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Exper iments  on rabbi t s  showed that  phagocytosis  of bac t e r i a  leads to a d e c r e a s e  in the con- 
tent of cationic pro te in  and in the mye loperox idase  act ivi ty  in the mic rophages  (pseudosino- 
philic leukocytes) of rabbi t s '  blood. In the final s tage an inc rease  in acid phosphatase  ac-  
t ivity,  explained by inc reased  pe rmeab i l i t y  of the ly sosomal  m e m b r a n e s ,  and a d e c r e a s e  in 
alkaline phosphatase  act ivi ty,  local ized in granules  of a different  type,  in connection with its 
uti l ization during incorporat ion into phagosomes ,  a r e  observed .  Cor re la t ion  analys is  
showed that the digest ive  power of the mic rophages  c o r r e l a t e s  with the i r  phosphatase  ac -  
t ivi ty (corre la t ion  is d i rec t  for  acid phosphatase and inverse  for  alkaline).  Control  inves-  
t igations showed no change in the concentra t ion of cationic prote in  or  enzyme act ivi ty.  

Invest igat ions have demons t ra t ed  the important  ro le  of l y sosomes  and other  granules  of mic rophages  
in the phagocytic r e sponse  [10, 11]. 

The purpose  of this exper imenta l  invest igat ion was to study changes in the act ivi ty  of some  cyto-  
chemica l  p a r a m e t e r s  of rabbi t  pe r iphera l  blood mic rophages  (pseudoeosinophilic leukocytes) during 
phagocytosis .  

E X P E R I M E N T A L  METHOD 

Ten rabbi t s  were  used. Blood for  the cy toehemica l  study of the concentra t ion of cationic protein 
(CP) and enzyme act ivi ty of the microphages  and for de te rmina t ion  of the i r  phagocytic act ivi ty  against  
Esche r i eh ia  coli (s t ra in  K 12 S) was taken f r o m  the marg ina l  viein of the ear .  The deg ree  of comple teness  
of phagocytosis  was studied by the methods of B e r m a n  and Slavskaya [2] and Ivanov and Chukhlovin [5]. To 
de te rmine  the phagocytic power of the mie rophages  the index of Hamburge r  and Wright  was calculated,  and 
to e s t ima te  the i r  d igest ive  power the index of digestion [1] and the percen tage  of leukoeytes engaged in 
phagocytosis  we re  calculated.  Alkaline phosphatase  (ALP) and acid phosphatase  (ACP) act ivi ty  was d e t e r -  
mined by the azo-coupl ing reac t ion  [4, 7] and mye loperox idase  (MP) act ivi ty  of Sato 's  method [16]. CP 
were  es t imated  a f t e r  f ixation by  Sannomiya 's  method [6] and staining as descr ibed  by Ringhertz  and Ze t -  
t e r b e r g  [15]. The levels  of the ey tochemica l  p a r a m e t e r s  were  es t imated  v isual ly  in accordance  with 
Kaplow's  pr inciple  [13]. 

In the control  invest igat ions the act ivi ty  of the enzymes  and the CB concentra t ion were  de te rmined  
under corresponding conditions but without the addition of bac te r i a .  The exper imen t s  to study the phago- 
cytic act iv i ty  of the mic rophages  were  c a r r i e d  out with obse rvance  of al l  the fundamental  r equ i r emen t s  [8]. 

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

The re su l t s  of de terminat ion  of the phagocytic act ivi ty  and the study of the cy tochemica l  p a r a m e t e r s  
a r e  s u m m a r i z e d  in Tables  1 and 2. Table  2 shows that cult ivation of the mic rophages  for i h in agar  in 
the control  t es t  had no effect  on the act ivi ty  of the enzymes studied or  on the CP concentrat ion.  
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TABLE 1. Phagocyt ic  Act iv i ty  of Rabbi t  Blood Microphages  
(M 4- m) 

Ham- Index of I% of leuko- 
Experimental Conditions bu rge r ' s  Wright ' s  digestion .[cytes engaged 

index index ~n phagocytosis 

Before, exposure on agar 
After . . . . .  

72,0-+2,3 
70,0-+2,4 
~0,05 

1,2-+0,2 
2,6-+0,3 
<025 

0,4-+0,04 
1,4-+0,1 
<0,05 

31,0- 2,8 
58,0- 3,9 

<0,05 

Note: Signif icance of d i f fe rences  between values  be fore  and 
a f te r  exposure  on aga r  a r e  given.  

