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Experiments on rabbits showed that phagocytosis of bacteria leads to a decrease in the con-
tent of cationic protein and in the myeloperoxidase activity in the microphages (pseudosino-
philic leukocytes) of rabbits' blood. In the final stage an increase in acid phosphatase ac-
tivity, explained by increased permeability of the lysosomal membranes, and a decrease in
alkaline phosphatase activity, localized in granules of a different type, in connection with its
utilization during incorporation into phagosomes, are observed. Correlation analysis
showed that the digestive power of the microphages correlates with their phosphatase ac-
tivity (correlation is direct for acid phosphatase and inverse for alkaline). Control inves-
tigations showed no change in the concentration of cationic protein or enzyme activity.

Investigations have demonstrated the important role of lysosomes and other granules of microphages
in the phagoceytic response [10, 11].

The purpose of this experimental investigation was to study changes in the activity of some cyto-
chemical parameters of rabbit peripheral blood microphages (pseudoeosinophilic leukocytes) during
phagocytosis.

EXPERIMENTAL METHOD

Ten rabbits were used. Blood for the cytochemical study of the concentration of cationic protein
(CP) and enzyme activity of the microphages and for determination of their phagocytic activity against
Escherichia coli (strain K 12 S) was taken from the marginal viein of the ear. The degree of completeness
of phagocytosis was studied by the methods of Berman and Slavskaya (2] and Ivanov and Chukhlovin [5]. To
determine the phagocytic power of the microphages the index of Hamburger and Wright was calculated, and
to estimate their digestive power the index of digestion [1] and the percentage of leukocytes engaged in
phagocytosis were calculated. Alkaline phosphatase (ALP) and acid phosphatase (ACP) activity was deter-
mined by the azo-coupling reaction [4, 7] and myeloperoxidase (MP) activity of Sato's method [16]. CP
were estimated after fixation by Sannomiya's method [6] and staining as described by Ringhertz and Zet-
terberg [15]. The levels of the cytochemical parameters were estimated visually in accordance with
Kaplow's principle [13].

In the control investigations the activity of the enzymes and the CB concentration were determined

under corresponding conditions but without the addition of bacteria. The experiments to study the phago-
cytic activity of the microphages were earried out with observance of all the fundamental requirements [8].

EXPERIMENTAL RESULTS

The results of determination of the phagoeytic activity and the study of the cytochemical parameters
_are summarized in Tables 1 and 2. Table 2 shows that cultivation of the microphages for 1 h in agar in
the control test had no effect on the activity of the enzymes studied or on the CP concentration.
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TABLE 1. Phagocytic Activity of Rabbit Blood Microphages

(M + m)
- ko=~
i iti II;Iarf:al."s Wright's Index of 'Zotoefs 1:; aged
Experimental conditions burg index digestion ¥ gaged
index n phagocytosis
Before exposire on agar 72,023 | 12%0,2 | 0,420,04 | 31,0%28
After " o 70,0=2,4 2,6%0,3 1,4%0,1 58,0-=3,9
=0,05 <0,0 <0,05 <0,05

Note: Significance of differences between values before and
after exposure on agar are given.

TABLE 2, Enzymic Activity and Cationic Protein of Rabbit
Blood Microphages (M + m)

. Index of activity in control Index of activity in experiments
Cytochemical beforeex~ |after exposure before exposure | after exposure
parameters posure ol on agar on agar on agar

agar

cp 300=1 208=+2 238+=9 21710
P,>0,05 Py<0,05 P3>0,05

MP 208=212 200=10 156==10 1914
P, >0,05 P,<0,05 P4<0,05

Acp 178=10 174=6 1848 207=6
P >0,05 Py>0,05 Py<0,05

AlP 2167 2105 222+9 14613
£,>>0,05 P,>0,05 P3<0,05

Legend: Py) significance of differences between values before
and after exposure on agar in control; P,) significance of dif-
ferences between values in control and experiment; Pg) sig-
nificance of difference between values before and after exposure
on agar in experiments.

A study of the control films showed that CP and MP activity were found in all microphages. CP
granules were oval in shape and were distributed uniformly in the cytoplasm; the intensity of staining and
distribution of the granules were identical in the various microphages (Fig. 1).

In the initial phase of phagocytosis the CP concentration and MP activity decreased. After ingestion
of the bacteria, the granules of CP became indistinct and the intensity of staining and distribution of the
granules were identical in the various microphages (Fig. 1).

In the initial phase of phagocytosis the CP concentration and MP activity decreased. After ingestion
of the bacteria, the granules of CP became indistinct and the intensity of their staining was reduced. Some-
times (empty) granules appeared in the microphages engaged on phagocytosis. Often nonviable bacteria
lying inside the digestive vacuoles were blue in color probably through adsorption of CP from the micro-
phages. Viable bacteria did not stain in the tests for CP. Microphages which have lost their CP appeared
in the films. Nonviable bacteria were found more often in such microphages (Fig. 2). In the course of di-
gestion of the bacteria no further change in the CP content was observed (Table 2),

After ingestion of the bacteria the MP activity in the microphages decreased (Table 2) and this was
accompanied by a decrease in the number of granules and in the intensity of their staining. Degranulation
was observed in some microphages. With an increase in the degree of fragmentation of the bacteria the
MP activity was restored, the number of granules increased, and their staining was intensified.

In the final stage of phagocytosis the ACP activity increased, and many darkly stained oval granules
appeared in the microphages, Attraction of bacteria was observed,to microphages with moderate enzyme
activity, while nonviable bacteria were found more often in microphages with high ACP activity. Some
bacteria located in the digestive granules became reddish-brown in color, indicating ACP activity. The
reason for this was evidently deposition of enzyme protein on their surface.
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Fig. 1 Fig. 2

Fig. 1. CP granules in cytoplasm of microphages (control tests before exposure
on agar). CP stained by the method of Ringhertz and Zetterberg, 2500% .,

Fig. 2. Sharp decrease in CP content in cytoplasm of microphages in initial
stage of phagocytosis (ingested bacteria indicated by arrow). Nuclei stained with
basic fuchsin, 2500%, ‘

In the course of digestion of the bacteria the ALP activity decreased (Table 2), This matter is de-
scribed in more detail elsewhere [3].

Correlation analysis showed that the digestive power of the microphages correlates with their phos-
phatase activity. Correlation for ACP was direct (r = +0.56) and for ALP it was inverse (r = —0.67).

TIn view of evidence [18, 19] of interaction of CP extracted from leukocytes with bacteria, the de-
crease in the CP content in the early stages of the phagocytic response can bepresumed to have taken place
as a result of interaction with the anionic component of the bacterial surface, leading to a bactericidal
effect.

The decrease in MP activity in the macrophages during phagocytosis is evidently linked with its bac-
tericidal action [14, 17].

The writers have shown previously [3] that microphages with high ALP activity which, like the other
microphages, are also characterized by moderate ACP activity, ingest bacteria most actively. The ob-
served increase in ACP activity during phagocytosis is probably attributable to increased permeability of
the lysosomal membranes and is independent of any increase in the content of the enzyme. The increase in
ALP activity located in granules of another type [9] is possibly explained by its partial utilization of in-
corporation into phagosomes [12].

The initial and final stages of the phagocytic response are thus characterized by regular changes in
the CP content and in the enzyme activity of the lysosomes and other granules of the microphages.
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