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TUA T =D BT HWE 0K & LRSS SOEEGE (TD) 23T 51 %, TD I3,
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XM aF =7 IR MRS TR SN, RESIIREIZIX
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=T M)OEIFOVE DL LT, RIHEEE % 25 S
TWwWho MEFICEL E/2BIEN & LT, g ikeg NE1t
REN X B EEkE BIEEGE (Tibial Dyschondroplasia : TD) 2%
WMy XN TWwWb (Farquharson et al, 1992 ; Cook, 2000), TD 1
PR EART 704 T -0 THEE L, CHBRT IV
% EICHSET S (Orth and Cook, 1994) s 70 A 5 — 7 & Tl
LSRRI RE > 72 FOMENASLNT, HENELoR
W & o TR ADE U1 SAIKALATHE S, BEE i
DEEANHF LA ERE L, FET S EE 2 5N TWw5 (Stickens
et al., 2004 ; Raffetto and Khalil, 2008) o
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JER R 2 & NSRRI B IR IKALE O 3 2 DRI 534
BN, HEOBBHILIH A R VE SR A A O %
ZAFCHEGE - 4371b 3 % (Stevens and Williams, 1999) . i 2EE 0
KREFEKRGT PSR, ZOKRGERITH 5% 1TET Do D
X, FELTCag—rrhod sy N EB15%, TaTE T
UH I 10% &2 5D L, 37— rORPEGIMaT -7 v
THY, Mx<TXWas—rry, 1 Mag—rr KEas-—7
BIUOXRE T -7y mETET % (Wardale and Duance,
1996) s SNH DT T — 7 VT EUEE OBEMRIZ BV TR
LRAEERL, BRENEICBIT 28E Mo & HIKbIz 3
CBGLTBY, TMaT—7 v XBIEkg & kg Mgk 12
JRfEL, XT3 5 —7 LRGN 12 )5 7E9 % (Phornphtkul
and Gruppuso, 2009). F72, FOFF 7V n a7y 30 g
LA I TN IBHEELTERENTBY, FRWEIC
BIF 2O F LR AL REL T %, HFIIBWTE, 7
75 Uik ay NuA F Uik o) a ) sy
EMRERICL DT TSN UREBEEICEEINTVD
(Funderburgh, 2000 ; Nakamura et «l, 2001 ; Lamoureux et al,
2007)o TDFRZIE, BEMIZBW THREHEIETET L E LD



2, MR EAIEREICBNTHIKILDSTEI 5 W2 LN TH
% (Whitehead, 1995)o L7255, TD 3&HEICIE, 25 —7 %
TUT )N ORI EL S T L1 X - THEHEL
B EZRIFLTWAIEDNEZOND,

ZIT, RWIECIE TDWREICB I 237 =7 6Ny
Yad 3 7Y ORI WTRIERBLFIICEEL, F
WL LML 72,
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(1) B

MBI L LT, 20 0 0 HEfo 704 7 —lfix Hwize €D
N, 10 JE TD WA 2 #1525 4 726, Rath 5D )5 (2007b) 12
EoTTD %5 L7z, Tabb, ABOHORLY 7 HiE Tl
R (LENINER) CHE L% 8 DL v 2 O, Tetra-
methylthiuram disulfide (Thiram ; Sigma, St. Louis) % 100 ppm
(100mg/kg) @ L 7zt = #8545 L7z (Thiram #35:X) . &
%, HOEEEE GG L, A% 20 Hin CIRE i 2 SR L
Too F72, RO 10INIAER 0 HEG L Y 20 O s E Tl A%
FELL, RHRE L7oo 4B, AREBRIIHNE KB ERGELIZE B
RORBEBTER_L 720

(2) FHEHRELZ & ORI YD Fr o /4

B 2GBTS, Ty VA v ¥ — I THE L, TD
JRZE DA HEE Rath 5O J5E: (2004) 1ZHEWTH~/, F 72, ML
T EE G, 10% RV = ) CERERE (pH7.0) 12 C=ILTH 4
O EE L7z 0%, 10%EDTA ¥ (pH7.4) % HWTi
10 HDOBIK & 477 o 720 BUIKER, 7V 3 — v EFARFNI THIAK
L, N7 4 202dM L7 8774 YU/ 370 b—4
RM2135 (Leica, Wetzlar) % H\"C 5um (Z/E# L 72,

