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SUMMARY:  23 
Dry powder formulations for inhalation have great potential in treating respiratory diseases. 24 
Before entering human studies, it is necessary to evaluate the efficacy of the dry powder 25 
formulation in preclinical studies. A simple and noninvasive method of the administration of dry 26 
powder in mice through the intratracheal route is presented.  27 
 28 
ABSTRACT:  29 
In the development of inhalable dry powder formulations, it is essential to evaluate their 30 
biological activities in preclinical animal models. This paper introduces a noninvasive method of 31 
intratracheal delivery of dry powder formulation in mice. A dry powder loading device that 32 
consists of a 200 µL gel loading pipette tip connected to 1 mL syringe via a three-way stopcock is 33 
presented. A small amount of dry powder (1-2 mg) is loaded into the pipette tip and dispersed 34 
by 0.6 mL of air in the syringe. Because pipette tips are disposable and inexpensive, different dry 35 
powder formulations can be loaded into different tips in advance. Various formulations can be 36 
evaluated in the same animal experiment without needing device cleaning and dose refilling, 37 
thereby saving time and eliminating the risk of cross-contamination from residual powder. The 38 
extent of powder dispersion can be inspected by the amount of powder remaining in the pipette 39 
tip. A protocol of intubation in mouse with a custom-made light source and a guiding cannula is 40 
included. Proper intubation is one of the key factors that influences the intratracheal delivery of 41 
dry powder formulation to the deep lung region of the mouse.  42 
 43 
INTRODUCTION:  44 
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The pulmonary route of administration offers various benefits in delivering therapeutics for both 45 
local and systemic actions. For the treatment of lung diseases, high local drug concentration can 46 
be achieved by pulmonary delivery, thereby reducing the required dose and lowering the 47 
incidence of systemic side effects. Moreover, the relatively low enzymatic activities in the lung 48 
can reduce premature drug metabolism. The lungs are also efficient for drug absorption for 49 
systemic action due to the large and well-perfused surface area, the extremely thin epithelial cell 50 
layer and the high blood volume in pulmonary capillaries1.  51 
 52 
Inhaled dry powder formulations have been widely investigated for the prevention and 53 
treatment of various diseases such as asthma, chronic obstructive pulmonary disease, diabetes 54 
mellitus and pulmonary vaccination2-4. Drugs in the solid state are generally more stable than in 55 
the liquid form, and dry powder inhalers are more portable and user-friendly than nebulizers5,6. 56 
In the development of inhaled dry powder formulations, the safety, the pharmacokinetic profile 57 
and the therapeutic efficacy need to be evaluated in preclinical animal models following 58 
pulmonary administration7. Unlike humans who can inhale dry powder actively, pulmonary 59 
delivery of dry powder to small animals is challenging. It is necessary to establish an efficient 60 
protocol of delivering dry powder to the lungs of animals. 61 
 62 
Mice are widely used as animal models because they are economical and they breed well. They 63 
are also easy to handle and many disease models are well-established. There are two major 64 
approaches to administer dry powder to the lungs of mouse: inhalation and intratracheal 65 
administration. For inhalation, the mouse is placed in a whole-body or nose-only chamber where 66 
dry powder is aerosolized and the animals breathe in the aerosol without sedation8,9. Expensive 67 
equipment is required and the drug delivery efficiency is low. While the whole-body chamber 68 
may be technically less challenging, the nose-only exposure chamber could minimize exposure 69 
of drugs to the body surface. Regardless, it is still difficult to precisely control and determine the 70 
dose delivered to the lungs. The dry powder is mainly deposited in the nasopharynx region where 71 
mucociliary clearance is prominent10. Moreover, mice inside the chamber are under significant 72 
stress during the administration process because they are constrained and deprived of food and 73 
water supply11. For intratracheal administration, it generally refers to the introduction of the 74 
substance directly into the trachea. There are two different techniques to achieve this: 75 
tracheotomy and orotracheal intubation. The former requires a surgical procedure that makes 76 
an incision in the trachea, which is invasive and seldom used for powder administration. Only the 77 
second technique is described here. Compared to the inhalation method, intratracheal 78 
administration is the more commonly used method for pulmonary delivery in the mouse because 79 
of its high delivery efficiency with minimal drug loss12,13. It is a simple and fast method to precisely 80 
deliver a small amount of powder within a few milligrams to the mouse. Although the mouse is 81 
anatomically and physiologically distinct to humans and anesthetization is required during the 82 
intubation process, intratracheal administration bypasses the upper respiratory tract and offers 83 
a more effective way to assess the biological activities of the dry powder formulation such as the 84 
pulmonary absorption, bioavailability and therapeutic effects14,15.  85 
 86 
To administer dry powder intratracheally, the mouse has to be intubated, which could be 87 
challenging. In this paper, the fabrication of a custom-made dry powder insufflator and an 88 



