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A&raft---Tamoxifen and 4-hydroxytamoxifen were both good inhibitors of iron-dependent lipid per- 
oxidation in rat cardiac microsomes. Tamoxifen was also a good inhibitor of lipid peroxidation in 
fiposomes prepared from the phospholipid obtained from rat liver microsomes. In a modified rat liver 
microsomal system ~ntaining a sufficiently low amount of ~ro~dizable phospholipid to make it 
comparable with the rat cardiac microsomal system, tamoxifen and 4-hydroxytamoxifen were of similar 
effectiveness as in the cardiac system. Tamoxifen is known to lower serum cholesterol levels, and the 
findings reported here indicate that the drug might also protect heart cell membranes against peroxidative 
damage. Potential cardioprotective and antiatherosclerotic benefits of tamoxifen are discussed in relation 
to the drug’s use in cancer prevention and treatment. 

Tamoxifen is now used in the prevention, as well as 
the treatment of, breast cancer [l-9]. It is also 
starting to be used to treat liver [lo] and brain 
cancers [ll]. Recent findings on the ability of 
tamoxifen to cause the production of transforming 
growth factor p in normal cells, which inhibits the 
growth of adjacent cancer cells [12], suggest that 
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tamoxifen might find general application in the 
prevention and treatment of cancer. Cardiovascular 
benefits have also been reported in studies on the 
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treatment of breast cancer in women with tamoxifen 
[D-16]. The incidence of fatal myocardial infarction Tamoxifen Rt = H, R2 = ~2~2N(~3)2 

was significantly less in the tamoxifen-treated 4-Hydroxytamoxifen 
group [13]. Furthermore, tamoxifen lowers serum 

Rt = OH, R2 = OCI$CH$‘J(QI3)2 

cholesterol levels significantly [14,1.5], and favour- 
ably affects lipid and lipoprotein profiles [1.5, 161. In 
addition, tamoxifen decreases fibrinogen levels and 
this is associated with a decreased risk of arterial 
thrombosis [17]. Both tamoxifen and its metabolite cw, 

~hydroxytamoxifen inhibit lipid peroxidation in 
R2 

rat liver microsomes and ox-brain phospholipid m3 

liposomes [E&22], and the role of lipid peroxidation 
in cardiovascular injury [23,24] and the development 
of atherosclerosis is well documented [25-293. ~ RI 

\ 

We therefore investigated the ability of tamoxifen 
and 4-hydroxytamoxifen (structures shown in Fig. 
1) to inhibit lipid peroxidation in a relevant rat Cholesterol RI= OH, R2 = CH(CH#ZH~$H(C!H& 
cardiac microsomal system, as this system cannot be 
assumed to display the same features as the rat liver 
microsomal system and moreover is of special 

Fig. 1. Structural similarity of tamoxifen and 4. 
hydroxytamoxifen to the membrane sterol cholesterol. 

relevance to the proposed cardioprotective action of 
tamoxifen. Similar studies were carried out in a 

modified rat liver microsomal preparation that was 

* ~o~es~nding author: Dr Helen Wiseman, Phar- comparable with the rat cardiac microsomal system. 
macology Group, Biomedical Sciences Division, King’s In addition, a liposomal system prepared from 
College London, Manresa Road, London SW3 6LX, U.K. 
Tel. (071) 333 4760/4713/4735; FAX (071) 333 4949. 

phospholipid extracted from rat liver microsomes, 
as the yield of rat cardiac microsomes was too low 
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Table 1. Effect of tamoxifen and 4-hydroxytamoxifen on lipid peroxidation in rat cardiac microsomes, 
rat liver microsomes and rat liver phospholipid liposomes 

Addition to reaction mixture 
. 

Extent of peroxldatlon As,* Inhibition of peroxidation (‘%) 

Cardiac microsomes 
None (control) 0.01 - 
Fe(III)-ascorbate 0.25 - 
30 PM Tamoxifen 0.033 90 
30pM4-Hydroxytamoxifen 0.015 98 

Liver microsomes 
None (control) 0.01 - 
Fe(III)-ascorbate 0.27 - 
30 PM Tamoxifen 0.02 96 
30pM 4-Hydroxytamoxifen 0.02 96 

Liver phospholipid liposomes 
None (control) 0.01 - 
Fe(III)-ascorbate 0.22 - 
30 BM Tamoxifen 0.073 70 

Results are the means of duplicate determinations taken from a representative experiment. 
Percentage inhibition due to the triphenylethylene compounds is calculated after deducting the 

“control” level of peroxidation from the relevant values. 

to make this practical, was used as another test 
system. 

