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 2 

Abstract 50 

Pulmonary Fibrosis is a progressive and incurable condition that complicates many disease 51 

states. Adrenergic hyperinnervation and accumulation of fibroblasts expressing ⍺1-52 

adrenoreceptors have been implicated in this process. Previous studies have demonstrated that 53 

systemic treatment with an ⍺1-adrenoreceptors antagonist attenuates fibrotic endpoints in lung 54 

fibrosis models. In an attempt to develop a lung targeted therapy, we determined whether ⍺1-55 

adrenoreceptors antagonism delivered via inhaled administration of terazosin exerts antifibrotic 56 

benefits in experimentally induced lung fibrosis. C57/BL6 mice treated with bleomycin, or a 57 

doxycycline inducible line of transgenic mice with lung specific overexpression of the bioactive 58 

form of the human TGFβ1 (TGFβ1-Tg+ model), received nebulized terazosin at varying doses on 59 

a therapeutic schedule following the induction of fibrosis and were sacrificed at 21 days. Airway 60 

inflammation, fibrotic endpoints, and lung function were evaluated. ⍺1-adrenoreceptors 61 

antagonism delivered via this method did not impact airway inflammation as indicated by 62 

bronchoalveolar lavage cell counts, and there was no significant difference observed in soluble 63 

collagen content. There was similarly no significant difference in respiratory mechanics with 64 

terazosin administration. These data show that inhaled delivery of the ⍺1-adrenoreceptors 65 

antagonist terazosin by this method is ineffective at treating fibrosis in these models and suggest 66 

that alternative dosing schedules or delivery methods may be more fruitful avenues of 67 

investigation. Further exploration of these findings may provide new therapeutic options and 68 

illuminate mechanisms through which adrenergic innervation and ⍺1-adrenoreceptors mediate 69 

fibrosis in the adult mammalian lung. 70 

Key words: pulmonary fibrosis, adrenoreceptor antagonism, terazosin, inhalation 71 
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Introduction 74 

Pulmonary fibrosis (PF) is an incurable condition that complicates numerous interstitial 75 

lung diseases and is characterized by progressive pulmonary fibrosis and lung function decline 76 

[1, 2]. The incidence and demographic distribution of PF is heterogenous depending on underlying 77 

diagnosis but tends to occur in older adults and is often associated with a poor prognosis [3]. 78 

Idiopathic pulmonary fibrosis (IPF), one of the better studied forms of PF, is defined by a pattern 79 

of usual interstitial pneumonia on imaging and histopathology in the absence of a known cause 80 

and has a median survival of 2-4 years [4, 5]. Though the underlying pathologic mechanisms vary, 81 

pulmonary fibrosis is thought to be the result of dysregulated lung healing that results in the 82 

accumulation of activated fibroblasts and excessive extracellular matrix [6-8]. Despite numerous 83 

recent advances, treatments remain limited and lung transplantation is the only cure [4, 9]. Thus, 84 

considering the significant morbidity and mortality caused by these diseases, there is an urgent 85 

need for new targeted interventions to reduce the burden of fibrosis.  86 

  Noradrenergic mechanisms are increasingly associated with numerous pathologic 87 

processes including acute inflammation [10, 11], innate immune activation [12, 13], cancer [14], 88 

obesity and metabolism [15], bone marrow aging [16], and pathologic lung remodeling  [17-19]. 89 

Adrenergic hyperinnervation and the accumulation of ⍺1-adrenoreceptor (⍺1-AR) expressing cells 90 

are associated with fibrosis in animal models, where interruption of adrenergic signaling via 91 

chemical denervation and ⍺1-AR antagonism mitigates fibrotic endpoints [17, 19]. It has further 92 

been shown that in some settings the blood [20] and lungs [19] of IPF patients are enriched for 93 

noradrenaline, and that IPF patients prescribed ⍺1-AR antagonists for non-pulmonary indications 94 

experience improved survival [19]. However, despite the increasing association of noradrenaline 95 

and fibrotic lung remodeling, the mechanisms of this effect and its therapeutic potential remain 96 

unexplored [21, 22].  97 
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Pulmonary expression of ⍺1-ARs is the best characterized in smooth muscle cells of the 98 

airways and vasculature, where they are reported to mediate noradrenaline-induced contractile 99 

responses [23, 24]. Interestingly, this receptor class is also expressed in parenchymal 100 

endothelium and fibroblasts [25], which may, in part, account for the capillary leak-associated 101 

fibroblast activation and extracellular matrix expansion caused by intravenous infusion of the ⍺1-102 

