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chymopapain #F#% N KEH IMKE DEREFE 5T

GIKFEBE GRS RE (RIE T B )
S B

(NBAN574-10H 15 HZAH)

chymopapain Z S ERROE#IRE D EAL, #EROENOAIRIIBIE, toluidine blue spot
test 12 & B MEE & URBOMMEL 2 SHORE, ENMEEONEY, EREVEE £17 - /2. chymopapain
AR T, BN SR HBOEN L SR REOSEHMEC D, HENOTELNFED S/, proteoglycan
OSMEDRER, HHELEBYEL I SERMBCRIREh, RPciiitsns Z s ni, KB
OELETEMRTH D, BEORE: Lotk r@EL, BESLREOBENTRLN, |
EAOFEREELZ. MEOENREOEE L 20EEER I, BEMMEOEN, £T0MLA, EBOH
Kpsar s, EEHBIOZRIPIC fibrous long spacing BHSHED HIR % A 7-, B TERL, o
fex B L, WEIEIEEES W EIREORINE &7,

Key words chymopapain, rabbit ear cartilage, collagen fiber, proteoglycan,

elastic fiber.

crude papain % ¥ OB Q5 REER £ B R RIC#E
ThIEWED, —EEOMENOTELREFEH
B sEM L 2%FE (acid mucopolysaccharide AT
AMPS L BE) OB 25 Z L RE SN T WA Y,
%72, in vivo®?, in vitro"’”“’%lfo’ W7, AMPS,
proteoglycan 2SRBIRIRMEDR ICBEE 35 Z L % R1E
T2HEMNDH Y, crude papain EEHRDENRE DIE
EBRRIZ B VT, Sheldon '3 2L Y ZEFIMIZ, Ueda
5203 ¥ B E 12 fibrous long spacing (BAF FLS &
B) BRRE A R L Cw3,

% ZTE#Z, crude papain O—FK5rTH 3 chymo-
papain % >, BEHR O RIEE N EE O BHEERN 2
xR L7z, # L T, chymopapain #E#,
HEEBEICB 5 proteoglycan D25 #DBEER
Busnt, EELBREHEOHRSHENS 2 v
HsicasnzhEI», 2, RESIN B4 50T,
DL R BRELRBRGHOEBEE 2 MET 2720
AR 21T - 12,

s L UFE
RERBIY) & U THESDERRE (RE 800~1,000 g) 26

PERWwR, 2013 E#MKE D 1 % chymopapain
(Sigma #) 1ml 2® - < DEEL, BEHCEE N
ORIRNBEEITI>—H, TOI3 5D 6D T
HEB L URPDO AMPS #8IE L, &D 4D nT
EN#e oy, EHNEEET . &8, KL
BORZ 6 WEHBE LR,
1. RERMWERZE
HENOTEOREY:L (H), (+), (=) O3 EE
W4z,
2. ¥ AMPS O #IE
#HE % & OF chymopapain ##E% 1, 3, 6, 9, 12,
15, 18, 24, 36, 48, 60, 72 BERICERM %17V, B
L 721 % 2B [ S iREe % T ALE, toluidine blue spot
test'™ (2 %EEEEK+0.01 % touidine blue) & 3
metachromasia B THEIE L 72, metachromasia K
ISz & 5 AMPS O#I0% (+), (+), (=) TRbL
7.
3. FReh AMPS DHIE
*#E 5 & Of chymopapain 815491, 3, 6, 9,
12, 15, 18, 24, 36, 48, 60, 72, 96, 120 Bl ERER
AR GREEEL, toluidine blue spot test 2 T
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860 H

R (+H), (+), (=) TEHfiL 7.
4. NEEAMEIR
HHEMEE IC1X, WNEBE X U chymopapain B
3, 6, 12, 24, 48, T2EEHi ¢ L BEIORRE 2 W%
Aol 8 -7 VBT ICBRL, ENEE %
10 %Pt F v = D > TEE R, hematoxylin - eosin
#efn, safranin O $ef1'9, toluidine blue & (pH 2.5)
%177z, £7:, safranin O Hefmiz & 2 EEOHEMN
DIETF# & U toluidine blue H:12 B 1} % metachro-
masia DETFIZL 2 AMPSOBIOBRE % (),
(+), (=) TEbL.
5. BENER
WEB L CEBRMORBOERI CEFARE & B

