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INFLUENCE!OF!THE!LACTOSE!GRADE!WITHIN!DRY!POWDER!FORMULATIONS

INTRODUCTION

Dry powder formulations are often composed of 
® ne drug particles and coarser carrier particles, 
typically -lactose monohydrate because it is an 
inert, cheap, broadly available and non-toxic 
excipient 1. However, the ef® ciency of a powder 
formulation may be highly dependent on the 
lactose quality and source 2. Indeed, interactions 
between particles are mainly dependent on 
the physicochemical characteristics of the 
interacting particles.
The aim of this work was to identify the 
characterisitcs of lactose that in ̄uence the 
drug-to-carrier interaction and the performance 
of dry powder formulation. For this purpose, 
we compared marketed lactoses obtained 
by milling or by sieving. From the same raw 
materials, 2 fractions of lactose without ® nes 
were also prepared and tested.

EXPERIMENTAL METHODS

Materials:  Two commercial lactoses with 
comparable mean diameter were used as 
carrier. Lactose A is a lactose obtained by milling 
process and lactose B is a lactose obtained by 
sieving process. Furthermore, 2 grades of lactose 
without ® nes were prepared from Lactose A 
& B by air-jet sieving through a 32 !m sieve 
for 30 minutes with an air ̄ow that produces a 
pressure drop of 4 kPa. They were called lactoses 
A and B without ® nes. Micronized Terbutaline 
Sulfate (TBS) and lactose were mixed to a ratio 
of 1:67.5 w/w, in a Turbula mixer for 2 hours 
at 90 rpm under controlled relative humidity. 
Each blend was prepared in 100 g quantities. 
Fluticasone Propionate (FP) and lactose were 
mixed at concentration of 2.5% under the 
same conditions. The quality of the blends was 
expressed by the coef® cient of variation (CV) 
of sample drug content (n=15). Quantitative 
analysis was carried out by spectrophotometry 
at a wavelength of 276 nm for TBS or HPLC 
analysis for FP.

Characterisation of the lactoses

Particle size  was determined by dispersion 
in ethanol with a laser particle size analyser 
Mastersizer S (Malvern) and the small sample 
dispersion unit.

Water content  was analysed by Karl-Fisher 
technique.

Apparent bulk volume  (V0) and volumes after 10 
taps (V10) and 500 taps  (V500) were determined 
using the method described in the European 
Pharmacopoeia. The packing ability  V10 ± V500 
was also calculated.

The angle of repose  was measured from the 
cone of 25 g of material positioned above a 
® xed diameter base to «drain» from a funnel 
(8 mm diameter) ® xed at 6 cm from the base.

Photographs of the samples were performed 
by Scanning Electron Microscopy (SEM).

Samples were analysed by Differential Scanning 
Calorimetry (DSC1 Starsystem, Mettler Toledo) 
with scanning rates of 5"C/min for a temperature 
range of 20 to 260"C under nitrogen gas purge.

The surface heterogeneity distribution 
of different energy sites of the lactoses 
was determined by means of Inverse Gas 
Chromatography  (SMS-IGC 2000 system) at an 
elutant oven temperature of 35"C, a column 
oven temperature of 30"C, 0% relative humidity 
and a helium carrier  ̄ow rate of 10 ml/min. 
Octane and ethanol were used as elutants to 
predict the interaction potential of the lactoses 
with unpolar and polar drugs respectively.

Evaluation of adhesion
Adhesion characteristics were evaluated by 
submitting the blend to a sieving action by 
air depression with the Alpine air-jet sieve. 
30 g of blend was placed on the 32 !m sieve 
section of the Alpine air-jet apparatus, in a 
sealed enclosure. Three samples of 20 mg were 
removed from the powder bed after sieving for 
different lengths of time: 5, 30, 60, 150 and 300 
seconds.

Aerodynamic evaluation of ® ne 
particle fraction and emitted dose  was 
determined using a Twin-Stage Impinger 
(TSI). Each deposition experiment involved 
the aerosolisation at 60 l/min via an Inhalator 
Ingelheim of ® ve capsules (n=3). All experiments 
were performed under controlled temperature 
and relative humidity (20"C and 40-45%).

RESULTS & DISCUSSION

Lactose A and B show comparable mean and 
median diameters but the percentage of ® nes 
particles (below 32 !m) is different (Table 1). 
Their water content is about 5%.

