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Transmission electron microscopy for the chondrocyte apoptesis in rabbit’s fracture healing YAN Ruilin ,
MA Shirong , WANG Guihua , et al . Institute Medical College of Jiaring ( Zhejiang Jiaxing, 314000,
China)

[ Abstract] Objective To observe the dead manner and other possible outcomes of chondrocytes in the
healing process of fracture Methods The standardized fracture of left radial bone was created in rabbits. The
cartilage callus at the fracture site were taken at the different healing time and different position,and observed
under the transmission electron microscope. Results The results of the study indicated that there were three
stages of chondrocyte changes at the healing process: chondroblasts, hypertrophic chondrocytes and apoptotic
chondrocytes. The apoptosis of chondrocytes showed nucleus shrink and apoptotic bodies, but no rupture of or-
ganelles. Finally, the apoptotic chondrmﬁm broke down and many apoptotic bodies were in cartilage matrix.
Also it was found that not all of chondrocytes appeared apoptosis in the endochondrial ossification process. The
chondrocytes without apoptosis might directly transform into osteocytes. Conclusion (D In fracture healing
process, the endochondrial ossification was mediated by chondrocyte apoptosis. @ The cartilage callus made of
hypertrophic chondrocytes can directly transform into the woven bones.

[Key words] Fractures healing; Chondrocyte; Apoptosis;  Electron microscopy , transmission

- 217 -

B RASES HEITHAFAEREM
N, Wi 2 S R E R SR RBE R, B2,
ARAARET, KEESBEHHEK RZUE. KEH
M EREMES AT RBE TR AREE AR
R XEHEMBEZHRE. ACHEHEEREXK
RO ETARS, KEH#H T EER,

1 #HE5HX

TERABREARKRERR R 22 3,84 14 H,
WEtE 8 KL IKE 2~3 kg, ERRBE R ER KM T, TR
ERERET ST 173 AREEIT, RBE R 3 mm,

ARG 4.6.8.11,14,16.18.20.23.26.29 d FEER
2 R 4bBESE 7 BN ER 3 P B o AT B B B
B 0.1 mmx0.1 mmXx0.1 mm K/PHEALR, A
3% X _EEERNEAREERE, AR, HER
FHEEER BK & S8 D 6, HJEM-
1200EX 4T GEMEL ,

HTEF RSB, A ARERR8
ROANBAOERAERRER GG, AEE, &
BHE 4.7.10.13,16,20.25.30 d HF4FE 1 R, B
BB Bhr A %7 L.



- 218 - b E 45 2003 4E 4 A 16 5% 4 ¥ China ] Orthop & Trauma, Apr 2003, Vol. 16, No. 4

2 #HR

BOE B AR, R 0 PR AT S BR A 4 R
B, 220 dBTESER T B M. N T REE B
KWEMARE FE T, AT ML 8 4 =SBy BOR
iR .
2.1 RHEHMR BESE 4 d, SR 4R R
& I 4 ] o 200 S e, 40 R0 BT 5 S0 A WL 44 4
JEBE T AT 00 TR 40 A e B B A R . SRR
BABMRRETHREFEE HENEN. RRER
AR &S, PR EE, ok BRI R B A R
HYEERBEED, AR MRERE MR, BE
B2 [l F4 B AR o] 4 (M1 P, Y 2 A A 7% T ) B A
R (B 1),
2.2 BRKEBHKR BWEH1I0JE,KEEHMP
TR LR HCB M B, B 1 il 4 K34 IRIRTE
WEEHR SEAHS . ERKEMMMIE T4+
&, SME A BT SO B, ML R AR 2 B T
PR R bk, R B K, ik TREA R E
X HK, MBEMNEARERTHERESH. E/D .59
AL b AL IR A A B TR R A 4 (1 2) . R
KRB 40 o 40 A 25 F e R AT B 2% T R (B 3)
2.3 FATHRBHK BWEA%E 16 dFFHE KEH
P28 ¥ 4 20 40 L 04 ) B 4 , 2 AR RS /N B T3
FERER, RRE M S, B AEBHRMA T /ME, et
MM (B R BAEREZ P LA R
Y BB SRR (B 4) . Bl A F
W — 25 3 ok, R BUE 48 /D, T T /MR E s
% MR AT (B 5,6). &I, M5 A1
BT, B FHEEMHMEER B SR FERBEE
A, I AR EEEE S (B 7). EH
HOE TR B B, AT B R AR, 5ECE 4 A
TR [alesd, 36 40 1 ARl 2 20 10 B BB 40 A B B
MM A R TR, A @RS RERARTMm
CRERPRABTHZ LR, X8, REHR. BT
M B A0 R AL () SE B — P B RS, S LA
oA RREARASHIET, IR ww,
AEFHRRAE R BAKRR . GBEFHENE LR
KAVRAE 8).
3 Wit
3.1 HERRUFATELLAKBLE B
HIAEE B, LOE S KB R, BRI EN
AE. X5FFAIPKIEHERKEEST IR K
W, BaRgE, AR B AR KT B K

