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Abstract

Pulmonary interstitial diseases are characterized by a wide spectrum of alterations, with idiopathic pulmonary fibrosis
(IPF) being one of the most important. Recent studies have shown that COVID-19 can also progress to pulmonary
fibrosis. IPF affects elderly individuals, its etiological agent is unknown and its prognosis is poor. Studies have shown
an increased incidence and prevalence of IPF, especially in males. Unordered and excessive extracellular matrix
deposition is the main lesion of IPF, leading to loss of normal alveolar architecture, decreased pulmonary compliance,
and reduced gas exchange. Clinical trials of conventional treatments have not shown significant improvement in
patients with IPF, proving the need of more effective alternatives.

Studies have shown the association of angiotensin-converting enzyme (ACE)/Angiotensin (Ang)Il/AT1 receptor axis
with the development of pulmonary fibrosis and hypertension. On the other hand, it was observed that angiotensin 2
converting enzyme (ACE 2)/Angiotensin1-7[Ang-(1-7)]/Mas receptor axis plays an important role in the balance of the
ACE/Angll/AT1 axis. In this sense, drugs that increase the activity of the ACE 2/Ang-(1-7)/Mas receptor axis could
present therapeutic potential for the treatment of IPF. In addition, when the effects of ACE 2 pharmacological treatment
associated with a swimming protocol were analyzed in an experimental model of bleomycin-induced lung lesions, a
potent reduction of pulmonary fibrosis and an increase in endurance capacity of animals were observed. Even without
fully understanding the mechanisms involved, the results of this study showed that the combination of these two
treatment methods might contribute to the treatment of fibrosing interstitial lung diseases.

Keywords: Pulmonary Fibrosis; Physical Training; Angiotensin Converting Enzyme 2 (ACE 2); Diminazene Aceturate
(DIZE).

1. Introduction

Interstitial lung diseases (ILD) encompass a variety of pathological processes, ranging from acute inflammatory diseases
to diseases that present progressive and irreversible fibrosis [1]. ILD mechanisms are not completely understood and
may be related to genetic alterations, connective tissue diseases, environmental and infectious agents, as well as to
unknown etiologic agents, as verified in Idiopathic Pulmonary Fibrosis (IPF). The main complaint of ILD patients is
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dyspnea, which is aggravated by physical activities. Crackles in the pulmonary auscultation may indicate the
development of advanced fibrotic disease [2]. Preliminary studies have shown that patients with Coronavirus Disease
2019 (COVID-19) may progress to pulmonary fibrosis [3]. On March 11, 2020, WHO declared that the spread of the new
coronavirus, denominated Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-Cov-2), in the world reached the
levels of a pandemic [4]. As of December 22, 2020, WHO reported that there were over 75 million confirmed cases of
Coronavirus Disease 2019 (COVID-19) and over 1.6 million deaths worldwide since the start of the pandemic [5]. There
is still a great need for studies to assess the pathogenesis of fibrosis observed in COVID-19, as well as its evolution and
relevance.

Epithelial lesion is considered the main triggering event of important pulmonary diseases, such as Acute Respiratory
Distress Syndrome (ARDS) [6], Cystic Fibrosis [7] and IPF [8]. IPF is a distinct type of ILD, which is characterized by
different degrees of fibrosis and thickening of the alveolar walls and septa, accumulation of type II pneumocytes (PII)
and myofibroblasts, as well as narrowing of the airways and gas exchange alteration [8].

The incidence and prevalence of IPF increase with age, mainly in individuals over 50 years of age, and predominantly
in males [9]. A study analyzed the prevalence of IPF in patients over 65 years old and found an increase from 202.2
cases/100,000 inhabitants per year in 2001 to 494.5 cases/100,000 inhabitants per year in 2011 [10]. In Europe and
North America studies the prevalence ranges from 2.8 to 19 cases/100,000 inhabitants per year, and most diagnoses
are performed in the sixth and seventh decades of life [11]. In Japan, the prevalence and incidence of IPF was 10.0 and
2.23 for every 100,000 people [12].

