FEE R ZE 2013 455 A% 19 %455 5 ] Chin J Osteoporos, May 2013 ,Vol 19, No.5
500 Published online www. wanfangdate. com. cn doi:10. 3969/j. issn. 1006-7108. 2013. 05. 018

- 25 ¥ Wt 5E-

#e R K2 B H WA i 5 4 S 36 P e
LM I FY B 8 AIF 5T

s AT A BNE AR
(1. BHERIREEA B = i RIR Y2 B 5 06 s R 650500
2. nHAHE - ANREREE™R, BB 650032)

hESES. RS  XEARIRAS. A XEHES. 1006-7108(2013)05-0500-09
WE. B8 MlhgiAE K2 FrEmes KRGEER E 4i4E R D, KA Q10 FLAIE RN 14 2k it T &0
HR RS e E L, FiE 14 2R kR s KREH LG R AR EH 4L, B4 . 32l
i 1 4EA 2R K2 (80 pg/kg) Ziatin 2. 454 K K2 (80 pe/kg ) + Ml Q10(50 mg/kg) 2R 3. 42k & K2(50 pg/
kg )+ FPEERRES (500 me/kg) SZIRhh 4 4EA R K2 (80 pe/kg ) + AFBIRES (500 me/kg) (SZikhh 5 484K K2 (50
pne/kg )+ 4EAEEE D3 (4 wg/kg) LA 6 A K2(80 pe/kg ) + 4EAEE D3(4 wg/kg) 2kl 7 4 K2(50
ne/kg ) + 4% E(40 mg/kg) 2R 8 4 E K K2 (80 wy/kg ) + 42 E(40 mg/kg) 2k 9. 41 % K2(50
pekg ) + 4EAER E(40 mg/kg) + 43 D3 (4 perke) A2 104842 K K2 (80 pe/kg ) + 4E2EEE E(40 my/
kg) + 4EEE D3 (4 perke) FZIRA 11 4EEE K2 (50 pe'kg ) + 4E4EZE E(40 me/kg) + FBERRES (500 me/kg)
ZIRA 12 454K K2 (80 pe/kg ) + 4EAEE E(40 mg/kg) 4 + APEEIRES (500 me/kg) A2k 13 4E4E K K2 (50
ne/kg) + AEEFE D3(4 perke) + FPERRES (500 mg/kg) (AZilhh 14 . 442 K2 (80 wg/kg) + 4EEFE D3(4 pe/ke)
+ FPEIRES (500 mg/kg) o RHIZEBN L (ovariectomy, OVX) J5 kB il K Bl BB AMERAL , S BENL A - IEH XS
W BFARA CGRUIINEL)  RONHARTIZE 30 pne/ke O MERS P25 0 FRALA 14 N2, i UL 1 ml/
100 g (REAF HEES 1 1K, #2260 d; IE 5 % RA S PE B A BEE K 52 60 d; (RF ARG AR 49 B 45 T A6
WM, LR 60 d, KUK ZE )5 R FHRUGE X ZRASIN I B FlHEHME %) 5 5 B (bone mineral density , BMD) M5 # %% (bone
mineral content, BMC) JFF WA B BB /K -, 58 (1) X BMD K& BMC (IR0, SRR g, 2300 13
A1 14 7T HA S IR FOMES /) BMD K& BMC (SR A, P < 0.01) , HAZi5 14 BFER T2 13( 5%
A 13 P < 0.05) o 3Zialih 1 S B R 32l 2 416 .8 (10 12 By a3 Jin e Rt (1 BMD & BMC(P <
0.05, SHRIA HHR) . 223 5 19 FT LIS hnBef Ak %9 BMD f BMC(P < 0.05, S5H4 i) , HAER 532
KA 1.2.4.6.8.10,12 FEAM Y, SHEAIL AL, 2l 3.7 Al 11 {8 IS 69 BMD, X S BMD JEHA &0
(2) Xof B b B 5 7K S B R AR TR L, 7 13 T 14 B R R I TR, U R A
I SRR A P < 0.01, HZiM 14 58 F 323800 13323800 1 i HEAAZ i 2.4 .6 .8.10 12 ZikiH 5
F19 AR WA IR AR I KR, [FIR AT A, HAEFIAR Y, 32380 3.7 A1 11 B SRm 3 in A 3
AT E, EXKEIIL RSP B, &t ERZHRAEHT, 14 A2, 25 13 F1 14 /EH
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Anti-osteoporotic screening study of vitamin K2 and its compatibility of medicines
CHEN Peng', HE Bo', YANG Renhua', LU Yigin’, SHEN Zhiqiang'
(1. Yunnan Key Laboratory of Pharmacology for Natural Products , School of Pharmaceutical Science ,
Kunming Medical University , Kunming 650500, China;
2. Department of Obstetrics and Gynecology , the First People ’ s Hospital of Yunnan Province , Kunming 650032, China)
Corresponding author ; SHEN Zhiqiang, E-mail;shzhq21en@ yahoo. com. en

