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Introduction

Pulmonary route of administration is increasingly get-
ting more attention for delivery of therapeutic molecules 
to treat local infection in pulmonary tract and lungs as 
well as for systemic action1,2. This route will receive more 
importance in the coming years due to the advent of 
therapeutically important proteins and genes to treat dif-
ferent disorders since this route provides more product 
stability, ease of administration, patient compliance as 
compared to many other routes of administration for the 
molecules. Efforts are currently on to design devices with 
superior performance and a number of devices already 

launched in the market in recent times3,4. Sometimes, it is 
required to assess the efficiency of drug as well as formu-
lated inhalation product in animal models prior to use 
in humans. However, requirement of a suitable appara-
tus for testing of inhalation products in animal models 
remains a challenge for most of the researchers.

Researchers have reported chambers for full body 
exposure of animals5–9. However, full body exposure 
causes absorption of the drug from the total body sur-
face instead of desired nose-only administration, which 
might complicate the dosimetry10. Another nose-only 
inhalation chamber was reported by a research group 
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from University of Alberta to deliver aerosolized aqueous 
compounds to the respiratory tract of mice11. However, 
based on the deposition study the authors commented 
that large quantities of drug might be required for 
achieving adequate drug levels using that setup. Some 
commercial products are available for intratracheal 
administration such as Penn-Century microspray 
aerolizer which requires the insertion of a thin tube in the 
intratracheal region12,13. However, this method is stressful 
and requires positive pressure and anaesthetizing ani-
mals. Inhalation under positive pressure is different from 
inhalation under normal breathing pattern and hence 
the findings are difficult to correlate with those from 
animals in normal state14. Another challenging aspect 
of animal study for pulmonary medication involving dry 
powder is that the devices used for humans cannot be 
used directly for animals. Researchers have reported a 
hand-held nose-only apparatus for delivery of micropar-
ticles to mice10. However, this device is suitable for use in 
single animal at one-go and also the holding of an animal 
at the delivery port might be difficult without anaesthe-
tizing the animal. Another nose-only inhalation chamber 
was reported for testing the exposure of needle shaped 
respirable nylon fibres15. Few researchers have also used 
Cannon nose-only inhalation chamber16,17.

Here we have reported a design of an apparatus which 
can be satisfactorily used for administration of both dry 
powder and nebulization to conscious animals without 
disturbing the normal breathing pattern. The simple 
design requires a plastic chamber to accommodate 
tapered plastic tubes which hold individual animals. The 
design is versatile and is easily adaptable for different 
animals and of different sizes. Further, we have reported 
a device that can be used as a dry powder inhaler (DPI) 
for administration of medication to animals in dry pow-
der form. This DPI or a conventional nebulizer can be 
mounted to the inhalation chamber for administering 
suitable medication. Voriconazole has been used as a 
model drug for the study. Both the developed devices 
were evaluated by in vitro and in vivo studies. Blend of 
micronized voriconazole with lactose was used for evalu-
ation of the inhalation chamber with DPI and equivalent 
dose of voriconazole as solution was used for evaluation 
of chamber through nebulization route.

Materials and methods

Materials
Voriconazole was generously gifted by Dr. Reddys 
Laboratories Ltd. (Hyderabad, India). Lactose mono-
hydrate was purchased from LobaChemie (Mumbai, 
India). Both voriconazole and lactose monohydrate were 
micronized in an air jet mill (Midas micronizer, M-50, 
Microtech Engineering Corporation, Mumbai, India). 
Hydroxypropyl beta-cyclodextrin (HPβCD) was pur-
chased from HiMedia Laboratories Pvt. Limited (Mumbai, 
India). A Salter NebuTech HDN Reusable Nebulizer with 
polyvinyl chloride connecting tubing (0.5 cm internal 

dia) was generously gifted by Saltar Labs (Arvin, USA). 
Polypropylene centrifuge tubes (50 ml) were purchased 
from Tarson India Pvt. Ltd. (Kolkata, India). Compressed 
air cylinder with a regulator (max. pressure ~2 kg-f/cm2) 
and an adapter for attaching the nebulizer tubing were 
purchased from Refrigeration India (Kolkata, India). A 
polypropylene made rectangular box (23.5 × 13.5 × 3.5 cm) 
with a hinged top was purchased from Tarson India Pvt. 
Ltd. (Kolkata, India). All other chemicals used were of 
analytical grade.

