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Effect of Melatonin

on Endometrial Proliferation

WO

in Ovariectomized Female Rats

Abstract

In the context of endometrial cancer, visceral obesity as a risk factor is associated with a chronic inflammatory
process, confirmed by the increase in inflammatory marker levels. At 14 days post-ovariectomy, a time pe-
riod required for the post-operative validation of ovarian failure, with the experimental induction of artificial
menopause, the animals included in the study received estrogen replacement treatment and combined treat-
ment of estrogen and melatonin. The duration of the administered treatment, with products and doses recom-
mended for veterinary use, was 12 consecutive weeks. The combined treatment of estrogen and melatonin
compared to estrogen replacement treatment induces a decrease in endometrial proliferation and prevents
the appearance of cellular atypias. The presented results suggest that melatonin supplementation can play an
important role in the prophylaxis of endometrial cancer in menopause.
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Presentation:

In ovariectomized female rats the
combined treatment of estrogen and
melatonin compared to estrogen
replacement treatment induces a
decrease in endometrial proliferati-
on and prevents the appearance of
cellular atypias, in ovariectomized

Introduction

Intraabdominal obesity is considered a low level chronic pro-
inflammatory state. The adipocyte is the central element that
integrates multiple metabolic and endocrine signals. This cell is
the source of a large number of bioactive peptides that play an
essential role in the modeling of insulin resistance and inflam-
mation: TNFa (tumor necrosis factor), resistin, adipsin, leptin,
adiponectin, angiotensin, prostaglandins, IL6 (interleukin).

Inflammatory cells, the production of proinflammatory cy-
tokines (TNFq, IL6, PCR) play an important role in the genesis
of endometrial cancer. In the context of endometrial cancer,
visceral obesity as a risk factor is associated with a chronic
inflammatory process confirmed by the increase in inflam-
matory marker levels!".

Melatonin plays a role in neuroendocrine regulation, the
increase of immunity, the neutralization of free radicals, the
reduction of angiogenesis, the increase of apoptosis, studies
on animals and humans demonstrating that melatonin has
important oncostatic properties. Blood melatonin levels are
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female rats.

reversely correlated with the tumor proliferation index in pa-
tients with endometrial cancer?.

The aim of this study is the experimental exploration of the
effects of melatonin and melatonin associated with estrogen
on endometrial proliferation in female rats with surgically in-
duced menopause.

Material and method
The researches were performed in white female Wistar rats,
with a weight of 160-200 g, from the biobase of the “luliu Ha-
tieganu” University of Medicine and Pharmacy Cluj-Napoca.
The animals were kept under adequate standard zoo-hygi-
enic vivarium conditions: at an environmental temperature
of 22+1°C, standardized food and water “ad libitum’, with a
light-dark cycle of 12 hours.
Motivation of experimental researches in rats:
M Rats are animals that are currently used in the labora-
tory for experimental models that can be transposed to
humans.
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Figure 1.
Longitudinal
abdominal
incision

Figure 2.
Ligature of the
lumbo-ovarian
ligament

Figure 3.
Aspect after
unilateral
ovariectomy

B Female rats have a short gestation period (approx. 21-25
days) and a life duration of 2-3 years (1 year of life is equi-
valent to about 30 years of life in humans).

B Female rats reach sexual maturity at 4-5 months (cor-
responding to the age of 12-14 years in women), when
they reach a weight of 160-180 g.

The technique of ovariectomy
and anesthesia

The animals were completely anesthetized for 30-60
min with an anesthetic mixture:

M 2/3 ketamine (Ketaminol 10, for veterinary use:

1ml/kg body weight)

B 1/3 xylazine (Xylocontact 50mg/ml), for veterinary
use: 0.5 ml/kg body weight)

Bilateral surgical ovariectomy was performed by ab-
dominal approach, applying the technique used in wo-
men adapted for female rats.

