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Abstract

Pregnant females were randomly subdivided into three groups (24 rates per group) and kept at the 12:12 h light/dark regimen

(group 1), at the constant light illumination (24 h a day, group 2) or at the continuous darkness (group 3). N-nitrosoethylurea

(NEU) has been injected into the tail vein of all rats (80 mg/kg) on the 18±19th day of the pregnancy. After the delivery the

lacting dams and their progeny during the lactation period (1 month after delivery) were kept also at the three different light/

dark regimens. Then all offspring from each group was kept at the 12:12 h light/dark regimen, males and females separately,

and were observed until natural death.. The exposure to constant light signi®cantly promoted the transplacental carcinogenesis

whereas the exposure to constant darkness inhibited it. The incidence of total tumors, tumors of both a peripheral nervous

system and kidney was 2.6; 2.5 and 8.5 times higher, and survival signi®cantly shorter, correspondingly, in rats from the group 2

exposed to the constant light regimen as compared to the group 1 (12:12 h light/dark regimen) (P , 0:05). On the other hand,

the exposure to the continuous darkness during the pregnancy and the lactation period signi®cantly inhibited the transplacental

carcinogenesis in the offspring of rats treated with NEU. The incidence of total tumors, tumors of a peripheral nervous system

was by 2.4 and 2.7 times less, and survival longer, respectively, in exposed to the darkness rats from the group 3 as compared to

the group 1 (12:12 h light/dark regimen) (P , 0:05). Thus, our data ®rstly have shown the modifying effect of light-dark

regimen on the realization of the transplacental carcinogenesis induced by NEU in rats. q 2001 Elsevier Science Ireland Ltd.

All rights reserved.
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1. Introduction

It is well known that many mammalian biological

functions are modulated by circadian rhythms which

are endogenous and genetically based [1±3]. They are

driven by the hypothalamic suprachiasmatic nucleus

which through multisynaptic pathway regulates circa-

dian rhythm of synthesis and secretion of melatonin, a

hormone produced by the pineal gland [1]. Melatonin

is produced during night time and in¯uences the circa-

dian and seasonal timing of a variety of physiological

and behavioral processes. It was shown that melatonin

inhibits carcinogenesis in the mammary gland, colon,

endometrium and uterine cervix of laboratory rodents

[4±9]. Light entrains melatonin rhythm by supressing

its synthesis during the day [1,10]. An exposure to the
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light-at-night inhibits the synthesis and secretion of

melatonin [11,12]. Long-term exposure to the

constant light (24 h/day) enhances the development

of transplantable, spontaneous and induced by 7,12-

dimethyl-benz(a)anthracene (DMBA) or N-nitro-

somethylurea-induced mammary tumors as well as

N-nitrosodiethylamine-induced hepatocarcinogenesis

[11±22] whereas the light deprivation by the exposure

to the continuous darkness or blinding inhibited their

growth and development [4,6,13,23±25]. The light

deprivation has potentiated the ef®cacy of hormone-

and chemotherapy of breast carcinoma both in rodents

and women [26±28].

Experimental studies have shown that various N-

nitroso compounds, polycyclic aromatic hydrocar-

bons and aromatic amines are potent transplacental

carcinogens [29]. There are no available data on the

effect of light/dark regimen during a pregnancy and a

lactation on the development of tumors in animals

exposed to a carcinogen in utero.The present study

investigated the effect of various light/dark regimes

on the realisation of the transplacental carcinogenesis

induced by a potent carcinogen-N-nitrosoethylurea

(NEU). We hypothesized that the constant light expo-

sure would exert a promoting effect on NEU-induced

carcinogenesis whereas the continuous darkness

would be an inhibitory effect.

2. Materials and methods

2.1. Animals

Female and male Wistar-derived outbred rats were

from our breeding department. Before mating they

kept separately under the 12 h light:12 h dark regimen,

temperature 22 ^ 28C and received standard lab chow

and tap water ad libitum. For a mating two females

were put together with one male. Pregnancy was

registered when vaginal plug has been observed.

Then pregnant females were randomly subdivided

into three groups (24 rats per group) and kept in

three different light-dark regimens. Group 1 was

kept under the 12:12 h light/dark regimen and served

as the control group. Rats from group 2 were kept in

the room with the constant light regimen. Rats from

group 3 were maintained in the full darkness. Dim red

light was switched on in the room only during nutri-

tion, care and service manipulations.

2.2. Carcinogen

N-nitrosoethylurea (NEU) was synthesized in the

Laboratory of Organic Synthesis, N.N. Petrov

Research Institute of Oncology, St. Petersburg,

Russia, was 99% pure and kept at the temperature

2208C.

