liposomes. 
can exert such effects, is not known. 
Studies conducted in suitable experimental conditions have shown 
that PA causes rapid Fe2* oxidation and oxygen consumption also 
when present in saturated liposornes. A rapid reduction of nitro 
blue tetrazolium is observed during F e  oxidation both in the 
presence of saturated and unsaturated PA containing Iiposomes. 
These and other data suggest that the polar head of this 
phospholipid is able to interact with the metal and increase its 
susceptibility to autoxidation. 
However, when the two types of PA containing liposomes are 
studied, the parameters measured are differently affected by the 
addition of various cations. Also the addition of BHT to the 
unsaturated liposornes does not abolish the observed differences. 
Other physical and chemical properties of the two types of 
liposomes, among which the ability to differently interact with 
cations, appear to be responsiblefor the results observed. 

6.1 9 EFFECT OF N-ACETYLCYSTEINE ON THE OXIDATIVE 
METABOLISM OF H U M A N  PHAGOCYTES 

%I. Clz, A. Liijek, J .  Pillich 

lnrrifufe o/Biophy.sirs. C'zri h A r o d  .%I , 

Kralovopo1.sk.h 135. 612 65 Rmr,. ('zrrhoslovokra 

The oxygen melah~lism of phagocyllc cells givcl rlsc to varlaus reactiveox ygen 
species (UOS). The balance betwccn therclcascof ROS and their inactivslioo by 
antioxidants could be critical t o  the prevention of tissue damage during the 
inflammatory response. 
The effect of the antioxidant N~acetylcystcinc (NAC). concenvation range 
0.688mM - 137.5mM. on the UOS rcleased by inflanimntory cells was sr"~5ird 
in v i m .  The oxygen metabolism of starch grain-activated phagocy ' .  
heparinized b l d .  buffy mat. and isolaicd plymorphonuclear leucr. ,:: 

(PMNL) was quanlilicd by the method of chcmiluniincscence (CL). 
Both luminol-and lucigcnin-amplified CL of I'MNL was suppressed in a dose- 
dcpcndcntrnanncr by serial dilutions of NAC. The rcduced ROS formation by 
PMNL in thc prescnce of NAC provcs its role ns an antioxidant. On the olhcr 
hand. in blood and buffy m a t  the antioxidant cffccts were obrcrvcd using thc 
highest concenlralion ( I  37.5mM) of NAC only. 
These findings show that i t  is advisable to observe the effects of antioxidar's in 
blood and buffy coal 100. as thc joint prcscncc of the tested agent and plasmatic 
facton can l e d  u) changing ia effect. 

THE GWERATlON OF INORGANIC SULPHATE FROM PERTHIYL 6.1 8 
RADICALS (RSS'). 

*S.Everett. # C.Sch:neich, and tK.-D.Asmus 
'CRC Gray Laboratory, Mount Vernon Hospital, Northwood, 

#University of Kansas, Department of Pharmaceutical 
Chemistry, Lawrence, KS 66045, USA. 

tHahn-Meitner lnstitut Berlin, Bereich S, Abteilung 
Strahlenchemie. 1000 Berlin 39, Germany. 

Redox processes of di- and trisulphides induced by both 
photochemical and radiation chemical methods have been 
shown to be a convenient means to generate perthiyl 
radicals. Perthiyl radicals are moderately good oxidants, 
although weaker than the corresponding thiyl radicals, 
(RS' )  and readily react with molecular oxygen in an 
addition process as indicated by the following absolute rate 
constants: k(RSS' + ascorbate) = (4.1+1.O)x1O6 M-ls ' l  
and k(RSS' + 02) = (5 . l f l  .O)x106M-'s-' respectively. 

Probably the most interesting chemistry of the 
perthiyl radicals is that inorganic sulphate SO,2- is 
formed in their reaction with molecular oxygen. 

The quantitative measurement of ions thus 
represents an appropriate means to probe free radical 
processes in which perthiyl radicals are believed to be 
involved. For example, the 'chemical repair' of radical 
damaged sites on biomolecules by perthiols, (RSSH). 

The proposed mechanism for sulphate generation from 
perthiyl radicals in the presence of molecular oxygen will 
be presented. 

Middlesex. HA6 2JR, UK. 

THE NATURE OF BOUND REDUCING MOIETIES ON RADICAL 
DAMAGED PROTEINS 

S.P. Gieseg, J.A. Simpson, and R.T. Dean 
The Heart Research Institute, 145 Mlxaenden Road, 

Camperdown, Sydney, NSW 2050, AushaIla 

6-20 

We have shown that cytoduome c and free mpper bns are slgnlflcant 
Educed by proteins previody exposed to hydroxyl radials, (Slmprm e1 
PI, 1992). The ohserved reductive apadty can be generated by gamma 
radiolysis, W Irradiation and Fenton type Chemishy systems. A majx 
product of hydroxyl radical addition to tyrosine is the catechol 3.4- 
dthydroxyphenylalanine (DOPA, Karem el PI, 1984). Catechola like 
DOPA are well characterlsed reducing agents. DOPA Is Important for 
dopaminergic neuron transmission M well as a direct precwaor for 
tyrosinase<atalysed generation of meladn pigments. Ito et PI (1964) 
have demonstrated that mushroom tymdnase can genaate DOPA on 
proteins. 

We have shown that free mmmerdal DOPA can reduce cytochroole c 
and free copper i m .  lncubpti~~ of free tyrosine with tymainrse can llao 
reduce cytochrome c. Conversion of the reductive c a p d t y  to DOPA 
equivalents by rd- to a shndud awe compares very well with the 
HPLCdetgtaMe DOPA fields. Nearly all of the reductive apdty Is 
accounted for an DOPA. 

Incubation of BSA 01 lnsulln with tyroawe llao g e n a t e r  dplficmnt 
TCA predpitsMe reductive apdty. YieIdn were m e  2 3  h e r  greater 
wth the insulln. Reductive capacity aa DOPA equivalents a o m p n s  very 
d d y  with the Hpu: DOPA yielda d Itoctal (1984).Thls provides g m d  
indirect evidare that the protein bound rcdudng moltletha are DOPA. 

Add hydrolysis followed by Hpu: d y a S  using C18 mene phse 
chromatography and flummetrlc detection haa shown that gamma 
irradiated proteins do cuntaln dgnlflcnnt MOunh of protein bound 
DOPA (PB-DOPA) which may nocount fa €he o h e d  cytodvome c 
reduction. 

This data showa that the okercv+d reductive activity on tfr radial  
damaged proteh Is probably PB-DOPA. lhis .uggesrs that PBWPA 
may have a poeslble role In the replenishment of reduced transition 
metal ions invdved In m d 4 e p m d e n t  free r d l c d  generating systems. 

1) Simpeon. JA., Nulta, S., Ciesep. S., GeM& S, Wckl, J.M., d 
Dean. R.T., (1992). Biochem. J., In pw. 2) h e m ,  LR, DkdamgIu. M. 
and Simic, M.E., (1984) Ink J. Radht. Biol., 46, n5-34.3) Ito, S, Kato, T., 
Shinpo, K., ud Wta, (19&0, Biochw. Jv 222 4W411 
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6-21 Antioxidant Activity of Lutein 6 Related 
Caroteooids in Vitro 
W Chopra & D I Thurnham 
MRC Dunn Nutrition Unit, Milton Rd, Cambridge UK 

Lutein is a most common xanthophyll carotenoid 
in green & yellow vegetables and is found in 
large amounts in blood. It is specifically 
associated with lipid in the low density 
lipoproteins (LDL) & is also the most abundant 
carotenoid in high density lipoproteins. One of 
its biological role may therefore be protection 
of lipids against peroxidation. We have found 
that Lutein at final concentration of 2pM in- 
hibits CuC12 induced oxidation of LDL. The 
extent of inhibition varied between LDL pre- 
parations from different individuals. We 
examined the effect of Lutein on azo initiated 
peroxidation of methyl linoleic acid by 
measuring the oxygen uptake. It inhibited the 
uptake of oxygen at concentrations as low as 
2uM. when compared with other carotenoids order 
of inhibition of oxygen consumption was P- 
cryptoxanthin, lutein, lycopene, p-carotene. 
Trolox failed to show any effect in above system 
at concentrations c l O p M .  Above 1 O p l  it exhibited 
a lag period when oxidation was fully sup- 
pressed. After the lag phase peroxidation 
proceeded at a rate similar to that of control. 
No lag period was observed in the presence of 
carotenoids. They inhibited the peroxidation at 
a constant rate which remained unchanged after 
complete bleaching of carotenoid. These results 
will be discussed in the light of relative 
importance of carotenoids in protecting lipids 
from oxidation. 

6-23 TOCOPHEROLQUINONE-MEDIATED FORMATION OF 
OXYGEN RADICALS BY NADPH-CY’I‘OCHHOMF; P-450 
R E R U C T A S E  SYSTEM. 
M.Nakamura and T.Hayashi, Biophysics, Research 
Iristitute of Applied Electricity, Hokkaido U i i i -  

versit.y, Kita-ku, Sapporo, 060; Hokiiaido I n s t i -  
t o t e  of Public Healt.h, Kita-ku, Sapporo, Japan. 

oc-Tocopl-ier.olquinone (TQ) found i n  animal 
t3ssucs is a metabolite of 4-tocopherol (Toc).  I t  
has been report.cd that  TQ served a s  an effec- 
t i v e  antioxidant like Toc in cell cultures, s l ~ g -  
gestiirg the  presence of TQ reducing systern. 
NADPH-cytochrorne P-450 reductase w h i c h  cata- 
lyzes  ail one-electron reduct.ion o f  quinones, 
may be a plausible candidate. We investigated 
t h e  reduction mechanism of TQ by rat liver 
NADPH-cytochrome P-450 reductase and micro- 
somes, and observed t h e  oxygen radical forma- 
tion using the  ESR spin t rap ,  DMPO. NADPH 
oxidase act.ivity of the enzyme w a s  increased by 
t h e  addit,ion of TQ. During the NADPH-TQ 
reductase reaction, t h e  ESR spectrum of the  
spin t r a p  adduct  DMPO-OOH changed to  a combi- 
nation of one characteristic of DMPO-OOH and 
one of DMPO-OH. Typical DMPO-OOE and DMPO- 
OH spec t ra  were observed in t h e  presence of 
catalase o r  SOD, respectively. The formation of 
DMPO-OH spec t ra  was enhanced by the addition 
of l O O r M  H202  . in  t h e  presence of SOD. No 
signal w a s  seen in  the  presence of both catalase 
a n d  SOD. It i s  concluded t h a t  H O2 i s  neces- 
sa ry  for t h e  reaction with TQ raJicals to  form 
OH.and 02-’ i s  t h e  precursor  of HZOZ. Superox- 
ide formation was continued when the enzyme 
w a s  replaced by microsomes. 

THE PROTECTIVE POTENTIAL OF INTRA- AND EXTRACELLULAR 
FREE RADICAL SCAVENGERS 

Dan Gelvan’, V e h  Moreno and Pad Saltman 
Dept. of Biology 0322, University of California San Diego 

La Jdla, CA 92093. USA.  

In free radical based pathologies, the relative importance 01 intra- and 
exiracellular production and scavenging of free radical intermediates has 
never been clearly defined. Yet great efforts i r e  invested in extracellular 
therapies, notaMy exogenous superoxide dismlase (SOD) and catalase. 
Nitroxide radicals, which disproportionate 02- and oxidize the reduced 
metal ions required for *OH formah. are novel therapeutrc alternatives. 
They dramatically prated cells and organs against free radical injury. In 
this study, Chinese hamster ovary cells were exposed to 0 2 -  (from 
hypoxanthine/xanthine oxidase) or H202. The effects d (wo nitroxides 
(TEMPO and CAT1) and SOD, all provided at identical SOD activity, as 
well as catalase were investigated by monitoring cell suwival (colony 
forming ability), membrane integrity (trypan blue exdusion and lactate 
dehydrogenase release) and *OH production (dihydroxybenzoate 
production fiom salicylate). A free radical challenge whicJ~ resulled m 90 - 
95% mortality did not affect membrane integrity, suggesting that the 
crilical damage induced by the ~ m l l u l a r  challenge was jntmcelluhr. The 
addition of SOD did not increase cell sunrival. whereas cahhse protected 
strpngly. Thoq 9- itself was not todc to the cells, and the membrane 
penetrating species.wzs Hz02, rather than HOT. TEMPO, which 
equilibrates freely acm membranes, reduced mortality to 20% and the 
strictly extracellular CAT1 to 60%. The protection was not due to their 
SOD-mimic activity* Since SOD itself did not protect. The nitmxides do 
not react directly with H202. Mortality m d a t e d  well with the production 
of *OH, suggesting that the nitroxides protected by decreasing free 
radical production (pmbaMy by metal oidation), rather than by affecting 
cell metabolism. A practical implication is that extracellular therapy is 
useM only if targeted to the arpopriale active oxygen species. 
* presenlly: Dept of Nulrih, Hebrew Uni. Med. sdml. Jenrralem 91010, Israel. 

6.22 

SPIN TRAPPING AND CHEMILUMINESCENT 
STUDY OF FREE RADICALS, GENERATED IN 
THE REACTION OF FE(II)+HYPOCHLORITE 
Osipov AN., Yakutova ESh, Vladimirov Yu.A 
Department of BioDhvsics. Russia Medical 

sia Uiiversity, Moscow 11a1$ Rus 

The main radical-Droducinrr reactions mediated bv 
iron ions are knowi as folloks: 

+ O  ----->Fe(III + O  -- (1) 
+ $0 -----> FaII03OH- +OH. 
+&----->F~III)+oH-+Lo 

These reactions have been investipated bv means of 
s in trappin and chemilumin&nce. Itbas found 
tgat usin PEN spin trap i t  is ssible to detect and 
identify gee radicals g e n e r a z n o t  only in Fenton’s 
reaction (21, but also in the reactions of lipid 
peroxidation (3). In living or anisms f e  radic& 
can also be produced in difkrent reactions with 
ferrous iron. Hy hlorous acid is an example of 
such reagents r w a s  found that interaction of 
ferrous iron with hypochlorite in the presence of 
s in tra produces spin adducts with panmete? 
iienticafto those of hydroxyl radicals, generated m 
Fenton’s reagent Chemiluminescent measurements 
showed that interaction of ferrous iron with 
hypochlorite produces an intensive flash with 
amplitude roportional both to the concentrations 
of iron and \ypochlorite Spectral characteristics of 
this flash were very close to those of 
chemiluminescent flash in Fenton’s rea ent. Thy? 
f i n e g s  show that interaction of hypoc orite with 
iron is accompanied by the formation of hydmxyl 
radicals 

6.24 
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6-25 IDENTIFICATION AND REACTIONS OF THE PROTEIN 
RADICAL FROM HAEMOGLOBIN 
Katy M McArthur  and  M i c h a e l  J D a v i e s  
Dept .of  C h e m i s t r y ,  Univ.  of York,  YOKK Y O 1  5UD, U . K .  

R e a c t i o n  o f  Methaemogloh in  (MetHh) w i t h  t i201 
g e n e r a t e s  a f e r r y 1  [ i r o n ( I V ) - o x o J  spec ie : ;  which 
is o n e  o x i d i s i n g  e q u i v a l e n t  a b o v e  t h e  i n i t i a l  
l e v e l .  The s e c o n d  o x i d i s i n g  e q u i v a l e n t  from t h e  
p e r o x i d e  is b e l i e v e d  t o  b e  r a p i d l y  t r a n s f e r r e d  
f rom t h e  haem c e n t r e  i n t o  t h e  g l o b i n  g e n e r a t i n g  a 
p r o t e i n  r a d i c a l .  P r e v i o u s  s t u d i e s  have  s u g g e s t e d  
t h a t  t h i s  r a d i c a l  i s  c e n t r e d  on  a n  a r o m a t i c  
r e s i d u e ,  b u t  t h i s  s p e c i e s  h a s  n o t  been  
unambiguous ly  a s s i g n e d .  T h i s  s y s t e m  has  been 
r eexamined  u s i n g  EPR s p e c t r o s c o p y .  K e a c t i o n  of 
e q u i m o l a r  MetHb w i t h  H202 u s i n g  a s t o p p e d - f l o w  
s y s t e m  g i v e s  r i s e  t o  a t r a n s i e n t  EPR s i g n a l  ( t 4  
- ca. 100 s e c s ) ;  t h e  l i f e t i m e ,  g v a l u e ,  and 
p a r t i a l l y  r e s o l v e d  h y p e r f i n e  c o u p l i n g s  a r e  
c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  o f  a t y r o s i n e  
p h e n o x y l  r a d i c a l .  S i m i l a r  s i g n a l s  are  o b s e r v e d  
w i t h  EtOOH a n d  o t h e r  o x i d a n t s  c o n f i r m i n g  t h a t  
t h i s  i s  a g l o b i n - d e r i v e d  r a d i c a l .  T h i s  r a d i c a l  
is n o t  o b s e r v e d  i f  t h e  haem c e n t r e  i s  b l o c k e d  
(CN-,F-, N3-). i f  t h e  a p o p r o t e i n  i s  u s e d ,  i f  
OxyHb is employed ,  or i f  t h e  t y r o s i n e  r e s i d u e s  
i n  MetHb are m o d i f i e d  by a c e t y l a t i o n .  These  
o b s e r v a t i o n s  are c o n s i s t e n t  w i t h  e l ec t ron - t r ans fe r  
f rom a t y r o s i n e  t o  a n  i n i t i a l  i ron (1V) -oxo  
p o r p h y r i n  r a d i c a l - c a t i o n .  T h i s  p h e n o x y l  r a d i c a l  
reacts w i t h  a number o f  o x i d a n t s  and r e d u c i n g  
a g e n t s  s u g g e s t i n g  t h a t  i t  p a r t i a l l y  e x p o s e d  on  
t h e  s u r f a c e  o f  t h e  p r o t e i n .  S p i n  t r a p p i n g  
s t u d i e s  h a v e  d e m o n s t r a t e d  t h e  f o r m a t i o n  o f  a 
p l o b i n - d e r i v e d  r a d  c a  p r o b a b l y  a r i s i n g  from 
f u r t h e r  r e a c t i o n  of. the p h e n o x y l  r a d i c a l .  

6.27 REACTION OF VITAMIN E WITH OZONE 
Shigenobu Mmumoto, Mitsuyoshi Malsuo. and Daniel C. LiebleP 

Tokyo Metropolitan Institute of Gerontology. Tokyo, 173, Japan and 
*Department of Pharmacology and Toxicology, College of Pharmacy, 

University of Arizona, Tucson, Arizona. 85721, USA 

a-Tocopherd (vitamin E) protects ozone-induced damage in 
biological systems. In order to see its defense mechanism against 
ozone, we aaempted to investigate details of ozonization of a-tocopherol. 

a-Tocopheml and its model compound, 2.2.5,7.8-pentamethyl- 
chromand-ol. were oxidized with ozone in acetonitrile at ambient 
temperature. While the model compound was completely consumed. 
a new unique spiro compound was produced. The product was 
characterized by W. IR. NMR, and mass spectroscopies and dcdllced 
to be l~acetyl-3.4,7.7.-te~ethyl-2-0~0-1.6-dioxaspiro[4.5]3~9- 
diene. RRRa-Tocopherol gave rise m a  pair of isomeric l O - ~ y l - 7 -  
( 4'. 8 ,  12' - nimethyltridecyl ) - 3.4,  7 - trimethyl - 2 - oxel.6- 
dioxaspirol4.5ldeca-3,9diene in a combined yield of 35 %. The 
HPLC monitoring of the reaction revealed that a-tocopherolquinone 
and its possible precursor. 8a-hydroxytocophaone. in addition to the 
abovespimcompolmd$werefamed,beforea-toco~lwas~ed. 
These observations indicatc that oeone a u a c h  both 5,6doubk bond 
and 8aarbon atom in the rhnxnan ring. The ozonization at 
5.6-double bond may be followed by cleavage of the aromatic ring 
which may lead to the formation of the spiro compounds. When 
ozone attach the 8a-position, amcopherolquinone may be formed. 
Because of the structural uniqueness of the spiro compounds. they 
might serve as biochemical markers for ozone exposure. 

POTASSIUM TERT-BUIYIXIDECATALYD OXYGENATION 6-26 
OF VITAMIN E AND ITS MODEL COMPOUND 

Mitsuyoshi MaLsuo and Shigenobu Matsumoto 
Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan, 173 

The importance of vitamin E (mainly a-tocopheml) as a biological 
antioxidant is widely recognized. Its antioxidant mechanisms have, 
however, been understood only in part. Extensive studies of its 
oxidation reactions are necessary for the elucidation of vitamin E 
functions. 

We report here that the ert-butoxide-catalyzed oxygenation of 
a-tocopherol and its model compound, 2~,5,7,8-pentamethylchroman- 
6-01, in apmtic solvents under an  oxygen atmosphere give three novel 
types of oxidation products. W e  determined the structures of these 
products by 'H- and "C-NMR. Mass, UV, and IR specmscopieS, and 
X-ray crystallographic analysis. The oxidation products from 
a-tocopherol are 5,6,7.8-leaahydro-5.7-dihydroxy-2.5J-nimethyld- 
methylene -2- (4',8'.12'- mmethylbdecy1)chroman 4% one. 5.6.7.8- 
teuahydm -6.8- dihydmxy -2.6.8- trimethyl -7- methylene2-(4'.8'.12'- 
trimethy1mdecyl)chmmanroman-5-one. and 7,8dhydro-2,5.7-11i1nethyl-8- 
methylene - 2 - ( 4',8.12' - Oimethylmdecyl) - 6 ( 5H ) - oxachroman- 
5.7carbolacme. The oxidation products corresponding to the above 
compounds are obtained from the model compound. The structures of 
these oxidation products are. quite unique and very interesting. 

We propose possible reaction pathways for the ferf-butoxidecatalyzed 
oxygenations of a-tocopherol and its model compound. and discuss 
the effects of basicity on the oxygenations. These results reveal the 
mechanism of molecular oxygen trapping by vitamin E under basic 
conditions and the novel reactivity of vitamin E in its antioxidant 
function. 

ANTIOXIDANT ACTIVITIES OF UBIQUINOL HOMOLOGUES 
IN LIPOSOME 

Y. Yamamoto. M. Ko$e, E. Komuro. and E. Niki 
Department of Reaction Chemistry and Research Center for Advanced 

Science and lkchnology, University of Tokyo, Tokyo 113. Japan 

6.28 

Antioxidant activity of ubiquinol has received renewed atlention. We 
reported that ubiquinol-10 could scavenge Lipid peroxyl radical almost 
as fast as  a-tocopherol (VE) in the bilayer [J Nuu Sci Vilaminol 
(1990) 36. 5051. Kagan et al. reported that antioxidant activities of 
ubiquinol homologues (UQ-n) increased with decreasing number of 
isoprenoid chain length in the oxidation of biomembranes induced with 
iron/ascorbte or ironiNADPH [Free Rad Biol Med (19W) 9.  1171. 
The differences were suggested to result from differences in partitioning 
into membranes, inIramembrane mobility, and non-uniform distribution 
of UQ-n. In order to distinguish these parameters. we have studied the 
antioxidant activities of UQ-n in the oxidation of soybean PC 
multilamellar liposome at 37°C in air. When the oxidation was 
initiated with oil-soluble initiator. a distinct induction period was 
observed by the addition of UQ-n. The length of induction period 
decreased with increasing n although the same amount of UQ-n was 
added. At the end of induction period, all UQ-1 and UQ-3 were 
consumed but some of UQ-7 and UQ-10 still remained. suggesting UQ- 
7 and UQ-10 formed their cluslers in the bilayer. The plot of rate of 
oxidation during the induction pxiod against the reciprocal of thc UQ-n 
concenuation consumed by the end of induction period gave linear 
correlations. The ratio of the slopes for UQ-l:UQ-3:UQ-5:UQ-7:UQ- 
10 was about 1:2:2.5:4:4. suggesting that UQ-1 can vap PC pemxyl 
radical about 4 times faslex than UQ-10 in the bilayer Funhermore. 
UQ-10 spared VE as well as UQ-1 in this syslem. When the oxidation 
was initiated with water-solublc iniliator, suonger effect of the tail was 
observed on the antioxidant activities of UQ-n. UQ-I gave a clear 
induction period, while UQ-10 not. UQ-10 could not spare VE. but 
UQ-1 did. These data suggest L!at there is big diffcrencc among UQ-n 
in intcnncmbrane mobility. but not in i n m e m b r a n c  mobility. 
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6.29 EFFECTS OF CHELATING AGENTS IN THE OXIDATION OF 
LIPIDS INDUCED BY COPPER AND IRON 

ACTION OF ANTIOXIDANTS IN LIPOSOMAL MEMBRANES 6-30 
~~ -. ~ ~ ~ 

YYoshida, S.Furuta. and E. Niki' 
Department of Reaction Chemistry, The University of Tokyo. 
Hongo, Tokyo 113 and 'Research Center for Advanced Science 
and Technology , The University 01 Tokyo, Komaba, Tokyo 153. 

Hajime Kaneda. Yorihiro Yamamoto, and Etsuo Niki' 
Department 01 Reaction Chemistry, Faculty of Engineering, 

University of Tokyo,' Research Center lor Advanced Science 
and Technology, University of Tokyo, Hongo. Tokyo 113. Japan 

Japan Chain-breaking antioxidants play a very important role to prevent 

The oxidations of soybean phosphatidylcholine (PC) 
liposomes or methyl linoleate (MeLH) micelles in aqueous 
dispersions induced by copper and iron have been studied 
aiming specifically at elucidating the action of the metal ions in the 
chain initiation. In micelle system, sodium dodecyl sulfate (SDS) 
and tetradecyltrimethylammnium bromide (lTAB) were used as 
anionic and cationic surfactants. respectively, in order to see the 
effect of electric charge of the micelle surface. 

Both cupric and ferric ions induced steady oxidations and the 
addition 01 tert-butyl hydroperoxide enhanced the rate of 
oxidation. In both cases of liposome and micelle systems, the 
rate 01 oxidation induced by cupric ion was proportional to the first 
power of substrate concentration and to the half power of both 
cupric ion and tert-butyl hydroperoxide concentrations, 
suggesting that the oxidation was initiated by the oxygen- 
centered radicals formed in the decomposition of hydroperoxide 
by cup& ion. 

The effects of such metal chelators as ethylenediamine- 
tetraacetic acid disodium sall (EDTA), nitolirotriacetic acid (NTA). 
and adenosine-Sdiphosphate disodium salt (ADP) were also 
studied. EDTA and NTA suppressed the copper-induced 
oxidations, whereas they enhanced the oxidations induced by 
iron. ADP had little effect, while penicillamine and triethylene- 
tetramine had accelerating effect for both metal ions. These 
results were supported by the experiments using a chemilumi- 
nescence probe luminol. 

6-31 ACUTE RAT TREATUENT WITN DEHYDROEPIANDROSTERONE 

Aragno M.,  Tamagno E l ,  Br igna rde l l o  E:, Boc- 
c u z z i  G.'  and Danni 0 " .  
Dept. Exp. Medicine Oncology, U n i v .  o f  Torino; 
'Dept. C l i n .  Pathophysiol., Univ. of Torino and ,. Ins t .  Gen. Pathol.,  U n i v .  o f  Sassari, I t a l y .  

DHEA i s  a 17-ketosteroid secreted by the adre- 
n a l  gland. Studies report t ha t  DHEA i s  able t o  
i n h i b i t  the development of tumors i n  d i f f e r e n t  
organs of r a t  and mice and a long-term admini- 
s t r a t i o n  of the s te ro id  a l t e r s  the energy u t i -  
l i z a t i o n  i n  such a way as  t o  lower  the body 
weight. Recently a possible " i n  v i t r o "  a n t i o x i -  
dant  a c t i o n  of  DHEA has been postu la ted.  The 
data here reported suggest the " in  vivo" a n t i =  
ox idan t  e f f e c t  o f  a s i n g l e  i.p. dose o f  DHEA 
(0.23 p o l /  kg). given 1 7  h rs  before the i n t o =  
c a t i o n  w i t h  CC14. The DHEA pretreatment blocks 
t o t a l l y  the increase of MDA production by l i v e r  
homogenates from CC14 poisoned rats .  The serum 
l e v e l s  of SDH, GOT and GPT, 24 hrs  a f t e r  CC14, 
i n d i c a t e  t h a t  the DHEA pretreatment i s  ab le t o  
g i ve  a 30-40% reduction of serum release o f  en= 
zymes i f  compared w i t h  the CC14 t reated group. 
More, DHEA pretreatment prevents the  decrease 
o f  t h e  c y t o s o l i c  GSH-S-transferase a c t i v i t y  
induced by CC14. Further, the hormone does no t  
i n t e r f e r e  w i t h  t h e  rnicrosomal monoxygenase 
system f u n c t i o n a l i t y .  These resu l t s ,  supported 
by l i p o p h i l i c  p r o p e r t y  o f  DHEA suggest t ha t  
DHEA p r o t e c t i o n  against CC14 t o x i c i t y  is due t o  
the an t i ox idan t  ac t i on  of the ketosteroid. 

(DHEA): POSSIBLE A N T I O X I D W  ACTION. 

lipid peroxidation in biomembranes and lipoproteins in our body 
However, the action 01 antioxidants has been studied mostly in 
homogeneous solution As a site 01 reaction between lipid 
peroxyl radicals and antioxidants, liposomal membrane should be 
very dilferent from homogeneous solution in terms of mobility 
and orientation 01 lipids, and position of antioxidants. Therefore, 
we have tried lo see the effect of antioxidants on the products 01 
lipid peroxidation in liposomal membranes. Linoleic acid was 
chosen as a substrate since its oxidation mechanism is we& 
understood in homogeneous solution. Four dilferent 
hydroperoxides (134s. trans-, 13-trans, trans-. 9-trans. cis-, 
and 9-trans, trans-octadecadienoic acid) are the major products 
01 the oxidation and the ratio of the products gives us useful 
inlormation on the action of antioxidants. The oxidation of 
linoleic acid (7.1 mM) incorporated in dimyristoyl- 
phosphatidylcholine (14.8 mu) liposome was carried out at 37°C 
in air in the absence or presence of antioxidants. The four 
hydroperoxides were analyzed by B reversed phase HPLC after 
mixing a portion of liposornal suspension with methanol and 
triphenylphosphine. In the absence of antioxidants. the 
amounts of hydroperoxides produced were 9-trans. trans- = 13- 
trans. Irans- > 9-trans. cis- = 13-cis. trans-. On the other hand, in 
the presence 01 200 VM 0 1  a-tocopherol or 2.2.5.7.8~ 
pentamethyl-6-chromanol. the product distribution changed 
drastically as 9-trans, cis- > 13-cis. trans- >> 13-trans. trans- 2 9- 
Irans. trans- 

EPR STUDIES OF THE REACTION OF H 2 0 2  WITH IRON- 
CONTAINING HEART MITOCHONDRIA F1 ATP ASE. 

6-32 

Irene Mavelli'. Giovanna Lippe', Marina Comelli', Federica 
Dabbeni Sala". Alessandro Desideris. Francesca Polizio". 
Dept. of Biomedical Sciences and Technologies', University of 
Udine, 33100 Udine, Dept. of Pharmacology", University of 
Padua, 35100 Padua, Dept. of Organic and Biological 
Chemistry§, University of Messina, 98100 Messina. Dept. of 
Biology", University of Rome "Tor Vergata', 00173 Rome, Italy. 

Metal-catalyzed oxidation of proteins has been implicated in a 
variety of biological processes, particularly in the marking of 
proteins for subsequent proteolylic degradation. We have 
recently presented evidence that purified bovine heart 
mitochondria Ft ATPase ligates Fe(lll) ions, which appeare not- 
tightly bound in the protein and redox-active as they mediate 
the enzyme inactivation by H202, probably leading to site- 
directed generation of more deleterious oxygen radical species. 
In the present study we have used the EPR technique at liquid 
helium temperature to directly investigate the possibility that 
proteinderived radicals are involved in the reaction of isolated 
F1 ATPase with H2@, at the same time characterizing the Fe(lll)- 
protein adduct. The spectrum of F1 ATPase which contains 
Fe(lll) in a ratio of 1 - 2 moYmol exhibits an EPR signal at g 4.3. 
Reaction of the protein with equimolar concentration of H202. 
followed by rapid freezing, gives a radical type signal with line 
width of 16 G and g 2.03. The intensity of such radical signal 
cirasticaliy decreases upon 2 niiri incuoaiion ai roolri 
temperature and disappears after 4 min. Studies are in progress 
which are investigating the temperature dependence and 
microwave saturation behaviour of this radical to characterize its 
nature. Such reactions may be relevant from a 
physiopathological point of view, as the importance of 
mitochondria in the cellular homeostasis of iron has been well 
documented. while the exact chemical nature of mitochondria1 
"non-heme non-FeS' iron-binding ligands is not known; in 
addition overproduction of H202 by heart mitochondria is likely 
to take place in free radical-associated cardiopathies. 

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.



Session 7 

Gene Expressions and Oxidative Damage 
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7.1 REGULATION OF GENE EXPRESSION I N  OXiDATlVE STRESS 
Kelvin J .  A.  Davies 

Department of Biochemistry and Molecular Biology, 
The Albany Medical College, Alhany. New York 12208, USA. 

Some antioxidant enzymes and wme oxidant repair enzymes may be 
classifid as oxidative stress proteins; in other words. oxidative stress 
can cause the overexpression of the genes which encode such proteins. 
Exposure to mild oxidative stress initiates a series of adaptive 
responses that provide increastrl protection against more severe stress. 
Such adaptation is accompanied hy increased expression of the 
oxidative stress genes. Inhibitors of RNA synthesis or protein 
synthesis both prevent the production of new stress proteins and 
preclude successful adaptive responses: in contrast, inhibitors of DNA 
synthesis have no effeci on short-term adaptation or stress protein 
synthesis. We have conducted such studies in Esdterichia coli. 
mammalian cells (HA I cells). isolated muscles. and exercising animals. 

In E. coli we have recently discovered a novel regulatory element (or 
regulon) which we have called oxoR. The oxoR gene controls the 
overexpression of several other stress genes which encode the 'late 
proteins" seen in E. coli following adaptation to hydrogen peroxide: 
expression of the "exly proteins" is controlled by a previously known 
regulon called o q R .  In HA1 cells adaptation to H,O, occurs over an 
18 hnur time cniirw and involve.; the iwerexpression o f  multiple gene 
products. Intact muscles (studied in virro) also exhibit altered patterns 
of gene expression following H202 exposure. and parallel studies 
involving heat shock reveal only limited cross-induction between the 
oxidative stress proteins and the heat shock proteins. During exercise 
(rats) we observe overexpression of oxidative stress proteins, heat 
shock proteins, and glucose regulated proteins For example, levels of 
HSP70 and GRP78 mRNA. and llSP70 and GRP78 protein, increase 
several fold in skeletal muscle, heart, and liver from exercised rats. 
A possible mechanism linking the regulation of oxidative stress genes 
and heat shock genes will hr discussed. 

7.3 CHARACTERIZATION OF THE soi28 GENE PRODUCT IN E 
COli 
S.Farr, X.Gidrol. D. Johnstone, M. Chernova 

Depadment of Molecular and Cellular Toxicology, 
Harvard School of Public health. Boston MA 021 15. LISA 

The soi28 (Superpxide Inducible) gene is induced by paraquat 
under control of soxRS in Ecoli (Kogoma er a/. 1988). A 8 kb 
soi28::lacZ fusion cloned in a pBR derivative plasmid resulted 
in a 9 fold paraquat inducibility of P-galatosidase activity in the 
strain carrying this plasmid. A 1.5 kb deletion between Kpnl 
and Smal restriction sites resulted in a 2 fold paraquat 
inducibility. The region responsible for the paraquat response 
is located in this 1.5 kb fragment. Analysis of the sequence 
within this region allowed us to identify probable -35, -10 and 
SD sequences. The region donwstream of Smal site was then 
subcloned and sequenced, by a nested deletion strategy. 
Sequence analysis reveals strong homology with K .  
pneumoniae gene encoding a pyruvate-flavodoxin 
oxidoreductase. This gene contains a 351 6 bp open-reading 
frame (Arnold et a/, 1988). The product of so; 28 gene has a 
molecular weight of approximately120 kDa and the estimated 
open-reading frame is around 3300 bp. which is close to the 
size of K. pneumoniae gene. The main role of Ihe pyruvate- 
flavodoxin oxidoreductase appears to be the reduction of 
flavodoxin and ferredoxin. We will discuss the role of pyruvate- 
flavodoxin oxidoreductase during oxidative stress. We will also 
discuss the possibility that 0 2 -  per se may not induce the 
soxRS response in E. coli. 

Kogoma T.. Farr S.B.. Joyce K.M., and Natvig D.O., (1988). 

Arnold W., Rump A., Klipp W.. Piefer U.B.. and Puhler A,, 
Proc. Natl. Acad. Sci.. 85, 4799-4803. 

(1988). J. Mol. Biol. 203, 715-738 

OXIDANT-INDUCIBLE EXPRESSION OFTHE HUMAN HEME 7.2 
OXYGENASE GENE 

Rex Tyrrell. Ana Nascimento and Sharmila Basu-Modak 
Cell Mutation Unit, Swiss Institute for Expaimental Cancer Research 

Epalingcs, Ch. dcs Bovercsscs 155. CH-1066 Switzerland 

The human heme oxygenase 1 gene is i n d u d  as a general response to 
a variety of strcss conditions (including oxidants) in most cell rypes 
dcrivcd from all mammalian species tested. 'llie gene is 
transcriptionally activated and analysis of the rcgion of the gene 
upstream of the mRNA cap site has revealed cis-acting regions 
involvcd in transcriptional activation and a short DNA element within 
the promoter which binds to a protein that is active only in extracts 
from induced cell populations. In many studies. we have used UVA 
(320-380 nm) radiation as a model agent since it is a natural oxidant 
which induces several active intermediates. Experiments with various 
radical scavengers have demonstrated hat  generation of singlet oxygen 
by UVA radiation may be a key event that occurs early in the signal 
transduction pathway leading to transcriptional activation. However, 
the final result of this stimulation may be more general and involve the 
strcngtlicning of cellular protection against oxidative reactions 
involving free iron (xe Vile and Tyrrell. abstract. this volumc). 

REGULATION OF MANGANESE SUPEROXIDE DISMUTASE 7.4 
EXPRESSION I N  NORMAL AND TUMOR CELLS 

S .  B o r r e l l o ,  M.E. D e  Leo, T. G a l e o t t i  
I n s t .  of G e n e r a l  P a t h o l o g y ,  C a t h o l i c  U n i v e r s i t y ,  

R o m e ,  I t a l y ,  L a r g o  F .  V i t o ,  1, 0 0 1 6 8  

Tumor cel ls  a r e  c h a r a c t e r i z e d  b y  a n  a l t e r e d  an -  
t i o x i d a n t  c a p a b i l i t y ,  p a r t i c u l a r l y  a low Mn- 
s u p e r o x i d e  d i s m u t a s e  a c t i v i t y ,  b u t  t h e  r e a s o n  
f o r  t h i s  p e c u l i a r i t y  h a s  n o t  y e t  b e e n  
e l u c i d a t e d .  W e  i n v e s t i g a t e d  on  t h e  r e g u l a t i o n  of 
t h e  e x p r e s s i o n  o f  Mn-supe rox ide  d i s m u t a s e  i n  r a t  
+ i v e r  a n d  Morr is  h e p a t o m a s  9618A a n d  3924A 
) d i f f e r e n t  g r o w t h  r a t e  a n d  d i f f e r e n t i a t i o n  de- 
gree) a n d  i n  d i f f e r e n t  n o r m a l  t i s s u e s  of t h e  
r a t .  I n  t h e  e x p e r i m e n t a l  t u m o r s  w e  o b s e r v e d  a 
decrease i n  t h e  a c t i v i t y  o f  t h e  enzyme  a n d  i n  
t h e  c o n t e n t  o f  i t s  m e s s e n g e r  R N A  w i t h  r e s p e c t  t o  
l i v e r  t i s s u e  w i t h  b o t h  d i m i n u t i o n s  m o r e  p r o -  
n o u n c e d  i n  t h e  f a s t  g r o w i n g  h e p a t o m a .  T h e  r a t  
t i s s u e s  s t u d i e d  showed  d i f f e r e n t  e n z y m a t i c  ac- 
t i v i t i e s  a n d  c o r r e s p o n d i n g  d i f f e r e n t  l e v e l s  of 
m e s s e n g e r  RNA. T h e s e  o b s e r v a t i o n s  s u g g e s t  t h e  
e x i s t e n c e  o f  a p r e - t r a n s l a t i o n a l  m e c h a n i s m  of 
g e n e  e x p r e s s i o n .  T r a n s i t i o n  m e t a l s  a r e  now 
t h o u g h t  t o  be m a i n  f a c t o r  i n  t h e  t r a n s c r i p t i o -  
n a l  r e g u l a t i o n  of o x i d a t i v e - s t r e s s  i n d u c i b l e  
g e n e s  s u c h  a s  t h o s e  o f  SODS p r o t e i n  a n d  s o m e  
p r o o f s  s u p p o r t i n g  t h i s  h y p o t h e s i s  h a v e  b e e n  ob- 
t a i n e d  i n  p r o k a r i o t i c  cells. W e  i n v e s t i g a t e d  on  
t u m o r  cel ls  a n d  d i f f e r e n t  r a t  t i s s u e s  a n d  t h e  
r e s u l t s  o b t a i n e d  c l e a r l y  d e m o n s t r a t e  a v e r y  g o o d  
c o r r e l a t i o n  b e t w e e n  m e t a l  c o n t e n t ,  m e s s a g e  a n d  
a c t i v i t y  of t h e  M n - s u p e r o x i d e  d i s m u t a s e ,  o n e  
e x c e p t i o n  b e i n g  t h e  h e a r t .  F o r  t h i s  t i s s u e  
addi t iona l  m e c h a n i s m s  c o u l d  be i n v o k e d  s u c h  a s  
a n  a c t i v e  m i t o c h o n d r i a 1  e- t r a n s p o r t  g e n e r a t i n g  
h i g h  l eve l  o f  o x y - r a d i c a l  s p e c i e s .  Supp .  by AIRC 
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REGULATION OF CELL GROWTH BY a-TOCOPHEROL 

A. Aui, D. Boscoboinik and E. Chatelain 
lnstitut f i r  Biochemie und Molekularbiologie 

3012 Bern, Switzerland 

7.5 

&-Tocopherol, the major lipid-soluble chain-breaking antioxidant in 
cells, responsible for the protection against free radical damage, 
possesses the additional function to retard cell growth. This 
property is not directly related to its radical scavenging features. 
Sptcific inhibition of aorta smooth muscle cell proliferation can be 
observed at physiological concentrations of a-tocopherol. 
Endothelial cells, but not BaIb-3T3, sarcoma or neuroblastoma 
cells are equally sensitive. Other water and lipid soluble 
antioxidants are inactive, including fi-tocopherol. Proliferation 
induced by PDGF or endothelin is inhibitcd while growth induced 
by other factors is insensitive to a-toeophcrol. The site of cell 
regulation by a-tocopherol appears to be in the late G, phase of 

the cycle. a-Tocopherol inhibition of VSMC proliferation by a- 
tocopherol correlates with inhibition of cellular protein kinase C 
activity, of its translocation, of EGF transmodulation and of the 
phosphorylation of its specific substrates. The regulation of cell 
growth by a-tocopherol, may represent a physiological mechanism, 
relevant to the onset of diseased states such as arteriosclerosis and 
canccr 
References 
Boscoboinik, D, Szewczyk, A., Hensey, C. and Aui, A. 1. biol. 

