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ABSTRACT

Selection of the Fittest Anti-osteoporotic Mixed Compositions Consist of
Morindae Radix and Cistanchis Herba Aqueous Extracts on Ovariectomized Mice

Tteul-E-Bom An, Dong-Chul Kim
Dept. of Korean Obstetrics & Gynecology, College of Korean Medicine,
Daegu Haany University

Objectives: To select the optimal ranges showing obvious synergic anti-osteoporotic
potential after adjust mixed formula consisted of Morindae Radix (MR) and Cistanchis
Herba (CH) as compared with those of each single formula or risedronate sodium
(RES) using bilateral ovariectomized (OVX) female mice.

Methods: Fourteen groups, total eight sham or 104 OVX mice were selected based
on the body weights at 34 days after OVX surgery. After that, 9 types mixed compositions,
single formula of MR and CH, and RES were orally administered for 35 days. And
we measured changes in body weight and gain, femur weight, bone mineral density
(BMD), bone strength (failure load) and mineral content - calcium (Ca) and inorganic
phosphorus (IP), osteocalcin contents and bone specific alkaline phosphatase (bALP)
activities of all mice.

Results: The OVX-induced estrogen-deficient osteoporotic signs were significantly
inhibited by 35 days of continuous oral treatment of all treated mice as compared
with OVX control mice. Especially, MR:CH 1:3 and 1:1 mixed formula treated mice
showed significantly more favorable inhibitory activities against estrogen-deficient
osteoporosis symptoms as compared to those of each single formula of MR and CH.
Although RES also ameliorated the decreases of the femur BMD, strength and
trabecular bone architectures through the inhibited the increases of bone turnover,
but they did not critically influenced on the bone formations.

Conclusions: The results suggest that MR:CH 1:3 mixed formula showed somewhat
lower anti-resorptive effects as compared to those of RES, but they also showed bone
formation effects. therefore, it is expected that MR:CH 1:3 mixture will be promising
as a potent protective agents for relieving the osteoporosis in menopausal women.
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A A A < (bilateral ovariectomy, OVX) A (Table 1, Fig. 1). v}$252 OVX,
T 34l BE AFAY AFS A5 A ATFEA 2 2AHE A 18AIZE ¢
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Table 1. Experimental Design Used in This Study

Group Surgery Dose (mg/kg/day)
Control Sham Distilled water 10 ml/kg: once a day for 35 days
Control 0ovVX Distilled water 10 ml/kg: once a day for 35 days
Reference 0ovVX RES (2.5 mg/kg): once a day for 35 days
Single formula
Active 0VX MR (200 mg/kg): once a day for 35 days
Active 0VX CH (200 mg/kg): once a day for 35 days
Mixed formula - MR:CH
Active 0ovVX MR:CH 1:1 (100:100 mg/kg): once a day for 35 days
Active 0ovVX MR:CH 1:3 (50:150 mg/kg): once a day for 35 days
Active OvVX MR:CH 1:5 (33:167 mg/kg): once a day for 35 days
Active 0OvVX MR:CH 1:7 (25:175 mg/kg): once a day for 35 days
Active 0ovVX MR:CH 1:9 (20:180 mg/kg): once a day for 35 days
Active 0VX MR:CH 3:1 (150:50 mg/kg): once a day for 35 days
Active 0ovVX MR:CH 5:1 (167:33 mg/kg): once a day for 35 days
Active 0ovVX MR:CH 7:1 (175:25 mg/kg): once a day for 35 days
Active OVX MR:CH 9:1 (180:20 mg/kg): once a day for 35 days
3 weeks
' MR and CH single formula 200 mg/kg
7 days Nine types of MR:CH mixed formula 200
acclimatization S weeks mg/kg; Oral administration
W;ﬂ:ICR iice ;el-ecli.on lT o- n f:.53l5nglkg oral administration
nce a a‘ T a!ﬁ
I o Analysis I Sacrifice
Anti-osteop i tivity - total body and femur BMD, femur wet, dry
and ash weights, gth, serum osts in and bALP contents
:n:zt:r%e:il(i::logy of femur — bone mass and structure with bone

Nine types of MR:CH mixed formula = 1:1, 1:3, 1:5, 1:7, 1:9, 3:1, 5:1, 7:1 and 9:1 {g/g)
Fig. 1. Experimental design used in this study.
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Table 2. Actual Compositions of Test Substances Used in This Study