Abstract: To screen the anti-esteoporotic activity of 14 samples, which were consisted of vitamin K2, calcium citrate ,

natural vitamin E | vitamin D3, and coenzyme Q10, in osteoporotic model rats with high turnover osteoporosis induced by

ovariectomy. Methods  All the 14 samples were provided by the Pharmaceutical Development Company Limited of

Yunnan University, including sample 1: vitamin K2 (80 g/kg) , sample 2; vitamin K2 (80 g/kg) + coenzyme Q10 (50
mg/kg) , sample 3 vitamin K2 (50 g/kg) + calcium citrate (500 mg/kg) , sample 4. vitamin K2 (80 g/kg) + calcium
citrate (500 mg/kg) , sample 5; vitamin K2 (50 g/kg) + vitamin D3 (4 g/kg), sample 6; vitamin K2 (80 g/kg) +

vitamin D3 (4 g/kg) , sample 7; vitamin K2 (50 g/kg) + vitamin E (40 mg/kg) , sample 8 ; vitamin K2 (80 g/kg ) +

vitamin E (40 mg/kg) , sample 9 ; vitamin K2 (50 g/kg) + vitamin E (40 mg/kg) + vitamin D3 (4 g/kg) , sample 10

vitamin K2 (80 g/kg) + vitamin E (40 mg/kg) + vitamin D3 (4 g/kg) , sample 11; vitamin K2 (50 g/kg ) + vitamin
E (40 mg/kg) + calcium citrate (500 mg/kg), sample 12, vitamin K2 (80 g/kg ) + vitamin E (40 mg/kg) +

calcium citrate (500 mg/kg), sample 13 vitamin K2 (50 g/kg) + vitamin D3 (4 g/kg) + calcium citrate (500 mg/
kg), and sample 14 ; vitamin K2 (80 g/kg) + vitamin D3 (4 g/kg) + calcium citrate (500 mg/kg). Female Sprague—
dawly rats were randomly divided into normal control group , sham operation group , and ovariectomized (OVX) group. Rat
osteoporosis model was established using OVX. Rats in OVX group were then randomly divided into model group , 30ng/kg
diethylstilbestrol positive control group , and the above 14 test sample groups, respectively. Rats in 14 test sample groups
were given a 1ml/100g administration of the samples intragastrically once a day , lasting for 60 days. Normal saline was
used in normal control group , and peanut oil was used in sham and model groups , respectively. The detailed grouping was
shown in Table 1. Bone mineral density (BMD) and bone mineral content ( BMC) were examined by dual-energy X-ray
absorptiometry analysis, and bone calcium by atomic absorption , respectively. Results Effect on BMD and BMC : as
compared with that in model group , test sample 13 and 14 could significantly improve BMD and BMC of the femur and the

