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Effects of Caffeine on Bone Mineral Density and Bone Mineral Content
in Ovariectomized Rats”

Choi, Mi-Ja' - Lee, Jooyoung
Department of Food and Nutrition, Keimyung University, Deagu 704-701, Korea

ABSTRACT

The purpose of this study was to examine the effects of dietary caffeine supplementation on bone mineral density and
bone mineral content in ovariectomized rats. Twenty eight female Sprague-Dawley rats (body weight 210 £ 5 g) were
divided into two groups, ovariectomy (OVX) and Sham groups, which were each randomly divided into two subgroups
that were fed control and control supplemented with caffeine diets (caffeine 0.03% diets). All rats were fed on experi-
mental diet and deionized water ad libitum for 6 weeks. Bone mineral density (BMD) and bone mineral content (BMC)
were measured using PIXImus (GE Lunar Co, Wisconsin) in spine and femur. Serum alkaline phosphatase activity
(ALP) and osteocalcin and urinary DPD crosslinks value were measured as markers of bone formation and resorption.
The results of this study indicate that body weight gain and food intake were higher in OVX groups than in Sham
groups regardless of diets. There were no differences weight gain between the control and caffeine groups in both OVX
and Sham groups. Within the OVX groups, serum Ca concentration was lower in rats fed caffeine than in rats fed the
control diet. Serum ALP, osteocalcin, urinary Ca, and phosphate were not different in each group. Spine BMD, spine
BMD/weight, and spine BMC/weight, femur BMD/weight and femur BMC/weight of ovariectomy groups were
significantly lower than Sham groups. Within the OVX group, there were no differences in spine BMD and BMC and
femur BMD and BMC. These results indicate that no significant differences in spine and femur BMD were found due
to 0.03% caffeine intakes in diet in OVX rats for 6 weeks. No negative effect of caffeine in 0.03% diet on bone mineral
density were found in the present study. Further investigation of the relation between caffeine and bone mineral density
are warranted. (Korean J Nutr 2008; 41(3): 216~223)
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Table 1. Composition of experimental diets (g/kg diet)

SHAM OVvX

Ingredient

Control  Caffeine  Control Caoffeine
Corn starch 529.5 529.5 529.5 529.5
Sucrose 100 100 100 100
Caseine” 200 200 200 200
Soybean oil 70 70 70 70
Cellulose” 50 50 50 50
Mineral-Mix” 35 35 35 35
Vitamine-Mix” 10 10 10 10
L-Cystein® 3.0 3.0 3.0 30
Choline® 2.5 2.5 2.5 2.5
TBHQ” 0.014 0.014 0.014 0.014
Caffeine® - 0.334 - 0.334

1) Caseine, Maeil dairy indusiry Co. Ltd. 480 Gagok-Ri, Jinwi-
Myun Pyungtaek-City, Kyunggi-Do.

2) a-Cellulose, supplied by SIGMA Chemical company.

3) Mineral-Mix, AIN-93G-MX, Teklad Test Diets, Medison, Wisconsin,
USA

4) Vitamine-Mix, AIN-93VX, Teklad Test Diets, Medison, Wisconsin,
USA

5) L-Cystein, Sigma Chemical Co., ST. Louis, MO, USA

6) Choline bitartate, Sigma Chemical Co., ST. Louis, MO, USA

7) Tert-buityl Hydroguione, Sigma-Aldrich Inc., St. Louis, MO. USA
8) Caffeine, ACROS ORGANICS, 1-800-ACROS-01 New Jersey,
USA

Table 2. Body weight change of experimental rats
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g% Ze Y 9 FE& Table 49 etk 8%

Group Sham OVX .
Control Caffeine Control Caffeine
Initial body weight (g) 197.3 + 32,47 201.5 = 6.4° 2131 + 54° 2045+ 8.2°
Final body weight (g) 274.6 + 23.7° 270.8 + 15.0° 328.6 + 30.7° 327.9 + 31.6°
Weight gain (g) 79.2 + 23.0° 69.3 + 14.7° 111.6 = 23.0° 123.4 £ 27.7°