Compositions (mg)

Groups RES MR oH Vehicle (10 ml)

Controls

Sham 0 0 0 Distilled water

OVX 0 0 0 Distilled water
Reference

RES 2.5 0 0 Distilled water
Single formula

MR 0 200 0 Distilled water

CH 0 0 200 Distilled water
Mixed formula - MR:CH

1:1 0 100 100 Distilled water

1:3 0 50 150 Distilled water

1:5 0 33 167 Distilled water

1:7 0 25 175 Distilled water

1:9 0 20 180 Distilled water

3:1 0 150 50 Distilled water

5:1 0 167 33 Distilled water

7:1 0 175 25 Distilled water

9:1 0 180 20 Distilled water
3. FSFAaAA N.O % 2-3% isoflurane(Hana Pharm.

EFAAF-EUPEAA] (Surgivet, Waukesha, Co., Hwasung Korea)2] &35 < rodent

WI. USA)E ol-&3ted 285% 02 70%

ventilator(Model 687, Harvard Apparatus,
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Equation [1]. Body Weight Gains(g)

OVX recovery/induced periods(35 days)
=Body weight at initial test substance
treatment-body weight at the day of OVX
surgery

After administration(35 days) = Body
weight at sacrifice-body weight at initial

test substance treatment
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Equation [2]. Relative Bone Weights
(% of body weight) =[(Absolute bone
weight/Body weight at sacrifice) x100]
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MBS495064, MyBioSource, San Diego, CA,
USA)E ng/ml F202 AHE3le] &3
2 2E| e $£AE A3 Mouse
bALP ELISA Kit(Cat. No. MBS2501503,
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Equation [4]. Percentage Changes as
Compared with Sham Control(%) =[((Data
of OVX control mice-Data of sham control
mice)/Data of sham control mice)=x100]
Equation [5]. Percentage Changes as
Compared with OVX Control(%) =[((Data
of test material treated mice-Data of OVX
control)/Data of OVX control)x100]
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Table 3. Body Weight Gains in Sham or OVX Operated Mice

Body weights (g) Body weight gains (g)

GroupSPerlods At OVX At initial At sacrifice OVX recovery Treatment
[A]* treatment [BI1* [C]* [B-Al [C-B]
Control
Sham 25.80+0.95 27.34+1.64 28.76+1.58 1.54+0.98 1.43£0.59
0OVX 25.76+1.18  34.84+1.28™ 40.20+2.07™ 9.08+£0.80**  5.36+0.98*
Reference
RES 25.83£0.85  34.98+0.76%* 39.74+1.68™ 9.15+0.62**  4.76+1.28*
Single formula 200 mg/kg
MR 25.80+0.97  34.88+1.28** 37.96+0.95™ 9.08+0.57**  3.09+1.14*
CH 25.54+0.55  34.63+0.67" 37.86+0.87"" 9.09+0.58%*  3.24+0.72*
Mixed formula - MR:CH 200 mg/kg
1:1 25.68+0.87  34.86+1.15%*  36.59+1.05" M1 9.19+0.44**  1.73+0.70% 1
1:3 25.85+0.99  34.96+1.11%* 36.41+0.84"™ M 911+0.62**  1.45+0.95%1
1:5 25.74+1.12  34.86+1.14** 37.93+£1.29™% 9.13+0.21%*  3.06+0.65*
1:7 25.64+1.22  34.86+1.60** 37.70+1.64™ 9.23+0.47**  2.84+0.81%
1:9 25.63£0.89  34.88+0.92" 37.58+1.39™% 9.25+0.26%*  2.70+0.69*
3:1 25.61£1.03  34.66+0.93" 37.56+£1.51"% 9.05£0.27**  2.90+1.02*
5:1 25.64+1.03  34.74+0.95** 37.94+1.10™% 9.10£0.24**  3.20+0.42"
7:1 25.70£0.91  34.86+1.15** 37.46+2.19™ 9.16+0.25%*  2.60+1.23*
9:1 25.68+0.84  34.68+1.02** 37.54+1.15"% 9.00+0.43**  2.86+0.63*

Values are expressed mean+S.D. of eight mice.

