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Summary. The role of the pineal as an oncostatic gland 
has been studied in animal models of tumorigenesis, 
especially on those concerning the mammary gland. The 
general conclusion is that experimental manipulations 
activating pineal gland, or the administration of 
melatonin, reduce the incidence and growth rate of 
chemically-induced murine mammary tumors, while 
pinealectomy or situations which implicate a reduction 
of melatonin production usually stimulate mammary 
carcinogenesis. The direct actions of melatonin on 
mammary tumors have been suggested because of its 
ability to inhibit, at physiological doses (lnM), the in 
vitro proliferation of MCF-7 human breast cancer cells. 
In this article we review the outstanding findings related 
to melatonin actions on mammary which, taken together, 
support a possible usefulnes of this indoleamine in the 
prevention and treatment of mammary gland 
malignancy. 

Key words: Melatonin, Pineal gland, Breast cancer, 
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lntroduction 

The role of the pineal gland, mediated by its 
hormonal secretion melatonin, in the growth and spread 
of different kinds of tumors has been the subject of 
numerous studies from the first quarter of this century 
(Reiter, 1988; Bartsch et al., 1992; Blask, 1993). Among 
the neoplastic processes influenced by melatonin, those 
affecting the mammary gland have been the most 
extensively studied. More than twenty years ago, Cohen 
et al. (1978) were the first to suggest that a decrease in 
pineal activity (and consequently a low melatonin 
production) would contribute to the ethiology of breast 
cancer by leading to a state of relative hyperestrogenism. 
From this time, most studies on rnelatonin antitumoral 
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effects have been based on the inhibitory actions of 
melatonin on the neuroendocrine-reproductive axis, 
decreasing the circulating levels of gonadal estrogens, 
which are considered to play a major role in promoting 
the proliferation of neoplastic mammary epithelium 
(Nandi et al., 1995; Russo and Russo, 1998). The aim of 
this article is to review sorne of the experimental 
evidence which gives support to the hypothesis that 
melatonin could serve as an oncostatic drug of possible 
utilization in the prevention and treatment of breast 
cancer, the most frequent oncological malignancy 
diagnosed in women in the Western world. 

Melatonin as a modifier of the susceptibility of the 
mammary gland to neoplasia 

The ability of the pineal gland to influence 
mammary gland susceptibility to the action of chemical 
carcinogens, through the secretion of melatonin, has 
been studied with different experimental approaches, 
mostly based on the induction of changes in the pineal 
gland function and evaluation of its effects on the 
carcinogenic process. In our laboratory, we compared 
the mammary carcinogenesis induced by a chemical 
carcinogen (7,12 dimethylbenz[a]anthracene; DMBA) in 
rats in which pineal actions (induced by light 
deprivation) had been previously either enhanced or 
suppressed. The treatments to increase the sensitivity to 
the pineal activation consisted in rendering the animals 
anosmic (Reiter and Klein, 1969; Sorrentino et al., 
1971b; Reiter, 1980; Sánchez-Barceló et al., 1985), or 
reducing their daily food intake (underfeeding) 
(Sorrentino et al., 1971a; Reiter, 1980) or exposing them 
to low environmental temperature (10 ºC) (Sánchez­
Barceló et al., 1986). Suppression of pineal actions 
(SPA) was obtained by pinealectomy. DMBA was given 
to the animals 1 month after their being treated to either 
enhance or suppress pineal actions. We conclude that in 
animals in which pineal actions had been enhanced, the 
tumoral latency significantly enlarged and the tumoral 
incidence decreased, these effects being prevented by 
pinealectomy (Fig. 1). Furthermore, in animals with 
enhanced pineal actions, most mammary tumors 
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developed we re fibroadenomas a nd when ade no­
carc in oma s were di ag nosed, th ey pr ese nt ed s igns of 
reg ress io n. On the co ntrar y, pinealectomized rats 
developed mamm ary adenocarci nom as and in animal s 
withouth palpable tum ors, th e pr ese nc e of ductule 
hyperp lasia (considered as a premalignant les ion) was 
obse rve d mor e frequently th an in controls o r anim als 
with potenti ation of pin ea l ac tion s (Cos et al. , 1989). 

Manipulations to either 
enhance o, suppress DMBA 
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Fig. 1. Carcinogenic effects of DMBA in rats in which pineal actions 
(induced by light deprivation) had been previously either enhanced ar 
suppressed. Top. Experimental design: the treatments to enhance light­
depr ivation induced pineal actions (EPA) cons isted in rendering the 
anima ls anos mic, underfeed ing them , ar exposing th em to low 
environmental temperature (1 O ºC); suppression of pineal actions (SPA) 
was obtain ed by associa ting pinealectomy to the above mentioned 
treatments. Center. Tumoral incidence controlled until 20 weeks atter 
the administration of the chemical ca rcinogen . Bottom. Tumo ral 
latency : time elapsed between the administration of DMBA and the 
appearance of palpable mammary tumors. Figure constructed with data 
from Sánchez-Barceló et al. (1988). 

