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ABSTRACT 

The aim cf the present study was to ,fhrmulate stabilized suspension-iype metered- 
dose inhalrition aerosols, und to  c.xcimine the connection between the slubiliziiig 
additives and the oplimal particle size. For the stubilization ofthe suspended parti- 
cles, hyrlrophilic- and ~iydr~,phobic.-type additives were applied. Oleil oleate was 
selected as a hydrophific anionic surfur.tunt, and the hydrophobizing agent was 
dimethyl .sibxane polymer. The e&.t of the amount .f tht. upplied hydrophilic and 
hydrophobic additives on the optimal particle size was modeled by a second-order 
polynomial equation$tted to the clutu gathered by u face-centered central composite 
stutisticul design. We found that I f  the proper type and amount of additives are 
selected, it is possible to acquirt. the therapeutically best composition. 

INTRODUCTION inhalation therapy, aimed at reducing particle size of in- 
haled drugs and increasing lung deposition, were dis- 
cussed by several authors ( 1  -3). 

For optimum metered-dose inhalers (MDIs) perfor- 
rnance, the drug should be delivered in a uniform dose 

The bioavailability of inhalation aerosols is basically 
determined by the particle size range of the active com- 
pound in each single dose. Potential areas of research in 
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of the correct size range to allow penetration of the lung. 
Davis and Bubb proved that the particle size is dependent 
on relative humidity; the greater the humidity, the larger 
the mcasured size (4). The suspended drug particles have 
to be within the respirable range of I--10 pm for the in- 
haler to be effective (S,6). 

A btable, well-dispersed suspension or an easily dis- 
persible suspension is required to meet these criteria. Sur- 
factants such as lecithin, oleic acid, or sorbitan tri- and 
mono-oleate are therefore normally added to stabilize the 
formulation (7,s). 

The main objectives of the present work were to ex- 
amine the connection, both experimentally and with 
mathcmatical model, between the additives of various 
types and the optimal particle size of MDIs. 

MATERIALS AND METHODS 

Materials 

Sodium cromoglycate (EGIS, Hungary, batch number 
538 130501), oleil oleatc (Select Chemie AG, Germany, 
batch number 30/287), dimethyl siloxane polymer DC 
200/1000 (Dow Corning, France, WCO 353OS), 1 , I  ,1,2- 
tetrafluoroethane (HFC 134a, ICI, Belgium, batch num- 
ber R B  95-002), and dehydrated alcohol (USP 23, Merck 
Ltd., Germany, batch number 23666986) were used. 

Sample Preparation 

The given amount of oleil oleate, dimethyl siloxane 
polymer DC 200/1000, and the active compound were 
dispersed in dehydrated alcohol by Ultra turrax mixer 
(Ika-Werk, type: T45, Janke & Kunkel) at 1400 rpm. The 
homogeneous suspension was poured into an aluminum 
can (3M Health Care, U.K.) with a 20-mm neck finish. 
The metering valve (Valois, France, DF 30/50) was 
placed on the can and was closed with a crimping 
machine (Pamasol, Switzerland, type 2002). Finally, 
the proper amount of propellant was pressed into the 
cans with a propellant filling machine (Pamasol, type 
201 1/7). 

Particle Size Analysis 

A Malvern Master Sizer X particle size analyzer 
(MSX 5 unit/mount, serial no. 6361, Malvern Instru- 
ments GmbH, Germany) was applied for the particle size 
analysis of the samples. Five doses of the previously 
well-shaken sample were fired to waste and the sixth dose 
was discharged through the beam path to the MSX 5 ana- 

Table l 

Experimental Design with Factors and Their Levels 

XI X2 

Surface- Active Hydrophobizing 
Ingredient Agent 

Levels (% w/w) (% w/w) 

Lower (-) 0 0.07 
Base (0) 0.1 0.14 
Higher (t ) 0.2 0.2 1 

lyzer to measure its particle size distribution. The results 
of five measurements were averaged. The MSX 5 mount 
was installed in three directions. The three precise me- 
chanical locations ensure the identical registration of 
each result. 

Statistical Experimental Design 

A two-factor, three-level face-centered central com- 
posite design (9) was applied to construct a second-order 
polynomial model describing the effect of formulation 
factors (surface active ingredient, hydrophobizing agent) 
on the product characteristic (proportion of the effective 
particle size). The two factors as well as their levels are 
shown i n  Table 1. The levels for each parameters are rep- 
resented by a (-) sign for the lower level, a (+) sign for 
the higher level, and by (0) for the base level. 

Tablecurve 3D (Jandel Scientific) software was ap- 
plied for the multiple regression analysis. The expected 
form of the polynomial equation is as follows: 

y = b,, + blx, + bzxl + bI& + b& + b l 2 ~ 1 ~ 2  (1) 

where y is the response, x are the factors, and b parame- 
ters denote the coefficients characterizing the main (b,, 
b?), quadratic (b , , ,  bZ2), and interaction (bI2) effects. 