Little is known about this disease in Brazil, but a study carried out in the Department of Informatics of the Health Unique
System (DATASUS), showed a progressive increase in incidence and mortality between the period of 1996 and 2010.
When applying the indexes of the American studies (classified according to age and gender) in Brazil, it was verified
that the annual incidence of IPF cases could be of 3,5 a 5,1 cases/100,000 inhabitants [13]. Analyzing only individuals
with 55 years or older, the prevalence ranged from 5,1 to 8,3 cases/100,000 inhabitants [13]. Recently, an increase from
0.24 cases/100,000 inhabitants to 1.10/100,000 inhabitants has been shown, which means that between 1979 and
2014 there was a 4.6-fold increase in mortality [14]. The 68% increase in the Brazilian population over the age of 50
may have contributed to this rise in mortality.

Diagnosis by lung biopsy in IPF patients usually demonstrates a slight inflammation in fibrotic areas indicated in
examinations of high-resolution imaging. However, surgical lung biopsy is performed in few patients due to the risk
associated with the procedure, especially in elderly individuals [10]. In high-resolution computed tomography, bilateral
honeycomb changes are observed predominantly in the sub pleural and basal regions [10].

IPF etiology is unknown, but risk factors are considered to be smoking, environmental exposures to certain chemicals
such as metal and wood dust and gases emitted by the combustion of fossil fuels, infectious agents and autoimmunity
[8]. The mechanism for IPF development has not yet been fully elucidated. Pulmonary fibroblasts, their differentiation
in myofibroblasts and alveolar epithelial cells play an important role in the pulmonary fibrosis pathogenesis by
producing pro-fibrotic mediators and depositing collagen in the parenchyma. In pulmonary fibrosis (PF), after
epidermal alveolar injury, re-epithelialization occurs due to hyperplasia of type II pneumocytes (PII) and
undifferentiated cells that regenerate the epithelium [15]. PII comprise about 15% of the alveolar epithelial cells and
are able to repair the alveolar wall [16]. Such proliferative capacity is described in different types of acute pulmonary
lesions, as well as in interstitial lung diseases (ILD) [17].

The alveolar surface tension is reduced by the action of the surfactant substance produced by PII [18]. During
inspiration, the surfactant promotes uniform alveolar recruitment, reducing the pressure gradient between the
interstitium and the alveolus, thus decreasing the formation of alveolar edema. Surfactant protein A (SP-A) expression
is a specific marker of pulmonary diseases and its concentration in pulmonary fibrosis is reduced in Bronchoalveolar
Lavage (BAL) and elevated in plasma when compared to healthy individuals. The mechanisms involved in the SP-A
appearance in plasma have not yet been established and several hypotheses have been proposed; 1) increased
permeability of pulmonary vessels, 2) destruction of the alveolar-capillary barrier and 3) decreased clearance rates
[19].

In addition to the surfactant, PII also produce cytokines and growth factors, such as transforming growth factor-§ (TGF-
B), interleukin-8 (IL-8) and monocyte chemoattractant protein-1 (MCP-1). Increased expression of active TGF-f3 induces
the proliferation of fibroblasts with production of type I collagen, which is the main structural protein of the pulmonary
interstitium [20,21]. Released cytokines may also promote the epithelial-mesenchymal transition (EMT) phenomenon,
that transdifferentiates epithelial cells into fibroblasts and myofibroblasts [22]. The retraction and deformity of the
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alveolar septa observed in fibrosis appear to be responsible for the contraction of cytoplasmic a-actin filaments of
myofibroblasts [23]. Alveolar epithelial injury sites are commonly replaced by foci of fibroblastic proliferation and
myofibroblasts differentiation, with exuberant deposition of extracellular matrix, which causes destruction of the
alveoli-capillary units and decrease or loss of organ function [8].

The excessive and disordered collagen I deposition promotes loss of normal alveolar architecture and contributes to
the reduction of lung compliance, reduction of gas exchange and other pulmonary functional alterations [24]. In an
attempt to repair previous alveolar-capillary damage, the fibroproliferative response seems to act almost immediately
after the onset of injury. As the repair proceeds, fibroblasts synthesize and deposit increased amounts of extracellular
matrix, which is enhanced by the release and action of various growth factors and cytokines [8].

