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Abstract: Objective To investigate the effects of Morinda officinalis oligosaccharides (MO) on oxidative stress indexes and femoral
tissue morphology in male mice with cyclophosphamide (CTX)-induced osteoporosis, and explore the effects of processing technology
on the composition and efficacy of MO. Methods The components in MO and wine M. officinalis oligosaccharides (WMO) were
extracted, separated and verified. Male Kunming mice were randomly divided into control group, model group, vitamin D3 (5 ng/kg)
group, MO low-and high-dose (50, 200 mg/kg) groups, WMO low-and high-dose (50, 200 mg/kg) groups. Except for control group,
the other mice were continuously ig CTX (4.5 mg/kg) for 15 d to establish osteoporosis models. After the modeling, mice were given
corresponding drug for 4-week intervention, glutathione peroxidase (GSH-Px), catalase (CAT) activities and malondialdehyde (MDA)
level in serum of mice in each group was measured; Micro-CT was used to analyze distal femur bone microstructure; Three-point
bending method was used to determine bone biomechanical parameters; Slices were used to measure bone histomorphometric
parameters. Results MO and WMO had different contents of six kinds of oligosaccharides. Contents of D-fructose, sucrose, 1-
fructose, nystose and 1F-fructofuranosylnystose in MO was higher than that of WMO, while content of D(+)-anhydroglucose was
higher in WMO. Compared with model group, bone mineral density of femur of mice in WO low-dose group was significantly increased
(P <0.01), bone biomechanical parameters were improved (P < 0.05, 0.01), MDA level in serum was decreased (P < 0.05); Percentage
of trabecular bone area (Tb.Ar), percentage of fluorescent label perimeter (L.Pm), mineral apposition rate (MAR) and bone formation
rate to bone volume (BFR/BV) in cancellous bone were significantly increased (P < 0.05, 0.01), trabecular separation (Tb.Sp) and
number of osteoclasts (OC.N) were significantly decreased (P < 0.01); MAR in cortical bone was significantly decreased (P < 0.05),
and BFR/BV was significantly increased (P < 0.01). Bone mineral density of mice in MO high-dose group was significantly increased
(P <0.01), CAT activity in serum was significantly increased (P < 0.01), Tb.Ar in cancellous bone tissue was significantly increased
(P < 0.05), Tb.Sp was decreased (P < 0.05). Bone mineral density in WMO low-dose group was significantly increased (P < 0.01),
bone biomechanical parameters were improved (P < 0.05), GSH-Px activity in serum was increased (P < 0.01); Tb.Ar, L.Pm, MAR
and BFR/BV in cancellous bone were significantly increased (P < 0.05, 0.01), Tb.Sp and OC.N were significantly decreased (P < 0.05,
0.01); MAR in cortical bone was significantly decreased (P < 0.05), BFR/BV was significantly increased (P < 0.05). CAT activity in
serum of mice in WMO high-dose group was significantly increased (P < 0.01), but had no significant effect on the changes of bone
structure. Conclusion Different processing techniques can affect the content of MO. MO and WMO can improve oxidative stress
indicators to varying degrees, but effect of low dose MO and WMO on improving CTX-induced osteoporosis are more significant.

Key words: Morinda officinalis oligosaccharides; wine process; D-fructose; sucrose; 1-fructose; nystose; 1F-fructofuranosylnystose;

D(+)-anhydroglucose; oxidative stress; osteoporosis
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1.2 AR5

HEHH CTX (#t5 9F312A) 4 [ Baxter
Oncology GmbH 2~ ] ; 4E4F& Ds iif (b5
20180401-1) JEBIMIEGE LA TREERAR; ©
BROR SEWE B TR SRR M R R 2 K 2 5
B TPz seft; A H IS S lE (glutathione
peroxidase, GSH-Px) ijfll& (#6'5 20191209). I
1% (malondialdehyde, MDA {7l & (45 20191218).
W EAERE (catalase, CAT) ®WOGRAF&E (kS
20191214) 340 B 5 @A) TRER 7T
1.3 {4Z&

Primaide = RGRAH I CHAH LRE#iHA
AFD; UMS800 B 28 KR Al 2% (L sy
M ARAF IR AT D; XR 205SM-DR A B, 743 H1 KF
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Eppendorf A& ); SkyScan 1276 Micro-CT 41X
(ZEH Bruker A#F]),
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2.1 BEXERKECESEXENES RSB
2.1 BRI o AECE R OR SRR . T R S
PE% 0.1g, M 60%ZNEHHIFELE 10mL, #5
2, it 0.22 pm FALIENEE, BI45.

