An In-Silico Investigation of Formulation and Droplet Size Effects on the Aerodynamic Particle Size
Distributions of Suspension Pressurized Metered Dose Inhalers

James W. lvey, Reinhard Vehring

Department of Mechanical Engineering, University of Alberta, Edmonton, Canada

Introduction Results Conclusions

Solution Droplet

» Effective treatment f MDI ires d | with | d ' — . :
SELVE Treatment Wom pr 7> FEQUIFes Ctls acrosol with smdll asrodynamic - O—dy =9 um, d g = 1 um » The model accurately predicts the APSD of real
particle size distribution (APSD) da (dy, Pp, X) L 4.0 - 0,50 50 . . . _
= Solution pMDls: one particle / droplet; atomized droplet size <> drug APSD; =) . Z - : O~ do5 =9 UM, dy 50 =3 UM suspension PMDlS, enabllng raP'CI eXP|OI‘atI0n of the
drug APSD tunable with nonvolatile additives [1] 5 S 35 ball jo,so - 26”&"550 '_54”::“ formulation parameter space in silico.
_ . _ . , : : = 1 [V %0~ » A150 = _ e
iJsI\Zigzlzn pMDJ:.Ag4e1\;;rglly < 1 drug particle / droplet; production of multiplets ¢ § 3.0 » Curve flttlng enables utilization of results b)’ those
pMDI Sp . ~ | . . oo,
Suspension Droplet 7 =
= Stochastic models are capable of quantifying multiplet-driven coarsening [2-8] P P S S 25- without access to the full mOdeImg capabllltles.
= Coarsening worst for high dose suspensions or very fine suspended phase da(dy, P P> Xagg) § — Simulation,11.8 mg/mL & - > The extent of partlcle SIZz€ coarsening due to the
= A stochastic model was developed to further explore these effects, and an =) ‘ = ©  Experiment, 11.8 mg/mL ; 2.0 - presence of multiplets depends not only on droplet
analytical equation was derived for general use. = <> Elmulguon, 0.9 mg/mL = ' : d ] : d d : h
3 xperiment, 0.9 mg/mL 1.5 1 size, drug particle size, an rug concentration, but
—— Simulation, 1.9 mg/mL : . . .
_/ 1 Experiment, 1.9 mg/mL == also on the breadths of the distributions of drug

particles and droplets.
» This finding is especially relevant for high dose
suspension pMDIs or those containing ultrafine

] I I ] L] I L] 1 I T I lllll

Materials and Methods 1 10 0.1

Aerodynamic Diameter (um) Csp (Mg/mL)

"= A stochastic model was developed in C++ to Model results are in good agreement with time-of-flight APSD ~ Growth factor I' = MMAD,vp1/MMADg,, depends on particles
. . . Sorted Array of 10°- 10’ . . . . . ) . . .

simulate random sorting of suspended particles [ * o o ] Atomized Droplet measurements of suspension pMDlIs with varying suspension suspension concentration and drug:droplet size ratio. Results S Th Its indi h ble d deli ih

into atomized droplets Volume-weighed concentration for GSDy = 2.1 and GSD, = 1.8. € results Iindicate that repeatable drug aelivery wit
* Droplets and particles were assumed to be P fondom fssenment suspension pMDIs requires tight controls on

spherical with lognormally distributed diameters [ y D ... @ | mortupeed 4.5 GSD, | GSD,, 5.0 - : microcrystalline drug particle size distribution and
= Based on user inputs, the number of suspended . Fe—TET7E - 5 A . . . .

particles in the simulation was calculated using the | proplet Drying 4.0 - — 1'5 1'7 _ g_ 4-5'5 . 0,6 O factors Inf|uenC|ng the atomized droplet diameter

Hatch-Choate conversion equations [9] P o 1l—m—1.5]2.1 g 4.0 - g % N:Iistribution. /
= Particles were assigned to droplets using a [ ’ LA " ] Singlets and Maltplets I 35- 1.8]1.8 = 351

volume-weighted random assignment scheme Compute Volume-equivalent = - 21115 > 5

1 Diameters 2 3.0 —8—2111.8 LL] 3.0 s 0

* |In rare cases where suspended phase volume | ~ a5 1121 : : - References

exceeded droplet volume, droplet volumes were [ : ® o 0 0 . ]A“ay"fvs"éf;;eq““’ale‘“ S 5. 1< <Dt 2.5

: , _ a. _ = 3

increased : Voi;neW VOi t qui SC 50 = 20 : [1] Lewis DA, Ganderton D, Meakin B, Brambilla G: Modulite® : A Simple Solution to a Difficult
+ For multplets, packing effects were neglected by S 20 > 15! obiom. Repian 200573 55

coalescing particles into a single larger sphere of = . ' = 9 : ) [2] Gonda I: Development of a Systematic Theory of Suspension Inhalation Aerosols. I. A

9-36 um s = L .7 Framework to Study the Effects of Aggregation on the Aerodynamic Behaviour of Drug Particles.
equal volume ' _ . L7 ! | . _
‘ , 0.5 K nternational Journal of Pharmaceutics 1985,27:99-116.

