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Repeated  in t ranasal  hajection of the bac t e r i a l  l ipopolysacchar ide  pyrogena l  leads to the ac -  
cumulat ion of numerous  maerophages  packed with l y sosomes  of leukocytes  in the hUar and 
apical  zones of the lungs in mice .  Di lysosomal  macrophages  inc rease  the level  of r e s i s t a n c e  
of the mice  to the agent of enzootic abort ion in ewes (AE) and thus conver t  a le thal  infection 
into a noniethal d i sease .  
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The agent of enzootic abor t ion in ewes (AE) is a m e m b e r  of the orni thosls  - lymphogranuloma - t r a -  
choma (OLT) group of o rgan i sms  with which it sha res  the p r o p e r t i e s  of the i r  l ife cycle [3, 7]. After  i n t r a -  
nasa l  infection of mice  the agent of AE mult ipl ies  in the macrophages  of the lungs and is des t royed  in l eu -  
koeytes [8]. 

The object  of this invest igat ion was to study whether  the breakdown products  of leukocytes ,  ingested 
by mac rophages ,  affect  the development  and ou tcome of pneumonia induced in albino mice  by the agent of 
AE. 

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

The method of subcul ture  and isolation of the agent of AE f r o m  the v[tell ine m e m b r a n e s  of 7-day 
chick embryos  was the s a m e  as for  the agent of orni thos is  [3]. The v i rus -con ta in ing  yolk suspension in 
physiological  sal ine with phosphate  buffer  (pH 7.2-7.4) in a dilution of 1 : 10 was f r eed  f r o m  yolk by cen t r i -  
fugation and used to infect mice .  

Repeated  in t ranasa l  injection of the bac te r i a l  l ipopolysacchar ide  pyrogenal  caused the accumulat ion 
of numerous  maerophages  containing their  own and leukocytic  l y s o s o m e s  in the lungs of mice  [4]. E x p e r -  
iments were  c a r r i e d  out on 120 noninbred male  albino mice  (weighing 10-12 g), divided into two groups.  
Before adminis t ra t ion  of the agent  of AE the mice of group 1 r e c e i v e d  pyrogenal  in doses of 0.3, 0.75, and 
1.5 /~g ha 0.03 ml physiological  sa l ine  over  a per iod  of 2 days at in tervals  of 24 h by in t ranasa l  injection. 
The animals  of the second (control) group r ece ived  physiological  sal ine.  The e~per imenta l  and control  
mice  were  infected in t ranasa l ly  under super f ic ia l  e ther  anes thes ia  with the agent  of AE (1.5 LDs0 pe r  
mouse) .  The surv iva l  r a t e  was calcula ted in 25 mice.  The remain ing  animals  we re  used for  morpholog i -  
cal and virological  t e s t s .  

The content of the agent of AE in the lungs of the mice  was de te rmined  by the usual method: Tenfold 
dilutions f r o m  10 -1 to 10 -6 were  p r e p a r e d  f r o m  the or iginal  10% suspension.  With each dilution of the s u s -  
pension four mice  were  infected in t ranasal ly .  The exper imen ta l  r e su l t s  were  analyzed over  a per iod  of 18 
days.  The t i t e r  of the agent  of AE was de te rmined  as LDs0 using the method of Reed and Muench. For  the 
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Figo 1. Accumulat ion of numerous  d i lysosomal  m a c r o -  
phages in apical  region of the lung 24 h af ter  in t ranasa l  
injection of 0.3, 0.75, and 1.5 g pyrogena l  (stained with 
Sudan and ~-naphthol  by Goldman 's  method,  620 x). 

Fig. 2. Colonies of agent of AE in lung macrophages :  a) l a rge  colony of 
agent  of AE; 4 days a f te r  infection (stained with azure  I I - e o s i n ,  1900 • 
b) speci f ic  f luorescence  of antigen in a lveolar  macrophages ;  4 days af ter  
infection (direct  Coons'  method,  1100 • c) accumulat ion of leukocytes  
close to e l e m e n t a r y  bodies of agent  of AE l ibe ra ted  f rom dis in tegra ted  
macrophage;  4 days af ter  infection (stained with azure  I I - e o s i n ,  1900 x). 

his tological  t es t s  the lungs of the mice  were  fixed in St ive 's  fluid and embedded in paraf f in  wax. Sections 
were  s ta ined with azure  I I - e o s i n .  For  e lec t ive  detection of leukocytes  and leukocytic  lysosomes  the lungs 
were  fixed with 10% formal in  and f rozen  sec t ions  were  stained with Sudan and a -naphthol  by Goldman 's  
method. Cryos ta t  sect ions were  t r ea t ed  with f luorescent  ant iorn[thosis  pigeon s e r u m  containing antibodies 
against  the agent of AE. The ma te r i a l  was examined in the ML-2 luminescence  mic roscope  in b lue-v io le t  
l ight with 40 • (water immers ion)  and 90 x (oil immers ion)  object ives .  

