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Effect of Loaded Dose on
Delivered Dose in Dry Powder Inhalers
Inhalation

SV010

f

Nas

LH100

0.10±0.01

47±17

SV010

0.14±0.01

67±17

Young et al5

0.19

58±6.5

with
FPD the fine particle dose4,
LD
the loaded API dose and with,
f 	the probability of detachment of a API particle
from the lactose surface,
m
the (average) mass of a drug particle,
Nas 	the average number of drug particles that do not
detach from the lactose surface,
N
the total number of carrier particles in a blend.

Table 1: Particle size distribution of Lactohale100,
Respitose SV010 and Fluticasone proprionate (FP).

Fluticasone Proprionate (FP)

d10 (µm)

d50 (µm)

d90 (µm)

38

100

157

Respitose SV010

51

111

177

FP

0.9

2.1

4.1

LH100

Formulations were prepared by blending 40 g of lactose
with 0.02-2% (wt/wt) of FP in a Turbula blender.
Content uniformity was checked by sampling 10 random
aliquots of 25 mg and quantifying the drug content in
each aliquot.
In vitro testing was performed by hand filling size 3
HPMC capsules (Qualicaps, Spain) with 25 mg of the
formulations. The capsules were loaded in a Cyclohaler
and fired into a Next Generation Impactor (Copley Scientific,
Nottingham, UK) equipped with a pre-separator at a flow
rate of 90 L/min for 2.7 seconds. (figure 1)

Figure 1: SEM pictures of LH100,
SV010, and micronized FP.

Results and Discussion
Figure 2 shows the in vitro results. Fitting the linear
regimes for both ranges of formulations with the
assumption that m*N is calculated from true density and
average particle size for FP (ρFP = 1.32 g/cm3; dlac = 2.1µm)
and lactose (ρlac=1.55 g/cm3; dlac = 100µm (LH100) or 111µm
(SV010)) and from the total weight of the formulation
(M = 25 mg) by6
m*N = M*ρFP/ρlac*(dFP/dlac)3
Table 2: Fitted results for the linear regime, for comparison
results from Young et al5 (salbutamol sulphate with lactose)
were fitted and represented. SV010 had a higher fine particle
dose, more API particles stay attached to the lactose
carrier. This is reflected in the higher value for f (delivered
fraction) but also a higher value for Nas , although the
errors in the results for Nas are such that differences are
hardly significant. Comparison to the previous results of

In conclusion, modeling of the linear regime was carried
out for two different lactose carriers with similar particle
sizes. The smoother LH100 did result in a lower number of
attached particles to the carrier than for the rougher SV010
as was expected. The reason for the lower detached
fraction f has probably to do with fluidization dynamics
but is still under investigation and for FP doesn’t fit the
active site theory.

References
1. T imsina, M.P.; Martin, G.P.; Marriott, C.; Ganderton, D.; Yianneskis, M.: Drug
delivery to the respiratory tract using dry powder inhalers, Int.J.Pharm. 1994,
101: 1-13.
2. L arhrib, H.; Zeng, X.M.; Martin, G.P.; Marriott, C.; Pritchard, J.: the use of
different grades of lactose as a carrier for aerosolized salbutamol sulphate,
Int.J.Pharm. 1999, 191, 1-14.
3. P
 ilcer, G.; Wauthoz, N.; Amighi, K.: Lactose characteristics and the generation
of the aerosol. Adv.Drug Del. Rev. 2012, 64, 233-256.
4. T aki, M.; Ahmed, S.; Marriott, C.; Zeng, X.M.; Martin, G.P.: The ‘stage-by-stage’
deposition of drugs from commercial single-active and combination dry
powder inhaler formulations. Eur. J. Pharm. Sci. 2011, 43 (4): 225-235.
5. Y
 oung, P.M.; Edge, S.; Traini, D.; Jones, M.D.; Price, R.; El-Sabawi, D.; Urry,
C.; Smith, C.: The influence of dose on the performance of dry powder
inhalation systems. Int. J. Pharm.2005, 296: 26-33.
6. Muresan, A.S.; Hebbink, G.A. Dry powder inhalers: modeling dose dependent
fine particle dose data is a useful tool in understanding DPI functionality. In
Proceeding of Drug Delivery to the Lungs 20, 2009: 37-39.

30%
20%

-10%

9%
8%
7%
6%

0%

0

100

200

300

400

5%

500

0

Loaded dose (µg)

model
measured data

SV010; FPD vs LD

200

300

400

500

Loaded dose (µg)

SV010; FPF vs LD
15%

50
40
30
20
10

13%
11%
9%
7%

0
-10

100
model
measured data

60
Fine particle dose (µg)

FPD = f*LD - f*Nas*m*N

Materials and methods

40%

10%

Conclusions
Different types of interactions will result in particles
that are stronger attached to the carrier, also referred to
‘active sites’. At a low dosing, most API particles will be
attached to such a site with a non-linear behavior of detachment during fluidization as a result. At higher dosing
the active sites get saturated and the detachment during
fluidization will be dominated by the particles at ‘normal’
lactose surface. Increasing the dosage even more will
result in a linear b
 ehavior of fine particle dose versus
loaded dose.5, 6
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loaded dose study with salbutamol sulphate5, it can be
observed that the number of attached particles is
comparable to SV010, but the delivered fraction (f) is
substantially higher. This has to do with the different type
of API and therefore different interactions with lactose.

Fine particle dose (µg)

Lactose plays an important role in dry powder inhalers where it functions as a
carrier to aid filling of the powder in the device and fluidization of the powder
out of the device1. In general, lactose is present in large excess when compared
to the active drug (where drug loads below 1-2% of the formulation mass are
common)2. Subsequently, the powder properties and performance of a
formulation can be significantly determined by properties of the lactose carrier 3.
Performance of an inhalation device is determined by the amount of active
pharmaceutical ingredient (API) that is delivered to the lung.
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Figure 2: In vitro results for the loaded dose studies FPD (left) and FPF (right) for LH100 (top) and SV010 (bottom) loaded with 0.02-2% FP with fit for
the higher loading regime (solid line) which illustrates linearity at the higher dose. Non-linearity to loaded dose at lower values is emphasized by
plotting FPF versus loaded dose (LD) (i.e. FPF=FPD/LD).

