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The effect of rabbit leukocytic pyrogen (LP) on the phagocytic activity of peritoneal macrophages 
from albino mice toward shigellas was investigated. The effect was found to depend on dose: LP 
in a large dose inhibited phagocytosis whereas small doses of LP  were not very  effective; the 
addition of LP to macrophages in average doses, after administration of kanamycin, stimulated 
both the phase of ingestion and the phase of digestion of the shigellas. Stimulation of phagocy- 
tosis by LP was accompanied by an increase in the activity of the lysosomal enzyme acid phos- 
phatase in the macrophages; changes in the RNA content were not significant. 
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According to existing data, bacterial  pyrogens can increase nonspecific resis tance to bacterial  and virus 
infections and toxicoinfeetions [8, 14, 15]. This effect is due to the stimulating action of pyrogens on various 
systems of the body, including metabolism and the functional activity of leukocytes and macrophages [16]. 
The ability of bacterial  pyrogens to stimulate the formation of endogenous pyrogens by leukocytes has also 
been established [11, 13]. It has been shown that pyrogen obtained from leukocytes possesses a stimulating 
action on leukopoiesis [9, 10] and increases the nonspecific resistance of animals to staphylococcal and in- 
fluenzal toxicoinfeetion [7, 8]. However, the mechanism of this action of leukocytic pyrogen (LP) has not been 
studied. 

The object of this investigation was to study the effect of LP on the phagocytic propert ies of macrophages 
in culture. 

EXPERIMENTAL METHOD 

A standard lyophilized sample of rabbit LP, prepared in the Department of General Pathology, Institute 
of Experimental Medicine, Academy of Medical Sciences of the USSR [11, 12], was used. The activity of the 
sample was expressed in minimal pyrogenic doses (MPD) per kilogram body weight (the minimal quantity of 
the substance which, when injected intravenously into rabbits, caused the body temperature  to r ise  by 0.6~ or 
more). The batches of LP used contained 350 ~g protein/ml,  determined by.Lowrv's method. To a culture of 
peritoneal macrophages from albino mice,  with a seeding concentration of 1 million ce l ls /ml ,  a freshly isolated strain 
of Shigella sonnei (No. 32837), obtained from the Bacteriological Laboratory,  S. P. Botkin Hospital, was added 
in a dose of 10 million ce l l s /ml  (10 : 1). The cover slip was washed to remove unattached cells and extracellu-  
la r  microorganisms 1 h after  infection. The phagocytic activity of the macrophages against shigellas was as-  
sessed by bacteriological analysis of cell lysates [2]. Determination of the dynamics of the change in the num- 
ber of viable intraeellular  bacteria by seeding lysates of macrophages on Endo's medium enabled a phase of 
ingestion (in the early stages, namely the f i rs t  hour after infection) and a phase of digestion of the shigellas by 
the cells (the next 2-4 h after infection) to be distinguished. 

For  a c loser  analysis of the final stage of phagocytosis, namely intracellular digestion of shigellas, cy-  
tochemical tests were  car r ied  out, including determination of the activity of the lysosomal enzyme acid phos- 
phatase and the content of macrophagal RNA. Acid phosphatase is one of the hydrolytic enzymes that part ici-  
pa te  in the digestion of microorganisms [3]. RNA and ribonucleoproteins a re  utilized by macrophages while 
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Fig.  1. Effect  of L P  on phagocytos is  of shigel las  in cul ture  of macrophages .  1) Bac te r i a l  control;  
2 ,3 ,4)  LP in doses  of 50, 25, and 12.5 #g /ml ,  r e spec t ive ly .  Here  and in Fig. 2: absc i s sa ,  t ime  (in 
h); ordinate,  number  of shigel las  in 1 ml  lysa te  (in thousands).  

Fig.  2. Effect  of combinat ion of LP and kanamycin  on phagocytos is  of shigel las  in cul ture  of m a c r o -  
phages.  1) Bac te r ia l  control;  2) kanamycin  1.75 I~g/ml; 3, 4, 5) kanamycin  1.75 I~g/ml with 50, 25, 
and 12.5 l~g/ml LP ,  r espec t ive ly .  

they p e r f o r m  the i r  phagocyt ic  function, poss ib ly  to fo rm enzymes  [5]. Evidence that  RNA par t ic ipa tes  in pha-  
gocytos is  was given by  the r e su l t s  of expe r imen t s  with ac t inomycin  D. This  inhibitor,  which acts  on RNA syn-  
thes is ,  inhibited phagocytosis  [6]. 

In the p r e s e n t  expe r imen t s  acid phospha tase  act ivi ty  was de te rmined  by the azo-coupl ing  method [4], and 
RNA by B r a c h e t ' s  method [1]. Stained f i lms were  studied cy tophotomet r ica l ly  [1]. 

