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Effects of Oolong Tea Supplementation on Bone Mineral Density and
Bone-Related Markers in Ovariectomized Rats

Yun-Jung Jung and Mi-Ja Choi'

Dept. of Food and Nutrition. Keimyung University, Daegu 704-701, Korea

Abstract

Polyphenols may be primarily responsible for the health benefits associated with tea consumption. However, the benefits
of the tea polyphenols to bone health have not been studied well. The purpose of this study was to investigate the effects
of Oolong tea on bone mineral density and bone-related markers in ovariectomized rats. Sprague-Dawley female rats were
randomly assigned to Sham-Control, Sham-Oolongtea, Ovx-Control, and Ovx-Oolongtea groups. Bone mineral density (BMD)
and bone mineral content (BMC) were estimated by using PIXImus (GE Lunar Co, Wisconsin.) in the spine and femur. After
6 weeks of the experimental diets, body weight gain, food intake, and food efficiency ratio (FER) were significantly higher
in Ovx groups than in Sham groups regardless of diet. The serum concentration of calcium, phosphorus, ALP, and calcitonin
were not significantly different according to Oolong tea supplementation. There were no significant differences in urinary
calcium and phosphorus excretion between all groups. The urinary DPD crosslinks value was significantly higher in the Ovx-
Control group than in the Sham-Oolongtea group. Spine BMD, femur BMD, and spine BMD per body weight were signifi-
cantly lower in the Ovx groups than in the Sham groups regardless of diet. In the OVX group, spine BMC per body weight,
femur BMD per body weight and femur BMC per body weight were significantly higher in the Oolong tea groups than in
Control groups. It was concluded that Oolong tea supplementation positively influenced bone health in ovariectomized rats.
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2} Yol g A5 TR (catechin) 72} 71 (caffeine),
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TS LEAR] SAte Hig AFE AT EH SF A=
catechin, theaflavin 2 1 =491 theaflavin-3-gallate, thea-
flavin-3'-gallate, theaflavin-3,3'digallate(TFDG)7} }=El(Yo-
shino et al 2010), W& x}e] FAH-L theaflavin© 2 o] A2
=2k] catechino] Yelll& &itst 2493 S5 &3t
A= Aoz BuFtiLeung et al 2001).
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31, Zg A3 A(Choi & Jung 20102)E 52+ £2 A3 o u}
ARl ztol= gle AR UEh, =3k e 22
S n|XA] & oz A AT 28] 3L Shen et
al(2008)2 A HA| F A Sake] EgjdEo] sl Qg
S7hae dial] Wol e85 Yehfidledl, 1 olfE 3t
ZEszo] gtel o] SR QIgh Aksl ~EFAE 3t
agto 2y walel A HA F /A 99l Bl o3 &
T4 FEA o] s Yeh= AR Bausiith &
AT 2kl A el FeEEy 2 1%
zte] AR S AR A3}, TUE A4S A AA T 2
o] AL AT e Ao E VEstthKanis ef al 1999,
Hegarty et al 2000). *}lli= catechin ©]€]e] 71HQ1 % S5
o sled], 71l FHe w7 F oA Iz ¥4
Q JgE F= Ao FE B (Harris & Dawson-Hughes
1994), #te] 3¢} 2 Eete] Bl ek d7e I
2] k& A2t A A= 3 ATKShen e al 2011a, Choi &
Jung 2010a, Iwaniec et al 2009).