The operative technique consisted of:

B The narcotized animal was immobilized on the in-
tervention table, after which complete epilation of
the abdominal region and partial inguinal epilation
was carried out;

B Disinfection with Povidone-iodine (Betadine), 10%
solution;

B Longitudinal cutaneous-muscular abdominal inci-
sion, at a distance of 2 cm superior to the vulvar
area (Figure1);

B Detachment of the parietal peritoneum and its lon-
gitudinal section over a 2 cm length corresponding
to the white line at the level of the cross section;

B |dentification of internal genital organs: in fema-
le rats, the uterus has two well developed uterine
horns, thin uterine tubes, in the prolongation of
uterine horns, and ovaries having the size of a mai-
ze grain, situated at the distal end of the uterine
tube;

B Successive identification of uterine tubes and ova-
ries for ovariectomy;

B Surgical subovarian ligature with resorbable 2-0
(Vicryl 2-0) polyglycolic acid suture involving the li-
gature of the tube and lumbo-ovarian ligament, fol-
lowed by the excision of the ovary (Figures 2 and 3);

B Introduction of the rest of genital organs in the ab-
domen;

B Control of hemostasis;

B Washing of the peritoneal cavity, followed by the
application of an intraperitoneal antibiotic;

B Suture of anatomical planes in reverse order com-
pared to incision (continuous muscle layer suture,
interrupted skin suture);

B Antibiotic administered postoperatively: Ampicillin +
Sulbactam daily dose 0.05 g/kg body weight, for 3
days, subcutaneously, in the lateral flank of the ani-
mal;

B Application of Azocillin to the operative wound (because
the organoleptic properties of this ointment - taste - are not
accepted by the rat, and in this way the animals will not tear
the sutures) (Figures 4, 5, 6);
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W Daily postoperative application of Betadine and
Azocillin to the wound;
B Removal of sutures on postoperative day 7.

Groups

At 14 days postovariectomy, a time period required
for the postoperative validation of ovarian failure, with
the experimental induction of artificial menopause in
the studied animals, estrogen replacement treatment
(estrogen monotherapy) and combined treatment of
estrogen and melatonin were initiated. The duration of
the administered treatment, with the products and the
doses recommended for veterinary use, was 12 conse-
cutive weeks.

The ovariectomized animals were assigned to 5 gro-
ups of 10 animals each:

B Group | - control group - healthy ovariectomized
animals (surgically induced menopause), without estro-
gen or melatonin administration;

B Group Il - healthy ovariectomized animals (surgi-
cally induced menopause), receiving estrogen replace-
ment monotherapy (estradiol benzoate - E2b - 10ug/day
intramuscular injections for 12 weeks, 5 days/week);

B Group |l - healthy ovariectomized animals (surgi-
cally induced menopause), receiving estrogen therapy
(estradiol benzoate - E2b - 10pg/day intramuscular in-
jections for 12 weeks, 5 days/week) supplemented with
melatonin (dissolved in 100% ethanol, added to the
drinking water at a concentration of 25 pug/mL - etha-
nol concentration 0.01%). Melatonin was dissolved in
ethanol in order to increase its solubility in water. The
bottles with water were covered with aluminium foil in
order to prevent photodegradation and were stored at
-30°C. The solution was prepared three times a week.

B Group IV - healthy ovariectomized animals (surgi-
cally induced menopause), receiving estrogen therapy
(estradiol benzoate - E2b - 10ug/day intramuscular in-
jections for 12 weeks, 5 days/week) supplemented with
melatonin (dissolved in 100% ethanol, added to the
drinking water at a concentration of 50 ug/mL - ethanol
concentration 0.01%);

B GroupV - healthy ovariectomized animals (surgical-
ly induced menopause), receiving melatonin (dissolved
in 100% ethanol, added to the drinking water at a con-
centration of 25 ug/mL - ethanol concentration 0.01%).

The commercial products used

M “Mesalin” (for veterinary use), vials of 5 ml (0.2 mg/
ml estradiol benzoate) with administration in doses of
10png/day intramuscular injections for 12 weeks, 5 days
/week - 0.05 mlin groups II, Il and IV.

