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Tidal Volume

Conclusions
❖ Changes in respiratory parameters in shorter exposure groups could have 

resulted from acute respiratory irritation due to inhalation of particulate matter 
and carbon monoxide
➢ Faster, shallower breaths

❖ Longer exposure periods can potentially contribute to bronchoconstriction, 
restricting breathing functionality and leading to decreased breathing 
frequency and increased tidal volume
➢ Slower, deeper breaths

❖ True injury phenotype may be presenting in the 4-hour and on the last day of 
the 3-hour exposure period

Introduction
❖ Smoke inhalation injury is the leading cause 

of fire-related deaths
➢ Toxic gases
➢ Chemical irritants
➢ Particulate matter

❖ Military service members are 
disproportionately affected 
➢ Dioxins
➢ Heavy metals 

❖ Long term health risks
➢ Respiratory damage
➢ Pulmonary dysfunction
➢ Systemic chronic inflammation

❖ Evaluation of physiological and molecular 
toxicity of military-specific combustion 
products

Methods
❖ In vivo rat model using adult, male Sprague-

Dawley rats

❖ Smoke generation using a combustion
chamber
➢ Wood – 77.8% 
➢ Paper – 10.5% 
➢ Rubber – 7.8% 
➢ Styrofoam – 3.9% 
➢ Saturated with 32.6 wt% of 

diesel fuel

❖ Side-stream directed to a whole-body 
plethysmography chamber for 
controlled exposure, observation, and
recording 

❖ Exposed for 2, 3, or 4 hours per day for 4 
consecutive days 

❖ Control rats exposed to room air for 4 hours

❖ All data collected via the FinePointe program

❖ Increased breathing frequency and decreased tidal volume in the 2- and 3-
hour exposure groups 
➢ Absent in 4-hour group

❖ Increased and erratic tidal volume and increased enhanced pause in 4-hour 
group on penultimate days of exposure

Frequency
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Results

Enhanced Pause

Future Directions
❖ Further investigation of the 4-hour exposure period and potentially more 

extended time frames to solidify exposure guidelines

❖ Different animal model to more closely mimic human respiratory response (i.e. 
ferrets)

❖ Evaluation of potential therapeutics geared towards military service members

Figure 1. Combustion exposure system. A combustion chamber 

generates smoke that is vacuum-pulled by a Buxco Bias Flow pump 

into a mixer with air before diffusing into whole-body plethysmography 

chambers equipped with temperature/humidity probes and pressure 

sensors that measure respiratory parameters. 

Figure 2. Frequency 

of breathing 

measured in breaths 

per minute (BPM) as 

recorded by 

FinePointe over the 

exposure time frame 

per day. A LOWESS 

curve is fitted with 

medium smoothing.

Figure 3. Tidal 

volume of breaths 

measured in mL as 

recorded by 

FinePointe over the 

exposure time frame 

per day. A LOWESS 

curve is fitted with 

medium smoothing.
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Figure 4. Enhanced pause between breaths as recorded by FinePointe over the exposure time frame per day. A 

LOWESS curve is fitted with medium smoothing.
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