
164Acta Medica Alanya MAY- AUG 2021 Open Access http://dergipark.gov.tr/medalanya.

This article is distributed under the terms of the Creative Commons Attribution 4.0 International License.

Acta Medica Alanya

  2021;5(2): 164-170 

DOI:10.30565/medalanya.939161

To cited: Köse D, Köse A, Halıcı Z, Gürbüz MA, Maman A, Yayla M. Ramelteon used to treat insomnia can reduce 
the occurrence of osteoporosis. Acta Med. Alanya 2021;5(2): 164-170     doi:10.30565/medalanya.939161

*Corresponding Author: Duygu Kose, MD, Department of Pharmacology, Faculty of Medicine, Atatürk
University 25240 Erzurum-Turkey; Tel: + 90 442 2318738,  E-mail: duygum.46@hotmail.com

ORCID: 0000-0002-3468-1567

Received: 19.05.2021  Accepted: 15.06.2021  Published (Online): 30.08.2021

ÖZ

Amaç: Melatonin osteoblast farklılaşmasını teşvik eder ve kemik farklılaşması ve 
proliferasyon belirteçlerinin düzeylerinde artışa neden olur. Ramelteon (RAMEL) 
melatonin reseptörlerini aktive eder ve bu reseptörlere seçici olmayan şekilde 
bağlanır. Bu çalışmada melatonin agonisti RAMEL' in osteoporoz üzerindeki önleyici 
etkileri radyolojik, histolojik ve moleküler olarak araştırıldı.
Yöntem: Grup 1: Kontrol, Grup 2: Osteoporoz: Over eksizyonu yapılan grup (OP), 
Grup 3: OP + ramelteon 2 mg/kg, Grup 4: OP + ramelteon 4 mg/kg. 24 hayvana, 
bilateral ovariektomi uygulandı. RAMEL, ovariektomiden 6 hafta sonra, 8 hafta 
boyunca profilaktik tedavi modunda günde bir kez oral yoldan uygulandı.
Bulgular: Ovariektomiden on dört hafta sonra, kontrol grubuna kıyasla OP grubunda 
femoral kemik mineral yoğunluğunda (g/cm2) anlamlı bir azalma oldu. OP grubu ile 
karşılaştırıldığında, RAMEL tedavisi BMD seviyesini önemli ölçüde artırdı (p<0.05). 
Bone matrix protein 2 (BMP2) ve runt-related transcription factor 2 (RUNX2) mRNA 
seviyeleri OP grubunda kontrol grubuna göre anlamlı derecede düşüktü (p<0.05). 
RUNX2 ve BMP2 mRNA seviyeleri, RAMEL tedavi gruplarında OP grubuna göre 
anlamlı olarak daha yüksekti (p<0.05).
Sonuç: Melatoninin periferik etkilerinden yararlanmak için, bir periferik melatonin 
agonisti olan RAMEL, osteoporozu önlemek için kullanılabilir.

Anahtar Kelimeler: Ramelteon, melatonin, osteoporoz, kemik

ABSTRACT

Aim: Melatonin promoted osteoblast differentiation and causes an increase in levels 
of markers of bone differentiation and proliferation. Ramelteon (RAMEL) activates 
melatonin receptors and binds to these receptors as non-selective. In this study, we 
investigated the preventive effects of the melatonin agonist RAMEL on osteoporosis 
by radiological, histological, and molecularly.
Methods: Groups 1: Control, Group 2: Osteoporosis: Overectomized group (OP), 
Group 3: OP + ramelteon 2 mg/kg, Group 4: OP +  ramelteon 4 mg/kg. 24 animals 
underwent bilateral ovariectomy. RAMEL was administered orally once a day in the 
prophylactic treatment mode for 8 weeks, 6 weeks after ovariectomy. 
Results: Fourteen weeks after ovariectomy, there was a significant reduction in 
femoral bone mineral density (BMD) (g/cm2) in the OP group compared to the control 
group. Compared to the OP group, RAMEL treatment significantly increased the BMD 
level (p<0.05). Bone matrix protein 2 (BMP2) and runt-related transcription factor 2 
(RUNX2) mRNA levels were significantly lower in the OP group than in the control 
group (p<0.05). RUNX2 and BMP2 mRNA levels were significantly higher in the 
RAMEL treatment groups than in the OP group (p<0.05).
Conclusion: To take advantage of the peripheral effects of melatonin, RAMEL, a 
peripheral melatonin agonist, can be used to prevent osteoporosis. 
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INTRODUCTION

Melatonin secretion during the night from the 
pineal gland has positive effects on bone in 

various aspects [1]. Melatonin promoted osteoblast 
differentiation and causes an increase in levels of 
markers of bone differentiation and proliferation, 
including increased synthesis of osteopontin, bone 
alkaline phosphatase, osteocalcin, a bone matrix 
protein 2 (BMP2) and runt-related transcription 
factor 2 (RUNX2) [2-5]. It has been shown that 
melatonin has a beneficial effect on osteoporosis 
after ovariectomy in rats [6] and promotes fracture 
healing [7]. 