   

intubation device is described. The procedures of intubation and insufflation of dry powder in 89 
the lung of the mouse are demonstrated.  90 
 91 
PROTOCOL: 92 
 93 
The experiments conducted in this study have been approved by the Committee on the Use of 94 
Live Animals for Teaching and Research (CULATR), The University of Hong Kong. Dry powder 95 
formulations prepared by spray freeze drying (SFD) containing 0.5% of luciferase messenger RNA 96 
(mRNA), 5% synthetic peptide PEG12KL4 and 94.5% of mannitol (w/w) are used in this study to 97 
demonstrate mRNA expression in the lung16. The mass median aerodynamic diameter (MMAD) 98 

of SFD powder is 2.4 m. Spray dried (SD) mannitol powder are used to investigate the effect of 99 

air volume used in powder dispersion16. The MMAD of SD powder is 1.5 m. 100 
 101 
1. Fabrication of dry powder insufflator and loading of dry powder  102 
 103 
1.1 Neutralize the static charges of dry powder (in a vial) and the 200 µL non-filter round gel-104 
loading pipette tip. Use an anti-static gun or a balance with deionizing function according to the 105 
manufacturer’s instruction. 106 
 107 
1.2 Prepare a weighing paper with a size of around 4 cm x 4 cm. Fold the paper in half 108 
diagonally and then unfold it. 109 
 110 
1.3 Weigh 1-2 mg of dry powder on the weighing paper.  111 
 112 
1.4 Fill a gel-loading pipette tip with powder through the wider opening of the tip. Tap gently 113 
to pack the powder until the powder forms loose agglomerates near the narrow end of the tip 114 
(Figure 1A). Avoid packing the powder too tightly as it may hamper powder dispersion. 115 
 116 
1.5 Connect the powder-loaded tip to a 1 mL syringe through a three-way stopcock (Figure 117 
1B). The size of syringe can be changed according to the volume of air used to disperse the 118 
powder. Hold the tip and syringe vertically during connection to prevent spillage of powder. If 119 
administration is not performed immediately, use parafilm to seal the openings of the tip and 120 
store it temporarily under suitable condition until administration. 121 
 122 
2. Fabrication of intubation device 123 
 124 
2.1 Light source (Figure 2) 125 
 126 
2.1.1 Prepare a custom-made light source with a light emitting diode (LED) torch and a flexible 127 
optical fiber with a diameter of 0.8-1 mm. 128 
 129 
2.1.2 Make a centered orifice on the clear lens of the LED torch with a hand drill or a drill bit so 130 
that the optical fiber can barely pass through.  131 
 132 



   

2.1.3 Insert the optical fiber through the orifice. Switch on the LED torch to adjust the position 133 
and the depth of insertion for maximum brightness at the other end of the optical fiber. 134 
 135 
2.1.4 Affix the optical fiber in position with clear epoxy glue. 136 
 137 
2.2 Guiding cannula (Figure 3) 138 
 139 
2.2.1 Take a 1 mL plastic Pasteur pipette (Figure 3A) and hold the pipette at both ends. 140 
 141 
2.2.2 Use an alcohol lamp (or other heat sources in the laboratory such as a Bunsen burner) to 142 
heat the middle of the pipette by placing it at 5-10 cm above the flame (Figure 3B). Rotate the 143 
pipette to make sure it is heated evenly. 144 
 145 
2.2.3 When the plastic becomes soft and deformable, move the pipette away from the flame 146 
and stretch the pipette gently. 147 
 148 
2.2.4 Cut the stretched pipette in the middle with a pair of scissor into Part A and Part B (Figure 149 
3C-E). Use Part A as a fine tip pipette and Part B as a guiding cannula. To increase the chance of 150 
successful intubation with the guiding cannula, make a bevel (not too sharp which may increase 151 
the risk of injuring the animal) at the end of Part B (Figure 3F). When a 200 µL gel-loading pipette 152 
tip (for powder loading) is inserted into the guiding cannula, it should protrude the cannula by 1-153 
2 mm.  154 