TABLE 2. Enzymic  Act iv i ty  and Cationic P ro t e in  of Rabbit  
Blood Microphages  (M 4- m) 

:ytochemical before ex- 
,arameters posure on 

~a~ar 

CP 

MP 

AcP 

AlP 

Index of activity in control 

300-- + 1 

208 +-. 12 

178 + 10 

216-+-7 

after exposure 
on agar 

298-+2 
Pl~0,05 
200-+ 10 

P~O,05 
174--6 

P~O,05 
210-+5 

P~>o,o5 

Index of activity in experiments 
before exposure 
on agar 

238+9 
P2<0,05 

156 + 10 
P~<0,05 

184--+8 
P~>0,05 
222+---9 

P~0,05 

after exposure 
on agar 

217-- + 10 
P~>0,05 

191-+4 
P 3~0,05 
207-+6 

PASO,05 
146-- 13 

PASO,05 

Legend:  Pj) s ign i f icance  of d i f fe rences  between values  before  
and a f te r  exposure  on agar  in control ;  P2) s ign i f icance  of dif-  
f e r ences  between values  in control  and exper iment ;  P3) s i g -  
n i f icance  of d i f fe rence  between values  before  and af te r  exposure  
on aga r  in expe r imen t s .  

A study of the cont ro l  f i lms  showed that  CP and MP ac t iv i ty  were  found in a l l  m i e r opha ge s .  CP 
g ranu les  were  oval  in shape and were  d i s t r i bu t ed  uni formly  in the cytoplasm;  the in tensi ty  of s ta ining and 
d i s t r ibu t ion  of the g ranu le s  w e r e  ident ica l  in the var ious  mie rophages  (Fig. 1). 

In the ini t ia l  phase  of phagocytos is  the CP concent ra t ion  and MP ac t iv i ty  de c r e a s e d .  Af te r  ingest ion 
of the b a c t e r i a ,  the g ranu le s  of CP became  indis t inc t  and the in tensi ty  of s ta ining and d i s t r ibu t ion  of the 
g ranu le s  we re  ident ical  in the va r ious  mic rophages  (Fig. 1). 

In the in i t ia l  phase  of phagocytos is  the CP concent ra t ion  and MP ac t iv i ty  d e c r e a s e d .  Af ter  ingest ion 
of the b a c t e r i a ,  t he  g ranu le s  of CP became  indis t inc t  and the in tensi ty  of t he i r  s ta ining was reduced .  Some- 
t i m e s  (empty) g ranu les  appea red  in the mic rophages  engaged on phagocytos i s .  Often nonviable  b a c t e r i a  
lying inside the d iges t ive  vacuoles  we re  blue in co lor  p robab ly  through adsorp t ion  of CP f rom the m i c r o -  
phages .  Viable  b a c t e r i a  did not s ta in  in the t e s t s  for CP. Microphages  which have los t  t he i r  CP appea red  
in the f i lms .  Nonviable b a c t e r i a  we re  found more  often in such mic rophages  (Fig.  2). In the c o u r s e  of d i -  
ges t ion  of the b a c t e r i a  no fu r the r  change in the CP content was o b s e r v e d  (Table 2). 

After  ingest ion of the b a c t e r i a  the MP ac t iv i ty  in the mic rophages  d e c r e a s e d  (Table 2) and this  was 
accompan ied  by a d e c r e a s e  in the number  of g ranu les  and in the in tens i ty  of the i r  s ta ining.  Degranula t ion  
was o b s e r v e d  in some mic rophages .  With an i n c r e a s e  in the degree  of f ragmenta t ion  of the b a c t e r i a  the 
MP ac t iv i ty  was r e s t o r e d ,  the number  of g ranu les  i nc rea sed ,  and the i r  s ta ining was intensif ied.  

In the final s tage  of phagocytos i s  the ACP ac t iv i ty  i nc rea sed ,  and many dark ly  s ta ined  oval  g ranu les  
appea red  in the mic rophages .  A t t r ac t ion  of b a c t e r i a  was o b s e r v e d , t o  mic rophages  with mode ra t e  enzyme 
act iv i ty ,  while nonviable b a c t e r i a  we re  found m o r e  often in mic rophages  with high ACP ac t iv i ty .  Some 
b a c t e r i a  located in the d iges t ive  g ranu le s  became  r e d d i s h - b r o w n  in color ,  indicating ACP ac t iv i ty .  The 
r e a s o n  for  this  was evident ly  depos i t ion  of enzyme pro te in  on the i r  su r face .  
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Fig. 1 Fig. 2 

Fig. I. CP granules in cytoplasm of microphages (control tests before exposure 
on agar). CP stained by the method of Ringhertz and Zetterberg, 2500x. 