" Mean + SD

? values with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test



Table 3. Food intake and FER in experimental rats
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Sham OvX
Group X
Control Caffeine Control Caffeine
Food intake (g/day) 17.59 + 1.092"%%2 1580 + 1.056° 19.41 + 2.087° 19.40 =+ 2.323°
FER 0.105 + 0.031% 0.093 + 0.016° 0.131 £ 0.031° 0.135 + 0.023°

" Mean + SD

? Values with different superscripts within the row are significantly different at p <0.05 by Duncan's mulfiple range test

Table 4. Serum calcium and phosphorus concentrations

Sham OvVX
Group -
Control Caffeine Control Caffeine
Serum Ca (mg/dl) 9.14 + 0.45"% 9.23 + 0.2%° 9.71 £0.16° 9.08 + 0.30°
Serum P (mg/dl) 7.74 £ 0.85° 7.08 = 0.75%® 8.11 £0.92° 6.60 = 1.21°

" Mean + SD

? values with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test

Table 5. Alkaline phosphatase (ALP) and osteocalcin concentrations in rats

Sham OVX
Group N
Control Caffeine Control Caffeine
ALP (U/D) 169.4 =+ 413" 2132 = 13.5% 2148 *+27.9%® 230.5 +45.1°
Osteocalcin (ng/mg) 031 £ 0.10° 032+ 0.12° 0.33 + 0.06° 0.19 = 0.0¢°

" Mean + SD

? values with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test

Table 6 Urinary calcium and phosphorus concentrationsin experimental rats

Sham OvX
Group -
Control Caffeine Control Caffeine
Urinary Ca (mg/d) 0.25 + 0.21"% 0.35 + 0.09° 0.34 + 0.26° 0.26 +0.17°
Urinary P (mg/d) 8.23 + 4.43° 10.22 + 3.56° 9.82 + 4.59° 10.42 + 1.91°

" Mean * SD

? Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test
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Table 7. Urine Deoxypyridinoline, creatinine and crosslinks value in rats

Sham OVX
Group -
Control Caffeine Control Caoffeine
Deoxypyridincline (nM) 1139.8 =+ 409.4"°% 6130 =+ 350.8° 763.1 =+ 435.4° 1139.8 =+ 409.4°
Creatinine (mM) 420+ 1.71° 391+ 1.27° 3.84 + 208° 597 = 1.45°
Crosslinks value (nM/mM) 1560 + 254° 2052 + 198° 155.9 + 70.4° 186.6 + 289°

" Mean + SD

? Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test

Table 8. Spine bone mineral density and bone minera) content in rats

Group Sham OVX
Control Caffeine Control Caffeine
SBMD (g/cm?) 0.15 + 0.01"% 0.15 +0.01° 0.13 £ 0.01° 0.14 + 0.01®°
SBMD/Wt (kg) 1.81 + 0.001° 1.71 £ 0.002% 1.46 + 0.001° 1.51 + 0.000°°
SBMC (g/cm?) 0.49 + 0.07° 0.47 + 0.10° 0.484 + 0.07° 0.49 + 0.03°
SBMC/W1 (kg) 1.77 £ 0.002° 1.72 + 0.003% 1.48 + 0.001° 1.51 + 0.001°°

" Mean * SD

? Values with different superscripts within the row are significantly different at p <0.05 by Duncan’s multiple range test

Table 9. Femur bone mineral density and bone mineral content in rats

Sham OvVX
Group -
Control Caoffeine Control Caffeine
FBMD (g/cm?) 0.20 + 0.01"%” 0.19 +0.01° 0.19 £ 0.01° 0.19 + 0.01°
FBMD/Wt (kg) 7.11 = 0.001° 7.11 =+ 0.000° 6.12 £ 0.000° 6.11 +0.001°
FBMC (g/cm® 0.39 + 0.02° 0.380 + 0.02° 0.38 = 0.02° 0.39 = 0.03°
FBMC/Wt (kg) 1.76 + 0.001° 1.75 + 0.000° 1.41 +0.001° 1.41 = 0.000°

¥ Mean + SD

? Values with different superscripts within the row are significantly different at p <0.05 by Duncan's multiple range test
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