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Differentiation of bone marrow mesenchymal stem cells into chondrocyte-like cells
under the conditions of transforming growth factor beta and cyclical tensile strain
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Shanxi Medical University, Taiyuan 030001, Shanxi Province, China)

Abstract

BACKGROUND: Transforming growth factor-f has been shown to exert an obvious induction effect on the
differentiation of bone marrow mesenchymal stem cells into chondrocytes. Cyclical tensile strain simulates
mechanical environment of chondrocytes in the body, and plays an important regulatory role in cell proliferation
and differentiation.

OBJECTIVE: To discuss the synergy of transforming growth factor-8 and cyclical tensile strain in inducing the
differentiation of bone marrow mesenchymal stem cells into chondrocyte-like cells.

METHODS: A total of 10 2-month-old New Zealand rabbits were selected. Bone needle was used to penetrate
the medullary cavity of bone. 3.0-4.0 mL of bone marrow was extracted for isolation and culture of bone marrow
mesenchymal stem cells. Passage 3 cells were randomly assigned to four groups: blank, transforming growth
factor-3, cyclical tensile strain and cyclical tensile strain + transforming growth factor-f groups. After 1, 3 and 6
days, cells were obtained. General morphology was observed using safranin O staining. Glycosaminoglycan
levels were detected by alcian blue staining. Matrix metalloproteinase-13 and tissue inhibitor of
metalloproteinase-1 levels in supernatant were measured using ELISA. Type Il collagen, matrix
metalloproteinase-13 and tissue inhibitor of metalloproteinase-1 mRNA relative expression was detected using
RT-PCR.

RESULTS AND CONCLUSION: Safranin O staining showed fusiform or irregular triangular cells. Cell number
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and matrix secretion increased in each experimental group than in blank group. Glycosaminoglycan levels in the
supernatant were greater in the transforming growth factor-g and cyclical tensile strain + transforming growth factor-8
groups than in the blank group (P < 0.05). Type Il collagen mRNA relative expression was higher in the cyclical tensile
strain + transforming growth factor-3 group than in the blank group (P < 0.05). Results indicated that transforming growth
factor- and cyclical tensile strain could induce the differentiation of bone marrow mesenchymal stem cells into

chondrocytes, showing an apparent cooperative action.

Subject headings: bone marrow; mesenchymal stem cells; chondrocytes; transforming growth factor beta;

biomechanics; cell differentiation
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1 ##}F1/5% Materials and methods
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= Aventis Intercontinental
DMEM/F12 S EHyclone 2 ]
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Taq™ 4

BioFlex 74 (24 *7BF-3001C)

%[ Flexcell A 7]
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R FE:

B8] 7 TR F BN B 1255 BENLIEI10H 2 H
WB 2K A, I, 3 A RE K4k
FNBCH BN, B EES mLER 2 (A 53 000 U/mL
[FIFF#0.2 mL), $iECE#63.0-4.0 mL. Jn%5 & ) DMEME;
TR 2 FOMIRAT, IIANHINT % FE 41,07 7 (¥ Percoll 41 i 4>
B, 1500 r/mini0 15 min, W T A8 FLAL I A%
2 A PV A 2 L O S o7 o 1 U ol
BB L1 x10° LR B R R 125 om®4i iR 900, A&
HDMEM/F-1255 729 (75 A PR 08 10% R iE AF 1fL7F ) »
HUEF37 C B ECN5%CO451F F 973 do FF41
A 3190% 5, FHO.25% AR A T LA . K 534
B 0] 78 0 T4 e 442x 10%/ 4L, 5T BioFlext: 7t
LT R E2 mL, B T37 C. AR ECN5%CO,IH
B .

BEFIRIA & R 55 7 4 Fe A B R T B TR IR
10 mg/L. 25 I 41 i 55 37 B DMEM/F12( 35 (AR 43
A 10% 64 35 ), IEBITURIRE G, 4 ChEifr&H.
SO NS TSI A o 25 AL AN 3RO FL, TC A I br
i AR AL A R 7RI T4 SBR 2 o i A B D 7B
A, JSAVERAR N ARZH, S Ao AR+ A AR KD 1B
41, AL, AT HAGE K TR N
I 3 S+ e A AR A R BRI AR FE o L e S A ) TR T A
1, 3, 6d.

