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hxpn(urb nl nulh.‘ rats to permanent or nnl\lral illumination of North-Western Russia
accelerated their death in comparison with animals exposed to standard (12 h) light.
Permanent illumination promoted the development of spontancous tumors in compariso:i
with the standard photoregimen. Injection of epithalone (synthetic Ala-Glu-Asp-Gly
peptide: subcutaneously 0.1 pg/rat S times a week from the age of 4 months until naural
death) virtually did not change the mean lifespan of male rats, but was ssdocisid it
a significant (p<0.05) normalization of population aging rate and hence. of mor-
A o ocpd o il oo inbiion, Epithslone
injected to rats exposed to ai inhi the pment of
S i R ey Laslcnlar deydigomas i leikeviing,
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Exposure of humans to light during the night hours
(often called photopollution). leading to suppression
of the pineal function and production of melatonin
(pineal hormone), disorders the circadian thythms,
sis in general, and stimulates the develop-
ed discases [1,7,11-13].
Exposure of laboratory animals (flies, rats, mice) to
permanent (24-h) illumination is associated with
shortening of the lifespan, and in rodents it is also
linked with increased incidence of proliferative
processes and spontaneous tumors {1,3.7,13]. On
the other hand, treatment with epithalone peptide
(Ala-Glu-Asp-Gly), synthesized on the base of epi-
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thalamine (pineal polypeptide preparation). stimu
ates the nocturnal production of melatonin, nor
malizes the effects on many hormonal and meta-
bolic parameters, prevents carly aging and develop-
ment of tumors in animals [3.5].

Since the function of the pineal gland depends
on the photoregimen, it is interesting (o investi
the effects of epithalone on the lifespan and de-
velopment of spontancous twmors in animals expo-
sed 1o different photoregimens. Experimental vali-
dation of observations indicating that newcomers to
high latitudes characterized by Tong “white nights”
period and long polar night during autumn and
winter develop s gm of rapid aging and high inci-

portant mk Hosrerhins are virtually no scien-

tifically based recommendations on prevention of
e abubcanalioes:
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We previously studied the effects of different
photoregimens and epithalone on female rats [3].
Here we compared the effects of this peptide on the
lifespan and development of spontaneous tumors in
male rats exposed to natural photoregimen of North-
Western Russia (Petrozavodsk) and to permanent
illumination and in animals kept under conditions
of standard (12-h) illumination.

MATERIALS AND METHODS

Experiments were carried out on 307 male LIO rats
from a vivarium of Petrozavodsk State University,
born at the beginning of May. At the age of 25 days
the animals were randomly divided into 3 groups.
Group | rats (LD) were exposed to standard fixed
illumination by fluorescent lamps (12:12 h light:
darkness: 750 lux illumination at the level of ca-
ges). Group 2 animals (NL) were exposed to natural
ion [2]. This imen i i

is

by the season: the minimum duration of daylight
period in winter is 4.5 h, while in summer it re-
aches 24 h during the white nights. Hlumination of
the rooms varied during the day: 50-200 lux at the
level of cages in the morning hours, up to 1000 lux
on a bright day and 500 lux on a gloomy day, and
150-500 Tux in the evening. Group 3 rats (LL) were
exposed to permanent illumination by fluorescent
lamps (750 lux at the level of cages).

The animals were kept in standard plastic cages
at 21-23°C on balanced granulated fodder and wa-
ter ad libitum. At the age of 4 months, the rats of
cach group were divided into 2 subgroups; animals
of one subgroup starting from this age and until
death were 5 times weekly subcutaneously injected
with cpithalone (synthesized by E. L. Grigoryev.
Cand. Chem. Sci., at St. Petersburg Institute of
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Bioregulation and Gerontology) in a dose of 0.1 pg/
rat dissolved in 0.1 ml NaCl, and the other sub-
group (control) were injected with an equivalent
volume of the solvent.

