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ABSTRACT

Background: Acute respiratory distress syndrome (ARDS) is a severe inflammatory condition. Our earlier studies have 
characterized oleic acid (OA)-induced rat model of ARDS which was exacerbated by indomethacin (prostaglandin [PG] 
synthesis inhibitor). Aim and Objectives: The role of PGs in ARDS is ill defined as the results of earlier studies are 
conflicting. This study was undertaken to determine the effect of PGE1 analog (misoprostol) in indomethacin-induced 
exacerbation of ARDS in rats. Materials and Methods: The rats were anesthetized with urethane. Tracheal and jugular 
vein cannulation was done to keep the respiratory tract patent and deliver drugs, respectively. Respiratory excursions were 
recorded with the help of force displacement transducer. Cannulated carotid artery was connected to pressure transducer 
for recording of blood pressure. Electrocardiographic potentials were recorded by needle electrodes. Animals were divided 
into four groups. In Group I, OA (75 µl) was used to induce ARDS in rats. In Group II, OA was injected in indomethacin-
pretreated rats. In Group III (control group), animals were treated with ethanol. In Group IV, OA was administered after 
indomethacin + misoprostol pretreatment. Misoprostol treatment was repeated after OA injection at 20 min interval. 
Cardiorespiratory parameters (respiratory frequency, heart rate, mean arterial pressure, and pulmonary water content) 
were determined, and histological examination of the lung was done in all groups. Results: Indomethacin pretreatment 
drastically advanced the OA-induced ARDS. Misoprostol protected against the deterioration as indicated by improvement 
in all the parameters and increase in survival time. Conclusion: Results of this study indicate that PGs have protective role 
in ARDS.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) is an 
inflammatory condition characterized by pulmonary edema, 
hypoxia, and massive influx of inflammatory cells as per the 
American Thoracic Society (ATS) guidelines.[1] Despite the 

advancement in the treatment strategies and good supportive 
care, the mortality rate is very high (27-48%) even in developed 
countries like the USA.[2,3] Of the various animal models 
of ARDS, oleic acid (OA)-induced ARDS is considered to 
mimic the ARDS condition observed in humans.[1,3-6] The 
pathogenic mechanisms include damage to the alveolar-
capillary membrane barrier due to epithelial or endothelial 
injury or by both and increased permeability causing massive 
influx of inflammatory cells in the lungs.[7,8] The injured cells 
and the inflammatory cells release prostaglandins (PGs) 
which are implicated as important mediators of inflammation 
in ARDS.[9] Liposomal PGE1 caused statistically significant 
improvement in the oxygenation, lung compliance, and 
ventilator dependency in ARDS patients. Unfortunately, these 
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encouraging results were not confirmed in later studies.[10] In 
animal models of acute lung injury, intravenous PGE1 has 
demonstrated anti-inflammatory response.[10] In our earlier 
study, we have reported an acute model of ARDS in rats 
using OA which exhibited all the characteristic features of 
ARDS in experimental animal models as defined by the 
ATS.[7] Further, it was observed that OA-induced ARDS 
was worsened when the animals were pretreated with a PG 
synthesis inhibitor (indomethacin).[9] The results of earlier 
study indicate the involvement of PGs in the pathophysiology 
of ARDS. Therefore, the present study was undertaken 
to identify the role of PGE1 analog in the indomethacin-
induced exacerbation in ARDS and to explore the possible 
mechanism.