B85 18] 7 7 T 2R A9 T AL FE: g E i 0] 78 5+ 40 i
L E3M, PRI BERE WAL, 4%22x10°/L3%F T BioFlex};
TR, Fran A RE, 5k FIEWL INECLF A
KB, 2 mL/iAL,

B EHMA G EmE: Flexcell 4000 % 4 & 26 [H
Flexcell 22w e vk i), I H 1 2oy i A (FX-4000) 4 il .
% 22 48 1) FH 23 2 o LR Jo 5 SR AR IS 38 4D ek it o 471
J, AHREIR IR A AR, 3 i of 5 JE L Uk R £ 4 i & 2
NS TE, gtk r=AE A4k . b R G0l i i v HL K
PEFX-4000 8¢ B AR . LT . Fe/MraR s oK
R BR324 R o o A £
I KA, R i A0 52 2 ) 2 R R . AT
TEMAGEFAIEI, BRI INECE & b, W%k
Pl 5 Nk T & B AHIE, JBUE 537 C L AR B 5%C O,
MR FRAE T, BB BN 0%, F RPN 1%,
iFE 40.5 Hz, 1E5%34 h/D.

BRI A ER. {EFlexcell 40008535k P AT R OY
o, PR PSR B A, 55 B, BALIA2 mL
40 g/LZ W SR E2 h, FL0 2 mL/AL, 4443 min.
Bi P g, .

_LSE#E: FIH1.5 mL Eppendorfs, W21
AN ) T3 d 5 BE AR I i, LA 250 pL,
64L/41, /3% TEppendorfi§Hh, 70 CH#HAFAE A RERNIT
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FEA

o J1% 397 A G C RS IN A e SR /KT« ] 25 W A DA B 25
T Yk, WL R IR B 1 2 Bl AR MR Ll 4 A
F5t Ji A0 T I A 380 R ' R A A HE B 3 R e SR K
o SEKR A Alcian blue Je taiiie o m Fis i iR R
Ao 15653 BIBC ARV S 10, 20, 40 mg/Liv)
TRIRRE 25 o IS IR BE IUARME S RIFE A 4100 pLIn AA A
1.5 mLEPEFHf, 2351 i1 A8 mol/LEE BRI 50 uL, &
A M50 Lk # 1 (0.75% Triton X-100, 3%H,SO,),
TRAY G S N EE 15 ming JIAG50 pLyk Bk 1T (W%
TRIKFERE3MEIARFI), 4 CYLIET ho 764 °C, 12 000 r/min
(I4AE R B0 15 min, % ELEE 700 pLig A JB#1.5 mL
EPE rp (VR R FE 45 o AN W B (e ) s IMANIKYS
(73 #1111 (0.08% Alcian blue, 0.25% Triton X-100,
0.5 mol/LE:#fN)500 pL, #45J54 C Fik#: kHE4 C,
12 000 r/minfti4-fE T E015 min, 325 B, 20
TR BRE M (0.03 mol/L MgCly, 40% — F 3L 7 )
750 pL, =il FIR30 min, 7ERFELAE T 015 min, FF
IEWL A HGR(33%IE N EE, 4 mol/LE:ERAT)500 L,
P15 min, KB AELISAN +, 441240 uL,
FEEARAXAE600 N K I O FEAE . 5 FE BRI 27K,
SEREUCT I, 19 HAZRE T OB e SRR A

ELISAK I b3 % i 4 Jd 2 T R 3 S S 4 s B 1
Wi AL 2P K- 85 4 s 1 A 1 B AR IR FH e B
JT 4 Je8 B 1 i I e e A TR, T R g A
ST PRI SR N 35 I 46 o 8 1 g 2 2400 o 5] 1 P I
G R HTIRFEE. SER AT Se K IR A 55 A DA AT = il
T(20-28 C)F-#30 min, K5 kR SRR 0RE 5 A 1L
50 PLAKRUAIIATEALT, FEMrbnic, TEARVE S AITAEIAEAS
HINAN25 uLIIBEEESE R, 7890 TRAT, KBl Sl FLAR 7 i
JFAE37 C NI E N 60 minjm 7870 35 R AL AR I 41T
LTI R, HIE D AR vhes 2, FHH1F 5L A 1
A, B HIIMNED T+ 114450 ub, 7640 S JF 76 =i
FHERE 15 min, KOV S IR 50 pL, sRarIRA,
A4 I BEAR A AT 450 &bl e WO FEAE, REANRE LRI 20K,
SERWCFIAME, 15 H % BRSO U4 B 1 3 i 4
J& B ARG 71K

