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Effects of Chondroit in  Polysulfate  on T h r o m b u s - F o r m a t i o n  and S e r u m  Lipid Levels  

In  recent  years  a t t en t ion  has  been focussed on possible  
roles of g lycosaminoglycans  in ar ter ia l  walls in re la t ion 
to aging and  a therogenesis  ~-4. In  1962, MURATA 5 had  
r epo r t ed  t h a t  chondro i t in  polysul fa te  (CPS), a galacto-  
saminog lycan  which was p repared  f rom chondro i t in  
6-suHate, possesses p r even t ive  effects on l ipemia  and  
atherosclerosis  expe r imen ta l ly  induced  in animals.  The 
CPS also has  l ipid clearing and an t i coagu lan t  proper t ies  
which have  been  shown to  be a t  the i r  m a x i m u m  shor t ly  
af ter  in t ravenous  admin i s t r a t i on  6. These physiological  
act ivi t ies  are pa r t l y  due to  the  sulfa te  con ten t s :  I R  
spectroscopic  evidence indica ted  t h a t  CPS wi th  15.7% 
sulfur  shows sulfate groups a t  least  a t  posi t ions 4 and 6 
in the  ga lac tosamine  mo ie tyL  However ,  the  na tu re  of 
the  inh ib i to ry  mechan i sms  of CPS on a therogenesis  still 
r emains  to  be clarified. 

The presen t  pape r  repor t s  tile p ronounced  p reven t ive  
effects  of CPS on the  fo rmat ion  of t h r o m b u s  in vi t ro  
judged  by  bo th  t h r o m b u s - f o r m a t i o n  t ime  8 and th rombus -  
weight  9. The s t u d y  includes the  changes  in serum lipids 
a f te r  CPS admin i s t ra t ion .  

Materials  and methods. Sodium CPS wi th  15.6% of 
sulfur was syn the t i ca l ly  p repa red  by  sulfat ion of chon- 
droi t in  6-sulfate f rom shark  cart i lage L The de te rmina t ion  
of t h rombus - fo rma t ion  t ime was conduc ted  by a sl ight  
modif ica t ion ~~ of the  me thod  devised by CHANDLER 11, 
as follows. The CPS was in jec ted  i.v. in to  albino rabb i t s  
at  5-30 mg/kg  body  weight .  The blood was w i t h d r a w n  
from the  ear veins before and at  the  desired t imes  fol- 
lowing the  in jec t ion  using siliconized needles  and  syringes 
conta in ing  3.8% ci t ra te  solut ion (1:9 v/v) and cent r i fuged 
10 min at  a speed of 500 rpm in siliconized tubes.  The 
de t e rmina t ion  was s ta r ted  by  addi t ion  of 0.1 ml of 0.25 M 
CaC12 to 1 ml of p la sma  and  poured in to  a v inyl  tube  
(27.5 cm in length  and 0.3 cm in diameter) .  The circled 
tube  was immed ia t e ly  revolved at  16 r p m  on a s lanted  

t u rn t ab l e  a t  an angle of 45 degrees. T h ro mb u s - fo rma t ion  
t ime  was measured  when  the  con t rac t ion  of f ibr in  fo rmed 
a whi te  mass  a t  the  advanc ing  edge of the  tube.  In  addi-  
t ion,  t he  t h r o m b u s - w e i g h t  was measured  af ter  being 
f ixed wi th  10% formalin.  For  se rum lipid de te rmina t ion ,  
a n u m b e r  of r abb i t s  were dai ly fed choles terol -conta ining 
die t  a t  the  ra te  of 200 mg/kg  body  weight  for 4-8 weeks. 

