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Abstract 

Animal models are widely used in pulmonary research, but their relationship to human disease 
remains uncertain. In many cases, the morphological changes associated with a particular model may 
resemble those seen in human disease, but the corresponding biochemical events’ nature and 
timeframe may differ. Nevertheless, gaining insight into human disease mechanisms may be possible 
by employing experimental approaches that minimize the problems associated with extrapolating 
data from animal studies. Such strategies may include using more than one model of a particular 
disease, employing different routes of administration of the injurious agent, using a variety of animal 
strains or species, or focusing on biochemical mechanisms common to both the animal model and its 
human counterpart. This last strategy is particularly useful in testing potential therapeutic agents or 
developing biomarkers for human lung disease. For example, we have utilized animal models of 
emphysema that specifically involve significant elastic fiber injury because the breakdown of these 
fibers is a critical component of the human disease. As a result, we developed a therapeutic approach 
to mitigating elastic fiber injury that may slow the progression of human pulmonary emphysema. 
The same models were also useful in testing a new biomarker for the disease that may be a better 
indicator of the efficacy of novel therapeutic agents. Thus, the appropriate use of animal models is 
critically important in translating experimental findings to the clinical setting. 

Keywords: animal models; acute lung injury; pulmonary emphysema; pulmonary fibrosis; 
lipopolysaccharide; bleomycin; cigarette smoke 
 

1. Introduction 

Animal models facilitate the investigation of genetic, environmental, and physiological variables 
within a controlled environment, making them an essential component in identifying critical 
mechanisms of lung injury and repair. The reproducibility and adaptability of these models across 
various experimental conditions enhance their utility in preclinical studies focused on validating 
potential pharmacological interventions.  

An example of a well-established animal model is cigarette smoke-induced pulmonary 
emphysema. Mice subjected to prolonged smoke exposure consistently develop morphological 
changes characteristic of chronic obstructive pulmonary disease (COPD), including alveolar 
destruction, increased airspace enlargement, and persistent chronic inflammation [1–3]. This model 
reproduces the progressive tissue remodeling and inflammatory milieu observed in COPD patients, 
enabling the analysis of pathogenic pathways and therapeutic targets. It can also be used to examine 
the effects of other toxic agents in enhancing smoke-induced lung injury. This approach was 
instrumental in demonstrating the synergistic relationship between cigarette smoke and LPS-induced 
lung injury, pointing to the increased risk of primary and secondary smoke exposure for the 
development of pulmonary infections and other inflammatory conditions [4,5]. 

In addition to their role in identifying pathogenetic mechanisms, animal models play an 
important role in the preclinical evaluation of drug candidates. The results obtained from animal 
studies can be used to determine dosages, possible side effects, and appropriate endpoints to assess 
the efficacy of these agents [6,7]. These studies can also identify potential biomarkers for detecting 
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lung disease at an early stage, facilitating timely therapeutic intervention. Studies of elastase-induced 
emphysema have revealed significant increases in elastin-specific crosslinking amino acids, 
desmosine, and isodesmosine (DID) in bronchoalveolar lavage fluid, suggesting their use as a means 
of detecting pulmonary emphysema and monitoring the efficacy of therapeutic agents [8,9]. 

To further illustrate the critical role of animal models in facilitating a deeper understanding of 
various lung diseases, the current paper focuses on how these models may be utilized to identify 
critical mechanisms of pulmonary injury, interactions of toxic agents, and potential treatment targets. 
While these models have limitations in terms of extrapolation to their human counterparts, they 
nevertheless provide a unique opportunity to translate experimental findings into novel strategies 
that permit early detection of lung disease and timely therapeutic intervention. 

2. LPS Model of Acute Lung Injury 

2.1. Biochemical and Morphological Features 

Acute lung injury (ALI) is an important feature of various pulmonary diseases, including 
pneumonia and respiratory distress syndrome [10]. Lipopolysaccharide (LPS), a component of Gram-
negative bacteria’s outer membrane, potentiates the acute inflammatory response in both humans 
and animal models by inducing the release of proinflammatory cytokines that activate an 
inflammatory cascade that recruits additional immune cells to the lung (Figure 1) [11,12]. A critical 
component of this reaction is the production of reactive oxygen species, leading to endothelial cell 
injury, an influx of protein-rich edema fluid into the alveolar space, and impaired gas exchange [13]. 