RT-PCR#2-

TrizolVE 4 HUE fifi 18] 78 5+ 40 LB RNA: OFEPAE AT
EOE T, KeFlexcell 5 7B ¥ 40 i 0.25% (1 JB s 1
t£3-5 min, 415 mLE.OE, 1500 r/min, .05 5
22 LS5, A mL Trizol, WRATHAS, MfSMREAE
YA, AWMEE 1.5 mL EP b i E E
5min. @& SKEPE FHINIA0.2 mL& s, #&¥%15s, 22 C
F#HES min. 784 °C 12 000 r/minffi 44 R B0 15 mins
WL b 2K AH (29400 pL) B 2HEPE . @R A
400 PLIKAFISENEE, B2, 22 CHUE10 minjG. 4 C
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12 000 r/minff 444 F 250010 min, FF Bl . oL E
BYIE . ORI mLIA AR5 B 75% £ 1
(750 pLZ.1#+250 uL RNase-free ddH,O)iR )itk 4 C
7 500 r/minfli4<2E R 05 mine FEd E3EWUR, 22 CIH
ZAF P ICE T . ©F% InA50 yL RNase-free ddH,0,
A H 2 RNAYTUE 56 2 W i 5 73 2 T /NEP & vh (R
10 uL). ©KEPERAN-70 CUKF W R-AT

RNAR #5% cDNA: O /NEPE (10 pL), 74hifE
#IUAVNEPE, B /352 L2 A2 IRNA. @EH
el A, BE A MM LR H: 1 pL Oligo(dT)
18Primer, 8 puL RNase-free ddH,O, 4 uL 5xReaction
Buffer, 1 pL RiboLock RNase Inhabitor, 2 yL 10 mmol/L
dNTP Mix, 4 yL M-MuLV Reverse Transcriptase, it/
20 pLI R NAR R . @/PNELHUE— TG, MG RS,
FHANEOIE—T . @K /NEPHE B DA, BAES
FEPCRI., G Ni4Af}: Step 1: 37 ‘Cx60 min,
Step 2: 75 Cx15min, Step 3: 4 Cxforever. ©®%i )5
23 6 EETHICDNARIR FE o SR 5 732 (i cDNAMK &
50 pg/l, A N-T0 “CUKHT N IRAE o

SEIN E B OEPCR: WU /NEPE, JiAMER )L .
@EHPCRIAA &G, A&/ MAL Tk 125 pL
SYBR. 9 uL RNase-free ddH,O. 0.75 pL L3514, 0.75 uL
FUESIY). 2 pL cDNA. OF 1 s N4 s TR Tk -
60 ‘Cx120 sfEFR1k, 75 ‘Cx600 sffHF1k; PCRIXM:
195 Cx15's, iBk65 Tx30's, FEfH70 'Cx30s, —it
EFR60; MafEihek: 95 'Cx60 s, 60 Cx30 s, 95 Cx
30s, —HLAEIFB5!K.

SIMFFIS A A

Hep 514

BT |75 14)5'-ACA CTG CCAACG TCC AGATG-3'

Fi#514)5'-GTG ATG TTC TGG GAG CCC TC-3'

SR B ARG RUFS145'- ACA CCG GAT CTG CCAAGA GA -3’
13 TS 14)5- CTG GAG AAC GTG ATT GGAGTC A-3’

4 EE AN LS #5-AGC GTA GGT CTT GGT GAA G-3
LI F#514)5-GCAACT CCGACC TTG TCATC-3’

GAPDH L5 14)5-GGT GAA GGT CGG AGT GAA CG-3'

TS 1415-AGT TAAAAG CAG CCC TGG TGA-3’

HnAb B TS LT DU RIS A AN R AR K CHE .
FARBRARN e AP L2 " TR L. Ho A A Ct=
AE-AC, AE=Cty,Ctg, AC=CtyCts. HHexpEr
FARLNFERR , GERIRGAPDH, ctiZ/s & fabrtE A (E .

