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2.Shanxi Huazhou Medical Biological Engineering Co., Ltd., Xi’an 710054, China;
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Abstract: In order to evaluate the bone density improvement function and safety of the Malugu capsule, rats were divided
into sham surgery group, model control group (oophorectomy model), high-dose calcium carbonate group (positive
control), and groups with different doses of Malugu capsule (200, 400 and 1200 mg/kg-bw) by 90 days of gavage
administration. The bone mineral density of the left femur and the calcium content of the right femur was measured to
evaluate the performance of the Malugu capsule in increasing bone density. The acute toxicity test of the Malugu capsule at
the dose of 15 g/kg-bw was carried out. Moreover, the genotoxicity test and 4-week feeding test of rats were also performed
to evaluate the safety of the Malugu capsule. The results showed that there was no significant difference in body weight of
rats among the groups of Malugu capsule treatment compared with the model control group (P>0.05). The bone mineral
density of the left femur in the three doses of Malugu capsule groups were 0.6651, 0.6560 and 0.6605 g/cm®, respectively,
which was significantly higher than that of 0.6307 g/cm’® (P<0.05) in the model control group. The safety evaluation results
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showed that the acute oral MTD of the Malugu capsule for rats was higher than 15 g/kg-bw, which could be classified as

non-toxic. Moreover, the result of the genotoxicity test of the Malugu capsule was negative. Finally, no abnormal changes

in health status, biochemical, hematological indicators, and organ tissue morphology of rats were observed in the 4-week

feeding tests. In conclusion, the Malugu capsule has the function of increasing bone mineral density without safety issues.

Key words: Malugu capsule; chondroitin sulfate; functional food; bone density improvement; safety evaluation

A3k B 267 48 (Osteoarthritis, OA) | A2 95 3%
Rt 5 2 A AR S R AT 1 AS DT 18 o i P = 2 7
F R 2 W TR Y T R ST R AR 25 A E S AR
PR Gl FH 25 25 ANy ke — 2 mIE M, Bk,
NS B ah 4 el 4 43 B AR S i B iR 4K 2K i
FTHEAPRE ., PrEeim ™, s b, ikl
JLAR A | AR PR A AR R AR A
THRISCTE . BRBREKE F I —FP iR L R,
T N-E-D-220 3 UV RN PRI R 0 5 1% 12
WA, REAE 1SS S A M o3, AT FH e i Ak
A, BRTE g I HTIRITE T R E TR
AR 2GS

R R 2, VR — R 2 gy, e
KEFEAT. RFEEA . E R BRSNSy, A B
FARVE R AR A . AP AR s Y, REAS T fdt
UM, % fif A SR B A ST R L T R AR
SRIGERRAE S IFSY 2 BT AREAE G- BBy T LA A o e
JRBLAAAE; FIEARSEN WF58 & BRE - vT A5 o
AASE, B I8 -E INGE Ry A WFSE R, REE R
YT AN ERA A5 10 B RIS AASEREIR, RIS /)N
FRUIIE PR A (R RN,

H AR S i T SR Bl AT B 1 G
AW, Drae S 2 PR i s AT
SO = I 10 B N G = = I = S e D = S S
RGN BVEH A HGE, (A F 2 ST
S R R A H I [l BH U2 A SO AR B KA A
IHEER I S PP 71 (2022 4RI AFR 25 WRS Y1), fF
FELIMRARANE 3 . SR . SRR S 20 2k
53 18) T JEE R RS R X G I 1 R B P S i 2 Ak
PP, DAEH A8 0B 225 B AH DG A Rk il A% 245 il 22 42
JHIR MRS Z
1 MREREE
1.1 MRS

LR e AW AR B R $hTR
SFAZEIE(12 g/100 g) | TRIRHCE (6 g/100 g); JiIK
FENY) T OB ER R S SR ATl . S PR
4N FHTANPE I 2 58248 ER Rk TA97 . TA98. TA100.
TA102 i [ _ LAt P RHAA R A AL &AL
F(NaN;) . 1,8- " FFHLEHR (Dan) | 2-2 252 (2-AF)

