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Abstract. The indoleamine melatonin and the synthetic Introduction
antiestrogenic drug tamoxifen seem to have similar
mechanisms in inhibiting the growth of estrogen receptorFree radicals generated within subcellular compartments
positive breast cancer cells. In this study, we comparedlamage macromolecules which lead to structural
the ability of these molecules, alone and in combinationchanges and functional alterations of cellular organelles.
in stabilizing microsomal membranes against free radica® manifestation of free radical injury to biological mem-
attack. Hepatic microsomes were obtained from malédranes, i.e., lipid peroxidation, is an autooxidative chain
rats and incubated with or without tamoxifen (50-200reaction in which polyunsaturated fatty acids in the
M), melatonin (1 mu) or both; lipid peroxidation was membrane are the substrates. Cancer, aging and sever:
induced by addition of FeGI NADPH and ADP. After degenerative diseases have been related to free radice
oxidative damage, membrane fluidity, measured by fluo-damage and lipid peroxidation [1, 22, 27, 34]. As a re-
rescence polarization techniques, decreased whereaslt, there is considerable interest in molecules that limit
malonaldehyde (MDA) and 4-hydroxyalkenals (4-HDA) free radical damage including lipid peroxidation.
concentrations increased. Incubation of the microsomes Tamoxifen is a antiestrogenic drug currently used
with tamoxifen prior to exposure to free radical generat-for the treatment of breast cancer [40]. The mechanism
ing processes inhibited, in a dose-dependent manner, thgy which it inhibits cell proliferation is known to be
increase in membrane rigidity and the rise in MDA+4- related to a competition with endogenously produced es-
HDA levels. When melatonin was added, the efficacy oftrogens for binding to the estrogen receptor [10, 41].
tamoxifen in preventing membrane rigidity was en- Despite this proposed mechanism of action, epidemio-
hanced. Thus, the IGs for preventing membrane rigid- logical studies have shown improvements during treat-
ity and for inhibiting lipid peroxidation obtained for ment with tamoxifen occur in patients essentially devoid
tamoxifen in the presence of melatonin were lower tharof estrogen receptors, i.e., negative or under 10 fmol
those obtained with tamoxifen alone. Moreover, tamoxi-receptor/mg protein in their breast tissue [23]. Because
fen (50-200uMm) in the presence of melatonin reduced of this, several authors have suggested other potential
basal membrane fluidity and MDA+4-HDA levels in mi- mechanisms for tamoxifen that are unrelated to its bind-
crosomes. These synergistic effects of tamoxifen andng to the estrogen receptor; these alternate mechanism:
melatonin in stabilizing biological membranes may bemay involve tamoxifen’s ability to regulate tumor
important in protecting membranes from free radicalgrowth factors [8, 12] and its antioxidant properties [19,
damage. 68, 69].
Melatonin is a chemical mediator produced mainly

by the pineal gland of mammals. Classically, the func-
Key words: Melatonin — Tamoxifen — Antioxidant — tions of this indoleamine have been related to the modu-
Lipid peroxidation — Membrane fluidity — Microsome lation of neuroendocrine, circadian and immune func-

tions [31, 52]. Previous workers have also shown, how-

ever, that melatonin has an oncostatic role in breast
S cancer [11, 16] and other tumors as well [5]. The addi-
Correspondence taR.J. Reiter tion of melatonin to culture medium inhibits the growth
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of MCF-7 human breast cancer cells [35]. Melatoninmwm), ADP (1.7 mu) and NADPH (0.2 nw) and incubation in a water
delays the cell cycle [15] like tamoxifen [60] and regu- bath for 20 min at 37°C under aerobic conditions. The peroxidative
lates the action of growth factors on these cells [14, 46]/62¢tion was stopped by addition of EDTA (2 Control micro-
| i latonin’ tioxidant activity h 'b somes with and without induced lipid peroxidation were exposed to the
nrecen 'yefars’ me_a onin's an IOX_I an ,ac Ivity has e,‘e%ame incubation conditions as those treated with tamoxifen.
revealed; th|s.funct|on of melatonin is likely at least in In other experiments, melatonin (Ivphwas added at the same
part receptor independent [61]. For example, melatoninime as tamoxifen. In these studies, melatonin was also tested in the
has been shown to directly detoxify free radicals and taabsence of tamoxifen. Identical procedures as in the previous experi-
reduce oxidative damage to DNA and lipids under aments were followed, i.e., tamoxifen, FeCADP and NADPH con-
number of experimental situations [53, 54]. Hence, itcentrations and incubations were the same.
has been proposed that melatonin may play a role in
protgctlrr:g agaln_fst free(jradltzlal—re!ated dll(seases}. hei MEASUREMENT OF MEMBRANE FLUIDITY AND

