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Effects of Green Tea Powder on Bone Markers in Female Rats Fed High Fat Diet

Yun-Jung Jung*

Assistant Professor, Dept. of Food and Nutrition, Keimyung University, Daegu 42601, Republic of Korea

ABSTRACT

This study examined the influence of green tea powder supplemented diet on bone formation, bone resorption markers, and
bone metabolism-related hormones in female rats fed high fat and cholesterol diets. Twenty-one Sprague-Dawley female rats
(3 weeks old) were divided into the Control, High-fat, and Green-tea groups. The experimental diets were provided for 6
weeks. The serum and urine concentrations of calcium and phosphorus were determined. Serum ALP and urinary DPD
crosslinks value were measured to monitor bone formation and resorption. Parathyroid hormones related to bone metabolism
were determined. In summary, the weight increase at the end of the 6-week experiment was significantly higher in the high
fat diet groups than in the Control group, but it was not significantly different from that of the Green-tea group. On the other
hand, the serum P and urinary P excretion levels were significantly higher in rats in the Green-tea group than in the Control
and High-fat groups. The level of alkaline phosphate (ALP), a bone formation marker, was significantly higher in the
Green-tea group than in the Control and High-fat groups. The level of DPD crosslinks value, a bone resorption marker, was
similar in the High-fat and Green-tea groups. Among the three groups, rats that received the high fat diet had significantly
lower parathyroid hormones, which is related to bone metabolism. But it was not significantly different from that of the
Green-tea group. In conclusion, Green-tea supplemented diet seems to have a positive effect on bone metabolism by increasing
the ALP concentration and decreasing the urinary P excretion levels in female rats fed high fat diet.
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1. dedss A A4

2 Ao HEFES Sprague-Dawley 355 47l 31
(605 g)5 AT EALSAE 258 FHlol RPAIRE 7

[¢]
I 73 A AME B )

=2 31 ~H ] A~~E Ao]A|(stainless steel
wire cage)oll ¢ wiE|¥ EE] ALSSIAth FEAEA V2%
e APTE A 3 71Ed et A% 2x=25+
20)eF F5E(63+5%) 3 12A17F 74 (light 6:00~18:00) 2.2
BT b7 E A 2 A B 23 o] 2udrE
FEIATE B A ARF L AR EE FElargel
Tote] AA]EkSTh

Al

HETLE 17710 A8 = 42l FE thxa(control), 3L
W (high-fat), <52l (green-tea) & 3T o2 Tl 6
A2 o5 T3t AP 2 o= AIN-93G(Reeves PG
Nielsen FH 1993)2] 20|24 & 71Fo2 uAo|=
o] F A AFu| &0l 45% FFEOE U FH2HE
2 1% FFo 2 Arletidnl sA3 Aol wx) Aot
F5e APAF(Choi MI & Jung YT 2010)2 FHadle] 1
A k2ol o] =HAEI-S 1%(1 g green tea/100 g diet) & 7}3}
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Table 1. Composition of experimental diets (g/kg diet)

Ingredients Control High fat Green tea
Casein” 200 200 200
Com starch 529.486 349.486 339.486
Sucrose 100 100 100
Soybean oil 70 60 60
a-Cellulose” 50 50 50
Min-mixture” 35 35 35
Vit-mixture” 10 10 10
L-Cystine” 3 3 3
Choline bitartrate® 2.5 2.5 2.5
TBHQ” 0.014 0.014 0.014
Lard® - 180 180
Cholesterol” - 10 10
Green tea powder'® 10

D Casein, Maeil Dairy industry Co., Kyunggi-Do, Korea.

? g-Cellulose, Sigma Chemical Co., St. Louis, MO, USA.

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

9 AIN-93-VM, Teklad Test Diets, Medison, Wisconsin, USA.

% L-Cystine, Sigma Chemical Co., St. Louis, MO, USA.

® Choline bitartrate, Sigma Chemical Co., St. Louis, MO, USA.

7 Tert-bultyl Hydroquione, Sigma-Aldrich Inc., St. Louis, MO,
USA.

® Lard, Chungil Food Co., Ltd. Chungcheongnam-Do, Korea.

% Cholesterol, Sigma Chemical Co., St. Louis, MO, USA.

19" Green tea powder, Amore Pacific Co., Kyunggi-Do, Korea.

% l-Ze| Bl v R o2 A5 THDaly JA
& Ertingshausen G 1972). @3 Alkaline phosphatase (ALP)
= p-nitrophenyl phosphate(PNPP) 7]& ol ALP7} $H-F-4 Al
8% %7lsled PNPPE  p-nitrophenolZ #3411 & p-
nitrophenol®] LAY =5 405 nmollA] vl FHO 2 =H

