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Electron microscopy and cytochemical study of alveolar tissue of rat lungs were performed
at the early stage after intratracheal treatment with fine silicon dioxide powder. The prepara-
tion was administered to animals receiving or not receiving intravenous injection of uridine.
Dust particles permeated the cytoplasm, mitochondria, and nuclei of cells in the air-blood
barrier of the alveoli. Uridine decreased the severity of dust-induced damage to cells and
increased intracellular glycogen content.
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Fine powder of silicon dioxide (particle size 10-100 Å,
specific surface 100 m2/g) is extensively used in vari-
ous industrial processes. The effect of this powder on
the lung tissue is poorly understood. Coarse-grained
dust is less toxic than fine dust and can be removed
from the respiratory tract with villi. A decrease in the
size of dust particles is accompanied by an increase in
the degree of their accumulation in the terminal com-
partment of the lungs. Small particles produce a strong
toxic effect on the organism. Silicon dust is most toxic
compared to other dusts [1].

The development of new effective approaches to
the prevention and therapy of lung damage produced
by ultradisperse dust inclusions requires a detailed
study of intracellular structural and functional changes
in pulmonary alveoli responsible for gas exchange
between inspired and expired air.

Here we performed an electron microscopic and
cytochemical study of uridine-produced changes in the
submicroscopic structure and energy homeostasis in

alveolar tissue of the lungs in rats at early stage after
treatment with fine powder of silicon dioxide (SD).

Uridine serves as a stimulator of plastic and ener-
gy processes in cells. This substance is involved in the
synthesis of RNA and glycogen (major intracellular
carbohydrate substrate of energy) and increases the re-
sistance of cells to hypoxia accompanying lung dis-
eases [1,3]. Uridine and its phosphoric compounds have
a positive effect during ischemic injury, myocardial in-
farction [3], atherosclerosis [5], and starvation [6].

MATERIALS AND METHODS

Experiments were performed on 15 outbred rats. The
animals were randomly divided into 3 groups. Group
1 rats served as the control (n=4). Group 2 animals
intratracheally received 0.5 ml physiological saline
containing fine SD powder in a single dose of 5 mg
(n=6). Group 3 animals (n=5) received intramuscular
injections of uridine (water solution) in a daily dose
of 50 mg/kg for 10 days; SD was administered on day
3 of treatment. Control and treated rats were kept in a
vivarium under similar conditions.
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The animals were anesthetized and killed after 10-
day treatment with uridine (day 8 after SD admini-
stration). Small samples of alveolar tissue were taken
from the upper region of the lungs, fixed in parafor-
maldehyde, postfixed in a buffered solution of OsO4,
dehydrated with alcohols in increasing concentrations
and absolute acetone, and embedded into Epon-aral-
dite mixture. Semithin sections for electron micro-
scopy were stained with methylene blue (estimation of
common characteristics and detection of lipids) and
Schiff reagent (method of McManus for glycogen de-
tection). For electron microscopy, ultrathin sections
were contrasted with uranyl acetate and lead citrate
and examined under a JEM-7A electron microscope.

RESULTS

No pathological changes were found in the lungs of
control rats. We revealed no signs of atelectasis or
emphysematous changes in lung tissue. Similar results
were obtained during examination of semithin sec-
tions. Single lung macrophages with normal charac-
teristics (coniophages) were present in the alveolar
cavity. Many alveoli included aggregations of sur-
factant.

Electron microscopy of semithin sections revealed
well-defined intercellular boundaries in the epithelial
alveolar layer and endothelium of capillaries. Single
erythrocytes and leukocytes were present in the capil-
lary lumen. Dust particles were absent. Abnormal mito-
chondria were rarely found in type 2 large alveolar
cells and other cells of the alveolar epithelium. Sur-
factant-producing osmiophilic lamellar bodies (OLB)
contained a moderate amount of lamellar structures.

Aggregations of glycogen granules were revealed in
some cells around resorbed OLB.

Profound changes in the air-blood barrier of group
2 rats developed on day 8 after single intratracheal
administration of SD. Macroscopic signs of emphy-
sema and atelectasis of the lungs included swelling
and formation of dense cyanotic focuses. Light micro-
scopy revealed alveolar collapse. Dilation of alveoli
was accompanied by an increase in the lumen volume
and thinning of the wall. The alveoli contained a con-
siderable number of coniophages and erythrocytes.
Leukocytes and plasma cells were often seen. Ultra-
structural changes included massive destruction of
coniophages. It was accompanied by destruction of the
cell membrane, mitochondria, and lysosomes and re-
lease of the intracellular detritus and absorbed quartz
dust into the alveolar cavity. Considerable amounts of
lipid inclusions, dust conglomerates, and diffuse poly-
morphous dust particles were present in macrophages
and alveolar lumen. Most dust particles had small size.
Sometimes we revealed large crystalline and bundle-like
structures. Small dust particles permeated alveolar and
endothelial cells and capillary lumen through the dam-
aged plasmalemma. A considerable number of ery-
throcytes, lymphocytes, plasma cells, and neutrophils
were present in capillaries. We revealed diapedesis of
erythrocytes through the air-blood barrier.

Fragments of OLB were accumulated on the sur-
face and in the lumen of alveoli, which reflects pro-
found changes in the synthesis of surfactant [4].

