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Effect of Resveratrol on Treatment of Bleomycin-Induced

Pulmonary Fibrosis in Rats

Recep Akgedik,1 Siikran Akgedik,2 Harun Karaman11,3 Sema Uysal,4 Biilent Bozkurt,’
Duygu Ozol,” Ferah Armutcu,* and Zeki Yildirim>*®

Abstract—Resveratrol has a preventive potential on bleomycin-induced pulmonary fibrosis in pro-
phylactic use; however, it was not studied in the treatment of the fibrosis. This study investigated the
role of resveratrol on the treatment of bleomycin-induced pulmonary fibrosis. Intratracheal bleom-
yein (2.5 mg/kg) was given in fibrosis groups and saline in controls. First dose of resveratrol was
given 14 days after bleomycin and continued until sacrifice. On 29th day, fibrosis in lung was
estimated by Aschoft’s criteria and hydroxyproline content. Bleomycine increased the fibrosis score
(3.70+1.04) and hydroxyproline levels (4.99+£0.90 mg/g tissue) as compared to control rats (1.02+
0.61 and 1.88+0.59 mg/g), respectively. These were reduced to 3.16+1.58 (P=0.0001) and 3.08+
0.73 (P>0.05), respectively, by resveratrol. Tissue malondialdehyde levels in the bleomycin-treated
rats were higher (0.55+0.22 nmol/mg protein) than that of control rats (0.16+0.07; P=0.0001) and
this was reduced to 0.16+0.06 by resveratrol (P=0.0001). Tissue total antioxidant capacity is red-
uced (0.027+0.01) by bleomycine administration when compared control rats (0.055+£0.012 mmol
Trolox Equiv/mg protein; P=0.0001) and increased to 0.041+0.008 (P=0.001) by resveratrol. We
concluded that resveratrol has some promising potential on the treatment of bleomycin-induced
pulmonary fibrosis in rats. However, different doses of the drug should be further studied.
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oxidative stress.

INTRODUCTION

Management of idiopathic pulmonary fibrosis (IPF)
is highly debatable and no curative treatment has been
developed so far. Despite of many clinical studies on
antioxidant and immunosuppressive drugs in the treat-
ment of IPF, none of them cure the disease or change the
disease progression. Since it is suggested that unrevealed
insults initiating the cycle of chronic inflammation
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leading fibrosis play major role in the pathogenesis of
IPF, making the hypothesis that preventing the inflam-
matory cascade before parenchymal damage, fibrosis
might be reduced and anti-inflammatory therapy seems
to be rational. Corticosteroids, immunosuppressive, or
cytotoxic agents are first choice drugs in common
practice. However, benefit of these treatment options is
unclear and has potential serious side effects [1]. The
American Thoracic Society and the European Respira-
tory Society international consensus statement recom-
mends combined therapy (corticosteroid and either
azathioprine or cyclophosphamide) for initial therapy
of the patients with IPF. However, this statement also
suggested that existing therapy for IPF has limited
benefits and it is necessary to develop novel therapies
such as the diverse immunosuppressive or antifibrotic
agents [2].

Since oxygen radicals leading epithelial injury is
one of the possible mechanisms in the pathogenesis of
IPF, antioxidant strategies seem to be reasonable.
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Possible strategies might include delivery of antioxidant
enzymes and an antioxidant substance which scavenges
free oxygen radical to the lung or body [3].

Bleomycin-induced lung fibrosis is widely used
as an experimental model of human IPF. Intratracheal
bleomycin application in rats immediately leads the
release of proinflammatory cytokines such as inter-
leukin-1, tumor necrosis factor-«, interleukin-6, in-
terferon-y, following by increases of profibrotic
markers such as transforming growth factor-f31,
fibronectin, and procollagen-1, and reached peak
levels inl4 days [4]. Previous studies showed that
fibrotic changes occur in approximately 9 days after
application of BLM. Therefore, studies related to
bleomycin-induced lung fibrosis are classified as
preventive when the tested substance given before
bleomycin and as therapeutic when they given 7 days
after bleomycin [5]. There are also some studies
which tested several antioxidant substances such as
N-acetylcysteine [6], erdosteine [7], aminoguanidine
[8], caffeic acid phenetyl ester [9], melatonin [10],
ginkgo biloba [11], and resveratrol [12] in bleomy-
cin-induced lung fibrosis in rats as a prophylactic
setting, and found these substances usually reduced
or prevented lung fibrosis according to Aschoft’s
criteria and lung hydroxyproline content. However, in
clinical practice, majority of patients with IPF were
diagnosed at delayed stage of the disease. Thus, it is
clear that new studies are needed to investigate the
effect of the drugs in bleomycin-induced lung fibrosis
model simulating human IPF at the late stage as a
therapeutic model.