In human and experimental lung fibrosis, TGF-B is expressed by PII and alveolar macrophages, induces the
differentiation of myofibroblasts that appear after the end of the initial inflammatory phenomena, stimulates the
production of extracellular matrix by mesenchymal cells and inhibits matrix degradation [25].

Despite its great diversity, the main constituents of the extracellular matrix are collagen fibers. In connective tissue, the
main fibers are types [, Il and III (fibrillar), and types IV, V and VI (non-fibrillary or amorphous). Collagen I, the main
structural protein of the pulmonary interstitium, is produced in large quantities during fibrotic reactions and its
deposition as a substitute for the type III collagen causes loss of normal alveolar architecture and contributes to a
decrease in pulmonary compliance, reduction of gas exchange and other pulmonary functional alterations [26].
However, the total amount of deposited cell matrix depends not only on the intensity of its synthesis but also on its
degradation.

There are two main mechanisms involved in collagen degradation: phagocytosis and metalloproteinase (MMP)-
mediated degradation [27]. When activated under normal conditions, MMPs are rapidly blocked by MMP-specific tissue
inhibitors, since their increased activity may destroy the architecture of an organ, including the lung. Collagenases are
metalloproteinases-1 (MMP-1), metalloproteinases-8 (MMP-8), metalloproteinases-13 (MMP-13) [28] and are
responsible for the cleavage of collagens I, II and III. The resulting fragments are more susceptible to digestion by
gelatinases (MMP-2 and MMP-9), facilitating their removal from tissue [28,29]. MMP-2 or gelatinase A is synthesized by
several cells, including fibroblasts, endothelial cells and alveolar epithelial cells, whereas MMP-9 or gelatinase B is
produced by macrophages, lymphocytes, neutrophils and, in certain situations, by alveolar epithelial cells [30]. MMP-2
degrades collagen 1V, the major constituent of the basement membrane and it is increased in BAL and inflammatory
cells of the pulmonary parenchyma, suggesting an important role of this MMP in pulmonary remodeling [31].

The presence of fibrosis with alveolar airspace size reduction decreases pulmonary distensibility and the deviation of
the pressure-volume curve to the right, which causes the reduction of compliance and the increase of lung elastic recoil.
Additionally, due to the loss of functional units and/or decreased expansibility of the damaged alveoli, there is a
decrease in total lung capacity (TLC), forced vital capacity (FVC) and residual volume (RV). According to Mura et al.
(2006), the extent of pulmonary fibrosis (% of total lung volume) negatively correlates with residual volume (% of
predicted residual volume) [32].

Due to the increase in the force of elastic recoil of the lungs and the increase of the bronchiolar lumen size by retraction
of the fibrotic areas, the pulmonary flows are increased when compared to the pulmonary volumes. Thus, the
relationship between forced expiratory volume in one second (FEV1) and FVC is normal or elevated. This change in lung
function is called restrictive ventilatory dysfunction [24]. Gas exchange changes are the earliest, mainly due to the
disturbance of the ventilation/perfusion ratio. The reduction of arterial partial pressure of oxygen (Pa03z) is progressive
and more pronounced in exercise. The partial pressure of carbon dioxide in the arterial blood (PaCOz) is generally
reduced due to the increase in alveolar ventilation imposed by the increased respiratory rate.

The diffusion measurement evaluated by the diffusion of carbon monoxide (DLCO) is considered an early marker of the
disease and it was inversely correlated with dyspnea [32]. This change is secondary to the reduction of the cross-
sectional area and thickening of the alveolar-capillary membrane [24].

Recent advances in understanding the pathogenesis of IPF suggest that inhibitors of pro-fibrogenic activities may be
useful therapeutic agents in the control of fibrosing lung diseases, interfering or modulating the progression of
pulmonary fibrosis and potentially improving respiratory function. Two antifibrotic drugs were able to reduce the rate
of decline in lung function, the risk of acute worsening of respiratory function and the mortality of patients [33,34]. The
first is perfenidone, a pyridine with anti-oxidant and anti-inflammatory properties, capable of inhibiting pro-
inflammatory cytokines such as TNFa [35]. In addition, perfenidone is able to inhibit TGF-f, blocking the proliferation
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and activation of fibroblasts, as well as collagen synthesis, being an effective anti-fibrotic [36]. The second drug is
nintedanib, a tyrosine kinase inhibitor capable of blocking receptors for TGFf, FGF, PDGF and VEGF, which are growth
factors directly involved in the development of granulation tissue and fibrosis [37,38]. Therefore it inhibits the
proliferation, migration and differentiation of fibroblasts as well as extracellular matrix deposition [38,39]. However,
despite nintedanib and perfenidone benefits, both drugs are capable of producing side effects such as hepatotoxicity,
increased plasma liver enzymes, nausea, abdominal pain, vomiting, diarrhea and weight loss, which can negatively affect
the patient adherence to medication regimen [40].

