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Inhibitory effect of ant iproteog lycan  s e r u m  on the b iosynthes i s  of proteochondro i t in  sulfate 
in calf rib cart i lage in vitro ~ 
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Klinisch-chemisches Labor der Universit~its-Nervenklinik Marburg, Universittit Marburg, Ortenbergstrasse 8, 
D-3550 Marburg a. d. Lahn (Federal Republic o/Germany), 70 January 1977 

Summary. Incuba t i on  of calf r ib cart i lage slices w i th  an t ip ro teog lycan  serum elevates  COa-production,  bu t  inhib i t s  
b iosynthes is  of p ro teochondro i t insu l fa te  and  of to ta l  prote in .  Absorbing  an t i se rum wi th  p ro teog lycan  abolishes these  
effects.  

In  animals  os teoar th r i t i s  can  be induced  by  repea ted  
appl ica t ions  of an t ip ro teog lycan  immune  globulin showing 
h is tochemica l ly  decreased  a m o u n t s  of ' chondromucopro -  
te in '  in ar t icular  cart i lage,  as well as an increased radio-  
sulfate incorporat ion'~ Similar  f indings are common  wi th  
human  os teoar th r i t i s  3-5. Fu r the rmore ,  the  en t ry  and  
pers is tence  of a n t i g e n - a n t i b o d y  complexes  in surface 
layers  of ar t icular  car t i lage appear  to  be accompanied  
by  a loss of p ro teog lycans  6,7. In  the  pape r  presented ,  
the  effect  of an t ip ro teog lycan  serum on metabol ic  func- 
t ions  of car t i lage cells is s tud ied  in a semi- in-vi t ro  sys t em 
to get  earlier in format ion  on the  immune  globulin effect.  
Materials and methods. Antigen.  Pro teog lycan  was pre-  
c ip i ta ted  wi th  e thanol  and  po tas s ium ace ta te  f rom homo-  
genized calf r ib cart i lage s. I t  consists  of (~zmole/g) uronic 
acid 970, ga lac tosamine  960, glucosamine 80, sulfate  
es ters  1050, galactose 170, pen toses  40, sialic acid 20, 
and pro te in  270 mg/g  conta in ing  collagen 15 mg/g. A 
collagen f rac t ion was p repa red  f rom guan id in -ex t r ac t ed  
cart i lage slices w i th  col lagenase 9 separa t ing  off pro teo-  
glycans  on Sepharose  6B. Antiproteoglycan serum was 
ob ta ined  by  in jec t ion  of r abb i t s  4 t imes  wi th  2 ml F r e u n d ' s  
comple te  a d j u v a n t  mixed  wi th  20 mg  pro teog lycan  dis-  
solved in 1 ml  saline. I t  p rec ip i ta ted  i ts  an t igen  with 4 
lines in the  Ouch te r lony  double  diffusion t e s t  ~0 exhib i t ing  
t i ters  of 1:2 to  1:4;  a f ter  p ro teog lycan  t r e a t m e n t  w i t h  
tes tes  hya lu ron idase  4-5 lines were obta ined.  Af ter  absorp-  
t ion wi th  the  collagen f rac t ion  1-2 lines d i sappeared  and  
af ter  absorp t ion  w i t h  p ro teog lycan  no line could be 
de tec ted .  The sera of 12 un t r ea t ed  rabb i t s  served as 
controls .  
In  v i t ro  exper iments .  300 mg freshly  p repa red  slices of 
calf r ib cart i lage (50-100 tzm thick) were incuba ted  a t  
37 ~ wi th  0.8 ml  an t i s e rum or contro l  serum,  respect ively ,  