MATERIALS AND METHODS 

Tamoxifen was from the Sigma Chemical Co. 
(Poole, U.K.). 4-Hydroxytamoxifen was kindly 
donated by ICI Pharmaceuticals (Macclesfield, 
U.K.). All other reagents were of the highest quality 
from the Sigma Chemical Co. or from BDH Ltd 
(Dagenham, U.K.). 

Preparation of rat liver and cardiac microsomes. 
Rat liver microsomes were prepared from the Iivers 
of adult male rats by standard differential- 
centrifugation techniques as described earlier [30]; 
rat cardiac microsomes were prepared from the 
hearts of these rats by the same method despite the 
diffi~ities encountered in the homogenization of 
heart because of its tough muscular properties. 

Extraction of phospholipid from rat liver micro- 
somes. A lipid fraction was obtained from rat liver 
microsomes by extraction with chlorofor~methanol 
1311. The microsomes were mixed with an equal 
volume of chloroform-methanol 2 : 1 (v/v) and then 
centrifuged at speed number 7 for 10 min in a bench 
centrifuge. The lower organic layer was removed 
and 1 mL of water was added. The tubes were 
vortexed and centrifuged as before and the lower 
organic solvent layer was collected. This purification 
procedure was repeated twice. The organic solvent 
was evaporated under a nitrogen stream and the 
residue redissolved in chloroform and stored at 
-70”. 

The lipid fraction was then separated into 
phospholipid and cholesterol components by silicic 
acid column chromatography 1321. The rat liver lipid 
fraction dissolved in chloroform was loaded on to 
the column (prewashed with petroleum ether). The 
column was washed several times with chloroform 
and the cholesterol present in the lipid fraction was 
coIlected (and discarded). The phospholipid was 

eluted with methanol and the column was again 
washed several times. The methanol was evaporated 
and the phospholipid residue was redissolved in 
chlorofo~, The residues dissolved in chloroform 
were stored at -70”. 

Preparation of rat liver phospholipid liposomes. 
A 0.8 mL aliquot of rat liver phospholipid, derived 
from rat liver microsomes containing 11 mg of 
microsomal protein, dissolved in chforoform was 
evaporated in a stream of nitrogen. Liposomes were 
prepared from the residue by addition of 0.8 mL of 
phosphate buffered saline (140 mM NaCl, 2.7 mM 
KCI, 16 mM Na2HP04, 2.9 mM KH,PO,) at pH 7.4, 
followed by sonication in a bath type sonicator at 0” 
and vortexing, both in the presence of small glass 
beads (2.5-3Smm in diameter). The resulting 
liposomes were allowed to stand in sealed nitrogen- 
flushed botties at 4” for 1 hr before use (33,341. 

Peroxidation of rat liver phospholipid liposomes. 
The reaction mixture contained in a final volume of 
1 mL, liposomes (0.1 mL), phosphate-buffered saline 
pH 7.4 (0.5 mL), water (0.2 mL) and 5 ,uL of ethanol 
or drug dissolved in ethanol. Freshly prepared 
aqueous solutions of Feel3 (0.1 mL) and ascorbate 
(0.1 mL) were added to the reaction mixture to give 
a final concentration of 100pM of each. Ascorbate 
was added to start the peroxidation reaction and 
incubations were carried out at 3P for 20 min (unless 
stated otherwise). 

Peroxidation ofratliverandratcardiacmicrosomes. 
The reaction mixture contained in a final volume of 
1 mL, rat liver microsomes (82 yg of microsomal 
protein) or rat cardiac microsomes (25Opg of 
microsomal protein), 10 mM KH2P04-KOH buffer 
pH 7.4 (0.5 mL), water and 5 FL of ethanol or drug 
dissolved in ethanol. Ascorbate and FeCb (0.1 mL) 
were added to the reaction mixture to give a final 
concentration of both of 100pM. Although greater 
levels of peroxidation can be achieved in cardiac 
microsomes by using concentrations of Feel3 of up 
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2). Neither of these drugs interfered with the TBA 
test: no inhibition was observed when the compounds 
were added to peroxidizing microsomes at the same 
time as the TBA reagents instead of at the beginning 
of the incubation. 

inhibition of iron-dependent lipid peroxidation by 
tamoxifen and 4-hydroxytamoxifen in rut liver 
mi&rosomes 
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Lipid peroxidation occurs rapidly when rat liver 
microsomes are incubated at pH7.4 with Fe(III)- 
ascorbate (351. Tamoxifen and 4-hydroxytamoxifen 
were both of similar effectiveness in this system (see 
Fig. 3) and this is also reflected in their lcsO values 
(see Table 2). Experimental data for tamoxifen and 
Chydroxytamoxifen are shown in Table 1. 

