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In the analysis  of the digestive power of the phagocytes attention has been concentrated on the lyso-  
somes because they contain enzymes which may c a r r y  out the final stage of phagocytosis  [6]. However, 
our views on the lysosomes  are  still largely  hypothetical,  and fur ther  experimental  study is needed. 

l 

Cytochemical  investigations have shown that after  vaccination, stimulation of the digestive activity 
of the macrophages  is combined with an increase  in the acid phosphatase activity in these cells  [1]. An 
increase  in the acid phosphatase and acid desoxyribonuclease activity in the macrophages  has been demon- 
s t ra ted  in associat ion with a nonspecific increase  in their  digestive power under the influence of the bac -  
t e r ia l  polysacchar ide  prodigiosan.  Cort isone in large  doses produced the opposite changes [2]. 

This paper descr ibes  the resu l t s  of an e lec t ron-mic roscop ic  study of the lysosomes  of macrophages  
with different levels of digestive power.  To increase  the latter,  the bacter ia l  polysacchar ide  prodigiosan 
was used, and to depress  it - la rge  doses of cor t isone.  The lysosomes  of the macrophages  were  also 
studied e lec t ron-cy tochemica l ly  using a react ion for  acid phosphatase.  

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

The macrophages  used were  taken f rom the peri toneal  cavity of 200 albino mice weighing 16-20 g. 
The animals were  divided into three  groups.  Group 1 consis ted of mice receiving prodigiosan in a dose 
of 25 pg subcutaneously 24 h before  extraction of the macrophages ,  group 2 contained mice each rece iv -  
ing cort isone in a dose of 5 rag, 3 t imes  at intervals  of 48hbetweeninject ions  (the macrophages  were ex- 
t rac ted  f rom the per i toneal  cavity 24 h after  the 3rd injection), and group 3 were  the control  mice. 

Fig. 1. Area  of the young macrophage f rom a mouse of 
the control  group. Mitochondria (m) and a lysosome (1) 
can be seen. Fixation with a buffered 1% OsO 4 solution 
for 30 rain, pH 7.4, 16,000• 
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Fig. 2. Adult macrophage of a mouse receiving pro- 
digiosan. Mitochondria and a lysosome showing acid 
phosphatase activity can be seen. Prefixation with 
buffered 1% OsO 4 solution with the addition of 7% 
sucrose by weight. Incubation for 1 h at room tem- 
perature in Gomori's medium with addition of 7% 
sucrose by weight. Subsequent fixation by buffered 
1% OsO 4 solution for 1 h, pH 7.4, 13,000x. 

Fig. 3. Area of an adult macrophage of a mouse re- 
ceiving cortisone. Small lysosomes and mitochondria 
can be seen. Fixation with buffered 1% OsO 4 solu- 
tion for 30 rain, pH 7.4, 14,000x. 

The  m a c r o p h a g e s  w e r e  f ixed  wi th  a 1% 
OsOt  so lu t ion  by  P a l a d e ' s  me thod ,  d e h y d r a t e d  
in a l c o h o l s  of i n c r e a s i n g  c o n c e n t r a t i o n ,  and 
e m b e d d e d  in a m i x t u r e  of  m e t h a c r y l a t e s .  
T h e r m a l  p o l y m e r i z a t i o n  con t inued  fo r  12 h. 
To d e t e c t  a c i d  p h o s p h a t a s e  a c t i v i t y  the  m a c r o -  
p h a g e s  w e r e  f i r s t  f ixed  fo r  5 ra in  in  1% OsO t 
Solut ion wi th  the  add i t ion  of 7% s u c r o s e  by  
we igh t  [5], and  then  incuba ted  fo r  1 h at  r o o m  
t e m p e r a t u r e  in G o m o r i ' s  m e d i u m  wi th  t he  
s a m e  add i t ion  of s u c r o s e .  The  subsequen t  
t r e a t m e n t  of the  m a e r o p h a g e s  was  as  d e -  
s c r i b e d  above .  U l t r a t h i n  s e c t i o n s  w e r e  cut  
on the  LKB m i c r o t o m e .  The  s e c t i o n s  w e r e  
e x a m i n e d  wi th  the  J E M - 5 Y  e l e c t r o n  m i c r o -  
s c o p e .  

