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Abstract

Aim: Pulmonary toxicity related to bleomycin, an antitumor drug used in the treatment of several malignancies, is a challenge, and
studies to find out molecules to prevent it are ongoing. In this study, we aimed to investigate the effectiveness of telmisartan and
tadalafil in an experimental rat model of bleomycin-induced lung fibrosis.

Methods: A total of 32 male rats were divided into four groups: Control group, Bleomycin group, Bleomycin-plus-Tadalafil group and
Bleomycin-plus-Telmisartan group. Lung fibrosis was achieved by intratracheal administration of bleomycin, and the same procedure
was performed to the control group, but saline was substituted for bleomycin. Tadalafil and telmisartan were administered with an
orogastric catheter for 14 days. Tissue malondialdehyde levels (MDA) were determined using colorimetric methods. Masson’s
trichrome staining was used in the histological examination of the tissue samples.

Results: The fibrosis scores of bleomycin-plus-tadalafil and bleomycin-plus-telmisartan groups were lower than that of the bleomycin
group (P=0.007 and P=0.007, respectively). MDA levels did not differ among study groups.

Conclusion: Tadalafil and telmisartan were found to decrease fibrosis scores, which were increased with bleomycin, concluding that
pulmonary toxicity was related to multiple processes and preventable.
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Oz

Amag: Farkli malignitelerin tedavisinde kullanilan bir antitiimor ilag olan bleomisin ile iliskili pulmoner toksisite, onemli bir sorundur
ve bu toksisiteyi Onleyecek molekiilleri bulmak i¢in c¢aliymalar devam etmektedir. Bu deneysel ¢aligmada, ratlarda, bleomisinle
indiiklenen akciger fibrozisinde telmisartan ve tadalafilin etkinligini arastirmay1 amagladik.

Yontemler: 32 erkek rat dort gruba ayrildi: Kontrol grubu, Bleomisin grubu, BleomisintTadalafil grubu, Bleomisin+Telmisartan grubu.
Akciger fibrozisi intratrakeal bleomisin uygulamasi ile olusturulurken ayni prosediir kontrol grubunda bleomisin yerine salin
kullanilarak uygulandi. Tadalafil ve telmisartan gruplara gore 14 giin boyunca orogastrik kateter vasitasiyla verildi. Doku MDA
diizeyleri kalorimetrik yontemler kullanilarak 6lgiildii. Masson trikrom boyama uygulanarak histolojik degerlendirme yapildi.

Bulgular: Bleomisin+tadalafil ve bleomisin+telmisartan gruplarinin fibrozis skorlar1 bleomisin grubuna gore daha diisiiktii (P=0,007 ve
P=0,007, sirasiyla). Gruplar arasinda MDA diizeyleri a¢isindan farklilik goriilmedi.

Sonug: Tadalafil ve telmisartanin bleomisine bagl artan fibrozis skorlarini diisiirdiigii ve pulmoner toksisitenin birden fazla siiregle
iligkili oldugu ve 6nlenebilir oldugu kanisindayiz.

Anahtar kelimeler: Pulmoner fibrozis, Bleomisin, Telmisartan, Tadalafil
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Introduction

Bleomycin is an antitumor antibiotic that is used to treat
a wide variety of malignancies, predominantly, germ cell tumors
and Hodgkin lymphomas. However, pulmonary toxicities,
interstitial pulmonary fibrosis being the most life-threatening
variant, can be observed in around ten percent of patients
receiving the drug [1,2]. The phosphodiesterase type 5 (PDE 5)
inhibitors cause vasodilation in many tissues by blocking the
degradation of cyclic guanosine monophosphate (cGMP), which
results in prolongation of the action of various mediators, such as
nitric oxide (NO). This effect of PDE 5 inhibitors are mostly
seen in the penis and lung. There are diverse studies which
demonstrated antiapoptotic, antifibrotic and anti-inflammatory
effects of PDE 5 inhibitors in different tissues [3-6].
Angiotensin-11 receptor blockers (ARBSs) are used to treat high
blood pressure, heart failure and diabetic kidney disease. Anti-
apoptotic and antifibrotic effects of ARBs in lungs, heart and
kidneys have been demonstrated in several studies [7-10].
Molecules which harbor antifibrotic potential are currently being
studied in experimental settings, and we aimed to investigate the
effects of tadalafil, a phosphodiesterase type-5 inhibitor, and
telmisartan, an angiotensin receptor blocker, in bleomycin-
treated rat model.