ot 'tamO.XI en and me atqnln are known for t eIl MDA+4-HDA CONCENTRATIONS
oncostatic actions and for their ability to inhibit lipid
peroxidation. Their interaction, however, has not beenyembrane fluidity, measured in triplicate, was performed according to
investigated in terms of reducing oxidative damage andnethod of Yu et al. [72]. The fluorescence probe used was TMA-DPH.
in preventing changes in membrane fluidity. In the pre-Briefly, 0.5 mg microsomal protein were resuspended in buffer (3 ml
sent study, we tested the combination of tamoxifen andinal volume), vortexed for 1 min with the probe (66.%)and incu-
melatonin in hepatic microsomal membranes which wergated with shaking at 37°C for 30 min to ensure the uniform incorpo-
treated with Fegl, ADP and NADPH to induce Iipid ration of the probe in the membranes. Polarizati®ngnd anisotropy

idati Th h . b fluidit (A) parameters (mean of 10 observations) were obtained using a Per-
peroxiaation. € changes In membrané fluidity W(':'rekin-Elmer LS-50 Luminiscence Spectrometer equipped with a circula-

monitored by fluorescenqe SpeCtrOSCOPy and microsolmzﬂ)r bath to maintain the temperature of 22.0 + 0.1°C during the assay.
MDA+4-HDA concentrations were estimated as an in-Excitation and emission wavelengths of 360 nm and 430 nm were used,

dex of lipid peroxidation. respectively. Polarization and anisotropy were calculated using the
Egs. 1 and 2.
Materials and Methods o Iy, = Gly,, W e Iy, = Gly,, @
Iy, + Gly,, Iy, + 2Gly,,
CHEMICALS

wherely,, andl,,, are the emission intensity of vertically polarized light
Tamoxifen, FeC}, ADP, NADPH and EDTA were purchased from detected by an analyzer oriented parallel or perpendicular, respectively,

Sigma (St. Louis, MO), melatonin from Regis Technologies (Morton to the excitation pIane_a_nG is the correction factor for the optical
Grove, IL) and TMA-DPH from Molecular Probes (Eugene, OR). system. Membrane fluidity was expressed as the inverde arfid A

The Bioxytech LPO-586 kit for lipid peroxidation was obtained from (2. . idered ind  livid
Caymen Chemical (Ann Arbor, MI). Other chemicals utilized were of MDA_M"HDA concentrations are considere an index ot lipt
the highest analytical grade and came from commercial Sourcespe_romdanon in membranes [25]. These concentrations were deter-

Tamoxifen was diluted in absolute ethanol, melatonin in ethanol anq"“ned by the colorimetric kit mentioned abqve. M|_crosoma| pmte'n_
distilled water and TMA-DPH in tetrahydrofuran and water. Ethanol was measured by the Bradford method [6] using bovine serum albumin

and tetrahydrofuran were 3% and 0.4% in the final mixture, respec-aS standard.

tively. FeCL, ADP, NADPH and EDTA were diluted in the incubation
buffer. Tamoxifen, melatonin, FeGIADP and NADPH solutions
were prepared immediately before use. STATISTICAL ANALYSIS

Data obtained are expressed as arithmetic means and standard errors
ANIMALS AND PREPARATION OF MICROSOMES An inferential statistical procedure was performed using ttest.
The level of significance was accepted wizh< 0.05.
Hepatic microsomes were obtained from male Sprague-Dawley rats
weighing 230-270 g. Animals received standard food and water ad
libitum. After being acclimated for one week, they were sacrificed by Results
decapitation and the liver was removed quickly, washed in 0.9% NacCl

(4°C), frozen in liquid nitrogen and stored at —80°C. Pooled micro- . . .
somal membranes were isolated by the differential centrifugation tech—The data relatmg to the ab'“ty of tamoxifen to reduce

nique described elsewhere [29]. microsomal membrane rigidity and to inhibit MDA+4-
HDA formation are summarized in Table 1. Incubation
of microsomes with tamoxifen prior to induction of lipid
peroxidation increased membrane fluidity in a concen-
Aliquots of microsomal membranes (0.5 mg/ml microsomal protein) tratlon_dep.e.n.dent ma””er' Accpmpanylng the. me.m_
were suspended in 50nmTris-HCI buffer (pH = 7.4) and incubated brane stabilizing action of tamoxifen, a progressive in-
with tamoxifen (50uM, 100 um, 150 M, 175um and 200um) for 30 hibition in MDA+4-HDA formation was noted. The
min at 37°C. Lipid peroxidation was initiated by addition of Fe@.2 ~ concentrations of tamoxifen required to reduce the de-

INDUCTION OF LIPID PEROXIDATION
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Table 1. Membrane fluidity, 1P and 1A, and MDA+4-HDA concen-  Table 2. IC, tamoxifen concentrations required to inhibit lipid per-
trations in microsomes treated with agents to induce lipid peroxidationoxidation in the absence or presence of melatonin ) m
without and with tamoxifen