vertebrae (P <0.01). The effect of test sample 14 was stronger than that of test sample 13 (P <0.05). Test sample 1 and
test samples 2, 4, 6, 8, 10, and 12 ( combined with the same dose of test sample 1) could increase BMD and BMC of the
femur and the vertebrae (P <0.01). Test sample 5 and 9 obtained the similar effect to those of test samples 1, 2, 4, 6,
8, 10, and 12. As compared with model group , test samples 3, 7, and 11 only improved BMD of the vertebrae , but had
no effect on BMD of the femur. Effect on femur weight and bone calcium ; as compared with that in model group , test
samples 1, 2,4,5,6,8,9, 10, 13, and 14 markedly increased the wet, dry and ash weight of the femur , and elevated
the level of bone calcium. Among them, test sample 14 showed the highest activity (P <0.05). Test samples 3, 7 and 11
increased the wet and dry weight , but had no significant effect on ash weight or bone calcium . Conclusion  Among all the
14 provided samples , test sample 14 shows the strongest anti -osteoporotic effect. Test samples 1,2,4,5,6, 8,9, 10, 12
and13 have the similar activity, but inferior to test sample 14. Test samples 3, 7 or 11, however, have no significant anti—
osteoporotic activity.

Key words: Vitamin K2; Calcium citrate ; Natural vitamin E; Vitamin D3; Coenzyme Q10; Osteoporosis; Bone mineral

density ; Bone mineral content ; Bone calcium
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Table 1 Fourteen test samples ( preparation with peanut oil )

503

AT

Sequence Number oftest sample

oy K HR

Components and doses

ik 1
Test sample 1
Zi 2
Test sample 2
521 3
Test sample 3
52 4
Test sample 4
S S
Test sample 5
Z i 6
Test sample 6
S T
Test sample 7
i b 8

Test sample 8

e F K2 (80 pg/kg)

VitaminK2 (80 wg/kg)

AR K2 (80 pg/kg ) + fliE Q10(50 mg/kg)
VitaminK2 (80 wg/kg ) + coenzyme Q10 (50 mg/kg)
Ak K K2(50 pe/keg ) + FFEEMRAS (500 me/kg)
Vitamin K2 (50 pg/ kg ) + calcium citrate (500 mg/kg)
i K2 (80 pgrkg ) + FPREIAES (500 mg/kg)
Vitamin K2 (80 pg/kg ) + calcium citrate (500 mg/kg)
ik % K2 (50 pg/kg ) + 4EEFE D3(4 pe/ke)
Vitamin K2 (50 pg/kg ) + vitamin D3 (4 pg/ke)

A K2(80 wg/kg ) + 4iEE D3(4 pg/kg)
vitamin K2(80 wg/kg ) + vitamin D3 (4 pg/kg)

Ak K2(50 pe/kg ) + Zi2E 2 E(40 mg/kg)
Vitamin K2 (50 pg/kg ) + vitamin E (40 mg/kg)
i E K2(80 pe/kg ) + 4iEE E(40 mg/kg)
Vitamin K2 (80 pg/kg ) + vitamin E(40 mg/kg)

Zikh 9 Atk % K2(50 pg/kg ) + 44k % E(40 mg/kg) + 4E4E % D3 (4 ng/kg)

Test sample 9

Vitamin K2 (50 pg/kg ) + vitamin E (40 mg/kg) + vitamin D3 (4 pg/kg)

Zikdh 10 2 K2(80 pg/kg ) + 4i4E % E(40 mg/kg) + 4E/E 2 D3(4 ng/ke)

Test sample 10

Vitamin K2 (80 wg/kg )

+ vitamin E(40 mg/kg) + vitamin D3 (4 pg/kg)

Zdh 11 EEFR K2 (50 pg/kg ) + HEEZ E(40 mg/kg) + FHARARYS (500 mg/kg)

Test sample 11 Vitamin K2 (50 pg/kg ) + vitamin E(40 mg/kg) + calcium citrate (500 mg/kg)
ZIX 12 PR K2 (80 pg/kg ) + HEAEZK (40 mg/kg) + FPEERRES (500 mg/kg)

Test sample 12 Vitamin K2 (80 pg/kg ) + vitamin E(40 mg/kg) + calcium citrate (500 mg/kg)
Zikdh 13 YR K2 (50 pe/kg ) + HEE#E Dy (4 peg/kg) + FPERRES (500 mg/kg)

Test sample 13 Vitamin K2 (50 pg/kg) + vitamin D3 (4 pg/kg) + calcium citrate (500 mg/kg)
Zilih 14 AR K2 (80 pg/kg ) + R Dy (4 ng/kg) + FBERRES (500 mg/kg)

Test sample 14

Vitamin K2 (80 wg/kg) + vitamin D3 (4 pwg/kg) + calcium citrate (500 mg/kg)

1.4.5 WLIFEFR

1.4.5.1 5% % (bone mineral density, BMD) A Fy
B Y)i &5 (bone mineral content , BMC) : FHXHE X
SFFEAE 1 ) 53 S 00 5 A 1 R R 00
L, Y BMD 1 BMC, FIFHiZ 2 G2 AR 48R X 3
HEET 53T .

