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Optimization of Extraction Process from Tortoise Shell Protein
by Response Surface Methodology and Its
Proliferation Activity on MC3T3-E1 Cells

LI Jingfeng , ZHI Hui, YANG Xiaoqgian, GAO Xu,ZHANG Hui" ,SUN Jiaming "

( Changchun University of Chinese Medicine ,Changchun 130117, China)

Abstract ; Objective : To optimize the extraction process of tortoise shell protein,screen the active constituent of tortoise shell,
and explore the effect of tortoise shell on the proliferation of osteoblasts( MC3T3-E1 ).Methods : The contents of protein and the
proliferation rate of MC3T3—-E1 cells were used as the index to screen the extraction method of tortoise shell protein.The ratio of
material to liquid, extraction temperature and time were used as independent variables,and the contents of tortoise shell protein
was used as dependent variable to carry out single factor extraction research.According to the design of response surface test,
the best extraction technology of tortoise shell protein was obtained.By ultrafiltration technology , the tortoise shell protein was
divided into different constituent ; Total extract( Component 1) ,M, >10 kDa( Component 2) ,My, :3~10 kDa( Component 3) ,
My :1~3 kDa ( Component 4), My <1 kDa ( Component 5).CCK8 method was used to determine the effect of different
concentrations(12.5,25,50,100,200 pg/mL) of tortoise shell protein and its different constituent on the proliferation rate of
MC3T3-E1 cells.Results: The contents of tortoise shell protein peptide obtained by magnetic stirring method was the highest,
and the osteogenic activity was the best.The best extraction condition of tortoise shell protein was at 30 °C and the ratio of
material to liquid was 1: 13 (g/mL)for 3 hours,under this condition, the contents of tortoise shell protein peptide was 15.16%
.At the concentration of 200 pwg/mL,the proliferation rate of fraction 1~5 to MC3T3-El cells was 20.58% ,25.30% ,30.24% ,
37.89% and 38.15% , respectively. Among them, fraction <1 kDa had the best proliferation activity.Conclusion: This study
would provide a reference for the preparation of tortoise shell protein, and prove that tortoise shell protein and its different
components have better proliferation promoting activity in MC3T3-E1 cells,in which the molecular weight sess than 1 kDa had

the best effect on MC3T3-E1 cells proliferation.
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JAT I AT B ) 7 5 20 4 5 9534k R il
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C57BL/6 /INERUT T F 43 85 355 35 1 BB 4 if &R, 3G
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[N ZCHEH( Flash extraction, FE ) 335 A AT DL 25 %4
1 2H S i T A BT WDV T D e i R T R
FIRO7 L BEA S B SR U 10 P R4 5 o 5 2 L
( Ultrasound extraction , UE) $% AR XF F T AR Y Joi (14 $2 B
P B P R RCRE E B Y T e
Yy U5 B ORI Z2 K g R TS RE T B R R HR
( Magnetic stirring extraction, MSE ) S 7= A= & 1L, H #%
VELA B £ 04 BE SR B a1 B0, 2 AE AR HE T 09 %l By 42 B
I7a0 L AR AR A B 25 45U T T
B RS B R e An S s L Bk R
I FH RS0 5 3 30 7, HLAR O 43 B9 43 B ad A 4
VERRTE , AL 7B Ko T AR IR pH 22
WO IR L R S IR A G B R R TR A
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JEEFL Y S B AR BE 1 IR B AL B IR AR Sy TR Y
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AT E A EE R R E AR Y)
¢, H G BA B 36 e 2 DR b 2 1 43 1 R
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Xop M R AR B LU, B T Ml R AR Y AR R B
B, NP AE T R e T A T I T fR R
B YR i B P BT, BE R A R FH i Y T
PRI IS 4B S AR T2 H HRT G T
FH 3 BT i $R HR T 2 & DL R G

ASSLEG LT MC3T3-E1 24 i 0% 384 58 A FH S 8
i ok £ Y v AR 1 28 4 BT B B s, O SR A i 0 T R
( Box—Behnken Design, BBD) X g, FH 25 (5 & By 33
ATl i — K e AR R U & A U B R |, it
FH 1.3 .10 kDa FEJERRFE 53 51 Bt 43 AN [F 240 43, T