Tamoxifen Tamoxifen +
IIP IIA MDA+4-HDA (M) Melatonin (1 )
(nmol/mg protein)
1/Polarization 169.7 117.1

Control 3.20+0.01 4.29+0.02 2.84+0.38 1/Anisotropy 171.0 119.7
Induced lipid MDA+4-HDA 111.2 515

peroxidation 2.76+0.0? 3.69+0.0% 87.45+3.1%
Induced lipid Values are obtained from Figs. 1-3.

peroxidation

+ Tamoxifen

(200pm)  3.1320.02) 4.21+0.089  8.11+1.4%5PD
(175um)  3.03+0.022 4.04+0.0£2D 14.77 £+ 0.5
(150 uv)  2.85+0.02D 3.78+0.08 29.30 £ 2.5
(100pm)  2.76+£0.08” 363£0.01Y  49.28+2.48" Under the conditions of these studies, peroxidative stress
(50pwm)  2.73+0.0*7 3.58+0.08*Y 60.12:+ 126+ in hepatic microsomal membranes promoted a decrease
b o . in membrane fluidity. These results are consistent with
ata are expressed as means + SE obtained in four experiments. . . . g .
@ Denotes statistical differences versus control &hds. lipid peroxi- cher reports in Whl(_:h various mOdeIS of lipid peroxida-
dation. tion were shown to induce rigidity as measured by fluo-
rescence polarization [24, 30, 38, 57] and electron spin
resonance spectroscopy techniques [7, 17, 66]. Alter-
, o ations in the chemical structure of membranes due to the
crease in membrane fluidity and MDA+4-HDA forma- ¢5rmation of covalent cross-linkings between adjacent
tion by 50%, i.e., IGes, are presented in Table 2. isids and a reduction in the unsaturation/saturation ratio
_ The effects of the addition of 1 mof melatonin ot fatty acids are considered possible causes of the de-
with tamoxifen to the incubation medium are summa-crease in membrane fluidity [7, 17, 24]. Hence, antioxi-
rized in Table 3. Additionally, this table illustrates the gant molecules that inhibit lipid peroxidation also pre-
ability of melatonin (1 nw) to resist microsomal mem- yent membrane rigidity induced by oxidative stress.
brane rigidity and MDA+4-HDA formation; for both pa- Melatonin [29], tocopherol [28, 38] and the enzymes
rameters melatonin’s efficiency was about 30%. As in-superoxide dismutase and catalase [66] are several ex
dicated in Table 3, the combination of tamoxifen andamples of antioxidants that make membranes more re-
melatonin was highly effective in reducing membranesistant to peroxidative damage and thus stabilize them.
rigidity and lipid peroxidation. Thus, melatonin (IM)  From the present results it is evident that tamoxifen,
in combination with tamoxifen (150, 175 or 2Q0v)  melatonin and a combination of the two prevent micro-
totally prevented the changes in membrane fluidity (bothsomal membrane rigidity and, in a parallel manner, they
1/P and 1A) and lipid peroxidation induced by the free inhibit lipid peroxidation.
radical generating agents. This contrasts with the datain  Microsomal lipid peroxidation is a complex process
Table 1 which indicates that while the concentrations ofwherein hydroxyl radicals -OH), peroxyl radicals
tamoxifen used reduced the changes in membrane fluidd.OO-) and the perferryl ion have been implicated [37,
ity and lipid peroxidation, when melatonin and tamoxi- 42, 71]. Recent studies have shown that melatonin effi-
fen were used simultaneously a greater inhibition of theciently scavenges boti©OH [61] and perhaps also LOO
induced changes was apparent (Table 3). [49] as well as other free radicals [43] through an elec-
Figures 1-3 illustrate the efficiency of tamoxifen tron donation reaction [50]. Moreover, the indolyl-like
(50-200m) with or without the addition of melatonin radical generated during the scavenging process [58] per-
(1 mwv) to inhibit decreases in membrane fluidity and haps is also able to detoxify superoxide radicals thereby
increases in MDA+4-HDA formation. When melatonin limiting the possibility of-OH formation by the Fenton
was added, at each concentration of tamoxifen its stabireaction [33]. On the other hand, tamoxifen inhibits mi-
lizing effects on the cell membrane (as indicated by lessrosomal lipid peroxidation [68, 69] presumably through
rigid membranes) and resistance to lipid peroxidation (asnechanisms similar to those of melatonin by scavenging
indicated by lower MDA+4-HDA levels) were signifi- -OH and LOO by electron transfer [19]. Common
cantly increased. Thus, thedgfor tamoxifen decreased modes of action of melatonin and tamoxifen in inhibiting
when melatonin was added (Table 2). No differences iipid peroxidation might explain the enhanced response
membrane fluidity or MDA+4-HDA concentrations were to tamoxifen in preventing membrane rigidity when mel-
observed between control microsomes for the two exatonin is also available.
periments; also, the level of lipid peroxidation did not Besides the cooperative action of tamoxifen and
differ between the control samples. melatonin in stabilizing membranes, Kumar et al. [39]

