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A combined morphological  and his tochemical  study was made of the thymus and changes in the 
gland compared  with changes in other organs during progress ive  tuberculosis .  In the f i rs t  
s tages o f  development of exper imental  tuberculosis  evidence of increased  morphological  and 
functional activity of the thymus appeared:  the cells  of the epithelial par t  of the gland swelled 
and their  enzyme activi ty increased.  Thymus-dependent  zones of the lympth glands and 
spleen enlarged and numerous antibody-forming cells  appeared in the sinuses.  In the period 
of development of severe  general ized tuberculosis  the state of the thymus changed and activi-  
ty of the epithelial re t iculum was reduced and the cortex became delymphotized. These 
changes were accompanied by disappearance of the cells from the thymus-dependent zones 
and a decrease  in the number of ant ibody-forming cells in immunogenetic organs.  The paral -  
lel descr ibed between the histological  and functional state of the thymus and the immmmgenet-  
ic organs suggests  that the thymus par t ic ipates  in the reorganiza t ion  of t issue immunity in 
tuberculosis .  

The thymus is the central  organ control l ing immunobiological  p rocesses  in the body [4, 6]. Its state 
in tuberculosis  has not been studied. The view is now held that changes in t issue immunity against tuber-  
culosis take place not only af ter  vaccination but also in manifest  forms of the disease and also during r e -  
covery  [2, 5]. 

The object of this investigation was to study morphological  and his tolochemical  responses  in the 
thymus in p rogress ive  exper imental  tuberculosis  and also during healing of the lesions in animals as a re -  
sult of t rea tment  and then to compare  changes in the thymus with immunomorphological  react ions  in the 
immunogenetic organs.  

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

Exper iments  were ca r r i ed  out on 40 growing guinea pigs weighing 200-250 g infected subcutaneously 
with Mycobacter ium tuberculosis  s t rain.Bovinus 8 in a dose of 0.0001 rag. Some of the animals 1 month 
af ter  infection were t reated for 3 months with isoniazid in a daily dose of 0.15 rag. The animals  were 
killed 1, 7, and 14 days and 1, 2, 3, and 4 months af ter  infection. Uninfected control guinea pigs wereki l led  
paral le l  with the exper imental  animals.  Sections were stained with hematoxyl in-eosin  and studied his to-  
chemical ly  for RNA (Brachet), DNA (Feulgen), and neutral  muco-  and glycoproteins (Hotchkiss). The fol- 
lowing enzymes  also were determined:  succinate dehydrogenase (SDH; Nachlas), acid and alkaline phos- 
phatases (Gomori), adenosinetr iphosphatase (ATPase; Moisel and Wachstein), e s t e ra se  (Nachlas -  Seligman), 
and lipase (Gomori, in M a r k ' s  modification). Ant ibody-forming cel ls  were detected by the direct  immuno- 
f luorescence method of Coons. For  this purpose the nonspecific immunoglobulins were determined in sec-  
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Fig. 1. Thymus  of infected guinea pigs (hematoxylin-eosin):  a) 
en l a rgemen t  of lobules 7 days a f t e r  infection (72• b) epi thel ia l  
i s le ts  in medul la  of lobules (detail f rom preced ing  prepara t ion ;  
400x); c) dec rease  in s ize of lobules of thymus 1 month a f t e r  in- 
fect ion (72• d) kera t in iz ing,  degenerat ing Ha s s a l l ' s  corpusc le  
(detail of preceding  prepara t ion ;  400• e) ant ibody-forming cel ls  
in sinus of lymph gland 7 days a f t e r  infection (d i rec t  Coon 's  
method,  350• 

t ions p r e p a r e d  by S a i n t e - M a r i e ' s  method by the use of a s tandard  luminescence  an t i - spec i e s  s e r u m  p r e -  
pared  by the  N. F. Gamaleya  Inst i tute of Epidemiology and Microbiology.  

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

F r o m  1 to 7 days a f t e r  infection, before  the appearance  of tuberculous changes m the in ternal  organs ,  
the weight and size of the lobules of the thymus were  g r ea t e r  than in uninfected an imals .  Congestion of the 
va scu l a r  network and widening of the~medulla of the thymus lobules (Fig. la) on account  of swelling and 
p ro l i fe ra t ion  of the ce l l s  of the epi thel ia l  re t i cu lum and endothelium of the blood ves se l s ,  with an inc rease  
in the i r  A T P a s e  content, were  obse rved  his tological ly .  The swollen ce l l s  of the epi thel ial  re t i cu lum showed 
high SDH, l ipase,  and nonspecif ic  e s t e r a s e  act ivi ty.  The number  of H a s s a l l ' s  co rpusc le s  also was in- 
c reased ,  so that  epi thel ia l  i s le ts  cons is t ing  of epi thel ial  ce l ls  accumula t ing  granules  of PAS-pos i t ive  m a t -  
e r i a l  in thei r  cy top lasm became  predominant .  Accumulat ion of many  phagocytic m a c r o p h a g e s  with high 
acid  phosphatase  ac t iv i ty  was obse rved  in some H a s s a l l ' s  co rpusc les .  These  morphologica l  and h i s tochem-  
ieal  changes indicated inc reased  functional ac t iv i ty  of the thymus and, in pa r t i cu la r ,  of its epi thel ial  com-  
ponent, the s tate  of which is cons idered  by many  inves t iga tors  to r e f l ec t  the mani fes ta t ion  of the pro tec t ive  
r e sponse  of the body [1, 3], at  this per iod  of the exper iment .  