EFEMNRIER: OFAEMETE R THRES. @%
ARGTR B WOTREERPE . SR E R 13, s
AR ZUNHIFIKS . @F AL TR JE i
A R IR 3 < R A 11 B L UM 1 mRNAZR L.

BATFE S AT ER AR RO Dixes®or, MR
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MRS v vk i Js ), SRAISPSS 13.04% i 2+ 3 1T 2
or#1, @=0.05, P <0.05% 7% w1 W& MR Lo

2 Z53R Results

24 EHMART@RKE THH1, 3, 6K, 4R
KARTEBA TN = AR A O, &S50 4 A2 1 4 4t i 4
IR o TR B N AR 2 U T T R L
BT, AR SR, 2K AR, B
B AL K R T AL AN i B i b, RO b R b
B SR S A AR + A A K PR T B IR G A A K TR
TR B S A A 2 A W B R R T Ay A B B &
(E1).

2.2 &8 EER PR RAE KT

15 FUPER N AR L R S i AR+ A A
DR BAL H R I SR A A AR LE B AIR (P < 0.05)
(&1, E2).

3K FHAAEKN TR IR N AR
A AR + 5 A A A PR 7 B Th B e S B K 5 4
ML ZE 78 AH B MR (P < 0.05), HpiEbA KK TR
SR A T A R AR+ A R KPR B AL S A AL B
LIk, BE2).

6 X FALAEKRE TR FIHMER N AR L
P A AR + B A A A DR 7 B AL T B e SR K1 B e 4
AL 22 S B B P (P < 0.05), Hirp b A KN 1B
SR A S A N AR+ A AR K RAL S A M L
TS, A A KR TR RIE R M R B K
PR3 R (P < 0.05) (1, E2).

FHIR . BOR PRI ACP R R (P <
0.05), HEZ#i TR, BE2).

23 B LFARTEREREQBIZKT

E1E: HALAERKETRAL. AT S R AR + A AR
K DR BT 3 57 4 e A 111 37K T A A FTAL I BRAR(P <
0.05)(F2, ME3).

3L HAR A KR TR I T 4 R 1 3K T
A THE(P < 0.05)(F%R2, E3).

A JEYIVE R AR W AR 21 rp 3 i 4 AR 11 37K T
B A TR (P < 0.05), %41 Fif b 3w 48 & (13
KPS 3R I W] B4 =5 (P < 0.05)(%2, E3).

THMEIR. FOREMESHEEAI3IKTHEILR
AL ZE A PR (P < 0.05), Bk K 1p4l. JH
SRR AR L I e AR+ A A AR KR T B AL 56
RIEJFE i B W13/ R 1 R A T (P < 0.05)(%R2,
E3).

2.4 KA BT R AR E G B R 1R

F1E: AR TRAL. AR N AR S T
PR AR + e A0 A K TR T BT P L i 4 SR B 1 B 234 7)1
KPEZR AR = 7L B E R (RS, BE4).
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1 Fii1, 3, 6 R ZEABHEFRTHRESIEE(EL OFE, RR75um)
Figure 1 Morphology and number of bone marrow mesenchymal stem cells in each group after 1, 3 and 6 days of intervention (safranin O
staining, scale bars=75 pm)