B Melatonin (dissolved in 100% ethanol, added to
the drinking water) at a concentration of 25 pug/ml in
groups lll and V and a concentration of 50 ug/ml in gro-
up IV.

The endometrial thickness at the level of the uterine
body, as well as of the uterine horns, was ultrasonogra-
phically assessed at the initiation of the study and at its
end, after 12 weeks of treatment. We mention that rats
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are species with multiple pregnancies that develop at
the level of the uterine horns, which is why the endo-
metrium of both the uterine cavity and uterine horns
should be considered. Ultrasound examinations were
performed at the Department of Reproduction Obste-
trics and Gynecology of the Faculty of Veterinary Medi-
cine Cluj-Napoca, using a DC 3 VET ultrasonograph with
a 10 MHz transducer.

12 weeks after the initiation of treatment, the fema-
le rats were sacrificed by the administration of a lethal
dose of Arduan(Pipecuronii Bromidum). Then, the ab-
domen of the animals was opened along the old scar,
the internal genital organs (uterus, uterine tubes) were
identified and taken, being subsequently introduced in
7% formol for fixation, with a view to histopathological
examination.

Statistical processing in the case of the comparison of
two means for independent samples used the Student t
test or the Mann-Whitney test for rank comparison. The
Anova test or the Kruskal-Wallis test was also used for
the comparison of the means for independent samples.
For the comparison of two frequencies, the chi-squa-
re test was used. For the comparison of the means for
paired samples, the Student t test or the Wilcoxon test
was used.

Statistical calculations were performed using the ap-
plications SPSS 13.0, Statistica 7.0, Microsoft EXCEL. The
significance threshold for the used tests was a = 0.05.

Results

Of the 50 operated rats, 2 did not survive the an-
esthetic shock and died during surgery, but these were
replaced by others, so that the groups could be ma-
intained equal. Also, one of the rats of group lll died,
being killed by the other rats after the performance of
the second ultrasound examination, because during
the shaving of its abdominal hair (for a more conclusive
ultrasound examination), a bleeding lesion was indu-
ced, which made the other rats in the cage extremely
aggressive. The death of this rat did not affect the ex-
periment, as it already was under the effect of hyperes-
trogenization.

The ultrasound examination performed at the begin-
ning of the study did not detect significant differences
in endometrial thickness at the level of the uterine cavity
and uterine horns in all the animals included in the study.

The administration of estrogen to female rats with
surgically induced menopause replaces the ovarian
function, determining endometrial proliferation. Thus,
groups | and V, in which bilateral ovariectomy was per-

| Endometrial thickness at the level of the uterine cavity assessed by ultrasound initially (at the beginning of the study)

Uterus
initially

Std. Deviation Std. Error Minimum Maximum p (Kruskall-Wallis test)
Group | 10 0,101 0,007 0,002 0,09 0,1
Group I 10 0,103 0,008 0,003 0,09 0,1
Group Ill 10 0,102 0,011 0,004 0,09 0,12 0,96
Group IV 10 0,101 0,010 0,003 0,09 0,12
GroupV 10 0,103 0,011 0,003 0,09 0,12
Total 50 0,102 0,009 0,001 0,09 0,12

| Endometrial thickness at the level of the uterine homs assessed by ultrasound initially (at the beginning of the study)

Uterine horn
initially

N Mean Std. Deviation Std. Error Minimum Maximum p (Kruskall-Wallis test)
Group | 10 0,100 0,008 0,003 0,09 0,1
Group I 10 0,106 0,010 0,003 0,09 0,12
Group Il 10 0,102 0,012 0,004 0,08 0,12 0,64
Group IV 10 0,100 0,008 0,003 0,09 0,11
GroupV 10 0,101 0,007 0,002 0,09 0,11
Total 50 0,102 0,009 0,001 0,08 0,12

10)
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Comparisons between endometrial thickness means assessed at the level of the uterine cavity at the
end of the study. Group I has significantly smaller endometrial thickness than groups II, IIl, IV. Group