EXPERIMENTAL RESULTS 

Because of the well known polymorph- 
ism of the macrophages, for convenience of 
description they were subdivided into two 
main types, linked by intermediate forms. 

The cells of type 1 were small in size, 
with regular oval outlines of their cell body, 
and with weak development of the rough endo- 
plasmic retieulum. Many ribosomes were 
present, lying freely in the eytopIasm. Mito- 
chondria with the typical structure were rela- 
tively few. The nucleus was not segmented 
and occupied a considerable area of the cell 
section. Isolated, oval, electron-dense struc- 
tures were found inconstantly in the cyto- 
plasm, surrounded by a single membrane, 
and corresponding in their morphology to 
lysosomes (Fig. I). Cavities were seen only 
occasionally in the lysosomes. 

The ceils of type II were large. The 
c y t o p l a s m i c  m e m b r a n e  f o r m e d  p r o c e s s e s  of 
d i f f e r en t  shape ,  s o m e t i m e s  b r a n c h i n g .  T h e  
l y s o s o m e  in t h e s e  c e l l s  was  much  l a r g e r  
than  in the  m a e r o p h a g e  of t y p e  I .  In t h e i r  
s i z e  and s h a p e  the  l y s o s o m e s  w e r e  s i m i l a r  
to t h o s e  in t he  c e l l s  of the  p r e v i o u s  type ,  but  
s e v e r a l  l a r g e r  e x a m p l e s  w e r e  found.  In the  
s a m e  c e l l ,  l y s o s o m e s  of d i f f e r en t  e l e c t r o n  

d e n s i t y  could  o c c u r .  E l e c t r o n - c y t o c h e m i e a l l y ,  a c id  p h o s p h a t a s e  a c t i v i t y  was  d e m o n s t r a t e d  in t he  l y s o -  
s o m e s ,  but the  i n t e n s i t y  of the  r e a c t i o n  v a r i e d  f r o m  one m a c r o p h a g e  to  a n o t h e r .  

In  the  t ype  II m a e r o p h a g e s  the  m i t o c h o n d r i a  w e r e  t y p i c a l  in  s t r u c t u r e ,  the  e n d o p l a s m i e  r e t i c u l u m  
was  of the  r o u g h  type ,  and the  Golg i  c o m p l e x  was  m o d e r a t e l y  deve loped .  The  c y t o p l a s m  o c c u p i e d  a l a r g e  
p r o p o r t i o n  of t he  s e c t i o n  of the  c e l l .  The  nuc l eus  was  i r r e g u l a r  in s h a p e .  B e s i d e s  t h e s e  s t r u c t u r e s ,  n u -  
m e r o u s  t i ny  m o r e  o r  l e s s  ova l  s t r u c t u r e s  cou ld  be  s een  in t h e  c y t o p l a s m ,  s u r r o u n d e d  by  a s i ng Ie  m e r e -  
b r a h e  wi thout  r i b o s o m e s  on the  s u r f a c e .  An o s m i o p h i l i c  a r e a  cou ld  be s een  i n s ide  m a n y  of t h e s e  f o r m a -  
t i ons .  A t r a n s l u c e n t  s p a c e  w a s  a l w a y s  lef t  be tween  t h i s  a r e a  and the  o u t e r  m e m b r a n e .  
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The mac rophages  of the mice  r ece iv ing  p rod ig iosan  could a lso  be divided into two types .  However,  
r e l a t i v e l y  few type I ce l l s  we re  p r e s e n t .  The type II ce l l s  were  l a r g e r  than the co r r e spond ing  m a c r o -  
phages of the cont ro l  an ima l s .  The ce l l s  we re  en la rged  main ly  because  of the abundant cy top lasm,  c h a r -  
a c t e r i z e d  by cons ide rab l e  deve lopment  of the endoplasmic  r e t i cu lum,  by the numerous  f r e e - l y i n g  r i b o -  
somes ,  mi tochondr ia ,  and s m a l l  s t r u c t u r e s  with osmiophi l i c  contents a l r e a dy  d e s c r i b e d  in the ce l l s  of 
the cont ro l  an imals .  The Golgi complex  was highly developed.  The number  of l y s o s o m e s  in the ce l l  was 
i nc rea sed ,  and they we re  l a r g e r  than in the con t ro l s .  The shape of the l y s o s o m e s  was also modif ied  : 
many of them were  hollow (the e l e c t r o n - d e n s e  subs tance  was s i tua ted  en t i r e ly  at the p e r i p h e r y  by the 
membrane) ,  the r e s t ,  although en la rged ,  r e m a i n e d  en t i r e ly  f i l led  with e l e c t r o n - d e n s e  contents .  On e l e c -  
t r o n - c y t o c h e m i c a l  inves t iga t ion ,  acid  phosphatase  ac t iv i ty  was found at the p e r i p h e r y  of the hollow l y s o -  
somes ,  where  the e l e c t r o n - d e n s e  m a t e r i a l  was s i tua ted;  the other  l y s o s o m e s  w e r e  comple te ly  f i l led  with 
lead phosphate  (Fig.  2). Even in the same  macrophage ,  t he re  was c ons i de r a b l e  va r i a t ion  in the acid phos -  
pha tase  ac t iv i ty  of the di f ferent  l y s o s o m e s .  

