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Chemical  Modifications of Cartilage Matrix During Endochondral  Calcification 

T h e  pre-osseous  ca r t i l age  is a p rov i s iona l  t issue,  wh ich  
is g r adua l l y  modi f i ed  before  ca lc i f ica t ion,  r e so rbed  w i t h  
a c o m p l i c a t e d  a n d  p a r t i a l l y  k n o w n  m e c h a n i s m  and ,  
f inal ly,  r ep laced  b y  bone  t issue.  As fa r  as we know,  in 
sp i te  of t h e  fac t  t h a t  ana lys i s  of ca r t i l age  ha s  been  
car r ied  ou t  b y  m a n y  workers  l, 2, t h e  chemica l  com pos i t i on  
of t h e  cell-free m a t r i x  h a s  n e v e r  b e e n  es tab l i shed .  

The  p r e sen t  i n v e s t i g a t i o n  ha s  been  u n d e r t a k e n  in 
o rde r  to  d e t e r m i n e  t he  chemica l  v a r i a t i o n s  of m a t r i x  
of calf  s capu l a  a n d  cos to - chondra l  car t i lage ,  occu r r ing  
in e n d o c h o n d r a l  ca lc i f ica t ion.  T h e  a n a l y t i c a l  s t u d y  ha s  
been  p e r f o r m e d  us ing  t h e  m a t r i x  o b t a i n e d  f rom d i f f e ren t  
f u n c t i o n a l  zones  of car t i lage .  

3d%lerials and methods. Slices of t h e  t issue,  p r ac t i ca l l y  
devo id  of cells, were  o b t a i n e d  b y  c u t t i n g  t h e  ca r t i l age  
w i t h  a f r eez ing-mic ro tome ,  a d j u s t e d  to  a t h i c k n e s s  of 
2.5 vm.  B y  th i s  p rocedu re  t h e  c u t t i n g  i tsel f  p roduces  
d i s r u p t i o n  of cells. S t a i n i n g  of p r e l i m i n a r y  p r e p a r a t i o n s  
w i t h  to lu id ine-b lue ,  h e m a t o x y l i n e - e o s i n e  a n d  h i s t ochemi -  
cal  t e s t  for  succinic  dehyd rogenase ,  in o rde r  to  r evea l  
m i t o c h o n d r i a ,  h a v e  con f i rmed  t h e  absence  of cel lular  
m a t e r i a l  in sec t ions  p r e p a r e d  b y  t h i s  way.  T h e  ca r t i l age  
slices of s capu la  were  de r ived  f rom t he  fol lowing zones :  
res t ing,  t h a t  p a r t  of ca r t i l age  d i s t a l  to  t h e  f r o n t  of 
ca lc i f ica t ion ;  t r a n s f o r m i n g ,  t h e  reg ion  p r e c e d i n g  t he  zone 
of t h e  c o l u m n a r  cells; t r ans fo rming-oss i fy ing ,  t h e  zone 
of c o l u m n a r  cells; ossifying,  t h e  layer ,  o f t en  as  wide  
as  1 or  2 d i a m e t e r s  of a d e g e n e r a t i n g  ceil, j u s t  in  f r o n t  
of t h e  n e w l y  la id  d o w n  bone .  R i b  ca r t i l age  slices were  
de r ived  on ly  f r o m  t h e  f o r m e r  (rest ing) a n d  t h e  l a t t e r  
(ossifying) zone.  

M a t r i x  slices f rom t h e  s a m e  zone  were  v e r y  r a p i d l y  
passed  t h r o u g h  dis t i l led  w a t e r  a n d  50% e thano l .  T h e y  
were t h e n  microscopica l ly  con t ro l l ed  (phase  con t ras t ) ,  in  
o rde r  to  check  t h e  zone a n d  to  exc lude  cel lular  c o n t a m i n a -  
t ion.  F ina l ly ,  t h e y  were  pooled,  l yophy l i zed  a n d  weighed  
w i t h  a n  e l ec t roba lance  Cahn ,  Mod. G. 

T h e  m a t r i x  was h y d r o l i z e d  w i t h  6 N  HC1 a t  105°C for  
6 h before  d e t e r m i n a t i o n  of hexosamines ,  w i t h  a micro-  
mod i f i c a t i on  of t h e  E l s o n - M o r g a n  reac t ion ,  as r epo r t ed  
b y  EXLEY% Hydro lys i s  was  e x t e n d e d  to  40 h p r io r  to  
d e t e r m i n a t i o n  of  h y d r o x y p r o l i n e ,  acco rd ing  to  SE~AFINI- 
CEssr a n d  C E s s # ,  of t o t a l  phos pho r us ,  as  r e p o r t e d  b y  
LINDBERG a n d  ERNSTER s a n d  of t o t a l  n i t rogen ,  a c c o r d i n g  
to  I~IINARI a n d  ZILVERSMIT 6. 