plus 2.2 ml modif ied  Krebs -Ringer -b ica rbona te -g lucose  
buffer  (medium) under  anaerobic  condi t ions  (95% N~, 
5% CO2)1L The CO~-production was measured  mano-  
metr ica l ly  lL For  b iosynthes is  s tudies  slices were pre-  
incuba ted  for 2 h wi th  the  sera and  incuba ted  for 1.5 h 
wi th  2 rad ioac t ive  precursors  (double labelling)12. F r o m  
the  slices, to ta l  p ro te in  and chondro i t in  sulfate  pep t ides  
were isolated b y  papa in  diges t ion and prec ip i ta t ion  wi th  
ce ty lpyr id in ium chloride n.  Analysis  of cons t i tuen t s  has  
been descr ibed s, u 
Results and discussion. The incorpora t ion  exper imen t s  
wi th  rad ioac t ive  precursors  indicate  an inhib i t ion  of the  
p ro teog lycan  biosynthesis ,  mos t  p robab ly  a t  the  sulfat ion 
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Effect of antiproteoglycau serum on biosynthesis of proteochondroitin sulfate and total protein in calf rib cartilage 

Serum added Chondroitin sulfate peptides Total protein 
Sulfate esters Hexosamine Serine residues Leucine residues l*C-Ser dpm/mg 3H-Leu dpm/mg 
a~S dpm/~zmole residues 14C dpm/[zmole aH dpm/~mole protein protein 
SO~- 8H dpm/tzmole Ser Leu 

hexosamine 

Control 4200 100% 1465 100% 1105 100% 22470 100% 12490 100% 66690 100% 
(n = 5-10) i 880 q- 280 4- 110 2- 3660 ! 1860 -4- 7490 
Autiproteoglycan 1880 ~ 45% 910 ~ 62% 740 c 67% 13870 b 62% 8340 ~ 67% 36330 c 54% 
(n = 3-6) • 410 -r 170 • 110 4- 3435 4- 500 4- 3160 
Antiproteoglycan 2150 * 51% 850b 58% 730 b 66% - - 7555 ~ 60% 39670 b 59% 
absorbed with 4- 290 4- 190 ~_ 170 4- 390 4- 13140 
collagen ( n =  2-3) 
Antiproteoglycan 4180 99% 1280 87% 980 89% 19340 86% 9960 80% 50970 76% 
absorbed with 4- 530 4- 160 4- 180 4- 3350 4- 420 4-34680 
proteoglycan(n= 3-6) 