 155 
NOTE: A guiding cannula (Part B) with the appropriate dimension (internal and external diameter) 156 
for intubation could have a 21 gauge needle fit inside it while it can also fit inside a 17 gauge 157 
needle. Multiple attempts may be needed in stretching the pipettes to achieve the appropriate 158 
dimension. 159 
 160 
2.2.5 (Optional): Cut a small opening at the wider end of the guiding cannula to make it more 161 
flexible so that it is easier to hold the optical fiber (Figure 3F). This opening also allows the fitting 162 
of a microsprayer for the administration of liquid aerosol. 163 
 164 
3. Intubation  165 
 166 
3.1 Anaesthetize the mouse (BALB/c, 7-9 weeks) with ketamine (100 mg/kg) and xylazine (10 167 
mg/kg) by intraperitoneal injection. 168 
 169 
3.2 Prepare a platform made of Plexiglass and mount it to a stand with a clamp (Figure 4A). 170 
Place the anaesthetized mouse on the platform (at around 60° of inclination) in a supine position. 171 
The height and angle of inclination of the platform could be adjusted by the position of the clamp 172 
on the stand. 173 
 174 
3.3 Suspend the mouse by hooking its incisors on a nylon floss (Figure 4B). Secure the position 175 
of the mouse by a piece of tape or a rubber band. 176 



   

 177 
3.4 Insert the optical fiber into the guiding cannula before intubation with the tip of the fiber 178 
level with the opening of the guiding cannula. Turn on the LED torch to illuminate.  179 
 180 
3.5 Gently protrude the tongue of the mouse with a pair of forceps to expose its trachea. 181 
 182 
3.6 Use the other hand to hold the guiding cannula with optical fiber inside. Insert them 183 
through the oral cavity. With the illumination from the optical fiber, the opening of the trachea 184 
can be visualized as an orifice between the vocal cords.  185 
 186 
3.7 Align the bevel of the guiding cannula towards the midline of the opening (Figure 5A). 187 
Gently intubate the guiding cannula with optical fiber into the trachea by aiming the finest tip of 188 
the cannula at the tracheal opening.  189 
 190 
3.8 Upon intubation, swiftly remove the optical fiber and leave the guiding cannula inside the 191 
trachea (Figure 5B). A normal respiration should be observed.  192 
 193 
3.9 Hold the fine tip pipette (Part A) at the opening of the guiding cannula and insufflate a 194 
small puff of air (about 0.2 mL) into the lung of the mouse. A slight inflation in the chest of the 195 
mouse indicates proper intubation. Remove the fine tip pipette prior to powder administration.  196 
 197 
4. Powder administration 198 
 199 
4.1 Hold the powder loaded-tip that is connected to the syringe as described in step 1.5. 200 
Ensure the airflow between the syringe and the tip is disconnected.  201 
 202 
4.2 Pull the syringe plunger backward to withdraw 0.6 mL of air.  203 

 204 
NOTE: The volume of air used to disperse the powder is dependent on the properties of the 205 
powder and the amount of powder loaded. This is further described in the result section.  206 
 207 
4.3 Turn the valve of the three-way stopcock to connect the airflow between the syringe and 208 
the powder-loaded tip. 209 
 210 
4.4 Insert the powder-loaded tip into the guiding cannula which has already been placed in 211 
the trachea of the mouse (Figure 5C). Hold the guiding cannula and push the syringe plunger 212 
forcefully in one continuous action to disperse the powder as aerosols into the lung.  213 

 214 
NOTE: Any forward motion of the device should be minimized to avoid injuring the animal.  215 
 216 
4.5 Remove the tip and check if the powder inside the tip has been emptied. If not, repeat 217 
step 4.1 to 4.4.  218 
 219 
NOTE: If the powder is packed too tightly due to excessive tapping, it might not be dispersed 220 