Methods
Design of the inhalation chamber
The nose-only inhalation device for administration of 
nebulized aerosol to multiple mice in conscious state 
was designed by using cheap and easily available parts. 
The design was similar to as shown in Figure 1A. It con-
sisted of a rectangular box (23.5 × 13.5 × 3.5 cm) made 
of polypropylene. A rectangular small chamber (dosing 
chamber) of a size of 3 × 13.5 × 3.5 cm was built inside the 
box by using two plates placed vertically at the middle of 
the box facing each other at 3 cm apart. The bottoms of 
the plates were fixed tightly with the box surface using 
adhesive. This made partitions at both sides of the dos-
ing chamber. The tapered ends of centrifuge tubes (50 ml 
capacity) were cut to make holes so that only the noses of 
the animal (mice) can tightly pass through the holes. The 
tubes were arranged in the box by making holes in the 
outer face across the width of the box so that the tubes 
could pass through the holes. The tapered ends of the 
tubes were put in the central dosing chamber through 
holes made at the plates covering the dosing chamber. 
Three centrifuge tubes were placed at equal distance in 
each sides of the dosing chamber. The other ends of the 
centrifuge tubes were screw capped. A rectangular hole 
(3 × 1.5 cm) was made at the bottom of the outer face of 
the dosing chamber across the length of the box for the 
entry of the nebulizer/DPI delivery port. Another hole 
was made at the lid of the box just above the dosing 
chamber and opposite to the entry port, for exit of the 
gas flow from the nebulizer. Alternatively, this small hole 
remained closed during its use with a DPI.

Design of DPI delivery chamber
The schematic design of the DPI or the fluidization cham-
ber is shown in Figure 1B. It was made of polypropylene 
made centrifuge tubes. The tapered end of the centrifuge 
tube was cut to make space for placing a long pipette 
inside the tube and a pipette teat was placed on the 
pipette for pumping air to fluidize the powder bed. The 
hole at the tapered end was sealed tightly to prevent air 
leak, however, alternatively, a circular plate was placed 
inside the tube as shown in the figure to define the total 
volume of fluidization of powder. The powder for delivery 
was placed inside the centrifuge tube and turned upside 
down so that the powder could rest on the cap of the 
centrifuge tube. A hole was made on the wall of tube for 
the delivery of powder in the inhalation chamber. This 
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hole was connected to the inhalation chamber through a 
tube. To observe the effect of fluidization volume on the 
powder delivery, different types of fluidization chambers 
were made by altering the volume of centrifuge tubes 
and position of the delivery hole on the wall of the tube. 
The specifications of three of the fluidization chambers 
are mentioned in Table 1 and the designs are shown in 
Figure 1C.

In vitro evaluation of the inhalation chamber
The inhalation chamber was examined either with the 
fabricated DPI or with the marketed nebulizer to assess 
its efficiency to deliver uniform dose across the inhala-
tion ports.

Evaluation with DPI apparatus. In this study, drug 
deposition was assessed using fabricated fluidization 
chamber and the inhalation chamber. This study was 

performed to select the best DPI design among the pre-
pared ones to get the best deposition in the inhalation 
ports of the chamber and to aid in vivo animal study 
protocol design. The inhalation chamber was connected 
to the powder fluidization chamber (DPI) by an intercon-
necting tube which was simply a polypropylene-pipette 
tips cut at suitable length to fit for the purpose. The two 
junctions of the connecting tube were properly sealed 
to make the path airtight and prevent leakage of powder 

Figure 1.  (A) The schematic diagram of the fabricated dosing chamber. A. Centrifuge tubes, B. Dosing chamber, C. Entry port of nebulizer 
in the dosing chamber, D. Exit port of the aerosol, E. Box cover, F. Hook in the box body, G. Hook in the box cover for tight attachment with 
the box, H. Wide end of centrifuge tube for placing the animal inside the tube. 1–6: Inhalation ports. (B) Schematic Diagram of fluidization 
chamber. (C) Comparative illustration of three fluidization chambers. (D) Schematic diagram showing attachment of fluidization chamber 
with the dosing chamber (inhalation chamber). (E) View of the doing chamber from the entry port of nebulizer. The noses of mice opened 
in the dosing chamber are visible in the figure.

