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Introduction: Acute respiratory distress syndrome (ARDS) occurs when fluid builds up in the tiny, elastic air sacs 
(alveoli) in the lungs.
Objectives: This study aimed to investigate the effect of captopril in reducing the symptoms of ARDS induced by 
oleic acid in experimental rats.
Materials and Methods: This experimental study was conducted on 14 Wistar male rats of 6-7 weeks weighing 
200-250 g. In the first group, they received 1.25 mg/kg of captopril daily in glucose solution for one week, but the 
second group did not. After one week, these rats were anesthetized by 5% isoflurane respiration and oleic acid 
(0.1 mg/kg) was injected intraperitoneal for ARDS induction. During the first 6 hours after starting ARDS, the rats 
were randomly selected and after anesthesia with ether and autopsy, they were cut and the lung histology was 
conducted.
Results: Intensity of lung tissue edema in the group receiving captopril (Cap) was 2.83 ± 0.41 and in the captopril 
group with oleic acid (Cap+OA) was 2.50±0.55. Additionally, 83.3% of the rats had severe pulmonary edema in 
the OA group which was statistically significant (P = 0.003). The “severity of inflammation and bleeding” in the 
OA+Cap group was significantly less than OA group (P = 0.026).
Conclusion: Captopril can play a significant role in reducing the damage of the lung tissue and severity of tissue 
edema and inflammation and bleeding. Therefore, it may be possible to use this drug in human samples with acute 
respiratory distress syndrome to prevent further damage.
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Introduction
Acute respiratory distress syndrome (ARDS) 
is characterized by rapid progressive 
shortness of breath, tachypnea, and hypoxia. 
The pathophysiology of ARDS is not fully 
understood; however it is believed that 
ARDS occurs when a pulmonary injury or 
extra-pulmonary injury causes to release 
inflammatory mediators and thus stimulates 
neutrophil accumulation in the pulmonary 
microcirculation. Neutrophils damage 
the vascular endothelium and the alveolar 
epithelium, leading to pulmonary edema, the 
formation of the mucous membrane of the 
hyaline, the reduction of lung compulsions 
and the hardening of the air exchange (1).

In addition, high dose medications, 
injections of blood products, direct and 
indirect lung injuries such as trauma and 
burns have been reported as other causes of 
ARDS. It is estimated that 7.1% of all patients 
admitted to intensive care unit (ICU) and 

Key point 

The results of this study showed that captopril could 
play a significant role in reducing the damage of 
the lung tissue and severity of tissue edema and 
inflammation and bleeding.

16.1% of all patients who use mechanical 
ventilation are ARDS (2). 

The ARDS is associated with high 
mortality rates, which vary widely from 30% 
to 70% in several reports (3). Although the 
annual ARDS mortality rates have shown 
improvement in several studies (4,5), ARDS 
remains a life-threatening disease with high 
mortality.

Treatment for ARDS is supportive and 
includes mechanical ventilation, stress ulcer 
prophylaxis and venous thromboembolism, 
nutritional support and treatment of 
underlying injury. The low flow volume, high 
end-of-expiratory pressure, and conservative 
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fluid therapy may improve the outcome (6,7). 
Considering the importance of this disease and its 

associated risks, preventive measures against the onset of 
this disease have been investigated in various studies. ACE 
inhibitor or angiotensin-converting enzyme inhibitors 
(ACEI) drugs have been used in some studies related to 
animals in the prevention of ARDS (8,9). 

