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ABSTRACT

Background: The authors’ aim was to study the dynamics of oxidative stress in experimental exposure to silica dust, to evaluate
the histopathological findings in the phase preceding the formation of fibrous/fibrohyaline pulmonary nodules, and to assess the ef-
fects of curcumin administration. Material and Methods: The research was performed on 48 male Wistar rats with an average weight
of 320 g. Overall, 38 rats were instilled with a single dose of 0.3 ml suspension containing 30 mg of a SiO,/ml saline solution, and were
sacrificed 30, 90 and 120 days after instillation; 14 of those sacrificed on days 90 and 120 also received curcumin. The control group
included 10 animals which were instilled with a saline solution. Malondialdehyde (MDA), carbonyl proteins (CPs), total thiolic prote-
ins (TPs) and reduced glutathione (GSH) were determined in blood and the lung tissue. The standard technique for pulmonary toxi-
cology developed by Porter was applied to semi-quantitatively assess the histopathological findings. Results: It was found that MDA
had increased significantly early on in both biological environments and remained elevated, and adding curcumin proved beneficial,
while CPs only increased moderately in the lung tissue without a curcumin impact. Moreover, TPs dropped abruptly, significantly
and persistently in the lung tissue and blood, and were not influenced by curcumin. Finally, GSH decreased significantly and intensely
in the lung tissue and blood, with curcumin lowering the levels towards those found within the control group. The histopathological
examination identified nodules of a cellular type, without any fibrosis, but with spots of associated lipoproteinosis. The early lesions
in the airways and vessels were suggestive of a remodeling process. Curcumin diminished the occurrence of alveolitis but not the re-
modeling process. Conclusions: The study confirms the early onset of oxidative stress in experimental silicosis. It also simultaneously
and dynamically researches markers of oxidative stress in blood and the lung tissue. Curcumin proved beneficial on oxidative stress
and lesions in the alveolar epithelia, but ineffective in preventing vascular and airway remodeling. Med Pr. 2021;72(3):239-47
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INTRODUCTION

Oxidative stress is a disorder of balance between the pro-
duction of reactive oxygen species (ROS) and the abil-
ity of the antioxidant system to neutralize them [1,2],
caused either by an excessive production of ROS or by
a decrease in antioxidant defensive mechanisms [3].
The presence of oxidative stress in silicosis was con-
firmed by numerous clinical and experimental stud-
ies [1,2,4-7]. The formation of ROS is either an effect of

the surface activity exhibited by crystalline quartz, with
the intensity of the process depending upon the fresh-
ness of the fractured silica [8,9], or they are formed
and released by the inflammatory cells, especially poly-
morphonuclear cells and activated macrophages, af-
ter the phagocytosis of the silica particles. Notably,
ROS stimulate the secretion of cytokines and other me-
diators that promote inflammation and fibrosis.

The damage caused by interstitial fibrosis, whether
alone or in combination with smoking, is responsible
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for the main functional impairment found in silicosis,
i.e., airway obstruction. Peripheral airway disease in
subjects exposed to silica dust inhalation is present with
an incomparably higher frequency, even in the absence
of radiological signs for silicosis [10].

A particular interest among expansive research for
alternative therapies for silicosis is focused on curcum-
in, a natural polyphenol product isolated from the rhi-
zome of the Curcuma longa, a plant native in India and
commonly known as turmeric. Several studies from
the last decade have claimed curcumin to have antiox-
idant and anti-inflammatory effects [11-13], i.e., prop-
erties with therapeutic interest when it comes to chron-
ic inflammatory diseases, including silicosis.

The aim of this study was to investigate the dynam-
ics of oxidative stress, concurrent with histopathological
findings in a phase prior to the formation of fibrous and
fibrohyaline nodules. Within the experiment, the au-
thors considered it to be of interest to assess the po-
tential protective effects of curcumin against oxidative
stress and its possible influence on the histopathologi-
cal aspects found at the level of the lung parenchyma,
mainly the peripheral airway and blood vessels.

MATERIAL AND METHODS

The research was performed on male Wistar rats with
an average weight of 320 g. Silicon dioxide (SiO,) was
instilled intratracheally in a single 0.3 ml dose from
a suspension containing 30 mg of a SiO,/ml saline solu-
tion after the animals were anesthetized using a mix-
ture of Ketamine 10% and Xylazine 2% in a 2:1 ra-
tio. The authors used the standardized crystalline SiO,
MIN-U-SIL® 5 produced by Berkeley Springs, West
Virginia (USA), with a spherical diameter equivalent to
1.6 pm, a purity of 99.2% and 96% of the particles with
a diameter of <5 pum.