Boscoboinik, D, Szewayk, A. and Azi ,  A. A r c h  Biodier~r. 
Clrer11. 266,6188-6194, 1'991 

Biopliys. 286,2.64-2(i, 1991 

7 .  7 ANALYSIS OF SODA TRANSCRIPTION IN E. COLl USING A 
SET OF SODA::LACZ OPERON FUSIONS DELETED IN THV 

PROMOTER REGION. 

I .  Ciinipan and D. Touatl 

Deparrtnenr of Mtcrobrobgy, Irulmde Jacques Monod. 2 Place Iwsiru.  
75251 P a r s  Ce&x OS - F 

The scxlA gcnc of E.coli. coding fnr the Manganese superoxlde dtsmuta 
cxpresscd in response to numerous stimuli. Genetic analysls have s h o w  , R 
aodA I S  par! nf the rcguloiis soxKS. soxQ. fur. arc. IN and that i t s  cxpressmn s t  

inndulaied by Ihc I H F  facior. Undcr oxidative suess condilions SoxKS acts as an 
dclivator ofsodA expression. SoxQ is also an activator but the Inducer stimulus 
in unknown. Fur asswiatcd to Fez' acts as a repr~~sor in response to intracellulai 
iron conccntration. Arc and Fnr repress sodA expccssion in anacrvbiosn 
A s d A - - i a c Z  opcmn fusion was consiructed in v iuo  end a set of unidiru. 
delctionr upsueam the promoter region was obtained. Thc intact and OE 
fusions w e n  uansfcrrcd on the chromosome of a A d A  strain. 
Analysis of fusions expression was done in aerobiosis and anacrobiosis. in 
different gcnctic backgrounds. ltsuggcsts thal theeffecton SoxS end SoxQ bind 
ina40pbrcgionlcrated upsueam the-35promolcrbox.SoxSandSoxQactivnte 
sodA uanscription in en independent way. It  indicates that Arc binding siir. i s  
located downstream the -35 box and c o n f m s  that Fur binds to the -35 rcgim 
Kcprcssion by IHF factor end by Fnr is obsewcd only when rcprcssion by Fv. E: 
totally relicvcd. The overlaps of the binding sites of these multiple cffectors may 
indicate alternative regula~ion &pending on the oxidativc threat. 

GLUTATHIONE-S-TRANSFERASE SUBUNITS I N  CELLS OF 7.6 
EPITHELIAL ORIGIN ISOLATED FROM R A T  L I V E R .  
CONSTITUTIVE A N D  I N D U C I B L E  ISOZYME PROFILE. 
M . P a r o l a ,  M.E.Biocca,  E .Albano,  M.U.Dianzani ,  
*K.Gilmore,:>D.J.Meyer,f:B.Ketterer,§T.F.Slater, 
5K.H.Cheeseman. 
Dip.Med.Oncol .Sper . ,  Univ .Tor ino ,  I t a l y ;  *Dept. 
Biochem.,Middlesex H o s p i t a l  Med.Schoo1, London, 
U.K. ;  §Dept .Bio l .& Riochern.,Brunel U n i v e r s i t y ,  
Uxbr idge ,  U . K .  

C y t o s o l i c  g l u t a t h i o n e  t r a n s f e r a s e s  (GSTs) a r e  a 
f a m i l y  o f  m u l t i f u n c t i o n a l  enzymes i n v o l v e d  i n  
p h a s e  I 1  m e t a b o l i s m  o f  x e n o b i o t i c s .  I n  t h i s  
p a p e r  w e  p r e s e n t  a comp1et.e a n a l y s i s  of GST 
s u b u n i t s  i n  c y t o s o l i c  f r a c t i o n s  o b t a i n e d  d i r e c -  
t l y  f r o m  h e p a t o c y t e s  a n d  b i l i a r y  e p i t h e l i a l  
c e l l s  (BEC) i s o l a t e d  f r o m  r a t  l i v e r .  T h i s  
a p p r o a c h ,  t h a t  a v o i d s  c o n t a m i n a t i o n  by GSTs 
f rom l i v e r  c e l l s  of mesenchymal o r i g i n ,  g i v e s  
t h e  f o l l o w i n g  major  i n f o r m a t i o n :  a )  h e p a t o c y t e s  
e x h i b i t  t h e  comple te  p a t t e r n  o f  s u b u n i t s  b e l o n -  
g i n g  t o  a l p h a  and m u  c l a s s e s  b u t  almost unde-  
t e c t a b l e  l e v e l s  o f  s u b u n i t  7 ( p i  c l a s s ) ;  b )  BEC 
have  a d i s t i n c t i v e  c o n s t i t u t i v e  p a t t e r n  compri-  
s i n g  h i g h  l e v e l s  o f  s u b u n i t  7 ( p i  c l a s s ) ,  
s u b u n i t s  2 ( a l p h a  c l a s s )  as w e l l  as 3 and 4 ( m u  
c l a s s ) ;  c )  h e p a t o c y t e s  show a c l e a r  i n d u c t i o n  
p r o f i l e  o f  a l p h a  and mu c l a s s  s u b u n i t s  a f t e r  
p h e n o b a r b i t a l  and P - n a p h t h o f l a v o n e ;  i n d u c t i o n  
is much less evident .  i n  BEC; d )  BEC and hepato-  
c y t e s  show a c l e a r  i n d u c t i o n  of a l l  c o n s t i t u t i - -  
v e  s u b u n i t s  a f t e r  d i e t a r y  e t h o x y q u i n  supplemen- 
t a t i o n  w i t h  s p e c i a l  r e f e r e n c e  t o  subuni t ,  7 .  

Oxldntlon of Proteins durlng Aging. Rodney L. Levine 7.8 
and Earl R. Stadtman. Laboratory of Biochemistry, National 
Heart, Lung, and Blood Institute, National Institutes of 
Health, Bethesda, Maryland 20892 USA 
Metal-catalyzed oxidation of proteins is implicated i n  a 
number of physiologic and pathologic processes, including 
the aging process. Oxidation is mediated by free-radicals, 
but the reaction is constrained to specific sites within the 
protein. This site-specificity is conferred by metal-binding 
sites normally present in the proteins. These oxidized 
proteins (1) are more susceptible to proteolytic degradation; 
(2) contain carbonyl groups in their side chains, providing 
a marker for the detection and quantitation of modified 
proteins; and, (3) acccrnulate during aging, causing 
decreased specific activity in many key enzymes. In 
mammalian cells, the multicatalytic proteinase degrades 
oxidized proteins while sparing their native counterparts. 
Studies of aging rodent liver and brain demonstrate dramatic 
decreases in the activity of the multicatalytic proteinase. 
These results suggest that the regulatory mechanisms which 
control synthesis of new proteins are able to monitor the 
presence of a particular protein, but they are unable to assess 
its functionai integrity. The roie of the specialized 
proteinase is to detect modified proteins and degrade them. 
This will cause a drop in total protein, that is, 
immunoreactive protein. The drop in protein can be sensed, 
leading to transcriptional or translational activation and then 
synthesis of new protein. Thus, proteinases can be 
intimately involved in gene regulation. The accumulation of 
oxidized, dysfunctional proteins during aging may therefore 
be the result of a deficiency of an essential proteinase. 
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7.9 REGULATION OF HSP72 EXPRESSION FOLLOWING 
PORPHYRIN PHOTODYNAMIC THERAPY 
Ryler, S.. Ferrario, A,, Luna. M., Rucker. N.. Wong, S ,  Gomer, 
C.J.; Depts. of Molecular Pharmacology 8 Toxicology, 
Pediatrics. and Radiation Oncology, University of Southern 
California, Childrens Hospital of Los Angeles, CA. USA, 90027. 

Photodynamic therapy (PDT), an experimental cancer treatment 
modality, utilizes a photosensitizer (Photofrin II) in combination 
with laser generated light for the site specific erradication 01 
tumor tissue. Singlet molecular oxygen may be the primary 
agent responsible for the cytotoxicity of PDT. Murine tumor 
cells were incubated with Photolrin I I  (25 pglml) lor 16 hr or 1 hr, 
localizing the drug in organelle membranes or plasma 
membranes, respectively. Following drug removal, cultures 
were irradiated with red light. and then pulse labeled 4-5 hrs 
post treatment with 35S methionine. The PDT treatments 
increased the expression of a number of stress proteins, 
including high molecular weight heat shock proteins (HSP72) as 
measured by SDS-PAGE and Western immunoblot analysis. 
Furthermore, mammalian cells treated in vifro with PDT 
developed transient thermtolerance. Gel shift assays using 
a muse HSP72 heat shock element (HSE) were positive for 
specific HSE binding activity in nuclear extracts from murine cells 
subjected to heat treatment, but negative from cells exposed to 
PDT. Likewise, an HSP72 promoter-CAT fusion produced 
heat inducible CAT activity when transfected into K-12 cells but 
failed to respond to PDT. These results suggest that increases 
in steady state levels of HSP72 mRNA and protein following 
Photofrin If mediated PDT may be regulated by post 
transcriptional mechanisms. The role of de novo mRNA 
synthesis in PDT mediated HSP72 expression will be 
evaluated using nudear run off transcription assays. 

7.1 1 INTERACTION OF A DNA-BINDING PROTEIN, DISTINCT OF 
SOXRS, WITH 5'-FLANKING REGION OF 3 PARAOUAT- 
INDUCIBLE GENES IN Em/;. 
X. Gidrol, 0. Johnstone, S. Farr. 

Department of Molecular and Cellular Toxicology. 
Haward School of Public health, Boston MA 021 15, USA 

Around 40 polypeptides are induced in E.co/i in response to 
superoxide generating compounds. The expression of nine 
genes seems to be under soxRS control. among them are 
micF, nlo, rink, sodA. soil 7, soi28 and zwf. in order to identify a 
possible concensus superoxide responsive element, the 5'- 
flanking regions 01 rnicF, nfo. and zwfwere compared. A region 
of strong homology was found between 100 to 50 bp 
upstream to -35. Similar homology was also found upstream of 
ndh, the gene encoding lor NADH dehydrogenase II in f. cob, 
although paraquat induction of this gene remains to be clearly 
established. Gel mobility shin assay were performed with each 
promotor region to characterize DNA-protein complexes, and 
to determine whether or not SoxRS was involved in the 
complex formation. A clear shift was observed due to a protein 
of approximately 50 kDa. Each 5'-flanking region competes 
with the others for this DNA-binding factor. suggesting that 
they all share a consensus sequence recognised by this factor. 
Genetic analysis demonstrated that this factor was neither 
SoxRS nor SoxQ. Another complex migrating faster was also 
identified in SoxRS overproducing strains and could be due to 
SoxRS. Paraquat treatment of cells provoked the release of 
the main factor we observed. This suggests that this factor is 
more likely acting as a repressor. We further observed that 
generation of superoxide in virro provoked the release of this 
DNA-binding protein, while hydrogen peroxide was inefficient, 
thus confirming the in vivo effect of paraquat. It would therefore 
appear that we have identified a second factor regulating the 
expression of many genes regulated by SoxRS. Foot-printing 
experiments have been performed to further characterise the 
binding region. The consensus sequence for this novel 
regulon. as well its physiological role will be presented. 

REPRESSION OFTHE EXPRESSION OF MnSOD 1N E .  COLl 
BY THE FUR AND ARC REGULATORY PROTEINS : 
FOOTPRINTING ANALYSIS 
B.Tardat and D. Touati 
Dcparrnicnt of Microbiology, Institut Jacqucs Monod, 
2 Placc Jussicu. 75251 Paris Ccdcx 05 - Francc 

Thc MnSOD cxprcssion is rcgulated in E .  cult i 11 
rcsponsc 10 several cnvironmcntal stimuli. Both 
global rcgulators Fur (fcrric uptake rcgulation) and 
Arc (acrobic rcspirat ion control) cont ro l  
transcriptionally thc MnSOD cxprcssion (1). DNasc I 
footprinting analysis of thc MnSOD promotcr with 
thc puri f icd Fur protcin and crudc cxtracts 
containing thc ovcrproduccd ARcA protcin. allowcd 
us to determine the overlapping footprints o f  the two 
proticns. Thc Fur binding to sodA promotcr i s  nictal 
dcpendcni; the footprint covers about 50 pb. i t  
ovcrlaps with ihc -35 promoter rcgion and the two 
potential Fur consensus sequcnccs ("iron box") o f  
the MnSOD promoter. The ArcA footprint covers a 
large rcgion (about 65 pb) downstrcam from thc T35 
promoter region. Binding of thc ArcA protcin to DNA 
i s  obtaincd with preparations madc in  anacrobiosis 
or acrobiosis as well. although thcrc i s  no in vivu 
repression o f  MnSOD by ArcA in acrobiosis (2). 
Hydroxyl radical footprinting assays showcd that thc 
ArcA proicin intcracts wiht thc DNA at only onc face 
of thc doublc hclix. Purification o f  thc protcin i s  in 
progress. Thc results support thc finding niadc i n  
v i v o ,  thai onc effcctor alone is enough to rcpms the 
MnSOD in anacrobiosis. 

(1) Tardat B . ,  Touati B.  (1991) 

7.10 

Mol. Microbioi. 5:455 

INHIBITION OF c-myc EXPRESSION IN IIL-60 CELLS 7.12 
INDUCED TO DIFFEKENTIATE BY 4-HYLIROXYNOKENAL. A 

PRODUCT OF LIPID PEROXIDATION 
R. Muraca, G. R a r r e r a  and M.U. Dianzani 

Department of Experimental Medicine and Oncolo- 
gy, G e n e r a l  Pathology, U n i v e r s i t y  o f  Tor ino,  
Corso R a f f a e l l o  30, 10125 Tor ino,  I t a l y .  

Repeated treatments w i t h  1 pM 4-hydroxynonenal 
( H N E )  are able t o  inducc d i f f e r e n t i a t i o n  i n  H L -  
60 human leukemic c e l l s .  D i f f e r e n t i a t i o n  p ro -  
cess  has been e s t i m a t e d  by a c q u i s i t i o n  o f  
phagocytic a b i l i t y ,  product ion of chemilumine- 
scence a f t e r  s o l u b l e  o r  co rpusco la te  s t imu la -  
t i o n ,  changes i n  enzymatic a c t i v i t i e s .  
S ince  s e v e r a l  s t u d i e s  demonstrated t h a t  t h e  
i n d u c t i o n  of d i f f e r e n t i a t i o n  i s  r e l a t e d  t o  a 
modulat ion o f  c-myc expression, we anal ized the 
l e v e l  of c-myc m R N A  a t  d i f f e r e n t  t i m e s  a f t e r  
the beginning o f  H N E  t reatments.  O u r  r e s u l t s  
demonstrate a s t rong and progress ive i n h i b i t i o n  
o f  c-myc expression d u r i n g  the incubat ion w i t h  
H N E .  A t  the end of t he  t reatments and f o r  t h e  
f o l l o w i n g  4 - 5  h o u r s  c-myc mRNA was a lmos t  
undetectable;  then t h e  t r a n s c r i p t  amount in -  
creases p r o g r e s s i v e l y  and r e t u r n s  t o  the con- 
t r o l  l e v e l s  24 hours a f t e r  the beginning of H N E  
treatments. 
These d a t a  seem t o  i n d i c a t e  t h a t  H N E ,  l i k e  
o the r  d i f f e r e n t i a t i o n  inducers, may ac t  through 
modulat ion of c-myc expression. 
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Session 8 

Oxidant and Antioxidant Reactions in Plants 
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8.1 MICROLOCALIZATION OF SCAVENGING ENZYMES 
FOR ACTIVE OXYGEN IN CHLOROPLASTS 
Kozi Asada 
The Research Institute for Food Science 
Kyoto University. U j i .  Kyoto 611. JAPAN 

Chloroplasts photoproduce superoxide in 
the autooxidation of the membrane-bound 
electron arriers in PSI at a rate of 
0.2 mM s -  . O2 and H202 are estimated 
to be lowered to 1 nM and 100 nM, 
respectively. by SOD and ascorbate 
peroxidase (APX) assuming their uniform 
distribution in whole chloroplasts. 
However, when H202 was added to chloro- 
plast through the envelope at only 10 
nM s-', the photosynthetic activity was 
lost, indicating that chloroplasts can 
effectively scavenge the active oxygen 
produced in the thylakoids but not that 
administered through the envelope. In 
accordance with these observations, APX 
occurs in a thylakoid-bound form in 
addition to that localized in the 
stroma. Thylakoid-bound APX is enriched 
in the stroma thylakoids where PSI is 
localized, and functions as the primary 
scavenging system. The stroma APX would 
scavenge the H202 which is failed to 
scavenge in the primary system. 
Molecular properties of the two APXs in 
chloroplasts and the regeneration 
systems of ascorbate from monode- 
hydroascorbate radicals in the two 
scavenging systems are presented. 

E -  

8.3 DETECTION OF A GLOBIN-DERIVED RADICAL FROM 
LEGHEMOGLOBIN : POSSIBLE PROTECTIVE EFFECT OF 
GLUTATHIONE. 

P u p p  Alaina and Davics Michaelb 
"Laboramire de Biologic VCgtlale et Microbiologic.URA CNRS 1 114. 
Univcrsitt5 de NiceSophia Antipolis. 06034 Nice Cedcx. France and 
bDcpartmcnt of Chcmisuy. University of York. York. YO1 5DD. U.K. 

Mctlcghcmoglobin (MelLb). the iron (Ill) form of the rnyoglobin-like 
oxygen carrying protein from the root nodulcs of leguminous plants. IS 
known to react with H2@ IO generate Lb (IV). This intermediate is one 
oxidising equivalent above the initial level. We have shown that the 
second oxidising equivalent from the peroxide is rapidly transfmed into 
thc surrounding protein generating a protein radical in  a reaction 
analogous to that observed with metmyoglobin ; this species has bcen 
dctcctcd by ESR spectroscopy. It  appears to be formed by electron- 
transfcr within the prolein rather than by the generation and subsequent 
rcaction of hydroxyl radical. The ESR signal of this species is 
consislent with the formation of a tyrosinedcrivcd phciioxyl radical. 
Similar reaction systems conmining intact mclLb have been shown to 
stimulate lipid pcroxidation in the pcribactcroid membrane which 
surrounds the microsymbiont in functioning nodulcs. This stimulation 
has been shown however not to be medialcd by the Lb (IV) ferry1 
spccies ; it is therefore suggested that this may be occuring v ia  a 
reaction of h e  protein radical. Such a process is consistent with the 
inhibition of both radical formation and membrane peroxidation by 
salicylate and thiourea. 
These processes can also be ameliorated by h e  presence of glumthionc 
(GSH). which is present at high concentrations in  vivo. This compound 
has been shown to reduce Lb(lV) to meLb. with h e  concornitam 
oxidation of GSH. This process is comparable to h e  previously 
dcscribcd pscudoperoxidatic activity of Lb. Furthenore. GSH has bcea 
shown to significantly inhibit the formation of the globin-derived 
radical in metLb treated with H 2 0 ~ .  These rcactlons indicate that h i  
hydrophilic molecule can interact with both the protein radical and Ihc 
hcmc group ; the later process is probably favourcd by clie large, open. 
hcmc pocket of Lb. These proccsscs may constitute a protective 
mcchanism for the nitrogen-fixing system in lcgume r(mt nodules. 

8.2 

METIiYL VIOIDGEN - INDUCED FORMATION OF 8.4 
FREE RADICALS IN CHLOROPLASTS 

Reiner F .  Haseloff, Heiko Hlrtel*, Bernd Eherto. Ingolf 
E. Blasig 
Research Institute o f  Molecular Pharmacology, Alfred- 
Kowalke-Strasse 4. D-l 134 Berlin. F.R.G.; *Humholdt 
University. Iiistitute of General Botany, Berlin, F.R.G.;  
~Physikalisch-Technische Bundesanstalt, Berlin, F . R . G .  

The  generation of free radicals in chloroplasts of wheat and 
lettuce was investigated under various conditions i n  the 
presence of methyl viologen (MV2+) by means of electron 
spin resonance and spin trapping using 5,5dimethyl-l-  
pyrroline-I-oxide (DMPO). An increase in the formation of 
different Iadical species, including oxygen free radicals, was 
o h s e r v d  depending on the concentration of MV2+,  the light 
intensity and h e  amount of chloroplasts. The monocation 
radical o f  MV2+ (MV' +) accumulated in the light under 
conditions of  exhaustion of oxygen and vanished in the dark. 
The disappearance o f  this ESR signal was strongly dependent 
on the amount o f  chloroplasts both for wheat and lettuce, 
indicating the transfer of electrons from MV*+ to acceptors 
within the chloroplasts. NADPH stimulated and NADP+ 
decreased the formation o f  reactive oxygen species. The 
addition of the NADPH-specific enzyme glutathione reductase 
diminished the DMPO-OH signal both in the absence and in 
the presence o l  MV2' . This is explained by the restoration of 
the NADP + -p i )oI  by the action of the enzyme. 
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8.5 EFFECTS OF 7,s-DIHYDROXYFLAVONE ON GLUTATHIONE 
DEPLETION AND LIPID PEROXIDATION IN 

BROMOBENZENE INTOXICATION 
Alcarar,M . J . ,  Fem4ndiz.M.L.. Sanz,M.J., Monte.sinos,C., PayA,M. 

Dpto. Farmacologh Fncultad de Farmacia. Universidnd de 
Valencia. Blasco I M e z  13. 46010 Valencia, Spain. 

7.8-Dihydroxyflavone is a phenolic compound exerting antioxidant 
effects in wirro and able to protect isolated hepatocytes against 
xenobiotic toxicity (1). We have investigated the in viw anti- 
hepatotoxic effecls of this flavonoid in bromobeolene treated mice 
(2). Test compounds were administered p.0. 4 hr after bromobenzene 
(9 mmoleskg). Blood samples were taken and animals were killed 
17 hr later. Bromobenzene-iiduced toxicity was counteracted by the 
flavonoid in a dose-related maaner with a better potency than 
silymarin and it was able at the highest dose tested (200 mgkg) to 
bring serum glutamate-pyruvnte transaminase levels close to those 
measured in non-intoxicated animals. Only those mice treated with 
silymarin (400 mgkg) o r  7,8dihydroxyflavone (200 mgkg) showed 
a significant reduction in the values of thiobarbituric acid reactive 
substances. This dose of the latter fiavonoid nearly abolished lipid 
peroxidation. Bromobenzene induced a depletion in both reduced and 
total glutahione levels by 8 and 5 fold, respectively. la silymarin- 
t r e n d  mice, only those receiving the highest dose preseuted 
significant increases in both paramelem, while for 7,s- 
dihydroxyflavone there was a dose-related increase in reduced 
glutathione (9.2k1.9 nmoleslmg protein at 200 mgkg, against 
3.7 kO.5 in bromobenzene control and 30.1 f 1.8 in non-intoxiwted 
control). The inhibition of b romobne- induced  toxicity by 7,8- 
dihydroxyflavone is likely related to its effect on glutathione levels 
as well as to a direct action as antioxidant, affording protection 
against oxidative stress. 
( I )  M 6 n ,  M.T., Ubeda, A,, Alcaraz. M.J. Z Nafuforsch. 47c, 94 
(1992). (2) Comporti. M., Maellaro. D., Del Bello, B., Casini, 
A.F. Xenobiorica 21, 1067 (1991). 

8.7 DECREASE OF OXYRADICALS-RELATED ENZYMES 
ACTIVITIES IN PEARS DURING STORAGE OFTHE FRUITS 

AT DlFEERENT TEMPERATURES 

H. Iludinl*, M. Vanoil**. C. Visal**, M. %in1 

i~rparimrnf  ./*Chemistry and 8iochemirrry. f/nrver.~ily o/L?olog~, iraly 

* *  lmrrrwr oJArboricullure ond Fruii Sricnre, Univer.wy o j M ~ l u m .  ltoiy 

'llic fciniialion (if oxygen radicals niediaied reactions during h i t  repming and 
storage i s  an event involved in the dcterioration t ~ f  the fruits. 
We studied the bchaviour of cntalax: (CAT), gluiathtonc prmridare (GPD) and 
sujxrimdc disniulasc (SOD) activilics in mature pears stored at D'C and 21 'C 
fin 7 and 14 days. In comparison to the fresh fruits. ihc more acceniwcc 
rrduction of all enzymatic activities was observed aficr 7 and 14 days o f  s t w 6  g ; 
41 21'C. nspectivcly. Also at O'C there was a reduction of SOD and GPD 
activities after 7 and 14 days of siorage while less evident was the durrement of 
CAT activity; moreover in the pcars after thc 14 days of storage at both 
lcmpcraturcs lhcre was a significant increase in the levelof TEARS. Thcscdata 
Lcinfirniihal the formationoforygcndcpendcnldamagcsarcprobahlyca~cd by 
a rcduction of the enzymatic oryradicals-scavenger activities. 

FREE RADICAL SCAVENGING, ANTIOXIDANT AND ANTI- 8.6 
HEPATOTOXIC ACTIVITY OF SILIPIDE 
R.Carini,A.Comoglio,E.Albano,H.Basaga*,G.Poli. 
Dept.Exp.Medicine and Oncology, University of 
Torino, Italy, Dept. of Sci.Educ., Middle East 
Technical University, Ankara, Turkey*. 

The Sylibum Marianum flavanolignans are consi- 
dered for therapeutical approach of human liver 
diseases. We report here on the hepatoprotecti- 
ve effects of the silybin-phosphatidilcholine 
complex Silipide (IdB 1016). In liver microso- 
mes prepared from rats treated intragastrically 
with Silipide, the MDA production induced by 
NADPH, CC14 and cumene hydroperoxide as well as 
the ESR signals detected after addition of 
ADP/iron, methyl hydrazine and CC14 were signi- 
ficantly decreased compared to controls. We 
have also evaluated whether the antioxidant and 
free radicals scavenging properties of Silipide 
were associated with a protective action 
against oxidative injury to the liver. Lipid 
peroxidation and cell damage induced in isola- 
ted hepatocytes by cumene hydroperoxide, ally1 
alcohol and CBrC13 were partly or completely 
prevented following both in vivo or in v i t r c  
administration of Silipide without interfering 
with the mechanisms of toxicity of these com- 
pounds. This confirmed that the antioxidant and 
free radical scavenging capability of Silipide 
can counteract the hepatotoxic effect of diffa- 
rent compounds and indicated the potential 
therapeutical uselfulness of Silipide. 

8.8 \NTI-OXIUANT ACTIVITY OF CHINESE HERIIS 

I h  Grng-Tno 

Dcpurinuru oJPhormarulo~y. / m i  irwe oJ Adairria Medico. 
Chinrse Arurlony of Mrildrol .S~-LCWCI. I)rijlnX IOl(1SO. Chrnr, 

The anti-oxidmt aciivi iy of 9 coiiqxiund.; is<il;iicd froin -, a 
tradilional Chincnc tonic. were studied in v i i ro  and viva). 7 out of 9 
dibcnzocyclwctcnc lignans were shown tosignillcanlly inhibit Iipidpcroxldai ,*In 
of liver microscimcs induced hy irodcyslcinc and VII CINAVI'H as well  as the 
gcncratiiin 01 siilxroridc anion in xanthinc oxtdase \ystcm The lignans aisa 
inhibited lipid pcroxidaiion of  freshly isolatcd rat hcpalwytes. Scanning 
clcclromicrograpli showed h a t  l l i c  damages ol ihc surldccs of hcpatwyics were 
markedly prolcctcd In addilicin. the hcnwlysis of i d 1  crythrwytcs. dcplc 
-SH group and fonnaiion o f  high nlolcculu aggrcgatc of ghwl mcrnhran; w,;-. 

all counteracted. Or the 7 cffcciivc lignans. schisaiihcnc,l (Sal) was ihc rim 
aclive and even niorc than vitamin E. Sal was fiailier found to nntagontx 
adriamycin-induced rat hean milcrhondria inpry. Rui Sal has no influence on 
the ad-t imior  aclivily of adrianiycin Sal and scvcr.i iill~cr hgnans have the 
ability to scavenge oxygcn free racltcals dctccicd hy ESK. 
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8.9 FLAVONOIDS ISOLATED FROM CLERODENDRUM IhDICUM 
L. AS INHIBITORS OF LIPID PEROXIDATION 

Terencio, M.C. , Ubeda, A., Alcaraz, M .J. 
Gunasegaran, R..* Ramachandran Nair, A.G.* 

Dpto. Farmacologia. Facultad de Farmacia. Universidad de 
Valencia. Blasco Ibiiiez 13. 46010 Valencia, Spain. 

'Department of Chermstry, Pondicherry University, India. 

The leaves of Clerodendrum Indicum L. are traditionally used in 
Indian folk medicine against inflammatory disorders. Since the 
s - i e s  of the same genus are rich in flavonoids, phenolic 
compounds endowed with anti-inflammatory and antioxidant 
properties. we have considered of interest to study the influence of 
flavonoids isolated from the above species on microsomal lipid 
peroxidation. Lipid peroxidation was induced in rat liver microsomes 
by F d 0 4  laxorbate. Products of peroxidation were measured by the 
thiobarhitunc acid method, using I ,  1,3,3,-tetramethoxypropane as 
external standard. All compounds were active at the initial screening 
concentration of 100 pM and they were tested further at a range of 
concentrations to calculate the half maximal inhibitory concentration 
(ICso). Some other commercially available flavonoids have also been 
tested to permit the establishment of structure-activity relationships. 
Nepetm was the most potent compound with ICso =7 pM, which is 
in the range of synthetic antioxidants such as propyl gallate. 
Hispidulin, scutellarein and scutellarein-7-O-glucuronide showed 
Ic50 belween 40 and 60 pM. All the active compounds were 
polihydroxylated at positions 5 and 7, with one or more hydroxyl 
groups in ring B. As obxwed in previous work, the presence of a 
catechol group in ring B increases the activity ( I ) .  

( I )  Mora, A.. Pay& M., Rios, J.L., Alcaraz, M.J. Eiochem. 
Phannacol. 40, 793 (1990). 

8.1 1 A COMPARISON OF THE ANTI-HEPATOTOXIC ACTIVITY OF 
GOSSYPETIN DERIVATIVES IN MICE 

Sanz, M.J., Cejudo. M., Ferrindiz, M. L., Pay& M., Alcaraz. M.J. 
Gunasegaran, R.*, Ramachandran Nair, A.G.* 

Dpto. Farmacologia. Facultad de Farmacia. Universidad de 
Valencia. Blasco Jbhiez 13. 46010 Valencia, Spain. 

*Department of Chemistry, Pondicherry University, India. 

Since flavonoids are known to possess free radical scavenging 
properties as well as they inhibit drug-induced lipid peroxidation and 
show a membrane-stabilizing action, we have investigated the effect 
of different flavonoids, gossypetin, its glucoside gossypin and its 
glucuronide hibifolin, on the enhanced lipid peroxidation following 
glutathione depletion induced by bromoberuene in mice (1). Animals 
were starved overnight and bromobenzene was administered 
intragastrically at the dose of 9 mmolkg. Control mice received 
vehicle alone. Flavonoids were given orally 4 hr after bromobenzene 
poisoning at doses between 150 and 50 mgkg. Liver damage was 
assessed by measuring serum glutamate-pyruvate transaminase 
(SGPT) levels. Lipid peroxidation was estimated in liver 
homogenates as tissue content of malondialdehyde. Marked 
differences were seen among these 3 flavonoids concerning their 
inhibitory action. The treatment of mice with gossypin after 
bromobenmne-intoxication completely prevented liver necrosis in the 
animals sacrificed 17 hr after poisoning (97% inhibition of SGPT 
level at the dose of 50 mgkg) and it caused an inhibition of lipid 
peroxidation over 50% at the dose of 150 mgkg.  However, hibifolm 
did not show any anti-hepatotoxic effect when it was administered 
orally after bromobemne intoxication. Based in these results it 
seems that the introduction of glucuronic acid highly decreases the 
protective activity on liver damage as we observed previously when 
comparing their anti-inflammatory properties (2). 
(1) Comporti, M., Maellaro, D., Del Bello, B., Casini, A.F. 
Xewbiorico 21, 1067 (1991). (2) Ferrindiz, M.L., Alcaraz. M.J. 
Agents Anions 32, 283 (1991). 

INHIBITION OF LIPID PEROXIDATION BY 8.1 0 
LAUDANOSOLINE AND OTHER BENZYLISOQUINOLINE 

ALKALOIDS 
Montesinos. M.C., Ubeda. A,,  Terencio, M.C.. Alcaraz. M.J. 

Dpto. Famcologia .  Facultad de F a m c i a .  Universidad de 
Valencia. Blasco I b 6 e z  13. 46010 Valencia. Spain. 

I t  has been demonstrated that some hiroclaurine alkaloids behave as 
superoxide ion scavengers in free radical generation by 
polymorphonuclear leukocytes (1). Besides, other types of 
henzylisoquinoline alkalaloids can inhibit microsomnl lipid 
peroxidation induced by several methods and superoxide generation 
in a non-enzymc system (2). Thus, we have studied further the 
antioxidant and free radical scavenging properties of 
benzylisoquinoline alkaloids. Lipid peroxidation was induced by 
FeS04/ascorbate In rat liver microsomes and the products of 
peroxidation were estimated as thiobarbituric acid-reactive 
substances. The evolution of the peroxidative process with time and 
the influence of the tested compounds were also studied. The 
superoxide scavenging ability of compounds was tested using the 
phenazine methosulfate-NADH-initiated nitroblue tetrazolium 
reduction. The simple benzylisoquinoline laudanosoline, was the 
most potent inhibitor on both test, it behaved as a superoxide 
scavenger with ICso=4Op M and as an inhibitor of microsomal lipid 
peroxidation with ICso=7 pM. The structurally related compound 
protopapaverine, exerted lower effects. All the aporphines assayed 
showed antiperoxidative effects with 1Cso in the range of 20 pM. In 
this respect apomorphine was the most active compound, with a 
behaviour similar to laudanosoline. Nevertheles they showed a very 
weak scavenging action. The main structural feature of active 
compounds is the presence of phenolic hydroxyl groups . 
(1) Matsuno. T.. Orita, K.,  Sato, E., Nobiori. K., Inoue, B.. 
Utsuini, K. Eiorhem. P h a m c o t .  36, 1613 (1987). 
(2) Rios, J.L.; Cholbi. R.; Huguet, A.1.; Mora, A,; Mafiez, S.; 
Paya, M.; Alcaraz, M.J. Planta Med. 56, 64.5 (1990). 

FLAVONOIDS AS INHIBITORS OF CYTOCHROME P-450 
ACTIVITY IN RAT MICROSOMES. 

Ubeda. A., Esteve, M.L.,  Alcaraz, M.J., 
Slater, T.F. *, Cheeseman, K.H.* 

Dpto. Farmacologia. Facullad de Farmacia. Universidad de 
Valencia. Blasco I h 6 e z  13. 46010 Valencia, Spain 

* Department of Biology and Biochemistry. Brunel University. 
Uxbridge, Middlesxx UB8 3PH. U.K.  

Flavonoids are natural compounds with a wide range of biological 
activities.They are present in the diet and can exert a modulating role 
in the metabolism of xenobiotics acting as inducers or inhibitors of 
cytochrome P-450 mediated reactions (I), an enzymatic system of 
great interest in the bioactivation of different toxins and carcinogens. 
Flavonoids can inhibit lipid peroxidation (2). which has been related 
to their free radical scavenging or chelating properties. On the other 
hand, their interference with cytochrome P-450 activity can also 
contribute to this action. We have used rat liver microsomes to test a 
series of flavonoids on aminopyrine demethylase activity. The lC50 
of the most potent compounds were: flavones chrysin (40pM) and 
luteolin (64pM); biflavone amentoflavone (42pM) and flavanone 
eriodictyol (85pM). We have also established some structure-activity 
relationships. It comfinns the importance of 5.7 dihydroxylation in 
ring A; flavones were more active than their respective flavonols; 0- 
glycosylation abolishes the activity. Flavonoids inhibit CCI4-induced 
lipid peroxidation (2), which is related to free radical generation due 
to its bioactivation by the NADPHqytochrome P-450 system. Our 
results suggest that flavonoids effects can be related to the Inhibition 
of cytochrome P-450 activity. 

(1) Beyeler, S., Testa, B., Pemssoud, D. Eiochem. Phormacol. 37, 
1971 (1988). 
(2) Cholbi, M.R., Pay& M., Alcaraz, M.J. Erperienrcc~ 47, 195 
(1991). 
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8.73 INTERACTION OF THE NEW SILYBlN COMPLEX IdB 1016 
WITH ETHANOL-DERIVED FREE RADICALS- 

A. Comoglio, E. Albano, A. Tomasi” and G. Poli. 
Dept. Exp. Medicine and Oncology, University of 
Turin and “Inst. of Geri. Pathology. University of 
Modena, Italy. 

Ethanol metabolism by CYP2El produces free 
radical intermediates, identified as hydroxyethyl 
radicals. We have observed that the oral pre- 
treatment of rats with IdB 1016 (Silipide), a new 
1 : l  complex of silybin with phosphatidyl-choline, 
is able to decrease by about 40% the spin trap- 
ping of hydroxyethyl radicals in microsomes from 
both control and chronic ethanol-fed rats. This 
effect is not due to an interference with cytoch- 
rome CYP2El functions o r  with the metabolism of 
ethanol by CYP2E1, but i s  rather related to the 
capacity of  silybin molecule to scavenge hydro- 
xyethyl radicals. Further experiments in v i v o  
have shown that IdB 1016  administration is a l s o  
effective in decreasing the amounts of hydroxyet- 
hyl radicals detectable in the bile of  rats 
acutely treated with ethanol. Such an effect is, 
however, los t  when pure silybin in amounts compa- 
rable to those present in IdB 1016 is administe- 
red instead, probably because of the low bioavai- 
lability of the uncomplexed flavonoid. The abili- 
ty of Id6 1016 to scavenge ethanol-derived radi- 
cals along with its antioxidant activity makes 
this drug a potentialy usefull agent to counte- 
ract the oxidative damages caused by ethanol. 
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Session 9 

Ischemia-Reperfusion 
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9.1 CELLULAR CHANGES LEADING TO CELL DEATH FROM 
IiYPOXIA AND OXIDATIVE STRESS. 

J..l.l,emasters 

L)cporfrnuu o/Ce/l Lltulo~y B Anriimny. Umwr\iiy ofNorih C o r o l i ~  
ChqwI / / ‘ / I ,  U S  A 

Acuic hylwxic and toaic injury Initiates n scqwncc ofccllularevents culminaiing 
in cell dcarh. In hcpat~xy!cs. onc o f  tlic earlicst svuctural changes which can he 
observed i s  the formation of cell surf.icc hlchs There hlchs. which seem to  

reprcseni the detachment of the pla5nia niemhrane from the underlying conical 
cytoskcleton.grow andcoalcscc until I 10 a few large terminal blcbsrcmain. Cell 
dcath is precipitated by rupiure ofa  ierminal hlch with loss of cymsolic enzymes 
and metah)lic inlernluliatcs and collapse of all ion and electrical gradients 
across the plasma membrane. In hypn ic  hcpatocytes and neonatal myocytcs. 
plasma membrane hreakdown also marks ihe transition from revcrsihlc to 
irrcvcrsiblc injury. Inhibition o f  mit(rhondr!al ATI’ production is a common 
featurr of bah hypuxia and oxidative stress. In bolh I ~ J U I I ~ S .  mitochondria1 
mcmbranc p,tential is prescwcd for 15-40 minutes. hut then is ahruplly lost. 
possibly bccause of a mitochondria1 pcrnicability transition. Following 
milochondrial dcpt)larization i s  breakdown of lysi~somcs. Thc latter cvent is 
closcly foliowed by plasma membrane lysis and loss o f  cell viability. Acidotic 
intraccllular pH retards the onset of  cell death during hypoxia and oxidative 
sucss. an event associalcd with supprcssion of phospholipase activity but not 
withprcvcntionofblcbformation. Uuringrcperfusionofischcmiccclls.pH rises 
sharply and precipitates lethal injury independently of reoxygenation. This ‘pH 
paradox‘niay bc a mayorcausative factor in rcpcrfusicin injury tohcart. liver and 
other organs. 

9.3 INVOLVEMENT OF FREE KADlCALS IN THE 
REPERFUSION INJURY: 

PREVENTION IIY INFUSION OF SPIN TRAPS. 

S. Hradamantr, E. Monti *, L. I’arncrhlnl. F. Plccinlnl 

‘CNH - Ceruro Spcc~oli Si.\remi Orgonici 
lsfifuo di Formarolojiio Univer.cifd di Milono. lfoly 

The causal rolcof frcc radical generation during ischemia andlor reperfusion was 
evaluated by observing the effects of spin mps .  bccause of their sclcctivc  anti^ 

radical properties. a-Phenyl-t-butyl nitronc (PRN) was used for the followmg 
reasons: a )  it reacts with many oxygen- and carbon-centered radicais: b) it was 
shown to be devoid ofcardiotoxic effects up to 2.5 mM in dogs and up to 5 mM 
in rats; c) it is taken up by myocardial cells and partitions lo subcellular 
organelles including mitochondria. which i s  a major site of radical produclion. 
Langendorff isolated rat hcaru were suhjectcd 10 low flow ischemia (reduction 
ofthe individual coronary flow to 104; perfusion solution N,-saturated); aftcr 
1 hr ischcniia oxygenated solution was infused a1 the normal flow rate. During 
ischemiatheL-unuactiIiiy(KPP) fcllmnearmro.phosphocreatinc(PCr)to 3510. 
ATP to 50%; cmatin-phosphokinase (CI’K) rosc 7 fold and Pi 1.5 fold; pH was 
nmmodificd. Duringrcpnfusion.allprramc~cnrecovered in part: PRNdevelopd 
a marked protective activity on all iested paramctcrs which gained a nearly 
normal value. The prcscnt investigationconfirms ihatradicals play a significant 
role in the reperfusion injury. The protcction cxericd by PRN might h related to 
thc continuous although reduced perfusion of the spin trap during the ischrmic 
period. lcading 10 a higher level ofavailahlc drug in the time window critical f(n 
fme radical prcduciion. This conclusion is supponed by the comparison of  lhhc 
cffwts cxcrtcd by PRN in case of 30 min of total ischemia. 

O X I D A T I V E  STRESS DURING ISCHAEMIA/ANOXIA A N D  R E -  9.2 
OXYGENATION: SIMILARITIES A N 0  DIVERGENCIES DE-  
PENDING ON THE EXPERIMENTAL MODEL 
G e r b e r ,  G .a ,  Ungemachb, F.-R. ,  S i ems .  W.a, 
Grunea ,  T . ,  K leeb ,  S. 
“ K n s t i t u t  f u r  B iochemie ,  M e d i z i n i s c h e  F a k u l t a t ,  

H u m b o l d t - U n i v e r s i t a t  z u  B e r l i n ,  H e s s i s c h e  
S t r .  3 - 4 ,  0-1040 B e r l i n  

b I n s t i t u t  fur Pharmako log ie  und T o x i k o l o g i e ,  
F r e i e  U n i v e r s i t a t ,  K o s e r s t r .  29. W-1000 B e r l i n  33 
Germany 

Oxygen d e f i c i e n c y  and r e o x y g e n a t i o n  i n i t i a t e  d r a -  
m a t i c  p e r t u r b a t i o n  i n  e n e r g y  me tabo l i sm,  membrane 
c o n s t i t u e n t s ,  i o n i c  c o m p o s i t i o n  and t h e y  i n i t i a t e  
o r  a r e  accompanied by oxygen a c t i v a t i o n .  The c a u s e  
and s e q u e n c e  of  s u c h  v a r i a t i o n s  are  h i g h l y  impor-  
t a n t  w i t h  r e s p e c t  t o  b a s i c  p r i n c i p l e s  of metabo- 
l i c  r e g u l a t i o n  a n d  c e l l u l a r  i n t e g r i t y  a s  well a s  
t o  m e d i c a l  i m p l i c a t i o n s  i n  d i a g n o s t i c s  a n d  t h e r a -  
PY f 

Rat l i v e r ,  h e p a t o c y t e s  and  smal l  i n t e s t i n e  are  
s u s c e p t i b l e  a g a i n s t  o x i d a t i v e  stress. The re- 
s p o n s e  of t h e s e  s y s t e m s  on a n o x i a / i s c h a e m i a  and  
r e o x y g e n a t i o n  w i l l  be  d i s c u s s e d  w i t h  r e s p e c t  t o  
- X a n t h i n e  o x i d a s e  m e d i a t e d  p u r i n e  breakdown and  

s u p e r o x i d e  r a d i c a l  g e n e r a t i o n  
- L i p i d  p e r o x i d a t i o n  and  me tabo l i sm of a l d e h y d e s  
- G l u t a t h i o n e  s y s t e m  and  i n t r a c e l l u l a r  c a l c i u m  
- P r o t e c t i v e  a c t i o n s  of a l l o p u r i n o l ,  o x i p u r i n o l  

and s u p e r o x i d e  d i s m u t a s e .  

