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Introduction
Acute respiratory distress 
syndrome  (ARDS) occurs when fluid 
accumulates in the lung space followed 
by oxygen transfer disturbance. This 
syndrome is resulted from different 
pathological conditions such as sepsis or 
blood transfusion, and it is accompanied 
with high mortality rate in clinic.[1‑3] The 
ARDS patients have non‑compliant lungs 
with injured endothelium, and the mortality 
rate of ARDS is depended on the disease 
stages,[2] and it was ranged between 11 to 87 
percent;[4] therefore ARDS patients demand 
special cares and treatments in intensive 
care units. ARDS also promotes acute 
kidney injury  (AKI) in about 31 percent of 
patients.[5] In addition, the mortality rate of 
ARDS also is race and gender related.[6]

Renin angiotensin system (RAS) involves in 
the pathogenesis of ARDS due to abnormal 
expression of angiotensin‑converting 
enzyme  (ACE).[7] ARDS reduces the 
ratio of ACE/ACE2 activities,[8] and ACE 
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Abstract
Backgrounds: Acute respiratory distress syndrome (ARDS) causes high mortality rate in clinic, and 
the pathogenesis of this syndrome may interact with renin angiotensin system  (RAS) components. 
The main objective of this study was to determine the protective role of AT1R antagonist  (losartan) 
on oleic acid  (OA) induced ARDS and kidney injury. Methods: The animal model of ARDS was 
performed by intravenous administration of 250 µl/kg oleic acid  (OA). Male and female rats were 
subjected to received intravenously vehicle  (saline, groups  1 and 4), OA (groups  2 and 5), or 
losartan (10 mg/kg) plus OA (groups 3 and 6), and six hour later, the measurements were performed. 
Results: Co‑treatment of OA and losartan increased the serum levels of blood urea nitrogen 
significantly  (P  <  0.05) and creatinine insignificantly in both gender. However, the OA induced 
kidney damage was decreased by losartan significantly in male  (P  <  0.05) and insignificantly in 
female rats. In addition, co‑treatment of OA and losartan decreased lung water content significantly 
in male rats  (P  <  0.05). Based on tissue staining, no significant difference in lung tissue damages 
were observed between the groups, however some exudate were observed in lung male rats treated 
with OA alone which were abolished by losartan. Conclusions: Losartan may protect the kidney and 
lung against OA induced tissue injury in male rats. This protective action is not certain in female 
rats.
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inhibitor may protect the lung against 
ARDS.[9] Others components of RAS 
such as angiotensin 1‑7  (Ang1‑7) also 
potentially could be a candidate for ARDS 
therapy.[10] The protective role of Ang II 
type  1 receptor  (AT1R) antagonist against 
ARDS also was documented,[11] and it 
delays the onset of diseases.[12] However, 
RAS and its components also are affecting 
in the kidney gender dependently.[13‑16] 
Losartan is known as AT1R antagonist, and 
by blocking the binding between Ang II 
and AT1R induces vascular dilatation, and 
its protective role against kidney toxicity 
was reported.[17‑21]

Due to role of gender on mortality rate 
of ARDS[6] and on RAS activation in 
the kidney,[13‑16] we hypothesize that the 
protective effect of losartan against OA 
induced kidney injury and ARDS is 
gender related. To test this hypothesis, an 
animal model of ARDS and kidney injury 
by administration of oleic acid  (OA)[22] 
was performed, and the protective role of 
losartan was considered in male and female 
rats.

Access this article online

Website: 
www.ijpvmjournal.net/www.ijpm.ir
DOI: 
10.4103/ijpvm.IJPVM_323_18

Quick Response Code:

[Downloaded free from http://www.ijpvmjournal.net on Wednesday, March 17, 2021, IP: 5.250.109.89]



Talebi, et al.: Losartan and oleic acid induced lung and kidney injury

International Journal of Preventive Medicine 2021, 12: 42

Methods
This study was performed in 40  male  (320.4  ±  7.6  g) and 
female  (208.9  ±  3.9  g) Wistar rats which assigned into 6 
experimental groups. The procedure was approved by 
the Ethics Committee of Isfahan University of Medical 
Sciences  (IR.MUI.REC.1396.2.097). The rats were 
randomly assigned into six groups of experiments. Each 
rat was anaesthetized with a mixture of 90  mg/kg of 
ketamine and 10 mg/kg of xylazine by bolus injection into 
intraperitoneal region. After that the rats were subjected to 
treat via tail vein injection as followings:

Group  1 and 4  (vehicle groups): Male  (n  =  6) and 
female (n = 7) rats received 0.2 ml of saline as vehicle.