The rats were divided into 6 groups (Table 1): the con-
trol group (instilled intratracheally with 0.3 ml of the sa-
line solution and sacrificed after 30 days); and 3 groups
treated with SiO, and sacrificed after 30 days (SiO,.30),
after 90 days (Si0,.90) and after 120 days (SiO,.120),
respectively. The remaining 2 groups of animals treat-
ed with SiO, additionally received Sigma-Aldrich pro-
duced curcumin throughout the experiment, with end
points of 90 and 120 days, respectively. Curcumin con-
tent in curcuminoid was 294% and in curcumin >80%.
Curcumin was administered orally in a 50 mg/kg
dose starting on day 10 after SiO, instillation, 3 doses/
week. The animals were kept in the vivarium and fed

Table 1. The animal groups layout of the experimental study
performed in the Biobase of the Department of Physiology,
Iuliu Hatieganu University of Medicine and Pharmacy,
Cluj-Napoca, Romania, 2012

Group An[lrrlr]lals
Control 10
Si0,.30 9
$i0,.90 8
Si0,.90+C 7
Si0,.120 7
Si0,.120+C 7

Control - animals instilled with a saline solution, Si0,.30 - animals exposed to silica
dust and sacrificed after 30 days, SiO,.90 — animals exposed to silica dust and sacrificed
after 90 days, SiO,.120 - animals exposed to silica dust and sacrificed after 120 days,
Si0,.90+C - animals exposed to silica dust, treated with curcumin and sacrificed

after 90 days, SiO,.120+C - animals exposed to silica dust, treated with curcumin

and sacrificed after 120 days.

ad libitum. The protocol of the experiment was ap-
proved by the University Ethics Committee (agreement
No. 550A/29.02.2012). Blood samples were collected
from the retro-orbital sinus in K3EDTA 3 ml vacutain-
ers. The rats were euthanized using an overdose of an
anesthetic mixture (i.e., the dose used at instillation
was doubled). After the euthanasia, the authors collect-
ed trachea and lung samples for biochemical and his-
topathological studies. Malondialdehyde (MDA), car-
bonyl proteins (CPs), total thiolic proteins (TPs) and
reduced glutathione (GSH) levels were determined.

In order to determine the MDA levels, the collect-
ed tissue samples were homogenized with the Polytron
PT1200E homogenizer using a TRIS pH 7.5 tam-
pon solution, and the tissue homogenate, respectively
the blood, was boiled for an hour with a 2-thiobarbi-
turic 10 mM acid solution in K2HPO4 75 mM at a pH
of 3. The product of this reaction was extracted in n-bu-
tanol after suddenly cooling the sample, and the MDA
concentration was determined in the organic phase af-
ter separation and centrifugation using the sincrone
fluorescence technique at a 14 nm difference of wave-
length (AX) between excitation and emission. For mea-
suring the intensity at 534 nm of the emission, the au-
thors used a Perkin-Elmer fluorescence spectrometer.
The MDA concentration was established using a cali-
bration curve with known concentrations of pure MDA
that were processed using the same method. The ob-
tained values were expressed in nmol/mg proteins [14].

The CPs present in blood and tissue homoge-
nate were evaluated using the technique of deter-
mining 2,4-dinitrophenylhydrazone by fluorescence
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spectrometry which, in turn, is a product of the reac-
tion between the carbonyl compound and 2,4-dinitro-
phenylhydrazine. The obtained results were expressed
in nmol/mg proteins [15].

The total TPs were assessed using the Ellman re-
agent, based upon the reaction between SH compounds
and 5,5-dithiobis-(2-nitrobenzoic acid), and the ob-
tained results expressed in pmol/ml [16].

Reduced GSH was evaluated in the lung tissue and
blood using the fluorescence of the product formed
by the reaction between GSH and phthalic aldehyde.
Readings were performed with the Perkin-Elmer fluo-
rescence spectrometer and the results were expressed
in nmol/mg proteins [16].

The protein determination was performed using
the method described by Bradford [17].