In the body, the angiotensinogen, as a peptide hormone, 
is firstly produced by the liver and released in the blood. 
The angiotensinogen protein is converted to angiotensin I 
by the renin hormone and the angiotensin I is converted 
to angiotensin II by the ACE. Angiotensin II is a potent 
factor of vascular contraction (especially the hepatocytes), 
as well as various strategies (such as stimulating secretion 
of aldosterone and anti-cryoprotectant hormone) causing 
water and sodium retention. Therefore, the final function 
of angiotensin II hormone is to increase blood pressure, 
and the drugs in this group are used in hypertension 
treatment (9). From this category of drugs, captopril, in 
addition to treating hypertension, protects endothelial 
cells in the vasculature and improves their function (5) and 
by affecting some genes, reduces apoptosis in endothelial 
cells (4) and reduces serum levels of some inflammatory 
factors such as intercellular adhesion molecule-1 and 
coagulation factors such as von Willebrand and fibrinogen 
were reported in diabetic patients (10). The renin-
angiotensin system seems to play an important role in 
ARDS’s pathophysiology. ACE and angiotensin II and its 
typ-1a receptor have improved ARDS, since ACE-2 and 
its type-2 receptor protect the severe pulmonary damage 
in the rats (10).

In an experimental study performed in rats, oleic acid 
was used as a toxic substance that induced ARDS and 
in the group that used captopril to prevent ARDS, lung 
injury and inflammatory factors were significantly lower 
than the control group (8). Captopril also reduced ARDS 
in rats injected with lipopolysaccharides (11), and ARDS 
caused by meconium aspiration in pigs (12). In a human 
study that was conducted on a number of patients who 
were hospitalized in ICU due to ARDS, it was found that 
in a group who had already received ACEI and continued 
during admission, the mortality rate was lower than the 
control group. However, other factors such as the duration 
of hospitalization in ICU and the duration of intubation or 
re-intubation in the two groups did not differ significantly. 

Objectives
Due to limited human and animal studies regarding the 
effect of captopril on reducing the incidence and severity of 
ARDS-induced symptoms, this study aimed to investigate 
the effect of captopril in reducing the symptoms of ARDS 
induced by oleic acid in experimental rats. 

Materials and Methods
The present study is an experimental study. In this study, 

14 Wistar male rats weighing 200-250 grams and 6-7 weeks 
aged were studied. They were randomly divided into two 
equal groups of six for each, and two rats were considered 
as controls without any intervention. Both groups were 
kept in completely similar conditions for one week. 

In the first group, the rats received 1.25 mg/kg of captopril 
daily in glucose solution for one week. The second group 
did not receive captopril during this week. Then, in both 
groups, after one week, these rats were anesthetized by 
5% isoflurane respiration and the drug was performed 
through a jugular vein of cannulation. Oleic acid (0.1 mg/
kg) was injected intraperitoneal for ARDS induction (8). 

In normal conditions, the animals studied had full access 
to water and food and they were kept at temperature of 
64-79°F. Then, during first six hours after starting ARDS, 
the rats were randomly selected and after anesthesia of 
the rats with ether and autopsy, a systematic method was 
used to cut them in certain areas and remove the lungs and 
any lesion was recorded on them. The lung histology was 
studied in this article. It should be noted that the lams were 
read by the pathologist, and since the grouping of the rats 
was based on the numbers, the reading of the lam was also 
random and the pathologist did not know which lam was 
related to the group. 

The severity of lung involvement based on Berlin’s 
pathology criteria (including intensity of lung tissue 
edema, intensity of inflammation and bleeding, mucous 
membrane hyaline, severity of damage to the alveolar 
epithelial cells) was evaluated and qualitatively scored 
mild, moderate and severe.

Statistical analysis
The collected data were entered into SPSS software 
(Version 22) and Fisher’s exact test was used for evaluation 
of two groups and the significance level was less than 0.05.

