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Administração associativa de cimetidina e melatonina exógena nos receptores endometriais de níveis de
estrogênio, colágeno e hormônio em ratos adultos
Resumo: Cloridrato de cimetidina, um bloqueador de receptores H2 das células parietais gástricas, que age
reduzindo a secreção de ácido no estômago e tem sido estudado como substância xenoestrogênica. O uso
crônico da cimetidina produz distúrbios homonais e toxidade no aparelho reprodutor masculino, além de
reduzir o estradiol 2-hidroxilado e aumentar níveis séricos de estradiol e prolactina em mulheres, levando a
hiperprolactinemia, que pode ser fator de risco para o câncer. A melatonina, neurohormônio sintetizado
pela glândula pineal tem importante papel na função reprodutiva, regulando a produção de estrógeno,
progesterrona e prolactina. O estudo testou a hipótese de que a melatonina pode bloquear ou reduzir os
efeitos estrogênicos da cimetidina no estroma uterino, interferindo nos receptores de estrógeno, no teor de
fibras colágenas e nos níveis hormonais em ratas adultas. Quarenta e cinco (45) ratas albinas divididas em
três grupos: I – tratadas com placebo (controle); II – tratado com cimetidina (50 mg/kg) e III – tratado com
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cimetidina (50 mg/kg) associada à melatonina (200 μg/100 g). Os experimentos foram conduzidos por 7, 14
e 19 dias. Nos grupos tratados apenas com cimetidina, observou-se marcações mais intensas dos receptores
REα, maior distribuição das fibras colágenas no endométrio, elevação dos níveis séricos de estrogênio,
prolactina e redução da progesterona, nos animais tratados por 19 dias. Na associação cimetidina e
melatonina, acredita-se que a melatonina bloqueou esses efeitos. A melatonina tem atividade citoprotetora
para efeitos crônicos da cimetidina no estroma endometrial, por reduzir ou prevenir o aumento da síntese
de fibras de colágeno pelos fibroblastos regulando a atividade do estrogênio sérico, bem como a expressão
de seus receptores endometriais, além de manter os níveis normais de progesterona e prolactina.
Palavras chave: Melatonina, receptor de estrógeno, xenoestrógeno, morfometria, níveis hormonais.
Abstract: Cimetidine hydrochloride, a blocker of H2 receptors in gastric parietal cells, acts by reducing the
secretion of acid in the stomach and has been studied as a xenoestrogenic substance. The chronic use of
cimetidine produces homonal disorders and toxicity in the male reproductive system, in addition to
reducing 2-hydroxylated estradiol and increasing serum levels of estradiol and prolactin in women, leading
to hyperprolactinemia, which can be a risk factor for cancer. Melatonin, a neurohormone synthesized by
the pineal gland, it has an important role in reproductive function, regulating the production of estrogen,
progesterone and prolactin. This study tested the hypothesis that melatonin can block or reduce the
estrogenic effects of cimetidine in the uterine stroma interfering in the estrogen receptors, collagen fiber
content and hormone levels in adult rats. Forty-five (45) albino female rats were divided into three groups:
I – treated with placebo (control); II – treated with cimetidine (50 mg/kg) and III – treated with cimetidine
(50 mg/kg) associated with melatonin (200 μg/100g). Experiments were conducted for 7, 14 and 19 days.
Cimetidine promoted more intense marks of REα receptors in the uterus of animals treated for 19 days, in
the distribution of collagen fibers in the endometrium, elevated serum levels of estrogen and prolactin and
progesterone reduction. Melatonin associated with cimetidine has blocked these effects. The melatonin has
cytoprotective activity to cimetidine chronic effects on endometrial stroma by reducing or preventing the
increase in the synthesis of collagen fibers by fibroblasts by regulating the activity of serum estrogen as
well as the expression of its endometrial receptors, besides maintaining the normal levels of progesterone
and prolactin.
Key words: Melatonin, estrogen receptor, xenoestrogen, uterus, morphometry, hormone levels.