For the histopathological study, the lungs were sam-
pled using longitudinal cuts of the left lung, in the areas
where maximal length sections were possible, perpen-
dicular to the large bronchi. The fragments were fixed
in a 10% formalin solution for 48 h, and then trimmed,
washed, included in paraffin, sectioned, deparaffinized,
and stained using hematoxylin-eosin and Masson’s tri-
chrome stains. The images were acquired and processed
using an Olympus system. The veterinary pathologist
applied the standard technique for pulmonary toxi-
cology developed by Porter et al. [18] in experimental
studies on silicotic fibrosis to semi quantitatively assess
the histopathological findings. In each animal, the au-
thors examined multiple sections for the histopatholog-
ic evaluation to be representative, evaluating alveolitis,
alveolar epithelium changes (hypertrophy/hyperplasia)
and lipoproteinosis. The alterations detected were ap-
preciated using a severity score (0 = none, 1 = minimal,
2 = mild, 3 = moderate, 4 = marked and 5 = severe),
and another score for the extension (0 = none, 1 = fo-
cal, 2 = locally extensive, 3 = multifocal and coalescent,
5 = diffuse). The lesion score per animal was calculated
as the sum of scores from each examined section and,
following which an average score was determined for
each studied group.

The blood and parenchymal levels of the investigat-
ed markers of oxidative stress, as well as the histopatho-
logical score were statistically analyzed using MedCalc.

RESULTS

The MDA levels rose significantly early on in lung
tissue, as well as in blood, maintaining a high level
throughout the experiment (Table 2). The addition of

curcumin was associated with significantly lower lev-
els of MDA in both biological environments: the lung
tissue (p = 0.007) and blood (p = 0.0001) on day 90.
The effectiveness of curcumin was maintained on
day 120 as well, with the decrease in the MDA concen-
tration in the lung tissue being at the threshold for sta-
tistical significance (p = 0.06), but highly significant in
blood (p = 0.0085).

Carbonyl protein levels rose moderately, but to a sta-
tistically significant degree, in lung tissue for the entire
duration of the experiment, but without any concur-
rence in blood (Table 2). Curcumin ingestion did not
influence the concentration of CPs in the lung tissue or
blood, the differences in levels between the groups with
protection and those without being considered insignif-
icant on day 90 as well as on day 120.

The total TP levels dropped abruptly, significant-
ly in the lung tissue and blood, staying low throughout
the entire experiment (Table 2). Adding curcumin did
not influence the TP concentration compared to the an-
imals that did not receive curcumin protection (statisti-
cally insignificant differences).

The reduced GSH decreased significantly and in-
tensely 30 days after silica instillation in the lung tissue
as well as in blood (Table 2). Thirty days after silica in-
stillation, the GSH content in the lung tissue was lower
than that in half of the control group. The GSH decline
was sustained in both biologic environments through-
out the experiment and curcumin protection proved
useful with normalizing effects.

No microscopic changes were observed in group 1
(control, Figure 1a). The silicotic nodules observed on
day 90, but more frequently on day 120, were of a cel-
lular type (Figure 1b), and were frequently associated
with lipoproteiniosis. The wall of some peribronchi-
olar arteries increased in size by concentric layers of
hyperplastic and hypertrophied smooth muscle cells,
along with increases in the matrix, resulting in a re-
duction of the vascular lumen (Figure 1b). The thick-
ening of the alveolar septae with type II alveolar cell
hyperplasia and intra-alveolar histiocytes, often asso-
ciated with focal lipoproteinosis, was noted early on
(day 30) and persisted throughout the different exper-
imental time-points (Figure 1c). Lesions at the level
of the airways and blood vessels included mild bron-
chiolar epithelial hyperplasia, peribronchiolar cellu-
lar infiltrates containing macrophages, lymphocytes
and few neutrophils. Curcumin ingestion was associ-
ated with a mild reduction of the inflammatory cel-
lular infiltrate intensity, with no apparent effect on
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Table 2. The dynamics of the malonyldialdehyde (MDA), carbonyl proteins (CPs), thiolic proteins (TPs) and reduced glutathione (GSH)
levels in the lung tissue and blood of animals in the experimental study performed in the Biobase of the Department of Physiology,
Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania, 2012

