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Abstract

The influence of the deposition pattern and spray characteristics of nasal powder formulations on the insulin bioavailability was investigal
in rabbits. The formulations were prepared by freeze drying a dispersion containing a physical mixture of drum dried waxy maize star
(DDWM)/CarbopaoP 974P (90/10, w/w) or a spray-dried mixture of Ami§cstarch/Carbop8l 974P (25/75, w/w). The deposition in the nasal
cavity of rabbits and in a silicone human nose model after actuation of three nasal delivery devices (Monopowder, Pfeiffer and experimental syst
was compared and related to the insulin bioavailability. Posterior deposition of the powder formulation in the nasal cavity lowered the insul
bioavailability.

To study the spray pattern, the shape and cross-section of the emitted powder cloud were analysed. It was concluded that the powder bulk de
of the formulation influenced the spray pattern. Consequently, powders of different bulk density were prepared by changing the solid fraction
the freeze dried dispersion and by changing the freezing rate during freeze drying. After nasal delivery of these powder formulations no influel
of the powder bulk density and of the spray pattern on the insulin bioavailability was observed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the mucus layer constitute barriers to nasal absorption of high
molecularweight and hydrophilic peptides, the use of absorption
Peptides are not suitable for oral administration due to theienhancers, enzyme inhibitors and powder formulations has
degradation in the gastro-intestinal tract by acids or proteolytitbeen investigated to enhance their nasal bioavailability. Powder
enzymes and to their limited membrane permeability througHormulations have been developed to improve the nasal
the intestinal mucosa. Furthermore, peptides are exposed bdoavailability of peptides, based on a decrease in clearance rate
a high first pass metabolism in the liver. This explains whyof the powder particles from the nasal caviBo@ne et al., 1999;
peptides are mainly delivered by parenteral administrationCallens and Remon, 20p@allens et al.Z00Q 20033 reported
However, due to the disadvantages associated with parenteah absolute nasal bioavailability of 14 and 18% in rabbits after
administration several alternative routes (pulmonary, nasahdministration of insulin using a powder formulation (11U
...) have been describedlfou and Po, 1991 As mucociliary  insulin/mg) based on a physical mixture of drum dried waxy
clearance, enzymatic activity and the epithelium combined withmaize starch (DDWM)/Carbop®l 974P (90/10) and on a
spray-dried mixture of Amio& starch/Carbop8l 974P
(25/75), respectively. The higher bioavailability of the latter
* Corresponding author. Tel.: +32 9 264 80 56; fax: +32 9 222 82 36. was contributed to the higher viscosity and elasticity after
E-mail address: Jeanpaul.Remon@UGent.be (J.P. Remon). dispersing the powder in the nasal muc@al{ens et al., 2003b
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Besides the powder characteristics the nasal bioavailability cawas freeze dried in vials using an Amsco-Finn Aqua GT4 freeze

be influenced by the nasal delivery device and the spray pattedryer (Amsco, Germany). The dispersion was frozen to 228K

of the powder formulation. In present study three nasal deliveryvithin 175 min at 1000 mbar. The primary drying was performed

devices were compared based on their insulin bioavailabilityat 258 K and at a pressure varying between 0.8 and 1 mbar during

after nasal delivery of the powder formulations to rabbits. Tol3 h, followed by the secondary drying at elevated temperature

explain the different bioavailabilities, the deposition pattern(283 K) and reduced pressure (0.1-0.2 mbar) for 7 h. After freeze

and mucociliary clearance of the devices were investigated bgrying the powder was sieved (§3n) at low relative humidity

gamma scintigraphy. Additionally, the initial deposition area(20%) and ambient temperature. The fraction beloyw.6Bwas

of the different delivery devices in rabbits was compared to thestored in desiccator at 428 until use.