 

Figure 1. Photomicrograph of LPS-treated lung at 24 h, showing a marked influx of neutrophils into alveolar 
spaces and focal interstitial thickening. 
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While a single intratracheal or intraperitoneal treatment with LPS consistently induces an acute 
inflammatory response, the influx of neutrophils and macrophages is transitory and may not fully 
encompass chronic lung injury or repair processes relevant to the human condition [14,15]. 
Furthermore, not all ALI is induced by infections involving LPS, which may limit the model’s 
extrapolation to other forms of the disease [16]. 

Nevertheless, the LPS model provides a simple, reproducible means of determining the effects 
of anti-inflammatory and antifibrotic agents by allowing precise monitoring of drug effects on lung 
function parameters, histopathological changes, cytokine profiles, and immune cell dynamics [17]. 
This information is critical to developing dosing regimens and appropriate endpoints in clinical trials. 

2.2. Synergistic Effect Between LPS and Cigarette Smoke 

While prolonged inhalation of cigarette smoke is associated with chronic obstructive pulmonary 
disease, the more immediate effects are unclear [18]. Brief exposure to smoke does not cause 
significant pulmonary injury and may have adverse consequences only if underlying disease is 
present [19,20]. This concept is particularly relevant to second-hand smoke, whose effects are more 
subtle and require concomitant lung injury to induce an inflammatory response. 

Interactions between cigarette smoke and concurrent pulmonary disease may involve the 
activation of shared proinflammatory pathways [21,22]. For example, oxidants in smoke could 
amplify the effects of reactive oxygen species induced by secondary lung injury [23]. Likewise, 
smoke-related increases in various cytokines could increase a pre-existing population of 
inflammatory cells [24]. Consequently, even short-term exposure to second-hand smoke might 
enhance an otherwise indolent disease process. Such exposure to second-hand smoke could also 
predispose the normal lung to injury by other agents. 

To test these hypotheses, hamsters were exposed to second-hand cigarette smoke for 2 hours per 
day over 3 days before or after intratracheal instillation of LPS [25]. In both cases, short-term 
inhalation of cigarette smoke enhanced a number of inflammatory parameters. However, 
pretreatment with smoke had a greater proinflammatory effect than post-treatment, resulting in a 
17% higher inflammatory index, a 25% increase in tumor necrosis factor receptor 1 (TNFR1)-labeled 
macrophages, a 27% increase in apoptotic cells, and a 284% increase in BAL neutrophils. 

The reasons for this disparity are unclear, but it may involve differences in how the lung 
responds to the temporal relationship between cigarette smoke and LPS. Because cigarettes contain 
numerous toxins, pre-exposure to cigarette smoke may activate a large number of inflammatory 
mechanisms that are synergistically enhanced by endotoxin [26]. Conversely, pretreatment with a 
single toxin such as LPS may activate fewer inflammatory processes, thereby limiting the degree of 
synergy with cigarette smoke. 

Although these studies focused on the role of cigarette smoke, other inhaled toxins may have 
similar effects. Both outdoor and indoor air pollutants may potentiate the activity of underlying 
pulmonary disease. Synergistic interactions involving even very low levels of environmental toxins 
may perpetuate subacute inflammatory reactions that cause significant lung injury over time (Figure 
2). 
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Figure 2. Cigarette smoke may interact synergistically with low levels of environmental toxins, potentiating their 
injurious effects in the lung.. 

