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EILEOEED SHE L2y R af F o2 /B EERNICHRBLL TEBrary s+
) Hife (chondroitin polysulfate, BT Cho - PS L#8) 22WT, Z0H DOEYER, BEFNEYE
B L7z, Cho- PS 3HEFESFE 80,000 (1), 8,000 (I1) 8L U 1,600 (1) @ 3FEDHDEFHIL
ARFRICHE LT, 20 bAFEDOHEL/NE& W Cho -PS 28, MUEEEEZIZ LA LRERVLDIIEE
KBWYRFOTF 4 v« VA—FEREBEL TV, 27— YHEIK & -> TER s I/MREE
2R L TH, Cho - PS Ilid 447 ug/ml ORIIEE THEBED 50%  TMEIL 72, # 72 Chandler loop i
2RV MROERERTY, Cho - PS IIIIZ 0.1 mg/ml OMMIEHRAE & 2 3~30 mg/kg D¥IRALS
& D, IheME»SOMBROEKEFERCBES . 2221807 /) v ERNEROKEIRER
WAL L T8 Cho - PS MIREEQHASRER LIz, T4bb, FRARPIC 30~90 mg/kg/day ©
Cho-PS % 1385 2 3 &, Mhs L URBIRED 2V AT 0—n8 X UHERESEECEIL,

TAREEAIC b REDIRAIBE D MRIE(LH355 02 o 7z,

Key words o> FuA FrRUEE, 2> oA 5% /5.,
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EEERVFBIATATHDEAN) VB IUAN
) A4 R, MSRERREER, BIEEERM, Mg
BB & CIVNERSE OIGIER 2 £ % OEYESE
2ET A LTCHISNTY Y, 3EFE, Lane 528 2 U
Barrowcliffe 5®i&~/%) > DA FE L TIEEEE L O
BRI DO THELTED, ~ % Y OFEEER I
SFROE T TR T %28, JUMRIER (il Xa
EM) XL LOMIBENE LRRT WS, Ly
LIEIiEE e R REREOREA & &£ HICHERT B
Zt33De Swart I L D HEENTWVBY,

w3, METEDavNod FrE / FEEIZOVL
THFER - EEROBERERETL, ESFLICH-S
THX QEMEESENLT 5 I L2 RELTWE99,
AHIETIE, 2V ol F e/ RBEE2ESTFLLE
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73,
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1. aryroqF % /F# (chondroitin mono-
sulfate, JAF Cho - MS &%) : Cho- MSOFEREL
THRO I > F oA F U 5E- A (3 FU+HF8) &/
Wi, 2O b OO FEIGBRITREROUERERY
% 37,500 (Cho-MS 1) k#ffE& . ZDH0gh
0.05 N #&H#EFE 11 202 T 100°Cic TR 6 B $ T
AL 72, ZORM, SHEFCKMRLER R T Y
7L TRIARBER 2 AEL, 4T & 4,000(Cho - MS
1) #5 & 15800 (Cho- MS III) D{E4rFit Cho-MS
2BI0b, T8/ — LTRSS, BEGHLT
ERR A B I oDSTH, BIREE, AR

Biological Activity of Low Molecular Weight Chondroitin Polysulfate. Yoshiro Iga,
Department of Pathology (II), School of Medicine, Kanazawa University.
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Table 1. Physicochemical properties of Cho-MS and Cho-PS

Cho-MS Sulfation - Cho-PS
Cho-MS Molecular weight S content Cho-PS S content  SO: group per
Cn [#] (%) [#1- (%)  disaccharide unit
”il'rli 37,500 0.650 6.7 I 0.506 16.1 4
11 4,000 0.184 4.9 II 0.129 16.4 4
I 800 0.033 trace ‘ IH’ 0.030 16.4 4

Cho-MS: chondroitin monosulfate
Cho-PS: chondroitin polysulfate
Cn: chain number weight

[5: intrinsic viscosity

S organic sulfur content

Possible chemical structure of semisynthesized chondroitin polysulfate (Cho-PS)