   

properly. 221 
 222 
4.6 Once the administration is complete, remove the guiding cannula from the trachea.  223 
 224 
4.7 Allow the mouse to recover by positioning it horizontally in a supine position with its 225 
tongue half protruded to avoid the blockade of the airways.  226 
  227 
REPRESENTATIVE RESULTS:  228 
When a dry powder insufflator is used to deliver powder aerosol to the lung of an animal, the 229 
volume of air used is critical as it affects the safety as well as the powder dispersion efficiency. 230 
To optimize the method, different volumes of air (0.3 mL, 0.6 mL and 1.0 mL) were used to 231 
disperse the dry powder (1 mg of spray dried mannitol) and the weight of mice was monitored 232 
for 48 hours after administration (Figure 6). The use of 0.3 mL and 0.6 mL of air did not cause 233 
weight loss of the mice up to 48 h post-administration. Dispersing the powder with 1 mL of air 234 
resulted in over 5% of weight loss within 24 h, which was not fully recovered after 48 h. In this 235 
protocol, BALB/c mice of 7-9 weeks old were used. Depending on the species, the strain and age 236 
of animal, the powder properties (e.g., particle size distribution, cohesiveness and density) and 237 
the mass of powder to be administered, the volume of air to be used for efficient powder 238 
dispersion and animal tolerance may require optimization by investigators for different animal 239 
models. 240 
 241 
Dry powder formulation prepared by spray freeze drying (SFD) was delivered to the mice using 242 
the method described above. The SFD formulation contained 0.5% of mRNA expressing luciferase 243 
protein, 5% of synthetic peptide as delivery vector and 94.5% of mannitol16. BALB/c mice were 244 
intratracheally administered with 1 mg of SFD powder containing 5 µg of mRNA and the luciferase 245 
expression in the lungs was evaluated at 24 h post-administration using in vivo imaging system 246 
(IVIS) (Figure 7). The SFD powder were dispersed in the deep lung and luciferase expression was 247 
observed. As a comparison, the SFD powder were reconstituted in water (to a final volume of 75 248 
µL) and administered to mice as liquid with the same intubation procedure but a microsprayer 249 
was used instead to generate liquid aerosol16. The luciferase expression of the reconstituted 250 
formulation was significantly higher than the dry powder formulation, which could be due to the 251 
powder dissolution issue or different pharmacokinetic profile between powder and liquid form. 252 
The histological characteristics of the lungs treated with mRNA dry powder aerosol were 253 
compared with untreated control and lipopolysaccharide (LPS) treated groups (Figure 8). The 254 
lungs without any treatment illustrated a healthy presentation while the lung treated with 10 µg 255 
of LPS intratracheally showed irregular distribution of air space and inflammatory cell infiltration 256 
into the interstitial and alveolar spaces. The lungs treated with SFD powder did not show any 257 
signs of inflammation. 258 
 259 
TABLE AND FIGURE LEGENDS: 260 
Figure 1: Custom-made dry powder insufflator. (A) Powder is packed near the narrow end of the 261 
tip. (B) A gel-loading pipette tip is connected to a 1 mL syringe via a three-way stopcock. The 262 
figure is adapted from Liao et al. 21.  263 
 264 



   

Figure 2: Custom-made light source for intubation. A flexible optical fiber is connected to a LED 265 
torch by creating a small hole on the lens.  266 
 267 
Figure 3: Guiding cannula. (A) A 1 mL plastic Pasteur pipette is used to make a guiding cannula. 268 
(B) The pipette is softened by heating. (C) The heated pipette is stretched and cut. (D) Part A of 269 
the pipette is used as fine-tip pipette. (E&F) Part B of the pipette is used as a guiding cannula. A 270 
bevel is created to facilitate intubation procedure. A small opening (optional) can be made to 271 
increase the flexibility of the cannula.  272 
 273 
Figure 4: Intubation platform. (A) The platform for intubation consists of a Plexiglass plate which 274 
is mounted to a stand. (B) An anaesthetized mouse is placed on the platform in a supine position, 275 
suspended by hooking its incisors with a nylon floss.  276 
 277 
Figure 5: Schematic diagram illustrating the intubation procedure. (A) The bevel of the guiding 278 
cannula is aligned with the midline of the tracheal opening. (B) The guiding cannula is inserted 279 
into the trachea and ready for powder administration. (C) The powder-loaded tip (connected to 280 
the syringe through a three-way stopcock) is inserted into the guiding cannula which has already 281 
been placed in the trachea of the mouse.  282 
 283 
Figure 6: Intratracheal administration of dry powder with different volume of air. BALB/c mice 284 
were administered intratracheally with spray dried (SD) mannitol powder dispersed by 0.3 mL, 285 
0.6 mL and 1.0 mL of air. Body weight of the mice was monitored before administration and at 286 
18 h, 24 h and 48 h post-administration. The data was presented as mean value of percentage of 287 
weight change (n=2). 288 
 289 
Figure 7: Intratracheal administration of mRNA formulation as dry powder and reconstituted 290 
liquid aerosol. BALB/c mice were administered intratracheally with spray freeze dried (SFD) 0.5% 291 
mRNA (luciferase) formulation as powder aerosol (1 mg) using custom-made dry powder 292 