S u p p o r t e d  by Deu t sche  F o r s c h u n g s g e m e i n s c h a f t  

IN VlVO ESR STUDIES ON RADICAL REACTION 9.4 
DURING FEMORAL ISCHEMIA-REFERFUSION 

INJURY OF MICE 
Sadao Masuda. Hideo ULsumi. and Akira Ilamada. 

Department of Health Chemistry. School of Pharmaceutical Science<, 
Showa University. Hatanodai. Shinagawa. Tokyo 142. J A P A N  

Previously, we measured nitroxide radicals after administered i n l o  
femoral muscle of mice using in V ~ V O  ESR. and demonstrated the 
diffusion and reduction of radicals i n  muscle. These phenomena alw 
depended on ischemia-reperfusion injury of femoral musclc in  inice. 
Spin labeled compound, amino-TEMPO, was injected into femoral 
muscle of mice after occlusion and M o r e  reperfusion and found t l ~  
the spin clearance increased by ischemia-reperfuslon injury. In  the 
present paper. we investigated !he effect of SOD on the radical reaction 
during ischemia-reperfusion injury. 

Female ddY mice (18-25g) were anesthetized with the injection of 
pentobarbital (I30mg/kg). Ischemia was prepared by tieing thigh with 
a thread for 20min, and then followed with reperfusion. Amino- 
TEMPO was dissolved in isotonic buffer (10mM sodium phosphate. 
pH 7.4) at lOmM concentration. SOD was dissolved in the solution 
containing spin labeled compound. 50pl of amino-TEMPO solution 
with or without SOD were administered to the left femoral muscle of 
mice and ESR spectrum was successively observed with in VIW ESR 
spectroscopy. After that, the right femoral muscle of the same mice 
was occluded. One minute before reperfusion. amino-TEMPO solutlon 
with and without SOD was administered to right muscle, and ESR 
spectrum was observed after reperfusion. 

ESR spectrum of lOmM amino-TEMPO in muscle consisted of 
sharp triplet lines. The signal decreased obeying first order kinetics. 
and the rate constant was calculated from the decay curve. The ratio of 
the clearance constant at right thigh to those at left one was used to 
estimate the effect of SOD on the radical reaction during ischcmia- 
reperfusion. Occlusion and reperfusion treatment of the right thigh 
increased the ratio, indicating that ischemia-reperfusion injury 
enhanced the radical reduction. The ratio of wirhout SOD was 
significantly smaller the mouse than that with SOD. indicating the 
contribution of 0 2 .  to nitroxide reduction in muscle. 
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9.5 KINETICS OF ACTIVATED OXYCEN PRODUCTION AND 
LIPID PEROXIDATION IN ISCHEMIA A N D  REPERFUSION 

I..C. III<NOV A K U  V.I. M A R K O V A '  

Dcporfmnf of Biophysirs, Medtcul In\irrurr. 0000 Slara 75gora 

*Dcporfmnr of BiophysirJ. Mediral InsfUuie, 5800 Pleven. Bulgaria 

Kcactivcoxygcn fonnatian and lipid pcroxidation liar k e n  suggested tocmtnhute 
to brain injury associated w i h  ischemia and repcrfusinn. In this study lucigenin- 
enhancedchemilumine~encc wasuscd ~ O C V ~ I U Q ~ C  oxygen frcc radical production. 
Conlugaid dicnes. lipid hydrtipcrtixdcs, tliioharhitunc acid-reactive material 
and fluorescence prnducu were mearun!d to estiniaic lipid peroxidation durmg 
ischemia and rcpcrfusion of rat h r i n  tissuc In vitro Chemtluminescence 
markedly inereaced to a pcak dunng the first scvcral iiiinutcs of reperfusion 
followed by a slow decline LO a stcndy statc level Light eniission was inhibited 
by SOD, thiols (GSH. D-pcnicill;lminc), navonolds (qucrcctin. rutin. catechin). 
but no1 by iron chclalors. Statistically significant incrcax of lipid peroxidation 
priducu was observed not carlicr than 20 min aftcr llic onset of =perfusion. 
During chis period, dccreass of GSH cuntcnl and of gluvatliione pcroxidase and 
glutalhionc rcductase activities was observed. The lag pcriod was shonened hy 
FcCI, or by additional source of supcroxidc Kcperfusion-induced lipid 
pcroxtdation was inhibited by chain breakers (hutylatcd hydrnxyloluene. alpha 
tocopherol), irnn chelators, Ihiols, navonciids hut not by calillase. HO and lo, 
scavengen. SOD incrcascdthc lag phascduration hy rc,inccnnation-depndcnt 
manner. Based on these results the frillowmg scqucncc of evcnts has k e n  
proposed to take place in rcpcrfiiscd tbssue: aIni i i \ i  ~ninicdiatcly aftcr the onset 
nf reperfusion drastically increascc tlic pnuliicuon i,r c,rygcn-dcrtvcd free 
ndicals. Thcscs~ ic sdan lageson ic  ofthcccll  protccimg byTrcrns anddecrease 
GSH Icvcl. They seem tu c a u ~  Iihcration ( d  iron f r m i  11, hrorcs which plays Ihc 
key TOIC in the initiation of peroxidation 

9.7 SOUHCES OF N RAIXCAL <;ENERATION AFTER 
I N A L  REPERFUSION 

U. Poch, M.H. Schoenhcrg, U. Nilsum, S. Mngedurn, H.G. Beger 

Depr of(;ccrul Surgery. Uniurr.wy oJUfm. Sfrtnhovelsrr. 9. D-7905 Ulm 

Hacrnonhagic niucosal injury aftcr intestinal ischemia is mediated hy oxygen 
radicals (OK). Thc cn/.ynic: xanthincoxidrsc is k l ~ c v u l t o b e  the primmy sowce 
of these reactive iixygcn mcrahilitcs n i c  second potential sowce of oxygen 
radicals are acuvatcd ncutrophil~. A m  ofihcsccxpcrimcntr was toquantitate the 
aniount of OK aftcr rcpcrfuion and the snwcc which is responsible for the 
enhanced OK formalion. Cats wcic suhjwted to 6 0  intcstinal ischemia and 6 0  
reperfusion. Wc meawrcd ccinjugatcd dicncs (CU) and rnyclopcroxidase(MF'0). 
Kadical formation was rncaswcd directly with the reduced spin IahclOXANOH. 
which is capable to react witli OK. 5 cats wcrc trealed bcfore ischemia with a 
monoclonal antihxiy (184) This nntihuly prcvcnts theadhesionand subseqwnt 
activation of ncutrophds 5 cdti were injected allopwinol lo inhibit Ihc xanthine 
oxidase. Untrcatcdcats showed a significant increaseofCD. MM) andenhanced 
generation of OK. I84 and alliipurinol trcated cats showed no significant 
elevation of MPO or CD aftcr rcpcrfusion. The formation of OK in IF44 treated 
cats after rcpcriuram IS dtminirhed 10 54%. Allopurinol cffccls a furher (33%). 
hut not a ciimplcic rcduction of OK formation. So a third unknown source of OR 
seems to exist This sourcc doesn't lead 10 lipid pcroxidation. 

PLASMA Cu-Zn SUPEROXIDE DISMUTASE 9.6 
CONCENTRATIONS AFTER ACUTE 

MYOCARDIAL INFARCTION 

C .  Guvrnierl, H.M. llori.i*, I!. (:rigolo*, A.  FacchInP. 
1'. I'ort\mrnit*. 1. Culdarcru**, A. lirunrl * *  

Dip.fo Biochimico. "lsi  CordioloRlU. 'Lab lrnrnunologia Generico /OR. 
Uniw. Roioqw~40126 Dolo~na. lialy 

The level of Cu-7 .  supcroxidc disrnutasc (SOD) was measured in patients with 
acutemyocardial inlarction(AMl;n=S)awilli AM1 whoundcrwcntthrombolysis 
treatment (AMIT:n=9) Thc Cu %n SOD was quantified by ELISA using 2 
different rnonnclonal antihodlcs against SOD. 

Cu-Zn SOD (&l) 

4-6 hrs 24hrs 7 days 

AM1 
AMIT 

Incomparison locontrol suhjccts (Cu-ZnSOD = 15.7pgJl n=9).the patients with 
AM1 showed high lcvcls of plasmaCu.Zn SOD which remained elevalul in the 
following 7 days. The thromhilysis trcamenl cnhanced the plasma Cu-Zn SOD 
levcl in Ihc ~rst4-6hrssftcrmyocardial infarction. butnodifferenceswcrefound 
between Ihc group tip to 7 days aftcr infarction. 
These rcsuhs suggest that release of Cu-%n SOU from injured cardiac muscle 
dccreascs thc 0, - sc;ivcngcr propcnics of thc hcan. 
Giant: CNK I'F "Rwtccnol. c n l r , smn  '' 

EFFECTS O F  VARIOUS ARTERIAL CLAMPING PERIOD 9.8 
ON 0 2  PRODUCTION AND ARTERIAL SMOOTH MUSCLE 
CONTRACTION 
Hauck M, Koz.lovszky B + ,  Csabina S +  +, Miko I, Mohacsi 
A +  + +,FurkaI ,FulopTJr+ + +. 
Inst. of Exp. Surgery, +First Dept. of Surgery, + +Central Res. 
Lab, + + + First Dept. of Medicine, Univ. Med. Sch. of Debrecen. 
4012 Debrecen, Hungary. 

It is well known that during the ischemia reperfusion phenomenon 
free radicals are produced and they damage the arterial wall. 
Our experiments were performed on dogs for elucidate the effect of 
various arterial clamping period on adrenalin induced arterial 
smooth muscle (arteria femoralis) contraction. After various 
clamping period (from 15 min to 120 min) we measured the 0 2  
production by Cytochrom C reduction (from 1 min to 4 days). 
Following we sacrifmd the dogs and we performed on parallel 
arterial samples (clamped and non clamped) the contraction 
studies by using various concentrations of adrenalin (10-5M 
-IW8M). During reperfusion the 0 2  production significantly 
increased during the first 30 min, later normalized and we observed 
a second peak during the 2nd and 3rd days of measurement. The 
adrenalin induced contraction differed markedly between the two 
arterial samples. The difference in the contractile activity was 
demonstrable after the 60th mi0 of clamping and increased linearly 
with the time. The concentration of 108M adrenalin was 
ineffective. After our results we can say that the period of arterial 
clamping significantly influence the arterial contractility. Moreover 
the developement of thrombosis in the damped arterial segment is 
largely increased. The period of clamping should be as short as 
possible and the harmful effects of free radicals reduced. 
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9.9 HISTOCHEMICAL STUDY ON THE EFFECTS OF ISCHEMIA 
ON XANTHINE OXIDASE ACTIVITY IN RAT INTESTINE 
AND LIVER 
Wilma M. Frederiks, Frans Marx and Arnold KoorJ 
Laboratory of Cell Biology and Histology, University of 
Amsterdam. Academic Medical Centre, Meibergdreef 15, 1105 AZ 
Amsterdam, The Netherlands. 

A histochemical method was applied to demonstrate the 0-form of 
xanthine oxidoreductase activity in rat i nk t ine  and liver using 
unfixed cryostat sections and a semipermeable membrane. The 
gelled incubation medium contained hypoxanthine as substrate, 
cerium ions which capture the enzyme product, hydrogen peroxide, 
and sodium a i d e  to inhibit catalase and peroxidase activities. In a 
second step reaction diaminobenzidine was polymerized in the 
presence of cobalt ions by decomposition of cerium perhydroxide. 
Large amounts of final reaction product were found in the cytoplasm 
of enterocytes and goblet cells of control small intestine. A very low 
xanthine oxidase activity was found in rat liver. Highest activity was 
presenl in endothelial cells, whereas in liver parenchymal cells. a 
more pronounced activity was found in pericentral than in periportal 
hepatocytes. No reaction product was generated when sections were 
incubated in the absence of substrate or in the presence of suhstrate 
and allopurinol. a specific inhibitor of xanthine oxidase activity. 
After stoihge of tissue blocks for 2 h at 37°C enzyme activity was 
significantly reduced in the apical region of epithelial cells in  small 
intestine, whereas a high activity was present in the basal region of 
these cells. This period of ischemia did not affect the enzyme 
activity in liver. It was concluded that intracellular conversion of 
xanthine dehydrogenase into xanthine oxidase during ischemia may 
not be responsible for cell damage during reperfusion. 

9.11 PROTECTIVE EFFECT OF PYRUVA'TE ON RAT HEART 
MITOCHONDRIAL (~lJJT~LlilI ONE DURING ISCHEMIA AND 
REPERFUSION. 
A. Bindoli. M.P. Rigohello 
Cent r o  Stud i o ( CNK ) 
and Dipart imento d i  Chimica Biologica, 
Universita d i  Padova. Padova (Italy). 

F i s i o log i a Mi t ocond r i a1 e 

Hypoxia or i schemi a f ol 1 owed by 
reperfusion determines a large release o f  
glutathione from isolated/perfused rat heart 
The effects of ischemia/reperfusion or 
hypoxia/reperfusion on the release of 
cytosolic and mi tochondrial glutathione were 
compared. During ischemia. mitochondrial 
glutathione is released from the mitochondrion 
into the cytosol and, in turn, into the 
extracellular envlronrnent . Reperfusion causes 
a large release of total glutathione. while 
the mitochondrial pool is only slightly 
decreased. After hypoxia (without glucose) 
glutathione is mainly lost from the cytosol, 
while the mitochondrial pool is preserved and 
is not modified by the subsequent reperfusion. 
Pyruvate, which protects the heart by inducing 
a complete recovery of the contractile force 
after ischemia, largely prevents the loss of 
glutathione. particularly from the 
mitochondrial compartment. The effects of 
pyruvate are discussed and some of its actions 
such as hydrogen peroxide breakdown, 
production of  ATP during ischemia and 
diminution of the intracellular concentration 
of inorganic phosphate, are examined. 

SUPPLEMENTATION WITH a -TOCOPHEROL 9.10 
AND BCAROTENE IMPROVED THE ELEVATED 
SENSITITIVITY OF THE MYOCARDIUM TO 
ISCHEMWREF'EFWUSION INJURY IN 

t4C Barnard, H van Jaarsveld, JM Kuyl, DW Alberts 
Department of Chemical Pathology, University of the 
Orange Free State ,  PO Box 339 (G3), Bloemfontein 
9300, Republic of South Africa. 

Previous results f rom our laboratory showed that  ra ts  
subjected to a small concentration of cigaret te  smoke 
had an elevated sensitivity of the myocardium to 
ischaemiaheperfusion. The aim of the  study was to 
determine whether supplementation of anti-oxidant 
vitamins btocopherol  and U-carotene) inhibited a t  
least some of the  damage induced during 
ischaemiaheperfusion in smoke-exposed rats.  
Mitochondria1 function, LMWI and a -tocopherol 
were measured. Rats  were subjected to low 
concentrations of c igaret te  smoke twice a day. The 
one group received drinking water  supplemented 
with a -tocopherol and B-carotene during the 2 
months of smoke-exposure. The supplemented group 
showed significant less mitochondrial function 
impairment compared to controls. The LMWI 
content was not significantly lower in the 
supplemented group but t h e  a-tocopherol content was 
much higher. Supplementation with antioxidant 
vitamins to smoke exposed r a t s  partly protected 
against ischaemla/reperfusion injury. 

SMOKED-EXPOSED RATS 

FKUCTOSE-I, 6-BISPHOSPHATE PREVENTS OXIDATIVE 9.12 
STRESS IN ISOLATED AND PERFUSED RAT HEART. 
M . P .  Rigobello, L. Calzigna and A.Bindoli 
Centro Studio Fisiologia Mitocondriale (CNR) 
and Dipartimento di Chimica Biologica. 
Universjta di Padova, Padova (Italy) 

Fructose-l,6-bisphosphate (FDP)  is an 
intermediate of the glycolytic process also 
utilized as a cardioprotective drug. In 
isolated rat heart, perfused with the 
Langendorff technique at constant flow, FDP 
(0.05 to 0.5 mM) markedly increases the 
contractile force. The infusion of hydrogen 
peroxide (0.1 mM) during normoxic perfusion 
causes serious alterations in the contractile 
capacity reflected by an increase in the 
resting tension, leading, in about one hour, 
to a complete arrest of the functions in 
hypercontraction (stone heart). The inclusion 
of 0.2 mM FDP in the perfusion medium relieves 
the toxic effect of hydrogen peroxide observed 
as duration of the contractile activity which 
is increased of about fifty per cent. During 
ischemia/reperfusion and treatment with 
oxidizing agents such as diamide o r  hydrogen 
peroxide there is a large loss of glutathione 
from the heart; the presence of FDP in the 
perfusion medium prevents the loss of 
glutathione from the mitochondrial 
compartment. The effect of FDP in terms of a 
direct or indirect (through its transformation 
into other metabolites) intervention in 
counteracting the oxidative stress is 
discussed. 
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9.1 3 I N H l n l T l O N  OF P R O T E I N  S Y N T H E S I S  I N  H E P A T O C Y T E S  
D U R I N G  HYPOXIA:  A N D  E A R L Y  C Y T O T O X I C  E V E N T  OR 

AN A D A P T A T I V E  C E L L U L A R  R E S P O N S E ?  

1'. Ilur-Culderoii and V .  Lekbvre (*) 

(UnilC B U C ,  UCL 73Y. Univervii i  Corhohque de Luuvain. 
1200 Briurlles. Belgium) 

Many energy-dependent functions. such as bmsynthctic activity or ionic 
homeostasis arc mod i f id  when cells o r  tissucs k m m e  hypxic .  thus leading in 
some cases to cellular death. f(owcvcr. it rcmalns to be clarified which of the 
changes induced by hypoxia are not rclaicd to ccll death. By using isolated rat 
hepatocytes as experimcntal niidcl. the biirhcrnical cffecu of h y p x i a  were 
studied in cells incubated cithcr in nonnoxia or in hypoxia. Our main findings 
are: I )  protein synthesis i s  totally and immcdiarcly stopped. while intracellular 
ATP wnlent decreases progrcssivcly when cells arc incubaled in hypoxia; 2) 
hypoxic cells are more scnsitivc to H,O,-mediated injury; and 3) addition of 
fructose protects against hypoxic ccll injury. Due to the rapidity of the changes 
in protein synthesis. it appears thatccllsrcspond tooxygenlimitation rather than 
ATP deplction. The rationale of such a mechanism is to lead cells in a slate of 
'metabolic mcst.,  thus kwping ATP for more critical cellular functions. Such 
a hypothesis implies theexis[cnccofan 'oxygen sensor' indicating cells whethcr 
to stop or to reinitiate their bicrsynthctic aciivitics. 

(*) V. Ldebvrc i s  Kescarch Assistant of thc National Fund for Scientific 
Research (Belgium). 

9.15 Active oxygen species production and vitamin E 
levels in human articular chondrocytes. 

PINCEMAIL J., FRANCHIMONT P. 
Laboratory of Radioimmunology and Center for the normal 
and pathological Biochemistry of Oxygen. University of 
LiPge, Belgium. 
We investigated the ability of human chondrocyies to 
produce active oxygen species, hydrogen peroxide (H202) 
and hydroxyl radical ("OH), and the effects of cytokines 
(Illa and I l ls  at 50 Ulml) on this production. We were also 
interested in the intracellular levels of vitamin E (vit E) as a 
major lipsoluble antioxidant. Human chondrocytes were 
isolated from knee articular chondrocytes by collagenase 
digestion and cells were maintained in a serum free culture 
medium for variable periods. H 2 a  production was assayed 
by a direct fluorimetric technique (oxidation of 
diacetyidichlorofluorescin in the presence of a peroxidase). 
Unstimulated cells (1.106) produced around l0-8moles 
H202 and this production was increased until 3 to 4 times 
(until 2.10-7 moles) by I l la  . 'OH were quantified by an 
indirect method: gas chromatography measurement of the 
ethylene generated from ymethiol-keto-butyric acid by OOH 
attack. After preincubation with I l l& chondrocytes 
produced 14 times more 'OH than the control cells, and this 
pl.odi!Cd6li "OK readid  urnii 4) Limes ihe conirol bd:tic 
after prcincubation with I1 la .  Intracellular significant 
amounts of Vit E were measured by HPLC with a 
progessive decrease in the inmcellular level : for 1.106 cells, 
we measured 20 to 30 ng Vit E after collagenase digestion, 
9 to 11 ng after one day of culture and 4 to 6 ng after 2 days 
of culture. Human chondrocytes in culture are thus able to 
produce active oxygen species and cytokines treatment 
enhances this production. Cultured chondmcytes possess vit 
E, but they slowly lose this natural antioxidant defence. 

HENROTIN Y., DEBY-DUPONT G., DEBY C., 

A R G I M E S N A  A N T I O X I D A N T  P R O P E R T I E S  I N  R A B B I T  9.1 4 
MYOCARDKJM 
A. Cargnoni. E. Pasini. F. De Giuli. L. Comini. R. Ferrari 
Cattcdra di Cardiologia ,  UnivcrsitA degli Studi  di  Hrcscia 

Frcc ox igen  r ad ica l s  a r e  cons ide red  p l ay ing  an impor i an l  
role on myocardial  ischaemia and reperfusion damagc.  
Argirncsna (AR),  a s  thiol cofaclor .  was evaluatcd as prole-  
c t ive  agen t  aga ins t  ischaernia  a n d  reperfusion d a m a g c  in 
isolated and pcrfuscd Langendorff  rabbi t  hear ts .  T h e  daniagc 
was evaluated a s  mechanical  funct ion,  CPK rcIcasc,  isolated 
mitochondria1 func t ion  and  t issue g lu t a th ione  and  protein- 
SH contents .  
AR M was  del ivered before  (60 min. 22 nil/mtn) and 
dur ing  (60 min.  I ml/min)  i s chaemia  and  r epc r lus ion  (30 
min. 22 mllmin). 
Resul ts  : i n  ae reob ic  perfusion,  AR did not p r o d u c e  any  
s ignif icant  a l terat ion of systol ic  a n d  diastol ic  pressure.  Ver-  
sus  c o n t r o l  hea r t s .  before a n d  d u r i n g  i s chae rn ia  a n d  
reperfusion.  A R  de la i ed  a n d  r educed  the  rate of diastol ic  
pressure o n  reperfusion (35.1 vs 68.15 mrnHg; p < 0.01) and 
increased the  r ecove ry  of sys to l i c  p re s su re  (4X.0 v s  23.7 
mmHg). reduced CPK release (p < 0.05) and tissue ATP and C P  
(p<O.OI) a s  a l s o  t i s sue  SH con ten t  (glutathione and  SH- 
pro te ins )  depaupe ra t ion . .  
Our da ta  indicate  that  AR M has  a protect ive effect  
against  ischaemia a n d  reperfusion d a m a g e  : in  our opinion.  
AR cou ld  work a s  reduced equivalent  donor  ahlc  to reduce 
the oxygen  toxici ty .  

AI.I.OPURTNO1~. AND RFl 'FRFUSTON S'I'RI'SS 9.1 6 
DIJRTNG O P E N  I I E A R T  su t c rw  

Tvaria Djujic*, k r an  J.'o))ov I(.**, ~Jtlraj Fiihi.jari**, 
R t'i h I1 t i  s k i (: * * ~ 1) 11 sa r i  N e  z, I c'* * fi Y i h a.j I( 1 \' \ i (I i  n i  ( -  * * 

*Illst .  of C h e m . ,  ~ l ' r c . h r r .  & F l v l a l . ;  CelrLt!r f o r .  
Chemistry,  N.jt.gosr\,a 12, 11001 k o g r i l d ,  Y U  

**Klinika za ~ ~ i r ~ i i J ~ ~ ~ : ~ k i i l ~ i i ~ i i i i  h l r u i - g i . ] ~ ~  
" D e t l i n j t ~ " ,  Stjeparia Rac1ic:; i  2, 1 1000 Ht:ogr;iil, S U  

Allopurinol, a n  inhibitor o f  I ticx enzynif  santti ir i f .  
oxidase which hclps t < J  gcr ierate  frcte railic.irls. 
has been tes ted  ciuririg opt'n heart. surgery  
Patients  wt'rt: ti i  v i ti e t l  i n  t k o g roil p s , (:o r i  I, r 01 
(n=8) a n d  allopurinol (n=10). Alloptiri!iol group 
received 600 ing o f  al lopurinol before  operat,tori. 
Blood saniples wert :  t aken  f r o i n  coronary s i r i i i s  

a n  t h e  radial  a r t e r y  before  t h e  cartiiopul nionar'y 
b y p a s s ,  2. 10 a n d  20 niiriul.es a f t e r  the aor l ic  
cross clamp w a s  removed anti  5 niinutcs a f l r r  
t h e  cardiopulnionary bypass .  I n  blood satnplr~ 
were d e t e r  mined er-ythrooylc  osidizrd ( G S S G I  
a n d  reduced  (GSII) g lutathione,  plastlia 
malondialdehide ( M D A ) ,  crea t ine  kinase- E l f )  
isoenzyme (CK-MB) arid lactic acid.  A significant 
difference between t w o  q r o u p s  w a s  founii i t i  

t h e  t r a n s c a r d i a c  grad ien t  of erythroc:) Lt 

GS SG/GSB rat io  i ni inect iatel y a f t e r  t l i e  

crossclamp release.  Although t h e r e  w a s  ii 

signicificant r i se  in g r a d i e n t  of MDA, CK-FIR 
a n d  lactic acid,  t h e r e  w a s  no differcrii.c, 
between t h e  two g r o u p s .  Obtincd da ta  suggrs t  
t h a t  t h e  allopurinol diminishes o x y g e n  friw 
radicals  product ion d u r i n g  reper fus ion  ' i f  
pat ien ts  with coronary a r t e r y  diseasc- 
undergoing  open heart surger,'. 
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9.1 7 ISCHEMIA-REPERFUSION INJURY: BIOCHEMICAL 
ALTERATIONS IN PEROXISOMES OF RAT KIDNEY. 
Indejit Singh, Sukhvarsha Gulati, Avtar K. Singh, 
Carlos Irazu, John K. Orak, P.R. Rajagopalan and 
Charles T. Fitts 
Medical University of South Carolina and Pathology 
Service, V.A. Medical Center, Charleston, SC, USA 

We studied the effect of ischemia-reperfusion on the 
structure and function of kidney peroxisomes. ischemic 
injury changed the density of peroxisomes (from 1.21 
gm/cm3 to 1.14 gm/an3). The number of peroxisomes 
moving from the normal density to a lower density 
increased with ischemic injury. Latency experiments 
indicated both populations of peroxisomes to be of 
intact pemxisomes. Immunoblot analysis with 
antibodies against peroxisomal matrix and membrane 
proteins demonstrated that after 90 min of ischemia a 
significant number of matrix proteins were lost in 
lighter population suggesting that functions of these 
peroxisomes may be severally affected. Reperfusion 
following ischemic injury resulted in loss of peroxisomal 
matrix proteins in both peaks suggesting that 
peroxisomal functions may be drastically compromised. 
The decrease of catalase activity during ischemia was 
due to its inactivation and proteolysis following 
reperfusion. Since peroxisomes participate in various 
cellular functions, therefore, the observed changes in the 
structure and function of peroxisomes as a result of 
kchemiereperfusion injury underlines the importance 
of this organelle in the pathophysiology of vascular 
injury. Funded by DCI and VA Merit Review. 

9.19 PENIOXtFYLLINE DERIVES LIPID PEIloxIDATION I N  
HEPATIC ISCHEMIA-REPERFOSION l w u R Y  I N  THE RAT 
R. Navidad-Novalvos, T. Ratia, P. Martinez, M. 
I r i t i a ,  I. Arribas, S. de Zvdrffi, J . L .  Castillo- 
O l i v a r e s .  E x p e r h t a l  Surgery, Hospital Fuerta 
de Hi-, 28035 Madrid, Spain 
pentoxifylline (m) is a methylxanthine which 
inp>roves microcirculation and inhibits T N F ,  par- 
t i a l l y  preventing its action in leukocyte adher- 
ence. Partial warm ischemia (70%) w a s  induced in  
male Wistar rats (250-300 4). 3 groups w e r e  
studied: I (H), sham-operated: I1 ( r ~ 1 5 ) ,  non- 
treated ischemia/reperfwion ( I / R ) ;  I11 (-15) 

perfusion). B l o o d  samples and l iver  biopsies 
were obtained after 1, 6, 24 h of reperfusion. 
Serum As", m, LcH w e r e  ~FEUEXI. Lipoperoxida- 
t ion  was determind a f t e r  15 m i n  of reperfusion 
in l ive r  hcmcgaaates, incubated in prmxidant 
system using the TBA test. Extent of necrosis 
was assessed by light rnirroscopy: M e a n  se rum AST 
values a f t e r  1, 6, 24 h reperfusion rxse  signif- 
icantly less i n  group 111 than i n  group 11: 

tlvel (pct.05;. Xis rise in AST a-d lcIl wa5 
siqni%icantly i n  group 111. l iver  
values ( m l / g  w t )  rose less i n  group 111 than 
in gmup 11 after 0, 30, 60 m i n  incubation: 499, 
451, 633 vs 556, 640, 848, respectively. 'Ihe 
extent of necrosis a t  24  h was over 80% in group 
11, and under 35% in group 111. conclusion: pIT 
pmtects the l ive r  from I/R injury and inproves 
l ip id  peroxidation, possibly by diminishing the 
0 chain reaction begun i n  the hypoxanthh-to- 
&thine reaction by prcduct saturation. 

PTF-treated I F  (50 q / k g  h 30 min before re- 

4118, 5123, 750 VS 8200, 13193, 7146, respec- 

ALTERATIONS OF PEROXISOMAL FUNCTIONS IN 9.1 8 

Indejit Singh, Sukhvarsha Gulati, Lincoyan Ainol, John 
K. Orak and Avtar K. Singh Department of Pediatrics, 
Medical University of South Carolina and Pathology 
Service, V.A. Medical Center, Charleston, SC, USA 

To understand the molecular mechanism leading to 
the loss of peroxisomal 13-oxidation in ischemia, we 
examined the individual enzyme activities of 8- 
oxidation system and the overall fatty acid oxidation in 
peroxisomes isolated from kidney exposed to different 
periods of ischemia-reperfusion injury. The 13-oxidation 
decreased with an increase in ischemic injury (53 and 
43% of the control after 60 and 90 min ischemia, 
respectively). Reperfusion for 24 hr restored the 
peroxisomal &oxidation in kidney exposed upto 60 min 
of ischemia,however, 90 min of ischemic injury was 
irreversible. The individual enzyme activities of 
lignoceroyl-CoA ligase, acyl-CoA oxidase, bifunctional 
enzyme and thiolase were decreased after 90 min of 
ischemia. This decrease in enzyme activities was more 
pronounced following reperfusion. Immunoblot analysis 
indicated that the major loss of these enzyme activities 
was due to their inactivation. These results demonstrate 
that the peroxisomes experience free radical injury 
following ischemia-reperfusion as evidenced by loss of 
function without loss of peroxisomal enzyme proteins. 
Supported by DCI, VA Merit Review and NS22576. 

ISCHEMIA-REPERFUSION INJURY 

LIPID PEROXIDATION IS NOT THE R A I N  RECHANISH OF LIVER 0RHA6E I N  9.20 
PRIMARY NON FUNCTION AFTER TRANSPLANTATION. 
E. Baldi, P. Burra, +P. Piccinni, L. Rossaro, '1. Bassi, t1.L. 
Nolli, I(. Salvagnini. 
Cattedra Hal. Apparato Diqerente, ' C I i n .  Chir. I I ,  Universiti di 
Pidova, *Serv. Rnestes. e Rianii. ULSS 21 Padova 
Free radicals production and lipid peroxidation are two possible 
rechanisrs involved in the ischerir ddrape of transplanted organs. 
I n  order t o  elucidate this hypothesis we studied the behaviour of 
plasra ialondialdehyde (HDA), a secondary product of lipid 
peroxidation, in 4 subjects ( 2  i d l e s ,  2 feiales, lean age 37 yrs) 
vho underwent t o  liver transplantation, 2 of whoa died within I0 
days for priiary non function of the liver. Venous blood saaples 
for MIA, transdiinases ( A S T ,  ALT), prothroibin tile (PT), 
bilirubin (BIL) and lactic acid (LA) were draun every six hours, 
in the first week folloving the operation. Peripheral oxygen 
consumption (V02I) uds also ieasured at the sane tile using the 
Tick calculation. Plasra HOR vas assessed by thiobarbituric acid 
:eaction and fluoriietric ieasureient. Nean values o f  HDA 
concentrations (tSE1 were significantly higher in the patients vho 
proaptly recovered after liver transplantation (3.06i.05 vs 
2.89~.05nmol/d) (p(. 005). The siie patients showed significantly 
higher V02I (243t4.9 vs 112+1.? iIliin-l/i-2)(p(.0001). As 
expected AST, ILT, BIL, LA were significantly higher and PT 
;ignificantly prolonged (p/,.OOOl) in 2 subjects uho died far 
priiary non function of the liver. The plasia levels of HDR 
significantly correlated vith PT (p(.OOOI) and '4021 (p(.0001), 
whereas no significant correlation vas found betueen HDA and AS1 
or RLT. I n  conclusion lipid peroridation does not seen t o  be 
related t o  the pathogenesis of hepatocellular damage in the 
p r i m r y  dislunction of transplanted liver. On the contrary RDd 
seers mostly influenced by hepatic synthetic and oxidative 
function needed far its production. 
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9.21 DISTRIBUTION AND ACTIVITY OF XANTHINE PROTECTION BY RECOMBINANT ATL-DERIVED 9.22 
OXIDOREDUCTASE IN HUMAN TISSUES. 
A Kooij, M Schijns, WM Frederiks, CTF Van Noorden and 
J. James 
Laboratory of Cell Biology and Histology, University of 
Amsterdam, Academic Medical Centre, Meibergdreef 15, 

1105 AZ Amsterdam, The Netherlands 

Localization and, activity of xanthine oxidoreductase 
(dehydrogenase and oxidase forms) were studied in post 
mortem material and biopsies of various human tissues with a 
recently developed histochemical method using unfixed 
cryostat sections, polyvinyl alchol as tissue stabilisator, 1- 
methoxyphenazine methosulphate as intermediate electron 
acceptor and Tetranitro BT as final electron acceptor. High 
enzyme activity was only found in liver and jejunum, 
whereas all other organs studied showed no activity. In the 
liver, enzyme activity was found in sinusoidal cells and both 
in periportal and perivenous hepatocytes. In jejunum, 
enterocytes and goblet cells as well as the lamina propria 
underneath the epithelial lining showed activity. Oxidase 
activity and total dehydrogenase and oxidase activity of 
xanthine oxidoreductase as studied biochemically were found 
in human liver and jejunum, but not in kidney and spleen. 
This confirmed the histochemically obtained results for these 
organs. Autolytic rat livers several hours after death were 
studied histochemically to exclude artefacts due to postmortal 
changes in the human postmortal material. Loss of activity 
could not be observed in this autolytic material. In addition, 
the percentage xanthine oxidase did not change significantly 
in autolytic rat livers compared with control livers as 
measured biochemically. The localization found in human 
tissues is discussed with respect to the localization found 
before in rat tissues. Furthermore, the low conversion rate of 
xkthine dehydrogenase during autolysis is discussed with 
respect to ischemia-reperfusion injury. 

Cf O f  NON-ENZYMATIC ANTIOXI1)ANTS ON 1'tlE 
IEMIC' KEI'I~.RI:USION I N J U R Y  O F  THE HEART 

K.  Schiinlieit*. I I .  Nohl# and 1.E. Blasig* 

* ~<ese;iic~i Institute 01 ~ o ~ e c u ~ a i  l'liarniacology. 0-1 I 16 l<erlln, 
(;erniany; # Institute of I'Iiariiiacology arid .foxleoIogy, ~niversity 
01 VI~IIIIA. A- 1030 Vieiina. Austria 

'l'hr. i i i i i ~ o i i t y  01 iq~o i t s  i)n ~s~.Iieiiiia-rcperliis~~in injuries suggest the 
iiivolvenient ( i t  iin inihalanced relationship hetween rwctive 
prooxidants arid mitioxidants. I Itjwever, direct evidences of the 
ptliogenvtic role ol uncontrolled ~m~ix idan t  formation is still 
lacking. The niiiin rc'iison l o r  t l iat  is the lack of suitahle methods to 
tlcnionstrate the site(s) of  pi~i(ixidant generation in tlie intact organ. 
Many hioclieiiiical i d  stiuctiiial alterations at tlie inolecular level 
o c c u ~  ring during ieperlusiotl ran lie explained without tlie 
involvement ol ructive oxygen s p ~ i e s .  The influence of 
antioxidants o i i  tlie iecovery 0 1  functwnal and el~trcipl iysiolo~~c;~l  
parameters was studied to evaluate the role of "oxidative stress" in 
the development of repertusion in-jury. Langendorff perfused rat 
hearts were subjected to norniotherniic global ischemia (30 inin) and 
sohsyuent r e p  luston (30 inin). Trolox C, a water-soluble analog 
of alplia-tocoplierol. was infused directly into the aorta cannula 5 
inin prior to the onset of isclieniia and was continued through(iuc 
reperfusion period. Lelt ventricular developed pressure (LVDP). 
end-diastolic pressure (LVEDP), contractility, coronary flow and 
ECG were recorded. Nontreatd hearts showed a low rnte of 
recovery (contractility 27%, LVDP 36%). and an increase of 
LVEDP. The recovery of LVDP and contractility was signilicuntly 
iinproved ( p i  0.05) in hearts preloaded with Trolox (7596 and 
6796, respectively). 'frolox decreased LVEDP in comparison to the 
untreated group. Ttolox was also effective in reducing severe rhythni 
disturlxmces. These !indings suggest the involvement of prooxidants 
in the ontcigcnesis of lunctional reperfusion injuries of the heart. 

FACTORlHUMAN THIOREDOXIN (ADFMTX) AGAINST 

Mitsui. A,, Yoshida. K., Ishizald. S. ,  and Hirakawa. T. 
Basic Research Laboratories, Ajinomoto Co., Inc., 1-1, Suzuki- 

cho, Kawasaki-ku, Kawasaki, 210, Japan 
Yodoi. J. 

Institute for Virus Research, Kyoto University, Kawara-cho, 
Shogoin. Sakyo-ku. Kyoto, 606. Japan 

ISCHEMIA-REPERFUSION TISSUE INJURY 

ATLderived factorlhuman thioredoxin (ADF/hTx) is a 
polypeptide consisting of 104 amino acids with two redox-active 
half cystine residues in an exposed active center, having the 
amino add sequence: -Cys-Gly-Pro-Cys-. ADFlhTx is 
ubiquitously distributed in a variety of organs and induced by 
physical and biological stresses. such as ultraviolet or X-ray 
irradiation and viral infection. ADFlhTx was shown to reduce 
reactive oxygen species such as hydrogen peroxide and alkyl 
peroxides. AOFlhTx was atso revealed to have protein disuffide- 
isomerase (POI)-like protein refolding activity for denatured 
enzymes. 

To determine pharmacokinetics and in vivo effects of 
ADFlhTx, we produced highly purified AOFlhTx using 
recombinant DNA technics in E. cdi. After a single intravenous 
administration, recombinant ADFlhTx (rADF/hTx) was eliminated 
bi-exponentially from the serum in mice. The distribution half-life 
was 3.3 min and the elimination ha%-Me was 66 min. The 
administrated rADFlhTx was distributed especially in skin and 
kidney. The maximum uptakes by these organs were observed 
about 30 min after administration. Next we determined the effects 
of administrated rADFlhTx on animal ischemia-reperfusion injury 
model. The rADF/hTx administrated intravenously suppressed 
ischemic paw edema of mice. These data suggest that 
administrated rADFlhTx distributed to skin and probably around 
endothrial cells protected tissue damage caused by ischemia- 
reperfusion. 

ALTERATIONS OF GLUTATHIONE STATUS IN BLOOD OF 9.24 
PATIENTS UNDERGOING CARDIOPLEGIC ARRFiT AND 

REPERRISION 
Giorgio Bellomdl. Angiolo Benedetti##. Bomlzrlla Biagioli. Giovanni 

Paolllll and Adalbeno Grossi 
Istituto di Malattie Cardiovascolan e Resptratone. Ospulale S. 

Raffaele, University of Milano, MILANO. #Clinics Medica I .  
University of Pavia. PAVIA and ##Istituto di Patologia Generale. 

University of Siena. SIENA. Italy 

The alterations of erythnxyte and plasma glutathione redox smms 
(taken as indirect index of oxidative stress) were mwured m 13 
patients undergoing cardioplegic arrest and reperfusion usmg blood 
cardioplegia. A marked increase of glutafhione disultide (GSSG) and 
glutathione-protein mixed disulfide (Cys-SG) concentration and a shih 
of the glutathione redox status toward oudation were detected dunng 
reperfusion in the plasma effluent from the coronary smus. 
Comparable resuits were obtained in the whole blood (erythmcytes). 
Furthemre.  a moderate increase of aldehyde-protein fluomscent 
ndducts (taken as chemical signature of oxygen free radical-induced 
injury) has been measured in plasma during heart reperfusion. No 
correlation was found between the duration of the ischemic pend and 
the extent of alterations of any of the above-mentioned parameters. 
Conclusion: taken together these results support the occurrence of 
oxidative stress in human hearis subjected to reperfusion after 
cardioplegic arrest. Moreover. the demonstration that glutathione 
oxidation takes place even in erythrocytes suggests that erythrocyte 
glutathione is efficiently employed as reductant in protection against 
oxidative stress. 
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9-25 Cs”-CHANNEL ItLOCKERS DO NOT PROTECT PERFUSED 
HEPATOCYTES FROM ANOXIC INJURY 

A. Gusbarrinl, A.H. Horle, M .  Ikrnardl, A. Francuvllla, T.E. Slurzl, 
D.H. Van Thlel, G .  Gasbarrinl 

1)epI of.Surpry and Phj\liJlogy. Pirl.bburRh b’niv.. b’.%t. 
Porolo~iu Medico 1. Bologna Univ..  lroly 

Tllc crfccts olvcrupamil. niicdipinc anddiltiarcrn wcrc studied during anoxia for 
24 in isolated rat hcpatucyrcs. Undcr cimnuol conditions. cyrosolic frcz calcium 
(Cay) was 126k 1OnM. In the contrnl group,anoxiaincreasedCa,” wilh a firs1 
risewithin 15minutcs andamaximumvalueof515f78nMaCterl hr(P<D.OOl). 
LDH increased 6-fold dunng lhc second hour (p<o.M)I). During reoxygcnation. 
Ca,”and LDH rclurned toconlrol lcvcls within45 minuws. Ca”chsnnc1 blockers 
(10’10 10’M)addcd tothc~rfusatcduringtheanoxic~rioddidnolinhibil the 
risc inCa,”andinLDH rclcasc.On thcconvary. highconccnvations(l0‘lo 10 
’ M) of Ihe blcrkcn nifedipinc and diltiazcm significantly increased LDH 
rclcarc. The increase in Ca,]’ during anoxia was causcd by an increased Ca” 
influx from the cxtraccllular fluids bccausc it was lolally abolished in Ca”-frce 
mcdin. Since the rise in Cay was not suppressed by Ca” channel blockers, Ca” 
influx must have occurred no1 through Ca” channels but on thc Na‘Ca’’ 
anliporter which is the only other rccogni7.ed Ca” influx pathway. Thcsc studies 
also suggest that cell injury and LDH release induced by anoxia may bc related 
directly 10 the incrcase in Cay .  

