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Leukocytes f rom peri toneal  exudate of rabbits  obtained after  intraperi toneal  injection of physiclogi-  
cal NaCI solution secre te  substances neutralizing staphylococcal  toxin and possess ing  a pyrogenie action. 
The antitoxic activity of the leukocytes rose sharply after  contact with pyrogenaI or  with vaccine obtained 
from Bacillus mesenter icus .  Extrac ts  of the leukocytes, and fract ions of the granules,  mitochondria,  and 
hyaloplasm do not possess  antitoxid or  pyrogenic  activity. 

Our previous investigations [2] showed that after contact with bacterial pyrogens (pyrogenal, vaccine 
obtained from Bacillus mesentericus) the leukocyte s of a peritoneal exudate of albino mice acquire the powe2: 
of neutralizing staphylococcal toxin. The nature of this phenomenon is uncertain. All thatcanbe saidis that 
the antitoxic properties of the leukocytes appear under the same conditions as leukoeytic pyrogen. Produc- 
tion of leukocytic pyrogen (like acquisition of antitoxic properties by leukocytes) takes place only by living 
ceils, and in experiments in vitro it is stimulated by addition of bacterial pyrogens [I, 3, 4, 9, 11-13, 14]. 

In the present  investigation the antitoxic and pyrogenic proper t ies  of leukocytes were compared in 
~'abbits, because all the data on leukocytic pyrogen which were mentioned above were obtained with per i to-  
neal exudate leukocytes of rabbits.  

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

Experiments  were ca r r i ed  out on 216 rabbits weighing 2.5-3 kg. To obtain exudate the rabbits were 
injected intraperi toneal ly  with 400 ml 0.85% NaC1 solution or with the same volume of physiological saline 
with 20 pg pyrogenal or i0 billion ceils of heat-killed B__= mesentericus vaccine, A second injection of 400 
ml 0.85% NaCl solution, but without pyrogenal orB. mesentericus vaccine, was given 18 h later. The rab- 
bits was sacrificed by air embolism 3 h after the second injection. Exudate from the peritoneal cavity was 
collected in cooled glass flasks and heparin was added (5 units/ml). The number of cells in the exudate 
was 3-5 millions per mi, 80-90% of them polymorphonuclear leukocytes. The exudate was centrifuged at 
1500 rpm for i0 min and the residue of leukocytes made up into a suspension in Hanks' salt solutiom, which 

was then mixed with staphylococcal toxin (I:i). 

Leukocytes were used in concentrations of 60, 150, or 300 millions/ml. The mixtures of leukocytes 
with toxin were incubated on a water bath at 37 ~ for 2 h, with periodic agitation. Neutralization of toxin by 
the lcukoeytes was judged from the results of intranasal administration to albino mice (weighing 10-12 g) 
of 0.025 ml of leukocyte suspension containing 0.012 ml staphylococcal toxin, and in control experiments 
from the results of administration of the same dose of toxin, but without leukocytes. Altogether 2320 albino 
mice were used in the experiments. The toxin was prepared in the department of microbiology of the Insti- 
tute of Experimental Medicine. A pathogenic lecithinase-positive staphylococcus (strain 5/2) was grownfor 
5 days on 0.3% semisolid agar in an atmosphere containing 30% CO2, the resulting culture was filtered, and 
the filtrate was used in the experiments. The pyrogenic activity of the preparations was tested by inject- 
ing them into rabbits intravenously in a dose of i ml/kg. The rectal temperature was measured twice with 
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an e l ec t ro the rmomete r :  before the injection to determine the initial background, and every 30 rain there-  
af ter  for 3 h. In the course of the p repa ra to ry  work steps were taken to prevent  contamination of the pre-  
parat ions with bacter ia[  pyrogens.  