Variable Concentration p
(MzSD) control $i0,.30 $i0,.90 $i0,90+C  S$i0,120  Si0,120+C
MDA [nmol/mg protein]*

control group

tissue 0.25%0.04 - 0.0001 0.0055 0.47 <0.0001 0.06

blood 1.69+0.54 - <0.0001 <0.0001 0.0017 <0.0001 <0.0001
Si0,.30 group

tissue 0.37+0.06 0.0001*** - 0.22 0.0011 0.08 0.43

blood 4.43+0.95 <0.0001** - 0.7199 0.0002 0.5831 0.2222
Si0,.90 group

tissue 0.44+0.14 0.0055 0.22 - 0.007 0.97 0.06

blood 4.58+0.81 <0.0001*** 0.7199 - 0.0001 0.9131 0.0803
S§i0,.90+C group

tissue 0.27£0.04 0.47N8 0.0011 0.007 - 0.0002 0.08

blood 2.53+0.36 0.0017** 0.0002 0.0001 - <0.0001 <0.0001
Si0,.120 group

tissue 0.44+0.08 <0.0001* 0.08 0.97 0.0002 - 0.06

blood 4.62+0.35 <0.0001*** 0.5831 0.9131 <0.0001 - 0.0085
Si0,.120+C group

tissue 0.34+0.10 0.06 0.43 0.06 0.08 0.06 -

blood 3.92+0.48 <0.00017*** 0.2222 0.0803 <0.00017*** 0.0085 -

CPs

control group

tissue 1.53+£0.95 - 0.0003 0.0629 0.0163 0.0258 0.1197

blood 2.28+0.93 - 0.3343 0.3162 0.2836 0.1081 0.2509
Si0,.30 group

tissue 3.81£1.21 0.0003*** - 0.065 0.0369 0.1761 0.0258

blood 1.90+0.74 0.3343 - 0.9985 0.9546 0.0547 0.0299
Si0,.90 group

tissue 2.59+1.31 0.0629 0.065 - 0.9098 0.6618 0.7045

blood 1.90+0.55 0.3162 0.9985 - 0.9441 0.0516 0.0173
$i0,.90+C group

tissue 2.66%0.79 0.0163** 0.0369 0.9098 - 0.6689 0.5404

blood 1.88+0.49 0.2836 0.9546 0.9441 - 0.0489 0.0121
S$i0,.120 group

tissue 2.90+1.34 0.0258* 0.1761 0.6618 0.6689 - 0.4163

blood 3.82+2.11 0.1081 0.0547 0.0516 0.0489 - 0.2572
Si0,.120+C group

tissue 2.36+1.09 0.1197 0.1228 0.7045 0.5404 0.4163 -

blood 2.78+0.71 0.2509 0.0299 0.0173 0.0121 0.2572 -
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Table 2. The dynamics of the malonyldialdehyde (MDA), carbonyl proteins (CPs), thiolic proteins (TPs) and reduced glutathione (GSH)
levels in the lung tissue and blood of animals in the experimental study performed in the Biobase of the Department of Physiology,
Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania, 2012 - cont.

Variable Concentration
(M2SD) control $10,.30 $i0,.90 $i0,904C  Si0,120  S$i0,120+C
TPs [pmol/ml]

control group

tissue 0.032+0.006 - 0.0025 0.4177 0.0943 0.0177 0.6326

blood 0.18+0.0 - 0.0104 0.0867 0.0131 0.0001 0.0004
Si0,.30 group

tissue 0.024+0.003 0.0025** - 0.3745 0.0041 0.7321 0.1228

blood 0.13+0.03 0.0104* - 0.2889 0.9794 0.0039 0.0552
$i0,.90 group

tissue 0.028+0.01 0.4177 0.3745 - 0.0838 0.4694 0.3671

blood 0.14+0.04 0.0867 0.2889 - 0.2972 0.0009 0.0079
$i0,.90+C group

tissue 0.039+0.010 0.0943 0.0041 0.0838 - 0.0051 0.6049

blood 0.13+0.03 0.0131** 0.9794 0.2972 - 0.0034 0.0428
S$i0,.120 group

tissue 0.025+0.005 0.0177% 0.7321 0.4694 0.0051 - 0.1443

blood 0.07£0.03 0.0001*** 0.0039 0.0009 0.0034 - 0.0775
S§i0,.120+C group

tissue 0.035+0.016 0.6326 0.1228 0.3671 0.6049 0.1443 -

blood 0.10£0.02 0.0004*** 0.0552 0.0079 0.0428 0.0775 -

Reduced GSH [nmol/mg protein]

