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Abstract — Nitrogen mustard (NM), a cytotoxic alkylating 
agent, and ozone, a highly reactive oxidant present in air 
pollution, contribute to pulmonary toxicity. Following NM 
or ozone exposure, there is a sequential accumulation of 
pro- inflammatory/cytotoxic and anti-inflammatory/wound 
repair macrophages in the lung, which have been 
implicated in disease pathogenesis. In these studies the 
effects of farnesoid x receptor (FXR) and surfactant protein c 
(SP-C) on macrophages accumulating in the lung were 
analyzed in response to NM and ozone, respectively. FXR is 
a nuclear receptor which downregulates inflammation. SP-
C is essential for lung function and regulates inflammation. 
Increased quantities of iNOS+ pro-inflammatory 
macrophages in SP-C-/- were observed in the lung 1 and 2 
days following ozone exposure. There was increased 
expression of heme oxygenase-1 (HO-1), a marker for 
oxidative stress, particularly at 48 hours. Lung tissue and 
bronchoalveolar lavage (BAL) fluid were collected 24 and 48 
hours post-ozone exposure in SP-C-/- mice and 14 days later 
in WT and FXR-/- mice. BAL protein levels in wild type (WT) 
and FXR-/- mice were significantly different from control 
following ozone and NM exposure. These findings may be 
useful in the development of therapeutics aimed at 
mitigating ozone and NM-induced lung inflammation and 
injury. 
 

I. INTRODUCTION 

The lungs are important for respiration, gas exchange 
and the regulation of acidity in the body. They transfer 
oxygen from the environment into the bloodstream, and 
influence innate immunity. Both of these gene knockout 
models regulate inflammation and were chosen to 
understand their effect on the immune response triggered by 
exposure to each of the two injury models: NM, a chemical 
warfare agent; and ozone, a toxic air pollutant. The goal of 
this experiment was to analyze the role of FXR and SP-C in 
pulmonary injury. 

II. METHODS 

To SP-C-/- mice were exposed to air or ozone. BAL fluid 
was collected by instilling PBS (a saline solution) into the 
lungs through a cannula in the trachea, centrifuged, and 
resuspended. WT and FXR-/- mice were treated with PBS or 
NM via intratracheal instillation. Total protein content in cell 
free BAL and tissue lysates was quantified using a BCA 
protein kit; all samples were assayed using a 
spectrophotometer. Lung tissue and BAL fluid was collected 
at 24 and 48 hours following ozone exposure in SP-C-/- mice 
and 14 days later in WT and FXR-/- mice. BAL protein assays 
were performed to quantify protein; more protein indicated 
greater injury because surfactant proteins are released after 
injury to keep the lungs from collapsing. Lung sections were 
evaluated for inflammation and injury and scored on a scale 
from 0 to 3 to account for the extent and severity of damage. 

 
 

 
 
 

III. RESULTS AND DISCUSSION 

 
Figure 1: Figure I. BAL protein concentrations collected 14d post-
NM exposure. 
 

 
 
 

 
 

 
 
 

 
Figure 2. Macrophage populations. SP-C-/- HO-1 IHC Air vs. Ozone 
48 h. 

 
Compared to control experiments, increased BAL protein 

concentrations were evident in mice following acute exposure 
to NM and ozone. In direct response to injury, pro- 
inflammatory macrophages accumulated and oxidative stress 
increased. Over time, the number of anti-inflammatory 
macrophages increased, indicating instigation of tissue repair. 
BAL protein levels were elevated following ozone and NM 
exposure, suggesting that FXR and SP-C modulate 
macrophage response, resulting in more pro-inflammatory 
macrophages and increased oxidative stress. Ozone initially 
elicits increases in iNOS+ pro- inflammatory macrophages and 
oxidative stress through the expression of heme oxygenase-1 
(HO-1), a marker for oxidative stress. In FXR-/- mice following 
NM exposure, there is a significant increase in oxidative 
stress and a shift toward an anti-inflammatory macrophage 
phenotype. SP-C and FXR are crucial genes in regulating 
inflammation following lung injury. 
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