These ex per iments suggeste d that pine al gland activity 
could prevent the development of chemically-induced 
m a mmar y tum o rs, presumably by m ea ns of its 
modul ator y effec ts on the hor mones of the reproductive 
neuro endoc rin e ax is involved in the control of mamm ary 
g land growt h. 

Th e development of breast cancer in wome n 
depends on a complex combination of genetic and 
enviro nmenta l factors. lt is accep ted that ea rly menarch e 
a nd late m e nop ause, nulip a rit y o r la te pregnancy , 
ex po s ur e to ionizin g radiations a t yo un g age, and 
fa mili ar hi s tor y of breast o r ovary ca nc er are factors 
which incr ease th e risk of breas! ca nce r (Russo and 
Ru sso, 1996). The period of tim e elapsed between the 
menarche and the first full term pregnancy see ms to be 
cr itic a[ for the initiati on of breast ca rc inoge nesis . Th e 
reason for th e hi g h s u sceptibi lit y of breast to 
carcinogenic age nt s durin g thi s period could be th e 
prese nce in mamm ary g land s during this tim e int erva l, 
of an elevated numb er of st ructur es known as terminal 
ductal lob ular unit s (TDLU), o r type 1 lob ules. T hese 
TDLU, which represen! th e most undiff e re ntiat ed 
s tru ctur es pr ese nt in th e breas! of nullip aro us women 
(Russo et al. , 1990), are the sites where breas! tum ors 
or ig inate. The TDLU are equiv alen! in their carcinogenic 
potential to the termin a l end buds (TEB) of rodents 
mam mary g lands (Russo et al., 1990; Russo and Russo, 
1996). lt has be en dem onstrat ed that the incide nce of 
mam mar y ca nc er in rats correlates directly with th e 
density of relatively undiff e ren ti a ted TEB in the 
mammary gland at the time of carc inoge n ad mini strati on 
(Russo and Russo, 1978). The poss ible role of melatonin 
in preventing mamma ry g land carc inoge nesis could be 
found in it s abi lit y to m od ul a te mammary g la nd 
development and , specifi ca lly, to decrease the number of 
TEB. In mic e the TEB in mamm ary g land reach their 
m ax imum numb er a t abo ut th e 5th week of age . 
Int eres tingly , mel a tonin , a t ph arm aco log ic a l do ses, 
suppre sses mammary morph oge nesis in rats and mic e 
(Mhatre e t a l. , 1984; Sánchez-Barceló e t a l. , 1990; 
Mediavi lla e t al., 1992). The effects of melatonin co nsis t 
of a red ucti on in the numb er of TEB at the 5th week of 
li fe, w he n it reaches it s hi g h es t va lu e a nd whe n 
suscep tibilit y to chemical carcinogens is highes t (F ig. 2). 
In this way , melatonin could exert its prot ec tive effec ts 
aga inst the chemical ca rcin oge ns by reducing the target 
tissues of these age nts. Studies carried out in rats also 
fou nd that both PRL leve ls and numb er of TEB at day 
55 of age (w hen carcinogenic effects of DMBA are 
highes t) are s ignific antly high er in anima ls in which 
m e la ton in h as be en s uppr essed by functional 
pin ea lec tomy (exposure to LL) than in control anim als 
(under LD 10/14) (Shah et a l., 1984). 

More arg ument s in support of the role of melatonin 
in the prevention of the development of breast cancer 
can be found in the relationship between the expos ure to 
mag ne tic fields (EMF) and the incidence of breast 
cancer. Earlier studi es demonstrated that expos ure to low 
EMF decreased noc turnal me latonin leve ls in pl as ma 
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(Olcese and Reuss , 1986; Olcese , 1990; Reiter and 
Richardson, 1992; Kato et al., 1993 ; Reiter , 1993a). 
Rec ently, sorne epidemiological observations suggest 
that the exposure of humans to low EMF, the sources of 
which are ubiquitous in modero societies, induce a 
higher than normal incidence of breas! cancer (Loomis et 
al., 1994; Tynes et al., 1996) . Experimental studies have 
shown that 50 /60-Hz EMF promotes or co-promotes 
mammary cancer (Baum et al., 1995; Lóscher et al., 
1994, 1997; Mavissen et al., 1998). Since non-ionizing 
radiations have no mutagenic effect, the EMF-induced 
reduction of melatonin synthesis could be the cause of 
the increased rates of breast cancer among people 
exposed to these radiations (Baldwin and Barret, 1998). 
In vitro, low EMF can act at the cellular levels to 
enhance MCF-7 breast cancer cell proliferation by 
blocking melatonin oncostatic action (Liburdy et al., 
1993 ; Harland and Liburdy, 1997). The possible 
implications of electric power on breast cancer have 
been recently revised in depth by Brainard et al. (1999). 