Il has significantly greater endometrial thickness than groups Ill and IV. Group | does not have signifi-
cantly smaller endometrial thickness compared to group V

Arithmetic mean Standard deviation Arithmetic mean Standard deviation

Group Group Il 0,093 0,017 0,133 0,009 <0,001

Group | Group IlI 0,093 0,017 0,122 0,010 <0,001

Group | Group IV 0,093 0,017 0,119 0,007 <0,001

Group | GroupV 0,093 0,017 0,107 0,012 0,08

Group Il Group Il 0,133 0,009 0,122 0,010 0,04

Group Il Group IV 0,133 0,009 0,119 0,007 0,004

Group Il GroupV 0,133 0,009 0,107 0,012 <0,001

Group Ill Group IV 0,122 0,010 0,119 0,007 0,58

Group llI GroupV 0,122 0,010 0,107 0,012 0,01

Group IV GroupV 0,119 0,007 0,107 0,012 0,03
formed, but which did not receive hormone replace- Figure 7.
ment treatment, had the smallest endometrial thick- Comparison
ness at the level of the uterine cavity, compared to the between iqitial
rest of the groups that received hormone replacement eng’ometna/
treatment. thlckness and

The association of melatonin with hormone replace- ?nallt%qdkome-

ment treatment induced lower endometrial proliferati- ar;athe I/ecvgless
on at the level of the uterine cavity compared to the of the uterine
group that received hormone replacement treatment cavity (mean =
without melatonin supplementation, proliferation 959% confi-
being reversely correlated with the administered me- dence interval)

latonin dose. Thus, endometrial thickness assessed at
the level of the uterine cavity was significantly smaller
in groups Il and IV compared to group Il. In group 1V,
which received a higher melatonin dose compared to
group lll, endometrial thickness was statistically insig-
nificantly smaller, probably due to the small number of
individuals included in the study, which demonstrates
the reverse proportionality between the administered
melatonin dose and endometrial proliferation in the
context of the same hormone replacement treatment.
Endometrial thickness in group V did not significantly
differ compared to group |, but was significantly smaller
compared to groups Il, [ll and IV, which shows that the
administration of melatonin alone (without the associ-
ation of hormone replacement treatment) does not sig-
nificantly influence endometrial thickness (Figure 7).
Following the administration of estrogen to female
rats with surgically induced menopause, higher en-
dometrial proliferation in the uterine horn was found
compared to female rats without estrogen administra-
tion. Thus, animals of group I, menopausal but witho-
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ut estrogen administration, had smaller endometrial
thickness of the uterine horn compared to animals of
groups II, llI, IV, which were menopausal and received
hormone replacement treatment.

The association of melatonin with hormone replace-
ment treatment induced lower endometrial proliferation
in the uterine horn, which was reversely correlated with
the administered melatonin dose. Thus, the endometrial
size measured at the level of the uterine horn was signifi-
cantly smaller in groups Ill and IV compared to group II.

The administration of melatonin alone (without the
association of hormone replacement treatment) signifi-
cantly influences the endometrial thickness of the uterine
horn, which results from the comparison of endometrial




Comparisons between endometrial thickness means assessed at the level of uterine horns at the
end of the study. Group | has significantly smaller uterine horn thickness than the other groups.
Group Il has significantly greater uterine horn thickness than the other groups