B COOH
H
——0 H
H 0SOsNa
- Sulfated

Glucuronic acid

2. arPFuoA F 8 (chondroitin polysul-
fate, AT Cho-PS L#)": Cho-MS I, 5L

MOEREEEZNFN 10g ¥ 150 ml DRIV LT I K
ZHEPLROTIKAT T oo ALK 8 30ml %1
L, Zo0LFRICT 0SB L TR AT
CRIEEITo7:. Wiz, KEEF V7 AREMNL THE
OpH EHMHIZL, ZHIZ Y LY/ —LEH 10 f5E
L CHE Cho - PS ObB 21872, WEBkIZ K 100 ml
KDL, ThIZF98G 1 MRS 7 285 NA
TBD2BEL 05, DR 1 4 > gy 5
LEUTHRMMERFEL, 1 N KBS b ) v
THHIL, B#E%HBLT Cho-PS I, 11, MOEK
EERNENEL, RS OWBECERIERIERL CA
S1LBED T, Cho - PS OHEELERER b e TH
Lz 7.

3oyl BRI S S B NI R AR
VP UL (3 RYAE) 2R,

4. TERALT URRE MDS i (2—7) 2/
t.

5. FMEEERE R o WlE

1) berR 7525 @EEILER (~3) 27

CH 20803N a
Na03:SO (0]
H | .
H
H H
H NH:
Sulfated T n
Galactosamine

i) : ARE#EA~,Y ¥ b Y v LRSI, RED A
20 v % 2 BT /ml 5 & U8 1.6 BAT/ml i ERELL
OB, HEEE B L UEEER 1 ml iy ¥ Do D
by R R — PR 0.2 ml, BREES Y Ay
o4l 1 ml 202 TIMESEERHEREL, 2 AEXE
2T/ VBRI ERD T,

2) SIMEERER | AEH 2 kg DFRF W Cho- PS
1, II, U, Cho-MS [ BXUT*A M7 URilE%E
#hzEh 3~30mg/kg, ~ ) >3 0.1~10 mg/kg %
BRI S L, 5% 20 20 Mz 2w T Lee -
White =08 » TR S ME O L MELERM 2 H#E L
A

6. UR7aF 48—+ (lipoprotein lipase,
PATF LL &) iSO HIE @ HER 2 kg DR Cho
-PS I, I, Il, Cho-MS I, F*A b7 - HEEE
fid %Y v & 3~30 mg/kg 5L, 5% 20 i
3.8% 7 = b v AW A SR CTRMIL,
2000 [E#E, 10 RE.L L THSHIE 2§, M
WFAEEART 1 ml/kg 285 L, BREROED
LLESELUTOAETHEL 7.

1BEE0 5 RME0.5ml, 2%3aF v
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HPAHE (lipostrate - CB, Ediol, Calbiochem, USA)
0.1ml, 10%7>7A7 3> (pH8.4)0.5ml, 0.5M
¥FE7 vEZDA0.125ml 2RFL, 37°Clz T 2 ¥
BBPTIEL 72, RSB DT 640 nm OBROLE
2 IMEHT L AR 2 B shEnRlEL, LL B
MmBEFEYE) 2RAEEDOEAO. DACTRL,

2) RS REIE R Y | LL i 2 BB AR O
FERED & D ERERSRAER O £ R E (free fatty acid 107°
eq/hr/ml of plasma) & L THIEL /. HIEREL,
NEFA -test ¥ v b (FI)%) %R, Hkl3gsg
m4E0.2ml, 2% 275y VMK 0.2ml, 10% 7>~
FU7320.2mL0.5M FH7»E=40.05ml %
IEXREBRE iz TEML, EbiC 37°C, 20 SHIERE
WCRBR TR L 72, IRBTATY Y« J0ufRL A
BH (L. 3) 6 ml 22 TRIGREESY, K
2 ml 2MAT2HMBEEIRE SR 21T 072, 2
DOD® 3,000 B, 5 ARGEOSEL, EBEOMEE
2mlE LY, THICHKEHIE 2 ml 202 T 480nm D
WOLRE CHITE U 7z, BEATIBEE OEEXERRREER 2> o TERL L
JoREAR L DR SR 1 ml 35001 B4 0 O
BERERFRR O ERRE 2 EHIL 12,

7. I/MRERBEERORE® © K% 2.5~3.0
kg ORBER, WERL D 7 = v BEE AW TIIEK
EHEL, Z#k 1,000 @ER, 10 4HEEG L THm/N
IRIM4E (PRP) %7z, PRP 0.5ml # &£ ¥, 37°C, 1,200
ElEETH 3 SRER L, WiR%E 3TPCIC LD BEL D
BED Cho-PSHER SOl BLU0.1% 35— Vi
¥ (Holm) 6 w4l #f0z, M/MREEE & 2E8/FD
EeERE L, ZOEER 50%IM% 3 2 B0 M
#% IC-50 (ug/ml) THRb LHIEZIROIEE L L 12,