Introduction
Cimetidine is an H2-blocker drug from gastric parietal cells used to treat dyspepsia, gastric
and duodenal ulcers, which not only inhibits the stimulating effects of histamine on gastric acid
secretion, but also the actions of all other gastric stimulants (Saiyn 2012; Cotton et al. 2013).
Experimental studies have demonstrated affinity of cimetidine by REα and REβ estrogen
receptors, acting similar to them, thus exerting xenoestrogen action (Takeshi et al. 2002; Sinha
et al. 2006). These two receptor subtypes have different expression patterns in the various organs
(Kuiper et al. 1996, 1997; Zuloaga et al. 2013), the REα with greater expression in uterus and
testis, and ERβ in prostate and ovary (Mosselman et al. 1996).
The literature reports that chronic use of cimetidine in men may be associated with side
effects such as, hyperestrogenism resulting in hyperprolactinemia and gynecomastia (Nahas et
al. 2006). Cimetidine has also been reported as toxic to reproduction in male rats, which present
morphological changes in the reproductive tract, characterized by changes in peritubular myoid
cells and significant reduction in the weight of accessory sex organs (França et al. 2000; SassoCerri & Cerri 2008; Koshimizu et al. 2013). It was also demonstrated that cimetidine increases
serum levels of estrogen and prolactin (PRL) in women (Michnovicz & Galbraith 1991), leading
to hyperprolactinemia, which can be a risk factor for breast cancer in postmenopausal women
(Hankinson et al. 1999).
The neurohormone melatonin synthesized by the pineal gland, which is secreted
rhythmically, has demonstrated key role in the reproductive function in both seasonal and nonseasonal animals characterized by regulating the production of estrogen and progesterone,
uterine contractility inhibition, regulation of growth and ovarian activity (Maekawa et al. 2007;
Zarazaga et al. 2011).
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According to Freeman et al. (2000), melatonin-treated animals showed decrease in the
number of lactotrophs, estradiol reduction and consequent decreased secretion of PRL, once
estrogen is a hormone that stimulates the PRL production by regulating the gene expression for
PRL and its sensitivity associated with melatonin levels (Close & Freeman 1997). Furthermore,
melatonin influences on the functioning of the genital system, especially in the uterus and
gonads (Teixeira et al. 2004; Adriaens et al. 2006; Maganhin et al. 2008; Zarazaga et al. 2012).
Knowing that estrogen mediates pro-reproductive effects through actions in several
organs of the female reproductive system (ovaries, fallopian tubes, uterus and placenta
formation) and biochemical processes (Rosselli et al. 2000; Deroo & Korach 2006; Zoloaga et al.
2013), experimental studies of reproduction regarding the adverse effects caused by frequent
exposure to xenoestrogen substances have been performed, reaffirming the importance and
constant level of exposure at which the current world population is exposed to (Bromer et al.
2010; Zhong et al. 2013). Thus, the present study tested the hypothesis that melatonin can block
or reduce the estrogenic effects of cimetidine in uterine stroma, interfering with ERα-receptor
expression, content of collagen fibers and hormone levels (estrogen, progesterone and prolactin)
in adult rats.

Materials and Methods
Ethics statement
This study was carried out in strict accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals of the National Institutes of Health. The protocol was
approved by the Committee on the Ethics of Animal Experiments of the Federal Rural
University of Pernambuco (Permit Number: no 018/2013).
Experimental animals
A total of 45 albino rats (Rattus norvegicus albinus) with 90 days of age coming from the
Department for Morphology and Physiology Animal, Federal Rural University of Pernambuco
(UFRPE). The females were kept in cages with food and water ad libitum, temperature of 22C
and artificial lighting that sets a photoperiod of 12 hours light and 12 hours dark. The females
were divided into three groups of 15 animals each, and the treatment performed for 7, 14 and 19
days. Group I – rats treated with placebo (control), Group II – Rats treated with cimetidine,
Group III – rats treated with cimetidine associated with melatonin. Five animals per evaluation
period were used in the analyses.
Cimetidine administration
It was administered at a dose of 50 mg/kg i.p. cimetidine (Tagamet ®, SmithKline Beecham,
Brazil) (Sasso-Cerri & Cerri 2008). The set of dosage selected followed the protocol of measures
employed in humans, ranging from 400 mg/kg/day for the treatment of hyperacidity to 800
mg/kg/day for the treatment of acute ulcers. In rats, these doses are equivalent to 35 mg/kg/day
and 70 mg/kg/day, respectively. Thus, an intermediate dose (50 mg/kg/day) was chosen
following the methodology proposed by França et al. (2000).
Melatonin administration
Melatonin (Sigma, St. Louis, MO, USA) was administered at a dose of 200 μg/100 g animal
body weight by subcutaneous injections in the early evening (18:00), dissolved in ethanol (0.02
mL) and diluted in 1 mL of 0.9% saline solution (Dair et al. 2008). The control group I received
ethanol in saline solution at the same concentration.
Hormone dosages