depositionin a silicone human nose model. In a next experiment,

the spray pattern of different powder formulations from the2.4. Nasal bioavailability study

delivery device was visualized using an imaging system (shape

and cross-section of powder cloud) and these observations were New Zealand white rabbits (300.5kg) were fasted

correlated with powder bulk density and nasal bioavailability. 16h prior to the experiment. Water was available ad
libitum. They were sedated with an intramuscular injection

2. Materials and methods of 0.05ml/kg Combistre&s (Kela Laboratoria, Hoogstraten,
Belgium). The rabbits received 0.4 IU insulin intravenously. Ten
2.1. Materials milligrams powder formulation (equivalent to 101U insulin)

was administered in each nostril. The delivery device was filled

Actrapid® HM 100 (100 IU/ml) (human monocomponent under conditions of low relative humidity (20%) and ambient
insulin) was obtained from Novo-Nordisk (Bagsvaerd,temperature. Blood samples were collected from the ear veins
Denmark). The spray-dried mixture of Amidtastarch at—5, 1, 5, 10, 15, 20, 30, 40, 50 and 60 min after intravenous
(an amylopectin corn starch)/Carbofo974P (25/75, w/w) administration and at5, 2, 5, 10, 15, 20, 25, 30, 35, 45, 60,
was prepared by National Starch and Chemical Compan$0, 120, 150 and 180 min after nasal delivery of the powder
(Bridgewater, NJ, USA). Drum dried waxy maize starch andformulations. The samples were centrifuged (%3¢ 5 min)
CarbopdP 974P (C 974P) were supplied by Eridaniaghin-  and the sera were frozen-a20°C until RIA-analysis (Coat-A-
Say Cerestar (Vilvoorde, Belgium) and Noveon Co. (ClevelandCounf kit, DPC, Humbeek, Belgium). The radioactivity of the
OH, USA), respectively®®™Technetium °™Tc), as sodium samples was quantified using a Cobra gamma counter (Canberra
pertechnate, was received from the Ghent University HospitdPackard Benelux, Zellik, Belgium). The individual serum

(Belgium). All chemicals used were of analytical grade. concentration-time profiles were analysed using MW/Pharm
Version 3.15 (Medi-ware, Utrecht, The Netherlands) and the
2.2. Nasal delivery devices maximum serum insulin concentratiornG{ax) andimax values

were determined from the individual serum concentration-time
Beside the Monopowder (Valois, Marly-le-Roi, France) andprofiles. Statistical significance was calculated according to one-
Pfeiffer system (Pfeiffer, Radolfzell, Germany) an experimentalvay ANOVA (P <0.05) followed by a Schefftest.
device based on the system developed3wmrensen (1991)
was evaluated. This experimental device was composed @ 5. In vivo deposition and clearance study in rabbits
a polyethylene tube (inner diameter: 1.5 mm, length: 5.5cm)
(Medisize, Hillegom, The Netherlands) filled with the nasal The radiolabelling procedure was based on the method of
powder formulation. The powder was sprayed into the nostrilRRidley et al. (1995)and Soane et al. (1999Fifty milligrams
by attaching the tubes to a syringe containing 1 ml compressedDWM/C 974P (90/10, w/w) was dispersed in 2000f an

air (2.5 bar). aqueous stannous chloride solution (10 mg/ml). After addition
of 99MT¢ (740 MBo~ 20 mCi) distilled water was added until

2.3. Preparations of insulin formulations a volume of 10 ml was obtained. The dispersion was stirred
(10 min) using a magnetic stirrer followed by centrifugation