Inhibition of iron-dependent lipid peroxidation by 
tamoxifen in rat liver phospholipid liposomes 

Fig. 2. ~ncentration-dependent inhibition of iron- 
dependent lipid peroxidation in rat cardiac microsomes. 
(0) Tamoxifen, (D) Chydroxytamoxifen. Results are mean 

2 SD, N = three to four tests. 

Liposomes formed from phospholipids (including 
those from rat liver) act as a lipid bilayer system, 
which in the presence of Fe(III~-ascorbate at pH 7.4 
is rapidly peroxidized 1361 as measured by the TBA 
assay. Tamoxifen inhibited lipid peroxidation in this 
system (see Fig. 3) and representative experimental 
data at 30 PM are shown in Table 1. However, 
tamoxifen was a less effective inhibitor of lipid 
peroxidation in this system in comparison with the 
two microsomal systems (see Table 2). 

DISCUSSION 

to 2 mM, in this study 100pM FeCIS was used to 
retain the standard parameters used with the liver 
microsomes. Ascorbate was added to start the 
peroxidation reaction and reaction mixtures were 
incubated as above. 

~e~urement of lipid peroxidation by the thio- 
barbituric acid (TBA) test. The amount of lipid 
peroxidation was measured by the formation of 
thiobarbituric acid-reactive substances (TBARS). 
The peroxidation reactions were stopped by the 
addition of HCl [OS mL of 25% (v/v)] followed by 
0.5 mL of thiobarbituric acid solution [l% (w/v) in 
50 mM (NaOH)]. After heating at 80” for 30 min 
the pink chromogen was extracted with an equal 
volume (2 mL) of butan-l-01 and the AS3* of the 
upper (organic) layer was measured [30]. 

RESULTS 

Inhibition of iron-dependent lipid peroxidation by 
tamoxifen and 4-hydroxytamoxifen in rat cardiac 
microsomes 

Tamoxifen and 4-hydroxytamoxifen were added 
to the system dissolved in ethanol (ethanol itself 
had no effect on peroxidation). Table 1 shows 
experimental data for both of these triphenylethylene 
drugs at 30 PM. Tamoxifen and 4-hydroxytamoxifen 
were both good inhibitors of iron-dependent lipid 
peroxidation in the rat cardiac microsomal system. 
Figure 2 shows that 4-hydrox~amoxifen was more 
effective than tamoxifen as an inhibitor of lipid 
peroxidation in this system. This difference in 
potency is reflected in their IQ values (see Tabie 

Tamoxifen and its metabolite Chydroxytamoxifen 
inhibit lipid peroxidation in rat cardiac microsomes, 
although the icso value of cl-hydroxytamoxifen is 2- 
fold lower than that for tamoxifen (see Table 2). 4- 
Hydroxytamoxifen is also a more effective inhibitor 
of lipid peroxidation than tamoxifen in rat Iiver 
microsomes and ox brain phospholipid liposomes (4- 
fold and 7-fold lower IcSOvalues [l&20]). Comparison 
of the results for tamoxifen and 4-hydroxytamoxifen 
in the rat cardiac microsomal system with our 
previous work on these compounds in a standard rat 
liver microsomal system indicates that tamoxifen, 
and to a much lesser extent 4-hydroxytamoxifen, are 
more potent inhibitors of lipid peroxidation in the 
cardiac microsomal system (see Table 2). However, 
the positive controi (i.e. microsomes plus Fe(III)- 
ascorbate) for the standard rat liver microsomal 
system had a much higher extent of peroxidation 
(A532 around 0.8) than for the rat cardiac microsomal 
system (ASS2 around 0.2), when 0.25mg of 
microsomal protein was used for each. This indicates 
either an inherently lower content of peroxidizable 
phospholipid fatty acid side-chains in the cardiac 
microsomal system or possibly a loss of these 
components during preparation. Therefore, in order 
to make a more valid comparison of the protective 
effects of tamoxifen and its 4-hydroxy metabolite on 
the membranes of the two different tissues we used 
a modified rat liver microsomal system, which had 
a more comparable extent of peroxidation in terms 
of the positive control (see Table 1) against which 
all the inhibition levels are measured. In our modified 
rat liver microsomal system, tamoxifen was found 
to be just as effective as in the rat cardiac microsomal 
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Fig, 3. Concentration-dependent inhibition of iron- 
dependent lipid peroxidation in rat liver microsomes. (0) 
Tamoxifen, (m) 4-hydroxytamoxifen and in rat liver 
phospholipid liposomes (A) tamoxifen. Results are mean 