S tHMoss DW 1987). 83 H33/dA & 2 F(parathyroid
hormone; PTH) #4418 Al ol K28 A9} ['"= %2
H FAE AHEste] JAT} A Thol| ‘sandwich’ & F/J 38
Al she BAA BAFE G EA M (Nanda N 5 1994)=

o] 8-3}913L DSL-8000 ACTIVE™ Intact PTH IRMA kit
(Diagnostic System Laboratories, Inc., USA)Z #2435} T},
2% deoxypyridinoline(DPD)¥} creatinine®] 72
gen crosslinks™ Kit(Metra Biosytems Inc., USA)S- ©]-&-3}o]
ELISA(enzyme-linked immuno sorvent assay)®oll 2|8l &2
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S AFe] ws) gl Aol A 7 vehd Zlolth A3 AlZ; Al
AFe Nz 87.548.5 g AT 87.7+7.5 g HANE
87.848.2 go & g 7ol Fol&l zfo|7} it A
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Table 2. Effects of green tea on body weight and food intake in rats fed high fat diets

Group Control High fat Green tea

Initial weight (g) 87.5+8.50%) 87.7+7.5° 87.8+8.2

Final weight (g) 215.4+25.8° 239.9+29.9° 231.0+£28.7°

Weight gain (g) 127.8+26.9° 152.1+28.3° 143.2429.9°

Food intake (g/day) 24.5+8.1* 22.749.7* 21.9+8.8°
FER? 0.12+0.04° 0.160.04° 0.15+0.04°

D Values were meantS.D. of 7 rats per group.

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

® Food efficiency ratio.

TAE 22.749.7 g/day, A 21.948.8 g/day @ LA 4
ol tha AJF ol wskout ATzt oAl Aol 7t
o, ALFHAME Z2H43F ofFol s FoZF
z}o] 7} ATk, Al o] E&(food efficiency ratio; FER)2 65-2]
AE7IZE B ATsTtES F Aol TF R Hiro] At

F% Ao s 2w vle] uATI HAo] frolH e
= Eoka AP el = Ak A ARl wE
oA Aol gigich

AREES LR EGCGE BTl 9 T FoA]
Hlgk ] gl A S A Fe e vlaste] B 2
ol fdF Fol oF it FF ' 15% A AdFde ne=

EGCG94 AR 2 Q& 2oldF o] Zol=gs Aoz

Yo 1K Kao YH 5 2000), B AFo|xE x4 e 7 <)
Jéﬁ 2ol A v fasigl oy dad Axget
2] iz 9 aAPEr ) vwske] S E u}
ot XM = HAOiD} 1t =2 FEEY %'%i} Z}iﬂi

= “W% ﬁiﬁ Hojxle}

olth % ZF TEv UERT 9.8240.26 mg/dL, AW
10.18£0.32 mg/dL, 527 10.23+0.25 mg/dLE A3}
waro] thRTHY folFo s Eith d5 9 vaE o
Z 6.70£0.53 mg/dL, DAHHE 7.27+0.44 mg/dL, ZHAT
8.28+0.49 mg/dLE DA} FAprro] 2T ET {9l A
o= EUTh

AA W 259 9% 24 EAlshes 3oR 5 2F
2o Hsle 259 By JEFFE nA R SuAt
of|A Qo] FF Ze] Wl IAMHE Rhdshe AR

7} HHKim GY & 2009). AP FENA 5 252 A9
T 7|EAE A EY, 85 249 FYFE

13.0 mgdLe]L, E% o] e 5L 3.11~11.0
mg/dL 7 =°]th(Mituka BM & Rawnsley HM 1987). & 15+
o AT e 8 Aud Qo vt B Erd e
ote FEoR e fAlska e Aew Yeiwth @
T g7 2 s Aol ugt aAIE I HAro]
HxrEo E2 FEo] el sidstict webs 1
Aol AHAA ZAHLE Q8] EF Zgd 1S txT,
DA, BRSO 7 Eshout AT etk

L35 2 A U7 0.38+0.31 mg/day, LAY
0.58+0.62 mg/day, 2k 0.79£0.44 mg/day® A& 2] o]

Table 3. Effects of green tea on serum calcium and phosphorus concentrations and urinary calcium and phosphorus

excretionin rats fed high fat diet

Group Control High fat Green tea
Ca (mg/dL) 9.82+0.26"2 10.18+0.32° 10.23£0.25°
P (mg/dL) 6.70+0.53" 7.2740.44° 8.28+0.49°
Urinary Ca (mg/day) 0.38+0.31* 0.58+0.62° 0.79+0.44*
Urinary P (mg/day) 18.0+8.9° 21.5+10.2° 28.148.5°

D Values were meantS.D. of 7 rats per group.

? Values with different superscripts within the row are significantly different at p<0.05 by Duncan’s multiple range test.
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e el Aelzh gidleh 85 o widEe dEd
18.048.9 mg/day, MA* 21.5+10.2 mg/day, AT 28.1+
8.5 mg/day® 1ATA oM =Haklo] AT E
FoA oz w7 vehth ole 93 919 w=rF 4340l
of ME oA Aol HApwo]l HdrEe] s FAl6t
71E it AT T 7MY 12 s UEsiEd 2l

FE A9 MAFE Bold BF A9 P 44T 99

3T

A 3 ]le] i
FE TP FEE ok AR Holdith il AN
A 10101] 1% 2] 5237k 19 AFe W & <

alkaline phosphatase(ALP) TEE 45
2% deoxypyridinoling(DPD) ¥jA ZFS =733t crosslinks
valueZ T3td A|AISFTE Table 4= =34 A 22 &

