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Effect of Green Tea Products on Bone Metabolism Marker in
Ovariectomized Rats with High Cholesterol Diet Intake

Kyung-Hee Noh, Ji-Hyun Jang, Mi-Kyung Cho, and Young-Sun Song*

BKZ21 Center of Smart Foods and Drugs, Food Science Institute, and Biohealth
Product Research Center, Inje University, Gimhae 621-749, Korea

Abstract

This study was designed to evaluate the effect of green tea products (GTP) on bone metabolism marker
in ovariectomized (OVX) rats fed high cholesterol diet. Forty Sprague-Dawley female rats, 10 weeks of age
(279+2 g), were divided into 4 groups and fed on the experimental diets for 6 weeks: sham operated control
(Sham-C) and OVX-control (OVX-C) groups treated high cholesterol diet. OVX-GTP 5% (OVX-Gb5) and
OVX-GTP 20% (OVX-G20) groups were treated with high cholesterol diet containing 5% GTP and 20% GTP,
respectively. Food efficient ratio was significantly (p<0.05) lower in OVX-G20 than in the other OVX groups.
Bone mineral density of femur was not significantly different among the experimental groups in the order
of Sham-C>0VX-Gb5 and OVX-G20>0VX-C. Alkaline phosphatase activities on serum was lower in the GTP
supplement groups than in the OVX-C. Estradiol levels of serum were higher in the GTP supplement groups
than in the OVX-C. Osteocalcin levels of serum was the lowest in the OVX-G20. Deoxypyridinoline crosslink
values of urine, indicator of bone absorption, was the lowest in the OVX-G20 group. The GTP supplemented
groups had a lower bone resorption ratio than in the OVX-C group. From the above results, these findings
suggest the possibility of using GTP as a functional food materials related to bone metabolism in menopause.
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Table 1. Composition of the experimental diets (g/kg)
Group”

Sham-C OVX-C OVX-G5 OVX-G20
Casein” 200 200 184.95 139.8
Corn oil 50 50 47.95 41.8
coconut butter 50 50 47.95 41.8
Vitamin mixture” 10 10 10 10
Mineral mixture” 40 40 40 40
DL-methionine 3 3 3 3
Choline chloride 2 2 2 2
Corn starch 587 587 556.39 464.6
a-Cellulose 50 50 50 50
Cholesterol 5 5 5 5
Sodium cholate 2 2 2 2
CaCOs 1.009 1.009 0.76 -
GTP” - - 50 200

VSham~C: sham-operated control and fed high cholesterol diet,
OVX-C: ovariectomized control and fed high cholesterol diet,
OVX-G5: ovariectomized and fed high cholesterol diet con—
taining 5% GTP, OVX-G20: ovariectomized and fed high cho-
lesterol diet containing 20% GTP.

YCasein (vitamin free); ICN.

'Vltamm mixture; AIN-76A.

Mmeral mixture (Ca free); ICN.
YGTP: green tea products.
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Ma: wet weight in air (mg) M: wet weight (mg)

Mw: weight in water (mg) V: volume of bone (cm®)

Dw: water density at 25°C Dt density of bone (mg/cm’)
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Table 2. Body weight, body weight gain, and food efficiency rate in the experimental groups

Group” Initial BW (g) Final BW (g) Weight gain (g/week) Food intake (g/week) FER? (%)
Sham-C 2604 297 +6" 6.2+£0.91° 115+5° 5.49+0.92°
OVX-C 2717+7% 359+1° 13.6+1.44% 127+2° 10.7+1.06%
OVX-G5 288 +5% 374+9* 14.4+1.06% 136+6° 10.6+0.67%
OVX-G20 283 +5° 354+6° 11.9+0.63" 178 +16" 6.97+0.77

PRefer to Table 1. “FER: Food efficiency ratio. YMean =+ SE.