1.4.5.2  BESEENE . A BB FRITE I TR
W IR B 200 C BEEE 5 h B HE FIRFRE,
JFE, QR ZF 750°C BE S b B HIEFRKE , Z )5
FH KRR 53 6 BE I I B 45

1.4.6 BdE50Hr R IBM SPSS 20 St ffukft
ST, A BRI « s Fom, dLIE R BRI 2
7725311 ( One-way ANOVA) , LSD J7 453, M
FLASR I g #36,P < 0. 05 A S8 X,

2 & R

2.1 XEH Y 5% B (BMD) Y520
H3% 2 A L. 25 O SRR 40 R BB FIME B Y

HR R BRI (P <0. 01, 5 1F 3 % IR 5 T
RYLELHE) , 22 BB B A A5 A0 &2 i i oy, 5 B A
ZH LR, 30 e/ kg 114 FHAH T HE A O 05 EE 193 ] B (8 34
T e BB E (P <0. 01, SR H#R)
B o, SR 13 14 1T B 58 T w8 B R
BB SEIY L, P <0.01, 7E 14 4~3ZiK
mn A AR X B0, A7 i 14 P94 R T A2
13, Ziddh 1[4E2EZE K2 (80 pe/kg) ) R HBLZ
R 24,68 .10 12 Y507 B I BEE A 0 B 2%
(P <0.05, SHEIRIZ LHR) ;5210 5.9 W LA i
BRHEE BB EE (P <0. 05, 5B A, HAE
52k 1.2.4.6.8.10 12 A4, SR
B, 3.7 LD ARG e B BB (P <
0. 05, SRR A ) |, o BB 4% B G s ( P
>0.05, SHEAIH ILAD) .
2.2 XETYIBSE (BMC)

t7¢ 3 AL S IEH 0 IR s TR 40 oA, 3¢
B BLATRY 20 K SRBeE FOE B 0 B T o I 2 ek D
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R2 14 Bz AR B R AL R
TSI (g/em” ) HISEIR
Table 2  Effect of 14 test samples on bone mineral

. 2y . . . .
density (g/cm”) in ovariectomy-induced osteoporotic rats

2151 LA JBC R AR
Group BMD oflumbar vertebra BMD of femur
(ipapis:
BT AR 0.22 0.0l 0.25 + 0.0l
Normal control group
1 > Q
{Fy??k,ﬂ 0.22 + 0.02 0.24 = 0.02
Sham group
500 X R 2
PUELXTIAL 0.11 % 0.02°  0.12 = 0.02°
Osteoporotic model group
O 475 I 193 X 1 2
Diethylstilbestrol positive 0.19 = 0.02° 0.20 + 0.03°

control group
Ziih 1

Test sample 1

ZAR A 2

> A 0.13 +0.02"  0.14  0.02"
Test sample 2

7o 1

ok 3 0.12 = 0.01 0.13 = 0.01
Test sample 3

2o H 4

s 0.14 + 0.01"  0.14 = 0.01"
Test sample 4

Z S

Z 0.14 + 0.02"  0.14 = 0.02"
Test sample 5

2o H 6

el 0.14+ 0.02" 0.15 + 0.01"

Test sample 6
32k 7
Test sample 7
Zikdh 8

b
Test sample 8 .02

0.14 + 0.01" 0.14

+
(=}

Z i 9
Test sample 9
32K 10
Test sample 10
Zh 11

Test sample 11

H
(=}

0.13 = 0.01" 0.14 .01

Zh 12
Test sample 12
32 13
Test sample 13
Ak 14
Test sample 14
En =100 s, SIEH M RA SR T RAE, "P < 0.01,
compared with normal control group or sham group; 5B %I 41 [L#¢ > P
< 0.05,°P < 0.01,compared with model gr()up;lfj/ﬁ\:ﬁi_{ 13 43238

