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ABSTRACT

Objectives : The present study attempted to reveal the effects of Morindae Radix extracts on the sciatic
nerve neurectomized osteoporotic ddy mice model.

Methods : Thickness of hind limbs and their differences, absolute and relative tibia weight and thickness,
bone failure load, bone mineral density (BMD), histomorphometrical index, serum osteocalcin level, tibia
calcium and phosphorus contents were monitored. )

Results : In sciatic neurectomized mice, thickness of hind limb, absolute and relative weights, thickness,
failure loads, BMD of tibia, trabecular bone volume (TBV), thickness of trabecular bone and cortical bone
thickness, length were significantly decreased. However, these changes of those dose-dependently reduced
in MR extract-dosing group.

Conclusions : it is considered that MR extracts have some favorable effect to prevent, the osteoporosis
induced by sciatic neurectomy. However, the exact mechanism and the possibility of MR extract were
remains unknown. In addition, the potential toxicity of these MR extracts were also unknown. So the
further studies were needed about toxicological and pharmacological aspects.

Key words : Morindae Radix, the sciatic nerve neurectomized osteoporotic ddy mice.
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Table 1. Experimental designs used in this study

Group ID Neurectomy" MR extract” Duration™
Sham Sham-operated 0 mg/kg 6
Control Operated 0 mg/kg 6
Di Operated 50 mg/kg 6
D2 Operated 100 mg/kg 6
D3 Operated 200 mg/kg 6

1) Unilateral (right side) sciatic nerve was dissected,

2) MR (Morindae Radix) extract was dosed hy gastric gavage after
3 days of sciatic neurectomy for 6 weeks. In sham and centrol
groups, equal volume of saline was dosed by gastric gavage

3} weeks after initial dosing.
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Table 2. Changes of thickness of hind limb after sciatic
neurectomy and MR extracts administration

Group D" Right limb Left limb Differences™
Sharm 328 + 020 331 015 011 + 005
Control 201 + 017" 333 £ 0.12 131 = 0.18™
DI 217 + 0.16™ 337 + 0.14 120 + 008"
D2 246 + 027" 337009 0.90 + 0287
D3 260 t 0.14™ 332 + 0.5 0.72 + 0227%

Remarks : MR, Morindae Radix. Neurectomy was conducted at right
sides of hind Timb. 1) Group ID was listed in Table 1. 2)
Differences between hoth sides of hind limb = | Thickness of left
calf — Thickness of right calf] #* p<0.0l compared to that of
sham, # p<0.0! compared to that of control, # p<0.05 compared to
that of control. (mean + S. D, mm)

4. 3& o #H3

1) Eof s2kX|

AT A, HFAAE AGE 2EF F
Ao 22E 007 + 001 g WERZAE O
001 gz #HEHo] FHawel HF
(p<0.05) Zr23tach D3 oA 007 = 001 g

o

o

oX
030 3
o o o



B RO REME Yo AR ddy v¢2 BEAE 299 RIFKR oiAe K 87

Bas o], dizTd wE Fo4A Ae (p<0.05) F7t
7b #AS AT (Table 3).
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{(p<O0D % iﬁ}ﬂi\:} D3 el 022 + 001%=2

g=lo] dixzTd HsiM foy e
7t BEEHAT (Table 3).

(p<0.01) F7t

Table 3. Changes of tibia weight after sciatic neurectomy
and MR extracts administration

Right tibia weight

Al F717F AR HAT (Table 6).
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F 799 T”ﬂ\_ 131 + 002 mmZ FAE RO}
cﬂzﬁoﬂﬂt 115 £ 0.04 mmi #aH ol Pl
a3 oA UA (p<00l) #FHAdgch D2s D3 &
oA ZHz} 121 + 002 2 125 + 004 mmZ B
of, ¥ # 2% W2 H&s) #9494 v (<001
EE p<05) AF FA4F £49 54 37 9A
H Ak (Table 4).

Table 4. Changes of thickness of right tibia sciatic
neurectomy and MR extracts administration

Group ID! - N - 2 1 : i i

Absolute weight (g) Relative weight (%) Group ID Metaphysis Diaphysis Maileolus
Sham 0.07 + 001 024 + 004 Sham 224 + 008 138 + 017 131 + 002
Control 0.05 + 001" 0.16 + 002" Control 157 + 0.15" 110 + 005" 115 + 004"
D1 0.05 + 001 016 + 003 D1 177 + 0.19" 117 + 0.04% 118 + 0.04”
D2 006 + 001" 019 + 002" D2 199 £ 0077 120 £ 001 121 + 002"
D3 0.07 + 001 022 + 0017 D3 207 £ 013" 127 £ 004" 125 * 004
Remarks 1 MR, Morindae Radix. Neurectomy was conducted at right Remarks : MR, Morindae Radix. Neurectomy was conducted at

sides of hind limb. 1) Group ID was listed in Table 1. 2) Relative
weight of tibia (%) = (Absolute weight of tibia / body weight at
sacrifice}) » 100, *x p<00l compared to that of sham, * p<005
compared to that of sham, # p<0.0] compared to that of control, #
p<0.05 compared to that of control. (mean = S, D, g or Ya)