2.3.1. Lv. formulation (1420x g, 20min). The supernatant was removed and the

An insulin solution of 0.8 1U/ml was prepared by diluting starch/C 974P mixture was washed with 5ml distilled water
Actrapid® HM 100 in a phosphate buffered saline solution, pHand centrifuged (1428 ¢, 10 min). After removal of the
7.4, of which 0.5 ml was administered intravenously to rabbits supernatant, the starch/C 974P mixture was freeze dried, sieved
and stored as described under Sectdh2
2.3.2. Nasal powder formulations New Zealand white rabbits (300.5 kg,n = 3) were used in
1.0g physically mixed DDWM/C 974P (90/10, w/w) this study. The animals were sedated with Ronfh(ih2 mi/kg)
or spray-dried Amioc& starch/C 974P (25/75, wiw) was and after 30 min anesthesized with ketamine (15mg/kg). Ten
dispersed in 10.0 and 30.0 ml distilled water, respectively. Aftemilligrams powder, containing 1-2 MBY™Tc, was sprayed in
neutralization to pH 7.4 with 0.2 or 2.0 M NaOH, respectively, the right nostril with the different delivery devices. A cross-over
the insulin solution (Actrapi®l HM 100) was added to obtain a design was used with a wash-out period of 2 weeks between
final concentration of 1 IU insulin per mg powder. The dispersiorthe treatments. The deposition and the clearance of the different



E. Pringels et al. / International Journal of Pharmaceutics 310 (2006) 1-7 3

delivery devices were followed by gamma scintigraphy usingrable 1
PRISM 1500. AXIS and HELIX gamma cameras (MarconiAbsolute bioavailability,Cmax and rmax (meant S.D.) after nasal delivery to
Medical Systéms Cleveland. OH USA) Dynamic lateral view: rabbits of DDWM/C 974P (90/10) (11U insulin/mg) using the experimental,

. . . ) . onopowder and Pfeiffer delivery device
were recorded every 3 min during 150 min. Circular regions of

interest (ROI) of the nasal cavity and the whole body of the rabbiPelivery Absolute Crax (wIU/mI) fmax (Min)
were drawn manually. To quantify the ROI, the background®®"1 bioavailability (%)

activity and the radioactive decay was taken into consideratiorkxperimental ~ 14.4t 3.5 418.6+ 73.3 28.2+ 3.7
The measured radioactivity was expressed as a percentage of fAghopowder 6.6 2.7 286.3+ 115472 2414 4.9

_ e "
initial activity measured immediately after administration. " remer 36+ 14 1815+ 658 28.7+55

a gignificantly lower than the experimental delivery devit@ (5> P>0.01;

2.6. Invitro deposition study using a silicone human nose " P <0.001).
model b significantly higher than Pfeiffer delivery device (0.89>0.01).

Two hundred milligrams DDWM/C 974P (90/10, w/w) to obtain a final concentration of 11U insulin per mg powder.
was dispersed in 4ml distilled water and 40 m&"Tc was  Finally distilled water was added until the desired concentration
added. This dispersion was freeze dried, sieved and stored ¥&s obtained. The dispersions were frozen to 228K within
described under Section.3.2 The powder formulation was 175 min at 1000 mbar. Additionally, the dispersion containing
sprayed into the nasal cavity of a silicone human nose modé-5% Amioc&/C 974P (25/75, wiw) was frozen to 228 K within
(Pfeiffer, Radolfzell, Germany) using the different delivery 30 and 350 min. Primary drying, secondary drying, sieving and
devices. Before spraying the nasal powder formulation, liquicstorage were performed as described under Se2t®@a
paraffine oil was rubbed into the nasal cavity whereby the The apparent powder bulk density (defined as the ratio of
powder deposition could be evaluated visually. Besides thi§he powder weight over the bulk volume) of the freeze dried
the powder deposition was also studied by gamma scintigraphgroducts was determined in the cylindrical polyethylene tube
using a PRISM 1500 gamma camera (Marconi Medical System®f the experimental delivery device filled with 10.0 mg of the
Cleveland, OH, USA). The amount of powder leaving the nasafmiocad®/C 974P (25/75, wiw) mixture. Results are presented
cavity by the pharynx was collected in a plastic bag. as a mean valug standard deviatiom(= 10).