DORHEMBTIT o7, WRLLENMRER, 2%

F—LT7ATFERELIRF ATV LBTEEL, =¥
2= LRFITHAK, T 812 TAEL, BN
4+ EY FF+47 %A LKB # ultramicrotome TH#
FIL, 7=« ROZEBREET o7, —HOFER
RBIEHEDRIED T DIz Y > = VBRI 21T,
% 7z, proteoglycan OIRHIZIE N T =7 ALy F 5
B (UTRREBEE) *AVWE, YHIIEAET
JEM 100 - BB L O'HI HU - 11 DS Blic THEEE
% 1,000~30,000 fETEEL 2.

B &

1. ARMZEL

chymopapain #:% 3 R & » WE 7O Kig b
5TEMEITL, URFHEIC > L b EPL 2 o7z,
Z DHBWBE AR L, 72 B5EH» 5 96 BFEE TIZIZER
DIRFEIZE Lz (Fig. 1),

2 . [M#E AMPS 0%t

¥t I C i1 metachromasia K iG kM TH D,
chymopapain #F& 6 Rl L b () &b, 12 8R4
o UBMTIE (W) TH-o7z. £, 48 FREILIRRIZ
BuTIZEMEx-o7,

3. B AMPS 0%t

XHR TIX M{E & 4% metachromasia KIS XM T
» 1Y, chymopapain B O BFRIE L D (+) 2RL,
18 Bt & 24 BERE T (H) Th o7z, £ Dk 96
BERAE £ T (4+) 2RL, 120 R E R L 2
-7z,

4. NEERVEER

1) xfEERE

HEBEIGTIWEEMRE, Y, BREEEL,
PRI TCIIRED 3 LWIRIIME 227 5. safranin O
Rz & 2 BEOREME PRI T, BT
TR L ANET 3 24HAICH D, toluidine blue H

#A

12 & 3 metachromasia bFEROMERER L1, (Fig,
2a).

2) FEEant

chymopapain &% 6 BFHE & TIHLEBEL L2
Wi o7z, 12 B TIREEHI L, My
WEEOEDBEIEN P50, safranin O Hefa):
LA EBEOREMDET, toluidine blue #ffiz I 2
metachromasia OFHZ{ET A 517 (Fig2b),
Z 01k, WEOWE L EEOLREMIHRLICEREL,
T2 TR EEOREBEIINE L IZZEBOMRS Ly
D, LEMTCIZIZZEESEOREICEEL - (Fig2
c).

5. BENERZE

BHENERICH->T, BNRESFEEL, &R
WIEOHNL D, (D#EVCEEOSREMES 2 ~3
EEEREICFEITICEIIL TV EE, (2)2~3
ONBOEMF, IINBOHREMEL D 22HE, »
U (3) kD 4 ~5 @ORBMDOMF, PO
HEMIEL D 2 EBD 3BT,

1) xiEEEE

i) BBk

REBOMIRIIREMAEOZEZE L, MEHURE
BEICIF I SFEELL TV VR, HE/EE L i
h, v47u743 AN, ZVa-rrEuEsB

(Fig. 3). %7z, —ERD =T S2=laMIzid, HTRY
B, 747 A VRYE, BEAMELR YOEESS
sz, HE/NMEBROARZERME TH Y 51, B
BEDIKERT HDHE L, /MIBIZIERY V=418
F—YERT VRV —LMTEL TV S, Rkl
/NI ESE L THEEL TW 5, 1B 10nm O~ 4
70745 A FEABORBREICOTMIERLTAS
NEBETH-7. 7V a—4 R (ERK 40 nm)
3B b ICFERERLRICEE S 5, filgRE iz dre,

HETIR, REOWEME L BT SR, H
E/MEROFE T BEFTH - 7208, M/ k&R
FERL,REOCIAIZIE L A Y& kh -7 (Fig 4),
vA4 a7 47 Ay bOREIEML, FEERCL
Ao oD, Be, BHE R sz, il
TR EERITEEL, b < WHEBALC F ORREEE
Atz KREME, 7V a—r CoEIIRBREO A
CELWERI Mo,

