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Data a r e  descr ibed  which conf i rm the fluctuating c h a r a c t e r  of pe rmeab i l i t y  of the t i s sue -b lood  b a r r i e r s  
of pa renchymatous  o rgans  a s soc ia t ed  with different  types  of cou r se  of tuberculos is :  during p r o g r e s s i o n  and 
in the per iod of t r ea tmen t .  Di f ferences  in the c h a r a c t e r  of ineorpora t ion  of albumin-1131 into the reg ion  of 
specif ic  les ions  and into distant  a r e a s ,  and i ts  dis t r ibut ion in the lymphat ic  sy s t em a r e  desc r ibed .  

During the development  of tubercu los i s ,  d i s turbances  of va scu l a r  pe rmeab i l i ty  a r e  sy s t emic  in c h a r -  
a c t e r  [2, 3], Within 6 h of injection of an at tenuated cul ture  of Mycobac te r ium tubercu los i s  into an imals ,  
changes occur  in the u l t r a s t r u c t u r e s  of the a i r -b lood  b a r r i e r  which indicate a d is turbance  of pe rmeab i l i t y  
of the cap i l l a ry  wall  [5]. The fluctuating c o u r s e  of tubercu los i s  is  accompanied  by m a r k e d  f luctuat ions in 
pe rmeab i l i t y  of the t i s sue-b lood  b a r r i e r s  [3, 6]. However ,  the pe rmeab i l i ty  of the v a s c u l a r  wall  and cel l  
m e m b r a n e s  in tuberculous  in f lammat ion  has  not ye t  been adequately studied. 

This  pape r  gives  data cha rac t e r i z ing  pe rmeab i l i ty  of the blood and lymphat ic  cap i l l a r i e s  to r a d i o a c -  
t ive compounds of low and high m o l e c u l a r  weight. 

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

Expe r imen t s  w e r e  c a r r i e d  out on 64 guinea pigs weighing 350-500 g, infected by subcutaneous in jec-  
tion of a v i ru lent  cul ture  of Mycobac te r ium tubercu los i s  s t r a in  H3T Rv in a dose of 0.0001 rag. The an ima l s  
we re  divided into six groups: an ima l s  with tubercu los i s  (1.5 and 3 months  a f te r  infection), an ima l s  with 
tubercu los i s  t r ea t ed  for  1.5, 3, and 6 months  with ant ibiot ics ,  and healthy control  an imals .  A morb id i ty  
index was calculated by the scheme  adopted at the Cent ra l  R e s e a r c h  Inst i tute  of Tube rcu los i s .  Ind ica to rs  
of  pe rmeab i l i t y  used in the invest igat ion were  of low (Na2Hp3204) and high molecu la r  weight (human a lbumin 
I131), and they were  injected in t ravenous ly  in a dose of 0.1 uCi /g  body weight. Incorpora t ion  of the i so topes  
into t i s sues  of the lungs, l iver ,  sp leen ,  ad rena l s ,  and s t r i a ted  musc l e s  was de te rmined  r a d i o m e t r i c a l l y ,  
using the B-2 r a d i o m e t e r  and B F L-25  end- type  counter .  The coeff icient  of pe rmeab i l i t y  was ca lcula ted  as 
the ra t io  between act ivi ty  of 1 g t i s sue  and the act ivi ty  of 1 ml  blood. Mic roau to rad iographs  with a lbumin-  
113~ were  p r e p a r e d  by the usual  method [4, 7]. The r e s u l t s  we re  analyzed by s ta t i s t i ca l  methods .  

EXPERIMENTAL RESULTS 

Permeability of the vascular wall to ]?32 and albumin-1131 differed in animals with tuberculosis (1.5 
months after infection) whose morbidity index was 14, Penetration of radioalbumins into the tissues either 
was not significantly different from the control or was very slightly reduced (Fig. 17 . Permeability in the 
spleen was increased, due to the more extensive lesions in its tissue. 
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Fig. 1. Coeff icients  of pe rmeab i l i ty  of va scu l a r  walls  to 
pa2 and albumin-1131. 1) Str ia ted musc l e s ;  2) adrenals ;  
3) lungs; 4) l iver ;  5) spleen. Coeff icients  of pe rmeab i l i t y  
of healthy an imals  taken as  100. I) Tubercu los i s  for  1.5 
months;  II) tubercu los i s  for  3 months;  III) t r ea tmen t  for  
1.5 months;  I V ) t r e a t m e n t  for  3 months;  V) for  6 months .  

Radioac t ive  phosphate pa r t i c ipa te s  in many  metabol ic  p r o c e s s e s ,  so that the coeff icient  of i ts  p e r -  
meab i l i ty  r e f l ec t s  main ly  the r e q u i r e m e n t  of a pa r t i cu l a r  o rgan  for  phosphorous compounds.  Despi te  the 
d e c r e a s e  in pe rmeab i l i t y  of the t i s sue -b lood  b a r r i e r  (TBB) of the adrena ls  ( re la t ive  to penet ra t ion  of r ad io -  
albumin),  the penet ra t ion  of pa2 into the adrena l  t i s sue  was inc reased ,  ref lec t ing  a high intensi ty of phos-  
phate m e t a b o l i s m  cha rac t e r i s t i c  of a s ta te  of s t r e s s  of the endocrine o rgan  at this per iod of the d isease .  

