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Summary 

Drug deposition from dry powder inhalers is dependent on each patient's inspiratory effort. The aim of this study 

was to use the inhalation profiles generated by COPD patients when they used a 200 µg budesonide plus 6 µg 

formoterol Symbicort
®
 Tubuhaler

® 
to determine the characteristics of the dose they would have inhaled. 

Inhalation profiles were recorded in COPD patients as they inhaled deeply and forcefully through an empty 

Symbicort
®
 Tubuhaler

®
 according to the instructions given in the patient information leaflet (PIL).The profiles 

were replayed by a breath simulator (BRS) using ex-vivo methodology including the Andersen cascade Impactor 

to identify the total emitted dose (TED), fine particle dose (FPD) and mass median aerodynamic diameter 

(MMAD) of the dose emitted from the inhaler. 

We have adapted the compendial method for the Andersen Cascade Impactor (ACI) to include a mixing inlet 

providing supplementary air to determine the aerodynamic dose emission characteristics of 200 µg budesonide 

plus 6 µg formoterol Symbicort
®
 Tubuhaler

®
 using COPD patient inhalation profiles. The results, using this ex-

vivo methodology, demonstrate that increasing the inspiratory flow rate clearly increases the TED and FPD. Also, 

the effect of inhalation volume is pronounced for patient groups that generated low and intermediate inspiratory 

flow rates (groups 1 and 2) compared to group those with higher flows (group 3).The result show that the 

deaggregation of the powder formulation is affected by the peak inhalation flow rate (PIF) and the inhalation 

volume (IV). The results show the value of this ex-vivo method to identify the type of dose the patient would have 

inhaled during real life use. 

Introduction 

It is widely accepted that the best route of administration for drugs in the treatment of airway obstruction, 

including asthma and COPD, is by inhalation. The clinical effect of inhaled therapy depends on the lung dose, its 

particle size distribution, the patients' inspiratory flow, inhaled volume and degree of airways obstruction [1,2]. 

The patient's inspiratory effort removes the dose from the DPI [3].This inhalation manoeuvre generates a 

negative pressure (or pressure drop) inside the inhalation channel of each device that is proportional to the 

applied flow and the device's resistance [4]. This de-aggregates the formulation so that drug particles small 

enough for lung deposition are inhaled. Inhalation flow has been shown to have an effect on the dose delivery 

and lung deposition of certain dry powder inhalers, particularly those with a high internal resistance and complex 

flow path, such as Turbuhaler
®
 [5,6]. It is important therefore to be aware of the flow rates and the nature of 

inhalation profiles that different groups of patients can generate through different devices. 

Our aim was to use an ex-vivo method to determine the performance of 200 µg budesonide plus 6 µg formoterol 

from Symbicort
®
 Tubuhaler

®
 using patient inhalation profiles. Hence the results provide an appreciation of the 

real life dose each patient would have received. 

Materials and Methods 

Recording COPD patient’s inhalation profiles 

Inhalation profiles of 21 COPD patients aged 55-73 with a mean age of 63, were measured when they each 

inhaled through a placebo Symbicort
®
 Turbuhaler

®
 DPI. Patients were given the PIL to read and received training 

with the emphasis on how to use a “deep and forceful” inhalation from the start. Each DPI was attached to an 

electronic pressure change (Built in house) monitor to record the inhalation pressure versus time profile. From 

each profile the measured inhalation parameters were; the peak inhalation flow (PIF), inhalation volume (IV), 

Inhalation time and the initial acceleration of the inhalation flow (ACC). Eventually, 9 profiles were selected and 

split into three groups based on their PIF as shown in Figure 2. 

 



 
 

Procedure to measure the aerodynamic dose emission characteristics of Symbicort
® 

Turbuhaler
® 

A schematic design of the ex-vivo methodology is presented in Figure 1. For inhalation profiles less than 60 

L/min, the ACI was initially set up with the arm of the mixing inlet (Copley Scientific Ltd., UK) closed to set the 

airflow to 60 L/min. The side arm of the mixing inlet was then opened to supplementary compressed air. The 

critical flow controller was operated at 60 L/min and the valve of the supplementary air was adjusted to achieve a 

flow rate of zero L/min through the mouth piece. In the meantime the flow through the ACI was maintained 

constant (60 L/min). For Inhalation profiles having a PIF≥60 L/min, flow rates of 90 L/min were used instead of 60 

L/min. These settings were used for each respective dose emission determination. Figure 1 illustrates how an 

inhalation profile of a patient is achieved through the DPI when placed in the mouth piece connected to the 

induction port.  

