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The importance of ARDS modeling in the development of modern therapies
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Abstrac
[bookmark: _GoBack]Choice an animal model and appropriate method of ARDS induction are essential to evaluation innovative therapeutic interventions. For the study ARDS, animals such as mice, guinea pigs, rabbit, dog, sheep and etc. have been used that each has strengths and weaknesses. Therefore, this review is for introduction a method of ARDS induction that has be maximum benefits and the acute morphological changes in the lung produce similar to the human ARDS with minimal effect on the heart function and be repeatable, also. It seems that induction of the ARDS model as the combination of mechanical ventilation and frequent lung lavage with normal saline can be a suitable model for new therapeutic studies in future. Because surfactant depletion is one of the most important features of ARDS in humans, which with the use of successive lavage with normal saline reduces the surfactant concentration and the alveoli collapse. Also, when mechanical ventilation is performed with high volume after lavage, an increase in protein permeability, PMN leakage into the alveolar space and interstitial tissue, increasing production of cytokines, and formation of the hyaline membrane in the lung are occurred that is similar to ARDS in human. 
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Introduction
Acute Respiratory Distress Syndrome (ARDS) is one of the syndromes that affect thousands of people worldwide annually and, unlike the recent advances in care, has a high mortality rate (Phua et al., 2009). This syndrome can occur due to the wide range of direct or indirect lung injuries that stimulate the systemic and acute inflammatory response (Ballard-Croft et al., 2012). Since the description of ARDS, efforts to the syndrome induction in the laboratory animals have been begun. Despite the development of the various experimental models of acute lung injury, none of them have been able to reconstruct the etiologies, primary inflammation, heterogeneity and repair of ARDS in humans, completely. This leads to a poor reversal of the potential therapies between models of acute lung injury in animal and acute respiratory distress syndrome in humans. An ideal model should mimic the biological, physiological and pathological characteristics of the lung at the time of injury and the disease induction. In the case of ARDS, these include damage to the capillary-alveolar membrane, inflammation due to the presence of neutrophils, increasing permeability and pulmonary edema. In order to simulation of the human ARDS, the animal model must be able to mimic the acute damage to the epithelial and endothelial barriers of the lung and also, acute inflammatory responses in the alveolar space (Matute-Bello et al., 2008). The larger animals are more suitable for implementing the pathophysiology of the human diseases than the smaller animals, because the complexity of the structure of their organs is more similar to humans. Moreover, observation of disease progression is easier in the larger animals (Kamaruzaman et al., 2013). For the ARDS study, the animals such as mice, guinea pigs, rabbit, dog, sheep and etc., have been used, which each has strengths and weaknesses (Ballard-Croft et al., 2012; Matthay and Howard, 2012). Phylogenically, rabbit is closer to the primates than the other rodents (Karol et al., 1994).

ARDS modeling
Surfactant depletion is an important features of ARDS in human. The method of surfactant depletion using continuous lavage with normal saline was developed by Lachmann et al., based on reducing the concentration of surfactant proteins in BAL fluid (Lachmann et al., 1980). In this model, the solution of warm isotonic saline is injected into the lungs and then drained by aspiration. The lavages are repeated until the desired level of hypoxemia is achieved. The mechanism of this model is such that repetition of lavage with saline reduces the lipid concentration of the surfactant and changes the surface tension of the alveoli. This causes the alveoli collapse and weakens the alveolar defense mechanisms. The lavage with saline (0.9% NaCl) leads to immediate hypoxemia but this method alone, causes slight changes in permeability or inflammation. When after lavage, mechanical ventilation with high-volume and without PEEP is performed, the lung damage is similar to the human ARDS. The lung damage depends on the cells of polymorphic nucleus (PMN) and is characterized by increasing protein permeability, PMN leakage into the alveolar space and interstitial tissue, the enhancement cytokines production, and the hyaline membrane formation (Lachmann et al., 1980; Imai et al., 2001).
During the 1980s and 1990s, several studies showed that mechanical ventilation could cause lung inflammation and damage in the animals that ventilator-induced lung injury (VILI) was called (Dreyfuss and Saumon, 1998; Dos Santos and Slutsky, 2000). The VILI mechanism is associated with a direct tissue injury due to the mechanical traction that the certain intercellular pathways activates. Excessive stretching of the alveoli walls leads to disruption of epithelial and endothelial tissue and the interstitial tissue edema. Separation of endothelial cells from the basement membrane and death of epithelial cells are visible after 20 minutes of mechanical ventilation with very high current volumes. However, the development of hyaline membrane and increasing permeability require the presence of PMN, which indicates in addition to the mechanical damage, the inflammatory damage requires the mechanical ventilation for the damage induce, also. The mechanical deformation of the cell can lead to the biochemical changes such as the production of inflammatory cytokines and the change in the lipid transport. The ventilation with high current volume leads to the alveolar hemorrhage, the hyaline membrane formation, the neutrophil leakage, the reduction compliance, and the abnormal changes in gas exchange.