During 5min static recordings were made of the nasal
delivery system, the nose model and the plastic bag. Circulat.9. Determination of particle size
regions of interest of the device, the nasal cavity, the pharynx
and the plastic bag were drawn manually. To quantify the ROI, The particle size of the powder formulations was determined

the background activity was taken into consideration. by laser diffraction (Mastersizer S, Malvern Instruments,
Worcestershire, UK), using Miglyol 812N (Sasol, Witten,
2.7. Analysis of spray pattern Germany) as dispersion medium, and the median volume

diameter (VMD) was calculated.

The powder formulations containing DDWM/C 974P (90/10,
w/w) and spray-dried Amio&IC 974P (25/75, wiw) were 3. Results and discussion
prepared as described under SectihB.2 but without the
addition of insulin. Digital images of the cross-section and the The first part of this study describes the relationship between
shape of the powder cloud after spraying the powder formulatiodeposition, mucociliary clearance and absorption. To determine
using the experimental device were recorded with a SprayVIEWhe distribution of a formulation in the nasal cavity two
NSx system (Image Therm Engineering, Sudburry, USA). Thalifferent types of deposition have to be considered: the initial
images were analysed to calculate the angle under which theeposition immediately after administration and the secondary
powder particles leave the delivery system, the spray timeleposition due to translocation by the mucociliary clearance.
(defined as the time needed for a complete depletion of th&he initial deposition affected the rate of the mucociliary
powder formulation from the polyethylene tube of the nasalclearance and the secondary deposition the absorption rate
delivery system) and the minimum and maximum width of theby the covered mucosal surfadéuplik and Vidgren, 1998

cross-section. The relation between deposition and absorption of three
different nasal powder devices was evaluated after spraying the
2.8. Determination of bulk density powder formulation containing DDWM/C 974P (90/10) into the

nostrils of rabbits. After administration using the experimental
Dispersions were prepared containing spray-dried Anfloca device, the Monopowder and Pfeiffer system, bioavailabilities
starch/C 974P (25/75, w/w) in a concentration of 1.0, 2.50f 14.4+ 3.5, 6.6+2.7 and 3.6t 1.4%, respectively, were
and 7.0% (w/w). To prepare the 1.0 and 2.5% dispersionpbtained Table 1. To explain the significantly higher
1.0g powder was dispersed in 30.0 ml distilled water and tdioavailability using the experimental device, the deposition
prepare the 7.0% dispersion, 1.0g powder was hydrated iof DDWM/C 974P (90/10) in the nasal cavity of rabbits
1.0 ml distilled water. After neutralization to pH 7.4 with 2.0 M was studied using gamma scintigraphy, which allowed to
NaOH, the insulin solution (Actrapfl HM 100) was added follow the mucociliary clearancePerkins and Frier, 1996
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Fig. 1. Initial deposition (left) and deposition 150 min after administration (right) of the DDWM/C 974P (90/10) powder formulation to rabbitsausipgrimental
(top) and Pfeiffer device (bottom).

Immediately after administration of DDWM/C 974P (90/10) (99.2%) of the device was obtained for the Monopowder system.
using the experimental and Pfeiffer device mostly all powder wasor the experimental and Pfeiffer system about 3.0 and 30%,
deposited into the nasal cavitli@y. 1). Due to the mucociliary respectively, of the total dose remained in the device after
clearance radioactivity was observedin the oesophagus, stomaabtuation. On the other hand, 22% powder was recovered in the
and bladder 150 min after administration with the Pfeifferplastic bag with the Monopowder device compared to only 0.5
device, while for the experimental delivery system only aand 2% for the experimental and Pfeiffer system, respectively.
minimum of radiolabel was detected in the bladder. TheUsing the Monopowder system also the highest percentage of
radioactivity in the nasal cavity after 150 min was 8+.92.7%  powder (21%) deposited in the pharynx while, only 4.8 and 3.2%
for the experimental device while only 64453.7% for the  when using the experimental and Pfeiffer system, respectively.
Pfeiffer device. The faster clearance of the powder from the nasal The deposition in the human nose model was also verified
cavity using the Pfeiffer system can explain the significantlyvisually. Using the experimental delivery system, the powder
lower bioavailability compared to the experimental system.  was mainly found in the anterior part of the nasal cavity. With