Plastic Loop
Containing

Plastic Loop

8 . MBAERIMEIER (in vitro) I : Cho - pg
W E 735 ORBMBE# A, EHBEER G
5) ¥ %3881z, Connor & DRI -T Chand].
er loop E:'IC & O MBRAERINHIER 2 2 hzhmz,
7o, ThbbRELERSE SO OEEER], H
LIERTUIL, EESSCEE £ D 80 BIZ105, 12
DEETEET 5 b D&V, BHO Cho-PS |,
7% A b 5 ViR, Cho - MS T %RAMM 1 ml %7-
N 0.1mg &ML, ~ %Y » 2EERE RIMh @D 1,95
u/ml B & UHED 0.625 u/ml OEECHNL 7w
PRV, 285%BTHE, Cho-PSII1~30 mg/
kg, Cho-MS I 10mg/kg, ~/%) > 100 u/kg %2
NENRRCHRARE L, B5% IBEs LR
MIBICHIR L 72 7 = > BRI % EER ICHE L 72, -
nemE% 1l ml ¥ oNE3 mm, EX 27Tcm D753
FyZeFa—TITAN0.25 MEILA LY A¥ (.1
ml 22705, ZhiED—EHKECHES mm,
B2 15emD¥ ) ayFa—7ITF a—70OfE
EEELTV-7L L, REBCBEL TL-75E
I, ZOLEDEERL—FOMBOREL <L
OB 2SERICTHZEL, O L D MiEL <
AEMUEET U & & O 2 MR AR E L,
MBI, HAEH LYY AROTRIES 5%
REEEZTEA Ny Py F vy FCRIELS. &8, K
IS 24~26°COERTITo 7.

9. EERWRBEWRBEMEICRITTOHNE &o

B 558

1)RERAE REN 2 kg DIEMRE LBV, Ih
hikz 20y (BH) % 10%26E5HEREN (B
K717 CR-2)IZEMLIz D% 21 BICblz>TH

S

containing blood

BEFORE
Thrombus Formation

AFTER
Thrombus Formation

Measurement of THROMBUS FORMATION

4°* <Thrombus Formation Time

Fig. 1. Apparatus for measurement of thrombus formation time (Chandler’s loop method)
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uml%f@ot.:n%iﬁwﬁﬁ,i/uyﬁﬁ
%7@;?@@%??%%%@té@ﬁ;ﬁ%$ﬁm
pambDETNTHRILL, 32 E% 1H8ETD
sEzA, 8B LD 21ERE TENENOEN %
SREOKS L. 5 1HO positive control i, 7
L7y (ISHER) ¥ 57 A7 (AR) M
L, 100 mg/kg/day % #5 L 72, 58 2 813 Cho - PS Il
% 90 mg/kg/day, 58 3 Bt Cho - PS Il % 30 mg/kg/
day, BABEET FA b 7 VFRER30 mg/kg/day, 5 5
BT /) VERNOERABOA THAB LI bDE
negative control B (E®Z¥, 1E51L) & LEMD
sy Lk, EBREEROEHOTHIRERIRR
1EH=0 18#130g T, HECEEOERRADSN
nholz.

2 hF &

1) Mo v AT a—LfE: il L CRROF
BiRL DML, MEFHORI VAT o —LEEE Zak
- Henly B CTHIE L 72,

i) MosErhHERSREE - AR LV AT o—VHIE L
A8z 2V T Van Handel #1912 & 0 PERER&
gErEEL.

) AEREDCT Fu—sfE 5 ) AR 21E
gL, KBRERLUCEELLEDBE RS
Vi EiT>72.

iv) KEIMREOBESEONE | REKOKRERD
BEEERHELZOB, FEFFA4XL, Ihikzao
Uk AAY /—NVER (30 1) 10ml 2T
AR SRR R 1T - 7o, BEEHIHEYRD 1 2 AW TR
VAFa—L B L UREIEN E EhEFREIEL, KB
REMEREY Y ORERERD .

v) WEMASFHRE | KEIROBR A B FRL
OB, A NIBLUAT V) -2 AV VIT
B, EBEREERL, REASEHORERT-
1.