Some animals in each group were sacrificed
for biochemical analysis; the results were presented
previously [2.4]. The remaining rats were observed
until their natural death. All rats dead during the
experiment were autopsied. The viscera and tissues
with suspected neoplastic changes were studied by
histological methods. The detected tumors were
classified in accordance with IARC recommenda-
tions [14].

The results were processed by parametrical and
nonparametrical methods of variation statistics using
Statgraph, Statistica 5.5, and Stadia software [3].
The kinetic parameters of population aging were
calculated using Gompertz’ model for survival func-
tion:

Stor=expl-—L-fexplom)-17]
o

where o and B are parameters of population agin
rate and initial mortality rate, respectively [10]. Para-
meter a is often characterized also by the mortality
rate doubling time (MRDT), calculated as In(2)/a.
Confidence intervals for aging rate values were
caleulated using log-like functions [9].

RESULTS

Exposure of male rats to natural or permanent light
did not modify the mean lifespan of all rats or of
10% animals with the maximum lifespan (Table 1).
On the other hand. survival curves of NL and LL
rats were shifted significantly to the left in com-

TABLE 1. Effect of Epithalone on Lifespan of Male Rats Exposed to Different lllumination Regimens

w0 N w
Parameter
control epithalone control epithalone control epithalone

Number of rats 57 51 0 0 0 2
MLF, days 664.0:340 | 650.0:414 | B13.0:329 | 644.0:37.9 | 580.0:355 | 631.0:357
MaxtF, days 1045 1185 1046 956 1005 1020
MLF for the last
10% rats, days 90904115 | 1065.0:347 | 9720:227 | 1021.0:155 | 983.0:138 | 980.0:106
@x10°, day~ 606 605 670" 6a7 5.19° 649

(6.87,647) | (565,6.46) | (650;697) | (621:675) | (489;557) | (6.17:6.71)
MROT, days 124 1146 1034 1088° 1336° 1063

(107.1; 118.1) | (107.3; 122.7) | (99.4; 106.6) | (102.7; 111.6) [(124.4; 1417) |(103.3; 112.3)

Note. MLF: mean ifespan; MaxLF: maximum lifespan; a: population aging rate; MRDT: mortality rate doubling time. *p<0.08 vs. LD
group; ‘p<0.05 compared 10 animals of the same group recaiving no epithalone.
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Fig. 1. Effects of illumination mode and epithalone on survivl curves

group; ¢} for NL group;  for LL group.

parison with the curve the LD animals (Fig. 1, a).
Differences in the \urvw.\l curves of LD and NL
animals were significant: p=0.001 i

log-rank test; between LD Amd LL groups: p=0.01,

TABLE 2. Effect of Epithalone on the Incidence of Tumors in

200 400 600 80 1000 1300

of male rats. Here and in Fig. 2: ) data for all groups; b) for LU

7. Multifactorial analysis of dispersions
(ANOVA test) revealed a relationship between the
lifespan and illumination regimen (15.45%, F=15.32
p<0.001). Hence, permanent and natural illumina

Male Rats Exposed (o Different lliumination Regimens

() NL w
Parameter -

control | epithalone | control | epithalone | control | epithalone
Number of rats 4 51 £l £l 0 ]
Number of rats with tumors 17(298) | 5(9.8) 11(22) 48 13(26) | 6(122)"
Number of rats with malignant tumors | 7 (12.3) 1(2%)° 6(12) o 10(26) | 2(1%)
Total number of tumors. z 6. 13 4 " 7
Number of tumors per rat with tumors| 135 120 127 10 108 117
Day of 1st tumor detection k) 834 7 7% 23
MLF of rats with tumors, days 824.0:490 | 1008.0+48.4 | 782.0:576 | 899.052.4 | 688.04732 | 782.0:36.4

e, MLE: o faspan. T petceriage 8 shown i paruriheses. Hore and in Tabl 3: p<0.08, ‘p<02 compare (o rals kept under