2.3. Role of Endothelin in LPS-Induced Lung Injury 

We have previously used the LPS model to determine whether the effects of LPS could be 
mitigated by decreasing the level of endothelin-1 (ET-1), a potent vasoconstrictor [27,28]. This 
mediator was chosen as a target molecule because it also activates neutrophils and induces the release 
of a variety of proinflammatory cytokines by monocytes (Figure 3) [29,30]. Our studies showed that 
pretreatment with a novel endothelin receptor antagonist (HJP272), one hour prior to intratracheal 
instillation of LPS, significantly reduced a number of inflammatory parameters, including lung 
histopathological changes, TNFR1 expression by BALF macrophages, and alveolar septal cell 
apoptosis. Conversely, exogenous administration of ET-1 increased LPS-induced lung injury, as 
measured by BALF neutrophils and TNFR1-positive macrophages [31]. 
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Figure 3. Endothelin may act as a gatekeeper for neutrophils, facilitating their influx into the lung. 

The anti-inflammatory effects of an endothelin-converting enzyme inhibitor, phosphoramidon, 
were also studied in the LPS lung model using a similar group of inflammatory endpoints [32]. 
Pretreatment with this agent similarly attenuated the effects of LPS but to a greater extent than 
HJP272, which may be due to the fact that phosphoramidon completely blocks ET-1 activity, whereas 
HJP272 only binds to one of the two main endothelin receptors that regulate inflammatory cell influx 
into the lung. 

In the case of both HJP272 and phosphoramidon, modifying the initial stages of the 
inflammatory process may be necessary to reduce the effects of LPS. Pretreatment with a single dose 
of HJP272 decreased a number of inflammatory processes, while administration of phosphoramidon 
at one hour following initiation of lung injury abrogated its inhibitory effect on the influx of 
neutrophils into the lung. 

3. Elastase-Induced Pulmonary Emphysema 

3.1. Biochemical and Morphological Features 
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In pulmonary emphysema, a subacute inflammatory process releases enzymes that slowly 
degrade alveolar wall elastic fibers, reducing their ability to store the energy needed to expel air from 
the lungs (Figure 4) [33–36]. These fibers have a specialized structure consisting of a central elastin 
protein surrounded by layers of microfibrils [37]. The elastin component consists of crosslinked 
peptide chains containing hydrophobic regions that absorb energy and are responsible for the elastic 
properties of the fibers [38]. Loss of these fibers due to enzymatic or oxidative breakdown causes 
uneven transmission of mechanical forces in the lung, leading to alveolar wall distension and rupture 
[39,40]. 

 

Figure 4. Elastases released by neutrophils degrade elastic fibers, causing alveolar wall distention and rupture. 

Two of the elastin crosslinks, desmosine and isodesmosine (DID), are unique to this protein and 
may, therefore, serve as a biomarker for the breakdown of elastic fibers [41,42]. Increased levels of 
these crosslinks in sputum, blood, or urine may indicate the presence of COPD and emphysema in 
particular [43,44]. Measurements of BALF DID at 1 week following intratracheal instillation of 
elastase into hamster lungs showed a significant increase in these crosslinks compared to controls, 
consistent with elastic fiber injury [45]. 

Microscopic examination of the elastase-treated lungs revealed a variable degree of alveolar wall 
distention and rupture due to the uneven distribution of the instilled elastase (Figure 5). These 
changes were accompanied by interstitial and airway inflammation, which was reflected by a significant 
increase in the percentage of BALF neutrophils. 
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Figure 5. Illustration showing the patchy distribution of intratracheally instilled elastase in the lung. The insert 
depicts a magnified area of lung tissue with fragmented elastic fibers (black lines) and alveolar wall rupture. 

3.2. The Ratio of Free to Total Desmosine as a Biomarker for Pulmonary Emphysema 

Since various studies have shown that total DID levels may not be a sensitive biomarker for 
airspace enlargement, we used the ratio of peptide-free to peptide-bound DID, rather than the 
absolute quantity of these crosslinks, as an indicator of airspace enlargement in a hamster model of 
elastase-induced pulmonary emphysema [45]. Peptide-bound DID refers to crosslinks attached to the 
elastin protein, whereas free DID is not linked to other amino acids. 