B &
1. FLinEsEE M
1) burR7SSRF EERIEER (~S) > h
i) :Cho-PS I, IBLIVMD ey RTTAF
BEEME I MIE, 2 W RTED 5.7, 2.13BL U
0.82 A8 o #ifi/mg TH - 72, Cho-MS I & i
Tal, XVHEBC LD 6 EL EOEEEEERL
2. Cho -PS D~ %) v Hffi & rFEOBFRIE, B2
KRTEDEOHMEETRL, FFENSKNE L2
STHEMEL AL R ERETLL.
2) RMEEFEREEPER : Cho-PS I, II, O, 7

Table 2. Anticoagulant activity of Cho-PS deter-
mined by the heparin-assay method of Japanese

pharmacopoeia

Materials Heparin unit Approx.
molecular weight

Cho-PS 1 5.71U/mg weight 80,000

»o 1T 2.73 n 8,000

»oIIL 0.82 Y 1,600
Cho-MS T <0.15 ] 37,500
Heparin 160.0 7 ND

ND: Not determined
Abbreviations similar to those in Tab. 1.

s
T

activity (beparin units/mg weight)

Anticosgulant
6 - m b m o e w ® e
T

B 1
Molecular wetght: 1,000 T Tio,000 Tro0,000

Cho-PS (11x) an (1)

Fig. 2. Relationship between molecular weight
and anticoagulant activity of Cho-PS

1.0
0.9\'-

0.8 |-

at 640 nm

0.7

0.6 +

ctivity at /\ absorbance

i

Salime 1 " [ Dextran
————"=Cho-PS — sulfate

Lipase a

Cho-MS 1

\_ 20 min after intravenous injection of 10 mg/kg—"

Fig. 3. Lipoprotein lipase activity of plasma from
rabbits injected intravenously with Cho-PS, Cho-
MS, dextran sulfate and heparin (Turbidity
methed)
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Table 3. Clotting time of whole blo‘od from rabbits 2. URZTTF 4> Y—¥ (LL)
administered intravenously with Cho-PS
(Lee-White method) RAWMEE]L kg 27D 10mg & Cho-PS I, Jy,
Materials Dose  Whole blood Heparin W, 7%A N7 25, Cho-MS I &7~y
injected mg kg C‘“tt‘“’i,gg‘f . units/kg BRI S L, 20 28I 22 MO Mgz 5.,
Saline 8.9 0 TLLIEN2BEETAELL. BRIEIXS IRt
Cho-PS I 3 ND 17.1 <, Cho-PS I, II, HIEWFHL T+ A5 R
" 10 40.8 57.1 BLUPCho-MS T LDBEOEMEERL 7288, ~sy
n 30 ND 171.3 SN B LEETH 57, Cho-PS 1, 11, Moy
Cho-PS I 3 9.2 8.2 HOFEEELAS &, A FEOET > TLL Ey
" 10 18.4 27.3 {ET¥2MEEERL. %5, Cho-MS i 10mg
hops ;’H 32 i’g 322 kg DREBTIEEL LLIERETE 2ho7:,
i 0 9:6 8:2 F#4 T, LLEE2EERMIE Iml 4720 opg
) 30 1.0 24 6 BERSER D AERGEE (BERAREE) TRUTA, H3op
Dextran sulfate 10 10.8  ND BEEOFER L ZER CEAOBRERE:, T 4bsy,
Cho-MS I 10 8.1 0 Cho - PS Il 10 mg/kg #5040 LL ki, F—g
Heparin 0.1 7.3 16 SEEBO7FALIURmBLD bEWNMERTRL, $ha
n 0.5 16.0 80 %Y 3 mg/kg BEMED LL iEM L% H 502
n 1.0 64.0 160 U EOERRLU L, LL S 2 EEEED 1 %
] 3.0 > 180.0 480 CHEMMI D DHIESHTRT &, Cho-PS I 10 mg/
n 10.0 > 180.0 1,600 kg O ETHIEN 1006 2R L DL, A~y 10
Rabbits are bled 20 min after intravenous injection mg/kg TiZ 11 TH Y, Cho - PS Il ~8) > 0igig
glfa%:}.]el .materlals. Abbreviations similar to those in 90 5 LL M AR5 E & 72 o 72
3. IM/MREESERE L7EF
A bS UHiEE, Cho-MS IBIUA/SY »ERAR 35— 2k MR EDSES KNI BT Cho - PS