MATERIALS AND METHODS

Animals, Anesthesia, and Recording Procedure

All the animal experiments were performed after approval 
from the Ethical Clearance Committee of the Institute of 
Medical Sciences, Banaras Hindu University, Varanasi, India. 
Adult albino rats of Charles-Foster strain weighing (175-
225 g) were selected for experiments. Animals were kept in a 
temperature, and light (12 h: 12 h, light dark period) controlled 
room. Food and water was given ad libitum. Urethane 
(Sigma Aldrich Inc.; St. Louis; USA; 1.5 g/kg body weight 
i.p.) was given to anesthetize the animals. Additional bolus 
dose of urethane (0.1-0.15 g/kg i.p.) was injected if required. 
Tracheal, jugular vein, and carotid artery cannulation was 
done to keep the respiratory tract patent, drug administration, 
and recording blood pressure, respectively. The skin over 
the xiphisternum was secured with the help of a thread and 
attached to a force displacement transducer. The respiratory 
excursions were recorded on a chart recorder through 
a bridge amplifier, and respiratory frequency (RF) was 
computed from these recordings. The electrocardiographic 
(ECG) potentials (for heart rate [HR]) were recorded by 
needle electrodes connected to bioamplifier (ADI) using limb 
lead II configuration. HR was calculated manually from R 
to R interval. The recorded blood pressure was computed to 
determine the mean arterial pressure (MAP). At the end of 
each experiment, the lungs were excised. Lungs of one side 
were kept for the estimation of pulmonary water content and 
other side was sent for histological examination.

Experimental Protocol

The animals were stabilized for 30 min after dissection and 
cannulation. The animals were divided into four groups 
(N = 4-6).

Group I (E + OA)

After initial recordings of respiratory excursions, ECG, and 
blood pressure, 75 µL of ethanol was injected, and after 

30 min, respiratory excursions, ECG, and blood pressure were 
recorded. OA (75 µL) was now injected, and the respiratory 
excursions, blood pressure, and ECG were recorded for the 
initial 5 min continuously and then at the interval of 15 min 
up to 120 min.

Group II (I + OA)

After initial recordings, indomethacin (10 mg/kg) was 
injected, and respiratory excursions, ECG, and blood pressure 
were recorded. 30 min after indomethacin treatment, OA 
(75 µL) was injected, and the respiratory excursions, ECG, 
and blood pressure were recorded for the initial 5 min 
continuously and then at interval of 15 min up to 120 min.

Group III (ethanol/control)

After initial recordings, 75 µL of ethanol was injected. 
The respiratory excursions, ECG, and blood pressure were 
recorded for the initial 5 min continuously and then at the 
interval of 15 min up to 120 min. As indomethacin was 
dissolved in ethanol, this group served as time-matched 
control group.

Group IV (I + M + OA group)

After initial recordings, indomethacin (10 mg/kg) was 
injected, and blood pressure, ECG, and respiratory excursions 
were recorded. 25 min after indomethacin treatment, 
misoprostol was injected (6 µg/kg). 5 min later, OA (75 µL) 
was injected. The respiratory excursions, ECG, and blood 
pressure were recorded for the initial 5 min continuously 
and then at the interval of 15 min up to 120 min. The dose of 
misoprostol was repeated after every 20 min.

In all groups, RF, pulmonary water content, MAP, HR, 
and survival time (ST) were determined, and histological 
examination of the lung was done.

Drugs and Solutions

OA was obtained from HiMedia Laboratories Pvt. Limited 
Mumbai. Indomethacin (PG synthesis inhibitor) was obtained 
from Sigma Chemical Company, St. Louis, MO, USA. 
Indomethacin was prepared by dissolving in 100% ethanol. 
Misoprostol was obtained from Cipla Ltd. Sikkim, India and 
was prepared in normal saline.

Determination of Pulmonary Water Content

The pulmonary water content was determined by physical 
method as described earlier.[11] In brief, at the end of each 
experiment, the lungs were excised, one lung was preserved 
in formal saline for histological examination and the other 
was weighed and dried to a constant weight in an electric 
oven (at 90°C for 48 h). The difference between wet weight 
and dry weight was calculated to determine the water content.
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Histology of Lungs

The lung tissue preserved in formal saline was subjected to 
standard histological protocol and stained with hematoxylin 
and eosin for microscopic examination.

Analysis of Data

The changes in RF, HR, and MAP were expressed as % of 
initial. The data were pooled and mean ± standard error mean 
(SEM) was calculated. The data were compared using two-way 
ANOVA. Student’s t-test for unpaired observations was used for 
comparing pulmonary water content among different groups.

