
The biological activity of this fraction is 50-100 times greater than that of the original 
preparation, thymarin. This substance, in a dose of 20 ~g per mouse, stimulates the immune 
response intensively to injection of a thymus-dependent antigen, namely sheep's erythrocytes, 
and in a dose of 1 ~g stimulates the responses of the host connected with IgM and IgG forma- 
tion, but does not increase the circulating antibody level. 

It will be noted that these experiments were performed on immunologically normal animals; 
possibly under conditions of immunological deficiency, due in particular to thymus insuffi- 
ciency, this substance would have a stronger action. 
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LIMITS OF PHAGOCYTIC POWER OF MACROPHAGES 

Yu. N. Favorskaya, L. G. Zaitseva, 
and I. Ya. Uchitel' 

UDC 612.112.3+616.155.3-008.13 

The ability of peritoneal macrophages to take up different doses of antigen 
(sheep's erythrocytes) and of antigens differing in physicochemical properties 
(sheep's erythrocytes, rat erythrocytes, and typhoid vaccine) was studied. An 
increase in the dose of sheep's erythrocytes injected many times over had no 
effect on the quantity of antigen ingested by the macrophages within a definite 
time interval. In macrophages taken at short periods after injection of erythro- 
cytes of the different species of animals into the mice, ability to take up 
these erythrocytes in vitro was sharply inhibited. Preincubation of macrophages 
(in vivo or in vitro) with all the antigens tested sharply increased their abil- 
ity to phagocytose typhoid vaccine. 

KEY WORDS: macrophages; phagocytosis; antigen, 

It has long been established that blockade of cells nf the monocyte phagocytic systems 
(MPS) by inorganic particles or by injection of certain agents causes depression of antibody 
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Fig. i. Uptake of erythrocytes by in- 
tact macrophages and by macrophages 
previously treated with antigen. A) 
Uptake of different doses of 5*Cr- 
labeled SE in vivo: i) 10 l~ 5*Cr- 
labeled SE; 2) 3.5.10 e 5ZCr-labeled 
SE. B) Uptake in vitro of SICr-label- 
ed SE by macrophages treated with SE 
in vivo: 3) intact macrophages + 3,5- 
i0 e SICr-labeled SE in vitro; 4) 3.5. 
108 SE in vivo + 3.5-108 SICr-labeled 
SE in vitro; 5) 10 I~ SE in vlvo + 
3.5.108 51Cr-labeled SE in vitro. 

Fig. 2. Uptake in vitro of erythro- 
cytes by macrophages of mice previous- 
ly treated with various antigens in 
vlvo. A) Uptake in vitro of SICr- 
labeled SE by macrophages prepared in 
vivo: i) control -- intact macrophages 
(taken as 100%); 2) SE; 3) RE; 4) TV. 
B) Uptake in vitro of SZCr-labeled RE 
macrophages prepared in vivo: 5) con- 
trol (intact macrophages); 6) RE; 7) 
SE; 8) TV. 

formation in response to subsequent injection of antigensat both the cellular and the humor- 
al level [9, 12]. 

It has been suggested that high tolerance of certain antigens or synthetic polypeptides 
can be explained by their weak degradation by macrophages induced by natural or artificial 
methods [7]. 

The object of this investigation was to study whether tolerance to large doses of 
sheep's erythrocytes is connected with blockade of cells of the MPS by them. 

EXPERIMENTAL METHOD 

Experiments were carried out on CBA mice. Sheep's (SE) and rats' (RE) erythrocytes, 
either labeled with 5*Cr [6] or unlabeled, in doses of 3.5-108 cells and i0 *~ cells, and also 
heated typhoid vaccine (TV), labeled with sodium [l-*4C]acetate or unlabeled, in a dose of 
250 million bacterial cells, were used as the antigens. Peritoneal extract cells (PEC) were 
obtained on the fourth day after intraperitoneal injection of meat-peptone broth 
(MPB) into the mice. A monolayer of macrophages was obtained by culture of the PEC (1-107 
cells to 5 ml medium No. 199o at 37~ for i h, followed by thorough washing to remove non- 
adherent cells and free antigen. 

Depending on the conditions of the experiments the antigens were injected in vivo or 
added to the culture of macrophages in the doses mentioned above. Uptake of 5*Cr-labeled SE 
was determined by a Nuclear Chicago gamma spectrometer, and uptake of *4C-labeled TV by the 
Mark-2 instrument. 

EXPERIMENTAL RESULTS 

In the experiments of series I the uptake of immunogenlc (3.5.108) and tolerogenic (i0 *~ 
doses of SE by macrophages in vivo was determined, and for that purpose the cells were in, 
jected intraperitoneally into mice. PEC were obtained 30 min later, and after incuhatlon for 
1 h at 37~ in Hanks's solution and thorough washing, the quantity of radioactive material 
taken up by the macrophages was determined. The result was expressed per number of cells and 
also per milligram protein. As Fig. IA shows, despite the enormous difference between the 
numbers of SE injected, in the course of the first 30 mln the macrop~ages ingested practically 
equal numbers. 

988 



800 
700 
600 
500 
~00 
300 
200 

0 

~.. 1o0 
80 
Bo 
~o 
20 
o 

_A 

H 
1 2 3 4  

% 

~0o 

300 t 
200 H 

i011 H 
I F 

Fig. 3. Uptake in vitro of ~C-labeled TV 
by macrophages of mice treated with differ- 
ent antigens: A) uptake of Z~C-labeled TV 
by macrophages prepared in vivo: i) con- 
trol (intact macrophages); 2) TV; 3) SE; 
4) RE. B) Uptake of *4C-labeled TV by 
macrophages prepared in vitro: i) control 
(intact macrophages); 5) SE + Z~C-labeled 
TV. 