In the following experiment, the initial deposition of the three the Monopowder device, the powder was mainly situated near
delivery devices was evaluated in a silicone human nose modehe upper turbinate and in the pharynx what might explain the
The different regions of interest used to quantify the powdesignificantly lower bioavailability compared to the experimental
in the nasal cavity, pharynx, delivery system and plastic bagystem since the deposition in the anterior part contributes
(representative for the amount of powder leaving human modédb nasal absorptionHarris et al., 198% The Pfeiffer system
via the pharynx) are depicted iRig. 2 The best depletion spread the DDWM/C 974P (90/10) particles homogeneously
over the turbinates and the faster clearance in comparison with
the experimental system can be explained by the deposition
in the posterior part of the nose. Ciliated cells cover mainly
the posterior part of the nasal epithelium providing a faster
clearance of particlesMygind and Dahl, 1998 Ridley et al.
(1995)andlllum et al. (1987)eported different clearance half-
lifes in humans after administration of starch microspheres using
different delivery devices. The Rhinyle catheter usedrimjley
et al. (1995)resulted in a shorter half-life of clearance as the
powder was deposited in the anterior part of the nose as well as
in the turbinates, while the Lomudal nasal insufflator used by
lllum et al. (1987)deposited the powder mainly in the anterior
part of the nose leading to a slower clearance.

It can be concluded that the delivery device isimportantin the
development of a nasal powder formulation as ithas animpact on
the deposition pattern and hence the nasal clearance: the faster a
formulation is cleared from the nasal cavity, the shorter the drug
absorption time$oane et al., 1999
Fig. 2. Regions of interest (ROI) after spraying the DDWM/C 974p (g0/10) _FUrthermore, a correlation was found between the nasal
powder formulation in the silicone human nose model using the Monopowdef€livery device of the powder formulation, the nasal clearance

device: nasal cavity (1), pharynx (2), device (3), plastic bag (4) andrate from the nasal cavity in rabbits and the distribution in the
background (5).
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human nose model. The lower the insulin bioavailability for amedian volume diameter 88.7 and 5L®. The higher bulk
nasal delivery device, the faster the clearance rate of the powddensity and smaller particle size of AmiGY& 974P (25/75)
formulation from the nasal cavity in rabbits, the more posterioresulted in a compact powder having a higher resistance to air
the powder was deposited in the human nose model. flow when spraying the powder, resulting in a slower spray time
Beside the delivery device, the spray pattern of the powdeand larger spray pattern.
formulation may also influence the deposition, and consequently Callens et al. Z00Q 20033 determined the insulin
contribute to the nasal bioavailability. Therefore, the spraybioavailability after nasal delivery of the powder formulations
pattern (shape and cross-section) of the powder formulatiorisased on Amioc®/C 974P (25/75) and DDWM)/C 974P (90/10)
based on DDWM/C 974P (90/10) and AmiSt& 974P (25/75) in rabbits. The higher bioavailability for Amio®4C 974P
was investigated using the experimental deviegy.(3). The (25/75) (18%) compared to DDWM/C 974P (90/10) (14%) was
spray time for delivering 10.0mg DDWM/C 974P (90/10) contributed to a higher viscosity and elasticity after dispersion
and Amioc®/C 974P (25/75) was 20 and 46 ms, respectively.of Amioca®/C 974P (25/75) into the nasal flui€éllens et al.,
The DDWM/C 974P (90/10) and AmioB4C 974P (25/75) 2003h. The aim of the next experiment was to evaluate if the
powder particles were released from the delivery device at anasal bioavailability was also influenced by the spray pattern of
angle of 6.9 and 12.8, respectively. The mean minimum and the powder formulation®8ond et al. (1985andNewman et al.
maximum width of the cross-section were, respectively, 17.31987)showed that the cone angle of a nasal adaptor determined
and 18.8 mm for DDWM/C 974P (90/10) and 22.1 and 24.3 mnthe width of the spray pattern and hence the deposition area in
for Amioca®/C 974P (25/75). These numbers can be explainedhe nasal cavity. Changing the cone angle fromte@®5 or 30°
by the differences in powder bulk density and particle size. Theesulted in a more posterior deposition in the nasal cavity and in
bulk density of DDWM/C 974P (90/10) and AmidB&C 974P  a faster clearance rate of the formulation because of the higher
(25/75) was 0.071 and 0.165 mg/rimespectively, and their deposition in the ciliated area. The smaller angle at which the