e 713AEe R Al Ao wEt AT 5 e
o, vl AAE dde Rz SAket $EAE 4% + &
2q W] AES AT A3, FEA) SAtel| Bl
28 WE Hart W vehget), o3l Exbt 54t
o wlal 74|Ql FHege] w7] W2 FESHATHKIm et al
2010). U Al 221 A5 g Yo wel g AES ¥
d 2 A¥Es A EA, e e 53 162.99 mg/100
g, $E2 194.80 mg/100 gO 7 $-Exp/} folH o7 =gkt
T3 catechin?} 71H|Q) 582 epigallocatechin gallate(EGCG)
7} H521=1,079.5 mg/100 g, $-F2R= 1,157.8 mg/100 go] 1,
71891 FreFe =3} 357.7 mg/100 g, -F=} 333.3 mg/100 g
o2 g Fro wet folA4<l AtolE B =tl(Jung er al
2009), F-F2h= Fakel] vlal] Fetiis SR =9kal, cate-
chin g2 H|szst o, 7HE19] e grol 7Rl w1
ek Abe BEApL Frha Bozih
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TH(Shen et al 2010, Shen et al 2011b). Y FH 02 ==}l A
HE =olA =H9A FeulEe] 437 S7FRY, BAlel 71
°lo] HHA® Zrtelr =B v gapel 2t 25
FU7E da FEHEe FReAA Ao} vlaste] Fie|
o] dtako] FolJung er al 2009) AF F EH2xgo] Halo
(Kim et al 2010) F-E2F9] AF= SviAkel F4& 5 Aot
3 AtsEh 2eu $-Eakd tig AT 3R A
Gaksl Z-gofl et A37F dF BuE 3 o (Kuo et al
2005), =74 tiArete] T tidt AHOka er al 2012)=
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1. & =

A48 =9 A A (a2l B35 AF 60~70L A
FE AF717F S E 2 80LFE 4 A5l ol2=H,
Aol AFE 200~400 g B =] EZ(Lee 2000) A&
FE AT AFTE nEsie] B A 4 2dE
A&} T}. Sprague-Dawley 7 B (FHT A5 <F 200+10
g, 857%) 28vlE] & wgtol Aol & AlFsh] A 157Y
ko] A7 2 A HAOVX)wd A A= kA ¥
T& A2EYATHS F(Sham) T o2 o] 58 AAIEHY
o} 52 vlHA rompun(rle]d Fz]o} FAIS|AL 23.32
mg/mL) 0.04 mL/100 g body weightS H&| & FAFSIAL,
ketamin(+-3+F3), 50 mg/mL) 0.25 mL/100 g body weight2]
LS 25l FARE T A AA| FeZ AAISHITE Sham
S A A= S ¥ NS e AAEl] £ 2E
25 FR, 157973 35 713k AXA 2 2 791
4*(Sham 2, Sham $-F2, OVX &+, OVX %
) 0.2 U0 stainless steel wire cageol| ] 3+ w4
AT 6 BF A@AelE FEsilen, 43
&<t Aolet &2 AEAl AFSH siith 2Y T
o e 2282C, FET 63+5%= A5k,
, F71S 12417H6:00~18:00) HE o g2 AHE
FA|E ol-gste] HATH
F2lole 7RIS Tid o R g AIN-93G FA14
7|8 2e xR 2ol & 313 O (Reeves ef al 1993),
A} H7E Aole a2 olol] -FA}F i H(Amore Pacific
Co., Korea)= 5% 7}l ZA|eki o, A 2jole] 24L&
Table 1] WePHRITE & o] @2 oldl| -2} A7} 4
T2 T FHE Utz 3 A AH(Kuo et al 2005)°1 4
4% T2k 2 H7L AolE AANA EAte] E3E Hu
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Table 1. Composition of experimental diets (g/kg diet)

R

Ingredients Control Oolongtea
Casein” 200 200
Corn starch 529.486 479.486
Sucrose 100 100
Soybean oil 70 70
a-Cellulose? 50 50
Min-mixture” 35 35
Vit-mixture” 10 10
L-Cystine” 3 3
Choline bitartate® 2.5 2.5
TBHQ” 0.014 0.014
Oolong tea powder” - 50

Y Casein, Maeil Dairy Industry Co. Ltd., 480, Kyunggi-Do, Korea.
2 g -Cellulose, Sigma Chemical Co., St. Louis, MO, USA.