Discussion
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Table 3. Effect of the addition of melatonin on the ability of tamoxifen to prevent microsomal rigidity and to inhibit MDA+4-HDA formation

1/P 1/A MDA+4-HDA
(nmol/mg protein)

Control 3.22 £0.00 4.33+£0.01 3.83+£0.49
Induced lipid peroxidation 2.77+0.62 3.65+0.0% 85.30 + 2.48
Induced lipid peroxidation +

melatonin (1 rm) 2.91+0.06* 3.86 + 0.0 57.65 + 3.64D

Induced lipid peroxidation +
melatonin (1 nw) + tamoxifen

(200 pm) 3.22+0.0% 4.34+0.0% 3.99 +0.3%”
(175 pm) 3.22 +0.09 4.31+0.0f9 4.17 £0.3¢”
(150 pm) 3.12 £ 0.0%” 4.17 £ 0.08” 11.64 = 5.089
(100 wm) 2.93 £ 0.0429 3.87 £0.089 32.05 £ 1.28D
(50 m) 2.88 £0.0%2P 3.83+0.0%29 45,50 £ 1.06D

Data are expressed as means + SE obtained in four experiments.
@ Denotes statistical differences. control and® vs. lipid peroxidation.
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Fig. 1. Ability of tamoxifen (@) and tamoxifen plus melatoni) to  Fig. 2. Inhibition of membrane rigidity (1/A) by tamoxifen in absence
prevent the decreases in microsomal membrane fluidity (1/P) induced®) or presencel) of melatonin. Percentage inhibitions are expressed
by free radical generating agents. Percentage inhibitions are expresseg means #se obtained in four experiment$® Denotes statistical
as means e obtained in four independent experimerfd Denotes  differences P < 0.05).

statistical differencesH( < 0.05).

reported significant decreases in antioxidative enzymatic  In the previous study [29] where we tested the role
systems, i.e., glutathione peroxidase, catalase and supe@f melatonin in preserving hepatic microsomal mem-
oxide dismutase, in postmenopausal women with breadirane fluidity induced by free radicals and, utilizing the
cancer. Melatonin, whose synthesis decreases with ageame methodological procedures reported here, melato-
is also known for its modulatory effect on enzymes in-nin (1 mv) was equally efficient as in the present study.
volved in the free radical metabolism, either stimulating Additionally, when hepatic microsomes were incubated
defensive enzymes such as glutathione peroxidase [3jith melatonin in the absence of agents which induce
and superoxide dismutase [2] or inhibiting those relatecbxidative stress, even at high concentrations melatonin
to free radical promotion, e.g., nitric oxide synthase [4,did not alter membrane fluidity significantly. The results
51]. Similarly, an increase in enzyme activities protec-obtained in the present study are consistent with these
tive against free radicals has been reported duringbservations since the addition of melatonin to tamoxi-
tamoxifen treatment [63]. fen (150-200um) returned membrane fluidity to the
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basal level, presumably the optimal level, in close rela-

tion with the inhibition of MDA+4-HDA formation 100 4 . a
(Figs. 1-3). The importance of maintaining a basal level
of lipid peroxidation and therefore optimal membrane ~ %° | a

fluidity resides in the close relation of numerous mem-
brane functions with membrane fluidity. Even slight :
changes in membrane fluidity may cause aberrant funcz
tion and pathological processes [13, 21, 36, 64]. In con-§
trast to the effects of melatonin, some scavenging mol< a
ecules have been reported to modify the membrane fluZ ©° 7
idity even when basal levels of lipid peroxidation exist £
[44, 47, 48]. Tamoxifen also has been reported to de&
crease membrane fluidity in liposomes [18, 70], presum-
ably by duplicating the effect of cholesterol, a major
membrane component which induces rigidity when its
intramembraneous concentrations rise [70]. Perhaps thi
property of tamoxifen may explain, in addition to pos- ' ' ‘ ‘ ‘ l ’

sible methodological differences, the unexpectedly higt s 75 100 125 150 175 200

IC5, concentration when calculated from the membrane Tamoxifen (M)

fluidity parameters than would be predicted from the Fig. 3. Dose-dependent response to tamoxif@) or tamoxifen and
levels of MDA+4_H_DA (Table 3)' C_Iark et al. [9] re'- melatonin @) in reducing lipid peroxidation (expressed as MDA+4-
ported a decrease in membrane fluidity when tamoxXifen,pa concentration). Percentage inhibitions are expressed as means
was added to culture medium containing breast cancese obtained in four experiment&? Denotes statistical differenceB &
cells characterized by their invasive ability. Since the0.05).

