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4/25/2019 
 
Dr. Jaydev Upponi 
Science editor 
1 Alewife Center, Suite 200 
Cambridge, MA 02140 
 
Dear Dr. Upponi: 
 
Thank you for the opportunity to revise our manuscript entitled “A model of self-limited 
acute lung injury by unilateral intra-bronchial acid instillation” for your 
consideration as a methods article in the Journal of Visualized Experiments. 
 
This manuscript details a pre-clinical model of experimental acute lung injury that 
reproduces many of the pathogenic features of the Acute Respiratory Distress 
Syndrome (ARDS), a devastating inflammatory lung disease with substantial morbidity 
and mortality. The murine model is centered on selective left lung instillation of acid 
which results in unilateral and self-limited murine acute lung injury,and enables the use 
of the right lung as an internal control. This model has enables us and others to make 
important contributions to our understanding of ARDS pathogenesis and resolution 
which may lead to novel therapies.  
 
We have addressed all editorial and reviewer comments. Please see the attached 
manuscript with revisions in blue highlight, and the rebuttal letter with answers to 
specific comments. 
 
We hope you will find the methods described in this manuscript to be of interest to the 
readers and viewers of the Journal and that you will share our interest and enthusiasm 
for the work. 
 
Sincerely, 
Raja-Elie E. Abdulnour on behalf of my co-authors 

Cover Letter



TITLE: 1 

A Model of Self-Limited Acute Lung Injury by Unilateral Intra-Bronchial Acid Instillation 2 

 3 

AUTHORS & AFFILIATIONS: 4 

Alexander H. Tavares1, Jennifer K. Colby1, Bruce D. Levy1, Raja-Elie E. Abdulnour1 5 
1Pulmonary and Critical Care Medicine, Department of Internal Medicine, Brigham and Women's 6 

Hospital, Harvard Medical School, Boston, MA 02115. 7 

 8 

Corresponding Author: 9 

Raja-Elie E. Abdulnour  (rabdulnour@bwh.harvard.edu) 10 

Tel: (617)-525-4153 11 

 12 

E-mail Addresses of Co-Authors: 13 

Alexander H. Tavares  (ahtavares@bwh.harvard.edu) 14 

Jennifer K. Colby  (jkcolby@mdanderson.org) 15 

Bruce D. Levy   (blevy@bwh.harvard.edu) 16 

 17 

KEYWORDS: 18 

acid aspiration, acute lung injury, acute respiratory distress syndrome (ARDS), selective intra-19 

bronchial instillation, unilateral, resolution 20 

 21 

SUMMARY: 22 

Selective intra-bronchial acid instillation to the left lung in mice results in unilateral and self-23 

limited acute lung injury that models human acute respiratory distress syndrome (ARDS) induced 24 

by gastric acid aspiration.  25 

 26 

ABSTRACT: 27 

Selective intra-bronchial instillation of hydrochloric acid (HCl) to the murine left mainstem 28 

bronchus causes acute tissue injury with histopathologic findings similar to human acute 29 

respiratory distress syndrome (ARDS). The resulting alveolar edema, alveolar-capillary barrier 30 

damage, and leukocyte infiltration predominantly affect the left lung, preserving the right lung 31 

as an uninjured control and allowing animals to survive. This model of self-limited acute lung 32 

injury enables investigation of tissue resolution mechanisms, such as macrophage efferocytosis 33 

of apoptotic neutrophils and restitution of alveolar-capillary barrier integrity. This model has 34 

helped identify important roles for resolution agonists, including specialized pro-resolving 35 

mediators (SPMs), providing a foundation for the development of new therapeutic approaches 36 

for patients with ARDS.  37 

 38 

INTRODUCTION: 39 

Acute respiratory distress syndrome (ARDS) is an important cause of acute respiratory failure1. It 40 

is a common and lethal or disabling disease that occurs in 10% of all patients admitted to 41 

intensive care units worldwide2. According to the Berlin definition3, ARDS is defined by the acute 42 

onset of hypoxemic respiratory failure (<1 week) and bilateral pulmonary infiltrates on chest 43 

radiographs that are not explained by cardiac failure4. The underlying pathobiology is 44 
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characterized by an excessive inflammatory response. The lung can be injured directly, such as in 45 

pneumonia or with gastric acid aspiration, or indirectly, such as in sepsis or after multiple blood 46 

transfusions4. Following the initial insult, ARDS pathogenesis progresses in three phases: 47 

exudative, proliferative, and fibrotic phases1. These phases are characterized by distinct 48 

molecular and cellular immune and repair mechanisms that determine the prognosis for ARDS 49 

patients. Supportive care remains the mainstay for ARDS patients; currently, there are no 50 

effective pharmacological treatments for ARDS, so there is an urgent need for new research on 51 

this devastating condition4.  52 

 53 

Dysregulation of the innate immune response during the exudative phase contributes to the 54 

acute onset of ARDS and associated respiratory failure1. Potent pro-inflammatory mediator 55 

signaling orchestrates the initial immune responses, leading to disruption of the alveolar-capillary 56 

barrier, diffuse alveolar edema, and neutrophil infiltration to the site of lung tissue injury4. In 57 

