
sity was not as great as was described previously. However, the fact that there was a change in the vascular 
network in an investigation conducted by the method of examination of preparations which we adopted, confirms 
the previous results. Our data indicate some specific structural changes in the vessels in hypertension. The 
structural changes observed can evidently be explained by two processes: a decrease in caliber of the vessels 
and complete closing of some arterioles and capillaries. The change in the vascular network is an important 
fact which must evidently affect the pathogenesis of hypertension. 
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The interest of research workers has recently been drawn to interstitial diseases of the lungs (IDL), which 
are characterized by diffuse septo-alveolar fibrosis and alveolitis [6, i0]. All IDL are characterized not only 
by immunopathologieal processes of various kinds [6, 9], but also by systemic lesions of the microcirculation 
and the development of an alveolar-capillary block, which is the cause of the patients' death [8, i0]. Meanwhile 
the histogenesis of these lesions and, in particular, relations between specific (immunopathological) and non- 
specific (regenerative) changes in the microvessels in IDL has not been adequately studied. 

It was accordingly decided to study changes in the microvessels of the lungs in experimental bronchiolo- 
alveolar fibrosis induced by intrabronchial injection of trypsin. 

EXPERIMENTAL METHOD 

Experiments were carried out on 35 noninbred albino rats of both sexes weighing 260-320 g, into which 
0.5 ml of a solution of trypsin (from Spofa, Czechoslovakia) in a concentration of 50 mg in 1 ml of isotonic sodi- 
um chloride solution was injected intrabronchially under ether anesthesia by tracheotomy. The animals were 
killed i, 3, 5, 8, i0, and 15 days after the injection {five to seven rats at each time). Pieces of the lungs were 
fixed for light and electron microscopy by the usual methods [5, 7]. Serial frozen sections 5-7 #mthickforim- 
munomorphological investigations were stained by the direct Coons' method with luminescent serum against rat 
globules, and also by the method of Goldwasser and Shepard to reveal complement [2]. The vascular system of 
the lungs was injected with a mixture of ink and gelatin in two or three animals at each time post mortem [5]. 
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Fig.  1. Morphology of r a t  lung t i s sue  on f i r s t  days a f te r  in t rabronchia l  injection of t r y p -  
sin.  a) F i r s t  day of exper iment :  alveoli  sl ightly col lapsed,  round cel ls  (a lveolar  
macrophages  and single polymorphs)  in the i r  lumen and what a re  evidently t ryps in  c r y s -  
t a l s  a l so  visible (arrow).  Impregnat ion  with s i l ve r  by GomoriTs method. 250• b) 3rd 
day of exper iment :  an eosinophil  (E), a leukocyte (L), a degenerat ing alveolocyte (A1), 
and finely g ranu la r  ma t e r i a l  (albuminous fluid) vis ible  in a lveo la r  lumen.  T r a n s m i s s i o n  
e lec t ron  mic roscopy  (TEM). 3500 • ; c) 5th day of exper iment :  lung t i s sue  modera te ly  
col lapsed,  marked  edema p resen t  around a r t e r y  at  level of in t ra lobular  bronchus.  Si l-  
ver  impregnat ion  by Gomor i ' s  method.  100 • d) a lveo la r  sep tum (S) swollen and th i ck -  
ened due to edema of in te rs t i t ia l  substance,  basement  m e m b r a n e  (BM) of a lveolocytes  
swollen,  two leukocytes (L) vis ible  in lumen of one cap i l l a ry  (CL). A1) Alveolocyte.  TEM. 
3500 • 

Sections for  light mic roscopy  were  stained with hematoxyl in  and eosin,  with fuchsel in by Weige r t ' s  method and 
counters ta ining by Van Gieson ' s  method,  impregna ted  by G o m o r i ' s  method, and t r ea t ed  by the PAS reac t ion  with 
amylase  control .  Ultrathin sec t ions  were  studied o n t h e  Tes l a  BS-500 e lec t ron  m i e r s o c o p e .  

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

T r a c e s  of yel lowish fluid were  found in the p leura l  cavi t ies  of the r a t s  24 h a f t e r  injection of t ryps in .  The 
lungs were  enlarged,  doughy in consis tency,  with mult iple  da rk  rod a r ea s  up to 1-2 tim in d iamete r .  Examinat ion 
with the light m i c r o s c o p e  revea led  focal  a t e l ee ta s i s ,  and the lumen of the alveol i  contained e ry th rocy t e s ,  pinkish 
fluid, desquamated  epithelial  cel ls  and mac rophages ,  and t r yps in  c rys t a l s  (Fig. la ) .  Eosinophilic m a s s e s  r e -  
sembl ing  hyaline m e m b r a n e s  were  seen  on the a lveo la r  wal ls .  Marked  in ters t i t ia l  edema was p resen t  with a few 
po lymorphs  in the edematous  connective t i s sue  (especial ly  per ibronehia l  and per ivenous) .  On e lec t ron  m i c r o -  
scopy the a lveolar  lumen was seen  to contain g ranu la r  m a s s e s ,  eosinophils ,  po lymorphs ,  macrophages ,  and de-  
squamated  a lveolocytes  (Fig. lb) .  The type I a lveolocytes  were  swollen,  with m a r k e d  edema and focal  d e s t r u c -  
t ion of the i r  cytoplasm,  as well  as ves icu la r  di latat ion of the tubules of the endoplasmic re t icu lum.  