relationship of membrane fluidity to the metastatic po-

tential of cancer cells is unclear [59], further research is
needed to clarify this association. would protect the membranes from free radical damage
While tamoxifen’s clinical benefits and its relatively and preserve membrane functions which are modulated
high tolerance level justifies its clinical use, several in-Py membrane fluidity. These data add new information
vestigations have demonstrated that tamoxifen may alstelated to the known cooperative actions of tamoxifen
function as a genotoxic carcinogen [32, 67]. Thus, epi-2nd melatonin.
demiological studies have reported a rise in the incidence
of proliferative and neoplastics lesions in the endometri-J.J.G. was supported by the University of Zaragoza (Spain).
um during treatment with tamoxifen [20, 26]. Because
of this, there is interest in molecules that may allow the
use of lower doses of tamoxifen thereby possibly reducReferences
ing its side effects. The antl(_)XIdant ability of r_nelatonln 1. Ames, B.N. 1983. Dietary carcinogens and anticarcinogens. Oxy-
as well as the pharmacological advantages it seems 10 gen ragicals and degenerative diseaSeience?21:1256-1264
afford, i.e., its very low toxicity and the ease with which 2. antofin, 1., Rodfguez, C., Sz, R.M., Mayo, J.C., Ug, H., Kot-
it can be administered, suggest its potential utility in  ler, M.L., Rodfguez-Colunga, M.J., Tolivia, D., Méndez-
therapy for free radical-related diseases [55, 56]. Since Pelez, A. 1996. Neurohprmone me_lat(_)nin prevents cell damage:
melatonin seems to concentrate in the nucleus of cells Egg%‘zoggge”e expression for antioxidant enzymesSEB J.
[45] its pos&ble_use in preventing the initial damage to 3. Barlow-Walden. LR.. Reiter, R.J.. Abe, M., Pablos, M.. ene
DNA by free radicals that may lead to cancer also seems dez-Pelaz, A., Chen, L.D., Poeggeler, B. 1995. Melatonin stimu-
feasible. Indeed, Tan et al. [62] demonstrated that mel- |ates brain glutathione peroxidase activitfeurochem. Int.
atonin reduces DNA adduct formation induced by the  26:497-502
carcinogen safrole while Vijayalaxmi et al. [65] showed 4. Bettahi, 1., Pozo, D., Osuna, C., Reiter, R.J., Ax@astroviejo,
that melatonin reduces chromosomal aberrations in D.. Guerrero, J.M. 1996. Melatonin reduces nitric oxide synthase
gamma-irradiated human Iymphocytes. activity in rat hypothalamu.s]..Pineal Re520:205—2}0 .
The present findings show a close functional asso- 5. Blagk, D.E. .1993. Melatonin in ongqlogm: I\/I'elat'onm: Biosyn-
ciation between tamoxifen and melatonin. It seems clear thesis, physiological effects and clinical applications. H.S. Yu and

. , . . . . R.J. Reiter, editors. pp. 447-475. CRC Press, Boca Raton
that tamoxifen's efficacy in decreasing microsomal 6. Bradford, M.M. 1976. A rapid and sensitive method for the quan-

membrqne fluidity induced by |ipiq perOXidat.i'On is en- titation of microgram quantities of protein utilizing the principle of
hanced in the presence of melatonin. The ability of these protein-dye bindingAnal. Biochem72:248-254
molecules to cooperatively stabilize membrane fluidity 7. Bruch, R.C., Thayer, W.S. 1983. Differential effect of lipid per-

bition)
®
o
|

70

50 4

30 |




64

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

oxidation on membrane fluidity as determined by electron spin
resonance probe8iochim. Biophys. Act@33:216-222

. Butta, A., MacLennan, K., Flanders, K.C., Sacks, N.P.M., Smith,
l., McKinna, A., Dowsett, M., Wakefield, L.M., Sporn, M.B.,

Baum, M., Coletta, A.A. 1992. Induction of transforming growth 27.

factor 3, in human breast cancer in vivo following tamoxifen
treatment.Cancer Res52:4261-4264

. Clark, R., van den Berg, H.W., Murphy, R.F. 1990. Reduction of
the membrane fluidity of human breast cancer cells by tamoxifen
and 1B-estradiol.J. Natl. Cancer Inst82:1702-1705

. Coezy, E., Borgna, J.L., Rochefort, H. 1982. Tamoxifen and me-29.

tabolites in MCE cells: Correlation between binding to estrogen
receptor and inhibition of cell growtiCancer Res42:317-323
Cohen, M., Lippman, M., Chabner, B. 1978. Role of pineal gland
in aetiology and treatment of breast candeancet814-816

Colletta, A.A., Wakefield, L.M., Howell, F.V., van Roozendaal,
K.E.P., Danielpour, D., Ebbs, S.R., Sporn, M.B., Baum, M. 1990.
Anti-oestrogens induce the secretion of active transforming growth
factor beta from human fetal fibroblas®rit. J. Cancer62:405—
409

pathogenesis of diseade. Engl. J. Med297:371-377

Cos, S., Blask, D.E. 1994. Melatonin modulates growth factor
activity in MCF-7 human breast cancer cellsPineal Res17:25—

32.

melatonin on the cell cycle kinetics and “estrogen-rescue” of
MCF-7 human breast cancer cells in culturePineal Res10:36—

42.