2.1.2 % Waters XBridgeTM Amide 6 13% 44
(250 mmX 4.6 mm, 3.5 um), FsIHHN 0.2% =2 fi%
CNE (A -0.2% = LKEH (B), BREEDEN: 0~
10 min, 75%~70% A; 10~20 min, 70% A; 20~
45 min, 70%~60% A; 45~60 min, 60% A; 60~
63 min, 60%~75% A; 63~75 min, 75% A. P&
MM 0.8 mL/min; #EFERY 20 pL; ZERIEHUN
R #s (ELSD) BN 75 C; BAMBIR

N 2.0 L/min; AEiE N 35 Co
22 . EIERAY

ADERNYEFE 1 IS, BENL 0T REZH . A5
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2.3 KEPRILEH GSH-Px. CAT ;EEK MDA
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Bl 6-1F- SRR IR i 39 %
1-D-fructose ~ 2-D(+)-anhydroglucose  3-sucrose  4-1-sucrose
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1 BHXEHE A) RMEBHRXEHE B) B HPLC
Fig.1 HPLC of M. officinalis oligosaccharides (A) and wine
M. officinalis oligosaccharides (B)

*1 BHXBRREDHXEMED 6 MEHERS

Table 1 Six oligosaccharides in M. officinalis oligosaccharides and wine M. officinalis oligosaccharides

Jii &5 B/(mg g )

il

D-F% D(H)-ToKF b TR - =0 i B A 1 F- SR e A 2 i A i
(YN 62.020 6.395 73.930 64.869 100.854 148.458
W REN  56.229 25.097 67.922 39.450 88.319 141.863
NSRRI, BREGRE . SRA/NRTLIE MDA KTFEETE (P<0.05); SR, 4

T2, RAAIET 2 H, 44K D BT 1 K, Bk
REFHEFIEHT 2 X, ERREHEESFIEHT
FETS, WEECR R =TT, WEERE
Whm AT 3 1.
33 BHXEREFBEESXEEX OP /MR ILEH
GSH-Px. CAT & K& MDA KI5

W 2 fion, SAHIRALEE, BRI N B TE
o GSH-Px 1 CAT ¥ P34 ¥ 3 P (P<<0.05.0.01),

A& Dy 4N RUIIE T GSH-Px F CAT 35 M) 2%
T (P<0.05), MDA /K FRERK (P<0.05);
E2L R R S IR B 4/ RIS MDA KT 8823 %
IR(P<<0.05); ELERIR SEHE =77 241 /) BRUIfLIE H CAT
WEHEEE TS (P<0.01); 1 EER ERHMET R4
NG GSH-Px 35 &2 Fhm (P<0.01); 1
B R R S AR AN RIE T CAT 5 BT
& (P<0.01).

®2 BEXBEEMBCHXEES OP MRIETS GSH-Px. CAT EM K MDA KFEHFM (X £5)
Table 2 Effect of M. officinalis oligosaccharides and wine M. officinalis oligosaccharides on GSH-Px, CAT activities and MDA

level in serum of OP mice (X £ 5)