The free to bound DID ratio was measured in BALF recovered from hamsters instilled 
intratracheally with either 5 or 10 U of elastase and controls given the saline vehicle alone [45]. 
Treating the lungs with different doses of elastase produced a range of emphysematous changes and 
facilitated the comparison of the free to bound DID ratio with emphysematous changes, as measured 
by relative lung surface area. The results showed a statistically significant negative correlation 
between this ratio and lung surface area, which is inversely proportional to alveolar diameter (Figure 
6). The relative increase in free DID may reflect the effects of both elastase activity and mechanical 
forces that facilitate the separation of intact crosslinks from their surrounding peptides. 
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Figure 6. The ratio of free to bound BALF DID correlates with decreasing lung surface area due to elastase-
induced airspace enlargement. Reprinted with permission [45]. 

3.3. Combining Elastase-Induced Emphysema with LPS 

Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) may result in 
accelerated loss of pulmonary function [46]. To better understand the effects of acute inflammation 
on pre-existing elastic fiber injury, our laboratory developed a hamster model that uses intratracheal 
instillation of LPS to augment pulmonary emphysema previously induced by the administration of 
elastase [47]. In contrast to previous models involving either multiple instillations of elastase before 
treatment with LPS or a single administration of LPS several weeks after elastase, this model uses a 
single low dose of the enzyme and decreases the interval between instillation of the two agents to a 
single week [48,49]. The design enhances the effect of LPS compared to elastase and facilitates the 
identification of potential synergistic interactions. 

Using this model, we determined whether mild alterations in the structure of elastic fibers 
increased their susceptibility to LPS-induced injury, as measured by BALF levels of desmosine and 
isodesmosine (DID). The effect of combining elastin peptides with LPS was also examined to assess 
the proinflammatory role of fragmented elastic fibers (Figure 7). 
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Figure 7. Elastin peptides released from damaged elastic fibers (left) bind to elastin receptor complexes on 
macrophages (right), inducing the release of proinflammatory cytokines. 

Animals treated with elastase and LPS displayed prominent fragmentation and splaying of lung 
elastic fibers. Less pronounced changes were seen following treatment with either elastase or LPS 
alone. These findings were reflected by significantly higher levels of free BALF DID following 
treatment with both agents compared to the elastase-only group or untreated controls. Consistent 
with this process, a marked increase in airspace enlargement was seen in animals given both elastase 
and LPS compared to all other groups. 

4. Cigarette Smoke-Induced Pulmonary Emphysema 

4.1. Biochemical and Morphological Features 

Mice treated with whole-body exposure to cigarette smoke for 2 hours each day, 5 days per 
week, over 10 months showed a gradual increase in airspace enlargement that became 
microscopically evident at 2 months [50]. Total lung DID was increased at two months, then markedly 
decreased over the next four months before undergoing a secondary increase over the remaining 
course of the study. These findings reflect a dynamic balance between elastic fiber injury and repair 
over time and are consistent with the progressive decline in BALF DID levels between 4 and 10 
months (Figure 8). 
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Figure 8. Total BALF DID levels decrease over the 10-month period of cigarette-smoke exposure, reflecting 
reduced elastic fiber injury. 

Airspace enlargement leveled off in the smoke-exposed mice after 4 months, possibly related to 
increased lung DID content. Enhanced deposition of elastin and other extracellular matrix 
components could decrease alveolar wall rupture due to mechanical stress. This hypothesis is 
supported by clinical studies showing an association between interstitial pulmonary fibrosis and 
cigarette smoking [51,52]. 

4.2. The Effect of Aerosolized Hyaluronan on Airspace Enlargement 

Although the investigation of potential agents for treating pulmonary emphysema has focused 
on elastase inhibitors, this laboratory has developed a novel method of preventing elastic fiber injury 
by administering aerosolized hyaluronan (HA). Animals exposed to HA before intratracheal 
instillation or elastase had significantly less airspace enlargement than untreated controls [53]. This 
effect may be due to the attachment of HA to lung elastic fibers, which provides a protective coating 
against elastases and other injurious agents [54]. 