YValues within column with same superscript are not significantly different by Duncan’s multiple range test at p<0.05.
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Table 3 Weight of liver and kidney in experimental groups

Groun Liver Kidney

P g 2/100 g BW g 2/100 g BW
Sham-C  11.1£0557% 3.72+0.12> 1.96+0.05" 0.66+0.01"
OVX-C 136%1.01° 3.76+019" 1.98+0.09"° 0.55+0.02°
OVX-G5 1644048 438+062 222+0.09" 059+0.02"
OVX-G20 156+071" 442+019° 217+0.03* 0.61+0.01"

‘”Refer to Table 1. ?Mean+SE.
YValues within column with same superscript are not sig—
nificantly different by Duncan’s multiple range test at p<0.05.
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Table 4. Bone weight, bone length and bone mass density of femur in experimental groups

Bone weight (g/100 g BW)

Bone volume (cm®)

Group' )

Bone length (cm) BMD? (mg/cm®)

Wet Dry
Sham-C 0.258+0.017* 0.231+0.00 206+ 7V 3.66+0.02"° 3.62+0.11"
OVX-C 0.218+0.00° 0.192+0.00° 198+6 3.72+0.03 3.4440.08
OVX-G5 0.220+0.00° 0.199+0.00° 204412 3.77+0.03 359+0.18
OVX-G20 0.219+0.00° 0.196+0.00 199+9 3.71+0.03 3.59+0.10

URefer to Table 1. Bone mineral density. Mean+ SE.

YValues within column with same superscript are not significantly different by Duncan’s multiple range test at p<0.05.

“Not significant.

Table 5. Ash, calcium and phosphorus content of femur in experimental groups

G D Ash Ca P Ca+P Ca/P
roup mg mg/100 g BW  mg mg/100 g BW mg mg/100 g BW mg mg/100 g BW @
Sham-C  469+5" 15814 1447 486+262* 1303 438+1.05" 27445 924+1.84%  1.10£0.04™
OVX-C 455+12 12745 149+4 415+1.26°  129+3  361%046° 278+4  776+0.86° 1.15+0.03
OVX-G5 453%5 122+3 150+6 402+192° 13144  351+066° 2815  753+1.29° 1.14+005
OVX-G20 457+7 129+3 152+4 431+0.74" 13244 3744085 284+4  805+0.80" 1.16+0.03

YRefer to Table 1. ?Mean=+SE. *Not significant.

YValues within column with same superscript are not significantly different by Duncan’s multiple range test at p<0.05.
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Table 6. Protein, calcium and phosphorus levels of plasma in experimental groups

Group” Protein (mg/mL) Ca (mg/dL) P (mg/dL) Ca/P
Sham-C 103.8+1.232N9 13.15+0.20™ 8.37+£0.20™ 1.58+0.05™
OVX-C 106.0+1.36 1350+0.25 8.62+0.20 157+0.05
OVX-G5 1049+1.15 13.44+0.24 853+0.37 1.580.09
OVX-G20 102.34+2.98 13.24+0.26 850+0.14 1.56+0.04

URefer to Table 1. ?Mean=+SE. *Not significant.
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Table 7914 Bxo] 24 B4 9] ‘gﬁ}ﬁw A 3#1 ALPS]
4L OVX+ 2l #9421 Aol YERA ko
GTPE 371 Aolg AAg FoA e tha Tas e AT
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Table 7. ALP, estradiol and osteocalcin levels of plasma in
experimental groups

Groupl ) ALP? Estradiol Osteocalcin
(Units/L) (pg/mL) (ng/mL)
Sham-C 1141607 530050 56.9+6.3"
OVX-C 161.1+7.9° 2.10+1.35 119.3+14.0°
OVX-G5 157.1+£13.7° 2.76+1.84 94.1+13.2"
OVX-G20  1405+12.4™ 485+235 65.0+11.9
YRefer to Table 1. ?Alkaline phosphatase. ¥Mean = SE.

4) Cq- . . .
Values within column with same superscript are not sig—
mﬁcantly different by Duncan’s multiple range test at p<0.05.

Not significant.
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Fig. 1. Deoxypiridinoline crosslink values of the experi-
mental groups. Groups are the same as in Table 1. Data repre—
sent the means =SE. Values sharing same superscript are not
significantly different by Duncan’s multiple range test at p<0.05.
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