2H ) HE/(mgkg!) n/A GSH-Px/(umol-L™") CAT/(U-mL™) MDA/(nmol-mL ™)

papiict — 13 629.05+92.99 7.89+1.95 4314232

FETY — 11 553.54+68.21% 3.384+0.64" 7.84+4.79%

YeE & D3 — 12 658.01 +50.99* 7.3840.75* 4.0342.56*

NS 50 11 610.29+72.19 5494225 5.6942.26"
200 13 604.98+58.33 7.37+2.44™ 6.16+2.88

T EL R R S 50 13 707.23+97.83* 6.314+2.75 7.2841.87
200 10 563.70+£126.20 8.571+1.88" 6.80+2.18

SxMEA R “P<0.05 #P<0.01; SERAHE: *P<0.05

#P<0.05 *P<0.01 vs control group; P < 0.05

“P<0.01, FEMH

**P < 0.01 vs model group, same as below tables
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X LAY 443 Ds LR R bk TR SN WEECRENE W EER S
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2 RUENFEBEEITIR Micro-CT X-Y =4 EZI|HEE

Fig. 2 Micro-CT X-Y three-dimensional cross-sectional view of distal femur of mice in each group

35 BHXRERMECEHEXENES OP/MNRERER
FE T

W 3 fion, SRR, AR N R
B BB RG (P<<0.01); SHERIZH LR, BRI
EECRER SR EAHS, HRSHAHNREEH
FEREBEEE (P<0.01).

*3 EBRXEREMBECHXEE OP MEREBSEEN
2l (X£5s)

Table 3 Effect of M. officinalis oligosaccharides and wine
M. officinalis oligosaccharides on femoral bone density of OP

mice (X £S)

453 FlE/(mgke) w/H BEE/(gem?)
X & — 13 0.098 £0.009
it — 11 0.05440.005%
HeH R D3 — 12 0.076+£0.005*
(AN 50 11 0.097+0.013*
200 13 0.08120.010"
i NS e 50 13 0.093+0.018"
200 10 0.056+0.018

*4 BHXERMEDHXEREN OP /NRREEMIFIEEE

3.6 BEXEREMEEHEXENET OP/MNRRTE
MM BER RN

W 4 frox, SHHBA L, BRI/ RS
() B KBTS KN ) Bt K AR 35 i 25 A (P<<
0.05. 0.01); SHFERIIAALL, 44K D4l EER
SEWEARTR 5 ZHRHPG E 5 R SRR B 2 /N R 1Y)
B RN 7 St RN AR B3 T (P<0.05. 0.01);
B2 R OR SE MR R B /N U i 1 e R 38y i 35 T
(P<0.05).
3.7 BHXERBFBEESXEREX OP /MNERER
SIHEFSHIE

W s pror, SIHIRAIE g, AR N A R
HZHZH Tb.Th o2 #2424k, 2 Tb.Ar.Tb.N.L.Pm.
MAR 1 BFR/BV ¥J 8. [Z{L (P<<0.01), Tb.Sp M
OC.N SE8Hn (P<0.01); SERIMHLLE, 4%
Ds 21 ERR R S 771 2 4 R E i R S 7 =
H/NERIA B HZH Th.Ar. LPm. MAR. BFR/BV

480 (X £5)

Table 4 Effect of M. officinalis oligosaccharides and wine M. officinalis oligosaccharides on biomechanical properties of

femurs in OP mice (X £ 5)

21 531 FIE/(mgkg) w/R O RKEHA/N  BARE/mm BN /MPa RANA/Y% e EIRUE/T
pagil — 13 135.5+20.2 1.05+0.46 103.5+26.1 4.5240.65 0.075+0.018
T — 11 99.5+153%  0.93£0.12 83.0+18.5%  2.234£0.23%  0.058+0.012
YeE & D3 — 12 11324175 1.0340.38 102.5+16.7°  4324031*  0.065£0.015
LN 50 11 123.9+19.3"  1.04+0.44 101.8+14.9* 4214032  0.064+0.017

200 13 110.31+14.8 0.94+0.16 94.6+0.0 2.514+0.26 0.05940.016
TP R 50 13 116.8+16.7 1.00+0.33 102.84+14.9"  3.944037" 0.06440.011
200 10 101.6+13.6 0.82+0.15 86.7420.1 2.6610.94 0.060+0.012
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#*5 FENBREEEHSNISSHNTE (Xts)
Table 5 Changes of static and dynamic parameters in cancellous bone of mice in each group (X £ s)