Resveratrol, trans-3,5,4'-trihydroxy stilbene, has
potent antioxidative and anti-inflammatory properties
[13]. Several vegetal sources particularly grape skin,
cranberry, mulberry, lingberry, bilberry, jackfruit, peanut,
and the butterfly orchid tree contain resveratrol [14].
Antioxidant mechanism of resveratrol can be explained
with (1) competition to coenzyme Q, and reactive
oxygen species complex chain of processes in place to
reduce oxidative stresses, (2) capturing the superoxide
radicals generated in mitochondria, and (3) inhibition of
lipid peroxidation induced by fenton reaction products.
Anti-inflammatory effects is associated with inhibition
of inflammatory mediators, oxidation and leukocyte
activation [15]. It has been shown that resveratrol has
preventive and curative effects on cardiovascular disease,
protection of vascular endothelium, regulation of lipid
metabolism, increase in intracellular nitric oxide levels,
and inhibiting effect of platelet aggregation [16—18].
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As mentioned, Sener et al. [12] previously found
that the resveratrol has effective in the prevention of
bleomycin-induced pulmonary fibrosis; however, it was
not studied in the treatment of the fibrosis. Here, we
report the first investigation of resveratrol’s effect on the
treatment of bleomycin-induced pulmonary fibrosis in
rats.

METHOD

Animals

Twenty-eight adult male Wistar albino rats, weigh-
ing approximately 200-250 g were obtained from Fatih
University, Faculty of Medicine, Experimental Research
Center. Rats were kept at optimal conditions (room
temperature between 22 and 25 °C and humidity was
kept between 65 and 70 %) for 28 days in standard rat
cages and free access standard pellet feed and water ad
libitum. A 12-h light/dark cycle was maintained. All
procedures involving animals were approved by the
institutional committee for animal care.

Animal Model of Bleomycin-Induced Pulmonary
Fibrosis

Male Wistar albino rats were intratracheally
injected with bleomycine hydrochloride (2.5 mg/kg
body weight in 0.25 ml phosphate buffered saline;
Nippon Kayaku Co., Tokyo, Japan) as described
previously [19]. The rats were sacrificed 29 days after
bleomycin injection. Control animals received the same
volume of intratracheal saline instead of bleomycin.
Pulmonary fibrosis was assessed by lung hydroxyproline
content as well as lung histology. Lung histology was
performed as described in the following section [20].

Experimental Groups

The animals were randomly divided into four
groups (group A, vehicle+bleomycin; group B, bleomy-
cintresveratrol; C, vehicle+vehicle; D, resveratrol);
treatments (vehicle and resveratrol) were administered
orally by gavage on a daily basis. Oral dose of
resveratrol given as a single dose (10 mg/kg, purchased
from terraternal pharmaceutical, London, England) was
selected since the dose of the drug significantly
prevented lung fibrosis in the previous study [12].
Control groups received vehicle+vehicle, and vehicle+
bleomycin. First doses of resveratrol and vehicle were
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given 14 days after the bleomycin injection and
continued until sacrifice.

Bronchoalveolar Lavage

After anesthesia, the lungs were prepared for lavage
by cannulating the trachea with a blunt needle attached
by a syringe. The lung lavage was obtained by washing
the lung four times with 4 ml aliquots of saline through a
tracheal cannula. Cell suspensions were concentrated by
low speed centrifugation, and the cell pellet that
resuspended total cell count were made in a haemocy-
tometer. Differential cell counts were estimated from
cytospine preparations by counting 300 cells stained
with May—Griinwald—Giemsa.