Arithmetic mean Standard deviation Arithmetic mean Standard deviation
Group | Group Il 0,094 0,008 0,146 0,008 <0,001
Group | Group Il 0,094 0,008 0,124 0,008 <0,001
Group | Group IV 0,094 0,008 0,120 0,007 <0,001
Group | GroupV 0,094 0,008 0,108 0,009 0,004
Group Il Group Il 0,746 0,008 0,124 0,008 <0,001
Group Il Group IV 0,146 0,008 0,120 0,007 <0,001
Group Il GroupV 0,146 0,008 0,108 0,009 <0,001
Group Ill Group IV 0,124 0,008 0,120 0,007 0,35
Group Ill GroupV 0,124 0,008 0,108 0,009 <0,001
Group IV GroupV 0,120 0,007 0,108 0,009 0,01
Figure 8. simple serous cyst was found, and in another animal, the pre-
Comparison 0.6 sence of an endometrioid adenocarcinoma was detected. An
betwgen ’”’t’,a; animal of group V developed multiple abscesses located in
endometria o the uterine tubes (Figures 12, 13, 14, 15, 16).
thickness and gw
final endome- 3 ; H
trial thickness 2 . D'5§US5'°“ .
of the uterine 5 This study was performed in order to extend the
horn (mean + §°12 E previous findings of the literature supporting the on-
95% confi- 3 costatic effect of melatonin and its implication in the
dence interval) §°'“ pathogenesis of breast cancer, colorectal cancer, pros-
8l E E tate cancer, melanoma®#>%7! We also tried to determi-
% { ne whether melatonin administered in association with
3% estrogen as part of hormone replacement treatment
008 (] reduces the risk of endometrial proliferation.
Lotull  Lotulll  Lotulll LotullV.  LotulV The endometrium is a tissue submitted to hormonal
influences. Under the action of estrogens, a cellular in-
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thickness between groups | and V. Unlike the uterine ca-
vity endometrium, which is not influenced by melatonin
administered alone, the uterine horn endometrium is sig-
nificantly influenced by melatonin administration (Figures
8,9,10,11).

The results obtained by ultrasound examination were con-
firmed by histopathological examination. Thus, animals of
groups | and V had endometrial atrophy at the level of both
the uterine cavity and uterine horns. In animals of groups I,
Il and IV, histopathological examination identified endome-
trial hyperplasia. While in animals of groups Il and IV simple
or complex endometrial hyperplasia without atypias was
detected, in animals of group Il complex endometrial hyper-
plasia with atypias was found. In group lI, the presence of a

crease and glandular proliferation are identified, which
are cyclically counteracted by the effect of progeste-
rone. Although endometrial cancer as well as breast
cancer is known to be estrogen dependent, the effect
of normal melatonin concentrations on endometrial
cancer has not yet been quantified. A deficient pineal
gland function is considered a risk factor for the deve-
lopment of endometrial cancer, because melatonin has
antiestrogenic properties'®.

These antiestrogenic properties of melatonin are also
shown by the present study, in which the association of
melatonin with hormone replacement treatment causes
lower endometrial proliferation compared to the group
with hormone replacement treatment without melatonin,
proliferation that is reversely correlated with the adminis-
tered melatonin dose. This study supports the antiestro-
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genic effect of melatonin both by the results obtained on
ultrasound examination and the anatomo-pathological
aspect of the specimens (uterus, uterine horns), interpre-
ted at 12 weeks from the initiation of treatment.

Cell culture studies have demonstrated that mela-
tonin has different antiproliferative effects on various
types of cancer cells, which differ between them by the
status of estrogen receptors. Melatonin had no antipro-
liferative action on the SNG-II cells (without estrogen
receptors), but had a significant antiproliferative effect
on the Ishikawa cells (with estrogen receptors) at diffe-
rent cell intensities and different incubation times'.

There are two possibilities by which estrogen inhibits
the antiproliferative effect of melatonin: estrogen can
compete with melatonin as a ligand to a common re-
ceptor or each ligand has its own receptor that interact
with each other (by other mechanisms than those re-
lated to its own receptor). However, there are also ad-
ditional, estrogen independent mechanisms that may
involve melatonin receptors'®. Melatonin receptors
(MT2) have been identified in the membrane of tumor
cell lines responsive to estrogens and it has been de-
monstrated that the antiproliferative effect of melato-
nin is mediated by these receptors®®'%,

The reduction of oxidative stress, the increase of
apoptosis, the diminution of angiogenesis, the immu-
nomodulating effect are some of the mechanisms that
ensure the oncostatic effect of melatonin.