During development  of the d i sease  (3 months  a f te r  infection), the loci of tuberculous  inf lammat ion  in-  
c r e a s e d  in s ize ,  fused together ,  and liquified, and when the morb id i ty  index was 20-22, the uptake of both 
i so topes  into the t i s sues  was inc reased .  Pe rmeab i l i t y  of the va scu l a r  walls  of all  o rgans  was inc reased  
(P < 0.01), except  for  s t r i a t ed  m us c l e s  (Fig. 1). The concentra t ion  gradient  of rad iophosphorus  between blood 
and t i s sues  c h a r a c t e r i z e s  the inc reased  me tabo l i sm  in the organs  affected by tuberculos is ,  and in t i s sues  
where  no in f l ammatory  changes were  p r e s en t  (s tr iated musc les ) .  

T r e a t m e n t  of the guinea pigs began one month a f t e r  infection. As a resu l t ,  a f te r  antibiotic therapy  for  
1.5 months  the morb id i ty  index fell to 8. However ,  the t i s sue  r e q u i r e m e n t  of phosphorus  compounds and the 
pe rmeab i l i t y  of the i r  TBB r em a i ned  high (identical  with that for  the t e rmina l  per iod of the disease) .  Phos -  
phate m e t a b o l i s m  in m us c l e  t i ssue ,  on the other  hand, was  reduced  in intensity,  although their  va scu l a r  
wall  was highly p e r m e a b l e  to rad ioa lbumin  (Fig. 1). The pe rmeab i l i t y  was sharp ly  reduced  3 and 6 months  
a f te r  the beginning of t r e a t m e n t  (morbidi ty  index 4-1). 

Rad iome t r i c  m e a s u r e m e n t s  r e f l ec t  the degree  of accumula t ion  of isotope in the o rgans  and blood and 
the concentra t ion  gradient  between blood and t i s sue  can be de te rmined  f r o m  them.  

Local  d i s turbances  of pe rmeab i l i t y  can be demons t ra t ed  only by his toautoradiography.  I r r e g u l a r i t y  
of the dis tr ibut ion of rad ioa lbumin  was found on au toradiographs  of the lungs, l iver ,  and spleen of the 
healthy an imals ,  as  a r e s u l t  of d i f fe rences  in the level  of function and me tabo l i sm  in different  pa r t s  of the 
t i ssue .  

I r r e g u l a r i t y  of dis t r ibut ion of the isotope was also found in the o rgans  of an imals  with tuberculos is ,  
i r r e s p e c t i v e  of t r ea tmen t .  The highest  density of isotope on the au toradiographs  of these  an imals  was 
found above groups  of lymphocytes  around the v e s s e l s  and bronchi ,  and around the i n t e r l o b u l a r v e s s e l s  of 
the l iver .  These  findings were  l e s s  m a r k e d  in healthy an imals  (Fig. 2A, B). If, on the other  hand, the 
fo rmat ion  of a specif ic les ion had begun in these  a r ea s ,  the number  of s i l ve r  gra ins  on the au torad iograph  
was sharp ly  reduced,  and s o m e t i m e s  it did not exceed the background value.  
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Fig. 2. Zonal character of distribution of albumin-1131 in different 
parts of lung tissue (A, B, C) and zone of caseous necrosis in the 
liver (D). At Perivascular space of healthy lung; B) same area in 
animal after treatment for 1.5 months (x marks blood vessel); C) 
at zone of epithelioid cells, b) eollections of lymphoeytes. Hema- 
toxylineosin. A, 1200 x; B) 770 x; C) 1200 x; D) 480 x. 

A high concentration of albumin-I i31 was found in the zone of necrobiosis, and in the course of its 
homogenization and caseation the density of silver grains on the autoradiograph fell sharply (Fig. 2D). Soli- 
tary silver grains were seen above collections of epithelioid cells, and the surrounding barrier of lympho- 
cytes and plasma cells was rich in radioactive compounds (Fig. 2C). 

It can thus be concluded from the facts described above that experimental tuberculosis in guinea pigs 
is accompanied by periods of rise and fall in the TBB permeability of organs affected by the specific pro- 
cess. The increase in their permeability in the terminal period of the disease (3 months after infection) 
and 1.5 months after the beginning of treatment probably takes place through different mechanisms, as the 
different values for permeability of the vascular walls of the intact tissues (striated muscles) suggest. 

Having regard to data in the literature concerning the dynamics of specific antigens and antibodies 
(at the same times of observation) it can be postulated that at the moment of the animal~s death effects pro- 
duced on the vascular wall are mainly toxic in character, while during the period of treatment the allergic 
component is predominant [I]. 

The investigation using 1 ~2 only approximately reflects the state of TBB permeability in tuberculosis, 
and when this method is used, a control is therefore necessary, using compounds of high molecular weight~ 
Penetration ofradiophosphorus through the vascular wall reflects principally metabolic processes in the 
tissues. 

The histoautoradiographic investigation showed that zones differing in the state of permeability of 
their capillary walls are present in organs affected by tuberculosis. 
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