Table 1.  Description of various dry powder inhalation (DPI) 
fluidization apparatus.
Fluidization  
apparatus no. Volume of the tube (ml) Position of the hole
DPI 1 15 ml 10–12 ml
DPI 2 15 ml 5–7 ml
DPI 3 50 ml 12–17 ml

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/3

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



174  B. Sinha and B. Mukherjee

� Drug Development and Industrial Pharmacy

during operation. Fluidization apparatus attached to the 
inhalation chamber is shown in Figure 1D. Three types 
of fluidization chambers used in this study are shown in 
Figure 1C. The inhalation chamber designed here can 
hold up to six mice.

The powder deposition on six inhalation ports inside 
the chamber was tested by in vitro dosing of a mixture 
(1:3 w/w ratio) of micronized voriconazole (50 mg) with 
micronized lactose powder (150 mg). Voriconazole and 
lactose were mixed by manual blending (trituration) 
using geometrical mixing process. The openings at the 
tapered ends of the animal holder tubes in the dosing 
chamber were plugged with cotton. This should be men-
tioned here that this is an in vitro study and hence no 
animal was used here for estimation of inhaled dose. 
The positions of the cotton plugs corresponded to the 
positions of the animal noses if they were placed inside 
animal holder and thus the collected powder on the 
cotton plugs represented the total inhalable amount 
at the respective ports. Powder mixture (200 mg) was 
placed in the fluidization apparatus and the pipette teat 
was pressed continuously to dose the powder in the 
inhalation chamber. At the end of the study, the cottons 
from different ports were separately collected and drug 
content was analyzed by HPLC. The extraction of drug 
from the cotton was conducted by repeatedly rinsing 
the cotton with methanol and squeezing it with a clean 
and sterilized forceps and this process was repeated five 
times, each time using 1 ml methanol. The volume was 
made up to 5 ml by adding methanol, filtered through 
0.22 µm filter (Milipore) and measured by HPLC after 
suitable dilution with the mobile phase as described 
later. The powder remained in the DPI devices and in 
the dosing chamber was also estimated to determine the 
mass balance.

Evaluation of the inhalation chamber with nebulized 
dose. In this study, the drug deposition was evaluated 
using nebulizer and the inhalation chamber. Voriconazole 
is a poorly water soluble compound and hence it was 
solubilized in water using HPβCD as a complexing agent. 
A 10% (w/v) HPβCD solution was used to solubilize the 
drug. Voriconazole solution of three different concen-
trations viz. 1, 2 and 5 mg/ml in 10% HPβCD were used 
for the study and total volume nebulized in each group 
was equivalent to 50 mg voriconazole. Three different air 
pressures i.e. 0.5, 0.8 and 1.0 kg-f/cm2 were used to nebu-
lize drug-solution (2 mg/ml). The air pressure (0.5 kg-f/
cm2) which resulted higher deposition was used to test 
other drug solutions with concentrations, 1 and 5 mg/ml. 
The Salter NebuTech HDN Reusable Nebulizer with poly-
vinyl chloride connecting tubing (i.d 0.5 cm) was used 
as per the manufacturer’s guideline. The solution to be 
nebulized was placed in the sample holder of the nebu-
lizer. The compressed air required for nebulization was 
supplied from a cylinder through a regulator connected 
to a tube attached with the nebulizer. The delivery port 
of the nebulizer was directly connected with the dosing 
chamber through the entry port.

The chamber was evaluated for deposition and distri-
bution of aerosol in the opening ports of the dosing cham-
ber. The animals were not placed inside the tube during 
this study. The study was conducted by filling absorbent 
cotton at the opening ports of the dosing chamber at the 
points where animal nose could be exposed in the dosing 
chamber. Being absorbent type, the cotton can absorb 
the aerosol till the points it gets saturated and it simulates 
the inhalable dose at the different ports. At the end of 
the study, volume of samples remained in the nebulizer 
(dead volume) was volumetrically measured. The cot-
tons from different ports were separately collected and 
analyzed by HPLC to estimate the drug content in indi-
vidual cotton. The drug remained in the nebulizer and 
the inhalation chamber was also assessed to determine 
the mass balance.