Fig. 3. The spray pattern (shape (left) and cross-section (right)) of powder formulations composed ofA@@e4P (25/75) (top) and DDWM/C 974P (90/10)
(bottom) using the experimental device.
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DDWM/C 974P (90/10) particles exited from the experimentalTable 3
device resulted in a narrow cross-section of the particle cloudfluence of solid fraction and freezing rate on absolute bioavailahilify and
and might contribute to a posterior deposition in the nasafre (Meank S.D.) after nasal delivery to rabbits of AmidtiE 974P (25/75)

. 9 P . . _p . ﬁ)owder formulations (1 IU insulin/mg) using the experimental delivery device
cavity and hence to the lower bioavailability obtained after nasa :
delivery of this powder formulation. On the other hand, its lower Q’bsom'tleb'l't o Cmax (UM tmax (min) n
bulk density might result in a higher degree of covering of the loavailability (%)
nasal epithelium due to the larger powder volume. It need teolid fraction N _
be emphasized that a more extensive spreading over the na&§iezing rate 228 K within 175 min)

- : L P 1.0% 17.4+ 5.3 588.6+ 112.5  44.44+ 134 7
ep|th_eI|L_1m (_joes not guarantge an increase in _b|0ava|Iab|I|ty_ as; oy 16.94 5 3 6814t 2466  50.G% 74 8
the distribution of the formulation between anterior and posterior 7 o 111+ 3.7 455.5+ 99.4 39.9+ 65 7
part of the nose remains an important parameter for absorptiog. . -

Asthe d . fthe f lation infl dth reezing to 228 K within

sthe en§|tyo the ormu'atlon influence t e spray patterq2_5% dispersion)
from the device, the objective of the following experiment 30min 18.24+ 3.7 708.4+ 210.2  41.5+ 9.3 7
was to investigate the influence of powder bulk density on the 175min  19.2+ 5.3 681.4+ 246.6  50.9+ 7.4 8
nasal bioavailability of insulin using the rabbit as an animal 350min  22.4+ 3.3 852.4+ 84.0 40.9+ 117 6

model. The powder bulk density of the AmiGUeE 974P (25/75) 2 gignificantly lower than 2.5% (w/w) dispersion (0.8% > 0.01).
powder formulation was modified by changing the solid fraction
of the dispersion to be freeze dried and by changing the freezi
rate during the freeze drying cycle.

The bulk density, particle size and moisture content o

n
gispersions frozen at alower freezing rate. Fast freezing resulted
#n the formation of smaller ice crystals due to a higher degree

the powder formulations having different solid fractions are®f Supercooling Pawson and Hockley, 1991resulting in
shown inTable 2 Significantly higher powder bulk densities Smaller pores of the freeze dried cake after sublimation. The
(P <0.01) were obtained when the solid fraction of the freezesolid frgcuons_ of the dispersions and freezmg.rates used are
dried dispersion was increased. This increase in bulk densigroduction limits, hence the powder bulk densities can also be
could not be attributed to the median volume diameter as th&onsidered as the limits. Although only small changes in bulk
different powder formulations had a similar particle size. It cand€nSity were obtained, they could be essential differences for
be explained by the formation of smaller ice crystals during thd'asal delivery in the rabbit. The nasal cavity of the rabbit is

