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ABSTRACT

Background: Bleomycin is a chemotherapeutic agent that can be used in many malignancies, but the side effect of
pulmonary fibrosis plays a limiting role for treatment. Blackberry has been found to reduce oxidative stress, mainly
because it is rich in bioactive components. The aim of this study was to evaluate whether blackberry extract could
have a protective effect for the lung and a therapeutic effect in terms of fibrosis in bleomycin-induced experimental
fibrosis model.

Methods: In the experimental study, 60 male sprague dawley rats weighing 180-200g were used.They were divided
into 6 experimental groups. The doses of bleomycin, methylprednisolone and blackberry extract to be administered
to the rats were selected in accordance with the literature, and the experiment was designed by administering these
substances both before and after bleomycin for 14 days to determine whether blackberry extract has a protective or
therapeutic effect. Histological and biochemical analysis of lung tissue samples were performed.

Results: Intra-alveolar haemorrhage was statistically significantly reduced in the bleomycin+blackberry group
compared to the bleomycin group, and cellular infiltration and thickening of the alveolar wall were found to be less
in the blackberry treated groups compared to the bleomycin group. The amount of collagen accumulated in
bleomycin+blackberry group was less than bleomycin and blackberry+bleomycin groups. Malondialdehyde and total
oxidant levels among oxidant parameters decreased and total antioxidant levels among antioxidant parameters
increased in blackberry treated groups.

Conclusion: These results suggest that blackberry prevents bleomycin-induced pulmonary fibrosis in rats by reducing
inflammatory and oxidant markers.
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INTRODUCTION

Bleomycin (BLE) is a glycopeptlde antlblotlc used as an The major 1im1tat10n of BLE treatment is that life—threatening
antineoplastic agent and Whlch has a Wlde range Of applications interstitial pulmonary fibrOSiS (alSO Called fibrosing alVeOhtiS) may
including malignant conditions such as squamous cell carcinoma, develop in about 10% of patients receiving the treatment [6-9]. It

lymphomas, testicular cancer, Kaposi sarcoma, osteosarcoma and ~causes reservations in terms of pulmonary complications
even for pleurodesis [1-5]. especially in patients with a history of lung disease and smokers.
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The mechanism of BLE-induced lung injury is not completely
clear. Oxidative damage in the lung appears to be important in
the pathophysiology of lung injury, and antioxidants may
improve the process [8-12].

Blackberry Extract (BBE) contains a wide range of active
phytochemical components with anthocyanins and polyphenols.
Therefore, its antioxidant and anti-inflammatory effects are
prominent [13]. For this reason, this study was planned to
answer the question whether the effects of BLE, which is a
proinflammatory component, can be prevented by BBE, an anti-
inflammatory product.

MATERIALS AND METHODS

The number of rats in the experimental groups was determined
as the minimum number of 10 rats at the beginning of the group
after the biostatistical power analysis. This study was carried out
with the approval of Erciyes University Animal Experiments
Local Ethics Committee (Protocol number: 23/058). All
experimental procedures were carried out in accordance with
ethical rules. In the experimental study, 60 male sprague dawley
rats weighing 180-200 g were used and the rats were randomly
divided into 6 experimental groups. During the experiment, rats
were housed in cages with a constant ambient temperature (24 +
2°C), humidity (60 + 5%) and alternating 12 hours light and 12

hours dark cycles.

Chemical agents to be used in the experiment

Bleomycin: BLE, an important exogenous substance that triggers
fibrosis in animal models, is prominent [14,15]. In a study in
which BLE induced fibrosis in rats in the literature, 5 mg/kg was
given in 180-200 g albino ann-marie male rats [16]. Based on
the information presented, the Sprague dawley rat strain, which
has an advantage in surgical procedures, was used in this project.
In order to induce the experimental fibrosis model, BLE (Kocak,
Istanbul, Turkey) was administered intratracheally at a dose of 5

mg/kg.

Blackberry Extract: BBE active metabolites have been shown to
be protective against oxidative damage as well as showing strong
antioxidant effect. Besides antioxidative effect, it also has anti-
inflammatory, antibacterial and anti-proliferative effects [17-19].
In a study, BBE was administered at different doses and a dose-
dependent decrease in oxidative activity was found [13]. In
information presented, BBE was
administered to sprague dawley rats at a dose of 100 mg/kg
gavage to investigate the parameters related to fibrosis treatment

accordance with the

and protective effect in the project.

