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During incubation of macrophages  f rom animals sensi t ized with group A s t reptococci  with specific 
antigen, the percentage of cells is increased  in which acid phosphatase can be demonst ra ted  his tochemical ly  
without p re l iminary  fixation of the cells.  This indicates increased  permeabil i ty  of the lysosome membranes ,  
which evidently facil i tates the l iberat ion of enzymes f rom the lysosomes .  

An increase in the percentage of lymphocytes and in the nnmber of granules in the cells in which acid 
phosphatase (APase) can be detected histochemically is regarded as evidence of activation of lysosomes 
during hypersensitivity of the delayed type (HDT) [8, 9, ]I]o An increase in the content of APase in lympho- 
cytes following injection of a BCG suspension into animals has been demonstrated biochemically [7, 13]. 
The results of determination of APase by histochemical methods depend on two factors: the quantity of 
enzyme in the lysosomes and the permeability of the membranes, the latter influencing penetration of sub- 
strate into the lysosomes [5]. The importance of these factors for activation of lysosomes in the case of 
HDT has not yet been explained. Nor has it been shown whether activation of lysosomes in general is 
characteristic of this phenomenon or whether it is determined by the action of a specific antigen on the 
lymphocytes of the previously sensitized animals. 

The objects of this investigation were: i) to determine the character of changes in the lysosomes of 
lymphocytes in HDT by parallel determination of APase by different methods, revealing the content of 
this enzyme and permeability of the membranes of the lysosome system of lymphocytes to be estimated; 2) 
to elucidate the cause of changes in the lysosomes in HDT: preceding sensitization or the action of specific 
antigen on the lymphocytes of the previously sensitized animal. 

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

An injection of 5 million cells of a living culture of group A s t reptococci  was given into the soft 
t i ssues  of the paw of guinea pigs. The specific antigen for in t radermal  tests  and for t rea tment  of the lympho-  
cytes (thermostable fraction) was obtained by repeated precipitat ion with glacial acetic acid from fluid 
decantered f rom a broth culture of the same s t ra in  and heated to 100 ~ for 30 rain [], 6]~ A b s e n c e o f O -  and 
S- s t reptolys ins  in the nonspecific antigen was verified with a suspension of sheep ' s  e ry throcy tes  [15]. 
Lymphocytes  of the peri toneal  exudate (LPE) were obtained without pre l iminary  st imulation by i r r iga t ion  
of the peritoneal cavity with Hanks 's  solution containing bovine se rum and heparin []9] and were attached 
to cover slips [3]. The macrophages  attached to the cover slips were incubated for 2 h in Hanks's  solution 
with se rum,  carefully washed off, and again incubated for  24 h in the same medium or in medium with 50 
#g/ml of specific antigen, or in medium with 50 #g/ml purified tuberculin.  APase was determined by 
Gomor i ' s  method (application o f  substrate  Na-fl-glyeerophosphate to ceils pre l iminar i ly  fixed with 10% 
Ca-formol  solution for 20 rain, to increase  the permeabi l i ty  of the membranes , )  or  by the same method in 
the modification [12] without p re l iminary  fixation. In both cases incubation with subst ra te  continued for 
30 rain at 18-20 ~ The content of APase  was determined in the disintegrated cells [2, 10]. Macrophages 
were  removed f rom the cover  slips with versene  and frozen and thawed six t imes.  An increase  in the 
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TABLE 1. Use of Histochemical  Method without P re l iminary  Fixation of Cells to Determine 
APase in Lymphocytes  of Peri toneal  Exudate of Control and Sensitized Animals in Relation 
to Action of Specific Antigen, Tuberculin, KC1, or  Dexamethazone on Cells 

Percent of 
cells in 
which 
APase  
found 

<20  
2 0-35 
36-70 
Mean 

Note. 

Cells of peritoneal exudate of 

control animals animals sensi t ized with s t reptococci  

not t rea ted  
with SA 
(17) 

17 
m 

6.7• 

treatedwithl 
SA (]7) 

15 
1 
! 