To further test this concept, the effect of aerosolized HA was studied in a mouse model of 
cigarette smoke-induced pulmonary emphysema. The smoking model provides a more stringent test 
of the therapeutic effects of HA because airspace enlargement develops over a period of months and 
more closely resembles the development of the human disease [55]. Mice were treated with an 
aerosolized solution of 0.1 percent HA (average molecular weight of 150 kDa) before a 2-hour 
exposure to cigarette smoke. The procedure was repeated 5 days per week over 6 months. While 
smoke-induced airspace enlargement leveled off over time, animals treated with HA nevertheless 
showed a significant reduction in airspace enlargement during the study (Figure 9). 
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Figure 9. Following 3 months of cigarette smoke exposure, mice treated with HA (left) had significantly less 
airspace enlargement than controls given saline alone (right). 

To determine the location of the HA within the lung, animals were treated with a single 1-hour 
exposure to fluorescein-labeled HA. Following treatment, a linear fluorescence pattern was 
associated with interstitial, pleural, and vascular elastic fibers (Figure 10). At 24 hours, the 
fluorescence was diminished in intensity, consistent with the clearance of the exogenous HA from 
the lung. 

 

Figure 10. Twenty-four hours after intratracheal instillation of fluorescein-labeled HA, there was prominent 
fluorescence associated with elastic fibers (upper), which was confirmed by a photomicrograph of the same area 
stained for elastic fibers (lower). Reprinted with permission [55]. 

These findings provided the rationale for translational studies involving a clinical trial to 
determine the efficacy of HA in COPD patients with alpha-1 antiprotease deficiency [56]. Levels of 
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DID in plasma, urine, and sputum were measured at weekly intervals to assess the effect of treatment 
on lung elastic fiber degradation. Inhalation of a 0.01 percent solution of aerosolized HA twice daily 
for 28 days significantly decreased the amount of free DID in urine. This finding was consistent with 
earlier measurements of free BALF DID in elastase-induced pulmonary emphysema, supporting its 
use as a biomarker for therapeutic efficacy. 

5. Bleomycin Model of Pulmonary Fibrosis 

5.1. Biochemical and Morphological Features 

The bleomycin (BLM) model is commonly used to study pulmonary fibrosis because it has 
morphological features that resemble the human disease, including an influx of inflammatory cells, 
alveolar epithelial cell hyperplasia, airspace distention, and interstitial fibrosis [57,58]. Intratracheal 
instillation of BLM induces the formation of complexes between this agent and Fe2+, which generate 
free radicals that damage DNA, leading to necrosis of type 1 alveolar epithelium and exposure to 
underlying basement membranes (Figure 11) [59]. This process is accompanied by a marked influx 
of neutrophils, proliferation of type 2 alveolar cells, and the deposition of collagen and other 
extracellular components in the lung interstitium [60]. 

 
Figure 11. Illustration showing damage to the alveolar lining epithelium by free radicals and neutrophils 
following intratracheal instillation of BLM. 

The rapid development of inflammation and fibrosis following the instillation of BLM suggests 
that this form of lung injury may be better characterized as a wound-healing phenomenon rather 
than irreversible lung remodeling. The changes induced by BLM do not replicate the gradual 
development of the human disease and can regress over time [61]. Nevertheless, this model has 
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provided insight into the mechanisms that may be responsible for the development of its human 
counterpart. The rapid development of fibrosis facilitates the evaluation of drug candidates over the 
entire course of the disease. By varying the temporal relationship between these agents and BLM 
instillation, it may be possible to determine where they exert their most significant effect on the 
disease process. 

5.2. The Effect of Endothelin Inhibition 

To evaluate the temporal relationship between BLM-induced pulmonary fibrosis and treatment 
with the HJP272 endothelin antagonist, hamsters were given an intraperitoneal injection of this agent 
one hour before intratracheal instillation of BLM or 24 h afterward [62]. During the following month, 
the pulmonary inflammatory response was assessed by measuring various parameters, including 
lung histopathological changes, neutrophil content in bronchoalveolar lavage fluid (BALF), lung 
collagen content, BALF macrophage TNFR1, and alveolar septal cell apoptosis. 