Cos, S., Garijo, F., Corral, J., Mediavilla, M.D,r8hez-Barc€lp
E.J. 1989. Histopathologic features of DMBA-induced mammary

tumors in blind-underfed, blind-anosmic, and blind cold-exposed 35.

rats: Influence of the pineal gland. Pineal Res6:221-231
Curtis, M.T., Gilfor, D., Farber, J.L. 1984. Lipid peroxidation in-
creases the molecular order of microsomal membrahes. Bio-
chem. Biophys235:644—-649

Custdlio, J.B.A., Almeida, L.M., Madeira, V.M.C. 1993. The an-

ticancer drug tamoxifen induces changes in the physical propertieS7.

of model and native membrane8iochim. Biophys. Acta
1150123-129

Custdlio, J.B.A., Dinis, T.C.P., Almeida, L.M., Madeira, V.M.C.
1994. Tamoxifen and hydroxytamoxifen as intramembraneous in-
hibitors of lipid peroxidation. Evidence for peroxyl radical scav-
enging activity.Biochem. Pharmacol7:1989-1998

1996. The effects of tamoxifen treatment on the endometrium.
Fertil. Steril. 65:1083—1089

Y.A. 1977. The increase of the phospholipid bilayer rigidity after

lipid peroxidation.FEBS Lett.84:125-128

Dreher, D., Junod, A.F. 1996. Role of oxygen free radicals in
cancer developmenEur. J. Cancer32A:30-38

Early Breast Cancer Trialists’ Collaborative Group. 1992. Sys-
temic treatment of early breast cancer by hormonal, cytotoxic, or

immune therapy. 133 randomized trials involving 31,000 recur- 42.

rences and 24,000 deaths among 75,000 wolremcet339:1-15,
71-85
Eichenberger, K., Bmi, P., Winterhalter, K.H., Kawato, S., Rich-

ter, C. 1982. Microsomal lipid peroxidation causes an increase in43.

the order of the membrane lipid domaFEBS Lett.142:59-62
Esterbauer, H., Cheeseman, K.H. 1990. Determination of aldehy-

dic lipid peroxidation products: Malonaldehyde and 4-hydroxy- 44.

nonenal.Method Enzymol186:407—-421
Fisher, B., Constantino, J.P., Redmond, C.K., Fisher, E.R., Wick-

28.

30.

31.

Cooper, R.A. 1977. Abnormalities of cell-membrane fluidity in the 32.

Cos, S., Blask, D.E., Lemus-Wilson, A., Hill, A.B. 1991. Effects of 33.

34.

36.

38.

Daniel, Y., Inbar, M., Bar-Am, A., Peyser, M.R., Lessing, J.B. 39.

Dobretsov, G.E., Borschevskaya, T.A., Petrov, V.A., Vladimirov, 40.

41.

J.J. Gar@ et al.: Melatonin/Tamoxifen Reduce Cell Rigidity

erham, D.L., Cronin, W.M., other NSABP contributors. 1994. En-
dometrial cancer in tamoxifen-treated breast cancer patients: Find-
ings from the National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-14.J. Natl. Cancer Inst86:527-537

Floyd, R.A. 1990. Role of oxygen free radicals in carcinogenesis
and brain ischemiaFASEB J.4:2587-2597

Gaboriau, F., Morliee, P., Marquis, |., Moysan, A., Ge, M.,
Dubertret, L. 1993. Membrane damage induced in cultured human
skin fibroblasts by UVA irradiation.Photochem. Photobiol.
58:515-520

Garta, J.J., Reiter, R.J., Guerrero, J.M., Escames, G., Yu, B.P.,
Oh, C.S., MUz-Hoyos, A. 1997. Melatonin prevents changes in
microsomal membrane fluidity during induced lipid peroxidation.
FEBS Lett.408:297-300

Ghosh, C., Dick, R.M., Ali, S.F. 1993. Iron/ascorbate-induced lipid
peroxidation changes membrane fluidity and muscarinic choliner-
gic receptor binding in rat frontal corteXleurochem. Int23:479—

484

Guerrero, J.M., Reiter, R.J. 1992. A brief survey of pineal gland-
immune system interrelationshipgSndocrine. Res18:91-113