ARDS, ineffective breaking signals for acute inflammation predispose to lung failure and can delay 58 

timely catabasis of the injured lung tissue5. To that end, preclinical investigation into the 59 

endogenous initiating and pro-resolution mechanisms of ARDS may uncover novel therapeutic 60 

strategies. Such investigation requires self-limited experimental in vivo models of acute lung 61 

injury that closely resemble features of human ARDS, permitting interrogation of mechanisms 62 

underlying the initiation and resolution phases of tissue injury.  63 

 64 

The murine model presented here produces direct acute lung injury that demonstrates the 65 

cardinal pathobiological processes of exudative ARDS, namely alveolar-capillary barrier 66 

disruption and neutrophil infiltration. The method relies on selective intra-bronchial instillation 67 

of HCl through cannulation of the left mainstem bronchus, localizing the injury and inflammatory 68 

response to the left lung; the uninjured right lung can be used as an internal control for select 69 

determinations of tissue injury and inflammation. In addition, unilateral lung injury is non-lethal 70 

and unveils a resolution program. This offers a distinct window into resolution of lung 71 

inflammation that can be leveraged for identification of endogenous pro-resolving mediators and 72 

cellular mechanisms and to open new therapeutic avenues for ARDS that emphasizes resolution 73 

physiology and pharmacology.  74 

 75 

Methods 76 

All animal procedures below have been reviewed and approved by the Institutional Animal Care 77 

And Use Committee at Brigham and Women’s Hospital (Protocol #2016N000356).  78 

 79 

NOTE: Sterile technique was followed for all survival procedures. A sterile field was established 80 

for each surgery using a sterile drape towel, while surgeons wore sterile surgical gloves, caps, 81 

masks, and clean laboratory coats. All surgical instruments were sterilized using an autoclave, 82 

and sterility was maintained using a bead sterilizer.  83 

 84 

1. Preparation of 0.1 N HCl 85 

 86 

1.1. Add 11 mL of ddH2O to an amber glass bottle. Slowly add 1 mL of 37% HCl (12 N) to create a 87 

1 N HCl working stock. 88 



 89 

CAUTION: Make sure HCl is added into the water. This is a safety concern because adding water 90 

directly to the acid can cause acid to boil and splash out of the bottle. When handling 91 

concentrated HCl, make sure the acid is kept in a vented chemical hood and the appropriate 92 

personal protective equipment is worn, including lab coat, gloves, and safety glasses. 93 

 94 

1.2. Slowly add 4 mL of the previously diluted HCl working stock into 35 mL of ddH2O in a 50 mL 95 

conical tube to create a 0.1 N HCl experimental stock. 96 

 97 

1.3. Measure the pH of the experimental stock using an electronic pH probe after two-point 98 

calibration using low pH solutions. Titrate to pH 1.1 using NaOH or HCl stock solutions as needed 99 

so that the final volume is 40 mL.  100 
 101 

NOTE: Measuring the low pH values can be difficult. To ensure accurate measurement, make sure 102 

the pH probe is properly calibrated using low pH standards to avoid over-extrapolation of the 103 

measurement.  104 

 105 

1.4. Immediately before the experiment, filter 1–2 mL of the experimental HCl stock through a 106 

0.22 µm sterile filter into a sterile microcentrifuge tube.  107 

 108 

2. Selective intra-bronchial instillation of HCl 109 
 110 

2.1. Preparing the surgical area 111 

 112 

2.1.1. Induce general anesthesia by delivering a ketamine (100 mg/kg) and xylazine (10 mg/kg) 113 

mixture by intraperitoneal injection. Ensure the mouse is completely anesthetized by gently 114 

squeezing the tip of the tail or hind foot. Administer additional anesthesia boluses, if needed. 115 

 116 

2.1.2. Deliver 0.1 mg/kg of buprenorphine subcutaneously under the scruff of the neck. Pre-117 

operative analgesic will strengthen the effect of the anesthesia and will ameliorate pre- and post-118 

operative pain resulting from the procedure.  119 

 120 

2.1.3. Use electric clippers to gently shave the surgical area on the ventral surface of the mouse, 121 

below the chin in the cervical region of the throat, using slow downward strokes. Remove loose 122 

fur to fully expose the underlying skin. 123 

 124 

2.1.4. Prepare the surgical area by swabbing the shaved site with 10% povidone-iodine solution. 125 

After applying the aseptic solution, clean the site using a 70% isopropyl alcohol swab. Repeat this 126 

step 3x.  127 

 128 

2.2. Isolating the trachea 129 
 130 

 131 



2.2.1. Place the mouse in a supine position on a clean surgical board and cover the mouse in a 132 

sterile surgical drape while maintaining exposure of the surgical area. Secure the drape in place. 133 