AR agonist phenylephrine [26, 27] and the therapeutic benefit of systemically administered ⍺1-AR 103 

antagonism delivered via the oral or intraperitoneal routes [17-19]. However, ⍺1-ARs are also 104 

expressed by populations of lung epithelia and airway inflammatory cells which may contribute to 105 

noradrenaline’s well described role in remodeling responses of apoptosis [28], inflammatory cell 106 

trafficking [29], and cytokine production [30]. This expression pattern suggests that interventions 107 

leveraging inhaled administration might exert therapeutic benefit while minimizing off-target 108 

effects. Elucidation of this biology has the potential to provide insights into the cell(s) and 109 

mechanism(s) through which noradrenaline exerts its fibrogenic effects while exploring new 110 

treatment modalities [31-33] for parenchymal disease.  111 

This study sought to address this knowledge gap by assessing whether inhaled 112 

administration of the non-selective ⍺1-AR antagonist terazosin reduces lung inflammation, 113 

pulmonary function, biochemical collagen accumulation, and lung histology in two well accepted 114 

animal models of experimentally induced fibrosis.  115 

 116 

Materials and Methods 117 

Study Design 118 

The objective of our study was to test the prespecified hypothesis that nebulized delivery 119 

of an 1-AR antagonist, specifically terazosin, would improve experimentally induced pulmonary 120 

fibrosis in two commonly used mouse models. Primary endpoints were prospectively determined.  121 
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Animals 122 

All animal experiments were approved by the Yale School of Medicine IACUC in 123 

accordance with federal regulations (protocol #20292). Twenty-one days following the 124 

experimental induction of fibrosis, animals were anesthetized for pulmonary function testing, then 125 

humanely sacrificed to isolate bronchoalveolar lavage (BAL), and en bloc resection of lungs for 126 

soluble collagen quantification and histopathology scoring as we have previously described [34]. 127 

C57 Black 6 (C57BL/6) wild-type mice were used for bleomycin experiments. TGF1 lung specific 128 

over-expressing (CC10-tTS-rtTA-TGFβ1, from here on called “TGFβ1-Tg+”) mice have been 129 

described previously [35] and develop fibrosis in response to doxycycline inducible expression of 130 

the bioactive form of the human TGFβ1 gene under the lung specific CC10 promoter. All 131 

experimental groups were matched for age and sex.  132 

Bleomycin model  133 

Sex-matched C57BL/6 aged 9 to 11 weeks mice were exposed to a single dose of 1.5 134 

U/kg pharmacologic grade bleomycin (Northstar Rx LLC, NDC 16714-886-0) or sterile saline by 135 

orotracheal aspiration [36]. Mice were anesthetized with isoflurane and suspended by their 136 

incisors on a standing rack. With the tongue held in gentle retraction, 50 µL bleomycin or saline 137 

was pipetted into the oropharynx and aspirated. Animals were sacrificed after 21 days and 138 

evaluated for the endpoints described above.   139 

TGF1-Tg+ model  140 

Sex-matched 9 to 11-week-old wild-type TGF1-Tg+ mice received 0.5 mg/mL doxycycline 141 

hyclate (Thermo Scientific Cat No. J60579.22) in their drinking water for 21 days as previously 142 

described [35].  143 

Nebulization Experiments  144 
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Starting at day 5 after bleomycin administration or doxycycline initiation, mice received 145 

daily administration of nebulized terazosin (Millipore Sigma, Product No. 1643452) dissolved in 146 

sterile water at concentrations of 0.001 mg/mL, 0.002 mg/mL, 0.01 mg/mL, 0.02 mg/mL, 0.1 147 

mg/mL, and 0.2 mg/mL which were derived to approximate a total inhaled dose of 0.001 mg/kg, 148 