P SR P AR+ A A A B B 2L 1 2 P i B i S WA AR A A B B AL SR I R A ] S

F1 BEEFRPERREKT

Table 1 Glycosaminoglycans levels in the supernatant of each

group (xts, n=6, pg/L)
25 AR IR FAPN

EEEE] 11.2024.76  16.44+5.84° 19.92+5.13
HAERHET B 4l 9.50+3.61%  21.22+4.15™° 25.39+7.83%
JE B SN A 2 5.82+2.817  12.97+4.43" 14.12+3.85™
JEL VA A R A5 + 6.40+3.17%  25.60+9.15® 26.17+8.87%
A AR T B A

ik GAEAYHE, PP <0.05; 551K, "P<0.05 5% 3 Kk,
°P <0.05; L5JEMIMERM AR+ KR T B 4LlkE, P <0.05,

%3 HBALFRPERESEERABALRIMFIF 1 KF
Table 3 Tissue inhibitor of matrix metalloproteinase-1 levels in the
supernatant of each group (xxs, n=6, mg/L)

250 FAR RPN 6K
IEE 1.91£0.41 2.01£0.87 1.53+0.54
ALK T B 4L 1.91£0.81 1.88+0.93 1.64+0.51
JE A AR 2R 1.84+0.95 2.20%0.76 1.57+0.47
JEHATE R AR AR + 2.28+0.54 1.96+0.37 1.75+0.85
HAERHET B 4l

Bk FACERIT B AL I i N AR 2 A 5 <5 R P AP 1 7K
T IR A AR AL IR T B AT 5 TE S R s

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

®2 SHEFRPEREEERA 13 KT

Table 2 Matrix metalloproteinase-13 levels in the supernatant of

each group (xxs, n=6, mg/L)
215 FIRIPN FORPN EX PN

S EA 10.84+3.35 7.81+2.14° 12.89+4.97"
HALEKINT B 4l 8.03+2.87° 9.97+3.96° 13.93+3.18°
kit e AL 9.06+3.06 8.88+3.71 14.77+5.74%
JESITERAR 3 AR + 8.02+2.51° 8.36+3.86 11.04+4.76"
AL A T B 4

Rk GAEAAIEE, P <0.05; 5% 1K, "P<0.05 55 3 KILE,
°P<0.05; L JHINERL i NASHEALE KN T B 4LHER, “P < 0.05.

4 FEMIRERE mRNA B3Rz S
Table 4 Relative expression of collagen Il mRNA of cells in each

group (xts, n=5)
215 HAR RPN H6 KR

A 1.89+0.27 4.78+0.90° 2.36+0.58°
HAUEKET R4 3.310.35° 5.19+0.77° 3.91+0.53%

RS B R AR 21 2.37+0.17 4.28+0.28  5.91+0.17*

JELSIR LAy A A5 + 3.79+0.60° 6.29+0.76®  4.06+0.60*

A AK N T B 4

Tk HEAHE, *P<0.05; 551 KHE, "P<0.05; 555 3 KA,
°P<0.05; L5 Rk N A +EEALAE K IR T B 4L ELEE, ‘P < 0.05.
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O%A4l B HUEKNT B4l B MBSl
40 T B i fr AR+ AL A KR T B 4
35
30 [
25
20 [

15

B SRR (Mgl/L)

=

10

5 I

i

0
6 KR

BAR BIR
B2 &4 EERPIERRIEEKTE
Figure 2 Glycosaminoglycans levels in the supernatant of each
group
BIE: TI0EE 3 ORI Ik A AR + 540 AR KR 7 B AR e SR K
PG AR B AL JE I B AR AR A b2 AT B R (P
< 0.05), BLHIHAG A AR 1 B 55 S S A A X ) 78 S5 T4
I R A0 ML o AT — 2 R RE

OxA4 B FWEKET B4 B ATk R N A4

[ B JEI P R AR+ AL A R B 4L

@
3

o
o
T

4 B A R ZUMAN T 1 7K T (mglL)
o =~ =~ NN

o (4] o (4] o [$,]

2/ 7| 1

N

o]

]

N

ERIPN 3K
4 FHEFRPEREREOBELMEIF 1 KT
Figure 4 Tissue inhibitor of matrix metalloproteinase-1 levels in
the supernatant of each group
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Figure 6 Relative expression of matrix metalloproteinase-13
mRNA of cells in each group
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Figure 3 Matrix metalloproteinase-13 levels in the supernatant of
each group
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Figure 7 Relative expression of tissue inhibitor of matrix
metalloproteinase-1 mRNA of cells in each group
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*5 FHAMEREEEHAE 13 mRNA HXRIZE
Table 5 Relative expression of matrix metalloproteinase-13 mRNA

