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An important place in evaluation.6f the state of the respiratory portion of the lungs
during life is occupied by bronchoalveolar lavage followed by cytological investigation of
the bronchoalveolar washings [1-3, 8], Bronchoalveolar washings give a cytological piecture
of the population of inflammatory and immunoeffector cells that is close to the actual picture
in situ [10, 111.

Considerable changes in the endopulmonary cytogram are observed in the lungs in various
pathological condftions. [10, 13], OQuantitative and qualitative changes in composition of
the cell populations of respiratory tissue reflect the time course of physiological and
pathological processes in the lungs [4].

The aim of this investigation was to continue the quantitative analysis of endopulmonary
cytograms by making an ultrastructural and autoradiographic study of lavage cells in chronic
nonspecific inflammatory diseases of the lungs.

EXPERIMENTAL METHOD

Bronchoalveolar washings were studied from 43 subjects aged from 22 to 61 years (18 women
and 25 men). Chronic bronchitis was present in 24 patients, chronic pneumonia and lung absces-
ses in 12, acute pneumonia was the clinical diagnosis in 4 cases, and sarcoidosis in 3. The
technique of obtaining material during bronchoscopy was described by the writers previously
[5]. The total number of cells in 1 ml of washings was counted. After repeated centrifugation
films were prepared from part of the residue, stained by the PappenheimKXryukov method, and
the cell composition was counted, Part of the residue from all patients was fixed in 4%
paraformaldehyde solution, postfixed in 1% 0s0, solution, and embedded in epoxide resims. . In
5 cases unfixed samples 'wére incubated in.parallel experiments at 37°C.in medium 199 con-—
taining 100 pCi/ml of ®*H-uridine (specific activity 26.6 Ci/mmole) by the method in [6],
after which the fragments were washed with cold medium 199 and phosphate buffer (pH 7.4),
fixed in 4% paraformaldehyde solution, postfixed in 1% 0s0, solution, and embedded in epoxide
resins. Semithin sections cut from the blocks were stained with azure .II,.and ultrathin
sections were stained with uranyl acetate and lead citrate. Semithin sections of lavage cells
incubated with “H-uridine were prepared . light-microscopic autoradiography [7], then stained
with azure II, after which the density and labeling index of the lavage cells were counted.

EXPERIMENTAL RESULTS

Representatives of different cell populations were found in the lavage fluid obtained
from the patients: macrophages, neutrophils, eosinophils, lymphocytes, alveolocytes, bronchial
epithelial cells, plasma cells, and mast cells, Their relative numbers and the total number
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Tig, 1. Alveolar macrophages (All) of bronchoalveolar washings
from patients with chronic inflammation of the lungs. a) AM cof form
1 with bean-shaped nucleus and few organelles; 25,000%; b) AM of
form 2. Small and large lysosomes, phagosomes, and profiles of di~
lated tubules of rough endoplasmic reticulum visible in cytoplasm;
20,000x; ¢} AM of form 3. Cytoplasm contained many lysosomes,
phagogomes, and pinocytotic vesicles, heterogeneous in phagosomes:
10,000 x; d) AM of form 4 with lobular nucleus and many structure;
15,000 x.

of cells in 1 ml of aspirated fluid varied considerably, depending primarily on the phase of
the inflammatory process in the lungs. In acute pneumonias and exacerbations of chronic
inflammation the number of cells varied from 0.12 x 10° to 5.1 x 10°. 1In the absence of
any clinical features of exacerbation of the process, the number varied from 0.11 x 10° to
0.38 x 10°.

