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Abstract

The purpose of this study was to examine the effects of dietary green tea powder supplementation on bone metabolism
in streptozotocin-induced diabetic rats. Thirty-two male Sprague-Dawley rats (body weight 210+3 g) were divided into two
groups, diabetic and non-diabetic groups. Each group was randomly divided into two subgroups which were fed with the
control and 1% green tea powder diets. The serum and urine concentrations of calcium and phosphorus were determined. Serum
osteocalcin and ALP and urinary DPD crosslinks value were measured in order to monitor bone formation and resorption.
Bone mineral density (BMD) and bone mineral content (BMC) were estimated using PIXImus in the spine and femur. Body
weight gain and FER were lower in the diabetic group than in the non-diabetic group regardless of diets. The serum
concentration of calcium and phosphorus were not changed among all groups. Urinary calcium and phosphorus excretion were
higher in the diabetic group than in the non-diabetic group regardless of diets; however, they were not significantly different
by green tea powder intake. Serum alkaline phosphatase (ALP) was increased in the diabetic group than in thenon-diabetic
group. Further, there were no significant differences in serum osteocalcin and urinary deoxypyridinoline crosslinks value
among all groups. The levels of spine and femur bone mineral density of the diabetic group were significantly lower than
that of the non-diabetic group. Within the diabetic group, spine BMD was significantly higher in rats fed with the green tea
powder diet than in rats fed the control diet. Therefore, this study suggests that green tea powder has a beneficial effect on
bone health, although it is not directly applicable to humans.
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Table 1. Composition of experimental diets (g/kg diet)

Ingredients Control Green tea
Casein" 200 200
Corn starch 529.5 519.5
Sucrose 100 100
Soybean oil 70 70
a-Cellulose” 50 50
Min-mixture” 35 35
Vit-mixture” 10 10
L-cystein® 3 3
Choline” 2.5 2.5
Tert-butylhydroquinone” 0.014 0.014
Green tea powder® - 10

Y Casein, Maeil Dairy Industry Co., 480 Gagok-ri, Jinwi-myun
Pyungtaek-city, Kyunggi-do, Korea.

2 @-Cellulose, SIGMA Chemical Co., ST. Louis, MO, USA.

9 Mineral-Mix, AIN-93G-MX, Teklad Test Diets, Medison,
Wisconsin, USA.

9 Vitamine-Mix, AIN-93-VX, Teklad Test Diets, Medison,
Wisconsin, USA.

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

® Choline bitartate, Sigma Chemical Co., ST. Louis, MO, USA.

" Tert-bultyl hydroquione, Sigma-Aldrich Inc., St. Louis, MO.
USA.

® Green tea powder, Dongsuh Food, Co., 546 Dohoa-dong,
Seoul, Korea.

3. A=z 24

1) Mo| Mxlzt U AF 53
ARAIZE B3k Alo] HTE o) B @ WA, AFL 15

ol & HA LA gk Atel] 543
ciency ratio : FER)-2 & 2]o] A%

ol AAkets

ok NO]ﬁ:—:_r(food effi-
o T AT VM Y

oS.“i'H

AR ‘gﬁlrip—ﬂ A% A2 S5t A A 24
Al a9F 12413 A g Ao @ 25
Z-i(Anderegg et al 1954, Zak et al 1975), 9l(Daly & Ertings
1972)#} &3 alkaline phosphatase(ALP)(Tietz NW 1980)+=
A g g o 7 243519 th Osteocalcine 7324 HWAPA Y
23 (competitive-radioimmunoassay)®l] 7|3t OSTEOCAL—
CIN MARIA kit(Techno genetics, Italy) 2.2 #243}%1 tH Guar-
nero et al 1994). 8% deoxypyridinoline(DPD)¥} creatinine2]

kit(Metra Biosytems Inc., USA)
& ©]83}o] ELISA(enzyme-linked immuno sorvent assay)$

_l
4011

=42 collagen crosslinks™

o F WAkl vXE 9% 715
o oJ& BEA3F T crosslinks valueE F3F$iTh
3) =2 % = &= &Y
AYsEe Fix L FEHE 2 %7121 PIXI-

L e =4
mus(GE Lunar Co., USA)E ©]-&3}o] 239} EHF-J ol =4
=(bone mineral density, BMD)%} 57| i
ral content, BMC)= =343t} A&
IS A= adloln® U}

ol A% Y BUE 9 B S ANSA,

o
0&‘«
=
o
S
o
8
5
@

gt
ot
o

4. A HMe

2 A d& Ao FA 4 SAS package(ver
9.12: Institute Inc. Cary, NC, USA)E ©|-&3}%th. ANOVA
tests Ball ZF ®ilvict AEH Hi ) TFHAE 5K
om, Zh 1+ 7te] BAA F942 0<0.05 <=4 Duncan's
multiple range testell 2]3ll 33T

