TR R Sl i B IR A 5T

BEE:jpn

HhRE
~EH:2017-10-04
*F—7— K (Ja):
*—7— K (En):
YER

A—=ILT7 KL R:
FilE:

http://hdl.handle.net/2297/8978




324 SRAF+EESSME S $28 324-340 (198

BRI T 2 AR B E R 52

BRKEE AR (E4E A 5D

W A

oo E

(FBAIS74E 2 B22H R A

e - EEME SR BN TEERBIC DT, H3-proline, H*- thymidine K U S%p
osteogenic cell ~DEL D A& % HETHE - BB R AN RET L 7z, Wistar RS v M EFCET B
B VIYVETEELL, BIFFOMBEEEESH TR KL, EEAEEHTEN,
mesenchymal cell i BHTER I BERC 2 & N, B, EMRO VI b 53MEL 3 3 pluripotential
WA T H 2. EBMIAORR, BEMN{LE, mesenchymal cell DB~ DL, FEBMRSE, 7
THESEAHCHEEEEER L T ) BMCHES»ICETT 20258 o1 le, EEESRHIIEL
TIEH 18%, T CIBHFMK He- proline DEGAS & £ DEBEADOKEHBEEICED 5 h, ), ¥
EUEEN TR B 2 BB THHEHEAD SSOEAANBEA TH >, & 51, H*- thymidine BlLA &
=EgIz & b, FEEEARTI, IFEEEERIC T mesenchmal cell 38 X TR BRI DG Y genera-
tion time & growth fraction BEIFE LV BHcED sh7z, Thil, ARRTIEEHEEHOTHE
EEEZERICEL, TATOERREERBN L ) EMCED, IVBECEENS LR T LoHE3,

Key words Cytokinetics, Osteogenesis, Experimental fracture.

BRI T 2 5 0 X RPN, BREAH
BH{TrOIATHB I b 5T, BiITHERCHES
T 2 osteogenic cell D cytokinetic Z T, LW
STHERO - DB T3,

Kemberb?, Walker®¥, Tonna®"%ik, BORE
BREL T, BB, FEREaoMmEERER
BRI E1TV, RO T Tonna® " 5 1%, BHERO cellular
response % H3- thymidine # A \» T autoradio-
graphy 1= THF4E L osteogensis 232 % 7z & O basic
requirements 23% 3 L # % 7z, EHfP0E, * VAKX
BRE 2 BT OBERIC R 513 osteogenic cell DFE
2B AT 24TV, BITEC tHIR T % mesen-
chymal cell, BEFHIMIZ, L bic, BIFHECL b
vy, Z1 50 growth fraction 2L TW3 I L 2R
W L7, WIFhIZE & mesenchymal cell 2335 L
TEEMz eMET 2 b0 EEZLONE, —HETD5S
{CABCHET2EXDERNEZ 61, ZOBROD
Ty ENESR, B, BIFBRERCELC, Btk
~DOEENHZ OEBRCHEL B LZT v EN

EERDY, Eggers'V®, (UBEWS KXo TB IR, B
ERY, BIEW, FEY, RS, IhipEE
HCEREE L 72,

DE# L 0EB LD, BRORRCE, BIFEO
R %2 LT, »2, BMOBEERE»E I LHFRY
EYITH 2 EDEXHNH TR, 22 TEHEEER,
Sy M TREA2ITPBZ 8¢, EOEaMELERE
ECREEEE T S IRER YL, BEAEFORL
k0, BIFERO osteogenic cell Iz vz B HHEEIE
BT ENE U h LML LS L ELL, B, B
- proline, S*Z & FWT, Bif 1 8%, B 2:8&0
B EERC BT 2 BTN, SEMRE A
R LD &k 25 2 BEE SN D ERIL,
X, =S BN, B HIAD precursor L EA SN
% mesenchymal cell D4HEz DT HRELT,

e L UFE

1. ERHY
1% 6~7 D Wistar T v b (E - 150~200

Autoradiographic Studies of Osteogenic Cells in Healing Process after Fracture. Ka-
zuhiko Ikemoto, Department of Orthopedic Surgery, (Director: Prof. S. Nomura) School

of Medical, Kanazawa University.