Results
The results of this study showed that the intensity of 
edema of the lung tissue in the group receiving captopril 
(Cap) was 2.83 ± 0.41 and the captopril group with 
oleic acid (OA+ Cap) was 2.50 ± 0.55 (50% moderate 
and 50% severe). In addition, 83.3% of the rats had 
severe pulmonary edema in the group without receiving 
captopril, which was statistically significant (P = 0.003). In 
other words, in the OA group, due to lack of captopril (one 
week before induction of ARDS), the incidence of lung 
tissue edema was higher than the rats receiving captopril. 
In addition, the “severity of inflammation and bleeding” 
in the OA+Cap group was significantly less than OA 
group (P = 0.026). In addition, although the “severity of 
epithelial alveolar cells lesions in the OA group was more 
than OA+Cap group this difference was not statistically 
significant (P = 0.211). Finally, the formation of hyaline 
membrane in three groups was evaluated mild (Table 1 
and Figure 1). 
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Discussion
ARDS as the most severe form of acute lung injury is one 
of the major challenges of intensive care medicine. At 
presenet, there is no specific therapy available although 
many efforts have been made in preventing and treating. It 
is still urgently needed to search for effective and specific 
therapies especially with conventional pharmaceutical 
drugs. Captopril is an orally active inhibitor of ACE 
which is widely used as an anti-hypertensive agent but it is 
known to modulate the neurohormonal system to reduce 
inflammation and preventing tissue fibrosis. However, the 
role of ACE inhibitor in the lungs is not well-understood 
(13). We, therefore, conducted this study to elucidate the 
severity of pulmonary involvement of oleic acid induced 
ARDS rats treated with captopril according to Berlin 
pathological criteria. Captopril therapy in rats with acute 
lung injury showed lower lung injury score or alveolar 
collagen that suggested inhibition of ACE could provide 
protective effects on acute lung injury (14). The mechanism 

may be the captopril attenuation of lung fibrosis in lung 
epithelial cells by abrogating apoptosis. Numerous in vitro 
studies have shown the relation of angiotensin II as the 
final product of ACE activity, to production of human 
lung fibroblast collagen in a bleomycin-toxicity model. 
This was weakened by ACE inhibitor or angiotensin 
receptor blocker therapy (15). Similarly, inhibition of the 
renin-angiotensin aldosterone axis has been considered 
as a potential target for ARDS prevention and showed 
encouraging preclinical data. Captopril as an angiotensin-
converting enzyme inhibitor has some effects such as 
reducing degradation of bradykinin and inhibition of 
angiotensin synthesis. It can also lower the pulmonary 
arterial hypertension and prevent pathological refactoring 
of cardiovascular. Captopril can obviously do the 
screening of oxygen free radicals, slow lipid peroxidation, 
provide the recovery of pulmonary vascular endothelial 
dysfunction, reduce vascular permeability, attenuate 
tissue edema and inflammatory exudation, and revealed 

Table 1. Comparison of frequency distribution of pulmonary involvement severity according to Berlin pathology criteria in the studied groups

Berlin pathology criteria OA group  (n=6) OA + Cap  (n=6) Control  (n=2) P value

Severity of lung tissue edema

Mild 0 (0.0%) 0 (0.0%) 2 (100.0%)

0.003Moderate 1 (16.7%) 3 (50.0%) 0 (0.0%)

Sever 5 (83.3%) 3 (50.0%) 0 (0.0%)

Severity of inflammation and bleeding

Mild 0 (0.0%) 2 (33.3%) 0 (0.0%)

0.026Moderate 3 (50.0%) 4 (66.7%) 2 (100.0%)

Sever 3 (50.0%) 0 (0.0%) 0 (0.0%)

Hyaline membrane formation

Mild 6 (100.0%) 6 (100.0%) 2 (100.0%)

-Moderate 0 (0.0%) 0 (0.0%) 0 (0.0%)

Sever 0 (0.0%) 0 (0.0%) 0 (0.0%)

Severity of alveolar epithelial cells' lesion

Mild 4 (66.7%) 5 (83.3%) 2 (100.0%)

0.211Moderate 0 (0.0%) 1 (16.7%) 0 (0.0%)

Sever 2 (33.3%) 0 (0.0%) 0 (0.0%)

OA: the oleic acid receptor group for induction ARDS. 
OA+CAP: the captopril receptor group during one week then the oleic acid receptor for ARDS.
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Figure 1. The mean of pulmonary involvement severity according to Berlin pathology criteria in the studied groups.
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certain anti-inflammatory and anti-fibrosis effects (13). 
In a study on the rat model of chemically induced ARDS, 
captopril therapy improved several substitute markers of 
severe ARDS such as circulating endothelial cells, partial 
pressure of oxygen (PaO2), and wet to dry lung weight 
ratio (16). In another model of ARDS rats subjected to 
ventilator-induced lung injury, markers of inflammation 
and apoptosis significantly reduced in captopril treated 
versus in untreated controls (17). In a similar design, Yao 
et al showed losartan can be effective at mitigating the lung 
injury induced ventilator in rats (18).

