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Details are given of a method of process ing  fragments  of human large a r te r ies  by proteolytic 
enzymes (protoryzin, trypsin) in o rde r  to reveal  the fibrous skeleton of the vessel  wall. A 
scanning e lec t ron-microscop ic  study of preparat ions obtained by this method reveals  the a r -  
rangement  and spatial relat ions of the connect ive- t issue bundles and f ibers  in the various 
layers  of the vesse l  wall. 
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In a morphological  study of the s t ruc ture  of the walls of large a r te r ies  [3] the wr i te rs  examined the 
poszioil i ty of detecting fibrous skeleton in the different layers  of a r te r ies  of elast ic type in o rde r  to analyze 
the archi tectonics of the fibrous s t ruc tures  and their  interrelat ionships.  

Some idea of the spatial a r rangement  and interrelat ionships of the connect ive- t issue f ibers  and bundles 
in blood vessel  walls can be obtained by analysis  of se r ia l  histological  sections.  The col lagen-elas t ic  skeleton 
of the vessels  can be revealed by treating the native o r  formal in-f ixed vesse l  wall with proteolytic enzymes.  
Such a skeleton, obtained by the action of pepsin [7], ficin [8-10], or  t rypsin  [6] on the vessel  wall, has been 
used as mater ia l  for  the plast ic repa i r  of blood vesse ls  [5]. 

The method of scanning electron microscopy (SEM) has been used to study the surfaces  of vascular  
pros theses  and grafts and also to analyze the special  features  of thrombosis  in them [2]. 

The object of this investigation was to determine whether the archi tectonics  of the fibrous skeleton of 
the various layers  of human a r te r ia l  walls of elast ic type can be studied with the scanning electron microscope .  

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

The tes t  objects were 12 f ragments  of major  a r te r ies  (the aorta,  the common carotid and common iliac 
ar ter ies)  f rom middle-aged and old persons.  The mater ia l  was obtained during pos tmor tem examinations. 
Fragments  of the vesse ls  without previous fixation were t reated with proteolytic enzymes (trypsin or  protoryzin).  

P ro toryz in  is an enzyme obtained f rom a culture of the mold Aspergil lus oryzae.  It has no collagenase 
or  e lastase activity, but possesses  chiefly amytolytic and low proteolytic activity [1, 4]. 

Blood vesse ls  for investigation were p repared  as follows. The chosen specimens were f i r s t  weighed, 
then placed in tubes with phosphate buffer, pH 5.5. Pro toryz in  was added to the medium in an amount to give 
an enzyme/subs t ra te  ratio of 1:25. The vessels  were incubated for  18 h at 37~ The samples were then 
washed with tap water  for  30 rain. Next, af ter  br ief  alcoholic fixation and dehydration the samples were 
sprayed with copper  and their  surface was examined in the Stereoscan 4S-10 scanning electron microscope.  

When t rypsin  was used the vesse ls  were t reated in the same way, but the enzyme/subs t ra te  ratio was 
1:10 and the pH of the medium was 7.6. 
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Fig. 1. Structure of fibrous skeleton in various layers  of the wall of large a r t e r -  
ies as revealed by SEM (fragments of vesse ls  t rea ted  with protoryzin):  a) la rge  
bundles of connect ive- t i ssue  f ibers  in adventitia of common iliac a r te ry  (400 • 
b) smal l - loop connect ive- t i ssue  network in subendothelial zone of intima of c o m -  
mon iliac a r t e ry  (800 • c) surface of fenest ra ted membrane  in media of common 
iliac a r t e ry  (800 • d) c rys ta l s  of minera ls  in media of aor ta  f rom man aged 61 
years  (1600 • 

Both whole pieces of the vesse l  wall and separa te  f ragments  of them obtained by separa t ion of total p rep-  
arat ions into layers  were  t rea ted  with p ro toryz in  or  t rypsin.  In the lat ter  case the surfaces  of the fenestra ted 
membranes  of the media as well as individual s t ruc tura l  details of the fibrous skeleton of the other  layers  of 
the vesse l  could be detected. 

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

The resul ts  indicate that t rea tment  of the wall of large a r te r ies  with enzyme preparat ions  enables the 
archi tectonics  of bundles of connect ive- t i ssue  f ibers  to be revealed by the SEM method. 