The amount of drug deposited in the ACI stages was analysed using a validated high performance liquid 

chromatography (HPLC) method. The Copley Inhaler Testing Data Analysis Software (CITDAS version 2.0) was 

used to calculate the aerodynamic dose emission parameters. 

 

 

Figure 1. Schematic design of the modified ACI methodology incorporating the mixing inlet showing how 

a patient inhalation profile is replayed by the BRS through a DPI 



 
 

 

Figure 2. Three sets of inhalation profiles, classified according to their PIF 

The 9 inhalation profiles used are shown in Figure 2. They have been placed into 3 groups depending on the 

inhalation flow. Each inhalation profile was replayed in the ex-vivo methodology with the inhaler in-situ. Five 

different Symbicort
®
 Turbuhaler

®
 devices were used for each determination. Using each inhalation profile one 

dose was discharged from each inhaler. The mean of five doses, therefore, limits any influence from 

unpredictable dose emission. Three separate determinations were made for each flow. After all the five doses 

had been discharged into the ACI, the residual amount left in each inhaler was emptied and captured into a DPI 

dose sampling unit (Copley Scientific Ltd, UK) using a flow rate of 90 L/min for 2.6 s, corresponding to an 

inhalation volume of 4 L as suggested by the pharmacopoeia [7]. 

Results and Discussion 

A summary of the mean (SD) aerodynamic dose emission characteristics of 200 µg budesonide plus 6 µg 

formoterol from Symbicort
®
 Turbuhaler

®
 at different inspiratory flows ranging from 26.37-67.13 L/min and 

inhalation volumes between 570-2530 mL is shown in Table 1, 2 and 3.  

For both budesonide and formoterol the emitted dose was 2-3 times greater at highest flow rate (~60L/min) 

compared to lowest inspiratory flow rate (~30 L/min), while the fine particle dose was 2-4 times greater for both 

formoterol and budesonide at highest flow rate (~60L/min) compared to lowest inspiratory flow rate (~30 L/min). It 

is clear from the results that increasing the inspiratory flow rate from group1 to group 3 increased the TED and 

FPD and decreased the MMAD from 3.40 to 1.60 µm for budesonide. This confirms the flow dependent dose 

emission that is a characteristic of this device. 

The effect of inhalation volume provides an interesting insight into the influence of this parameter. In Table 1 for 

the low inhalation flows from 26.4 to 29.4 L/min there is a large increase in the FPD and to some extent the TED 

but not the MMAD as the IV increase from 570 to 1640ml. Similar results were obtained for those using 

intermediate flows 42.6 to 49.96 L/min and volumes of 1090-2320ml. The effect of the inhaled volume was less at 

higher flows. The results suggest that inhaled volume has an effect on the characteristics of the emitted dose. 

Looking at the TED of group 3 (TED 129.50 to133.40 for budesonide) it can be concluded that the entire dose 

wasn’t removed from the metering cells of Turbuhaler
®
 when using the high inspiratory flow rate (~60L/min) and 

high inhalation volume (~2.5 L). Only about 64% of the nominal dose was emitted which is similar to that found 

by Tarsin et al., 2004. Therefore, the Symbicort
®
 Turbuhaler

® 
may require a high inspiratory flow rate in 

combination with high acceleration rate and inhaled volume to produce a sufficient turbulent energy and volume 

to completely deaggregate the powder formulation and empty the entire dose out of the device.  



 
 

Despite some patients have the same PIF, the way how they approached the PIF and how long the PIF is 

maintained at steady state was different from patient to patient (Figure 2). No patient was able to achieve the 

square wave profile generated by vacuum pump recommended by in-vitro using Pharmacopoeia methodology 

[7].   

Table 1. Mean (SD) aerodynamic dose emission of budesonide and formoterol at three different inhalation 

volumes ranged from 570-1630 mL at the fixed flow rate (<30 L/min) 

Group 1 Form 
(nominal dose:6µg) 

BUD  
(nominal dose:200 µg) 

a) Q= 26.37 L/min, IV= 450 mL, Acc=1.90 L/s²   

TED (µg) 0.94 (0.10) 67.85 (9.99) 

FPD (µg) 0.20 (0.01) 9.89 (0.72) 

MMAD (µg) 3.50 (0.15) 3.40 (0.14) 

Residual amount (µg) 3.98 (1.08) 108.46 (8.47) 

b) Q= 26.66 L/min, IV= 1070 mL, Acc=2.17 L/s²   

TED (µg) 1.06 (0.03) 68.88 (13.10) 

