
f rom falling toward the root of the tongue. It ensures that the basic flow of the food passes around the base 
toward the molar teeth. The large conical papillae may also be mechanoreceptor formations. The long and 
delicate processes  of the digitate papillae evidently help to direct  the flow of already masticated food into the 
pharynx. This explanation is supported by the presence of numerous "grooves," formed by digitate papillae, 
running toward the circumvallate papilla. Evaluation of the taste of the food in the course of swallowing is a 
function of the chemoreceptors of the circumvallate papilla. 
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R O L E  OF C A R B O H Y D R A T E  - P R O T E I N  C O M P L E X E S  

IN T H E  O R G A N I Z A T I O N  OF T H E  M I C R O S T R U C T U R E  

OF F I B R O U S  C O N N E C T I V E  T I S S U E  

Yu.  A. K h o r o s h k o v  UDC 611.74.616.74 

Samples of tendon and fascia, treated with enzymes possessing amylolytie and proteolytic ac-  
tivity (protorysin, trypsin) were investigated by scanning electron microscopy. Destruction of 
carbohydra te -pro te in  complexes leads to disappearance of the character is t ic  morphological 
features of the collagen fibers. Construction of the collagen fiber was shown to be based on a 
network of thin anastomosing fibrils,  forming a carcass  connected with the ca rbohydra te -  
protein matrix. It is argued that the ret icular  structure is a general principle in the structural  
organization of fibrous connective tissues. 

KEY WORDS: Scanning electron microscopy; connective tissue; collagen fiber; protorysin; 
trypsin. 

The use of modern methods of morphological analysis combined with enzymic action on complexes of 
biopolymers has provided fresh opportunities for  the study of their  role in the structural  organization 
and functions of different t issues. A current  direction of such research is the study of the role of ca rbohydra te -  
protein complexes in the structural  organization of fibrous connective tissue. This is due to the participation 
of the substances mentioned above in pathological processes  connected with lesions of the connective tissue, 
and also their  influence on some important biomeehanical properties of the fibrous carcass  [7, 10, 12]. The 
presence of protein complexes of glycosaminoglycans and glycoproteins in the collagen fiber has been estab- 
lished and evidence has been obtained that these complexes participate in fibrillogenesis and are concerned 
in the order ly  union of fibrils into bundles [8, 11, 13]. 

The object of the present  investigation was to study the role of carbohydra te-prote in  complexes in the 
organization of the mieros t ructure  of fibrous connective tissue. For  this purpose a morphological analysis 
was made of the connective tissue of fascia and tendon after treatment with enzymes decomposing carbohydra te -  
protein complexes. 
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Fig. 1. S t ruc ture  of f ibrous  connect ive t i s sue  of tendon and f a sc ia  before  and a f t e r  
t r e a t m e n t  with p ro to rys in  fo r  18 h: a, c) tendon before  and a f t e r  t r e a t m e n t  with p r o t o r y -  
sin, respec t ive ly ;  b, d) f a sc i a  before  and a f t e r  t r ea tmen t  with p ro to rys in ,  r e spec t ive ly .  
F) F ibroblas t :  a) 4120 x; b) 1050 x; c, d) 3500 • 

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

Ten s a m p l e s  of tendon and fasc ia  f rom human musc le  f r o m  subjects  aged 20-50 y e a r s  se rved  as the t es t  
object .  The ma te r i a l  was  obtained during autopsy within 24 h a f t e r  death which occu r r ed  f r o m  t r auma .  Both 
fixed ma te r i a l  and samples  t rea ted  with the enzymes  p ro to rys in  and t ryps in  without p r e l i m i n a r y  f ixat ion w e r e  
used.  F o r  fixation of the s amples  of tendon and f a sc i a  they w e r e  i m m e r s e d  in a 10% solution of formal in ,  pI] 
7.0, f o r  t h r ee  days .  Unfixed ma te r i a l  was t r ea ted  with p ro to rys in  and t ryps in .  P r o t o r y s i n  is an enzyme with 
amylolyt ic  but only negligible proteolyt ic  act ivi ty  [4, 5]. It has ne i ther  col lagenase  nor e l a s t a se  act ivi ty.  P r o -  
t o rys in  has  been success fu l ly  used in morphologica l  invest igat ions to r e m o v e  the ground subs tance  of connec-  
t ive t i s sue  [3]. Samples  of fasc ia  and tendon were  placed in t e s t  tubes containing phosphate  buffer ,  pH 5.5. 
P r o t o r y s i n  was added to the medium in a ratiQ of enzyme to subs t r a t e  of 1 :25 ,  a f t e r  which the ma te r i a l  was 
incubated fo r  I8 h at 37~ When t ryps in  was used the ra t io  of enzyme to subs t r a t e  was 1 : 10, in medium with 
pH 7.5-7.7.  The ma te r i a l  was p r o c e s s e d  for  10 h at  38~ After  enzyme t r e a t m e n t  the s amples  w e r e  washed 
with wa te r  fo r  30 rain, then placed in liquid ni t rogen and dried in vacuo. The fixed ma te r i a l  and samples  
t r ea t ed  with enzymes  were  sp rayed  with copper  and examined in the Stereoscan 4S-10 scanning e lec t ron  m i c r o -  
scope.  Before  spraying,  the fixed ma te r i a l  was dehydrated in alcohols.  
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E X P E R I M E N T A L  R E S U L T S  