Effects of melatonin on growth of mammary tumors 

Numerous experimental studies carried out in vivo as 
well as in vitro, have demonstrated the ability of 
melatonin to inhibit not only the initiation but also the 
growth of mammary gland tumors. Table 1 recopilates 
most of the published evidence of in vivo effects of 
melatonin administration on murine models of mammary 
carcinogenesis. Despite the great differences among the 
experimental approaches, with a few exceptions, most 
results reported in the articles referred to in Table 1, 
support the theory that melatonin increases the tumoral 
latency and decreases the incidence and size of 
mammary adenocarcinomas. 

Since estrogens and PRL are considered to be the 
main hormonal factors involved in the promotion and 
proliferation of mammary adenocarcinomas (Welsch and 
Nagasawa , 1977 ; Meites , 1980; Nandi et al., 1995 ; 

"O 
e: 

20 ~------ ------------~ 

* p<0.02 

15 

'51 10 

m 

~ s / 

L. F Control -+- Mel~ 

O +-----+-----+---+- -- ~- ----,1,__-~ 
3 5 7 9 11 13 

Age (weeks) 

Fig. 2. Time-course changes in the number of Terminal End Buds (TEB) 
in thoracic mammary glands of female mice receiving melatonin 
(200µg/day, se) or the diluent from 21 days of age. lt can be apprec iated 
how melatonin reduces the number of TEB , the most undifferentiated 
structures present in the mammary gland, which are the sites where 
chemical- induced tumors originate. Mod ified from Mediavilla et al. 
(1992). 

Russo and Russo, 1998), the antitumoral effects of 
melatonin have been related to its ability to down­
regulate the circulating levels of these mammotrophic 
hormones (Blask et al., 1991 ) . Thus, the fact that 
pinealectomy or exposure to constan! light increases 
serum PRL levels (Yaticon et al., 1980; Leadem and 
Bl as k , 1981 ; Shah et al., 1984; Blask et al., 1991), 
whereas mclatonin treatment decreases the plasmatic 
concentration of PRL (Tamarkin et al. , 1981 ), could 
ex plain the pineal influence on mammary carcino­
genesis. While the chronic activation of the pineal gland 
inhibits synthesis, storage and secretion of PRL in rats, 
changes in plasma estradiol after melatonin treatment are 
not frequenly found (Shah et al., 1984; Blask et al., 
1991). lndeed, on the contrary , melatonin-dependent 
changes in the concentration of estradiol receptors (ER) 
have been described. We observed that DMBA-induced 
tumors in rats subjected to experimental manipulations 
which enhance pineal actions showed signifcantly lower 
concentrations of cytosolic ER than in tumors of rats 
with the same treatment plus pinealectomy , even if 
animals had been gonadectomized and injected with the 
same doses of estradiol (Sánchez-Barceló et al., 1988) 
(Fig. 3). Also, in normal mammary gland rats, melatonin 
downregulates and pinealectomy accelerates the 
appearance of estradiol receptors (Seshadri et al., 1992). 
These results agree with the earlier studies in humans 
demonstrating an inverse correlation between nocturnal 
levels of melatonin and the ER concentration in breast 
tumors (Tamarkin et al., 1982). 

The direct effects of melatonin on mammary cancer 
have been studied in vitro, basically by using, as a 
model, the MCF-7 human breast cancer cell line (Soule 
et al., 1973), which contains both estrogen and 
progesterone receptors (Brooks et al., 1973; Horwitz and 
McGuire, 1978). Melatonin, at concentrations within the 
physiological range, and especially lnM (corresponding 
to night peak levels), inhibits the in vitro proliferation of 
MCF-7 cells (Blask and Hill, 1986; Hill and Blask , 
1988). Interestingly, the highest antiproliferative effect 
of melatonin is achieved when its concentration in 
culture media is changed every 12h from 1 nM to 1 OpM, 
thus mimicking the night / day rhythm of serum 
melatonin in most mammals (Cos and Sánchez-Barceló, 
1994). Melatonin blocks the mitogenic effect of estradiol 
(Blask and Hill, 1986) as well as the stimulatory effects 
of prolactin (Blask et al., 1993; Lemus-Wilson et al., 
1995) and epidermal growth factor (Cos and Blask, 
1994) on MCF 7 cell proliferation. The growth­
inhibitory actions of melatonin show a good correlation 
with the cell proliferation rate of MCF-7 cells; thus , it 
decreases the proliferation of cells which grow fast , but 
is not effective when cells proliferate slowly (Cos and 
Sánchez-Barceló, 1995). Other effects of melatonin on 
MCF-7 cells are the increases in the cell-cycle duration 
(Cos et al., 1996a), with the fraction of cells in Gl phase 
increasing as the proportion of cells in S phase drops 
(Cos et al., 1991), anda decrease in DNA synthesis (Cos 
et al., l 996b ). These inhibitory effects of melatonin on 
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Table 1. Effects of pineal gland and melatonin on mammary cancer in rodents models. 