insufflator or reconstituted liquid aerosol (1 mg in 75 L PBS) using microsprayer. Each mouse 293 

received a dose of 5 g of mRNA. PBS (75 µL) was used as control. At 24 h post-administration 294 
(A) the lungs were isolated for bioluminescence imaging; (B) luciferase protein expression of the 295 
lung tissues were measured. The data was expressed as the mean value of relative light unit (RLU) 296 
per mg of protein, analyzed by one-way ANOVA followed by Tukey’s post-hoc test, ***p < 0.001 297 
(n=4). The figure is adapted from Qiu et al. 16.  298 
 299 
Figure 8: Histology of the lungs of mice following intratracheal administration of mRNA dry 300 
powder formulation. (A) untreated control; mice were intratracheally administered with (B) LPS 301 

(10 mg in 25 L PBS), and (C) spray freeze dried mRNA powder (1 mg). Slides were viewed using 302 
an upright microscope at 20x magnification (scale bar = 100 mm). The figure is adapted from Qiu 303 
et al. 16.  304 
 305 
DISCUSSION: 306 
In this paper, custom-made devices for dry powder insufflation and intratracheal intubation are 307 
presented. In the powder loading step, dry powder are loaded into a 200 µL gel-loading pipette 308 



   

tip. It is important to gently tap the tip to allow the loose packing of powder at the narrow end 309 
of the tip. However, if the powder are packed too tightly, they will get stuck in the tip and cannot 310 
be properly dispersed. It is recommended to neutralize the static charges of the powder and the 311 
pipette tip in order to facilitate powder loading, particularly for powder with low density and in 312 
low relative humidity. The guiding cannula is a critical component of the device. It is used to 313 
facilitate the intubation of powder-loaded pipette tip into the trachea of the mouse. The 314 
diameter of the guiding cannula should not be too wide; otherwise it will be difficult to insert it 315 
into the trachea and may injure the mouse. The diameter of the guiding cannula should be just 316 
wide enough to fit the optical fiber and the powder-loaded pipette tip, and the pipette tip should 317 
protrude the guiding cannula by approximately 1-2 mm.  318 
 319 
The ability to visualize the opening of the trachea is crucial in the intubation process, allowing 320 
the guiding cannula to be correctly inserted. The tracheal opening consists of white arytenoid 321 
cartilage with regular opening and closing motion at the back of the throat. With the fiber optic 322 
illumination, the opening of trachea could be easily visualized. By puffing a tiny volume of air 323 
through the fine tip plastic pipette, an inflation at the chest indicates a proper intubation. If 324 
inflation at the chest is not observed or resistance is felt during insertion, retract the guiding 325 
cannula swiftly and repeat the steps again.  326 
 327 
There was a widely used commercially available dry powder insufflator12,17,18 (Table of Materials; 328 
this device is now discontinued). The dry powder is loaded into the sample chamber of the device 329 
and dispersed by air from a 3 mL plastic air syringe or an air pump. To measure the emitted dose, 330 
the device has to be weighed before and after powder administration, which leads to inaccuracy 331 
considering the dose of powder is usually very small (relative to the mass of the device). 332 
Compared to the commercial insufflator, the biggest advantage of the custom-made device is 333 
that the success of powder dispersion could be observed by the absence of powder in the 334 
transparent gel-loading pipette tips. Since the pipette tip is light, it can also be weighed accurately 335 
before and after administration to measure the emitted dose. The pipette tip is inserted into the 336 
guiding cannula rather than being exposed to the trachea of the animal. There is minimal risk of 337 
contaminating the tip with the moisture or secretion in the trachea (which may affect the 338 
accuracy of emitted dose measurement). As the pipette tips are disposable and inexpensive, 339 
different dry powder formulations can be loaded into different tips in advance. Various 340 
formulations can be evaluated in the same animal experiment without the need of device 341 
cleaning and dose refilling, thereby saving time and eliminating the risk of cross-contamination 342 
from residual powder. Moreover, the powder dispersion pattern generated by the commercial 343 
insufflator varied among different formulations. A number of studies reported that dry powder 344 
dispersed by the commercial insufflator were easily agglomerated and failed to reach the deep 345 
lung upon administration19,20. In contrast, other formulations dispersed by devices similar to ours 346 
are reported to have a high lung deposition15,21,22.  347 
 348 
There are other similar custom-made devices reported in the literature for the administration of 349 
powder aerosol to the lung of animal. For instance, Chaurasiya et al. described the use of a 350 
cannula tube for intubation as well as powder loading, with a syringe connected to the cannula 351 
tube after intubation for powder dispersion23. While their approach uses standardized 352 