9.27 TIME COURSE AND MECHANISM OF OXIDATIVE 
STRESS AND TISSUE DAMAGE IN TIIE RAT LIVER 

B e a m  Conzalez Flecha. and Albert0 Boverls. 
Division of Physical Chemistry. School of Pharmacy 

and Biochemtstry. University of Buenos Alres. 
Junln 956. 11 13. Buenos Alres. Argentina. 

The time course of the biochemical changes in the main 
cellular sources of oxygen free radicals a s  well as  the 
related oxidative stress and tissue damage were 
evaluated in an in vivo model of zonal ischemia- 
reperfusion in rat h e r .  Rats were subjected to ligature 
of the right branches of the hepatic artery and portal 
vein for 60. 120 and 180 min. and the liver was then 
reperfused for 30 min. After 180 min of ischemia 
oxyradical production (assayed by the spontaneous 
chemiluminescence) decreased to zero, mitochondrial 
function decrease by 80% and xanthine oxidase actlvlty 
increased by 26% without changes either in the 
markers of cell damage (LDH. AST. ALT and water 
content) or in the activities of superoxide dismutase. 
catalase and glutathione peroxidase. After reperfusion. 
marked increases were detected both in oxyradical 
production and in the serum activities of tissue damage 
markers. Mitochondria1 function as well as the 
activities of antioxidant enzymes and the level of non- 
enzymatic antioxidants were decreased. The severity of 
the post-reperfusion changes correlates with the length 
of the ischemic period. Hydrogen peroxide 
concentration and production rates were 5 times higher 
after ischemia-reperfusion than in control conditions. 
The use of mitochondria1 inhibitors and uncouplers 
strongly suggest mitochondria is responsible for the 
increased H202 concentration and production rate in 
the reperfused liver. These results support a role for 
mitochondria as primary oxyradical source in liver 
ischemia-reperfusion in a quantitative and kinetic 
fashion. 

S- TO ISCHEMIA-REPERFUSION. 

GLUTATHIONE A N D  PROTEIN THIOL HOMEOSTASIS IN 9.26 
C C R E B R A L  ISCHEMIA A N D  REPERFUSION 
V.Ravidrauth1, B.R. Aimkcmarl XG S. V.R.Kolluri2 
ikpts. of  k r a + m i s t r y l  and k m s u q r y ’ 2 ,  biaticnal 
Ins t i tu te  of h t a l  Fkalth and REUro Sciences, 
Bangalore-%3Xl29, Irdia 
G l u t a t h i m  (Eli) and protein thiol  (PrY() 
hcrrwstasis WIS exmined in  rat brain regions 
d r i q  reperfffiim (R) f o l l m i q  cerebral 
isdemia ( I ) .  1 was indced by (1) bi la teral  
camt id  ar tery a r l u s i m  (Bcoj a l m  ( r e d r i n g  cerebral 
blood f l m  (CBF) by W%) and (ii) Bco with shltmxmly 
indred hypl -msim ( r c d r i r y  CBF by  ‘33;). After 1 hr 
of R fol lmirr j  I indrrd by BIU a l m .  t k  Gy1 levels in  
s t r ia tun  (ST) and h i p p r a ? p s  (W) WE depleted by 68 
and 56% respectively and l ip id  p r o u i c h t i m  p a t s  
increased. Less than 5% of  tt-e depleted GsH was 
remvered as GSSG, and t k  rest a s  PrSSG, with cmmnita-tt 
loss of PrW. lk to ta l  GSH m v e &  as 
GS-kPrSSG i n  ST and W was 115 a d  159; of  
% -rated cmtrols. After 24 hr of R the 
PrSSG d PrSH levels  e r e  mrparable to  
cmtmls and tt-e m/PrY( hcrrrostasis was 
restored. In a n i m l s  &ject to h w t m s i m  
arwl GY( mletim vas obserVed af te r  1 hr  
wi th  lcss of PrM a 3  i r r rease i n  PrSS 
levels. Increasx recovery of GsH (Gstk 
PrSSG) was rnt cbsErved mi t k  WPrSH 
hcrrwstasis urns rot restored a f te r  24 hr. 
Thus, a rrajor cmsqmvx  of oiic!at ie  stress 
indred by I/R is loss of G Y  w i t h  nnxmitmt 
gain in P r S S  ard d i s t u r b a x  of  Protein 
thiol  -task. 

INTRACELLULAR CATALASE INHIBITION DOES 9.28 

HEART. B Kalyanaraman, EA Konorev, JE Baker, and 
R Radi. Med Coll Wisconsin, Milwaukee, WI 53226 

The effect of inhibition of myocardial catalase upon post- 
ischemic recovery was studied. Myowdial catalase 
activity was inhibited by 90% (1792k145 vs 184k23 U/g) 
with 3-amino-l,2,4-triazole (ATZ, 1.5 g/kg i.p.). Isolated 
rat hearts (n=7/group) were subjected to 35 min global 
ischemia (37O C) and 30 min reperfusion. Results (mean f 
SEM) were expressed as percent recovery of coronary flow 
rate (CFR), developed pressure @P), rate-pressure product 
(RPP) and leakage of lactate dehydrogenase (LDH, 1U/15 
min/g) during reperfusion. Catalase (CAT, U/g) and 
glutathione peroxidase (GPx, Ulg) activity was determined 
after 30 min reperfusion. 

NOT IMPAIR POST-ISCHEMIC RECOVERY IN RAT 

a=p<0.05, control vs ATZ 

CAT 1756f86 244f14’ 
GPx 55.3+1.6 61.0+1.4’ 

Control ATZ-treated 

CFR 74*2 93+9 
DP 57+2 79+7 
RPP 57*3 69k6 
LDH 4.02k0.25 4.45L-0.39 

We concluded that intraellular inhibition of myocardial 
catalase did not impair the extent of contractile recovery 
and LDH release during reperfusion of ischemic rat heart. 
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9-29 ROLE OF OXIDATIVE STRESS IN CIRCULATORY 
SHOCK ASSOCIATED WITH HEPATIC DAMAGE 
Biasi F., Chiarpotto E., Scavazza A,, Garetto G.,* 
Lanfranco G..* Poli G. and Albano E. 
Dept. Exp. Medicine and Oncology and CNR Centre of 
lmrnunogenetics and Experimental Oncology, University 
of Torino, Italy. 'Emergency .Dept. Ospedale Maggiore di 
Torino, Italy 

An increasing number of studies suggests an involvement 
of free-radical mediated oxidative reactions in the hepatic 
damage which could occur during circulatory shock. 
Especially after acute cardiovascular failure or hypo- 
volemic shock there is an hepatic damage due to ischemia 
followed by reperfusion when circulation is reequilibrated. 
This condition is accompanied by the appearance of 
oxidative damage due to oxygen free radical production. 
In the shock patients that exhibited marked elevation of 
serum levels of AST, ALT and hepatic isoenzyme LDHS 
(ischemic hepatitis), a marked increase of intermediate and 
final products of lipid peroxidation was observed; in 
particular malonaldehyde (MDA) content in erythrocytes, 
and the fluorescent adducts between protein and MDA or 
4-hydroxynonenal, and the levels of hydroperoxides in the 
plasma were enhanced. In parallel there was a decrease of 
antioxidant defenses in terms of erythrocyte glutathione 
content. 

These data suggest that the free radical-mediated oxi- 
dative damage could play an important role in the 
pathogenesis of tissue injury following reperfusion after 
hepatic ischemia. 
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Session 10 

Free Radicals in Medicine I1 (Nervous System, Muscle) 
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10.1 OXIDATIVE STRFSS AND DAMACE INDICATORS IN 
ANIMAL AND HUMAN EXERCISE. 

A.Z. Heznick (I),  K.H. W l f f  (2), P. Strrke-Reed (3) and L. Packer (2) 

I )  Depr.Morphologica1 Sciences. The B.  Rappaport Fnculry of Medicine 
Technion. I lni/o. Israel: 

2 )  Depr Molecular andcell Biolagy. U.Cali/ornia. Berkeley. CA 94710. USA; 

3 )  Depf Experirncnral Medicine. George Wa.\hington University School of 
Medicine. Washingron. D C . .  USA. 

Scvcral parameters and criteria wcrc used to assess exercise-induccd oxidativc 
damagc in various tissues of animals and humans. Animal studies showed an 
incrcased production of free radicals and clevatcd lcvels of lipid peroxidstion. 
Howevcr.studicsonoxidativechangcs in human plasmaductocxcnise werenot 
as consistent. as some studiesdid not show a significant cffcctof damage to blood 
components Recent studies on protcin oxidation as cvelwtcd by protcin 
carbony1 accumulation inmuscles ofr~.dcmonstratcdexcrcise-ind~edoxidalivc 
damagc 10 proteins. Thus. levels of pmlcin carbon yls in muscles wcrc increased 
by +107%. pd).Ool. in endurance mined rats for I2 weeks. Similar studies on 
rah subjccled to a single bout of cndurancc exercise to exhaustion rcvealed an 
incrcasc of 17.3% in cartnmyl lcvels compared to sedentary controls. 
Howcvcr, animals fcd with a-locophcrol or tocouicnols had 8 much lower lcvcl 
ofcarbonyls in muscleprotcinofsedentary animals(-32.2'10,p<0.01) which was 
also reduccd in cxcrcised animals. Thc studies show that a-tocopherol and 
tocotrienols can protea proteins from cxercisc-induced oxidative damagc. 

10.3 FREE RADICALS. DOPAMINE. LEVODOPA AND 
PARKINSON'S DISEASE. 

F.F. Oldfield 
Depanment of Pharmacology, University of Missouri. Columbia 

MO-65212 USA. 

The mechanism for the accelerated loss of dopamine neurons in 
Parkinson's Disease is unknown. One hypotheses focuses on the 
potential for oxidative smss associated with the natural metabolism 
of the neurotransmitter dopamine @A). An ESR, spin trapping 
technique has been used to study the kinetics of free radical reactions 
from DA and its precursor levodopa. DA catabolism by monoamine 
oxidase resulted in the formation of the hydroxyl (OH) adduct of the 
spin trap 5.5-dimethyl-1-pyrroline N-oxide. Quantitative analysis 
indicates that the number o f  OH released to the solution is 
compamble with the number of DA o x i d i d .  OH adduct formation is 
eliminated by denaturing the enzyme and decreased by the addition of 
various enzyme inhibitors and radical scavengers. Results with added 
metal ions and chelators implicate redox-cycled copper ion in the 
system. Under these conditions, the OH from DA was greater than 
that from serotonin or norepinephrinc. Free radicals have alsn hrrn 
detected by the aumxidation of DA or levodopa in the presence of 
metal ions. The role of protective agents and transition metal ions in 
these systems are under study. These resulu support the oxidative 

stress hypothesis associated with DA which plays a role in the tissue 
injury and cell dysfunction seen in Patkinsonism. (Supported in pan 
by a grant to F.F.Oldfield from the Parkinson's Disease Foundation.) 

FREE RADICALS, ANTIOXIDANTS AND 10.2 
CALCIUM HOMEOSTASIS WITH REFERENCE TO 

MALIGNANT HYPERTHERMU 

Carry G. Duthie, Rowett Research Institute. Aberdeen. 
AB2 9SB, U.K. 

me ngulation of inaacellular [ca'+] in skeletal muscle at 
res and during contracay+depends on mechanisms such as 
Cai+-ATPases, Na+-Ca excliangers and the voltage- 
sensitive ryanodine receptor. The location of these 
mechanisms within the membranes of sarcolemmn, 
sarcoplasmic reticulum and mitochondrion may enhance 
their susceptibilty to free radical-mediated mnge and 
result in uncontrolled increases in cvtosolic IC 2 + I  and cell 
death. 

The pharinacogenetic disorder, malignant hypenhermia 
(MH), is triggered by volatile anaesthetics and is 
characterised by muscle rigidity and a rapid, invariably 
fatal rise in body temperature. The biocheinicnl lesion 
responsible for MH remains uncertain. hut it has en 
variously ascribed to faults in many of the 3.- 
regulayry mechanisms. Peroxidation results in rapid efflux 
of Ca + from organelles and compared with controls, 
tissue incubations &om MH susceptible individuals 
produce more pentane, thioharbituric ncid reactive 
substances and electron spin resonance-detected adducts of 
linoleic acid; these can be decreased by vitamin E 
supplementation. A roposed mutation which results in 
excess free fatty acicf release by honnone sensitive lipase 
provides additional evidence for a pivotal role of free 
radical-mediated peroxidation in MH. 

INDUCTION OF POLY(ADP-RIBOSE)POLYMERFSE IN 10.4 
NEUROBLASTOMA CELLS BY ANTIBODY-GLUCOSE 
OXIDASE CONJUGATES AND I T S  ENHANCEMENT BY 
ASCORBIC ACID 
G . B r u c h e l t , W . S c h e n k , G . B o o s , J . T r e u n e r , a n d  
D.Niethamrner 
Children's Hospital, Department of Hematology 
and oncology, University of Tubingen, D-7400, 
FRG 

Most neuroblastoma cells express the 
ganglioside GD2. Using the anti GD2 antibody 
14.18 conjugated to glucose-oxidase enough 
H202 on neuroblastoma cell surface was 
generated to result in killing the cell line 
SK-N-LO. Specific binding was examined by 
fluorescence microscopy in parallel. 
Poly(ADP-ribose) polymerase (PADPRP) was used 
as an indirect parameter for DNA-strand break 
formation by the generated H202. The amount 
of H202 produced in the presence of different 
glucose concentrations was determined and 
correlated with PADPRP activity. Killing of 
neuroblastoma cells by the antibody-glucose- 
oxidase conjugate is facilitated since these 
cells cannot effectively scavange H202. 
Induction of PADPRP activity was 
significantly enhanced in the presence of 
ascorbic acid. Since H202 can be delivered by 
this method to the close proximity of 
neuroblastoma tissue, the use of glucose 
oxidase antibody-conjugates may be of 
therapeutical benefit in neuroblastoma 
treatment, especially in combination with 
ascorbate. Advantages and side effects of 
this possible therapy will be discussed. 
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10.5 KTIVE OXYGEN RRDICAL SPECIES AS A FlRST SIGNAL 
SIRESS 
Tohru H a s q a w a  and Masayoshi I c h i b a  
Depar tmnt  of  Carmunity Heal th  Sc ience ,  
Saga Medical School ,  Nabeshima, Saga 849, Japan 

It is w e l l  known t h a t  a stress s t i m u l a t e s  
hypothalamus, h y p q h y s i s  and a d r e n a l  cortex 
system and also sympathe t ic  nerve  system which 
stmlates t h e  release of c a t e c h o l m n e s  such as 
a d r e n a l i n e  ( A D ) ,  n o r a d r e n a l i n e  (NA)  and dopanune 
(DA) .  But it  is still not  known what is a f i r s t  
signal o f  stress, which s t i m u l a t e s  t h i s  hypo- 
t h a l m s  system. S e l y e  p o i n t e d  o u t  t h a t  even i f  
all of t h e  input  nerve  tract to  t h e  hypothalamus 
are c u t  o f f  i n  t h e  d e a f f e r e n t a t i o n  animl, the 
stress r e a c t i o n s  are still  o c c u r r e d  and he sugg- 
ested that an unknown h o m n a l  f a c t o r  s t i m u l a t e s  
hypothalamus system. 

Here we show t h a t  t h e  active oxygen radxal 
species may be t h e  f i r s t  s i g n a l  of stress, and 
this active oxygen radical species are t h e  hor-  
m n a l  factors which s t i m u l a t e  t h e  h y p o t h a l m s  
system . 

?he effect of  8-caro tene  on t h e  stress r e a c t i o n  
of vigil was  s t u d i e d .  Ur inary  levels of Au, NA 
and ll-oxy-17 KS and plasma 
altqether i n c r e a s e d  and s y s t o l i c  blood p r e s s u r e  
also increased by vig i l  stress. 
lnhlbited all stress r e a c t i o n s ,  sugges t ing  t h a t  
the effect site o f  B - c x o t e n e  m y  be hypothalamus. 
I n  o t h e r  words, t h e  a c t i v e  oxygen rabcal species 
s tmlate  t h e  hypothalamus f u n c t i o n s .  
'Ihe effect o f  8-carotene is a t t r i b u t e d  as t h e  
scavenging o f  radicals which w a s  observed t h e  
inhibitory e f f e c t  on u r i n a r y  kDA levels. 

levels were 

B-carotene 

10.7 THE EFFECTS OF ALLOPURINOL ON THE FUNCTIONAL 
RECOVERY OF SCIATIC NERVE CONTUSION 

G.A.C.Murrell, H.Davies, R.D.Goldner. A.V.Seaber, L-E.Chen. 
Division of Orthopaedic Surgery. Duke University, 

Durham, North Carolina, 27710, USA. 

The object of this study was to consider the effects of allopurinol (a 
competitive inhibitor of xanthine oxidase) on the functional recovery 
of rats subject to sciatic nerve contusion. Two experiments were 
Cprried out. In each, twenty-four outbred male Sprague-Dawley rats, 
were randomly allocated to three groups: (1) sham operated group - 
sciatic nerve exposure only, (2 )  sciatic nerve contusion without active 
pre-treatment, (3) sciatic nerve contusion with intn-periton4 
injections of allopurinol (20 mgkg). 24 hours and 1 hour pre-oper- 
atively. The two experiments differed in the force used to contuse the 
nerve. In the first experiment. a 0.98 N crush was applied for 10 
minutes, while in the second experiment 147 N crush was applied for 
10 minutes. The functional recovery was objectively determined using 
the measurements of Iund paw prints (Sciatic Functional Index; SFI). 

Rats subjected to sham operations exhibited no functional deficit, 
while rats subject to sciatic nerve contusion hnd obvious functional 
deficits with longer, narrower hind paw pMts on the affected side. 
The time for recovery from 0.98 N CNSh (1 1 days) was shorter thnn 
that for 147 N of crush (60 days). In the 0.98 N crush experimcnt 
there were no Significant differences between the time cou~ses of 
recovery for the idlopunno1 treated and untreated a n i d s .  the 147 
N crush experiment there was little difference between the two group8 
until 60 days post-opentively, when the J lopuMol pre-treated group 
were slightly less disabled than the control group. 

These results indicate that pre-operative intn-peritonul 
dlopurinol offered some small functional benefit to rats with severely 
contused sciatic nerves. Xanthine oxidnse-mediated free radical damage 
may play a small role in severely contused peripheral nerves. 

THE EFFECTS OF THE FREE RADICAL MODULATOR,TUMOR 
NECROSIS FACT0R-a. ON ACHILLES TENDON HEALING 

G.A.C. Munell. R.D. Goldner. A.V. Saber .  T.M. Best. 
Division of Orthopaedic Surgery, Duke University, 

Durham, North Carolina, 27710, USA. 

10.6 

Tumor necrosis factor-a (TNF-a) is a cytokine Bu t  amplifies 
superoxide release by phagocytic cells. TNF-a also augments the 
ability of healthy cells to protect themselves from oxidant injury by 
inducing intracellular manganous superoxide dismutirse. The aim of lhis 
study was to de4ermine if T N F a  modified the functional and 
mechanical recovery of injured rat Ach~lles tendons. 

Twenty one male Spngue-Dawley rats (weight 250-3aOg) were 
randomly allocated into two groups. The TNF-a group received an 
mtraperitoneal injection of 5 pg T N F a  in phosphate buffered saline 
(PBS) 24 hrs and 1 hr prior to surgical tr isection of the right Achilles 
tendon. The control group received PBS alone. All evaluations were 
performed in a blinded fashion. The functional recovery was 
objectively determined using the measurements of hind paw pMts  
(Achilles Functional Index; AFI) pre-operatively and on post-operative 
day 1,3,5,7,9,11,13 and 15. On day 15 the animals were sacrificed 
and biomechanical evaluations were performed on both the injured and 
uninjured Achilles tendon constructs. 

All animals had a significant initial functional impairment that 
gradually improved over 15 days. The functional recovery was greaIer 
in the T N F a  pre-treated group, a difference that became most obvious 
on day 15 ( T N F a  = -9.6 f 3.0, control = -23.4 f 4.2; mepn AFI 
f SEM; p < 0.02). There were no significant differences in failure 
load, ultimate deformation or mean stiffness. 

In summary, pre-treatment with TNF-a significantly improved the 
functional recovery of rats subject to Achilles tendon division, but did 
not alter the mechanical properties of the Achilles lend00 constructs 
harvested 15 days following Achilles tendon division. 

EFFECTS O F  ANTIOXIDANT UUTYLATED 10.8 
HYDROXYTOLUENE (IIHT) ON HORMONAL RE(;ULATION 

AND ESR SIGNALS IN ADULT AND OLD RATS 

Vltall K. Koltover; Erpeny 8.  (;crrhsn, Vladimlr V. Frolkls 

lnsrifue of Chemrcul Phy.ur.3 of K u w u n  Acudemy of Scienres. Moscow 
Disfricf. C h e r o , q o l o v h  142432. Ruwra 

InTfilur of (;eronlnlogy. Kiev .  Ukraine 

The errms of a single administration or BHTon h e  inlensity of ESR signals in 
bloodplasma,as wcll ason thcplasmacr~nccntrrtionsofACH. 1 I-OHCS,TSH 
and T, hormones within 48 hours f n l l ~ w ~ n g  thc drug administration were studied 
in the experimcnts on adult (4-6 months) and old (24-26 months) male Wistar 
rats. Changes due ID RHT u)ok place in thc intensity of E S R  transfenin and 
ceruloplasmin signals in thc bl iwd There werc also significant RHT-induced 
changesintheplasmaconcentrauonsof ACTH. 11 -0HCS.TSH andT,hormones. 
The amplitude and rhc direction of she changes depcndcd upon lhc type of 
hormones. the timc period that had clapscd after R HT injection, and the animal's 
agc.Thephysi~tlogical c f f c c t s o f R H T m s e c m  to hemediatedvia lhesystem 
of the ncurohumoral regulation. 
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10.9 NERVE GROWTH FACTOR AND ANTIOXIDANT ENZYMES IY 
REAGGREGATION CULTURES OF FETAL RAT BRAIN CELLS 

Anders Aspberg, Yvonne Dimherg & Olof Tottmar. 
Department of Zoophysiology, Uppsala University, Uppsala, Sweden. 

Since we have shown that X-irradiation causes a douhling of the 
amount of NGF in reaggregation cultures of fetal brain cells', we 
treated cultures with NGF to see i f  it affected the antioxidant enzymes. 

The experiments were p e r f o d  using reaggregation cultures of rat 
brain cells mechanically dissociated on emhryonic day IS, and grown 
as spheroids in serum-free medium. We have earlier shown that the 
dcvelopment of the studied antioxidant enzymes in this system and in 
iivo is simila?. In a chronic experiment 40 nglml 8-NGF was added 
to the medium day 2 in culture and thereafter. In an acute experiment 
NGF was added from day 35 to day 42. SOD-activity was measured 
as the inhibition of spontaneous oxidation of 6-hydroxydopamin, using 
5 inM KCN to discriminate between Mn and CuZn forms. Catalase 
was assayed with a Clark-type electrode. GSH-Px activity was 
measured fluorimetrically with H202 as substrate. 

The chronic NGF-treatment resulted in a significant increase in 
cafalase activity at both day 19 and day 30 in culture. Total SOD 
activity was decreased at d19 but it was not different from control 
activity at d3O. CuZnSOD activity was decreased at d19, and MnSOD 
activity was increased at d30. GSH-Px activity was increased at d30. 
When NGF was administered acutely, after the maturation of the 
dntiuxirliurt enzyinw in this cultures. no effects were seen on the 
antioxidant enzyme activities. 

The NGF-induced catalase and GSH-Px increases observed in the 
present study and by othed.', in conjunction with previous findings' 
suggests that one of the mechanisms behind the trophic effects of NGF 
might he modulation of the antioxidant defense systems. 
1) Dimberg.Y ef al. Accepted in 1nt.J.Rad.Biol. (1992). 
2) Aspherg,A & Tottmar.0. Accepted in Dev.Brain Res. (1992). 
3) Nistico,G er al. Neurosci.Lett. 130:117-119 (1991). 
4) Jackson,GR er 01. J.Neumsci.Res. 25:360-368 (1990). 

10.11 OXIDATIVE DAMAGE: A POTENTIAL INDUCER OF HEAT 
SHOCK PROTEINS IN DUCHENNE MUSCULAR DYSTROPHY 

I Bornman+, BS Polla#, BP LotzL, GS Gericke+. 
Departments of +Human Genetics and Lbleuroloqy, 
University Pretoria (South Africa), #Allergy 
Unit, University Hospital, Geneva (Switzerland). 

Duchenne muscular dystrophy (DflD) is a severe, 
progressive X - 1  inked muscul ar dystrophy 
associated w i t h  a dystrophin mutation which i n  
turn leads to muscle fibre membrane damage, 
calcium influx a n d  intracellular proteotoxicity. 
We investigated the expression in this condition 
o f  heat shock genes which are known to be 
transcriptionally activated in response to 
proteotoxic agents. Cryosections were stained 
immunocytochemically with HSP 9 0 , 7 3 , 7 2 , 6 5  and 
ubiquitin employing an immunoperoxidase biotin- 
streptavidin system. An elevated expression o f  
HSP 7 3 , 7 2 , 6 5  and ubiquitin was revealed i n  
hypercontracted fibres while HSP 90 antibodies 
localised to regenerating and necrotic fibres 
invaded b y  macrophages. A preferential 
localisation of HSP 65 and ubiquitin was evident 
in type 2 fibres of normal muscle. Distinct 
induction patterns of these HSPs were seen in 
normal muscle following an i n  vitro heat shock 
treatment. The increased expression of HSPs in 
certain fibres of DflD may represent a protective 
mechanism against the metabolic stress 
rharacteristic of the disease. 

DEPRENYL INCREASES LIFESPAN OF NMRI-MICE 10.10 
H.-J. Freisleben, F. Lehr and J. Fuchs 
Klinikum der Johann Wolfgang Goethe- 
Universitat, FrankfurtjMain, Germany 

The purpose of this study was to 
investigate the influence of selegilin 
HCL on the longevity of immunosuppressed 
nude mice. Athymic NMRI-mice lack mature 
T-cells and specific IgG antibodies. 
Cross-reacting IgM antibodies accumulate 
and cause premature aging. NMRI-mice are 
raised and kept in the Tierversuchs- 
anlage of the University Clinics 
Frankfurt (Head Prof. Dr. med. vet. H.P. 
Fortmeyer) under germreduced conditions. 
At the beginning of the study, the mice 
were 10 weeks old. In the deprenyl group 
4mg of selegilin HC1 was admixed to lOkg 
of normal diet. An average consumption 
of 5.7g per mouse and day correlates to 
2 . 3 ~ 9  selegilin HC1 per mouse and day or 
70pg per kg body weight. 11 weeks after 
selegilin feeding was started, 1 mouse 
out of 14 was still alive in the 
control group versus 9 out of 14 animals 
still living in the selegilin-treated 
group. The study is continued. Selegilin 
is used as a selective MAO-9-inhibitor 
in therapy of Parkinson's disease, in 
which free radical involvement has been 
discussed. Increased life expectancy of 
selegilin-treated patients was reported; 
extension of lifespan was proven in 
experiments with aged male rats. 

RELEASE OF MDA - TBARS AFTER REVASCU- 10.12 
LARISATION OPERATIONS 1N HUMANS 
H. Rabl, G. Khoschsorur, H. Esterbauer', H. Hauscr, 
P.Gerner, M.Giit1, 
Lkpt. f. Vascular Surgery of the Karl Franzens Universi- 
ty of Graz, Auenbruggerplatz 29, A-8036 Graz, Austria; 

* Institute of Biochemistry Graz, 

Reperfusion injury is thought to be in part due to lipid 
peroxidation and play an important role for clinical out- 
come. According to the method of Wong we have measu- 
red the MDA-TBARS by HPLC peroperatively (30 mi- 
nutes before and occassionally l, 2, 3 hours after reperfu- 
sion start) during revascularisation operations concerning 
different organ systems in humans. All together MDA- 
TBARS show a strong increase within the 1st hour after 
revascularisation onset and decrease to its baseline value 
during the next 2 to 3 hours. The different groups are as 
follows (mean h4DA nmol / ml ) : 
Leg revascularisations, (n = 31): 0.68, 1.14,0.94,0.69 
kidney transplantation, (n = 9): 0.67, 1.40,0.81,0.77 
cerebral revascularisation, (n = 27): 0.91, 1.1, 1.14,0.93 
arthroscopy, (n = 17): 0.61, 1.1,0.88 
Summ it up we can conclude that lipid peroxidation is a 
short lasting event which takes place immediately after 
reperfusion onset. Thus, implies that successful therapy 
is limited immediately prior or simultaneously with re- 
perfusion start. 
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10.13 MITOCHONDRIAL DNA TRANSCRIPTION I N  A G I N G  RAT.  
M.N.  Gadaleta, V .  Pet ruzze l l a ,  F .  F r a c a s s o ,  A .  
Lezza, G. Ra ina ld i  and P. Canta tore .  
Department o f  B iochemis t ry  and Molecu la r  Bio logy,  
U n i v e r s i t y  o f  B a r i ,  B a r i ,  I t a l y .  

Miquel and Fleming i n  t h e i r  hypothes is  o f  c e l l  
aging proposed a pathway o f  senescent d i so rgan i -  
z a t i o n  i n  which mi tochondr ia  and m i t o c h o n d r i a 1  
( m t ) D N A  a r e  the pr imary t a r g e t  o f  f r e e  r a d i c a l  
i n j u r y  (1). Age-dependent m o d i f i c a t i o n s  o f  mtDNA 
have been r e c e n t l y  r e p o r t e d  . We were a b l e  
t o  show t h a t  senescence induces a reduc t i on  of  
m t  t r a n s c r i p t s  i n  b r a i n  and h e a r t  ( 2 ) .  T h i s  r e -  
duc t i on  depends on reduced RNA synthes is  (3)and 
on a reduced percentage o f  mtDNA molecules harbg 
r i n g  the t h i r d  DNA s t rand  . However reduced 
RNA synthesis i s  r e v e r s e d  by a pre- t reatment  o f  
senescent r a t s  w i t h  a c e t y l - L - c a r n i t i n e  (lh,300 
mg/Kg b.w., i . p . ) .  T h i s  s t rong ly  suggestes t h a t  
m t  t r a n s c r i p t i o n  apparatus i s  n o t  i r r e v e r s i b e l y  

damaged i n  aging and t h a t  m t  gene a c t i v i t y  i s  
m e t a b o l i c a l l y  mediated. 
1) Mique l  ,J .  and Fleming, J.( 1986) in:Free Rad i -  
cals,Aging, and Degenerat ive Diseases (Johnson, 
J.E. e t  a1 eds) Modern Ageing Research Vo1.8 

2)  Gadaleta,  M.N. e t  a l .  (1990)E.J.B.187,501-506 
3) Fernandez-Si lva,  P. e t  a l .  (1990) Biochem. 
Biophys.Res.Commun.l76,645-653. 

pp. 51-74. 

10.1 5 TURNOVER OF VITAMIN E IN NEURAL AND OTHER 
TISSUES 

DPR Muller. MA Goss-Sampson,'GW Burton and 'KU lngold 
Institute of Child Health, London, UK and 'National 

Research Council. Ottawa, Canada 

Vitamin E lu tocopherol) is necessary for the 
maintenance of normal neural structure and function in both 
man and experimental animals To gain an understanding of 
the neurobiology of o-tocopherol we have investigated the 
turnover of natural RRR-o-tocopherol in various neural and 
non neural tissues in vitamin E deficient and sufficient 
animals The study design was as follows one group of rats 
received a vitamin E deficient diet for 16 weeks and a 2nd 
group the same diet to which unlabelled (do) tocopherol 
136mglkg) was added (phase 1 )  Both groups then received 
deuterated (d3) tocopherol for 12  weeks (phase 21, before 
returning to their original diets for a further 16 weeks (phase 
3) The results can be summarised as follows 
1 )  We have confirmed that the turnover of tocopherol is 
slower in neural compared to  non neural tissues 2 )  The loss 
of tocopherol from neural tissues can be characterised by a 
1st order rate constant 3) The ratio of d3 / dO tocopherol 
during phase 3 in the tissues of rats receiving a vitamin E 
deficient diet showed a consistent but opposite pattern in 
the neural compared to the non neural tissues This could be 
explained by a redistribution of the most recently acquired 
It e the d3) tocopherol from the non neural to the neural 
tissues 41 The turnover of tocopherol in neural tissues 
during phase 3 appeared to be slower in the deficient than 
the sufficient animals 5) Animals that had been vitamin E 
deficient showed an increased uptake of d3 tocopherol 
compared to controls during phase 2 These results suggest 
that there is a mechanism whereby neural tissues conserve 
vitamin E at the expense of the other non neural tissues 

OXYGEN PREE RADICALS IN DEKYELIIIATIWG AND 1NPLI)o)oATORY 10.14 
DISORDERS OF THE NERVOUS SYSTEM 

Chirico S.', Gutowski N.J.?, Pinkha8 J.U.3, smith C. ' ,  

A k a N u  D.', Kaur H.', Murphy R.P . ' .  Strange R.C.3 and 
Kalliuell 6.'. 

' Dept. of Biochemistry, King's College, Londorx ' Dept. of Neurology, North Staffordshire Royal 
Infirmary, Staffordshire, UK. 
Clinical Biochemistry Research Laboratory, School of 
Postgraduate Medicine, university of Keele, North 
Staffordshire Hospital Centre. UK. 

A role for oxidative damage caused by free radicals was 

investigated in sera and CSF from patients with clinically 
definite multiple sclerosis (a centrally demyelinating 
disorder), aseptic meningitis and Guillian-Barre IGBI 
syndrome (an acute peripheral denyelinatirig disorder). A 

Control group consisted only of patients with either 
chronic headache/migraine, benign intercranial 
hypertension or psychological disorders. Blood and CSF 
from all patients were subjected to routine 
haenatological, biochemical and bacteriological analysis. 

The demonstration of increased end products of lipid 
peroxidation is the evidence most frequently quoted for 
the involvement of free radicals in human disease. Hence, 
lipid peroxidation was assessed by measuring the levels of 
TBARS using an HPLC-based assay. In addition, ascorbate, 
dehydroascorbate, protein carbonyls and bleomycin- 
detectable iron were measured. Serum lipid peroxidation 
was significantly elevated in GB patients prior to 
treatment (plasma exchange or steroids) when compared uith 
post treatment levels, controls or the other qroups. 
Serum ascorbate l e v e l s  appeared depressed in both GR and 
meningitis patients. Levels of serum protein carhonyls 
were found to be increased only in the meningitis group. 

S OF MATERNAL V I T A M I N  I,: ON 10.16 
THE FETAL CENERRAI. L)YSFlJNCTION 
Harumi TANAKA, MD 
D i v i s i o n  o f  Mental  Retarda t ion  6 B i r t h  1)rfec.t 
Research, Na t iona l  l r i s t i t u t e  of  Neuroscic?rircx, 
NCNP, Kodaira Tokyo, 187 JAPAN 

?'he v u l n r r a b i l i t y  of the f e t a l  b r a i n  t u  f r e r  r a d -  
i c a l  a t tacks  i s  well known. Vit.amin E is a r a d i -  
c a l  scavengt?r and an e f f e c t i v e  p r o t e c t i v e  agent 
aga ins t  the fo rmat ion  o f  l i p i d  peroxide. The 
present study was on the poss ib le  prevent ion o f  
b r a i n  damage in severa l  animal models by u s i n g  
supplementary v i t am in  E i n  u te ro .  
Resul ts:  1 )  Fetuses from r a t s  g iven  0.03% d - d -  
tocopherol  ace ta te (v i t am in  E )  as a d r i n k i n g  f l u i d  
and X- i r rad iaLed w i t h  100 r a d  o n  ges ta t i ona l  day 
(gd) 13 were examined on gd 21.  Admin i s t ra t i on  
o f  v i t am in  E i n  i r r a d i a t e d  cerebrum resu l ted  i n  
increased weight,  DNA concent ra t  i on  and the den- 
d r i t i c  branching development, and a decreased 
l i p i d  perox ide  fo rmat ion .  2 )  The admin i s t ra t i on  
of 0 .02% vi t -amin E w i t h  10% e thano l  du r ing  preg- 
nancy resu l ted  i n  an increased weight and a de- 
creased l i p i d  peroxide fo rmat ion  i n  the  f e t a l  r a t  
cerebrum on gd 21. 3 )  As a poss ib le  p revent ive  
measure f o r  b r a i n  dys tunc t ion  i n  Menkes disease, 
v i t am in  E was g iven p r e n a t a l l y  i n  b r i n d l e d  mutant 
mice. The maternal  admin i s t ra t i on  of v i tam in  E 
resu l ted  i n  decreased f e t a l  and neonatal death o f  
o t f s p r i n g ,  e s p e c i a l l y  those of hemizygous males. 
I n  conclusion. t h i s  study prov ides  evidence o f  
the p r o t e c t i o n  by v i t am in  E o f  neuronal  develop- 
m e n t  i n  f e tus ,  through i t s  an t i ox idan t  p roper t i es ,  
against  at.t.arks by f ree  r a d i c a l s  and/or l i p i d  pe r -  
oxide. Hef. I n t  J Devl Neurosci ,  9:509-17. 1991. 
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10.17 SUPPRESSION OF EXPERIMENTAL A L L E R G I C  
ENCEPHALOMYELITIS BY TREATMENT WITH 
CATALASE AND SUPEROXIDE DISMUTASE 
Sigrid R. Ruuls. lnge Huitinga and Christine D. Dijkstra 

Free University, Amsterdam, The Netherlands 
Dept. of Cell Biology, Medical Faculty 

Experimental allergic encephalomyelltls (EAE) is a well 
known model for the  demyel inat ing disease multiple 
sclerosis. EAE can by induced by immunization of Lewis 
ra ts  with a homogenate of guinea pig spinal cord and  
Freund's complete adjuvants. After 10 days the immunized 
rats become paralyzed. Within the central nervous system of 
these animals large perivascular infiltrates o f  mononuclear 
cells are present, which consist for 50% o f  macrophnges (mcp). 
These m v  have been shown to play an important role in the 
pathogenesis of EAE, since elimination of mcp causes a 
marked suppression of the clinical signs (1). In the present 
study, we have examined the  possible pathogenic role of 
oxygen radicals secreted by the infiltrating mcp, by in uiuo 
t reatment  with oxygen radical scavengers. Trea tment  of 
EAE rats  with either catalase or superoxide dismutase (10,000 
uni tddaykg)  from day 7 on after immunization, resulted in 
a marked suppression of the  clinical signs. These results 
indicate that  reactive oxygen species, probably secreted by the 
infiltrating macrophages, do indeed contribute to t h e  
demyelination dur ing  EAE. Similar  findings have been 
reported in  experimental allergic neuritis. t h e  peripheral 
counterpart of EAE (2). Our results underline the importance 
of macrophages and the products secreted by these cells in the 
pathogenesis of demyelinating diseases o f  the  (central) 
nervous system. 
1) Huitinga et  al., J. Exp. Med. 1990, 172. 1025 ; 2) Hartung et  
al., Ann. Neurol. 1988, 23: 453 

OXIDATIVE STRESS DURING SEPSIS IN 
LIVER AND MUSCLE: A COMPAHC\TIVE 

STUDY. 
Llesuy S., Evelson P., Peralta J., 

Poderoso J. Boveris A. 
Oxygen Metabolism Laboratory, 
University Hospital and 

School of  Pharmacy and 
Biochemistry.University o f  Buenos 

Aires. Buenos Clires. Argentina. 

%psis is generally detined as an 1nTeCtiM associated with 
systemyc manitestations. it nas been suggested that l i p i d  
peroxidatim may play a role in the pathogeneis of this 
process. Female Spraque Dowley rats Were divided in two groups: 
a)  septic qroup. cecal liqation and dwble cecal perforatim and 
b)  sham operated. Spontaneous chmiluclinescence of adductor 
auscle and liver were measured at b, 12, 24, and 30 nwrs after 
the surgical procedure. Enzymatic activities of superoxide 
dlsutase (SOD), catalase (CAT1 and glutathione peroxidase (6Pu) 
were alsa determined at the s d e  intervals. The results shaued 
that l iqth  eaissim by the muscle daublea the control values 
(8: 2 cps/cm3) at 12 hs of 5wsis while in liver there was a 

BUX increaw at 24 hs of sepsis (control: 11 * 3 cps/caa). The 
activities of antioxidants mzynes in muscle yerp found to be 
dirinished by 4aZ for hSUD, 83% for CAT and 55% tor Sx at 12 
hs. I n  liver, only CAT showed a decrease 62%) at 24 hs. This 
data shac the Ocurrence of  oxidative stress in wscle, partially 
due to the inactivation of antioxidant enzymes. (j, the other 
hand, 1'1 iiver there was only inactivation of 307 withwt 
oxidative stress. 
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Plenary Session on Reactive Species in Metabolic Disorders 
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c.1 ATIIEUOSCI.EKOSIS A S  A N  INFl.AhlMATORY REACTION: 
A n c 7  wall ccll and lipoprotem inrcraciiona 

I m r r .  S. Ilnmo. 5 Y ,  M Navab. and A M Fogclmrrn 

I)iv Cardiology. School of Medicme. Univerriiy of Cahfomia Los Angcks 

I n  a multilayer cocutrure. human aomic endolhelial cells grown on lhr 
cxirnccllulnr mnirn of nutologous nortic smooth muscle cells on a 

membrane. produced higher levels oi fibronccun. collagcn. TGF-O. M- 
CSF. and GM-CSF. corn@ to chf scparrm culturcs of these m e 7  wdl  
cells. Inclusion of momcyta in Ihc cocultures increased rht kvel of m t n x  
prorcinr by 3- 10 22-fold. T h i s  incrcarc appeared to be mediated by 
inlcrlcukinr 1 and 6 ud was accompanied by a marked elevation of mRNA 
for connexin 43. The intcrncuon of endotheld cells m d  smooth niuscle 
cells in thir ancry wall model resulted in a mild modification of LDL UI 

the presence of 5.10% serum. followed by the induction of monocytc 
chem-uant protein I .  Monwyur added to the endothelial side of these 
coculturer m n v n i g r n d  inm thc rubcndorhclinl spnce at 5 to 7-fold hisher 
numbers compand to cocultures that were not preincubated with LDL. 
HDL, antioxidants, antiinflammatory agcnu and inhibitors of lipoxygeruse 
pathway inhibited LDL modification and the induced monocytc 
lraJmigratim in thir ryrtcm. Thc intcnrcrion of artery.wall cells. therefore. 
invokes an environment for mild LDL modification. monocyu attncdon. 
potfatidly followcd by formation of highly o x i d d  LDL, and e v e n d  
production of macmphage-foam cek. 

C.3 Ethanol-inducible cyttxhrome P450 ZEl. Mechanisms of 
regulation, rudiull  formation a n d  toxicological importance. 
M a g n u  Ingelman-Sundberg. Department of Physiological Chemistry. 
Karolinska instttutet. Stockholm. Sweden. 