LP was tes ted  in th ree  doses  which contained 50, 25, and 12.5 pg p ro t e in /ml ,  respec t ive ly .  The sample  
was added to the ce l l s  in cu l ture  24 h before  infection. Tes t ing  LP  on a model of infection involving the use 
of a cel l  cul ture  infected with shigel las  necess i t a t ed  the addition of subs tances  with ant ibac ter ia l  act ion to the 
cul tured sys t em.  Of the known an t ibac te r ia l  agents kanamycin  was used, for  it is widely used in the t r e a t m e n t  
of dysen te ry .  The dose of the antibiotic (1.7/~g/ml) was based on the therapeut ic  dose.  The antibiotic was 
added to the cell  cul ture  s imul taneous ly  with the shigel las .  The numer i ca l  r esu l t s  we re  subjected to s ta -  
t i s t i ca l  ana lys i s .  

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

Apprec iab le  changes were  found in the phagocytic act ivi ty  of the macrophages  in cul ture  as a r e su l t  of 
the action of LP ,  depending on i ts  dose  (Fig. 1). In a dose  of 50 t~g/ml, LP inhibited the phagocytic p r o p e r t i e s  
Of the cel ls ,  reducing the number  of in t r ace l lu l a r  shigel las  in the ingestion phase  compa red  with the contro l  
(1 h of observa t ion;  P < 0.001) and smoothing the phase  of digest ion of the m i c r o o r g a n i s m  (1-3 h; P < 0.01). 
On the addition of smal l  doses  of the ant ibiot ics  (12.5 #g/ml)  the ingest ive  power  of the mac rophages  increased  
(P < 0.05) but d iges t ive  power  was a l m os t  comple te ly  absent .  After  the use  of LP in ave rage  doses  (25 #g/ml)  
the phase  of ingestion andthe  phase  of d iges t ionofsh ige l l a s  we re  c l ea r ly  ma rked  (P < 0.01). 

As a r e su l t  of the action of LP in ave r age  doses  (25/~g/ml) the phase  of ingestion and the phase  of di-  
ges t ion of sh ige l las  w e r e  c l e a r l y  dis t inguishable  (P < 0.01). 

Hence, only in the exper imen t s  with an ave rage  dose of LP  (25 #g/ml)  w e r e  favorab le  conditions c rea ted  
for  manifes ta t ion  of both the ingest ive  and the d iges t ive  functions of the macrophages  in cul ture .  To detect  
the s t imulat ing p rope r t i e s  of the LP on the model of a cel l  cul ture  infected with shigel las ,  its action in con-  
junction with kanamycin  had to be studied. 

When LP was given in conjunction with kanamycin  the s ame  dose-e f fec t  dependence was found (Fig. 2). 
Optimal  conditions fo r  the cel ls  w e r e  iound in the exper iments  with L P  in a dose of 25 l~g/ml and kanamycin ,  
in the p r e sence  of which the phase  of ingestion was enhanced and the phase  of digest ion of the shigel las  inten-  
s if ied (P < 0.001). Since L P  had a s t imula t ing  act ion on the phagocytic p rope r t i e s  of the macrophages  in a v e r -  
age doses ,  subsequent  cy tochemica l  invest igat ions were  c a r r i e d  out with the use  of these  doses of LP only. 
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TABLE 1. Changes in Acid Phosphatase Activity and RNA Content in Infected Macrophages 
During Treatment  with LP 

Without LP 25 LP 25 ~g/ 
Index Time of investigation, h pmpara- PI-C ~g/ml PII-I ml + kana- 

tion (D (ID mycin (IIl) PIH-I 

Acid 1 27,6• 0,05 31,7__+0,9 0,05 27,9+--I ,2 0,05 
2 29,2___0,9 0,05 32,2+-1,2 0,05 26,6+-0,8 0,05 

phosphatase 4 28,4___1,1 0,05 22,2___0,9 0,1 21,6___1,3 0,2 

Contzol (uninfected 
ceJ~ --C) 16,92• 

1 5,2___I,I 0,05 4,9+-0,9 0,4 4,4+-0,3 0,7 
2 4,8+_.0,7 0,05 5,7___0,8 0,05 6,2_+1,1 0,8 

RNA 4 7,7+-0,4 0,1 7,1+-1,4 0,7 8,1+-1,3 0,7 

Cordzol (uni~ected 
cells.-- C) 9,3___0,8 

The results of the cytophotometric investigation of the samples are  generalized in Table 1. 

Clearly LP led to an increase in acid phosphatase activity in the early periods of observation. Maximal 
activity of the enzyme was detected 2 h after infection of the cells; activity then fell, although it did not reach 
the level of activity in the control. The dynamics of activity of the lysosomal enzyme was similar  when LP 
was given together with kanamycin. In this ease,  however, a certain tendency was found for enzyme activity 
to fall. 

As regards RNA, its content in the cell cytoplasm did not change significantly under the influence of LP. 
A statistically significant increase in the content of macrophagal RNA 2 h after  infection pointed to the more  
rapid recovery of the content of r ibonucleoproteins utilized in the course of phagocytosis, compared with the 
control. However, when LP was used against the background of kanamycin, this effect was not discovered. 

The LP preparation containing substances secreted by leukocytes activated during inflammation, when 
used in conjunction with kanamycin, thus had a stimulating effect on the phagocytic activity of macrophages in 
culture against shigellas and lysosomal enzymes participating in the digestion of microorganisms. 
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