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Introduction 

Idiopathic Pulmonary Fibrosis (IPF) is more prevalent in 
males [1,2] than females and it is characterized by progressive 
scarring of lung tissue [3]. It is considered the most severe 
form of pulmonary ϐibrosis, without treatment and after 
diagnosis, the survival is around three years [4]. 

Although its etiology remains unknown, it is established 
that IPF is associated with aging, collagen deposition, 
ϐibroblast proliferation and excessive accumulation of 
extracellular matrix [5]. In addition, pulmonary hypertension 

(PH) is a common complication in IPF [6] and its treatment 
also remains elusive [7]. Thus, the understanding of IPF 
physiopathology, as well as to slow or even control the onset 
of PH, could improve the quality of life and also the survival of 
these patients. 

Results from studies in animals [8,9] and human lung 
tissue [8,10] demonstrated that the renin angiotensin system 
(RAS) plays an important role in lung ϐibrosis. It has been 
demonstrated that angiotensin II (AngII) is involved in the 
ϐibrosis promotion [11]. Thus, considering this involvement, 
and the importance of ACE-AngII-AT1 axis to provoke 
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vasoconstriction, cell migration, proliferation [12,13] and 
ϐibrosis [11], and mainly considering that the lungs are an 
important site of AngII formation, our objective was to study 
the participation of this system in IPF. 

Angiotensin I (AngI), converted into AngII by angiotensin 
converting enzyme (ACE), can also be cleaved by angiotensin 
converting enzyme II (ACE2) to form Ang(1-7) [14]. In 
addition, the imbalance between ACE-AngII-AT1 and ACE2-
Ang-(1-7)-Mas plays an important role in the pathogenesis of 
many diseases [15,16] including ϐibrotic disorders [8,17,18]. 
Collectively, these ϐindings demonstrate the importance to 
keep the balance in favor to the ACE2-Ang-(1-7)-Mas axis. 

In fact, studies [17,18] have shown that ACE2Ang-(1-7)-
Mas axis may have a role in pulmonary ϐibrosis [8] found 
in mice that ACE2 inhibition induced an increase in tissue 
expression of AngII and provoked pulmonary ϐibrosis [8], 
indicating that ACE2-Ang-(1-7)-Mas axis might, at least, 
reduce the ϐibrosis progression. Therefore, it is reasonable 
to believe that the imbalance between the ACE-AngII-AT1/
ACE2-Ang-(1-7)-Mas axes may signiϐicantly participate in the 
physiopathology of IPF. 

To make the challenge even more interesting, the recent 
discovery of a new component of this system, Alamandine 
[19], has further enriched the role of RAS in this disease. 
It is known that Alamandine, formed either from the 
decarboxylation of Ang- (1-7) or from Angiotensin A by ACE2 
[20] and acting through the MrgD receptor, has antiϐibrotic 
and antihypertensive effects, reduces collagen I, III and 
ϐibronectin accumulation in mice with cardiac ϐibrosis [19]. 

On the other hand, despite of all those evidences, there are 
no studies focused on the role of RAS in the physiopathology 
of IPF. Numerous studies have shown that in the disease 
ACE-AngII-AT1 axis is overactive, but there is no study in the 
literature focused in the balance between axes. Moreover, 
to the moment, all treatments are focused only on blocking 
the ACE-AngII-AT1 axis and did not taking into account the 
importance of the counter-regulatory axis. Possibly the ratio 
between ACE2-Ang-(1-7)Mas axis and/or ACE2-Alamandine-
MrgD versus ACE-AngII-AT1 is unbalanced and this could 
facilitate the disease progression. Although having opposite 
effects, the importance of the balance between these axes has 
been underestimated, emphasizing the importance of more 
studies in this direction. It is possible that, more important 
than exclusively block the ACE-AngII-AT1 axis, to stimulate the 
ACE2-Ang-(1-7)-Mas and/or ACE2-Alamandine-MrgD axes, 
could improve the efϐiciency of the diseases treatment. 

