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Abstract

The effect of synthetic pineal peptide Epitalon (Ala-Glu-Asp-Gly) on colon carcinogenesis was firstly studied in rats. Eighty
2-month-old outbred male LIO rats were subdivided into four groups and were weekly exposed to five subcutaneous injections
of 1,2-dimethylhydrazine (DMH) at a single dose of 21 mg/kg body weight. Additionally, 5 days a week, some of the rats were
given subcutaneous injections of saline at a dose of 0.1 ml during the whole experiment (group 1, control) or Epitalon at a single
dose of | pg during the whole experiment (group 2), Epitalon after termination of carcinogen injections (group 3) or during the
period of DMH exposure (group 4). Colon carcinomas developed in 90-100% of DMH-treated rats. The number of total colon
tumors per rat was 4.1;2.7; 3.7; 2.9 in groups |, 2, 3, 4, respectively (the difference in groups 2 and 4 compared with group | is
significant). In rats from group 2, colon tumors were smaller than in control animals. In group 2, the incidence, as well the
multiplicity of tumors in ascending and descending colon, were significantly decreased in comparison with group 1. In group 4,
the mean number of tumors per rat was significantly decreased, too. A trend to decrease the number of tumors in the rectum in
rats from groups 2, 3 and 4, treated with Epitalon was found. Epitalon inhibited also the development of tumors in jejunum and
ileum. Thus, our results demonstrated an inhibitory effect of Epitalon on chemically induced bowel carcinogenesis in rats.
© 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Colon carcinogenesis: 1.2-Dimethylhydrazine: Peptide; Epitalon

1. Introduction and the pineal peptide preparation Epithalamin inhib-

ited the development of spontaneous and chemically

In the last decades, data have accumulated concern-
ing the role of the pineal gland in tumor development
[1,2]. In cancer patients. a decrease in pineal function
was found. Pinealectomy stimulated tumor growth in
animals. At the same time, pineal hormone melatonin
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induced neoplasms [2-6]. Recently, the synthetic
pineal tetrapeptide Epitalon (Ala-Glu-Asp-Gly) has
been structured on the basis of the amino acid analysis
of the pineal preparation Epithalamin, and was tested
in CBA mice [7]. It was found that this compound
reduced the incidence of spontaneous tumors [7].

To evaluate the anticarcinogenic potential of Epita-
lon, it is necessary to test this compound in different
tumor models. Among these models, colon cancer
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seems to be one of the most significant. This cancer is
widely distributed around the world [8]. In colon
cancer patients the disturbances in pineal function
have been observed [1,9]. There are experimental
data on the relationship between the pineal gland
and cell proliferation in the gastrointestinal tract
[3,10]. An effect of Epitalon on the cell metabolism
in intestinal mucosa has been shown []1]. Melatonin
inhibited colon carcinogenesis induced by 1,2-
dimethylhydrazine (DMH) in rats {3,5].

In this paper, the results of a study on the effect of
Epitalon on DMH-induced colon carcinogenesis in
rats are presented.

2. Materials and methods
2.1. Chemicals

1,2-Dimethylhydrazine dihydrochloride (DMH)
was from Sigma (USA) and was kept at —20 °C.
Epitalon was synthesized by G.I. Grigoriev, St.
Petersburg Institute of Bioregulation and Gerontol-
ogy, Russia.

2.2. Animals

Two-month-old outbred male LIO rats from the
Animal Department of Central Research Roentgeno-
Radiologocal Institute, St. Petersburg, were used in
the study. The characteristics of these rats have been
described elsewhere [12]. Animals were kept five per
polypropylene cage under a standard light/dark regi-
men (12:12 h light/darkness) at 21-23 °C. They
received standard laboratory chow [13] and tap
water ad libitum.