2B

1. ME 371, Ao M=k % Alo
A A AP T8 A AT, AR 7R Bt Al
71, 2lo] AFH ) 2o &2 Table 20 AASHHATE A¥
AlZE Al A& At ghell oA <l Aol 7t gl e, 45
kol A F5 Al AT Favro] HgRTET fo)F o
2 93ITHp<0.05). web A 4573 F AF Sr1E] v
G-t Bl -5 xkro] 185.8 g7} 186.7 gl Adl| H]
3 -2 S-S 20.0 g7 223 g0 & folH
o7 yol gy rddA Yehe A AlF Ast A
23S JERNATH(p<0.05). B2 v|gad WA S3i7t

T AAd e AF 77}&«1 ztol = §AAT
Table 201 ANAIE AE717F kel 2lo] dFZa) 2ol &
& A3e B, Ho] e Fhwo] HEma Tt £
O EUTHp<0.05). o] AF ol B2 v, A5 S/}
ZFe vhold] G -t 27 Ga-Sxbae] A O]EE‘Q‘ H| g
SwEY Ao)E&HT folHo R Ughth(p<0.05). A}
A7tell e o] HHFH Aola&o] Alol= gl AL

2 UrE‘rkkE}

AT FAkgE TR A HHE YR 0.5% =5
2} %‘# FZES T3 A7(Won HR 200505 & o
TolA e}k ol AT STV, Aol AHF Aolasole =4}
Aol 2 o) 7} SAATE T Lee et al(2013)2] Aol
M= B f 3F 0 953t F3) o9} wa) wE Ao &
T A7, SA BE SAke] AlSE Ao Aol o



716 Hu| A}

ZHF HOoFA o} RATHEETE

Table 2. The effect of green tea powder on body weight, weight gain, food intake and food efficiency ratio in diabetic rats

Variables Nondiabetic Diabetic

Control Green tea Control Green tea
Initial weight (g) 221.3+4.28Y 221.543.50 220.7+7.88 219.6+7.07
Final weight (g) 407.1£19.66™ 408.2+27.19* 240.7+6.53° 242.0+17.14°
Weight gain (g) 185.8+18.98" 186.7+24.80° 20.0£12.90° 22.3£19.27°
Food intake (g/day) 22.13+0.76° 23.34+1.86° 30.46+0.36 31.04+1.03*
FERY 0.29+0.02° 0.28+0.04° 0.02+0.01° 0.02+0.01°

D Mean+S.D.

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

» FER : food efficiency ratio.
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Table 3. The effect of green tea powder on serum Ca and P concentrations in diabetic rats

Nondiabetic Diabetic
Variables
Control Green tea Control Green tea
Ca (mg/dL) 9.7+0.53NS2) 9.4+0.53 8.5+1.77 8.4+1.79
P (mg/dL) 10.8+0.64 11.4+2.95 9.8+2.23 8.4+3.54
Y Mean+S.D.

D NS Not significant by ANOVA test.
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Table 4. The effect of green tea powder on urinary Ca and P excretion in diabetic rats

. Nondiabetic Diabetic
Variables
Control Green tea Control Green tea
Ca (mg/day) 0.29+0.021%% 0.41+0.03° 0.75+0.06 0.617+0.25°
P (mg/day) 6.1241.09° 7.30+1.03° 9.82+1.37° 7.79+0.87%
Y Mean+S.D.

? 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 5. The effect of green tea powder on serum ALP and osteocalcin concentrations in diabetic rats

S—— Nondiabetic Diabetic
ariables
Control Green tea Control Green tea
ALP? (IU/L) 452+7.7% 42.9+4.93° 71.12+14.21° 59.35426.36%
Osteocalcin 4.3£0.25 5.240.31 4.4+0.27 4.540.18
D MeantS.D.

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

9 ALP : alkaline phosphatase.
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Table 6. The effect of green tea powder on urinary deoxypyridinoline (DPD) crosslinks value in diabetic rats

Nondiabetic Diabetic
Variables
Control Green tea Control Green tea
DPD (nM) 404.4+£227.02" 520.8+286.05 371.0+£203.25 193.5£111.16
Creatinine (mM) 2.7+1.13% 5.6+1.65° 1.84+1.09° 1.3£0.47°
Crosslinks value (nM/mM) 148.28432.14 99.14450.42 214.45+96.05 131.35+63.87

Y Mean+S.D.

Y 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. The effect of green tea powder on spine bone mineral density (BMD) and bone mineral content (BMC) in diabetic
rats

. Nondiabetic Diabetic
Variables
Control Green tea Control Green tea
Spine BMD (g/cm?) 0.139+0.011"%2 0.145+0.001° 0.130+0.008° 0.133+0.007°
Spine BMC (g) 0.502+0.060° 0.51140.027° 0.412+0.038° 0.394+0.027°
Y Mean+S.D.

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

Table 8. The effect of green tea powder on femur bone mineral density (BMD) and bone mineral content (BMC) in diabetic
rats

. Nondiabetic Diabetic
Variables
Control Green tea Control Green tea
Femur BMD (g/cm?) 0.185+0.006" 0.190+0.010° 0.152+0.008° 0.157+0.012°
Femur BMC (g) 0.416+0.022° 0.426+0.027° 0.310+0.022° 0.312+0.035°
Y Mean+S.D.

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