Berry pomace water extract was obtained using the method
described by Turan and Simsek [20]. Firstly, berry fruits were
washed and squeezed by hand using a fine mesh strainer. The
pomaces were taken from the strainer and 50 g of the fruit’s
pomaces were blended with 500 mL of distilled water. The
mixture was homogenized at 900 rpm for 2 min using an Ultra-
Turrax homogenizer (WiseTis HG-15D, Daihan Scientific Co.,
Seoul, Korea) and stirred for 1 h with a magnetic stirrer and
filtered with Whatman 1. A rotary evaporator (Heidolph Rotary
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Evaporator, Laborota 4001, Germany) with vacuum pump (KNF
Laboport Vacuum Pump, Germany) was then wused to
concentrate the filtrate. The obtained concentrated pomace
water extracts were kept at 4°C until used.

The antioxidant activity, Total Phenolic Content (TPC),
and Total Flavonoid Content (TFC) of blackberry extracts
were evaluated. The free radical scavenging activities of extracts
were determined using 1, I-Diphenyl-2-picrylhydrazyl, Sigma-
Aldrich (DPPH) according to [21]. The absorbance was
recorded at 517 nm wusing a spectrophotometer (UV-160
A, UV.Visible recording spectrophotometer, Shimadzu,
Tokyo, Japan). The results were expressed as a percentage of
free radical scavenging activity (%). The total phenolic
contents of extracts were determined using the Folin-
Ciocalteu method as described by [22]. The absorption has

measured at 750 nm against a reagent blank in a
spectrophotometer. The results were given as mg Gallic
Acid  Equivalents (GAE)/100 mL. Total flavonoid

contents were determined and all procedures were applied
according to the method reported by [23]. The absorbance was
measured at 510 nm. The results were reported as mg of
catechin (standard) equivalents (mg CE/100 mL) DPPH radical
scavenging activity was found to be 75.08% = 2.47, the TPC was
quantified at 57.21 mg GAE/100 mL * 0.80, and the TFC was
measured to be 4.71 mg CE/100 mL + 0.04. These values are

presented as mean * standard error.

Experimental groups

Control group (n=10): Rats in the control group were fed
rodent rearing pellets with free access to feed and water for 14
days. Only Saline (SF) (0.9% NaCl sol.) 1 mL was administered
intraperitoneally (i.p.) every day for 28 days.

Fibrosis group (n=10): BLE 0.5 mL at a dose of 5 mg/kg was
administered intratracheally as a single dose [16].

Positive group (n=10): It will be used as a positive control. BLE
0.5 mL single dose of 5 mg/kg dose was administered
intratracheally, and methylprednisolone at a dose of 4 mg/kg
i.p. for 15 days after BLE administration [24].

BBE group (BBE) (n=10): BBE agent at a dose of 100 mg/kg
was administered by 1 mL oral gavage every day for 28 days [13].

BBE+BLE group (n=10): BBE at a dose of 100 mg/kg was
administered by oral gavage every day for 28 days. On the 15th
day, a single dose of 5 mg/kg intratracheal BLE was
administered [25].

BLE+BBE group (n=10): After 5 mg/kg single dose
intratracheal BLE was administered, BBE was administered via
oral gavage at a dose of 100 mg/kg for 28 days [25].

Histological analysis

Lung tissues obtained from the experimental groups were placed
in 10% formaldehyde solution and fixed for 1 day. Following
fixation, the tissues were placed under running water overnight.
The next day, they were kept in increasing alcohol series (70%,

80% and 96%) for one day. After being left in 100% alcohol for
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3 hours, xylol transparency was applied. They were left in
paraffin I, Il and III at one-hour intervals. The samples were
then embedded in clean paraffin and paraffin blocks were made.
From each paraffin block, 5 pum thickness sections were taken on
slides. Sections were passed through xylol and decreasing alcohol
series. Sections stained with haematoxylin and eosin (H and E,
BES LAB). The parameters of haemorrhage, cellular infiltration
and alveolar wall thickening in the lung tissue were scored as O
none, 1 mild, 2 moderate and 3 severe [26]. Lung tissue sections
were stained using Masson's trichrome (Bio-Optica) technique to
examine the histological features of pulmonary fibrosis. Images
of Masson's trichrome staining of lung tissue sections was
analysed quantitatively using Image ] software 1.54f [27,28]. In
images with Masson's trichrome staining, the blue colouration
indicating extracellular matrix localisation was separated and
measured as intensity per field of view.