2.3. Experiment

Eighty animals were randomly subdivided into four
groups. All rats were exposed weekly to five subcu-
taneous injections of DMH at a single dose of 21 mg/
kg of body weight (calculated as a base). In this regi-
men, the carcinogen induced colon tumors in the
majority of rats [3,5]. DMH was ex tempore dissolved
in normal saline and neutralized with sodium bicarbo-
nate (pH 7.0). Additionally, 5 days a week, rats from
group | (control) were injected with 0.1 mi of normal
saline, and rats from groups 2, 3 and 4 with 1 pg of

Epitalon dissolved in 0.1 ml of saline. Animals from
groups ! and 2 received saline and Epitalon, respec-
tively, during the whole experiment. Rats from group
3 were exposed to Epitalon after termination of DMH
injections, and rats from group 4 during the period of
DMH exposure. For standardization of stressful
procedures associated with injections, rats from
group 3 (during the period of DMH exposure), and
group 4 (after termination of DMH injections)
received the saline subcutaneously, 5 days a week.
The design of the experiment is given in Fig. |. All
animals were weighed weekly. The experiment was
finalized 6 months after the first injection of the carci-
nogen, and all rats were killed by ether vapor.

2.4. Pathological investigation

All animals were autopsied. Intestines were opened
longitudinally. The position and size of each tumor
were recorded on special charts [14]. All tumors and
other tissues with macroscopically revealed lesions
were fixed in 10% neutral formalin and, after routine
histological processing, were embedded in paraffin.
Five-to-seven-micrometer-thick sections through the
middle part of each tumor were stained with hematox-
ylin and eosin. The neoplasms were classified accord-
ing to the IARC recommendations [15].

2.5. Swatistics

Experimental results were statistically processed
according to JARC recommendations [16]. Tumor
incidence was evaluated for significance by Fisher’s
exact method [17]; difterences in animal body weight,
tumor size and multiplicity were determined by
Wilcoxon’s U-test and Student’s ¢-test [17].

3. Results

DMH and Epitalon treatment does not influence
animal status. There were no significant differences
in the body weight between different groups. At the
end of experiment, intestinal tumors were found in the
majority of rats (Table 1). Macroscopically, these
neoplasms were exophytic or endophytic. Several
cases of ulcerative-infiltrative forms were observed
as well. Microscopically, different types of malignant
intestinal tumors were found, predominantly, tubular
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adenocarcinomas. In situ, superficial carcinomas,
mucinous and signet-ring carcinomas were also regis-
tered. All these types of carcinoma are typical for
neoplasms induced by DMH [14,18]. The majority
of carcinomas (61-78% in different groups, the largest
incidence in group 2) were highly differentiated
tumors. Invasion confined to lamina propria of the

Month
1 2 3

1 1 1

mucosa was observed in 5—14% of tumors in different
groups, invasion into the submucosa in 40-65% of
neoplasms, invasion into the muscular coat in 18-
25%, and into the serosa in 10-23%. Metastases to
the mesentery and greater omentum appeared in one
rat from group |, one animal from group 3 and two
rats from group 4. The differences between groups
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Fig. 1. The design of the experimenl.
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were not significant; however, some trend towards an
increase in differentiation level was observed among
carcinomas induced in rats from group 2.

The majority of intestinal malignancies were
tumors of the large intestine (Table 1). Total incidence
of these tumors in different groups was quite similar
(90-100%). However, the multiplicity (mean number
of tumors per rat in a group) in animals from groups 2
and 4 that received DMH + Epitalon was signifi-
cantly Jower than in rats exposed to DMH alone.

The mean number of tumors per tumor-bearing rat
was also decreased in rats from group 2 in comparison
with the control one.

The results of cluster analysis of distribution of
animals with different numbers of colon tumors are
presented in Table 2. In control animals (group 1) only
multiple tumors (three and more) developed, whereas
in rats treated by Epitalon (groups 2 and 3) single
carcinomas were frequently observed. The highest
incidence of single tumors was observed in group 2.