%6 FHEMEEREEEOMALIIFIF 1MRNA HMFRERE
Table 6 Relative expression of tissue inhibitor of matrix

of cells in each group (xts, n=5) metalloproteinase-1 mRNA of cells in each group (xts, n=5)
2H 5 1K 3R EPN 215 FAKR H3R E NN

EEE 2.83+0.54 1.74+0.90° 2.18+0.27° A 1.17+0.34 2.28+1.20 1.86+0.49
HAERK T B4l 1.01£0.12°  0.58+0.09° 0.67+0.08° HACERKET B4 2.78+0.87°  3.27+0.89 2.96+0.58
JEUSPE R A Y AR 2 1.79+0.35 1.360.26 1.15+0.22° A S e 8 A 2.12+0.41 2.54+0.38 2.64+0.22

JEV S e A + 0.43+0.08°  0.27+0.05° 0.320.12° A foj AR + 2.86£1.05"  3.91x0.85° 3.42+0.72°

A BT B 4l

AR T B4

R HEAME, P < 0.05; 551 KHE, °P<0.05; 55 3 KA,
°P<0.05,

B3 ALK TRYL. AR N AR L S I
PG AR+ A A A DR B A HP U 4 e 1 R 2R A ) 1
AP A AL P 2 S e i 3 i U(FR3, B4).

F6X: HAVERKETRAL. FIATERA N AL, AT
P R AR+ A A A A DR B AT P R T e 1 R S ) 1
A5 A R 7 o YRR (RS, Bl4).

2.5 RT-PCR#:M|% %
2.5.1 I AR5 (Col- 11 )mRNAf # ik

F1X: FAL KN TRA. Rt b b AR + 64k 2k
K7 B4l b 11 Y fi I mRNAKH X6 2635 e 28 (1 413 7
(P<0.05) (%4, E5).

FE3A: JEIPE B AR + Ak A KPR B AT TT AR fi I
MRNAFH XS R IA SR 2% (1413 = (P < 0.05)(F4, B5).

26.F: %520 20 11 R I I mRNA A 2 5k A 4% 1 40
B (P < 0.05). XA HALERKE R4l S Hr
1 AR + LA A K B2 R TT ALK S5t mRNAMI X ik B
I3 B L 3R B (P < 0.05)(F&4, E5).

HAL 3R T LR SR mRNAF A A 73 A B B AR
K1 (P < 0.05). & I 8 AR 21 55 6 K 11 7R Jie Dt
MRNA A 5 8551 K = (P < 0.05)(&4, E5).
2.5.2 L4 H ANE13 mRNARF &I

1 FAL RN TR, Rt b B AR+ 4k 2F
KPR 7 BULH HE T 4 JE B 113 mRNAFHX R IA R 2 A
Y EAE(P < 0.05)(5%5, [E6).

E3X: HALARKIN R4 R b B AR+ Ak 2k
KA FRA T 4E B E AM13 mRNAMN RIEEE S A
A PEAR(P < 0.05), & HALHIRIER 4R K AW13
MRNAH X IE 4 155 1 R BEG(P < 0.05)(%5, E6).

6K %I R E ARE13 mRNAEXTRIA
A T PR (P < 0.05), 4% (141 P L 5 4 e 25 11113
MRNAG FIA F A HE3 R T = (P < 0.05)(%5, E6).
2.5.3 JLJF 4 JE A ARG LHI 71 mRNAKI R X

1 FALAE KN TRA. Rt b by AR + 564k 2k
KD BALH I i 4 s 2R 1B 30571 mRNAH XS %
R T (P < 0.05)(%R6, E7).

B3 SRR N AR+ AL KR B T A
W ABFALEIHIF1 mRNAFR A 245 25 (418 5

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

Fi: HAEAdiE, *P<0.05,

(P<0.05)(%6, B7).

F6K: IR RLAR AR+ A0 A K R B AL T 4 R B
FI B ZH RN mRNAFH X Rk B S A 4L = (P <
0.05)(3%6, E7).

