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Introduction

It has been shown that cxposure to asbestos fibers leads to increasing risk of various
malignancics (bronchogenic carcinoma, mesothelioma, and gastrointestinal tumors), the
development of interstitial fibrosis (asbestosis) and unspecific inflammation in the lung
tissuc (alveolitis) [1,2]. We [3] and others [4] have previously shown that asbestos fibers
stimulate oxygen radical production by phagocytes (neutrophils and macrophages). It is
fikely that the release of reactive oxygen species (ROS) by phagocytes is the predominant
way by which ROS are involved in an intlammatory process and fibrogencsis [5,6]. On
these grounds we suggested that the study of the effects of BN administration to
experimental animals with lung injury induced by asbestos fibers may be an important test

of BN anti-inflammatory and antifibrotic activities.
Materials and Methods

Animals.
Experiments were carricd out on male Wistar rats of body weight ranging from 150 to
200 g. The animals were kept on standard chow dict and water ad libitum under normal

laboratory conditions.
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Animal model of lung injury.

The rats were divided into 4 groups, cach consisting of 24 animals. Rats of group I were
given 1 ml of physiological saline intratracheally (control group). Animals of group II were
injected intratracheally with 15 mg of chrysotile asbestos fibers and 10 mg of Bio-
normalizer suspended in 1 ml of physiological saline. Animals of group Il were fed daily
with 50 mg of Bio-normalizer and standard diet during 7 days, afier that they were given
15 mg of chrysotile asbestos fibers intratracheally, and the animals were fed again with 50
mg of Bio-normalizer for next 7 days. Group IV: animals were injected with 15 mg of
asbestos fibers. The animals were sacrificed at 3d, 7th, 14th, and 28th days after the
tratrachcal injection of NaCl, asbestos fibers, or asbestos fibers with Bio-normalizer.
Isolation of alveolar cells

Alveolar macrophages and ncutrophils were prepared by pulmonary lavage using the
slightly modificated method [7]. Bricfly, animals were sacrificed by intraperitoneal injection
of sodium thiopental, 50 mg/kg. The trachea was cannulated and the lungs were lavaged
five times with 10 mi of HBSS, pH 7.4, at 37°C. The lavage fluid was filtered through a
nylon cloth. The filtrate was centrifuged at 300xg for 10 min. Cell content was determined
in a hemocytometer and differential count was performed microscopically in the cell
smears. To separate mononuclear and polymorphonuclear cells, cell pellet was resuspended
m 1 ml of HBSS, laycred carefully on Ficoll-Paque gradient (p = 1.077 kg/l), and
centrifuged at 600xg for 40 min. The upper layer consisted of mononuclear cells
(macrophages and lymphocytes) and the pellet contained granulocytes (mainly neutrophils).
Macrophages were idenlificd by staining for nonspecific esterase. Macrophage and

neutrophil preparations werc =95% purc and 98% of the cells excluded trypan blue. The
isolated cells were resuspended and stored at 49C in HBSS supplied with 5% fetal calf

scrum.
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The lung preparation

Aficr broncho-alveolar lavage preparation, the lungs were removed, weighted, and part
of them was used for hydroxyproline and lIipid peroxidation determination. The remain
tissue was dried and weighted again for the wet/dry weight ratio determination.

Lipid peroxidation of rat lung homogenate

The lung tissue was dissected into small picces, poured through 3mm holes for the
fibrotic wall separation, and homogenized thoroughly. 10 mg of homogenate sample were
incubated with 50 pM FeCly and 800 uM ADP in 1 ml of 0.1 M phosphate buffer (pH
7.4) at 379C. The reaction was started by adding 40 1l of 7.5 mM NADPH in phosphate
buffer. Aficr 30 min incubation, the reaction was stopped by adding 1 ml of 15%
trichloroacetic acid and 0.1 ml of 10 M naphtol solution in ethanol. Then, 1 mi of
0.375% TBA solution was added, and reaction mixturc was boiled for 15 min. After
scdimentation of precipitated proteins by centrifugation, the content of TBA reactive

roducts was determined by measuring the absorbance at 535 nm.
Chemiluminescence assay
CL measurements in a Luminometer mod. 1251 ( LKB, Sweden) were monitored at
37°C and continuous mixing on a programmed IBM computer. All experiments were
arried out in dublicates. Each point was a mean of 3 or 4 independent measurements.

A sample of 5x107 cells, 400 pM luminol or Iucigenin , and 0.5 ml of HBSS pH 7.4
were placed in 1-ml polvsterenc vials. The vial was then placed in the thermostated
detection chamber of a luminometer. After measurement of background for 5 min, CL was

ctivated by introducing of PMA (10 ng) or opsonized zymosan (100 pg/ml). The CL-
response was measured as a mean mV signal over 10-s intervals for a 10-min period. An
amplitude of the CL-responsc was defined as a difference between maximal intensity of

activated CL and intensity of spontancous CL and expressed as mV/ 109 cells.