 134 

2.2.2. Using micro-dissecting scissors, make a 0.5 cm longitudinal incision in the skin above the 135 

trachea and salivary glands. Use slightly curved serrated forceps to carefully pull back the skin 136 

and gently separate the salivary glands to expose the tracheal muscles. 137 

 138 

2.2.3. Using serrated forceps for blunt dissection, gently push apart the paratracheal muscles and 139 

tease away the fascia that is surrounding the trachea until the cartilaginous rings of the trachea 140 

are completely exposed.   141 

 142 

2.2.4. Use fully curved serrated forceps to lift the trachea and work away the connective tissue 143 

between the retro-trachea and the retro-fascia. Once the connective tissue is gone, the tip of the 144 

forceps should slide completely behind the trachea. 145 

 146 

2.2.5. Keep the curved forceps behind the trachea and grasp a 10–15 cm piece of 2-0 braided silk 147 

suture with the tips of the forceps. Pull the suture behind the trachea so that there is an even 148 

length on either side. 149 

 150 

2.2.6. Once the suture is in place, gently pull the sides of the suture towards the anterior of the 151 

mouse and hold the sides in place. 152 
 153 

2.3. Selectively cannulating the left mainstem bronchus and instilling HCl 154 

 155 

2.3.1. Take a 24 G x ¾” angiocatheter and insert the needle, bevel up, into the anterior region of 156 

the trachea between the first and second tracheal rings. Once proper insertion is confirmed by 157 

direct visualization of the needle tip in the tracheal lumen, release the suture and advance the 158 

cannula over the needle and into the trachea until resistance is reached, then withdraw the 159 

needle. Angle the direction of insertion towards the left main stem bronchus for selective 160 

instillation into the left lung.  161 

 162 

2.3.2. Once the cannula is in place, firmly grasp the injection port to prevent the catheter from 163 

shifting.  164 

 165 

2.3.3. Using a P200 pipette and sterile P200 pipette tips, instill 2.5 mL/kg (50 µL for a 20 g mouse) 166 

of sterile filtered 0.1 N HCl into the catheter, followed by an identical volume of air. 167 

 168 

2.3.4. Rapidly withdraw the catheter and lift the surgical board to a 60° angle for 30 s. 169 
 170 

2.4. Closing the surgical area 171 

 172 

2.4.1. Lay the surgical board flat and remove the suture from behind the trachea.  173 

 174 

2.4.2. Use 4-0 wax coated braided silk suture to close the skin incision using 2–3 stitches. 175 



 176 

3. Post-operative care 177 

 178 

3.1. Once the incision is closed, place the mouse on its left side on a warm heating pad until the 179 

mouse recovers from anesthesia. Begin monitoring the mouse for pain and activity level before 180 

returning it to normal housing.  181 

 182 

NOTE: Buprenorphine should be administered at 0.1 mg/kg subcutaneously every 6-12 h for the 183 

first 24 h. If persistent breakthrough pain is present, extend the analgesic regimen until the pain 184 

subsides.  185 

 186 

4. Whole lung bronchoalveolar lavage (BAL) and leukocyte immunophenotyping 187 

 188 

4.1. Euthanize the mouse by administering 3x the dose of ketamine/xylazine used in step 2.1.1.  189 

 190 

4.1.1. To differentiate interstitial and intravascular neutrophils, intravenously inject a selected 191 

fluorophore labeled Ly6G antibody 5 min prior to euthanasia. This label should be suitable for 192 

detection by flow cytometry to distinguish intravascular neutrophils from lung interstitial and 193 

alveolar neutrophils, which will be labeled during the tissue preparation with a different 194 

fluorophore (see below). 195 

 196 

4.2. Place the mouse on a surgical board and hook the anterior incisors around a loop of 2-0 197 

braided silk suture.  198 
 199 

4.3. Follow steps 2.2.2–2.2.6. to prepare the trachea for cannulation. 200 

 201 

NOTE: Make sure the diaphragm is not punctured to maximize trans-alveolar inflating pressure 202 

during lung lavage; left lung compliance decreases following injury, which may require a higher 203 

trans-alveolar pressure requirement for lung lavage.   204 

 205 

4.4. Cannulate the trachea following step 2.3.1, but do not advance the catheter below the 206 

carina; insert the catheter parallel to the trachea. 207 

 208 

4.5. With the catheter inserted, tie the suture around the trachea to hold the catheter in place.  209 

 210 

4.6. Instill two 1 mL aliquots of ice-cold PBS -/- (without magnesium or calcium) with 0.6 mM 211 

EDTA using a 1 cc syringe. For immunophenotyping by flow cytometry, remove each aliquot and 212 