Silva et al. (2020) / Pesquisa e Ensino em Ciências Exatas e da Natureza, 4:

03

Cimetidine and exogenous melatonin on endometrial receptors

Blood samples were collected on days 7, 14 and 19 days via tail vein puncture (Fluttert et
al. 2000) for assessment of serum levels of estrogen, progesterone and prolactin. They were
centrifuged at a temperature of 4°C with the speed of 3000 rpm for 10 minutes, and supernatant
frozen at -20°C until the hormonal dosages were performed by the Enzyme Linked
Immunosorbent Assay (ELISA) using commercial kits (Teixeira et al. 2004). The samples were
analyzed in triplicate.
Immunohistochemical study
The females were anesthetized in their evaluation periods with ketamine hydrochloride
(80 mg/kg) and xylazine (6 mg/kg) intramuscularly. Fragments of the uterus were fixed in 10%
buffered formalin and processed for paraffin embedding. The sections were subjected to antigen
retrieval in 10 mM sodium citrate solution, pH 6.0, in a moist chamber for 15 minutes at 98°C.
Subsequently, it was performed the blocking of endogenous peroxidase (Peroxidase-Blocking
Reagent-SM802) for 5 minutes, and incubation in humid chamber with primary antibody mouse
monoclonal Anti-Human estrogen receptor α clone 1D5 (Dakocytomation - CA USA) undiluted
for 1 h at room temperature. This was followed by incubation with secondary antibody linked to
peroxidase (HRP Envision Flex® – Dakocytomation – CA, USA. SM805 Code) for 20 minutes,
washed in Tris buffer and revealed by DAB (3.3'-diaminobenzidine – Dakocytomation – CA USA.
SM803), for ten minutes in the dark. Slides were counterstained with hematoxylin.
Histomorphometric study
Cuts from the uterus stained with Masson's trichrome were used for collagen analysis.
Images of four fields per blade of each animal were captured and transferred to the
histomorphometric program ImageJ® (version 1.41 NIH, Bethesda, USA), regularly calibrated to
measure the desired areas in micrometer by defining the contours of the regions stained, with
the aid of the mouse, thereby assessing the process of deposition of collagen fibers (Figure 1A–
B).

Figure 1. Cuts from the uterus stained with Masson's trichrome for collagen analysis: A. Cross section of rat
uterus in the placebo group. Region uterine stroma (S), used for measurement of collagen fibers. Masson
Trichrome staining; B. Measurement of area of collagen fibers using ImageJ software, with selection tool
for the study area.

Statistical analysis
Statistical analysis of serum levels of estrogen, progesterone and prolactin, and
quantification of collagen fibers was performed using the nonparametric method of KruskalWallis test, with Dunn’s post-hoc (p < 0.05).
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Results
Immunohistochemical analysis
The immunohistochemical observations of REα revealed different marking intensities
and concentration in cells throughout the period of administration of substances in the
experimental groups except the control, which maintained a regular nuclear staining during the
periods of 7, 14 and 19 days (Figures 2A–B, 3A–B, 4A–B). When comparing the nuclear markings
in the groups cimetidine and cimetidine associated with melatonin at 7, 14 and 19 days these
samples showed significant difference in marking, so that in the uterus of those that received
cimetidine associated with melatonin there was higher concentration of marked cells in the
period of 19 days, but with lower intensity (Figure 4E–F) when compared to the uterus of rats
given cimetidine (Figure 4C–D).