Lung Histology

After death, lung tissues were fixed by inflation
with a buffered 10 % formalin solution for 24 h and
embedded in paraffin. Tissues were then sectioned,
stained with hematoxylin and eosin, and examined for
pulmonary fibrosis. Each successive field was individu-
ally assessed for severity of interstitial fibrosis using the
semiquantitative grading system described by Ashcroft
et al. [20]. The entire lung section was reviewed at a
magnification of x100 for each of the 30-35 microscopic
fields needed to review the section. Criteria for grading
pulmonary fibrosis were as follows. Grade=0 normal
lung, grade 1=minimal fibrous thickening of alveolar or
bronchial walls, grade 2-3=moderate thickening of
walls without obvious damage to lung architecture,
grade 4-5=increased fibrosis with definite damage to
lung architecture and formation of fibrous bands or small
fibrous mass, grade 6—7=severe distortion of structure
and large fibrous areas, “honeycomb lung” was placed in
this category, grade 8=total fibrous obliteration of the
field. The mean score of all fields was taken as the
fibrosis score of that lung section.

Lung Tissue Malondialdehyde Analysis

Lung tissue and serum malondialdehyde (MDA)
levels were determined based on the reaction of MDA
with thiobarbituric acid (TBA) at 95-100 °C. This is a
modified version of the Draper and Hadley method
which based on double-boiling method [21]. In the first
heat, MDA released from proteins and the total MDA
reacts with TBA in the second heat. The color
absorbance of TBA-MDA complex is read at 532 nm,
MDA concentrations is calculated with molar absorption

coefficient. Results were expressed as nanomole per
gram wet tissue protein of lung.

Hydroxyproline Determination in Lung Tissue

Hydroxyproline levels in lung tissues were deter-
mined spectrophotometrically with Woessner’s method
[22].

Total Antioxidant Capacity Measurement in Lung
Tissue

Plasma total antioxidant capacity (TAOC) was
determined using a novel automated measurement
method, developed by Erel [23]. In this method,
oxidants present in the sample oxidize the ferrous ion-
o-dianisidine complex to ferric ion. The oxidation
reaction is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. The ferric
ion makes a colored complex with xylenol orange in an
acidic medium. The color intensity, which can be
measured spectrophotometrically, is related to the total
amount of oxidant molecules present in the sample. The
assay is calibrated with hydrogen peroxide and the
results are expressed in terms of micromolar hydrogen
peroxide equivalent per liter.

Statistical Analysis

Data were expressed as means=SEM. Statistical
analysis were carried out by analysis of variance
followed by appropriate post hoc tests including
multiple comparison tests. All analyses were made
using the SPSS statistical software package and
probability value of less than 0.05 were considered
statistically significant.

RESULTS

Effect of Resveratrol on Lung Fibrosis

Intratracheal bleomycine administration resulted in
an increase of the fibrosis score (3.70+1.04) as deter-
mined by Ashcroft’s criteria when compared to control
group (1.02+0.61; P<0.001) as shown in Fig. 1.
Administration of resveratrol alone did not generate
any changes in lung morphology. However when
resveratrol was administered in bleomycin-treated rat
slight reduction in this increment of fibrosis score was
observed, although it was not reached at statistically
significant level (P>0.05). Similarly, bleomycin in-
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Fig. 1. Effect of resveratrol on bleomycin-induced increases in fibrosis score and histopathological changes in experimental groups. These figures are
representatives of the lungs from animals in each treatment group. Lung tissues were obtained 29 days after instillation of bleomycin and physiologic
saline and stained with H&E, viewed at a magnification of x100. A bar graphic show that the effect of resveratrol on the bleomycin-induced increases
of fibrosis scores in the groups (a). Normal appearance of lung histology in control groups treated saline and resveratrol (b, n=7) and ¢ (n=7).
Extensive inflammation and fibrosis showing in bleomycin group (d, n=7). An improvement of the bleomycin-induced histological changes was seen
in the rat lungs treated with resveratrol (e, n=7). *Significantly higher (»p<0.001) when compared the all other groups except for bleomycin and

resveratrol treated group.

creased hydroxyproline levels (4.99+0.90 mg/g tissue)
as compared to saline treated rats (1.88+0.59 mg/g;
Fig. 1). These increments in fibrosis score and hydroxy-
proline level were reduced to 3.16+1.58 (P=0.0001) and
3.08+£0.73 (P>0.05), respectively, by resveratrol treat-
ment (Fig. 2).