Studies in rats demonstrate that melatonin treatment
reduces body weight, intraabdominal adiposity, plas-
ma cholesterol, triglyceride, leptin and insulin levels,
all these being considered risk factors for endometrial
cancer[1‘l,12,‘|3]‘

Intraperitoneal adiposity can be considered a low level
chronic proinflammatory state, which in its turn is a risk
factor for endometrial cancer’*', The reduction of intra-
peritoneal adiposity in animals treated with melatonin can
be explained by a melatonin induced increase in the body
temperature. Lipoprotein lipase (an enzyme necessary for
the storage of fatty acids in adipocytes) has an increased
activity when it is incubated at lower temperatures. This
observation has led to the hypothesis that the accumula-
tion of visceral adipose tissue increases with the decrease
in the body temperaturel's'”),

Conclusions

1. The association of melatonin with hormone repla-
cement treatment administered to female rats with sur-
gically induced menopause determines lower endome-
trial proliferation and prevents the appearance of cellular
atypias.

2.The presented results suggest that melatonin supple-
mentation can play an important role in the prophylaxis of
endometrial cancer in menopause.

3. The clinical ramifications of this study require addi-
tional investigations in order to determine whether the
melatonin level can be a useful biochemical marker in the
prevention, diagnosis, treatment and prognosis of endo-
metrial cancer. ®
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endometrium
group |

Figure 10.
Uterine horn
endometrium
group IV

Figure 11.
Uterine horn
endometrium
group Il
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Figure 16. Complex endometrial hyperpla
(animal of group i)

I Figure 13. Endometrioid adenocarcinoma (animal of group II)
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Simple serous
cyst (animal
ofgroup Il)
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Menopauza

terapie naturala fara riscuri

Dr. Oana Gagionea

Menopauza este o perioada
fiziologicd prin care fiecare fe-
meie va trece la un moment dat.
Simptomatologia psihica si ve-
getativa asociata menopauzei se
datoreaza unei productii scazute
de hormoni ovarieni. Aceste mo-
dificari aduc adesea suferinte
considerabile si afecteaza cali-
tatea vietii pacientei. Medicul de
multe ori este nevoit sa incea-
pa un tratament medicamen-
tos. Tratamentul de substitutie
hormonala are un efect pozitiv
asupra simptomatologiei, insa, in mod frecvent, este tulburat de efecte
secundare si riscuri crescute sau chiar si contraindicatii. Din ce in ce mai
multi medici au o parere foarte rezervata despre terapia de substitutie
hormonald, avand in vedere in special incidenta crescutd a tumorilor
maligne hormon-dependente.

Tratamentul tulburdrilor de climax cu medicamente non-hormonale
poate fi indicat in pre-, peri- si port-menopauza timpurie, cand ovarele
inca mai produc cantitati mici de hormoni.

Tn multe din aceste cazuri, Klimaktoplant ofera o alternativa non-hor-
monald, naturald, cu risc scazut si fara contraindicatii.

Klimaktoplant este un

preparat homeopat stan- T __

dardizat, ce contine patru — e
remedii, fiecare cu modul 100 =

sau diferit de actiune, ce Comprimate

produc un efect sinergic
asupra tulburarilor soma-
tice si psihice ale meno-
pauzei. Cimicifuga racemo-
sa este un remediu utilizat
pentru dereglari de natura
ginecologica de peste 200
de ani. I

Autorii Jarry si Harnis- ;
chfeger au demonstrat ca-
pacitatea diferitelor parti
ale extractului de Cimici-
fuga de a se conecta la re-
ceptorii de estrogen si de
a reduce selectiv concen-
tratia in ser a hormonului
pituitar LH.

Experienta clinica confirma eficienta Klimaktoplant in tratamentul
simptomelor complexe de deficientd de climacteriu in sfera somatica,
psihicd, neuro-vegetativa si organicd. Raportul pozitiv intre riscuri si
beneficii (efecte secundare scazute specifice substantelor, fara contra-
indicatii) desemneaza de asemenea Klimaktoplant pentru terapia pe
termen lung, fard hormoni si cu risc scazut. ®
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