EEOMIOREE, MiEskEnzy, HE 2
By afilangnz e, BEALEWHEE2ET LI,
EEMELET 2B nEa0ns L, RIEH
BEERIC BT B 7Y a—27 RO BYENMA SR
3ZrTHhb. TOEHITBEBOMITL 1T LA PERS
ot (Fig.5).
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i) MfaRmE

B 1L proteoglycan, BIRARHE, MITISHEMNX A&
na.

proteoglycan {7 7 = — L« SRQEHEIER, ¥ =
pfafEA CHIF L L TBIE R 1555, RR @A Tl
BEEH 20~30 nm OFLF LI8K 5 ~15 nm D EK T %
HER74 7 A MELTERESNS (Fig.6), proteo-
glycan KL FI3 R TIIELEWETH D, H/E, HET
BEICHSNIZ, 74T A2 MIRBTIHEENEE
TEH, BE, EETETHERTH -, 2, &
Biz 5T, MO BB T proteoglycan fi-Flz A &
¢, FOHFIFMBEEEOSWHEREARB TR <,
faEROFEFRIGHEBRAE TS IEE 5 o 7.

TBIE AR HE I IRHY 20~30 nm O—EREERI 2 H T 2 i
rLTEHBank., REBO—HTWE, BHEOIBEOREX,
BEGEEINA B & T 1 E 2, BB BT 5 BIEGRHEDIE,
H, BT cEREIRD R0,

BIGEEHEMREERDEC L S ICEL, 1BH
100~600 nm ORRENHRK, Bk A STz, 75 =)L
SAREMER, RR REMA T, microfibril KB
REFEEOBVEBENE L LTREINL Y, ¥
Yo VvBRREER T RRNICBR S N, IR
HERACEHE, FRCHELRBTEYZVERCS

-tz (Fig. 7).
2) KRG

i) EeEftaoZl

chymopapain #iE#% 3 M TIREBB L UHBOR
B OMEsE gL (Fig.8), 6HTIEFEIC
REMRO ZREEBSHETH -7 (Fig. 9). %k
BRI 48 BFEicB LW T v Ao, FES L BRI
BOThH, #ER 12ET, EMREEEBRD,
MREOBAL L & b, MiEZEE, 7Y -5 VR,
MR/ NRE OB B & CERBIEORENA A 5 h iz (Fig.
10), 24 857, 48 BBV TLEEMEsEHAsh
Todd, ZOBRHAICBWT, I VER L /g
SHEELLRBHESEBICHET S L ER
iz, 285M» S 1AM TREEL -8EfnE s
AEBSIT, BEOMITL b L ZRBOGUC
EfE L7 (Figll)., &, MEOBRIIELT, &8
BT 2 HEOPETIOFE EA S gh o,

i) HRMmEOEL

a . proteoglycan

chymopapain % 3 R CIIR L LELIZEA Y
Elhldaonh o, 6HEETIIRBICBITS
proteoglycan B F DDA MEM S & S 41, 12 BT
BREFIZIEEALEEL, BESNTOLLBERRIE
LOBHBRICEEE NS LStk o (Figl?)., 20k

REIZ, proteoglycan DIEEATTH N, T2 KM, 18
MTiE, MBREIZEEROGREET 2 CiEEs L
7z (Fig.13).

b BRARHE

R 6 B2 5 72 BRI 0 TR IRARE DI &
EITFOENDERSIHICBEB S N, 12 Ko 5 48 BRI T
IIRMEDIBOE R A SNz, 12 B, 24 BTN
68 nm O FEAMM 2 E 7 2 EEH 100 nm O KR
Hems & o4 (Figs.14, 15), 48 B TIXEE Y 200 nm
DEZHET 2 bONBREANT:,

70, #piEtk 6 BERE, 12 RS, 4 BEEOREE LUV
HEIC BT, TAVVEER, HE/MIGORGRE
LBl DN, B eE T 3 BREMHDH
Be s, 6MTRERABHEOERERN 70nm T
HY, BERERD LY, FORPEEETHETH .
TR EPI, NE, KF, BERYELS SN
7z (Fig.16), 12 BERACIARMENL, 6 RERIICB 1T 2 4t
E[ERE, T PEBEDEL DERWIZA S (FiglT),
FIEORMIE, EE 150 nm OEOLWIRETH D,
substriation D#X A7 <, BEEICTITICEL 7 4 7