Outside the exacerbation phase, the endopulmonary cytogram was dominated by macrophages
(80-96%), lymphocytes accounted for 2-4%, meutrophils for 2-13%, and eosinophils for 0-57%.
Exacerbation of the inflammatory process was accompanied by a reduction in the number of
macrophages to 10-70%, an increase in the number of neutrophils to 22-88%, and a decrease in
the mumber of lymphocytes sometimes to 1%, Moderate lymphocytosis in the lavage fluid (up
to 11-137) was found in all patients with sarcoidosis.
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Fig. 2. RNA synthesis in cells of bronchoalveolar washings from patient with
chronic inflammation of the lungs; incubation of cells with *H-uridine, semithin
sections, stained with azure II, 1,000% . a) Alveolar macrophages (AM) of forms
2 and 3 (in center) with high density of label mainly above nuclei. Polymorpho-
nuclear leukocyte (above) with a few grains of silver above its nucleus; b) in-
tensive incorporation of H-uridine mainly in nuclei of AM of forms 2 and 3. A
few grains of silver above lymphocyte; c) AM of form 4 (top left) with high level
of RNA synthesis, AM of form 5 (bottom left), and polymorphonuclear leukocytes
with a few grains of silver -above their nuclei; d) AM with different levels of
RNA synthesis.

Ultrastructural analysis showed marked heterogeneity of the macrophage population in
the washings. We distinguished several basic forms of these cells. Cells with small cyto-~
plasmic processes, and with a bean-shaped nucleus with a distinct layer of heterochromatin,

a moderately developed rough endoplasmic reticulum, a small lamellar complex, mitochondria,
and single round lysosomes, were classed in form 1 (Fig. la). These lysosomes were a little
larger than the azurophilic granules of monocytes and were located near the lamellar complex.
Because of their structure, these cells can be regarded as an intermediate form between mono-
cyte and macrophage. Cells of form 2 (Fig. 1b) were distinguished by a well-developed rough
endpplasmic reticulum, many mitochondria and ribosomes, a distinct lamellar complex, and
solitary primary lysosomes and phagolysosomes. The nuclei of these macrophages were rich in
euchromatin and contained easily distinguishable nucleoli and, frequently, numerous nuclear
pores. Cells of this form thus have structural features of active protein synthesis. Macro-
phages of form 3 were characterized by numerous convoluted and round lysosomes (Fig. 1lc),
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Fig. 3. Neutrophils in bronchoalveolar washings from patient with chronic
inflammation of the lungs. a) Polymorphonuclear neutrophil with no signs of
phagocytosis and with typical granules in its cytoplasm. Fragment of cyto-
plasm of neighboring neutrophil contains phagosomes and phagolysosomes;

15,000 x; b) neutrophil with phagocytic vacuole, with lamellar structures in .
its center; 25,000 x; ¢) neutrophil with many large phagosomes and phagolyso=
somes and a few primary lysosomes; 20,000 x; d) neutrophil with many phagoly-
sosomes; 15,000 x,.

which were either uniformly distributed throughout the cytoplasm or concentrated in its
peripheral zones. Sometimes large lysosomal structures and phagolysosomes were visible. The
cytoplasm of macrophages of this form has a rough endoplasmic reticulum that was less well
developed than in the previous form. Macrophages of form 4 had features of active phagocytosis
(Fig. 1d). The cytoplasm of these cells contained lysosomes and phagolysosomes, which were
heterogeneous in structure, shape, and size. Some cells of this form contained infrequent
profiles of the rough endoplasmic reticulum and solitary lysosomes, whereas others preserved

a quite considerable number of ribosomes, tubules of the endoplasmic reticulum, and primary
lysosomes, and their lamellar complex showed hyperplasia. Macrophages of the last type (form
5) showed signs of degeneration. The cell nucleus was translucent, and the cytoplasm contained
many small and large vacuoles and concentrations of phagocytosed material, and the intracel-
lular organelles were partially destroyed.
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The autoradiographic investigationm showed differences in metabolic activity of the
different forms of macrophages described above. The highest density and labeling index with
®H-uridine were observed in young and activated (forms 1, 2, and 3) macrophages (Fig. 2a, b).
Eigh dincorporation of the isotope was found in certain cells belonging to form 4 (Fig. 2¢).
Cells with depressed phagocytic function and degenerating macrophages (forms 4 and 5) syn-
thesized RNA less actively and some of them did not incorporate *H-uridine (Fig. 24).