Examination of total prepara t ions  c lear ly  revealed large bundles of connect ive- t i ssue  f ibers ,  in some 
cases  appearing as cha rac te r i s t i c  bands, on the surface of the adventitia, where they could be followed for  a 
considerable  distance.  They were oriented longitudinally or  inclined at a small  angle to the axis of the vessel .  
Small connect ive- t issue bundles and single f ibers ,  forming plexuses with smal l  loops, lay in the in tervals  be -  
tween them. Because of the grea t  depth of focus of the scanning e lec t ron  microscope ,  the mutual a r rangement  
and relat ionship between the smal l  loops and meshes  formed by the thin interwoven connect ive- t i ssue  bundles 
in the surface  layers  of the adventitia are  revealed  (Fig. 1 ) .  On some areas  of the adventitial surface spaces 
or  sys tems  of meshes  bounded by a smal l - looped network of connect ive- t i ssue  bundles of var ied  cal iber  can 
be observed.  They spread  into the depth of the adventitia. These channels can be tentatively regarded  as c o t -  
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responding to the pathways of spread of the nutrient blood vessels  and nerve f ibers  in the vesse l  wall. 

The study of the inner surface of the vesse l  wall showed a different pat tern  of distribution of the s t ruc -  
tures  of the fibrous skeleton. After enzyme t rea tment  the surface  of the intima became completely deendo 
theiized. Because of removal  of the ground substance in the subendotheliai l ayer  the bundles of connective- 
t issue fibers stood out in considerable rel ief  over  a large a rea  of the specimen. Connect ive-t issue bundles 
and f ibers of smal l  diameter ,  oriented mainly perpendicular ly  to the axis of the vessel ,  were predominant  in 
this area.  The connect ive- t issue network of the subendothelial zone appeared to have a f ine-mesh cons t ruc-  
tion, charac te r ized  by grea t  polymorphism of the small  loops and meshes,  with no predominant orientation. 
Large meshes or  channels were absent f rom the connect ive- t i ssue  s t roma  of the intima (Fig. 1). The study 
of specimens of the wall of large a r te r ies  str ipped into layers  and t reated with enzyme preparat ions  showed 
the fenestrated membranes  standing out in high relief,  with bundles of collagen f ibers between them. The su r -  
face of the fenes t ra ted  membranes  was slightly undulating. On some par ts  of it smal l  paral lel  i r regular i t ies  
running paral le l  to the axis of the vesse l  could be seen (Fig. 1). Openings surrounded by connect ive- t issue 
bundles we re c lear ly  vis ible  in the fenest ra ted membranes .  The openings in the fenestra ted membranes  lying 
in the deeper  layers  of the media were closed with a fine network of connect ive- t issue fibers.  Bundles of f i -  
bers  in the in termembranous  spaces were oriented tangentially to the surface of the membranes  and their  ca l -  
iber varied. In some cases  smal l  bundles of fibers could be seen to penetrate f rom the region of the in ter -  
membranous spaces into the fenest ra ted membranes .  

The study of str ipped preparat ions  obtained f rom cadavers  of old persons revealed areas  with d is tur -  
bance of the archi tectonics  and the rel ief  of the connect ive- t issue skeleton of the vessel  wall. Zones with an 
increased content of mineral  sal ts  could be detected. In these cases  c rys ta l s  of minerals  direct ly  related to 
elements of the f ibrous s t roma  could be seen (Fig. 1). 

It can be concluded f rom compar ing the results  of investigation of the fibrous skeleton of the walls of 
large a r te r ies  t reated with pro toryzin  and t rypsin  that, for  the same duration of incubation, pro toryzin  gives 
c l ea re r  pictures  of the rel ief  of the fibrous s t ruc tures .  

This may be because protoryzin,  with its higher amylolytic activity than trypsin,  dest roys  the pro teogly-  
cans and glycoproteins of the ground substance more  deeply than trypsin. Also, t rypsin  hydrolyzes  peptide 
bonds selectively, mainly those formed by basic amino acids [4]. 

The SEM method applied to specimens of the vesse l  wall after  pre l iminary  t rea tment  with proteolytic 
enzymes can thus be used to study the f iber archi tectonics  of the skeleton of blood vessels .  
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