TUMORAL PHOTOPERIOO TREATMENT OURATION RESULTS REFERENCE 
MOOEL LIGHT:DARK 

SO rat OMBA at 50 d 24:0 or 12:12 ±MEL 100 µg/d s.c. in OMBA 24:0 = t tumor incidence Hamilton , 1969 
30 mg/rat i.g. from 43 d old a.m. , from 43 d old for + 8 mon (fibroadenomas) 

8 mon alter DMBA MEL= no effect 
12:12, MEL= t incidence 

t % adenocarcinomas 

C3H mouse ? ±MEL 50 µg/d s.c. , from Transpl. MEL= tumor growth Anisimov et al., 
transplantable 4 d prior transplantation + 10 d 1973 
(RSM) tumor Fisher far 10 d 
rat transp lantable ? ±MEL 1mg/d ? MEL= ¡ tumor weight Karmali et al., 
(R3230AC) tumor and size 1978 

Wistarrat' 12:12 ±Reserpine 100 mg/kg b.w., OMBA Reserpine= t tumor incidence , Lapin , 1978 
OMBAat s.c., from tl:le first OMBA + 400 d isurvival time of 
3-3.5 man, i.g., and for 40 d rats 
50 mg/kg b.w., ±Px at 1 d old Greater effect in 
repeat twice at ± Thymectomy (Tx) at 1 d old Px animals 
1 O d intervals ±Px + Tx at 1 d old 

SDrat 12:12 ±MEL 200 µg twice/wk OMBA MEL= ¡ tumor incidence Aubert et al., 1980 
OMBAat 60d s.c. in p.m., from OMBA + 140 d i tumor latency 
25 mg/rat p.o. 12:12 ±Px at 58 d old Px= t latency 

±MEL 200 µg twice/wk Px+MEL= ¡ tumor incidence 
s.c. in p.m., from OMBA J tumor latency 

24:0 ±MEL 200 µg twice/wk no effects on tumors 
s.c . in p.m., from OMBA 

24:0 ±Px at 58 d old no effects on tumors 
±MEL 200 µg twice/wk 
s.c. in p.m., from OMBA 

12:12 ±MEL 200 µg twice/wk Tumor MEL= ¡ tumor number 
s.c . in p.m. , from tumor + 2 wk j tumor size 
appearance for 2 wk 

SO rat OMBA al 50 d 12:12 ±MEL 500 µg/d i.p. in OMBA MEL= ¡ tumor incidence Tamarkin et al., 
15 mg/rat i.g. p.m., from OMBA far 90 d + 140 d 1981 

SO rat OMBA at 12:12 ±Px at 20 d old OMBA Px= i incidence 
50 d 7 or 10 mg, i.g. + 240 d greater effect at 7 OMBA 

SO rat 12:12 ±Px at 20 d old OMBA Px= no effect on incidence 
OMBA at 52 d ±MEL 500 µg/d i.p in a.m .• + 92 d MEL= ¡ incidence, i prolactin 
15 mg/rat i.g. far 92 days alter OMBA Px+MEL= no effect on tumor 

incidence , ¡ prolactin 

Holtzman rat OMBA 10:14 or 24:0 OMBA 24:0= t incidence , Kothari et al.. 1982 

at 55 d i.g., 20 mg per + 6 mon i tumor latency 
200 g b.w. 

Holtzman rat 10:14 or 24 :0 ±Px at 1-2 d old OMBA 24:0= t incidence, i tumor Kothari et al.. 1984 
OMBA at 55 d + 180 d latency than 10: 14 
i.g., 20 mg per 24:0 + Px= t incidence , ! tumor 
200 g b.w. latency than intact 

and Px in 10:14 

Holtzman rat 10: t 4 or 24:0 ±Px at 1 d old DMBA 24:0= t incidence. i latency, Shah et al.. 1 984 
OMBA at 55 d ±MEL 500 µg!d i.p. in + 6 mon no Px effect , t prolact in, 
i.g. 10 mg per p.m. , from 52 to 145 d t ONA synthesis and 
100 g b.w. of age morphological changes 