return to a 5 mL polystyrene FACS tube on ice.  213 

 214 

4.7. To ensure euthanasia, perform a thoracotomy using surgical scissors followed by cardiac 215 

puncture. The lungs may be harvested for further processing.  216 
 217 

4.8. Centrifuge the BAL for 10 min at 800 g at 4 °C to pellet the cells.  218 

 219 



4.9. Decant the supernatant into a 2 mL microcentrifuge tube and aliquot into 1.5 mL 220 

microcentrifuge tubes. Store at -80 °C for subsequent analysis.  221 

 222 

4.10. Resuspend the cell pellet in PBS -/- with 2% FBS for leukocyte differential analysis by flow 223 

cytometry. 224 

 225 

4.11. To differentiate interstitial and intravascular neutrophils, remove the left and right lung 226 

separately and process the lungs for flow cytometry as in Abdulnour et al. 20146.  227 

 228 

4.12. Stain the resulting cell suspension using selected FACS antibodies, making sure to stain for 229 

Ly6G that is conjugated with a different fluorophore than the Ly6G antibody from step 4.1.1. 230 

 231 

5. Assessment of alveolar barrier permeability using Evan’s Blue Dye (EBD)  232 

 233 

5.1. Intravenously inject Evan’s Blue Dye (40 mg/kg) 30 min prior to euthanasia.  234 

 235 

5.2. Euthanize the mouse using ketamine/xylazine overdose (step 4.1). 236 

 237 

5.3. To measure alveolar barrier integrity, follow steps 4.2–4.9 for BAL collection. 238 

 239 

5.4. Transfer 100 µL of BALF to a clear bottom 96-well microplate, along with 100 µL of duplicate 240 

EBD standards. Use PBS -/- as a blank.  241 

 242 

5.5. Use a microplate reader to measure the absorbance of the BALF at 620 nm and 740 nm. Use 243 

the absorbance at 740 nm to correct for heme contamination in the samples7.  244 

 245 

5.6. To measure vascular barrier integrity, perfuse the lungs by slowly injecting 5 mL of ice-cold 246 

PBS -/- through the right ventricle of the heart. Remove the left lung. 247 

 248 

5.7. Dry the left lung for 72 h at 58 °C to remove excess water. 249 

 250 

5.8. Process the dried lung tissue as in Radu and Chernoff 20138, and measure the absorbances 251 

at 620 nm and 740 nm.  252 

 253 

6. Lung histology 254 

 255 

6.1. Cannulate the trachea by following steps 4.1–4.5. 256 

 257 

6.2. To pressure fix the lungs at 20 cm H2O, use a ring stand and clamp to elevate a 60 mL syringe 258 

fitted with valve-controlled tubing and filled with a select fixative solution (e.g., zinc fixative) so 259 

that the meniscus of the fixative solution is 20 cm above the lungs. 260 

 261 

6.3. Attach the tubing to the catheter and open the value. Slowly fill the lungs with fixative until 262 

they stop inflating. 263 



 264 

6.4. Remove the catheter ¾ of the way out of the trachea. Tie off the trachea with suture 265 

before fully removing the catheter to minimize loss of fixative.  266 

 267 

6.5. Remove the lungs and heart en bloc.  268 

 269 

NOTE: Make sure the lungs are not punctured during the removal to retain the pressure infused 270 

fixative. 271 

 272 

6.6. Fix the lungs for 24 h in 25 mL of fixative at room temperature.  273 

 274 

6.7. Wash the fixed lungs for sequential 20-min intervals in PBS -/-, 30% ethanol, and 50% 275 

ethanol.  276 

 277 

6.8. After the last wash, store the lungs in 70% ethanol for histology processing as in Eickmeier 278 

et al. 20139. 279 

 280 

REPRESENTATIVE RESULTS: 281 

Selective intra-bronchial HCl instillation results in unilateral acute lung injury 282 

The method of selective intra-bronchial instillation of HCl into the left mainstem bronchus is 283 

illustrated in Figure 1A. The consequent acute lung injury involves the entire left lung, and 284 

following intravenous administration of EBD and lung perfusion, the EBD remained only in the 285 

left lung (Figure 1B). EBD extravasation into the left lung was quantified and found to be 286 

significantly increased relative to sham selective instillation (Figure 1C; adapted from Abdulnour 287 

et al. 20146). In response to lung injury, circulating leukocytes diapedese into the inflamed tissue. 288 

