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Samples  of gel fo rmed  at 37~ in solutions containing t ropocol lagen and var ious  po lysacchar ides  
we re  studied with the e lec t ron  mic roscope .  Contract ing gel clots  were  fo rmed  in solutions con- 
taining chondroi t in  sulfate ,  pro teoglycan f rom t r a c h e a l  ca r t i l age ,  and gum a rab ic  as  the poly-  
sacchar ide  component .  Examinat ion under the e lec t ron  mic roscope  showed that  these  clots  
we re  pe rmea ted  by t r a n s v e r s e l y  s t r i a t ed  collagen f ibr i ls  with a per iod of 64 rim. The connec-  
tion between the densi ty of the get thus formed and the nature  of the po lysacchar ide  component  
is d iscussed.  Gel fo rming  in solutions containing t ropocol lagen and var ious  po lysacchar ides  can 
be r e g a r d e d  as  a sui table  model of the ground substance of connect ive t i s sue .  
KEY WORDS: connective t i ssue;  s imulat ion of ground substance;  collagen; po lysacchar ides ;  
e lec t ron  mic roscopy .  

The ground subs tance  of connect ive t i s sue  is a gelatinous substance  fo rmed  on a bas i s  of f ibrous s t ruc -  
t u re s  and in te rs t i t i a l  m a t e r i a l  containing acid mucopolysacchar ides  of the hyaluronic  acid and chondroitin su t :  
fate  type, which a r e  usually in the fo rm of complexes  with noncollagen pro te ins .  In different  types  of connec-  
t ive t i s sue  the re la t ionsh ip  between these  components  va r i e s ,  and as they vary  so also do the physical  p r o p e r -  
t ies  of the ground substance:  i ts  density,  s t rength ,  e las t ic i ty ,  and hydrophil ic  p rope r t i e s .  

Some worke r s  have r e g a r d e d  the gel obtained in vi t ro  and containing acid mueopolysacchar ides  and col-  
lagen f ibr i l s  [4, 9, 13] as  a model of the ground subs tance  of connective t i ssue .  In te rac t ion  of t ropocol lagen 
with mucopo lysacchar ides  and pro teoglycans  and also the effect  of po lysacchar ides  and of p r o t e i n - p o l y s a c -  
char ide  complexes  on the fo rmat ion  of col lagen f ibr i l s  in v i t ro  have frequently been invest igated [1, 2, 5, 7, 8, 
10-12, 14, 15]. 

In this invest igat ion a n a t t e m p t  was made to s imula te  the ground substance  of connective t i s sue  by using 
a gel f o rmed  during combined prec ip i ta t ion  of t ropocol lagen and var ious  po lysacchar ides  f rom solution. 

E X P E R I M E N T A L  M E T H O D  

Solutions of t ropocol lagen were  obtained by ex t rac t ing  the prote in  f rom the skin of albino r a t s  with c i t r a te  
buffer ,  pH 3.4 [3]. The pro te in  concentra t ion was. about 0.1%. The solutions were  purif ied by f i l t rat ion.  The 
po lysaccha r ides  used  included: hyaluronic  acid (Reanal, Hungary),  chondroitin sulfate  A (Schuchardt, West  
Germany) ,  gum a rab ic  (Merck,  West Germany) ,  amylose ,  and also proteoglycan isolated by ex t rac t ion  with wa-  
t e r  "from bovine t r achea l  ca r t i l age  [6]. To  avoid uncontrol lable changes of pH in the solution of t ropocol lagen 
on the addition of the po lysacchar ides ,  solutions of t ropocol iagen and po lysacchar ides  with weakly acid or  neu- 
t r a l  pH values  w e r e  made up sepa ra te ly ,  a f te r  which the solutions were  mixed and the pH of the mix ture  d e t e r -  
mined.  The po lysaccha r ides  w e r e  d issolved in c i t r a te  buffer .  Bes ides  t ropocol lagen the solutions contained 
only one po lysacchar ide  component .  The concentra t ion of hyaluronic  acid was 0 .5-2~,  of chondroit in sulfate 
5-10~0, gum a rab ic  5-15%, amylose  5-15%, and proteoglycan 1-2~c. The mix tu re  of t ropocol lagen and polysac-  
char ides  was incubated at  37~ for a few days.  For  e l e c t r o n - m i c r o s c o p i c  investigation the ma te r i a l  prec ip i ta ted  
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Fig. 1~ Collagen fibrils in gel formed in solution containing t ro -  
pocollagen and chondroitin sulfate. Stained with phosphotungstic 
acid, 30,000 • 

from the solution was t r ans fe r red  by means of a bacteriological  loop to grids covered with collodion film s ta-  
bilized with carbon. The s t ructure  of some specimens of gel was investigated in ultrathin sections cut f rom 
mater ia l  embedded in Araldite.  The sections were stained with a 3% aqueous solution of phosphotungstic acid 
(pH 6.5). They were examined in the JEM- 100B electron microscope.  

