
Discriminative in vitro dissolution 
testing for orally inhaled drug products

Tanswell-based system

Masahiro Sakagami, Ph.D.
Department of Pharmaceutics

School of Pharmacy
Virginia Commonwealth University



Disclaimer

Views expressed in this presentation do not 
necessarily reflect the official policies of the 
Department of Health and Human Services, 
nor does any mention of trade names, 
commercial practices or organizations 
imply endorsement by the United States 
Government.
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Project goals & objectives
 Develop a discriminative dissolution test method 

for the “respirable” aerosol drugs of OIDPs

 Determine the fluid capacity-limited dissolution 
rates of the “respirable” ICS aerosol particles 
for commercial and investigational OIDPs

 Examine whether the in vitro dissolution rates 
are correlated/extrapolated with the lung 
absorption rates in humans for investigational 
OIDPs of fluticasone propionate (FP) 
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Donor

Receptor Transwell insert

Transwell base

7 cm NC filter membrane
with drug deposits, faced down

Transwell
supportingDissolution and permeation

          

PC membrane

Simulated lung lining fluid (sLLF) with 0.02 % DPPC
10 ml as aqueous dissolution fluid

(0.4 µm pore)

Transwell dish-based dissolution 
test for “respirable” aerosols

Placed in the incubator at 37 oC and near 100 %RH

Aqueous receptor fluid 15 ml



   

Donor

Receptor Transwell insert

Transwell base

Aqueous receptor fluid 15 ml

7 cm NC filter membrane
with drug deposits, faced down

Transwell
supportingDissolution and permeation

          

PC membrane

Simulated lung lining fluid (sLLF) with 0.02 % DPPC
10 ml as aqueous dissolution fluid

(0.4 µm pore)

Transwell dish-based dissolution 
test for “respirable” aerosols

- sLLF for high-to-intermediate solubility ICSs
- sLLF + 1 % TPGS for low solubility ICSs

<TPGS>

Tocopherol

PEG

Hydrophilic
Hydrophobic



OIDPs and ICSs
Corticosteroid Inhaler

(MDI / DPI)
ACI flow

rate [l/min]
Solubility [µg/ml] 

Flunisolide (FN) MDI 28.3 140 ND
Triamcinolone 
acetonide (TA)

MDI 28.3 26 ND

Budesonide (BD) MDI
DPI

28.3
60.0

15 ND

Fluticasone 
propionate (FP)

MDIs
DPIs

28.3
60.0

0.14 20.7

Beclomethasone
dipropionate (BDP)

MDI (CFC)
MDI (HFA)

28.3
28.3

0.13 44.2

Mometasone
fuorate (MF)

MDIs
DPI

28.3
60.0

0.05 22.4

Ciclesonide (CIC) MDI 28.3 0.03 17.0

H2O 1 % TPGS

ND: Not determined



Sample analysis and data

 Drug deposit = total drug mass recovered from the 
receptor and the donor at the last sampling time

 HPLC-UV analysis to determine drug mass: 
- transferred to the receptor at each sampling time 
- remaining in the donor at the last sampling time 

 % Drug dissolved and transferred to the receptor
(Cumulative mass transferred to the receptor)

=
(Transferrable drug mass)

x 100

10 ml

15 ml

<Transwell dish>

Donor

Receptor

- FN, TA, BD: sLLF: drug deposit x 0.6
- FP, BDP, MF, CIC:   sLLF + TPGS:   drug deposit



Flunisolide (FN)

<Solution vs. Aerosol> <Effect of aerosol mass>
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Triamcinolone acetonide (TA) and 
Budesonide (BD)

<FN vs. TA vs. BD aerosol> <BD: MDI vs. DPI>
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BD: DPI-180 2shots

Time [h]
0 1 2 3 4 5 6 24

%
 d

ru
g 

tra
ns

fe
rre

d

0

20

40

60

80

100

FN: MDI-80 2 shots
TA: MDI-200 2 shots
BD: MDI-80 2 shots



<MDI vs. DPI>

Fluticasone propionate (FP)

Time [h]
0 1 2 3 4 5 6 7 8 9

%
 F

P 
tra

ns
fe

rre
d

0

20

40

60

80

100

FP: MDI-220 1 shot
FP: DPI-250 1 shot

<FN vs. FP aerosol>
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Beclomethasone dipropionate
(BDP)

<FP vs. BDP> <MDI: CFC vs. HFA>
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BDP: MDI (HFA)-40 5 shots
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Across-ICS comparison
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 Assumptions:

Profile analysis for kdiss estimation

-Two sequential first-order processes of dissolution 
and permeation

Dissolution rate constants (kdiss) can be separated 
from permeation rate constants [reflected by FN 
and held consistent across ICSs], based on the 
additivity of their MRT* or 1/k

-

+kapp,FN

1
kdiss,ICS

1
kapp,ICS

1
=

*MRT: mean residence time
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FDA OGD-FPs from DPI

60 l/min x 4 s
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On-going and future work

 Lung disposition modeling 
analysis for 3 OGD-FPs from 
DPI with their systemic 
pharmacokinetic (PK) profiles

 Dissolution profile determination for the 
“respirable” aerosols of 3 OGD-FPs from DPI 
and estimation of their kdiss values

*Sakagami: RDD 2014 143-153 (2014) 

Lung

Dose-to-Lung

ka
knal

Systemic distribution 
and elimination PK*

 Correlation between in vitro 
kdiss and in vivo ka



Conclusions
 Discriminative in vitro dissolution test method for 

the “respirable” drug aerosols of OIDPs yielded 
different dissolution rates among ICSs

 The first-order dissolution rate constants were 
correlated with the solubility, yet indistinguishable 
for a given ICS among commercial OIDPs

 The method may be useful to examine “non-sink” 
dissolution rates for the “respirable” aerosols of 
poorly soluble “soft” ICSs (e.g., FP) for the 
bioequivalence (BE) assessment



Thoughts and future directions

ICS Solubility [µg/ml] Mean absorption time* [h] ICS type
FP 0.14 5.3-7.1 “Soft” drug
BDP 0.13 0.6 Prodrug
MF 0.05 4.1 “Soft” drug
CIC 0.03 0.5 Prodrug

 “Sink” dissolution may still occur for prodrug ICSs with 
poor solubility (BDP and CIC) due to local metabolism

*Whelan et al., 2006; Möllmann et al., 2001; Sahasranaman, 2004; derived from Nave, 2010

 “Non-sink” dissolution rate assessment should be 
unique and relevant to in vivo

 Dissolution for differently micronized FP (e.g., D50 = 2 
vs. 4 µm) would be of interest
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