Ethanol-inducible cyiochrome P450 2EI (CYPZEI) represents a major 
hepatic enzyme, in particular after ethanol-treatment. CYP2EI is then 
induced mainly in the centrilobular liver region and its concentration in 
these hepatocytes can then reach 0. I mM. CYP2El is also distributed 
in the CNS. Today. more than 75 specific substrates have been 
identified for CYP2EI. among them ethanol, acetaldehyde. organic 
solvents and dimethylnitrosoamine. It is likely that the synergistic 
effect of alcohol on the toxicity of these compounds is explained by 
CYPZEl induction. The isozyme is leaky and effectively reduces 
dioxgen to radical species that effectively initiate lipid peroxidation. 
Dioxygen treatment of rats also cause a 4-fold induction of the iw. i -r: 
and it  is likely that the oxygen toxicity in part is mediated through 
CYP2EI. We believe that induction of CYP2El  in the centrilobular 
liver region can cause oxidalive stress. 

In liver, CYP2EI is mainly regulated at a posttranlational level. 
Isozyme-sptrific substrates protect the enzyme from a CAMP- 
dependent phosphorylation on  Ser-129 and C Y W E I  is then slowly 
degraded according to the autophagosomalllysosmal pathway. In the 
absence of substrate, Ser-phosphotylation cause8 heme loss and the 
apoprotein is rapidly degraded by a Mg-ATP-stimulated proteolytic 
system present in the endoplasmic reticulum. In CNS, the neuronal 
level of CYP2El is resistant to influence by ethanol, acetone andlor 
starvation. However, a marked induction of C Y W E I  is seen in 
astroglia cells after ischemia induced by occlusion of the carotid 
arteries. Similar induction is sees after lesions in the brain and suggests 
CYP2E I to have a role in regeneration o f  damage in the CNS. 

LIPOPROTEIN OXIDATION AND LIPOPROTEIN- C.2 
INDUCED CELL INJURY IN EXPERIMENTAL DIABETES 
Guy M. Chiwlm, W.D. 
Dept. of Vascular Cell Biology, Cleveland Clinic Foundation 
Cleveland, Ohio, US& 44195 

Recent studies show that plasma lipoproteins, because of 
ample lipid constituents. e.g., triglycerides. cholesteyl esters, 
cholesterol and phospholipids, a r e  particularly vulnerable to 
free radical attack. Initiation by reactive oxygen and probable 
propagation by lipid radicals alters not only the 
physicochemical properties of lipoproteins but also the 
lipoprotein interactions with cells. Similarities between 
properties of vascular lesions and the attributes of vascular 
cells in culture exposed to oxidized lipoproteins have led t o  
theories that  free radical oxidation of lipoproteins may be 
involved in vascular lesion development. Recent evidence 
suggesis that  oxidized lipoproteins do, in fact. exist in vivo, in 
vascular lesions and, in particular instances. in  plasma and 
tissues of diabetic animals and humans. We have reported 
the formation of oxidized lipoproteins in diabetic rats and the 
capacity of these lipoproteins to injure cells in  v i m .  Recently 
we have pursued the identities of the injurious lipid oxidation 
products on oxidized LDL and the mechanism by which these 
agents i~ure cells. The cholesterol hydroperoxide formed 
during in vitm LDL oxidation appears to be responsible for 
the predominant cell injuring capacity. The mechanism of cell 
injury is consistent with that  seen by others for lipid 
hydroperoxide-induced cell death. Cell-associated metal ion 
chelators appear to retard cell death, as do general chain 
breaking antioxidants. Lipid peroxide inhibitors also inhibit 
the cell death rate. These findings offer tools to examine 
whether i n  vivo counterparts exist in the tissue injury 
accompanying diabetes. 

HEPATOTOXICITY OF EXPERIMENTAL 
HEMOG I I  ROMATOSIS 

H.H. Hacon 

L)l  v i u o n  f , / , /(;a. ,rro, , ,~cruioyy and //CppuiokJRy. 
Urporinmif riflnrcrrud Mcdicrtre. S i  Lour.$ Unrverwy Medical Cenrer. 

S i  Louiv. Mi.+couri 0 3 / 1 0 ,  U S A  

In genetic hcniochroniaimx. ilic livcr IS i hc  niapr recipient of the excess 
absorbcd uon. and after several years or high ussue iron conccntrations. fibrosis 
and. cveniually. cirrhosis develop. Complicatiiins of  cirrohsis are lhc most 
common causes o l d c a h  in patients wilh genetic Iicniochromalosis. Despite h e  
convincing clinical evidence for thc hcpatotoxiciiy o f  excess iron. the speolic 
pathophysiologic nicchanisms rcspmzihlc lor hcpaiocyrc injury and hepatic 
fihmgencsis in chronic iron overload arc piwrly undcrstmd. In our laboratory. 
expcrimcntal hernochromatiisis is achievcd hy fcding rats a diet supplemented 
with carbonyl (clcmcntal) iron Thc paucrn of distribution and thc degrcc of 
hepatic iron overload aXqudhlaliVCly and quanlilativcly comparable to lhat sccn 
in human genetic hcmochromaiosib. We havc dcmonsuatcd evidence of i n n  
induccd miurhonilrial and micrmrmial Iqxd Ixroxidadon and vancty of associated 
organelle functional ahnonnaliiics. fnllowcd by portal fibrosis. in rats with 
chronic iron overload. Keccnt work from our laboratory has shown an incrcasc 
in thc hepatic lcvcls o f  malondialdchydc (MDA). as well as significantly 
impaircd miiwhondrirl mciatx)lisni of ihns product of peroxidized lipids. in iruw 
loaded rats. Addiiionally. Chojkicr and coworkers have reponed that MDA 
causcs an incrcasc in buth collagen prrxluciion and in procollagen I gcnc 
expression in culliuul human fibroblasts Taken togcthcr. thcscdata suggest that 
aldehydic hyprcxlucrsrcsulmg frim iron-induced lipid pcroxidationcoulcl bc nti 

imporiant inilialing factor Icading l o  increased hepatic fibrogcncsis in iruii 
wcrload In thc Iivcr. I ~ p ~ y i c c  (11') c c l l ~ )  rcprcxni llie most likcly sourcc 0 1  itir 

incrcascd in hcpatic MDA.  Thcrclcirc. .tldchydic peroxidation pnduc~c  may 
ccrvc a s  link hciuccn hcpatcullular lipid pcnix ttliiiion and suhsequcnt hrpaiic 
fihrosisin ir(inovcrload.c~therhyiIirci i lyriiniulaiingIi~nryicu)llagcnpnxlii~t,~,~~ 
or by aciivatinfi Kupf lcr  i c I I s  t o  rclci iw prcdihrugcnx cytokincs. 
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C.5 GLUTATHIONE (GSH) SUPPLEMENTATION 
PREVENTS RAT’S LIVER DAMAGE FROM THE 
ACUTE CCL4 INTOXICATION 

G.Annoni, B.Arosio.D.Santambrogio. A. De Vincentis,C. 
Vergani 
Institute of Internal Medicine - University of Milan, 
Italy. Via Pace.1S - 20122 Milano 

In the presenf study we evaluated the protective activity 
of GSH against acute CCL4 intoxication in rats, especially 
in relation to liver fibrosis. 24 Sprague Dawley rats 
were treated with a single dose of CCL4 i.p. (0.25 
mg/hg); 12 out the 24 rats were also pretreated with 
GSH i.p. (500 mglkg) 5’ before the intoxication. 6 
untreated rats were the controls. 
Total hepatic RNA were subjected to Norlhern Blot 
hybridization with the following cDNA c1ones:albumin. 
procollagen a1 (I),TGF-pl and GAPDH. 
The densilometry scanning of the radiolabelled bands 
showed in the CCL4 treated animals a significant 
reduction of the albumin gene expression whilst in the 
GSH protected animals sacrificed 24 and 48 hrs after the 
intoxication. the mRNA levels were very close to those of 
the controls. A similar behaviour was observed for the 
procollagen a1 (I) and TGF-f3 1 genes. 
On the basis of these results we conclude that GSH 
supplementation protects the liver from the free radical 
injury. 

c.7 ROLE OF QLUTATtTIONB AS A T E E W E U T I C  AGENT 
E.Altomare, G.Vendemiale, P.Angelini, E.Cirel1i. 
Institute of Clinica Medica I, University of 
Bari, Italy. 
Increased free radlcal production and lipid 
peroxidation have been aeeociated, during 
various pathological conditions, with an 
impairment of the hepatic antioxidant defence 
syeteme. In addition, the critical role played 
by glutathione ( G S H )  in the defence against 
oxidant stress am been well elucidated. 
consequently, strategies involving antioxidant 
compounds or agents capable of restoring the 
normal hepatic GSH content, eeem to be of great 
interest. Several etudien have been carried out 
in our laboratory in order to evaluate the 
effectiveness of GSH as a therapeutic agent. In 
some experiments, the change. in the hepsto- 
b i l i a r y  homeostasis of CSW after i.p. 
administration of GSH were studied in rata 
depleted of the tripeptide by a prolonged 
fasting. Other atudiee include the evaluation of 
liver GSH and malondialdehyde content after oral 
GSH administration in rats acutely treated with 
ethanol. The effect of oral GSR administration 
on hepatic GSH content in dnimals treated with 
gamma-glutamiltranupeptidaae (CGT) inhibitore 
was also evaluated. The data collected from all 
these studies show that oral (better than i.p.) 
GSH adminietration increase3 hepatic GSH level (1 
after depletion by ethanol or prolonged fasting. 
The low hepatic GSH levels in anhale pretreated 
with CCT inhibitors SUgge8t. a role of thin 
enzyme in the extracellular degradation of CSH 
followed by an increase in cyateine availability 
and in GSH teaynthecin. 

Utilimdon of Oral Oluulhlone (OSH). D.P. Jonor, P.S. C.6 
Samiec, L.J. Dahm. W.J. Elty, E.W. Flagg and RJ. coluac. 
Depanment of Blochemlrny, Dlvldon of E Idamiology, and 
Winship Canca Canter, Emory UnIvur x ty. Atlanta OA 
30322 (USA). 

Olumthiona L thought to b6 one of rho umt impor- 
tant ~ d c m h o g c n s  h m d a n  drruor, d d@cont 
hdrh bsncflt may bc obuLnad by lncrsulng OSH omoen- 
a&nr in cell: ru-ptihlc to ehemlcal-indud Injury and 
cadno encsis. In recent YOM, we h v e  invoadgatdd tho 
bioavafibllity and udlizadon of diemy 0SH in robenu, 
rabbits and humans 10 dSMmlno tho feuibuty of U- 
OSH rupplemanu to M b w e  droue &toxlcidon ryrromr 
and w p n w b  i dau buo to dotamino whshurdiataxy 
OSH ir urocktod with d u o o d  Ark of rpaciAc formr of 
CUIOQ rad athu dlrcaxa aaor. I h o  mulu &ow chu 
the amount of OSH a v c h  the diet ir highly dopaa- 
dent upon food unrapc and prepdon methob. D ~ ~ ~ A K Y  
iupplomonudon with 0SH h-ru P~MIM OSH. but thir 
Ilr undar tight mgulation with an rppmnt fd-brok control 
from tho fntcstina to ragulab hepatic rrlenrc of OSH Into 
the blood. In th6 i n t t r b ,  u p h  of luminal CfSH by the 
sma l l  intnodnal ~ ~ t a ~ c y t ~ ~  f i u p p ~ ~ ~  UP 10 80% Of tho &- 
toxication of d i e m ~  eleCtrop~05 Md lipld b y d q a x q U .  
Thus. available data show that dietary 0SH p v i d a r  M 

important prowdon against toxic and potendally ouch* 
genic dietary ohomicali in the intertins. HxporimMtol md 

fine h e  physiological rcgulatlon of 0SH u W o n  md the 
potential ansadation of dierary OSH conrumpdon with 
raducd dlrwa riaL. 

epidemiologic studltr ara oumnrly Wrduwlly to baer &- 
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MECHANISMS OF FOOD ANTIOXIDANTS 
Michael G. Simic' and Slobodan V. Jovanovict 
*Department of Pharmacology and Toxicology 
School of Pharmacy, University of Maryland, 

Baltimore, Maryland 21201, U.S.A. 
tLaboratory of Radiation Chemistry 

The Boris Kidric Institute 
P . O .  Box 522, 11001 Beograd, Yugoslavia 

Food antioxidants play a dual role: protecting 
the redox integrity of both foods and organisms, 
i.e., preventing food spoilage and the onset of 
degenerative diseases. Oxidative processes are 
inhibited by chelation of metals and breaking of 
chain peroxidation. Most chain-breaking 
antioxidants are phenolic compounds, with 
notable exceptions such as vitamin C .  The 
efficacy of phenolic antioxidants under 
different physiological conditions (e-g., 
extracellular versus intracellular biochemical 
conditions) is governed by various parameters, 
such as polarity, configuration, redox 
properties, and kinetics. Redox potential, one 
of the major parameters, can be determined for 
phenolic antioxidants by use of the Hammett 
relationship and Brown substituent coefficients. 
These calculations ar? applicable to most 
natural antioxidants. The efficacy of 
protection in vivo may be increased by 
sufficient availability of dietary antioxidants 
and protoantioxidants. A relationship between 
dietary caloric intake, antioxidant intake, and 
oxidative damage in vivo is based on 
measurements of the rate of DNA damage in 
humans.' 

1. S.V. Jovanovic, M. Tosic, M . G .  Simic, 
J .  Phys. Chem. 95 ,  10824-10827 (1991). 

2. M.G. Simic, D.S. Bergtold, Mutat. Res. 
2 5 0 ,  17-24 (1991). 

11 -3  BHA -PRECURSOR OF A CHEMICAL MENU 
F.K.Hewgil1 

Department of Cherrristry, University of Western Australia, 
Nedlands, Western Australia, 6009 

I n  inhibiting autoxidation the cori inion food addit ive BI1A i s  
i tse l f  ox id ised to a variety of products. T h e  purpose of th is  
paper, rev iew ing  our w o r k  on the chemical  ox ida t i on  of 
BHA, i s  to bring these oxidation products to the attention of 
medical scientists. 

Both the hindered 1 and the unhindered 2 isomers of RHA 
are first oxidised to phenoxy radicals, wh ich  can d imer ize to 
biphenyldiols, w h i c h  also inhibit autoxidation. becoming  
f u r t h e r  o x i d i s e d  to the d i p h e n o q u i n o n e s  3 and 4 .  
Subsequent reactions of these quinones d i f f e r  marked ly .  
The  hindered quinone 3 is in equi l ibr ium with the oxepine 5, 
and the reaction of this w i t h  singlet oxygen  leads to ring 
cleavage. T h e  unhindered quinone 4 gives r ise both to the 
d ioxep ine  6 and to a complex molecule fo rmed  from six 
units of 2. Th is  dissociates reversibly into free radicals at 
ambient temperature. 

CHANGES OF VITAMIN E CONTENT IN LIWR, PLASMA AND 
ADIPOSE TISSUE OF RATS, FOILOWING CARBON 
TETRACHLORIDE INTOXICATION 

5. Burii~l, MA. OOSS~, M.P. Mells A F.P. Coronglu 
Dlp. Blologla Spedmnntale Unlversltb degU Stud1 dl Cogllod. 
Italy 

Vltamln E I3 probably the most efllclent phyrl~loglc 
antloxldant In llpld envlronmenr. 11s arilloxldont actlvlty k 
dun m~fl lv to 11s c~pocl ly to donate hydrogen atoms 
durlng the Ilpoporoxldotlve prmess. lne oxldullon Of 
vltamln E has been demonsrrated "In vitro', whoro the l ack  
of other H-dorior molecules hampen Ils regenerafton 
lauding to the consumption of fhn vltamln. 'In vlvo' the 
conwnpllon 01 vltamln t durlng o llpoperoxldotlvo process 
Is dllflciilt 10 evaluate because of tho pretence of thaw H- 
aonol molecules oblo to regenerate the vltarnin E (e.g. 
oscorblc ocld). In lhls study we haw meosured tho level 
of vltarnln E In ~ U O S  of rots lntoxlcoted wllh CCl,. a well 
k i i own  llpld poroxldotlon Induclng agent In llie Uver, Of 
dlffQrent t h s  f r o m  the Intoxlcollon. Our resull: lndkate 
that 01 24 hours from tho treotment. when IlPld 
peroxldatlon I: no longer detectable, a sevwe dWm0SQ 
of the v l tamln E content occurs not only In the llver but. 
surprlslnglv olso In plosmo and odlposr tlSsue, Only 
Iridlrectty Involved In the toxlc efleclr of ?he 
halogenoolkone. leading probably to a genera l  
Imbalance of the cerlulor todox system of several ofgans. 
These result: oko show thot there u an actlve ttonrport of 
vltomln E stores from (txIDleril-tlsrues such 08 plosm~ and 
odlpofe tlssue tu Ihe her whon the latler Is hll by an 
orldatlve ogont. W e  concluded thot vltomln E 
supplementatlon WOUIU be lmpoiiont not only to prevent 
the aamaoe cuused by o ftoo radlcal attack bul also lo 
wold the consequen t  Vltamln t aellclency, 

1 7  -2 

RADICAL EXCHANGE REACTIONS BETWEEN VITAMIN E ,  VI- 11.4 
T A M I N  C AND PHOSPHOLIPIDS I N  A U T O X I D I Z I N G  POLYUN- 
SATURATED LIPIDS. 
P .  Lambelet, F .  Saucy and J .  L o l i g e r  
Nestec L t d ,  N e s t l e  Research Centre,  
Vers-chez- les-Blanc,  CH - 1000 Lausanne 26 

A n t i o x i d a n t  r e a c t i o n s  o f  m i x t u r e s  o f  V i tam in  E, 
V i tam in  C and p h o s p h o l i p i d s  i n  a u t o x i d i z i n g  li- 
p i d s  a t  90°C have been s t u d i e d  b y  ESR s p e c t r o s -  
copy. When the  p h o s p h o l i p i d  con ta ined  a t e r t i a r y  
amine l i k e  phospha t idy l  c h o l i n e ,  t he  V i tam in  C 
and t h e  V i tam in  E r a d i c a l s  were s u c c e s s i v e l y  ob- 
served w h i l e  these  two V i tam ins  were s e q u e n t i a l l y  
o x i u i z e a .  I n  t h e  presence o t  t h e  p r i m a r y  amine 
c o n t a i n e d  i n  p h o s p h a t i d y i s e r i n e ,  V i t a m i n  C was 
a lmost  immediate ly  o x i d i z e d  and t h e  V i t a m i n  E 
t r a n s f o r m a t i o n  was de layed  f o r  a few hours.  Ox i -  
d a t i o n  r e a c t i o n s  l e d  i n  t h a t  case n e i t h e r  t o  t h e  
o b s e r v a t i o n  o f  V i tam in  C n o r  t o  V i tam in  E r a d i c a l s  
b u t  t o  a n i t r o x i d e  r a d i c a l .  The f o r m a t i o n  o f  t h i s  
n i t r o x i d e  r a d i c a l  can however n o t  account  f o r  t h e  
i m p o r t a n t  a n t i o x i d a n t  p r o p e r t i e s  o f  t h i s  m i x t u r e ,  
as t h e  same n i t r o x i d e  can a l s o  be formed i n  sys- ' 
terns w i t h  poor  a n t i o x i d a n t  a c t i v i t y  such as V i t a -  
m in  C and p h o s p h o l i p i d s  m i x t i r r p q .  

The " i n  v i v o "  r a d i c a l  d e t o x i f i c a t i o n  cascade, i m - .  
p l y i n g  p r i m a r i l y  V i tam in  E and V i t a m i n  C i s  i n d i - '  
c a t i v e  o f  t h e  e f f i c i e n t  o f  t h i s  m i x t u r e  i n  b i o l o -  
g i c a l  system, b u t  does n o t  e x p l a i n  t h e  e x c e l l e n t  
a n t i o x i d a n t  a c t i v i t y  o f  m i x t u r e s  o f  V i tam ins  E, C 
and p h o s p h o l i p i d s  i n  a l i p i d .  

2 1 1  
B u1 
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11.5 ANTIOXIDANT FFFECT OF CAROTENOIDS ON PHOTO- SENSITIZED OX~DATION OF HUMAN BLOOD PLASMA AND 
LOW DENSITY LIPOPROTEIN 

Teraol and F. Ojima2 
'National Fond Research Inst i tute, MFF. Tsukuba 
305 Japan, 'Kagome Research lnst I tute. Kagome 
Co. Tochigi 329-27 Japan 

Role of carotenoids as biological antioxidants 
i s  of much interest. because human accumulates 
a variety of carotenoids. This study was 
undertaken to estimate the antioxidant effect of 
carotenoids on photosensitized oxidation of 
human blood plasma. We used a water-soluble 
photosensitizer (methylene blue: ME) and a 
lipid-soluble photosensitizer (12- ( 1 -  
pyrene) dodecanoic acid: P-12) as singlet oxygen 
generating system (Type I I react ion). When 
human blood plasma was exposed to MB-sensitized 
photooxidation. phospholipid hydroperoxides 
(PL-OOH) and cholesterol ester hydroperoxides 
(CE-OOH) accumulated from the initial stage 
with decreasing concentration ofd-tocopherol ( 
oi-Toc) and each carotenoid (lycopene. @-carotene. 
zeaxanthin/lutein). TEA reacting substances 
(TEARS) and CE-OOH increased rapidly after the 
depletion of d-Toc and carotenoids. Rapid 
increase of CE-OOH level with the depletion o f  
K-TOC and carotenoids was also found in 
photosensitized oxidation of LDL. Depletion of 
zeaxanthin/lutein was slower in P-12 sensitized 
photooxidation. although these carotenoids and 
a-Toc consumed at the similar rate in the case 
of MB. These results suggest that each 
carotenoid acts as antioxidant on photo- 
sensitized oxidation in the plasma and LDL. It 
is likely that their effectiveness depends on 
their structural properties and the site of 
active oxygen to be trapped. 

LOW PLASMA BETA-CAROTENE, ALPHA-TOCO- 
PHEROL AND SELENIUM LEVELS AS80CIATE 
WITH ACCELERATED CAROTID ATHEROGENESIS 
IN HYPERCHOLESTEROLEMIC MEN. 
H. Korpela, R. Salonen, K. Nyyssonen, M. 
Parviainen, M. Kantola, J.T. Salonen, 
University of Kuopio, Kuopio, Finland 

We investigated the relationship of 
plasma 8-carotene ( C A R ) ,  a-tocopherol 
(TOC) and selenium (Se) concentrations to 
the progression of carotid atheroscler- 
osis in 216 men with serum LDL chole- 
sterol 24.0 mmol/l. Intima-media thick- 
ness (IMT) in common carotid arteries and 
carotid bulbs was measured twice in 12 
months by €3-mode ultrasonography. CAR and 
TOC were determined from fresh plasma 
samples using HPLC and Se with U S .  When 
adjusting for age, S-T, and LDL choles- 
terol concentrations, TG and protein 
content of VLDL and LDL, and systolic BP, 
there were inverse associations between 
CAR (regression coefficient @ -0.148, 
p=O.O12) and TOC ( @  -0.142, p=O.O18) and 
IMT increase. There was a similar trend 
for Se ( f 3  -0.111, p=O.O66). The mean 
adjusted IMT increase was 92% (p=0.028) 
greater in the lowest (5 0.27 pmol/l) 
than in the highest (1 0.64 pmol/l) 
quartile of CAR and 78% (p=O.O45) greater 
in the lowest (< 22.5 pmol/l) vs. the 
uppest ( 2  32.7 pmol/l) quartile of TOC. 
These data suggest that antioxidants may 
have an important role in human athero- 
genesis. 

1 1 . 6  

1 1 . 7  A RAPID, SENSITIVE AND SPECIFIC 
METHOD FOR MEASURING MDA I N  FOOD OR 

I N  BIOLOGICAL MATERIALS 
M. GUICHARDANT 
Nestec Ltd, Research Centre Vers-chez-les- 
Blanc, Post O f f i c e  Box 4 4 .  1000 Lausanne 
26, Switzerland. 

Malondialdehyde (MDA) is one of the most 
studied products of  lipid peroxidation. It 
is excreted in urine and is an indicator of 
lipid peroxidation in the diet and/or 
formed in the tissues 

The classical thiobarbituric acid (TBA) 
test has been widely used to measure MDA. 
MDA-TBA chromogens were isolated and 
quantified by HPLC. However, in our hands 
with biological samples such as urine or 
food the resolution was not adequate. To 
eliminate these interfering MDA-TBA 
chromogens which had spectra overlapping. 

reagent was replaced by diethyl TBA 
(DETBA). The chromogen MDA-DETBA, less 
polar than MDA-TBA was easily isolated by 
solid phase extraction using C18 cartridge 
and quantified by HPLC without interference 
at picomole levels using a fluorescent 
detector. The complete methodology using 
DETBA will be given and compared with that 
using TBA. Results concerning MDA in milk, 
in urine from traumatised patients and in 
thrombin activated platelets will also be 
presented. 

We modified this classical methode. TBA 

FREE R A D I C A L S  I N  COFFEE AND 1 1 . 8  
SUBSTlTUTES 
G.J. Troup'D. Hewitt*J.R. Pilbrow' and D.R. 
Hutton* 
'Physics and *Chemistry Dept., Monash University, 
Clayton, Victnria Australia, 3168 

Coffee, Ecco, Caro and Cocoa have k e n  partially 
fractionated to isolate components showing ESR 
signals. Solutions were treated with XAD-2 resin, 
which adsorbs most organic compounds from 
aqueous solution or suspension. The resin was then 
eluted with methanofiater (80:20) and the extract 
evaporated to leave a solid residue which was 
separated into methanol soluble and methanol 
insoluble fractions. The methanol insoluble material 
in all cases showed the strongest ESR signal. This 
material appears, surprisingly, to be non-aromatic. 
The methanol soluble fractions showed either very 
weak or no ESR signals. In the case of coffee, 
further chromatography indicated the presence of 
feruloyl quinides, but these were not found in the 
other beverages. 
We are now working on further fractionation and 
characterisation of the components responsible for 
the ESR signals. 
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11.9 ANTIOXIDANT PROPERTIES OF ETHANOLlC EXTRACT Of 
PARIPAROBA IPOTHOMORPHE UMBELLATA C L . )  M1q.I 
S.B.M.Barros,D.S.Teixeira,A.E.Aznar,.I.A.Noreira 
Jr.,l.lshii, P.C.D.Freitasr. 
Departamento de AnAlises Cilnicas, e 
ToxicolOgicas.Faculdade de CiSnc i as 
Farmac@uticas,USP - P.O.box 66.355 - 05399 -5% 
Paulo - SP. *Departamento d e  FarnAcia,FCF,USP,S2o 
Paulo. 
Oxidative stress has been implied in many 
pathological process as infiammation, cancer, 
aging and cell death.The brazilian flora is 
particularly rich in medicinal ~ilants employed for 
many purposes. Among them the Piperaceae family 
and specially the Pariparobas are widely employed 
f o r  liver diseases. This study was conducted in 
order to investigate the *in vitro" and "in vivo" 
antioxidant capacity of Pariparoba - Pothomorphe 
umbellata. Rat brain homogenates were submitted to 
different concentration after 1 hour incubation at 
37'C with and without ethano,ic extract dissolved 
in phosphate buffer pH 7.0. The Q t t 2  
(concentration required to decrease 50% of the 
oxidation in the absence of the extract) f o r  root, 
stem and leaf were 4.45, 18.68 and 4 0 , 4 6  u g / m l )  
respectively. Visible chemiluminescence emission 
associated with the autoxidation of brain 
hornogenate was also measured in the presence of 
different concentrations of r o o t  extracts lthe 
most potent one concerning antioxidant activity). 
A correlation coefficient of 0.9476 was obtained 
with concentrations varying from 2.1 to 8.3 
ug/ml."ln vivo" antioxidant activity was measured 
as plasma antioxidant capacitylPACl. Rats 
receiving r o o t s  extracts13 doses of 24 m g / L g  b.w. 
in 2 4 h l  showed 26% increase in PAC w h e r  compared 
with untreated animals. 

11.11 ANTIOXIDANT A N D  PRO-OXIDANT ACTIONS 
OF DIETARY COMPONENTS 

Okede I ARUOMA, Brlgltte C. SCOTl'and Barry HALLIWELL 

Biochemistry Departmeru. Umversrly o/london. 
King's College London. Slrund. Lodon WC2X 2LS. UK 

Antioxidant are of interest to food scieniists and fcxd manufacturers. Control of 
lipid peroxidation in foods containing lipids IS  often achieved by addition of 
antioxidants. There is an increasing interest in thc use of 'natural' antioxidants. 
such as tocopherols. flavonoids or rosemary exlract. in the preservation of food 
material. 
?he antioxidant activity of food additives is frequently assessed only in lipid 
systems. However, phenolic antioxidants such as propyl gallate, BHT. BHA. 
flavonoids and gossypl are capable of stimulating free radical damage w non- 
lipid components such as carbohydrates and DNA Hence they can cause damage 
in biologicalsystemsdifferentfromLhosein which they exertprotextion. We will 
discuss the pro-oxidantlantioxidant actlons of food additives and components 
and methods for the characterization of h e  properties of new 'antioxidmu'. 
Until theseproblems arcelucidated,greatcareshould be taken in the fortification 
of foods with flavonoids and othcr phenolic compounds. 

References: 

Taylor & Francis: London. 
HALLIWELL B (1990) How to characterize a biological antioxidant 
-.9 1-32 

. .  ARUOMA 0 I & HALLIWELL R (1991) v .  

REACTION OF 6-CAROTENE WITH AN ALKYLPEROXYL 111.10 
RADICAL IN BENZENE 
Ryo Yamauchi. Nobuyuki Miyake and Koji Kato 
Department of Food Science, Faculty of Agricul- 
ture, Cifu University, Gifu 501-11,  Japan 

8-Carotene is sensitive to oxidation and thought 
to trap lipid-peroxyl radicals because it in- 
hibits lipid peroxidation in vitro and in vivo. 
Its oxidation in foods or living cells is most 
likely a result of its reaction with lipid-per- 
oxyl radicals. To elucidate the antioxidative 
mechanism of 8-carotene, we have studied the 
reaction products of 8-carotene with an alkyl- 
peroxyl radical. 
8-Carotene was reacted with an alkylperoxyl 
radical at 37°C in benzene. 2,2'-Azobis(2,4-di- 
methylvaleronitrile) was used to genarate the 
alkylperoxyl radicals. The reaction products 
were isolated by reverse-phase and normal-phase 
HPLC. Their structures were characterized by 
ultraviolet, 'H and 13C nuclear megnetic reso- 
nances and mass spectrometry. They were 12- 
formyl-11-nor-0.8-carotene (1). 19-oxomethyl-10- 
nor-8.8-carotene (2 ) ,  5,6-epoxy-5,6-dihydro-L7,8- 
carotene ( 3 ) .  13.15'-epoxyvinyleno-l3,15'-di- 
hydro-14,15-dinor-B,8-~arotene ( a d ) ,  15' ,13- 
epoxyvinyleno-13,15'-dihydro-l4,15-dinor-~,8- 
carotene (4b) and 11,15'-cyclo-12,15-epoxy- 
11,12.15.15'-tetrahydro-8.8-carotene (5). The 
results indicate that the peroxyl radicals can 
attack to every double bonds of the conjugated 
polyene structure. 

ANTIOXIDANT AND PROOXIDANT EFFECT OF BILE- 11.12 
PANCREATIC JUICE ON PHOSPHOLIPID PEROXIDATION 

,I. Terao'. H. Yuki2, K. Ioku3 and Y. Itoh* 
National F d Research Institute. MAFF. Tsukuba 

305 Japan, 'LQ3te Central Laboratory Co. Urawa 
336 Japan, Dep. Food Sci. Osaka City 
University, Osaka 558 Japan 

Mastication and digestion of ingested 
foods seem to p r a t e  lipid peroxidation leading 
to oxidative damages in gastrointestinal tracts. 
The purpose of this work is to know whether or 
not the secretion of digestive fluids in 
duodenum participate in the antioxidant defenses 
against such damages. Liposomal suspension o f  
soybean phosphatidylcholine (PC. final conc. : 6  
dd) was mixed with rat bile-pancreatic juice 
(RBP) and peroxidpd by a water-soluble radical 
initiator or Fe /lipid hydroperoxides. The 
peroxidation products, PC-hydroperoxides (PC- 
OOH)  and/or TEA reacting substances, were 
measured by using HPCC. in both reaction 
systems, RBP promoted lipid peroxidation at 
lower concentration (5 5. v/v) and inhibited at 
higher concentration (50 k, v/v). Addition of 
sodium deoxycholate to the liposomal suspension 
exhibited this biphasic effect depending on its 
concentration (1-100 r rhA) .  TLC and HPLC analyses 
show that fatty acid hydroperoxides (FA-OOH) is 
released from PC-OOH by phospholipase activity 
of pancreatic juice and that FA-OOH disappears 
rapidly without converting to hydroxy fatty acid 
derivative. These results suggest that bile- 
pancreatic juice exerts both antioxidant and 
prooxidant effect depending on the concentration 
of bile salt. It is unlikely that PC-OOH and/or 
FA-ootl accumulate in this extracelluar fluid as 
a result of phospholipid peroxidation. 

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.



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.



Session 12 

Lipid Peroxidation 

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.



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.



12.1 EFFECTS O F  PRO- AND ANTIOXIDANTS ON SUPEROXIDE 
PRODUCTION AND LIPID PEROXIDATION 

1.11. Afanas'ev 

Viramin Kesearch Inmfure, 117820 Mosrow. Ruuia 

Convary to previous data based on  cytochromc c assay. lucigenin-dependent 
cherniluminesccnce test shows a high lcvel of superoxide production by rat liver 
iiiicrosome%. Doxorubicin inhibited superoxide production and enhanced 
rnicrosomal lipid proxidation. Another "prwoxidant" quinonc mcnadione 
inhibited both processes. The flavunoid mtin and iu metal complexes also 
inhibited both processes. and their  inhibitory aciiviiy corrclatcd well with the 
ability to dismute superoxide ion .  We conclude that superoxide ion is a genuine 
initiator o f  lipid peroxidation in microsomes. i ts  major role being the reduction 
of Fc(lll) into active Fe(l1) ions. Doxoruhicin m.ty enhance lipid peroxidation 
chelating Fe(lll)to form more reducible Fc(lll)complex. Howevcr.mcnadione. 
which is unable to bind meral ions, can only inhibit pcmxidation reacting with 
superoxide ion. The ability of "pro-oxidant" qulnunes to enhance superoxide 
production in micmsomal membranes seems now questionable. 

12.3 HYDROXY STEARIC ACID: AN UNUSUAL LIPID PEROXIDATION 
PRODUCT AFFECTING IN VlTRO CELL PROLIFERATION. 
*Masotti L.. Casali E.. 'Gesmundo N., Cavalli G.. Spisni A. 
Inst. of Biol. Chem.. Univ. of P m d ,  43100 Parma, and 'Dept. o f  
Biochem., Univ. of Bologna, 40126 Bologna. Italy. 

Lipid peroxidation products may affect cell proliferation. Recently 
we have identified in whole cells lipid ex!mcls from murine C108 Lewis 
lung carcinoma two unusual derivatives of stearic acid. characterized by 
an hydroxyl group position either 9 or 10 (HSA). The. content of these 
products was inversely correlated to the percent of cell density; 
fwthermore. the HSA administration to Cl08 cells was affecting 
cell proliferation and cell viability (1,2). 

We report here further results obtained by studying human cell lines, 
i.e. HT29 colon carcinoma cells and 1407 embryonal intestine used as a 
control. Both lines have the same embryonal origin as murine C108. In 
the human cells HSA still inhibits proliferation in a dose and a time 
dependent manner, momver,  the inhibitory effecl is completely 
reversible. Flow cytometric analysis of their cell cycle showed that 
human HT-29 are specifically blocked in G1. while murine C108 are 
specifically blocked in G2-M. 

In order lo study HSA uptake at the different exogenous 
concentrations and its subcellular localization, we synthesized @oactive 
labeled 'H-HSA by hydration of methyl oleate. In ClO8 cells HSA 
incorporation increases from I pule cells (exogenous 10 pM HSA. 5 
days administration) to 3 pg1106 cells (exogenous 50 HSA, 5 days 
administration). At these concentrations HSA is cytostatic. 100 pM 
exogenous HSA is. in contrast, strongly cytotoxic and its uptake increases 
to 6.5 pg /lo6 cells after 3 days adminisbation. 

From these studies we hypotize that HSA shows to be an additional 
useful reagent for investigating cell cycle kinetics and a new agent with 
antiproliferative activity. Studies are in progress to clarify which 
mechanism underlies the observed blocks in specific phases of the cell 

1)Cavalli er a/., 9iochem.BiophysRes.Commun.. 178,1260-1265.199 I .  
2) Casali el a/., Cellular and Molecular Biology, 1992, in press. 
#This work was supparfed by Mursl60% (L.M., AS.) and 40% (L.M.) 

cycle. 

METABOLISM OF THE LIPID PEROXIDATION PRODUCT 
4-HYDROXYNONENAL IN LIVER AND SMALL INTESTINE 
W.G. Siems', T. Grune'. H. Zollner', and H. Esterbauer' 
'Institute of Biochemistry. Medical Faculty (Charite), Humboldl 
University, 0-1040 Berlin, Germany. 
University of Graz. A-8010 Graz, Austria. 

12.2 

*Institute of Biochermstry. 

4-Hydro~ynonenal (HNE) is a major product formed by lipid 
peroxidation of w-6 polyunsaturated fatty acids such as linoleic acid 
and arachidonic acid. It exhibits cytotoxic. mutagenic, and genotoxic 
properties. During reoxygenation of isolated rat hepatocytes or rat 
small intestine following 60 min of anoxdischemia an increase of the 
HNE concentration was observed. Nevertheless, the increase of the 
HNE tissue level was short-termed. It seems to reflect only a part of 
the drastic acceleration of the HNE formation rate under conditions of 
ischemia and reoxygenation. The rapid disappearance of endogeneous 
formed HNE is probably due to immediate reactions of the HNE with 
cellular compounds and the metabolism of HNE. Therefore, the fate 
of HNE which was exogeneously added to cells was studied. It was 
shown that HNE was rapidly metabolized in all cell types which were 
investigated. In cell suspension with 106 cellslml at 370 and pH 7.4 
about 95% (hepatocytes) or 75% (mtemcytes of the small intestine) 
of 100 CM HNE added were consumed after 3 min of incubation. In 
both rat hepatocytes and enterocytes we investigated different 
pathways of the HNE metabolism. The primary metabolic products of 
HNE which were identified in h e p a b c y b  and enterocytes werc the 
glutathione-HNE-1: l an juga te ,  4-hydroxynonenoic acid, and 1.4- 
dihydroxynonene as corresponding alcohol of HNE. With i n c m i n g  
duration of the incubation the fraction of secondary HNE metabolites 
steadily increased. As secondpry products until now the glutnthione- 
dihydroxynonene conjugate. and water, which is formed in the p- 
oxidation of the hydroxynonmoic acid. were identified. Additionally, 
the protein binding of HNE was quantified. The rapid metabolism of 
HNE and other aldehydic products of lipid peroxidation could be an 
important part of the intracellular antioxidative defense system. 

POLYUNSATURATED FATTY ACID PEROXIDATION 12.4 
MECHANISM SPECIFIC T O  HUMAN RREAST CANCER 

KILLING IN RESPONSE TO 
GAMMA- LlNOLENlC ACID + Fe (11) 

Schumpel Takeda', David Iiorrobin*, Greig Sim** and Mehar Manku' 

*EJamol Researrh Itwirure. P . 0  Box R I B  Kenrville. 
Nova Scofia B4N 4/18. Canada 

"Inslifule for Marine Biosciences. NalioMI Krsearch Council Canada, 1411 
Oxford Sweet. Halifar. Nova Scolia B3/1321. Canada 

Gamma-lmolenic acid: 6.9.12cis-octadeca~icnoica~idisanesscntialfattyacid 
which selectively kills human cultured cancer cells in a dose dependent manner. 
PolynsaNrated fatty acid peroxidation in cancercells wasclosely associated with 
this selective killing effect. Therefore we investigated by Gas chromatography- 
mass spectrometry and high performanceliquid chromatography themechanism 
of polynsaNrated fatty acid peroxidation in human breast cancer (ZR-75-1) cells 
incomparison tohumannormal skin fibroblast (CDD4ISk)exposed togamma- 
linolcnic acid with fermus imn. Peroxidation of polyunsaturated fatty acid was 
indicated by UV absorption in the 235 nm region tn lipid extracts from ZR cells 
but not from 41 Sk cells.Theperoxyl group was identified by gas chromatography- 
mass spectrometry analysis both of triphenylphosphine oxide formed from the 
peroxideoxidation of triphenylphosphine and of thederivatized polyunsaturated 
fatty acidsasfattyalcohols.Thesample wasmethyl esterified.hydrogenatedand 
silylated (art- butyldimethylsilyl cther). Thcse derivatives gave mass spcctra- 
indicating 20 carbon hydroxy saturatcd fatty acids (15-OH. 12-OH and 8-OH 
regional isomers) and an 18 carbon hydroxy saturated fatty acid ( I  3-OH). These 
results indicate that pcroxidations are cccurring at the 15. 12- and 8- carbon 
positionsof20carbonandatthe 13-carbonposition of 18 carbon polyunsaturated 
fatty acids respectively in ZR-75-1 cells. These rcactions are not detectable in 
ni)rmal cells. Therefore a pcmxidatiun mechanism specific to cancer cells was 
identified. This suggests the possibility of use of gamma-linolenic acid as a 
highly selective anticancer agent. 

CELLS (ZR-75-1) PRODUCING SELECTIVE CANCER CELL - 
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12.5 EFFECTS OF OXYSTEROLS ON ARACHIDONATE 
METABOLISM AND CALCIUM FLUX IN PLATELET. 

Denls BLACHE 
INSERM Unit 63 

Ave du Doyen Lepine-69675 BRON, FRANCE. 

Oxysterols (0s) produced from cholesterol (CHOL) 
have numerous biologicals activities mostly related to 
atherogenicity. We have previously indicated that 25- 
hydroxy-CHOL (250H) inhibited platelet-induced 
aggregation and secretion whereas 22-hydroxy-CHOL 
(220H), CHOL-5,6a-epoxide (EPOX) and cholestane- 
3P,5ar6f3-triol (TRIOL) potentiated these parameters 
(Thromb Res (1988) 221). We now investigated the 
effects of these compounds on arachidonate (AA 

have been incorporated as albumin-bound complexes 
into washed rat platelets prelabeled with [14C]-AA. 
Results indicate that upon thrombin-stimulation, the 
250H-loaded platelets produced less thromboxane 
than control platelets. By contrast, the platelets loade 
with TRIOL, EPOX and 220H released more AA and 
metabolites. Also, the kinetic study of the passive 
calcium diffusion by either 250H- or 22OH-loaded 
platelets showed a slight decrease or a drastic 
increase of calcium binding, res ectively. Moreover, 

loaded platelets have shown an increase uptake with 
220H and a decrease with 250H. From these data, 
we conclude that variations of Ca2+ movements might 
explain the reported modulation of platelet activity 
after in vitro incorporation. Since 0s can be produced 
endo enously or ingested from diet, these data might 
be resevant in vascular diseases. 

release and metabolism and on Ca2+ permeability. 0 d 

% 

results of the thrombin-induced L! $+ uptake by OS- 

12.7 ARE DIOXETANES CHEMILUMINESCENT INTEHMEDIATES 
IN LIPOPEROXIDATION? 
P Di Mascio, L.H. Catalani and EJ.H. Bechara 
Instituto de Ouimica, Universidade de Sao Paulo, CP 20780, 01498 
S o  Paulo. Brazil. 