The s t ruc tu ra l  organiza t ion  of the f ibrous  connect ive t i s sue  of the tendon and f a sc i a  has  ce r t a in  specif ic  
dist inguishing fea tu res .  In tendon it  is a s y s t e m  of pa ra l l e l  col lagen f ibe r s  which a r e  organized  into cy l indr i -  
cal  bundles.  The f ibe r s  anas tomose  with each other;  as a r e su l t  they acqui re  s t ruc tu ra l  in tegrat ion and the i r  
c h a r a c t e r i s t i c  a rch i tec ton ics  is mainta ined (Fig. l a ) .  The  s t r u c t u r e  of the f ibrous  connect ive t i s sue  of the 
f a s c i a  is c h a r a c t e r i z e d  by a complex  plexus  of f lat tened, undulating f ibers .  The f ibers  communica te  with each 
o ther  by means  of thin f ib r i l s ,  which have  the appea rance  of twigs or  br idges  (Fig. lb) .  

T r e a t m e n t  of  the tendon and f a s c i a  with p ro to rys in  led to d i sappearance  of the collagen f ibe r s  (Fig. l c ,  
d). The  connect ive  t i s s ue  los t  i ts  speci f ic  f ea tu re s ,  which were  due to the di f ferent  morphologica l  c h a r a c t e r -  
i s t ics  and a rch i tec ton ics  of t he  col lagen f ibe r s .  Ins tead of col lagen f ibe r s  a dense homogeneous network of 
anas tomos ing  f ib r i l s  0.1-0.3 # thick could be seen. Af te r  t r e a t m e n t  with t ryps in ,  bes ides  p r e s e r v a t i o n  of the 
usual  morphologica l  p i c tu re  of the col lagen f iber ,  i ts  in ternal  r e t i cu l a r  s t ruc tu re  was  revea led  in the f o r m  of 
a thinly f ibrous  c a r c a s s .  

The r e su l t s  of the invest igat ion thus show that  c a r b o h y d r a t e - p r o t e i n  complexes  play an except ional ly  
impor tan t  ro le  in the fo rmat ion  of the m i c r o s t r u c t u r e  of the collagen f iber ,  de te rmin ing  its configuration,  d i -  
mens ions ,  and spa t ia l  or ientat ion.  On the bas i s  of these  r e su l t s  ideas on the col lagen f ibe r  as a fo rmat ion  
consis t ing of bundles of f ib r i l s  running predominant ly  in the s a m e  di rec t ion  must  be rev ised .  According to the 
obse rva t ions  now made,  the s t r u c t u r e  of  the col lagen f ibe r  is a network of anas tomos ing  f ibr i l s  0.1-0.3 # thick,  
which f o r m  a c a r c a s s  connected with a c a r b o h y d r a t e - p r o t e i n  mat r ix .  In the i r  s ize  and the i r  cha r ac t e r i s t i c  
organizat ion in a network the f ibr i l s  co r r e spond  to re t icul in  f ibr i l s .  On the bas i s  of the r e su l t s  of this inves -  
t igation it can  be  postulated that  a network of f ib r i l s  0.1-0.3 # in d i ame te r  is a unified component  in the s t r u c -  
tu ra l  organiza t ion  of connect ive t i ssue ,  on the bas i s  of which collagen f ibe r s  a r e  fo rmed .  The pr inc ip le  of 
r e t i cu l a r  s t r u c t u r e  is also repea ted  at a h igher  level  of s t ruc tu ra l  organiza t ion  of f ibrous  connective t i ssue .  
This  is shown by  the numerous  a n a s t o m o s e s  between f ibe r s  in both f a sc i a  and tendon. Prev ious  invest igations 
[9] showed that  the f ibrous  connect ive  t i s sue  of the endomysium and inner  p e r i m y s i u m  of skele ta l  musc le  is 
a l so  a complex  network of anas tomos ing  f ibers .  Toge the r  with collagen f ibe r s ,  e las t ic  f ibe r s  also a r e  o rg an -  
ized into r e t i cu l a r  s t r u c t u r e s  [7]. Networks  with d i f ferent  a rch i tec ton ics  f o r m  the connec t ive- t i s sue  f ibers  of 
skin, bone, and the l a rge  a r t e r i e s  [1-3]. 

I t  can thus be  concluded f r o m  the r e su l t s  of these  invest igat ions and also f r o m  data in the l i t e r a tu r e  that  
the r e t i cu l a r  s t ruc tu re  is a genera l  p r inc ip le  of the s t ruc tu ra l  organizat ion of f ibrous  connect ive t i ssue.  It 
enables  connec t ive - t i s sue  f ibe r s  to be unified into a s ingle functional sys tem.  Depending on the functions 
pecu l ia r  to each organ,  the above-ment ioned  pr inc ip le  of s t ruc tu ra l  organiza t ion  of connective t i s sue  a s s u m e s  
specif ic  morphologica l  f o r m s .  
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