Thus, our goal is to provide more information about 
RAS participation in IPF and to draw the attention to the 
importance of this balance. In the future, we intend to have 
contributed to improve the quality of life and survival of IPF 
patients. 

Methods 

The study was performed according to the standard 
established by the Declaration of Helsinki. The Ethics 
Committee of the Irmandade Santa Casa de Misericórdia de 
Porto Alegre (ISCMPA), Rio Grande do Sul, Brazil, approved 
the project (number 1293420) and all subjects agreed to 
participate and signed a consent form. 

Participants 

This study used a cross-sectional convenience patient 
sample recruited from the ISCMPA. 

The study enrolled patients with IPF (n = 10), diagnosed 
by lung biopsy. All patients were evaluated for weight, 
height, body mass index (BMI), blood pressure, medications 
and previous illness. Seven patients performed spirometry 
test and all patients were submitted to the six-minute walk 
test, according to the guidelines of the American Thoracic 
Society [21]. In addition, the pulmonary artery pressure was 
measured only in ϐive patients because two had no indication. 
The control group (n = 10) consisted of healthy age and 
gender matched. The health status was determined through 
anamnesis and all individuals self-declared without disease. 

Smokers, alcohol users or with neurological and/or 
musculoskeletal disorders were excluded. Moreover subjects/
patients with heart or kidney failure taking antibiotics, ACE 
inhibitors, beta-blockers or any drug that would interfere 
with the renin angiotensin system were excluded of the study. 
The other medications used by the patients had no evidences 
that could inϐluence the parameters analyzed in this study. 

Study protocol 

The study was conducted in patients with IPF from ISCMPA. 
Circulating concentration of RAS peptides were measured in 
both groups. 

The evaluation of circulating RAS: after a fasting period of 
12 hours and a 5 minutes resting in the laboratory, blood was 
collected (5 ml) by a trained professional through peripheral 
venipuncture. 

Blood collection and plasma extraction 

The ϐive milliliters of blood were stored in a BD 
Vacuette® EDTA tube containing a protease inhibitor cocktail 
(CompleteTM, Mini-Protease Inhibitor Cocktail Tablets, 
Roche®-Germany) prepared according to the manufacturer’s 
instructions. 

The blood was centrifuged for 10 minutes, 3,500 rpm at 
4°C. The plasma was separated and frozen at -80°C to measure 
AngI, AngII, Ang-(1-7) and Alamandine. 

Peptides measurements 

A reversed-phase high performance liquid chromatography 
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coupled to electrospray ionization tandem mass spectrometry 
(LC-ESI-MS-MS) was developed for Angiotensin I, Angiotensin 
II, Angiotensin-(1-7) and Alamandine determination in 
human plasma. The procedure for extraction involved a solid-
phase analytical method. Ten μl of the extraction solution was 
injected in the system. The chromatography separation was 
performed with an ACQUITY UPLC BEH C18 Column, 1.7 μm, 
2.1 mm X 100 mm Waters (Milford, MA, Ireland). 

Detection was in MRM mode, using an electrospray 
positive ionization. The ion transition monitored was 
(m/z: (433.2>647.4) → (349.7>371.2), (300.7>371.2) 
and (286>327.2) for Angiotensin I, Angiotensin II, 
Angiotensin-(1-7) and Alamandine, respectively. 

The calibration curve was prepared using a stock solution 
mixture with all the synthetic standards (Bachem Inc., 
Torrance, CA). The applied calibration curve model y=ax+b 
proved to be accurate over the concentration range 0,05 – 1 
ng/mL, with a correlation coefϐicient of 0.99. The inter- and 
intra-assay variability was ≤15 %. The sensitivity of the assay 
was in the lower picogram range (2-10 pg/sample). 

Statistics 

The qualitative variables were described by absolute and 
relative frequencies. Student’s t test was used to compare 
means between groups. The data were submitted to a 
normality test and, when the asymmetry was veriϐied, the 
statistical Mann-Whitney test was performed. 