9 Mineral-Mix, AIN-93G-Mx, Dyets Inc., Bethlehem, PA, USA.
9 Vitamin-Mix, AIN-93Vx, Dyets Inc., Bethlehem, PA, USA.
% L-Cystine, Sigma Chemical Co., St. Louis, MO, USA.

® Choline Bitartate, Sigma Chemical Co., St. Louis, MO, USA.
7 Tert-Butylhydroquinone, Aldrich Chemical Co., St. Louis, MO, USA.
9 Amore Pacific Co., 2-181 Hangangro, Yongsangu, Seoul, Korea.
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0-CPC(o-cresolphthalein complexone)E 3 7}sle] Al
}‘ﬂ_l-)\ﬂ E_?sl—‘:"/] ‘6441:3 570 nInoﬂf\ﬂ H]/\H@ ah:H o
=731 thAnderegg et al 1954). 918 A]gol Eg]Hdl
b Arlete] AAEE Q- Bulit EEAL] I A x
£ 340 nmol|A] S gk Ql-Ee Bl Bl e o2 S
5} tHDaly & Ertings 1972). Alkaline phosphatalse(ALP)h

p-nitrophenyl phosphate(PNPP) 712l ALP7} S8 A&
713l PNPPE p-nitrophenol 2 3| A|71 p-mtrophenol—J
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P8 sk v AP S EA1% (non-competitive
radioimmunoassay)= ©]-8-3l1CHNanda et al 1994). 85 de-
oxypyridinoline(DPD)Z} creatinine®] S7%-2 collagen cross-
links™ Kit(Metra Biosytems Inc., USA)S ©|-&3}o] ELISA
(enzyme-linked immuno sorvent assay)Boll <3l #Ae %
crosslinks valueE -3 Th

=

=2k SV T d8 2= 34712 PiXImus
(GE Lunar Co., Madison, Wisconsin, USA)S o] -&3lo] 23
(spine)2} tE Z(femur) 9] = = (bone mineral density,
BMD)$} Z&-2Kbone mineral content, BMC)< =73 3l t}.
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T 2 FgEs AsoR U A5 I 2 AF
Zggo 2 A AT
5. EAIXNE]

2 AFe] Ad A= SPSS(IBM SPSS Statistics, version
19)= o83t FAaIt 2t A3 Tte] AFES Hi ) £
ﬁ‘-ﬁ%}ﬂ Tste] Yetdllom, Zh 7 31e] Hlm= ANOVAR
st L, o 7Fe] BAIA f9)de ¢=0.05 7oA Duncan's

multlple range testol] 2|3 AF3Ach

#n ¥ o

1. M&E STz
AR AR A A LAY TR A AFT AR 712k 6%
Zolo] AF Z712S Table 20 VERAITE 218 Alz}k A]

A& Sham 2T 206.8 g, Sham $-F2 207.2 g, OVX
ZT 2064 g, OVX $-Z2Ht 205.9 g0 & 7} - 7+e] £-9]
Al zpol7} giith Ad FF Al A|F2 Sham 2T 251.8
g, Sham $-FAb* 2542 g, OVX & 329.5 g, OVX %
AT 316.1 g2 OVXTo] Sham?oﬂ Hlg] felxoz =
o}, 2k A7k Aol A frelAQl atol= gl
OiD} 6739 g Aol HH= Qg AlF S7HEFE OVXT
o Shamrel] Hlal Fol2 o8 = et
B ATdA AAFs A Aled A3 713 < AT =
7V WA AAo] Sham BT FoF 02 ol JAE
iﬂ H= AR da AA] AlY] AP AR AlF ST AR
AL Wi AA|Z QIS o ~EZZ #H] A
Oﬂééizﬂal APGA 0] 28 A T o] AoE]of
¥ 22)o] FA 7] wjZoletal Bad o]He] AT A
X| SFCH Okasaki et al 2002).
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Table 2. The effect of Oolong tea diet on body weight and

weight gain in OVX rats

) Sham (0)%,4
Variables Control Oolongtea Control Oolongtea
Initial weight(g) 206.8+5.7"2 207.243.1° 206.4+2.2* 205.9+2.6"
Final weight(g) 251.8+17.4° 254.248.1° 329.5+11.7° 316.146.5°
Weight gain(g) 45.9+14.5° 47.0+8.4° 123.0+11.6° 110.1236.1°
D Mean+S.D.