0.14 = 0.02" 0.14 = 0.01°

0.16 = 0.02° 0.15 = 0.02°

0.17 + 0.01°*  0.18 .02

+
(=}

He#,4 P < 0.05, compared with the other 13 test samples

(P<0.01), SR HE,30 we/kg 1Y 4 E Y
AT H A BB R B S R (P <0.01) ,
B 13 A1 14 Y] B3 T e FIME S a0 & i

(SRR L, P <0.01) , H3Z05 13 094E T 55
3: i 14 (5323805 13 L, P <0.05) . 3Zilhh
HPEURAZIA S 2 46,810 12 a3 i-i Fil

HEB B & & (P <0.05, SR Hdr) ., 2k
i 5 Az O ] DAKS hn B & AOHE S 8O BT &,

HAEH 532 1.2 4 .6.8.10 12 /1Y, S
Hc? Z i 3.7 AZRih 11 BB nHES g e &

R AT A B B e 2 B G R R 2 (P > 0. 05) o
314 Pz R B
PSRV B 5 i (o) BN
Table 3 Effect of 14 test samples on bone mineral

content (g) in ovariectomy-induced osteoporotic rats

205 LA 0 % TR B
Group BMC oflumbar vertebra BMC of femur
HXT IR
IR 0.31 %0.03 0.51 = 0.03
Normal control group
= - ]
{&?ﬁ,ﬂ 0.31 + 0.04 0.53 + 0.06
Sham group
LT R 2 . )
i . 0.19 = 0.05" 0.36 + 0.05"
Osteoporotic model group
s M i 0 T 21
Diethylstilbestrol positive 0.29 + 0.02° 0.48 + 0.05°
control grou
73 lll
S 0.25 = 0.03" 0.41 = 0.04"
Test sample 1
2k 2
Sl 0.25 £ 0.05"  0.41 = 0.05"
Test sample 2
Zan
SR 3 0.23 = 0.05 0.40 + 0.03
Test sample 3
ZAR i 4
o 0.24 + 0.04" 0.42 + 0.05"
Test sample 4
PR = 5
S i 0.25 = 0.04" 0.42 = 0.04"
Test sample 5
Zi 6
S 0.26 + 0.04" 0.42 + 0.04"
Test sample 6
= = 7
A 0.23 =+ 0.03 0.40 = 0.05
Test sample 7
ZARfh 8
S 0.25 + 0.03" 0.41 + 0.03"
Test sample 8
ATt
S 0.25 = 0.03" 0.42 = 0.04"
Test sample 9
ARt 10
o 0.25 + 0.03" 0.43 + 0.06"
Test sample 10
7 E1 11
,Xﬁt"m 0.24 = 0.03" 0.40 = 0.04
Test sample 11
Bt 12 , ,
.25 + 0.03" .41 = 0.04”
Test sample 12 0-25 = 0.03 0 0.0
ZHtE 13
o 0.26 = 0.03° 0.44 + 0.04°
Test sample 13
Fik 14
S 0.28 +0.02  0.45 = 0.02"
Test sample 14
n=10,x +s,"P < 0.01, THMEM&%'WKQELB’F

compared with normal control group or sham group;” P < 0.05,°P <
0.01, SRR A LA , compared with model group ;d P < 0.05,5HAth

13 2k e, compared with the other 13 test samples.
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2.3 XPHEMEMN X R (P <0.01) , HZif 14 52 F 5205 13,

SREAR AT, R 4 UL RORERAT S 1 Rz 2 46,8 .10 12 By AT
BRI R FUBCE IR E TR EKEY BEWM (P < BENEE THEREKE(P<0.05) ;%R 5.9 I8
0.01, SR X MA s FARALE) , SHAA  BEROMBCEINEE  THEAKE(P <0.05) ,/EHS
ELAE, BHAX IR OO M (30 we/kg) PTBA RGN 32350 1.2 4.6.8.10,12 A, SR AL, 52
JBEE RS E  TEREREKE(P<0.01), SHERAE K537 11 EmEENEEMTFE(P <0.05),
L2 13 14 WE IS E | TEMOKE G (EXKES T B (P >0.05) .