Materials and methods

The study was carried out with the approval of
Karadeniz Technical University Animal Care and Ethical
Committee (Date: 5/25/2011, Protocol number: 2011/22). A total
of 32 male Sprague-Dawley rats, weighing between 250-300
grams, were used. The rats were randomized into four groups as
follows: Control group, Bleomycin group, Bleomycin-plus-
Tadalafil group and Bleomycin-plus-Telmisartan group. All rats
were kept in steel cages at a room temperature of 22°C and fed
on standard chow pellet diet, with ad libitum access to tap water.

After 8 hours of fasting, the rats were anesthetized with
intraperitoneal injection of 50 mg/kg ketamine and 10 mg/kg
xylazine. The Pulmonary Fibrosis Model was achieved by
intratracheal administration of 0.2 ml of the designated solution
(bleomycin 5 mg/kg in saline in all groups excluding controls,
and 0.2 ml saline only in the control group) on day 0. In the
following 14 days, saline, tadalafil or telmisartan were
administered to the related groups through an orogastric catheter
(10 mg/kg of tadalafil or 10 mg/kg telmisartan). On day 15, all
rats were sacrificed, and their lungs were excised. The weights of
right and left lungs of all rats were noted and the right lungs were
used for histopathological examination, whereas the left lungs
were used for biochemical assays.

Histopathological examination

The right lungs were fixed in 10% formaldehyde, after
which paraffin blocks were prepared for light microscopic
investigations. 3 pm-thick serial sections were made with a
microtome and stained with hematoxylin-eosin and Masson’s
trichrome for evaluation of general morphology and fibrosis.
Then the sections were analyzed under a light microscope
(Olympus BX 51, Tokyo, Japan) at a high magnification by a
histologist blinded to the animal groups. The histological
sections were graded for pulmonary fibrosis, scores ranging from
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0 (normal lung) to 8 (total fibrosis), using the grading system
described by Aschcroft et al. (Grade 0 = Normal lung, Grade 1 =
Minimal fibrous thickening of alveolar or bronchiolar walls,
Grade 2-3 = Moderate thickening of walls obvious damage to
lung architecture, Grade 4-5 = Increased fibrosis with definite
damage to lung structure and formation of fibrous bands or small
fibrous masses, Grade 6-7 = Severe distortion of structure and
large fibrous areas, “honeycomb lung” is placed in this category
and Grade 8 = Total fibrous obliteration of the field) [11] .

Biochemical assay (tissue MDA levels)

Tissue  levels of MDA  were  measured
spectrophotometrically with the method described by Uchiyama
and Mihara on the thiobarbituric acid reactive substance
(TBARS) [12]. Left lung tissues of the rats were cut on ice molds
and weighed at 100 mg on a precision scale (Mettler Toledo AB
204-S Greifensee, Switzerland). 1 mL of cold homogenization
buffer (1.15% KCI and 0.05% Triton X-100 solution) was placed
and homogenized at 5000 rpm in a homogenizer (IKA- ultra
turrax T 18, Staufen, Germany) for 30 s in a cold environment.
After homogenization, samples were centrifuged at 18009 for 10
min. The supernatant fractions were analyzed at 512 nm by
microplate reader (Molecular devices Versa Max, California,
United States). Tetramethoxypropane was used as a standard,
and MDA levels were calculated as nanomoles per gram wet
tissue.

Statistical analysis

Data were expressed as median (interquartile range for
25-75 %). SPSS (version 23.0, Chicago, IL, USA) was used for
statistical analysis of the data, where the groups were compared
by Kruskal-Wallis analysis of variance (post-hoc evaluations
were done by Mann-Whitney U test). A P-value of less than 0.05
was considered significant.

Results

The weights of the left lungs were similar in all groups.
The weights of right lungs in two groups (bleomycin group and
bleomycin-plus-tadalafil group) were higher compared to
controls (P=0.015 and P=0.003, respectively).

The histopathological analysis of lung tissues from
untreated, tadalafil and telmisartan-treated bleomycin groups
revealed that both drugs had moderately protective effects on
lung injury (Figure 1). The fibrosis scores of the bleomycin
group were higher compared to the control group (P<0.05). The
fibrosis scores of bleomycin-plus-tadalafil and bleomycin-plus-
telmisartan groups were lower than the bleomycin group
(P=0.007 and P=0.007, respectively). The scores from these two
groups were comparable to the scores of the control group.

