Ameliorating effect of Alteplase in bleomycin-induced
pulmonary fibrosis in adult rats
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Abstract, The goal of this study was to see if alteplase may help adult rats suffering from
bleomycin-induced lung fibrosis. Alteplase 0.9mg/ kg i.p. as a single dose daily for 3weeks,
significantly ameliorated the declined serum levels of SOD and GSHpx, and significantly,
decrease the elevated level of hydroxyproline in (BLM) treated rats. The bulk of the
alveolar walls were filled by collagenous fibres with diffuse cellular infiltration, bands of
collagen fibres, and increased macrophages and fibroblast cells in sections of lung tissue
from BLM-treated rats. The lung of rats treated by alteplase in combination with (BLM)
revealed that fibrotic lesions appeared less, with mild inflammatory cells, minimum blood
vessels congestion and most parenchyma tissue appeared similar to anormal structure. As a
result, the findings could provide one treatment option for preventing lung fibrosis caused
by anticancer therapy.
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1. Introduction

In a reparative process, fibrosis is the production of extra fibrous tissue in tissue [1].
Interstitial lung injury with tissue fibrosis and a loss of lung elasticity characterise pulmonary
fibrosis (PF). PF can be caused by a variety of disorders or it might be idiopathic, meaning
there is no recognised cause. There were three forms of lung tissue fibrosis as well:
Replacement fibrosis, which happens in fibrosing alveolitis (IPF) and extensive allergy
alveolitis [2], localised fibrosis in reaction to irritants, such as coal dust and silica, and diffuse
parenchymal lung disease (DPLD), which occurs in fibrosing alveolitis (IPF) and extensive
allergic alveolitis. There are a variety of methods for modelling (PF) and/or inducing lung
tissue damage in animal models to obtain a realistic picture of human disease. Because there
are pathologic similarities between fibrotic reactions in human and rodent lungs, animal
models are an excellent tool for investigating pathologic changes in vivo. [3-4]. Various
animal models of (PF) have been developed, however, to examine potential therapeutics for
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the disease (PF). Chemical induction by bleomycin (BLM) is the most commonly used model
in rodents (mouse, rats and hamster) [3]. Most of pulmonary fibrosis inducing models were
stimulated lung-injury in response to oxidative stress.
Bleomycin, the anticancer drug, caused lung cell damage and fibrosis by inducing lipid
peroxidation, independent from its effect on DNA. Therefore, one of the serious side effects
of BLM in humans has been observed in the lungs, which may progress to fatal diffuse (PF)
[5-8].

This research was designed to investigate the ameliorating effect of alteplase in bleomycin-
induced pulmonary fibrosis in adult rats

2. Material and methods

2.1 Animals

Albino Wister male rats (Rattus norvegicus) weighing 200-250 g were obtained from Thi-
Qar University's College of Science's animal centre. All animals were provided free access
to food and water, and were kept at a constant temperature of 22+3 degrees Fahrenheit with
a 12-hour light/dark cycle.

2.2 Experimental design

Animals were randomly assigned to one of four groups (10 rats each). The rats in group 1
(Control group) were given 0.5ml/animal/daily i.p. of sterile saline solution (the vehicle). For
three weeks, Group 2 got bleomycin 15mg/ kg/ i.p. three times weekly. Group 3 received
alteplase 0.9mg/ kg i.p. as a single dose daily for 3weeks (Benoitet al., 2010). Group 4 received
bleomycin and alteplase simultaneously at doses, periods and administration similar to that
mentioned in the groups 2 and 3. All the treatments were dissolved in normal saline and were
administered for 3 weeks (9). The rats were anaesthetized with chloroform and venous blood
samples were taken via direct heart puncture into sterilised tubes at the conclusion of the
experiment. Sera was kept in a deep freezer.

2.3 Estimation of GSHpx, SOD and HYP

According to the kit instructions, serum glutathione peroxidase (GSHpx), superoxide
dismutase (SOD), and hydroxyproline (HYP) were tested (Cusabio Eliza kit, catalo no.
CSB-E 121144r).

2.4 Histopthological examination

Lung tissue samples were taken from sagittal lung slices, fixed in 10% formalin for 24 hours,
then washed, dehydrated, clarified, and embedded in paraffin; sections of around 4m were
stained with Hematoxylin-Eosin for microscopic analysis.

2.5 Statistical analysis
The paired students T-test was used to assess differences between groups. P<0.05 was used to
determine whether differences were statistically significant.



3. Results

The serum level of SOD in the control was 9.42+1.08 Pg/ml, administration of alteplase did
not induce significant changes in the serum SOD (9.270+£0.591 Pg/ml), however, SOD was
significantly declined in bleomycin group (7.77+0.644 Pg/ml) (P<0.01), while administration
of alteplase with bleomycin significantly restored the serum SOD level to the normal. The
level of seum GSHpx was also decreased significantly in bleomycin treated group
(17.04+£1.52 MIU/ml) compared with control (33.18+3.444 MIU/ml) (P<0.001), while
alteplase did not affected the level of GSHpx when administered alone (30.62+3.92 MIU/ml)
but it restored the level of GSHpx to normal limit when administered with bleomycin
(30.07£2.00 MIU/ml). On the other hand, the serum level of hydroxyproline was 1.44+0.20
ug/ml in the control group, it was did not change by alteplase (1.67+£0.19 MIU/ml), but it was
significantly increased by bleomycin (2.86+0.12 MIU/ml) (P<0.0001), while alteplase
significantly ameliorated the effect of bleomycin on hydroxyproline (1.54+0.34 MIU/ml)
(Table 1).