Determination of MMAD using cascade impactor. 
Aerodynamic diameter of a particle controls its deposition 
in pulmonary tract. Mass median aerodynamic diameter 
(MMAD) represents aerodynamic diameter below which 
50% particles remain. MMAD of all the formulations 
(from Nebulizer and DPI) was determined using an eight-
stage non-viable cascade impactor (Thermo Scientific, 
Waltham, MA). MMAD and geometric standard devia-
tion (GSD)18 were determined using a flow rate of 28.3 L/
min. For studying the particle size from the nebulizer, 
the solution was kept in the nebulizer sample holder and 
dosed in the mouth of the cascade impactor. MMAD and 
GSD are highly dependent on the nebulizer design and 
nebulization parameters. On the other hand, MMAD and 
GSD of powder mixture depends mostly on the particle 
size distribution (PSD) of the mixture. For determination 
of MMAD from the customized DPI, the same powder 
composition was taken inside the fluidization chamber 
and dosed in the cascade impactor. Rest of the process 
was same as mentioned above. After the completion of 
dosing, different plates were collected; enhancement of 
plate weight due to particle deposition was calculated. 
MMAD was calculated from the deposition data using 
MMAD calculator for Anderson apparatus19. Respirable 
fraction (RF) is referred to the percentage of drug having 
particle size of 5 µm or less. It was calculated from the 
measured PSD data.

In vivo drug deposition study with nebulizer and DPI
Swiss Albino mice of either sex and approximately of 
same age, weighing 20–25 g, were used for the study. They 
were housed in polypropylene cage and fed with stan-
dard diet and water ad libitum. The mice were exposed to 
alternate cycle of 12 h each of light and darkness. Before 
each test, the mice were subjected to fasting for 12 h. The 
study was approved by Jadavpur University Animal Ethics 
Committee.

The animals were placed inside the tube by opening 
the cap and faced towards the dosing chamber. The void 
space of the tube was entirely filled with cotton and the 
tube was capped immediately to stop the movement of 
the animal inside the tube. The space (if any) surrounding 
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the animal’s nose in the hole of the dosing chamber plate 
was filled with cotton to stop the flow of the dosage form 
in other parts of the box except the dosing chamber. 
Figure 1E shows the positions of animal noses in the  
dosing chamber and the rest of the animal body inside 
the tube.

The experimental parameters, which resulted the 
best deposition in in vitro experiment, were selected for  
in vivo studies. In vivo drug deposition of voriconazole in 
lungs was studied from two sets of experiments. One set 
comprised dosing of 50 mg of voriconazole mixed (1:3 
w/w ratio) with micronized lactose (150 mg) as used in 
in vitro study, using DPI device (Apparatus 2). Second 
set comprised of nebulizing the same amount of vori-
conazole solution (in 10% HPβCD) having concentration 
2 mg/ml at an air pressure of 0.5 kg-f/cm2.

After the completion of the dosing, the animals were 
sacrificed and the lungs were collected for drug content 
analysis. Lungs were processed by a method modified 
from a reported one18. Lungs were homogenized using 
tissue homogenizer with addition of normal saline (1:1 
w/w). 100 µl of tissue homogenate was taken and 20 µl  
of ketoconazole solution in acetonitrile (100 µg/ml) 
was added to it as internal standard. To this mixture, 
200 µl of acetonitrile was added. The mixture was kept 
in vortex mixer for 6 min followed by centrifugation at 
10,000 rpm for 4 min. The supernatant was reconstituted 
in mobile phase and was injected in HPLC for drug con-
tent determination. Percent in vivo drug deposition was 
calculated by dividing the drug deposited in lungs tissue 
by the average drug available for inhalation at the ports 
of the inhalation chamber as obtained from the in vitro 
studies.

HPLC method used for the study
The analysis of drug was carried out in a Perkin Elmer 
(Waltham, MA) high performance liquid chromatogra-
phy system using a validated method. The HPLC system 
consisted of a Perkin Elmer series 200 pump and a Perkin 
Elmer Series 200 UV/VIS detector set at wavelength of 
256 nm. Chromatographic separation was performed on 
a Perkin Elmer reverse phase C-8 column (37 × 6 mm, 5 
µm). Two different mobile phases were used for analysis 
of drug content during in vitro and in vivo studies. For 
drug content determination in in vitro study samples, 
the mobile phase was made of methanol: 10 mM tetram-
ethyl ethylenediamine buffer (TEMED), pH 6.0 at a ratio 
of 60:40 (v/v) and flow rate was maintained at 2 ml/
min. For analysis of drug content in tissue, the mobile 
phase was a combination of acetonitrile: 10 mM TEMED 
buffer, pH 6.0 at a ratio of 60:40 (v/v) and flow rate was 
maintained at 1 ml/min. The reason behind using two 
different mobile phases was mainly due to difference in 
the sample processing method for HPLC analysis. The 
data generated was analyzed with TC Win (version 6.2.0) 
software (Perkin Elmer). The drug content was calcu-
lated from the calibration curve which was developed as 
mentioned below.