Lipid peroxidation has been pointed out as a key chemical event of 
the oxidative stress associated with several inborn and acquired 
disorders. Disruption of organelle and cell membranes together with 
calcium homeostasis alterations are main supramolecular events 
l iked to lipoperoxidation. Triplet carbonyls and ' 0 2  are the putative 
emitters of the chemiluminescence that accompanies the 
lipoperoxidation (Russell mechanism). However, i t  is long known 
that '02 reacts with a-hydrogen-containing olefins to yield the 
corresponding ene-hydroperoxide (1.3-ene reaction). We re-study 
here the reaction between linoleic acid and ' 0 2  generated both 
photochemically and by thermolysis of 1,4-dimethylnaphthalene 
endoperoxide (1.4-DMN02). We have found by 'H NMR 
spectroscopy that the main products are indeed ene-hydroperoxides, 
after equimolar addition of '02. A minor chemiluminescent product 
is indeed formed along with the products under heating at 3?C, 
although with a very low quantum yield ($=lxIO-'). No energy 
transfer to 9.10-dibromoanthracene is observed. Hexanal is the 
expected major product, probably governed by Hock cleavage. 
Photooxygenation of tetraethylethylene is shown to form 0.2% of the 
corresponding dioxetane. This is in line with previous data 
demontrating that formation of dioxetane during 2 + 2 cycloaddition 
is also formed by steric hindrance. Altogether these results reinforce 
the fact that light emission arising from lipoperoxidation can not be 
attributed to a dioxetane as a sigmfkative abundant intermediate. 
Firiaricial Suppofl: CNPq and BID-LISP. 

SPONTANEOUS VISIBLE URINARY CHEMILUMINESCENCE 12.6 
AND OXIDATIVE STRESS. 
Eduardo Lissi, Marta Salim-Hanna, Luis A .  
Videla* 

USACH, Casilla 307-2, Santiago, Chile 
Departamento de Quhica, Fac. Ciencia 

and 
*Unidad de Bioquimica, Facultad de Medi- 

cina, Universidad de Chile, Santiago, Chile 

The spontaneous visible urinary chemiluminescen 
ce is considered to be due to the decomposition 
of oxidized biomlecules. As such it can be 
expected to be a marker of in vivo oxidative 
stress. Urinary chemiluminescence levels have 
been measured at pH = 7, in hyperthyroid 
subjects, smkers and children with Duchene 
mlecular distrophy. For each of these groups, 
the emitted chemiluminescence levels are 
greater than those measured for the correspon- 
ding controls. 

CRITICAL ASPECTS OF ONLINE DlENE MONITORING 

G. Waeg. H. Puhl, F. Tutrhcr, H.  Esterbuuer 

Iturirure of Biochcmi.\rry Univrrsiiy of Groz 
Srhubersrr. I A-8010 Groz. Au.\rriu 

Conjugated Dicnes arc the first prtducts aficr inlt imng lipid peroxidation in 
lipoproleinsandthusthcassayofcontinuousm~~nit~~ring dieir234m absorbance 
in v i m  was improved 10 analyie six LDL samplcs m parallel. Fast preparation 
of all lipoproteins together with minimiring lmpurilics is achievcd by slep 
grdicm ulraccnuifugadon in swingnut r o i o r .  To circumvcnt uncontrolled 
oxidat~on. gel pixmeation chrwnrtography rcplaccs dialysis to remove additives. 
uscd for preparation of lipiprotcins I'rcpackcd desalting columns (Econo-Pac 
IODC. RioRad) proved especially uscful t o  rcniovc small molecules like salts. 
antibiotics or EDTA. within 5 nun. compared t o  I S  to 20 hn. by dialysis. A 
photometer with six fold automaucal ccll ~wsitit~ncr wgcthcr with computerized 
dala acquisition combines high time rc%oIution (20 scc. minimum) with several 
hours monitoring (typical6 hrs)  Only small amounts of sample (0.25 mg LDL 
mass, equals 50 pg LDL protein. I ml) are rquircd to obtain full information of 
the lime-wurrcoflipidperoxidailon. Substances absorbing inthe234nm region 
will intefcrcfonsidcrably with this mcthcd. A wide variety of oxidation initiators 
(e.g. metal ions.organic radical initiators or  enrymcs) watersoluble antioxidants 
(abscorbate. uratc, glutathionc ctc.) as wcll as lipid soluble like uropherols. 
carotcnoides or probucol wcrc r t i i d i d  It  IS  known that reasonable alterations in 
h e  lipoprotein particles take placc altcr the dicncs reached their maximal 
concentration (decomposition ph.w). Espcciall y immunologiul methods proved 
uccful to indicate protcin.aldc11ydc rdducis mviilved in these changes. 
Neverihctcss all these altcrauonsarc triggcrd 21 tlic vcry kginning ofoaidative 
stress (lag phase). 

12.8 
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12.9 STAGES OF DEVELOPMENT OF LIPID 
PEROXIDATION I N  ORGANISM 

A.V. Semenyu k, L.I. Kolesnlkova 

Laboratory o/Pafhophysiological Pregnancy. Inrrirue of Paediafrirs. 

ASB AMS. limirjareva 16. Irkusk. 66400.l Rursia 

Activation of the lipid peroxidation is an inipnflant pan of stmctural and 
functional alterations of the biological membranes in strcss or  in cases oi any 
other pathology. Still. results. obtained in the same study sometimes vary 
significantly. Different levels of lipid peroaidaiion can he demonstrated in the 
samedisease. It may beexplained as a methodological mislake and cause certain 
problems in interpretation. 
We analysed lipid peroxidation in cases of different experimental pathologies - 
induction of livermonmxygenase by phenobarbital. stirnulalion of mononuclear 
phagocytes by zimozan in the situation of thc stress. called by the coldness o r  in 
cases of pathological pregnancy. We found cerlain stages in the development of 
lipidperoxidation reactivity incell and tissues. which may influence experimental 
results. This hypothesis is funher confirmed by h e  analysis oihc complications 
of pregnancy in the emlogically altered regions. 

12.1 1 LIPID PEROXIDATION INDUCED IIY HYPERBARIC 
OXYGEN I N  RATS AND THE 

ANTIOXIDATIVE EFFECT OF SOD 

Shen .Jinngung. Hou Can, Chen Yuan 

Depr. o/Ch:neseMed, rhe Firs1 Med Universify o/PLA. 
Gunngzhou 510515. Chirw. 

Lrpid peroxidation is  main way o f  oxygen toxicity in clinic oxygen therapy. T h e  
different pressure and cxposcd tinic hyperbaric oxygen on whole animal was 
srudied. The LM) contents and SOD activity of blood. brain and h e m  in rats 
cxposcd to 100% oxygen and air at 3.5.2.0 ATA for 30 min and 2.0 ATA for 
30.60. 120.240 min were investigated The protective of extraneous SOD were 
observed, which injected by ip. in range o f  0.25- I .25 mgkg wt in rats exposed 
10 2.0 ATA for 120 nun The results showed that niutine prcssure (2.0 ATA) and 
durationofexposure( 120min)inducL.d significanrincrcascof LPO wntenrsand 
decrease of SOD activity. Shere was a significant positivc conelation between 
lipid peroxidation rate and pressure magnitude. exposed time in hyperbaric 
chamber.Thecffectofpure0, wasgreater thanair. Exposedtosameprcssure(2.0 
ATA). the LPO contcnt increased with exposcd time. whole SOD activity 
increased within 60 min and further prolongation of time SOD activity on the 
contrary dccreascd significantly. I t  also showed brain had more sensitive to 
hypcroxia stress than myocardium. Extrancous SOD could inhibit lipid 
peroxidation which havc a dosc-response realationship in range of 0.25- I .O mgl 
kg wt. It suggested wc should pay attcntion u1 prcssurc and duration ofcxposurc 
in hyperbaric OXygCn therapy. Antioxdanu could k uccd in protecting oxygcn 
toxicity. 

LIPID OXIDATION IN MEMBRANE BILAYERS: 12.10 
EFFECT OF CARDlOLlPlN 
Wratten M.L., U. Muscatello, I. Pasquali-Ronchetti, 
A. Tomasi, V. Vannini. 
lstituto di Patologia generale, Modena and 'Pavia 
This study utilized various oxidant model systems in 
order to elucidate the formation of different 
conjugated dienes species during lipid peroxidation. 
Large unilamellar vesicles consisting of either 
1 -palmitoy1 2-linoleoyl phosphatidylcholine (PLPC) or 
PLPC + 10-20% cardiolipin were used as a model 
membrane, and the oxidizing system included Fe(lll) 
- ascorbate, cupper (11) - ascorbate, lipoxydase IV, 
and autoxidation. Kinetics and identification of the 
peroxidation species was done by second derivative 
absorption spectroscopy. Total conjugated dienes 
formation was more rapid in vesicles containing 
cardiolipin in all oxidizing system. Electron spin 
resonance spectroscopy - spin trapping technique 
has concurrently shown the formation of carbon 
centered radicals. Membrane bilayer organization 
was investigated by multifrequency phase correlation 
fluorometry which measured the life time of the 
fluorescent probe, 1-6 diphenyl 1,3,5 hexatriene 
(DPH). This technique showed that oxidized 
cardiolipin has a more perturbing effect on bilayer 
organization than oxidized PLPC. It is proposed that 
oxidized cardiolipin may increase microeterogeneity 
thereby facilitating lipid peroxidation propagation. 

12.1 2 LIPID PEROXIDATION PRODUCTS IN HUMAN PLASMA 
Holley A E ,  Walker MK, Cheeseman KH, & Slater TF 

Department of Biology and Biochemistry 
Brunel University, Uxbridge, Middx UB8 3PH, U.K. 

Lipid hydroperoxides (LOOH), conjugated dienes 
(CD) and aldehydes were measured in healthy hu- 
man plasma using sensitive, highly specific 
HPLC techniques to separate the various classes. 
LOOH were undetectable using HPLC (0.03 uM de- 
tection limit) although uM amounts of thiobar- 
bituric acid reactive substances (TBARS) were 
found and levels correlated well with total 
plasma lipids (P <0.005). The CD of hydroxyei- 
cosatetraenoic acid was found in uM amounts 
and the chromophore absorbed maximally at 241- 
243 nm suggesting the cis-trans configuration. 
I n  females, CD and TBARS were maximal in the 
second half of the menstrual cycle. Human plas- 
ma contained h-Hydroxynonenal (HNE) and alka- 
nals with 2-10 carbons. Total aldehyde levels 
were 5-fold higher in males than females (P 
<0.001). HNE, acetaldehyde propanal and buta- 
nal were present in uM amounts whereas nM 
levels of +he mofe li?o?hilic alkanafs were 
found. Acetaldehyde was predominant and was de- 
tected in all samples, as was pentanal. Propa- 
nal, butanal, octanal and HNE were more common 
in male plasma. Different classes of lipid pe- 
roxidation products can thus be detected i n  
normal human plasma using these HPLC techniques: 
their application to human diseases which in- 
volve oxidative stress should prove useful. 
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12-13 EFFECT OF ALDEHYDES PRODUCED DURING THE LIPID 
PWDXIDATION ON HSPs SYNTHESIS IN HeLa CELLS. 

Francesco Ca]one*, Piet ro A1 lcvl’ 

*Istituto dz Patologia Generale e Centro & Stub0 
sulla Patologia Cellulare CNR, Via Mangiagalli 31 
‘Dipartmento dz Chunica e Biochmica Medxa, Via 

Saldzm. 50. UmversitA dz Milano 
20133 - M1lan0 (ITALY) 

After our demonstration that lipopemxidative 
damage in rat and human cells induces the 
synthesis of a subset of Heat Shock Proteins 
(HSPs). we have shown that 4-HNE. a major product 
of lipid pemxidation, stimulates the synthesis of 
some proteins of the HSPs family, and induces the 
HSF-DNA binding activity. In this work we have 
studied the induction of HSPs, in HeLa cells by 
other aldehydes produced during the lipid 
pemxidation. The aim of the work was to 
evidentiate a possible rule of these compounds in 
the HSPs synthesis observed in the lipid 
peroxidation. The action of the possible metabolic 
pmducts of these aldehydes was also assayed. The 
obtained results show that only 4-hydmxy u.8 
unsaturated aldehydes are able to activate HSPS 
synthesis and HSF-DNA binding. The different 
behaviour of 4-hydmxilated aldehydes compared 
with other assayed products could be explained 
considering their reactivity on thiolic groups 
shown by H. Esterbauer. 

12.1 5 “IMACIN(;” O F  OXIDANT-STRESS-DERIVED CARBONYLS 
IIY MEANS O F  CONFOCAL FLUORESCENCE MICPOSCOPY 

Alfonwi Ponipellu and Murlo Comport1 

I.$; PuroloRia Generole. Universiiu di S e w .  lroly 

Riwlrcinical mcthcxls f o r  the detectionof variour aspects ofoxidant stress- 
cannot provide inforinailon on tlic dlstribuiion of phcnomcna -. in tissues 
of hcicrogcncous ccll c(imposiucin. or rathcr in subcellular SUUCNreS of isolated 
crlls. Ncvcrtlilcss. thls kind of information would be of considerable value in a 
nunikr of experinicntal as well as spintanuius conditions of oxidant stress. 
I’revious work from our laboratory showcd that lipid peroxidation (LPO) can be 
rcvcalul in tissucs , by means of reagents for the carbonyl 
functions originating in phospholipids during the process. In tissue protein, 
ksidcs the binding of LPO- derived aldehydes. carbonyls may also result from 
direct oxidation of aminoacid residues. The cffeciency of rhe histochemical 
approach cw be cnhanced by the combined use of fluorescent carbony1 reagents 
and confocal fluorescence microscopy with image analysis. Experiments were 
carried out with isolated hepatocytes exposed to known prooxidants - such as 
haloalkanes - as well as with tissue sections obtained from animals cxposed to 
primaidants & In all instances. images obtained are consistent with rhe 
known pattcnis of thc model condiiions studied. and can give indications on the 
rukcllular siies primarily mvoluul in the oxidative changes. 

DETERMINATION OF WNALDEHYDE (MDA) IN THE 
RAT BRAIN BY HPLC. 

M.Cini, A.Moretti and R.G.Fariello 
Farmitalia Carlo Erba Research Center 

20014 Nerviano (Italy) 

The most commom method to evaluate lipid 
peroxidation is the spectrophotometric assay 
of MDA based on the reaction with 
thiobarbituric acid. However, this method 
lacks specificity and has other limitations 
(1). We have applied to the brain an HPLC 
method ( 2 )  with minor modifications. The MDA 
is eluted from an aminophase column with Tris 
buffer-acetonitrile and monitored at 267  MI. 
Linearity is between 2.5-1000 p o l  in 2 0  pl. 
Recovery is 950. This method was applied to 
the MDA assay in tho homogenate of whole brain 
or various brain areas after incubation at 
37OC either in unstressed conditions or after 
-- in vitro oxidative stress. 
MDA level was below the sensitivity of the 
method in the non-incubated samples. 
The increase in MDA was time-related at least 
up to 1 h either in the samples incubated 
without any stimulation or in those stimulated 
with FeCl Fe-saccharate or xanthine-xanthine 
oxidase. %he inhibitory efZect of 
some antioxidants was also assessed. This 
method is quantitative and specific for HDA and 
appears to be particularly suitable for 
studying lipoperoxidation and antioxidants. 
(1) Valenzuela A. Life Sci. 1991, 48, 301. 
( 2 )  Esterbauer H. Meth.Enzymol.1984, 105, 319. 

12.14 

12.1 6 IMPROVED FLUOROMETRIC DETERMINATION 
OF MALONALDEHYDE IN BIOLOGICAL SAMPLES 

USING SYNCHRONOUS FLUORESCENCE 
M. Conti, P. Levillain, A. Lemonnier 

Laboratoire central de Biochimie. CHU Bicetre 
94270 Le Kremlin-Bicetre. FRANCE 

Lipoperoxidation is implicated in various pathological 

conditions. The most commonly used marker of this process IS 

malonaldehyde (MDA) expressed as thiobarbituric acid reactive 

substances (TBARS). We propose a modification of the Yagi‘s 

fluorometric assay. We used synchronous fluorescence, which 

eliminates the interference of the Rayleigh diffusion due to the 

effect of solvent diffusion. Under these conditions, we increased 

sensitivity and particularly specificity of the assay. This procedure 

allowed us to point out interferences due to unknown TBARS, 

that lead to overestimate the results, when classic fluorescence is 

used for measurement. We could quantify these interferences on 

a second order derivative curve of the record. This improvement 

aiiowed us to avoid the long and tedious manipulations of ragi’s 

method, by eliminating, like in HPLC methods. the first 

precipitation and washing steps. The results obtained by this 

improved technique are well correlated with those obtained by 

HPLC method. Thus, this simple and rapid method seems well 

adaptated for the screening of a large number of samples. 
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12.1 7 FLOW-CYTOMETRIC ASSAYS OF THE AGE-RELATED 
RESPONSES OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES 
TO PEROXIDATIVE STRESS. 
FARRUGGIA G.. 'CALONGHI N.. *COLOMBI L.. 'SPISNI A.. 
MASOTTI L. 
Dept. Biochemistry. University of Bologna. 40126. Bologna. 'Inst. 
Biological Chemistry, University of Panna, 43100 P m i a .  Italy. 

In previous papers we repofled that penpheral blood lymphocytcs (PBL) 
from donors of different age exposed to exogenous peroxidative damage. 
showed age-related. dose dependent structural and functional damagcs. 
These included modification of h e  membrane order and fluidity. 
decreased proliferative capability and lowcr energy metabolism. Ihe PBL 
of older donor being more affected than the younger ones. Howevcr the 
oxidative damage of  cellular lipids was chemically uildelectablc (1.2) 
In this study human PBL from healthy donors between 18 and RS years 
of age were peroxidized using increasing amounts of hyporanuiie i n  a 
range between 2.5 and 100 pM. The oxygen free radical (O.R.) probe 
2.7dichlorodihydrofluoresceindiacet~ite (DCIFDA) waq uscd to dctcct the 
inIracellular presence of O.R. after the peroxidative stress: both the 
percentage of fluorescent cell and Ihe fluorescence intcnsity were age- 
dependent: they were higher in lymphocytes from young donors, 
indicating an higher peroxidability of the.% cells. Furthcnnore wc 
detected that, after peroxidative slress. there was an incrcasc in both B 
and T lymphocytes. Such an increase was higher for the younger donors. 
Finally we followed the changes in static and dinamic propcnics of the 
membrane by means of time resolved fluorescencc misotropy ol 
propanoyl-DPH. The measurements showed that the plasma memhnne 
from older donors PBL was more rigid. 

I )  

2) 

#This work has bceri supporrcd by Mu,ar 40% (L.C . L M 
60% ( A S ) .  

Monti D. et al.. in "Protein metabolism and aging". ed M .  Rothstcin 
and H. Segal. Wilcy-Liss. Inc., NY USA. 381-386. 19YO. 
Masotti L. el al.. in "Protein metaholism and aging". 4. M. 
Rothstein and H. Scgal. Wilcy-Liss. Inc., NY USA. 387.790. 1990. 

urld M i I K S ?  

12.19 TAXOL PARTIALLY PROTECTS MICROTUBULES BY 
IMPAIRMENT OF 4-HYDROXYNONENAL 
A. Miglietta, A.Olivero, E.Gadoni and L.Gabrie1 
Dept. Experimental Medicine 8 Oncology 
Torino, C.Raffaello 30, 10125, ITALY 

Lipid peroxidation produces various aldehydes: 
among them 4-hydroxynonenal is one of the main 
products. It has an antiproliferative effect, 
which may also be due to an interaction with 
the microtubular system. In fact, colchicine 
binding activity and polymerization of purified 
tubulin are decreased after incubation with the 
aldehyde, as far as -SH groups of tubulin, 
fundamental for polymerization, are reduced. 
Taxol is an anticancer drug which promotes 
tubulin assembly, stabilizes microtubules and 
inhibits their depolymerization; furthermore, 
it prevents the effect of depolymerieing 
compounds. Taxol does not significantly 
prevent the aldehyde inhibition on 'in vitro' 
activities of purified microtubular protein, 
but its effect on cultured cells is quite 
different. Microtubules distribution and 
organization in SV40-transformed 3T3 fibro- 
blasts is completely altered after treatment 
with 4-hydroxynonenal, with reduction of 
microtubules number and length. Instead, when 
fibroblasts are incubated with the aldehyde 
after treatment with taxol, microtubular 
distribution remained more similar to untreated 
cells, probably as a consequence of the 
stabilizing activity of the drug. 

I.IPID PEROXIDATION IN VITAMIN E DEFICIENCY IS 
ASSOCIATED WITH JEJUNAL HYPERSECRETION 

Lindley K.J., Goss Sampson M.,  Milla P.J., Muller D.P.R. 
Divisi(in o f  Biochemistry. Institute of Child Health. 

Gutlford Street. London WCIN. UK. 

12.1 8 

Malnourished infants commonly suffer from chronic diarrhoea and 
have reduced defences agamst free radical derived oxidative stress. 
In  an animal model o f  chronic vitamin E deficiency, we have studied 
the eltext of lipid peroxidation on small intestinal electrogenic anion 
secretion and on the htophysical characteristics of brush border 
membranes (BBM). JejunaI mucosae from 12 month old vitamin E 
delicient (E-) and sufficient ( E + )  male Wistar rats were studied. 
Vitamin E wab undetectahle in mucosae trom E- animals. 
Malondialdehyde (MDA). measured in mucosal scrapings by high 
performance liquid chromatography, was significantly greater in E- 
~ q u n a  1307 +96 (95% confidence interval) vs 100 +20 pmol/mg 
protein, n= 1 I ,  P<O.Ol I .  Membrane order determined hy steady 
state fluorescence anisotropy using diphenylhexatriene (DPH) and 12 
anthrolaxy steam acid (12-AS). showed E- BBM to be more ordered 
(DPH anisotropy = 0.231 k0.004 vs 0.209 kO.006, n = 12, 
P<O.Ol; 12AS anisotropy 0.0967 k0.0004 vs 0.0902 rt0.0029, 
n= 12, P<O.Ol]. Fatty acid composition (mol a)  of BBM revealed 
only minor differences between the two groups. The lipid / protein 
ratio of BBM was the same in both groups. Basal short circuit 
current (1%). representing electrogenic anion secretion measured in 
unstrippzd jejunum in viCro, was higher in E- animals [91pA/crnZ 
+ I 0  vs 73pAlcni2 *6, n=40. P<O.O5 1. Basal Isc correlated 
strongly with mucosal [MDA] (r=0.87 P<O.OOOI) and 12AS 
anisotropy (r = 0.80, P<O.Ol). Increased lipid peroxidation in 
vitamin E deficiency is therefore associated with increased BBM 
order and increased electrogenic anion secretion in rat jejunum. This 
may he a mechanism in perpetuating diarrhoea in malnourished 
infants with diarrhoea1 diseases. 

RELATIONSHIPS BETWEEN ESSENTIAL FATTY 12.20 
ACIDS AND VITAMIN E DEFICIENCY IN CYSTIC 
FIBROBIS 
B.M.Winklhofer-Roob', D.H.Shmerling' +. L. Prabucki' - 
University Dept.of Pediatrics, ' D e p t .  

of Animal Science, Swiss Federal Inst. 
of Technology, CH-8032 Zurich 

Several mechanisms have been discussed 
causing essential fatty acid defi- 

ETency (EFAD) in cystic fibrosis (CF). 
We postulated that EFAD is due to im- 
paired antioxidant protection, resul- 
ting in enhanced lipid peroxidation. 24 
CF patients had plasma fatty acid and a- 
tocopherol (a-T) determinations. There 
was a multiplicative relationship bet- 
ween C20:4n-6 and a-T (y=axb, a=0.01), 
and between the double bond index and 
the ratios C10:2n-6/C20:4n-6, C18:ln-9/ 
C20:4n-6, C18:O/C20:4n-6, Clb:O/C20:4n-6 
and C18:O/C18:2n-6 on one hand and a-T 
on the other. A similar relationship was 
found between C20:3n-9/C20:4n-6 and Q-TI 
however, this ratio, proposed as index 
of EFAD, was within the normal range 
even in the presence of extremely low 
a-T. A normal trien/tetraen ratio in the 
presence of EFAD has been reported for 
CF patients. These data sugqest that, in 
contrast to findings in dietary EFAD, 
both numerator and denominator of this 
ratio may undergo increased peroxidation 
in the presence of vitamin E deficiency. 
To prove this assumption, parameters of 
lipid peroxidation in these patients are 
currently under investigation. 
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12-21 POSSIBLE INVOLVEMENT OF MYEMPEROXIDASE IN LIPID 
PEROXIDATION: STUDIES WITH NEUTROPHILS AND Low 
DENSITY LIPOPROTEIN 
Schaur R.J., Stelmaszynska-Zgliczynska T., 
Kukovetz E., Egger G., and Puhl H. 
Institute of Biochemistry, University of Graz 
SchubertstraBe 1, A-8010 Graz, Austria 

Myeloperoxidase (MPO) is an enzyme released by 
stimulated neutrophils which gives rise to the 
formation of highly reactive species like hypo- 
chlorous acid. The possible involvement of MPO 
in lipid peroxidation was studied using lipo- 
somes, neutrophils and low density lipoprotein - 
(LDL). Exposure of liposomes to thc MPO-€1 0 - C 1  2 2  system results in the formation of thiobarbltu- 
ric acid reactive substances (TBArS) and the 
chemotactic aldehyde 4-hydroxynonenal (HNE) . HNE 
formation was in the micromolar range, where 
chemotactic effects might be expected. Rat neu- 
trophils stimulated by polystyrene granules oxi- 
dize liposomes as shown by the TBArS test. This 
process is inhibited by KCN, indicating the in- 
volvement of m0 in the neutrophil-mediated per- 
oxidation. Human low density protein - (LDL) 1s 
rapidly oxidized by the MPO-H2O2-C1 system. The 
kinetics of the oxidation can be monitored con- 
tinuously by measuring the 234 nm conjugated 
diene absorption. In the absence of C1 LDL is 
mildly oxidized, but in the presence of C1 a 
propagation phase with a rapid increase of the 
234 nm absorption is observed. It is concluded 
that these results point to an involvement of 
MPO both during phagocytosis by neutrophils as 
well as in the oxidation of LDL in the early 
phases of--ath.erosklerosis. 

12-23 STIMULATION OP LIPID PEROXIDATION AND KYD~OXYL RADICAL 
C m T I O N  BY TIE CONTENTS OF HUMAN ATAtROSCLLROTIC 
LESIONS 

Chervl Smith', Malcolm J. Mitchinson2. Mrezie 1. Aruoma' 
and ~alliue11'. 

' Department of Biochemistry, King's College, The Strand, 
London WCZR ZLS, UK. 
Department of Pathology. University of Cambridge, Tennis 
Court Road, Cambridge, CB2 1QP. UK. 
Division of Pulronary/Critical Care Medicine, UC Davis 
Medical Center. 4310 X Street, Sacramento, California 
95817, USA. 

Lipid peroxidation within human arterial lesions is 
thought to play an important role in the development of 
atherosclerosis. In the presence of "catalytic" iron o r  
copper ions, lipid peroxidation can be accelerated. 
Samples of the "gruel" taken from advanced atherosclerotic 
lesions in the abdominal aortae of human cadavers were 
tested for pro-oxidant properties. All samples contained 
bleomycin-detectable iron and phenanthroline-detectable 
copper. Almost all the samples stimulated peroxidation of 
rat liver microsomes and this was usually inhibited by the 
iron chelator, desferrioxamine. Some samples stimulated 
the formation of hydroxyl radicals from H202 in the 
presence of ascorbate, a reaction again inhibited by 
desferrioxa8ine. 

Ye conclude that the interior of hu8an advanced 
atherosclerotic lesions ia a highly pro-oxidant 
environment and that the  use of Copper or iron ions to 
pro8ote peroxidation of lou-denaity lipoproteins in v i t r o  
may be a valid model for events in the arterial wall. 

FORMATION OF REACTIVE ALDEHYDES DURING 12-22 
POST ISCHEMIC REOXYGENATION AND 

T. Grune, 0. Sommerburg, G. Gerber, S .  
Klee and F . R .  Ungemach 
Institute o f  Biochemistry, Medical 
Faculty (CharitC), Humboldt University 
Berlin, D(O)-1040 Berlin and Institute 
of Veterinary Pharmacology and 
Toxicology, Free University Berlin, D- 
1000 Berlin 33, Germany 

Lipid peroxidation in biological systems 
1s always combined with the formation o f  
reactive aldehydes, e.g. 4-hydroxynonen- 
a1 (HNE) and malondialdehyde (MDA). 
The analytical approach for the HNE 
measurements included the modification 
of HNE by dinitrophenylhydrazine, the 
TLC separation of  carbonyl compounds and 
their HPLC. MDA was coupled with thio- 
barbituric acid and determined by HPCC 
with flourescence detection. 
In isolated hepatocytes exposed to 
haloalkane (1 mM bromotrichloromethane) 
or anoxia / reoxygenat ion the -concen- 
trations o f  HNE were compared with those 
o f  MDA. In reoxygenation experiments it 
waa tried to distinguish the share af 
xanthine oxidoreductase inhibiting and 
rad ica 1 scavenging effects o f  
oxypurinol, a compound which is known to 
reduce the postischemic tissue injury. 
' This study was supported by the 
Deutsche Forschungsgemeinschaft. 

HALOALKANE TREATMENT' 

IS TEERE I~~CRJCASED LIPID PEROXIDATION IN BIOLOGICAL FLUIDS 12-24 
PROW BIpmcnommnot.mtIc on REEUMATOID PATIENTS? 

Chirico S.', William no2, Blake D.R.', Mitchinson M.J.3, 
Kaur ti.', Smith C.' and Ealliuell B.'. 

Dept. of Biochemistry, King's College. London. 
The Bone and Joint Unit. The Royal London Hospital 
nedical School, London. 
Dept. of Pathology, University of Cambridge, UK. 

It has been clained that diabetic and/or 
hypercholesterolaemic (HC) patients have elevated plasma 
lipid peroxides and that this produces damage to the 
vascular endothelium and initiates atherosclerosis. We 

re-evaluated this claim by assessing lipid peroxidation in 
*era of HC patients using an HPLC-based assay for levels 
of TBA-reactive substances (TBARSI. The assay includes 
the use of the antioxidant, butylated hydroxytoluene (BXT) 
which can slow doun or prevent any further peroxidation of 
other lipid (or non-lipid) molecules in the sample durinq 
the assay. HPLC is used to separate the (TBAIZnDA 
chromogen from the other chromogens. 

Since the knee joints of rheu8atoid patients have also 
been reported to contain substantial levels of TBARS, 
samples of rheumatoid sera and synovial fluid ISFI were 
also assessed and compared uith HC sera. 

The addition of BHT to biological fluids with the TBA 
reagent decreased the detection of TBARS in & cases. 
The difference between TBARS in the HC patients versus 
controls uas highly significant uith our assay method. 
The addition of BHT to rheumatoid SP caused the greatest 
mean decrease in TBARS compared with SF uith no BHT. The 
absolute levels of TBARS in HC sera uere significantly 
higher than controls but significantly lower than 
rheumatoid sera. These results will be discussed. 
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12.25 EFFECT OF CALORIC OR CARBOHYDRATE 
RESTRICTED DIETS ON LIVER ANTIOXIDANT 
ENZYMES AND PEROXIDATION IN MICE 
M.L6pez-Torrest R-Perez-Campo, C.Rojas, 
S.Cadenas, and G.Barja de Quiroga 
Dept. Animal Biology-11, Complutense 
University, Madrid, 28040, Spain 

Caloric restriction is the only widely 
recognised manipulation capable of 
extending the maximum life span of rodents, 
even though its way of action remains 
unknown. To be effective, it must be started 
before the end of the growth phase. It has 
been suggested that it works through a 
modulation of tissue free radical levels. No 
information about the effects of separate 
restriction of particular energetic 
components of the diet on antioxidants and 
peroxidation is available. 3 groups of 
initially 3 months old OF1 mice were 
maintained during eight weeks in ad libitum 
(controls), caloric restricted (60% of 
control calories) or carbohydrate 
restricted (60% of control calories) diets. 
Ingestion of minerals and vitamins was equal 
in the three groups. Activities of SOD, CAT, 
GPx, GR cytochrome oxidase and lipid 
peroxidation were measured in the liver. 
Carbohydrate restricted (but not caloric 
restricted) animals showed a high increase 
in sensitivity to in vitro lipid 
peroxidation. 

12.27 OXIDATION OF RAT LIVER PHOSPHOLIPIDS IN 
t10MOGENE01JS SOLLITION. LIPOSOME, AND HOMOGENATE 

Y. Kanbayashi, Y. Yamamoto. and E. Niki 
D c p m c n i  of Kcaction Chcmislry and Rc-h Ccntcr for Advanccd 

Sciencc arid Tihnology. University of Tokyo. Tokyo 1 1  3. Japan 

Oxidillion or hiological membranes ha$ bccn atlracting much auenuon 
sincc i t  is a cau.sc or a result of free radical-induced damagc of  thc ccII. 
Thc oxidizability of phospholipids in the cell ha$ bcen estimated by Ihc 
dccrcasc of the phospholipids but we tried to measurc i t  directly by 
detecting hydroperoxides of various membrane phospholipids such as 
phosphatidylcholine. phosphatidylethanolaminc, phosphatidylserinc. 
and phosphatidylinositol (PC-OOH. PE-OOH. PS-OOH. and PI-OOH. 
rcspcctivcly). Phospholipids were extracted from frozen rat livcr with 
chloroform/methanol directly using a tcflon homogenizer. This 
solution. liposome prepared from the same cxtract. and homogenatc in 
0.25 M sucrose were oxidized with oil-soluble radical initiator at 37°C 
in air. Homogcnate was also oxidized by the addition of [err-bulyl 
hydropcroxide. The major products wcre PC-OOH and PE-OOH. 
while little PS-OOH and PI-00H were produced. The raw of K-OOH 
formation was always hslcr &an that of PE-OOH. In the oxidation of 
homogcnatc. significant decrease in  PE and PC, and the formation of 
free Tatty acids (FFA) were observed. while not observcd in the other 
systems. Funhermore, hydroxy-phospholipids (PC-OH and PE-OH) 
and hydmxy-FFA were produced in homogenate oxidation. Thcse results 
indicate the prewnce of phospholipasc and peroxidasc aclivitics in 
homogcnatc. These activities arc cnzymalic since lhey were inhibited 
by the trc;ument of the homogenatc at 100°C for 10 min. These results 
suggest that PC and PE arc vulnerable phospholipids to oxidation and 
their oxidation producls. hydroperoxides, are readily reduced and/or 
hydrolyzcd. In  fact, PC-OOH and PE-OOH were not obscrvcd in  Ihc 
oxidation of homogenatc with low oxygen radical flux. 

0 - 6  F A T T Y  A C I D S  A S  S U B S T R A T E  T O  1 5 - 1 2 - 2 6  
LIPOXYGENASE . 
B. Ek and G. Hansson. Biochem. and Bioanal. 
Chem. ASTFiA &SLE AB, 5-431 83 Molndal, SWEDEN. 

Enzymatic transformation of 0 - 6  fatty acids by 
15-lipoxygenase (LO) results in the formation of 
different lipid hydroperoxides. We have studied 
the production of 15-LO derived metabolites from 
linoleic acid (LA), y-linolenic acid (y-LA) , 
dihomo y-linolenic (Hy-LA) and arachidonic acid 
(AA) in human neutrophils. The cells were 
incubated for 10 min with each fatty acid (0.01- 
50 pM) with and without the calcium ionophore, 
A23187 (1 pM), The monohydroxy fatty acids 
formed were determined by reversed phase H P L C .  
Increasing concentrations of 0-6 fatty acids 

stimulated the production of the monohydrory 
fatty acid. Addition of A23187 potentiated the 
15-LO product of LA by 1 order of magnitude. 
This potentiation was not found when AA, y-LA or 
Hy-LA were used as substrate for 15-LO. These 
results indicate that LA was differently 
utilized as a substrate for 15-LO. In the 
presence of A23187 (lp), eicosatetraynoic acid 
(ETYA) was a more potent inhibitor of 15-LO, 
when LA was used as substrate (pIC50=7.4), 
relative t o  if AA was used as substrate 
(pIC50=6.7) . 
The increased capability f o r  15-LO to utilize 
LA as substrate may be of importance since LA 
could be a major source for the enzymatic lipid 
peroxidation in blood cells and lipoproteins. 

ANTIOXIDANT ACTIVITY OF all-trans- AND cis- ISOMERS OF NATUR- 72-28 
AL RETINOIDS TOWARDS LIPID PEROXIDATION INDUCED IN RETI- 
NAL MICROSOMES 
Maria A. Livrea. Mario Valenza. Antonino Bongiorno. Marcello Ciaccio. 
Luisa Tesoriere 
lstituto di Chimica Biologica. UniversitA di Palermo. 

Owing to its unique metabolic characteristics and high level 01 long chain 
polyunsaturated lipids. retina is particularly susceptible to oxygen loxici- 
ty. In the retinal tissue, antiperoxidative protection is offered by enzyme 
systems. and low molecular weight molecules. Among the latter, vitamin 
E is considered the most important lipid-soluble antioxidant. 
Synthetic as well as natural retinoids have been found as antioxidants 
and effective radical scavengers in a lipid phase (1-5). These compounds 
are peculiar components of retinal metabolism. We investigated their an- 
tioxidant properties against ascorbate-dependent ironcalalysed lipid 
peroxide formation in microsomas of retina from fresh bovine eyes. Either 
all-frans. or 1 )cis- configurations of natural retinoids, dissolved in DMSO, 
have been lested. in comparison with alpha-tocopherol. 
bpid peroxides formed in Ihe membrane were determined as TBARS, 
and hydroxyl-radicals' formation was monitored by reaction with dimethyl 
sulfoxide which yields formaldehyde. then Colorimetrically determined by 
the Hantzsch reaction (6). 
All retinoids tested. assayed in a 0.1 to 100 x lo-' M concentration. 
were able to reduce the induced peroxidation. The order of their relative 
potency, on the basis of the calculated IC,. was 1 1 4 s  retind > 1 lcfs 
retinaldehyde > all-frans- retinol > allirans-tetinaldehyde = all-trans-relinyl 
palmitate. The antioxidant effect could wrrelale with the increasing un- 
slability of the chemical slructure from frans- to cis- compounds. 
The antiperoxidative action of all-trans and 1 1  CIS retind was also veri- 
fied when the retinoids were added to the peroxidative system as a CM- 
plex with BSA. Under these conditions. the retinoid concentration to ob- 
tain the emi-maximal inhibition was three limes higher with respect to 
the condition where retinol was dissolved in DMSO. 

1. Nicotra C.. Livrea MA.. Bongiomo A. (1975) IRCS Med. Sci. 3, 141. 
2. Halevy 0.. Wan 0. (1987) Biochim. Bicphys. Acre 918. 304. 
3. Vile G.F.. Wintebourn C.C. (1988) FEBS Len. 238, 353. 
4. Sarnokyszyn V.M.. Marnen LJ. (1990) Free Rad. Bid. Med. a. 491. 
5. TsuchiyaM.. Scita G.. Thompson D.F.T., Kagan V.. Livrea MA., Packer L. in: 

Aetindds. New Trends in Research and Clinical Applications. (MA. Livrea and 
L. Packer Eds.) Marcel Cekker. Inc. New Yo&. in press. 

6. Nash T. (1953) Biochem. J. 55. 416. 
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1 2 . 2 9  EFFECTS OF FISH-OIL ENRICHED DIET ON HYPERBARIC 
OXYGEN TOXICITY 

Dana Jamieson, Alex Burns and Yiguanp Lin 
School of Physiology & Pharmacology, University of New 

South Wales, Kensington, Sydney, NSW, 2033, 
AUSTRALIA 

Mice were fed a chow diet or diets enriched in fish oil, 

sunflower oil or beef tallow for 3 weeks. Fatty acid 

analysis was carried out in samples of plasma, brain and 

lungs from these animals and large changes were found in 

plasma and lungs with relatively small dietary induced 

changes in brain tissue. Bleeding times were increased very 

significantly in the fish oil group, and slightly increased in 

the sunflower oil group. 

Endogenous lipid peroxidation (measured as thiobarbituric 

acid reactive substances) was unchanged in lung and brain, 

but lung tissue from fish oil fed mice produced more lipid 

peroxides in vitro during incubation at 37O than those of 

other dietary groups. Mice fed the 4 different diets were 

exposed to  hyperbaric oxygen at 618, 585 and 515 kPa 

and convulsive activity and lung damage recorded. No 

dietary induced alterations in susceptibility to oxygen 

toxicity was found. 

1 2 . 3 1  PROTECTION AGAINST MYOGLOBIN-INDUCED 

Cooper'; Free Radical Research Group, 
UMDS-8t Thomas's Hospital, London: 
'University of York, York; 2Kingls 
College, London. 

Our studies demonstrate that activated 
ferryl myoglobin (Mb) radical causes 
extensive peroxidation of low density 
lipoprotein (LDL) by initiating 
peroxidation of the fatty acid side 
chains. We have synthesised and 
investigated novel hydroxamate drugs 
(HXD) as antioxidant compounds. The 
antioxidant effect of HXD occurs by 
hydrogen donation, reducing the ferryl 
Mb to the met form. The mechanism by 
which the HXD suppress peroxidation 
involves two possible modes of action: 
(i) reducing initiation of peroxidation 
by competing with LDL for the ferryl Mb 
radical, and (ii) removing lipid 
peroxyl radicals, which can propagate 
peroxidation, as well as the damaging 
lipid alkoxyl radicals. MetMb catalyses 
the propagation of LDL oxidation but 
not initiation, thus the effects are 
less extensive. HXD are also efficient 
inhibitors of this process. 

M W  DENSITY LIPOPROTEIN OXIDATION 
ESR GREEN, C Rice-Evans, MJ Davies', C 

LIPID PEROXIDATION (LPO) AND VULNERABILITY 1 2 . 3 0  
OF THE FAILING HEART UPON POSTISCHEMIC 
REPERFUSION 
Ingolf E. Blasig, Katrin Schonheit, Tillman Grune*, Werner 
Siems*, Reiner F. Haseloft' and Elvira Rohde 
Research Institute of Molecular Pharmacology, Alfred- 
Kowalke-Str. 4, D-I136 Berlin; *Humboldt University Berlin, 
School of Medicine, Germany. 

Spontanenusly hypertensive rats (SHR) develop progressively 
with age cardiac hypertrophy. Atier 18 months the animals 
showed dilatative cardiomyopathy (LVEDP and LVEDV 
increased) compared to the genetic control (WKY rats). The 
contractile failure resulted in alterations o f  the mitochondria 
isolated from the hearts: Reduction o f  the release o f  free oxy- 
radicals (detection by means of the ESR-spin trap technique 
in the presence of antimycin A), improvement of the 
antioxidative activity and enhancement o f  the content o f  thiol 
residues. 

