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Summary

Introduction: One of the most common metabolic bone disease is postmenopausal osteoporosis. There is data that pineal melatonin
(MLT) is decreased with age and that menopause is correlate with a substantial decrease in melatonin secretion and increased rate of
pineal gland calcification. Because of this, in the present study, the authors aimed to assess pinealectomy-induced melatonin deficiency
in menopause which may be a contributing factor in the development of postmenopausal osteoporosis. Materials and Methods: A total
of 49 young Wistar-Albino rats were included in the study. Some groups underwent bilateral ovariectomy (OVX) via the dorsal route,
and pinealectomy (PX) was performed with Kuszack and Rodin method. Following PX and OVX, selected groups were given a dose
of 5 mg /kg/day injected intraperitoneally. The authors evaluated bone mineral density (BMD) of the femur by dual-energy X-ray ab-
sorptiometry. The BMD of femur named as proximal 1/3 (RI), middle 1/3 (R2), distal 1/3 (R3), and total (R4). Results: Compared with
the sham group, PX + MLT group had significantly higher BMD values at R3 subregion. There is no statistically significant relationship
between PX+OVX group and PX+OVX+MLT group at subregions. Compared with the OVX + MLT group, PX+OVX+MLT group
had significantly higher BMD values at R1, R3, and R4 subregions. Conclusion: PX significantly increases BMD at R3 subregion, but
its not reversed by exogenous MLT administration. OVX cancelled the effects of PX with respect to increases in the levels of reached

bone mass. Exogenous MLT administration to OVX and PX group did not increase BMD values.
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Introduction

Menopause is defined as a rapid and progressive decrease
in estradiol, that a form of estrogen. The estrogen decrease
associated with the menopause is the main reason of the
changes in bone remodeling parameters that lie behind that
the disorder known as postmenopausal osteoporosis [1, 2].

Pineal gland is a endocrine organ which secrets mela-
tonin (MLT). Pineal gland influence a lot of organ systems.
Bone is one of them and plays a great role in the organisa-
tion of bone metabolism. The amount of MLT reduces with
age. So MLT requirement in age-related disease has long
been doubted as osteoporosis. Bone marrow cells have high
amounts of MLT and they produce the mRNA coding
hidroxy-o-methyltransferase which is the latest enzyme in
the MLT synthesis [1]. In another study using normal
human bone cells and human osteoblastic cell lines, MLT
surprisingly and dose-addicted augmented cell proliferation
by two-fold [2].

Postmenopausal osteoporosis, is a metabolic disease that
is seen frequently in elderly ages and increase fragility. Al-
though estrogen insufficiency is the secondary factor for
osteoporosis, the exact reason remains unknown [3-5].
Menopause is associated with decline in MLT secretion and
this decline may be an additional factor for the formation
of postmenopausal osteoporosis [6].
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The correlation between alterations in amounts of 24-
hour profile of serum MLT and circadian metabolism of
type 1 collagen in postmenopausal women was measured
by Ostrawska et al. and they discovered a negative rela-
tionship between MLT and collagen metabolism indicators.
Supposedly the declined melatonin levels may be an risk
factor for osteoporosis [7]. Ladiesky et al. firstly showed
that MLT could be reason for in vivo decrease in bone min-
eral loss in ovariectomized (OVX) rats.They showed that
after surgery, bone mineral density (BMD) amount de-
creased and this decrease was not altered by MLT admin-
istration. The results support that MLT regulates bone
remodelling after OVX and may require sufficient concen-
trations of estradiol [8]. Ostrawska et al. studied whether
pinealectomy (PX) and MLT administration could alter
OVX rats. They showed that PX facilitated bone remod-
elling factors while MLT partially decreased the effect.
Koyama et al. studied whether MLT could increase bone
mass in mice and they found that MLT administered for
four weeks positively increased BMD by 36%. This treat-
ment decreased bone resorption parameters but did not al-
tered bone formation parameters [9]. Another study
examined the effect of MLT in bone metabolism in OVX
rats while taking or not estradiol or not and concluded that
efficacy of estradiol treatment in OVX rats was improved
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Figure 1. — Marked femur subregions for BMD measurement
(R1 midde 1/3, R2 proximal 1/3, R3 distal 1/3, and R4 total).

by MLT administration [10].

The aim of this study was to define the pineal gland
functions and MLT secretion in menopause is important
factor for the osteoporosis. Another aim was to show that
MLT administration could reverse the effect of OVX and
PX on bone metabolism.This depends on MLT as being
an anti-aging hormone and organizer of calcium home-
ostasis.

Materials and Methods

A total of 49 young Wistar-Albino adult female rats were in-
cluded in the study, weighing 200-250 grams. Rats remained in
cages with a temperature of 20-22°C, air humidity of 80-85%, and
organised light-dark cycle (LD 12:12; light from 7 am to 7 pm).
Rats were fed using standard provender and water ad libitum. The
permission for the animal tests and experiments was given by the
Bioethical Board of Inonu University Medical faculty.