For the construction of standard calibration curve for 
tissue analysis, 90 µl of lung homogenate was taken in a 
1.5 ml centrifuge tube. To this, 10 µl of standard voricon-
azole stock solution was added followed by addition of 
20 µl of 100 µg/ml of ketoconazole solution as internal 
standard. 200 µl of acetonitrile was added to the mixture 
followed by vortexing for 6 min and centrifugation for 
4 min. The supernatant thus obtained was reconstituted 
in mobile phase and injected in HPLC. The calibra-
tion curve was generated from a concentration range of 
0.334–5.25 µg/ml.

Statistical calculations
All statistical calculations were performed with GraphPad 
Instat version 3.0 (GraphPad Software, Inc., San Diego, 
CA). The data were analyzed by one-way ANOVA without 
post test to determine significant differences. Statistical 
significance was based on probability value of less than 
0.05.

Results

In vitro drug deposition study
Evaluation with DPI apparatus
PSD of the micronized voriconazole used for the study 
was 1.699 µm [d(0.1)], 3.048 µm [d(0.5)] and 5.828 µm 
[d(0.9)]. PSD of micronized lactose was 2.594 µm [d(0.1)], 
5.77 µm [d(0.5)], 11.93 µm [d(0.9)]. Test 1 performed with 
DPI Apparatus 1 could not fluidize the particle and hence 
test with this apparatus was not carried further. Test 2 
performed with DPI Apparatus 2 was found to deposit 
an average of 4.5–5 mg (Figure 2A) of voriconazole across 
the six ports of the inhalation chamber. Test 3 with DPI 
Apparatus 3 (total volume of 50 ml) was performed to 
understand the implication of enhancement in the flu-
idization chamber volume. The results (Figure 2A) show 
that average deposition across the six inhalation ports 
was 3–3.8 mg and the mean deposition of all the ports is 
significantly (p<0.05) higher than the mean deposition 
obtained from Apparatus 2. However, when depositions 
at individual ports were compared between DPI 2 and DPI 
3, depositions were higher across all the ports from DPI 
2 but only significantly (p<0.05) higher in ports 4 and 5.  
In the other ports, differences were not significant 
(p>0.05). Mass balance during DPI-use has been included 
in Table 2A. Amount lost during DPI-use was higher for 
DPI 3 in comparison to DPI 2.

In vitro deposition of voriconazole from voriconazole solution 
using nebulizer
Effect of various operating parameters on in vitro depo-
sition of voriconazole at different ports of the inhalation 
chamber was evaluated in this study. The drug deposition 
was studied with solutions having different concentra-
tions (Figure 2B). Three different concentrations, namely 
1, 2 and 5 mg/ml, were tested at a fixed air pressure, 
0.5 kg-f/cm2. Drug solution with a concentration of 2 mg/
ml resulted highest amount of drug deposition of ~2.0 mg 
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followed by 1.5 mg and 1.0 mg for drug solutions, 5 mg/
ml and 1 mg/ml, respectively. The average drug deposi-
tions from the different drug solutions were significantly 
(p<0.05) different from each other across the six ports. 

Figure 2C shows drug deposition with variable air pressures 
during nebulization. The study was conducted at three 
different air pressures, namely, 0.5, 0.8 and 1.0 kg-f/cm2 
at a fixed solution concentration of 2 mg/ml. The results 
show that the deposition was nearly uniform in all the six 
inhalation ports for every set of experiment conducted. 
A mean range of drug deposition of 2.0–2.25 mg was 
recorded with 0.5 kg-f/cm2 air pressure. The mean drug 
deposition values were found to be about 1.25 mg and 
1.0 mg for air pressures 0.8 kg-f/cm2 and 1.0 kg-f/cm2, 
respectively. Results of the experiment at each air pres-
sure shows that variation in drug deposition among six 
different ports was statistically not significant (p>0.05) 
from each other. However, statistically significant varia-
tion (p<0.05) was found when drug depositions were 
compared at the different air pressures studied. Dead 
volume remained in the nebulizer and mass balance are 
mentioned in Table 2B. Data show that there was little dif-
ference in dead volume remained in the nebulizer at dif-
ferent air pressures at different concentrations. However, 
the drug content corresponding to the dead volume var-
ied with concentration of the drug solutions.