Melatonin receptors (MT) have been identified 
in three subgroups. These receptors are MT1, 
MT2 and the recent MT3 [8]. MT1 and MT2 are 
membrane receptors and most effects of melatonin 
is mediated by these receptors [9,10] MT1 and 
MT2 expressions were seen in peripheral tissues 
and cells and contribute to several immune and 
vasomotor effects [11]. MT1 mainly mediates 
vasoconstriction, whereas MT2 mainly causes 
vasodilatation. However, tissue distributions 
and the roles of MT3 receptors are not yet fully 
understood. Several studies have shown that 
MT2 receptors are responsible for the effects of 
melatonin on the bone [2,12].

Ramelteon (RAMEL) activates both MT1 and MT2 
melatonin receptors. In the United States, FDA 
approved it in 2005 for the treatment of insomnia 
and for individuals who have difficulty falling 
asleep [13]. RAMEL has a higher affinity for both 
receptor subtypes [13]. 

Many experimental studies in the current 
literature have shown several positive effects 
of melatonin in human bone proliferation and 
differentiation [2,14,15,16,17]. But long-term 
use of melatonin does not seem to be possible 
in the treatment of osteoporosis because of 
side effects resulting from hormonal stress on 
the chronological rhythm. Therefore, the current 
study investigated preventing osteoporosis using 
RAMEL, which was administered orally once daily 
in a preventive treatment mode for 8 weeks, 6 
weeks after ovariectomy operation. To test this 
therapeutic strategy, improvement was assessed 
by Dual-energy X-ray absorptiometry (DEXA) 
and radiological analysis; in histopathology, 

hematoxylin-eosin (H&E) staining was evaluated, 
and molecularly, expression BMP2 and RUNX2 
genes were measured with real-time PCR (Real-
Time PCR).

MATERIALS AND METHODS

Animals

32 female albino Sprague-Dawley (10-12 weeks 
old) rats were provided from Atatürk University 
(ATADEM) Medical Experimental Research 
Center. The animals weighed were between 
240 and 260 g and were divided into four equal 
groups. Experiments were performed according 
to the standard experimental procedures to 
keep normal temperature conditions (22 °C). 
Animal experiments were performed according 
to International Guidelines. This experiment 
was approved by the Institutional Animal Care 
and Use Committee of Ataturk University 
(2019/E.1900179336). During the experiment, the 
animals were kept under controlled light conditions 
(12 h light/dark cycle) and air-conditioned room 
conditions at 22 °C. Standard rat chow and tap 
water were provided ad libitum.

Chemicals

Ramelteon (Ramelda©), Ketamine (Ketalar 
500 mg/10 ml), xylazine (Basilazin %2), and 
Metamizole sodium (500 mg/ml) were purchased 
from Abdi Ibrahim, Pfizer, Biotek, Sanofi-Aventis, 
respectively.

Surgical Procedures

The rats were given a diet of standard commercial 
rat pellets. Twenty-four animals underwent 
bilateral ovariectomy [18]. For this procedure, 
animals were anesthetized intraperitoneally 
with 80 mg/kg ketamine + 8 mg/kg xylazine. 
After making a longitudinal incision (0.5-1 cm) 
in the midline region of the lower abdomen, the 
ovaries were removed with a small peritoneal 
incision. Metamizole sodium was administered for 
postoperative pain control.

Drug administration

After surgical procedures, the ovariectomized rats 
were randomly divided into the following three 
groups: 
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Group 1: Control: Sham-operated group

Group 2: OSTEOPOROSIS (OP); Ovariectomized 
control group 

Group 3: Ovariectomized and 2 mg / kg ramelteon 
administered (in 1 ml dH2O) (RAMEL2)

Group 4: Ovariectomized and 4 mg / kg ramelteon 
administered (in 1 ml dH2O) (RAMEL4)

Drug administration was started 6 weeks after 
ovariectomy surgery. All the drugs were given 
orally once per day and for eight weeks.