3 1}i¢ Discussion

B8 1) 78 5T 41 i i Friedenstein 25 VR B, o H & A
BRI EIRE Sy, A4S IS IRAAT T, E B 7 T
M AL R AN B A, MR AR R AT 44
A i ] 70 0T 40 PR 1) 001 Al P e R Ak e R
IRZ N Z MR, WK 7R, R AR
KRR 2. ARSESAT . M ZEKAR . 4R R CA .
JL o e A P A DR oA 1 7] 78 5 T 40 PR i 0B 40 i 4
At i b Sk S S R, R A PR S 4 P A
P AR TP, I S SRR 0 18] 78 R 40 1 Ak
B, RO AN I A B R SR, B A
BSR4 WA B e 22 W3 F 4 T Ak b 8 5 B 1) 78 5 T4
LIS, 7215 R I N AR AR K R BT LS 3 e 1) 43
B A, T2 S I R 0A 5 A 2R K R 1 B IR 771
£ IEME, Bounediene Oy s it 2 W Ak A KR T
BYEZ R 22T, X # il 1F) 70 5 T 41 R 23 A0 AN T e A X
ERERER (P

32 RO T PR BRI 93 A R A Y A A
AP SR Py 412 2 B0 T 00 2 ) O AR A 55 5% 1 i ] 78
ST 40 B BN 52 16 S L o0, Wk IR ) 2
[R] 35 6] B 458 [7) 78 0T 400 P 34 R0 23 Ak A T B 1 o i
EL A0 KIS 5 1 DL R A FH R 0] e 15 88 1) 78 o+ 40 P o
1) A TR 1 A FH AN RO ) o J) SO o e A St 2 41 21
R A1 B AR A S M o s a5 48 Ay 410 1 40 PR AR
G, T M T e R OE TR AR T SO A R
i BP0 Angele 24 TR T B — K] 22 1) g 2 ol i )
TR AN G R I, 35053 1 D) 7 J0 T 400 v 6 4 L )
ko

ARSI I R XA T T — R A A 75 3 i ) e o+
YA M ) B T GBI R, A TR S, R AR K
BRL - BT LA 15 S B ) 70 0T 40 R 23 Ay 2 4 L o 3k g
FORIL, IR AR N AR (B MR AP E N 0%, s Kbz i
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N1%, WiHN0.5 Hz, 1EZE, 4 h/D)n] LAt & i) 7
T AR 1 i AR A . 3 HA R EAE,
P A RT DA iR e AR B IR 1 RIS 5 A% %, T Ak
A DR B L HE B 9t 17 70 5T A0 S 27 0l 3 4 AR
PE, BEMEE DA B A A . 124 R JE A
JHIH B 1) 78 T 40 T J 2 28 TR A A 18 5 51 2 4
DI BEE T A

LR P, S0 E RS ) 70 5T A0 1A R A A
RINZ, TR XSS R BT LA AL & A e e B o) 78 ot
AL AR RO . WHTTRW], 2R I A e e 2
e DRI 4 o0 B ) 78 5T A0 A 3 SR PR s
RIS AN PR3 (RIS | 2P 7 AR R I DR R RS
FERIEIR REAE A R I, AR D0

Bl BRANLEEHKFES ZEREAERE 6 EALE IR
T 8 X H, R Bt KR T KA M ) 5 S0 F 49 Z0edn,
I A% Flexcel /1 F B 4 %09k, THBRFTBLTH
MR ZHFAA 8.

TEZ 5T/ FWEOt A @) &l 34k, K EEAMHME, i
WPE AR, FAPKE AR, AERIGATLFE R 7T, AR
HFA.

FUzEMFE L FRN BTG EANKA BT R,

PEESK T Tsthmeis EA4E 2009 £ (Ethical
issues in animal experimentation)) #8 % )16 38 F 47 4 64 4101

BFRAKGE mIL TR M AN F Ay T AN R RE Ty
%, BREMNTRLFER, AmBRERRKEREOERT L, K&
BAAN ) F B ARt R BCK 00 A 145 W R R RAF 0 I 7= o b —
MM EHA,

EZFER. LFEARAMES, RIE£2 5, RHEAELF
FAFI, NEBBBEAR, Ll R,
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