The Fisher exact test was used to compare proportions 
and Pearson or Spearman correlation coefϐicients were used 
to detect associations. 

Quantitative variables were expressed as mean and 
standard deviation or median and interquartile range. When 
p ≤ 0.05 the data were considered statistically different. 

All analyzes were performed using SPSS version 21. 

Results 

The weight and body mass index (BMI) were signiϐicantly 
different between groups (Table 1). On the other hand, 
regarding to age, sex, height, as well as the hemodynamic 
data such as systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) there were no difference between groups. 

There was a signiϐicant difference between groups 
regarding the spirometry variables and the distance covered 
in the six minutes’ walk test (6MWT-Table 2). 

The plasma concentration of AngI, AngII and Ang-(1-7) 
was not different between groups but the IPF group showed a 
signiϐicant reduction in the Alamandine plasma concentration 
of (Table 3). The power of Alamandine result was 100% 
(StataCorp. 2017. Stata Statistical Software: Release 15. 
College Station, TX: StataCorp LLC), and the effect size was 
4.30 at 95% of conϐidence coefϐicient. 

Table 1: Sample characterization.
Variables Control  (n = 10) IPF  (n = 10) p

Age (years) 58 ± 13 58 ± 13 0.973
Male 6 6 1.000 

White ethnicity 10 8 0.474
Weight (kg) 80 ± 13 67 ± 9.4 0.023
Height (m) 1.68 ± 0.10 1.63 ± 0.08 0.299

BMI (kg/m2) 28 ± 4 25 ± 1.9 0.041
Values expressed as mean  ±  standard deviation; IPF: Idiopathic Pulmonary Fibrosis; 
BMI: Body Mass Index.

Table 2: Clinical characterization
Variables Control IPF p
FVC (ml)a 3.6 ± 0.64 1.9 ± 0.69 0.000
FVC (%)a 89 ±  8.5 56 ± 22 0.000

FEV1 (ml)a 3 ± 0.51 3.05 ± 3.45 0.000
FEV1 (%)a 91.3 ± 8 58 ± 19 0.000

FEV1/ FVC 0.82 ± 0.06 88.5 ± 4.0 0.524
PAP (mmHg)

Diagnostic time (years)
Oxygen Use  

Distance in 6MWT (m)
Distance in 6MWT (%)

-
-
-

558.87 ± 61.38
95.81 ± 6.84 

50 ± 13
2.15 ± 1.45

6
 421 ± 171

74 ± 31

-
-
-

0.03
0.02

aPulmonary function tests pre-bronchodilator; FVC: Forced Vital Capacity; FEV1: 
Forced Expiratory Volume in one second; FEV1/FVC ratio: Tiffeneau-Pinelli  index 
(IPF and Control, n = 7); PAP: Pulmonary Artery Pressure (IPF, n = 5);  6MWT(m;%): 
Distance covered in the walk test of six minutes in meters and  percentage (IPF, n = 
10 and control, n = 8). Values expressed as mean  ±  standard deviation.

Table 3: Renin-Angiotensin-System peptides plasma concentration  (pg/mL).
Variables  Control  (n = 10)  IPF  (n = 10)  p  

Angiotensin I 22 (16.6 – 33.4) 37 (22.9 – 81.9) 0.089
Angiotensin II 7.78 (4.95 – 15.6) 9.84 (4.56 – 20.4) 0.780

Angiotensin-(1-7) 31 (20.5 – 36.3) 28 (25.8 – 34.6) 0.684
Alamandine 2,7 ± 0,47 0,74 ± 0,44 0.0001

Alamandine plasma concentration is expressed as mean ± standard deviation.  
The other values are presented as median.