Table 1

Effect of Epitalon on 1,2-dimethylhydrazine (DMH)-induced colon carcinogenesis in rats®

Parameter Group 1: DMH Group 2: Group 3: Group 4:
DMH + Epitalon DMH + Epitalon DMH + Epitalon
(whole experiment) (after DMH) (during DMH exposure)
No. of rats 20 20 20 20
No. of tumor-bearing rats 20 (100%) 19 (95%) 19 (95%) 18 (90%)
Localization of tumors
Total colon
No. of tumor-bearing rats 20 (100%) 19 (95%) 19 (95%) 18 (90%)
No. of tumors 81 53 74 58
No. of tumors per rat:
per rat in group 4.1 042 2.7 £042* 37 *054 2.9 *+0.36%
per tumor-bearing rat 4.1 =042 2.8 +0.38* 3.9 +0.50 32*032
Mean tumor size, mm? 56947 35.8 + 3.6* 48.8 = 7.6 56.5+ 139
Ascending colon
No. of tumor-bearing rats 17 (85%) 12 (60%)** 14 (70%) 15 (75%)
No. of tumors 29 19 32 25
No. of tumors per rat:
per rat in group 1.5=0.18 1.0 = 0.18% 1.6 £ 0.30 1.3 +0.18
per tumor-bearing rat 1.7x0.14 0.6 = 0.18%* 2.3 = 0.31%** 1.7 + 0.15%%*
Mean tumor size, mm? 56.9 + 84 54.0 £29.2 633128 50.2 = 15.0
Descending colon
No. of tumor-bearing rats 20 (100%) 14 (70%)** 16 (80%) 15 (75%)
No. of tumors 45 35 39 33
No. of tumors per rat:
per rat in group 23+0.24 1.8 = 0.30%* 2.0 £0.30 1.7x0.18*
per tumor-bearing rat 23+0.24 2.5+ 03l 24028 22*0.15
Mean tumor size, mm’® 51.0x7.0 33.8 = 5.0%* 41.1 =83 61.3 +20.2
Rectum
No. of tumor-bearing rats 4 (20%) 2 (10%) 1 (5%) 0
No. of tumors 7 2 2 -
No. of tumors per rat:
per rat in group 04 x0.18 0.1 =0.06 0.1 =0.06 -
per tumor-bearing rat 1.8 £ 0.49 1.0 2.0 -
Mean tumor size, mm® 27.5+16.2 26.8 +23.6 455+21.6 -

* The difference with group | is significant: *P < 0.05, **P < 0.01; the difference with group 2 is significant: ¥#*P < 0.05.
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Table 2

Distribution of rats with different number of colon tumors in the experiment with DMH and Epitalon®

Parameter Group I: DMH  Group 2: Group 3: Group 4:
DMH + Epitalon DMH + Epitalon DMH + Epitalon
(whole experiment)  (after DMH) (during DMH exposure)
No. of rats 20 20 20 20
No. of rats with colon tumors 20 (100%) 19 (95%) 19 (95%) 18 (90%)
No. of rats with (% no. of rats in group):
I tumor - 6 (30%)* 3(15%) 2 (10%)
2 tumors - 3 (15%) 3 (15%) 4 (20%)
3-5 umors 15 (75%) 9 (45%)* 8 (40%)** 10 (50%)
6 and more tumors 5 (25%) 1 (5%)* 5 (25%) 2 (10%)

* The difference with group 1 is significant: **P <2 0.05, **P < 0.03.

Among carcinomas in different parts of the large
intestine, tumors of descending colon prevailed
(Table 1). Its incidence in group 2 was significantly
decreased in comparison with group 1. Such a trend
was also observed in groups 3 and 4. The tumor multi-
plicity in rats from groups 2 and 4 was significantly
lower in comparison with animals from group 1.

Tumors of the ascending colon appeared in the
control group more often than in animals exposed to
Epitalon. In rats from group 2 this difference was
significant. Among these rats, the tumor multiplicity
decreased compared with group |. Tumors of the
rectum developed in groups 1-3 only. Its incidence
in rats from groups 2 and 3 was somewhat lower than
in the control group.

Mean size of total colon tumors was significantly
decreased in rats from group 2, mainly due to differ-
ences in size of tumors of the ascending colon (Table
1). Analysis of tumor size distribution (Table 3) has
shown that in the ascending colon of animals from
group 3 small tumors (11-50 mm?) appeared less
frequently in comparison with the control group,
whereas in group 4 large tumors (51-100 mm?) devel-
oped more frequently than in group 1. It should be
mentioned that there were only four large tumors of
ascending colon in group 4. In descending colon,
tumor size distribution in different groups was similar.