Ultrastructural analysis showed that many neutrophils had features of active endocytosis.
The neutrophils were polymorphonuclear, with predominance of heterochromatin, characteristic
granules (Fig. 3a), and also phagosomes and phagolysosomes, which are heterogeneous in size,
shape, and density (Fig. 3a, b). Large phagosomes were found in some neutrophils (Fig. 3c, d).
These cells changed their shape to become rounder, their primary lysosomes disappeared, and
later they underwent degeneration and destruction.

Autoradiographic analysis showed that compared with the macrophages, neutrophils incor-
porated much less *H-uridine (Fig., 2a, ¢). A few grains of silver (3 or 4) were found above
the nuclei of cells possessing phagoscmes, but there were more grains (5-7) above nuclei of
neutrophilswith no features of phagocytosis. Degenerating neutrophils did not comtain the
label.

Eosinophils of the washings. preserved the characteristic structure of cells of this type
and contained specific cytoplasmic granules. These cells were discovered more often in patients
with bronchial asthma and chronic bronchitis with an asthmatoid component, although in these
no ultrastructural differences could be observed.

The structure of the lymphocytes in the washings was heterogenous; activated and inacti-
vated forms were observed. The lymphocytes incorporated ‘H-uridine least intensively; the
number of grains of silver above each cell did not exceed 3-5. Labeled lymphocytes were more
numerous in patients with sarcoidosis. In some cases type 2 alveolcytes with features of in-
tracellular edema and destruction of organelles were found in the washings.

The alveolar macrophage is the most important and specialized cell from the point of view
of continuation of the population of cells of the monocyte-macrophage system. These cells
have many features in common with macrophages of other tissues, but they have definite dif-
ferences in their structure and metabolism. Numerous investigations have yielded evidence
on the morpholegy of macrophages obtained from animals, but only relatively little informa-—
tion is available on the human alveolar macrophage.

Analysis of the experimental data showed that, depending on the phase of the inflammatory
process in the lungs, changes took place not only in the relative numbers of the different cell
populations in the washings, but also in the qualitative composition of each population. These
qualitative changes could be seen most clearly in respect of the principal cell of the lavage
fluid, namely the macrophage.

During this ultrastructural and autoradiographic study of cells of the bronchoalveolar
washings from patients with chronic specific inflammation of the:lungs the time course of
activation of the macrophage population could be observed: the appearance of young forms
intensification of protein synthesis in them (synthesis of lysosomal enzymes, probably),
stimulation of phagocytic function, and subsequent degeneration of some cells. Consequently
the structural and metabolic heterogeneity of the macrophages can be taken to reflect the
successive stages of their development from precursor cells, through activation of protein
synthesis, to cells with a fully developed lysosomal cycle, and subsequent phagocytosis. The
process of activation of the macrophagal system, as experimental investigations have shown,
can take place quite rapidly and can be induced by several different factors [9, 12, 14-16].

LITERATURE CITED

1. P. A. Avtsyn, T. I. Lukomskii, L. K. Romanova, et al., Sov. Med., No. 7, 8 (1982).

2. A. D. Ado, 0. S. Dobkova, S. M. Egunova, et al., Klin. Med., No. 8, 30 (1982).

3. V. A. Gerasin, A. V. Zhuravlev, G. F. Palamarchuk, et al., Ter., Arkh. No. 3, 99 (1985).

4. G. I. Nepomnyashchikh, Pathological Anatomy and Ultrastructure of the Bronchi in Chronic
Inflammation of the Lungs [in Russian]}, Novosibirsk (1979).

5. G. I. Nepomnyashchikh, 0. S. Lobkova, S. M. Egunova, et al., Combined Diagnosis of Bron-
chial Asthma and Preasthmatic States (on the Basis of Bronchial, Allergologic, Cytological,
and Intravital Pathological Investigation). Technical Recommendations [in Russian], Moscow
(1983).