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

Antitoxic and Pyrogenic  Proper t i es  of Whole Leukocytes. We began the investigations with the study 
of the antitoxic proper t ies  of leukocytes extracted f rom the peri toneal  cavity of rabbits after two injections 
of 0.85% NaC1 solution. Total suppress ion of activity of the toxin occur red  when a leukocyte suspension 
containing 300 million ce l l s /ml  was used. With a decrease  in concentration of the suspension by half, only 
par t  of the staphylococcal  toxin was neutral ized,  and a concentrat ion of 60 million ce l l s / /ml  was ineffec- 
tive. The ability of the leukocytes to neutralize staphylococcal  toxin increased sharply after  injection of 
bacter ia l  pyrogens into the rabbits.  Leukocytes obtained from peri toneal  exudates of rabbits 21 h after  in- 
jection of pyrogen (20 ttg) or  B. mesente r icus  vaccine (10 billion bacter ia l  cells) completely suppressed  ac-  
tivity of the staphylococcal  toxin, even in a concentrat ion of 60 million cells//ml. The results  of tests of the 
pyrogenic  p roper t i es  of whole leukocytes showed that following incubation of leukocytes in vitro for 2 h in 
0.85~o NaC1 solution at 37 ~ an accumulation of pyrogenic substances took place in the liquid layer.  

To determine whether the mechanism of the antitoxic and pyrogenic action of the leukocytes is as-  
sociated with substances contained within the cells,  we car r ied  out a ser ies  of experiments  with subcellular  
fractions of leukocytes.  

Antitoxic and Pyrogenic  Proper t i e s  of Subcellular Fract ions of Leukocytes.  Extrac ts  and certain sub- 
ce l lu la r  components of the leukocytes were used. The extracts  were prepared  as described by Hirsch [10], 
and fract ions of granules ,  mitochondria,  and hyaloplasm were isolated by the method of Cohn and Hirsch 17]. 
No antitoxic or  pyrogenic  activity was found in ext rac ts  or fract ions of granules,  mitochondria,  and hyalo- 
plasm after  incubation of these fract ions in 0.85% NaCl solution at 37 ~ for 2 h, either separa te ly  or  when 
pooled mechanical ly.  

We were thus unable to find antitoxic and pyrogenic substances within the leukocytes. It may be that 
these substances are  present  in the cell in very  small  amounts,  are extracted from it gradually,  and ac-  
cumulate in the surrounding medium. All subsequent exper iments  were ca r r i ed  out with leukocytie pyrogen 
contained in each ce i l - f ree  layer.  

A.ntitoxic and Pyrogenic  Proper t i e s  of Leukocytic Pyrogen.  To obta inleukoeyt icpyrogen a suspension 
of leukocyte in 0.85% NaCI solution was incubated a (37  ~ for 2-4 h with periodic shaking. After incubation, 
the [eukocytes were sedimented by centrifugation at i500 rpm for i0  rain [3, 5, 6]. The top ce l l - f ree  layer  
contained leukocytic pyrogen,  which, when injected intravenously into rabbits,  caused elevation of the body 
tempera ture  (Fig. 1). Addition of the top layer  to the staphylococcal  toxin and incubation of the mixture at 
37 ~ for 4 h led to neutral izat ion of the toxin (Fig. 1). As in the experiments  with whole leukocytes,  this ef- 
fect was dependent on the concentration of leukocytes taken for preparat ion of the leukocytic pyrogen. Con- 
s iderable depress ion of activity of the toxin was observed when a top layer  obtained after  incubation of 60 
million ce l l s /ml  was used. Of the 40 mice receiving a mixture of top layer  with toxin by the intranasaI  route 
10 (25%) died, whereas  the morta l i ty  of the control mice f rom the same dose of toxin was 95%. With a de- 
c rease  in concentrat ion of the suspension to 300 million cel ls/ /ml no difference was found between the ef- 
fects of intranasal  adminis t ra t ion of Lhe top layer  plus toxin and of toxin alone to the mice. Native liquid 
fract ion of the peri toneal  exudate likewise possessed  no antitoxic activity. 

Different resul ts  were obtained (under the same conditions) with leukocytes from the peri toneal  cavity 
of rabbits after  administrat ion of pyrogenal  to the animals (20 #g  in 400 ml physiological saline). Contact 
for 4 h between the toxin and top layer  of a leukocyte suspension containing 300 million c e l l s / m l  at 37 ~ 
led to neutral izat ion of all the toxin. 