RESULTS

OA Produced ARDS in Rats

OA injection in ethanol-pretreated rats (ethanol + OA group) 
increased the RF (twice the initial) by 30 min followed by 
progressive decrease. RF was maintained at reasonably good 
level till 60 min. By 105 min, respiration stopped and all the 
animals died (Figure 1). RF in this group was significantly 
different from ethanol-treated (control) group. Mean ± SEM 
of ST in this group was 83.25 ± 7.87 min and pulmonary 
water content was 85.36 ± 0.35% (Figure 2). Histological 
examination of lungs shows multifocal and heterogeneous 
injury. The entire lung architecture of the lung parenchyma 
was destroyed in certain areas (Figure 3b). OA administration 
produced immediate decrease in HR (24%) and MAP (32%) 
followed by recovery and then progressive decrease till death 
of the animals (Figures 4 and 5).

Indomethacin Advanced the OA-induced Injury

OA administration in indomethacin-pretreated rats (I + OA 
group) produced immediate and progressive decrease in RF 
and by 15 min all the animals died (Figure 1). The RF in 
this group was significantly different from E + OA and I + 
M + OA group. Mean ± SEM of ST in this group was 7.42 ± 
0.98 and the pulmonary water content was 80.81 ± 0.5% 
(Figure 2). On histological examination of lungs, extensive 
damage to the lung parenchyma was found in multifocal 
areas. Destruction of the alveolar septa and hemorrhagic 
infiltrate forming a homogenous solid area was exhibited. 
Thickening of alveolar septa with an infiltration of leukocytes 
was also observed (Figure 3c). HR and MAP followed the 
pattern similar to RF (Figures 4 and 5).

No Significant Change in Control Group

Ethanol-treated animals (ethanol group) were taken as 
control group (since indomethacin was dissolved in ethanol) 
to see the per se effect of ethanol on various parameters. 
Ethanol treatment produced immediate increase in RF 
which recovered to normal value within 15 min and was 

Figure 1: Effect of oleic acid (OA) (75 µL) on respiratory 
frequency in different groups in rats as compared to ethanol 
(control) group. Each point depicts the mean ± standard error mean 
values obtained from 4 to 6 experiments in each group. Ethanol/
OA was injected at 0 time. (P < 0.05 is considered significant, two-
way ANOVA). Ethanol + OA = Ethanol + OA-treated group; I + 
OA = Indomethacin + OA group; I + M + OA = Indomethacin + 
Misoprostol + OA group; Ethanol = Ethanol-treated (control) group

Figure 2: Effect of oleic acid (OA) (75 µL) on pulmonary 
water content in different groups in rats as compared with 
ethanol (control) group. Each bar depicts the mean ± standard 
error mean values obtained from 4 to 6 experiments in each 
group. The * indicates a significant difference from the control 
group (P < 0.05) and @ indicates significant difference from 
E + OA group” before (P < 0.05); Student’s t-test for unpaired 
observations). Ethanol + OA = Ethanol + OA-treated group; I + 
OA = Indomethacin + OA group; I + M + OA= Indomethacin + 
Misoprostol + OA group; Ethanol = Ethanol-treated (control) group

maintained throughout the observation period. All the 
animals in this group survived for the entire observation 
period of 120 min, and the pulmonary water content in this 
group was 76.28 ± 1.25 (Figure 2). Histological examination 
of lung treated with ethanol exhibited the well-aerated alveoli 
which form the parenchyma of the lung and give it a lace-
like appearance. Alveoli were lined by a simple squamous 
epithelium. Adjacent alveoli shared a common interalveolar 
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respiration was maintained till 120 min although at low level 
(23%, Figure 1). The mean ± SEM of ST in this group was 
79.75 ± 15.41. Pulmonary water content in this group was 
83.31 ± 0.79% (Figure 2). Histological examination of lungs 
in this group does not show the severe injury as observed 
in only indomethacin-pretreated animals. Airspace was 
not as much reduced as in indomethacin-pretreated group 
(Figure 3d). HR and MAP followed the pattern similar to RF 
in this group (Figures 4 and 5).

Pulmonary water content in all groups was increased as 
compared to control group (Figure 2). Pulmonary water 
content in I + OA and I + M + OA group was significantly 
reduced as compared to E + OA group (Figure 2).