T h e  m a t e r i a l  was  d iges ted  w i t h  0 . 1 N  HzSO 4 for  1 h 
a t  80 °C to  d e t e r m i n e  sial ic acid acco rd ing  to  WARREN 7. 
Uron ic  acid ha s  been  also d e t e r m i n e d  acco rd ing  to  
BITTER a n d  MUIR s. 

Results and discussion. Tab le  I r epo r t s  t h e  a m o u n t  of 
some organic  a n d  inorgan ic  c o n s t i t u e n t s  of t h e  d i f f e ren t  
t ypes  of ca r t i l age  ma t r i x ,  t he  va lues  be ing  expressed  as 
p e r c e n t  of d r y  weight .  I t  a p p e a r s  t h a t ,  in  s capu l a  car-  
t i lage,  h y d r o x y p r o l i n e  g r a d u a l l y  decreases  in  t h e  t r ans i -  
t i on  f rom res t ing  to  oss i fy ing ca r t i l age :  74% of h y d r o x y -  
p ro l ine  d i s appea r s  d u r i n g  t h e  m a t u r a t i o n  process  of t he  
t issue.  As  a consequence ,  t o t a l  n i t r ogen  also decreases ,  
b u t  to  a less d r a m a t i c  e x t e n t  t h a n  h y d r o x y p r o l i n e  (46%).  
Ac tua l ly ,  in  t h e  t r a n s i t i o n  f r o m  re s t i ng  to  t h e  t r a n s -  
I o r m i n g  zone,  t o t a l  n i t r ogen  a n d  h y d r o x y p r o l i n e  decrease  
v i r t u a l l y  b y  t h e  s ame  p e r c e n t a g e  (20%).  As a m a t t e r  
of  fact ,  i n  these  2 regions  of car t i lage ,  t o t a l  n i t r o g e n  is 
p r ac t i c a l l y  t h a t  of collagen, since, as  i nd i ca t ed  b y  d a t a  
col lected in t he  t h i r d  c o l u m n  of Tab le  I ,  non-co l l agenous  
n i t r o g e n  is a l m o s t  negl igible .  A t  t he  level  of t h e  t r a n s -  
fo rming-oss i fy ing  region,  on  t he  con t r a ry ,  a s ign i f i can t  
a m o u n t  of t h e  l a t t e r  appears ,  Th i s  c o u n t e r a c t s  t h e  
decrease  of n i t rogen-co l l agen .  Pa ra l l e l  t o  t h e  f o r m a t i o n  
of non-co l l agenous  n i t rogen ,  m u c o p o l y s a c c h a r i d e  com-  
p o n e n t s  increase  s ign i f i can t ly ;  in  fact ,  u ron ic  acid a n d  
hexosamine ,  on  one  h a n d ,  a n d  sialic acid,  on  t he  o ther ,  
increase  b y  50% a n d  145%,  respec t ive ly ,  in t he  t r a n s i t i o n  
f r o m  t h e  r e s t i ng  to  t h e  oss i fy ing car t i lage .  As expec ted ,  
p h o s p h o r u s  is p r e s e n t  o n l y  in t h e  oss i fy ing region.  
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Table I. Chemical anal}sis of calf scapula and costal cartilage matrix 

Nitrogen Hydroxy- Non 
proline colla- 

genous 
nitrogen 

Uronic Ac. Hexosamines Sialic Ac. Phosphorus 

Scapula 

Resting 12.16 :~ 0.36 (8) b 9.04 -I- 0.29 (9) 0.38 5.88 4- 0.19 (10) 5.88 4- 0.19 (10) 0.24 4- 0.01 (9) < 0.04 
Transforming 9.57 4- 0.34 (8) 7.02 4- 0.37 (9) 0.28 6.45 ± 0.42 (8) 7.02 4- 0.54 (12) 0.29 ± 0.01 (9) < 0.04 
Transforming- 10.27 ~ 0.35 (5) 5.86 + 0.21 (7) 2.26 8.58 4- 0.23 (8) 8.68 4- 0.12 (7) <0.04 

ossifying 0.59 4- 0.02 (9) ~ 
Ossifying 6.56 l :  0.18 (9) 2.37 4- 0.12 (14) 2.89 9.08 4- 0.40 (11) 8.96 ~ 0.32 (i3) 2.25 J= 0.22 (7) 

Rib 

Resting 12.09 ~ 0.27 (7) 8.48 ± 0.18 (7) 0.98 6.29 ± 0.23 (7) 6.40 4- 0.32 (7) 0.46 4- 0.01 (5) < 0.04 
Ossifying 8.69 4- 0.52 (7) 2.22 i 0.09 (7) 4.95 12.21 4- 0.17 (8) 12.41 4- 0.59 (12) 0.49 4- 0.05 (4) 0.34 4- 0.04 (8) 