0.002 mg/kg, 0.01 mg/kg, 0.02 mg/kg, 0.1 mg/kg, and 0.2 mg/kg per day (Fig S1) [37]. 149 

Concentrations that showed potential benefit were selected for confirmatory studies. Groups of 150 

up to 5 mice from a single cage were placed in a clean plastic box with an attachment for nebulizer 151 

tubing in a manner similar to that used by Schroeder et al [38] for drug administration. Omron 152 

CompAir NE-C28 compressor nebulizers were used to aerosolize and deliver 7 mL of terazosin 153 

or sterile water control on a daily therapeutic schedule over 30 min after which mice were returned 154 

to their original cages. The same terazosin dose was repeated for every treatment within each 155 

group. A schematic of the nebulizer apparatus is shown in Fig 1A.  156 

 157 

Fig 1: Inhalational administration of the nonselective ⍺1-AR antagonist terazosin does not 158 

impact lung inflammation. A: Experimental design. Inhaled terazosin was started five days after 159 

bleomycin administration or doxycycline induced TGFβ1 transgene activation. Up to 5 mice from 160 

a single cage were placed into a clean, lidded plastic box with an attachment for nebulizer tubing. 161 

7 mL of sterile water or terazosin was loaded into the nebulizer module for each treatment. Tubing 162 

connections were checked to be airtight prior to every treatment. Omron NE-C28 compressor 163 

nebulizers were used to aerosolize and deliver the treatment over 30 minutes. After treatment 164 

mice were returned to their original cages, and the plastic box and nebulizer equipment cleaned 165 

thoroughly. B: In the bleomycin model, relative to vehicle, inhaled terazosin had no significant 166 

impact on lung inflammation as measured by BAL cell counts. C: In the TGFβ1-Tg+ model, relative 167 

to vehicle, inhaled terazosin had no significant impact on lung inflammation as measured by BAL 168 

cell counts. Schematic diagrams created using BioRender.com 169 

 170 
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BAL cell count 171 

At the time of sacrifice, two aliquots of 0.8 mL of PBS were slowly instilled into lung and 172 

the lavage fluid gently aspirated. The combined BAL sample was assessed for white blood cell 173 

counts using a Beckman Coulter Ac.T Diff instrument. 174 

Pulmonary function testing  175 

Pulmonary mechanics and airway hyperresponsiveness were assessed in a subset of 176 

terazosin-exposed and control mice from both bleomycin and TGF-Tg+ arms of our study using 177 

the Sireq FlexiVent Fx computer-controlled piston ventilator running Flexiware version 7.6 [39]. 178 

Animals were anesthetized with an intraperitoneally administered mixture of xylazine and 179 

ketamine, xylazine (Akorn, NDC 59399-110-20) at a dose of 10 mg/kg and ketamine (Covetrus, 180 

NDC 11695-0703-1) at a dose of 100 mg/kg, followed by urethane at a dose between 0.009 to 181 

0.03 g per mouse, administered intraperitoneally. Once an appropriate level of sedation was 182 

established, a midline neck incision was made, and the soft tissue dissected to expose the 183 

trachea. A rigid 20-guage blunt tipped catheter for female mice or 18-gauge blunt tipped catheter 184 

for male mice was used to cannulate the trachea. Mice were then paralyzed with pancuronium 185 

bromide (Sigma, Cat# P1918-10mg) at a dose of 10 µg per mouse and attached to the FlexiVent 186 

for pulmonary function measurements. Methacholine (SigmaAldrich A2251-25G) was used for 187 

airway hyperresponsiveness measurements. After completion of lung function testing, mice were 188 

humanely euthanized and harvested for tissue as described above.  189 

Collagen quantification  190 

Right lung soluble collagen content was assessed using the Sircol Soluble Collagen Assay 191 

(Biocolor Ltd., CLS 1111) according to the manufacturer’s instructions.  192 

Histologic analysis 193 
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Formalin fixed and paraffin embedded (FFPE) tissue sections obtained from whole left 194 

lungs harvested from experimental animals were stained with Masson’s trichrome stain to 195 

visualize collagen deposition. Modified Ashcroft Scores, a semiquantitative scoring system 196 

validated for experimentally induced fibrosis in rodents, were also determined [40].  197 