356, FR AV 2 1 A 2 B F) 36 P 2E 45
1 #R5TE
1.1 MR5EE

o HH (Tortoise shell, TS) FHME KEFET E B K
2555 /N BROSCE A i MC3T3-E1 [ B2 22 ) 22 B B
AT M BT b B S il Jbat
E BB EYHEARERTAEAF 4 E HE s Rl
T2 E R AR B2 W] 5 a— MEMHyClone 51 2E i 4 1fiL
W 3£ Gibeo 24 1] ;Cell Counting Kit—8CCK8  JbET
B AR oA at,

CKX41 8 & W B H 45 58 bk B By 48 &l
BT125D + 142 —H T RK¥  {E[F Sartorius ; JHBE
-50S (N HRELAS VU R EAEDRHLARA A,
KS-250DEM S IG BERy 15 J1 875U A IR
Fl s DF101-S &% Jy IR A B da iy sk Jb R 52
BN #% )5 Alpha 1 -2 LDplus % %R THRHL 78 E
Christ ; SPEPORD ® 200 £¢4h0] W46 6t EH
HRE= 3 BT AL 4% e 5 2 B] ; MASTERFLEX © /P © i
WEZR S ,1.3.10 kDa #EEEE, Millipore ,

12 KWHE

1.2.1 fa W ArALEE O TS filli li/NE s B ifad 3 5
i , TR B NIRRT

1.2.2 PRy ERIRBOT AL R
By i f, W rp 2 1 2 BT i 2 S A L A TR
PERISZ I o

1.2.2.1 AP MEFIFRIX 1.2.1 e R & T
HETEHE N , 4% 12 10 A5 S in AZE818 7K, 76 20 C
2 h, #2HU F 3600 r/min 2.0 20 min, B 75 #ad
LT AR AR R T (UEP)

1222 [NZUHEHEC MERIFREX 1.2.1 e R R & T
HETEHE N , 4% 12 10 A5 S in AZE818 7K, 7E 20 C /T
K FHIRA AR IR HE R 2 min, $2HHE T 3600 r/min 2
0> 20 min, B EWE WAL UE, F T, B3R EHE T
3 (FEP)

1.2.2.3  BEWBIFEEREL  AEARFREL 1.2.1 g B R
BT RINCEER N, #% 12 10 F 8 AZEM K, £ 20 C
ST BRI 0E I FE T R 2 h, SEEOE T
3600 r/min 5.0 20 min, B EIE R U8, FR T, 1538l
FHEE 2R T8 (MSEP)

1.2.3  faHEASENE

1.2.3.1  FrfeiipE % D42 W W a e il -
HERAFREL 100 mg % Hh W58 % (G-250) #% T 50 mL
95% ZWEFEW T, A 100 ml 85% iR 14 IR 45 3
), 7K M FEE 1000 mL, JRA), ib 8, 45 . 4%
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VK 2% e B AR I Vs 11 2R 11 ( Bovine serum albumin,
BSA) R #EVE W (0.1 mg/mL) 0,100 200 300 400 .
500 pLE FilE T, HZRWKANEZE 1 mL, Il AS5 mL
FZOW TR, IR, EEEE 5 min, IJNMA
OpLA I E HEHEAMEFRERRE NS, T E
595 nmAh I YEEE A {H ., ARy R R EE (pg/mL)
VERREALER (%), Agys o VENAEFR (y) , 23l A v
S

1232 FESVSREASEE SR BRI E
F1#%: 1% UEP FEP MSEP, Fil | Ji & ¥ & /7 1 mg/mL
PESME W, 1 mL BE WA 5 mL 2% T 17 57 W %
W LIRS, BRI N 5 min, JI G 595 nm A A (H , AR
1.23.1 BRI prdE it BAE S P E A S &, A
A=A .