Fluka 2\ Fl; 223489528 C WiV IE 25V B0 A R
ONE] BRERES R ERETIT G AR A BRAA H] 5 5256
P 4R A K BE ) AR R

SPF 2% AFEN: SD RCER 130 W, #itd: SD KR,

30 2 pias b R 2GR B s R AL, VF

AIHES: SCXK (J11)2013-19; 200 2 B HHRh /)N Bl
22 AL 4EE RS SR ARG RS FIHRAE, 17
AT HES: SCXK(5T)2016-0011, 17 3% T 5 2 sh
G, SRR 20~26 °C, FREE 40%~70% o

AU480 &= H sh 41k 43 #r{  Beckmen Coulter
S R G PR F]; Medonic M-series TD 4 [ B Il
ARSI AR BT A (b ) A BRA 5 /sl
W4 A5 X 6Pl Bruker In-Vivo DXS Pro
N
1.2 XWFEE
1.2.1 SCIGRES RIS BeE s AR I SRR
HATBABALFE, F 3~6 f & /KR 2~5 K, % 2 h
#asK—IR, ZJETE 55~60 °C F AT T, By fs ot
100 HiffS 8 5B . B ThREE R . EhiR e Shriiz
BE AR R e EANIR S 30 min 15 2R & Ky, H
70% CEERIEAE, 16 Bk, ZJ57E 55~60 C ik
F7 4, 14 HIEKRISRAS PR AR AR, 22 A 0 SR ES
OBEHE, 0.4 g/br, K a0 R AIFS
1.2.2 ¥hEs s KREBEYVL /S BTFAR
ZH | BRI AR ZH (P DI ERAEAY) | B Rk IR E 5 4H
IR e = AN A, A 12 HL BFEARATF
AR: 8 BRI J5 DI IS5/ N 2 55 AR B 21 5 i H
JE % = AR TR BRI R R I, F R AL 5P 8L
JE1EMmAES . ARJE UK, RFARLE ARG REZH FH 4l
KL s F IR BRESLH AR 192 mg/keg-bw HUBKRAR
5 (A B AH XS T BB i 2 = R 1 £S5 7K, TR
B ERERE S TP AR BRES il 6.4 g £5/100 g FESL, 5
FE 40 1200 mg/kg-bw 1, F 454 76.8 mg/kg-bw,
P RARTRES: 192 mg/kg-bw) . LEEE IR =
ANFoEE2H, B 200, 400 F1 1200 mg/kg-bw ZH (453 54H
4TI A B e AR AR 40 mg/kg-bw B9 5. 10
1 304%) . FrfashgLl 10 mL/kg-bw HHFTHEH,
FreE 00 d, BRI A TR IR B i . LRSS,
BB, F 105 C B EEEHREEE, FH/h
B4 [ S PR XOCHLINNE K B 22 SRR SR Y
B2 (I %2 4% 14 —exposure time: 1 min; binning:
none; KVP: 45; X-RAY Fliter: 0.8 mm; f-stop: 2.51;
FOV: 120 mm; Focal Plane: 20 mm) . &R
Sy CEE I A BB S S
1.2.3 ZeMEEE TR
1.2.3.1 2MEmratse  FRECD REEICEE 90 g, ingl
JKZE 240 mL, [A]FF 4 h #% 2 mL/100 g-bw 25 lEHE B
2 Ko ARHE I B i 52 8 4 W 5 R s 2 1) 2