   

equipment and material (e.g., otoscope, cannula and syringe) with less customization, the 353 
method here offers some distinct advantages. Firstly, it allows confirmation of correct intubation 354 
before drug administration. This step is particularly helpful for less experienced user. Secondly, 355 
the guiding cannula can act as a protecting shield to prevent any secretion or moisture in the 356 
trachea from contaminating the gel-loading pipette tip, allowing a more accurate emitted dose 357 
measurement by weighing. Lastly, the more flexible guiding cannula together with the optical 358 
fiber may enable easier intubation.  359 
 360 
In summary, a custom-made dry powder insufflator which is inexpensive, disposable, 361 
reproducible and efficient in dispersing small amount of powder precisely is introduced in this 362 
paper. The intubation process mentioned is noninvasive, quick and could deliver powder 363 
formulations to the mice safely and accurately. It can also be adopted to administer liquid 364 
formulation for pulmonary delivery.  365 
 366 
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17 June 2020 
 
Dear Editors of Journal of Visualized Experiments, 
 
Thank you for considering our manuscript titled ‘Intratracheal administration of dry powder formulation 
in mice’. We appreciate the valuable comments from the editor and reviewers. We have improved the 
manuscript in response to the suggestions. We highlighted the changes in the manuscript. Our responses 
to the comments are shown below: 
 
Response to Editorial Comments 
 
1. The manuscript will benefit from thorough language revision as there are a number of grammatical 

errors throughout. Please thoroughly review the manuscript and edit any errors. 
 
Thanks for the comments, we have revised the manuscript to improve the language of the 
manuscript. 
 

2. Protocol Detail: Please note that your protocol will be used to generate the script for the video, and 
must contain everything that you would like shown in the video. Please add more specific details 
(e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. 
There should be enough detail in each step to supplement the actions seen in the video so that 
viewers can easily replicate the protocol. 
1) 1.1: Mention all relevant specifications about the powder. What is the chemical composition? 

What is the particle size? 
2) 3.1: mention animal strain 
 
Thanks for the comments, we have revised the manuscript to include more specific details.  

 
3. Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be 

similarly focused. Please ensure that the discussion covers the following in detail and in paragraph 
form (3-6 paragraphs):  
1) modifications and troubleshooting,  
2) limitations of the technique,  
3) significance with respect to existing methods,  
4) future applications and  
5) critical steps within the protocol. 
 
Thanks for the comments, we have revised the discussion of manuscript to address the comments 
above.  

 
4. References: Please spell out journal names. 

 
We have made the changes accordingly.  
 

5. Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding 
language, including trademark or registered trademark symbols (TM/R) and the mention of company 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Cover Letter
Qiu et al 2020 JoVE rev.pdf
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brand names before an instrument or reagent. Examples of commercial sounding language in your 
manuscript are MicroSprayer®, (PennCentury™) 
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding 

language in your manuscript with generic names that are not company-specific. All commercial 
products should be sufficiently referenced in the table of materials/reagents. You may use the 
generic term followed by “(see table of materials)” to draw the readers’ attention to specific 
commercial names. 

2) Please remove the registered trademark symbols TM/R from the table of reagents/materials. 
 
We have made the changes accordingly.  