Malignancies of the small intestine were much rarer
than tumors of the large intestine (Table 4). It was
found that the incidence of tumors in the jejunum
and in the ileum among rats treated with Epitalon
was low in comparison with controls, and in animals
from group 4 this difference was significant.

Concerning pathology in other organs, the main

lesions were found in the liver. In some animals,
bile duct and oval cell proliferation was observed. In
two rats from group |, two from group 3 and two from
group 4, cystic cholangiomas appeared. Single cases
of lymphoid hyperplasia, as well as of pneumonia,
were also found

4. Discussion

The aim of present study was to evaluate the effect
of the synthetic pineal peptide Epitalon on colon
cancer development. In the study we used one of the
most popular experimental models of cancer of the
large intestine: carcinogenesis induced by DMH in
rats. [t was shown that DMH-induced colon carcino-
mas are morphologically similar to human colon
carcinomas, and like other malignancies, a colon
carcinoma needs at least several stages (events) for
development [14,18]. In this model, earlier we studied
the effect of pineal hormone melatonin on colon
cancer development [3,5]. To evaluate the effect of
Epitalon on different stages of carcinogenesis, in the
present study the different regimens of Epitalon treat-
ment were used: during initiation stage (group 4),
stage of tumor promotion (group 3), or the whole
process of tumor development (group 2).

Our experiments demonstrated the inhibitory effect
of Epitalon on colon cancer development at various
stages of carcinogenesis. This effect was manifested
mainly by a decrease in the incidence and multiplicity
of bowel tumors. In animals from group 2 the mean
size of colon tumors was decreased. The inhibitory
effect of Epitalon on bowel carcinogenesis was
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Table 3

Size distribution of colon tumors in the experiment with DMH and Epitalon®

Tumor size (mm?) Group 1: DMH Group 2: Group 3: Group 4:
DMH + Epitalon DMH + Epitalon DMH -+ Epitalon
(whole experiment) (after DMH) (during DMH exposure)

Ascending colon

=10 2 (6.9%) 4 (22.2%) 3(9.0%) 5 (20.0%)"

11-50 16 (55.2%)" 7 (38.9%) I'1(33.3%)*" 13 (52.0%)

51-100 6 (20.7%)" 6 (33.3%) 15 (45.5%)+ 4(16.0%)"

> 100 5(17.2%)" 1 (5.6%)" 4(12.1%)" 3(12.0%)"

Descending colon

=10 10 (22.2%) 9 (28.1%) 11 (28.2%) 10 (30.0%)
11-50 23 (51.1%)° 14 (43.8%) 17 (43.6%) 14 (42.4%)
51-100 5(11.1%)° 8 (25.0%) 8 (20.5%) 6 (18.2%)"
> 100 7 (15.6%)" 1(3.1%)" 3(7.7%) " 3(9.0%)™
Rectum

=10 3 (42.9%) I (50.0%) - -

11-50 3 (42.9%) 1 (50.0%) 1 (50.0%) -

51-100 - - I (50.0%) -

> 100 I (14.3%) - - -

* The diffcrence with group 1 is significant: P < 0.03; the difference with parameter for tumors = 10 mm? inside the group is significant:
*P < 0.05: the difference with parameter for tumors }1-50 mm? inside the group is significant: °P < 0.05; the difference with parameler for
tumors 51-100 mm? inside the group is significant: *P << 0.05.

Table 4
Effect of Epitalon on DMH-induced small intestine carcinogenesis in rats®

Parameter Group |: DMH Group 2: Group 3: Group 4:
DMH + Epitalon DMH + Epitalon DMH - Epitalon
(wholc cxperiment) (after DMH) (during DMH exposure)
No. of rats 20 20 20 20

Localization of tumors

Duodenum
No. of tumor-bearing rats 2 (10%) 1 (5%) 4 (20%) 2 (10%)
No. of tumors 2 1 5 2
No. of tumors per rat:
per rat in group 0.10 = 0.06 0.05 + 0.06 025=0.12 0.10 = 0.06
per tumor-bearing rat 1.00 1.0 1.25 = 0.08 1.0
Mean tumor size. mm’ 65.9 =353 62.8 76.8 £ 16.9 793 *£28.5