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

Repeated  in t ranasaI  injection of the bac te r i a l  l ipopolysacchar ide  pyrogena l in  increas ing  doses led to 
the development  of a quickly subsiding asept ic  inf lammat ion in the lungs of the mice  with a leukocytic r e -  
sponse ,  breakdown of the leukocytes ,  phagocytos is  of r emnan t s  of the leukocytes  by macrophages ,  and the 
accumula t ion  of d i lysosomaI  macrophages  containing the i r  own and teukocytic  l y sosomes  (Fig. 1). 
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Of 25 exper imental  mice infected with the agent of AE not one died, but in the control  group 10 of 25 
mice died. On the second day the t i te r  of the agent of AE in the lungs of the e:~perimental mice was lower 
than in the control  by 0.28 log LDs0 , and on the fourth to sixth day the difference was 1.26-1.0 log LDs0 in 
0.03 ml. 

Microscopic examination 48 h after  infection revea led  macrophages in the lungs of the control  mice 
containing colonies of the agent of AE. The colonies consis ted of tightly packed small  coccoid par t ic les  
staining blue with azure  II and brightly luminescent  af ter  t rea tment  with antiornithosts  f luorescent  s e r u m  
(Fig. 2a, b). On the second to fourth day some of the infected cells were  des t royed  and the l ibera ted  e le -  
mentary  bodies induced local (focal) accumulation of leukocytes (Fig. 2c). E lementary  bodies stained with 
var ied intensity,  evidently indicating thei r  death, were  found in small  numbers  in the cytoplasm of the leu-  
kocytes.  At the same t ime,  leukocytes which had ingested e l emen ta ry  bodies of the agent of AE themselves  
often had clear  signs of destruct ion and their  remnants  were  phagocytosed by macrophages.  No colonies 
of the agent of AE were  found in macrophages containing remnants  of leukocytes.  

If the outcome of the pneumonia was favorable the inf lammatory p rocess  was local ized chiefly in the 
hi lar  and apical regions of the lungs. In mice which died or  were  killed in a s tate  of agony, pneumonia af-  
fected seve ra l  lobes of the lungs. 

In the mice in which accumulation of di lysosomal  macrophages  in the lungs had been induced p rev i -  
ously the pneumonia showed no tendency to p rogres s .  The inf lammatory p rocess  was local ized in the hi lar  
and apical regions of the lungs, the destination of most  of the intranasal ly  injected agent of AE where dily- 
sosomal  macrophages had accumulated.  During the per iod  of formation of inf lammatory loci (second to 
fourth day) the number of colonies of the AE agent in the exper imenta l  mice did not exceed 65-100 per  h i s -  
tological sect ion,  compared with 500-600 in the control .  E lementa ry  bodies of the AE agent l ibera ted  f rom 
the dis integrated cells were  phagocystosed by leukocytes.  However,  the leukocytic response  subsided r ap -  
idly and by the end of the sixth day af ter  infection the number of leukocytes in the capi l lar ies  of the alveolar  
septa  of the exper imental  mice did not differ significantly f rom normal .  On the 9th-12th day macrophages 
with oxidase-posi t ive granulation and lipid par t i c les ,  s tained orange with Sudan lII, were  present  in the in- 
f l ammatory  foci.  No colonies of the AE agent were  p re sen t  in these foci. 

The facts descr ibed  above show that di lysosomal maerophages can modify the course  of pneumonia 
induced by the agent of AE and can convert  a lethal infection into a disease with a mild course.  Differences 
in the fate of agents of the OLT group in different  macrophages of the same inf lammatory  focus have f r e -  
quently been mentioned [6, 9, 10]. The mechanism of this phenomenon has not yet been explained. Accord-  
ing to the presen t  investigation changes in the p roper t i e s  of macrophages a r i se  af ter  phagocytosis  of r e m -  
nants of leukocytes and of leukocytic lysosomes .  These observat ions are  in harmony with the view that 
breakdown products  of leukocytes par t ic ipate  in the defensive react ions  of the o rgan ism against pathogenic 
bac te r i a  [1]. Besides f ragments  of nuclei and leukoeytic lysosomes ,  the cytoplasm of macrophages also ac-  
quires  histones and lysosomal  cationic prote ins  with ant ibacter ia l  and antiv~ral act ivi ty [2, 5]. The abili ty 
of macrophages to acquire r e s i s t ance  to the agent of AE af ter  phagocytosis  of !eukocytic lysosomes  is evi -  
dently one mechanism of cel lular  r e s i s t ance  in inf lammatory  foci in infected p ro ce s se s  caused by agents 
of the OLT group. 
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