Determination of MMAD and GSD of various samples
The MMAD and GSD obtained for various samples 
are shown in Table 3. MMAD (±GSD) of the nebulized 
droplets generated from solutions of three different con-
centrations at 0.5 kg-f/cm2 varied from 4.8 ± 1.61 µm to 
7.3 ± 2.65 µm. By increasing air pressure to 0.8 kg-f/cm2, 
MMAD was reduced to a minimum of 4.1 ± 1.25 µm to a 
maximum of 6.2 ± 2.23 µm and enhancement of air pres-
sure to 1.0 kg-f/cm2 reduced MMAD (±GSD) further to 
between 3.4 ± 1.19 µm to 5.8 ± 2.11 µm for different solu-
tion concentrations studied. MMAD (±GSD) obtained 
from DPI 2 and DPI 3 was found to be 4.6 ± 1.52 µm and 
5.3 ± 1.86, respectively. Depending on MMAD, RF varied 
widely from 34 to 73% in case of nebulizer and from 47 to 
54% in case of DPI as mentioned in Table 3.

Figure 2.  (A) Amount of drug deposited at different ports of the 
inhalation chamber using two different types of DPI (data as 
mean ± SD; n = 3). (B) Effect of solution concentration on drug 
deposition at different ports of inhalation chamber from the 
nebulizer (data as mean ± SD; n = 3). (C) Effect of air pressure used 
in the nebulizer on drug deposition at different ports of inhalation 
chamber (data as mean ± SD; n = 3).

Table 2.  Mass balance during use of DPI and nebulizer.
A: Mass balance during DPI use  

DPI design

Total dose 
dispensed 

(mg)

Amount 
collected in 

delivery ports 
(mg)

Percentage 
deposition (%)

Amount 
remained in DPI 

(mg)

Amount 
collected in 

dosing chamber 
(mg)

Amount lost 
during dosing (mg)

DPI 2 50 28.83 57.67 5.64 11.23 4.29
DPI 3 50 21.33 42.67 9.23 8.35 11.09

B: Mass balance during nebulizer use

Nebulization 
condition

Concentration  
(mg/ml)

2 2 2 1 2 5

Air pressure kg-f/cm2 0.5 0.8 1 0.5 0.5 0.5

Dose dispensed (mg) 50 50 50 50 50 50
Deposited at inhalation ports (mg) 13.27 7.25 6.55 5.56 13.27 8.78
Percentage deposition (%) 26.54 14.5 13.1 11.12 26.54 17.56
Deposited at dosing chamber (mg) 6.32 4.55 3.23 3.58 6.32 5.64
Dead volume in nebulizer (ml) 1.25 1.35 1.18 1.25 1.35 1.46
Amount corresponds to dead 
volume (mg)

2.5 2.7 2.36 1.25 2.7 7.3

Amount lost during dosing (mg) 27.91 35.5 37.86 34.05 14.44 19.5

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/3

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Inhalation chamber and a dry powder inhaler device  177

© 2012 Informa Healthcare USA, Inc.�

In vivo drug deposition
The drug deposition in lungs of the animals from both 
DPI device and nebulizer at six different ports of the 
chambers is shown in Figure 3. The drug deposition is 
plotted as voriconazole deposited per unit weight of lung 
tissue (µg/g) versus inhalation ports. The figure shows 
drug content at initial time point only. The average initial 
drug depositions from DPI and nebulizer were found to 
vary insignificantly (p>0.05) and the values were 80–130 
µg/g and 40–68 µg/g across the six different ports, respec-
tively. Average drug diposition from DPI was significantly 
(p<0.05) higher than that obtained with the nebulizer. 
Thus, in vivo drug deposition varied from 1.67 to 2.74% 
w/w of in case of DPI and 1.81 to 3.09% (w/w) in case of 
nebulizer when the data were compared with those from 
the in vitro drug deposition studies.