10.1• 

not t reated 
with SA 
(23) 

21 
1 
1 

11.5• 

SA (23) 

6 

9.1• 

4 
6 

]3 
35.8e~1.0 

t reated with 

KC1 
tuberculin solution I 
(6) 

(1.3) 

2 
5 
6 

37.5• 

Number of animals given in parentheses;  SA, specific an t igen .  

SA and 
dexametha-  
zone (]3) 

, l |  

9 
4 

m 

16.5• 

permeabi l i ty  of the membranes  in the control experiments  was produced by treating the cells with 10 -5 M 
KC1. To stabil ize the membranes  the cells were t reated with 20 pg/ml dexamethazone. Incubation in the 
presence  of KC1 or  dexamethazone took place for 30 min at 37 ~ 

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

Marked react ions of the delayed type were observed in all animals receiving in t radermal  injections 
of I #g specific antigen 2.5-3 weeks af ter  sensi t izat ion with s t reptococci ;  these react ions were absent in 
the control animals.  Determination of APase  in the LPE was ca r r i ed  out in both sensi t ized and control 
animals without p re l iminary  in t radermal  injection of the specific antigen. During investigation of APase  
by Gomor i ' s  method, granules containing the enzyme were found in pract ical ly  all LPE of the control and 
sensi t ized animals.  During determinat ion of APase  by the his tochemical  method without p re l iminary  
fixation of the cells, in most  of the control animals,  regard less  of t rea tment  of the macrophages  with 
specific antigen, APase was detected in fewer than 10% of the ceils (Table 1). The mean percentage of cells 
containing APase  was only 6.7-10.1. 

The mean percentage of ceils in which APase  was detected among the macrophages  of sensi t ized 
animals untreated with specific antigen was 1t.5• During incubation of LPE of sensi t ized animals in the 
presence  of specific antigen, APase  was discovered in more  than 20% of cells in 19 of 23 animals,  and in 
35-70% in 13 cases .  The mean percentage of cells containing APase was 35.8• (APasewas determined 
in LPE of the same animals during the action of specific antigen and in its absence). Incubation of m a c r o -  
phages f rom animals sensi t ized with s t reptococci  in the presence  of tuberculIn did not increase  the p e r -  
centage of ceils with APase.  When lymphocytes  f rom sensi t ized animals untreated with specific antigen 
were  t rea ted  with KC1 solution, APase was found in most  animals in more  than 20% of the cells (on the 
average in 37.5%). After t rea tment  of macrophages  of sensi t ized animals with specific antigen and subse-  
quent incubation with dexamethazone, no appreciable increase  in the number of cells containing APase took 
place compared  with the control (Table 1). Considerable variat ions in the APase  content were found ffrom 
3.6 to 9.7 ttg P/106 ceils) in disintegrated ceils of the control and sensi t ized animals,  but no difference was 
found between these groups.  Trea tment  of macrophages  with specific antigen had no effect on the amount 
of enzyme detected in the disintegrated cells.  These investigations were ca r r i ed  out on the same animals 
as those in which an increase  in the percentage of cells containing APase was discovered his tochemical ly.  

The increase  in the number of ce l l s  containing APase after  t rea tment  of lymphocytes with specific 
antigen for 24 h, observed in HDT, was evidently due to an increase  in permeabil i ty  of the lysosome m e m -  
branes  (in cases when pre l iminary  fixation of the cells was not ca r r i ed  out). Proof  of this is given by: 1) 
the absence of an increase  in enzyme activity in the disintegrated cells;  2) the discovery of APase,  by 
Gomor i ' s  method with pre l iminary  fixation of the cells, increasing the permeabil i ty  of the membranes ,  in 
a lmost  100% of LPE of normal  or  sensi t ized animals untreated with specific antigen; 3) the obtaining of a 
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similar effect following an increase in the permeability of the membranes through the action of KCI and of 
specific antigen on LPE of the sensitized animals; and 4) the absence of the described effect following treat- 
ment of the cells with specific antigen and subsequent treatment with dexamethazone, which stabilizes the 
lysosome membranes. 
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