In this model, vascular neutrophils undergo trans-endothelial migration into the injured lung 289 

interstitium. Interstitial neutrophils accumulated in the left lung 24 h after HCl instillation, in 290 

contrast to the right lung where few interstitial neutrophils are observed (Figure 1D). These 291 

results indicate that the selective left mainstem intra-bronchial instillation method resulted in 292 

murine acute lung injury that was largely localized to the left lung and produced pathological 293 

changes that are also seen with human ARDS, including increased alveolar-capillary barrier 294 

breach and neutrophil infiltration. 295 

 296 

Unilateral acute lung injury enables investigation of resolution mechanisms 297 

To study the resolution phase of acid-induced acute lung injury mice must be able to survive the 298 

initial insult. Distinct from intratracheal HCl, instillation into only the left mainstem bronchus 299 

leads to a self-limited injury with uniform survival in otherwise healthy mice. Lungs can be 300 

obtained from mice at either early or later timepoints as in Figure 2A. Lung histology shows tissue 301 

injury and inflammation at the organ and cellular level with exudative inflammation 24 h after 302 

injury characterized by marked alveolar edema and neutrophil infiltration in the left lung. Note 303 

that there is no significant injury or leukocyte influx into the uninjured control right lung (Figure 304 

2A). 72 h after injury, edema and cellular infiltrates are substantially decreased, representing a 305 

resolving exudative phase. Alveolar neutrophils can be monitored by flow cytometry 306 



(CD45+/CD68-/F4/80-/Ly6G+/CD11b+) obtained by whole lung lavage. Neutrophils increase in the 307 

left lung 24 h following the initial injury and decrease substantially at 48 and 72 h (Figure 2B). If 308 

later time points are investigated, the neutrophil numbers will return to baseline and 309 

mechanisms in later phases of catabasis, such as fibroproliferative responses, can be studied.  310 

 311 

FIGURE LEGENDS: 312 

Figure 1: Selective intra-bronchial HCl instillation produces unilateral lung injury defined by 313 

alveolar barrier breach and neutrophil infiltration. (A) Representation of the cannulation of the 314 

murine left mainstem bronchus for selective instillation of HCl into the left lung. (B) Resected 315 

right (RL) and left (LL) lungs exposed to selective acid instillation and perfused following 316 

intravenous Evan’s blue dye. (C) Quantification of interstitial Evan’s blue dye from homogenized, 317 

perfused lung 24 h after acid injury or sham control; figure adapted from Abdulnour et al. 20146. 318 

Values represent mean ± SEM, where n ≥ 5. *p < 0.05, Mann-Whitney U Test. (D) Representative 319 

flow cytometry of intravascular (I.V.; fluorophore 1) and interstitial (I.S.; fluorophore 2) 320 

neutrophils as percent of total CD45+ cells in processed lung 24 h after acid injury. 321 

 322 

Figure 2: Unilateral acute lung injury is self-resolving. 323 

(A) Representative H&E histology (10x) of left lungs obtained from naïve mice (0 h) or mice 24, 324 

48, 72 h after injury, along with the associated right lung from the same mouse (scale bar, 250 325 

µm). (B) Representative flow cytometry of alveolar neutrophils (Ly6G+ CD11b+) obtained from 326 

whole lung lavage as percent of total CD45+ cells in naïve (0 h) mice or mice 24, 48, and 72 h after 327 

acid injury. 328 

 329 

Discussion 330 

The intra-bronchial instillation method described here uses selective cannulation of the left 331 

mainstem bronchus to instill HCl into the left lung, resulting in unilateral and self-limited murine 332 

acute lung injury. This murine acid lung injury model closely represents the inflammatory 333 

response, histopathology, and physiological dysfunction seen in human ARDS, where gastric acid 334 

aspiration is a common precipitant or contributing factor4. Exposure of the murine airway to low 335 

pH HCl results in increased permeability of the alveolar-capillary barrier, alveolar edema, and 336 

profound neutrophil infiltration at the site of injury. These events are not observed in the 337 

uninjured right lung. In addition, this model produces rapid inflammatory responses that peak 338 

within 24 h following acid instillation, and shares changes in gene expression with human ARDS, 339 

such as the differential expression of phospholipase D isoforms10. 340 

 341 

Although this murine preclinical model reproduces many of the features of ARDS at the 342 

molecular, cellular, and tissue levels, it does not fully recapitulate human ARDS. The definition of 343 