Figure 2. Immunohistochemistry of α-estrogen receptors in the endometrium of rats treated with placebo
(A–B), cimetidine (C–D) and cimetidine associated with melatonin (E–F) for 7 days. Uterine stroma (S);
endometrial glands (arrow); long arrow – positively marked nuclei; uterine lumen (L). Against stained with
hematoxylin Harris.
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Figure 3. Immunohistochemistry of endometrial α- estrogen receptors of rats treated with placebo (A–B),
cimetidine (C–D) and cimetidine associated with melatonin (E–F) for 14 days. Endometrial glands
positively stained (short arrow); epithelial marking of receptors (long arrow), strongly positive nuclei
(dashed arrow), nuclei marked with lower intensity (arrowhead). Against stained with hematoxylin Harris.

Histomorphometric study of collagen fibers
Histomorphometric analysis of the distribution of collagen fibers in the endometrium
revealed a higher concentration of these fibers in the stroma of rats treated with cimetidine
(Figure 5B, E and H) compared to endometrial stroma of rats treated with placebo and the
combination of cimetidine and melatonin (Figure 5A, C–D, F–G and I). However, the statistical
analysis revealed increased amount of collagen fibers in the endometrial stroma of rats treated
with cimetidine in periods of 14 and 19 days (Figures 6–8).
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Figure 4. Immunohistochemistry of endometrial α-estrogen receptors of rats treated with placebo (A–B),
cimetidine (C–D) and cimetidine associated with melatonin (E–F) for 19 days. Endometrial glands
positively stained (short arrow); epithelial marking of receptors (long arrow), nuclei strongly positive
(dashed arrow), nuclei marked with lower intensity (arrowhead). Against stained with hematoxylin Harris.

Serum levels of estradiol, progesterone and prolactin
Dosages of serum levels of estrogen and prolactin revealed a significant increase of these
hormones in the rats only during the 19 days of cimetidine administration. The progesterone
during the same period and experimental group showed significant reduction. The combined
treatment maintained serum levels of these hormones similar to those shown by rats treated
with placebo at all time points evaluated (Tables 1–3).
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Figure 5. Uterine stromal histochemistry of experimental groups of female rats. Control (A, D and G – 7, 14
and 19 days, respectively), cimetidine (B, E and H – 7, 14 and 19 days, respectively) and cimetidine
associated with melatonin (C, F and I – 7, 14 and 19 days, respectively). Masson trichrome. Scale bar: 25 μm.
Table 1. Means of serum levels of estrogen (ng/mL) in female rats of the experimental groups. Means
followed by different letters differ significantly by Kruskal-Wallis test (p  0.05).
Groups

I

II

III

P

410.34 ± 5.76a
499.36 ± 5.93a
477.83 ± 6.29a

0.0809
0.1055
0.0304

Estrogen
7 Days
14 Days
19 Days

414.66 ± 5.23a
489.19 ± 7.55a
482.79 ± 3.50a

407.88 ± 4.03a
502.77 ± 6.21a
519.66 ± 4.19b
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Table 2. Means of serum levels of progesterone (ng/mL) in female rats of the experimental groups. Means
followed by different letters differ significantly by Kruskal-Wallis test (p  0.05).
Groups

I

II

III

P

534.93 ± 9.53a
547.39 ± 3.02a
564.36 ± 4.76a

0.1472
0.1024
0.0145

Progesterone
7 Days
14 Days
19 Days

536.06 ± 6.82a
550.20 ± 5.17a
563.37 ± 3.48a

546.97 ± 9.20a
545.99 ± 2.75a
515.38 ± 1.60b

Table 3. Means of serum levels of prolactin (ng/mL) in female rats of the experimental groups. Means
followed by different letters differ significantly by Kruskal-Wallis test (p  0.05).
Groups

I

II

2.07 ± 0.43a
2.09 ± 0.30a
2.24 ± 0.54a

2.13 ± 0.58a
2.23 ± 0.36a
6.03 ± 0.71b

III

P

2.08 ± 0.47a
2.04 ± 0.49a
1.98 ± 0.43a

0.9828
0.7518
0.0021

Prolactin
7 Days
14 Days
19 Days

Discussion
The results of immunohistochemistry showed differentiation in intensity and positivity
markup for estrogen receptors in endometrial stroma in rats of experimental groups, being
more expressive in nuclear receptors in rats that received cimetidine associated with melatonin
in the last assessment period. However, although REα receptors have presented with greater
expression in endometrium of this group of rats, these showed a lower intensity.