444 4 21 ) R e TR R R S 2 S T 381 -
T 2007 BT v

1.2.3.2 #HEEEMERE Ames i36  JH TA97. TA98.
TA100 FIT TA102 BARFHATA TR BT SO mbnifETF-
MABABGRSS . AT R eSS i 8. 40, 200,
1000 F11 5000 pg/IL, & [ & XF B8R | %5 F510%F B8 (4lizk
100 pL/IL) FTBHPEXT RE o AT SO 56 i BH P X HE
Sh 0.2 pg/lLfY 2,4,7- = AF3%L-9-Z5 i (TA97. TA9S),
1.5 ng/lILIEF AL (TA100), 0.5 pg/llLi 22 2552
C(TA102); Ji1 S9 56 14 FHEXT B 10 pg/lLIY 2-
I (TA97. TA98. TA100) Al 50 pg/ILEY 1,8-—
FRILEBR(TAL102) . AEFHIESPAT kU™,
1.2.3.3 /DNEUEBEYE Z YL iz iles R IAF
/NELUARER 25~30 g)BfALSR 5 41, BR4H 10 3, i
2242, % 2.5, 5.0 1 10.0 g/kg-bw =~ ThFEE IR FEIL
B 2H, 55 BE AT X BE (i) . BE T BE (PR W e i
40 mg/kgbw)4H . #EB G 24 /NI HIREGEOREE,
6 /NI AR FE S I R o TR — TR 2 Y LT AN i
(PCE)FIP 4L 40Me A PCE FAEAAT 4N (NCE)
B8 H, R S
1.2.3.4 /PEAFTRIZIRS: %2.5.5.0 F110.0 g/kg-bw
AL R IR A 2, D 1 B X BRI B R X B
ZH. $% 2 mL/100 g-bw &L HEE 5d. 30 d J5HXL
PG g D T o2 N [ B i[5 o - L
1.2.3.5 KE 4 MRS & B (GEalimpe
1 1.2, 2.8 Fll 4.0 g/kg-bw =~ C FE-H B 27 140 .
KER 4 J& A U EAROK, BERHE E —IR, BRI
KEMARE . MRS EEMFEEE D A ER, 4 5
AEFEZNP (AMFERTASES 16 h), BT IS A 1% K 2H 2R
R ERA AT
1.3 HiEAIE

{#HH PEMS 3.1 GeitfMAtl, S 8dq L)L <)
{ELARUEZE"Fo, [ SPSS 21.0 17047, ik A%k
PEBAS FH 7 255301, J7 2555 R FHRR ARG 56, B3 3
S HPARR AL ZH AR AR ZH (a9 22 55 EL R FH £ K56
2 HBRESH
2.1 DEBREEMEZEETFNER
2.1.1 SRR BRI 152 XS /NER
FRELEE 90 d, IRERTCE 1 D REKP(EF 45 d) L ik
IR (55 90 d) 2520/ BUARE anE 1 o, 2056 22 /i
/N BRI EE TG i 2 25 5 (P>0.05 )5 350 P EH A
55 5 30, AR AR X BE 2] A HE YA 3 e TR TR 4L
(P<0.01), LA BRERYIBRARAI R ) . THREE s
AR AR FE A A 1 d TR IR i 90 d
L5 S AR BRZH e T i e 25 5 (P>0.05), Ui,
A 22 22 ] W ) R R S A AN b /N AR B e A i 2
Al
2.1.2 TR BT O BB B S s Sk
W 90 d Ja 3Bz 25 4/ B A i BB 5 . ZERE
H R B B S S hE . FRIEL 2 A D, AR R