Hard, G.C., latropoulos, M.J., Jordan, K., Radi, L., Kaltenberg,
O.P., Imondi, A.R., Williams, G.M. 1993. Major difference in the
hepatocarcinogenicity and DNA adduct forming ability between
toremifene and tamoxifen in female Crl:CD(BR) raBancer Res.
53:4534-4541

Hardeland, R., Reiter, R.J., Poeggeler, B., Tan, D.X. 1993. The
significance of the metabolism of the neurohormone melatonin:
Antioxidative protection and formation of bioactive substances.
Neurosci. Behav. Re\l17:347-357

Harman, D. 1984. Free radical theory of aging: The “free radical”
diseasesAge7:111-131

Hill, S.M., Blask, D.E. 1988. Effects of pineal hormone melatonin
on the proliferation and morphological characteristics of human
breast cancer cells (MCF-7) in cultu@ancer Res48:6121-6126
Hitzemann, R.J., Hirschowitz, J., Garver, D.L. 1986. On the physi-
cal properties of red cell ghost membranes in the affective disor-
ders and psychoses3. Affect. Disorderdl0:227—-232

Kanner, J., German, J.B., Kinsella, J.E. 1987. Initiation of lipid
peroxidation in biological system€rit. Rev. Food Sci25:317—

364

Kapla, P., Racay, P., Lehotsky., Meeva V. 1995. Change in
fluidity of brain endoplasmic reticulum membranes by oxygen free
radicals: A protective effect of stobadinetocopherol acetate and
butylated hydroxytolueneéNeurochem. Re20:815-820

Kumar, K., Thangaraju, M., Sachdanandam, P. 1991. Changes ob-
served in antioxidant system in the blood of post-menopausal
women with breast canceBiochem. Int25:371-380

Law, T.M., Hesketh, P.J., Porter, K.A., Lawn-Tsao, L., McAnaw,
R., Lopez, M.J. 1996. Breast cancer in elderly women. Presenta-
tion, survival, and treatment option§urg. Clin. North Am.
76:289-308

Lippman, M., Bolan, G., Huff, K. 1976. The effects of estrogens
and antiestrogens on hormone-responsive human breast cancer ir
long-term tissue cultureCancer Res36:4595-4601

Maiorino, M., Coassin, M., Roveri, A., Ursini, F. 1989. Micro-
somal lipid peroxidation: Effect of vitamin E and its functional
interaction with phospholipid hydroperoxide glutathione peroxi-
dase.Lipids 24:721-726

Marshall, K.A., Reiter, R.J., Poeggeler, B., Aruoma, O.l., Halli-
well, B. 1996. Evaluation of the antioxidant activity of melatonin
in vitro. Free Rad. Biol. Med21:307-315

Massey, J.B., She, H.S., Pownall, H.J. 1982. Interaction of vitamin
E with saturated phospholipid bilayerBiochem. Biophys. Res.
Commun.106:842—-847



J.J.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Gara et al.: Melatonin/Tamoxifen Reduce Cell Rigidity

Menadez-P€laz, A., Reiter, R.J. 1993. Distribution of melatonin 60
in mammalian tissues: The relative importance of nuclear versus
cytosolic localizationJ. Pineal Res15:59-69

Molis, T.M., Spriggs, L.L., Jupiter, Y., Hill, S.M. 1995. Melatonin

modulation of estrogen-regulated proteins, growth factors, andgi.

proto-oncogenes in human breast candePineal Res18:93-103
Ohki, K., Takamura, T., Nozawa, Y. 1984. Effectecetocopherol

on lipid peroxidation and acyl chain mobility of liver microsomes g2,

from vitamin E-deficient ratsJ. Nutr. Sci. Vitaminol30:221-234
Ohyashiki, T., Ushiro, H., Mohri, T. 1986. Effects@ftocopherol

on the lipid peroxidation and fluidity of porcine intestinal brush-
border membrane®iochim. Biophys. Act&58:294—-300

Pieri, C., Marra, M., Moroni, F., Recchioni, R., Marcheselli, F.
1994. Melatonin: a peroxyl radical scavenger more effective than
vitamin E. Life Sci.55:271-276

Poeggeler, B., Saarela, S., Reiter, R.J., Tan, D.X., Manchester,
L.C., Barlow-Walden, L.R. 1994. Melatonin-A highly potent en-
dogenous radical scavenger and electron donnor: New aspects of
the oxidation chemistry of this indole accessed in vi&kan. N. Y.
Acad. Sci.738:419-420

Pozo, D., Reiter, R.J., Calvo, J.R., Guerrero, J.M. 1994. Physi-
ological concentrations of melatonin inhibit nitric oxide synthase
in rat cerebellumLife Sci.55:PL 455-460

Reiter, R.J. 1980. The pineal and its hormones in the control of
reproduction in mammal€ndocrine. Rev1:109-131

Reiter, R.J. 1995. Functional pleiotropy of the neurohormone mel-
atonin: Antioxidant protection and neuroendocrine regulation.
Front. Neuroendocrinol16:383-415

Reiter, R.J., Melchiorri, D., Sewerynek, E., Poeggeler, B., Barlow-
Walden, L., Chuang, J., Ortiz, G.G., AG@uCastroviejo, D. 1995.