Biochemical analyses

Malondialdehyde (MDA) (Sunredbio Catalog number,
201-11-0157, China), Total Antioxidant Status (TAS) (Sunredbio
Catalog number, 201-11-2672, China) and Total Oxidant Status
(TOS) (Sunredbio Catalog number, 201-11-1669, China)
analyses in tissue samples of the experimental groups were
performed according to the commercially available kit protocol.
The results were read at 450 nm wavelength and expressed as

nmol/mL for MDA and TOS and U/mL for TAS.

Statistical analysis

Numerical values of the scored histopathological findings and
quantitative values of Masson trichrome staining intensity were
compared by one-way analysis of variance using GraphPad Prism
8 Version 8.4.3 software. The difference between the groups was
determined by applying Tukey's multiple comparison test.
p<0.05 was considered statistically significant.

For biochemical analyses, Shapiro-Wilk test was applied to
evaluate the normality and lognormality of the data. For
normally distributed data, oneway ANOVA was used for
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multiple comparisons between groups. Kruskal-Wallis test was
used for multiple comparisons between groups for non-normally
distributed data.

RESULTS

Histological analysis results

When the lung specimens stained with haematoxylin eosin
were examined, it was observed that bronchioles, alveoli and
pulmonary arteries had normal histology in control and BBE
groups (Figure 1). Intraalveolar haemorrhage was observed to
decrease in the BLE+BBE group compared to the BLE group.
There was no significant difference in cellular infiltration and
alveolar wall thickening in the BLE group compared to the BLE
group (Table 1).

Figure 1: Haematoxylin and eosin staining images of lung
tissues of the experimental groups. a) Control group; b)
Positive control group; c) Bleomycin group; d) Blackberry
group; e) Bleomycin+Blackberry group; f) Blackberry
+Bleomycin  group. Yellow indicates areas of
haemorrhage, blue arrow indicates thickening of the alveolar
wall and red arrow indicates areas of cellular infiltration.
Magnification is 20X and the scale bar is 50 um.

arrow

Table 1: Damage rates observed in the lung tissues of the experimental groups.

Groups Haemorrhage Cellular infiltration Alveolar wall thickening
Control group 0.18 £ 0.07 0.15+0.10 0.25£0.05

Positive control group 1.05 + 0.37* 1.16 + 0.16* 1.5 £ 0.26%

Bleomycin group 1.5 £0.37? 1.61 £0.27%b 1.56 £ 0.25°

Blackberry group 0.2 + 0.14b¢ 0.18 £ 0.07b¢ 0.28 +0.13b¢
Bleomycin+Blackberry group 0.88 +0.31% 1.41 +0.23 118 +0.32%
Blackberry+Bleomycin group 1.61 + 0.22abde 1.46 +0.181 1.21 £ 0.24x

Note: : p<0.05 shows that there is a difference compared to control group; *: p<0.05 shows that there is a difference compared to positive control
group; ¢ p<0.05 shows that there is a difference compared to bleomycin group; 9: p<0.05 shows that there is a difference compared to Blackberry
group; ¢ p<0.05 shows that there is a difference compared to Bleomycin+Blackberry group; f: p<0,05 shows that there is a difference compared to

Blackberry+Bleomycin group.
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Images with Masson's trichrome staining was separated and
quantified in Image J software, with blue colouration indicating
collagen localisation as intensity per field of view. When these
quantitative values were statistically tested, it was observed that
collagen deposition increased significantly in the positive
control, BLE and BBE+BLE groups compared to the control
group (Figure 2, p<0.05). The amount of collagen deposited in
the BLE+BBE group was less than the BLE and BBE+BLE
groups (Figure 2, p<0.05).

Masson's tichrome
staining nansiy
28 g3

S
T

Figure 2: Masson trichrome staining images of lung tissues of
the experimental groups. A) a) Control group; b) Positive
control group; c¢) Bleomycin group; d) Blackberry group; e)
Bleomycin+Blackberry group; f) The Blackberry+Bleomycin
group. Magnification is 10X and the scale bar is 100 pm. B)
Data shown in bar graphs are expressed as mean + SD. (a)
p<0.05 shows that there is a difference compared to control
group; (b) p<0.05 shows that there is a difference compared to
positive control group; (c) p<0.05 shows that there is a
difference compared to bleomycin group; (d) p<0.05 shows
that there is a difference compared to Blackberry group; (e)
p<0.05 shows that there is a difference compared to
Bleomycin+Blackberry group.