Ahlström et al. used from the model of saline lavage and mechanical ventilation for investigation the effects of a recombinant analogue of the surfactant protein-C (SP-C) on the lung function and inflammatory status. For induction of mild ARDS in adult New Zealand rabbits, the first, the several lavages performed and then ventilation with a current volume of 20 ml/kg body weight continued until the PaO2/FiO2 ratio dropped to less than 26.7 kPa. For evaluation of the therapeutic effects of this recombinant protein were performed the lung function parameters, the lung histology and measurement of cytokines level such as TNF-α, IL-6 and IL-8. Induction of lung damage was caused extensive decline of the measured functional parameters including the PaO2/FiO2 ratio, the Oxygenation index (OI), the alveolar-arterial gradient, the static and dynamic compliance and the oxygen saturation (SatO2). These changes were statistically significant and until the end of the study, these parameters remained constant in the group without treatment of ARDS. Also, the cytokines level of TNF-α, IL-6 and IL-8 had increased in the ARDS group. The histological results showed the infiltration of inflammatory cells in different sections of the lung. In general, the inflammatory cells were more common in the alveoli, but were also seen in the blood vessels and the around airways. The acute inflammatory reaction was characterized by the infiltration of mixed leukocytes (mostly neutrophils and eosinophils), monocytes, and macrophages. In parts of the lung tissue, the number of leukocytes inside the pulmonary vessels had increased. A few of leukocytes were also found in the lumen of the bronchioles, which had probably migrated to this area from the alveolar ducts and surrounding alveoli (Zebialowicz Ahlström et al., 2019)
Fodor et al., the severe ARDS (PaO2/FiO2 ratio less than 150) induced using the pulmonary lavage-endotoxin-mechanical ventilation model. In this model were used 300 mg/kg of lipopolysaccharide, the five times lavages with 60 ml of normal saline 37 °c and mechanical ventilation for 20-30 minutes and the ventilation parameters, the blood gases indices, the respiratory mechanical properties and the serum cytokines were evaluated. This model resulted in the induction of severe ARDS, which the PaO2/FiO2 ratio reduced, significantly (Fodor et al., 2019).
Borges et al., the ARDS induced by the injection of oleic acid into the pulmonary artery in the pig model. In this model, 0.2 ml/kg of oleic acid was continuously injected for 20 minutes. After 20 minutes of stabilization time, a quarter of the previous dose was injected for another 20 minutes. Thirty minutes later, blood gases were measured, and if the damage had not reached to the desired level, a quarter dose of oleic acid was been injected again, and this process continued until the PaO2/FiO2 ratio become 200-300 mmHg. The mortality rate of pigs was 50% due to severe hemodynamic instability. The histological results and cytokines amount confirmed the induction of this model. In both lungs, the edema in the lower parts was higher than the upper parts, and the levels of cytokines such as IL-6 and IL-8 were higher than normal. This model showed the histological results and the inflammatory response similar to that be seen in the human ARDS. However, the researchers this study cited high mortality, heterogeneous reproducibility and hemodynamic instability as limitations and the problems of their model (Borges et al., 2019).
Kosutova et al. investigated the effects of intratracheal administration of nitric oxide on impaired lung function. They used the lung consecutive lavages for the induction of ARDS model. Normal saline 37 °C at the rate of 30 ml/kg was injected intratracheal and then was drained by suction, immediately. 9-12 times lavages were repeated until the PaO2/FiO2 ratio decrease less than 26.7 kPa and the respiratory parameters and the blood gases were measured. Then, the cell count, the cell viability and protein content examined in bronchoalveolar fluid by the left lung lavage and from the right lung used for the measurement of nitric oxide metabolites and the histological assessments. This process was caused damage to the lung and the destruction of capillary-alveolar barrier. Treatment with nitric oxide compensated for the lung damage and edema (Kosutova et al., 2019).
Mokhber Dezfuli et al., used LPS of E. coli at the rate of 400 μg/kg and as intrapulmonary in the rabbit model for induction of ARDS. Evaluation for proving of ARDS included the clinical signs, computed tomography scan, echocardiography, blood gas analysis, total blood cell count, and the measurement of cytokine levels. Their results showed that ARDS was well developed in the rabbit model. Then, they transplanted bone marrow-derived mesenchymal stem cells as intrapulmonarily into the rabbits with ARDS and showed the appropriate effect of transplanted stem cells along with reducing inflammation and pulmonary edema (Mokhber Dezfouli et al., 2018)
Yang et al., for evaluation of the galantamine effects in the treatment of ARDS, this model induced using the aspiration of hydrochloric acid in the rabbit. The animal was placed on one side and 1.5 ml/kg of hydrochloric acid was injected into the trachea and the same thing was repeated on the other side. If the PaO2/FiO2 ratio remained constant at less than 200 mm Hg for 30 minutes ARDS had induced. Otherwise, this process is repeated until PaO2/FiO2 ratio reaches the desired level. After four hours, the lung tissue sections and cytokines levels of TNF-α, IL-6 and IL-1β were measured in the lung and blood and after 12 hours, corticosterone and HMGB1 protein levels were measured in the blood and lung, respectively. Acid aspiration had altered the lung structure and cytokines levels of TNF-α, IL-6, and IL-1β had elevated. In this study, galantamine reduced pro-inflammatory cytokines levels and the lung damage (Yang et al., 2018)
In a study by me, the ARDS model was induced using the lung consecutive lavage with normal saline and the mechanical ventilation in the rabbit. The results of blood gases analysis, lung computed tomography scan and histopathology showed the appropriate development of ARDS in the rabbit (the data not been published).

Conclusion 
Choice an animal model and appropriate method of ARDS induction are essential to evaluation innovative therapeutic interventions. According to the items mentioned above, it seems that the induction of the ARDS model as the combination of lung consecutive lavage with normal saline and the mechanical ventilation can be a good model for new therapeutic studies in future.
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