A NIH SN, RO BHEME X TR TH o748 FLS
BRIRME L E 2 oz (Figl7a). ZEHEAICIEL» I,

RF, SERCRWE, BEAMEL ENA LN, BEET
AL, FRROFEOHI &7 (Fig.17b).

c  BHITRRME

iRtk 6 FFRICIX, RBEB L UhBR BT 2BH#ED
TEFLHIFR DAL, 24 BEE T, BODEHE T B 100
nm OFFRCRCHSHEE Rz (Figl8), LabL, &>
=R BRI L AREEDET A o T2,
48 IR T 13 AR O RESe L, MsHbidRe wRIE
L, 2R TR ERES L UHEO—HRoMito AT,
g = VBRI ol < BRYT 2 HIRMEO IR &
7z (Fig.19), 1:8MTIXBEEE I & 2 IzEBEO
BEREL T,

microfibril {Z2W T3, ZHREEARIZB VT chymo-
papain FHEZ DR LB LS 222213 T
Eiginolz,

U EoRERRZEL L, MmiFs & URH AMPS 0%k,
JEHARY, EHREIEER LRI T2 £ Table 1WORT
EBOTHAS.

® &

crude papain #ERRICEHET LI LI2LD,
HAr T E, ME B X URHA~D AMPS OHEOH 1,
JEBERY, EEERVEREI L 2 EEE 5D AMPS B4
U proteoglycan QA7 ¥ O—BMEOEEHA SN
BIEDWMEINTES, 2L, —ATRIDES
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Table 1. Changes of auricular cartilage after administration of chymopapain

_before _ After
njection Injection
Control | 3 6 12 24 48 72 168(hrs)
Macroscopic finding
Drooping of both auricles — + + + H + t —
Increase in serum acid mucopolysaccharides - - + + + - - -
Increase in urine acid mucopolysaccharides — - — + # + i -
Light microscopic finding
Reduction in acid mucopolysaccharides - - - # + t - -
Electron microscopic finding
Increase in cell projections - + - — — — -
Appearance of chondrocytes with many vacuoles - — + + + + - -
Swelling of chondrocytes - — - H + + — -
Decrease in proteoglycan — - -+ ++ + + — -
Increase and disturbance of collagen fibers — — + + -+ + + —
Increase in the diameter of collagen fibers — — — + + + — -
Appearance of intracytoplasmic collagen fiber - - + + + - - -
Discontinuation and fragmentation of elastic fibers — — + + + -+ — -
Augmentation of number of elastic fibers - - — — — - + —

THREAFEI 2 BHFEERICOVTORE, f
FTRIOERERET 27 e BEFRE, £t
FHRE, REENRENITOATVS, Tibb,
IDBRREFLSEI2BEASERERC DV TIE,
Thomas"id crude papain D% T & 3 crystalline
papain protease, crystalline papain lysosome,
chymopapain K D WTHREZITWL, I 2E TR OB
BNBHHNZN I E & D, chymopapain 752 DHEH %
BRI EIL0EEZ 2 ULy, McClusky »*
i, B{bd %> sulfhydrylblocking agent i & b
¥E{L L7z crystlline papain protease ®FiE(L L 72
blomelin Td ZD & 3 RHRBASNBILITLD,

TESRHOBRNRERATY, REEENCES L

BLU, HBATEE s ZLicky, Z0k5n
BREL T ENTEL LRRT B,

&7z, crude papain BEFROMIBE B & VRBAD
AMPS OHEM DIINIZ DV TiE, carbazole Kz T
HIE 1T > 72 Bryants 5'90D#HE R $¥- sulfate %
V372 Tsaltas' D#EHH 1, toluidine blue spot test
I TEMERTIZIRER U 2 AP SRAE R & 13 12 IR 0D AR o3
HEETN TS,

SEHIBBRERICDWT Y, Thomas?, Spicer 52

X0, MO B B35 AMPS O s
BN3 I ENMEINTEY, 361, BHEENE
{Bi2 2T, crude papain % V7> Sheldon &,
Ueda S 0IENDH 253, % BRBERER S%0, B
T, chymopapain #vE# O BHMEERZELE FlicE
2225,