BTG 5 MERBREE AR % 325

g) R EEBRCH L7, REEF, Ty OFEE WA Y
vy VERSIE R RV,

2. ERFE

FETy bOBEERIZA YT~ 40 mg/kg FEH
Lt TOTRBCEFCTETEREZEI L.
BFEEIEL, BT RBRER T 2B
cEEAEMIz OO (AR EEESE &, BiF
#izky 2mm OEBREIEo 72 d O (BB JEEEEE
)0 2R ER L WHOZ Yy D, EE 1.0mm
DEMY 2 —7 §HE MERE L ITEBO IR & AASE
RREEMIIN L TEACHA UBEFESIRES Y

CYYRBAWT, RS 2EOFNY 2 F—HE A
TEEL:. ABRBVLWTR, FRALE2XDFVY
2=t R BIERICE o TRRMIT 2 BICEEL,
v ad—8OBAEFAL T, BIFHcECEN
B BBEICTR L. X, FvaFr—8ORIAR]
PR HEREZ R wE S, ARBTG5
RELTREICRIAL,

NG 2HOT Y MEIWEENLUTOME FET
gELL, (BE1,2)

%8 1) Btk 3, 5, 7, 10, 14 H B H3- thymidine
0.5pci/g %5 v MERERICEAL, 2 RSB ICELK
BLITER R L 72, (2 BERE labeling index DZF1k)

KR BT 1B, 238%1 H*- proline 1.0 xci/
g PRABCERMNICEAL, 1, 5, 10, 20, 30 4%, 2B
HRcBEL TR L 12,

KEIN) BIT 1:8%, 28512 S$%1.0 uci/g £ HEIER
WEHL, 1, 5, 10, 20, 304, 2B ICRELTT
BEERL 72,

ERIV) BiF 1:8%, 2:8%Iic&%, H*- thymidine
0.5pci/g % 3RFRIE, 17E, AL 48 BRI TR %
g, BITHEBOIOER S 5 6 REEICERELT

L)

1 y T
3 5 1 1t LI

Fig.1. Time- wise changes of H?-thymidine
uptake 2 hour labeling index. Contact compres-
sion fixation group (A - group). -—=e-, osteo-
blast ; x--wceo- X, cartilage cell; ¥ —— V¥,
mesenchymal cell.
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Fig.2. Time- wise changes of H3-thymidine
uptake 2 hour labeling index. Non compression
fixation group (B - group).
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Fig. 3. H?*- proline uptake in tibias one week after
fracture ; average grains per cell versus time (A -
group). ®—=@-, osteoblast; X--------- X, prolife-
rating cartilage cell; ¥—<—V¥, hypertrophic
cartilage cell,
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Fig.4. HS-proline uptake in tibias two weeks
after fracture; average grains per cell versus
time (A - group).
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Fig.5. H*- proline uptake in tibias one week after
fracture ; average grains per cell versus time (B-

group).
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Fig.6. H3- proline uptake in tibias two weeks

after fracture; average grains per cell versus
time (B - group).
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Fig.7. 5% uptake in tibias one week after frac-
ture; average grains per cell versus time (A -
group).
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Fig.8. S%* uptake in tibias two weeks after frac-
ture ; average grains per cell versus time (A -
group).
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Fig. 9. S uptake in tibias one week after frac-
ture ; average grains per cell versus time (B-
group).
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Fig.10. S% uptake in tibias two weeks after
fracture ; average grains per cell versus time (B -
group).
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Fig.11. H®- proline uptake in mesenchymal cells
one week and two weeks after fracture ; average
grains per cell versus time. A - 1, one week after
fracture (A -group); A-2, two weeks after
fracture (A - group) ; -—@-, portion transferred
to osteoid tissue; X------X, portion transferred
to cartilage tissue.
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Fig.12. H®- proline uptake in mesenchymal cells
one week and two weeks after fracture ; average
grains per cell versus time. B - 1, one week after
fracture (B -group); B-2, two weeks after
fracture (B - group).
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Fig.13, g% uptake in mesenchymal cells one and
two weeks after fracture ; average grains per cell
versus time (A - group).
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Fig.14. $* uptake in mesenchymal cells one and
two weeks after fracture ; average grains per cell
versus time (B - group).
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Fig.15. Analysis of cumlative labelling. The