The most  marked pyrogenic  and antitoxic proper t ies  were exhibited by a concentrate  of leukocytic 
pyrogen prepared  by lyophilization. The result ing preparat ion retained its proper t ies  when kept in the cold 
for more  than 6 months (period of observation).  

In the next experiments  the effect of the time of incubation of the leukocytes in vitro with 0.85% NaCI 
solution on secre t ion  of biologically active substances into the surrounding medium was studied. Accord-  
ing to Collins and Wood [8], if leukocytes are incubated in 0.85% NaCI for 24 h, the top layer  acquires  the 
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Fig. 1. Pyrogcnic  and antitexic activity 
of leukoeytic pyrogen. A) Survival rate 
of albino mice after intranasal  injection 
of staphylococcal  toxin, incubated with 
leukocytic pyrogen obtained after  lyo- 
phil ic drying (1), af ter  incubation of leuko- 
cytes for 2 h (2) and 18 h (3), and con- 
trol (4). Numerator  gives number of 
surviving mice,  denominator number of 
mice taken in experiment:  B) t empera -  
ture react ion of rabbits to intravenous 
injection of leukocytie pyrogen obtained 
by incubation of leukocytes at 37 ~ for 4 
(1) and 18 h (2). Mean resul ts  of 5 ob- 
servat ions  for each group. 

proper ty  of inhibiting pyrogenic activity of bacter ial  endo-  
toxins. Studies of the antitoxic proper t ies  of the top layer  
after  incubation of leukocytes for short  and long pe rinds 
showed that the factor  inhibiting activity of the staphylococcal 
toxin appears  in the top layer  at the same time as leukocytic 
pyrogen. As Fig. 1 shows, af ter  incubation of leukocytes for 
2 h, the top layer  contained a very  large amount of leukocytic 
pyrogen and the antitoxic activity of this layer  was high. After 
incubation for 18 h the top layer  lost its power to neutralize 
staphylococcal  toxin and its pyr'ogenic activity also diminished. 

The cause of disappearance of the antitoxic factor  dur- 
ing prolonged incubation of the leukocyte suspension was ex- 
amined in experiments  with two preparat ions  of the top layer :  
one ce l l - f ree ,  the other containing leukocytes. Of 40 mice r e -  
ceiving a mixture of toxin with a "2-h", ce l l - f ree  top layer  
(original, and allowed to stand at 37 ~ for 18 h), none died. 
The resul ts  were different when top l ayer  incubated at 37 ~ for 
18 h along with leukocytes was tested: under these conditions 
the top layer  did not possess  antitoxic proper t ies .  

Intravital observat ions on leukocytes (moist p r epa ra -  
tions stained with 0.01% trypan blue solution) showed that 
af ter  incubation for  2 h in physiological saline at 37 ~ the leuko- 
cytes remained viable. Prolongation of the incubation period 
to 18 h caused damage to about 30% of cells. 

The antitoxic factor  (like leukocytic pyrogen) is thus 
produced only by living leukocytes,  but it evidently disappears 
f rom the top layer  if damaged cells appear in that layer.  

The resul ts  descr ibed above show that, when exposed to the stimulant action of an inadequate medium 
(0.85% NaCl), leukocytes f rom peri toneal  exudate of rabbits acquire the proper ty  of neutralizing staphy- 
lococcal  toxin. The antitoxie activity of the leuck0cytes r i ses  sharply after  contact with pyrogenal or  B. 
mesenter icus  vaccine. The staphylococcal  toxin is inactivated by an antitoxic fac tor  produced in the leuko- 
cytes and rapidly secre ted  by the cell into the surrounding medium. The nature of this factor  is unknown. 
All that can be said at present  is that there is no connection between lysosomes  of the leukocyte, contain- 
ing phagoeytin and other bacter ic idal  substances,  and the antitoxic factor.  The antitoxie factor  shares  many 
common features  with leukoeytie pyrogen. It is difficult to say at present ,  however, whether the two sub- 
s tances are identical or  whether they are two different substances formed and secre ted  by leukoeytes in 
response to the action of the same stimulus. 
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