Analysis for tissue MDA levels did not show any
difference for the studied groups. The results of the statistical
analysis are presented in Table 1.
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Table 1: A comparison of lung weight, MDA levels and fibrosis score in the groups

Variables Control Bleomycin ~ Bleomycin/  Bleomycin/  P-value
(n:8) (n:8) tadalafil telmisartan

(n:8) (n:8)

Lung Weight

Right lung weight (mg) 1100 1450 1550 1300 0.015
(1000-1275) (1300-1575)° (1325-1950)° (1125-1475)

Left lung weight (mg) 800 850 950 1000 0.421
(625-1000)  (800-1050)  (800-1000)  (850-1075)

Biochemical Variable

MDA (nmol/mg wet tissue) | 4.80 5.22 4.35 4.56 0.713
(4.32-5.44) (4.31-5.70)  (3.43-4.95)  (4.19-5.60)

Histopathologic Variable

Fibrosis Score 3.0(1.0-3.0) 3.0 1.0 1.0 0.018

(1.0-6.500  (1.0-3.0)° (1.0-3.0)°

Data were expressed as median (interquartile range for 25-75%). P-values according to Kruskal-Wallis Test,
post hoc Mann Whitney U test. 2 P<0.05 compared with control group; ® P<0.05 compared with Bleomycin
group
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Figure 1: A: Normal appearance of lung parenchyma in control group B: Bleomycin group
C: Bleomycin /Tadalafil Group D: Bleomycin/Telmisartan Group (Masson’s trichrome
staining, original magnifications x40)

Discussion

Bleomycin is a prevalent drug in regimens for the
treatment of testicular germ cell tumors (Bleomycin-Etoposide-
Cisplatin (BEP), Cisplatin-Vinblastine-Bleomycin or
Carboplatin-Vinblastine-Bleomycin) [13,14]. Pulmonary
complications were found in 5% to 16% of patients treated with
bleomycin for germ cell cancers [15]. In a study, it has been
shown that long-term pulmonary complications persisted in 8%
of the patients who received three cycles of BEP for germ cell
tumors [16]. The pathophysiological process leading to
pulmonary toxicity has not been clarified but oxidative damage,
deficiency of bleomycin hydrolase, genetic susceptibility and
inflammatory cytokines are thought to be relevant. Bleomycin
hydrolase is known to inactivate bleomycin and decrease its
effects [2]. Oxidative damage or chronic inflammation and
fibrosis of pulmonary interstitial tissues may also play a role in
bleomycin-related  pulmonary injury.  Bleomycin-induced
oxidative stress, DNA breakage and epithelial cell obliteration
provoke the accumulation of activated inflammatory cells, which
release proinflammatory cytokines and growth factors. These
fibrotic cytokines such as TNF-a, IL-1 and TGF-g are thought to
increase inflammatory response, leading to myofibroblast
activation, collagen deposition and remodeling progress.
Imbalance between oxidants and antioxidants may play a
significant role in pulmonary inflammation that induce fibrosis
[17,18].

Antifibrotic and/or anti-inflammatory effects of PDE-5
inhibitors were shown in experimental studies. In a study,
Marcus et al. showed that vardenafil inhibited myofibroblast
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transformation, collagen gel contraction and extracellular matrix
production in a rat model of Peyronie’s Disease [19]. In other
studies, it was shown that tadalafil can reduce hepatic and
circulating levels of TNF-a and limit the upregulation of pro-
inflammatory cytokines [20-22]. Yildirim et al. reported that
sildenafil lowered MDA levels and corrected antioxidant
glutathione in a pulmonary fibrosis model (bleomycin-treated
rats) [23]. However, our results were different from that of
Yildirim’s study, showing no significant changes in MDA levels.
On the other hand, histopathologically, our results concluded that
tadalafil was beneficial in preventing fibrosis in lungs.

TGF-B is an important profibrotic growth factor,
controlling cell growth, extracellular matrix, and collagens. The
role of reactive oxygen species and angiotensin on this process is
well studied. Thus, angiotensin receptor blocked by telmisartan,
is thought to be a potential target for preventing fibrosis in lungs
[24]. Our histopathological findings were parallel to the
hypothesis. We found that telmisartan can ameliorate the fibrosis
in lungs. In a study where TGF- B levels were investigated,
Waseda and colleagues showed that olmesartan, another
angiotensin receptor blocker, had antifibrotic effects in rats with
pulmonary fibrosis due to bleomycin, and they reported a
decrease in TGF- g levels [8].

Limitations

The most important limitation of our study is the
inadequate biochemical parameters. Another limitation of this
research is that in vivo studies cannot be predicted in terms of
possible effects.

Conclusion

We conclude that bleomycin-induced pulmonary
fibrosis may be related to multiple processes and preventable.
Our results with a phosphodiesterase type-5 inhibitor tadalafil
and an angiotensin receptor blocker telmisartan may be
considered promising and direct us to molecular studies to find
the pathways related to pulmonary complications.
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