On the 3rd day the lungs r ema ined  var iegated:  smal l  lobular  and ac inar  b lu ish- rod  a r e a s  a l te rnated  with 
red  and pale pink a r e a s .  Microscopica l ly ,  concentra t ions  of l a rge  round cel ls  of a lveo la r  macrophage  type and 
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Fig. 2. Morphology of r a t  lung t i s sue  at end of 1st week and during 2nd week a f te r  in-  
t r ab ronch ia l  injection of t ryps in ,  a) Alveolar  lumen filled with complexes  of elongated 
cel ls  (Sth day). Si lver  impregnat ion  by G o m o r i ' s  method.  250 • b) f luorescence  of 
immunoglobul ins  absent  in wall of in ter lobular  vein (V), immunoglobulins p r e sen t  only 
in cel ls  in per ivenous  connective t i s sue .  D i rec t  Coons '  method.  250 • c) cap i l l a ry  
network of a lveo la r  wall of lung of control  r a t .  Ink in gela t in  solution. In t r avascu la r  
injection.  250 • d) :'reduction of cap i l l a r ies  of a lveola r  wall  of r a t  lung on 15th day 
a f te r  in t rabronchia l  injection of t ryps in .  Same method as in Fig. 2c. 250 • e) t h r o m -  
bosis  (Th) of a r e a  of cap i l l a ry  ne twork  of a lveo la r  wall  and ec tas ia  of neighboring 
a r ea .  TEM, 3500 • f) / f ragment  of a lveola r  sep tum (S), containing collagen bundles, 
with swell ing of capi l la ry  loops (C1 and a r rows) .  AIM) Alveolar  macrophages ,  AlL) 
a lveo la r  lumen.  

a ce r ta in  number  of po lymorphs  were  vis ible  in the lumen of the alveoli  and r e s p i r a t o r y  bronchioles .  On s i l ve r  
impregna t ion  slight col lapse of the connec t ive - t i s sue  f r a m e w o r k  of the lungs could be detected,  i .e. ,  on the whole 
the p ic ture  obse rved  was one of acute desquamat ive  alveol i t is  (Fig. l c ) .  E l ec t ron -mic roscop ica l l y ,  bes ides  an 
exudative reac t ion ,  thickening of the a lveo la r  sep ta  on account  of swelling of the epithel ial  and endothelial  b a s e -  
mea t  m e m b r a n e s  and of the in te r s t i t i a l  ground subs tance  was d i scovered  (Fig. ld).  

On the 5th-Sth day large  segmenta l  and subsegmenta l  b lu i sh- red  loci were  found In some  an imals .  In 
o thers  the lungs were  var iega ted  on account of smal l  cyanotic,  red ,  or  da rk  red a r e a s  with a r u s t - c o l o r e d  
staining of the p leura  above them.  Under the light m ic roscope ,  complexes  and sympla s t s  of elongated cells  
we re  vis ible ,  toge ther  with a lveo la r  mac rophages ,  in the lumen of the alveoli  (Fig. 2a). E l e c t r o n - m i c r o s c o p i c a l -  
ly, against  the background of marked  desquamat ive  alveol i t is  there  were  signs of r egenera t ion  of the a lveo la r  
epi thel ium: Onthe su r face  of the alveoli  l a rge  cel ls  with la rge  nuclei and with loosely  s t ruc tu red ,  hyper t rophied  
nucleoli were  p re sen t .  

On the 10th-15th day mult iple  smal l  a r e a s ,  col lapsing in p laces ,  cyanotic or  whitish in color ,  were  vis ible  
m a c r o s c o p i c a l l y  on the p leura l  su r faces  of the lungs. The lung t i s sue  was doughy to the touch. Staining with 
p ic rofuchs ine  r evea led  thickening of the a lveo la r  sep ta  due to del icate  b ronch io lo -a lveo la r  f ib ros i s .  U l t r a -  
s t ruc tu ra l ly ,  the sep ta  were  thickened (up to 7-9 ~m, no rma l ly  4.5 �9 0.4 ~n),  and coa r se  bundle s of col lagen and 
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elas t ic  f ibers  could be identified in them,  mingled with f ib rob las t s .  Occasional ly  p l a sma  ce l l s  and macrophages  
were  seen .  Highly cons t r ic ted  a lveolar  pa s s age s  and col lapsed alveoli  were  p resen t .  In the la t te r  the a lveo lo-  
cytes  contained large  granules  of average  e lec t ron  densi ty in the i r  cy top lasm and r e s e m b l e d  s e c r e t o r y  cel ls .  
After  in t rabronchia l  injection of t r yps i n  solution, desquamat ive  alveol i t is  thus developed,  going on to bronehiolo-  
a lveo la r  f ib ros i s .  