During 30 min reperfusion (following 30 min total and 
global ischemia) of  the hearts isolated from SHR, 
concentration o f  products o f  LPO (thiobarbituric acid reactive 
material, 4-hydroxynonenal) were higher in the perfusate 
compared to the control. The increase of LPO was 
accompanied by an increase of cell damage (leakage o f  CK 
activity) and a decrease o f  functional recovery (LVDP, 
LVdpldt,,). The results support the hypothesis that the 
postischemic reperfusion injury of the heart is mediated via 
radical-induced LPO which, however, seems not to related to 
the mitochondria1 radical metabolism. 

mnrPanmEs(w)LRlELSIN~CFlEFPNISINmm 
Wl7H 7lE D I F l 2 X h T  MIE CF IXLlVDN - P. Fiu-ua5.P 

"poff,ML. Fi-, F. lamnb . ad h i  G. - Irstibte 
of' Pdiatrics.  uli\asit~ of' Rare "La Sqimza", viale R. 
Elex3 324, a64 m. 
Nemates are spxlsed ta the free radical  dmqge Whlch 
~ C W Y  by different  pathways: h p e a s e d  CDCygen c m s q t i c n ,  
hyp=idrrperfusion, @ a g q t e  cct ivat icn and exceedmg 
free h. lhe aim of this study is to investigate the 
oxurerce of oxidative injury in nnnnal vlfants born by 
qmntanecus or elect ive cesar~an delivery, as well as in 
neonates w l t h  a y x i a .  
&itherial ad method. A cmbnlled study w a s  r h t e d  rn 
10 mITpal infants (6 frun gmltaneous and 4 fm cesarpan 
del ivery)  End 4 with asphyxia (@gar<7 a t  5 min.). 
W pl-tic levels ( r e l a t ive ly  stable by-p-dmts of 
l i p id  permidat ion)  wepe assayed with Ward's d l f i e d  
p m e d u r e  (J. C l i n .  Invest. 76:517, 1985) a t  0 time and 
after 24 and 48 hmrs. 
Rgults. A t  0 tim W were  s igp i f i r an t ly  higher m 
asphyxiated lhan in ncrrmals born by cesawan sectinn 
(P< 0,011; in infants frcm cesarean secticn Hp were higher 
than in Ix117nals fm qxnta- delivery (Pc 0.01). 

A t  24 and 48 hours d i f f m e  remained s ign i f i ca t ive  cnly 
m asFhyxia where- it disappeared in  the other g a p s .  
ccrrlsicrs. Ran these preliminary data we can wticipate 
The hypothesis t ha t  in cperative del iver ies  w immased 
generation of fmz radicals ~ U I - S ,  probably d . ~  to tissw 
d i s i n x t i o n  ( w i t h  free irm release) d o r  b i r M n i c d l  
toxic effects of anaesthetics. In asphyxied infants, indi- 
pendently fhm the kind of delivery, the f r e  radial 

1 2 . 3 2  

generaticn ( m s t l y  Related ta hypawia/reperfusinn) is 
highest and m persistent. 
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ERYTHROCYTE LII’OI’EROXIDATION AND 
(;LICOSYLATED HAEMO(;LOIlIN IN DIAIiETFS MELLITUS 

Povoa jr. H., Santos C.0, Cnnimnro H, C i m r r n  M *, Ollve l ra  R.11, 
Olivc i ra  H., Moraes M.I., I’ovon L.C. nnd Ol lve l ra  Llmu A. 

l ) rw, ion oJFwe I(odtrn/.+ Cenwr of Rcsran-h. Arl indo de Assis 
Fundopo A I U I I ~ ~ O  de Prrivu-Kio de Junriro - R J -  Llruvil - CEP20031 

Lipid pcniridation (LI’) 15 und(iuhicdly caused hy frcc radicals (FR) action o n  
human ccll3. As i t  was furmcrly pnutlaicd thai thc glicosylalion of proleins is 
caused by a rcactiun o f  au~oxtdaiion. we Ilioughi of mierest 10 report results 
studying action of  FK in plasma and cryihrucyics of 24 paiients w i h  diabetes 
incllitur. 11 was ohacrvcd a significant increase o f  lipperoxides (LP) in these 
patienls as compared willi conirols. 

Diabcrics (24)- 
a)  Plasma. II+S.63nM/nil; 
h) Kcd blwd cells: IOhli32SnM/nig Hh 

Cunvols (20): 
a) Plasma: 6.1tZ.S6nM/nil; 
h) Kcd blood cells: 767.6i204nM/mg Hh 
a) t=3.8; p<O.01 / b) I= 3.6; p<O.01 

11 was alcii o h s e ~ c d  a significant p i ~ i i i v c  uirrclation beiwcen glicosylalcd 
hcmoglobin (GH) and LI’of cryihrocytcs (r=+O 91 .p<O.OI). 
Thereis nod~tubirlialilicrcisan;~ccumulaiionofmalondialdchydeincryihrc~ylcs 
of diabcucs ( i t  mcnsurcs ilic dcgrcc or lipupcroxidalion). 
'Fellowship of N;iiiiinal Kcrearch Councrl (CNPq) 

12.33 

12.35 STRUCTURAL MEMBRANE CHANGES BY 
OXIDIZED PHOSPHOLIPIDS AS A BASIS FOR 

THEIR PREFERENTIAL HYDROLYSIS BY 
PHOSPHOLIPASE A2 

J.J.M. van den Bergl, J.A.F. Op den Kamp2, B.H.Lubin1, and 
F.A. Kuypersl. 

1Children‘s Hospital Oakland Research Institute, Oakland, CA, 
U.S.A. and 2CBLE. Universily of Utrecht. The Netherlands. 

Red blood cells continuously generate and encounter oxygen 
radicals. It has been suggested that a phospholipid repair 
mechanism is active, involving among other enzymes a 
phospholipase A2 (PLA2) to remove oxidized fany acyl chains. 
The molecular basis for the activation of a PLA2 upon oxidation 
of membrane lipids is not well understood. 
We have performed experiments to invesligate the physical 
behavior of oxidized lipids and the penetration and activity of 
PLA2 in monomolecular lilms of palmitoyl.linoleoyl- 
phosphalidylcholine (PLPC), PLPC hydroperoxide (PLPC- 
OOH), and PLPC hydroxide (PLPC-OH). At a surlace pressure 
of 20 mN/m, the mean molecular area 01 PLPC was determined 
to be 65 A2. PLPC-OOH and PLPC-OH have mean molecular 
areas of 100 and 180 A2, respectively. This increase in 
molecular area is consistent with a relocation of the oxidized 
fatty acyl chain towards the lipid-water interface due lo the 
increased polarity 01 the (0)OH-group. Monitoring hydrolysis of 
monolayer phospholipids by PLA2 as change in surface 
pressure, bee venom PLA2 hydrolyzed oxidized PLPC much 
more rapidly than non-oxidized PLPC both in the presence 
and absence of serum albumin. However, penetration of the 
PLA2 into the monolayer was found to be considerably less 
when using PLPC-OOH or PLPC-OH monolayers compared to 
PLPC monolayers. Apparently, penetration of this PLA2 is not 
required for efficient hydrolysis of oxidized PLPC monolayers. 
These data provide experimental support for the hypothesis 
that delects in membrane packing caused by oxidized lipids 
can serve as a recognition site lor PLA2, a necessary lirst step 
in the lipid repair mechanism. 

THE ACTION OF EXOGENOUS ANTIOXIDANTS ON 
HYPERBARIC OXYGEN TOXICITY AND LIPID 

PEROXIDATION 

Yiguang Lin and Dana Jamieson 
School of Physiology & Pharmacology, University of New 

South Wales, Kensington, Sydney, NSW, 2033, 
AUSTRALIA 

Convulsions and pulmonary damage result when animals are 
exposed to hyperbaric oxygen at pressures above about 
300 kPa. Several hydroxyl radical scavengers (namely 
dimethylsulphoxide, dimethylthiourea and mannitoll, the iron 
chelator desfenioxamine and the lipid antioxidant butylated 
hydroxytoluene were tested for possible protection against 
such hyperbaric oxygen toxicity. Dimethylthiourea and 
dimethylsulphoxide prolonged the latency to the first 
convulsion, but, surprisingly, dimethylthiourea very 
significantly increased pulmonary damage at both pressures 
used (515 and 585 kPal. Desferrioxamine also slightly 
increased lung damage at 585 kPa. Other antioxidants did 
not alter neurotoxicity or pulmonary toxicity induced by 
hyperbaric oxygen at 51 5 or 585 kPa. 
The antioxidants were also tested for their ability to inhibit 
lipid peroxidation (TEARS formation) in virro. 
Desferrioxamine (5 and 50 pml, and butylated 
hydroxytoluene (0.1 mM and 1 mM) greatly inhibited 
TBARS formation in brain and lung homogenates incubated 
at 37OC. None of the hydroxyl radical scavengers affected 
TEARS levels in homogenates. There was no correlation 
between in vitro inhibition of lipid peroxidation and 
protection against oxygen toxicity. 

12.34 

LIPID PEROXIDATION IN LUNO, LIVER, KIDNEY,TESES 12.36 
AND BRAtN A n E R  ADMINSTRATION OF CADYIUY 
CHLORIDE IN RATS OF DIFFERENT AGES. G. Chevalier, 
D. Manca and A.C. Rkard. Laboratoire de Recherche en 
Toxlcologle de I’Envlmnnement O X E N ) .  UQAlrl. C.P. 8688. 
Montrtjal, Qu6bec, Canada, H3C 3P8. 
Cadmium (0, a n  induce a prmxkjant state In bbbglccil 
systems resulling, among other events, In the peroxldatbn of 
polyunsaturated fatty adds (LPO). We Investigated In v t v ~  
thls phenomenon in rat lung, liver, kidney, testes and brain 
of male Long Evans rats (12 and 36 weekold) 24 hour8 after 
being injected 1.p. wlth 0.025. 0.125, 0.5 and 1.25 rng CdKg 
Cdci,. The measure of thbbarMturlc add reactlve 
substances (TEARS) In the above stated tissues trm 12 
week-old rats demonstrated that lung and braln were the 
most responsive to Cd-induced LPO (up 10 21 3X and 171 Yo 
respectlvety 8s ampared ?D control groups). LPO in liver and 
kidney was sllghtly above control levels despite the fact that 
these tissues accumulated the greatest amounb of Cd (up 
DD 33% and 5% of the lnjeaed dose respectively). LPO 
measured In tissues of 36 w e e k 4  rats wes much less 
pronounced than in younger animals desplte higher retentkn 
of Cd In the respective tissues 24 bun after the treatment. 
Glutambn pemxidase and reductase and plucase-b 
phosphatedehydrogenase were also dlfferently modulated as 
a functian of age. These changes may have a causative role 
In the lnductbn of LPO blbwlng Cd exposure. Referonce: 
M a w  et 81. (1991). Toxlcobgy 07: 303-323. 
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Gcisian GO, Karin OIIinger 
Department of P:itliology. Linkljpir?g ljnivcrsity 
S-j8i 85 Linkilping, Stvrden 

A rsccni hypothesis Stzies osidative stress rcsults in  increased 
forinntion of hydrogen pcroxidc (H2O 2 )  that  enhances 
Ilpofu!;cinogencsis. Tht  diffusion of H202 to tlie acidic vacuol ;~ 
conipartnicnts would result i n  intralysosomal peroxidative 
reactions due to Fenron chcmisny (.NO formation) as lysosonies 
contail? trace atiioiints of reactive irot:. Cystosolic J1102 is 
degr:tled niaitily by thc giutathione peroxidasc-GSH systcn?, and 
decreased GSH rim should incrcase tlic lysosomal 11202 influx 
and O I i  fomiation. Cellular GSH may Ire manipulated by the 
in1iibi;ior. of GSH-synthetizing enzymes. In tile prcsetit study GSH 
biosyn!hesis was inhibited by cellular exposure to 
bothioiiesulfoxiniine (BSO). a spccifi: inhibitor of y- 
glui;itriylcyste;ne syntherase. In cells treated with 0.1 niM BSC 
every second day (when grow:h medium was normally replaced). 
GSH decrcised, as nicasured by HPLCIEC, to 45% after 2 days, 
to 28% after 8 days md to 18% afte- 14 day:. Lmsiderable higher- 
tlian-noniial lipofuscin induced autc,2aoresce~2ie intensity was then 
observed. Depletion of cellular GSH by BSO thus leads to 
increased accumulation of lipofuscin siibstances in cultured 
cnrdiomywytes which supports the hypothesis that oxidative 
stress is a causal factor in iipofuscinogenesis. 
References: 
1. K.S. Sohal and U.T.Brunk ,1990, Lipofuscin as an indicator of 
oxidative stress and aging, in (ed. E. A. Porta) Lipofiiscin and 
Ceroid Pigment, Plenum Press, New York, pp 17-26 
2.J M. Wiiliamon, B. Boettcher, and A. Meister (1982) 
Iiitrcellluiar cystein delivery Sy5te.m that protccts against toxity by 
proniotiiig glutaihione synthesis. ?rm. Natl Acad. Sci. 79: 6242- 
6749. 

72-39 MOBILITY AND PERMEABILITY OF THE BILAYER IN IRRA- 
DIATED VESICLES 
H.SpMz. U.Franck *) 
Group of the Max Planck Society: Time-resolved spectroscopy at the 
University of Leipzig, 
*) Department of human exposure research and epidemiology. Centre 
of environmental research, Leipzig-Halle 

0-7050 Leipzig, Permoserstrasse 15, Gennany 

Lipid peroxidation in small unilamellar liposomes was investigated 
by means of NMR spe.c~scopy in terms of its dependence on 
additives (including salt composition, radiosensitizer) in both the 
inner and outer aqueous compartments. Nh4R results were derived 
from partially relaxed proton specIra. This method is suited for the 
determination of differences in the lateral diffusion of lipid molecules 
in both lipid layers as affected by radical action. Additionally. the H- 
I NMR provides a method for monitoring the stability of irradiated 
liposomes using Eu(3+)-ions as a shift reagent in the extravesicular 
solution. The time course of the penetration of this ion into liposomes 
indicates the degree of destabilization of the permeability barrier after 
irradiation. 

Mechanism of stimulation of Fe2*-supported lipid 12.38 
peroxidation by metals without redox capacity. 

Departamento de Ouimica Bioldgica (IOUIFIS- 
CONICET). Facultad de Farmacia y Bioquimica. Universidad de 
Buenos Aims, Buenos Aims. Argentina 
We have reported that in vitro Al acts a s  a prooxidant 
depending on Al and Fe2+ concentrations and on membrane 
integrity. This s tudy  was conducted to determine if the 
prooxidant action of metals without redox capacity in 
biological systems could be exerted through changes in the 
physical properties of membranes rendering the fatty acids 
more available for oxidation. The capacity of several metals 
to stimulate Fe2+-induced lipid peroxidation (LP) in liposomes 
(PC:PS. 60:40) was first characterized measuring 
chemiluminescence. formation of 2-thiobarbituric reactive 
substances (TEARS) and fatty acids profiles. Besides Al. 
La3+, Be2+. and Pb2+ (50 pM) increased Fe-induced LP. The 
stimulatory effect of Al (12.5-250 pM) on TEARS production 
was significantly correlated (p < 0.02) with its capacity to 
promote iiposomes aggregation (r2=0.90), 5(6)-carboxy- 
fluorescein release (r2=0.87) and liposomes fusion (r2=0.99). 
There was a positive correlation (?-0.95, p<104) between 
the  capacity of Al, La3+, Be2+ and Pb2+ to induce liposomes 
fusion and their capacity to promote LP in Ihe presence of 
Fe2+. Al and Pb were found to produce estructural changes in 
the  phospholipids head-group region in liposomes. a s  evaluated 
using Merocyacine 540. These results suggest that the 
promotion of changes in the physical properties of membranes 
rendering fatty acids more susceptible to free radical attack 
could be a common mechanism of non redox metals in the 
stimulation of Fe*+-supported LP. 

. .  

PLASMA LIPID I'EROXIDATION IN A M A T E U R  AND ELITE 
L O N G  DISTANCE RUNNERS. 

L.Sumrnzlnll, E.Arcrlllt und F.M~rz1t ict i2  

I .  E q u i p  EWTYII. M~luru, 
2 Isrirvro di Formorolojiro. Unrver.ura di Puvra. Iroly 

Sevcrsl studies have reported ha1 acute cacrciw in unuaincd aninials induces 
oxygen free radicals generation and incrensc thc lcvuls of l ~ p ) p c r o a ~ d a t i w ~  
products in b l d  and others tissucs. During cxcrcicc. hxlzly 0,crmsumpttun I S  

greatly increascd and itsecms likely that miircO, and I+,(), forni"in vivo".rincc 
0, can br a product of clectrcin leakage from niitochondrlal elccuon transport 
chains. Prolonged exercise. especially in unuaind individuals. produce muscle 
damagc.asdemonwatcd by rnicroscopestudiesor by rclcrscc~lmusclcenrymcs 
intothecirculation. We havestudicdthcchangcrofihcplasmalipid peroaidation 
in9malclong distancerunncrs.4amateurs (28-46ycarsold)and 5 well uained 
(18-29 years old) ulhlctes. All men were suhjcclcd to 25 km run or 30 km walk 
a1 3'1S"km or 4 ' 3 0 k m  respcclively. R l i d  samplcs. drawn fmm the cubital 
vein. within 30 min before exercise (basal Irvcls). immdiatcly afler. 6 and 24 
hrr after. were mixed in polyclhylcnc tubes with anucoagulnn!. Thc plasma 
samples wcrcatonccoblained bydilfcrcntial ccntrhgat lon andstored at -XO'C. 
The toial Ihiobarbitwic acid rcactive suhstanccs (TAAHS) wcre measured. as 
desnibcd by Beugc and AWL. and comlatcd wulth serum CK and LDH activity. 
The lipid peroxidation mews more evidcnlly in Ihc amatcur\ long distance 
runners while in well trained athletes the TRARS lcvcls arc thc samc bcforc and 
after the excrcise. 7he results confirming thc lilcrrlurc ddla. suggcrung that an 
increase of he antioxidants supplies with thc cltct could hc lmpcrtanl for Ihc 
million of amateurs athletes. 

12-40 
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12-41 OXIDATIVE MECEANISHS IN IRON NITRILOACETATE 
m x m n  IN ISOLATED HXPATOCYTES. 

R. Carini, M. Parola, M.U. Dianrani and E. Alba- 
no. Dept. Experimental Xedicine and Oncology, 
University of Turin, Italy. 

Incubation of isolated rat  hepatocytes vith 0 . 1  
di iron nitrilotriscetete (Feh'TA) caused a rapid 
rise in lipid peroxidation folloved by cell 
death. The l o s s  o f  hepetocyte viability was 
preceded by the decline of mitochondrial membrane 
potential and by+ ATP depletion. Chelation 
extracellular Ca by EGTA o r  inhibition of Ca 
cycling vithin the mitochondria by LaC13 or 
cyclosporin A did not prevent mitochondrial 
damage. Conversely, a dramatic increase in the 
conjugated diene content vas observed in mito- 
chondria isolated from FeNTA-treated hepatocytes. 
Oxidative damage of mitochondria vas accompanied 
by the leakage of matrix enzymes GOT and GLDH. 
The addition of the antioxidant N,N'-diphenylphe- 
nylene diamine (DPPD) completely prevented GOT 
and CLDH leakage, impairment of mitochondrial 
potential and ATP depletion, indicating that 
lipid peroxidation rather than a Ca2+-dependent 
mechanisms caused of mitochondria1 injury. DPPD 
addition also protected against hepatocyte death. 
Similarly hepatocytes prepared from fed rats, in 
spite of undergoing as vell to the impairment of 
mitochondrial functions, were more resistant than 
those obtained from stzrved rats tovard ATP 
depletion and cell death caused by FeNTA, indica- 
ting that the dccline of ATP due to the damage of 
mitochondria w a s  critical for the development of 
FeNTA toxicity . 
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Session 13 

NO and Related Radicals 
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13.1 HYDROXYL RADICAL FORMATION FROM THE 
SIMULTANEOUS GENERATION OF SUPEROXIDE AND 
NITRIC OXIDE: MECHANISMS AND IMPLICATIONS FOR 
THE PATHOGENESIS OF ATHEROSCLEROSIS 
V M Darley-Usmar+. V J OLeary+. M T Wilson', N Hogg' 
and S Moncada+. +Wellcome Research Laboratories, 
Beckenham, Kent, BR3 3BS. UK and Department of 
Biological Chemistty and Chemistry, University of Essex, 
Colchester, Essex. UK. 

The oxidation of lipids in the altety wall has been suggested 
as one of the first steps leading to the development of an 
atherosclerotic lesion. For this reaction to be initiated 
abstraction of a bis-allylic hydrogen atom from an 
unsaturated fatty acid must occur. This initiation reaction 
can be achieved by reaction of LDL with the enzyme 
1 5-lipoxygenase. We have been investigating another 
process which could also lead to the initiation of lipid 
peroxidation involving the reaction of superoxide and nitric 
oxide to generate hydroxyl radicals. Using a chemical 
system to generate these two species we have found that 
hydroxyl radicals are generated and their formation is 
associated with oxidation of LDL to a potentially atherogenic 
pariicle. We propose that if such a reaction were to occur 
in the artery wall it would contribute to the development of 
an atherosclerotic lesion. 

13.3 THE FORMATION OF NO2 RADICALS CAN EXPILAIN THE 

GENOTOXICITY O F  2-NITRO-PROPANE 

A PULSE RADIOLYSIS STUDY. 

M .  Saran'. C. Dalke*, C.  Miche l l ,  W 1301s~. U Andr;icZ 
lGSF-Institut f .  Strahlenhiologie and 2GSF-lnstitiit I Toxikologic 
D-8042 Neuherherg, Germany 

The industrial solvent 2-nitropropane (2-NP) i s  hepatotoxic and 
induces DNA damage and carcinonw i n  rat liver. The conipouiid has 
been suggested to require metabolism by hepatic cytochronre P450 in 
order to become genotoxic, but the DNA dxmaging species has not yet 
been identified. Several mechanisms have been invoked, involving the 
initial formation of the 2-NP radical from the nitronate anion and s u b  
sequent radical chain reactions with the participation of 0 2 -  or pzroxyl 
radicals. 

W e  have used pulse mdiolysis in order to produce 2-NP rlidicIils 
and absorption as well as  EPR spectroscopy to m(init(ir and identity 
potential DNA damaging radical intemidiates. 2-NP radicals could 
not be. observed by EPR after in siru generation with hurarradish per- 
oxidase/H202 or  after pulse radiolysis combined with spin trapping. 
This indicates that any 2-NP radicals o r  their spin adducts arc too 

unstable to be detectable by this method. 
In contrast. kinetic spectroscopy and competition studies after 

pulse radiolysis resulted in transient spectra which indicated the tor- 
mation of NO2 radicals and helped to explain the repor td  ultiiiiate 
formation of NO2- and acetone from 2-NP. Rate constants for tlie re- 
actions of NO2 with selected nucleosides and nuclmtides were deter- 
mined by competition with nitroguaiacol and kaemplerol From the 
magnitude of the rate constants, especially for the reaction 0 1  NO2 
with deoxyguanosine and dwxyguanosine tnonophosphatr. wc con-  
clude that the NO2 radical is most likely the s ~ i c ' c s  cau>ing the 
genotoxic effects of 2-NP. 

INTERACTIONS BETWEEN NITRIC OXIDE (NO) AND 
OXYGEN RADICALS. 

M.IS.Murphy 

l k ~ ~ ~ ~ ~ r i ~ n ~ r ~  UJ Phormorology. Unr versiry oJVermunr, 
B u r l q f u n ,  V7'. 05405. USA 

1 iilultifuncuimal physiological signal. Since supcroxidc dismulasc 
(SOD) potcntiaics thc aciionc of NO. thc reaction hciwecn NO w d  0,. which 
tornis ON(X). WHS propscd to bc a significant pathway o f  N O  demmposition. 
However. othcr reactions o f  SOD coniplicaie this assessment. SOD appears to 

reversibly convcri NO L L )  NO. and rppcllrs toconvcnONOO toONO'and OH. 
Oxygen radicals can affcct Ihc actions o f  NO in other ways. Thc oxidation state 
o f  the heme moiety of guanylatc cyclasc. a major tllrgct fur NO in VIVO. may bc 
alicrrd. N O  may rcilct with highcroxidaiion state hemes. such as catalase. Some 
niwov:tstdilaion can gcncratc 0, wncunently with N O .  lnhibitnrs of 0, 
gcricraiion hy NAUI'H O,oxidorductasccan inhibit NO synthcsis. NOoxidizcs 
the reduced f w ~ n  o f  cytcxhromc C. These points strcss both Ihc difficulty and 
nu.c:r$ity of sIiriultan~(tiis1yccrnsidering many rcactionsof NO andO, whcncvcr 
t h c x  two radaals may bc present togelher. (Supported by Ihc lung-Stiftung fiir 
Wirscnschafi und Fonchung and IlicNational Foundation for Cancer Rcscarch) 

13.2 

Production of peroxyni t r i te b y  activated rat 13.4 
alveolar macrophages 

Joseph S. Bcckman. Harry Ischiropoulos. Ling Zhu. Jun Chcn. 
Michael Tsai. James C. Martin and Craig D. Smith 

Departments of Anesthesiology. Physics. and 
The Center for Macromolecular Crysrallography 

The Universiry of Alabama uf Birmingham 
Birmingham. Alabama. 35294 

Peroxyniuite (ONOO-). the reaction product of superoxide 
(@-) and niuic oxide (NO), may be a major cytotoxic agent produced 
during inflammation. sepsis and ischemkdreperfusion. Bovine C U D  
superoxide dismutase c a d y z e s  nitration of phenolics by peroxynitrite, 
which was used to assay peroxynilrite. Niuic oxide produced by rat 
alveolar macrophages activated with phorbol 12-myristate 13-acecate 
quantitatively convened to peroxynitnt .  In the presence of a tyrosine 
analog, 4-hydroxyphenylacetic acid, C u Z n  superoxide dismutase 
catalyzed the peroxyniuite-dependent formation of  3-n iuo-4-  
hydroxyphenylacetic acid, which correspondeed to a rate of 0. I nmol 
peroxynitri te.106 ce l l s - l -min- l .  T h e  inhibitor of nitric ox ide  
synthesis. N-methyl-L-arginine. prevented the C u Z n  superoxide 
dismutase-catalyzed nitration of  4-hydroxyphenylacetic acid by 
stimulated macrophages. Cu-depleted Zn superoxide dismulase did not 
caIaty7z the formation of 3-nitro-4-hydroxyphenyIacetic acid eilher in 
vitro o r  in the presence of activated macrophages. Four other 
independent by indirect estimates of peroxyniuite formation by 
activated macrophages were consistent with the C u Z n  superoxide 
dismutase-catalyzed reaction; 1) the rate of nitrite and nitrate 
accumulation. 2) the increase. in the amounl of superoxide detected in 
the presence of N-methyl-L-arginine, 3) the increase in the percentage 
of nitrate relative to nitrite following activation and 4) the decrease in 
oxygen consumption of phorbol 12-myristale 13-acetate activated 
m a c q h a g e s  by N-methyl-L-arginine. The formation of peroxyni@e. 
a relatively long lived strong oxidant, from the reaction of nitric oxide 
and superoxide derived from activated macrophages may contribute to 
inflammatory cell-mediated tissue injury. 
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13.5 SYNERGISM BETWEEN SUPEROXIDE DISMUTASE(S0D) AND 
NITRIC OXIDE IN GASTRIC MUCOSAI, PROTECTION 
FOLLOW1 G ISCHEMIA-REPERFUSION IN RATS Y.Naito Y , T.Yoshikawa. T.Kaneko. S.Iinyma, 
S.Nishimura. S.Kokura, K.Mastuyame, M.Kondo 
1)Department of  Digestive Diseases, Hikone 
Central Hospital, Hikone 522, and 2 ) F i r s t  
Department of Medicine, Kyoto Prefectural 
University of Medicine. Kyoto 602, Japan 

The effects o f  L-arginine. a precursor of  
nitric oxide(N0). combined with human 
superoxide dismutase (hSOD), were investigated 
in a ischemia/reperfusion-induced gastric 
mucosal injury model in rats. Ischemia/ 
reperfusion-induced gastric injury was produced 
by the previously reported method 
(FRRC.1989.7:3). L-arginine (300 mg/kg) and/or 
recombinant human Cu,Zn SOD (50.000 U/kg) were 
administered 1 h before ischemia. 30 min 
ischemia and 60 min reperfusion produced 
gastric hemorrhagic erosions and increased TBA- 
reactive substances in the gastric mueosa. 
These injuries and increased TBA-reactive 
substances were significantly inhibited by hSOD 
and L-arginine+hSOD together but not only by L- 
arginine. L-arginine + hSOD together exert 
more significant protection on the gastric 
mucosa than hSOD. L-arginine may act 
protectively on the gastric mucosa only i n  the 
presence of SOD to prolong the action o f  NO by 
scavenging superoxide radical that inactivate 
NO. 

13.7 I : I T F C T  01: T H E  VASODILATOR O N  T H E  SMALL I N T E S  
MUCOSAL l N J U R Y  INDUCED B Y  L-NITKOARGINlNE I N  
Y Nakahashi. 1. Yoshikawa. H. Ichikawa. Y. T u j i g  
Y Miriarniyama. K. Llaruyama. S .  Kokura. M .  Kondo 
First Dcpartmcnt of Medicine. Kyoto Prefcctu 
Unibcrsi t y  of Mcdicinr. Kyoto 602. JAPAN. 
Endothcl ium dcrivcd i - c l a r i n x  factor!EDRF) ha 
idcntified as nitric oxide(N0). svnthesised 

INAL 
R A T S  
w il , 

a1 

bccn 
ram 

thc amino acid L-ai.gininc. a process which is 
inhibited by the L-arginine analogue L-nitroargin- 
i n ? .  The relaxation of thc smooth miiscle tissues 
iridiiccd by EDRI: is inhibited by supcroxidc aninn 
arid that I S  I-ccovcrcd by superoxide dismutase(S0D) 

Wc invcstigatcd cffcct of thc vasodilator on 
r h e  small intestinal mucosal injury induced by 
L - n i t roarxi n ine. Ha Ic Spl ague- Daw I cy I a ts wcrc 
iisrd for t h e  small intestinal mucosal injury by 
the intravenous administration of L-nitroargininc 
and then we adoministrated papavcrine or sodium 
nitroprusside as vasodilators. I n  a n  index of the 
small intestinal mucosal injury, we measured 
volume of the intramucosal bleeding and,volume of 
the leaky protein from the small intestin. etc. 
After administration of L--nitroarnininc. wc found 
multiple eros ions  with blcrdinn in the small 
intestinal mucosa. The incrcascd both in volume o f  
thc mucosal bleeding and the lcaky protein was 
significantly inhibitcd by adoministration of 
papavcrinc o r  sodium nitroprussidc. And then. TBA 
rractivc substancrs(TBARS) wcrc significantly 
incrcased.These findings suggested that ischemia 
and oxygen-free radical contribute to the 
microcirculation level in thc small intestinal 
m iic osa . 

STIMULATION OF 
CE1,LS IlY 

TRANSCRIf'TlON IN M O U S E  LIVER 13.6 
NITKIC-OXIDE RADICALS 

Vilali I<. Kidtiivcr 

Inslilutr iiJChrrnirol Phy.uc$ (4 Huwun Acuderny oJSriem-es. 
Mo.wow Ui.sirirr. Chrr tw~olovku.  142432. R u w u  

The ESK signal olniirmyl ~ ( t n i p l c x c s  ;iprn!:irs in niousc livcralier hydroxy laminc 
injcciion m. This ESK signal iosiiltes 10 ihc appcilrancc id NO free radicals 
Theconcomiiani accumuldiitn diniiuin-lahclled uridinc in livcr KNA evidences 
lor riimulaiicm o f  iranccripiiim 7hts sumularion IS  ahiui thr same nrder I I I  
inagnirtrdc as ilic sinnulation oi tr;tn.;cnpitim alicr Gamma-inarliaiiim o r  r n t L e  

with Icihal doscs. 1 1  IS  :firrunted ih i i i  N O  can di\ordcr the gcnc zxprcssxin 
machinrry in the ccIIs. 

THE NEW MODEL OF THE INTESTINAL WCOSAL INJURY 13.8 

FACTOR(EDRF) PTTHETIC INHIBITYR IN RATS 8 ,  , T. YoshifTwa , H. Taka shi'), Y. Minamiyam 
Y. Nakahashi . S .  Kokur y ,  Kondo . 
1 s t  Dept. o f  Medicine , o f  Clinical 
laboratory and medicine'), Kyoto Prefectural 
Univ. of  Medicine. Kamigyo-ku. Kyoto. 602, Japan. 

EDAF has been identified as nitric oxide(N0) 
derived from the amino acid L-arginine. 
Superoxide anions are known to rapidly destroy 
EDRF(N0). It has reported that EDRF synthetic 
inhibitor. L-nitro-arginine(Arg(NO')), inhibits 
endothelium dependent relaxation in vitro, 
elevates blood pressure in viva. It is 
suggested that EDRF relates to numerous disease 
processes associated with abnormal endothelium- 
dependent relaxation. We prepared the new model 
o f  the intestinal mucosal injury by Arg(N02) 
infused through the superior mesenteric artery 
using male Wistar rats. In this model, 
edematosis and hemorrhage were mainly shown as 
gross lesions. The leakage of hemoglobin 
significantly increased. TEA reactive 
substances(TEARS) in the intestinal muc_osa were 
significantly increased and the NOx(N0 , NO - )  
in the intestinal mucosa were decrease$. h-SdD. 
which was simultaneously treated into the 
jugular vein, histologically inhibited the 
mucosal injury. These findings suggested that 
ischemia and reperfusion occurred at the 
microcirculation level in this model induced by 
Arg(N02) infusion, that SOD prevented from the 
injury by scavenging superoxide anions which 
were produced at that time. 

INDUCED BY ENDOTHELIUM DERIVED-RELAXING 

8 
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1 3.9 DETERMINATION OF THE MOLECULAR CONFORMATION 
OF PEROXYNlTftlTE ANION (ONOC-) 
BY LASER RAMAN SPECTROSCOPY 

J. M. Tsai, J. C. Martin, J. G. Harrison, I. S. Beckman' 
Deparunenls of Physics and Anesthesiology* 
The University of Alabama at Birmingham 

Birmingham. AL 35233, U.S.A. 

Nihc oxide(.NO) is a secondary messenger mediating vasodilation and 
inhibiting platelet aggregation. Nitric oxide may also be a key 
injurious agent in diseasc states such as stroke, myocardial ischemia, 
sepsis and inflammation, where 0 2 -  is also produced. Nitric oxide 
rapidly reacts with 0 2 -  to form peroxynitrite anion (ONOO-). 
Pemxynitrile anion is stable in 1 M NaOH. but decomposes rapidly 
once protonaled with a half-life of 1 second at pH 7.4 to produce a 
hydroxyl radical (HO.) like oxidant and nimgen dioxide (.NW. HO. 
and .N@ are potent cytotoxic oxidants that will injure tissue. Cufi  
SOD could potentially reduce ischemic injury during reperfusion by 
scavenging 0 2 -  before it reacts with .NO. thereby preventing the 
formation and subsequent decomposition of ONOO- into strong 
cytotoxic oxidants. The molecular conformation of ONOO- is still 
unclear. but it is believed that the conformation of ONOO- is important 
in recognizing potential mechanisms of SOD-inhibitable oxidant injury 
to endothelium. In this project. ONOO- was studied by Raman 
spectroscopy in the 300-1800 cm-' region. Raman spectra of 
O15NOO- were also obtained to help with band assignments. Six 
bands of ONOO- in 1 M NaOH were identifed, indicating the presence 
of only one conformation. This observation was supported by the 
presence. of a single peak in the lSN-NMR spectrum. Quantum 
mechanical calculations suggest that the C-shaped or cis-conformation 
should be slightly more stable lhan the !ransconformation. Normal- 
mode calculations based upon the cisconformation also predicted the 
0 1 5 ~ 0 0 -  more accurately than the transconformation. We propose 
that the stability of peroxyniuite in alkaline solution is related to the 
molecule being locked in he cisconformation. 

13.11 ROLE OF GSH I N  NITRIC OXIDE SYNTHESIS BY HUMAN 
UMBILICAL VEIN ENDOTHELIAL CELLS. 
D. Ghigo, P. Alessio, F. Bussolino, C. 
Costamagna, A. Foco, G. Garbarino, R .  Todde, 
G.P. Pescarmona, A. Bosia 

Dept. o f  Genetics, Biology and Medical 
Chemistry,University of Torino 

Via Santena 5 bis, 10126 Torino Italy. 

Human endothel ial cells cultured from 
umbilical vein (HUVEC) were tested for their 
ability to synthesize nitric oxide (NO), which 
has been identified as an endotheliurn-derived 
relaxing factor (EDRF). The synthesis o f  this 
free radical (measured as labeled citrull ine, 
which is produced stoichiometrically with NO 
from labeled arginine) in HUVEC is Caw- 
dependent, is increased 6-fold by the calcium 
ionophore ionomycin and accounts for most 
basal and ionomycin-induced cyclic GMP (cGMP) 
production. When the cells were depleted of 
reduced glutathione (GSH) by incubation with 
1 -chl oro-2,4-d in i trobenzene (CDNB) , c i trul 1 i ne 
synthesis and cGMP production were inhibited 
in a concentration-dependent way. CDNB was not 
cytotoxic and did not inhibit cGMP increase 
elicited by sodium nitroprusside, which 
spontaneously releases NO. This result 
suggests that GSH i s  necessary in HUVEC for 
citrull ine synthesis rather than for NO effect 
on guanyl ate cycl ase. 

c p  120 HIV ENVELOPE PROTEIN ACTIVATES HUMAN 13.10 
BLOOD MONOCYTES TO RELEASE NITRIC OXIDE. 
D. Pietraforte, E. Tritarelli', U. Testa', M. Minetti 
Biologia Cellulare, Ematologa-Oncologia'; Istituto Superiore 
di Sanita',V.le Regina Elena 299, 00161 Roma, ITALY 

Purpose. Nitric Oxide (NO") was recently identified as effector 
of phagocytes-mediated cytostasis and/or cytotoxicity. NO", a 
short-lived free radical, is synthesized by enzymatic oxidation 
of L-arginine and reacts with oxygen with formation of nitrite 
(NO23 and nitrate (N03IWe studied the effect of HIV gp 120 
envelope on the L-Arginine Oxidative Pathway (LAOP). 
Methods.Periphera1 blood monocytes (PBM) were cultured for 
0-4 days. Spin-trapping tecnique was used to study radical 
production. 5,5-dimethyl-l-pyrroline-N-oxide (DMPO) was 
used as spin trapping agent. N@- was quantified in cell culture 
supernatants by using the Griess reagent. 
Results As detected by the intensity of radical trapped by 
DMPO (adduct), gp 120 a t  pM concentrations was able to 
stimulate the production of radical by PBM (100-200% adduct 
increase). The adduct formation was decreased (64 2 7%) by 
inhibitors of LAOP, such as N-nitro-arginine and N-methyl- 
arginine. The hyperfine splitting constants of the adduct 
suggested the formation of DMPO-OH wherease trapping of 
NO" is expected to gave a different DMPO adduct. 
Nevertheless, bubbling of NO" gas in a Npsaturated solution of 
DMPO and trapping of NO' from sodium nitroprusside, an NO- 
releasing organic nitrite, gave a DMPO adduct with hyperfine 
splitting constants superimposable to that of DMPO-OH. The 
reaction leading to DMPOaH formation from NO" is unclear. 
Consistent with the activation of LAOP, gp 120 produced about 
40-150 % NO2- than untreated cells. NO" and NO2- release 
may contribute to cell and tissue damage in AIDS. 
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Session 14 

Carcinogenesis 
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DERANGEMENTS OF CELLULAR METAAOLISM 
IN THE PRE-MALIGNANT SYNDROME 

14.1 
P . A. Riley 

Division of Molecular Pathology, 
Cleveland Street, London W l P  6DA, 1 J . K .  

University College London, 

Carcinogenesis is a multi-st-age process 
involving several independent events. It 
has been proposed that initiation 
involves the generation of a clone of 
cells with raised mutation rate. Thus, 
the essential component of the pre- 
malignant syndrome (PMS) consists of an 
elevated mutation rate. Alteration in the 
steady-state level of mutagenesis is the 
consequence of metabolic alterations in 
the cells, affecting either the rate of 
DNA damage and/or the rate of repair. 
These derangements of cellular metabolism 
may permit early detection of pre- 
malignant cells. A number of possible 
biochemical abnormalities have been 
examined which may lead to the 
development of facile screening 
techniques with wide clinical and socio- 
economic implications. 

14.3 IRON AND COPPER INDUCED DNA DAMAGE 

O k w l e  I AHUOMA and I k r y  HALLIWELL 

Biurhemi \try Deporfmenf. Unrversuy oflnndon. 
Kinx’s Coliejie Lmdon.  Slrond. London WC2H 2LS. UK 

The r d c  played by frcr radicals In the pathology o f a  number o f  human diseases 
has continual to capturc the imagination ofscicntists. Reactive oxygen species 
arising in reactions c a l a l y s d  by iron ions and copper ions damage biological 
cornponenL\ such as DNA. proleins. carbohydrates. nicmhranc lipids and fatly 
acids. 
The tuhniquc o f  GCJMSISIM allows definitive studies of h e  underlying 
nieclianisrii? of  frcc radical damage to DNA. W e  have used this tcchniquc t o  
cxaniinc the reactivity of iron and copper ions. In the presence of hydrogcn 
pcroxidc. coplxr ions wcre more damaging c o m p a r d  with equimolar Iron ions 
in causing base modifications in DNA. 
This catalylic ahility suggests that the availahilily of ‘free’ iron and copper ions 
in biological systems should be carefully c o n u o l l d .  Intercslingly. aduh humans 
contain much lcss coppcr than imn. Perhaps our data provide a reason. 

ROLES OF ALDEHYDE DEHYDROGENASES IN 
CARCINOGENESIS 

Ronald Lindahl 
Dept . Biochemist ry/Mol ecul ar Biology 

University of South Dakota 
Vermillion, South Dakota 57069 

The most effective pathway of aldehyde 
metabolism is oxidation to carboxylic 
acids by aldehyde dehydrogenases (ALDH). 
Three major classes of mammalian ALDHs, 
1, 2 and 3 ,  have been identified. 
Classes 1 and 3 contain both constitu- 
tive and inducible cytosolic forms. 
Class 2 consists of mitochondria1 
enzymes. Changes in ALDH activity o c c u r  
during carincogenesis in a variety of 
tissues. The most common change is the 
appearance of Class 3 ALDH activity i r ,  
tumors arising in tissues which normally 
do not express this form. The changes in 
enzyme activity occur early in tumori- 
genesis and are the result of permanent 
changes in ALDH gene expression. Various 
apsects of ALDH in relation to tumori- 
genesis will be discussed: (1) The role 
of ALDH in the metabolism of chemothera- 
peutic agents; (2) Changes in ALDH as 
part of an adaptive response of preneo- 
plastic and neoplastic cells to stress 
due to changes in lipid peroxidation or 
as part of the Ah gene-mediated response 
to xenobiotic exposure. Finally, a model 
of inducible aldehyde dehydrogenase gene 
regulation will be proposed. Supported 
by NIH CA21103. 

14.2 

ROLE OF IRON IN ASBESTOS CARCINOGENICITY 14.4 
B.Fubini,A.Astolfi, S.Boasso, E.Giamello 
M.Volante and E.Belluso. Dipartimento di 
Chimica Inorganica, Chimica Fisica e 
Chimica dei Materiali and Dipartimento 
di Scienze Mineralogiche e Petrologiche 
Universita di Torino, via P.Giuria 9, 
10125 Torino, Italy. 