Lyophilized inateriah % of weight. ~ Ca~ulated as follows: N tot - -  (N coll. + N hex.). N coll. = Hypro X 7.14/5,7 and N hex, = Hex. x 0.078. 
b No. of experiments. ~ Value obtained from the combined zones: transforming-ossifying and ossifying. 
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Table II .  Zonal composition of calcifying cartilage matr ix  
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Collagen* Other Muco- Sialic acid Minerala Water 
p ro te in '  polysaccharides * 

Scapula 

Resting 64.54 2.37 15.81 0.24 < 0.22 4.91 
Transforming 50.12 1.75 18.11 0.29 < 0.22 5.45 
Transforming-ossifying 41.84 14.12 23.21 <0 .22  6.00 
Ossifying 16.92 18.05 24.26 0.59 12.15 6.19 

Rib 

Resting 60.55 6.12 17.08 0.46 < 0.22 6.13 
Ossif}dng 15.85 30.94 33.11 0.49 t.62 6.17 

Lyophilized material :  % of weight. * Calculated from Hypro × 7.14. b Calculated from non-collagenous Nitrogen × 6.25. ~ Calculated from 
[(Uronic Ac. + Hex.)[2] x 2.69. a Calculated from Phosphorus × 5.4. 

Virtually the same observations can be made for the 
data  obtained from the 2 zones of rib cartilage. 

From the analytical data reported in Table I, we have 
calculated the amount  of collagen, non-collagenous pro- 
tein, mucopolysaccharides and hydroxyapat i te  present 
in the matr ix  of cartilage at  the different zones. The 
new data are collected in Table I I .  Since in the transition 
from resting to ossifying cartilage the increase of non- 
collagenous protein is accompanied by an increase of 
mucopolysaccharides and sialic acid, one is tempted to 
correlate the 2 facts. In this case chondromucoproteins 
and sialoproteins would be the increasing components, 
as indicated also by the data  reported by LINDENBAUM 
a n d  KUETTNI~R ~. 

While this manuscript was in preparation 10, a paper 
appeared by WUTHIER 11 who reports a similar loss of 
collagen in the calcification front of cartilage from 
foetal calves. In this material he described also a zonal 
distribution pat tern of mucopolysaccharides, which, how- 
ever, is different from ours. This discrepancy may be a 
consequence of the drastic washing procedures employed 
by WUTHIER in his experiments. A significant release of 
mucopolysacctlarides is known to occur in tissues treated 
with distilled water or saline solutions. 

To conclude, the most important  events which occur 
during endochondral calcification of cartilage are a 
dramatic decrease of collagen and an increase of non- 
collagenous proteins and mucopolysaccharides. This 
changes are obviously the expression of changes in 
turnover  of the compounds at  the level of the different 
functional zones of cartilage. Relevant  in this connection 
may  be the recent observation tha t  lysosomal enzymes 
are more active in cartilage before calcification 1,, ~3. 

In spite of the fact that  it is not known to what 
extent cartilage and bone calcification processes are 
comparable, it is at  least suggestive to recall the fact 
that  a non-collagenous fraction is changing during cal- 
cification of osteons 14,15. 

RJsumd. On a 6tudi6 la composition chimique de dif- 
f6rentes zones fonctionelles de la matrice du cartilage 
ossifiable scapulaire et costal. On a constat6 qu'en s'ap- 
prochant du front de calcification, le collag~ne diminue 
fortement tandis que les mucopolysaccarides et les pro- 
t6ines non collag~nes augmentent.  
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S t e i g e r u n g  d e r  14CO~-Bi ldung  a u s  1 4 C - G l u k o s e  
B u t y l b i g u a n i d - h y d r o c h l o r i d  ~ 

IYber den Mechanismus der blutzuckersenkenden Wir- 
kung der Biguanide gibt es mehrere, z.T. widersprfich- 
liche Vorstellungen (vgl. hierzu die I~ersichten*-6).  
Manche Autoren 7-10 beobachteten eine Stimulierung der 
peripheren Glukoseutilisation durch Biguanide, an- 
dere 11-15 eine Hemmung der Glukoneogenese in der Leber. 
Kfirzlich berichteten SEARLE et al. le,17 fiber eine Zu- 
nahme der Glukoseoxidation bei stoffwechselgesunden 
und diabetischen Menschen nach Biguanid-Applikation. 

b e i  d e r  R a t t e  d u r c h  d a s  o r a l e  A n t i d i a b e t i k u m  

Wir untersuchten, ob sich eine gleichartige Steigerung 
der Glukoseutilisation auch im Tierexperiment nach- 
weisen t~isst. 

Methodik. 7 m~innliche *vVistar-Ratten mit  einem Ge- 
wicht yon 120-160 g (Zfichter: Hagemann, B6singfeld) 
erhielten nach 24 h Nahrungsentzug 0,1 izC uniform mar- 
kierte 14C-D-Glukose (spez. Aktivitfi.t: 1,1 mC]mg, The 
Radiochemical Center, Amersham), gel6st in 1 ml 0,9% 
Kochsalzl6sung, i.p. appliziert. Unmit te lbar  vor der 