Changes in Oxidative Stress and Total Antioxidant
Capacity

As depicted in Fig. 3, lung tissue and serum MDA
levels (0.55+0.22 nmol/mg protein and 2.58+0.61 umol/L,
respectively) in the rat treated by bleomycin were increased
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Fig. 2. Effect of resveratrol on bleomycin-induced increases in the lung tissue hydroxyproline content in the experimental groups. Bleomycin
administration significantly increased the hydroxyproline level in the lung tissue, which was decreased by the treatment with resveratrol. Data are
mean+SD. *Significantly higher (»p<0.001) when compared the all other groups. **Significantly lower than bleomycin group.

when compared to control rats (0.16+0.07 nmol/mg protein
and 0.77+0.24 umol/L, respectively) and these increases in
MDA levels were reduced to 0.16+0.06 nmol/mg protein
and 1.59+0.30 pumol/L by resveratrol treatment. As shown
in Fig. 4, bleomycin administration leads a decrease in
TAOC in lung tissue (0.027+0.010 mmol Trolox Equiv/mg
protein) and serum (1.98+0.73 mmol Trolox Equiv/L) in
rats, and these reductions were reversed by the treatment of
resveratrol (0.0414+0.008 mmol Trolox Equiv/mg protein
and 2.47+0.48 mmol Trolox Equiv/L, respectively).

Total and Differential Cell Count in BAL Fluid

The cells in bronchoalveolar lavage fluid had
been analyzed to evaluate the effect of resveratrol on
the accumulation of inflammatory cells to the lung
induced by bleomycin. Typically, total fluid recovery
exceeded 80 % and the percentages of fluid recov-
ered were not significantly different among the
groups. The effect of resveratrol on BAL differential
and total cell count was shown in Table 1. Bleomy-
cin treatment caused a significant increase in the total
cell count in the BAL fluid as compared to control
rats and this was significantly reduced by the
treatment of resveratrol. The differential cell count
showed that neutrophils were markedly augmented in
lungs of rats which were exposed to bleomycin and
this augmentation was significantly reduced by the
treatment of resveratrol.

DISCUSSION

This study primarily demonstrated that bleomycin-
induced lung fibrosis which was assessed by an increase
in lung tissue hydroxyproline content and semiquantita-
tive fibrosis score was partially reversed by oral
resveratrol at a dose of 10 mg/kg. Furthermore,
resveratrol was observed to reduce the increase of
MDA levels in lung tissue and serum and elevate the
decreases of lung tissue TAOC in rats due to bleomycin
exposure. Also resveratrol treatment reversed an increase
in the total cell count and number of neutrophils in BAL
fluids.

Reversal effect of resveratrol on the depletion of
lung tissue and serum TAOC and the increments in lung
tissue MDA level may possibly result from its antiox-
idant activity (17). In the present study, the inhibitory
effects of resveratrol on the accumulation of leukocytes
into the lung manifested by reducing the neutrophils
number in BAL fluids may contribute to a further
protection of lung from free radical damage produced
by leukocytes.

This study used a bleomycin-induced model, which
has been extensively applied to analyze the mechanism
of pulmonary fibrosis. Although there is no completely
satisfactory animal model for human IPF, the bleomycin-
induced murine model is relatively well characterized
and exhibits certain features of IPF found in the human
disease.
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Fig. 3. Effect resveratrol on bleomycin-induced increases in the tissue (a) and serum (b) malondialdehyde (MDA) levels in the experimental groups.
Bleomycin administration significantly increased the MDA levels in the lung tissue, which were significantly decreased by the treatment with
resveratrol. Data are mean+SD. *Significantly higher (p<0.001) when compared the all other groups.