E X P E R I M E N T A L  R E S U L T S  

In some of the tubes containing the mixed solutions, gel clots were formed after a few days of incubation 
at 37~ and in the course  of time they contracted.  Clots were formed in solutions containing chondroitin sul-  
fate and gum arabic  at pH 6.0-6.5. The densest  clots were formed in solutions with chondroitin sulfate, less 
dense in a solution containing proteoglycan.  No gel was formed in solutions containing amylose,  even in high 
concentrat ions (up to 15%), A gel formed in solutions containing hyaluronic acid but did not condense into clots.  
Examination in the electron microscope showed that the co l l agen-po lysaccha r ide  gel formed in solutions con- 
taining chondroitin sulfate, hyaluronic acid, gum arabic,  and proteoglycan was permeated by c r o s s - s t r i a t e d  
collagen fibrils with a period of 64 rim, forming a f ibr i l lary felt (Fig. 1). The diameter  and length of the fibrils 
depended on the concentrat ion of polysacchar ides  added; with an increase  in concentrat ion the diameter  de- 
c reased  but the length increased.  In par t icular ,  in the absence of added polysacchar ides  t ropocollagen in c i t ra te  
solution (at pH about 6.0) formed fibri ls  or tactoids over 1 p in diameter ,  but in a 10% concentrat ion of chon- 
droitin sulfate it formed fibrils only 100-200 nm in diameter ,  i.e., the collagen fibrils were of about the same 
diameter  as in connective t issue.  The addition of amylose also led to a decrease  in the thickness of the f ibri ls  
formed, although no gel was formed in this case.  The influence of mucopolysacchar ides  on the diameter  of 
collagen fibrils formed in vitro has also been noted by other workers  [10, 15]. The resul t s  suggest  that the ef- 
fect of mucopolysacchar ides  on the diameter  of collagen fibrils formed in their  presence can be the explanation 
why fibrils 50-150 nm in diameter are  found in connective t issue,  whereas  the diameter  of fibrils or tactoids 
formed in tropocollagen solutions may reach  tens of microns .  Fibrous s t ruc tures  and the ground substance of 
connective t issue a re  evidently indissolubly connected. 

As has already been stated, no gel was seen to form in tropocollagen solutions containing amylose,  even 
if the polysaccharide was present  in high concentrat ions.  All potysacchar ides  in the presence  of which gel clots 
were formed contained ionogenic groups - in the case of gum arabic these were carboxyl  groups,  in chondroitin 
sulfate carboxyl and also sulfate groups.  However, in solutions containing hyaluronic acid, a noncontract ing 
gel was formed, despite the presence of carboxyl  groups in this polymer.  The explanation of this fact must 
probably be sought in the high hydrophilic proper ty  of the hyaluronic acid, which is capable of binding large 
quantities of water .  In the presence  of proteoglycan f rom t racheal  car t i lage,  weakly contract ing gel clots were 
formed, and this may also be attributed to the fari ly high hydrophilic proper ty  of the p ro t e in -po lysaccha r ide  
complex. 

The degree of contract ion of the gel clots formed in solutions containing tropocollagen and polysacchar ides  
was thus determined,  f irst ,  by the charac te r  and quantity of ionogenic groups in the polysacchar ides  and, sec-  
ond, by the hydrophilic proper ty  of the polysacchar ides ,  connected with their  molecular  weight. 
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Because  of these  findings it is natural  to t ry  to a s soc ia te  the fo rmat ion  of connect ive t i s sue  with a var ied  
deg ree  of contract ion with the nature  and quantity of mucopolysacchar ides  p r e sen t  during this p roces s .  Dur -  
ing the fo rmat ion  of dense f o r m s  of connect ive t i s sue  (car t i lege ,  bone, de rmi s ,  tendon) l a rge  quanti t ies of sul-  
fated mucopo lysacchar ides  a r e  p resen t .  Loose connective t i ssue ,  synovial  fluid, ce r t a in  connec t ive - t i s sue  
components  of the eye,  and Whar ton ' s  jelly a r e  fo rmed  in the p re sence  of l a rge  quanti t ies  of hyaluronic  acid o r  
of incomplete ly  sulfated hexosaminoglycans .  The hyaluronic  acid p reven t s  contract ion of these  t i s sues ,  so that 
the i r  degree  of hydrat ion r e m a i n s  adequate.  

The study of the c011agen-polysacchar ide  get fo rmed  under ce r ta in  conditions in solutions containing 
t ropocol lagen and po lysacchar ides  can thus explain some of the p rope r t i e s  of connect ive  t i ssue;  such a gel can 
be r e g a r d e d  as a model of the ground subs tance  of connect ive t i ssue .  
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