2.3. Experiment

Before treatment the carcinogen was dissolved in

sterile normal saline and during 1 h under a light

ether anaesthesia had been injected into the tail vein

of all rats (80 mg/kg) on the 18±19th day of the preg-

nancy. Just for the injection of the carcinogen the preg-

nant rats from the group 3 were taken on the period not

longer than 10 min in illuminated room. All pups were

kept with their dams during the lactation period. Thus,

pregnant and lacting dams and their progeny during the

lactation period (1 month after delivery) were kept in

the three different light/dark regimens. Then all

offsprings from each group were taken into different

cages (with ®ve to seven animals in each) in the 12:12 h

light/dark regimen, males and females separately. All

animals were under observation until natural death or

were sacri®ced by ether vapour when moribund.

2.4. Pathology examination

Full autopsy has been performed on each animal.

All main peripheral nerves and plexuses were care-

fully prepared and examined at autopsy. Tumors

discovered at autopsy as well as some tissues

suspected for tumor growth were ®xed in a neutral

formaline. Histological sections 5±7 mm thick were

stained with hematoxilin-eosin and pycrofuxine

according to Van-Gison. All tumors were classi®ed

according to the classi®cation of the International

Agency for Research on Cancer [30].

2.5. Statistics

The statistical treatment of the results was

performed using Fischer exact, chi-square and Student

t-tests [31].
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3. Results

The data on the frequency and localization of trans-

placental tumors developed in rats exposed to NEU in

utero as well as on their survival are shown in Table 1

and Fig. 1. The light/dark regimen signi®cantly modi-

®ed the transplacental carcinogenesis induced by

NEU in rats. The exposure to the constant light illu-

mination promoted it whereas the exposure to the

constant darkness inhibited the carcinogenesis. The

incidence of total tumors, tumors of both a peripheral

nervous system and kidney was 2.6; 2.5 and 8.5 times

higher, and survival signi®cantly shorter, correspond-

ingly, in rats from the group 2 exposed to the constant

light as compared to the group 1 (12:12 h light/dark

regimen) (P , 0:05). On the other hand, the exposure

to the continuous darkness during the pregnancy and

the lactation period signi®cantly inhibited the trans-

placental carcinogenisis in the offspring of rat treated

with NEU (Table 1). The incidence of total tumors,

tumors of a peripheral nervous system was 2.4 and 2.7

times less, and survival longer, correspondingly, in

rats from group 3 exposed to the constant darkness

as compared to group 1 (12:12 h light/dark regimen)

(P , 0:05). There was no difference in the incidence

of kidney tumors between groups 1 and 3.

The histopathological examination has shown that

the major localization of tumors were perypheral

nerves and kidneys. All kidney tumors were classi®ed

as mesenchymal tumors [30]. Among 17 kidney

tumors, ten were localized in the right and seven in

the left kidney. Twenty-eight tumors of other locali-

zation were observed. There were seven brain tumors

(six in group 2 and one in group 1), 15 mammary

tumors (ten ®broadenomas and two adenocarcinomas

in group 2 and three ®broadenomas in group 1) and six

skin papillomas in group 1.

The distribution of the nervous system tumors by

localization and histological type is presented in Table

2. Neurogenic tumors were localized in the nervus

ischiadicus (37 cases), in the sacrolumbar plexus (22

cases), in the cervical plexus (21 cases) and in the

nervus trigeminus (six cases). Macroscopically,

tumors, as a rule, were connected with nerve trunks,

were oval or oblong, glittering, greyish-white at the

section. Their sizes usually ¯uctuated from 0.5 to

5 cm in diameter. The lighting conditions in¯uenced

signi®cantly the morphological spectrum of induced

tumors. Malignant tumors of perypheral nervous

system were found in animals maintained at the

constant light regimen four times as often as

compared with control group (25 cases in group 2

and six cases in group 1). On the other hand, only

benign neurinomas were observed (seven cases)

when animals were maintained in the darkness

(group 3).