ARDS includes bilateral lung involvement3, whereas the instillation method described here 344 

results by design in unilateral lung disease. Moreover, the animals do not require continuous 345 

mechanical ventilation, immobility, parenteral sedation. Results presented here (vide supra) and 346 

elsewhere6,9,11–13 demonstrate that unilateral acid-induced lung injury reproduces most of the 347 

pathological hallmarks of ARDS while providing the unique opportunity to use the right lung as 348 

internal control and to study the resolution phase of this disease. As such, the model discussed 349 

here models ARDS pathobiology, but also enables mechanistic investigation of fundamental lung 350 



tissue responses to injury and resolution mechanisms that may be relevant for addressing this 351 

important disease.  352 

 353 

Instillation of HCl represents direct acute lung injury, so it is modeling aspects of the 354 

pathophysiology associated with aspiration pneumonitis. In addition, the initial left lung insult in 355 

this model is generated using sterile HCl rather than bacteria-laden gastric contents seen in some 356 

human aspiration events that can also lead to pneumonia14. In humans, aspiration of pathogenic 357 

bacteria can result in secondary bacterial pneumonia that exacerbates the acute inflammatory 358 

response, prolonging the initial lung injury and increasing patient susceptibility to develop 359 

ARDS14. This potential limitation has been addressed by investigators purposely instilling 360 

pathogenic bacteria Escherichia coli (E. coli)15 after sterile HCl. Additionally, this method has been 361 

used to investigate pathogen-mediated inflammation; unilateral bacterial pneumonia can be 362 

induced by selective left lung instillation of bacteria, such as E. coli16,17, Pseudomonas 363 

aeruginosa16, and Streptococcus pneumoniae18. The self-limited acute lung injury model 364 

described here may also be used to study ventilator induced lung injury (VILI), an important cause 365 

of increased mortality in human ARDS19. Experimental animal models of VILI usually involve 366 

mechanical ventilation in naïve mice with tidal volumes that are much higher than what is 367 

clinically used to cause lung injury (> 15 ml/kg; see previous work20,21). Towards a more clinically 368 

relevant model of VILI, intra-bronchial acid instillation as described here may be used first to 369 

induce non-lethal lung injury followed by mechanical ventilation at tidal volumes within clinical 370 

range (6–12 mL/kg). This hypothetical animal model may allow investigators to study VILI in a 371 

clinically relevant manner once developed and validated. Together, these murine models highlight 372 

the versatility of the selective intrabronchial instillation method to generate unilateral lung 373 

insults that closely resemble pathologies associated with human lung diseases. 374 

 375 

In addition to allowing selective instillation of various noxious agents to the left lung, the 376 

technique of intra-bronchial instillation after tracheostomy does not require extended training, 377 

long procedure time, or complex equipment, and in experienced hands causes minimal distress 378 

to the animals. Despite this, several issues may occur during the selective HCl instillation 379 

procedure that can impact experimental results. Improper cannulation of the left main stem 380 

bronchus can result in bilateral lung injury that decreases survival of experimental mice and 381 

confounds the use of the right lung as an uninjured internal control. This can be avoided by 382 

angling the catheter sufficiently towards the left lung during cannulation until resistance is 383 

reached. After the injection of HCl, a bolus of air should be injected, the catheter rapidly 384 

removed, and the surgical board brought upright to a 60° angle. These steps are crucial for 385 

ensuring that the acid reaches the distal airways of the left lung and prevents the reflux of acid 386 

into the right lung and trachea, which may cause proximal injury. Within 24 h following 387 

instillation, the injury in the left lung is diffuse with extensive pulmonary edema, affecting both 388 

the distal and proximal left lung.   389 

 390 

During method development in adult 8–12 week old mice, 2.5 mL/kg of intra-bronchial HCl 391 

produced substantial yet sublethal acute lung injury; lower doses of HCl did not result in 392 

reproducible and homogenous lung injury. Although we have not performed this model in 393 

younger (e.g., 3–6 weeks old) or older mice (e.g., 10–14 months old), we anticipate that weight-394 



based dosing of HCl will result in a lung injury phenotype similar to what is noted in 8–12 week 395 

old mice. We recommend that investigators titrate HCl doses to achieve the desired degree of 396 

lung injury prior to performing experiments with mice at extremes of weight.  397 

 398 

This selective acid instillation procedure offers a non-lethal murine model of sterile tissue 399 

inflammation that reduces the need for supportive care, such as mechanical ventilation. With 400 

extended survival of injured mice, the acid-induced inflammation has enough time to self-401 

resolve. The resolution phase of this model has been used to identify temporally regulated 402 

endogenous bioactive lipid mediators, termed specialized pro-resolving mediators (SPMs), such 403 

as lipoxin A4 (LXA4), maresin 1 (MaR1), and resolvins6,11,12,16. Administering exogenous SPMs to 404 

injured mice quickens the resolution of acid induced lung injury by dampening inflammatory 405 

mechanisms and promoting catabasis of the injured lung tissue. These SPMs promote the 406 

clearance of alveolar edema12, increase the efferocytosis of apoptotic neutrophils by recruited 407 

macrophages16, and accelerate the re-epithelialization of the airways and alveoli12 to reduce 408 

vascular leakage and tissue hypoxia. In a model of pathogen-induced lung injury, 15-epi-resolvin 409 