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

A 1%2] 52 B8 A7 Aol& AFAIR] A5l AF e
o Fel# ¢l 2o 7} YIAThe= H3(Choi & Jung 2010a)9t 4
AR, AdF o] Gt 27 Hlashr ]l ol Hek 22 Iwa-
niec et al(2009)2] AT E ;Mel AP 7 v HAEF
S PFOZ 6577 1% 2% 53 FE2ES AAANN A
T AR AT AaE Bk =3 AA7|@F)e] B
T AA 67 Bt 2% 7RI 52HE AFAZ] A= &
o<l A|F 7+AE B8t tHRichard ef al 2009). =3 2}
9] F=9 catechin®l EGCG F&& FH|2 7 Fo A] 128
ZF EGCG F91:%(85 mg EGCG/kg body weight)S *] &+ak
EGCG (26 ~53 mg EGCG/kg body weight) =t} | %
Frago] 3~4u) o4 @WolA EGCG Tl =255 AT
Fago] Z7FAtHKao et al 2000). SEA A Hxtol
FA7F As A 298 B A2 53 catechin®] A
7713 23] A F5E A7) sl ™ (Wes-

o o

o

[e)

=)
sto] Alxu] AW £4 2-dste &7t e BleR B
= AHErba et al 2005).

B Ao 221 A7) 2ol Shamwd WA AAlE 2
FolA Alg Hdls FEe] g, & d7dAs %
A} B FEjE Aol H7EstdA catechin FEE FHE
FEe A Aot Gl Aol EiE <5 catechin g
| 27] WiEo® Boxw, gk el Zg vwk e o} of

[*]

3l A5 Z7oll sl x}e] catechin®]
A

2. Mo|MF2k & 40|ZE(FER)

$F2F H7F Aok A AA| Ao it o] HHF &
2lo] F &l n|X|&= G TS Table 30 YERAATE HiF 2o]
A %L Sham & 154 g, Sham Xk 15.9 g, OVX
2T 18.0 g, OVX $-FA 17.1 g2 & OVX©] Shamw*
B} oA o woka, %82k Hrb Aol A wE &
o9l Aol gl AolE&% OVXre| ShamiETh
fro|f oz wekot, -k A7t 2ol Al e o4
9l Zpol&= §lATh

HE.

&
2
2]

[}

385
Table 4=
Qo s 8F ZAu 9 MAaFEE JdehUTE 3
% 25X Sham ZF 9.3 mg/dL, Sham S 9.4
mg/dL, OV 9.4 mg/dL, OVX ¥Z21* 9.6 mg/dL®]
A, 5 99 F== Sham & 5.7 mg/dL, Sham $-%
2 6.3 mg/dL, OVX 3T 6.8 mg/dL, OVX $-F=}- 7.3
mg/dLE FA HA oo} -7k A7t Ao] A e
Fo) Al Aol 7t AUtk

8% 2% o432 Sham 1= 0.12 mg/day, Sham $-%
2 0.10 mg/day, OVX thZT 0.09 mg/day, OVX $-E3}

>
o
BN
2y

Table 3. The effect of Oolong tea diet on food intake and food efficiency ratio in OVX rats

) Sham (0)%:¢
Variables Control Oolongtea Control Oolongtea
Mean intake (g/day) 15.4+1.7"%2 15.942.0° 18.0+1.9° 17.142.1°
FER? 0.08+0.02* 0.08+0.01° 0.18+0.02° 0.16+0.04°
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 4. The effect of Oolong tea diet on serum calcium and phosphorus, urinary calcium and phosphorus excretion in