Jejunum and ilermn

No. of tumor-bearing rats T (353%) 3 (15%) 3 (15%) 1 (5%)*
No. of tumors 7 3 3 2
No. of tumors per rat:
per rat in group 0.35 £ 0.00 0.15 4 0.06 0.15 = 0.06 0.10 = 0.06
per tumor-bearing rat 1.0 1.0 1.0 2.0
Mean tumor size, mm?> 108.0 = 24.7 1154 +50.8 77.5 = 38.7 127.6 + 61.33

* The difference with group | is significant: P < 0.01.
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comparable with the effect of melatonin [3,5]. Our
data confirmed the hypothesis on the preventive role
of the pineal gland in cancer development, realized
through the action of melatonin as well as of the
pineal peptide(s).

A comparison of the anticarcinogenic effect of
Epitalon in different animal groups has shown that
it 1s most effective on exposure to the preparation
during the whole experiment, i.e. both initiation
and promotion stage of carcinogenesis (group 2). It
is well known that free radicals play a significant role
in tumor initiation and promotion [19,20]. Antioxi-
dants inhibit carcinogenesis induced by DMH [21]. It
should be mentioned that both the pineal peptide
preparations Epithalamin and Epitalon have antioxi-
dant properties [7,22]. Thus, the anticarcinogenic
effect of the pineal peptide Epitalon could be
explained by the possible antioxidant properties of
this compound. It was found that Epitalon inhibits
cell proliferation [23], and this 1s a well-known
component of the anticarcinogenic effect. It is
supposed that Epitalon can act both directly and
indirectly through the stimulation of pineal function
|7,24].

Acknowledgements

This work was supported in part by the Russian
Foundation for Basic Research, grant #00-04-48481.

References

[11 C. Bartsch, H. Bartsch, D.E. Blask, D.P. Cardinali, W.J.M.
Hrushesky, D. Mccke (Eds.). The Pincal Gland and Cancer
Springer, New York. 2001.

D.E. Blask. S.T. Wilson. A.M. Lemus-Wilson, The oncostatic
and oncomodulatory role of the pineal gland and melatonin,
Adv. Pineal Res. 7 (1994) 235-241.

[3] V.N. Anisimov, Meclatonin and colon carcinogenesis, in: C.
Bartsch, H. Bartsch, D.E. Blask, D.P. Cardinali, W.J.M.
Hrushesky, D. Mecke (Eds.). The Pineal Gland and Cancer.
Springer, New York, 2001, pp. 240-258.

V.N. Anisimov, V.Kh. Khavinson, V.G. Morozov. Twenty
years of study on effect of pineal peptide preparation: epitha-
lamin in experimental gerontology and oncology, Ann. N.Y.
Acad. Sci. 719 (1994) 483—493.

V.N. Anisimov, [.G. Popovich. M.A. Zabezhinski, Melatonin
and colon carcinogenesis: I. Inhibitory cficet of melatonin on
development of intestinal tumors induced by 1.2-dimcthylhy-
drazine in rats, Carcinogencesis 18 (1997) [549-1553.

[2

(4]

[5

[6] V.G. Morozov, V.Kh. Khavinson, Peptide Bioregulators (25-
years Experience of Experimental and Clinical Study), Nauka,
St. Petersburg, 1996.

|71 V.N. Anisimov, V.Kh. Khavinson, A.l. Mikhalski, A.l
Yashin, Effect of synthetic thymic and pincal peptides on
biomarkers of agcing. survival and spontaneous tumour inci-
dence in female CBA mice, Mech. Agcing Dev. 122 (2001)
141-168.

[8] D.M. Parkin, F.I. Bray, S.S. Deseva. Cancer burden in the year
2000. The global picture. Eur. J. Cancer 37 (2001) S4-S66.

9] .M. Kvetnoy, [.M. Levin, Diurnal excretion of mclatonin in
cancer of the stomach and large intestine, Vopr. Oncol. 33
(1987) 29-32.

