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INTRODUCTION
This study investigates whether it is the formulation or the device that is key to the dispersibility. Due to a higher throat and pre-separator deposition, the fine particle fraction is substantially lower
Three marketed DPI products were analyzed, see Figure 1, whereafter formulations were ‘switched’ for Easyhaler. This can be explained by the presence of cyclone-type de-aggregators in both
between the devices. To confirm the main findings, ‘prototype’ formulations were produced with Novolizer and Spiromax, while Easyhaler has a straight mouthpiece channel which provides limited
the same API (budesonide) and lactose carriers of three different sizes. impaction of the powder with the device walls.
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API Formoterol fumarate zed in Table 3. The Easyhaler formulation, filled into Novolizer, disperses well with an FPF of almost

dihydrate**

50%, while the Novolizer formulation filled into the Easyhaler device shows very poor dispersion.
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abel ¢ a':n (”g/.d ose) 00 00 00 &4.5 . The findings clearly indicate that it is the device that dominates the dispersibility, and that the Easy-

Flow rate* (L/min) 80 40 63 regarding the three o |

Actuation time (sec) 3 6 38 DPI prodlucts haler formulation is not a poor formulation.
“Flow rate giving 4kPa pressure drop. Table 3. Key data obtained from NGI analysis of original, switched and prototype formulations.
“*Formoterol was disregarded in this study.

Original Switched Prototype formulations
EXPERIMENTAL Device Novolizer Easyhaler Spiromax | Novolizer | Easyhaler Novolizer Easyhaler
Formulation Novolizer Easyhaler Spiromax Easyhaler | Novolizer Inh70 | LH100 | SVO03 | Inh70 | LH100 |SVv003
. = = Delivered dose* 178 245 134 208 131 225 219 222 125** 204 245

Materials and mixing process rrr<s0um (%] | 469 | 182 s00 | st | 22 | aso| st |9 | 26 | 4s | 11
For ‘prototype’ formulations lactose carriers Lactohale LH100 and Respitose SV0O03, DFE Pharma, *Delivered dose = Sum of dose delivered to NG

Germany, and Inhalac 70, Meggle, Germany, were used. These were blended with 2.0% of micro- ““Lower doss than expected due to poor illing in one replicate (FPF was unaffectsd)

nized budesonide in a Turbula T2C blender (W. Bachofen, Basel, Switzerland). The APIl was sand-
wiched between the lactose carrier and blending was performed at 2 x 10 min with sieving through W
0.71 mm halfway, to disintegrate aggregates. The batch size was 50 g and the operating speed = a0 I
was 48 rpm. g 60
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Original products were handled according to their patient instruction leaflets. For switched and pro- nlet P51 234567 MOC Filter Novolizer device filled with
totype formulations, all inhalers were shaken before loading to ensure appropriate dosing. For each :f:f;gj()f;:!:; N ':;2;01:::1':;2:::;‘1:; Inhalac 70, Lactohale 100 and
NGI run, six consecutive doses were withdrawn to the NGI at a flow rate corresponding to 4 kPa, Respitose SV003 formulations.

see Table 1. NGl cups were coated with Brij/Glycerol to prevent bounce. Deposited budesonide NG| data for prototype formulations in the Novolizer device are compared to the original Novolizer

was quantified using isocratic HPLC. NG tests were run in duplicate for all batches. in Figure 4. All formulations disperse well, with a trend towards higher FPF for larger carriers. It is

believed that a larger carrier will collide more frequently before leaving Novolizer, due to the centrifu-

RESULTS AND DISCUSSION gal forces acting in the cyclone. Key performance data are given in Table 3.
Particle sizing

The results from particle sizing are summarized in Table 2. It can be concluded that the Novolizer _ ig
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formulation has the largest carrier, followed by the Spiromax formulation and the Easyhaler formula- = 140
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tion. For the Easyhaler formulation, the D10 value is particularly low, pointing to the presence of fine 3 100 Figure 5 - distribution of
lactose in the formulation. The Novolizer formulation, on the other hand, has a very high D10 value. o 80 I budesonide from NGI analysis
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E°"°h'zler - - o - Table 2. Particle size data for the =, Wa SN Y IOUD Easyhaler device filled with
S ' ' original products and for lactose et B s s e 7 WBE e nhalac 70, Lactohale 100
Splromax 17 89 152 1.5 ' m Original Easyhaler m IH70 formulation in Easyhaler and RGS,OITOSG SVOOS
Inhalac 70 135 215 305 0.8 carrier grao’es used for the ,OI'OTO- m LH100 formulation in Easyhaler m SVO03 formulation in Easyhaler ,
Lactohale 100 58 132 214 1.2 type formulations obtained using formulations.
Respitose SV003** 31 61 95 1.0 Mal M , S
aivern Mastersizer o. In the Easyhaler device (Figure 5), all prototype formulations gave lower fine particle fractions than

*Span is calculated as (D90-D10)/D50.

“Data from the suppliers. the original Easyhaler. A trend towards higher FPF for a smaller carrier particle size can be obser-

ved (see Table 3). This is likely due to the presence of carrier fines in Respitose SVO03 and added

Aerodynamic particle sizing lactose fines in the original Easyhaler product [1-3].
The results from NGI analysis of the three original products are shown in Figure 2. All products give
a wide budesonide distribution over the NG| stages. CONCLUSIONS

The results indicate that the device is more important than the formulation when it comes to achie-

. § ving a high fine particle fraction. Devices containing a cyclone produced considerably higher fine

particle fractions than the device with a straight mouthpiece channel, independently of formulation.
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As regards the effect of carrier particle size, different trends were observed for the two investigated
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inhalers. In Novolizer, formulations with a larger carrier performed better, while the opposite was
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observed for Easyhaler. For the latter, the presence of added fine lactose particles and/or carrier
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fines is believed to be the main explanation.
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