BB, 5550 ST T A
TN R R B A EAREREA KEHARE
A SREN . ER KR HRHFE T RO HLH] i R
BTN, PR M SE T 1 7 A PR, BIZR AT IR 5E
FIGEMMT . SCRIRE, B X RB A SHE
e (NOMER s 2 a B R E
FA R R B T, (BT R e 1 A R AR A KR A
MR G M RFES] . BATE L 5 5t e AR 4K
HERNRERRYIET T, KRR T
PR B AR , T B BRI, (H e B 20 4%
AR R Es 28, WE A AR, BREA R
RESLIL o X SR 55 4 IR SE I RTE SR BRAR A
o seobh, KEHRB ML TR AR AT,
JERAH R R R (FT/ME) , X A A T/ &
A BPFRATTWREE B ) 8K B 40 %) 53 5t 75 1 0 40 i A
Ry, X R R, BB LA N RKE
MFET BAME T, A RAEIARIE. FIEA
WIS, BERE IR PR ELT LR ERE
B RO, AL IE O B S TR,
ERGROFEEMSEN, #X L, TRRKE)
YIib B S, N RERG IF 6 4 1 i A R G54
SMERER B AT ARA T, EEARSRS TN
A BT B BT RS o AR B R A
fefnE At —F AT E S, I, PB4 M DL
TRALRAKELEERAEFEZH T,

— A, BTN R HBASE T, BALE
WREEE, BR T BN T, B 4 RO T R A BB
B ARESCERARE , 78 T 4 MY A 3 B B 4 MM T
TRX—EIEEZ AR, FINMEFERRYH TR
AERTHIEMAK, B RERH, A0 KRR
fEmo
3.2 HEBEMTHREITEEREZLIRAT 1%
SRR, BE A BT UK E B,
MEA AR R E WA, FRERDW, AR
R, RGN RABE, BELRWEE, HH
KEARERK BTN HEABL, XowmKs
EFARIR A 4 E KBS TTAUG, SR BN KE
HANIAR S A AR B IS A T M AT L, X BEEE R R
B REEMNTHRE TEREREIRAE. BRI
LIS B2 FBORCEARATX A, i TIRIEE
E SRR , 6 40 I 2 A BT o 8 R i B9 R 4 g
FERAZKX, HHREE R E AR, RA 450
WRME R E AR SRR B &, AT HES,



PEEH 20034F4 AE 16 HFE 48  China ] Orthop & Trauma, Apr 2003, Vol. 16,No. 4 - 219 -

HELaER, A UHEERP, 25T RATH
Wi BE MW 0 RER, R A R A
e | MR, RIEESS B HAH T BE 4
25,6516 7 8B ERRER, R TEEHA
2o

3.3 EF/MEMB T /MRS RRRSLE &K
HHEATI R EARBIE R KT AREE
ATREAR, EXAT EEAIBTHARERE
Ft 7 ) SR AR B R R o FE KB A A AR R KB
ZUMARY B, X E AR BN, ER— M AR
K BRLR BRRY, BT E 38 B T S Al
R FE BB K 1 45 R0 BURO B, DR A O 3 SR/ i
SEAE T, BB M S R B 4, A A
TR LE 51 53 3b R B0 TR K 3 288 , & 18 1 40 e 3 4
AR BB, IS WY HE L, R B RS,
TER T B G B, AR T K B R B
ik, X Bl BURLR ¥, F% O 8 /b & . Hashimoto
%0l S RUE A, 48 NO MR X KB 4 iR E
BURT/ME, JE & A& A R B R A A BMAS,
R XA BB, KR X RMEFET
B X955 5 188 W3 ; Roach! !V ot i , A5 76 FE 1A A
REHRS LI BB B eI B 3K 4
W A Sm R B, B B/ A A T/ Ak 2 T A
HIFERESAL, RAEFBHRUR REAERT X, L
WA . TEFTHREE BN, AT /MeRRE
TR, R ARG RREN L, BIKE
k*, WEMENAT PDMEAOER/DMEERERLE .S

Lt TheE A AR, BREMBARXI,

RIARGEER, T /MED KA ER KA T p B T

PATRT 40 M B9 B 76 0 (B 98 T 40 LB R AR 4 ) A R

FREEF/D L.