Statistics  198 

GraphPad Prism version 9.4.1 was used for statistical analysis and data graphing. 199 

Unpaired 2-tailed Mann-Whitney and Kruskal-Wallis tests were used for nonparametric 200 

comparisons, and 2-tailed Students T-test and Analysis of Variance used for parametric 201 

comparisons. The slopes of expiratory flow-volume loops and airway resistance curves were 202 

compared using simple linear regression. 203 

 204 

Results 205 

Inhalational administration of an ⍺1-AR antagonist does not 206 

impact lung inflammation  207 

⍺1-AR antagonists administered via oral or intraperitoneal routes demonstrate antifibrotic 208 

benefit in models of cross organ fibrosis including the lung, liver, heart, and kidney [41-44]. To 209 

determine whether similar benefit is achieved by local delivery to the lung, the following 210 

experiments were performed. Because the benefits of ⍺1-AR antagonism include attenuation of 211 

inflammation [45, 46] and TGFβ1-dependent tissue responses [47], two experimental models 212 

were used: single dose inhaled bleomycin, and lung specific, doxycycline inducible 213 

overexpression of the bioactive form of the human TGFβ1 gene. In both models, mice received 214 

nebulized terazosin according to a therapeutic schedule (Fig 1A). Doses were determined based 215 

on previous literature indicating a 1:1 conversion between systemic and inhaled delivery of the 216 

related ⍺1-AR antagonist, Prazosin [48]. Because ⍺1-AR antagonism mitigates lung inflammation 217 
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in a number of contexts, we began by determining whether this treatment might reduce the airway 218 

inflammation associated with pulmonary fibrosis in the hyperinflammatory bleomycin mode. The 219 

assessment of BAL cell counts in the bleomycin model revealed no significant change following 220 

administration of nebulized terazosin at any dose (Fig 1B). Similar findings were seen in the 221 

TGFβ1-Tg+ model, where BAL cell counts remained essentially unaltered by terazosin (Fig 1C). 222 

These data indicate that at the range of doses tested, aerosolized delivery of an ⍺1-AR antagonist 223 

does not impact the magnitude of lung inflammation. 224 

 225 

Inhalational administration of an ⍺1-AR antagonist does not 226 

impact lung compliance or airway resistance    227 

Physiologic changes caused by pulmonary fibrosis include the development of restrictive 228 

lung physiology and our previous work has shown that patients prescribed ⍺1-AR antagonists for 229 

prostate-related indications exhibited preserved lung compliance as reflected by the forced vital 230 

capacity (FVC) [19] and could improve lung compliance without a concomitant increase in airway 231 

resistance that could be theoretically induced by ⍺1-AR signaling [48]. To test this hypothesis, 232 

bleomycin-challenged mice that had or had not received inhaled terazosin underwent pulmonary 233 

function testing using the FlexiVent system. In the bleomycin model, mean baseline static lung 234 

compliance of 0.046 mL/cmH2O (Fig 2A), pressure-volume loops (Fig 2B), and mean baseline 235 

maximal airway resistance of 2.96 cmH2O.s/mL assessed following methacholine challenge (Fig 236 

2C) were not significantly changed by terazosin administration. Similar findings were observed in 237 

the TGFβ1-Tg+ mice, where baseline static compliance of 0.044 mL/cmH2O and airway 238 

resistance of 5.66 cmH2O.s/mL did not display changes in response to nebulized terazosin (Fig 239 

2D-F). These data show that aerosolized delivery of the ⍺1-AR antagonist terazosin is ineffective 240 

in altering lung physiology in two models of fibrotic ILD.  241 

 242 
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Fig 2: Inhalational administration of an ⍺1-AR antagonist does not impact lung compliance 243 

or airway resistance. A: Bleomycin-challenged mice that had or had not received inhaled 244 

terazosin underwent pulmonary function testing using the FlexiVent system. Here, a mean 245 

baseline static lung compliance of 0.046 mL/cmH2O was observed in untreated mice and was 246 

not significantly altered by terazosin administration. B: Terazosin did not significantly change the 247 

pressure-volume relationship for lungs tested. C: Maximal airway resistance assessed following 248 

methacholine challenge did not significantly change following terazosin administration from a 249 

mean baseline of 2.96 cmH2O.s/mL in untreated mice. D-F: Similar findings were observed in the 250 