Fig. 2. Sharp decrease in CP content in cytoplasm of microphages in initial 
stage of phagocytosis (ingested bacteria indicated by arrow). Nuclei stained with 
basic fuchsin, 2500• 

In the cour se  of digest ion of the bac t e r i a  the ALP act ivi ty dec reased  (Table 2). This m a t t e r  is de-  
sc r ibed  in m o r e  detail  e l sewhere  [3]. 

Cor re la t ion  analys is  showed that the digest ive power of the microphages  c o r r e l a t e s  with the i r  phos-  
phatase  activity.  Cor re la t ion  for  ACP was d i rec t  (r = +0.56) and for  ALP  it was inverse  (r = -0 .67) .  

I n v i e w  of evidence [18, 19] of in teract ion of CP ex t rac ted  f rom leukocytes with bac te r i a ,  the de- 
c r e a s e  in the CP content in the ea r ly  s tages  of the phagocytic r e sponse  can b e p r e s u m e d t o  have taken place 
as a r e su l t  of in teract ion with the anionic component  of the bac te r i a l  sur face ,  leading to a bac te r i c ida l  
effect.  

The dec r ea se  in MP act ivi ty  in the macrophages  during phagocytosis  is evidently linked with its bac-  
te r ic ida l  action [14, 17]. 

The wr i t e r s  have shown prev ious ly  [3] that  microphages  with high ALP act ivi ty  which, like the other  
mic rophages ,  a r e  also c h a r a c t e r i z e d  by modera te  ACP activi ty,  ingest  b a c t e r i a  mos t  act ively.  The ob-  
s e r v e d  inc rease  in ACP act ivi ty  during" phagocytosis  is probably  a t t r ibutable  to inc reased  pe rmeab i l i t y  of 
the ly sosomal  m e m b r a n e s  and is independent of any inc rease  in the content of the enzyme.  The inc rease  in 
ALP act ivi ty  located in granules  of another  type [9] is poss ib ly  explained by its par t ia l  uti l ization of in- 
corpora t ion  into phagosomes  [12]. 

The initial and final s tages  of the phagocytic r e sponse  a r e  thus cha r ac t e r i z ed  by r egu la r  changes in 
the CP content and in the enzyme act ivi ty  of the lysosomes  and other  granules  of the mic rophages .  

1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

LITERATURE CITED 

O. G. Alekseeva  and A. P. Volkova, Gig. i San., No. 8, 70 (1966). 
V. M. B e r m a n  and E. I. Slavskaya,  Zh. Mikrobiol . ,  No. 3, 8 (1958). 
E. A: Venglinskaya and M. G. Shubich, Byull.  I~ksperim. Biol. i Med., No. 11, 61 (1972). 
V. I. Dudetskii,  in: Proceedings  of a Scientific Conference of Junior  R e s e a r c h  Worker s  of the Kuban 
Medical  Insti tute [in Russian] ,  Krasnoda r  (1971), p. 33. 
A. I. Ivanov and B. A. Chukhlovin, Lab.  Delo, No. 10, 610 (1967). 
B. Romeis ,  Microscopic  Techniques [Russian t ranslat ion] ,  Moscow (1953). 
M. G. Shubich, Lab. Delo, No. 1, 10 (1965). 
F. Allison, J r . ,  M. G. Lancas t e r ,  and M. D. Crosthwaite ,  Am. J. Path.,  43, 775 (1964). 
D. Bainton and M. Farquhar, J. Cell Biol., 39, 299 (1968). 
L. Cohn and J. Hirsch, J. Exp. Med., 112, 1015 (1960). 
C. de Duve, Triangle, 9, 200 (1970). 
R. Horn, S. Spicer, and B. Wetzel, Am. J. Path., 45, 327 (1964). 
L. Kaplow, Blood, i0, 1023 (1955). 
S. Klebanoff, Science, 169, 1095 (1970). 

90 



15. R.R. Ringhertz and A. Zetterberg, Exp. Cell Res., 42,243 (1966). 
16. A. Sato and S. Yashimato, Am. J. Dis. Child., 29, 301 (1925). 
17. R.R. Strauss, B. B. Paul, A. A. Jacobs, et al., Infect. Immun., 5, 120 (1972). 
18. J.K. Spitznagel and H. Chi, Am. J. Path., 43, 697 (1963). 
19. H.J. Zeya and J. K. Spitznagel, Lab. Invest., 24, 237 (1971). 

91 