(AXB1~-8LBE¥HTR 1)
£ % 30K

1 EEX ARYGBEY L. AREE H K, 1999. 131-132,
375-414.

2 Hashimoto S,Ochs RL, Komiya S, et al. Linkage of chondrocyte apop-
tosis and cartilarge degradation in human osteoarthritis. Arthritis
Rheum, 1998,41:1632-1638.

3 Hashimoto S, Takahashi K, Amiel D, et al. Chondrocyte apoptosis and
nitric oxide production during experimentally induced osteoarthritis.
Anhritis Rheum, 1998,41:1266-1274.

4 Adams CS, Horton WE. Chondrocyte apoptosis increases with age in
the articular cartilage of adult animals. Anat Rec,1998,250:418-425.

5 ERE,EOB. BT KEARERESEXT R REMBEAK
25 B T B, 2000,19(6):820-824.

6 KM B¥SFEYE. el ARTAE DR, 1999. 68-77.

7 FRVE BERRERESORE HT SR, RSk
BAtA? HEhEF,1999,16:88.

8 William J. Concise text of histology.2nd ed. Baltimore: Wilkins, 1986.
68-77.

9 WAL ARESMARYE. B 4. b AR DA HARAE, 1995,
40-44.

10 Hashimoto S,Ochs RL, Rosen F, et al. Chondrocyte-derived apoptotic
bodies and calcification of articular catilage. Proc Natl Acad Sci USA,
1998,95:3094-3099.

11 Roach HI. New aspects of endochondral ossification in the chick:
Chondrocyte apoptosis, bone formation by former chondrocytes, and
acid phosphatase activity in the endochondral bone matrix. ] Bone
Miner Res, 1997,12:795-805.

(R :2002-08 - 16 %tk : Bt

2EBSXPRITHEEEEMNTSEEMN

f P EEF REERSREES TN FEERSFRERIE S LERAARSIN2EE 5 XKTRIT
HASEEHHTS T 2003 4£ 7 H 17~20 AP TTEAT . SUCKHRA A R I B 3 1B AT AR
B LHER SRR Y5 FREBT ALXTSNHYEFRAITIS, FAPGEA Xin KA A 5K
WL XS, 2003 4E 5 A 30 H BT R AF KRNSO, 85 H#:2003 45 A 30 H (XU
L R ER S HE) o A% 500~800 FHIESCHZELLR 4 000 FLLA A2 X & — 10, 3B (word X&) .
EREBEMABERB (BN TSR SR Bt b mE & XK P 222 SHEEMERE 1 £
1302 , Y EERSBRHERIIAE LT RSHMAEZIMU, BEBURS 100073, 15 EFERES", &
%:(010)63435655,63435665, AW NERFESEHETE (WS 200304 -07-014) , HETFTERH
HEBEFN 10 53, FIRHBHEASERZRSEFARBRUBEIEXRBSMESIEHE R U RSB
REHEH,




MER I S M AR BOBURE R IR e ) 5 OMEHBY T R 40 #r

(EEXR 199 ®/)

B T,WEAT,~S HEEwAY @2 T,WERARANREESE,
ﬁ%ﬁzﬂﬁfhv,EW§§E% R 5 BT R E S 3R A
£f35, BUEtiH SRR S

X RE I A A R AR AR AT HE ST 5

(FEXR 217 W)

B EE R . mRB btk BN R MES. TEM x 8000 B2 ERBEAKEME. SREx, BEEES, §25RERE, TEM
x 4000 B3 NERHKEAHMD . ARl e RN B8 L T 28 B T CHE /i, TEM x 6000 B4 RNATRE4M . AT f minagss, e
&g, mTEEHEAR, TEM x 8000 B5 Hrokfai. MiaEs, MRSE A, TEM x 8000 B6 FErikaai. MmigEgs. w1
RN, AKAEEMAE. TEM x 7500 B7 FH#RACHREEAE. ARAK, KEEREER (AC/ME) BOEAEERP, FReRREEES
Frit, TEM x 10000 B8 Zaatid Bes(t. EHHR-Emgm R caest, msA HaEDr, TEM x 5000