Some alveolar cells were characterized by hypo-
plasia of OLB. Hyperplasia of OLB and accumulation
of lipid drops were characteristic of other cells. Most
OLB were completely exhausted. It was probably re-
lated to the inhibition of surfactant synthesis. Conti-
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Fig. 1. Infiltration of alveolar tissue in the lungs with silicon dioxide. a) conglomerates of silicon particles (arrow) in the air-blood barrier
(×31,200); b) permeation of silicon dioxide (arrow) into the alveolar cell (×32,500). MT: mitochondrion; N: nucleus.
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nuous surfactant layer was absent on the alveolar epi-
thelium. Components of surfactant in the alveoli were
found more rarely than in control rats. Many mito-
chondria in alveolar cells and coniocytes had destruc-
ted membranes and cristae, were swollen, and inclu-
ded microgranular dust particles. Dust particles were
also seen in the nuclei of alveolar cells (Figs. 1-3).

Under normal conditions, dust is eliminated from
the alveoli with macrophages and surfactant produced
by large alveolar cells [1.8]. Destructive changes in
these cells reflect abnormal synthesis of surfactant and
disturbances in evacuation of absorbed silicon par-
ticles from pulmonary alveoli. Silicon dust produces
a strong damaging effect on coniophages. This is asso-
ciated with the ability of dust particles to adsorb lipids
and stimulate lipid peroxidation (LPO), since silicoses
are accompanied by accumulation of lipids in the lungs
[1,2]. Accumulation of lipid inclusions in coniophages
of group 2 rats reflects activation of LPO.

Structural changes develop in the early period
after accumulation of ultradisperse dust in pulmonary
alveoli (day 8). These changes impair gas exchange in
the air-blood barrier and promote the development of
immune disorders. The number of bacteria in the al-
veoli and capillaries increased after inhalation of dust.

Light microscopy showed that in group 3 rats re-
ceiving uridine as a preventive and therapeutic drug
(before and after administration of SD, respectively)
atelectasis and emphysema of the lungs were less pro-
nounced than in group 2 animals. Most alveoli were
enlarged and did not contain erythrocytes and other
formed elements of the blood. The count of destructed
coniophages was low in alveoli. The amount of lipid
inclusions in the cytoplasm of cells from these rats
was lower than in animals not receiving uridine. We
found glycogen inclusions that were absent in conio-
phages from group 2 rats. It was related to transforma-

Fig. 2. Particles of silicon dioxide (arrow) in destructed nucleus of
a large alveolar cell (×45,000).

Fig. 3. Particles of silicon dioxide
(arrow) in swollen mitochondrion with
destructed cristae and exhausted
osmiophilic lamellar bodies (OLB) in
large alveolar cell (×87,000).
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tion of intracellular lipids into glycogen. These chan-
ges were previously observed in cells of various tis-
sues under extreme and pathological conditions. They
serve as an adaptive reaction, which maintains intra-
cellular energy homeostasis by activation of anaero-
bic glycolysis [6].

Similar changes in the amount of lipids and glyco-
gen energy substrates (increase in glycogen content)
were observed in type 2 large alveolar cells. They
resulted not only from stimulation of glyco- and glu-
coneogenesis with the involvement of lipids for energy-
related glycolysis, but also from high-intensity syn-
thesis of the carbohydrate component in surfactant.
The amount of this component in alveoli increased in
uridine-receiving animals. In group 3 rats the number
of OLB in type 2 large alveolar cells was higher than
in group 2 animals. They underwent transition into
lamellar concentric structures typical of surfactant and
were accumulated in the hypophase and inner surface
of the alveolar layer. Uridine considerably increased
the amount of surfactant structures in the alveolar
lumen. The structural relationship exists between in-
tracellular lipids, glycogen, and surfactant [9,10].
However, the functional role of this relationship re-
mains unclear.

Uridine is the major component of the key en-
zyme for carbohydrate synthesis. This compound sti-
mulates the synthesis of glucose, glycogen, and other
polysaccharides from fatty acids from in alveolar tis-
sue during fat catabolism. Small amounts of carbohyd-
rates can be formed from glycerol entering the com-
position of neutral lipids [6].

The mechanism of OLB formation in alveolar
cells is poorly studied. It was hypothesized that vari-
ous intracellular structures, including mitochondria,
Golgi complex membranes, and pinocytotic vesicles,
serve as a source of OLB. In our experiments uridine
increased the number of microbodies (peroxisomes) in
macrophages and type 2 large alveolar cells. Micro-
bodies are the evolutionary precursor of mitochondria.
Enzymes involved in the glyoxylate pathway and loca-
lized in these organelles convert fatty acids into carbo-
hydrates [6,7].

Some authors believe that peroxisomes play a role
in the synthesis of surfactant [7].

Peroxisomes transform excess intracellular lipids
into carbohydrates. These changes are accompanied by
inhibition of LPO, which reduces the toxic effect of
reactive oxygen species on cells, tissues, and whole
organism.

The amount of dust particles in alveolar and ma-
crophageal cells of the air-blood barrier decreased in
group 3 rats. These organelles rarely underwent de-
structive changes. The degree of intracellular edema
was low. The amount of glycogen and the number of
ribosomes in the cytoplasm increased. Positive ultra-
structural intracellular changes in the terminal region
of the lungs are probably related to the increase in
functional activity of cell nuclei, since uridine is in-
volved in the synthesis of nucleic acids.

Our results indicate that the ultradisperse powder
of SD produce damage to alveolar tissue of the lungs,
which is abolished by treatment with uridine. These
findings are of considerable significance for the therapy
and prevention of pneumoconioses caused by fine dust.

Study of the lungs showed that uridine holds much
promise for the prevention of pathological changes
produced by ultradisperse silicon dust.
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