percentage of labeled cells (P.L.C.) is plotted (Y -
axis) against time (X - axis); an increase of P.L.
C.islinear. A point “b” on the X axis represents
the thme when the above - mentioned straight
line reaches 100 per cent, and the extension of the
line crosses over the X - axis at a point “-c¢” .
The distance between *b” and “-c¢” is the
generation time (Gt). The value ‘a” of P.L.C.
(% L.C) at time 0 (Y - axis) indicates a labelling
index (L.I.). DNA synthetic time (St) satisfies the
following equation, and thus is equal to the value
of “¢” .
St

c: Gt=100><§: 100



330 bich

Bt B 2 BB B TiE, A SHIRIA grain
BF1LEEOLD I DES LTI, A, BlREERIET
3 ¥r, BUBEEBRITERO mesenchymal cell 2B 3
SHOE D IAIKFICEIRD &b o T, HE
BT SROME T BRI BWT SPO LY IHHE
DERTHoN. (B14)

5. H3- thymidine ® cumulative labeling (= &

% RAERAF D BIREARART.

cumulative labeling B: % fifT L 72 BRI BWT, £
@ viable pnrtion THIFE % 1000 {E%k z, % @ labeled
cell DEAE (LT P.LC. LBET) 23Rk, ERAICT
o v b L, cytokinetic 2T L7, (B 15)

i) mesenchymal cell

a) ABEN LBEROFR

He- thymidine ¥ 8% 6 B % 1c PL.CIE 23%, B
5, SR L SIS IZESAT BN, 30 RefE&RITI 82%
rib, 0%, PLCHIZ plateau &k o7z, T &
h ZHHEID generation time (BAT Gt. & B&3) 1% 33.3
F5fE, synthetic time (BLAF St.XB§9) & 3.3 K5,

Tabel 1. Cell cycle, growth fraction and birth rate
of mesenchymal cells, osteoblast, and prolife-
rating cartilage cells at 1 and 2 weeks after bone
fracture. A, contact compression fixation group;

F

labeling index (ML FLILE B 3) & 8%, growth
fraction (LAT G.F.L#&F) 0.82, cell birthrate ()
T BR EKET)4.0%/h Tho Z LB LY. (1 16),
(1)
b) ABEIT2EROFR
H>- thymidine H47 6 BRI P.L.C.IX 19.0% b
N, D, EAREICBEIN, 36 REREER T 58%ITEL, %,
plateau 2R L7z, 21 & D, Gt.44 Ko, St.8 e,
L111%, GF.0.58%, BR.1.4/h LEE S, (7
16), (B¥X9), (&1)
c) BEEIT LBBROMR
H3- thymidine ¥ 51 6 R 88 T P.L.Cix 4% L %
D, 1%, ESEIEIL, 36 BRI PLCI 67%
Y b, Litg, plateau 2K L7z, Zh kb Gt.38.8
BFRE, St.2.8 B¥fE, L14%, GF.0.67%BR1.4%/hT
HaIebrok., (BT, (E1)
d) BEEIF2EROFR
H3- thymidine L 6 BT P.L.CI 15%i0E
ULME, 1 ZIFTERRICIEmML, AT 36 Rk, PL.
ClX 619% & L, % plateau 2R L. ThivEk
MM Gt.40 FER, St.4 BHR, L.1.4%, G.F.0.61, BR.
1.0%/h LEHE N, (B, (F1)

B, non compression fixation group; Gt, gene- KL
ration time; St, synthetic time. 100
it St growth fraction | birth rate
1w[333h] 3.3h| 082 40 %
mesewchymal | A a4 0e 1A b
cell B 1w|388 | 28 | 067 |14 a /—-—,
2w|40.0 4.0 061 1.
A 1w]350 5.0 0.53 1.
osteoblast : 410 gg ggl }"
Bl2w[320 20 [ 015 [2 \ ‘
rucy T T T T T
proiferaing. | A ;: 2;! 15113 g’ég %4 8§ 8 4 3 3 42 A
cartilage cell Twla10 1110 0.42 10 Fig.17. Cytokinetic analysis of mesenchymal cell
Blrywisos 17143 1 039 |08 by cumulative labbeling of H®- thymidine. B-1,
one week after fracture (B - group).; B -2, two
weeks after fracture (B - group).
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Fig. 16. Cytokinetic. analysis of mesenchymal cell
by cumulative labeling of He-thymidine. A-1,
one week after fracture (A-group); A-2, two
weeks after fracture (A-group).
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Fig.18. Cytokinetic analysis of osteoblast by
cumulative  labeling of H?-thymidine (A~
group).
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Fig.19. Cycotiknetic analysis of osteoblast by
cumulative labeling of H3- thymidine (B - group).
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Fig.20. Cytokinetic analysis of cartilage cell by
tumulative labeling of H*- thymidine (A - group).
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Fig.21. Cytokinetic analysis of cartilage cell by
cumulative labeling of H*- thymidine (B - group).
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Photo Legends