Resul ts  and discussion. The da ta  ob ta ined  here  are 
i l lus t ra ted  in the  Table  which shows t h a t  t h rombus -  
fo rma t ion  was progress ively  delayed when  the  concent ra-  
t ion of CPS rose and, moreover ,  t h r o m b u s - w e i g h t  was 
apprec iab ly  reduced.  A dose of 5 nag CPS/kg  body  weight  
caused slight,  if any, changes,  b u t  doses grea te r  t h a n  
10 mg CPS/kg  body  weight  caused r emarkab le  prolonga-  
t ion of t h r o m b u s - f o r m a t i o n  t ime  and  s ignif icant  reduc t ion  
of t h r o m b u s - w e i g h t  over  pre- in jec t ion  levels dur ing  1/~ to  
6 h af ter  the  injection,  be ing s l ight ly  effect ive for a 
fu r ther  6 hi The ac t iv i ty  was found to  be 1/10-1/30 of 
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Effects of chondroitin polysulfate on thrombus-formation time, thrombus-weight and serum triglyceride levels 

Amount of No. of Before Time after singIe i.v. injection 
ehondroitin cases 30 rain 60 rain 3 h 6 h 
polysulfate 
{per kg body weight) 

Thronabus-formation time (rain) 

30rag 18 14.7~ 1.4 113.56ff:20.8 56.56~ 9.4 27.7~i  4.6 21.2~= 2.4 
10mg 13 14.6:k 1.9 68.16j211.8 50.76~12.9 22.7 ~: 5.3 22.4 ~ 4:3 
5rag 6 14.2~ 2.4 23.0 ~= 3.9 18.5 i 1.6 14.5 ~ 1.3 - 

Heparin 
l m g  6 17.02k 1.5 9 9 . 7 ~  - 1 2 . 0  45.6~=16.7 17.8 :~ 4.7 - 

"rhrombus-weight (mg) 

30rag 8 19.5={_ 2.4 1.36+ 0.9 4.16~ 3.6 13.1 ~= 3.6 17.6 :~ 5.1 
10rag 7 19.9~ 4.5 4 . 7 ~  3.8 5.3'~• 1.3 14.8 -z 5.3 17.6 ~ 5.7 
5mg 4 2 2 . 0 i  8.1 18.0 + 2.9 17.0 Jz 6.2 18.6 ~: 4.1 - 

Heparin 
l ing  6 21.04- 3.8 2.3big 1.2 7.2a~c 2.5 18.7 ~ 2.4 

Serum triglyceride (mg/100 ml) 

30rag 7 87.42~ 13.3 27.1v+ 9.3 20.06~ 4.9 28.5"J= 11.7 45.0 ~_ 17.7 

Figures represent means and the standard errors. Comparisons were made between the mean values and the corresponding initial mean values. 
Significant difference was expressed as follows: ~ p < 0.05. b p < 0.01. 
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t h a t  of sod ium h e p a r i n  (150 U/mg)  w h e n  i t  was  in jec ted  
i.v. 0.5-1 m g / k g  b o d y  weight .  T he  d u r a t i o n  of t h e  a c t i v i t y  
of h e p a r i n  was  s o m e w h a t  sho r t e r  t h a n  t h a t  of CPS. No 
apprec i ab le  side effects  of CPS  were obse rved  a t  t he  con-  
c e n t r a t i o n s  used here.  