freezing phase of the process. When a dispersion with a highgparr?;terized by a small volume and surface area of 6 ml and
solid fraction is used smaller ice crystals are formed, yielding £ ' respectivelyGizurarson, 1990and consequently small

freeze dried cake with smaller pores after sublimation of the ic€hanges in powder bulk density might result in large differences
(Pikal, 199). in the degree of covering of the nasal epithelium. A higher degree

The influence of the freezing rate was investigated by freezing@ covering might occur with low bulk density powders because

the dispersion containing 2.5% Amidti&C 974P (25/75) to of their larger volume and can contribute to a higher nasal
228K within 30, 175 and 350 min. Varying the freezing rate bioavailability. The results of the absolute bioavailabilyax

had a limited effect on the powder bulk densiffable 9. andimax obtained after nf';\sal de_livery of the Ami&fﬁ: 974,P
Freezing the 2.5% AmioiC 974P (25/75) dispersion at (25/7_5) powder for_mulatlons using the e?xp_e_rlmentgl device to
the highest freezing rate resulted in a powder formulatior{abb'ts are shown iffable 3 Although a significant difference

with a significantly higher bulk density in comparison with in absolute bioavailability was observed, no influence of the
powder bulk density on the absolute bioavailability of insulin

after nasal delivery to rabbits was found. When increasing the
Table 2 solid fraction of the dispersion an increase in powder bulk
Influence of the solid fraction and freezing rate on powder bulk density,d€Nnsity was seen, but the bioavailability after nasal delivery was
median volume diameter (VMD) and residual moisture content of freeze driecsimilar. Only for the 7.0% dispersion a significant decrease in

Amiocd®/C 974P (25/75) area under the curve was seen compared to the 2.5% dispersion,
Bulk density (mg/mm) VMD (pm) Residual moisture (%) although theirCmax and rmax values were not significantly
, , different.

Solid fraction (w/w) It b luded that diff . tt : |
(freezing rate 228 K within 175 min) can be concluded that differences in spray pattern of nasa
1.0% 0.116+ 0.009 55.8 9.9f 0.9 powder formulations due to the powder bulk density have no
2.5% 0.165+ 0.016 51.9 7.5+ 1.0 influence on the nasal insulin bioavailability in rabbits.

7.0% 0.184+ 0.018P 41.9 6.8+ 1.0

Freezing rate to 228 K within
(2.5% dispersion)
30min 0.202+ 0.010 61.3 3.55+ 0.24

4. Conclusions

175min  0.165+ 0.016 51.9 7544+ 0.99 The nasal delivery device was a critical parameter in the
350min  0.160+ 0.014 48.5 3.72+ 0.22 development of a nasal powder formulation: anterior deposition
2 Significantly higher than 1.0% (w/w) dispersiah € 0.001). ofthe formglanon inthe nasgl cavllty a}r)d the ;Iowgr mucociliary
b Significantly higher than 2.5% (w/w) dispersion (082 > 0.001). clearance increased the bioavailability of insulin. The spray

¢ Significantly lower than freezing to 228 K within 30 mif € 0.001). pattern from a device is influenced by the bulk density of the
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powder formulation, but had no effect on the bioavailability of Harris, A.S., Nilsson, .M., Wagner, Z.G., Alkner, U., 1986. Intranasal

insulin in rabbits. administration of peptides—nasal deposition, biological response and
absorption of desmopressin. J. Pharm. Sci. 75, 1085-1088.

lllum, L., Jorgensen, H., Bisgaard, H., Krogsgaard, O., Rossing, N., 1987.
Bioadhesive microspheres as a potential nasal drug delivery system. Int.
J. Pharm. 39, 189-199.
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