Dual-energy X-ray absorptiometry (DEXA) 
estimations

Bone mineral density (BMD) was analyzed by 
DEXA using Discovery Wi (Hologic Inc., Bedford, 
MA, USA). The same investigator performed each 
measurement and all analysis were performed 
using the same GY region (ROI) window size.

Histopathological Analysis

Decalcification and Tissue Processing Procedure

Following the surgical procedure, femoral 
samples were kept in 10% formalin solution for 
fixation. The bones were kept for 7-10 days in 8% 
hydrochloric acid - 8% formic acid solution (mixed 
in equal volume) with a total volume of 10 times 
the tissue for decalcification. The decalcification 
solution was renewed every day and the distal 
end of the femur bones was perforated with 
a needle to check whether the decalcification 
process was over. To neutralize the decalcified 
bone tissues, soaking processes were applied in 
tapping water (30 minutes) - ammonium solution 
(5 drops / 100 ml - 30 minutes) and tapping water 
(12 hours), respectively. The proximal end of the 
femoral bones was cut with a lancet and placed in 
tissue cassettes for tissue processing. The tissue 
processing procedure was performed by passing 
the tissues through increasing alcohol (70% 
-80% -90%-absolute), xylol, and paraffin series, 
respectively, using the Leica TP 1050 device. 
Manually, using molten paraffin, tissues were 
formed into blocks and five sections were taken 
from each block onto positively charged slides with 
the aid of the Leica RM 2145 microtome device. 
Two of the sections were used for Hematoxylin 

Eosin (H&E) staining.

H&E Staining Procedure: Slides were kept 
in an EN 055 model incubator for 5 minutes at 
60o and 30 minutes in xylene for fixation and 
deparaffinization. To hydrate the tissues, the 
sections were kept for three minutes in two series 
of xylol, decreasing alcohol series (96% -90% 
-80% -70% -50%) and under tapping water. The 
tissues were colored by hematoxylin staining (5 
minutes), soaking in tapping water (5 minutes), 
eosin staining (2 minutes), and then the mounting 
process was applied with xylene, entellan and 
coverslip.

Monitoring and evaluation: H&E preparations were 
analyzed and recorded using an Olympus BH 40 
light microscope and integrated camera. In the 
analysis stage of H&E stained preparations under 
a light microscope, the following criteria were 
taken into account: old bone mass; trabecula/
spicule thickness; alveolar volume, and new bone 
formation [20,21].

Molecular Studies

RNA extraction: 20 mg bone tissues were 
homogenized with Tissue Lyser II (Qiagen) using 
liquid nitrogen. Total RNA extracted according 
to the RNAeasy mini kit directions in QIAcube 
RNA isolation system. Total mRNA amounts were 
determined by using nanodrop spectrophotometry 
(EPOCH Take 3 Plate, Biotek) at 260/280 nm and 
then was stored at -80 ° C until the experiment.

cDNA Synthesis: High Capacity cDNA Reverse 
Transcription Kit was used for cDNA synthesis. 
10μl RNA and 10 ul master mix were used in each 
reaction. After the reaction, the amount of cDNA 
was determined by nanodrop spectrophotometry 
(EPOCH Take3 Plate, Biotek) and stored at -20 °C 
until the experiment.

Reaction volume

10 µl total RNA 2 μl 10 X RT Random 
Primers

2 µl 10 X RT Buffer 1 Multil MultiScribe 
Reverse Transcriptase 

0.8 µl 25 X dNTPs mix 4.2 µl 
diethylpyrocarbonate H2O.
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Quantitative Determination of RUNX2 and 
BMP2mRNA Expressions

RUNX2 and BMP2 mRNA expression was 
performed by Real-Time PCR. Bactin was used as 
the reference gene. All procedures were performed 
using the Step One Plus Real-Time PCR System 
(Applied Biosystems). The following TaqMan® 
Gene Expression Assays for 200ng cDNA were 
continued by pipetting as described below for 40 
cycles. Obtained Ct values were automatically 
converted into ∆∆Ct [19].

Reaction Volume; 9 µl cDNA (200ng); 10 µl 
TaqMan Master Mix; 1 μl Assay 

Statistical methods: One-way (ANOVA) post hoc 
Duncan's tests were performed to comparing 
between the groups in IBM SPSS 25.00 packet 
program. Means±standard deviation was used for 
analyses and P<0.05 was evaluated as statistically 
significant.