4501 @ B Hp wny
400 { = IR
350
= 300
i 250
= 200
150
100
50

0
B BB B
X

DN
P Y

¢ &S §E
¥ &

(ES I e e S0 PN N RS
Fig.l Effects of Malugu capsule on weight of rats
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Table 1 Results of acute toxicity test in rats
PEILETES 5 SHE(R) WG R (g) KEIRE () FiliE (g/kg-bw) T (R) MTD(g/kg-bw) Eiiy
T 10 204.849.0 294.6+29.2 15 0 >15 To#
SDA R ) -
W 10 205.1+10.7 237.6+13.4 15 0 >15 ToH
K2 IR Ames BRI LER
Table 2 Results of the first Ames test
H TA97 TA98 TA100 TA102
(pg/im) -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9
8 120.3+5.5 137.0+14.1 36.743.1 37.0+3.6 155.3+2.9 157.7+2.3 253.7+6.4 260.3+9.0
40 114.3+1.5 135.3+10.3 35.742.5 37.7+1.5 150.7+2.1 155.7+4.2 249.3+8.4 261.7£9.7
200 116.0+6.2 135.0£11.0 36.043.6 39.3+2.1 149.3+4.5 158.0+7.2 255.0+7.9 257.748.3
1000 114.7+7.1 136.0£5.0 36.0+1.7 36.0+1.7 150.3+4.2 165.3+4.0 253.0+6.2 266.35.5
5000 116.3+8.1 133.749.0 36.0+5.0 40.3+4.0 150.0+4.6 159.3+7.5 251.3+4.7 261.0+7.2
Ep-2opit 117.0+4.4 137.0£6.2 37.0+4.6 38.0+5.0 151.3+5.0 165.7+1.5 255.3+7.2 259.7+4.0
pasiilpaict 114.342.1 131.0+4.6 37.0£5.3 40.0£3.0 150.3+0.6 164.3+1.2 250.342.5 262.0+6.1
FEPEXTRR  1130.0£115.3  1373.3494.5 1963.3+160.4  1990.0+131.1 1330.0+85.4  1353.3+110.6 1430.0+£108.2  1063.3+102.6
3 BT Ames 4R
Table 3 Results of the second Ames test
|4+ TA97 TA98 TA100 TA102
(pg/im) -S9 +S9 -S9 +S9 -S9 +S9 -S9 +S9
8 117.3+7.0 135.7+10.8 37.3+2.1 38.3+4.0 149.3+3.8 156.3+4.5 249.7+4.5 260.3+5.9
40 114.343.1 138.049.2 36.742.5 38.0+4.6 154.043.0 157.048.9 252.0+1.7 262.7+10.1
200 116.7+4.9 135.0+8.9 36.0+2.6 41.0£2.6 150.35.5 155.7+3.8 250.3+4.2 257.0+7.0
1000 117.348.3 137.0+7.0 36.7+4.9 39.3+3.2 152.0+5.2 157.3+1.5 254.0+7.2 259.749.1
5000 118.3+4.9 133.7+6.5 36.3+2.5 39.0+3.5 149.0+1.7 158.7+7.5 256.0+6.6 265.7+4.5
Ep a0y 116.0+5.6 133.33.1 34.743.8 40.0+4.6 152.0+6.6 162.0+6.2 252.3+4.9 265.0+5.0
peasnipapiist 118.0+4.6 140.3+5.7 34.742.1 38.3+5.0 151.3+5.9 164.7+4.0 255.0+8.7 266.7+5.9
FEPEXTRR 1353341137 1400.0+95.4 1973.3+121.0  2013.3£145.7 1356.7£100.2  1366.7+111.5 1426.7+112.4  1063.3+94.5
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Table 4 Result of micronucleus test in mouse bone marrow cell
53] FlH (g/kg-bw) SR 4% A4) WA ANHE () TR (%0) PCE/NCE
0.0 5 5000 4 0.8+0.8 1.01£0.11
25 5 5000 3 0.6£0.5 1.01£0.07
I 5.0 5 5000 5 1.0+0.7 1.01£0.15
10.0 5 5000 4 0.8+0.8 0.990.19
AN 5 5000 105 21.0+4.1" 0.93+0.14
0.0 5 5000 4 0.8+0.8 1.01£0.16
2.5 5 5000 4 0.8+1.3 1.04+0.16
I 5.0 5 5000 5 1.0£0.7 1.00£0.06
10.0 5 5000 7 1.4+0.9 0.99+0.14
AN 5 5000 107 21.443.6" 0.94+0.09
e FR “0.07 g BT R, 5B MR BEAH HoA, * R 22 5 3 (P<0.05) ; %51,
#5 /DNERETFRIE RS
Table 5 Results of sperm malformation test in mice
i - WA 2580 KR H
Sl Zgjq?l@( —_ > . - - — — K FIIE R (%)
(ghgdbw) (R mmm  #EK sk Bk Xk fEk RIS WE O ER Hfb SH
0.0 5 64 17 25 0 0 1 4 0 0 0 111 2.22+0.47
25 5 52 27 24 1 1 3 3 0 0 0 111 2.22+0.36
5.0 5 48 26 18 1 0 5 5 0 0 0 103 2.06+0.42
10.0 5 53 29 20 1 1 5 5 0 0 0 114 2.28+0.16
b7 AT 5 209 29 20 4 2 6 6 0 0 0 276 5.52+0.29°
A 3507 012 g/kgbw BRI R IRBEA S S ECE BN ZEAS, A FEnmts
300 -i;ﬁg%xw TR, i 2E 30 d B D IRERNESSEY
2501 = xtiRLL BRI E AR
ﬁ’ 200 T FEE B RS T U R R A ST A W . THRE
& 150 A B B 2R N B 2 e PR R I o A RIS TIE . £h
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50
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0) 14 24 34 4)4
B 2507 212 g/kgbw
2.8 g/kg-bw
200 1 =4 g/kg-bw
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Fig.3 Changes in body weight of male (A) and female (B) rats

during the 30 d feeding experiment
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AR BAT TR A5 A T PERE RO Fh IR 21
FLAIEIPE . S REE . BRIRECE RN T A, WS
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