Table 4: Associations between clinical variables and Renin-Angiotensin-System peptides.
Variables  AngI  AngII  Ang-(1-7)  Alamandine  
Patients      
FVC (mL) r = -0.084    r = 0.050 r = 0.105 r = -0.115
FVC (%) rs = -0.042 rs= - 0.134 rs = -0.393 r = 0.106

FEV1 (mL) r = -0.064  r = 0.015 r = 0.087 r = -0.027 
FEV1 (%) rs = -0.059  rs =-0.176 rs = -0.427 r = 0.115

FEV1/FVC r = -0.032  r = 0.224  r= -0.021 r = 0.325
PAP (mmHg) rs = 0.400 rs = 0.000 rs = -0.200 r = 0.876*

Diagnostic time (years) rs = 0.217 rs = 0.093 rs = 0.093 rs = 0.106
Distance in 6MWT (%) controls rs = -0.333 rs= -0.236 rs = -0.018 r = -0.249

FVC (mL)    
FVC (%)     

   FEV1 (mL)

r = 0.434  
r = 0.280  
r = 0.537

r = -0.027  
r = 0.236  
r = -0.138  

r = 0.084 
r = 0.462
r = 0.312

r = -0.227
r = 0.259 
r = -0.056

FEV1 (%)
FEV1 /FVC

r = 0.343  
r = 0.168  

r = -0.118  
r = -0.316  

r = 0.759**  
r = 0.508

r = 0.523
r = 0.398

Distance in 6MWT (m)   r = -0.107  r = -0.179  r = -0.227 r = -0.133
Distance in 6MWT (%) r = -0.561  r = -0.287  r = -0.471 r = 0.05
FVC: Forced Vital Capacity; FEV1: Forced Expiratory Volume in one second;  
FEV1/FVC ratio: Tiffeneau-Pinelli index (n = 7); PAP: Pulmonary Artery Pressure 
(n = 5); 6MWT(m;%): Distance covered in the walk test of six minutes in meters 
and percentage (IPF, n = 10 and control, n = 8). Amounts in Pearson correlation 
coeffi  cients (r) and Spearman (rs). *p: 0.124; **p: 0.02.

There was also a positive correlation between of this 
concentration with pulmonary artery pressure (PAP). The 
control group demonstrated a positive correlation between 
forced expiratory volume in one second (FEV1) with Ang- (1-
7) (Table 4). 
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Discussion 

The most important observation of this study was 
that patients with IPF showed a signiϐicant decrease in 
Alamandine plasmatic concentrations, while AngI, AngII and 
Ang-(1-7) were similar to controls. In addition, there was also 
a positive association of Alamandine concentration with the 
pulmonary artery pressure and, in control group, between 
forced expiratory volume (FEV1%) and Ang-(1-7) plasma 
concentration. 

Our results showed that body weight and BMI of IPF-
patients were signiϐicantly lower than controls. These 
results are probably due to the higher metabolic expenditure 
frequently seen in the IPF-patients. In fact, these results agree 
with those found by Alakhras, et al. [22], who demonstrated 
that the majority of IPF patients present a BMI and weight 
within or above the normal range [22]. In fact, it would 
be expected that patients with pulmonary diseases had a 
decrease in body weight due to hypoxemia found when there 
is a respiratory injury. According to Bunn & Poyton [23], 
the hypoxemia modiϐies the muscles by generating a sharp 
decline in protein synthesis to adapt the oxygen supply to the 
respiratory demand in these patients [23]. Weight loss is also 
a serious problem in patients with cystic ϐibrosis [24,25]. 

These clinical signs probably exasperate the loss of muscle 
mass through oxidative stress and inϐlammatory responses 
[26]. 

As expected, there was also a signiϐicant difference 
between the groups regarding to the spirometry variables and 
to the results found in the six-minute walk test. These ϐindings 
demonstrate the clinical difference between groups, one with 
serious health problem compared to a healthy one. 