R4 14 AT LR B T AR R BB E A (o) IR

Table 4 Effect of 14 test samples on femur weight (g) in ovariectomy-induced osteoporotic rats

2115 PLTAEN +&E KE
Group Wet weight Dry weight Ash weight
At BB 4
IEH X 1AL 0.913 + 0.091 0.693 + 0.078 0.527 + 0.079
Normal control group
AR
gﬁﬁk'ﬁ 0.922 + 0.087 0.688 + 0.059 0.530 + 0.061
am group
AU HR 2] )
. 0.684 + 0.085" 0.445 + 0.077° 0.314 + 0.082"
Osteoporotic modelgroup
T 7 I 13 % R 4 i X .
".kﬁ%@? T . 0.803 + 0.087° 0.637 + 0.076" 0.469 + 0.079"
Diethylstilbestrol positive control grou
Zik 1
coma 0.753 + 0.046" 0.519 + 0.071" 0.395 + 0.066"
Test sample 1
32K 2 b b b
0.757 + 0.058 0.528 + 0.082 0.404 = 0.081
Test sample 2
Zi 3
R 0.754 = 0.054 0.517 = 0.067" 0.380 = 0.067
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Zi i 13 . . .
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ﬁﬁt =} 14
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Test sample 14

Hon=10,x +5, 5IEH X BABR T ARH LB, P < 0.01, compared with normal control group or sham group; S A IL#, * P < 0.05,
°P < 0.01,compared with model group; 5 HiAlh 13 D3I L4, * P < 0.05, compared with the other 13 test samples

2.4 XEESKE 2R pe/ke) T B B EE5 K (P <0.01) , SR

H2¢ 5 AL, SO0 BRI AL R RUBER 05K AR, 2R 13014 B BB 8K (P <
S EREMG(P < 0.01, SIEW X MASMBFAR  0.01),3Zild 13 3555 T523K0050 14 Z3K05 1 K&
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BEINEAS K- (P <0.05) , SHEBIAH HOA, 52
3.7 Rzl 11 4 B9 85 KP4 D0 221k (P >
0.05),
RS 14 Bzl A B R FBAL R
TR B8 3 B AR
Table 5 Effects of 14 test samples on bone calcium content

of femur in ovariectomy-induced osteoporotic rats

TSR (%)

S
f%] Content of bone
rroup caleium (% )
X R 2
IE XL 22.5 = 3.10
Normal control group
1oAY
AR 22.7 +2.87
Sham group
A o) e 2
il . 14.8 + 3.05"
Osteoporotic model group
i M 13 % 2 4
Jﬁ%ﬂiﬁ@ﬁ i - 19.9 + 2.02°
Diethylstilbestrol positive control grou
Zil i 1 b
Test sample 1 17.2 = 1.68
Zik i 2 N
Test sample 2 17.7 = 2.49
Tath 3
S 17.1 £ 2.23
Test sample 3
Zik i 4 b
Test sample 4 17.7 % 2.45
Sath s
f,‘ﬁt”” 17.8 = 2.70"
Test sample 5
Ziki 6
. 17.9 + 2.23"
Test sample 6
ik 7
ki 17.2 = 2.57
Test sample 7
Zidhh 8 b
Test sample 8 17.6 = 2.27
Zi g9 .
17.9 = 2.72
Test sample 9 7.9 %27
321k 10 )
Test sample 10 17.9 = 2.84
Zikhh 11
i 16.7 + 2.91
Test sample 11
Fi 12 .
Test sample 12 17.4 = 2.17
Fif 13 F
Test sample 13 18.5 =227
Zil 14
S 19.8 + 2,37

Test sample 14

Hin =10,x =5, SIEF X M NBFARALE, *P<0.01,
compared with normal control group or sham group ; 5 #% % 4 L %5 bp
< 0.05,°P < 0.01,compared with model group ;5 HAh 13 4~3Z ik 5y

He#, *P < 0.05 ,compared with the other 13 test samples
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