*p<0.01 and "p<0.05 as compared with sham control by LSD test
¥p<0.01 as compared with OVX control by LSD test

$p<0.01 and 'p<0.05 as compared with MR single formula by LSD test
fp<0.01 as compared with CH single formula by LSD test

*p<0.01 and ™p<0.05 as compared with sham control by MW test
#p<0.01 and %p<0.05 as compared with OVX control by MW test
lp<0.05 as compared with MR single formula by LSD test

MMp<0.05 as compared with CH single formula by LSD test
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Fig. 2. Body weights observed in sham or OVX operated mice.

Values are expressed as Mean+S.D. of eight mice. O-1 means 1 day before OVX surgery. O means
the day of OVX operation. -1 means 1 day before start of administration at 34 days after OVX
surgery. 0 means at start of administration, at 35 days after OVX. 35 means 35 days after start of
administration, at sacrifice. All mice were deprived of food before the procedures, surgery and sacrifice.

Table 4. Right Femur Absolute Weights in Sham or OVX Operated Mice

W) Absolute weights (g)
Groups Wet Dry Ash

Controls
Sham 0.093+0.008 0.065+0.009 0.049+0.006
0OvVX 0.093+0.008 0.044£0.006* 0.024£0.006*
Reference
RES 2.5 mg/kg 0.096+0.005 0.067+0.006* 0.050+0.005*
Single formula 200 mg/kg
MR 0.091+0.006 0.052£0.005%3 0.034+0.004**
CH 0.091+0.006 0.052+0.005%3 0.032+0.003**
Mixed formula - MR:CH 200 mg/kg
1:1 0.090+0.007 0.060+0.005%* 0.043+0.006™ I**
1:3 0.089+0.003 0.061+0.003* I** 0.047+0.005¥ I**
1:5 0.090+0.005 0.051£0.007%3 0.032+0.004**
1:7 0.093+0.005 0.054+0.008** 0.035+0.004**
1:9 0.093+0.005 0.052+0.006™* 0.034+0.005**
3:1 0.092+0.007 0.051£0.007%3 0.033+0.005**
5:1 0.093+0.004 0.052+0.006™* 0.035+0.005**
7:1 0.090+0.007 0.053+0.006™* 0.034+0.006™*
9:1 0.093+0.006 0.052+0.006™* 0.034+0.007**

Values are expressed mean+S.D. of eight mice.

*p<0.01 and *p<0.05 as compared with sham control by LSD test
*p<0.01 and %p<0.05 as compared with OVX control by LSD test

p<0.01 and ¥p<0.05 as compared with MR single formula by LSD test
**p<0.01 and ¥p<0.05 as compared with CH single formula by LSD test
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Table 5. Right Femur Relative Weights in Sham or OVX Operated Mice

Items (unit)

Relative weights (% of body weight)

Groups Wet Dry Ash
Controls
Sham 0.324+0.041 0.227+0.040 0.171+0.024
0OVX 0.231£0.023" 0.108+0.015" 0.060+0.014*
Reference
RES 2.5 mg/kg 0.242+0.015" 0.168+0.015" 0.125+0.013**
Single formula 200 mg/kg
MR 0.239+0.014" 0.136+0.013 1 0.088+0.011*"
CH 0.241+0.014" 0.136+0.012 1 0.083+0.008*"
Mixed formula - MR:CH 200 mg/kg
1:1 0.245+0.018" 0.163+0.011 "M+ 0.117+0.015*™
1:3 0.243+0.009 " 0.169+0.010 MM+ 0.129+0.014*"
1:5 0.239+0.018" 0.134£0.021 I** 0.086+0.012*"
1:7 0.247+0.012" 0.142+0.019" 0.092+0.013*F
1:9 0.247+0.013" 0.138+0.015" 0.090+0.011**
3:1 0.246+0.020" 0.136£0.019 I** 0.088+0.015*"
5:1 0.245+0.015" 0.138+0.017 1 0.093+0.016*"
7:1 0.241+0.016" 0.141+0.017 " 0.090+0.016**
9: 0.249+0.023 ! 0.139+0.018 " 0.090+0.021*"

Values are expressed mean+S.D. of eight mice.