The  s e rum l ip id  levels  a f te r  t he  CPS in j ec t ion  a t  a dose 
of 30 m g / k g  b o d y  we igh t  were d e t e r m i n e d  in 7 cases for 
t r iglycer ide,  t o t a l  choles terol  a n d  phos pho l i p i d  b y  t h e  
same  m e t h o d  as r epo r t ed  in a p rev ious  p a p e r  ~~ I t  is 
su rpr i s ing  to  no te  t h a t  a s t r ik ing  suppress ion  of t r ig ly-  
ceride levels  was  d e m o n s t r a t e d  in  t h e  se rum t a k e n  1/~, 1 
a n d  3 h a f t e r  CPS a d m i n i s t r a t i o n  (Table).  T he  suppres-  
s ion appea r s  to  be  co inc iden ta l  w i t h  t he  i n h i b i t o r y  effect  
of CPS on t h r o m b u s - f o r m a t i o n .  Only  a s l ight  r educ t i on  
was obse rved  in t o t a l  choles tero l  levels a f te r  in jec t ion  
w h e n  in i t i a l  levels were lower t h a n  310 mg/100 ml.  How-  
ever,  w h e n  a n  in i t ia l  va lue  of t o t a l  choles tero l  was as 
h igh  as 670 mg/100  ml,  a cons iderab ie  suppress ion  occur-  
red  : r a n g i n g  in va lue  f rom 304 mg/100  ml  to 573 mg/100 ml  
d u r i n g  1-9  h a f te r  in jec t ion .  A p p r o x i m a t e l y  20% reduc-  
t ion  was found  in p h o s p h o l i p i d  d u r i n g  1-9 h a f t e r  injec-  
t ion  w h e n  in i t i a l  levels  were 95 m g / 1 0 0 m l  to 125 mg/100 ml. 
In  a case wh ich  showed  286 mg/100 ml  of a n  in i t ia l  phos-  
pho l ip id  level,  i t  was  r educed  in r ange  of 138 mg/100 ml  
to 223 mg/100  ml  a f t e r  t he  t r e a t m e n t .  No apprec iab le  
changes  were shown  in t h r o m b u s - f o r m a t i o n  a n d  l ipid 
levels a f t e r  i.v. in jec t ions  of a n  e q u i v a l e n t  a m o u n t  of 
phys io log ica l  saline.  

The  d u r a t i o n  of t h e  effects of CPS was  s imi lar  to  those  
of t he  phys io logica l  p roper t i e s  r epo r t ed  p rev ious ly  6. The  
s e rum h e x o s a m i n e  a n d  ga l ac tosamine  levels,  d e t e r m i n e d  
b y  t he  m e t h o d s  of BoAs 12 a n d  CEssI la respect ively ,  
r eached  t h e i r  m a x i m a l  levels i m m e d i a t e l y  a f t e r  in j ec t ion  
and  decreased  to  in i t i a l  levels w i t h i n  3 h. 

The  p r e sen t  resu l t s  c lear ly  d e m o n s t r a t e  t h a t  CPS in ter -  
feres w i t h  t h r o m b u s - f o r m a t i o n  in r e l a t ion  to r educ t i on  
of s e rum l ip id  levels,  t r ig lycer ide  level  in pa r t i cu la r .  
F u r t h e r  s tud ies  i nd i ca t ed  t h a t  t he  i n h i b i t o r y  effects of 
CPS  are associa ted  w i t h  t he  su l fa te  c o n t e n t s :  less i n h i b i -  
t i on  is no t iced  w i t h  lower  su l fa te  a m o u n t s .  

I n  connec t ion  w i th  an t i l i pemic  and  an t i - a t he rogen i c  
ac t iv i t i e s  of CPS 5, the  p r e sen t  d a t a  would  be  cor re la ted  
w i t h  our  r ecen t  s t u d y  t h a t  CPS  inh ib i t s  l ipid synthes is ,  
pa r t i cu l a r l y  n e u t r a l  fa t  synthes is ,  in  cu l tu red  chick  aor t i c  
cells ~4. These  physiological  ac t iv i t i e s  of CPS should  be  
of in t e res t  in our  more  r ecen t  f ind ings  t h a t  over -su l fa ted  
c h o n d r o i t i n  sulfate '  (molar  r a t i o  of uronic  acid to sul fur  
1.00:2.04) exis ts  in  h u m a n  aor t i c  tissue4,15. Signif icance 
of t he  p resence  of t he  over - su l fa t ed  c h o n d r o i t i n  su l fa te  
in vascu la r  t i s sue  is no t  clear.  However ,  these  observa-  
t ions  sugges t  t h a t  t he  over - su l fa ted  chond ro i t i n  sulfate,  
wh ich  would  possess a n  a n t i - t h r o m b o g e n i c  p roper ty ,  m a y  
p l ay  i m p o r t a n t  roles in a therogenes i s  1~. 