Photo.1. Tibia of male Wistar rats was sub-
cutaneously fractured and fixed externaly with
self - curing resin. This procedure is common in
both the contact compression fixation (A -
group). and non compression fixation (B - group).

Photo. 2. X -ray of a treated rat with external
skeletal fixation (A - group).

Photo. 3. Many grains of H®- proline are densely
lined, forming a belt at the surface of osteoid.
The preparation was taken 30 min after injection
of H*-proline (2 weeks after fracture; A -
group). Giemsa - stain (X 1000).

Photo.4. Labeled osteogenic cells (osteoblasts)
are seen. 2 weeks after fracture and 30 min after
injection of H*- proline (A - group). Giemsa (X
1000).

Photo. 5. Grains migrated from cartilage cells to
the matrix of cartilage. One week after fracture
and 30 min after injection of S$* (A - group)..
Giemsa (X 1000).

Photo. 6. Labeled cartilage cells and grains
migrated to the matrix of cartilage. Two weeks
after fracture and 30 min after injection of S* (B
- group). Giemsa (X 1000).

Photo. 7. Mesenchymal cells, showing a transition
process to osteoblasts (osteoid), had a marked
uptake of H*- proline. One week after fracture
and 20 min after injection of H2- proline (A -
group). Giemsa (X 1000).

Photo.8. Mesenchymal cells showing a transition
process so cartilage cells (cartilage tissue) had
predominant uptake of $*. One week after
fracture and 30 min after injection of S% (A -
group). Giemasa (X 1000).

Photo.9. Uptake of H®- thymidine into mesen-
chymal cell. Two weeks after fracture and 36 hr
after administration of H*- thymidine (A -
group). Giemsa (X 1000).

Photo..10 Labeled osteoblasts. One week after
fracture and 30 hr after administration of H*-
thymidine (A - group). Giemsa (X 1000).
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Photo. 11. Labeled proliferating cartilage cells. ration of H*- thymidine (A - group). Giemsa (x
One week after fracture and 30 fr after adminisu- 1000).
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Autoradiographic Studies of Osteogenic Cells in Healing Process after Fracture  Kazuhiko
Ikemoto, Department of Orthopedic Surgery, (Director: Professor Susumu Nomura), School of
Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 91, 324 —340 (1982)

Key words: Cytokinetics, Osteogenesis, Experimental fracture.

Abstract

Comparative morphological and autoradiographic studies were conducted on repairing pro-
cesses of bone-fracture region in the cases of contact compression fixation (CCF) and of non-
compression fixation (NCF), using the uptake of H3-proline, H*-thymidine and $3 (given as
a form of Hy SO4 solution) into osteogenic cells as indicators. The tibias of male Wistar rats were
fractured artificially and subcutaneously, and then fixed with self-curing resin. A defective gap
between the fractured bones was very narrow in the CCF group but wide in the NCF. Mesenchy-
mal cells earliest formed in the fracture region were pluripotent and could differentiate into
either osteoblasts or cartilage cells. All the successive processes, such as growth of cartilage cells,
their enchondral ossification, differentiation of mesenchymal cells into osteoblasts and osteoid
formation, were found to occur faster in the CCF group than in the NCF. For the former group
the uptake of H3-proline into osteoblasts and its vigorous migration to the bone matrix were ob-
served within one week, while for the latter the uptake of §35 into cartilage cells predominantly
continuted during 2 weeks after the fixation. Furthermore, by means of uptake experiments
with H3-thymidine, mesenchymal cells and proliferating cartilage cells in the early stage of CCF
were found to possess a shorter generation time and a higher growth fraction than those in the
NCF group. Therefore, the present results point out that all the observed aspects of repairing
processes take place faster and more firmly in the CCF than in the NCF group.
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