RESULTS

BMD analyses: Forty-two days after the 
ovariectomy, femoral BMD (g/cm2) levels were 
significantly decreased in the OP group when 
compared to the control group (Fig. 1 and 2). When 
compared to the OP group, RAMEL administration 
significantly improved BMD levels in 4 mg/kg dose 
(p<0,05). 

Figure 1: Left femoral bone DEXA images of SHAM, OSTEOPOROSIS, 
and RAMEL groups. A; SHAM, B; OSTEOPOROSIS, C; 
OP+RAMEL2, D; OP+RAMEL4. (Abbreviations: RAMEL: Ramelteon, 
OP: Osteoporosis, DEXA: Dual-energy X-ray absorptiometry)

Figure 2: BMD measured with DEXA results of SHAM, 
OSTEOPOROSIS, and RAMEL groups. This means which have the 
same letter are not significantly different to the test of Duncan (p=0.05). 
Results are expressed as mean±SD. This means which have the same 
letter are not significantly different to the test of Duncan (p=0.05). 
Abbreviations: RAMEL: Ramelteon, OP: Osteoporosis, DEXA= Dual-
energy X-ray absorptiometry, BMD=Bone mineral density, SD= Standard 
deviation

Real-Time PCR results

RUNX2 and BMP2 mRNA levels: Using Real-Time 
PCR, we investigated RUNX2 and BMP2mRNA 
expressions in the rats’ femur bone tissue. RUNX2 
and BMP2 mRNA levels were significantly lower 
in the OSTEOPOROSIS group when compared 
to the SHAM group (p<0.05) (Fig. 3 and 4). In 
contrast, RUNX2 and BMP2 mRNA levels were 
significantly higher in the RAMEL treatment 
groups when compared to the OSTEOPOROSIS 
group (p<0.05).

Figure 3: Relative mRNA expression levels of RUNX 2 in femur bone 
tissue of SHAM, OSTEOPOROSIS, and RAMEL groups. Expression 
of RUNX 2 was detected by quantitative Real-Time PCR analysis. The 
relative expression levels were calculated by the 2 (−ΔΔCT) method. 
β-Actin was used as the reference gene. Results are expressed as mean±SD. 
This means which have the same letter are not significantly different to 
the test of Duncan (p=0.05). (Abbreviations: RAMEL:  Ramelteon, OP: 
Osteoporosis, SD= Standard deviation.)
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Figure 4: Relative mRNA expression levels of BMP in femur bone tissue 
of SHAM, OSTEOPOROSIS, and RAMEL groups. Expression of 
BMP was detected by quantitative Real-Time PCR analysis. The relative 
expression levels were calculated by the 2(−ΔΔCT) method. β-Actin 
was used as the reference gene. Results are expressed as mean±SD. This 
means which have the same letter are not significantly different to the 
test of Duncan (p=0.05).  Abbreviations: RAMEL: Ramelteon, OP: 
Osteoporosis, SD= Standard deviation.

Histopathology Results

H&E staining results: For evaluation, the frontal 
sections of the rat femur bones, the head and 
neck parts that are expected to be most affected 
by osteoporosis were analyzed.

SHAM: The general appearance of the compact 
(CB) and trabecular bone (TB) lines and bone 
marrow (BM) is normal. The thickness of the 
trabecular bone spicules, the dimensions of the 
alveolar spaces, and the integrity of the compact 
bone are similar to those of healthy animals (Fig. 
5a).

OP: More observed total bone loss in trabecular 
bone compared with the sham group. Loss of bone 
tissue continuity has been observed in some parts 
of the trabecular bone due to extensive damage 
(triangles). There is increased osteoclast activity 
(curved arrow). (Fig. 5b)

OP + RAMEL2: New ossification areas draw 
attention in the cortical and trabecular bone line 
(arrowheads). The more intense eosinophilic 
staining of the bone tissue adjacent to the bone 
marrow, compared to the other parts, indicates 
that the osteoid accumulation in these areas is 
high. Callus tissues associated with the cortical 
bone have been identified. Compared to the OP + 
RAMEL4 group, it was evaluated that a low drug 
dose increased the ossification rate more (Fig. 

5c).

OP + RAMEL4: Pale eosinophilic appearance 
indicates a low level of osteoid accumulation in 
new bone formation areas. It can be stated that 
the bone development rate is slower compared to 
the OP + RAMEL2 group. Although there are new 
ossification zones in the cortical and trabecular 
bone line (arrowheads), it was observed that bone 
damage due to osteopenia continued (triangles) 
(Fig. 5d).