Sener et al. [12] found that resveratrol given day 0
after bleomycin significantly prevented experimental
lung fibrosis in rat, and they proposed that the one of
the probable mechanism of the observed effects of
resveratrol may due to its antioxidant and anti-
inflammatory properties which was verified an inhibi-
tory effect of resveratrol on the bleomycin-induced
increases in the pro-inflammatory cytokines such as
TNF alpha, IL-1b, IL-6, and TGF-b in BALF and
reduction of lung tissue MDA levels in rats. Similar to
this study many previous studies revealed that much
more antioxidant substances given early phase have
preventive effect on bleomycin-induced lung fibrosis at
different degrees in animal models [5]. However,

limited studies investigated the role of tested substance
in the late phase of lung fibrosis rats which is accepted
as an animal model of human IPF. In one of these
studies performed by Aoki et al. [24], the effect of
follistatin was investigated which is an inhibitor of
TGF beta, given early and late phase on histologic
changes and hydroxyproline content of the tissue to
estimate collagen deposit in the lung. They found that
follistatin significantly reduced the hydroxyproline
content and no significant difference was observed in the
reduction of hydroxyproline content between the early-
phase and the late-phase treatment groups. Also, lung
fibrosis in rats exposed to bleomycin was markedly
improved in follistatin-treated groups.
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Fig. 4. The effect of resveratro on bleomycin-induced increase in lung tissue (a) and serum (b) total antioxidant capacity (TAOC) in experimental
groups. Bleomycin significantly decreased the TAOC in the lung tissue and serum, which were reversed by treatment with resveratrol. Data are mean+

SD. *Significantly lower (p<0.001) than all other groups.

Kakugawa et al. [25] observed a significant cantly reduced oxidative stress and total leukocyte
improvement in lung fibrosis score and hydroxypro- and neutrophils recruitment in lung. However, its
line content induced by intratracheal bleomycin effect on lung fibrosis parameter remains limited
administration into lung rat by the treatment of suggesting that interruption of oxidative stress alone
pirfenidone, an antifibrotic agent, given 14 days after is not a sufficient therapeutic option sole a mecha-
bleomycin. Our study found that resveratrol signifi- nism in lung fibrosis.

Table 1. Effect resveratrol treatment on bleomycin-induced changes in total and differential cell counts in BAL fluids from rats

Groups n Total cells (x 10° mL™") Macrophage (%) Neutrophils (%) Eosinophil (%) Lymphocytes (%)
Control 7 383.3+£98.3 86.53+2.65 4.58+1.16 1.5+0.43 7.1£2.62
Resveratrol 7 385.7+167.6 85.88+2.76 4.48+1.66 1.84+1.09 7.55+1.66
Bleomycin 7 1000£258.1* 70.21+6.87 19.01+6.14 3.75+1.61 6.93+1.8
Bleomycin+resveratrol 7 681.2+£223.5 75.05+3.36 15.18+2.88 4.23+3.17 7.27+£2.32

Data presented as mean+SD of groups. *p<0.05 versus all other groups
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Chaudhary et al. [4] described the time course of
inflammation and fibrosis in the bleomycin-induced lung
fibrosis model and studied the antiinflammatory and
antifibrotic effect of prednisolone and imatinib. Also
they stated that the adapted model in their study
resembles more closely the clinical setting physicians
are faced with, in which patients with fibrosis present
long after the resolution of inflammation. They showed
that imatinib mesylate given day 9 after bleomycine
resulted in significant attenuation of fibrosis, indepen-
dent on the treatment regimen, whereas prednisolone
was only active when treatment occurred during the
inflammatory phase of the model. Clearly, only imatinib
mesylate is able to interfere with the fibrotic (late) phase.
They concluded that the response of the bleomycin
model to antifibrotic or antiinflammatory interventions
was critically dependent on timing after the initial injury.
Piguet ef al. reported that TNF alpha receptor antagonist
[26], IL-1 receptor antagonist [27], and CD-11a mono-
clonal antibody [28] as therapeutic use resulted in a
significant reduction in collagen content and hydroxy-
proline levels in lung tissue exposed bleomycin. One
major issue is the fact that most agents were adminis-
tered to the rats in a preventive regimen, before or
synchronized with bleomycin. Effectiveness in this
setting may reflect more anti-inflammatory action by
blocking the early response [12] without influencing the
subsequent events causing progressive fibrosis as oc-
curred in the presented study. Therefore, compounds
which are successfully administered as “therapeutic
treatments” in animal models should be much more
promising candidates for clinical use.