2. Bleomycin and Interstitial Lung Disease

Rodents have been used as a model to study the pathophysiology of pulmonary fibrosis. The administration of
bleomycin in rodents is the most used experimental method to study pulmonary fibrosis [41] and it is based on the
observation that pulmonary fibrosis is one of bleomycin side effects when this drug is used for the treatment of some
human cancers [42]. Bleomycin sulphate is a chemotherapeutic agent derived from water-soluble cytotoxic
glycopeptide antibiotics and isolated from Streptomyces verticillus. Administration of bleomycin may produce
pulmonary fibrosis, hypersensitivity pneumonitis and pulmonary nodules [43]. Evidences indicate that bleomycin
inhibits the synthesis of deoxyribonucleic acid (DNA) and partially blocks the synthesis of ribonucleic acid (RNA) and
proteins. It has a potent antitumor activity and has been used in the treatment of lymphomas, germ cell tumors and
squamous cell carcinomas [44]. Bleomycin treatment in patients with lymphomas leads to a frequency of pneumonitis
of around 18% and can cause 24% of mortality in these cases [45]. It induces epithelial damage and alveolar
inflammation, initiated by a super-expression of reactive oxygen species, followed by a fibroproliferative process,
fibrosis and simultaneous depletion of antioxidants. The pneumonitis may progress gradually during treatment or
develop months after its completion.

The factors that contribute to the increased bleomycin-induced toxicity are: advanced age, dose, use of supplemental
02, radiotherapy, renal insufficiency, occurrence of pre-existing lung diseases, smoking, and concomitant use of
granulocyte colony-stimulating factor (G-CSF - Granulocyte Colony-Stimulating Factor). This bleomycin-induced
pulmonary toxicity is clinically associated with the development of cough, dyspnea, fever, cyanosis and decreased
pulmonary function parameters [46].

3. Treatment of Pulmonary Interstitial Disease by diminazene aceturate (DIZE)

The renin-angiotensin system (RAS) is composed of several biologically active peptides that act in the regulation of
arterial pressure, hydroelectrolytic homeostasis, vascular tone and cellular function. Imbalances in this system, in
addition to being related to various cardiovascular and renal diseases such as arterial hypertension, heart failure,
cardiac remodeling, ventricular hypertrophy and chronic renal failure, may also be involved in pulmonary diseases [47].
The functional balance of RAS depends on the balance of activities of the two axes that form this system angiotensin
converting enzyme (ACE)/Angiotensin(Ang)II/AT1 receptor and angiotensin converting enzyme 2 (ACE
2/Angiotensin-(1-7)/receptor Mas [47]. The ACE/Angll/AT1 axis has inflammatory, fibrotic, vasoconstricting,
proliferative and oxidative stress inducing actions and, thus is associated with the pathophysiology of different diseases
[48-53]. In addition, several studies have demonstrated this axis participation in the development of fibrosis and
pulmonary hypertension [47,54]. On the other hand, the axis composed of ACE 2, Ang-(1-7) and Mas has an important
rolein the ACE/Angll/AT1 axis balance. ACE 2, an enzyme homologous to ACE, catalyzes the hydrolysis of the C-terminal
residue of Ang I, producing the protective Ang-(1-7) peptide, which is the specific binding of Mas receptor [55,56].
Thus, drugs that increase ACE 2/Ang-(1-7)/Mas axis activity may have therapeutic potential for the treatment of IPF.