OVX rats
Sham OVX
Variables

Control Oolongtea Control Oolongtea
Serum Ca (mg/dL) 9.3+0.19" 9.4+0.22 9.4+0.26 9.6+0.34
Serum P (mg/dL) 5.740.62 6.3£0.51 6.8+0.43 7.3+0.55
Urinary Ca (mg/day) 0.12+0.05" 0.10+£0.03 0.09+0.03 0.11+0.04
Urinary P (mg/day) 5.64+1.10 5.37+1.00 5.41+1.16 6.09+0.97

Y Mean+SD.

0.11 mg/day°|31, 85 <19] A & Sham UlZ" 5.64 mg/
day, Sham &2k 5.37 mg/day, OVX U= 5.41 mg/day,
OVX $-F2H 6.09 mg/dayZ A& 2891 Z}ol7}
ATk

4. 2% DPD Crosslinks Value

Table 59 Z-83l #|3%2] 835 deoxypyridinoline(DPD), crea-
tinine, crosslinks value©l th3alt A3}E Jehlit}l. 2% DPD
X% Sham & 1,039.7 nM, Sham -E2k 1,159.0 nM,
OVX W& 1,255.5 nM, OVX -F&k 1,040.1 nMe| 1L,
creatinine %=+ Sham 2T 563 mM, Sham $F2
74.1 mM, OVX HZ* 63.6 mM, OVX -F-Z2* 62.1 mMO.&2
A7 f2 821 ZFol7) SAATE 8% crosslinks value=
Sham T2+ 201.8 nM/mM, Sham -$-FXH 182.7 nM/mM,

OVX ZT 229.8 nM/mM, OVX $-Z2 197.9 nM/mM.C.
2 OVX thZ7©°| Sham 53 HT FoH o2 =4 Y
ERsith WA A o Fofl #AAIgle]l $5AF Hrkae] A
Al TR e Aol ot fol Al Abol= gldith

o

&% ALPZ} Calcitonin ST

=34 A EZ ¥A alkaline phosphatase(ALP)<} calcitonin
< =233 A= Table 69 YERQITE 3 ALP 5=+
Sham thZ* 301.0 U/L, Sham $-FX} 269.3 U/L, OVX th
27 273.8 UL, OVX &2 309.5 U/Le|$
citonin F%=E Sham W13 2.90 pg/mL, Sham $-F* 3.26
pg/mL, OVX tZ+" 3.58 pg/mL, OVX -FAH 2.43 pg/mL
2 A A of 7o -5k HE Aol Ao mE {4
¢l ztol 7t giith

1, = cal-

Table S. The effect of Oolong tea diet on urinary DPD crosslinks value on in OVX rats

Sham OoVX
Variables
Control Oolongtea Control Oolongtea
DPD (nM) 1,039.7+693.4" 1,159.0+636.6 1,255.5+550.6 1,040.1+337.1
Creatinine (mM) 56.3+29.9 74.1+44.6 63.6+27.1 62.1+28.1
Crosslinks value (nM/mM) 201.8+28.7°%% 182.7424.8* 229.84+37.7° 197.9+41.56™

D Mean+S.D.

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

Table 6. The effect of Oolong tea diet on serum ALP (alkaline phosphatase) and calcitonin in OVX rats

Sham OovVX
Variables
Control Oolongtea Control Oolongtea
ALP (U/L) 301.0+79.1Y 269.3+62.3 273.8465.0 309.5+49.8
Calcitonin (pg/mL) 2.90+0.44 3.26+1.49 3.58+1.62 2.43+0.79

Y Mean+S.D.
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=)