[10] B.D. Callagan. The long-term effect of pinealectomy on the
crypts of the rat gastrointestinal tract, J. Pineal Res. 18 (1995)
191-196.

[T1] V.Kh. Khavinson, V.V. Popuchiev, [.LM. Kvetnoy. V.V.
Yuzhakov, L.N. Kotlova, Regulation by Epitalon of stomach
endocrine cells in pincalectomized rats, Bull. Exp. Biol. Med.
130 (2000) 651-653.

[12] V.N. Anisimov, G.B. Pliss. M.G. logannsen, 1.G. Popovich,
K.P. Romanov. A.S. Monakhov, N.K. Averyanova. Sponta-
neous tumors in outbred LI1O rats. J. tixp. Clin. Cancer Res. 6
(1989) 254-262.

[13] L.N. Baranova, K.P. Romanov, V.A. Yamshanov. Study of
levels of benzola]pyrcne and N-nitrosamines in the food of
laboratory animals, Vopr. Oncol. 5 (1986) 54-57.

[t4] K.M. Pozharisski, Tumours of the intestines, in: V.S, Turusov.
U. Mohr (Eds.), Tumours of the Rat, 2nd Edition. Pathology of
Tumours in Laboratory Animals. Vol. 1. IARC, Lyon, 1990,
pp. 159-198 IARC Sci. Publ. No. 99.

[15] V. Turusov. U. Mohr (Eds.). Tumoars of the Rat 2nd Edition,
Pathology of Tumours in Laboratory Animals. Vol. |, IARC,
Lyon, 1990 1ARC Sci. Publ. No. 99.

[16] J.J Gart, D. Krewski, P.N. Lcc, R.E. Tarone. J. Wahrendorf
(Eds.), The Design and Analysis of Long-Term Animal
Experiments Statistical Methods in Cancer Rescarch, Vol.
II1, TARC. Lyon, 1986 IARC Sci. Publ. No. 79.

[17] E.V. Goubler, Calculating Methods of Analysis and Recogni-
tion of Pathological Processcs. Meditzina, Moscow. 1978,

[18] K.M. Pozharisski, AJ. Likhachev, V.F. Khimashevski, J.D.
Shaposhnikov, Experimental intestinal cancer rescarch with
special reference to human pathology, Adv. Cancer Res. 30
(1979) 165-237.

[19] J.H. Jackson, Potential molecular mechanisms of oxidant-
induced carcinogenesis, Environ. Health Perspect. 102
(Suppl. 10) (1994) 155-157.

[20] A.S. Salim, The permissive role of oxygen-derived free radi-

cals in the development of colonic cancer in the rat. A new

theory for carcinogencsis, Int. J. Cancer 53 (1993) [031-

1033.

R. Balanski, P. Blagocva, Z. Mircheva, K. Pozharisski. S. de

Flora, Effect of metabolic inhibitors, methylxanthines. anti-

oxidants, alkali metals, and corn oil on 1.2-dimethylhydra-

zine carcinogenicity in rats. Anticancer Res. 12 (1992) 933—

940.

[22] V.N. Anisimov, A.V. Arutjunyan. V.Kh. Khavinson, Effects

[21



8 V.N. Anisimov et al. / Cancer Letters 183 (2002) 1-8

of pineal peptide preparation Epithalamin on free radical Vilon on the functional morphology of radiosensitive organs,

processes in humans and animals, Neuroendocrinol. Lett. 22 Bull. Exp. Biol. Med. 131 (2001) 338-346.

(2001) 11-20. [24] V.Kh. Khavinson, N.D. Yakovleva, V.V. Popuchiev. .M.
[23] V.Kh. Khavinson, V.V. Yuzhakov. .M. Kvetnoy, V.V. Mali- Kvetnoy, R.P. Manokhina, Reparative action of Epitalon on

nin, V.V. Popuchiev, N.K. Fomina, Immunohistiochemical the ultrastructure of pineal gland in +y-irradiated rats, Bull.

and morphometric analysis of the cffect of Epitalon and Exp. Biol. Med. 131 (2001) 98-103.