+ SD, N = three to four tests. 

system. Caution is necessary, therefore, in making 
comparisons of the inhibitory effects of drugs on 
lipid peroxidation in microsomes prepared from 
tissues with different peroxidative abilities on a 
milligram of microsomal protein basis. When 
phospholipid was extracted from rat liver microsomes 
and liposomes prepared (again with a comparable 
positive control) tamoxifen was found to have an 
rcsO value of 9.4pM showing it to be less effective 
than in the microsomal systems (see Table 2). 
Tamoxifen is known to be a weaker inhibitor of lipid 
peroxidation in liposomes compared to microsomes 
generally [E-20], and this may indicate an interaction 
of lipid and drug with membrane cholesterol or 
protein components found only in the micr~omaj 
systems. Furthermore, the membrane antioxidant 
action of tamoxifen (and 4-hydroxytamoxifen) is 
thought to be related to its structural simila~ty to 
cholesterol (see Fig. l), which enables it to act like 

H. WISEMAN et al. 

Table 2. xc, values for the inhibition of m~cro~mal and liposomal lipid ~roxidation 
by tamoxifen and 4hydroxytamoxifen 

Icy, values 

Tamoxifen 4-Hydroxytamoxifen 
System (FM) GM) 

Rat cardiac microsomes 5 
Comparable rat liver microsomes 3.8 f.: 
Rat liver ph~pholipid liposomes 9.4 NT 
Standard rat liver microsomes 

;: 
3* 

Ox brain ph~pholipid liposomes 9* 

NT, not tested. 
* Data quoted from Ref. 20. 
Values are deduced from the graphs shown in Figs 2 and 3 in which each point 

represents the mean it SD of three to four separate assays. 

cholesterol in membranes, resulting in membrane 
s~biti~tion against lipid peroxidation [B-22]. 
Additionally, the 1~s~ of tamoxifen in ox brain 
phospholipid liposomes has been found to be much 
greater (63&M f20]) than in the standard rat liver 
microsomal system, and again this value is only 
directly comparable with data obtained from 
experiments where the Ass2 of the positive control 
is around 0.8, as with the standard rat liver 
microsomal system (see above). 

The benefit of using tamoxifen to prevent cancer 
could be enhanced by the cardioprotective benefits 
of tamoxifen in both lowering serum cholesterol 
levels [14,15] and, as found here, by actually 
protecting cardiac membranes against the damage 
caused by lipid peroxidation. This has important 
implications also for cancer treatments that use 
tamoxifen in combination with cardiotoxic anticancer 
drugs such as Adriamycin, which damage the heart 
by free radical mediated mechanisms [37,38]. 
Protection by tamoxifen could therefore be an 
important factor in the safe use of such cardiotoxic 
drugs. The recent remarkable finding that tamoxifen 
causes cells surrounding cancer cells to produce 
transforming growth factor B, which has an 
antiproliferative effect on the cancer cells [12] means 
that tamoxifen might in the future be used more 
widely in the treatment of all cancers. 

We are currently investigating the ability of 
tamoxifen to protect low density lipoproteins against 
oxidation, which is an important step in the 
development of atherosclerosis [26-291. The prophy- 
lactic use of tamoxifen to prevent breast cancer in 
women could additionally provide long term 
cardiovascular benefits including prevention of heart 
disease. 

Acknowledge~n~-The award of a Leverhulme Emeritus 
Fellowship to H.R.V.A. is gratefully acknowledged. We 
also thank the Charities Aid Foundation and the Cancer 
Research Campaign for financial support. 