T2 AE Aolrk da AA Ao = gL
=3l nA = G Loty 98 S HF 2E=
(spine BMD)®} 23 Z ¢ (spine BMC)S YER ) 43
ZA %= Sham ET 0.156 g/em?’, Sham $-F2HE 0.157
glem?®, OVX I Z 0.147 glem?, OVX $-Z21 0.146 g/em?
° 2 OVX:i©| ShamwHUF Aoz Yoy 54
7F 2ol A mE foHl Alele Tk HF ShE
Sham thZT 0.428 g, Sham -5 0.421 g, OVX ZT
0.403 g, OVX $-Z2k7 0431 go & A7t F-2o]2<l
2to] 7k AT

gae) A7k 2L

nAE 9 485

T 1.67 glkg, OVX thET 1.23 gkg, OVX 22T 143 o
kgl 2 OVXo] ShamwHEt} fel&d o @ ¥ely Sham
Woll A& 32k A7F 2ol AFol W& Fe# <l 2ol7} /1
Ao}, OVXE oA 32 H7F 2ol HH Al TR
t feldoz A Uehgth

2) the| =2 et OiE| S8t 9 AME 2 oif =2
of CHE| =&t
Table 82 52 X7} 2o/} Wi AA| He] uFE =4
(femur BMD) ¥ thE &= (femur BMC)®l| "X+ 4
of tigk AaE veidlet. tiE E¥UEE Sham thx
0.196 glem?, Sham $-Z-2F 0.193 glem?, OVX ThZ 0.186
glem?’, OVX $-E2H# 0.192 g/em®Z OVX thZ-©]| Sham
B} fojHo g Wty Shamwd OVXE WollA $-Ext

Ml oot

Tz} FPFS AFToR Y e AT T AF 3w FH7F Aol Al W FARI Aol= gl tiE 2%

Eo} IS AuEW AT G A5 =% E(spine BMD/
wt)E Sham I 0.62 glem’/kg, Sham $-ZXFt 0.62 glem’/kg,
OVX T2 0.44 glem’/kg, OVX F-EX}T 049 g/lem?kg o

2 OVXiro| ShamTHU} f-2]F 02 wgrony, —?—%x} 27}
2lo] A&l e FoZl Aol gl AT B HF =
=¥ (spine BMC/wt) Sham 27" 1.69 g/kg, Sham $-&2}

2 Sham T2+ 0.386 g, Sham $-F3H 0.385 g, OVX
2 0385 g, OVX F-E2 0.388 g2 &2 A7t 72
21 zFol7} YTt

e S9EE AFoR e AT E =% = (femur
BMD/wt)&= Sham THZ3 0.78 g/em’/kg, Sham -$-E2 0.77
g/em’/kg, OVX thZT 0.57 glem’/kg, OVX F-F2T 0.64

Table 7. The effect of Oolong tea diet on spine BMD and BMC in OVX rats

Sham OovVX
Variables
Control Oolongtea Control Oolongtea
Spine BMD (g/cn) 0.156+0.007"%? 0.157+0.008° 0.147+0.005° 0.146+0.010°
Spine BMC (g) 0.428+0.043 0.4210.029 0.403+0.025 0.431+0.017
Spine BMD (g/em?)/wt (kg) 0.62:£0.04%? 0.62:0.03° 0.44+0.02° 0.49+0.10°
Spine BMC (g)/wt (kg) 1.69+0.13¢ 1.67+0.09° 1.230.08° 1.43+0.21°

Y Mean+S.D.
2)

Table 8. The effect of Oolong tea diet on femur BMD and BMC in OVX rats

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

Sham OoVX
Variables
Control Oolongtea Control Oolongtea
Femur BMD (g/cm?) 0.196£0.007"? 0.193+0.005° 0.186+0.006 0.192+0.007"
Femur BMC (g) 0.386+0.019 0.385+0.021 0.385+0.019 0.388+0.014
Femur BMD (g/cm?)/wt (kg) 0.78+0.04¢ 0.77+0.02° 0.57+0.02° 0.64+0.11°
Femur BMC (g)/wt (kg) 1.52+0.07° 1.53+0.08° 1.18+0.04° 1.2840.17°

D 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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