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ELECTRON-MICROSCOPIC STUDY OF LYSOSOMES OF MACROPHAGES
WITH DIFFERENT PHAGOCYTIC ACTIVITY

V. V. Rogovin UDC 612,112.9-086 :537.533.35

In the analysis of the digestive power of the phagocytes attention has been concentrated on the lyso-
somes because they contain enzymes which may carry out the final stage of phagocytosis [6]. However,
our views on the lysosomes are still largely hypothetical, and further experimental study is needed.
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Cytochemical investigations have shown that after vaccination, stimulation of the digestive activity
of the macrophages is combined with an increase in the acid phosphatase activity in these cells {1]. An
increase in the acid phosphatase and acid desoxyribonuclease activity in the macrophages has been demon-
strated in association with a nonspecific increase in their digestive power under the influence of the bac-
terial polysaccharide prodigiosan, Cortisone in large doses produced the opposite changes [2].

This paper describes the results of an electron-microscopic study of the lysosomes of macrophages
with different levels of digestive power. To increase the latter, the bacterial polysaccharide prodigiosan
was used, and to depress it — large doses of cortisone., The lysosomes of the macrophages were also
studied electron~cytochemically using a reaction for acid phosphatase.

EXPERIMENTAL METHOD

The macrophages used were taken from the peritoneal cavity of 200 albino mice weighing 16-20 g.
The animals were divided into three groups. Group 1 consisted of mice receiving prodigiosan in a dose
of 25 pg subcutaneously 24 h before extraction of the macrophages, group 2 contained mice each receiv-
ing cortisone in a dose of 5 mg, 3 times at intervals of 48 hbetweeninjections (the macrophages were ex-
tracted from the peritoneal cavity 24 h after the 3rd injection), and group 3 were the control mice.

Fig. 1. Area of the young macrophage from a mouse of
the control group. Mitochondria (m) and a lysosome (1)
can be seen, Fixation with a buffered 1% 0sO, solution
for 30 min, pH 7.4, 16,000%,
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The macrophages were fixed with a 1%
Os0, solution by Palade's method, dehydrated
in alcohols of increasing concentration, and
embedded in a mixture of methacrylates.
Thermal polymerization continued for 12 h,
To detect acid phosphatase activity the macro-
phages were first fixed for 5 min in 1% 08Oy
solution with the addition of 7% sucrose by
weight {5], and then incubated for 1 h at room
temperature in Gomori's medium with the
same addition of sucrose. The subsequent
treatment of the macrophages was as de-
scribed above. Ultrathin sections were cut
on the LKB microtome, The sections were
examined with the JEM-5Y electron micro-
scope,

Fig. 2. Adult macrophage of a mouse receiving pro-
digiosan. Mitochondria and a lysosome showing acid
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buffered 1% 0s0, solution with the addition of 7% Because of the well known polymorph-
sucrose by weight. Incubation for 1 h at room tem- ism of the macrophages, for convenience of
perature in Gomori's medium with addition of 7% description they were subdivided into two
sucrose by weight, Subsequent fixation by buffered main types, linked by intermediate forms.
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1% 080, solution for 1 h, pH 7.4, 13,000, The cells of type 1 were small in size,

with regular oval outlines of their cell body,
and with weak development of the rough endo-
plasmie reticulum. Many ribosomes were
present, lying freely in the cytoplasm. Mito-
chondria with the typical structure were rela-
tively few. The nucleus was not segmented
and occupied a considerable area of the cell
section, Isolated, oval, electron-dense struc-
tures were found inconstantly in the cyto-
plasm, surrounded by a single membrane,

and corresponding in their morphology to
lysosomes (Fig. 1), Cavities were seen only
occasionally in the lysosomes.

The cells of type II were large. The
cytoplasmic membrane formed processes of
different shape, sometimes branching. The
lysosome in these cells was much larger
than in the macrophage of type I. In their
size and shape the lysosomes were similar
to those in the cells of the previous type, but
several larger examples were found. In the
same cell, lysosomes of different electron
density could occur., Electron-cytochemically, acid phosphatase activity was demonstrated in the lyso-
somes, but the intensity of the reaction varied from one macrophage to another.

Fig. 3. Area of an adult macrophage of a mouse re-
ceiving cortisone. Small lysosomes and mitochondria
can be seen. Fixation with buffered 1% 0sO, solu-
tion for 30 min, pH 7.4, 14,000X%X,

In the type II macrophages the mitochondria were typical in structure, the endoplasmic reticulum
was of the rough type, and the Golgi complex was moderately developed. The cytoplasm occupied a large
proportion of the section of the cell. The nucleus was irregular in shape. Besides these structures, nu-
merous tiny more or less oval structures could be seen in the cytoplasm, surrounded by a single mem-
brane without ribosomes on the surface. An osmiophilic area could be seen inside many of these forma-
tions. A translucent space was always left between this area and the outer membrane.