cxDxV

ﬁﬁﬁi(%) ZTXM)O
i3

e ALY CRE ) ¥ R T i 85 1 0T ke B
(pg/mL) 5V AR (BRI IR FR; D S AR L s W
MRS E G W SRR T (pg) o
1.2.4 X} MC3T3-E1 4 H 14 5 2 (14 5% 1)
1.2.4.1 MC3T3-El gifigmysss B IR MC3T3
-El 4082 355, JH & 10% a4 138 19 a— MEM 1%
FEMT 37 C 5% CO, 10 FI1E 5 W15 F2 58 N B 5%, 24
MC3T3-E1 4 gy BERt, e 2535 3529, A PBS ¥k 3 Ik
FICTEIRAIM, A E 10% B& 24 175 B9 a— MEM 1%
FEW AR SR IR . R ZE 1535 80% ~90% A+, i
ATAARIE TR, B 2~3 d A0 — R, B 8o [ B 4 i
FHFSL56
1.2.42 CCKS8 #: i 4gnesgsayheE  LisEfL 5 x 10°
AR T 96 FLAR , B5FE 24 h JE N A [F M R 1Y)
FE S, A 25 402U B 43 ) S 12.5 .25 50,100,
200 pg/mL, &0 5 8 L, 25 3 X B 4H ( Control ) AN
Jnzg Hom & 10% JiG 4 M is 9 o - MEM £ 32 %, T
37 °C,5% CO, ¥53a5ah, gk 2235 3% 24 h J5, 454l n
A 10 pL CCKS8 &7 ,37 “CHENaMFH 2 h, FEEFFRL -
450 nm K45 2H OD fH., AR 8 Fr il 450 56 88, 115
AR ARG R TR TR

A”V 4 —A,,-,,. o IR 2]
g (% ) = an = Avemen) g0

ATI'IX#!!Q?J]
1.2.5 w7 T O Ak fa H R S PR S R 3R 1 B g
L
1.2.5.1  PADNERSLYS  SRINWESIEFE Ik, o3 n 5444k

Hp ] REE L 3 AP H S R AR
PRI TA] [ 5 Ui B2 A AR 1 - 20 °C (1212 (g/mlL) , I
Bl E N 1.2.3.4.5 h; $2 BOGRE BE, [& 5§52 Bk [E) A
BHREE:3 h 1:12 (g/mL) , i B &% 5 25 20,25 .30,
35 .40 C R L, [ P2 IO B A2 if ] : 20 °C (3 h,
BHE b E R 1:10,1:12,1: 14 1: 16 1: 18 (g/mL)
S AL R, G S R LI £ FRUEZE (x £5)
FRIR o

1.2.5.2  ma iz imialse it LLEE H & SO B SRR,
PR PR I A) R BE MORE e 3 S PRI ER I X &,
PEAT =P ZR =K Py ma iz A6 321 - BBD 4347, 13
F g, FHEE R IAYAE BT 28 SR R SR OKSEan

304 orzzmoom)
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R 1 JJias, Design—Expert 10.0.4 B AFDEA 70 L 117 3256
BT
F U A P K BT

Table 1  Factor and level of response surface experiment
S
K A BN H B $E IR B C HEHA ]
(g/mL) () (h)
1 1: 10 20 2
0 1:12 30 3
1 1:14 40 4
1.2.6 BBIERSEAE T H KK HEEE ST

H2h 103 F1 1 kDa 09748 18 PR X o FH 88 I W T
RRUEATES o A AR AN [R]AH T 43— Jo3 4 Y B 1 SR AR
HATWE, BT, UUXT MC3T3-E1 4 it (19358 5 3% M 52
e 375 35 77 P 20 5 o
1.3 #iEaE

BT BOE ¥ 2 3 O AT I 58 1 S Y (E, SR
SPSS 21.0 FAFA T HCHE 14 35 PE 53 M, T i s LA
x +s F2o , ZHIA] LUBER FH B[R 38 U 25 50 A R ¢ Ky
2 RGN
21 4mEBEAIREHL

FRUEER BT BE (pg/ mL) AR MRS ALBR (%), HF
Asos o ERMINALFR (y) , 2 HIAF B B AR i i 2 DL IR 1,
L PE I )7 F .y = 0.0066x + 0.0016, R> =0.9991 ,
R WIAE BT M B ol 0~50 g/ mL 3 [ Y BT, BSA ARk
VSR BB B G B M SC R R AT

0.35
0.30-
y=0.0066x+0.0016
0.2 R=0.9991
40.20

i;iO.IS {
0.10
0.05

0 10 20 30 40 50 60
H H Y (ng/mL)