PX was performed according to Kuzsack and Rodin. OVX was
performed under ketamine (50 mg/kg) and xylazine HCI (10
mg/kg) anesthesia, using the dorsal approach. Rats in the sham
operation group underwent a surgical procedure similar to the
other groups, but the ovaries were not removed. Adequate precau-
tions were taken to minimize pain or discomfort with respect to
principles and procedures outlined in European Communities
Council Directives (86/609/ECC).

Melatonin was included in a 96% ethanol solvent. Fresh solu-
tion was made twice weekly. MLT was administered daily at 5
mg/kg/day in the aforementioned solvent intraperitoneally. MLT
was also administered for three weeks, two months after PX, and
35 days after OVX. Rats were administered the MLT liquor daily
between 17.00 and 18.00 hours.

The rats were divided into seven groups (seven animals each),
as follows: 1) sham —operation, 2) PX+MLT, 3) PX+OVX, 4)
OVX, 5) PX, 6) PX+OVX+MLT, and 7) MLT+OVX.

In the all rats, BMD of the femur was taken with dual-energy
X-ray absorptiometry (DEXA) and results were measured by the
same examiner. DEXA equipment works with switch pulsed sta-
ble dual-energy radiation with 70 kV and 140 kV. Subregion anal-
ysis software was used to analyze of the all regions. BMD was
used, in g/cm?. Femur was marked up at a 3-mm thickness. The

BMD of femur was named as proximal 1/3 (R2), middle 1/3 (R1),
distal 1/3 (R3), and total (R4). BMD was determined at the time
of sacrifice.(Figure 1)

A comparison of the results of the different groups was mea-
sured with use of the Kruskal-Wallis analysis of variance and post-
hoc multiple comparison test. The results are shown in the text as
means + STD. For all comparisons, statistical significance was
defined at p <0.05.

Results

Our study aimed to determining the effects of exogenous
melatonin administration on bone mineral density in osteo-
porosis (with OVX) and aging model (with PX and OVX).
Table 1 and Figure 2 show femoral BMD values for the dif-
ferent groups. BMD was expressed as the mean of the val-
ues obtained for the femur.

Compared with sham group, PX+MLT group had sig-
nificantly higher BMD values at R3 subregion; but there
was no significant relationship between Sham and
PX+MLT group at other subregions. There was no signif-
icant relationship between PX+OVX and sham group at
subregions. Also there was no significant relationship be-
tween OVX and sham group at subregions. Compared
with the sham group, PX group had significantly higher
BMD value at R3 subregion, but at the other regions R1,
R2, and R4 did not show a significant relationship. Com-
pared with the sham group, PX+OVX+MLT group had
significantly higher BMD values at R3 subregion, but at
the other regions R1, R2, and R4, there was no signifi-
cantly relationship. OVX +MLT group compared with
sham group and OVX+MLT group had significantly lower
BMD values at R1, R2, R3, and R4 subregions. Compared
with PX+MLT group, PX+OVX group had significantly
lower BMD values at R3 and R4 subregions, but there
was no significant relationship at R1,R2 subregion. There
is no significant relationship between PX+MLT and PX
groups. There was no significant relationship between
PX+MLT and PX+MLT+ OVX. Compared with
OVX+MLT, PX+MLT group had significantly higher
BMD values at R1, R3, and R4 subregions, but not at the
R2 subregion. There was no significant relationship be-
tween PX+OVX and OVX groups at all regions. There
was no significant relationship between PX+OVX and PX
groups at all regions. Compared with OVX+MLT,
PX+OVX group had higher BMD values at R3 and R4
subregions. There was no significant relationship between
PX and OVX groups at all regions. There was no signifi-
cant relationship between PX+OVX+MLT and PX groups
at all regions. Compared with OVX group, OVX+MLT
group had significantly lower BMD values at R3 and R4
subregions. There was no significant relationship between
PX+OVX+MLT and PX group at all regions. Compared
with OVX+MLT, PX group had higher BMD values at all
subregions. Compared with OVX+MLT, PX+OVX+MLT
had significantly higher BMD values at R1, R3, and R4
subregions.
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Table 1. — Femoral bone mineral density values of rats in all groups.
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Groups and Bone Mineral Denslty (gm/cm?)
P values R1 R2 R3 R4
. SHAM .1685+0.02 .2377+0.01 .1222+0.01 1777+0.02
Il. PX + MLT .2023+0.02 .2256+0.02 .1861+0.01 .2074+0.02
HL.PX+OVX .1543+0.01 .2078+0.01 .1337+0.05 .1642+0.03
IV. OVX .1438+0.01 .2138+0.02 .1510£0.01 .1708%0.02
V. PX .1955+0.02 .2580+0.02 .1790%0.02 .206510.03
VIPX+OVX+MLT .1890+0.02 .2162+0.01 .1678+0.01 .1878+0.02
VII. OVX+MLT .110710.03 .1813+0.02 .0755%0.01 .1175+0.02
P* value
- .209 .606 .003 141
Il .608 .224 .581 514
I-IV .395 .352 191 .751
-V .383 455 .019 217
1-VI .459 .378 .034 .623
BV .042 .026 .0.30 .006
1I-111 .078 .450 .012 .036
-V 043 633 102 .087
-V .821 .224 .752 .967
1-VI .617 .688 .363 .328
1-VII .001 .065 .000 .000
HI-IV .716 .815 .428 .759
H-v .187 .07 .058 .074
HI-VI 214 732 107 .256
-Vl 120 .279 .008 .029
V-V 113 124 .251 143
V-Vl 124 .926 .442 434
IV-VII .256 .208 .001 .018
V-VI .833 .130 .631 .421
V-VII .009 .008 .000 .000
VI-VII .007 157 .000 .002