Pretreatment with HJP272 resulted in a significant decrease in all these parameters compared to 
animals receiving BLM alone, whereas post-treatment was ineffective in reducing their levels. This 
discrepancy was most evident morphologically, where the lungs of animals pretreated with HJP272 
showed much less fibrosis, suggesting that the early inflammatory events may be primarily 
responsible for the extent of lung injury (Figure 12). These findings are consistent with clinical trials 
showing that commercially available ERAs, such as ambrisentan and bosentan, are ineffective in 
treating pre-existing pulmonary fibrosis [63–65]. However, this finding does not preclude the use of 
ERAs as prophylactic agents, which may be given in combination with drugs whose side effects 
include pulmonary fibrosis. 

 
Figure 12. Photomicrographs of lungs treated with: (A) saline alone, (B) BLM alone, (C) HJP272 one hour before 
BLM, and (D) HJP272 twenty-four hours after BLM. In contrast to lungs post-treated with HJP272, those 
pretreated with this agent had significantly less fibrosis than those given BLM alone, as measured by histological 
changes and lung collagen deposition. 

The limited efficacy of ERAs may be related to the emergent properties of pulmonary fibrosis, 
in which interactions at multiple levels of scale result in spontaneous reorganization of lung structure 
[66,67]. The process of emergence is a common feature of complex systems that include chemical 
reactions, epidemics, and disease pathogenesis [68]. It may be represented by percolation models 
based on the random movement of fluids through interconnecting channels [69]. The convergence of 
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isolated currents in the network reaches a critical threshold involving a phase transition that changes 
the structure and behavior of the system. In the case of pulmonary fibrosis, the spread of the 
extracellular matrix through the lung interstitium is similar to the diffusion of fluid through a 
percolation network, producing analogous changes in the chemical and physical properties of the 
lung. 

The deposition of matrix components alters the elastic modulus of the alveolar walls and 
modifies the transmission of mechanical forces related to breathing. This process induces further 
interstitial injury and repair, resulting in the self-propagation of the disease on a much larger scale 
[70]. Computer-generated models of pulmonary fibrosis support the validity of this mechanism by 
showing that local changes in alveolar wall structure evolve into global morphological alterations 
that resemble those seen in the human disease [71,72]. 

The concept of emergence emphasizes the need for developing biomarkers with the sensitivity 
and specificity to detect and treat the disease before it evolves into more widespread lung injury that 
is amenable to therapeutic intervention [73]. Identifying a biomarker with these properties might 
have the additional effect of permitting more timely administration of ERAs, thereby enhancing their 
therapeutic efficacy. 

6. Chemical Versus Genetic Models 

In contrast to chemical models that involve the administration of toxic substances such as LPS, 
elastase, and cigarette smoke, genetic models are designed to study the role of specific proteins in the 
pathogenesis of lung disease. Knockout models involve deleting or inactivating specific genes to 
study the resulting phenotypic changes. For instance, the genetic deletion of cytokines provides 
important information about various pulmonary inflammatory mechanisms [74,75]. 

Conversely, knock-in models are designed to insert a specific mutation into a gene, allowing 
investigators to study diseases that arise from particular genetic variants [76]. Mice with a specific 
mutation in the CFTR gene, which causes cystic fibrosis, can simulate the human condition, enabling 
studies on the impacts of gene insertion on ion transport, mucus viscosity, and susceptibility to 
infections [77]. These types of studies may be used to design clinical trials of therapies aimed at 
correcting the dysfunctional transport mechanism in cystic fibrosis. 

While genetic models have become important tools in studying these diseases, they also have 
limitations. Many lung diseases arise from the interaction of multiple genetic, environmental, and 
lifestyle factors that these models cannot represent. Furthermore, lung diseases can manifest 
differently among individuals due to variations in genetics, immune responses, and environmental 
factors, limiting the predictive power of genetic models. 