5. & FAe w3l

1) 2% (metaphysis)

BT AS, FEANAEE A9S LEF BT F
Fo] FAE 22,4 008 mmz #EAsJo) hxF
oAM= 157 + 0.15 mmE BEE ] FArTol ws)

4 A (<00l ZAskETh D2} D3 FAME
Ztz} 199 + 007 2 207 £ 013 mm= TFEH| F

T EFA gz BiE f94 e (p<001) A
F 27 FAY /P AAEHUG (Table 6).

2) & & (diaphysis)

Rl 7§—°r HINASL 93 8% AT
Aol FAE 138 + 017 mma FEEHJOY U=
e 110 = 005 mmZ FEFHo] HdTo) H]
F24 A (p<00D) ZAdPh DI ZAAE 117
t 004 mmE #FHo xFd Hs) 94 YA
(p<0.05) Z7FE1T, D29} D3 FollMe zhzt 1.20 +
001 2 127 £ 0.04 mmE #EFo], F F EFAA
zgtol] vish foAd e (p<00l) AE EAY F

% A e

3]

right sides of hind limb. 1) Group ID was listed in Table 1. *x
p<0.01 compared to that of sham, * p<0.05 wmpdred to that of
sham, # p<0.01 compared to that of control, # p<0.05 compared to
that of control. (mean + S. D., mm)
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103 = 015 kgo.8 B A
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+ 005 mg/cm o2 TAF] HATe)
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A 9E (p<00] BE p<B) AF dxe Z7b)
A A (Table 5).
Table 5. Changes of right tibia failure load and minerat
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density after sciatic neurectomy and MR extracts
administration

N At right tibia
Group 1D - ~ - m
Failure load” Bone mineral density”
Sham 158 + 017 071 + 006
Control 103 ¢ 015" 047 + 005"
D1 126 + 013" 056 + 0067°
D2 1.24 + 009" 056 + 0.04"
D3 132 + 006" 064 + 0057

Remarks : MR, Morindae Radix. Neurectomy was conducted at
night sides of hind limb. 1) Group ID was listed in Table 1. 2)
Failure load was detected hy automatized loader detecter (AIKOH,
Japan) as kg levels. 3) Bone mineral density was detected by
dual-energy x-ray absorptionmetry (PIXImus @ Lunar Medison WI)
as mg/em’ levels. *x p<001 compared to that of sham, * p<0.05
compared to that of sham, # p<0.01 compared to that of control, #
p<0.05 compared to that of control. (mean ¢ S. D.)
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o 922 Ul Fg L7 WFHAT (Fig ).

D1 Zolde dzTd FASH, AF2e AT
A5 ¥ Zavh dFEfien, HAFY FA 9N o -
A3 BaHRoH, 1 P=E d2T4 Mg g Fig.2. control groupl
Bt (Fig 3a-c). » T . s

D2 TAME dxTH FARMH, AFF A3
A% ¥ 74t BFEEden, gAFe T 9A)
A3 gasAed, AFF 3y 4% AFIFE
o] FFBUE HA Ao FEHoH, HAF
Wz Az A& 94 ugsA @@=
(Fig 4a-c).

D3 FollMe FATd uis] ATy 9% 9 7
A7) #EHQ e, HAFY] FA 9A vk
Ao, gz HEME o] AFE ¢ HAFTY
Wy A3 Baso] BAHAT (Fig 5a

Fig.3. D
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Fig5. D3

a. Low magnification x 100
b. High magnification of trabecular bone regions x 200
c. High magnification of cortical bone regions x 200

¢ ! Hematoxylin-eosin stain.

Fig. 1. Histological profiles of tibia of sham group.

Note that relatively well developed trabecular and cortical
bone was detected in this group and most of irabecular
bone located in sub-growth plate regions were extended
into medullary cavity.

Fig. 2. Histological profiles of tibia of control.

Note that relatively shortened trabecular bone and relatively
narrow cortical hone was found and in case of cortical
bone, invasion of connective tissues were also detected. In
addition, most of trabecular bone located in sub-growth
plate regions were not extended into medullary cavity and
the space between trabecular bones was remarkably

increased.