1. &EMROZEL

chymopapain BEHIZ A SN2 EHIRAD 4%
&, FERYEIC BT 2 REE L UhBOMEO MR
WROBME, HFuTasNZRFEKR TS S, FE
OME TR T VER, HE/NMIks EOREEMET
L, #ifageid, 7)) a—5 LB OB, s,
B &R ORI G & %425 - - BRI H
U7, BEOREE & bz, TR, Mg
HOREL LHBRRSS Ao s L3 k), [
FHIHBOBEEF CTb T, 2D &5 2o
BESERITObA T ABRIIB VLT, REBBIE
WERBHEOBOMICETIOEN L LB SN,
SfZ &, I0L) LBBOBEHREERMR
BEIL>THENS D TR <, chymopapain i &
BHERAZE I TH Y, BERREE & L bICHERE
ZEEL BB L - C, BEINREEEY




chymopapain #E#%ORAH MEE O

pHsnbbDEELOND,
2. MiEHmE O
1) proteoglycan

KHFZEIZ 5> TH & LTz proteoglycan DZE1LIE, #)
#liz 517 % proteoglycan O & ZDHDIEF % pro-
teoglycan DE1E TH - /2. BE proteoglycan i,
Heinegard &0z X iUd, BB EICHEE L3> F o
AFA/6FEBEE Y 55 VRRBIC X > THIR S h, =
O proteoglycan 3 & SiZE 7 o LEE L link protein
THi& L, BER% proteoglycan #EM 2K L T3
rEzohTWw3, BEMICE, REMERBRICEY
BEE L L OERIEIC L D, proteoglycan MET - gk
T55h0, NFBIUVSRTFERR7 47 A EL
TEEINS®, ¥/, Horwitz 52z & hiE, VR Y
— A TER S N EE R HEE/ N R BT 5 B
TE*yu—R, #57 b —RE EOR/EHROA ) T
OB & N, % D proteoglycan T4 1L VB
~BAITL, ZHESE DE LSS ER L, BT
b, TVYNEEREREOBMEIZ L >TTEE
BEBRT, Mg CmEans tELONTVS,

chymopapain &£ D proteoglycan DA D RE
oW T, #iE & L7z chymopapain O —3#, £ 471
FEIEEID chymopapain #EEB CHBIL, £ 2 THE
Hlbahsd, £L T, Stern®Dik~R 3 I & < proteo-
glycan, proteoglycan BEWDOEEH, link protein
POMETHZEIZE D, AMPS MiFEEL, —EH IR
W En, RPcHtan iR, E8csids
proteoglycan OFAP 2B b DL EZ N5, ZDk,
BB - 2o BB HERE A EE L, 3EF % proteoglycan
DEESREIT- IR, BLICEEIZB T 5 proteo-
glycan DEES RSN bDEEZ LN S,

Thomas?, Tsaltas'”d = 0 & 5 2 B2 BT % pro-
teoglycan OB —EEOEN DO TEQERTH 2
LIRART B, A28 T G, proteoglycan Dk
L BEONE, ENOTEL 20 EEOHEIICE
E—8T52&, £72, Dorfman??mih~ 3 Z k<,
proteoglycan »HBOBERIFIIHS L Ta I L &
9, proteoglycan OV HBENO TEOEE 2 FKE &
Zrionb,

2) BRER#

Sussman®12J: % & hEEIED chymopapain % w7
38R T3, chymopapain 13 B HE 2 EHEH 12 /B
RLawnrshTuns, A% BV TIE, chymopapain
ERET A L0 D, FBCRRBL T, BEGHED
BN, ETOEN, BLUREOROEALS SN,
7z, REB L CHEOWEMITOE RN BRI
DB H BN,

FHIPTTE 863

BIEARE IR TERa NI F0a 3 5, exo-
cytosis IZ & » THIfEA AW s h, FYoa sy o7
FEI—~LXREoTTuR7F Y ahn, boXa
7R E oI, TN, FFEEBHETL R
BENZEENTWE®, LaLlass, BREH 2
7 CERMENTRES N L IREL R TR
7z,