Candhians of the sa KGHE T 8 Wostg s Bl
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Fig. 2. Effacts of ilumination mode and apithalone on the dynamics of spontaneous tumor development in male rats.
tion, characteristic of North-Western Russia, acce-  preciably modifying tumor incidence (Table 2, Fig.

lerated animal death in comparison with the stand- 2, @). The first twmor in control LL rats was de-
ard illumination mode. This was paralleled by shifts  tected 5 months earlicr than in LD group. No ap-

in the population aging rate (a) and MRDT. preciable differences in tumor development in con-
Epithalone (reatment virtually did not change  trol and experimental NL rats were detected.
the mean lifespan of LD animals, but increased Epithalone inhibited the development of all

their maximum lifespan on day 140 (Table 1). In  tumors and spontaneous malignant tumors signifi-
NL or LL groups epithalone did not modify the  cantly at all illumination modes. This is scen from
maximum lifespan. The trearment was associated  delayed appearance of tumors (Fig. 2, b-d) and re-
with normalization of a constant and hence, of  duced the incidence of tumors and their lower total
MRDT in NL or LL groups. Analysis of the dy-  number (Table 2). The incidence of testicular ley-
namics of rat mortality showed that survival curves  digomas decreased significantly under the effect of
of epithalone-treated animals from . stoups exposed - epithalone in the LL and NL groups. Tumors of the
ol lumipation esdimtie O system d
to the right in comparison with mg B Bl ok v el ool subgroups of rats
receiving no epithalone (Fig. 1. b-d). This indicates  exposed to all illumination modes. but not a single
prolongation of rat lifespan under the effect of the  case in animals treated by epithalone (Table 3).

peptide. Our results indicate unfavorable effect of per-
Exposure of control animals to LL manent on the pment of sponta-
the development of spontancous tumors in com-  neous tumors in male rats, while treatment with

parison with LD (reduced the mean lifespan with  cpithalone inhibited tumer development. primarily
wmors by on average 4.5 months), without ap- testicular leydigomas and leukemia, under all illu-
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TABLE 3. Effect of Epithalone on Tumor Type and Location in Male Rats Exposed to Different lllumination Regimens

D N [
Parameter
control | epithalone | control | epithalone | control | epithalone

Testicles

leydigoma 7 2 6 " 4 5

cavernous hemangioma 1 - - - e =
Maiignant lymphoma/ieukemia 3 - 4 - 6 e
Liver

hepatocarcinoma 2z - = = 2 .
Skin ‘ |

papilloma 1 - = = = -
Soft tissues

sarcoma 1 1 2 - - 1

malignant fibrous histiocytoma 2 - - - - -
Lung

adenocarcinoma - =. - = 1 .

clear-cell carcinoma 1 - — — =
small intestine

adenocarcinoma - - - = 1 -
Adrenal

cortical adenoma 3 2 1 2 - -

pheochromocytoma 1 - - = = .
Kidney

liposarcoma = = - = 1 =
Ureter

fibroma 1 - = =, - .
Pituitary

adenoma - 1 - v = =
Total

benign “ 5 7 4 a 5

malignant ] ” 6 o 10 2

mination regimen. Experimental studies showed
that permanent illumination promoted the develop-
ment of wmors of different location and ches
carcinogenesis in mice and rats [1,7,13]. Our pre-
vious experiments on female rats showed that per-
manent and natural illumination under con
of North-Western Russia accelerated aging and pro-
moted wmor development, while epithalone exhi-
bited @ normalizing effect [3]. The results of the
present study indicate that treatment with epitha-
lone, a synthetie peptide stimulating nocturnal pro-
duction of melatonin, characterized by antioxidant,
geroprotective, and anticarcinogenic effects [5.8).
prevented rapid aging and abolished stimulation of
twmor development not only in females, but also in
male rats exposed to permanent light.
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