MEL= ¡ incidence in 10:14 and 24:0. 
Px + MEL= ¡ incidence in 24:0, 

no effect in 10:14 

SO rat 12:12 Al 56 d old: OMBA BA= ¡ incidence , Chang et al.. 1985 
OMBA at 55 d ±Blindness + Anosmia (BA) + 15wk t pineal HIOMT 
5 mg/ rat i.g., ±SCGx SCGx= i incidence , 
repeat twice at ¡ umor number , 
1 wk intervals ! pineal HIOMT 

(continued) 
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TUMORAL PHOTOPERIOO TREATMENT OURATION RESULTS REFERENCE 
MOOEL LIGHT:OARK 

SO rat 12:12 Al 56 d old: OMBA BA= l body weight Chang et al., 
OMBA at 55 d :tBlindness + Anosmia (BA) + 15wk SCGx= ¡ tumor number , 1986 
5 mg/rat i.g., :tSCGx l pineal HIOMT 
repeat twice at :tBA + SCGx BA+SCGx= l incidence , 
1 wk intervals ¡ tumor mass, 

l tumor number, 
¡ pinea l HIOMT 

SO rat 12:12 :tUnderfeeding (U) at OMBA U or MEL= ¡ tumor number Blask et al., 
OMBA at 55 d OMBA + 3 wk for 15 wk + 18 wk and size , t latency. 1986 
5 mg/rat i.v. :tMEL 250 µg/d s.c. in p.m. l incidence , 

at OMBA + 3 wk for 15 wk MEL+U= ¡ incidence , 
¡ tumor number 
(greater effect) 

C3CF1 mice 12:12 ±MEL 1 O mg/kg/d staggered 42 wk MEL= l tumor incidence Wrba et al., 
Spontaneous by 4 h, from 12 wk old and MEL effects are 1986 
tumor for 30 wk rhythm-stage dependen! 

Holtzman rat 10:14 or 24:0 ±Px at 1-2 d old OMBA 24:0 + MEL= ¡ incidence , Kothari, 1987 
OMBA at 55 d :tMEL 100 µg/d in drinking + 180 d t latency . Px l MEL effect 
20 mg/rat i.g. water from 20 to 140 d 14: 1 O + MEL= ¡ incidence 

SO rat 12:12 Al 28 d old: OMBA BA or BC or BU= Sánchez 
OMBA at 55 d ±Blindness + Anosmia (BA) + 20 wk t latency , ¡ incidence, Barcelóet al., 
20 mg/ rat i.g. :tBlindness + Cold exposure (BC) ¡ tumor strogen receptor 1988 

±Blindness + Underfeeding (BU) l serum estrad iol 
:tPx only and combinad with each BAPx or BCPx or BUPx= 
treatment (BAPx, BCPx , BUPx) l latency, t incidence, 

SO rat 12:12 When tumor reached 1 cm : Tumor BA or BC or BU= Sánchez-
OMBA at55d :tBC or BA or BU + 9wk l tumor growth , Barcelóet al., 
20 mg/rat i.g. ±Px or BCPx or BAPx or BUPx l tumor estrogen receptors , 1988 

¡ serum estradiol 
Px counteracts effects 

SO rat When tumor reached 1 cm: Tumor BC or BU= l tumor growth , 
OMBAat 55 d Ovx + Est 1 O µg/d: + 9 wk l tumor estrogen receptors , 
20 mg/rat i.g. :tBC or BU Px counteracts effects 

±Px or BCPx or BUPx 

SO rat 12:12 Al 28 d old: OMBA Px= l tumor regression , Cos et al.. 
OMBAat 55 d ±Blindness + Anosmia . + 20wk t premalignant lesions 1989 
20 mg/rat i.g. ±Blindness + Cold exposure, 

:tBlindness + Underfeed ing 
±Px only and combinad with 

each treatment 

SO rat NMU at 50 and 12:12 :tMEL 500 µg/d s.c. in p.m. NMU no effects on tumors Blask et al., 
60 d, 50 mg/kg b.w., i.v . from 37 to 60 d of age + 20 wk 1991 
NMU at 50 and 57 d, 12:12 :tMEL 500 µg/d s.c. in p.m. NMU MEL= l tumor number 
50 mg/kg b.w., i.v. NMU + 4 wk and for 10 wk + 20wk 
NMU at 50 and 12:12 :tMEL 500 µg/d s.c. in p.m. NMU MEL= ¡ incidence , 
57 d, 50 mg/kg from 57 d and for 19 wk + 19 wk l tumor number 
b.w., i.v. :tPx at 47 d of age Px= no effect on tumors 
NMU at 50 and 12:12 When tumor reached 1 cm Ovx MEL and Tam = inhibit ion 
57 d, 50 mg/kg Ovx and: + 8wk of estrogen-stimulated 
b.w., i.v. :tEst 12.5 µg/d s.c. in p.m. tumor regrowth following 

for8wk ovariectomy -induced 
±Est 12.5 µg/d s.c. in p .m. + regression 
MEL 20, 100 or 500 µg/d s.c. 
in p.m. for 8 wk 
±Est 12.5 µg/d s.c. in p.m. + 
Tam 20 µg/d s.c. in p.m. 
for Bwk . 