ALP F=E UEhd Zoth 5 ALP TEe U2 83.6+
15.1 U/L, IR 145.4+14.1 U/L Sk 170.3+29.6 U/L
2 Agolo] W god 3Jol2 Ho] 2z, LALL,
2kt Lo 2 okt aA ol & A FH st Ul F
A SATHole 234 AER] ALPE foldo s St

w39l FAA 187

Al 7T

ALPE= ZoMH o] EAfetH IAaf9o] Jol F7]Ho]
A== e 7M7) q8s ot 23AH 2 S
ehl = datolt). =Ap 7he|R10] in vitro Aol A E‘EH"}
A A Eol| PAE FEFE A dPAFolA 5235
& EGCG FHIZ QA 2 E71A1% 1 2 10 rmcroM(uM)
o] Foidt Azl FuAldEE T2EQ 9 AH A, ALP
g4 2 B2IAGE AN T=E Her QE}VL"J(Lm SY &
2018). 53] ALP A2 71El7] A A § 793} 14Y4] =5
7kt 25 & 1AL S AT el QA 224
S 3-AA| 3 (human osteoblast-like cells)©l] 1~5 microM &%=

9] EGCG ﬂ?‘q—‘: fak _o/]}_x% oz ALP &4 ¥ 7];0§}§-_
771 Az Yelthvali B 5 2007) In vivo AT+
oA SDAl 47 AE ez wid ﬂ] g EGCG 5 mg(5

mg/kg/day) ZE3 23 A A EQ ALPY} g g A
9l SOD7} Aoz SV tHLiu S 5 2018).

olelgk AIE el YA =AF2= 7M1 &
B2 18F AAA ALP Z718 Rusidid 2 Ao
£ AGAED H4E 22 Fu2 A PHols Il 4

¢

T vl

AR A, 1% $ES) AAFO R 2P AL ALP F7}
& vrehligich s 234 AE2A 9% ALPE NHE

7 ki e AT S A, R M0 2 A F)

A Asp) el e el A9l Sit

Table 5= =& ARZ 2% deoxypyridinoline(DPD),
creatinine 2! crosslinks valueZ L}E}IHSdﬂ— L2< DPD &
= Ol&T 574.0+136.8 nM, AT 482.3+154.6 nM, Ak
T 385.3+160.5 nMZ &, aA L, 53k o2 Uit
on), mapro] haETHTh feolHo Uitk wAT)

Table 4. Effects of green tea on serum alkaline phosphatase (ALP) in rats fed high fat diet

Group Control

High fat Green tea

ALP (U/L) 83.6+15.12

145.4+14.1° 170.3£29.6°

D Values were MeantS.D. of 7 rats per group.

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

Table 5. Effects of green tea on deoxypyridinoline (DPD), creatinine and crosslinks value in rats fed high fat diet

Group Control High fat Green tea

DPD (nM) 574.0+136.8"%) 482.3+154.6™ 385.3+160.5°
Creatinine (mM) 11.5£2.9° 9.1£6.5" 6.0+4.5"
Crosslinks value (nM/mM) 50.9+21.8° 53.1437.6" 64.3+31.2*

D Values were meantS.D. of 7 rats per group.

? Values with different superscripts within the row are significantly different at p<0.05 by Duncan’s multiple range test.
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AN = 52 7L oA Fel] W& o4 Aol 7t ATk 1%
o ZATM ol Adlole] vty vlwdle] 8%
DPD ®jdS 93E 9IS A oz Yehgony
crosslinks valuex A &2jold] w2 {24 z}o]7} gliTh.
et nEd 2o wEE A} A 3E2
o] #AAES ¥A3 AP Aol A=El Amrousy D 5 2021)
TR Q3 A3t iEY A =EH ojdole thxEY H)
Wsle] 23 DPD7} oA o= =gto}t HF ALP 55
frol Al 2ol 7} gtk B usiia, 53] 8% DPD= &
243} & 291 superoxide dismutase(SOD)<} 22 A#4 S,
2k8kA] A ¢l malondialdehyde(MDA) 9} ko] 494
AR EY A FuAES SIS EZN FHd F%
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el
oldlolE tde

O:

b

oL,

ot fz
ER )

=

o FaAEE FANR BN B 20 ZuAlE A
EE FAA #APE Busta glol gatsl 71%0] Sl
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& A7e AT 1% ] AR Aol
T 8% DPDE #aA)e AEE BHioy TuAEs %
F= o] oY) Wl vt =3t

4., SUAIEERE 322 UMM E 2 Z(parathyroid
hormone, PTH)
Table 6= ZUlAFEA
(PTH) s&& Yk Aotk dF
T 29.746.4 pg/mL, LA
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BT 2ELS 4

— fs

% oA oF BAETREAERS

™, RANKL(receptor activator for nuclear factor kappa-B
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Table 6. Effects of green tea on serum parathyroid hormone (PTH) in rats fed high fat diet

Group Control

High fat Green tea

PTH (pg/mL) 29.746.42

5.443.1° 7.0+4.0

D Values were meantS.D. of 7 rats per group.

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