(3) Azan¥ett, a5 =2y 7)) a3 70 7 v O%IER

b Bee

HLRE N NI AT O R A BIEE T 5 721, (EBLL 72/%
74 YRR Azan Pl X D35 — 7 URMEO YA E i L
7oo Fro, RIEBMBLFETIZOWTE, 85 7 1 YU % 001IM
) VEERRANE (PBS) 2T L, a9 —T Y OREEZBIET S
Bk, b7 vo=y—¥x &t PBS (68mg/ml) %MW, 37C
TEIR TS C 30 7 B ORERILIL % fiti L 720 € D%, PBS 12Tk
L, FEEERMBUG % LT 27290, 1% Y FIEF M % &t PBS
(70 % v 7)) 12T, ST 3056 S ¥, v,
IRMBIXOXBaS—r, Z)av3I ) rIarorssy A
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W7 bz y FaA 5 v-6-Tlkio 2 —kiifks 7o v +
YUEWIIT, ENEIEY RIRE AL, 8T 7 4 YEIEI
4CT MR & 872 (F1), PBS THkifts, 70 v ¥ » 7 Eil
12T 200 5L 7z €4 F LY Fhi~ 7 A 1gG Pifk (Vector
Laboratories, Inc, CA) F 721 ¥4 F by Fhi~ 7 A IgM Hifk
(Vector Laboratories, Inc.) % —&k$tfk & LCTHWT, 2T 30
SRS S W72, |12, PBS THEEiE, 789 714 YHIRICT v
H)TF ATy —YEBTEY Y - Ut F AR (Vector
Laboratories, Inc.) % Z5{iiC 30 73 Ut & &, PBS (2 Tk,
Fast Red TR/Naphthol AS-MX (Sigma-Aldrich) (12X ) B & §
55— rBLOZ) a3 7)) h Y OREERREESE
Too REMEH AR TE AL, JeFBmsEIC THIG 2 BI% L 72,
LB, MM LFENBIZOBE S E L C—Rkitfkd L {I3IE
WILE & Wz Tz, BRI B 2 KERDOE S
ZW{GENT 7 ~ 7 = 7 NIS-Elements (Nikon, Tokyo) (ZC#EHH
L7zo FHHMEIL, TR EE#ERETRL,

(4) Heahne

WEWOE SIS Y 7 b JMP9 (SAS Institute Japan,
Osaka) %\ CHREaHENT 217V, p<005 % RT b DEHEL
ERHHLLDEHEL

] R

(1) BEARAER

Thiram #35-XCiZ, 15 H#TRYE L OBTARED b o)
B, 20 HECaTHOTEA T —2AT % 2 LIESICRi-> T
Wi, =7, RRRIXTIE, BB S U TR S NSHRTH
HATRTHDIEALN o7z,

(2) Azan ¥eft |2 X 2 MM LRy IS

Azan G2t % it L 724528, St ERIX IR 2 BRI BT,
B GE R M T 2 O FERERE MR 12 b 7 2 s CiRE @I 3
T = UBAEN YT Y, A LB Lz IR M I LR
FECHFBRIC T > T, $72, BEE R LM RERO
JER#RA M RE 12 AE LT 7z (I 1A) . Thiram #5- X T,
BB Z & O ERIC BV CIRFIC bz - Ca T — 7 VgD
RCRF o THBY, BRKGFMBEEICB TR 2 LM
BEAEBESN o572, (M1B). F7z, MEXOMAKE
MifafE B & O 2 9k L CBIg L7-/E, diIX TR, &<
OEAT/NE B M SFAE L TR Y, Sl L, i
INEEDSEER LTz (M 2A) 0 —77, FZAEBIC BT b ik E

# 1. —kIUkB L OHPGRE
— Pk Egaw AR
Mouse monoclonal to collagen type I Acris antibodies 250 %
GmbH
Mouse monoclonal to collagen type X Santa Cruz 500 £&
Biotechnology
Mouse monoclonal to keratan sulfate HAbEE T 200 £&
Mouse monoclonal to chondroitin-6-sulfate HALE T3 200 fi5
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1A, FHRIX.

B D T 5 — 7 RHEATHRE A2 ge s S, M1 EE LT 2 BE KRS M R A A LA i W B s et Sz
(RHD). F72, Bz 2L 7-MR% &0 MEPREROFEIICE TRAL TV (LK),
1B. Thiram #55-X.