Discussion

In the present study, a nose-only inhalation chamber was 
designed using easily available materials. The device can 
hold up to six mice at a time for pulmonary dosing. Though 
polypropylene is known to cause electrostatic discharge, 
the authors did not notice any significant repulsion in 
presence of dry powder. Polypropylene made tube was 
earlier used as well by other research group for adminis-
tration of dry powder to animals10. Further, this chamber 
can be used with either a nebulizer or a DPI. The conven-
tional nebulizer for human-use can be attached with this 
chamber as shown in Figure 1E. However, the conven-
tional DPIs cannot be used for animals as those require 
positive inhalation. Therefore, we also designed a DPI 
that can be attached with the inhalation chamber to dose 
animals. Initially different designs were tried by variation 
of the positions of the delivery device and delivery ports. 
Variation of position of ports was found to alter the total 
volume of fluidization as well. Ports, at too low position, 
caused immediate escape of powder. Again, when posi-
tion of ports was too high, air pressure was insufficient 
to make the powder escape through the port. The best 
design out of the prepared ones was reported here. The 
bigger advantage of this inhalation chamber is that mice 
can be held inside the tubes with ease; and multiple mice 
can be dosed at a time. Though the device was used only 
for mice, but it can be adapted for other small animals 
by varying the size of the inhalation chamber and animal 
holding tubes.

The solubility of voriconazole in 10% HPβCD was 
~5.5–6.5 mg/ml and marginal improvement of solubility 
was reported by increasing higher cyclodextrin concen-
tration20. Hence the maximum concentration of 5 mg/
ml was selected to ensure a stable drug solution for 
nebulization. Two other lower drug concentrations were 
tested to observe how drug deposition efficiency varied 
with the concentrations of the solutions. However, drug 
concentration was not reduced below 1 mg/ml as lower-
ing drug concentration would increase HPβCD load in 
comparison to drug. Higher HPβCD load can influence 
the pharmacokinetics of the drug as well21. The MMAD 
of the nebulized droplets or powder generated from dif-
ferent formulations was found to be between 3.4 ± 1.19 
and 7.3 ± 2.65 µm. However, the formulations used for  
in vivo studies had a MMAD of ~5 µm, which is desirable 
for deep lung penetration. RF of this formulation was found 
to be 45%. Increasing nebulizer air pressure was found 
to reduce MMAD due to generation of smaller droplets 
at higher pressure. Reduction of MMAD was found to 
increase RF value of the nebulized dose. However, increas-
ing solution concentration enhanced the solution viscos-
ity and reduced the efficiency of the nebulizer to generate 
smaller droplets and hence MMAD was increased. The 
DPI 2 had better fluidization capacity due to optimal 
volume and location of the delivery port. MMAD of the 
particles obtained by using this apparatus was less than 
that of DPI 3. However, the variation was found to be 
significant (p>0.05) as the powder composition used.

Table 3.  Mass median aerodynamic diameter (MMAD) of different aerosol formulations.

Device Air pressure (kg-f/cm2)

MMAD (µm) at different Solution concentration (with data as mean ± GSD) along with the 
respirable fraction (RF) value inside bracket

1 (mg/ml) 2 (mg/ml) 5 (mg/ml)
Nebulizer 0.5 4.8 ± 1.61 (52.10%) 5.2 ± 1.72 (45.45%) 7.3 ± 2.65 (34.25%)

0.8 4.1 ± 1.25 (60.97%) 4.5 ± 1.43 (55.55%) 6.2 ± 2.23 (40.32%)
1.0 3.4 ± 1.19 (73.53%) 3.9 ± 1.34 (64.12%) 5.8 ± 2.11(43.10%)

Device MMAD (µm) (data as mean ± GSD) along with the respirable fraction (RF) value inside bracket

DPI 2 4.6 ± 1.52 (54.34%)
DPI 3 5.3 ± 1.86 (47.17%)

Figure 3.  Voriconazole deposition in lungs following DPI and 
nebulized dose administration of 50 mg equivalent voriconazole 
(data as mean ± SD; n = 3).
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The total deposition of voriconazole was found to 
be dependent on the DPI apparatus used. DPI 1 was 
found to be inefficient to fluidize the powder as effective 
volume of the fluidization chamber was low due to the 
position of the delivery port which was very near to the 
powder bed (Figure 1C). The dispensed powder from the 
delivery port formed agglomerated particles and most of 
the powder was out of the fluidization chamber within a 
short time. Hence, this apparatus was not suitable for fur-
ther evaluation. Deposition from DPI 2 was significantly 
improved and cumulative inhalable dose in six different 
ports reached ~57% of the total dose dispensed from the 
device. However, further increase of the volume of the 
fluidization chamber using DPI 3 apparatus reduced the 
cumulative deposited amount to 42% and it was signifi-
cantly (p<0.05) less than the deposition obtained from 
DPI 2. Hence, replacement of apparatus 2 with apparatus 
3 with a greater fluidization chamber failed to provide 
better deposition. This might be due to dislodgement 
of powder from the inhalation port over time using DPI 
apparatus 3 as it took more time to fluidize powder than 
DPI 2 because of having more volume.