FRPICER S U7 & 02 MEEER (Lee - White 3#9) NI EHERE IEPEA % Cho - MS [ 5L U~sS) v Lk
RFZECRTMLTH->%, BATFRELUFATE BRE L7, BREESCASNLED, 50%ELA
@ Cho-PS 1, INAEBRBINRITLENT, WL BET#% &,Cho-MS T 10,000 ug/ml Ll EDBE
M EMBEREE2BEY Lbl:orxl, BSTFE THEEAFHIEL D o7-Diext L, Cho - PSIIi
@ Cho - PS I iZiEFWEHTAEB L 72fEERL, 30 447 pg/ml (0.4 ~2% Y BT OIEETHIEEET

mg/kg DFE5THBEEREOBEITD Shahote, L7z, ~28) i3 13 pg/ml (2.1 B6D) OBETRE
—5, F* A+ UHE, Cho-MS I b 10mg/kg D OERZTR L. Thbb, ~/ %) Y BI» 5 & Cho
BETRERBE XA >R o T, - PS MOAERIE, ~%) v ORI SETH-T,

Table 4. Lipoprotein lipase activity of plasma from rabbits injected intravenously with Cho-PS IlI

Lipase activity per

Materials injected 30;&2 heparn(lAl;mts/ kg Iz;é%o\f;{;t,em lipase h(egin(lx Jumts
Cho-PS I 3 2.5 4,321 1,728
i 10 8.2 8,249 1,006
U 30 24.6 12,144 494
Dextran Sulfate 10 ND 6,120 ND
Cho-MS 1 10 0 0 0
Heparin 0.1 16.0 786 49
) 0.5 80.0 2,321 29
" 1.0 160.0 2,786 17
N 3.0 480.0 7,964 17
U 10.0 1,600.0 17,716 11

* The activity is expressed by appearing time of released free fatty acid 10¥eq/hr/ml of plasma.
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Table 5. Inhibitory effect of Cho-PS III on platelet

aggregation
Materials IC-50 (pg/ml)*
T ChoPSII 447
Cho-MS I >10,000
Heparin <13

s Concentration of tested materials showing 50%
inhibition of platelet aggregation measured after
addition of collagen solution (6 ul of 1 mg/ml).

Abbreviations similar to those in Table 1.

4. fRAERITHIER
" 1)~ in vitro ¥EA0 : Cho - PS I, Cho - MS
[$1R7FA b5 FREEFRMBE 1 ml H7z0 0.1
mg FRIN L, M4 R FHEFEAEIEHRMO Th &t
g7, ~/8) Y IRERERRED 1.25 u/ml 7243
FOEBE RV, BRIZE 6 1R TIED T,Cho - MS
[BEUF xR N7 BRI, ERARHRN
B O(MEE) rBERACELZRLIHERIRD o0
Ltvots, Cho - PS HIERIINIREED 2 fFICBEL,
MROTH & B ECIME L7z, 72~ %) & Cho - PS
LD &5 BESEET, BREHBETHRED
We5EEEL. LrL, ~/SY) VETHET S
¥, Cho - PS Mo fu#z A IEFEIZ ~/ S > D 3~ 545D
ERBH -1,

9) RN in vivo #45 : Cho - PS Il & R ABEFRM
5L, 1EREEE 3RMEHCERL M\ E Ry
THRERE TORMERAELL. FREAK4CHES
naMm< T, 1 EEE T Cho - PS I 10 mg/kg D#
BTAEAEERSH OIEEE O 2B0EBEER

Table 6. In vitro thrombus formation time of
normal rabbit blood with Cho-PS III, dextran
sufate, Cho-MS and heparin using Chandler
loop method

Thrombus formation _
Materials Nro of fime  (min) Prolonga

est “Mean + SE tionrate

Saline (Control) 3 11.78 £ 0.97 1
Cho-PS 1II 3 23.43* £ 0.81 2.00
Dextran sulfate 3 13.43 £ 0.38 1.14
Cho-MS I 3 10.96 = 0.93 0.92
Heparin

0.625 U/ml 3 30.49* £ 2.18 2.58

1.250 U/ml 3 100.20* £ 5.11 8.50

Abbreviations similar to those in Table 1.
0.1mg/ml of materials was used, except for heparin.

1.25U/ml is heparin concentration for clinical appli-
cation,

* p<0.0l.