134



6. D. S. Sarkisova, A. A. Pal'tsyn, E. G. Kolokol'chikova, et al., Byull. ﬁksp. Biol, Med.,
No. 10, 499 (1984).

7. D. S. Sarkisov, A. A. Pal'tsyn, B. V. Vtyurin, et al., Electron-Microscopic Autoradio-
graphy of the Cell [in Russian], Moscow (1980).

. G, Khomenko, V. V. Erokhin, G. M. Nikolaeva, et al,, Probl. Tuberk., No. 1, 34 (1984).

9. R. G. Crystal, J. E. Gadek, V. J. Ferrans, et al., Am. J, Med., 70, 542 (1981).

10. M. M. Grant, S. P. Sorokin, and J. D. Brain, Am. Res. Resp. Dis., 120, 1003 (1979).

il. G. W. Hunninghake, J. E. Gadek, T. J. Lawley, et al., J. Clin. Invest., 68, 259 (1981).
R.
H.

8.

e

12. I. Kavet, J. D. Brain, and D. J. Levens, Lab. Invest., 38, 312 (1978).

13. Y. Reynilds, J. D. Fulmer, J. A. Kazmierowskii, et al., J. Clin. Tnvest., 59, 1965
(1977).

14. A. Singh, M. Spinato, J. M, McLaren, et al., J. Submicrosc. Cytol., 16 471 (1984).

15. M. Sjostrand and R. Rylander, Environ. Res., 33, 307 (1984},

16. S. P, Sorokin, Anat. Rec., 206, 117 (1983).

MORPHOLOGY OF THE ORAL MUCOSA IN RATS EXPOSED TO HIGH
CONCENTRATIONS OF PHOSPHORUS

S. R. Ruzuddinov and M. Rys-Uly UDC 616.311-018,73~091.8-02:
613.632:546.18/-092.9

KEY WORDS: phosphorus; oral mucosa

Attempts have recently been made to study the most general features of injury caused
to cells, tissues, and organs by exposure to elementary phosphorus and its inorganic com-
pounds [1, 2, 4]. The study of the morphology and function of the oral mucosa under these
conditions is particularly interesting because of the known fact that phosphorus compounds
are retained by the mouth fluids [3]. '

The aim of this investigation was to study the morphology of the oral mucosa in rats
after long-term exposure to the atmosphere of a phosphorus factory.

EXPERIMENTAL METHOD

Experiments were carried out on 120 noninbred male albino rats weighing 120-140 g. The
animals were kept in the furnace raom of a phosphorus factory. Rats in the experimental
groups were poisoned for 4 h daily, 5 days a week. Control animals were kept in an animal
house away from the factory. The animals were decapitated 1, 2, 3 and 4 months after the
experiment began. The mucous membranes of the cheek, gum, and hard palate were dissected
from underlying tissues, fixed in 10% neutral formalin solution, and embedded in paraffin
wax. The animals' tongues were washed initially in the fixing solution, then fixed and
embedded in paraffin wax. Paraffin sections were stained with hematoxylin and ecsin and
with picrofuchsin. Pieces of mucosa from the cheek, gum, and hard palate, and the tip of
the tongue were fixed in 47 paraformaldehyde solution, postfixed in 27 0s0, solution, dehy-
drated with alcohol, and embedded in z mixture of Epon and Araldite. Ultrathin sections were
cut on the LKB-1 ultrotome, stained, and examined in the GEIL 74 electron microscope.

EXPERIMENTAL RESULTS

The structural integrity of the epithelium of the oral mucosa was preserved 1 month
after the experiment began. In some cases thickening of the epithelium of the buccal mucosa
was observed along the line of contact of the teeth. A moderate degree of hyperkeratosis
was observed on the dorsum of the tongue, and in some cases the proliferating stratum corneum
sometimes reached as far as the apices of the filiform papillae. The surface of the tongue
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