Table 1: Particle size of lactose

Bulk volumes and volumes after 10 taps are 
comparable for lactoses A and B. However it 
is found that the packing ability is higher for 
lactose A. When the ® nes are removed, the 
packing ability decreases for both lactoses. 
Therefore the presence of ® nes particles 
modi® es the arrangement between particles. 
This could in ̄uence the behaviour of blends 
during the capsule or reservoir ® lling.
Lactose A presents a greater angle of repose 
probably because of its higher percentage of 
® ne particles (Table 2).

Table 2: Flow properties based on European 
Pharmacopoeia and corresponding angles of 
repose

The SEM and DSC results are similar for the 
lactoses A and B.
All blends have acceptable homogeneity with 
coef® cient of variation lower than 5%. The 
recovered drug contents are close to the nominal 
values, 1.46% for TBS and 2.5% for FP. 
When blends are submitted to the Alpine air-jet 
sieve, drug is rapidly carried away by the air ̄ow.

Figure 1:  Percentage of FP remaining in the 
blend in relation to the functioning time of the 
air-jet sieve

Figure 1 shows the results obtained with blends 
containing FP. The same behaviour is observed 
with TBS. The quantity of drug present after 5 
seconds is an indicator of the quantity which 
adheres to the carrier. It seems that a lower 
quantity of drug adheres to lactose A and/or the 
adhesion force is lower, for both drugs tested. 
This is con® rmed by the assays done using the 
TSI (Table 3).

Table  3: Emitted dose and FPF obtained from 
the blends and Peak Max of heterogeneity of 
the lactoses

A correlation is observed between adhesion 
characteristics evaluated with Alpine air-jet 
sieve and FPF (R2=0.9763 and 0.9785 with FP 
and TBS respectively).
The IGC Peak Max value in J/mol of the energetic 
heterogeneity pro® les of the lactoses indicates 
that the most energy sites of the lactose surface 
have this stated adsorption potential. The peak 
maximum can be correlated with the FPF if the 
unpolar octane is used as model for the unpolar 
FP (R2=0.9840) and the polar ethanol for the 
polar TBS (R2=0.9856) (Table 3).

CONCLUSION

Lactoses A and B present a different behaviour 
when they are blended with 2 types of drugs 
presenting different polarities. Among the 
parameters tested, the differences are the 
preparation processes and the content of ® ne 
lactose particles. Lactose A obtained by milling 
process shows a higher adsorption potential 
measured by IGC and it contains more ® ne 
particles which could form agglomerates with 
the drug. Because of their increased detachment 
mass, drug particles may be more easily liberated 
from the coarse lactose in the air ̄ow. With 
higher FPF values, which correspond to higher 
® nes content, the peak maxima determined by 
IGC are shifted to higher adsorption potentials 
which supports the agglomeration hypothesis.
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Lactose
Mean!

diameter!
("m)

Median!
diameter!

("m)

%!<!32!"m!
removed!by!
the!air-jet!

sieve

A 74.76 70.59 19.3

B 71.41 69.66 9.9

Lactose
Angle!of
repose!(#)

Flow!

Lactose A 52.1 (!2.4) Poor

Lactose B 35.0 (!0.8) Good

Lactose A without ® nes 31.3 (!1.2) Good

Lactose B without ® nes 27.4 (!1.4) Excellent

Blends
Emitted!

dose!
(%)

FPF
(%)

Peak!Max!IGC
(J/mol)

Lactose A + TBS
78.4

(#2.2)
46.0

(#2.7)
8299
(#23)

E
th

an
ol

Lactose B + TBS
85.5

(#13.2)
30.4

(#2.2)

7175
(#1)

Lactose A
without ® nes + 

TBS

78.5
(#3.7)

26.6
(#1.3)

6771
(#11)

Lactose B
without ® nes + 

TBS

89.0
(#2.2)

23.4
(#0.9)

6368
(#2)

Lactose A + FP
69.0

(#8.8)
25.2 

(#3.7)
6606
(#4)

O
ct

an
e

Lactose B + FP
76.9

(#0.5)
11.0

(#1.0)
5868
(#1)

Lactose A
without ® nes + FP

59.4
(#11.9)

9.4 (#2.8)
5898
(#4)

Lactose B
without ® nes + FP

72.3
(#6.9)

7.3 (#0.2)
5794
(#6)