Holtzman rat 14:10 or 24:0 ±MEL 200 µg/d in drinking OMBA MEL= ¡ tumor incidence in Subramanian 
OMBA at 55 d water from 48 to 62 d + 27wk 14:10 and 24 :0 and Kothari , 
1 O mg/ rat i.g. :tPx at 1 day old MEL +Px= no effects on tumors 1991a 

14:10 or 24:0 :tMEL 200 µg/d in drinking MEL or MEL+Px= ¡ tumor incidence 
water from 62 to 244 d in 14:10 and 24:0 
:tPx at 1 day old 

(continued) 
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TUMORAL 
MOOEL 

C3H/Jax mouse 
Spontaneous tumors 

Holtzman rat 
OMBA at55 d 
10 mg/rat i.g. 

Fischer rat 
OMBAat 51 d 
17.5 mg/rat i.g. 

SO rat 
NMU at 50 d 
50 mg/kg b.w . 
i.p. 

MMTV-LTR/N 
ras transgen ic 
mice 

SO rat 
NMU at 50d 
50 mg/kg b.w. 
i.p. 

PHOTOPERIOO 
LIGHT:OARK 

14:10 

14:10 or 
24:0 

12:12 

? 

14:10 

12:12 

TREATMENT 

±MEL 25 µg/d in drinking 
water from 21 to 44 d and 
50µg/d from 45 d to !he end 

±MEL 200 µg/d in drinking 
water from 48 to 58 d of age 

OMBA-tumor cells were 
transplanted at passages 2 
and 12, at 70 d old and: 
±MEL 100 µg/d in drinking 
water from 36 d to the end 

When tumor reached 1 cm. 
before 6 mon alter NMU, 
was excised and: 
±MEL 200 µg/d in drinking 
water for 180 d 
:!: Tam 60 µg/wk , s.c ., 
only or with MEL for 180 d 

±MEL 200 µg/d 5 times/wk 
s.c. in p.m. from 4 wk old 
for 5 mon 

At NMU and for 300 d: 
±MEL 200 µg/ d in drinking 
water 
:!:Tam 60 µg/wk , s.c., 
only or with MEL 
:!: Tam 180 µg/wk, s.c., 
only or with MEL 

OURATION 

12 mon 

58 d 

Transpl. 
+ 16 wk 

Excision 
+ 180 d 

6 mon 

NMU 
+ 300 d 

RESULTS 

MEL= i tumor incidence, 
i serum estradiol , 
! ONA synthes is, 
! premal ignant lesions, 
! mammary grow1h 

MEL= in intact rats hepatic 
and mammary glutathione 
and glutathione S-transferase 
(GSH), hepatic cytochromes 
b5 and P450 in 14: 1 O and 24:0 

OMBA + MEL= hepatic and 
mammary glutathione in 14:10, 
t mammary GSH in 14:10, 
t hepatic GSH in 24:0, 
i hepat ic cytochrome b5 in 24:0, 
i hepatic cytochrome p450 in 
24:0 and 14:10 

Slow-growing passage 6 = 
MEL tumor grow1h 

Fast-growing passage 12 = 
no MEL effect 

MEL= latency of second 
generation tumors 

Tam= no effects on tumors 
MEL+ Tam = no addit ive effects 

REFERENCE 

Subramanian 
and Kothari, 
1991b 

Kothari and 
Subramanian. 
1992 

Bartsch et al., 
1994 

Kothari et al., 
1995 

MEL= ! density of hyperplast ic Mediavilla et al., 
lesions , expression of 1997 
N-ras protein , i the 
hyperplasia of the mammary 
lymphoid tissue 

MEL or Tam 60µg/wk= tumor Kothari et al., 
latency, i mammary ONA 1997 
synthesis, i ovary weght 

Tam 180 µg/Wk = i incidence, 
i mammary ONA synthesis, 
i uterus and ovary weight 

MEL+ Tam 60 or 180 µg/wk = 
i incidence (greater effect), 
t latency , i mammary ONA 
synthesis, uterus and ovary weight 

Tam 60 µg/Wk= i uterus weight 

SO: Sprague-Oawley; OMBA: 7, 12-dimethylben zanthracene; NMU: N-methyl-N-nitrosourea ; i.g.: intragast ric; b.w.: body weight ; s.c.: subcutaneous; 
p.o.: per os; i.v., intravenous; i.p.: intraper itoneal ; Px: pinealectomy : SCGx: superior cervical ganglionectomy ; Ovx: ovariectomy ; MEL: melatonin: 
Tam: tamoxifen ; Est: estradiol; mon: month ; wk: week; d: day. 