On the other hand, although in vivo studies have shown 
that AngII plays an important role in lung ϐibrogenesis [11] 
and that there is an increase in this peptide in pathological 
situations associated to ϐibrosis [27-29], our results showed 
that Angl, AngII and Ang(1-7) plasma concentration were not 
different between groups. This apparently unexpected ϐinding 
remains to be explained, particularly regarding to AngII plasma 
concentration that it is similar in PIF- patients and controls. A 
possible explanation could be related to the fact that was have 
measured in the plasma and in the majority of the data from 
the literature the AngII measurements are from tissues and 
also from different species. It is also possible that, in human 
being, the balance between the two axes is more important 
than their absolute values. In addition, the literature has 
shown that the uses of ACE inhibitors attenuate experimental 
pulmonary ϐibrosis  [9,30-32]. It is important to consider that 
the ACE inhibition could be changing this balance. This was 
the reason why the subjects who were taking ACE inhibitor or 
beta-blockers were excluded from our study. 

Moreover, Jiang, et al. [33] demonstrated in a mouse model 

of Alzheimer’s disease that there was a signiϐicant decrease 
in plasma concentrations of Ang-(1-7), indicating that the 
decrease in this peptide is associated to a degenerative 
pathology. We did not ϐind a signiϐicant difference in Ang-
(1-7) plasma concentration between groups, but we did 
ϐind in Alamandine plasma concentration. It is known that 
Alamandine can be formed from Ang-(1-7) decarboxylation 
[34]. In our study, the IPF-patients had 356% less Alamandine 
than controls, which could be an indication that also Ang-
(1-7) was decreased or, that there was a preference to keep 
the plasma concentration of Ang-(1-7). Another possible 
explanation could be the fact that the balance among peptides 
plasma and/or tissue concentrations is more important than 
the absolute values of each alone. The predominance of one, 
and its respective actions, could be important to counteract 
the detrimental effects of a disease. 

Although Lautner, et al. [19], showed an increase in plasma 
concentration of Alamandine in nephropathic patients, it is 
important to consider the known anti-ϐibrotic effect of this 
peptide [19]. It would be reasonable that patients with IPF 
showed a reduction in Alamandine plasma concentration. 
Nephropathic patients present hemodynamic changes that 
could justify the need for vasodilation to offset the reduction 
in renal ϐiltration. Accordingly, the increased Alamandine 
could be promoting vasodilation to compensate the volume 
overload, counteracting that effect. 

In contrast, our results did show in patients a positive 
association between Alamandine plasma concentration 
and PAP. This result indicates that Alamandine could be 
attempting to minimize the effects on pulmonary artery 
pressure. In fact, our study was the ϐirst to demonstrate in 
patients with IPF that Alamandine plasma concentrations is 
decreased, and positively associated to PAP. In addition, there 
was a positive associated between FEV1(%) and Ang-(1-7) 
in the control group. This could be due to a favorable effect 
of Ang-(1-7) over thoracic chamber expansion/retraction in 
healthy subjects. 

We do believe that our ϐindings can contribute to better 
understand the pathology of IPF. Both Ang-(1-7) and 
Alamandine may represent a new counter-regulatory axis to 
the deleterious effects of AngII [35]. Our primary goal was to 
study the balance between the ϐinal peptides of the two RAS 
axes. It was a particular goal to, for the ϐirst time, demonstrate 
that there is a signiϐicant difference in Alamandine plasma 
concentrationan between healthy and IPF patients. On the 
other hand, it would be very interesting also to show the RAS 
involvement with the lung tissue injury, and the participation 
of Angiontensin A and Aldosterone plasmatic concentration 
in IPF. The Angiotensin A is an important peptide for the 
Alamandine formation and aldosterone is also involved in the 
ϐibrosis process. Future investigation in experimental models 
and humans might clarify the participation of both axes of RAS 
in IPF. Thus, the scientiϐic community will be closer to develop 
an effective treatment to this disease. 
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This study suggest, for the ϐirst time, that there is a decrease 
in Alamandine participation in patients with IPF, indicating 
that ACE-AngII-AT1 axis may be proportionally more active 
in this disease. 
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