Studies have shown that diminazene aceturate (DIZE), by activating ACE 2, is able to reduce mean arterial pressure,
heart weight to body weight ratio and myocardial fibrosis, as well as attenuate pulmonary fibrosis induced by bleomycin
and remodel cardiac tissue. It also lowers right ventricular systolic pressure and performs sympathetic modulation [57].

DIZE is the main synthetic compound used in the treatment of animal trypanosomiasis [58]. It has been used for over
six decades and its synthesis was described by Brodersen (1958) from the modification of diminazeno, which was
developed by Hochst (1954) [59, 60]. DIZE pharmaceutical formulation contains two aceturate salt compounds
associated with diminazene. It is also known as diminazine aceturate, diminazene aceturate, diminazine or 4-[2-(4-
carbamimidoylphenyl) iminohydrazinyl] benzenecarboximidamide (IUPAC name). Diminazene, an aromatic diamidine
with two triazene bridge-linked amidinophenyl groups, has instability and insolubility characteristics in aqueous
solutions that favor the chemical synthesis of DIZE (Figure 1). Such synthesis is dicathonic in nature and occurs by the
reaction between diminazene and aceturate salt diluted in methanol. The resulting compound has molecular formula

140



GSC Biological and Pharmaceutical Sciences, 2021, 14(01), 137-148

C22H29N906, molecular weight 515.52 g / mol, melting point between 202°C and yellow color (PubChem - U.S. National
Library of Medicine https://pubchem.ncbi.nlm.nih.gov/compound/2354).

Physicochemical properties JJ\/ H
N
5 \H/

Physical state: Solid
Color: Yellow HoN< & NH, O
Molecular weight: 515.52 g/mol

Empirical formula: C,,H,_N, - 2C H NO,

147 157 7

Melting point: 212 - 214 °C

Figure 1 Physicochemical properties of diminazene aceturate.

DIZE is used mainly in the treatment of diseases caused by Trypanosoma flagellate protozoa (T. congolense, T. brucei, T.
evansi and T. vivax), which is responsible for several infections in animals such as horses, dogs, cats, cattle and even
humans. In addition to trypanocidal activity, DIZE is also used to treat protozoan infections of the Babesia genus (B.
canis, B. vogeli and B. gibsoni) [61,62]. The main route of administration is single or repeated intramuscular (IM) doses,
which allow the circulation of high concentrations of the compound. Nevertheless, pharmacokinetic studies in cattle,
rabbits, goats and sheep indicate that absorption also occurs immediately after oral administration, leading to rapid
plasma IC50 [63]. The main route of elimination seems to be the renal excretion, although metabolites are not
completely known [64]. Marketed under the brand names Azidine®, Berenil®, Ganaseg®, Ganasegur®, and Veriben®,
DIZE trypanocidal mechanism involves the connection of the aromatic diamidine to the non-interchangeable
trypanosomal kinetoplast DNA (kDNA) through specific interaction with adenine thymine rich sites [65]. Therefore,
DIZE induces heterochromatin condensation during the G2 phase of the cell cycle, what causes the DNA to become fully
unfolded and modifies DNA conformation by interfering with the binding of DNA topoisomerases [66, 67] . These
mechanisms make this long-marketed compound retain its relevance as an important trypanocidal agent because of its
broad therapeutic efficiency over other compounds used in the treatment of trypanosomiasis in dogs, cattle, sheep and
goats.

Moreover, the direct anti-parasitic effects arising from DIZE biochemical properties appears to have effects on animals'
immune systems. Administration of DIZE to T. congolense infected mice, for example, induces increased plasma levels
of IgG2a and IgG3, associated with parasitemia control [68]. In addition, a hyperactivation of T-cells and macrophages
and a reduction of serum levels of proinflammatory cytokines such as IL-6, IL-12, TNF and IFN-y are observed by directly
altering the production of these mediators by splenic and hepatic macrophages [69]. Recently, it has also been described
that DIZE may activate the ACE 2, which converts Angiotensin Il into Ang-(1-7) [70]. This activation seems to influence
several physiological and pathological conditions related to the ACE-Ang Il and ACE 2-Ang-(1-7) pathways. DIZE chronic
administration prevents and reduces pulmonary hypertension in experimental models of bleomycin and
monocrotaline-induced lung injury [71]. Similarly, activation of ECA 2 by DIZE also induced protection against
experimental ischemic stroke and glaucoma by inhibiting the Ang-(1-7)/Mas [72,73]. Evidence such as this indicates
that DIZE, in addition to its tripanolytic effects, can also modulate the immune system and physiological enzymatic
pathways.