Figure 6. Distribution of collagen fibers in the uterus of adult female rats treated with placebo, cimetidine
and cimetidine associated with melatonin for 7 days (Kruskal-Wallis test, p = 0.6808).
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Figure 7. Distribution of collagen fibers in uterus of adult female rats treated with placebo, cimetidine and
cimetidine associated with melatonin for 14 days (Kruskal-Wallis test, p = 0.0105).

Figure 8. Distribution of collagen fibers in the uterus of adult female rats treated with placebo, cimetidine
and cimetidine associated with melatonin for 19 days (Kruskal-Wallis test, p = 0.0052).
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Biomarkers are commonly used as indicators of biochemical, physiological and
histological exposure to xenobiotics or effect of chemical contaminants (Jesus & Carvalho 2008).
Thus, the presence and intensity of the marking in the receptors reflecta the cell positiveness
and the concentration thereof (Robinson et al. 2010; Koshimizu et al. 2013). According to Martin
et al. (2008), the increase or decrease in the concentration of endometrial estrogen receptors
(ER) and progesterone (PR) is associated with the expression of mRNA for these receptors,
suggesting the existence of mechanisms of regulation of endometrial ER and PR involving the
own hormones, once the concentration of such receptors occur simultaneously with the
elevation of plasmatic concentration and tissue hormones. Thus, the lower staining intensity
observed in the group receiving cimetidine associated with melatonin may be due to the antiestrogenic action of melatonin (Freeman et al. 2000; Karadayian et al. 2012), a fact further
confirmed by the increased serum dosage of 17β-estradiol obtained in the experimental groups
when treated exclusively with cimetidine. Thus, data like this confirm the ability of estrogen
activation of cimetidine, which acts by altering the pattern of synthesis and hormonal secretion
of estrogen (17β-estradiol), and thus regulating the sexual behavior and reproductive function
(Akingbemi et al. 2004; Bredfeldt et al. 2010).
The analysis of results for plasmatic concentrations of progesterone show that melatonin
blocked the cimetidine effect by maintaining the hormone at levels similar to those of control
animals, which corroborates studies by Taketani et al. (2011), Xiang et al. (2012) and Uygur et al.
(2013) who reported that melatonin protects the luteal cells of the granular layer, increasing
progesterone production in the follicle during ovulation and thus improving the fertilization
rate. Furthermore, the increased plasmatic dosage of prolactin in cimetidine-treated group
confirms the stimulator role of estrogen (also elevated in animals from this group) on prolactin
secretion, which according to Katayama & Fishman (1982), Christin-Maitre et al. (2007) and
Surazynski et al. (2013), induces hyperprolactinemia in male Wistar rats when treated by
continuous administration of estrogen.
It is known that the endometrium’s fibrillar structure is controlled by sexual hormones
(Oxlund et al. 2010). The estrogen acts by stimulating the synthesis of mRNA for collagen fibers
(sindecan-3), modeling the distribution pattern of these fibers (Myllyharrju & Kivirikko 2004;
Silva et al. 2011). Thus, the present study demonstrated the xenoestrogen action of cimetidine by
stimulating the synthesis of collagen fibers in the endometrial stroma in periods of 14 and 19
days, while the association with melatonin inhibited this effect. It is known that fibroblasts are
estrogen-dependent and melatonin can be a regulating factor in the synthesis of collagen fibers
synthesized by the fibroblasts, once pinealectomized rats exhibit high concentration of collagen
fibers in the endometrium (Teixeira et al. 2002; Medeiros et al. 2003). Thus, it is concluded that
melatonin has cytoprotective activity to the cimetidine effects on endometrial stroma by
reducing or preventing the increase in the synthesis of collagen fibers by fibroblasts by
regulating the activity of serum estrogen as well as the expression of its endometrial receptors,
besides maintaining the normal levels of progesterone and prolactin.
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