The results of this study showed that although the level of 
hyaline membrane formation and the severity of alveolar 
epithelial cell damage did not differ significantly between 
the two groups, the severity of lung edema in the captopril 
group was significantly lower than the one receiving the 
oleic acid alone; In the OA+Cap group, 50% of the rats had 
severe pulmonary edema, whereas in the OA group, more 
than 80% of the mice had severe lung edema, so it can be 
said that captopril has been able to prevent the edema of 
the lung tissue.

In a study by Xiaolin et al, a non-treated OA group 
of acute lung injury rats was compared with a captopril 
treated group and showed the use of captopril prevented 
the symptoms of OA-induced severe lungs injury in rats 
with a significant lower lung injury score, less albumin 
content and alveolar infiltrated cells, decreased wet/
dry weight ratio of the lung tissues, and improved lung 
function (PaO2 per fraction of inspired oxygen). Captopril 
also considerably reduced the expression of intercellular 
adhesion molecule-1 in the lung tissue and in blood 
circulating endothelial cells that indicate its protective 
effect on these cells activation or damage (8). Accordingly, 
our data suggested that ACE inhibition with clinical use of 
inhibitor offers protective effects on ARDS and potential 
administration for therapeutic option. The results of the 
current study also showed the incidence of lung tissue 
edema was higher in the OA group than the rats receiving 
captopril. In addition, the “severity of inflammation and 
bleeding” in the OA+Cap group was significantly less than 
OA group. Typical OA induced lung injury is featured with 
thickening of the alveolar septa, alveolar hemorrhage, and 
infiltration of inflammatory cells due to the direct damage 
of the pulmonary endothelium. All these features were 
observed in the lung tissue of captopril treated animals and 
it significantly reduced the lung injury with less interstitial 
edema, hemorrhage, and cellular infiltration. 

Knowing about the role of ACE on ARDS and the 
related endothelial cell damage opens a new window for 
pharmacological approaches. Although the inhibition 
and/or the elimination of ACE with molecular biological 
and transgenic techniques showed beneficial effects on 
animal models (19), this is far from clinical application. 
On the other hand, pharmaceutical use of ACE inhibitors 
such as captopril has been successfully conducted in 

clinical as antihypertension drugs but have not yet been 
tested for respiratory syndrome. Our data showed that the 
administration of captopril after OA challenge significantly 
reduced the severity of lung injury and improved the blood 
oxygenation in the rats. The novelty demonstrated in this 
study is that early administration of a pharmaceutical 
ACE inhibitor may be able to prevent animals from severe 
ARDS. The results of this study have also been shown 
that the severity of inflammation and bleeding in the 
captopril group was less than the group of OA alone. In 
other words, in the OA+Cap group no mice had severe 
inflammation and bleeding, while in the OA group, 50% 
of the mice had severe inflammation and bleeding. The 
OA-induced ARDS is known as a very severe model (20) 
and the beneficial effects of captopril in this model have 
strongly implicated its potential therapeutic effects in such 
pathological conditions. Considering the lack of specific 
therapies ARDS, using the conventional ACE inhibitors 
as a potential treatment is obviously an attractive and 
practical strategy deserved to be further studied.

One of the weaknesses of the present study was the 
lack of repeated follow-up of lung tissue at 1, 3, 6 and 12 
hours after intervention, which was not possible due to 
the small sample size, and according to previous studies 
there was no significant difference in time over these 
intervals. Nevertheless, it is suggested that this evaluation 
be repeated in future studies.

Conclusion
According to the results of this study, the administration of 
captopril can play a significant role in reducing the damage 
of the lung tissue due to the severity of tissue edema and 
inflammation and bleeding. Therefore, it may be possible 
to use this drug in human samples with ARDS to prevent 
further damage to the lung tissue.
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