4. Exercise and Pulmonary Rehabilitation

Recently, pulmonary rehabilitation for patients with pulmonary fibrosis has received considerable attention [74].
Exercise programs have been found to reduce dyspnea and improve exercise capacity and quality of life in IPF patients.
Like patients with chronic obstructive pulmonary disease (COPD), IPF patients present reduced tolerance to exercise
and reduced life quality [75]. Jastrzébski et al, 2006 evaluated the level of dyspnea and quality of life in patients with
interstitial lung disease after 6 weeks of rehabilitation [76]. These authors observed that rehabilitation caused a
reduction in the dyspnea sensation and improved the quality of life, without, however, altering lung function [76]. The
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rehabilitation program included training of the respiratory muscles and lower limbs in the cycle ergometer. Similar
results were observed by Holland et al, 2008 who submitted IPF patients to the supervised pulmonary rehabilitation
program performed on treadmill and cycle ergometer associated with endurance training of upper limbs and strength
training of lower limbs [77]. Rehabilitation improved exercise capacity and symptoms. According to the data, physical
training for this group of patients is safe and improves functional capacity, dyspnea and quality of life. In another study,
patients undergoing twelve weeks of controlled exercise showed significant improvement in ventilatory functions [78].
The authors speculate that the increased ventilatory need during exercises promoted chest expansion and stretching of
the chest muscles.

Studies in exercise physiology have used laboratory animals to simulate physical stress conditions observed in humans
to better monitor the systemic, cellular and molecular changes of physical activity [79]. Chronic aerobic exercise is
responsible for changes in the cardiorespiratory system, both at rest and during exercise, especially when aerobic
training is performed in low to moderate intensity [74,80]. In rodent swimming protocols, incremental exercise is
obtained by adding loads that are progressively heavier relative to the rodent body weight and that are placed in the
animal tail [41]. The use of swimming as a model of exercise for mice avoids the animal selection since they need to
swim to avoid water submersion. The measurement of the time that the animal can swim with different loads, allows
the researcher to calculate its functional capacity, which includes its functional performance [81]. In a study conducted
by us, mice submitted to a swimming protocol obtained improved functional capacity and reduced bleomycin-induced
lung fibrosis [41]. In this study, a condition of interstitial fibrosing pneumonitis similar to what is seen in humans was
observed in the pulmonary parenchyma of sedentary animals receiving bleomycin. Similar results were obtained in the
qualitative and quantitative analysis of type I collagen, the main constituent of the pulmonary connective tissue. In the
sedentary animals treated with bleomycin, thick areas of positive marking for collagen [ were observed, especially in
the alveolar septa and peribronchiolar and perivascular interstices, associated or not with clusters of alveolar epithelial
cells, fibroblasts and macrophages. As verified by Gomori trichrome staining, animals treated with bleomycin and
submitted to physical exercise showed reduction of fibrosis in all interstitial spaces, when compared to sedentary
animals [41].

Tolerance to functional exercise and improvement in quality of life are factors that make the patient with IPF a good
candidate to participate in this type of pulmonary rehabilitation program [75].