Fig. 3. Histological profiles of tibia of 50 mg/kg of MR
extract dosing group (DL).
Note that in case of neurectomized tibia showed relatively

shortened  trabecular hone and  relatively narmow  cortical
bone was found and in case of cortical bone, invasion of
comective tssues  were  also  detected. However, these

histological changes were slightly decreased in 20mg/kg of
MR extract dosing group (D)

Fig. 4. Histologicdl profiles of thia of 100 mg/kg of MR
extract dosing group (D2)

Note that in case of neurectomized tibia showed relatively
shortened trabecular bone and relatively narrow cortical
bone was found and in case of cortical bone, invasion of
connective tissues were also detected. However, these
histological changes were decreased in 100mg/kg of MR
extract dosing group (D2)

Fig. 5. Histological profiles of tibia of 200 mg/kg of MR
extract dosing group (D3).

Note that in case of neurectomized tibia showed 1eldt1\elv
shortened trabecular bone and relatively narrow cortical
hone was found and in case of cortical bone, invasion of
connective  tssues  were alsu  detected.  However, these
histological ~ changes  were  dramatically  decreased in
200mg/kg of MR extract dosing group (D3}

1) B2 XF3HQ| W3}
AT AS, LEZ AT TBVE 4627 =

3T1%%2 FEHEIA
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2 B P47 s F

A YA p<00D) #
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371%, 32.13 + 270%, 36.18 * 463%% #FE o o
2 w3 94 3l AA (p<0.0l T p<0.05) 7}
=t (Table 6).

2) IEZ FH wE

Ao AL, QEBE AT AT
20770 + 1465 pmE FAEYOY, PRT
10521 + 1615 yum= 3= o] HAFo] vl
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AA (p<O0l TEE p<0.05) Z7HEIATE (Table 6).
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2 pAHAo, dRFANE 660 t 1.82 /1mm’
o2 fEEo] AT &l o4 AA (p<0.01)
27b5)90tk DI, D2, D3 FNA Z+z 360 + 089 7
/lmnd’, 320 + 0.4570/1mm’, 260 + 1.14 71/lmm’S.
2 gaEo] fEFe visl fFal4d AA <00l =
= p<0.05) Za=AY (Table 6).

Table 6. Histomorphomelrical changes of right tibia after
sciatic neurectomy and MR extracts administration. TBV,
Cortical thickness and Osteoclast cell numbers

Histomorphometrical Index

Group ID" Cortical bone

TBV” Oc N*
thickness”
Sham 4627 = 377 20770 * 1465 160 * 0.89
Control 2174 + 136" 10521 = 16157 660 + 182"
D1 2641 + 371" 13657 + 2001"7 360 * 0.89"
D2 3213 £ 270"7 15336 + 17.00" 320 * 045'F
D3 3618 + 463°F 17203 + 14687 260 * 1.147

Remarks : MR, Morindae Radix. Neurectomy was conducted at
right sides of hind limb. Histomorphometrical index was detected by
automatized analvsis image processing (SIS Co., Germany). D
Group 1D was listed in Table 1. 2) TBV (%), trabecular hone
volume percentage. 33 Cortical thickness (nm), cross cortical bone
thickness. 40 Oc N. twmber/lmind). osteoclast cell number. **
p<0.01 compared to that of sham, * p<0.05 compared to that of
sham, # p<0.01 compared to that of control, # p<0.05 compared to
that of control. (mean + 5. D)

0 NFEZ FHe ©a
A4 AS, HBUREL B 08F BT A

t+ 236 ymE #EEFo, Ol
+ 280 ymz {EEH A vl
] %94"3 }J\ ] (p<0.01) ZAaEdck D29t D3 7l
Ae Zbzr 3220 + 239 2 3269 t 3.26 ymE BEE
o, ¥ & EFAN ozl HlE F94 Ue
(p<00D) AFZF FA9 /Pt dA=HJAT (Table
D.

d

5) XF& Zole| s

AT AL a)ri“\] & Add LER HE A
FZ9 Zole 160 + 024 mmE J;}Z%E]S{A‘S’_L}, o=
TAME 036 + 0.20 mmE TEE] FAT B
o4 A (p<00D) #A3] FAHUG DI, D2
D3 @AM 2z 106 £ 020 mm, 119 £ 017 mm,
129 + 012 mmE #EFH o gR2Fd 9& FofA
AA (p<0.05) F7IEAT} (Table 7).