At the microscopic examination of 86 neurogenic

tumors, 20 were classi®ed as neurogenic sarcomas,
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Table 1

Tumor incidence and localization in rats kept under different light/dark regimena

Group Light/dark

regimen

Sex Number of rats at

the end of lactation

Number of tumor-bearing rats Mean survival of tumor-

bearing rats (days)

Total (%) Peripheral

nervous

system (%)

Kidney (%) Peripheral

nervous system

Kidney

1 12:12 Male 61 16 (26.2) 12 (19.7) 1 (1.6) 366 ^ 39.7 396 ^ 33.7

Female 66 21 (31.8) 17 (27.9) 1 (1.5) 366 ^ 39.7 396 ^ 33.7

Total 127 37 (29.1) 29 (22.8) 2 (1.6) 366 ^ 39.7 396 ^ 33.7

2 24 h light Male 34 29 (85.3)** 21 (61.8)** 7 (20.6)** 176 ^ 27.5** 275 ^ 31.6*

Female 54 38 (70.4)** 29 (53.7)** 5 (9.3) 176 ^ 27.5** 275 ^ 31.6*

Total 88 67 (76.1)** 50 (56.8)** 12 (13.6)** 176 ^ 27.5** 275 ^ 31.6*

3 24 h dark-

ness

Male 40 5 (12.5)** 4 (10.0) 1 (2.5) 505 ^ 49.2* 527 ^ 46.2*

Female 44 5 (11.4)** 3 (6.8)* 2 (4.5) 505 ^ 49.2* 527 ^ 46.2*

Total 84 10 (11.9)** 7 (8.3)** 3 (3.6) 505 ^ 49.2* 527 ^ 46.2*

a The difference with the parameter in the group 1 is signi®cant: *, P , 0:05; **, P , 0.01.



and 11 as neuroblastomas. Among benign tumors reti-

cular neurinomas (31 cases) were observed more often

than fascicular neurinomas (24 cases). Characteristic

structures, so called Verokay bodies, were revealed in

fasciular neurinomas. In six cases the residual gang-

lion cells have been observed in fascicular neurino-

mas.

4. Discussion

The results of our study give an evidence that the

exposure to the constant light during the pregnancy

and the lactation potentiates the realization of the

transplacental carcinogenesis induced by NEU in

rats whereas the exposure to the continuous darkness

inhibits it. Our data are in agreement with other obser-

vations on the stimultating effect of the constant light

regimen on mammary carcinogenesis induced by

DMBA, N-nitrosomethylurea or N-nitrosodiethyla-

mine [7,11,14,16±20]. It was shown that the exposure

to constant light was followed by the inhibition of the

night secretion of melatonin in humans, rats and

Syrian hamsters [1,10,12,13] whereas the serum

level of prolactin was increased [4,12]. It was shown

that the exposure to the continuous darkness

decreased the serum level of follicle-stimulating

hormone, estradiol-17b and 11-oxicorticosteroids in

female rats [26] as well as decreased the mitotic activ-

ity and the growth rate of transplantable mammary

carcinoma RMK-1 in rats [25].

The available data have shown that the inhibition of

the pineal gland function induced by pinealectomy,

gangliectomy of upper cervical ganglion or by the

exposure to a constant light regimen was followed

by stimulation of carcinogenesis induced by chemical

carcinogens whereas the administration of melatonin

or the pineal peptide preparation epithalamin inhibits

it [4,7,12,13,32±34]. The treatment with epithalamin

started at the age of 2 months of rats exposed in utero

to NEU was followed by inhibition of the develop-

ment of nervous system and kidney tumors [35]. It is

worthy of note that administration of epithalamin

induced the increase of the night synthesis of melato-
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Fig. 1. The in¯uence of light regimen on frequency and mean latency period of transplacental tumors development. (1) Neoplasms of all

localizations; (2) peripheral nervous system tumors; (3) kidney tumors.
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nin in the pineal gland and secretion of the hormone

into the blood in rats [32]. It was shown, that melato-

nin is a potent antimutagen [9,36±38] and antioxidant

[39,40]. Recently it was observed that pinealectomy

before pregnancy was followed by an increase in lipid

peroxidation in tissues of non-pregnant and pregnant

rats after delivery of their youth whereas melatonin

inhibited it [41]. The authors suggested that during

pregnancy high levels of oxidative stress induce an

increase in oxidative damage to lipids, which is inhib-

ited by the antioxidative action of melatonin. Our data

suggest that the exposure to the constant light regimen

inhibits the level of melatonin that followed by

decrease in its antioxidant and antimutagenic effect

in pregnant and lactating rats, whereas the exposure

to the continuous darkness leading to increase in the

level of melatonin in the organism thus inhibits muta-

genic and carcinogenic effect of NEU. We have found

that melatonin inhibited mutagenic effect of N-nitroso

compounds in vivo and in vitro [9,36,37].

Thus, our data ®rstly have shown the modifying

effect of light-dark regimen on the realization of the

transplacental carcinogenesis induced by NEU in rats.

It is possible to suggest that the decrease of the level

of melatonin induced by the exposure to the constant

light plays a signi®cant role in the stimulating effect of

the constant light regimen on the transplacental carci-

nogenesis.
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