BT A0 1 AR 2R

Fig.1 Standard curve of BSA
22 AEREFEX TS ZREEA N
22,1 AFEEREITEX TS HHEEKEN  UE,
FE MSE 3 F 7k $2 lng TS HH & 5 &l 2 Fros,
SRRl O 645 B py o, FH 88 B s py 28 ok,
Horpr MSEP ffa, FH R P& B B K 8.86% , il & 11 &% 1
e .3 R EU T 545 51 A9 25 3 & &0+ 47 : MSE >
FE > UE,
222 AFEFRBOSEXS TS SEHEER R & 3
A, 28 3 ROy R RI MR B pg e O E T R
MC3T3-E1 40 Jifd i 35 58 5 24 5025 (0 A Ty, L
S RO, TR B2 D7 245 2 14 2R P 4R B 7 T B
WS 25~200 e/ mL o [Fl PN 5 25 10 B8 2H 6] 40 fifg 45
FHAAT 2 25 5% (P < 0.05) , # 50 %y 7.39% ~
11.20% ;8 75 J7 12549 31 59 85 32 B 76 BT e R B2
12.5~100 g/ mL N 5 25 7 %5 BEZH ] B4 208 i 445 4
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Fig.2 Effect of methods on the
extraction content of protein
L AFIEZ R B 25
AR /NG 8RR (P <0.05) o
REFVEEA G4 X (P <0.05) , H % 40 i it 14
HEZE 7 9.39% ~14.26% |, BT Fx W< B 200 e/ mL A 384 51
M F T (P < 0.01), 1 I 41 i 415 51 38 3k =
17.74% ;575 (A0 BREHAH Eb , 8 D103 07 145 3 i) 25
B B R EE 12.5~50 wg/mL JE[F Py MC3T3
—~E1 40583 B2 T8 (P <0.05) , #4518 35551
11.35% .13.47% .14.04% , Jii & ¥ & 100 200 pg/mL
B 35 BE SR b W 2 T & (P o< 0.01), Sy 18.93% .
23.46% ,TEFRH R BE 100 200 wg/ml i}, % J1 4 +1E45
PN X MC3T3 - E1 4 Jifg 3% 55 % . & (P < 0.05)
R, H AR A BN 32.75% (32.24% . ¥EEEH
PR 3 PR B 45 20 0 2 s MR S« (5T
HUREE S 200 pg/mL) o S50 45 FUE B g S B
PAS B HE B O B, T PR R, WO — 20 X
S WP HCT. ATk o

1501

— #

< 100- N

- 100 é § E3 Control

= Z § EZm12.5 pg/mL

s N £325 pg/mL

= 50 Z % D 50 pg/mL

F é N 100 pg/mL
N £Y200 pg/mL
N
AR

ol AR

UEP
NG 3RS
B3 ANEFEBOTEXT TS 8 HG R (x £5,n=3)
Fig.3 Effect of methods on the
extraction activity of protein(x +s,n=3)
W #FOR 52 X AL B2 5 B3, P <0.05,
HEFROR B 22 I 3, P <0.01 ;A IR S A AL,
T 1A AT B R B 22 5% . %, P < 0.05,

23 BRERIHHER
2.3.1  R[EEERESEIXY TS dE 4 Ry 2 s 4
TR, TR ECE 1E] 1~3 h Ju FE P, Bt s B TR) 79 S 4,
TS & H &t B 2 S50, #EI 2 th TR Bl R 58
SRR TR, B R A BRI Bl A 4R
i A] B SE K, B 0 T B 22 1 SR K S P R iR,
RGP Ml B 1 O, DNTIT v TR IR TP i B 1 S
SYPEHEE] 3 h B, 2R S E A B B s H 8.16% (P <
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0.05) ;3 h J5, TS & 14 % H B 8] i 3% hn i R, T
RESRIBUN a3 <, 935 M 35 1 550 8] AH B AT 1
SR R AR (UHE , 1 i e B BOR B 25 o A
WU 3 54 h ERIE IR, O T 2 ]
AR CTIRI S S R VAT RSN e a g e

9.0
_8.54
&\i a a
il b
41 8.0 c
{a
el d
7.54
7.0 ; - v
1 3 5
i 1) (h)

P4 SRIURRD B
Fig4 Effect of time on the
extraction content of protein
T AN RRCE 0 25 22 55 e A RV
INEFRFIR (P <0.05) 5 14 5~ 6 [A] o
232 A[FEHEBGEEEXT TS HAERE N hE S
A, B A B G BE B T, S B, nT R
PR TR T i (o K i PR B S K o A AR
SR, T 46 PSR ARV AR B SN L A R TR SRR
R 30 CHPHE & B oy 8.49% , R B E A
P R R T A AR S 2H (P < 0.05), iR & T
30 Cif, n] BEREF PRI It — 2Tk, SR 45 1
JETT, S BB K VRGN, 51 8 H SR SR AR, T
JEREAT