 
6. Table of Materials: 

1) Please revise the table of the essential supplies, reagents, and equipment. The table should 
include the name, company, and catalog number of all relevant materials/software in separate 
columns in an xls/xlsx file. Please include items such as powder, animal strain. 

2) Sort items in alphabetical order. 
 
We have made the changes accordingly.  

 
7. If your figures and tables are original and not published previously or you have already obtained 

figure permissions, please ignore this comment. If you are re-using figures from a previous 
publication, you must obtain explicit permission to re-use the figure from the previous publisher 
(this can be in the form of a letter from an editor or a link to the editorial policies that allows you to 
re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted 
from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files 
(as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. 
"This figure has been modified from [citation]." 
 
The re-print permission is uploaded in the supplementary files section as suggested, and the figure is 
cited accordingly.  

 
Response to Reviewer 1 
 
1. The authors stated in the introduction that "Dry powder formulation could be delivered to the deep 

lung region of the mouse intratracheally by proper intubation". I do not think this viewpoint is 
correct. intubation is only one of the factors that may influence the delivery of dry powders into the 
deep lung. Pls revise. 
 
Thanks for the comment. We have now revised the manuscript to clarify that intubation is only one 
of the factors that influence the delivery of dry powders into the deep lung.  
 

 
2. As the powder-loaded tip is upstanding before insufflation, I am curious if the powders could be still 

kept in the tip without flowing out. 
 
For fine powders engineered to be inhalable in human, i.e. particles with aerodynamic diameters in 
the range of 1 – 5 µm, they are generally sufficiently cohesive (particularly after gentle tapping) to 
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remain inside the tip until a pressure of dispersion has been applied. In our experience, the powder 
could be kept in the tip without flowing out.  
 

3. The authors create a bevel at the tip of the guiding cannula. However, this dramatically increases the 
risk to damage the trachea during intubation. 

 
We appreciate the comment. There may be an increased risk (moderate risk at most) of damaging 
the trachea during intubation. Therefore, we recommend not to create a sharp angle at the tip, but a 
relatively blunt bevel to reduce the risk of injury while increasing the chance of successful intubation. 
We have added this information in the revised manuscript. 
 

4. Pls perform more experiments to validate the device. 
 
We have published papers to demonstrate the administration of powder formulation using the 
device (Liao et al 2019; Qiu et al 2019;). Similar device has also been reported by other groups (Ihara 
et al 2015; Ito et al 2019; Miwata et al 2018). Please refer to those papers for details of experiments  
 
• Ihara, D. et al. Histological Quantification of Gene Silencing by Intratracheal Administration of 

Dry Powdered Small-Interfering RNA/Chitosan Complexes in the Murine Lung. Pharmaceutical 
Research. 32 (12), 3877-3885, (2015). 

• Ito, T., Okuda, T., Takashima, Y. & Okamoto, H. Naked pDNA Inhalation Powder Composed of 
Hyaluronic Acid Exhibits High Gene Expression in the Lungs. Molecular Pharmaceutics. 16 (2), 
489-497, (2019). 

• Liao, Q. et al. Porous and highly dispersible voriconazole dry powders produced by spray freeze 
drying for pulmonary delivery with efficient lung deposition. International Journal of 
Pharmaceutics. 560 144-154, (2019). 

• Miwata, K. et al. Intratracheal Administration of siRNA Dry Powder Targeting Vascular 
Endothelial Growth Factor Inhibits Lung Tumor Growth in Mice. Molecular Therapy - Nucleic 
Acids. 12 698-706, (2018). 

• Qiu, Y. et al. Effective mRNA pulmonary delivery by dry powder formulation of PEGylated 
synthetic KL4 peptide. Journal of Controlled Release. 314 102-115, (2019). 

 
5. Please mention the reconstituted SFD powder was delivered by using PennCentury. 

 
We have included this information in the revised manuscript.  
 

6. Birendra et al. recently reported a similar device in EJPS 
(https://doi.org/10.1016/j.ejps.2018.08.010), pls cite and comment. 
 
