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Treatment  of a culture of guinea pig peritoneal macrophages  with diphtheria ant iserum 
and subsequent removal  of the serum by washing lead to the appearance of a culture r e -  
sistant to diphtheria toxin. A factor capable of t ransmit t ing toxin res i s tance  to a 
f resh  culture was discovered in the culture fluid. 

Interest  of r e s e a r c h  worke r s  in the role of ret iculo-endothelial  cells in the immunological response 
has recently increased [3]. However, a no less  important problem, namely the role of these cells in passive 
immunity, still r emains  unsolved. If foreign antigens are  injected into an animal, they may be ingested 
by phagocytes and undergo certain changes. Data in the l i tera ture  indicating the formation of Fab- f rag -  
ments in the body and the participation of cells of the reticulo-endothelial  sys tem in this p rocess  [2] never-  
theless do not answer the fundamental problems,  such as: what is the fate of the "ingested" antibodies: 
can they or the products  of their  catabolism participate in the defense of the organism:  what is the role 
of phagocytes in this p r o c e s s ?  It is evident that these problems can be solved only at the cel lular  level. 

The objective of the present  investigation was to study ingestion of antitoxin by peritoneal macrophages  
in vi t ro  and its subsequent antibody role. 

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 a 24-h culture of guinea pig peritoneal macrophages.  The mac ro -  
phages were obtained by the usual method. Medium No. 199 with the addition of 20% bovine se rum and anti- 
biotics (penicillin and streptomycin,  100 uni ts /ml  of each) was used for cultivation. 

Diphtheria antitoxic se rum of brand Diaferm-3 (DAT) and diphtheria toxin (1 MLD=0.0036 ml) were 
used in the experiments .  Both components were diluted with medium No. 199 immediately before addition 
to the cell culture in a volume of 1.5 ml. Toxin was used in the experiment  in a dose causing death of 60- 
70% of cells in 24 h. The se rum was added in a dose of 36 or 72 a.u. to the flask containing the cell culture. 

DAT was added to a 24-h culture of macrophages and the culture was then incubated at 37~ for 7 h. 
At various t imes  after  the beginning of incubation with DAT the culture was washed to remove se rum (fre- 
quently r insed with buffer solution) and the toxin was added. In some experiments  the cell culture was in 
contact with DAT for 5, 30 or  60 min, after which the se rum was washed off, f resh  medium No. 199 was 
added, and cultivation allowed to continue. At various time intervals  (from 5 min to 7 h) thereaf te r  the 
culture fluid was poured off and toxin added. The decanted culture fluid in some experiments  was t r ans -  
fe r red  to flasks with a f resh  24-h culture of macrophages ,  and this was then tes ted for its res is tance  to 
toxin. The resul t s  were a s ses sed  by counting the number of viable cells after  contact for 24 h with the 
toxin. The control  for determination of the percentage of surviving cells consis ted of intact cultures of 
macrophages.  The index of res is tance  was then determined as the rat io between the percentage of dying 
cells in the culture t rea ted  with toxin only (taken as 1) to the percentage of dying cells in the culture t rea ted  
with DAT and toxin. 
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Fig. 1. Resistance of culture of maerophages  to diphtheria toxin during 
constant contact with DAT: 1) culture of macrophages not t rea ted  with 
DAT; 2, 3, 4) cultures t rea ted  with DAT, incubated at 37~ 5) culture 
t rea ted  with DAT for 5 min at 37~ and then kept at 4~ until the end of 
the experiment.  Abscissa ,  t ime of incubation with DAT (in h); 
here and in Figs.  2 and 3, index of res is tance .  

Fig. 2. Resistance of culture of macrophages  to diphtheria toxin during 
incubation of cells with DAT for 5 (2), 30 (3) and 60 rain (4). 1) Culture 
not t rea ted  with DAT. Abscissa ,  here and in Fig. 3, duration of cult i-  
vation of macrophages  (in h). 
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Fig. 3. Dynamics of appearance of the 
"protective factor"  in culture fluid: 1) 
res is tance  of culture not t rea ted  withDAT, 
2) res is tance  of culture t rea ted  with DAT 
for 60 min (I) or  5 rain (II and III); 3) r e -  
sistance of culture of macrophages  t rea ted  
with culture fluid obtained f rom previous 
culture (curve 2). 

EXPERIMENTAL RESULTS 

Previous  investigations showed that t rea tment  of 
a transplantable culture of human amniotic ceils (line A 1) 
with diphtheria ant i serum caused a substantial increase 
in the res is tance  of the cells  to the cytotoxic action of 
diphtheria toxin. It was found that the quantity of se rum 
adsorbed by the cells bore no relationship to the res is tance  
of these cells to the toxin. It was naturally interesting 
to study these relat ionships in a culture of cells special-  
ized for phagocytosis ,  pinocytosis ,  and active intracel lular  
digestion. The experiments  showed that t rea tment  of 
macrophages  with DAT increased  the res is tance  of the 
cells to toxin (Fig. 1, 2, 3). The dynamics of the pro-  
tective effect was cyclic in charac te r ,  with alternation 
of r i ses  and falls of res is tance.  Although this cyclic ten-  
dency in the manifestation of the protective effect con- 
tinued (Fig. 1), the charac te r  of the cycles  was not the 
same in frequently repeated exper iments  (only some of 
them are illustrated). This applies both to the level of 
acquired res i s tance  and to the t ime of its appearance.  This 
fact evidently can be attributed to individual fluctuations 
in the functional activity of the macrophages  obtained f rom 
different guinea pigs. 