Usuku %27, Gona®® i & TV D44 B OISR
HIREMIZ, Perez - Tamayo® i3 4 5 ¥ =V P3EED 2
77 B OBRESMBINAIZ, Ten Cate’®id €L E
v F DEIE R ARBE O SRS I BRI 2 Bt L
Tw5, %7z, Sheldon %', crude papain #7%
DY BB OBERBR I8 VT, TAVZRNITE 200
nm O RSB T3 FLS B2 RH L Tw3,
£ D2, MR B RGHEE RE UERE L LT,
Meek?*Vid Helix aspersa OF#ESFMIEAIC, Welsh®?
lZt b @ desmoid fibromatosis DFRHESFHAKIA I,
Gothlin 531k 5 v b BHTROEEOBFHMEA I,
Trelsted* 2 WTHAERRAE O A L MO 7V o Z2hal
1z, Carlson® &R MM, Allegra 5% &
b @ desmoid fibrblastoma DORRHESFHIFIANIZ, Imura
B33t b O TRMSHMEEEERIERRD 2L Y%l
Wiz segment long spacing f % R L T 3,

#% b chymopapain $HEH 6 BRI, 12 F5RE, 24 5§
Mo EMEOZRANICBRERELRHE L. Z0M
Ha PN BB IRURR A D FE B PR 12 D V> T id, chymopapain
HRORKRLZETT, ERAKBY 355 v5F
& AMPS ORH B AR ORER, BN T2 55
YRFOBRRICEFRESER SN, ST E
TLI:bOEHRL ., ZOERIIROEY TH B,

(1) MEEPRHEL S S LB, BEICE T3
proteoglycan QA & # DEFEFRICHNM L, SN
TO proteoglycan DEESHDEESFHRENE I &,

(2) ZTRMICB#EEZET ARV TAS TV
ECHE G IRNFEE L iR TH Y, BiEr
ET3ZRIZTOENR Y TWYEBOIEL CHEBEL, &
Fap it proteoglycan AL F & B2 R IR E A
oh, 7, ZEoOBAECEROBE/NEESS <
BEIh, 20—y ERLEFL T2 B0 2
Briashsd L,

(3) RN ET IO BIR T, BRRED
SROFEHIL R <, BRI X ZHMBMRHEOR D A
EWEEZEWZ L,

(4) ZERNOHFER, X REBFEOLDOTE, B
HEDIESHT 150 nm &KL, REARERNEE T2 L&
Z &, substriation D#KIF A7 {, BHEENFITICE
3747 A NBAONDZELD, ZOBRKIT FLS
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B DT BEASEER LT3, LT, Z0&
3 7 FLS 8# D in vitro TO 2 54 VIEE» 6 DERK
1213, Highberger 53%¥, Kajikawa®, Wood**iZ &1
i, 44 VE, pH, BELZ CORERTFOED I,
AMPS, proteoglycan Z ¥4 & { WEHEZRFTH S
LEEENTHAE I E,

Wiz, HRES A5 NIZIBO LV BFEARHE O IR
DWNTHB Lk, WoodViZ X i, BRI oK 2
SEVIZE ARG ERLET R 27T VAFO
BECLRHAOREL V) 2BEOo R L SN
TE D, Lowther 5%, Seegmiller 5%, Oegema ©*
IR I AMPS % proteoglycan IZ X DB &1 5
B, FOBOBHEAORRIZGE &N D LTV 35,
# LT, Thyberg 5*ZELE v + BIHEE D papain
12 & ABENEOER, Campo 5N 7 VEEIE
BTV YR ERIRBILICLYD, RERECSB
17 % proteoglycan DA & L bIZEHED LD L DIED
FUuBESESASNE ZE2WELTWVS, &5,
Seegmiller i3 chondrodystrophy # 27 2 28H %
By A TR, WBEEH B 5 AMPS 0D LIED
BOBERMESHET 2 L 2HREL, %7, BLEL
72 Ueda 9% crude papain 8%, proteoglycan @
Rk &b KBRREOEMSEAT S Z L ik~ Tn
5.

