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Abstract

We have recently demonstrated that melatonin stimulates proliferation and type I collagen
synthesis of normal human osteoblastic cells in vitro. We have further shown that daily I.P.
injection of melatonin could increase cancellous bone mass in young growing mice % vivo,
indicating that melatonin may possess beneficial effects on bone.

The present study was to determine the effects of oral administration of melatonin on bone
in vivo. In addition, we examined the effects of melatonin (1 to 500 xM) on osteoclastic
activity using dentin-resorption-pit assay formed in vitro and the results were as follows.

1. Oral administration of melatonin (0.1 or 1 %) did not significantly affect the body weight
of the mice.

2. Oral melatonin did not cause any pathological changes in several internal organs including
hearts, lungs, liver, kidneys and spleen in mice.

3. Oral melatonin did not significantly affect either length or width of femur or tibia in mice.
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4, Bone histomorphometric analyses of the proximal tibia indicated that oral melatonin

significantly increased the cancellous bone volume.

5. Oral melatonin significantly decreased the bone formation parameters such as osteoblast

surface and osteoid volume and at the same time it significantly decreased the resorption

parameters such as resorption surface and osteoclast number.

6. Melatonin (25 to 500 uM), in vitro, caused dose-dependent reduction in number of resorp-

tion pits formed by osteoclasts derived from bone marrow cells but not those formed by

purified rabbit osteoclasts.

These results indicate for the first time that oral administration of melatonin could increase

cancellous bone mass in young growing mice, most likely by suppressing bone resorption

through indirect modulation of osteoblastic secretory factors.

Key words : Melatonin, Oral administration, Bone metabolism.
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Fig. 1 Experimental protocol for oral administra-

tion of melatonin.
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Fig. 2 The area of bone histomorphometry of sec-

ondary trabeculate of the tibia.
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Effect of oral administration of melatonin on body weight

Duration of

Melatonin dose (% of Diet)

treatment(w) 0 0.1 1 p#
0 (start) 24.10%+0.31 24.00+0.52 24.13+0.44 NS
1 32.00+0.64 31.28+0.71 30.72+0.29 NS
2 34.93+0.70 35.35+0.99 34.85+0.56 NS
3 38.05+1.21 38.05x1.27 37.0210.68 NS
4 39.47+1.01 39.72+1.26 38.35+1.20 NS

Values are mean £ SEM. # Differences across groups by ANOVA ; NS : not
significant. No significant differences among groups were observed by ANOVA and

Fisher’'s PLSD.

Table 2 Effect of oral administration of melatonin on weight of internal organs
Melatonin dose (% of Diet)
Organs 0 0.1 1 p#
Liver 1.70%£0.04 1.68+0.07 1.67+0.03 NS
Kidneys 0.82+0.03 0.784+0.01 0.79+0.02 NS
Spleen 0.3940.01 0.40x0.01 0.40£0.02 NS
Heart 0.43+0.01 0.43+0.01 0.43+£0.01 NS

Values are mean(gm) = SEM. # Differences across groups by ANOVA ; NS : not
significant. No significant differences among groups were observed by ANOVA and

Fisher’s PLSD.

Effect of oral melatonin on length and width of tibia in young growing mice

Table 3
Tibia(mm)
Melatonin Length Width
Doses(%) Total Proximal Midshaft Distal . ptt
0 18.75+£0.21 3.20%£0.10 1.85%0.08 3.22%0.07 NS
0.1 18.53+0.17 3.37%£0.07 1.95+0.02 3.23%+0.10 NS
1 18.73+0.21 3.30£0.08 1.95+0.06 3.32£0.08 NS

Values are mean(mm) = SEM. # Differences across groups by ANOVA ; NS : not significant.
No significant differences among groups were observed by ANOVA and Fisher’s PLSD.
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&), OS/BS(&EEM), Ob.S/BS(BHHlH)
R EDBEEK/ N7 A - —8 L UMAR (BhA
KAL) 2 ERBECED S E (p<0.01 by
ANOVA), REFFIzOc.S/BS (BrE#ifdm) & &

Table 4 Effect of oral melatonin on length and width of femur in young growing mice
Femur
Melatonin Length Width
Doses(%) Total Proximal Midshaft Distal pit
0 18.75+0.21 3.47%£0.10 1.85%+0.08 3.221+0.07 NS
0.1 18.53+0.17 3.73£0.08 1.95+0.02 3.23+0.10 NS
1 18.734+0.20 3.61+0.06 1.95+0.06 3.32+0.08 NS

Values are mean{mm) + SEM. # Differences across groups by ANOVA ; NS : not significant.
No significant differences among groups were observed by ANOVA and Fisher’s PLSD.