control group

tissue 1.05+0.36 - 0.0022 0.022 0.3286 0.073 0.7028

blood 6.76+1.02 - <0.0001 <0.0001 0.3701 <0.0001 0.8371
Si0,.30 group

tissue 0.57+0.07 0.0022 - 0.0025 0.048 0.028 0.0146

blood 2.99+1.20 <0.0001*** - 0.4471 <0.0001 0.2324 <0.0001
Si0,.90 group

tissue 0.73£0.10 0.022 0.0025 - 0.0118 0.7449 0.0799

blood 2.60+0.81 <0.0001*** 0.4471 - <0.0001 0.5537 <0.0001
§i0,.90+C group

tissue 0.92+0.16 0.3286 0.048 0.0118 - 0.0641 0.6237

blood 6.31+1.01 0.3701 <0.0001 <0.0001 - <0.0001 0.2945
S§i0,.120 group

tissue 0.75£0.17 0.073 0.028 0.7449 0.0641 - 0.1112

blood 2.37£0.58 <0.0001*** 0.2324 0.5537 <0.0001 - <0.0001
§i0,.120+C group

tissue 0.98+0.31 0.7028 0.0146 0.0799 0.6237 0.1112 -

blood 6.86+0.91 0.8371 <0.0001 <0.0001 0.2945 <0.0001 -

* Significance of the differences when compared to control: n.s. - non-significant, * p < 0.005, ** p < 0.001, *** p < 0.0001.
Group explanations as in Table 1.
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a - normal lung histology, hematoxylin-eosin (HE) stain.
b - peribronchiolar silicotic nodule with increased parenchymal cellularity, thickening of the septae, medial hypertrophy of an artery (arrow), HE stain.
¢ - intraalveolar protein material accumulation, mild multifocal septal cellular infiltration, alveolar histiocytosis (inset), HE stain.

d - mild, multifocal areas of septae thickened by inflammatory infiltrates and multifocal, mild interstitial fibrosis (arrows). Masson’s trichrome stain.
Group explanations as in Table 1.

Figure 1. Lung tissue of Wistar rats in groups: a) control, b) $i10,.90+C, ¢) SiO,.120, and d) SiO,.120

the vascular changes. Minimal focal fibrosis confirmed
with Masson’s trichrome stain (Figure 1d) was only
seen in group 5 (§i0,.120).

The semi-quantitative histopathologic evaluation is
detailed in Table 3 and is based upon the severity and
distribution of alveolitis, the epithelial alveolar hyper-
trophy/hyperplasia and the lipoproteinosis. It can be
observed that the average score for all 3 histopathologi-
cal descriptive elements is continuously rising through-
out the experiment. Curcumin significantly improved
the alveolar process and the lipoproteinosis component
on day 90 and, to a lower extent, the alveolar epitheli-
al hypertrophy/hyperplasia. The effect was much more
pronounced on day 120 for all the 3 histopathologic pa-
rameters.

DISCUSSION

The authors’ goal was to investigate the development
of changes in oxidative stress markers in the 2 environ-
ments (blood and tissue), correlated with histopatho-
logical changes, and also to find out how curcumin ad-
ministration influenced them. The authors managed to
confirm the early onset of oxidative stress after silica in-
stillation, a crucial phenomenon for promoting inflam-
mation and silica-induced fibrosis. The most significant
changes in the studied biomarkers were the increase in
MDA and the decrease in the GSH blood levels, i.e., as-
pects like those described by Orman et al, [19] in a clin-
ical study. The rise in the MDA concentration as an ex-
pression of the lipoperoxidation of unsaturated fatty
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Table 3. The results of the histopathologic evaluation of the lung tissue for each group of the experimental study performed in the Biobase
of the Department of Physiology, Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania, 2012

Histopathologic evaluation score

M)
Group
. alveolar epithelium . L
alveolitis . lipoproteinosis
hypertrophy/hyperplasia

Control 0.1 0.1 0
Si0,.30 4.7 5 4.4
Si0,.90 6.9 6.65 6.45
Si0,.90+C 6.25 6.2 5.95
$i0,.120 7.8 7.35 7.5
Si0,.120+C 4.75 4.2 4.1

Group explanations as in Table 1.

acids (through oxidative attack on the membranes) is
considered a valuable biomarker in the research of ox-
idative stress in clinical studies on silicosis [1,2,20], as
well as in experimental ones [21].