Mean values -4- SD; * p < 0.05 ; b p < 0.02; ~ p < 0.01. In vitro double labeling 12 with 20 [~Ci 8sSO~-, carrier free, plus 20 g.Ci L-leucine-4,5- 
aH (31.9 Ci/mmole) or 5 ~Ci L-serine-14C (U, 128 mCi/mmole) plus 10 ~Ci D-glucosamine-6-SH (7.3 Ci/mmole). 
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process  wh ich  exh ib i t s  t he  s t ronges t  i n h i b i t i o n  (table),  
s ince f eedback  m e c h a n i s m s  exis t  be t w een  su l fa t ion  a n d  
e longa t ion  processes  of t he  po lysaccha r ide  cha in  and,  in 
add i t ion ,  b e t w e e n  c h o n d r o i t i n  su l fa te  s ide-cha in  syn-  
thes i s  a n d  t he  f o r m a t i o n  of the  side cha in  p r o t e i n  l inkage  
region11,12. B iosyn thes i s  of t o t a l  p r o t e i n  is also i n h i b i t e d  
as p r o t e o g l y c a n s  r ep re sen t  a b o u t  one ha l f  of ca r t i l age  
d r y  we igh t  13. The  effect  appea r s  to  be specific for an t i -  
p ro t eog lycan  serum,  since i t  abol ishes  a f t e r  a b s o r b i n g  
t he  a n t i b o d i e s  w i t h  p ro teog lycan ,  b u t  n o t  w i t h  car t i l age  
collagen.  D a t a  p r e s e n t e d  could i nd i ca t e  possible  recep tors  
a t  t h e  cell surface  of car t i lage  cells ac t ing  w i th  these  an t i -  
bod ies  or w i t h  so luble  p r o t eog l ycan  i m m u n e  complexes ,  
as ha s  been  sugges ted  for t he  p r o t e o g l y c a n - h y a l u r o n a t e  
comp lex  14. A t  p r e s e n t  i t  is s t i l l  unc lea r  wh ich  k ind  of 
a n t i g e n  f rom the  p r o t eog l ycan  complex  1~ p roduces  t he  
a n t i b o d i e s  caus ing  th i s  effect. 
The  decreased  b iosyn thes i s  c a p a c i t y  runs  obv ious ly  par -  
allel  w i t h  an  increased  a n a e r o b i c  glycolysis :  d u r i n g  in-  
c u b a t i o n  ra t e s  of CO2 p r o d u c t i o n  increase  s ign i f i can t ly  
(p < 0.001) up  to 125 to 150% of con t ro l s  (2.23 ~zmoles/g 
we t  we igh t ) ;  t he  effect  abol ishes  a f t e r  a b s o r b i n g  t he  
a n t i s e r u m  w i t h  p ro teog lycan ,  b u t  no t  w i t h  car t i l age  col- 
lagen.  On ly  a f t e r  longer  i n c u b a t i o n  (5.5 h) t he  a c t i v i t y  
of l a c t a t e  d e h y d r o g e n a s e  rises s l igh t ly  to  120 % of con t ro l s  
in t he  m e d i u m  ind i ca t i ng  cell damage .  The  c o n t e n t  of 
ca rbazo le -pos i t ive  m a t e r i a l  ( p robab ly  solubi l ized p ro teo-  
glycans)  as well  as t h e  a c t i v i t y  of acid p h o s p h a t a s e  
e x h i b i t  m i n i m a l  changes  in t he  m ed i um .  
The  d a t a  r e semble  f indings  obse rved  w i th  h u m a n  rheu-  
m a t o i d  a r t h r i t i s :  in synov ia l  f luids a rise in pCO e and  
in c o n c e n t r a t i o n  of lac t ic  acid 15,16 as well  as e l eva ted  

cy top l a smic  e n z y m e  ac t iv i t i es  17 (e.g. l a c t a t e  dehyd ro -  
genase).  The  p r o d u c t i o n  of p ro t eog lycans  a p p e a r s  to  be 
d imin i shed  w i t h  h u m a n  r h e u m a t o i d  synov ia l  cells ls a n d  
in j o in t  ca r t i l age  of e x p e r i m e n t a l  hype re rg ic  a r t h r i t i s  
w i t h  l a t e r  s t a t e s  10. However ,  in h u m a n  r h e u m a t o i d  ar-  
thr i t i s ,  a n t i p r o t e o g l y c a n  an t ibod ie s  h a v e  no t  ye t  been  
de tec ted ,  a l t h o u g h  a p o t e n t i a l  ce l l -media ted  i m m u n e  
response  to  p r o t e o g l y c a n  a n t i g e n  has  been  d e m o n -  
s t r a t e d  20. F ina l ly ,  i t  h a s  to  be s t a t e d  t h a t  ea r ly  in  v i t ro  
effects of a n t i p r o t e o g l y c a n  s e r u m  on car t i l age  cells differ  
f rom t h e  changes  obse rved  w i th  a n i m a l  os t eoa r th r i t i s ,  
wh ich  shows increased  p ro t eog lycan  b iosyn thes i s  and  loss 
of p ro t eog lycan  f rom a r t i cu l a r  ca r t i l age  on ly  a f te r  r epea t ed  
in jec t ions  of a n t i p r 0 t e o g l y c a n  i m m u n e  g lobul in  z. 
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T h e  h e m o l y t i c  a c t i v i t y  of  heterocyclic N-alkyl amine o x i d e s  
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Summary. The  N-a lky l  de r i va t i ve s  of morphol ine- ,  pyrro l id ine- ,  p iper id ine-  a n d  pe rhyd roasep ine -N-ox ide s  caused  
t he  r ap id ,  t e m p e r a t u r e - d e p e n d e n t ,  hemolys i s  of h u m a n  red  b lood cells. The  m o s t  h e m o l y t i c  were the  a m i n e  oxides  
w i t h  a lky l  g roups  h a v i n g  14-18 c a r b o n  a toms .  