Normal architecture, a spongy appearance of the lung with thin alveolar septa, clear alveolar
cavities, and normal alveolar ducts were observed microscopically in the control group's rat
lung sections. The alveoli were evenly dispersed and the lung tissue appeared normal. The
alveolar epithelial tissue lining and loose connective tissue included a large capillary network
around the alveoli, forming the interalveolar septa. The alveolar ducts have several alveoli
openings along their length, and the alveolar sacs form at the end of the ducts (Figure 1). The
histological evaluation of lung sections from rats given alteplase revealed normal histological
characteristics, which were similar to the sections from the control group (Figure 2).

The bulk of the alveolar walls were filled by collagenous fibres with diffuse cellular
infiltration, as well as bands of collagen fibres, with an increase in macrophages and
fibroblast cells in BLM-treated rats' lung sections (figure 3). The sections of the lung of rats
treated by alteplase in combination with (BLM), revealed that fibrotic lesions appeared less,
with mild inflammatory cells, minimum blood vessels congestion and most parenchyma
tissue appeared similar to normal structure (figure 4 & 5).

Table 1: Alteplase's effect on superoxide (SOD), glutathione peroxidase (GSHpx), and
hydroxyproline (HYP) in blood serum of rats with bleomycin-induced pulmonary fibrosis.

Groups SOD Pg/ml GSHpx MIU/ml HYP pg/ml
Control 9.42+1.082 33.18+3.44° 1.44+0.20?
Bleomycin 7.77+0.644° 17.04+1.52° 2.860.12°
Alteplase 9.27+0.591° 30.62+3.922 1.67+0.192
BLM+Alteplase 9.08+1.09% 30.07+2.00? 1.54+0.342




Vertically similar letter means not significant



Figurel: Section in normal lung tissue showing that alveoli

-

= ) and capillary network around
alveoli (££) (H&E 40X).

were homogeneously distributed ( ) with normal

interalveolar septa (

Figure 2: Section of the lung of rats treated with alteplase
showed heavily invasion of lung t{ssue with mononuclear cells
prominently macrophages ( +) , lymphocytes with
fewer other inflammatory cells, also fewer fibroblast infiltrate
interalveolar septa (H&E. 400X).

Figure 3: Section of the lung of bleomycin-treated rat,
revealed an increase in cellularity of alveolar septum, look-like

lymphatic nodule ( *) and intra-alveolar fibrosis with

Figure 4: Section in the lung of rat treated with (bleomycin
and alteplase) showed mild inflammatory cells, less than other

groups, limited areas of fibrosis ( ) and collapse, with

collagenous bands accompanying great septal thickness | clear lumen of bronchioles lining with normal folded
( ’) (H&E. 100X). epithelium () H&E. 100X).
Figure 5: Section in the lung of rat treated with (bleomycin and alteplase) showed more patent alveolar space ( ) and

reduced both inflammatory cells infiltration and thickness ofthe interalveolar septa ( ’) ( H&E.40X).




4. Discussion

Antineoplastic medicines frequently produce pulmonary fibrosis as a side effect. The goal of
this investigation was to see if alteplase had any protective properties. To examine potential
therapeutics for pulmonary fibrosis, various animal models of pulmonary fibrosis have been
established (PF). The most frequent model for PF is bleomycin-induced lung fibrosis, which
has a characteristic inflammatory pattern. In mice and rats (mouse, rat and hamster). Usuki
and Fukua (10) observed that giving bleomycin to rodents causes histological changes that
are nearly identical to those seen in human pulmonary fibrosis.

As in our results, the previous studies also showed that rat serum hydroxyproline was
significantly increased, in bleomycin induced pulmonary fibrosis in rats (11-15).
Furthermore, bleomycin induced significant deleterious changes in antioxidant status. The
declined antioxidant status in our study was also recorded by many workers (12, 16). They
discovered that a healthy balance of oxidants and antioxidants was one of the most critical
factors in maintaining lung homeostasis, protecting the lungs from a variety of pathological
diseases, and promoting normal healing.

The histopathological lesions that appeared with bleomycin in this study were similar to
those recorded by many authors (17- 18). The histopathological lesions induced by bleomycin
confirmed that injurious effects of bleomycin. Bleomycin-treated animals showed prominent
parenchymatous disruption manifested by the appearance of over-expanded alveoli with
thinning, destruction of the interalveolar septa and connection of many alveoli together. These
finding, were similar to the picture of the emphysematous lung previously described (19).
These could be attributed to proteolytic parenchyma destruction. Furthermore, it was reported
that damage of the interstitial tissue could be followed by alveolar and interstitial edema,
inflammation and breakdown of connective tissue (20-21), all these findings matched with
our histological results. In the current study, the treatment with alteplase has been proven
beneficial as it attenuated lung pathology induced by bleomycin. Where it reduced pulmonary
inflammation, reduced extensive areas of collagen deposition whether interalveolar, around
alveoli or peribronchioleoli, around blood vessels and subpleura zone. It also decreased
inflammatory cells infiltration, re-epithelization of cellular lining alveoli. The effect of
alteplase could be attributed to its fibrin dissolving characteristics and its antioxidant effects
in BLM-induced pulmonary damage, where ROS led to the depletion of glutathione and
oxidant/antioxidant imbalance, subsequently. Alteplase blocked this process and eventually
improved the case of the lung.

5. Conclusion

According to our results, alteplase decreased hydoxyproline which elevated in pulmonary
fibrosis induced by bleomycin. It also increase the antioxidant status which declined by
bleomycin. Furthermore it ameliorated the histological alterations in the lung. Accordingly,
the results confirmed the protective effects of fibrinolytic drugs in pulmonary fibrosis.
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