Biochemical analysis results

The results of biochemical analyses of lung tissues taken from
the experimental groups are shown in (Figure 3). According to
the data obtained, BLE application increases MDA and TOS
levels and decreases TAS levels in a statistically significant
manner compared to the control group. It is observed that BBE
alleviates these negative effects.

Shapiro-Wilk test was applied to evaluate the normality and
lognormality of the data. For normally distributed data, one-way
ANOVA was used for multiple comparisons between groups.
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Kruskal-Wallis test was used for multiple comparisons between
groups for non-normally distributed data.
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Figure 3: Results of MDA, TAS and TOS analyses in lung

tissues of experimental groups. Note: p<0.05 indicates a
statistically significant difference. *p<0.05, **p<0.005.

DISCUSSION

BLE is an antitumor antibiotic used in the treatment of various
malignancies, including germ «cell tumours and Hodgkin
lymphoma. The most important and serious side effect is
pulmonary toxicity. This adverse effect can lead to pulmonary
fibrosis, sometimes chronic and irreversible, which limits its
application, has been associated with an acquired loss of BLE
hydrolase activity and is mediated by an immunological
mechanism characterised by migration of active effector cells in
the lung and release of proinflaimmatory mediators, resulting in
the development of pulmonary fibrosis [29-33]. Athymic rats are
resistant to BLE-induced lung injury, suggesting that the
inflammatory process is important for the pathogenesis of the

disease [34].

The importance of inflaimmatory cytokines in the development
of BLE-induced lung injury has been suggested by various
observations. Activation of messenger RNA-encoding cytokines
after BLE exposure in whole lung and bronchoalveolar lavage
preparations precedes the proliferative response and induction

of collagen synthesis [28,35,36].

In animal models, neutralisation of the biological activity of
proinflammatory cytokines by neutralising antibodies (e.g. anti-
TNFa and anti-TGFbeta), soluble receptors (e.g. recombinant
human TNFa receptors) or receptor antagonists that bind and
inactivate the relevant peptides (e.g. interleukin-1 receptor
antagonists) leads to amelioration of the lung fibrotic process

induced by BLE [31,37,38].

The alveolar macrophage is considered to play a central role in
the development of BLE-induced lung injury due to its ability to
express a range of effector molecules (e.g. cytokines, lipid
metabolites, oxygen radicals). The mechanism of activation of
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alveolar macrophages by BLE is unknown. BLE receptors have
been identified on the surface of rat alveolar macrophages,
suggesting that activation may be mediated by a second
messenger [39].

In another study, BLE treatment was shown to induce fibroblast
migration from the bone marrow to the lung [40]. These
fibroblasts express type I collagen, telomerase and CXCR4 and
CCR7 chemokine receptors.

Studies on antioxidant anti-inflammatory products that prevent
and treat lung toxicity due to BLE are being carried out. Various
herbal extracts have been used in studies on this subject and
successful results have been obtained. The main aim of our
study was to determine the success of BBE, which has a high
antioxidant capacity, in preventing and treating BLE-induced
lung toxicity [13].

BBE contains a wide range of active phytochemical components
with anthocyanins and polyphenols. Therefore, its antioxidant
and anti-inflammatory effect is prominent [13]. For this reason,
this study was planned to answer the question whether the
effects of BLE, a proinflammatory component, can be prevented
by BBE, an anti-inflammatory product.

BBE has antibacterial and anti-proliferative effects as well as
antioxidative and anti-inflammatory effects [17-19]. In our study,
a statistically significant decrease in intra-alveolar haemorrhage
was observed in the BLE+BBE group compared to the BLE
group. Cellular infiltration and alveolar wall thickening were
found to be proportionally decreased in the BLE groups treated
with BBE compared to the BLE group, but there was no
statistically significant difference between the groups. This
difference may become significant in a study with larger
experimental groups. In terms of collagen accumulation, the
amount of collagen accumulated in the BLE+BBE group was
found to be less than the BLE and BBE+BLE groups. These
results of our study support that BBE has anti-inflammatory,
antiproliferative effect.

In a study using kunming male rats weighing 18-22 g, BBE was
administered intragastrically at 25, 50 and 100 mg/kg and a
dose-dependent decrease in superoxide dismutase activity was
found [13]. In our study, it was found that MDA and TOS
decreased among oxidant parameters and TAS increased among
antioxidant parameters in BLE-treated groups. BBE was found
to be antioxidative and was found to alleviate the negative effects

of BLE.

CONCLUSION

Bleomycin-related side effects may be prevented or treated with
blackberry extract. We think that these results will prevent the
reservations about bleomycin and will make an important
contribution to the literature.
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