IZETBIC L D EMRAEL THB Y, IRHBEIC BT T — 7 VIR VERICRE STV, HERAOIER
ANFFEAEARLNT, Bt B LA E &0 ME R RZICBWTORREGEDH SN (KHH), BWFHaICqfh S
N2 Rk i g A IRAL RS A 7 Ao 72,

BRI HAIE. Azan Jef. Bar=20um.
2A. FHEIX.
EH R ERREMAEE. & CoRE/INESHREMEATEE L, MR LIE/NMEDSIER L Tunre (RED).
2B. Thiram #&5-[X.
TD R BT 2 KRB Mgk, o RXOEKEKEMIEE & Rk E NEOIRS A LN L L s, kg
MR ZER (KHD RHEK (KEH) BEEALNT.

JEF MBI A DR 2T — 7 > olRfE. AC: kG, PZ : #iEk-gMilaE. HZ K-S MizE. TDL : TD %
7%, Bar=1mm.
3A. RHRIX.
MNE 3T -7k, BiEskgiaE (P2) B L OMEKE (AC) IZRIEL T,
3B. Thiram #;5-X.
TD WA L RERCINFHEIZHEY I3 T — 7 > OREFIBIE SN

&GRS BT B X BT T — 7 Y OJRfE. PZ: BinikE k. HZ - BRRkE#ifakE. TDL : TD #%%. Bar=1mm.
5A. FHEIX.

XH a5 —7roREE, BREkEGMEEDATBE I N
5B. Thiram #45-[X.

TD IR % &t B MRS CIAFEPRIC I ) X Bl a5 — 7 > O RIEEEE S 7z,
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DFRD A SN2, HEMILOZEMHR W LD LA SNz (11
2B),

(3) a7 =7 v ORERB LB

A5 UORIEE, TEY Y - B F oA RICER LT
WA T A AT 78 —BIZL o TREEINREDT S FEY
ELTHEIg SNz, T a5 =7 0%, X ONIEE T o,
BHIZBWC, Mg iieE okgEgicpigsns (K
3A), —77, Thiram #¥5X T3, BB ICINA, BB
AT HMRHCE M 12 b Bl s (M 3B), AIRIX (123
007mm) LKL CTIH IS —7 »OREITAEZICIHAL T
72 (938+030mm) (M4), 72, XMas—4 i, EELK
AL O BRI BT, LRSIk Ok g L CREE
IR IREDFIEUED B SN 7z (M 5A). Thiram #-5- XD
ETIE, WX o SRR & R IRk I TE RS <5 SUS %
R REABIZE S (5B), X (527£020mm) &L
TXMag -7y OREIEZIZIERL T (868+0.33mm)
(46),

(4) 7)) a3 7)) h v ORIEEIL e

rSy UHERE QY FaAFr-6-HBOBEIL TEY Y - ¥
FTFUBEERIER LTV A) T H AT 7 7 —EIZ X o TEK
ENTFREOT S EEEDE LTS SN, 795 ViR,
X IR X D AT WA 3 DB BT, BRI A ML o ik
FlzBigsns (M7A), Thiram #5 X TE, WELTTH 5k
A G e KO IR HIE CHRE S (K7B), MK
LWL T 9% YTRBEORAEIIER L Tz, F/2, EFERK
GO ERIZBIT S 3y A F r-6-RBEO R, 7
7 & AR IR AR RE S I o kg S E CREZ R TR MO
TERIGDBlIEE S 7 (M 8A)s —J7, Thiram #5- X DOIEH I
SO RER T, HEETDH 5 IR HIE E BT
KENT, IERKEMIE T BV Th I BIED E G
rRTROEE S (K8B), MK EELCay FafF
¥ ~6-TitlE D JTE LA HEF T LTz,

Z =

RIFFEIZ BT, 718 A 5 —I|2 Thiram RINEAEZHES L7z &
Z A, TOMBIEE A KRG OERAEN A S, TD A
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[ 6.