Group  2 and 5  (OA groups): Male  (n  =  6) and 
female  (n  =  7) rats received 250 µl/kg OA  (Merck, 
Germany) plus 0.2 ml of vehicle.

Group  3 and 6  (OA  +  losartan groups): Male  (n  =  7) 
and female  (n  =  7) rats received losartan  (10  mg/kg) by 
intraperitoneal injection, and one hour later they were 
treated as groups 2 and 5. The dose of losartan (10 mg/kg) 
was choosing base on other studies.[20,23]

The required time to produce a significant lung injury 
by OA administration was choose as 6  hr based on 
Kennedy et  al. study.[24] Therefore, the animals were 
sacrificed six hour post OA infusion after blood samples 
were obtained via heart puncture. The tissue samples 
of the kidney and lung were fixed in 10% formalin 
solution for histology investigation by Haematoxylin and 
Eosin  (H and E) staining. The lung water contents  (LWC) 
also were determined by wet‑dry method. The serum 
levels of blood urea nitrogen  (BUN) and creatinine  (Cr) 
also were measured using commercial diagnosis kit 
(Pars Azmoon, Tehran, Iran). To consider the lung 
endothelium disturbance, the immunohistochemistry 
staining for lung endothelium CD34 was also performed 
using ready‑to‑use kit from Dako (Denmark). Accordingly, 
the kidney and lung tissues damages score (KTDS, LTDS) 
were determined by a pathologist who was blinded to 
study protocol. The KTDS and LTDS were assigned as 
following:
•	 Score 0: normal tissue
•	 Score 1: less than 25 percent of tissue damage
•	 Score 2: between 26 to 50 percent of tissue damage
•	 Score 3: between 51 to 75 percent of tissue damage
•	 Score 4: more than 75 percent of tissue damage.

Statistical analysis

The data were reported as mean  ±  SEM. One way 
ANOVA and LSD as post hoc were applied to compare 
the measured parameters between the groups. The Kruskal 
Wallis H and Mann‑Whitney tests also were applied for 
histology findings analysis. The P  values less than 0.05 
were considered statistically significant.

Results
The mean weight of animals in the male groups of 1, 3 
and 5 were 307.1 ± 18.8, 342.3 ± 4.5 and 312.3 ± 10.3 g, 
and in the female groups of 2, 4 and 6 were 211.0  ±  4.1, 
200.9 ± 4.5 and 214.7 ± 9.5 g, and no significant differences 
were detected between the three male groups  (P  =  0.14), 
and between the three female groups  (P  =  0.32). 
Co‑treatment of OA and losartan increased the serum levels 
of BUN significantly  (P  <  0.05) and Cr insignificantly 
when compared with vehicle group in male and female 
rats [Figure 1]. The KW was decreased and the KTDS was 
increased significantly (P < 0.05) by OA alone in male rats, 
but co‑treatment of OA and losartan altered KW and KTDS 
toward normal [Figure 1]. In female rats, the administration 
of OA alone increased KTDS while co‑treatment of OA 
and losartan decreased KW  (significantly, P  <  0.05) and 
KTDS  (insignificantly)  [Figure  1]. The samples of kidney 
tissue images for the entire experimental groups are shown 
in Figure 2.

The LWC was increased insignificantly in male, and 
significantly  (P  <  0.05) in female rats, but co‑treatment 
of OA and losartan decreased LWC significantly only in 
male rats  (P  <  0.05, Figure  3). For example; the mean 
value for the percentage of LWC in male rats treated with 
OA was 80.05  ±  2.13%, while in vehicle group, it was 
77.88  ±  0.36%. However, the LWC was reduced in male 
group co‑treated with OA and losartan  (73.07  ±  2.94%). 
The LTDS were determined and scored based on alveolar 
dilatation and pneumocystis debris percentage, and it was 
increased in male rats treated with OA alone, however 
no significant differences were detected between the 
groups  [Figure  3]. According to immunohistochemistry 
staining for lung tissue, the presence of exudates in dilated 
alveoli were seen which revealed the exudative phase of 
ARDS. The samples of lung tissue images for the entire 
experimental groups are shown in Figure 4.