*The mean difference is significant at the 0.05 level. Values are given mean + SD. OVX group, n = 7 (ovariectomized); PX group, n= 7 (pinealectomized); PX+OVX
gruop, n =7 (pinealectomized and ovariectomized); Sham gruop, n=7; PX+ OVX+MLT group n=7 (pinealectomized, ovariectomized and melatonin was admin-
istrated group); OVX+MLT gruop, n= 7 (ovariectomized and melatonin).

Discussion

PX causes a decline in MLT level which subsequently
causes an increase in GnRH and estrogen. GnRH is an
apoptotic agent [11; on the contrary, estrogen is a known
cell protector [11]. These neuroendocrine hormones may

cancel each others’ effects on cell apoptosis. Exogenous

MLT administration may result in a GnRH-induced in-
crease with FSH, LH, and estrogen secretion [12-14]. An-
other reasonable possibility is that MLT is affected directly
by acting on the hypothalamic functions essential for the
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Figure 2. — Histograms depicting BMD
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inhibitory regulation of GnRH [15, 16]. Only in PX group,
BMD was significantly higher at R3 subregion. However
there was no change in BMD other subregions (R1, R2, R4)
in PX rats. Compared with sham group, while PX+MLT
group had higher BMD value at R3 subregion, there was
no change in other subregions. Despite high levels of es-
trogen in the acute stage, MLT withdrawal in chronic stage
increase apoptotic cell death. PX completes an antioxidant
effect of pineal gland and increase cell death, resulting in
different BMD values at different regions. Recent studies
reported that reactive oxygen radicals play a role in the be-
ginning of cell death [17, 18]. After PX, if osteoblasts do
not contribute enough reaction to oxidative stress, BMD
values are not preserved.

PX group had positive increase in BMD at R3 subregion
and this increase was not cancelled by exogenous MLT ad-
ministration. Postulating that endogen MLT can be more
important than exogenous MLT on osteoblasts, this may be
due to postreceptor modulation.

Positive increase in BMD was seen in PX group at R3
subregion, not preserved by OVX. Compared with PX,
PX+OVX group had lower BMD values. A hypothesis is
that there is a positive effect of PX on BMD values depend-
ing on estrogen environment. With exogenous MLT admin-
istration, there is no change in BMD values. This finding
indicated the effect of MLT on how much estrogen is im-
portant.

A recent study assessed the action of MLT on bone
metabolism with or without estrogen in OVX rats. Higher
BMD values were found in the group that were given both
estrogen and MLT [10]. Similarly in the present study,
BMD was higher in the group in which the ovaries were
preserved than in the OVX group.

The present study is first that examined the MLT effect
on BMD after PX. After PX, estrogen level increased in
circulation [19]. Other supporting findings indicate that cir-
culating estrogens increased in PX rats. Teixeira et al. ob-
served that the endometrium of rats undergoing PX
presented with hyperplasia, which was antagonized with

g/cm?.

OVX+MLT

the use of MLT [19]. On the other hand, the effects that re-
sulted by the removal of the pineal gland cannot be antag-
onized by the exogenous replacement of the gland’s MLT
product. The integrity of the gland and the presence of en-
dogenous MLT seem to be essential to maintain ovarian
cells. GnRH and estrogen reversed the cell protector effects
of each other. Similarly in the present study, the authors
found that BMD significantly increased in PX rats. This is
a result of abolished inhibitory effect of MLT on go-
nadotropins and increased estrogen levels in circulation.

In summary, MLT deprivation indirectly induces apop-
totic cell death in the ovaries of PX rats. This apoptosis can-
not be reversed by exogenous MLT. The present results
suggests that with aging, a reduction in the pineal gland
functions may be a risk factor for osteoporosis. After OVX,
disruption of bone remodelling could be prevented in rats
by administering pharmacological amounts of MLT, how-
ever further studies are needed to assess MLT use during
menopause.
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