160



The macrophages of the mice receiving prodigiosan could also be divided into two types. However,
relatively few type I cells were present. The type II cells were larger than the corresponding macro-
phages of the control animals. The cells were enlarged mainly because of the abundant cytoplasm, char-
acterized by considerable development of the endoplasmic reticulum, by the numerous free-lying ribo-
somes, mitochondria, and small structures with osmiophilic contents already described in the cells of
the control animals. The Golgi complex was highly developed. The number of lysosomes in the cell was
increased, and they were larger than in the controls. The shape of the lysosomes was also modified:
many of them were hollow (the electron-dense substance was situated entirely at the periphery by the
membrane), the rest, although enlarged, remained entirely filled with electron-dense contents. On elec-
tron-cytochemical investigation, acid phosphatase activity was found at the periphery of the hollow lyso-
somes, where the electron-dense material was situated; the other lysosomes were completely filled with
lead phosphate (Fig. 2). Even in the same macrophage, there was considerable variation in the acid phos-
phatase activity of the different lysosomes.

In experiments in which cortisone was given, as in the previous experiments, two main types of
macrophages were observed. In the type I cells the lysosomes were smaller in size fcllowing the action
of cortisone. The lysosomes were tightly packed with electron-dense contents, and hardly any hollow
lysosomes were seen. The structure of the membrane of the lysosomes was unchanged. The nuclei were
irregular in shape, and sometimes appeared segmented. The type II cells in the experiments with corti-
sone were similar to the analogous cells in the control series, but slightly smaller and they contained
lysosomes which, as inthetypel cells, were small and completely filled with electron-dense material (Fig. 3).

Hence in both the control and the experimental mice, some degree of polymorphism of the macro-
phages was observed. The type I macrophages, judging by their small content of cytoplasm with a feebly
developed endoplasmic reticulum, were young and comparatively undifferentiated cells. The type II macro-
phages, on the other hand, showed a higher level of differentiation. In the cells of both types examined,
as in the intermediate forms, a parallel trend was observed between the development of the endoplasmic
reticulum, the Golgi complex, and the number of lysosomes: inthe type I macrophages with a feebly de-
veloped endoplasmic reticulum there were few lysosomes; significantly more were seen in the type II
macrophages with a well developed endoplasmic reticulum and Golgi complex. Under the influence of pro-
digiosan the number and size of the lysosomes increased, and this was observed during the first 24 h of
the experiment. Similar results have been obtained previously in experiments in which mice were given
brucellosis vaccine [3]. In the control mice, and especially in the experiments with prodigiosan, variabil-
ity of the structure of the lysosomes was observed: side by side with typical forms, hollow lysosomes
were seen in which the electron-dense material was situated at the periphery, immediately next to the
membrane. Finally, attention is directed to the structures present in the type II macrophages resembling
the cross-sections of the tubules of the endoplasmic reticulum without ribosomes on the surface, but con-
taining osmiophilic material in the center or eccentrically.

As a whole the observations described above agree well with the view that the -lysosomes originate
as a distinctive secretion., According to this view the formation of the protein of the lysosomes starts in
the cavities of the endoplasmic reticulum of rough type and ends in the Golgi complex [7]. From this
point of view the parallel noted above between the degree of development of the endoplasmic reticulum,
the Golgi complex, and the lysosomes, and also the presence of intermediate forms between the typical
tubules of the endoplasmic reticulum and formation resembling lysosomes can readily be understocd. On
this basis it must be assumed that the increase in the number and size of the lysosomes in response to
administration of prodigiosan or vaccine is connected with the intensified synthesis of the specific lyso-
some proteins — the hydrolases. This increase in protein synthesis results in increased formation of
the lysosomes of the macrophages, and thereby in the principal specific function of these cells — the di-
gestion of phagocytosed objects.

Meanwhile, in the experiments described above cortisone led to a decrease in the size of the lyso-
somes. Remembering the depressant action of cortisone on protein synthesis it may be postulated that
the decrease in the size of the lysosomes is associated with inhibition of the synthesis of their specific
proteins under the influence of large doses of cortisone. If this hypothesis is correct, it must be ac-
cepted that the action of cortisone on the lysosomes is not limited to its effect on their membrane, but is
more widespread [8, 9]. This hypothesis is also in agreement with the results of previous cytochemical
investigations showing a reduction in the acid phosphatase activity in the macrophages under the influence
of large doses of cortisone.
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It was shown above that the changes in the lysosomes reflect changes in certain functional states

of the cell, and observations showing the morphological heterogeneity of the lysosomes even in the same
macrophage were described. The polymorphism of the lysosomes is a fact which has been known for a
long time [4, 6]. The results of the electron-cytochemical investigation of the macrophages also showed
that not all structures which from their morphology may be regarded as lysosomes are identical. In some
lysosomes the acid phosphatase activity is much higher than in others. Further investigations are needed
to reveal the causes of this heterogeneity of the lysosomes.
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera-
tions of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of the first issue of this year.