Changes in the lung ves se l s  de s e rve  pa r t i cu la r  attention. On immunomorphologica l  invest igat ion at all  
t imes  of the exper iment ,  f ixation of globulins and complement  in the walls  of the a r t e r i e s ,  veins,  and cap i l l a r ies  
was not demons t ra ted .  F luorescence  of globulins was observed  only in cel ls  of the pe r ib ronch ia l  and per ivenous  
connective t i s sue  {Fig. 2b). Individual cel ls  fixing globulins were  d i scovered  in the a lveolar  sep ta .  A study of 
h is to logical  p repa ra t ions ,  including thick (up to 50-70 #m) sec t ions  through the lungs, the vascu la r  ne twork of 
which had been injected with ink in gelatin,  reduct ion of the capi l la ry  network of the in te ra lveo la r  septa  was ob-  
se rved .  This reduct ion developed pa ra l l e l  with the development  of b ronch io lo -a lveo la r  f ib ros i s  and was c l ea r ly  
visible in the 2nd-3rd week a f te r  inject ion of t ryps in .  Capi l la r ies  of the in te ra lveo la r  septa ,  fi l led with ink, 
f o rmed  a dense  network in the  control  an imals  (Fig. 2c). In r a t s  with b ronch io lo-a lveo la r  f ib ros i s  ink fil led 
the a r t e r i a l  and venous col lec tors  and also regions of the cap i l l a ry  network adjacent  to the a r t e r i o l e .  Mean-  
while reduct ion of ce r ta in  segments  of the cap i l l a ry  network o f the  a lveo la r  sep ta  was o b s e r v e d  {Fig. 2d), s ince 
they did not fill with ink in gelatin.  

E l ec t ron -mic roscop i ca l l y ,  in the f i r s t  3 days a f t e r  inject ion of t r yps in  cap i l l a r ies  with a swollen (thickened) 
basement  membrane  were  p re sen t  in the th ickness  of the swollen a lveolar  septa .  Somet imes  leukocytes were  
p r e sen t  in the lumen of the m i c r o v e s s e l s .  Thrombosed  capi l la ry  loops were  seen,  and adjacent  to  them cap i l -  
l a ry  segment  were  swollen and dilated (eetatic (Fig. 2e). With p r o g r e s s i o n  of the b roneh io lo-a lveo la r  f ib ros i s ,  
ec t a s i a  and swelling of the capi l la ry  loops in the a lveo la r  lumen became increas ingly  obvious (Fig. 2f). Under 
these circumstances ectasia was combined with obliteration of capillaries in the thickness of the alveolar sepia, 
and it was evidently compensatory. No signs of capillarities were found at any stage of the experiment. 

After injury to the bronchiolo-alveolar lining, acute desquamative alveolitis thus develops, and terminates 
as bronchiolo-alveolar sclerosis, with reduction of individual segments of the capillary network of the alveolar 
walls  and ec t a s i a  of o ther  segments  of this ne twork.  

When the mechan i sm of these  changes is in te rpre ted ,  absence  of fixation of immunoglobulins in the vesse l  
walls  must  be taken into considerat ion.  This r eo rgan iza t ion  of the m i c r o v a s c u l a r  network of the lungs is ev i -  
dently nonlmmune and not speci f ic .  It r e f l ec t s  the reac t ion  of the m i c r o v e s s e l s  to injury of the a lveolar  lining, 
d is turbance  of the gas  exchange as a r e su l t  of a lveol i t i s ,  and p r o c e s s e s  of f ib ros i s  and regenera t ion  in the a l -  
veo la r  sep tum.  The r e su l t s  shed some  light on the in te rpre ta t ion  of clinical data and, in pa r t i cu la r ,  the dispute 
between inves t iga tors  who assoc ia te  reorgan iza t ion  of the pulmonary  m i c r o v e s s e l s  in cryptogenic f ibros ing  a l -  
veol i t is  (one f o r m  of IDL) with damage  to  the a lveo la r  lining [1], and those  who r e g a r d  this a lveol i t is  as p r o -  
ductive capi l la r i t i s  [8]. In human biopsy m a t e r i a l  the w r i t e r s  d i scovered  [4] a combination of both types  (spe-  
cific and nonspecific)  of les ions  of the pu lmonary  m i c r o v e s s e l s  in IDL. In pa r t i cu l a r ,  bes ides  changes in the 
m i c r o v e s s e l s  s i m i l a r  to those  found exper imenta l ly ,  changes of endoar te r io l i t i s ,  p e r i a r t e r i o l i t i s ,  and p e r i -  
capi l la r i t i s  were  found, with accumulat ion of immunocompeten t  cel ls  around the ves se l s  and in the th ickness  of 
the i r  wal ls ,  ref lec t ing the p resence  of immunopathologieal  p r o c e s s e s  [3]. 
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