The results of the experiments of series II, in which the animals were given intraperi- 
toneal injections of the same doses (3.5-108 or i0 ~~ of unlabeled SE, are given in Fig. lB. 
The PEC obtained 30 min later were transferred to tubes and the monolayer of macrophages, 
after removal of nonadherent cells, was incubated with labeled SE in a dose of 3.5-i0" per 
tube (about 35 erythrocytes per macrophage). After incubation for 30 min the macrophages 
were washed to remove uningested radioactive antigen and the level of uptake of 5*Cr-labeled 
SE was determined. The results were expressed as percentages of the uptake of the same dose 
of antigen by a culture of macrophages obtained from intact animals. The results show that 
macrophages taken from animals 30 min after injection of different doses of SE ingested only 
one-quarter as much antigen as intact macrophages, regardless of the dose of SE (immunogenic 
or tolerogenic) with which the donors of the macrophages were treated. The impression was 
obtained that in a certain period of time (in these experiments 30 min) the macrophage popu- 
lation was able to take up a limited number of SE. 

The next two series of experiments were devoted to the study of the phagocytic power of 
macrophages against one antigen after preliminary treatment with other antigens, differing 
from them both in size and in physicochemical nature. Different groups of mice which acted 
as donors of macrophages were given intraperitoneal injections of SE or RE in a dose of 3.5- 
l0 B or TV in a dose of 250 million bacterial cells. To a monolayer of macrophages obtained 
from these mice 3.5-108 5~Cr-labeled SE were added in vitro and the level of their uptake was 
determined 30 min later. The results are given in Fig. 2A. The phagocytic power of the 
macrophages was found to be reduced most sharply after preliminary treatment of the animals 
with SE (42% of the level of uptake by intact macrophages). Uptake also was sharply reduced 
(by 40%) by macrophages taken from donors receiving RE. Only macrophages from donors receiv- 
ing TV took up the same amount of 5ZCr-labeled SE in vitro as intact macrophages. 

Testing the ability of macrophages to take up RE in vitro revealed virtually the same 
pattern (Fib. 2B): The ability of macrophages taken from animals treated with TV to take up 
RE was not reduced, whereas injection of SE into the donors sharply inhibited their ability 
to phagocytose RE. 

Since injection of TV into the animals did not affect the ability of their macrophages 
to take up other antigens in vitro, an attempt was made to discover whether the ability of 
macrophages to take up microorganisms in vitro was modified by previous ingestion of erythro- 
cytes or TV in vivo. For this purpose, Z4C-labeled TV were added in vitro to a monolayer of 
macrophages (intact and taken from donors after injection of SE, RE, and TV). As the results 
given in Fig. 3A show, preliminary injection of any of the test antigens in vivo sharply (by 
4 to 8 times) increased the ability of the macrophages to take up *~C-labeled TV in vitro. 

After preliminary incubation of macrophages from intact animals with SE in vitro sharp 
stimulation of the phagocytic power of the macrophages relative to Z4C-labeled TV also was ob- 
served (Fig. 3B). 
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The results of these experiments show definite differences in the ingestive function of 
the macrophages depending on the type of antigen. Despite the large macrophagal population 
in the peritoneal cavity of the mice stimulated beforehand by injection of MPB, after intra- 
peritoneal injection of different doses of erythrocytes the number phagocytosed within a def- 
inite time interval was limited. The existence of mechanisms limiting phagocytosis of erythro- 
cytes can perhaps be justified physiologically, for destruction of erythrocytes is a function 
of phagocytes which they are constantly performing. This is confirmed also by the fact that 
ability to take up these erythrocytes in vitro is sharply depressed in the case of macro- 
phages taken at short times after injection of erythrocytes from different species of animals 
into the mice, whereas ability to take up bacterial cells is not affected by such preliminary 
treatment. Conversely, any antigen preincubated with macrophages in vivo or in vitro stim- 
ulates the ability of the macrophages to take up bacterial antigen in vitro. 

It is stated in the literature that macrophages secrete factors stimulating the immune 
response, which depend on the type of antigen previously in contact with them [5]; two differ- 
ent antigens can be found under these circumstances in the same phagolysosomes [i0]. 

The results showing an increase in uptake of TV by macrophages after antigenic prelimi- 
nary treatment of the animals in vivo suggest that these phenomena may be related to the mech- 
anism lying at the basis of the phenomenon of rapidly developing resistance. The rapid in- 
crease of resistance is manifested usually by a similar type of response: an extremely rapid 
readjustment of the protective mechanisms of the body under the influence of the agent in- 
jected previously. Such agents may be bacteria [i, 8], vaccines [4], and viruses [3]. The 
nonspecific character of this phenomenon indicates that it is based on the mobilization of the 
physiological factors of natural immunity [2, 3, !i]. One such factor may be stimulation of 
the phagocytic function of the MPS. The data now obtained showing an increase in TV uptake 
after preliminary preparation of the animals with antigens may perhaps explain the mechanism 
of the phenomenon of the rapid increase inresistance, namely by stimulation of the phago- 
cytic function of the macrophages 
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