D1 also exhibited antimicrobial actions through increased bacterial phagocytosis by macrophages 410 

and enhanced bacterial clearance from the infected lung16. Investigating these endogenous 411 

resolution mechanisms provides insight into potential novel therapeutic strategies for patients 412 

with ARDS5.   413 

 414 

To best study the spatiotemporal regulation of resolution mechanisms, in vivo experimental 415 

models are needed. Acute lung injury models must include relevant acute inflammatory 416 

responses and organ dysfunction with engagement of host resolution promoting molecular and 417 

cellular processes. These mechanisms can be quantified using established resolution indices22. 418 

The selective intra-bronchial instillation method to generate unilateral acute lung injury has 419 

proven useful in this regard to probe endogenous resolution mediators and pathways. Future 420 

studies that deepen our understanding of these active resolution processes have the promise of 421 

leading to therapeutic agonists that mimic the bioactions of endogenous lipid mediators to 422 

enhance the resolution of inflammation and mitigating the morbidity and mortality of ARDS and 423 

other important lung diseases.  424 

 425 
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Name of Material/ Equipment Company Catalog Number

10x Zinc Fixative BD Biosciences 552658

2-0 Braided Silk Suture Surgical Specialties SP118

24G  x 3/4" Disposable Safelet I.V. Catheter Excel 26751

33 mm, 0.22 µm syringe filter unit Millipore-Sigma SLGP033RS

4" Long Serrated Slight Curve Graefe Forceps Roboz RS-5135

4" Long Tip Serrated Full Curve Graefe Forceps Roboz RS-5137

4.5 " Micro Dissecting Scissors Roboz RS-5912

6" Crile Wood Needle Holder Roboz RS-7860

60 mL syringe BD Biosciences 309653

Anti-mouse FITC-Ly6G antibody Thermo Fisher Scientific 11-9668-82

Anti-mouse PE-Ly6G antibody Thermo Fisher Scientific 12-9668-82

Bead sterilizer 

Betadine Solution Swabstick Betadine 67618-153-01

Buprenex Reckitt Benckiser

Clear flat-bottomed 96-well microplate Thermo Fisher Scientific 12565501

Dulbeccos's Phosphate Buffered Saline (PBS) without Ca
2+

 or Mg
+ life technologies 14190-144

Electric clippers

Ethylenediaminetetraacetic acid (EDTA) Millipore-Sigma E6758

Evans Blue Dye Millipore-Sigma E-2129

Heating pad

Hydrochloric acid, 37% Millipore-Sigma 258148

Ketamine Henry-Schein 56344

Microplate reader (640, 720 nm)

P200 Pipette

P200 Pipette Tips 

pH probe

Ring stand with extension clamp

Sterile Alcohol Prep Pads Thermo Fisher Scientific 22-363-750

Sterile Mouse Drape 8" x 8" with Oval Adhesive Fenestration Steris 88VCSTF

Sterile Nitrile Gloves Kimberly-Clark 56890

Sterile Towl Drape Dynarex 4410
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Wax Coated 4-0 Braided Silk Suture Covidien SS733

Xylazine AKORN



Comments/Description

Preferred fluorophore can be used

Preferred fluorophore can be used

NDC: 12496-0757-1, 12496-0757-5
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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Dear Editors, 
 
Thank you for the opportunity to revise and resubmit our manuscript entitled “A model of self-
limited acute lung injury by unilateral intra-bronchial acid instillation” (EMID: 
b47240ccf35c71b2). We also want to thank you and the reviewers for providing insightful 
feedback and comments that we believe has strengthened our revised manuscript. Here we 
would like to address the editorial comments, as well as the reviewer comments, and outline 
the changes to our revised manuscript. We will address the comments of the editors using their 
same categorical feedback, and we will address the individual points made by each reviewer.  
 
Responses to editor comments 
 
General  
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. 
2. Please include at least 6 key words or phrases. 
3. Please do not include brackets around reference numbers. 
 
We have taken the time to thoroughly proofread the manuscript for spelling and grammar. We 
have updated the key words section to include the term “resolution.” The brackets around the 
in-text references have been removed as well. 
 
Protocol  
1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. 
Please highlight 2.75 pages or less of the Protocol (including headers and spacing) that identifies 
the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell 
the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will 
remain in the manuscript, and therefore will still be available to the reader. 
2. For each step/substep, please ensure you answer the “how” question, i.e., how is the step 
performed? Alternatively, add references to published material specifying how to perform the 
protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, 
please split into separate steps or substeps. 
 
We highlighted the essential steps of the protocol for the video (pages 2-4). Additionally, we 
have restructured protocol section 2, titled ‘Selective intra-bronchial instillation of HCl,’ using 
sub-headers that divide this part of the method into subsections so that it is more readable and 
user-friendly.  
 