A direct implication of Active Oxygen 
Species (AOS) in asbestos toxicity has 
been recently proposed. AOS scavengers 
and some iron chelators both inhibit 
the development of the desease in exper- 
imental animals: iron appears thus 
involved in radical production. If the 
following hypothesis is correct, 
Fe --> AOS --> target molecule --> DNA 
damage --> desease 
the initial reaction will be governed by 
the surface chemistry of the fibre. 
By means of the spin trap technique 
appplied to solid-liquid systems, we 
have investigated the radical release 
potential of various fibres, comparing 
the behaviour of well known specimens 
(UICC Chrysotile and Crocidolite) to 
that of asbestiform minerals typical of 
the Piedmont area. Surface modifications 
brought about by reducing agents, me- 
chanical fracture of the fibre and 
chelators, reveal that both Fe(I1) and 
Fe(II1) are required at the surface for 
the activation of molecular oxygen and 
hence AOS production. 
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14.5 THE RELATIONSHIP BETWEEN PLASMA OXIDANT- 
ANTIOXIDANT STATUS AND AGGRESSIVENESS 

CHARACTERISTICS OF BREAST CANCER IN YOUNG AND 
AGED PATIENTS 

M Gerber, C. SegalaJ. Simony-Lafontaine. C. Astre. 
A.V. Gubard. H. Mothieu-Daude and H. Pujol 

CRLC Epidaure-Val d'Aurelle 
34094 Montpellier cedex 5. France 

We have shown that plasma leukocyte vitamin E was 
significantly higher and plasma MDA was significantly 
lower in female breast cancer patients than in 
controkOther authors have reported that tumors are 
characterized b y  a high level of antioxidants and 
lower peroxidation pr0ducts .h this study, patients 
were classified as young (42 women < 47 years) and 
a g e d  (49 women 2 70 years) because of the generally 
different characteristics of their tumor, and because 
of the eventual difference in their oxidant-antioxidant 
status. 
Various ant iox idants  or e lemen t  invo lved in 
antioxidant function, and malondialdehyde (MDA). as 
an index o f  lipid peroxidation, were meausured in 
plasma. These data were analyzed with regard to 
several characteristics o f  tumor aggressiveness. 
Preliminary results show that  vitamin E increase is the 
mos t  constantly a s s o c i a t e d  w i t h  t u m o r -  
aggressiveness characteristics in the young group, 
and Se increase. in the a g e d  group. A higher level of 
MDA is f ound  in the young group for negative Ki- 
staining (absence of cycling tumor cells) and in a 
peculiar pathological type of tumor Characterized by 
a low evolutivity.Tumor size is associated with on 
increase of the three antioxidants in bo th  groups. 

14.7 ROLE OF THE RADICAL MECHANISMS IN THE OXIDATIVE 
STRESS DUE TO INORGANIC COMPOUNDS. EXAMPLE OF 
ASBESTOS CARCINOGENICITY 
1. Foumier'. A. NeUari'. R. Zalma', H. Pezcrat'. Z. Elias" 
* RCactivitt de Surface et Suucture, Univ. Paris 6, 4 place Jussieu. 
15252 Paris, Ctdex 05. France 
** INKS, BP 27.59501 Vandoeuvre. France 

The study of the relations between smcture and chemical activity of 
inorganic compounds is a complemenq and necessary contribution 
for a better understanding of he radical mechanisms implied in the 
oxidative SLTCSS. 
This mcchanistic approach involves a research of elecuophilic species 
generated by inorganic compounds, capable of inducing an oxidative 
stress. This phenomenon implies different radical mechanisms of 
oxidation. In he case of severdl chrysotile samples, the formation of 
various elecuophilic species is function of he nature of the different 
mineral conlaminants of the fibers. 
This approach reveals an agreement between the chrysotile surface 
activity in the lipid peroxidation and the data observed in the 
transformation assay for SHE cells, and in test of carcinogenicity in 
raLc by inhalation. 

RELEASED ACTIVE OXYGEN SPECIES AS INTERCELLULAR 14.6 
SIGNALS - THEIR ROLE I N  REGULATION OF NORNAL 
AND TUMOUR CELL PROLIFERATION 

Roy H Burdon 
Department of Bioscience & Biotechnology, 
University of Strathclyde, Todd Centre, Glasgow 
G4 ONR, Scotland, UK 

A wide variety of normal and malignant 
mammalian cells as well as inflammatory cells 
can be shown to release varying amounts of 
active oxygen species such as superoxide and 
hydrogen peroxide. Both these species can 
stimulate growth and growth responses in a 
range of normal, and particularly malignant 
cell types, through pathways common to natural 
growth factors. To assess further the 
significance of these observations, superoxide 
dismutase, or catalase, were added exogenously 
to the medium of growing rodent fibrsblasts 
(immortalised or oncogene transformed). This 
resulted in a reduction in cell proliferation 
and an increased uptake of trypan blue stain, 
suggesting that superoxide and/or hydrogen 
peroxide may have important biological roles as 
intercellular 'messengers' of signals promoting 
tumour cell proliferation and maintaining cell 
viability. A possible signalling mechanism is 
suggested whereby hydrogen peroxide or 
superoxide may inactivate serum 0-1 antitrypsin 
and allow cell-surface proteases to serve as 
mitogens for tumour cells by simply 
facilitating the normal action of growth 
factors. 

DIFFERENT OXYRADICAL SOURCES HAVE SPECIFIC 
DAMAGE MECHANISMS IN NORMAL AND TUMOUR CELLS 
G.M. Bartolil. G. Agostaraz. E. Piccioniz and P. Palozzaz 

1Department of Biology, Tor Vergata University and 
zlnstitute of general Pathology, Catholic University 

Rome, Italy 

In order to elucidate the  mechanisms of oxygen-induced 
toxicity, the sensitivity of normal and tumour cells lo 
oxidalive stress in different experimental conditions has 
been investigated. Tumour cells have an impairment o i  
oxidative defenses being Cu,ZnSOD conteril 50% oi 
normal thymocytes. Cell sensitivity. measured as LDH 
release and MDA production, depends not only on cellular 
antioxidant defenses, but also on Ihe oxyradical source 
LDH release in normal lhymocytes seems strictly related 
to MDA production.. Tumour cells are more resislant than 
normal cells to exogenous source of oxygen species as 
xanthine/xanthine oxidase system, and more sensitive to 
oxidative species endogenously generated by 1-BOOH t -  
BOOH-induced toxicity. measured as LDH release, is 
related lo cellular metabolism, in parlicular to ATP 
depletion and directly mediated by oxyradical production. 
as suggested by the protection exerled by deieroxamine. 
Glucose addition completely reverts ATP depletion, but 
only prrtial!y LDH release, especially i i  !umwr ce!!s. 
This indicate that in tumour cells 1-BOOH loxicity 
operates with a second mechanism. These cells, which 
have an impairment of the oxidalive metabolism and a 
glycolitic pathway much more efficienl lhan normal 
cells, are more sensilive to pyridinenucleolide oxidation 
Dithiotreitol addition which protects tumour cells. but 
not normal thymocytes. confirms the role o f  Ihe iedox 
potential oxidation in determining LDH release in 
thymoma cells. Supported by MPI 60°/, grant. 

14.8 
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PHLCLINICAL DIAGNOSIS UF THE NE[I1'LASIII1 DISEASE: CONNEXIONS 
AflONG FREE RADICALS, HLINZ'S Q O U I l S  AND HISTAPllNL. 
F. d e l l a  Rovere, A. Granata, V. fFlmiani* arid C. Eroccio.  
Cattedra d i  C h i r u r g i a  d'i irgenra, 'Patologla Sennrale. 
P o l i c l i n i c o  U n i u e r s i t a r i o  Pad. F ,  901117 C A 7 Z I  (l'lessina) I t a l y  

During neop las t i c  disease (NO) nccoucs the appearance of  C i r -  

c u l a t i n g  f a c t o r s  a b l e  t o  a l t e r  thc c e l l  membranes. To v e r i f y  

the NO presenca we studied, both i n  tumor p a t i e n t s  (TP) and 

111 hea l thy  c o n t r o l s  (HC), t he  i n t e g r i t y  of red  c e l l  membrane 

by a method based on the a b i l i t y  of  a t o x i c  agent f o r  c e l l  

membranes t o  cause the H e i n r ' s  bodies (HE) fo rma t ion  a f t e r  

i r i cuba t ion  w i t h  the blood.  Tl,n assessment of the i n t o x i c a t i o n  

dltgree o f  the e ry th rocy tos  is based on the r a p i d i t y  of  t he  

appearance o f  the nu. The r e s u l t s  stioued a h i g h l y  s i g n i f i c a n t  

14" 

d i f f e rence  Of t he  appearance times of  the HE mean betweer1 Tp 

arid HC. Such a r e a c t i o n  occurred i n  97% o f  t he  TP tes ted .hx ,  

aye, smoking. wh i te  and red  c a l l  number, TNN f a c t o r  and h i -  

s t o l o g i c a l  g rad ing  d i d  r iot  a f f e c t  the appearance times of  HE. 

The c i r c u l a t i n g  t o x i c  fac to rs ,  i n  our opinion. a re  f ree  r a d i -  

c a l s  (FR). Othars showed du r iny  tumor growth an increased ma- 

k i n g  of FR thaL damage the c e l l  membranes producing i nc rease  

o f  t h e i r  pe rmeab i l i t y .  Since i t  was showed t h a t  the i nc rease  

o f  the FH prouokes histamine release,we s tud ied  t h e  appearan- 

CR times o f  HB i n  a l l e r g i c  p a t i e n t s  f i n d i n g  a d i r e c t  c o r r e l a -  

t i o n  between a l l e r g i c  symptoms and appearance times. The ef- 

f e c t  o f  t h e  FH on the  histamine release can be blocked by t h e  

a d m i n i s t r a t i o n  o f  scavengers o f  FH drugs, t ha t ,  if adminiflte- 

red i n  TP, detormine an extar is ion of appearance Limes of  HR. 

Jheroas t h e  discont inuanco oI' such drugs determine the spee- 

d i n g  up o f  the  reac t i on .  lhese data suggest a very h i g h  cor-  

r e l a t i o n  amonq ttrmors, Heinz's bodies appearance times, f r e e  

r a d i c a l s  arid histamine. 

14.1 1 INCREASED c-FOS AND c-JUN GENE EXPRESSION AND APl 
DNA BINDING ACTIVITY FOLLOWING EXPOSURE 

TO CROCIDOLITE ASBESTOS, TPA AND 
ACTIVE OXYGEN SPECIES. 

Y.M.W. Jnnssen *, P. Held, J.P. Marsh, P.J.A. Ilorm *, 
N.H. Heintr- H.T. Mwwnan 

* Depr. OJOccupOrwMl Medicine, Univ of Limburg. Mousrrichr. 
The Nelkrlund\ 

Depl. oJPurhology. Univ. o/ Vermotu. Burlmgron. Vr. USA 

Crocidolite asbestos causes prolirerative alterations in mesolhelial (HPM) and 
uacheobronchial epithelial (HTE) cclls. Ihe progenitor cells of mesodielioma 
and lung carcinoma. We have shown that additim of asbestos to HTE cells 10 

causes increased ['HI thymidine uptake and increased gene expression and 
activity of omithine dccarhixylase. an enzyme intrinsic to proliferalron. These 
effecu were ameliorated by antioxidmu suggesting that active oxygen species 

(AOS) nremcdiatorsofas~stos-inducedpmliferation. Tostudy mechanisms of 
cell proliferation induced by asbestos. we measured mKNA levels of c fos and 
c-jun in HTE and RPM cells. In addition, we dctcrmincd levels of activator 
protein 1 (AP-1). a DNA-binding protein which binds 10 a s p i f i c  DNA 
sequence and thcrcby activates uanscription. RPM or HTE cells were crposed 
to crocidolite asbestos. hydrogen pcroxide or the tumor promoter 12-0- 
teuadecanoylphabol-I3-scetale~A). RNA wasexuacted andused rcx Norlhcm 
blotanalysestodetermincmRNA lcvelsoffosandjun. Wholecell exwacllwerc 
prepared to determine levels or AP-I activity using gel mobility shift assays 
Crocidolite. TPA and hydrogen peroxide caused an increase in mKNA levels of 
fos and jun in HTE and RPM cells. and increased activity of AP- I DNA hinding 
inHTEcel1s.Thissuggeststhatinductionoffosandjuninrargercells byasb,:stor 
is intrinsic to cell proliferation. 
Supported by HL 39469 (N.H.L.R.I.) and a grant from the E P.A. 10 R.T 
Mossman. 

INCREASED LEVELS OF CuZn-SOD IN HUMAN 14-10 
CHRONIC LYMPHOCYTIC LEUKEMIA CELLS 

Francesco Paoletti 
Istituto di Patologia Generale, Univer- 
sita' di Firenze, V.le G.B. Morgagni 50, 

50134 - Firenze (Italy) 

Superoxide dismutase ( S O D )  activity in 
extracts of mononuclear blood cells from 
chronic lymphocytic leukemia (CLL) pati- 
ents was greatly enhanced as compared to 
healthy subjects. Normal and CLL values 
were 10 k 2.5 (n=15) and 48 5 19 U/mg 
protein (n=13), respectively. CuZn-SOD, 
as dectected by chromatographic, enzy- 
matic and immunological methods, was 
found to be the isoenzyme responsible 
for total SOD activity increase. EC-SOD 
w a s  also slightly enhanced, while no 
differences in Mn-SOD content were ob- 
served between normal and CLL cells. 
Enzyme levels appeared to be closely 
linked to degree of lymphocytosis in the 
peripheral blood. A direct relationship 
existed up to 70 x 104cell/pl, while at 
higher cell counts ( 8 0 - 4 0 0  x 104/bl) 
enzyme activity was steady around 70 
U/mg protein. Further studies on both 
acute and chronic myelocytic and lympho- 
cytic leukemia will be undertaken. They 
will confirm whether SOD increase is a 
general feature of hematological neopla- 
sia and might provide an explanation for 
the occurrence of this peculiar bio- 
chemical trait in CLL. 

G L N E K A T I O N  OF RA1)ICAI.S F K O M  T U M O U K  P K O M O T E K S  14.1 2 
T i n a  1. G r e e n l e y  a n d  Micli,iel J I h v i e s  
Depar tmen t  of Chernis t i -y ,  U n i v e r s i t y  of York,  
Y O K K  Y O 1  5D11, U . K .  

A v a r i e t y  ot p e r o x i d e s  arid p e r a c i d s  ( e . g .  h e n z o y l  
p e r o x i d e )  a r e  known t o  be tumoi i r  p r o m o t e r s  a n d  i t  
i s  t hough  th . i t  t h i s  . i r t i v i t y  may he due  t o  the 
g e n e r a t i o n  of r r c e  r : i d i c e l s  f rom t h e s e  m a t e r i a l s .  
We have used  e l e c t  rot1 p a r a m a g n e t i c  r e s o n a n c e  (U'K) 
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  s p i n  t r a p p i n g  t o  
i n v e s t i g a t e  t h e  p r o d u c t i o n  of r a d i c a l s  d u r i n g  t lw 
m e t a h o l i s m  of t h e s e  compounds by l i v e r  f r a c t i o n s .  
I n c u b a t i o n  o f  ii number of  t h e s e  compounds w i t h  
r a t  l i v e r  i i i icrosomes i n  t h e  p r e s e n c e  of the spin 
Lraps  U M I ' O  and U U N H S  r e s u l t s  i n  t h e  d e t e c t i o n  of  
KOO- and K .  r a d i c a l s .  S t u d i e s  u s i n g  s p e c i f i c  
enzyme i n h i b i t o r s ,  m e t a l - i o n  c h e l a t o r s  and h e a t  
d e n a t u r a t i o n  s u g g e s t  tltat cy tochrome  P 4 5 u  i s  t h e  
major l o c u s  ot m e t a b o l i s m .  A d d i t i o n  t o  NAUPH to 
t h e s e  s y s t e m s  r e s u l t s  i n  a s t i m u l a t i o n  of r a d i c d l  
p r o d u c t i o n  v i a  a r e d u c t i v e  p r o c e s s .  

R a d i c a l  p r o d i i c t i o n  c a n  a l s o  b e  o b s e r v e d  w i t h  n 
number o t  r e l a t e d  h y d r o p e r o x i d e s ,  d i a l k y l  
p e r o x i d e s ,  d i a c y l . p e r o x i d e s  a n d  p e r a c i d s .  The 
l a t t e r  p r o d u c e  n o v e l  a r y l o x y  r a d i c a l s  [ R C ( O ) O -  ] 
which  u n d e r g o  d e c a r b o x y l a t i o n  t o  g i v e  a r y l  
r a d i c a l s  ( e . g .  P l i . ) ;  b o t h  of  t h e s e  t y p e s  o f  
r a d i c a l  c a n  be r e a d i l y  t r a p p e d .  R a d i c a l  
g e n e r a t i o n  liiis b e e n  o b s e r v e d  w i t h  a l l  t h e  known 
tumoiir p r o m o t e r s  of t h i s  t y p e  wh ich  h a v e  b e e n  
t e s t e d  L e n d i n g  s u p p o r t  t o  t h e  t h e o r y  t h a t  
r a d i c a l  g e n e r a t i o n  i s  i m p o r t a n t  i n  t h e i r  
p r o m o t i n g  a c t i v i t y .  
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14.1 3 HEPATOCELLULAR GROWTH ALTERATIONS DURING 
MOUSE LIVER CARCINOCENESIS INDUCED BY AROCLOR 
1254 AND IRON. 
S. Madra and A.G. Smith 
MRC Toxicology Unit. Carshalton, Surrey, SMS 4EF. UK. 

Iron overload considerably enhances the hepatocarcinogenicity of 
Aroclor (PCBs) in C57BUlOScSn mce. There is evidencz for active 
oxygen species produced hy the uncoupling of induced cytochrome 
P450 releasing Fez+ from cellular and molecular compartments 
leading to the productinn of hydroxyl radicals and DNA damage [ I ] .  
The of this study was to investigate growth alterations in 
hepabcytes throughout the carcinogenic process. METHODS: 
Hepatocytes were isolated from iron-loaded C57BL/IOScSn mice fuf 
for two weeks. eight weeks and six months on Aroclor. DNA 
synthesis was studied by flow cytometric analysis of BdUR 
incorporation into hepatocytes. The ploidy of isolated nuclei was 
examined by staining and lysing hepatocyte suspensions in an 
Ethidium BromidelRNase solution. RESULTS: At two weeks Ihe 
octaploid populations in Fe-treated (22.7 f 2.8%) and ARiFe-treated 
(22.7 f 10.3%) livers were significantly higher than control (7.8 f 
2.8%). These. remained elevated at eight weeks. A dominant diploid 
population emerged at six months in both the AR and ARlFe 
treatments. These groups also contained a significantly higher 
number of cells in S-phase as detected by BdUR incorporation. The 
octaploid population in Fe-treated livers remained elevated whilst in 
AR/Fe nuclei it dropped to control values. CONCLUSION: These 
observations suggest that Aroclor and iron both independently and in 
combination cause alterations in DNA synthesis and cell division. 
These changes may represent permanent phenotypic alterations in 
PCB-induced hepatocellular carcinoma. 

[I] Faux, S., Francis, J.E., Smith, A.G. and Chipman, J.K. (1992). 
Induction of 8-hydroxydeoxyguanosine in Ahresponsive mouse liver 
by iron and Aroclor 1254. Carcinopenesis, Vol 13, No 2, pp 247-250. 

EVIDENCE FOR IN VlVO DNA ALKYLATION BY 14.14 
METHYL RADICALS. IDENTIFICATION OF C8- 
METHYLGUANINE IN T H E  HYDROLYSATES OF DNA 
FROM RATS ADMINISTERED 1, 2 - DIMETHYL - 

H Y DRAZINE 
Ohara Augusto, Luis E.S. Netto. N.V.S. RamaKrishna. Carol 
Kolar, Ercole L. Cavalieri, Eleanor G. Rogan and Terence A. 
Lawson 

Instituto de Quimica, Univcrsidade de SHo Paulo, Brazil, and 
Eppley Institute for Research in Cancer, Omaha,USA 

Recently, we have proposed that akyl radicals may play a role in 
hydrazine-mediated genotodcity. Accordmgly, we have 
demonstrated the in vitro formation of C8-methylguanine as a 
result of DNA attack by methyl radicals generated during the 
peroddase-catalyzed oxidation of methylhydrazine (Augusto ei al. 
J. Biol.Chem. 265, 22093, 1990). Now we report the identification 
of C8-methylguanine in the neutral hydrolysates of DNA isolated 
from the liver and colon tissues of ra[s treated with the potent 
carcinogen 1.2-dimethyihydrazine. In all the samples examined the 
biologically isolated adduds were characterized by coelution with 
synthetic C8-methylguanine under, at least, three different high 
pressure liquid chromatography conditions. The sample isolated 
from Liver DNA was also identified by comparison of its UV 
s p a r u r n  with that of the standard at two different pH values. The 
estimated yields of a-methylguanine obtained LO bydrolysates of 
DNA from the Liver or colon tissue were comparable to those of 
06-methylguanine. C8-Methylguanme was not deteued when the 
spin trap alpha-(4-pyridil-l-odde-N-tert-butylnitrone) was 
administered together with 1.2-dmethylh drazine. The spin trap 

although to a lesser extent. These results constitute the first 
evidence that DNA alkylation by carbon-centered radicals can 
WCUT in vivu. 

also inhibited N7-methylguanine and 0 z -methylguanine yields, 

14.1 5 111GH LEVELS OF GLIJTATtIIONE REDUCTASE-ENCODING 13202 INCREASE, CATALASE ACTIVITY IMPAIRMENT, DNA 14.1 6 
mRNA IN FASl-PROLIFERATING LUNG TUMOtJRS 

Krdulli-Sicgcl. R I . ,  Mullrr, J.G.. Sclioiilclrii. A. xiid Kayscr, K * 

Iiistiiut lur  Biocliciiiie I I ,  Uiiivenirat Heidcllrrg 
lrii Ncuciihciiiicr Fcld 328, 6YO0 Hcidcllrrg, Gcriiiany 

REPAIR-DEFICIENT ABILITY AND CARCINOGENESIS. 
M.Vuillaume* L Daya-Grosjean**, E. Queinnec*. B 
Duoillaux*** and A.  Sarasin** 
*URA 686 CNRS, ENS, 46 rue d'Ulm 75230 Paris cedex 
05, France; **UPR 42, Villejuif; ***Laboratoire de 
Cytogtnttique,CEA, Fontenay-aux-Roses, France. 

AI~Iciluiig lur Pathnl(~gic, l h o n x k l i n i k ,  6,Y(Ml Hcidcllrrg 

Glutaihioiie rcduciasc (GSSG t NADPH + ti+,-GKA 2 GSH + 
NADPt)i\ a key cn7yiiie o f  the aiilioxidaiil thiol iiic~alwli~iii 111 tuiiiour 
rcscarch. GR has k e i i  f o u n d  to  he iiivolvrd i i i  drug rvsislaiicc i i iccha- 
i i i h i i i s  aiid i n  tlrc cilpacily of the cells lo mitigate tlic oxidalivi: slrcss 
exerted tiy a( livaled iiiacrolihagcs. 
111 thc present s tudy .  liuiiian lung tuiiinun and n i u r w  cxpcriiiiciital 
I u i i i o u r  cell lilies have Iren investigated with ~ s p c c t  to their rxprcssiioii 
( 1 1  gluiathionc reduelase at  thc DNA, RNA and protein level. The ninuse 
Iun io i i r  cell IIIICS (FAT, LL, SAR) showed high levcla o f  GRiiiRNA iii 
coiiipans~iri t o  (nearly undctrcrahlr) GRniRNA in norinal niousc lung 
IIssuc 
111 a scrics 01 1 I hu ina i i  lung tuiiiours ohtained froni surgery wc fnuiid 
l ive last proliferating tuiiiours with high levels of GRiiiRNA and a 3- 
lold highcr rprcilic enfymr activity in coinparisoii with coiilrnl tissues. 
Fnur I U I I I O U ~  wiih low prolifcratioii nlcs did not show clcvatcd levels 
111 GR The 1;iilurc of two orhrr obviously fast prnlifcrating tuliinurs in 
cxl)rc\s Iiigh I c v c I ~  o f  GRniRNA m a y  be duc to inhoiiiogciiciiy 0 1  the 
t i i i i i ou r  iiiatcrial o r  to a delayed onset of GR-expression. 
T l i c  Iiyl>ridwjtt ioii  pattern iii the Southern blots o f  al l  t u ~ i i o u n  a i d  coil- 
t ro1 ti\sur\ were idciitical and gsve no indicaiioii f o r  gciir rcarriiiigc- 
iiiciith. The iiiiplicatioiis of high glutathiow rcductasc Icvcls lnr tlic 
i i i c ~ l ~ ~ l ~ ~ l i s i i i  of a prnlifcnting cell arc discussed. 

Scliiniicr. R.H , Krauth-Sicgcl, R.L. and Schulr, G.E. (IYRY) la: 
Gluinthioiie (Dolphin, D. ct al. Eds.) Vol. A, 553-595. Wilcy, New York 
Mullrr. J.G., Kayscr K.. Werner, D., Schiriiicr R.H. and Krauih-Sicgel, 
1C.I.. (1992) C~iircr  Rcscarch,subinitkd 

Xerodena pigmentosum (XP) and Tnchothiodystrophy 
(TTD) are two human autosomal recessively-transmitted 
diseases characterized by DNA repair deficiency. 
Trichothiodystrophy is not a cancer-prone disease. 
Therefore, unpaired UV-induced lesions do not appear to 
be enough to  give rise to tumours. 
Results : In 21 different XP diploid fibroblast lines, 
catalase was decreased by a factor of five as compared to  
controls, while XP heterozygote lines exhibited 
intermediary reponses. All seven TTD lines were deficient 
in UV-induced lesion repair and exhibited a high level of 
catalase activity. UV-irradiation induces 5 times more 
H202 compared with TTD or controls. Two results 
indicated that (i) catalase decrease and H202 increase are 
not in direct relation with the lost of one allele 1 Ip, (i i)  
molecular analysis of catalase rranscription showed no 
difference between normal, X P  and TTD lines. 
Conlusions :Our work is now engaged i n  ( i )  possible 
defect in catalase tetramerisation (the only active form of 
this enzyme) or nucleotide (NADPH) absence in the active 
sites of catalase; (ii) catalase deficiency reparation by i n  
siru enzymatic overexpression, and/or H202 scavengers 
addition; (iii) i n  vivo H202 measurements ( u l t r a -  
microelectrodes) in  only one cell; 
Aim of our work thus concens as fondamental research of 
mechanisms, as clinical use . 
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14.17 I N  V l T R O  C H A R A C T E R I Z A T I O N  O F  F E R R I C  
NITRILOTRIACETATE-MEDIATED DNA SINGLE AND DOUBLE 
STRAND BREAKS: RELATIONSHIP TO RENAL TUBULAR 
CARCINOCENESIS 
Shinya Toyokuni', and Jose-Luis Sagtipanti. 
Molecular Biology Branch, CDRH, FDA. Rnckville. MI) 20857, U.S A. 

Fe"' bound to a chelator, nitrilotriacetate (NTA). has been shown 
to induce a high frequency of adenocarcinoma localixed fo the proximal 
tubule of fhe kidney in rodents. NTA LS widely used as a detergent in 
households and hospitals, and FDA limited the prtxence of NTA to 5 
ppm in boiler feedwater of food processing plants. In order to examine 
possible mechanisms for carcinogenic activity. we investigated the in 
virro production of single and doutile strand breaks and 8- 
hydroxydeoxyguanosine in DNA mediated by iron alone or Fe-NTA 
chelate using supercoiled plasmid pz189. Neither Fe"' nor NTA alone 
broke D N A  Fe"' plus NTA togethcr mediated the oxidative 
production of DNA single and douhlc strand breaks in the presence of 
reducing agents (L-ascorbate >> H,O, > L-cysteine). The number of 
double strand breaks was proportional to the square of the number of 
single strand breaks (r=0.75). The Fe"'/NTA ratio (1:4) that was found 
to be optimal for DNA strand breakage was similar to the ratio that 
produced carcinogenesis in animals. Maximal Fe-NTA-mediated DNA 
damage in vitro was found under conditions of neutral pH, low ionic 
strength. presence of reducing agent, and absence of albumin. These 
conditions are present exclusivcly in the cortical proximal fubules of the 
kidney, the only location where toxicity and carcinogenicity of Fe-NTA 
has been observed. Thus, localized DNA strand breakage may explain 
the proximal tubular renal localization of carcinogenesis i n d u d  by Fe- 
NTA. 
'This work was done while S.T. held a National Rcsearch Council-FDA 
research associateship. 
Reference 
1. SagripantiJ-L & Kraemcr,K.H J.l3inl Chcm 264: 1729. 19XY. 
2. Toy0kuni.S. et al. Cancer Res 50  5.574. 1YYO 

14.1 9 QUANTITATIVE IRIMUNOFLUOKESCENCE ASSAY OF 
SINGLE-STRANDED DNA 8 K E A t i S  CAUSED BY BENZOYL. 

PEROXIDE IN hllJRINE KERATINOCYTES. 
Patricia Egner. Steven lxsko. Paul Strickland and Thomd5 Kenslcti 

Johns tlopkins School 01 llygiene and I'uhlic Health. 
Balrimorc. Maryland 21205. U.S.A. 

A nuiiiher tit' organic p e i ~ i x i d o  aiid liydriiperoxidcs mzdiatc tiinioi 
promotion and inalignant c ~ i n ~ ~ c r ~ i o i i  in iiiouw \k in  iind a ic  u \ r l u l  
p i o h c  lor  defining ilic  ole 0 1  t i e  radical5 in inulti\tacc 

carcin~igenebis. Benzoyl peroxide. tor example. undergoel, c o p p s r ~  
dependent activation t o  henzoyliixyl and phenyl radicals which in tiirii 
produce protein adduct?. and single w a n d  hreakh i n  DNA. Iti w r ~ o  
plasnud DNA nicking assays with 4x174 DNA suggest a predominant 
role toi the henzoyloxyl radical i n  this action. Non-radical nietahditeh. 
principally henmic a ~ i d .  are iiiaciive. To  address whether ?1iiiiilar 

iiiechaniaim are involved in henzoyl proxide-iiiuIi:itul DNA htrand 
hrakage  in cells, an assay for  thc 111 ririr quanlitation o f  single-.\tiancled 
DNA (5sDNA) in individual kelatinocyte nuclei has heen devrkipal 
using computer-assisted inicrotluominetry. The ahsay u.us a poIycloii.iI 
antihody spuritically iecogniziny cytidine hreaks in denatured DNA 
A lluorebceiii-laheled aecondnry antihody (FITC) and a tluwoclironie 
(DAPI) which hinds to  DNA arc then u s d  t o  quantitate hsDNA and 
total DNA, respectively, in the >sine nucleus. Preliminary experiments 
with benzoyl peroxide utilizing this iminonotluorescence assay indicate 
DNA damage occurs at non-cytotoxic concentrations as low as 300 nM 
Formation of ssDF!A hy henzoyl peroxide can he hlocked hy iiietal 
chelators. spin t r a p ,  and thiol\ while glutathicine depletion potentiater 
damage. These results wggeat that henzoyl peroxide produces direct. 
radical-mediated damage to DNA in keratinocytes. This technique may 
ultimately prove useful in the inasureiiient o t  DNA damage aiid repair 
oi wrm i d  I I I  w v o  killowing exposure tci a number of environmental. 
mcupational and iatioyenic agents Supported hy POI CA 44530. 
NlElIS Center Grant ES 03819. KO4 CA 01230 and The Proctnr and 
(iainhle Company. 

MECHANISMS OF A(JTI0N OF AN OXIDANT TUMOR 
PROMOTER: IN VIVO AND IN VITXO STUDIES WITH 
BUTYLATED HYDROXYTOLUENE HYDROPEROXIDE 

K.Z. Guyton and T.W. Krnsler 
Division of Toxicological Sciences. 

Johns Hopkins School of Hygiene and Public Health, 
Baltimore. MD 21'205 USA 

The food antioxidant butylated hydroxytoluene (BHT) has several 
known toxic and carcinogenic properties. including activity as a 
tumor promoter in a number of tissues initiated with diverw 
agents. The  extensive metabolism of BHT and its surondary 
products may mediate these activities. The oxidative metabolite 
BHT hydroperoxide (BHTOOH), a free radical-generating 
compound, is a tumor promoter in mouse skin. Structure-activity 
studies per formd in v i w  demonstrated that the meiatxilite BHT- 
quinone methide. a potent oxidant, mediates promotion by 
BHTOOH. The cellular effects o t  BHTOOH on keratinocytes have 
also been explored in virro, wherein BHlOOH enhances growth 
and induces genes critical to proliferation. At higher doses, 
BHTOOH is also toxic to keratinocytes; this toxicity may provide 
the basis for the differential effects of BHTOOH o n  a 
heterogeneous cell population in vim. 
developed phenotypic attributes which favor their survival and 
growth, such as elevated glutathione levels, which afford g r a t e r  
resistance to the toxic effects of  tumor promoters such as 
BHTOOH. Thus, in addition to  directly stimulating fhe target cells 
in skin, BHTOOH may also create a selective advantage for the 
initiated cell population in vivo through its toxic effects on normal 
keratinocytes. Studies of the mechanisms o f  action of BHTOOH at 
the cellular level may lead to the elucidation of oxidant-mediated 
pathways for the alteration of gene expression and tumor 
promotion. Supported by POI CA44530 and NIEHS Training 
Grant ES07141. 

lniuated cells have 
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GENERATION OF FICTlVE OXYGEN SPEClES BY 14-20 
NEUTROPHILS AT HODGKIN S DESEFISE 
A . V . P o g i r n i t s k a y a ,  V.P .Zor  i n ,  5 . N . C h e r e n k e v i c h ,  
G.V.Muravskaya ,  N .  1 . K r u t i l  i n a  
D e p a r t m e n t  of B i o p h y s i c s  / B y e l o r u s s i a n  S t a t e  
U n i v e r s i t y  / B y e l o r u s ,  M i n s k ,  220080 

T h e  s t u d y  o f  human p e r i p h e r a l  b l o o d  n e u t r o p h i l s  
f u n c t i o n a l  s t a t e  a t  H o d g k i n  s d i s e a s e  ( H D )  
c h a r a c t e r i z e d  a n  e x p r e s s e d  i m m u n o l o g i c a l  
h o m e o s t a s i s  d i s t u r b a n c e  is o f  g r e a t  i n t e r e s t  so  
f a r  a s  t h e s e  c e l l s  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  
d e v e l o p m e n t  o f  o r g a n i s m  a n t i t u m o r  p r o t e c t i v e  
r e a c t i o n s .  T h e  a b i l i t y  t o  a c t i v a t e  m o l e c u l a r  
o x y g e n  is t h e  m a i n  c r i t e r i o n  of t h e  n e u t r o p h i l s  
f u n c t i o n a l  a c t i v i t y .  A c o m p a r a t i v e  s t u d y  o f  
o x y g e n  a c t i v a t i o n  by t h e  h e a l t h y  d o n o r s  a n d  H D  
p a t i e n t s  n e u t r o p h i l s  h a s  b e e n  c a r r i e d  o u t .  
S i g n i f i c a n t  d i f f e r e n c e s  i n  q u a n t i t a t i v e  
p a r a m e t e r s  o f  l u m i n o l d e p e n d e n  t c h e m i l u m i n e s c e n c e  
i n d u c e d  by n e u t r o p h i l s  a d h e s i o n  o n  g l a s s  s u r f a c e  
o f  t h e s e  s a m p l e s  a r e  d e t e r m i n e d .  T h e  c e l l s  of HD 
p a t i e n t s  g e n e r a t e  less e f f e c t i v e l y  a c t i v e  o x y g e n  
s p e c i e s  a f t e r  s t i m u l a t i o n  by a r a c h i d o n i c  a c i d  a n d  
c o n c a n a v a l i n  A t h a n  h e a l t h y  d o n o r s  n e u t r o p h i l s .  
T h e s e  d i s t i n c t i o n s  are s u p p o s e d  t o  b e  t h e  
c o n s e q u e n c e  of d i f f e r e n t  c a p a c i t y  o f  HD p a t i e n t s  
a n d  h e a l t h y  d o n o r s  n e u t r o p h i l s  f o r  m e t a b o l i c  
a c t i v a t i o n .  T h e  a b i l i t y  of HD l e u k o c y t e s  t o  
g e n e r a t e  a c t i v e  o x y g e n  s p e c i e s  a f t e r  a c o u r s e  o f  
m e d i c a l  t r e a t m e n t  h a s  a l s o  been s t u d i e d .  T h e  
r e s u l t s  o b t a i n e d  s u g g e s t  t h a t  t h e  m e t h o d  of 
l u m i n o l d e p e n d e n t  c h e m i l u m i n e s c e n c e  p e r m i t s  t h e  
c o n t r o l  of HD p a t i e n t s  n e u t r o p h i l s  f u n c t i o n a l  
state. 

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.



14 ,21  AN INCREASE IN CELLULAR DEFENSES AGAINST 
' OXYGEN RADICALS IS  ONE OF THE FEATURES 

DEVELOPED BY HL-60 CELLS RESISTANT AGAINST 
DOXORUBICIN 

Segura-Aguilar. J.. 'Jbnsson, K., 'Tidefell, U. and 'Paul, C. 

Biochemical Toxikology. Wallenberg Laboratory. Stockholm 

University. S-106 91 Stockholm, Sweden; 'Department 01 

Medicine, Section 01 Hematology and Oncology, Huddinge 

Hospital, Sweden. 

An increase in cellular defenses against oxygen radicals seems 

to be one of the leatures developed by human leukemia cells 

resistant against doxorubicin (HL-GOR), since the homogenate 

from this cell line had only 65% of the ability of the original cell 

line to reduce oxygen to superoxide radicals during doxorubicin 

reduction. This result may be explained in part by the slight 

increase in superoxide dismutase and DTdiaphorase enzymatic 

activities. However, this increase in defenses against oxygen 

radical formation in HL-6OR cells. which are cross resistant to 

daunorubicin, epidoxorubicin and 4demethoxy daunorubicin, is 

not sufticient to prevent the cylotoxic effects of quinones which 

are more reactive with oxygen. Incubation of HL-GOR cells with 

5-0H-1,4-naphthoquinone and 5,8-diOH-1,4-naphthoquinone, 
two quinones highly reactive with oxygen, resulted in complete 

cylotoxkity at clinically relevant concentrations. 

14-23 FREE RADICALS-INDUCED Na-PUMP A C T I V I T Y  CHANGES 
UNDERLAYING THE TUMOR DEVELOPMENT 
T.Talpsepp*, A .K i l k ,  C.Kairane, J .Laas ik ,  
M .  Z i lmer  
* Lab. o f  Mo lecu la r  G e n e t i c s , I n s t .  of Chemical 
Phys ics  and B iophys ics ,  Lab. of Biochemis t ry ,  
Ta r tu  U n i v e r s i t y ,  2 Jakob i  S t r e e t ,  EE2400 Tar tu ,  
Es ton ia  

I o n  g r a d i e n t s  p l a y  impor tan t  r o l e  i n  t h e  i n t e r -  
and i n t r a c e l l u l a r  s i g n a l  t r a n s d u c t i o n  and i o n i c  
imbalances can l e a d  t o  s e v e r a l  p a t h o l o g i c a l p r o -  
cesses. The Na-pump (NaC/KtATPase), an i n t e g r a l  
plasma membrane l i p o p r o t e i n ,  i s  i nvo l ved  i n  t h e  
maitenance o f  Na' and K' balance i n  c e l l .  E a r l i e r  
we have s h o w n t h a t t h e  Na-pump i s s e v e r e l y  changed 
i n  b r a i n  tumor c e l l s  and i n  f i b r o b l a s t s ,  t r a n s -  
formed by pap i l l omav i ruses :  i t s  i o n - t r a n s p o r t e f -  
f i c i e n c y ,  Nat -b ind ing  na tu re ,  l i p i d - p r o t e i n  i n -  
t e r a c t i o n  e t c .  a r e  changed. Also we have de- 
s c r i b e d  changes i n  l i p i d  p e r o x i d a t i o n  (LP) i n  
these c e l l s  (g l ioma and t rans formed f i b r o b l a s t s )  
and we have suggested t h a t  t h e  LP changes can 
p o s s i b l y  e x p l a i n  t h e  Na-pump changes. 

I n  ou r  l a s t  exper iments u s i n g  another model t o  
s'iudy t h e  role o f  f r e e  r a d i c a l s  i n  tumor iyenes is  
(KBr03 induced r e n a l  carcinoma)we found t h a t  
t h e  8-hydroxydeoxyguanosine produc ing  agent,  
KBr03, a l s o  changes t h e  a c t i v i t y  o f  t h e  Na-pump. 
The p o s s i b l e  mechanism o f  t h i s  e f f e c t  w i l l  be 
discussed. 

THE A C T I V I T Y  OF A N l l O X I O A N l S  ON C E L L U L A R  I M M U N I T Y  I N  14.22 
A L V F O L A R  C N V I A O N R E N T  C O U L D  P R O T E C T  FROM L U N G  CANCFR. 
G Piazza. C C  Montoli, G M  Migliorino. A Piacenza. G 
Scarpazza. 

I N R C A  P n e u m o l o g y  D e p a r t m e n t  

C a s a t e n J v o  (Cono)-Italy 

The o x i d a n t  s t r e s s  may a l t e r  c e l l  immunity and hai been 
associated uith lung cancer. A p r e m e d i c a t i o n  uith 

a n t i o x i d a n t s  p r o t e c t  from t h e  e x p e r i m e n t a l  tumor. Ihe 
reduction o f  a l v e o l a r  m a c r o p h a g e s  activity and C U 4 / C O E  

lymphocyte r a t i o  in b r o n c h o a l v e o l a r  lavage ( B A L )  is 
related t o  lung cancer and s m o k e  habit ( d n  important 
source o f  oxidants). In o u r  I n s t i t u t e  UP a r e  testing the 

activity o f  a n t i o x i d a n t s  on c e l l u l a r  immunity 

administering a e r o s o l i c  r e d u c e d  G l u t a t h i o n e  (600 mg b i d  

for 6 d a y s )  in p a t i e n t s  a f f e c t e d  uith chronic o b s t r u c t i v e  

pulaonary d i s e a s e  in s t e a d y  state. We Found a s i g n i f i c a n t  
increase in CD4 l y m p h o c y t e  s u b s e t  (?2 .1  vs 39.6; p 4 0.03) 
and a s i g n i f i c a n t  i m p r o v e m e n t  of a l v e o l a r  m a c r o p h a g e s  

p h a g o c y t o s i s  (33.2 v s  50.7; pL0.04). Our d a t a  shou, a f t e r  
administering a e r o s o l i c  Glutathione, immunological 

a l t e r a t i o n s  o p p o s i t e  to lung c a n c e r  ones,and they might 

point o u t  that t h e  p r o t e c t i o n  o f  antioxidant c o m p o u n d s  
from lung c a n c e r  c o u l d  be a i s o  produced by an i m p r o v e m e n t  

o f  t h e  i m m L n o l o g i c a 1  s u r v e i l l a n c e  in a l v e o l a r  environment. 

ENHANCING EFFECT OF t i i c t i  FAT DIET ON DIESEL 14.24 
EXHAUST PARTICLES (DEP)-INDUCED LUNG 

TUMORICENESIS IN MICE 

Musnru S u p l  Ri Tnknmlchl 1chino.w 

Nur'l lnsrir Envirun Srud(NIL3 Japunj. P 0 Tsuhba. 
Iburuki. 305 Japan. 

High fat diets have been rrportcd 10 modify carcinogenesis in various organs 
including lungs. It is well k n o w  that dicscl exhausts cause lung carcmagcncsis 
Diesel engine powered cars are steadily increasing year by year. Therefore. I (  is 
anxious about increments of lung carcinogenesis by dicsel cnhausis and high fat 
diets. 
We examined the effects of dietary high fat on diesel exhaust panicles ( I X I ' ) .  
induced lung tumorigcncsis. O.lmg of DEP was instilled intrauacheally to ICR 
mice 10 limes (oncelweck). Tumor incidences in low and high fat diet groups 
withoutDEPwere20& and 309o.respectively.Tumor incidences in low andhigh 
fatdietgroups with DEPwcrc 12% and 48'lo.rcspcctively. Signilicanidiffcrcncc 
was observed between both groups. There was also significant diffcrcnce 
between low fat group without DEP and high fat group with DEP. 
Thescresulu show that high fat diet hnveenhancing effectson lungcarcinogcncsis 
by DEP. although tumor incidence by only DEP instillation was no1 high. 
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