Table 5 Effect of oral administration of melatonin on the tibial metaphyseal bone histomor-
phometric parameters
Melatonin dose (9 of Diet)

0 0.1 1 p#
Tbh.Th(xm) 30.78+1.19 30.82+1.09 36.7211.93*** <0.05
BV/TV(%) 7.95+£0.66 10.1 £0.55*** 11.3 £0.79** <0.01
OV/TV(%) 0.15%+0.02 0.07£0.01 0.114£0.02*** <0.01
0S/BS(%) 19.42+2 .46 7.35%1.15* 15.88+1.82 <0.001
Ob.S/BS(%) 6.28+0.73 1.13+0.60* 3.3240.69** <0.001
0c.S/BS(%) 3.76+£0.89 3.25+0.34 2.104+0.38*** <0.05
N.Oc/BS 2.06%+0.22 1.45+0.13*** 1.14+0.19** <0.01
BFR/BS 0.16+0.02 0.12%0.01 0.14+0.01 NS
(mm?/mm?/year)
MAR(um/day) 1.67%0.03 0.72£0.05 0.62+0.05 <0.001

Values are mean = SEM. # Differences across groups by ANOVA ; NS : not significant.
Significantly different from vehicle control group by ANOVA and Fisher’'s PLSD : *p<0.005,

**p<0.01, ***p<0.05.
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Fig. 3

HIGASHI NIPPON DENTAL JOURNAL Vol. 20, No. 2, December, 2001

Undecalcified sagittal sections of proximal metaphysis of tibia (Villanueva
-Goldner’s stain, X 100).
a ; 0 9% melatonin/diet. b ; 0.1 % melatonin/diet. ¢ ;1 % melatonin/diet.
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Fig. 4

Akihiro MANDOKORO, et al.,”Oral melatonin and bone metabolism

Fluorescent microscopic features of undecalcified sagittal sections of proximal
metaphysis of tibia (X 250).
a ; 0 9% melatonin/diet. b ; 0.1 9% melatonin/diet. ¢ ; 1 % melatonin/diet.
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5. Pit assay

Table 7 127" 3 & 5 12 BAEER B AT % v 7z
FERCBWTIE, A7 b=V ORME, BEH
FEDWRIEEDIEIETH 5 E v MBI HERIER
BRIZE ot Larlixhs, BiEEM
fa & AWz BERICEB W TIE25-500 M O #iH
T, pitBEAECH A Iz (p<0.001 by
ANOVA). ZoEHMHEEMIICBT S 25 b
=V & BB ORI GETIRIER X EER
MBI L ABBICBVWTYHLLTHH T
(Fig. 6).

Table1 Effects of melatonin on dentin-resorbing
activity of isolated osteoclasts or bone
-derived stroma cells

Melatonin Number of pits

(M) Isolated osteoclasts Stroma cells
0 121.5+4.1 114.8+3.8
1 117.8+4.3 109.5+4.3
10 120.0+4.1 105.7+3.3
25 121.5+3.8 97.3+2.9*
50 120.5+3.4 88.7+4.2%
100 121.3£2.6 81.8+4.2*
250 113.8+4.3 73.2+3.7*
500 114.8+2.9 65.5+3.9*
p# NS <0.001

Values are mean = SEM. # Differences across
groups by ANOVA ; NS : not significant. Significant-
ly different from vehicle control group by ANOVA
and Fisher’s PLSD : *p<0.05.

Effect of oral administration of melatonin on the tibial diaphyseal bone histomor-

Melatonin dose (% of Diet)

0 0.1 1 p#
Cortical area(mm?  0.636+0.011 0.661 +0.015 0.692+0.065 NS
Marrow area(mm?)  0.338+0.021 0.352 +0.024 0.368+0.033 NS
Cortical width(um)  0.229-0.004 0.231 +0.008 0.238+0.011 NS
Periosteal MAR 1.282+0.082 1.670 +0.104* 1.638+0.105* <0.05
(em/day)
Endocortical MAR(%) 1.5080.106 1.5553+0.104 1.592+0.129 NS
(xm/day)

Values are mean + SEM. # Differences across groups by ANOVA ; NS : not significant.
Significantly different from vehicle control group by ANOVA and Fisher’s PLSD : *p<0.05.
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Undecalcified transverse sections of midshaft of tibia (Villanueva stain, X 100).
a; 0 % melatonin/diet. b ; 0.1 9% melatonin/diet. ¢ ; 1 % melatonin/diet.

Fig. 5
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Fig. 6

HIGASHI NIPPON DENTAL JOURNAL Vol. 20, No. 2, December, 2001

Scanning electron micrographs of pits on dentin slices. Rabbit bone-derived
stroma cells were treated with either vehicle or an indicated concentration of
melatonin on dentin slices for 48 h.

a ; Vehicle control,, b ; Melatonin 25 M., ¢ ; Melatonin 100 xM.

(155)
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