Specific Protocol steps: 
1. 2.3: How exactly do you shave the surgical area? 
2. 4: Is there an explicit euthanasia step here? Please include the method. 
3. 6: Please include more information or references for these procedures. 
 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JOVE rebuttal
letter_AHT_REA.docx
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Step 2.3 of the protocol has been edited to better describe how to shave the surgical site of the 
mouse using electric clippers. Steps 4.1 and 4.7 have been revised to clarify the method of 
euthanasia used prior to and after bronchoalveolar lavage. Protocol subsection 6, which 
outlined the histology methods, has been rewritten to include greater detail on the fixation of 
lungs for histology.  
 
Figures 
1. Please obtain explicit copyright permission to reuse any figures from a previous publication. 
Explicit permission can be expressed in the form of a letter from the editor or a link to the 
editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to 
your Editorial Manager account 
2. Please remove ‘Figure 1’ and ‘Figure 2’ from the figures themselves. 
3. Figure 1: What statistical test was used here? 
 
We have included in our resubmission explicit licensing information regarding the re-use of 
figure 1C in our manuscript. This information is provided as a link to the editorial policy from 
the original publication journal. The ‘Figure 1’ and ‘Figure 2’ headers on the figures have been 
removed, and the figure legend for figure 1 has been updated to include the statistical test used 
for figure 1C.  
 
Reference  
1. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 
6 authors, list only the first author then et al. 
2. Please do not abbreviate journal titles. 
 
The reference format has been updated to follow the requested format by the editors. All 
journal titles appear in long form in these updated references. 
 
Table of Materials  
1. Please ensure the Table of Materials has information on all materials and equipment used, 
especially those mentioned in the Protocol. 
 
The table of materials list has been updated to include more equipment, materials, and the 
appropriate catalog numbers for users to more easily recapitulate our protocol.  
 
  



 
Responses to reviewer comments 
 
Reviewer #1: 
 
1. “There are other published reports using the HCl acid model (PMID: 19411309; Su, X et al. 
AJP Lung 2009) where the dose of HCl is weight based (mL/kg). The 50-microliter 
administration of HCl used in this method would be a dose of 2.5 mL/kg for a 20-gram mouse. 
A comment from the authors about weight-based administration may be helpful for readers 
and those performing the procedure. However, the total volume administered may be the 
more important factor in the model to be considered based on the authors' experience.” 
 
We thank the reviewer for this important comment. During method development, we 
determined that 2.5 mL/kg of intra-bronchial HCl produced substantial yet sublethal acute lung 
injury; lower doses of HCl did not produce the desired degree of unilateral lung injury. As we 
perform experiments in adult mice mainly, we described the volume of acid in absolute amount 
rather than weight-based dosing, but we agree that weight-based dosing would be more 
informative for researchers performing research on mice of different ages; younger mice (3-6 
weeks) would require smaller volumes of HCl. We have changed the text to reflect weight-
based dosing, and to justify the higher dose of 2.5 mL/kg relative to other published work. 
(page 9 lines 392-398) 
 
2. “In Figure 2A, the histology images have a black bar in the lower right corner. The authors 
could list the measurement in the figure legend.” 
 
We revised the figure legend for figure 2A to include the measurement for the scale bars in the 
histology images.  
 
 
Reviewer #2  
 
1. “I would suggest inclusion of a subsection for reagents and instruments to include vendor 
names and catalog numbers, as appropriate. For example, this technique uses multiple 
surgical instruments and it will be helpful for someone establishing this protocol for the first 
time to have this information handy.” 
 
We thank the reviewer for this important comment. We have expanded our initial table of 
materials to include surgical instruments and the appropriate companies and catalog numbers 
for purchasing.  
 
2. “ARDS is often not self-limiting and requires mechanical ventilation for severely ill patients. 
Can this model be adapted to study ventilator-induced lung injury? Some discussion to that 
end would be valuable for investigators in this line of research.” 
 



We again thank the reviewer for this valuable comment. As you suggest, experimental 
ventilator-induced lung injury (VILI) usually requires mechanical ventilation at very high tidal 
volumes (> 15 ml/kg; see Abdulnour et al., AJP LCMP, 2006). Therefore, the model described 
here could be used to cause the first hit of a “two-hit model” of ALI, and mechanical ventilation 
of mice at tidal volumes similar to what is used in critically ill ventilated patients could 
represent the second-hit. Once developed and validated, this model may allow investigators to 
study VILI using a clinically relevant murine model. We have edited the text to reflect this point.  
(pages 9 lines 366-373)  
 
3. Line 330-the word "leads" should be replaced by "lead" 
 
We have revised Line 330 (now line 358 on page 9) by changing “leads” to “lead.” 
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