*p<0.01 as compared with sham control by LSD test
"p<0.01 as compared with OVX control by LSD test
¥p<0.01 as compared with MR single formula by LSD test
$p<0.01 as compared with CH single formula by LSD test

p<0.01 as compared with sham control by MW test

1p<0.01 and **p<0.05 as compared with OVX control by MW test
"p<0.01 as compared with MR single formula by LSD test
#p<0.01 as compared with CH single formula by LSD test

3. 84 =AM &3}
OVXdzFl A $l4e3 v 3t
g3 e AH e = £23H(p<0.01)
Z7F % &3 bALP A9 #213H(p<0.01)
42 welon, OVXdl 23} v wste
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Al F=xe] 247 25 MR ¥ CH
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(L po ph =L o
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w
e
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-
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d
il
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E¢E FoAL
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o B dTF

W=

=] 2] 3H(p<0.01)

R
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e
B
o

fd

=
AAEE

of ot} EfH|E2
o HlFAME HH 2 AH
o] 2]8H(p<0.05 or p<0.01)
bALP &4 Z715 2ol
A= RESAAL =3 OVX
o wldle] HA o AH Q74
2o, o
A DALPFA| | M= OVXH 2ol B]3}
o] & Zol7t gl eH(Fig. 3. 4).
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Fig. 3. Changes on the serum osteocalcin levels in sham or OVX operated mice.
Values are expressed mean£S.D. of eight mice.

*p<0.01 and ™p<0.05 as compared with sham control by LSD test

#p<0.01 as compared with OVX control by LSD test

$p<0.01 and 'p<0.05 as compared with MR single formula by LSD test

1p<0.01 and **p<0.05 as compared with CH single formula by LSD test
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) - Foer %I kT kI -
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Sham OVX RES MR CH 1:1 1:3 1:5 1:7 1:9 311 51 71 91

Controls Single Mixed formula consisted of MR and CH (MR:CH)
formula

Fig. 4. Changes on the serum bALP levels in sham or OVX operated mice.
Values are expressed mean£S.D. of eight mice.

*p<0.01 and "p<0.05 as compared with sham control by MW test

#p<0.01 and %p<0.05 as compared with OVX control by MW test

p<0.01 as compared with MR single formula by MW test

1p<0.01 as compared with CH single formula by MW test

Serum bALP activities (U/L)

4, HEFLYEAAMY &7 3], MR:CH 1:3. 1:1 £FE 57 =

OVXd 29| AA ° 5 dEF J+ g 7 ddE = g EFERAL
BMD+= $15&el vlsl] £-2131HA (p<0.01) I v E Fog A L = o
ZAadd 22y MR 99 A3 S =383 Z F9Ux9 715 B (Table 6).

B obE FoTelr OVXH L Bl
sty AA W HEF HF BMD Fo3t 5. 27} =4 A3 &3
(p<0.05 or p<0.01) F77F A&EHA. & OVXd 229 =& 71z U

s

ofX

o
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DERE

44
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(p<0.0D) HE= F05H A= F7HE

H o F ok (Table 6).

Table 6. Total Body and Right Femur BMD, Right Femur Strength in Sham or

OVX Operated Mice

Items (unit) BMD (mg/cm?) Strength (Newton)

Groups Total body Femur Femur
Controls

Sham 0.0244+0.0007 0.0271+0.0015 12.77+1.49

0OVX 0.0213+0.00047 0.0227+0.0006" 5.78+1.33*
Reference

RES 2.5 mg/kg 0.0242+0.0011%** 0.0264+0.0018** 11.59+1.44"
Single formula 200 mg/kg

MR 0.0223+0.00047** 0.0239+0.00041** 8.23+0.56™%

CH 0.0219+0.00027** 0.0237+0.0003%** 7.75£0.94*%
Mixed formula - MR:CH 200 mg/kg

1:1 0.0230£0.0005T*##5s  0,0248+0.00061*¥#5 10.00+0.77*%1

1:3 0.0236£0.0009**#5  (0.0260+0.0008* *¥¥58 11.27+1.09*#I

1:5 0.0221+0.00057** 0.0241+0.00077+* 8.34+1.00*%

1:7 0.0221£0.0004™* 0.0240+0.00067** 8.30+1.04*%

1:9 0.0222+0.00067* 0.0239+0.00077* 8.03+1.13**

3:1 0.0222+0.00071* 0.0239+0.0006%* 8.44£1.27*%

5:1 0.0222+0.00047** 0.0238+0.00057** 8.21+0.76™%

7:1 0.0222+0.00021*Ii 0.0237+0.00041** 8.26+0.97*%

9:1 0.0221+0.00077 0.0237+0.00037** 8.17+0.92*%

Values are expressed mean+S.D. of eight mice.