Previous studies evaluated antfibrotic effect of
resveratrol in cardiac fibrosis model in animals. Olson
et al. [29] studied whether resveratrol directly influences
the growth and proliferation of cardiac fibroblast (CF)
obtained from rat heart and differentiation to the hyper-
secretory myofibroblast phenotype. They found that
resveratrol directly inhibits two critical stages of CF
activation, proliferation, and differentiation to myofibro-
blasts, suggesting that it has antifibrotic properties in the
myocardium by limiting CF proliferation and myofibro-
blast differentiation. Other study by Wang et al. [30]
investigated the effectiveness of resveratrol at three
different doses (10, 100, and 1,000 mg/kg) on myocar-
dial fibrosis developed following chronic Coxsackie
virus-B3 induced myocarditis in mice. This study found
that resveratrol alleviated myocardial fibrosis in dose
dependent manner. Although an earlier study [12]
revealed that resveratrol has a significant preventive
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effect on the bleomycin-induced lung fibrosis, in our
study we observed limited influence of resveratrol as a
therapeutic use on lung fibrosis in late phase. This result
suggests that resveratrol has power of antioxidant and
anti inflammatory property in early or inflammatory
phase but its antifibrotic influence has weak. Taken
together with presented and Wangs’ results, further
studies are needed to investigate whether resveratrol
has antifibrotic potential at higher doses than we used, or
by intravenous usage.

The limitations of the study are that different doses
of resveratrol and its effect on molecular substance such
as TGF-beta is not investigated, and lack of comparison
among routinely used anti-inflammatory therapy for IPF
such as corticosteroid and azathioprine and cyclophos-
phamide and resveratrol.

Resveratrol (trans-3, 4/, 5-trihydroxystilbene) is a
plant-derived polyphenolic phytoalexin produced by the
enzyme stilbene synthase in response to environmental
stress which is primarily found in the skin of grapes as
well as in other fruits and plants, such as raspberries,
blueberries, and mulberries. Resveratrol has been shown
to exhibit a wide range of health-promoting benefits for
the coronary, neurological, hepatic, and cardiovascular
systems. It has been shown to inhibit inflammation, viral
infection, oxidative stress, and platelet aggregation and
the growth of a variety of cancer cells. On the basis of
numerous in vitro and in vivo studies [31] which
confirmed its ability to modulate various targets and
signaling pathways, it is a promising therapy that should
be studied in clinical pulmonary fibrosis as well because
we do not have yet a better therapy for IPF [32]. We did
not investigate the toxic effect of resveratrol. However,
previous studies were investigated safety profile of
resveratrol and provided evidence that resveratrol is well
tolerated and nontoxic in experimental animal at doses
of up to 2 g. Human clinical studies have also been
performed up to single doses of 5 g without adverse
effect. Also doses up to 900 mg/day trans-resveratrol
given (as split daily doses) for 2 days were well tolerated
with only mild adverse events being reported [33, 34].

In conclusion, our preclinical study demonstrated
that the treatment of resveratrol at a dose of 10 mg/kg
when administered in the late post bleomycin period
(14 day after bleomycin) suppress, at least in part, the
lung fibrosis induced by bleomycin exposure in rat. The
observed antioxidant influence of resveratrol in this
experiment seems to be prominent than antifibrotic
potency at this dose. Our results mutually with the
recent studies provide in vivo evidence that resvertrol
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may have therapeutic potential for the treatment of
patients with IPF Therefore, further studies are needed to
investigate the effect of different doses of resveratrol and
the effect of systemic administration. On the other hand,
taken together the safety profile of the resveratrol in
human studies [34], we plan to try in patient with IPF as
a supplementary therapy in our future study. When this
data supported with further studies, resveratrol may
possibly provide a new and promising therapy for
pulmonary fibrosis and other fibrotic diseases in the
future.

Conflicts of interest. None.
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