B, ~8Y) > 100 u/kg OFETIEXTREEOK 5 EDE
% &7z, Cho-MS 1it 10 mg/kg DS TREER
LRMEETL, BEMRIZ(BoOohkdroT, ¥
- 7 3 SRR O MR DM BRIV T OFED
MBIEL 2 fER R L, 1EMETIBEERO
B oiz~As8) »b Cho - PS I 10 mg/kg e 58812
FELUWERET L,

S0 & 1 hr afrer gnjection

© Ahr afeer injection

0
Dogs (fv.) 1l Jeg lomg d0mg 0 v 10w Jue 10w 30m 100U 10mg
s Saline “=~Cho-PS III — Heparin Cho-MS I “—Cho-PS III~ Heparin Cho-MS I

* Clinfcal dose of heparin

Fig. 4. Thrombus formation time of blood from
rabbits injected intravenously with Cho-PS I,
Cho-MS I and heparin

5. FIBIRBELEC S LIZTHR

LL &M/~ v Affitk D& & ®d> -7z Cho - PS
% 30 mg/kg 724k 90 mg/kg, 7/ V ' OREFHK
®EIAEL D 2EEE TOMRBCROREL, 20
REINRAE O UHRELE OIMHEIBIR % & 72,

1) &80 v A7 a — ) ES L UM P HEIEE
MR v A7 0 —VEOEMIIR S KRT L5 i,
Cho - PS & S HMAREOE 8L D IV AT u— N {E
OEENEEICHES N, Fr 7 URESRICHEE
OBV ERDT. ZDEAIZ, Cho-PS I 30 mg/kg
90 mg/kg /ETENRL, TFA M7 VRBERSH
Ty ARROIEIL S - 72,

MmAFR s EDE L, B 6 R TE D, Cho - PS
MBERETTHLE 2BE X Fr 7 U5
~EEOBLEL S L, LELTEFA T VR
BTy ORI VEEERLAY, BEOBCER
Ei3 ol

2V KENREEN I VAT O—L B L UHEIER & &
KAKEBIZZ /) Y EFRTEO 21 EICEH SR
L, EESEXRELL, aVvATuo—L8&ld, E
71ZRTM0L, Cho - PS IG5 #1 7 > 7 A B EEEIC
ERWTFNLAERCEVWERZRL, 2VATO-L0O
KEBRAEADEE 2 ERBICHFI L Z L2 RR L7,
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me/dl {n=5~4]j

600 |- —e-- Starch(control) -lanolin
---@--- Cho-PS III(90 mg/kg) -1
w-+©+-- Cho-PS ITI(30 mg/kg)-1,

500}~ —x— DS(30 mg/kg)~1,
—0— Normal [
x

Plasma cholesterol level

0 T N .”._“9"". dli!y._;_"'
efore2 4 6 8 10 12 14 16 18 20 22

Week
Plasma cholesterol leve' {mg/dl)
Group
Before 7th wk. 14th wk. | 21st wk.
Starch 42+21 180 46 320:£130 650:+170
Cho~PS IT1(90 mg/kg) [ 5628 150445 | 150+82%* 4794183
Cho-PS TII(30 mg/kgd| 3549 166£60 | 137+78** 146x181%
DS(30 mg/ka) 2949 178474 | 122264%% 4714264
Normal 44+20 1105 65212 160£11
( Mean18D )
* p £ 0,05 DS:Dextran sulfa‘te
T3 P < 0.01 Normal:no lanolin fed

Fig. 5. Time course of plasma cholesterol level
of lanolin-fed rabbits daily treated with oral
Cho-PS 11

mg/dl

—e— Starch{control)-lanolin (n=5-6)
. --@-- Cho-PS III{90 mg/kg)-lanclin
--0---+ Cho~PS III(30 mg/kKg) -1anolin
200 -

——x~— DS(30 mg/kg)-lanolin &
—-— Normal \
—\—x

—

=]

>
T

plasma triglyceride level

pa———OQral, daily ————y
L

I 1 ! L

0 L L L
Before 2 4 6 8 10 12 14 16 18 20 22

Week
Plasma triglyceride level (mg/d!)
Group —
7th wk. 14th wk. | 2lst wk.
Starch(control)-lanolin 73+16 145-.26 173497
Cho-P§ I11(90 mg/kg) 8816 96:432%| 158451
Cho-PS IT1(30 mg/kg) 9355 100..26%| 134457
DS(30 mg/kg) 79421 119.1:24 1891163
Normal 63410 6348 *| 7203%

*po.0s

Fig. 6. Time course of plasma triglyceride level
of lanolin-fed rabbits daily treated with oral
Cho-PS 11.