FIEL Tz, 2O E1E, N FE TICHE (Rath et al, 2004 ;
2007a ; 2007b) ENTW5AH L 912, Thiram 704 7 —|2BW
TTD 2#RMIHERT H T LAVRE NI,

Azan §2f12 X 2 A LFWBIE ClE, BRIKE MR IR
Bz gt s, ERKEMEREOGIKILEEZ: & IR EMRT O
MBI SN, ZOREEOEVT, REEEOM
HEREEN R o TWB I EERL TS, T4bh, ARG
R AR S 2 RS T L 72 X B a7 =7 o bk
SRR A8 A AR B & OV (IR 2 & KA L 72 1S
BIREN, BeMEHEEERE TS I Ma -y rhbhoTn
%o L L7%7A%5, Thiram fi5-KIZBWTHRGOICHGO I N
EANILNEFHICASN 2 RS, XBag—r 233510
KGRI R L CWBEZENEZONL, 72, T OMHEH
BV T ELMBIEASN R ro722 806, EDR
AFIZEAELZVDDEEZOLND, & O IX O R KEKE
JakE kg a3k & Thiram 5 IX OIRZELBONLK % L L 72
EZAh, L HITERE/NEDOIEED A S 72HY, Thiram #5-X 0
TD A2 TUEBE ML O ZEH L W E» S HA S, 3 CIlCHlfst
KhaoTwa b e E NS,

TD RZEIZ BT 53T =7 ¥ DJRFTENT DWW TRIEMAEALFEMIZ
Bk, ERRRERTIEIINEIToHRGmEy, T/
7= idEmkE M REL, XM a T — 7 VI3 EKKE
HER 2 JHFE LTz (Kirsch and Wuthier, 1994 ; Knopov et al.,
1997 ; Pines etal, 1998). L2 L7235, TDIZBWTlx, TI# o
T — 7 IR IR 72U F 59, TR I REEH
JUEIZBWTOREL T, F72, XBa T —7 VIR RKE
MR 2 RAE L CWiz2s, TD OFJEIZ L W ZoBfEIRIEk LT
Wiz, O eI, TDHEIZB W TIRIEKKEHIRE I BT
TR 7= XA T =7 Y PRRFICFELTWS I E 2R
LCHBY, Bk MEE A S AR I~ Ok 5 E O R
ORI G THD I EARBEND, FHEOMGRE LT, BRSE
ELZZTDBLVPEY I VD RZIZEALABHEO=T M) TDH
in situ hybridization #(2 & ) I# 3 5 — 7> @ mRNA OFFE%
B2 L7248, TD WAL O RO BRKEMILEICBWTH 5
A BTz E 9 (Pines etal, 1998 ; Ben-Bassat et al., 1999) o
=T, TDIZOWTHKIZTIE I T -5 > D mRNA 058 %
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H

- PZ o WEIEERCE R, HZ : KIS MIEE. TDL : TD %

BETE ML IE T TD WSS & & A O LK G MIBE I 7 7 & YR O RIEPBE S h .

7. BEEMmICB AT T VREEO R AC : BEITK
7%, Bar=1mm.
TA. 3K,
77y ORI, KRG MIeE g s,
7B. Thiram #5-1X.
X8 IEEAmICBIS 3y FuAF v -6-H
=1mm.
8A. XX,

EORE. PZ : BHECT MR, HZ : BKEEMALE. TDL : TD /%%, Bar

Iy NuAFr-6-mBEORIEX, 7T 5 HEERERICIE R G Mg 2 BT s,

8B. Thiram #45-[X.

TD AR % & AR NS B2 B W T D RAERBIE SIS, AERBEHNLRE THTa > Mo A F > -6-Tikk

DRRE (%) BhFhIcBigIns.

BET L7z 2a, IEFEEDS THEREMICHEHL Tnizk
DOHE L H A (Hasky-Negev et al., 2008) o

DIHa7 =72, ERREEEICBNT ) v 7 A xS
0 7u 77—+ (MMP)-13 D5 EM % 521493 % (Sakakura,
2010)s L 727255 T, TDWZ T KRG MIZEICBIT 2
MMP-13 OFHAWH ST 2 b o Ll Sz, EE ¥5
F WA ET T T 4 —% 7z MMP-13 O % RT-PCR %= ]
V72 MMP-13 @ mRNA O FEHIZ B\ T TD %% Tld MMP-13
DR L CTnD ZEARIEBEEIN TS (Rath et al, 1997 ; Velada
etal, 2011), WFLETYH, MMP-13 / v 7 7 b= ATIRIEKA
WaifaE AL, TD &ML 72M#kG 2R3 2 L2562
28N TCTw5 (Inada et al., 2004 ; Stickens et al., 2004), T 72
T = O REWE, REMBOREL IR LT, £oRD)
LG &R EDHM SN TS (Tchetina etal, 2007) T
b Z EAs, TD IZEGEEE A2 S B Kk E Mg~ D17
bzl b bbb Y, IMaT7 =7 On@iE 5
G RN N SN = ) RN R e | /N RS AWt A
Czbo sl sn s,