Zusammen/assung. C h o n d r o i t i n p o l y s u l f a t  f i ihr t  n a c h  i.v. 
I n j e k t i o n  bei  K a n i n c h e n  kurzf r i s t ig  zu Ver l~nge rung  der  
T h r o m b u s b i l d u n g s z e i t  u n d  zu e iner  V e r m i n d e r u n g  des 
Th rombusgewich t e s .  M6gl icherweise  b e s t e h t  eine Be-  
z i ehung  zwischen der  H e m m u n g  der  T h r o m b u s b i l d u n g  
und  der  r eduz i e r enden  W i r k u n g  v o n  Chondro i t inpo lysu l -  
fa t  au f  Se rum Triglyzer id .  
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1Dber die Wirkung  von  Sr - Ionen  auf den Ca~+-Austausch a m  Meerschwe inchenvorhof  

REUTER u n d  SEITZ 1 h a b e n  VerAnderungen  im 4sCa- 
E f f lux  v o n  M e e r s c h w e i n c h e n v o r h 6 f e n  u n t e r  der  A n n a h m e  
e iner  C a r r i e r - v e r m i t t e l t e n  Aus t auschd i f fu s ion  q u a n t i t a t i v  
beschr ieben .  D a n a c h  sollen Ca- u n d  N a - I o n e n  u m  Bin-  
dungss t e l l en  des h y p o t h e t i s c h e n  Carr iers  a n  der  Aussen-  
sei te der  M y o k a r d z e l l m e m b r a n  konkur r i e ren .  U m  den  
A u s t a u s c h m e c h a n i s m u s  wei te r  zu kennze ichnen ,  wird  in 
de r  vo r l i egenden  A r b e i t  die W i r k u n g  extrazel lulArer  Sr- 
I o n e n  auf  den  Ca*+-Austausch a m  Vorhof  des Meer- 
s c h w e i n c h e n h e r z e n s  u n t e r s u c h t .  

2VIethodik. Die Ver suche  w u r d e n  an  l i nken  Meerschwein-  
c h e n v o r h 6 f e n  durchgef i ih r t .  Die  Z u s a m m e n s e t z u n g  der  
L 6 s u n g e n  is t  in  der  Tabel le  aufgef i ihr t .  Je  n a c h  Versuchs-  
b e d i n g u n g e n  e n t h i e l t e n  die L 6 s u n g e n  zus~ttzlich 1,8 bzw. 
7,2 mM/1 CaCI, u n d / o d e r  Aquimolare  Mengen  SrC1 v Die 
V e r s u c h s t e m p e r a t u r  b e t r u g  35 ~ Die M e t h o d i k  der  4sCa- 
A b g a b e - E x p e r i m e n t e  u n d  de r  A k t i v i t ~ t s m e s s u n g  wurde  
bere i t s  be sch r i eben  i. 

In  den  45Ca-Aufnahme-Expe r imen ten  w u r d e n  die Vor-  
h6fe  in  Ty rode l6 sung  m i t  1,8 mM/1 CaC1, 30 min  bei  35 ~ 
i tqui l ibr ier t .  E ine  G r u p p e  yon  P r / i p a r a t e n  wurde  in 45Ca- 
hal t ige ,  Na+-freie  L6sung  e ingebrach t ,  die 1,8 oder  
7,2 m M / I  CaCI~ en th ie l t .  E i n e  zweite  G r u p p e  k a m  in 
45Ca-haltige, Na+-freie  L 6 s u n g  m i t  zus~Ltzlich 1,8 oder  
7, 2 mM/1 SrC1 v Die spezif ische A k t i v i t i t t  be ider  L6sungen  
war  gleich. Zu fes tge leg ten  Z e i t p u n k t e n  w u r d e n  die Vor-  
h6fe  den  a k t i v e n  L6sungen  e n t n o m m e n .  Die weitere Auf-  
a r b e i t u n g  erfolgte  n a c h  A n g a b e n  von  RmJTER und  SEITZ 1. 
Von  de r  g e s a m t e n  ~sCa-Aktivit~tt der  Pr~iparate  wurde  
der  auf  den  Ext raze l lu l~ i r raum (30% des Feuch tgewich-  
tes  s) en t f a l l ende  Ante i l  abgezogen.  
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