=

=7, PHEAESHERTYESIZS5M<, Cho- Py
BTy PR EOBEE R, Kikn
~DFEFTEE R MH L 7z,

3) RENRPISD AIRAAT . 1 BB O PR 8 -
&, TYTUBORBIRABIZE, 77 o Ay
ol Tabb, KEBWRSHS & CEHAHR:
HEGBOS 2EEORESDTI— s B8 sk, |
& 72 b O3 FERARBIIR D B BHAREA 11 4850k B
BiRicb Ron/(BEHL)., ZhiZRL, Cho-PS ]

mg/g
10
g [~ P<0.01 | P<0.05 | P<0.05 | P<0.05
s L
5
O 5
-
o + 8
o ®
R :
- | e ° —o L] I
2 - £ e | 3
(] | o
0
starch | 90mg/kg | 30mg/kg | 30mg/kg
Normal
control Cho-PS III DS

Fig. 7. Cholesterol content of aortic wall from
lanolin-fed rabbits treated over a 13 week period
with oral Cho-PS III.

mg /g
50—
P<0.01 | P<0.01

[ ® °
4
53 . °
2 T
g ¥ S e
18] °
) : : :
T —a_
: 2 o ° .
1) .
[} L]
) . °
&
= 0 .
3

0

starch | 90mg/kg | 30mg/kg | 30mg/ke
Normal
Control Cho-P§ IIT DS

Fig. 8. Triglyceride content of aortic wall from
lanolin-fed rabbits treated with oral Cho-PS Il-
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Abstract

The biological and pharmacological activities of chondroitin polysulfate (Cho-PS) were

investigated. Three kinds of Cho-PS with different molecular weight, 80,000 (I), 8, 000 (II) and

1,600 (IM), were prepar d semisynthetically by sulfation of chondroitin monosulfate, extracted

from mammalian cartilages. Among them, Cho-PS II having the lowest molecular weight was
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found to possess an extremely high lipoprotein lipase activity and a negligible anticoagulant
activity. Furthermore, Cho-PS I at a concentration of 447 ug/ml inhibited an in vitro aggre-
gation of platelets by 50% of control value, when measured after addition of collagen. Qpe
tenth mg/ml of Cho-PS Il added to the whole rabbit blood or 3-30mg/kg of the compoung
injected intravenously into the rabbits, both made a significant prolongation of thrombusfor
mation time measured by means of the Chandler loop method in vitro. In atherosclerosis ex-
periments, male adult rabbits were fed daily ad libitum for 21 weeks with diets containing 109
lanolin and further received a daily oral dose of 30 to 90 mg/kg of Cho-PS I during a period
from 8 to 21 experimental weeks. A suppressive effect of the compound on atherogenesis of the
aorta was observed; the cholesterol and triglyceride levels in the plasma and the total cholestero]
and triglyceride contents in the aortic walls were significantly reduced. Gross and histological
examinations of the aorta revealed a marked reduction in the degree and extent of fatty streaks
and of fat accumulation in the intima.




av RueAFrR)RBOEYEE 775

Photo.1. Atheromatous lesions, stained positively with Sudan IV, on the aortic
intima of rabbits which were fed for 21 weeks with diets containing 10 % lanolin
and further received a daily oral dose of chondroitin polysulfate Il (Cho - PS IID),
dextran sulfate or starch during period from the 8 to 21 experimental weeks.

1 & 2: Starch (control) group

3 & 4: Cho-PS I 90 mg/kg/day p. o. group

5 & 6: Cho - PS I 30 mg/kg/day p. o. group

7 & 8: Dextran sulfate 30 mg/kg/day p. o. group
9 & 10: No lanolin fed (normal) group

Photo. 2. Striking fat accumulation and thickening are observed in the intima and
upper part of media of aorta (starch group). Sudan III- H. E. stain, X 100.
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Photo.3. The thickening of intima is minimal, and no fat accumulation on either the
intima or media is seen (Cho - PS Il 30 mg/kg p. o. group). The internal elastic
lamina is well preserved. Sudan III- H. E. stain, X100.

Photo. 4. The intima shows a mild thickening and no fat accumulation is seen (Cho
- PS III 90mg/kg p. o. group). Sudan III- H. E. stain, X100.