REPERENCES 

1. Baum M, Ziv Y and Colletta A, Can we prevent breast 
cancer? Br J Cancer 64: 205-207, 1991. 

2. Baum M, Ziv Y and Colletta A, Prospects for the 
chemoprevention of breast cancer. Br Med Bull 42 
493-503, 1991. 



Inhibition of lipid peroxidation in cardiac microsomes by tamoxifen 1855 

3. Nayfield SG, Karp JE, Ford LG, Dorr FA and Kramer 
BS, Potential role of tamoxifen in prevention of breast 
cancer. J Nat1 Cancer lnst 83: 1450-1459, 1991. 

4. Jordan VC, Overview from the international conference 
on long-term tamoxifen therapy for breast cancer. J 
Nat1 Cancer ht 84: 231-234, 1992. 

5. Riley D, Baum M, MacIntyre J, Berstock D, McKinna, 
A, Jackson I, Sainsbury JRC, Wilson A, Wheeler T 
and Dobbie J, The effect of adjuvant tamoxife~the 
latest results from the CRC adjuvant breast trial. Eur 
J Cancer 2SA: 904-907, 1992. 

6. Robertson JFR, Ellis IO, Nicholson RI, Robins A, 
Beli J and Blamev RW. Cellular effects of tamoxifen 
in primary breastcance;. Breast Cancer Res Treat 20: 
117-124, 1992. 

7. Baum M, Houghton J, Riley D, Macintyre J, Berstock 
D, McKinna A, Jackson I, Sainsbury JRC, Wilson A 
and Wheeler T, Results of the CRC adjuvant trial 
for perioperative cyclophosphamide and long-term 
tamoxifen in early breast cancer reported at the 10th 
year follow-up. Acta Oncologica 31: 251-258, 1992. 

8. Buzzi F, Brugia M, Rossi G, Giustini L, Scoponi C 
and Sica G, Combination of beta-interferon and 
tamoxifen as a new way to overcome clinical resistance 
to tamoxifen in advanced breast cancer. Anticancer 
Res 12: 869-872, 1992. 

9. Foudraine NA, Verhoef LCG and Burghouts JTM, 
Tamoxifen as sole therapy for breast cancer in the 
elderly patient. Eur J Cancer 28A: 900-903, 1992. 

10. Farinati F, Demaria N, Fornasier A, Salvangini M, 
Fagiuoli S, Chiaramonte M and Naccarto R, Prospective 
controlled trial with the antioestrogen drug tamoxifen 
in patients with unresectable hepatocellular carcinoma. 
Dig Dis Sci 37: 659-662,1992. 

11. Vertosick FT, Selker RG, Pollack IF and Arena V, 
The treatment of intracranial malignant gliomas using 
orally administered tamoxifen therapy-preliminary 
results in a series of failed patients. Neurosurgery 30: 
897-903, 1992. 

12. Butta A, Maclennan K, Flanders KC, Sacks NPM, 
Smith I, Mckinna A, Dow&t M, Wakefield LM, Sporn 
MB and Baum M, Induction of transforming growth 
factor-&l) in human breast cancer in t&o following 
tamoxifen treatment. Cancer Res 52: 4261-4264,1992. 

13. McDonald CC and Stewart HJ, Fatal myocardiai 
infarction in the Scottish adjuvant tamoxifen trial. Br 
Med J 303: 435-437, 1991. 

14. Schapira DV, Kumar NB and Lyman GH, Serum 
cholesterol reduction with tamoxifen. Breast Cancer 
Res Treat 17: 3-7, 1990. 

15. Love RR, Wiebe DA, Newcombe RA, Cameron L, 
Leventhal H, Jordan VC, Feyzi J and Demets DL, 
Effects of tamoxifen on cardiovascular risk factors in 
postmenopausal women. Ann Intern h4ed 11% f&B- 
864.1991. 

16. Dewar JA, Horobin JM, Preece PE, Tavendale R, 
Tunstailoedoe H and Wood RAB. Lone term effects 
of tamoiifen on blood lipid values in breist cancer. Br 
Med J 305: 225-226, 1992. 

17. Love RR, Surawicz TS and Williams EC, Antithrombin 
III level, fibrinogen level, and platelet count changes 
with adjuvant tamoxifen therapy. Arch fntern Med 152: 
317-320, 1992. 

18. Wiseman H, Laughton MJ, Arnstein HRV, Cannon 
M and Halliwell B, The antioxidant action of tamoxifen 
and its metabolites. Inhibition of lipid peroxidation. 
FEBS Lett: 263: 192-194, 1990. 

19. Wiseman H, Cannon M, Arnstein HRV and Halliwell 
B, Mechanism of inhibition of lipid peroxidation by 
tamoxifen and 4-hydroxytamoxifen introduced into 
liposomes. Similarity to cholesterol and ergosterol. 
FEB.9 Lett 274: 107-110, 1990. 