In e x p e r i m e n t s  in which co r t i sone  was given, as in the p rev ious  expe r imen t s ,  two main types  of 
mae rophages  w e r e  obse rved .  In the type I ce l l s  the l y s o s o m e s  were  s m a l l e r  in s i ze  fcl lowing the act ion 
of co r t i sone .  The l y s o s o m e s  we re  t ight ly  packed with e l e c t r o n - d e n s e  contents ,  and ha rd ly  any hollow 
l y s o s o m e s  were  seen.  The s t r u c t u r e  of the m e m b r a n e  of the l y s o s o m e s  was unchanged.  The nuclei  we re  
i r r e g u l a r  in shape,  and s o m e t i m e s  appea red  segmented .  The type II ce l l s  in the experiment,~ with c o r t i -  
sone we re  s i m i l a r  to the analogous ce l l s  in the cont ro l  s e r i e s ,  but s l ight ly  s m a l l e r  and they contained 
l y s o s o m e s  which, as in the type I ce l l s ,  were  s m a l l  and comple te ly  f i l led  with e l e c t r o n - d e n s e  m a t e r i a l  ( F i g  3). 

Hence in both the cont ro l  and the expe r i m e n t a l  mice ,  some degree  of p o l y m e r p h i s m  of the m a c r o -  
phages was obse rved .  The type I mac rophages ,  judging by the i r  s m a l l  content of cy top lasm with a feebly  
developed endoplasmic  r e t i cu lum,  we re  young and c om pa r a t i ve l y  undi f fe rent ia ted  ce l l s .  The type II m a c r o -  
phages,  on the other  hand, showed a h igher  level  of d i f fe ren t ia t ion .  In the ce l l s  of both types  examined,  
as in the i n t e rmed ia t e  fo rms ,  a p a r a l l e l  t r end  was obse rved  between the development  of the endoplasmic  
r e t i cu lum,  the Golgi complex,  and the number  of l y s o s o m e s  : in the  type I mac rophages  with a feebly de -  
veloped endoplasmic  r e t i cu lum the re  we re  few l y s o s o m e s ;  s ign i f ican t ly  more  we re  seen in the type II 
mac rophages  with a wel l  developed endoplasmic  r e t i cu lum and Golgi complex.  Under the influence of p r o -  
d igiosan the number  and s ize  of the l y s o s o m e s  i nc r e a s e d ,  and th is  was obse rved  during the f i r s t  24 h of 
the exper imen t .  S imi l a r  r e s u l t s  have been obtained p rev ious ly  in expe r imen t s  in which mice  were  given 
b r u c e l l o s i s  vaccine [3]. In the cont ro l  mice ,  and e s p e c i a l l y  in the expe r imen t s  with p rod ig iosan ,  v a r i a b i l -  
i ty of the s t ruc tu r e  of the l y s o s o m e s  was o b s e r v e d :  s ide  by s ide  with typ ica l  fo rms ,  hollow l y s o s o m e s  
we re  seen in which the e l e c t r o n - d e n s e  m a t e r i a l  was s i tua ted  at the pe r iphe ry ,  i m m e d i a t e l y  next to the 
m e m b r a n e .  F ina l ly ,  a t tent ion is  d i r e c t e d  to the s t r u c t u r e s  p r e s e n t  in the type tI mac rophages  r e s e m b l i n g  
the c r o s s - s e c t i o n s  of the tubules  of the endoplasmic  r e t i cu lum without r i b o s o m e s  on the sur face ,  but con-  
ta ining osmiophi l i e  m a t e r i a l  in the cen te r  or  e c c e n t r i c a l l y .  