Table 7. Histomorphometrical changes of right tibia after
sciatic neurectomy and MR extracts administration.
Thickness and length of trabecular bone

Histomorphometrical Index

Group ID" - m m
Thickness of TB™ Length of TB
Sham 3570 + 2.36 1.60 + 0.24
Control 2384 + 280" 0.36 + 020"
D1 2907 + 455 1.06 + 020"
D2 3220 + 239 119 + 0177
D3 3269 + 3.26° 129 + 017

Remarks : MR, Morindae Radix. Neurcectomy was conducted  at
right sides of hind limb. Histomorphometrical index was detected by
automatized analysis image processing (SIS Co., Germany). 1)
Group ID was listed in Table 1. 2) Thickness of TB (pm),
thickness of trabecular bone. 3) Length of TB (mm). length of
trabecular hone. ** p<0.01 compared to that of sham, * p<0.05
compared to that of sham, # p<005 compared to that of control.
(mean + S. D)

9, 8% osteocalcin &&ke] w3}

Aol AL S osteocalcin FHL 21.95
203 ng/mE AFHJoY, URFAME B4R =
391 ng/ml2 #EAH] ATl wis] fo4 AA
(p<0.01) A3 Z71Edck- D1, D2, D3 oA &
Z} 3055 + 1.83 ng/ml, 27.89 + 246 ng/ml, 27.28 *
205 ng/miE BEH iRl wizl #9448 AA
(p<0.05) 74Tt (Table 8).

H

Table 8. Changes of serum osteoclacin levels after right
tibia sciatic neurectomy and MR extracts administration

Group IDY Serum osteocalcin level
Sham 2195 + 203
Control 36.48 + 391"
D1 3055 + 1.83™*
D2 2789 + 246"
D3 2728 + 295

Remarks : MR, Morindze Radix. Neurectomy was conducted at
right sides of hind limb. 1) Group 1D was listed in Table 1. ==
p<001 compared to that of sham, * p<0.05 compared to that of
sham, # p<0.05 compared to that of Control. (mean ¢ S. D., ng/ml)

10. 2& W Ze FFe #H3

ATl Ay, AW de L 6124
mg/g bonelE BAEHAF O, tixF 1-‘&
566 mg/g bone2.2 #aAE o] AAlTol Bls| %94*0
QA (p<00l) ZAFPT D2gt D3 Tl Z
4775 + 334 2 5166 + 213 mg/g boneoE FAE

—_—
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o, ¥ ¥ EFAM dizgd Bt fodA de
(p<0.05 E= p<OOD A3 Zs ¥F9 F7 ¢
A=t (Table 9).

1L ZF W Q & H3}
A e, A3 A FEFE 4006 £ 832

mg/g bonel 2 TAFOY, tRTNME 589 +
434 mg/g bonel 2 A= o] el HlE Foj4d
AA (p<001) ZAAHA} D2 D3 FellMe zZhz
30.86 £ 053 ¥ 3542 + 225 mg/g bonelE #HEAT
of, ¥ & EFdA diRFd ud F94 e
(p<00D) AIH Q B F/br dHHNG
(Table 9).

Table 9. Changes of bone mineral levels after right tibia
sciatic neurectomy and MR extracts administration

Bone mineral levels

Group IDY
Calcium Phosphorus
Sham 6124 + 6.29 40.05 + 8.32
Control 39.88 + 566" 2589 + 434"
D1 4363 + 456™ 29.08 + 188"
D2 4775 £ 334" 30.86 + 0537
D3 5166 + 213" 3542 + 2257

Remarks : MR, Morindae Radix. Neurectomy was conducted at
right sides of hind limh. 1) Group 1D was listed in Table 1. 2) =x
p<O0.0l compared to that of sham, * p<0.05 compared to that of
sham, # p<0.01 compared to that of control, # p<0.05 compared to
that of control. {mean * S. D., mg/g bone or %)
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ol2F A2 3 9 T ZAavl B3IH F2E
2ojo] o £ oEAoT ARHYomz n2
H FZEo] AZAD 93 BLA IUFSI #
A3 AdWEAANE Jeld Aoz A 65 Fo
£ A3 QY £AE JBHA] ge Moz Hol
2 o A4 59 =& g B yWeo] &
T o' Azt

Fuse 84 7 g AHEEa e 293
o] gz A don, Diez”E ZHo| ol 4
AE 7 i NEJ SU5Y Ao, FURE
Z3se ol 20olA bone densitometryZt 73 &
g wyolgl AT, NE2E FTUFF X8AY A3}
€ ZA%=d oA JPE Fastux Yeg wy
o] 2Ux9] WiE FAF= Ao gHA YT
ety A3AG F FANY FTUs9 gavl AL
A 29 AZoA xPHn, oz A3 TS
o f2 AEE A4 & ok ¥ 79 A
B3 A9 ZE AP AT 3dxY
AAa7 2PENT, FFH F28 Foo) s §%
&Aooz AAHNUL.

FRET A0 gRGEA g e FxE
23 N7 Aes FUITFY Hrlo wi¢ Fa@
ghte] AE2 ARHT Yok TP B AT o
AR A& Az A3t A23-dd 3 zg=HIe
U, olgid AE A= A H3H F2E B
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