The  N-a lky l  de r i va t i ve s  of s a t u r a t e d  he te rocyc l ic  amine  
oxides  r e p r e s e n t  t he  b i o d e g r a d a b l e  non ion i c  a m p h i -  
phi les  1, 2, possess ing  a s ign i f ican t  a n t i m i c r o b i a l  a c t i v i t y  3, 4. 
Our  r e c e n t  s tud ies  on  t he  m o d e  of a c t i o n  of these  rela-  
t i v e l y  n o n t o x i c  c o m p o u n d s  5 r evea led  t h a t  d i so rgan iza t ion  
of m e m b r a n e  s t r u c t u r e  a f t e r  i n t e r a c t i o n  of cells w i t h  
a m i n e  oxides  is p r i m a r i l y  respons ib le  for t he i r  an t i -  
m ic rob i a l  a c t i v i t y L  Th i s  a c t i v i t y  was found  to be signi- 
f i c an t l y  d e p e n d e n t  on  t h e  cha in  l e n g t h  of the  h y d r o p h o b i c  
alkyl ,  whi le  i t  was on ly  s l igh t ly  in f luenced  b y  o t h e r  
s u b s t i t u e n t s  of polar ized  N-oxide  group*. I n  th i s  p a p e r  
we descr ibe  t he  effects  of homologous  series of 4-alkyl-  
morpho l i ne -N-ox ide s  and  some o t h e r  a m i n e  oxides  w i t h  
a n  iden t i ca l  side cha in  b u t  d i f fe ren t  bas ic  s t r u c t u r e s  
on  t h e  s t a b i l i t y  of p l a s m a  m e m b r a n e  of h u m a n  red  blood 
cells. 
Materials and methods. W a s h e d  red  cells were p r e p a r e d  b y  
d i lu t ing  f resh  h u m a n  b lood  w i t h  3 vol. of cold 0.154 M 
sod ium chlor ide  a n d  cen t r i fug ing  t he  suspens ion  for 10 
rain a t  1000 • g in a re f r ige ra ted  cent r i fuge .  T h e  r e su l t i ng  
pe l le t  was  washed  twice  a n d  t h e  f inal  pe l le t  of red  cells 
was  d i lu t ed  to  a b o u t  t he  or ig ina l  v o l u m e  w i t h  0.154 M 
s o d i u m  chlor ide.  

For  m e a s u r e m e n t  of hemoly t i c  ac t iv i ty ,  t he  s t a n d a r d  
i n c u b a t i o n  m i x t u r e  a t  3 7 ~  c o n t a i n e d  0.154 M NaC1, 
10 mM Tris-HC1, e r y t h r o c y t e s  (20-40 • 10 e cells pe r  ml) 
a n d  amine  oxide  (at  i n d i c a t e d  concen t ra t ion ) ,  f inal  p H  
7.45. A t  t he  t i m e  ind ica t ed  a n  a l i quo t  of m i x t u r e  was 
cen t r i fuged  a t  1 0 0 0 •  for 2 m i n  and  t h e  degree of 
hemolys i s  was  e v a l u a t e d  b y  d e t e r m i n i n g  of t he  a m o u n t  
of h e m o g l o b i n  re leased in t h e  s u p e r n a t a n t  l iquid  spect ro-  
p h o t o m e t r i c a l l y  a t  537 n m  ~. The  hemoglob in  concen t r a -  
t ion  in s u p e r n a t a n t  of red  cells lysed in 10 m M  Tris-HC1 
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