Drug deposition from the nebulizer was maximum 
with lowest air pressure (i.e. 0.5 kg-f/cm2) used and it 
gradually decreased with the enhancement of air pres-
sure. However, the MMAD reduced gradually with 
increase of air pressure. Depending on the air pressure, 
the total drug deposited on cotton varied from a mini-
mum of 13.1% w/w to a maximum of 26.54% w/w of the 
total powder dispensed. During nebulization, portion 
of aerosolized solution in the inhalation chamber was 
deposited in the chamber and most of the part exhausted 
through the exit port of the chamber. At lower air pres-
sure, volume of air passed per unit time through the neb-
ulizer and subsequently through the inhalation chamber 
was less. This in turn increased the exposure time for unit 
volume of sample nebulized. This enhanced exposure 
time was responsible for lowering the fraction lost and 
enhanced the total powder deposited. Increasing the air 
pressure reduced MMAD, but fraction lost was increased 
due to higher flow rate. As a result, the total amount of 
powder deposited was reduced.

Drug deposition was found to be maximum when 
2 mg/ml voriconazole solution in HPβCD was nebulized 
at an air pressure of 0.5 kg-f/cm2 with the nebulizer in the 
fabricated inhalation chamber. Increasing or decreasing 
the solution concentration reduced the drug deposition. 
The minimum drug deposition values were 11.12, 17.56 
and 26.54% w/w for drug-solutions with the concentra-
tion 1, 5 and 2 mg/ml, respectively (Table 3B). This could 
be due to increasing solution concentration which might 
have increased the droplet-numbers per unit volume of 
nebulized dose and thereby increased drug deposition. 
However, further increase in solution concentration 
reduced the total deposition as fraction lost became 
higher compared to enhancement of drug deposition 
due to more droplets.

The difference in the drug deposition (µg of drug/g 
of tissue) obtained in animals in different ports was not 
significantly different (p>0.05) either in case of nebu-
lizer or DPI. The result corroborates the fact that the 
inhalation chamber along with the fluidization chamber 
delivered nearly same amount of drug in animals held 
at the different ports. Though, the total drug deposition 
was low from nebulizer, but percent drug deposition 
compared to inhalable dose appeared to be higher in 
value than that in DPI as inhalable dose from nebulizer 
was also low. However, the dose available for inhalation 
and the amount deposited in lungs are comparatively 
higher than the previous report10. The data presented 
here gives an interesting insight. The maximum total 
inhalable dose from DPI varied between 40 and 50%. 
However, the in vivo drug deposition depends on other 
factors as well such as particle aerodynamic diam-
eter, RF and animal breathing pattern22–24. Though, in 
terms of percentage, it looks less, however the amount 
of deposition was in the range of 50–100 µg/g of lung 
tissue which is predominantly higher considering 
pulmonary route of administration. Higher inhalable 
dose was available from DPI as compared to nebulizer. 
Further, required exposure time was more in case of 
nebulizer than DPI.

Conclusions

In vitro study showed that a uniform drug deposition  
was achieved among various inhalation ports both  
from nebulizer and DPI. In vivo comparative drug depo-
sition study in lungs showed that both nebulizer and 
DPI device can be used for uniform deposition of drug 
in lungs across the ports of inhalation in the chamber. 
The total amount of drug deposited both in in vitro and 
in vivo was higher when DPI was used as compared to 
nebulizer. Again, in the device the dose is available to 
multiple animals, uniformly among various inhalation 
ports using nebulizer/DPI. Though, this specific design of 
inhalation chamber represented here is suitable only for 
mice, either by altering the number of inhalation ports 
or altering the dimensions, it could be made suitable to 
accommodate more number of mice or for other small 
animals as well. Hence, the inhalation chamber and the 
DPI device may be used for investigation of pulmonary 
drug delivery in animal model.
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