20 25 35 40

30
E(C)
5 ARG X FR o 1Y 5 )
Fig.5 Effect of temperature on the

extraction content of protein

233 ARFEPEHE LT TS A $EEmEm mE 6 1T
B, TS E A S 2R b W 3E . B ELTE 1: 10
~1:12 (g/mL) JERE P9, B L it 38 Jin 4 148 o A R 45
AFHIN 5], 8 03 & BT SR e
1:12 (g/mL) B8 A & 28 B i K 10.65% , #H b T
HAEE A 325 7 (P <0.05) , AT E
VRS IR B AN, A8 1:12 (g/mL) B, EH &2
Rk B I 3 T T B, Bl T VRORE B At R HE B
TR S TG, P O B TR e B AR Rl it 2
B A TR ARE i 7R M P A T YT R R T AR
SR . RIE, SRR LA T 1012 (g/mL) IR
IR et n e
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110 1:12 ‘11114 1:I16 1:18
BHCEE (g/mL)
6 CRHR LU A R AR
Fig.6 Effect of solid—liquid radio

on the extraction content of protein

2.2.1~22.3 IEARF ST B L 1:12,3 h,
20 °C, B HEEH R 7.94% 6.52% 10.65% , B4
—E ML IR 2E, ] BEJE T L B AN TR IR — R EAT,
fo RSN S, SR A B, o R AR =
WA T AR E R AT KM, RO &R AET
255, ST S S0 I 3 e S R R
2.4 MM ERIEER
2.4.1 W N AR AL ST S 0T R YR 2.3 PR ER
LG AE R 3l i Design— Expert 10.0.4 %44, DA TS &
& (YY) dEhs, PR tL (A) FREBUREE(B) (42
BUmpa)(C) , #4773 BIE 3 7K 7w v e o Ak i 5 -
BBD, : 17 A58 85 . R R R GER N 2 i,

iz F Design—Expert 10.0.4 4% 32 2 09 8P o
TR IERE, BL TS B & E (YY) Sy e R AE
FIEYE 7 2. Y = 15.11 + 1.24A + 0.79B + 0.59C —
0.51AB + 0.65AC—-0.69BC-2.13A* —3.41B* —4.09C*,
T2 TEER LK 3,

P22 43 BT 4 SR AT A, — Rk 22 301 =X ] )= A5 A4 I
W2 (P < 0.001) , RHUIUA L2 (P >0.05) , 3R]
IR 2E /N, I 25 R S5 RLG 4. BRI Y
RAE R R =0.9785 B IE P AE BB R, =0.9510, %

Thonw

2 R LA BT S A

Table 2 Response surface experiment design and results

B e A B C Y(%)
1 1 0 1 11.44
2 1 0 1 11.2
3 -1 0 -1 7.82
4 0 0 0 15.13
5 0 1 -1 8.72
6 0 0 0 15.09
7 1 -1 0 10.85
8 1 0 -1 9.62
9 -1 -1 0 7.51
10 1 1 0 11.2
11 0 -1 7.89
12 1 0 -1 7.82
13 -1 0 1 791
14 0 0 0 15.11
15 -1 1 0 9.32
16 0 1 1 8.31
17 -1 -1 0 6.44

I S ger 2 R 5 A5 R T 45 2R — Bk R4y, — 3 A
YR UEWZAROREE S T 52 RIS T ARy TS
S AT A BT R e b R A AT
AR IPFEIR /N ACRRR L) > B (B BGREE) >
CCFRIURTTA] ) , — R RIS 52 B0 5 28 50 A
BN, A XY e E R (P <0.001),AC . B.C X}
Y 50 8 (P <0.05) , A’ (B C* XJ Y R v R
(P <0.001),
242 R s HAE M AT S efe A Design—
Expert 10.0.4 KA AN [R] PR 2% 8] 0 157 17 20 At 1] M 45
ey £ R g 07 TR T A5 e e R AT Sz e 5 PR 3R (] 1) AR
LIPS 26 G

Pl 7a 35 52 BE U 10 I RR R L -5 $R BB RE X 5 1 5

K3 IR AR g I T 25 0 A

Table 3 Significant test and variance analysis for the regression model

J7 2K - J7 B B ¥y F1H P1H 2
oSl 123.49 9 13.72 3547 <0.0001 S
A 15.22 1 15.22 39.33 0.0004 e o
B 3.83 1 3.83 9.90 0.0162 e
C 2.36 1 2.36 6.10 0.0428 #
AB 1.22 1 1.22 3.15 0.1191
AC 234 1 2.34 6.04 0.0436 a2
BC 1.00 1 1.00 2.59 0.1514
A? 14.78 1 14.78 38.20 0.0005 e o o
B? 39.19 1 39.19 101.29 <0.0001 ok
C? 53.96 1 53.96 139.48 <0.0001 s s o
B 2.71 7 0.39
JAUI 0.49 2 0.24 0.55 0.6099
gz 222 5 0.44
S 126.20 16