In the experiments  of ser ies  II the cells were in contact with DAT for only 5, 30, or 60 rain (Fig. 2). 
During the f i rs t  few hours the res is tance  of the cells fell to the level of res is tance  of the untreated culture 
(Fig. 2). However, after  incubation for 4 h the res is tance  rose  again to reach  a much higher level than 
initially. If the resu l t s  of exper iments  in which the cell culture was constantly in contact with DAT are 
summar ized  (Fig. 1), two maxima of the res is tance  of the macrophage culture can be seen. The first  max- 
imum occur red  2-3 h af ter  the beginning of incubation with the serum,  the second after  5-6 h.. In the case 
of t empora ry  contact with DAT (Fig. 2), only one maximum can be seen, namely the "second" maximum 
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of res is tance  at the same time after  the beginning of incubation (5-6 h). It can evidently be postulatedthat 
adsorption of DAT on the cells s imi lar  to that demonstrated on a transplantable culture of amniotie cells 
plays an important  role in the formation of the "f i rs t"  peak. However, this p rocess  does not take place 
passively but evidently requires  the active participation of macrophages.  The reasons  are  as follows. 1) 
During incubation of the culture in a r e f r ige ra to r  (4~ maxima of res is tance  occur red  (Fig. 1, 5). At 
reduced tempera tures  the adsorption of protein on cell membranes  is known to take place unchanged [5], 
but at the same time the intraeel lular  digestion of protein is substantially inhibited [4, 6]. 2) Immediately 
after the r ise of res is tance  there was a sharp fall, in some cases  to the level of res is tance of the cell cul-  
ture not t rea ted  with serum.  Where the index of res is tance  was 2.5 or more,  the difference f rom the con- 
t rol  was statist ically significant. This fall in res is tance  is difficult to explain, especial ly if it is r e m e m -  
bered that an excess  of DAT was constantly present  in the culture fluid. 

The "second" maximum of res is tance  is undoubtedly associated with the active functioning of the 
maerophages and is perhaps due t o  destruction of the adsorbed DAT. Evidence of the necess i ty  for active 
participation of macrophages in this p rocess  is also given by the experiment in which, af ter  contact for 
5 min with DAT at 37 ~ the culture was placed in a r e f r ige ra to r  (Fig. 1, 5). It is interest ing to note that 
the height of the maximum of res is tance  was pract ical ly the same with constant contact as with t empora ry  
contact with DAT (Figs. 1 and 2). Hence, if destruction of DAT took place, about 4 h was required  for the 
process .  It was after incubation for this period that the "second" maximum of res is tance  appeared. It 
could be suggested that some sort  of factor  (perhaps a fragment of antibody) is l iberated into the culture 
fluid, where it may neutral ize the eytopathogenic action of the diphtheria toxin. Accordingly exper iments  
were ca r r i ed  out which showed that in the period of r ecovery  of res is tance of the cell culture (previously 
t rea ted  for 5 rain with DAT), i.e., af ter  incubation for 4-5 h, a factor  appeared in the culture fluid which, 
if added to a f resh  culture, communicated a high degree of res is tance  to it (Fig. 3). Under these conditions 
the protective effect in the absolute major i ty  of cases  was higher than the level of res is tance  of the culture 
f rom which the culture fluid had been taken. However, this factor  disappeared f rom the culture fluidwithin 
1 h (Fig. 3, I and II). This factor  communicated maximal res is tance  to the cells  af ter  contact for 5 rain. 
Prolongation of this contact to 1 h or  more led to a decrease  in res is tance  down to the level of res is tance  
of the untreated culture. The reason for the rapid disappearance of the factor  has not yet been explained. 
It can only be postulated that the factor  ei ther  was very  rapidly adsorbed by the cells or  that it was inac-  
tivated. Neutralization of the toxin by the culture fluid is ruled out because in every  case the culture fluid 
was decanted before addition of the toxin. It must be emphasized that, by contras t  with DAT, this factor  
exerted its protective action very  rapidly and, probably, completely because no subsequent maxima of r e -  
sistance such as were found in the case of t rea tment  with DAT occurred .  

The resul ts  thus demonstrate  the active rote of macrophages in the mechanism of the protective ac-  
tion of DAT. It is expressed  not only as ingestion of the serum,  but also as its modification to a fragment 
capable of communicating high and specific res is tance  to untreated cells.  
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