The determination of hvdroxvproline in rat lung tissue

The hydroxyproline content was measurcd by slightly modificd methed of
acid (1 m!) at 1000C for 24 hours. After filtration, neutrolization, and vaporization of
water, dry residue was dissolved in 1 mi of distilled water. A sample was incubated with 1
m! of 0.03 M chloroamine B solution prepared in the mixture of acetate-citrate buffer +
propyl alcohol for 5 min at room temparature. Finally, the reaction mixture was trealed
with 1 m! of 5% p-dimcthylaminebenzaldchyde at 600C for 20 min, and the content of

hydroxyproline was determined spectrophotometrically at 558 nm.
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by paired or unpaired t-iest for multiple group comparson. A P value less than 0.05 was

Results and Discussion

In present work we have studied the in vivo effects of BN on the lung inflammation and
fibrosis induced by chrvsotile asbestos exposure. We compared some objective symptomes
of lung mjury in the rats with and without BN administration; in addition, the specific
parameters characterized the rat organism’s free radical status, namely, lipid peroxidation in
the lung tissuc and oxygen radical production by the pulmonary cells were determined. It
was found that BN administration diminished the pathologic changes in the rat lungs
mnduced by asbestos fibers instillation. Thus, wet Iung weight and the lung weight/rat
weight ratio decreased in the ashestos-injected rats under BN administration (Group 2 and
3) in comparison with thosc for Group 4 and approached the parameters of control animals

(Group 1) on 14th and 28th days (Figs.1 and 2).



Furthermore, BN administration to asbestos-injected rats dccrcased recovery of

enhancement of macrophage recruitment and their phagocytic capacity) apparently
determine the beneficial effects of BN on aseptic inflammation. It secms of utmost
importance that similar effect of BN has been already shown by us in the inflammatior
model induced by intraperitoneal dextran injection [9]. Therefore, onc may conclude that
the suppression of ncutrophil-defined stage and the stimulation of macrophage stage of
inflammation can explain an universal nommalizing cffect of BN in a variety of
inflammatory pathologies.

At the same time, BN did not affect Tung vascular permeability which was usually
enhanced during inflammatory process. As is seen from Fig.5, BN administration did not
change significantly Iung edema defined by the wet/dry fung weight ratio. It is now well
established that lung inflammation often precedes the development of lung fibrosis [5,6].
The amount of hydroxvproline in the Iung tissue corresponds to the intensity of asbestos-
associated fibrosis. We found that BN administration drastically decreased hydroxyproline
formation on 28th day afier asbestos exposure (Fig. 6).

BN exhibited profound inhibitory action on free radical formation in lung tissue. We
studied two frec radical processes in the Iung: lipid peroxidation in the lung tissuc and the
release of oxygen radicals by pulmonary phagocytozing cells. As is scen from Fig.7, BN
administration to asbestos-injected rats completely annihilated the asbestos-induced
enhancement of lipid peroxidation in the lung homogenate on 28th day after the beginning
of experiment. At the same time, the BN effect on oxygen radical production by lung
phagocytes was much more complicated. On a whole, as it should be expected, BN
administration decrcased spontancous and PMA- or zymosan-stimulated Iuminol- and

lucigenin-amplified CL preduced by the cells of bronchoalveolar lavage from asbestos-



mjecled rats, although this inhibitory effect was not so prominent as in the case of dextran

igenin-amplified CL).

Owing to that, the luminol-amplificd CL/ucigenin-amplified CL ratio, which achicved a

1 on 7th day in asbestes-treated rats, dropped to a normal value in the rats
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formation of the most toxic free radicals, which are certainly an important initiation factor

Conclusions

1. Intratrachcal and per os BN administration to the rats with asbestos-induced Iung
damage amecliorated substantially the inflammation and fibrosis in lung tissue.

2. BN administration suppressed two important frec radical-mediated destructive processes
in injured lung: lipid peroxidation and oxygen radical release from pulmonary phagocytes.
3. BN was able to suppress the overproduction of highly reactive hydroxyl radicals by Iung
phagocytes.

4. The above findings indicate that BN is able to exhibit beneficial effects in the prevention

and treatment of asbestos-associated lung ingury.
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Legends to Figures

Figure 1

The change i the rat lung weight during the expenimen
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Group 1 - Control; Group 2 - Asbestos+BN; Group 3 - Preliminary feeding with BN A
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Figure 2

T'he change in the lung weight/rat weight ratio dunng the expeniment (the same symbols as
n Figure 1).
Figure 3

The recovery of neutrophils into broncho-alveolar space (the same symbols as in Figure 1).

The recovery of macrophages into broncho-alveolar space (the same symbols as in Fig. 1).
Figure 5

The change in the lung dry weight/wet weight ratio during the experiment (the same
symbols as in Figure 1)

Figure 6

The change in the hydroxyproline content during the cxperiment (the same symbols as in
Fig.1)

Figure 7

Lipid peroxidation of the lung tissue (the same symbols as in Figure 1)

Figure §

The luminol-ampiified CLAucigenin-amplificd CL ratio for PMA-stimulated cells of

broncho-alveolar lavage.
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