5. Exercise associated with pharmacological treatment

There are still many doubts regarding the pathogenesis of interstitial lung diseases and the efficacy of different
pharmacological agents in interfering with the development of these lesions. In this sense, it is important to perform
more human and experimental studies on the practice of physical activity, associated or not with pharmacological
treatment, as a method of reconditioning this group of lung diseases. Therefore, we evaluated the effects of
pharmacological treatment with DIZE associated with physical exercise on lung changes experimentally induced by
bleomycin [82]. Ninety-six male Balb/c mice were divided into Control (C) and bleomycin groups (BLM). Animals from
the BLM groups received 8U/kg of bleomycin intratracheally and the C groups received saline. The groups were
subdivided into sedentary control, sedentary control with DIZE, exercise control, exercise control with DIZE; sedentary
bleomycin, bleomycin with DIZE, bleomycin exercise and bleomycin exercise with DIZE. The animals were trained 5
days/week, 1h/day, with 60% of the maximum load obtained in the evaluation of functional capacity, during 4 weeks.
Groups with DIZE were treated (1mg/kg, via gavage) daily until the end of the experiment. The lungs were collected 48
hours after the last functional capacity assessment, fixed in buffered formalin and analyzed by Gomori trichrome,
immunohistochemistry of type I collagen, TGF-f31, beta-prolyl-4-hydroxylase, MMP-1 and MMP- 2. This study showed
that the association of physical exercise with the activation of the ACE 2 caused a reduction of bleomycin-induced
pulmonary fibrosis and an increase in the endurance capacity of the animals submitted to joint treatment (Figure 2).
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Figure 2 Effects of DIZE treatment associated with endurance exercise on bleomycin-induced interstitial fibrosis.

Fibrosis is a remarkable lesion that characterizes chronic fibrosing pneumonitis induced by bleomycin. Type I collagen
deposition is associated with an increase in 3-Prolyl-4-Hydroxylase (fibroblast marker) and TGF-f3, which is the main
growth factor associated with migration, proliferation and activation of fibroblasts. The reduction of MMP-1 and MMP-
2 decreases the extracellular matrix remodeling, favoring fibrosis. Along with the inflammatory infiltrate, fibrosis causes
thickening of the interalveolar and interlobular septa and collapse of the alveolar spaces. Pharmacological treatment
with DIZE, an ACE 2 activator, associated with endurance exercise reduced TGF-f§ and 3-Prolil-4-Hydroxylase and
increased MMP-1 and MMP-2. Such changes led to an increase in the extracellular matrix remodeling and a reduction of
biological mechanisms that could favor the deposition of more type I collagen. The reduction of inflammatory infiltrate
and fibrosis led to a decrease in the thickness of the alveolar and interlobular septa, as well as the opening of the alveolar
spaces. With the reduction of the lung lesions intensity, there was an increase in the capacity to perform the endurance
exercise. TGF-f3 = Transforming Growth Factor-Beta; MMP-1 = metalloproteinase 1; MMP-2 = metalloproteinase 2; DIZE
= diminazene aceturate; ACE 2 = Angiotensin Converting Enzyme 2.

The combination of treatments was able to further reduce pulmonary fibrosis by decreasing fibrous connective tissue,
type I collagen, expression of TGF-B1 and beta-prolyl-4-hydroxylase. In addition, it increased the expression of MMP-1
and MMP-2 that are involved in collagen degradation. In this way, the reduction of extracellular matrix synthesis
mechanisms and the increase of their degradation were involved in the pulmonary fibrosis reduction proposed in the
study. Although the mechanisms are not well understood, the results of this work showed that the association of these
two therapeutic methods might be useful in the treatment of pulmonary diseases associated with fibrosis [82].

6. Conclusion

Recent studies on IPF pharmacological treatment show great advances of the use of nintedanib and perfenidone in the
effectiveness of reducing functional decline. However these drugs do not seem capable of significantly improve patients’
survival. Even with a better understanding of pathophysiology and therapeutic advancement, the disease remains
incurable and patients experience different symptoms such as chronic cough, shortness of breath, impaired quality of
life, along with the presence of various comorbidities. In conclusion, IPF is complex, progressive, and lethal and the
therapeutic options are limited, justifying the search for new alternative treatments that can increase survival and
quality of life. Multidisciplinary methods experimentation, such as the pharmacological treatment associated with
physical exercise, can be one of the ways to stop the progression of the disease, reduce mortality and improve quality
of life. With reference to COVID-19, since SARS-Cov-2 uses the spike protein to bind to the ACE 2 receptor, further
analyses are needed to evaluate the use of molecules, which are capable of activating ACE 2 [83-85]. Recent studies
have shown that the administration of recombinant ACE 2 apparently reduced the severe pulmonary effects caused by
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infection with the H5N1 virus and the respiratory syncytial virus, suggesting the possibility of using recombinant ACE
2 as a tool to treat severe forms of Covid- 19 [86,87].
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