BREREOEER ) IS I )T ) A ThDr I8 Vs
S ary FaqF UL, a7y o EEE LTI
=S % (Kiani et al, 2002)s 72770 h 2%, SEEEOEL
27UTF 7Y A THY), HiFD 0% & LK ERAL,

J5

TFIAL L THREAMISHT 2 E 5 L Twb, 2T, i
BRI T D 2 HE 12 B W ORGSO ME— D& A 5 D
SRR R M LR - DR 7 Cd % (Sophia Fox et
al,2009) 0 COT 7)) H Y OWREIZE 5T, I ¥ FaAF Uik
OFFEIFEDDITEETH), b bofEgTldary FavF U
R DR TG ORGERILMD L, ZIEHEELT] &
I3 ZLAUREEN TS (Dudhia, 2005), 72, 2> FoA
F BRI RE LD 35— U AR AR EE L R O RE R
LEBISRITIEARENTEY, T ¥ Fu A F UhRiEI RS
DAL % FEI 45 (Stocum DL et al, 1979) o AWFZEIZ B W
C, Thiram #55- OF kg H 2 LE OB RkE MILE 1B
T, Iy A FURBORBAESKIML Twiz, 20 &I,
TD TE7 770 5 VASIEFEICHEREE T, WM E AR E A
DB ZITH L LI, FAEGRMLIEIRFOA I X1 A
JIBBIZE > T b D LHEl S ND, TNHDZ s ) T
370N Y ORIEDEALT 5 Z 2 L Y IREIE0 LI g
ERATL, BEMICB 25kE 0SB ORI ELEE L S
w2l EZONL, Thabb, TDWREICBWTIIEFIZZ ) 2
I TN OFHREDOREN R NN EIZL T, #&
MBS IER b, D WL ML O MIFIE 2 3 L T
AT NELOREPE L T D EHEH SN D,

P EO#ERMS, TD #3IEL 72704 T — OREF LT
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Leg weakness in broiler chickens is a skeletal disease associated with economic loss and an animal welfare
problem. The disease is largely caused by tibial dyschondroplasia (TD), characterized by a residual uncalcified cartilage
mass in the tibial epiphyseal growth plate. TD also decreases bone strength, consequently leading to bone weakness.
The present study was conducted to clarify the localizations of collagens and glycosaminoglycans in TD, and to discuss
the pathogenesis of TD. In the study, TD was artificially induced by the protocol of Rath ef al. (2007). Specifically, 8-
day-old broiler chicks were fed a 100 ppm tetramethylthiuram disulfide (Thiram)-containing diet only for 2 days, and
the proximal ends of their tibiae were dissected after 10 days. Thereafter, the localizations of collagens and glycos-
aminoglycans in the epiphyseal growth plates were investigated immunohistochemically. In control chicks (without
Thiram-feeding), type II collagen was localized in the proliferative zone of the epiphyseal growth plates, and type X
collagen was observed in the hypertrophic zone, as previously reported. In contrast to the control chicks, typical TD
lesions were observed in the growth plates of Thiram-fed chicks, and type II collagen was distributed in both the
proliferative and hypertrophic zones. However, the localization of type X collagen in Thiram-fed chicks was the same
as that in control chicks. Two glycosaminoglycans, keratan sulfate and chondroitin-6-sulfate, were localized in the
hypertrophic zone in control chicks. In Thiram-fed chicks, chondroitin-6-sulfate was deficient in the hypertrophic zone
of TD lesions, and a weak distribution of chondroitin-6-sulfate was only observed underneath the TD lesions. Keratan
sulfate was widely observed in TD lesions, but its distribution was limited in the hypertrophic zone. The present results
suggest that modified localizations of collagens and glycosaminoglycans can inhibit chondrocyte differentiation and
maturation as well as endochondral ossification, and that TD lesions develop as a consequence.

(Japanese Journal of Poultry Science, 55 : J1-J7, 2018)
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