Thanks for the comment. We have cited this article, and made a brief comparison between the two 
devices. Birendra et al. described the method that uses a 20 G cannula tube for intubation as well as 
powder loading. A syringe is connected to the cannula tube after intubation for powder dispersion. 
All the materials used (e.g. otoscope, cannula and syringe) are standardized. In our method, 
intubation is performed with a separate guiding canula followed by powder administration through 
the syringe connected gel-loading tip. While the two approaches appear to be similar, ours has 
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offered several distinct advantages. Firstly, it allows confirmation of correct intubation (to the 
trachea but not the oesophagus) before drug administration. This step is particularly helpful for less 
experienced user. Secondly, the guiding cannula can act as a protecting shield to prevent any 
secretion or moisture in the trachea from contaminating the gel-loading tip, allowing a more 
accurate emitted dose measurement by weighing. Lastly, the more flexible guiding cannula together 
with the optical fibre may enable easier intubation. We have included these information in the 
revised manuscript.  

 
 
Response to Reviewer 2 
 
1. Is the gel-loading tip length adjustable? How the operator can determine the right length? 

 
The length of the gel-loading tip is not adjusted and is used as it is. This would be more user-friendly 
as the powder can be loaded into the tip without the need for length adjustment each time. The 
depth of intubation is determined by the dimension of the guiding cannula, which also serves as a 
holder to the gel-loading tip. When the gel-loading tip was fully inserted into the guiding cannula, 
the end of the tip should be only slightly protruded.   
 

2. It seems from Figure 6 that the volume of air is affecting the animal body weight, how many ml of air 
do the author suggest to administer to mice or rat? Is 1 ml the maximum volume suggested? 
 
The volume of air used to disperse the powder depends on a number of factors: (i) the species and 
strain of animals; (ii) the age of animals; (iii) the properties of the powder (e.g. particle size 
distribution, cohesiveness and density); and (iv) the mass of powder to be administered. Operators 
should first determine the minimal volume required to disperse the powder in vitro, and then test 
for tolerance in animal. We have included these information in the revised manuscript.  
 

3. In order to increase the volume of air, is the syringe capacity changeable ? 
 

Yes. The size of syringe can be changed for different volume of air used to disperse the powder. We 
have included this information in the revised manuscript.  
 

4. Could be the system adaptable to administer liquid pulmonary formulation? 
 
Yes, the incubation procedure can be adopted to administer liquid formulation for pulmonary 
delivery. We have included this information in the revised manuscript.  
 

5. Can you weight the gel loading tip before and after the administration to measure the emitted 
powder dose? 

 
Yes. Users can weigh the gel-loading tip before and after the administration to measure the emitted 
powder dose with a highly sensitive analytical balance. Since the gel loading tip is inserted into the 
guiding cannula rather than being directly exposed to the trachea of the animal, there is a minimal 
risk of contaminating the gel loading tip with moisture/ secretion in the trachea. We have included 
this information in the revised manuscript.  
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Response to Reviewer 3 
 
1. Numerous English language errors that can be easily remedied. 

 
We have improved the language of the revised manuscript.  

 
2. In the abstract and discussion, the authors mention that the dry powder formulations can be 

"delivered to multiple mice at the same time". This need to be changed, as it suggests that a single 
person can deliver a formulation to many mice all at once (as could occur with a nose-only chamber 
that had multiple chambers for multiple mice), which is simply not the case. The sentence must be 
rewritten. 
 
We appreciate the comment. The sentence is now rephrased in the revised manuscript to read 
‘Because the pipette tips are disposable and inexpensive, different dry powder formulations can be 
loaded into different tips in advance. Various formulations can be evaluated in the same animal 
experiment without the need of device cleaning and dose refilling, thereby saving time and 
eliminating the risk of cross-contamination from residual powder.’  

 

3. Figure 7 - I'm bothered by the lack of a control in both the lung images and the quantified data. A 
non-mRNA (or naked mRNA) containing powder delivered to mice and imaged should be included 
 
We appreciate the comment. We have included a control group in Figure 7 of the revised 
manuscript.  

 
 
We hope the changes will make the manuscript suitable for publication in the Journal of Visualized 
Experiments. 
 
 
Yours sincerely, 

 
Jenny K W Lam 
 
Corresponding author: Jenny K W Lam, Department of Pharmacology & Pharmacy, LKS Faculty of Medicine, The 
University of Hong Kong, 21 Sassoon Road, Hong Kong; jkwlam@hku.hk; phone: (852) 3917 9599; fax: (852) 2817 
0859 
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