MCF-7 cell growth however have not , been confirmed 
by other researchers (Shell ard et al., 1989; Bartsch et al., 
1992; L'Hermite-Balériaux and Launoit, 1992 ; Panzer et 
al. , 1998; Papazisis et al., 1998). Differ ent sources of 
MCF-7 cell s (Osborne et al. , 19 8 7) and different 
experimental culture conditions , especially an 
inappropriate rate of cell growth , could be respon sible 
for these discrepancies . 

Recent findings on melatonin action on MCF- 7 
human breast cancer cells include: 
- The demonstration of its ability to reduce (at 
physiological doses) the invasiveness of thesc cells, and 

also to counteract the es tradi ol-induced increase of its 
metas tatic capacity (Co s et al., 1998) (Fig. 4). These 
actions are mediated by a melatonin- indu ced increase in 
the expression of 131 integrin (a subunit of integ rins) , 
receptors that regulate interacti on bctween cells and the 
extracellular matrix and E cadherin (a calcium­
depend cnt membrane prot e in res ponsible for ce ll-c ell 
contact) (Cos et al. , 1998) . 

- The observation of incr ease d ex press ion of both p53 
and p21 WAF1 proteins in MCF -7 cells treated with 1 nM 
melatonin (Mediavilla et al., 1999). Sequcntial treatment 
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of MCF-7 cells with melatonin (lnM) followed by ali 
trans retin o ic acid (lnM) induces cell death by activating 
p a thwa ys leading to apoptosis, as evidenced by 
decreased Bcl-2 and increased Bax and transforming 
growth factor 131 expression (Eck et al., 1998). 

The oncostatic actions of melatonin on breas! cancer 
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Fig. 3. Evaluation of whether the antitumoral effect obtain ed by 
enhancing the light-deprivation -i nduced pineal actions (EPA) are 
secondary to the reduction of endogenous steroids dependen! on pineal 
gland activity . Top. Experimental design : the treatment s to enhance 
light deprivation -induce d pineal actions (EPA) or to suppress pineal 
actions (SPA) are the same as those described in Figure 1, and were 
carried out in rats bearing mammary adenocarcinomas (1 cm diameter) 
prev iously induced by DMBA administrat ion . Ali animals were also 
ovariectomized (Ovx) and injected daily with estradiol (E) (1 Oµg). 
Center . Rate of tumora l growth, significantly decreases in rats with 
EPA. in comparison with control or those with SPA, although in ali cases 
the circulating levels of estradiol is similar. Bottom . Concentration of 
estrogen rece ptor s (ER) in mammary tum ors of rats with EPA is 
significanly lower than in their pinealectomized counterparts ; this fact 
demonstrates that pineal influence on tumoral growth could be mediated 
by interaction with ER. Figure constructed with data from Sánchez ­
Barceló et al. (1988). 

cells in vitro suggest the existence of direct actions of 
melatonin at cellular leve!. Since only ER-positiv e breast 
cancer cells have been found to be responsive to the 
antimitogenic effects of melatonin , th e current 
hypothesis is that the oncostatic actions of melatonin are 
m ediated via their effect s on the estrogen-response 
pathway of tumoral cells (Hill and Blask, 1988 ; Cos et 
al. , 1991 ; Hill et al. , 1992; Mol is et al., 1995) , as it 
behaves as a naturally occurring antiestrogen. The 
effects of me latonin on estrogen receptors (ER) are 
controversia!. Melatonin appears not to bind directly to 
ER (Mol is et al. , 1994 ), although it could modulate ER 
e xpre ss ion through a n intermediary factor, or by 
interacting with its own receptors, to start the events 
which induce the down-regulation of the ER expression 
(Molis et al. , 1993) . The attempts to characterize 
melatonin rece ptor s in membrane s from MCF-7 cells or 
normal mammary tissue hav e been unsucces sful, s ince 
only low affinity binding siles have been found (Stankov 
et al., 1991; Recio et al., 1994a,b). Alternatively, MCF-7 
cells endogenously express RZRa nuclear rec eptor s, 
which hav e been considered as receptors to melatonin 
(Steinhilber et al. , 1995). 