TE: % P <0.05; %% P <0.001;R* =0.9785 ;& IF ki R 5L R, =0.9510,
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25.00
1000 11.00 1200  13.00  14.00
AR (g/mL)

Bl 7 BRSSP IBGELEE 52 AR ]

Fig.7 Interactive effect between solid—liquid radio and extraction temperature

11.00  12.00  13.00  14.00
AR L (g/mL)

P18 BHfl LE -5 SRR A 52 ELAE

Fig.8 Interactive effect between solid-liquid radio and extraction time

4.00

B Ui (°C)

B9 4R HGH B BRI a] 52 A ]

Fig.9 Interactive effect between extraction temperature and extraction time

A WS A, (H 3 (A 38 B A X ) R E Y 5
AN iR 8a BN, 85 1A B BE R LY B B B
[ B I & 3058 b A A TR B e, 35 1Y BE I A2
BE UL B0 R O A A W, B 8b A gk A
[RIJE B ihZedse a4 , Ui R Lb 5 £ B ] 7 5 22 38
AR TR 0 AL S 0 2, AN A Oa T R G $R B R
B K Bt Ia] B i, 25 1 B i S T S BEAIR, 18] 9b A5
LR A R B, U6 WA $2 IO 5 -5 i MBCH R i ]
RZBIZZ BN 33X 507 2850 Brasi R —34 .
2.4.3 SBGUFIRES 8 i KA Design— Expert 10.0.4 3R
il Jr AR THRAS R AR 455508 B i KA I 19 S L R ER
TR B LG 1:12.88 (g/mL) , i JE 30.58 °C,
BsFlA] 3.08 h, & A & WA 15.35% o 455 SChr 2%
1, 3 Z A EATAE IE B G 1213 (g/mL) |, $2EURE
BE 30 °C,$REUATIE] 3 h, ZAMF T T IR EE 5
TESLES , BCOFE A T & & 15.16% , 575
MEAE T, fa H AR A SR BRER AL T R 4 iy B R
XA

25 AREHSFHRER TS 3 MC3T3-E1 40 i 1% 5
EHEER

TS A[EZH 45X MC3TC—E1 41 g 1% 5 (14 5% njy 4%
SRULE 10, HIE 10 AT AN, 525 [T B b g, TS 21
A1 TR R BE R 12.5~100 g/ mlL HoJ 4 i 356 5 22 5
FEFE (P <0.05) , T E U BE 200 g/ mL ) 2 Jd 384
FHFEH W F T (P <0.01) ; 525 X B g, A
43 2 ETERRBE R 12.5 g/ mL Bsf 21 O 14 58 22 g 5
225 PE(P <0.05) , BT E R BE S 25~200 pg/mL B iK%
WETE (P <0.01) ;2045 3 525 A% IR 4H LA e Bt
e 12.5~50 g/ ml B 24 JHE 19 58 2 24 S5 B 57
TR (P <0.01) , BTs kB oy 100,200 g/ ml B
F R E (P <0.001) ; 525 X BEZE LRER, 24055 4 7E
SR BT N 125 wg/mL B 40 39 58 R B 2 T
(P <0.05) , JiiE e B 25~ 100 g/ mL Bt 40 it 14 %
AR W 2 T (P <0.01) , BT e & 2 200 g/ mlL B
2R ARG B e B 2 (P < 0.001) , 52041 5 a5 X
PRZH PO, 7E BT i W o 12,5 e/ mlL B 200 Jifd 4 4 %
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225 (P <0.05) , X4l g iy 35 58 % ok 10.24% , i
VR BE SR 25~50 g/ mL B 21 it G AR A B 3 T S
(P <0.01) , L BsF B4 4 i 358 5 3R 2 19.65% .30.71% ,
JE B Y JEE SR 100 200 g/ ml. B 4 i 58 5 4% 25 S5 5y JBE
B (P <0.001) , 95 % % 35.24% 38.15% , 45 58 3
AH TS AN[EH 4y I R4 F MC3T3 - E1 Bif 3% 5 AE 40 it
OB, 52 R EARRA SN , 45258 LA 10,