. Droplets were evaporated and the volume Droplet geometric standard deviation GSD, 1.5 -2.1 1.0 1 .~ [3] Clark AR: Optimizing High Dose pMDI Performance - Challenging and Improving Existing

equivalent and aerodynamic diameters were N ] L 0.0 4+ S e s s e Ry e s e s Therapy. Respiratory Drug Delivery 2008; Edited by Dalby RN, Byron PR, Peart |, Suman JD, Farr §J,
. 5 Suspended phase concentration cg), 0.06 - 256 mg/mL 0.01 0.1 1 10 100 00 05 10 15 20 25 3.0 35 4.0 45 5.0 Young PM.VCU; 2008:291-298.
computed: d,. =— 3, / Vsp- , dy, = /—* d,. : : [4] Ivey J,Vehring R:The Use of Modeling in Spray Drying of Emulsions and Suspensions

T l l P l Suspended phase density p 1365 kg/m’ Nsp / NO pMDI MMAD, Simulation (um) Accelerates Formulation and Process Development. Computers & Chemical Engineering 2010,

34:1030-1035.
Suspended phase mass median diameter d), 5, bl = Sl [E For constant GSD, and GSDSp, growth factor collapses onto a A nonlinear least squares fit (adj. R* = 0.96) to a training data [5] Stein S, Sheth P, Karayiannis C, Chiou H, Myrdal P: Modeling MDI Delivery: A Priori Predictions,
- - - . set provides reasonably accurate predictions of subseauent Empirical Models and Experiments. In Respiratory Drug Delivery 2010; Edited by Dalby R, Byron P,
SUS:;S:ONEé Suspended phase geometric standard deviation GSDs, BN single CUI"VG. when plotted agam?t the drug particle : droplet simLITIation uns: the fityenables mCI)Ddel rasults to be uti(;IiZEd b Peart J, Suman J, Farr S,Young PVCU; 2010: 353-364.
™~ number ratio. The growth rate is highly dependent on the . ’ . . 4 [6] Stein SWV, Sheth P, Myrdal PB: A Model for Predicting Size Distributions Delivered from pMDls
= Model It d t . tally det ined APSD f breadths of the droplet and drug particle size distributions. those without access to the full mOdeI'ng capabllltles. with Suspended Drug. International Journal of Pharmaceutics 2012,422:101-115.

30 L(E:\:":FI’WOBREF;{T'ON ode ‘resu S Were. compa.re O experimen a y determine S © [7] Sheth P, Stein SW, Myrdal PB: Factors Influencing Aerodynamic Particle Size Distribution of
suspension PMDIS with varying drug concentration and known droplet and Suspension Pressurized Metered Dose Inhalers. AAPS PharmSciTech 2015, 16:192-201.
suspended phase size distributions > Predictive Eq uations for SUSPenSiOn PMDI MMAD [8] Stein SWV, Sheth P,.Younis US,.MogaIian E, Myrdal PB: Modeling and Understanding.Combination

SAMPLING = Sprays were allowed to evaporate fully at ambient lab conditions in a large ] 3 3 1.03GSDq/GSD I?;’!BDJSFSOQT:;WO“S with Both Dissolved and Suspended Drugs. Molecular Pharmaceutics 2015,
. . . . . . . . O S . = .
l V.O|ume chamber prior to sampllng with a tlme'Of'ﬂ'ght aerOdynamlc Partlde NS Cs dOJSOeXp(— 71112 GSDO) MMAD MDI NS P [9] Hinds WC:Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles.
TSI sizer (Model 3321, TSI, Shoreview, MN) _ 5P — P P — 0939 ln b 342 2nd edn. Hoboken, NJ:Wiley; 1999. /
N, p 3. MMAD N,
\ - : )/ Respiratory Drug Delivery 2018, Tucson,AZ, USA