AR BT, RO L VBRI chymopapain
By 12 BERE, 24 HERE, 48 EEEICA SN, ZOREH
WEIR U7 & 9 W HEIC B85 proteoglycan DEFHEL
BEMMTbhTwa EEZONEM, 2B, HEE
7 % proteoglycan O H3A 5N BREHICHHYE T2 2
& & b, proteoglycan DD 3B FIRME D LR # (2
LR, 20X ZEOEVCBREFEESHELY
DrEZI, L, 20L& ZEDLGBIRERME
BEBOHSWAFMICHRT LI TRRL, T
JEE, BE/MIEOLBIFEE LB OREHE
CELTREBLTASNE Z L, %7, Gay 590%
BT2 &1, WEMREUB 27 v 0iEhiz, %
FRETR ISy v AT 22 edxdsohTn
&b, IS REEHEE,SR IS
BRWEN, FOBRID LS RIBOLEWEBIRERE
TER S NIcFTREMSE D B 5,

3) BIfRHE

AFFIZ BT, Sheldon &9 D 2 BFTRAED
%, & %ix Ueda 5203 HITIREDO B FEED
{ET 4 Yid5R9 & d o 7288, chymopapain #iE#k
6 BRI & 48 BERCIE, BB OTES L, ALK
OHMLER DT, CORAE LTI, kBT L 5 =
7 U BEKBIIROBIRED = 5 R ¥ — EEERHELER

i

BRI A o N2 IR O MR & FFR AL 7w
5L kD, BEASEER THS chymopapain DR
BaERLEBINDSY, ZOBPRETICET,
proteoglycan DFHP A4 SN BRHHICAEY T2 2 L &
h, proteoglycan DD DS FTERIE D THE L, #W4
EEH7H LIARELRETELWEELSNS,
i, BER 2 RHOREE L UFBO —Hiziasn
TeEIBHEOEIMC DL T, JORSTIRES s
1% proteoglycan OEEANSIFZFE T L BFHICAE Y +
BIELXD, HAMBETIETS ATV HEMED S
BTUE L R, BB oRIsEks b0
HEEs NS,

# El

chymopapain £ BESERREBRIRICEAL, Bk
DENOAIRELZE, toluidine blue spot test 7k 2
miE s & KRB AMPS 0filE, BE/riE OXEn, &
BERERE 21T, UTOERE AL,

1. chymopapain #iE% 3 BHE L », BENOT
EHA SN, OB, MFH L CRBE~D AMPS OH
OB, BB EE BT 5 AMPS, proteoglycan @
Bhmsehi, MENOTEL, HEEEICBT
proteoglycan OBAIC L B2 b D L EZ T2,

2. BEHROBBHEOEI:, FECS M
EHREDEM L, FTHSNLERIK L HEFRRO
EMTHol, L, 2hs0EITHNTHD,
R OFE & & b I RIEL, BEsh:
BEOBEEZITI bOLE LN,

3. mEMROREAREICBVT, HMRERNE
FLS #EfEN R o e, ZOERRIC DWW T, 2w
B33 75 5T AMPS L OHEEROBE,
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Explanation of figures

Fig.1. Macroscopic finding of rabbit ear. Droop-
ing of both ears is most remarkable 24 hours
after administration of chymopapain.

Fig.2. Light microscopic finding of rabbit ear
cartilage. The control shows better stainability
of the matrix (a) ; 12 hours, swelling of chondro-
cytes and deficit in stainability (b); stainability
is improved to normal level 72 hours after
administration of chymopapain (¢). Safranin O
stain. X100

Figs.3 - 19 Electron microscopic finding of rabbit
ear cartilage.

Fig.3. Normal ear cartilage in superficial layer
(control). Chondrocytes show spindly shape, and
Golgi apparatus and rough endoplasmic retic-
ulum are well developed. Uranyl and lead
stain. X 6,000

Fig.4. Normal ear cartilage in middle layer
(control). Chondrocytes show elliptical shape, and
numerous microfilaments are seen around
nucleus. Uranyl and lead stain. X 6,000

Fig.5. Normal ear cartilage in deep layer
(control). Chondrocytes show large and oval
shape, much of them with double nucleus.
Numerous glycogen granula are seen in the
marginal area. Uranyl and lead stain. X6,000

Fig.6. Normal ear cartilaginous matrix in deep
layer (control). Round and origonal ruthenium -
red positive particles about 20 to 30 nm in
diameter are scattered, and filaments 5 to 15 nm
in width also are seen. Collagen fibers about 20 to
30 nm in diameter are seen as well. Ruthenium
red stain. X 60,000