20. Wiseman H, Smith C, Arnstein HRV, Halliwell B and 
Cannon M, The antioxidant action of ketoconazole 
and related azoles: Comparison with tamoxifen and 
cholesterol. Chem Biol Interact 9: 22+243, 1991. 

21. Wiseman H, Cannon M, Arnstein HRV and Barlow 
DJ, The structural mimicry of membrane sterols by 
tamoxifen: Evidence from cholesterol coefficients and 
molecular-modeiljng for its action as a membrane 
antioxidant and anticancer agent. Bided Biophys 
Acta 1138: 197-202, 1992. 

22. Wiseman H, Smith C, Halliweil B, Cannon M, 
Arnstein HRV and Lennard MS, Droloxifene (3- 
hydroxytamoxifen) has membrane antioxidant ability: 
potential relevance to its mechanism of therapeutic 
gction in breast cancer. Cancer Lett 66: 61-68, &X2. 

23. Niki E. Yamamoto Y. Komuro E and Sato K. 
Membrane damage due ;o lipid oxidation. Am J C& 
Nutr 53: S201-205, 1991. 

24. Kukreja RC and Hess ML, The oxygen free radical 
system-from equation through membrane protein 
interactions to cardiovascular injury. Cardiooas Res 
26: 641-655, 1992. 

25. Halliwell B, Gutteridge JMC and Cross CE, Free 
radicals, antioxidants and human disease: where are 
we now? J La& Clin Med 119: 598-620, 1992. 

26. Rimersma RA, Wood DA, Macintyre CCA, Elton 
RA, Grey KF and Oliver MF, Antioxidants and 
mooxidants in coronarv heart disease. Lancer 337: 677. 
i991. 

27. Luc G and Fruchart JC, Oxidation of lipoproteins and 
atherosclerosis. Am J Clin Nutr 3: S206209. 1991. 

28. Regenstrom J, Nilsson J, Tornvall P, Land& C and 
Hamsten A, Susceptibility to low-density lipoprotein 
oxidation and coronary atherosclerosis in man. Lancer 
339: 1183-1186, 1992. 

29. Esterbauer H, Gebicki J, Puhl H and Jurgens G, The 
role of lipid peroxidation and antioxidants in oxidative 
modification of LDL, Free Rad Biol Med 13: 341-390, 
1992. 

30. Quinlan GJ, Halliwell B, Moorhouse CP~d Gutteridge 
JMC, Action of lead (II) and aluminium (III) ions 
on iron-stimulated lipid peroxidation in liposomes, 
erythrocytesandratlivermicrosomalfractions. Biochim 
Biophys Acfa 962: 196-200, 1988. 

31. Folch J, Lees M and Sloane-Stanley GH, A simple 
method for the isolation and purification of total lipids 
from animal tissues. J Biol Chem 226: 497-509, 1957. 

32. Sugioka K and Nakano M, Mechanism of phospholipid 
peroxidation induced by ferric ion-ADP-Adriamycin- 
co-ordinated complex. Biochim Biophys Acta 713: 333- 
343, 1982. 

33. Gutteridge JMC, The measurement of malondialdehyde 
in peroxidized ox-brain phospholipid liposomes. Anal 
B&hem 82: 7682, 1977. 

34. Gutteridge JMC, The membrane effects of vitamin 
E, chol&terol and their acetates on peroxidative 
susceptibility. Res Commun Chem Pathof Pharmacof 
22: 563-572, 1978. 

35. Wills ED, Lipid peroxide formation in microsomes. 
The role of non-haem iron. Biochem J 113: 325-332. 

36. 
1969. 
Chatterjee SN and Agarwal S, Liposomes as membrane 
model for studv of lioid netoxidation. Free Rad Biol 
Med 4: 51-72, i988. ’ ’ 

37. Doroshow JH and Davies GY, Redox cycling of 
anthracyclines by cardiac mitochondria. Formation of 
superoxide anion, hydrogen peroxide and hydroxyl 
radical. J Bioi Chem 261: 3068-3074, 1986. 

38. Doroshow JH, Kaman SA, Chu FF and Esworthy S, 
Role of the giutathion~glutathione peroxidase cycle 
in the cytotoxicity of the anticancer quinones. 
Pharmaco~ Ther 42: 359-370, 1990. 