TGFβ1-Tg+ mice, where baseline static compliance of 0.044 mL/cmH2O and airway resistance of 251 

5.66 cmH2O.s/mL did not display changes in response to nebulized terazosin. These data show 252 

that aerosolized delivery of the ⍺1-AR antagonist terazosin is ineffective in altering lung physiology 253 

in two models of fibrotic ILD.  254 

 255 

Inhalational administration of an ⍺1-AR antagonist does not 256 

impact lung collagen accumulation  257 

Systemic administration of ⍺1-AR antagonists has been shown to suppress fibroblast 258 

activation and its associated accumulation of collagen in numerous models of organ fibrosis. Our 259 

own work and that of others shows that this effect extends to the lungs [17, 19]. Reasoning that 260 

local delivery of the ⍺1-AR antagonist terazosin might show similar efficacy, the lungs of 261 

bleomycin-challenged mice that did and did not receive terazosin underwent biochemical 262 

quantification of collagen using the well described Sircol assay. Using this approach, fold change 263 

from a baseline collagen content per whole right lung was essentially unchanged across all 264 

terazosin doses tested (Fig 3A). In the TGFβ1-Tg+ model, promising reductions in the fold change 265 

from baseline collagen content per whole right lung were observed at several tested terazosin 266 

doses (Fig 3B). Based on these results we selected the terazosin doses of 0.002 and 0.02 mg/mL 267 
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for confirmatory studies but were unable to replicate our initial results (Fig 3C-D). Given these 268 

conflicting findings, we sought to confirm our results using histological measures such as 269 

trichrome staining and semi-quantitative modified Ashcroft scores, which complement 270 

biochemical measures by assessing collagen accumulation in parenchymal regions. The results 271 

of these studies were consistent with our confirmatory biochemical measurements, as in the 272 

TGFβ1-Tg+ model trichrome staining and baseline modified Ashcroft scores was similar at the 273 

doses of terazosin assessed (Fig 3E-F). When viewed in combination, our data show that 274 

localized delivery of aerosolized terazosin exerts no observable benefit in these models and is 275 

insufficient to mitigate lung fibrosis.  276 

 277 

Fig 3: Inhalational administration of an ⍺1-AR antagonist does not impact lung collagen 278 

accumulation. A: Fold change from baseline collagen content per whole right lung was 279 

essentially unchanged across all doses tested in bleomycin challenged mice. B: In the TGFβ1-280 

Tg+ model, initial studies revealed a significant difference in fold change from baseline right lung 281 

collagen content at 0.002 mg/mL, 0.01 mg/mL, 0.02 mg/mL, and 0.1 mg/mL Terazosin. C-D: Due 282 

to these initially promising results confirmatory studies were performed for 0.002 mg/mL and 0.02 283 

mg/mL. We were unable to replicate the initially promising differences seen in TGFβ-Tg+ animals 284 

at Terazosin doses of 0.002 mg/mL and 0.02 mg/mL. E-F: Trichrome staining and semi-285 

quantitative Modified Ashcroft Scores done in our confirmatory studies did not significantly change 286 

after administration of terazosin. These data show that in contrast to the previously reported 287 

antifibrotic benefit of systemic ⍺1-AR, nebulized delivery of this agent is insufficient to mitigate 288 

collagen deposition in lung tissues.  289 

 290 

 291 

 292 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted January 6, 2024. ; https://doi.org/10.1101/2023.12.12.571378doi: bioRxiv preprint 

https://doi.org/10.1101/2023.12.12.571378


 12 

Discussion 293 

 This study aimed to determine whether local delivery of the ⍺1-AR antagonist terazosin 294 

improves markers of pulmonary fibrosis in two different animal models. Our data indicate that the 295 

administration of terazosin in nebulized form did not impact lung inflammation, airway compliance 296 

or resistance, collagen accumulation, or histologic measures of lung remodeling in the bleomycin 297 

and TGFβ1-Tg+ models of murine pulmonary fibrosis. These results are in contrast to prior work 298 

in which intraperitoneal administration of terazosin modulates fibrotic changes in bleomycin 299 

challenged mice [17] and numerous studies demonstrating that ⍺1-AR blockade improves fibrotic 300 

endpoints in cross-organ models of tissue fibrosis including the lung, liver, heart, and kidney [41-301 