*p<0.01 and "p<0.05 as compared with sham control by LSD test
¥p<0.01 as compared with OVX control by LSD test

$p<0.01 as compared with MR single formula by LSD test

p<0.01 as compared with CH single formula by LSD test

1p<0.01 as compared with sham control by MW test

**p<0.01 and "p<0.05 as compared with OVX control by MW test
#p<0.01 as compared with MR single formula by LSD test

$p<0.01 and "'p<0.05 as compared with CH single formula by LSD test

6. e F71A FHFel A 23 -
Z4(Ca) 3 QA(IP)

OVXHzTl M Slgewol sl HEF
Ca % IP &= 227} #2184 (p€0.01)
velgeh, 28y, 2E FEFo A
= OVXH &=L v st HEF Ca ¥

IP &=k 213 (p<0.05 or p<0.01)F

7pF #ZEH A, 53

111 53E Foi29
1:!
=

g BE

3], MR:CH 1:3 ¥

o - [e] AS
ASe @Y =+

ol zol WANE 49

gH(p<0.05 or p<0.01) HE =2 Ca ¥ IP

T

2otk OVXHl =+

1
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e e v)lwste] Ca/lP ¥l &2 o] ZoAME FAEA ktH(Table 7).

rJ

Table 7. Right Femur Mineral Contents (Ca and IP) in Sham or OVX Operated Mice

Items (unit) Mineral contents (mg/g bone) Ratio

Groups Ca [A] IP [B] Ca/IP [A/B]
Controls

Sham 61.81+10.20 51.52+9.45 1.20+0.04

0OVX 33.15+3.98* 27.78+3.62* 1.20+0.04
Reference

RES 2.5 mg/kg 57.49+12.09* 48.31+11.75¢ 1.20+0.07
Single formula 200 mg/kg

MR 39.46+3.303 33.12+3.29%8 1.19+0.06

CH 38.71+3.18™8 32.16+1.90%3 1.20+0.07
Mixed formula - MR:CH 200 mg/kg

1:1 47.12+4.90%#** 39.53+4.33 I** 1.20+0.10

1:3 51.56+5.01 % I** 42.94+5.56" I** 1.21+0.05

1:5 40.37+2.84*% 33.52+3.30* 1.21£0.06

1:7 38.97+3.52" 32.87+3.75%8 1.19+0.04

1:9 40.2745.00** 33.88+4.45%3 1.19+0.03

3:1 39.98+4.303 33.48+3.75%3 1.20+0.03

5:1 40.52+6.918 34.06+5.20%3 1.19£0.05

7:1 38.78+3.18™8 32.62+2.83*3 1.19+0.04

9:1 38.26+2.41"8 32.00+1.80%3 1.20+0.03

Values are expressed mean+S.D. of eight mice.

*p<0.01 and "p<0.05 as compared with sham control by MW test
*p<0.01 and %p<0.05 as compared with OVX control by MW test
p<0.01 and %p<0.05 as compared with MR single formula by MW test
**p<0.01 as compared with CH single formula by MW test
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A5 5 Qe 28 MR% CHZ
A" Hder B3l A" 84 AR
oS ST A Ze]
AR 2 F3 dEHFE &
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Aol FEuhgF &l dE A=A &3
£ HEgsHA Hed5FE MR:CH A&
F2keE Aol

OVX & & 359 Al 97HA /3 &
g =AE 200 mg/kg(MR:CH=1:1, 1:3,
1:5,1:7,1:9, 3:1, 5:1, 7:1 & 9: 1)} 7
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8l 2] 3H(p<0.05 or p<0.01)

o

AAaE Bk o] dFelA OVX
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%%E]‘ﬁ‘;]-(Table 3, Fig. 2). o1&
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OVX A wiAF Aelel ds) MR H
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S7HA 71 ARAAA AR A
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o283 A3}+= MR:CH 1:3 ¢ 1:1 &%
Eo] OVXE i3l ¥ F7)1d Al
g3 2t MR 2 CH =tgAlA12] A==
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°]7F sl ek(Table 7).
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