FPD (µg) 0.24 (0.03) 10.02 (1.89) 

MMAD (µg) 3.14 (0.71) 3.25 (0.71) 

Residual amount (µg) 4.06 (1.96) 113.46 (12.74) 

c) Q= 29.40 L/min, IV= 1630 mL, Acc= 1.87 L/s²   

TED (µg) 1.40 (0.01) 85.16 (8.52) 

FPD (µg) 0.28 (0.02) 16.77 (1.95) 

MMAD (µg) 2.85 (0.71) 2.45 (0.71) 

Residual amount (µg) 3.67 (2.46) 93.46 (8.47) 

 

Table 2. Mean (SD) aerodynamic dose emission of budesonide and formoterol at three different inhalation 

volumes ranged from 570-1630 mL at the fixed flow rate (40-50 L/min) 

Group 2 Form 
(nominal dose:6 µg) 

BUD 
(nominal dose:200 µg) 

a) Q= 42.59 L/min, IV= 1090 mL, Acc=1.49 L/s²   

TED (µg) 1.81 (0.07) 94.58 (3.03) 

FPD (µg) 0.64 (0.60) 31.53 (1.33) 

MMAD (µg) 1.10 (0.14) 2.60 (0.00) 

Residual amount (µg) 3.01 (0.53) 86.92 (1.91) 

b) Q= 48.94 L/min, IV= 1550 mL, Acc=3.02 L/s²   

TED (µg) 2.34 (0.11) 122.18 (6.49) 

FPD (µg) 1.09 (0.20) 41.94 (0.31) 

MMAD (µg) 1.70 (0.42) 2.55 (0.07) 

Residual amount (µg) 1.86 (0.84) 61.63 (0.99) 

c) Q= 49.96 L/min, IV= 2320 mL, Acc= 3.23 L/s²   

TED (µg) 2.98 (0.45) 117.64 (8.09) 

FPD (µg) 2.63 (0.12) 47.88 (4.39) 

MMAD (µg) 2.20 (0.28) 2.55 (0.07) 

Residual amount (µg) 2.01 (0.63) 65.24 (5.36) 

 

 

 

 

 



 
 

Table 3. Mean (SD) aerodynamic dose emission of budesonide and formoterol at three different inhalation 

volumes ranged from 570-1630 mL at the fixed flow rate (>50 L/min) 

Group 3 Form 
(nominal dose:6 µg) 

BUD 
(nominal dose:200 µg) 

a) Q= 58.25L/min, IV= 1110 mL, Acc=0.73 L/s²   

TED (µg) 2.63 (0.38) 129.55 (12.49) 

FPD (µg) 1.12 (0.26) 47.17 (0.44) 

MMAD (µg) 1.50 (0.00) 2.50 (0.00) 

Residual amount (µg) 2.01 (1.36) 49.77 (5.80) 

b) Q= 64.65 L/min, IV= 1850 mL, Acc=3.03 L/s²   

TED (µg) 2.83 (0.45) 133.40 (1.34) 

FPD (µg) 1.55 (0.32) 50.88 (2.41) 

MMAD (µg) 1.45 (0.07) 1.95 (0.35) 

Residual amount (µg) 2.35 (2.09) 41.72 (1.79) 

c) Q= 67.13 L/min, IV= 2450 mL, Acc= 5.15 L/s²   

TED (µg) 3.75 (0.03) 128.40 (2.18) 

FPD (µg) 2.56 (0.06) 52.77 (3.29) 

MMAD (µg) 1.05 (0.07) 1.60 (0.00) 

Residual amount (µg) 2.15 (1.83) 48.98 (2.58) 

 

Increasing the inspiratory flow rate when using a Symbicort
®
 Turbuhaler

®
, as expected, resulted in an increase in 

the emitted dose, fine particle dose and a decrease in the MMAD. The results also suggest that inhalation 

volume, as well as flow, have an influence on the characteristics of the emitted when used by a patient. The ex-

vivo methodology described in this report provides a realistic approach to identify the type of dose a patient would 

have inhaled during routine use. 

Conclusion 

The ex-vivo method provides an insight into the dose each patient would have received in real life. The results 

confirm the flow dependent dose emission of the Turbohaler
®
 and suggest that at low / intermediate flows the 

inhaled volume may also has some effect on the drug delivery characteristics from this device. This methodology 

uses real patient inhalation flow profiles to identify the characteristic of the dose that patient would have received. 

The results suggest that inhalation volume with respect to dose emission from DPI should be investigated. 
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