44]. Notably, because the present study assessed localized tissue delivery as opposed to 302 

systemic ⍺1-AR antagonism, our data indicate that alternate approaches will be required to 303 

support the repositioning of this drug for the treatment of lung fibrosis.   304 

The ⍺1-ARs are a conserved family of G-protein coupled receptors found in numerous 305 

tissues including the lung and have been identified both intracellularly and on the extracellular 306 

membrane of smooth muscle cells in the airway and pulmonary vasculature, immune cells, and 307 

fibroblasts [23, 24, 49]. Additionally ⍺1-AR agonism has been linked to increased expression of 308 

inflammatory markers such as IL-1⍺, IL-1β, IL-6, and TNF-⍺ both systemically and in the lungs, 309 

and prior work has associated this to increased levels of TGFβ [27]. In contrast, systemically 310 

delivered ⍺1-AR antagonism has been shown to attenuate lung inflammation [45, 46] and TGFβ1-311 

dependent tissue responses [47], is associated with improved fibrotic endpoints [41-44] and 312 

survival in IPF patients [19]. One interpretation of our conflicting results is that administration of 313 

⍺1-AR antagonist by nebulized aerosol might only interact with cells locally in the airway and 314 

alveolus and may not achieve sufficient uptake to the fibrotic interstitium to exert its effects on the 315 

fibroblasts, myofibroblasts, and pericytes that are the primary effectors of fibrosis (Fig 4).   316 

 317 
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Fig 4: Proposed schematics. A. Schematic of the proposed basic mechanism of terazosin. By 318 

non-selectively antagonizing ⍺1-ARs, Terazosin is proposed to block the pro-fibrotic effects of 319 

noradrenaline in the lung. B. Adrenergic nerve density is increased in the fibrotic lung and 320 

increased noradrenaline is believed to promote a fibrotic phenotype. Numerous cell types 321 

including fibroblasts, myofibroblasts, macrophages, airway epithelial cells, and sympathetic 322 

neurons express ⍺1-ARs, and these are up-regulated in fibrosis. There are several mechanisms 323 

which may explain the lack of anti-fibrotic effect observed in our study. When terazosin is 324 

nebulized and inhaled, particulate size, dosage, and the heterogeneous nature of fibrotic lung 325 

may limit the amount of drug that reaches the terminal airways and alveoli (indicated by more 326 

lightly shaded particulates in the schematic). Additionally, though remodeling responses 327 

secondary to noradrenaline have been described in the epithelium, the terazosin dose when 328 

administered in nebulized form may be insufficient to alter pro-fibrotic signaling. Alveolar 329 

macrophages, which are more likely to be exposed to terazosin, may not play as large a role in 330 

the development of fibrosis in our model. Finally, transport of terazosin across the basement 331 

membrane may also be limited so that insufficient quantities of the drug reach interstitial 332 

fibroblasts, myofibroblasts, and pericytes. In contrast, systemic administration of terazosin is more 333 

likely to achieve therapeutic levels for ⍺1-AR antagonism in fibrotic foci. Created with 334 

BioRender.com 335 

 336 

  Terazosin is a specific ⍺1-AR antagonist [50] that has been approved for use for decades 337 

in the treatment of benign prostatic hyperplasia and hypertension, and has a well-established 338 

safety profile [51, 52]. Its long half-life makes it well suited for once daily administration [53]. 339 