In contrast, chemical models can replicate the effects of pollutants or irritants, which are critical 
to the development of various lung diseases. Chemical models allow investigation of the immediate 
physiological effects of exposure to toxic substances, which is particularly useful in understanding 
the pathogenesis of diseases like ALI and COPD. These models can be precisely controlled with 
regard to the concentration, duration, and timing of exposures to single or multiple toxins, providing 
consistent conditions to study disease mechanisms. This approach also eliminates the potential 
confounding influence of genetic manipulation, making it easier to establish causal relationships. 

7. Strategies for Addressing the Limitations of Animal Models 

Based on the examples presented in the current paper, animal models play a critical role in 
investigating lung disease. Nevertheless, models involving a single dose of a toxic agent may not 
accurately represent the corresponding human disease [78]. The compression of the timeline of the 
morphological changes in these models cannot reproduce the long-term evolution of changes at 
multiple levels of scale that are an essential characteristic of pulmonary emphysema, interstitial 
fibrosis, and other lung disorders [79,80]. 
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Despite these limitations, the strength of animal models may involve the ability to study 
mechanisms of injury from different standpoints. The use of multiple models to determine the 
consistency of responses to therapeutic agents is an example of this process. The findings associated 
with the use of HJP272 in the BLM model were replicated in another model of pulmonary fibrosis 
induced by the cardiac antiarrhythmic agent, amiodarone. Since this model involves different 
mechanisms of injury than the BLM model, the similarity in results is more meaningful regarding the 
therapeutic potential of ERAs to mitigate human pulmonary fibrosis. 

Furthermore, varying the routes of administration of the disease-inducing agent can yield 
important insights into the systemic factors involved in the development of human lung disease. 
Intratracheal versus intravenous instillation can lead to disparate responses in terms of the lung cells 
affected and the timeline of injury and repair. While intratracheal instillation may be more effective 
in producing lung changes, other toxin or drug delivery routes may better reflect the clinical 
circumstances surrounding the development and potential treatment of the human disease. In 
particular, the effect of endothelial cell injury on the influx of inflammatory cells and protein-rich 
fluid into the lung may be better studied using a model of lung injury induced by intravenous or 
intraperitoneal administration of toxic agents. 

The current paper shows that animal models are especially suited to investigating the potential 
synergistic interactions between pulmonary toxins. For example, pretreatment with brief exposure to 
cigarette smoke significantly enhanced LPS-induced lung inflammation. Further investigation of this 
phenomenon revealed that exogenously administered endothelin facilitated the influx of neutrophils 
that may be sequestered in pulmonary capillaries following smoke exposure. This finding suggests 
that LPS-induced activation of endothelin may be responsible for the synergistic interaction of this 
agent with cigarette smoke. 

Pretreatment with a low dose of elastase also had a synergistic effect on LPS-induced lung 
inflammation [47]. This finding prompted the use of elastin peptides to determine their 
proinflammatory activity in the LPS model. Combining the two agents significantly increased BALF 
levels of neutrophils and free DID compared to either agent alone. These results emphasize the 
proinflammatory role of elastin peptides released from degraded elastic fibers and their ability to 
potentiate the effects of other injurious agents, such as pathogenic organisms and environmental 
pollutants. The synergistic interactions revealed by the combined use of elastin peptides and LPS 
may provide a better understanding of how acute exacerbations in patients with COPD may lead to 
the permanent loss of lung function. 

8. Conclusions 

Animal models have emerged as an invaluable tool in understanding the complex pathogenesis 
of various human lung diseases. These models serve as critical platforms for exploring the 
multifactorial mechanisms underlying these disorders. By illustrating various experimental 
approaches in multiple models of pulmonary disease, the current paper emphasizes the role of 
animal models in identifying potential synergic interactions between toxic agents and how the 
temporal dynamics of exposure can critically influence the severity of lung injury. The continued 
refinement of these models will improve their relationship to human pulmonary diseases and 
facilitate the translation of experimental findings to therapeutic interventions that can slow the 
progression of lung injury and reduce the risk of respiratory failure. 
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