There is little data in literature regarding the concur-
rence between the values of diverse biomarkers of oxida-
tive stress recorded in blood and several tissues [3,22],
but the authors did not find references on the blood/
lung tissue correspondence. According to their obser-
vations, the blood levels for MDA, TPs and GSH as bio-
markers for oxidative stress truthfully reflect the events
in the lung tissue, with some reserves regarding CPs.
To the best of their knowledge, the present study con-
tains the first approach on the blood/pulmonary tissue
match for the research of oxidative stress biomarkers in
silicosis and the effects of curcumin administration.

The decrease in the MDA levels and the increase in
the GSH content, both in the lung tissue as well as in
blood, noted in the animals treated with curcumin, sug-
gest a protective effect of this product, a fact also sup-
ported by the improvement in the lesion score noted in
the histopathological study. The protective effect could
be explained by the antioxidative and anti-inflammato-
ry action of curcumin. According to some observations,
curcumin reduces the silica toxicity with a consecu-
tive decrease in the formation rate for ROS and inhibits
the secretion of the inflammatory mediators in stimu-
lated macrophages [12,23]. The anti-inflammatory ef-
fect also explains the encouraging results obtained in
clinical [24] and experimental studies about rheumatoid
arthritis and some autoimmune inflammatory diseas-
es [12,25]. The few experimental considerations respect-
ing the use of curcumin with exposure to silica proved
an anti-inflammatory [23] and antifibrosis effect [26],
but also mentioned the risk for DNA damage [23].

Histologically, only some lungs on day 120 after sil-
ica instillation revealed very mild fibrosis and, at this
experimental stage, the majority of the silicotic nod-
ules were of a cellular type. Castranova et al. [27] previ-
ously described a biphasic response to silica inhalation:
during the first 41 days of exposure to silica, they con-
stantly noted inflammatory changes and lesions without
fibrosis, followed on 41 to 116 days after exposure by
a rapid rise in pulmonary inflammation with a simulta-
neous development of fibrosis. This discrepancy could
be the result of the difference in the method of exposure
to silica, the inhalation of a 15 mg/m? silica concentra-
tion used by Castranova et al. [27] being possibly su-
perior to the single instillation, with a relatively small
dose, as was used in this experiment.

The airway and blood vessels remodeling effect
proved to be early and occurred prior to fibrosis. This
process started by silica-induced inflammation very
likely represents the basis of peripheral airway obstruc-
tion in subjects exposed to quartz dust, with or with-
out radiological signs of silicosis. Some experimental
studies have confirmed that mineral dusts can direct-
ly induce fibrotic changes in airway walls [28]. Churg
et al. [29] noted a small airway remodeling on a group
of Mexico City females exposed to particulate materi-
als. The observations made by the authors of this ar-
ticle, in agreement with the ones mentioned, suggest
that inflammation caused by silica particles could be
a common link for the events taking place at the inter-
stitial level (where it directs the histogenesis of the sil-
icotic nodules) and the peripheral airway level (where
it determines remodeling and obstruction). Vascular
remodeling accompanied by arterial obliterative le-
sions can determine lung hypertension throughout
the course of silicosis.
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It is more difficult to explain why curcumin did not
influence the lesions characteristic of the airway and
blood vessel remodeling process. Probably these areas
are more reactive than the rest of the lung parenchy-
ma and represent sites that allow the development of
a dense cellularity with proinflammatory cytokine se-
cretion potential. At the level of terminal bronchioles,
there is a concentration of air pollutants deposited in
the alveolar territory, from where they are retrogradely
vehiculated by clearance mechanisms. The pulmonary
sumps develop in this area, their role being to retrieve
the surfactant, thus concentrating the inhaled dust with
the development of maximal effect on this site. In fa-
vor of this supposition, Pinkerton [30] formulated his
findings on a group of autopsied men with a significant
remodeling of the terminal and respiratory bronchi-
oles coinciding with an accumulation of dust, mostly at
the level of first-generation bronchioles.

One limitation of this research might be the use of just
1 control group, euthanized on day 30, as the oxidative
stress parameters may change during 3 months of life.

CONCLUSIONS

The present study illustrates a good blood/lung tissue
relation of the MDA, TP and GSH levels, which are
markers used for evaluating silicosis-induced oxidative
stress, a positive effect of curcumin shown by the de-
crease in the oxidative stress and an amelioration of
the histology lesion score, but without any influence on
the airway and blood vessel remodeling.
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