As a whole the obse rva t ions  d e s c r i b e d  above agree  wel l  with the view that the l y s o s o m e s  or ig ina te  
as a d i s t inc t ive  s ec re t i on .  Accord ing  to this  view the fo rmat ion  of the p ro te in  of the l y s o s o m e s  s t a r t s  in 
the cav i t i es  of the endoplasmic  r e t i cu lum of rough type and ends in the Golgi complex  [7]. F r o m  this  
point of view the p a r a l l e l  noted above between the degree  of development  of the endoplasmic  r e t i cu lum,  
the Golgi complex,  and the l y s o s o m e s ,  and a lso  the p r e s e n c e  of i n t e r m e d i a t e  f o r m s  between the typ ica l  
tubules  of the endoplasmic  r e t i cu lum and fo rmat ion  r e s e m b l i n g  l y sosomes  can r e a d i l y  be unders tood.  On 
this  b a s i s  i t  must  be a s sumed  that the i n c r e a s e  in the number  and s ize  of the l y s o s o m e s  in r e s p o n s e  to 
admin i s t r a t i on  of p rod ig iosan  or  vacc ine  is  connected with the in tens i f ied  syn thes i s  of the speci f ic  l y s o -  
some p ro te ins  - the h y d r o l a s e s .  This  i n c r e a s e  in p ro te in  syn thes i s  r e s u l t s  in i n c r e a s e d  format ion  of 
the l y s o s o m e s  of the mac rophages ,  and the reby  in the p r inc ipa l  spec i f ic  function of these  ce l l s  - the d i -  
gest ion of phagocytosed  ob jec t s .  

Meanwhile,  in the e x p e r i m e n t s  d e s c r i b e d  above cor t i sone  led to a d e c r e a s e  in the s i ze  of the l y s o -  
somes .  R e m e m b e r i n g  the d e p r e s s a n t  act ion of co r t i sone  on pro te in  synthes i s  it may  be pos tu la ted  that 
the d e c r e a s e  in the s i ze  of the l y s o s o m e s  is  a s soc i a t ed  with inhibit ion of the syn thes i s  of the i r  spec i f ic  
p ro te ins  under  the influence of l a r g e  doses  of co r t i sone .  If this  hypothes is  is  c o r r e c t ,  it  must  be ac -  
cepted that the action of co r t i sone  on the l y s o s o m e s  is not l imi ted  to i ts  effect on t h e i r  membrane ,  but is  
m o r e  w idesp read  [8, 9]. This  hypothes is  is  a l so  in ag reemen t  with the r e s u l t s  of p rev ious  cy tochemica l  
inves t iga t ions  showing a reduc t ion  in the acid  phosphatase  ac t iv i ty  in the mac rophages  under  the influence 
of l a rge  doses  of co r t i sone .  
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It  was shown above that the changes in the ly sosomes  ref lec t  changes in cer ta in  functional s ta tes  
of the cell ,  and observa t ions  showing the morphologica l  heterogenei ty  of the ly sosomes  even in the s ame  
macrophage  were  desc r ibed .  The po lymorph i sm of the ly sosomes  is a fact  which has been known for  a 
long t ime  [4, 6]. The r e su l t s  of the e l ec t ron -cy tochemica l  investigation of the macrophages  also showed 
that not all  s t r uc tu r e s  which f rom thei r  morphology may  be r ega rded  as l y sosomes  are  identical.  In some 
ly sosomes  the acid phosphatase  act ivi ty is much higher than in o thers .  Fur the r  invest igat ions a re  needed 
to r evea l  the causes  of this  he te rogenei ty  of the ly sosomes .  
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r -by - l e t t e r  t r a n s l i t e r a -  

t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r ig ina l  R u s s i a n  jou rna l .  Some or all  o f  th i s  peri-  

odical  l i terature m a y  we l l  be ava i lab le  in E n g l i s h  translat ion.  A comple t e  l i s t  of the  cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  appears  at  the back of  the f i r s t  i s s u e  of  t h i s  year .  
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