In addition to estrogen , brea st cancer cell growth is 
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Fig. 4. Effects of melatonin on the metastatic behavior of MCF-7 human 
breast cancer cells in vilro evaluated by using modified Boyden 's 
invasion chambers in which the number of cells which trave rse a 
synthetic basal membrane (Matrige l) were counted. Top. Melatonin al 
physiological doses (1 nM), but not at sub or supraphysiological ones, 
significantly redu ces the number of cells traversing the basal 
membrane. Bottom. Melatonin (1 nM) also counteracts the estradiol­
induced increase in the invasiveness of MCF-7 cells through out the 
Matrigel membrane. Modified from Cos et al. (1998). 
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under the complex regulator y influ ence of estrogen­
inducible polypeptide hormone s such as pituitar y PRL as 
well as autocrine growth factors. Melatonin can block 
the in vitro mito ge nic effec ts of PRL or PRL-r ece ptor 
antibodies (Lemus-Wilson et al., 1995). It has be en 
demonstrated that melatonin ma y not only inhibit the 
ac tion and /or release of growth stimulator y factors, but 
also s timulate the production or rel ease of growth 
inhibitory factors (probably TGF 1ü (Cos and Bla sk, 
1994; Moli s et al., 1995). 

The oncostatic actions of melatonin have also been 
explained by a mech ani sm not dir ec tly relat ed to its 
modulator y effec ts on the circulating leve ls o f th e 
hormones of the neuroendocrine reproductiv e axis . 
These hypothe ses include: 

a) The me latonin prop e rtie s as a poten! radical 
scaveng er (lanas et al. , 1991 ; Po egge ler et al. , 1993; 
Reit er, 1993 b, 1995; Reiter et al. , 1993). Beca use of its 
high lipofilicit y, melatonin enters ali cells of the bod y 
and eve ry subcellular compartment (Menéndez-Pelaez et 
al., 1993). Within the nucleus , melatonin may exert anti 
cancer effects by scave nging reac tiv e oxygen radicals 
and electrophilic intermediates re sponsible for DNA 
damage (Frenkel, 1992). Since the radical-scavenging 
functi on of melatonin is strictly do se- dep ende nt (Tan et 
al., 1993), a dec rease d melatonin concentration may be 
directly connected with a diminished prot ec tion of DNA , 
leading to a high er risk of cancer. 

b) The po ss ible role of nitric oxide (NO) in th e 
melatonin inhibition of human breas t cancer growth. In 
the pre sence of NMMA (an inhibit or of the enzyme NO 
sy ntheta se), me latonin lac ked it s a ntiprolif era ti ve 
activity (Blask and Wil son, 1994). 

e) The immunoenhancin g prop erti es o f me latonin 
(Maestroni, 1995) . A reduction in m e la to nin 
co ncentration could perturb the immune function , thu s 
e nhancing tumor proliferation and reducing tum or 
surveillance. 

d) The poss ible ability of melat onin to incr ease, at 
phy siologic al co ncentration s, gap -junction al inter ce llul ar 
communication, as has bee n demonstrat ed in mou se 
embr yo fibrobla sts (Ubeda et a l. , 199 5) and primary 
cultures of adult rat hepato cy tes (Kojima et al., 1997) . 
Mo s t cancer cells have so rn e di s function in gap­
junction-medi ated intercellular communication and , in 
addition , mo st, if not ali, tumor-promoting chemicals 
and conditions down-regulat e gap- junction function, 
whereas antitumor-promoting c hemic a ls us ua ll y up­
regul ate gap -junctional communication (Trosko et al., 
1990). If melatonin is prove d to incr ease ga p-jun ctional 
communication in br eas t cancer cells it may suppr ess 
tum o r growth by allowing the tr a ns fer of o th e r 
molecule s with the abilit y to suppr ess tumor growth. 

Concluding remarks 

In thi s articl e we hav e rev iewe d so rne ev idence that 
as a whole , supports the possible usefu lness of melatonin 
in preve ntion and treatment of brea st tumors. Thus, from 

ex periment s on rodent s, it has been reported that 
suppr ess ion of pineal function , either surgically or w ith 
appropri ate light ex po sure, enh ances tum or inci dence, 
numb er and s ize , and reduc es tumor latency. Th ese 
antitumoral actions of pin ea l gland may be related to its 
ability, via the se cr e tion of mel a tonin , to exe rt a 
modul atory effec t on pituit ary and gonadal horm ones 
which co ntrol the normal and neo plastic mamm ary gla nd 
growth. Studies in vitro, carried out on the ER-positive 
MCF- 7 hum an brea st cancer cells, have consistently 
demonstr ated antiprolif era tive and anti-in vas ive effec ts 
of me lat onin at doses w ithin the phy s io logica l range. 
The se effects co uld be depend en ! on the int eraction of 
m e latonin with th e es trogen response pa th way. In 
summary, the data from the in vivo and in vitro studi es 
on the pin ea l gland and m e la tonin influ e nc e on 
m a mmar y tumorigenesis , reveals , d esp it e so rne 
discrepancies , the rol e of mela to nin as an int erest ing 
oncostatic agent with potential clinical appli cation . 
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