) A&/ (mgkg)n/A Tb.Ar/% Tb.Th/um Tb.N/mm™'  Tb.Sp/um LPm/% MAR/(um'd") BFR/BV/% OC.N/mm>
PO — 13 20.5+£7.3 5254123 3.1+09 2864+28.5 18.0+54  85+02  2762+356 4.0%15
| — 11 55+12%49.6+156 09+0.1% 470.9+63.6" 95+3.6% 45+0.1%  123.1£20.5% 19.5+3.6%
%% Ds — 12 86%1.3" 50.6+113 1.0+£03 305.8+31.4™ 152437  65+£03"  256.8+10.3" 102+2.0"
LR R Tk 50 11 1054235254182 1.0£04 3103£32.17 163+55°  63+02"  256.5+£20.6" 10.0+1.9"

200 13 95+1.6" 4851146 09+0.1 350.1+37.6" 10.1+48  4.7+0.1 166.5+204 183%13
T BB R S 50 13 115424 53.6+164 1.0+£03 3657+26.1"° 162155  64+£02" 24294313 11.7+£2.6"
200 10 59+14 497+124 08+0.1 4710945 107+25  46+02 15594292 17.0%23

BETHE (P<0.05. 0.01), Tb.Sp A1 OC.N & # %
ik (P<<0.05. 0.01); ELEEIR SENE iy 77 B 4/ BURA o
HHA T Th.Ar B#THE (P<0.05), Tb.Sp i3 4
i (P<<0.05).

W 6 Fran, SXFIRA LR, B /N Y
B Ct.Ar. L.Pm. MAR J% BFR/BV 131 2% B

(P<0.05. 0.01), Ma.Ar EEHN (P<0.01), £
7~ CTX 5 FHEE /DN R i AR, 8 AR, Ek
NS . GBI, 4EE R D4 EEORE
A R M N i lh e s RAN il ]
Z1rf Ma.Ar B EF#K (P<0.05), BFR/BV &ETF}
& (P<<0.05. 0.01).

*6 BHNBREREHSHHNTSSHMENL (X£5)

Table 6 Changes of static and dynamic parameters in cortical bone of mice in each group (X £ s)

2H 51 H&E/(mgkg™) n/R Ct.Ar/% Ma.Ar/% LPm/%  MAR/(um'd!') BFR/BV/%
pagit — 13 705+73 20.6+43 33.5+3.6 44405 73.1+10.5
T — 11 55.5+11.4" 29.6+5.6%  252+5.4% 2.840.1% 56.4+5.6%
$EE Ds — 12 568+83 23.6+53" 26.0+3.0 3.14+0.3 64.8+53"
LR R S 50 11 56.5+9.3 23.5+42° 263+52 3.140.2 69.5+42"
200 13 595+8.6 28.5+4.6 25.1+4.7 2.940.1 56.5+6.2
T LR R LB 50 13 57.5+10.4 24.6+6.4° 273433 3.04+0.2 62.9+4.6"
200 10 584+84 29.7+2.4 26.7+2.6 24402 54.9+6.3
4 THE U217 BRI, AR CTX T TMEr: B iH /N &

(FM- EHRER) 85 LR N)\BHSR
win T b, W, REMA. /TR, AR
3. JNKEE, b, Bz, BAREK, Wik
RET B ALK R E UL R T B R K
A, Hrop X CLE RS R Y. (R B BE
Wh) Rz CPHARE, WAL . BHEE A BEFR
WA, B BH R EE, T LR ML 70 A Bk v o, LI
HR R, RN CEIET. MUk L, dE NS
BHYEL 700 53 M OP M &0 At Je HoAT R = 388 B
I -

PRI LR, WA EREE, BHIA
B 2 (AR 2 M WA AR 1 22 BB OP [ R A1),
M1 568 22 2 1 B P 70 R AR I B A B £ R 45 S
WA TR R G T IE 28 32 KB OP &%
BN, AR CTX BAEmHEM. B
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