Figure 5. Effects of ramelteon in rats exposed to osteoporosis through 
ovariectomy. H&E staining findings in osteoporosis in femur bone 
tissue of SHAM, OSTEOPOROSIS, and RAMEL groups. A; 
SHAM, B; OSTEOPOROSIS, C; OP+RAMEL2, D; OP+RAMEL4. 
(Abbreviations: CB: Cortical bone, TB: Trabecular Bone, BM: Bone 
Marrow CT: Callus Tissue, Triangle: Possible bone resorption areas, 
Curved Arrow: Osteoclastic activity areas, Arrow Head: New bone 
formation areas, RAMEL: Ramelteon, OP: Osteoporosis)

To better understand the H&E staining findings, 
the above findings are summarized in the table 
below (tab 1) [20,21]. Osteoporosis leads to a 
decrease in old bone mass, consequently it should 
be taken into account that it causes a decrease in 
trabecular / spicule thickness and an increase in 
alveolar volume.

Table 1: H&E staining scores in femur bone tissue of SHAM, 
OSTEOPOROSIS, and BOSE groups.

GROUPS old bone 
mass 

trabecula/
spicule 
thickness 

alveolar 
volume 

new bone 
formation 

SHAM +++ ++ ++ +

OSTEOPOROSIS ++ + +++ +

OP+RAMEL2 + +++ + +++

OP+RAMEL4 ++ ++ ++ ++
Grade 0: - (0% negative), Grade 1: +(0–33% mild positive), Grade 2: ++ 
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(33–66% moderate positive), Grade 3: +++(66–100% severe positive). 
H&E: Hematoxylin-Eosin Staining, OP: Osteoporosis, RAMEL: 

Ramelteon

DISCUSSION

Melatonin promotes osteogenesis by activating 
MT2, increasing bone alkaline phosphatase, 
osteocalcin, RUNX2, and BMP2 [5]. Melatonin 
has a beneficial effect on bone physiology at 
therapeutic doses and increased bone alkaline 
phosphatase and osteocalcin levels [7]. Bone 
alkaline phosphatase, osteocalcin and osteopontin 
are produced from osteoblasts and have critical 
roles in osteoblastic bone formation and play 
a role in the balance of calcium ions and bone 
mineralization. Melatonin has osteoblast-inducing 
effects by inducing RUNX2, inhibiting osteoclast 
formation and osteoclast differentiation [2]. 
Melatonin supports osteoblastic differentiation 
through the BMP signaling pathway [3]. Our study 
supports these studies in the literature. 

We examined RUNX2 and BMP2 expressions 
[2,3]. We observed that the expressions of RUNX2 
and BMP2 decreased in the OSTEOPOROSIS 
group compared to the SHAM group and increased 
with RAMEL treatment. We found that RAMEL, a 
peripheral melatonin agonist, increased RUNX2, 
and BMP2 in the RAMEL treatment groups 
compared to the OSTEOPOROSIS group, just like 
melatonin.

In histopathologic analyses, decreased bone 
mass and trabecula/spicule thickness and 
increased alveolar volume with OSTEOPOROSIS 
improved with RAMEL treatment. Old bone mass 
and new bone formation increased significantly 
in the RAMEL treatment groups compared to the 
OSTEOPOROSIS group. Especially new bone 
formation is evident in OP + RAMEL4 group.

Although the constructive effect of exogenous 
melatonin against osteoporosis is known, it is 
not possible to use it for a long period of time 
[6,15]. To take advantage of the peripheral effects 
of melatonin, RAMEL, a peripheral melatonin 
agonist, can be used to prevent osteoporosis. 
RAMEL may be the first-choice drug in patients 
with both insomnia and osteoporosis risk.

Limitations of the study: We had only two RAMEL 
treatment groups due to the small number of 

animals.

Conclusion: As a result of our study, the protective 
effect of RAMEL on osteoporosis formation was 
demonstrated by radiographic, histopathological 
and molecular analyzes, in the experimental 
osteoporosis model in rats. The protective effects 
of RAMEL in osteoporosis were enhanced by 
molecular analysis of RUNX2 and BMP2, and 
radiologically by DEXA (BMD). In conclusion, we 
suggest that RAMEL, a routinely approved drug, 
reduces the occurrence of osteoporosis. However, 
more clinical and experimental studies are needed 
to clarify the effects of RAMEL on osteoporosis in 
more detail.
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