Though there are no prior studies assessing inhalational forms of terazosin, other ⍺1-AR 340 

antagonists have been studied in the context of asthma [54] including a nebulized form of another 341 

long acting ⍺1-AR antagonist Prazosin [48, 55, 56]. While these early studies had limited efficacy 342 
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in the overall management of asthma, they did indicate that nebulized delivery of ⍺1-AR 343 

antagonists is a viable modality. However, the fibrotic lung is spatially heterogenous with areas of 344 

normal tissue interspersed with diseased lung that has mismatched ventilation and perfusion [57]. 345 

Numerous agents are in development or have been investigated for topical delivery in IPF and 346 

recent work has demonstrated that particulate dimension is critically important for adequate drug 347 

delivery to fibrotic sites [58]. Specifically, Usmani and colleagues demonstrated that a particulate 348 

size of 1.5 µm compared to 6 µm was best for uptake in the fibrotic lung [58]. The Omron CompAir 349 

NE-C28 compressor nebulizers used in the present study produce an aerosol particle size of 3 350 

µm median mass aerodynamic diameter. While suboptimal based upon the aforementioned 351 

study, we believe that this particle size should reach the terminal airways. However, particulate 352 

size may yet represent a potential source for the negative results observed in our study. If too 353 

large, the particulates may become trapped in the oropharynx, trachea, or larger airways and fail 354 

to reach fibrotic regions.   355 

Our study is limited in not having assessed the spatial delivery of drug within the mouse 356 

lung nor systemic uptake of terazosin into the bloodstream. Target engagement was also not 357 

evaluated. Furthermore, our apparatus delivered the aerosolized terazosin into a box containing 358 

several mice such that at least some amount of the aerosol was deposited onto the fur of treated 359 

animals as well as the interior surface of the container, limiting the quantity of terazosin inhaled 360 

into the lungs. Oral ingestion of drug accumulated on the fur or interior surface may further 361 

confound our results. Finally, the dose of terazosin administered, or dosing schedule utilized may 362 

have been insufficient to achieve adequate penetration or ⍺1-AR blockade. Recent work by Bai et 363 

al using a nanoparticle delivery system presents an alternative method for blocking ⍺1-ARs that 364 

can be investigated in future studies [59].  365 

 366 
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Conclusion 368 

Aerosolized delivery of the ⍺1-AR antagonist terazosin is ineffective at treating fibrosis in 369 

the bleomycin and TGFβ1-Tg+ models of murine pulmonary fibrosis. Given existing data showing 370 

benefit from systemic ⍺1-AR antagonism in fibrotic models, alternative dosing schedules or modes 371 

of delivery may be more fruitful avenues of research. Further exploration of these findings may 372 

provide new therapeutic options and illuminate the mechanisms through which adrenergic 373 

innervation and ⍺1-ARs mediate fibrosis in the adult mammalian lung. 374 
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Supporting information 392 

Fig S1: Method used to derive Terazosin doses administered. A: The time (Tf) to fill the box 393 

in which mice were placed for nebulization experiments with nebulized drug is represented by the 394 

quotient of Box Volume divided by the Nebulizer Flow Rate. Our enclosures have a volume of 395 

6682 mL, and the Omron CompAir NE-C28 nebulizer has a flow rate of 4000 mL/min. B: The 396 

aggregate rate (R) at which nebulized drug enters the box is equal to the total Volume of Drug 397 

used divided by the Nebulization Time multiplied by the Drug Concentration loaded into the 398 

nebulizer. 7 mL of drug was used in our experiments, and based on our observations, the Omron 399 

CompAir NE-C28 nebulizer requires approximately 30 minutes to nebulize all 7 mL. C: The drug 400 

weight (Dw) of nebulized terazosin within our enclosure is equal to the product of Tf and R. D: 401 

When divided by the box volume, this results in the nebulized drug’s concentration (Dc) within the 402 

box. Minute Ventilation (V̇E) is equal to the product of Respiratory Rate and Tidal Volume. The 403 

respiratory rate for adult mice is 187 breaths per minute, and the tidal volume 0.061 mL and 0.094 404 

mL for 20g and 25g mice respectively (38). E: Thus, we derive the total dose of drug in milligrams 405 

inhaled (Dt) by a single mouse during each 30-minute nebulization treatment to be equal to the 406 

product of Dc, V̇E, and nebulization time.  407 

 408 
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