A review of the evidence supporting melatonin’s role as an anti-
oxidant.J. Pineal Res18:1-11

Reiter, R.J., Tang, L., Gae;1J.J., Mlonz-Hoyos, A. 1997. Phar-
macological actions of melatonin in free radical pathophysiology.
Life Sci.60:2255-2271

Reiter, R.J., Tan, D.X., Poeggeler, B., Medez-P€laz, A., Chen,

L.D., Saarela, S. 1994. Melatonin as a free radical scavenger?59
Implications for aging and age-related diseagem. N. Y. Acad.
Sci. 791:1-12

Rice-Evans, C., Hochstein, P. 1981. Alterations in erythrocyte?0-

membrane fluidity by phenylhydrazine-induced peroxidation of
lipids. Biochem. Biophys. Res. Commd@0:1537-1542
Scaiano, J.C. 1995. Exploratory laser flash photolysis study of free

radical reactions and magnetic field effects in melatonin chemistry.71.
72.

J. Pineal Res19:189-195
Sherbet, G.V. 1989. Membrane fluidity and cancer metastasis.
Expl. Cell. Biol.57:198-205

63.

65.

66.

65

. Sutherland, R.L., Green, M.D., Hall, R.E., Reddel, R.R., Taylor,
.W. 1983. Tamoxifen induces accumulation of MCF 7 human
mammary carcinoma cells in the &, phase of the cell cycle.
Eur. J. Cancer Clin. Oncol19:615-621

Tan, D.X., Chen, L.D., Poeggeler, B., Manchester, L.C., Reiter,
R.J. 1993. Melatonin: A potent, endogenous hydroxyl radical scav-
enger.Endocrine J.1:57-60

Tan, D.X., Reiter, R.J., Chen, L.D., Poeggeler, B., Manchester,
L.C., Barlow-Walden, L.R. 1994. Both physiological and pharma-
cological levels of melatonin reduce DNA adduct formation in-
duced by the carcinogen safrolgéarcinogenesi45:215-218
Thangaraju, M., Vijayalakshmi, T., Sachdanandam, P. 1994. Effect
of tamoxifen on lipid peroxide and antioxidative system in post-
menopausal women with breast candeancer74:78-82

64. Van Blitterswijk, W.J. 1985. Membrane fluidity in normal and

malignant limphoid cells. In: Membrane fluidity in biology vol. 3.
R.C. Aloia, J.M. Boggs, editors. pp. 85-159. Academic Press,
Orlando

Vijayalaxmi, Reiter, R.J., Meltz, M.L. 1995. Melatonin protects
human blood lymphocytes from radiation-induced chromosome
damageMutat. Res346:23-31

Watanabe, H., Kobayashi, A., Yamamoto, T., Suzuki, S., Hayashi,
H., Yamazaki, N. 1990. Alterations of human erythrocyte mem-
brane fluidity by oxygen-derived free radicals and calciliree
Radical Biol. Med.9:507-514

67. White, I.N.H., de Matteis, F., Davies, A., Smith, L.L., Crofton-

Sleigh, C., Venitt, S., Hewer, A., Phillips, D.H. 1992. Genotoxic
potential of tamoxifen and analogues in female Fischer F344/n
rats, DBA/2 and C57BL/6 mice and in human MCL-5 cellar-
cinogenesid3:2197-2203

68. Wiseman, H., Cannon, M., Arnstein, H.R.V., Halliwell, B. 1993.

Tamoxifen inhibits lipid peroxidation in cardiac microsomes.
Comparison with liver microsomes and potential relevance to the
cardiovascular benefits associated with cancer prevention and
treatment by tamoxiferBiochem. Pharmacok5:1851-1855
. Wiseman, H., Laughton, M.J., Arnstein, H.R.V., Cannon, M., Hal-
liwell, B. 1990. The antioxidant action of tamoxifen and its me-
tabolites. Inhibition of lipid peroxidatiorFEBS Lett263:192—-194
Wiseman, H., Quinn, P., Halliwell, B. 1993. Tamoxifen and related
compounds decrease membrane fluidity in liposomes. Mechanism
for the antioxidant action of tamoxifen and relevance to its anti-
cancer and cardioprotective actioriS2BS Lett.330:53-56
Yu, B.P. 1993. Free radicals in aging. CRC Press, Boca Raton
Yu, B.P., Suescun, E.A,, Yang, S.Y. 1992. Effect of age-related
lipid peroxidation on membrane fluidity and phospholipasg A
Modulation by dietary restrictiorMech. Aging Dev65:17-33