F r o m  14 days to 1 month a f te r  infection the an imals  developed tuberculos is  with the initial phase  of 
general iza t ion.  The lobules of the thymus gradual ly  diminished in s ize (Fig. lc) .  Epi thel ia l  i s le t s  and 
newly fo rmed  H a s s a l l ' s  co rpusc l e s  were  found much less  f requent ly  than at  the preceding  t ime of the ex-  
pe r iment .  The number  of degenera t ing  H a s s a l l ' s  co rpusc le s  showing kera t in iza t ion  (Fig. ld) and nec ros i s  
increased .  A reduct ion in the morphologica l  and functional act iv i ty  of the epi thel ia l  pa r t  of the thymus was 
accompanied  by its delymphotizat ion.  Chromat in  was r ed i s t r ibu ted  in the cor t i ca l  lymphocytes  which be-  
came  h y p e r c h r o m i c  and pycnomorphic ,  "adhered"  to the r e t i cu l a r  cel ls ,  and underwent  phagocytosis  and 
lys is .  The i r  enzyme act iv i ty  diminished.  The number  of lymphocytes  in the cor tex  fell. Side by side with 
accumula t ion  of lymphocytes ,  in some a r e a s  they were  comple te ly  absent .  
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In the period of development of severe  general ized tuberculosis  the degree of a l terat ion of the thy- 
mus increased.  The cor t ica l  lymphocytes  died, with consequent delymphotization, deformation,  and col-  
lapse of the lobules and f ibros is  of the connective-t issue s t roma of the gland, the capsule, and the blood 
vesse ls .  However, complete delymphotization of the thymus did not develop. 

Res tora t ion  of the s t ructure  of the thymus was incomplete in the animals  infected and t reated with 
isoniazid. The lobules were enlarged.  The density of packing of the lymphocytes in the cortex was less 
than in the uninfected animals .  Some lymphocytes  had pycnomorphic,  hyperchromic  nuclei, affected by lysis 
in some places.  

The morphological  study of the immunogenetie organs (lymph glands and spleen) revealed  changes in 
the thymus-dependent  zones of these organs  at cer ta in  per iods  of development and t rea tment  of exper imen-  
tal tuberculosis .  

In the f i r s t  stage of the disease (1-7 days af ter  infection), before specific changes took place in the 
internal  organs,  the thymus-dependent (paracort ical)  zone of the lymph glands was widened and contained 
an increased  number of blast  ceils  with a high level of RNA, SDH, acid and alkaline phosphatases,  and non- 
specific e s te rase .  The pe r i a r t e r io l a r  thymus-dependent  zones of the spleen also were r ich  in blast  cells. 
The study of the spleen and lymph glands by the immunofluorescence  method of Coons showed an increase  
in the number of antibody-forming cells  in these organs at this stage of the exper iment  (Fig. le): these 
were chiefly immature  plasma cel ls  located in the medulla of the lymph glands along the course  of the 
s inuses of the spleen, and also in the per ibronchial  lymphoid concentrat ions in the lungs. In addition, ac- 
tivation of the macrophagal  reac t ion  with an increase  in acid phosphatase activity was observed in the lung 
tissue. All these facts are  evidence of the intensification of t issue immunity in the late stage of the disease. 

La te r  during the development and p rogress ion  of the tuberculosis  (2-4 months af ter  infection) a 
gradual decrease  in the number of blast  cells in these thymus-dependent  zones was observed, with their 
total disappearance in some animals with severe  general ized tuberculosis~ The number of an t ibody-form-  
ing cells in the sinuses of the spleen and lymph glands fell. Meanwhile the macrophagal reaction in the 
lungs and spleen decreased in intensity, with a decrease in acid phosphatase activity. These facts indicate 
the depression of the tissue defensive reactions and of the resistance of the animals during progressive 
tuberculosis. 

In the treated animals not only did repair processes develop in the thymus, but the thymus-dependent 
zones of the lymph glands and spleen also were restored~ 

In the first stages of development of tuberculosis the morphological and functional activity of the 
epithelial part of the thymus was thus increased. During progression of the tuberculosis the state of the 
thymus gradually altered, with a decrease in the activity of the epithelial reticulum and with delymphotiza- 
tion of the cortex.  

The paral le l  observed during p rogress ive  tuberculosis  and its t rea tment  between the histological  and 
functional state of the thymus and the intensity of t issue immunity suggests  that the thymus part icipates  in 
the reorganiza t ion  of t issue immunity against  tuberculosis .  
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