DISCUSSION

Results of the present study show that PGE1 analog, 
misoprostol, prevented the indomethacin-induced 
deterioration in ARDS. ARDS is an acute condition associated 
with inflammatory changes in the lungs, pulmonary edema, 
and hypoxemia. In this study also, administration of OA 
produced pulmonary edema as indicated by increase in the 
pulmonary water content and widening of interalveolar 
septum in histological examination of the lungs. Profound 
(two times) increase in the RF after OA administration 
reflects hypoxemia. Further, loss of integrity of alveolar-
capillary membrane and infiltration of inflammatory cells in 
the lungs suggest inflammation. Our earlier report shows that 
indomethacin, an anti-inflammatory drug, failed to protect the 
animals against ARDS, rather than it worsened the condition 
and all the animals died within a very short time (15 min) as 
compared to OA treated group (105 min). It was intriguing 
that indomethacin, in contrary to expected improvement, 
proved devastating in OA-induced ARDS animal model.[9]

Various inflammatory mediators are proposed to be involved 
in the pathophysiology of ARDS. PG is one of them but 
its role in ARDS is not clear.[12-15] In the present study also, 
inhibition of PG synthesis by indomethacin pretreatment 
killed the animals within 15 min of OA administration as 
reported earlier indicating a beneficial role of PG in ARDS. 
Further, improvement in the RF, HR, MAP, and lung injury 
when PGE1 analog (misoprostol) was given as pretreatment 
along with indomethacin, indicates that PGs play a protective 
role in ARDS.

PGs are possibly not effective in the later phase of ARDS as 
the ST of I + M + OA group was not significantly different 
from E + OA group. It suggests the involvement of factors 
other than PG which dominate over the beneficial effect of 
misoprostol causing deterioration in the later phase.

Less pulmonary water content in I + OA group than E + OA 
group can be attributed to decrease ST which did not allow a 
significant pulmonary edema to develop.

septum. (Figure 3a). HR and MAP followed the pattern 
similar to RF (Figures 4 and 5).

PGE1 Analog (Misoprostol) Protected the Animals 
against Indomethacin-induced Deterioration in ARDS

After OA injection in animals pretreated with both 
indomethacin and misoprostol (I + M + OA group), the 
immediate progressive decrease in RF as observed in only 
indomethacin-treated rats was not found. Instead, after initial 
decrease (about 28%) in RF, recovery occurred and RF was 
maintained at reasonably good level up to 60 min. In 3 out of 
4 animals, it became “0” by 90 min, and in one animal, the 

Figure 4: Effect of oleic acid (OA) (75 µL) on heart rate in different 
groups in rats as compared to ethanol (control group). Each point 
depicts the mean ± standard error mean values obtained from 4 to 
6 experiments in each group. Ethanol/OA was injected at 0 time 
(P < 0.05 is considered significant, two-way ANOVA). Ethanol + 
OA = Ethanol + OA-treated group; I + OA = Indomethacin + OA 
group; I + M + OA= Indomethacin + Misoprostol + OA group; 
Ethanol = Ethanol-treated (control) group

Figure 3: Photomicrograph of rat lung in different groups. 
Ethanol only (a) = Ethanol-treated (control) group; Ethanol + oleic 
acid (OA) (b) = Ethanol + OA-treated group; I + OA (c) = 
Indomethacin + OA group; I + M + OA (d) = Indomethacin + 
Misoprostol + OA group
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ba
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CONCLUSION

PGE1 analog (misoprostol) protects the animals against 
indomethacin-induced deterioration in ARDS. Further, 
the PGs may play a protective role in the early phase of 
OA-induced ARDS in rats.
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Figure 5: Effect of oleic acid (OA) (75 µL) on mean arterial 
pressure in different groups in rats as compared to ethanol (control 
group). Each point depicts the mean ± standard error mean values 
obtained from 4 to 6 experiments in each group. Ethanol/OA 
was injected at 0 time (P < 0.05 is considered significant, two-
way ANOVA). Ethanol + OA = Ethanol + OA-treated group; I + 
OA = Indomethacin + OA group; I + M + OA= Indomethacin + 
Misoprostol + OA group; Ethanol = Ethanol-treated (control) group