Fig.7. Normal ear cartilage in deep layer
(control). Appearance of islet - shaped or sash -
shaped elastic fibers around chondrocytes. Tannic
acid stain. X6,000

Fig.8. Increase in cell projections of chondro-
cytes. Middle layer of ear cartilage 3 hours after
administration of chymopapain. Uaranyl and
lead stain. % 4,000

Fig.9. Appearance of chondrocytes with many

vacuoles. Superficial layer of ear cartilage 6
hours after administration of chymopapain.
Tannic acid stain. X4,000

Fig. 10. Appearance of degenerated chondrocytes.
Deep layer of ear cartilage 12 hours after
administration of chymopapain. Uranyl and lead
stain. X 3,000

Fig.11. Recovery of degenerated chondrocytes.
Chondrocytes of middle layer 72 hours after
administration of chymopapain. Tannic acid
stain. % 4,000

Fig.12. Disappearance of most ruthenium - red
positive particles. Deep layer of ear cartilaginous
matrix 12 hours after administration of chymo-
papain. Ruthenium red stain. X 60,000

Fig.13. Reappearance of ruthenium - red positive
particles. Deep layer of ear cartilaginous matrix
after a week from administration of chymo-
papain. Ruthenium red stain. X 60,000

Fig. 14. Disturbance of the arrangement of
collagen fibers. Middle layer of ear cartilage 12
hours after administration of chymopapain.
Ruthenium red stain. X 60,000

Fig.15. Appearance of collagen fibers about 100
nm in diameter. Middle layer of ear cartilage 24
hours after administration of chymopapain.
Tannic acid stain. x30,000

Fig.16. Appearance of collagen fiber in vacuole.
Chondrocytes in middle layer 6 hours after
administration of chymopapain. Tannic acid
stain. <60,000

Fig.17. Appearance of fibrous long spacing - like
fibers in Golgi vacuoles. Chondrocyte in middle
layer 12 hours after administration of chymo-
papain. Uranyl and lead stain. X12,000. (a and b:
higher magnification. X60,000)

Fig.18. Discontinuation and fragmfntation of
elastc fibers. Middle layer of ear cartilage 24
hours after administration of chymopapain.
Tannic acid stain. x15,000

Fig.19. Augmentation of number of elastic fibers.
Superficial and middle layers of ear cartilage 72
hours after administration of chymopapain.
Tannic acid stain. X4,000
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Morphological Studies of Rabbit Ear Cartilage after Administration of Chymopapain  Yu.
suke Nakase, Department of Orthopaedic Surgery, School of Medicine, Kanazawa University,
Kanazawa, 920 — J. Juzen Med, Soc., 91, 859—875(1982)

Key words: chymopapain, rabbit ear cartilage, collagen fiber, proteoglycan, elastic fiber,
Abstract
After chymopapain was injected into the auricular vein of young male rabbits, studies were
carried out on macroscopic observation of the auricle, determination of the acid mucopoly-
_saccharides in the serum and urine by the toluidine blue spot test, and light and electron micro-
scopies of the auricular cartilage. Degeneration of the chondrocytes and disintegration of the
cartilaginous matrix occurred and drooping of both auricles were observed, shortly after the
injection of chymopapain.It was demonstrated that released acid mucopolysaccharides were
absorbed by the blood and excreted in the urine after the breakdown of proteoglycan in the
cartilaginous matrix. The changes in the chondrocytes were reversible: with the passage of time,
function of the chondrocytes was recovered, injured cartilage was restored, and the drooping of
both auricles returned to the normal. During the degeneration and recovery process of the
auricular cartilage an increase in collagen fibers, disturbance of the arrangement, and increase in
the diameter were observed and the appearance of fibrous long spacing-like fibers was observed in
the vacuoles of the chondrocytes. Elastic fibers became discontinuous and fragmented but, by
the time the cartilage had been restored, augmentation of their number was seen.




(2]
o
o0




870 H i




871

chymopapain #E%ORRENEE QR EFHIF




872 & i




chymopapain #E#ORKAE NEE O EX AT 873







chymopapain #E#% O RRBENMEE DI EEAINTFE 875