200

§9200 pg/mL

g 150 #### # #
ﬁ N RN =3 Control
:@ 1004 N BHIHN ==12.5 ng/mL
= § N HEHINN =25 ng/mL
= { AN 50 pg/mL

T 50 \ N 100 pg/mL

Al ————

K10 TS AKFH 5% MC3T3-El
MG SR (x £5,n=3)
Fig.10 Effects of different components of TS on the
proliferation of MC3T3-El cells(x £s,n=3)

T < O B AHG fo TP S B 23 o S e 4oy (4193
1),Mw > 10 kDa( 443 2),Mw:3~10 kDa( 4143 3),
Mw:1~3 kDa(2H434) ,Mw <1 kDa( 204y 5) ;#FE R 5
25 AN HRZEAR L 22 5 10 38, P < 0.05 , #3875 22 S i
FHEROR R R R .

SRR W, TR ) Y 200 wg/mL i, TS
ANFZH 53 %5 MC3T3-E1 35 R BEUT A7 : 204535 > 21
Ira4>Hr3>Hr2>Hor 1, IS 5( <1 kDa 24
g3 ) X MC3T3-E1 2 ifg 14 5l 24O R B fd o
3 WitE4Hit

o LIRS, R S R, TR B A Rl ) FE T
I 1) 8 40 I T 1 oA e B R I A A
MTRYTRICR ™ AR SCLUZER 11 & ik 2 Xk MC3T3-EL 4
T X B3 R B 1 Sy 8 A 7 8 f T AR A 4R BT R,
WFoE R PR B R 1S =8 R E, HARUE
JCE AE 3G FE AR B 5t , R TAT LB DR 3R S e 19 45 SR
Sy B, SR FH R N T 53 A 96 X S B AR R AT O Ak, 4
Jinta ORI HERYE &, 1S B R I T 2000 k)
W1 13 (g/mL) $2IBGREE 30 °C, FEHATE] 3 h, 7E
A TP EA S B R 15.16% , 3 & A H
ARPSAAR A

5K T LA R T e T K SR BOR  MC3T3 - El
R FE TS PR ), P 7 BT T B2 O 200 pg/mL B,
MM SR A Ty 13.93% , A S2U6 P AH TR v B2 T B9 £, R
TR &I I A A Y B4 5T PRl 20.58 % , AR
T BEAE ARG O, T] e e H ISR IO AN ], X 40
YEFH G ARSI 5 2 AN ], AR R TE AT ST 1 o F 7K
LRI oA B Al B i 3G B AE T, A SCER DT
XA 346557 MC3T3-E1 py3FE/E 2 .

DR AR AT DK 5 P IO AR AS 7] 43 1 4 45
P, DEAE 4 A IR RO R /)N, 45 31 AR DR TR 43 T B )
RS, U R A AR T AR E O e Y L

308 Soz1zmom)

Thonw

BRI AR A I AB DR AR BNAR T 1 kDa RIS
T dh A R ARG SR K i AR A B | AL R T R AT HR AR, BT
BTG skl A2 41 0 M A5 B3 ol b 4> 1 R
/NTF 2 ku BYJRBEPL AL BE 1 48000 5 R 2 T 4 e B
W/ N 1 ka (RSSO BT R TR E
P BRI a4y 26 B0 E SR Y - OHL B TS B BE Ju, 75 4
A IF SR AN [R) 431 14 R M5 I B SR AR I PR 4 SR R
/NG F2 1 0.3~2 ku 14 B KB S A0 75 P e v o
ARICRABGEIETF BT E A N 5 AR FILE
A3 BRZH 4  Mw > 10 kDa ZH 4% \Mw:3~10 kDa 2
4% Mw :1~3 kDagll 4> Mw < 1 kDa 214y, A~ R 415075
SRk EE Ay 12.5~200 pe/mL 365 [l Py, X MC3T3-El
MM — 5 B I FE BE 7, B B 2 kB B T
T, A TR, 4 F =T 1 kDa f94H 53 7%
PR, Horh AU AR, T Mw <1 kDa ZEARZH
Sy FE R R R A i MC3T3 - E1 4% 58 7% e e £,
X5 IR SR B F oY 45 SR — 8, A e /B IR AR
EUITEHEA T TR R E AR EY .
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