RESULTS AND DISCUSSION 

Figure 1 indicates the percent amount of the particles 
of optimal size (4 10 pm) as a function of the concentra- 
tion of the hydrophobizing agent. The measured values of 
the effective particles as a function of the hydrophobizing 
agent formed a maximum curve. The profiles of the three 
curves are similar to each other, and are independent of 
the applied amount of surfactant. The highest percent val- 
ues of the effective particles were attained when the aero- 
sol was prepared without surfactant. In this case the hy- 
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Figure 1. Percent amount of the cffective particles (5  10 pin) 
;I a function of the concentration of [he hydrophobizing agent. 
( a )  Without surfactant; (b) 0.1% w/w surfactant (oleil olcate); 
( c )  0.2% w/w surfactant (oleil oleate). 

drophobic additives of various amounts were exclusively 
applied for the hydrophobization of the active compound, 
whereas in the presence of surfactant, the utilized addi- 
tivc hydrophobized all of the compounds of the system. 

Figure 2 demonstrates the effect of the concentration 
ot' oleil oleate and dimethyl siloxane polymer on the 

quantity of the effective particles. The connection be- 
tween the amount of the hydrophobizing agent, the sur- 
factant concentration, and the quantity of the effective 
particles can be described by a second-order polynomial 
model. The resultant equation obtained after signiticance 
test at 95% confidence level, represents the effect of for- 
mulation factors (x,, x2) on the optimal particle size 
(smaller than 10 ym) measured by the particle size ana- 
lyzer. 

(2) 

The positive sign of the coefficients refers to an increas- 
ing effect, whereas the negative sign indicates a decreas- 
ing effect on the corresponding response. Table 2 sum- 
marizes the measured and the predicted valuer of the 
particles smaller than 10 ym diameter. 

The more polar the solid material, the more unfavor- 
able the liquid-surface interaction becomes; thus floccu- 
lation is increasingly favored (6). The increased floccula- 
tion of the polar active compound (sodium cromoglycate) 
resulted in  a decrease in the proportion of the effective 
particle size, when the applied additive was only the 
surface-active anionic oleil oleate. The hydrophobizing 
agent and the surfactant added to the system modify inter- 
particle forces and stabilize the suspension. Because of 
the increased charge stabilization or steric stabilization 
of solid particles (1 0), the proportion of the effective par- 
ticles increases. The positive value of the interaction co- 
efficient (hI2 = 122.5) refers to the stabilizing effect of 

y =z 11.41 - 51.53~1 + 423.18~2 
+ 109.5~: - 1402.04~2 + 122.5~1~2 

42.5 

40 

37.5 

i 132.5 

0.175 
Dc200/1 OOO Oleil oleate (O/owh) (Y0wh-V) 

Figure 2. Effect of the hydrophilic surface-active ingredient and the hydrophobizing agent on the effective particle size. 
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Table 2 

Randomized Murrix of’ the Two-E‘uctor, Three-Level Fuce-Centeted Centrul Composite Factorial 
Design (Averuge of Six Parallels) 

Controlled 
Factors Response Parameter 

~ _ _  
Trial XI X! Measured Predicled :+Residual (%) 

Fedina et d. 

t 

0 

0 
+ 
0 
+ 

- 

- 

- 

0 
- 

- 

+ 
0 

+ 
+ 
0 

- 

41.17 
34.94 
30.14 
38.64 
41.31 
30.00 
37.31 
37. I 3  
42.21 

thc two interacting additives. As a result of this effect, 
the proportion of the effective particle size increases 
along with the positive quadratic effect (b , ,  = 109.5) of 
the surface-active ingredient. 

The positive value (h? = 423.18) of  the hydrophobiz- 
ing agent coefficient (xz) refers to the main effect of the 
agent, because the negative quadratic effect (hzz = 

- 1302.04) of the same factor is not so dominant within 
thc selected concentration range (Table 1 ) .  The higher 
the concentration of the hydrophobizing siloxane poly- 
mer, the smaller the proportion of the effective particle 
size. The negative value (b ,  = -51.53) of the polar 
surface-active ingredient (1,) indicates the decreased 
amount of the particles of optimal particle size. 

CONCLUSIONS 

A nonlinear model was found to describe the effect 
of the amount of surfactant and that of the hydrophobiz- 
ing agent on the quantity of the effective particle s i a .  

For the stabilization of the examined suspension-type 
aerosols, it is more favorable to apply hydrophobic addi- 
tive rather than convcntional surfactant to obtain the thcr- 
apeutically best composition. 

40.68 
34.16 
30.96 
38.45 
40.83 
29.95 
36.96 
37.67 
43.18 

1.19 
2.22 
2.73 
0.49 
1.15 
0.16 
0.93 
I .45 
2.29 
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