Discussion
The main purpose of this study was to determine the 
protective role of AT1R antagonist  (losartan) in OA 
induced lung and kidney injury in male and female rats. 
Our hypothesis was established based on gender difference 
of losartan effect against OA induced kidney injury and 
ARDS.

The effect of losartan against OA induced kidney injury

The serum levels of Cr and BUN did not alter by OA in 
both male and female rats. These findings were expected 
because increasing and stabilization of Cr and BUN levels 
in the serum occurs after a significant kidney injury, and 
several hours after injury[25] while our measurement was 
only 6  hr post OA administration. In addition, losartan 
increased significantly the serum level of BUN  (not Cr) 
6  hr post OA administration. This increment may not 
relate to the kidney injury and it is related to body fluid. 
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Losartan is a vasodilatation agent which may increase the 
urine output,[26] and therefore the body water compartment 
reduced. Losartan itself also decreases glomerular 
filtration rate  (GFR),[27] and therefore the serum level 
of BUN increase. However, the histology finding was 
quite different. The OA administration increased kidney 
damage significantly in both male and female, but losartan 
attenuated the KTDS in male alone. The expression of 
AngII receptors is gender related, and the differential 
effect of losartan between male and female was reported 
before.[28] In addition, the protective effect of losartan 
against kidney injury in male rats was indicated before by 

others,[18,19,29‑31] but its effect on female rats was failed,[19] 
and it was consistence with the current study.

The effect of losartan against OA induced ARDS

The LWC was increased in male OA treated rats 
insignificantly but it decreased the LWC significantly by 
losartan which all verified by LTDS.

There is a complex association between RAS and ARDS,[32] 
and like losartan, other component of RAS also performed 
protective effect against ARDS. He et  al. reported that 
angiotensin‑converting enzyme has protective effects 
on ARDS.[33] It is also reported that reactive oxygen 

Figure 1: The data for the blood urea nitrogen (BUN), creatinine (Cr), kidney weight (KW) per 100 g body weight and kidney tissue damage score (KTDS) 
in male and female rats treated with vehicle (sham), oleic acid (OA) and OA plus losartan (OA + L). The symbols * and # indicate significant difference 
from sham or OA groups respectively (P < 0.05)
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species is the main substance during the development 
of ARDS induced by OA, while superoxide dismutase 
(an antioxidant) pretreatment could protect the lung against 
ARDS.[34] Losartan is also known as antioxidant agent,[35‑37] 
and its effect may be gender related.[19] Therefore, it may 
protect the lung against ARDS induced by OA as our data 
shown that losartan reduced LWC in male rats. Also the 
data related to immunohistochemistry staining for CD34 
performed the presence of exudates in dilated alveoli in 
male rats treated with OA alone. The exudative early 
phase occurs by diffuse alveolar damage and endothelial 

injury which revealed the exudative phase of ARDS.[38] In 
addition, OA may change the lung vascular permeability 
to water.[39] Therefore, we assume that the exudative phase 
of ARDS was began during 6  hr post OA administration 
in male rats and losartan was act as protectant against OA 
induced lung injury.

Conclusions
According to our findings, it seems that losartan has 
protective effect on OA induced kidney injury in male. It 
may also attenuate the lung injury induced by OA in male 

Figure 2: The kidney tissue images in the six experimental groups. More damages were observed in OA treated groups. Co‑treatment of oleic acid (OA) 
and losartan (l) reduce the damage in male rats. The arrows indicate the tubular damage. The kidney score damage in male rats treated with OA + L was 
lower than male rats treated with OA alone

Figure 3: The data for the percentage of lung water content (LWC) and lung tissue damage score (LTDS) in male and female rats treated with vehicle (sham), 
oleic acid (OA) and OA plus losartan (OA + L). * and # indicate significant difference from sham or OA groups respectively (P < 0.05)
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rats indicated the association between RAS and ARDS. 
However, such protective results were not observed in 
female rats in the current study which suggests the gender 
related of losartan effect on kidney and lung injuries 
induced by OA.
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