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ABSTRACT

The rheological profiles of commercial corticosteroid nasal spray suspensions (Be-
conase”, Nasacort”, Flixonase”, and Nasonex”) were compared using shear and
extensional techniques. Thixotropy/shear thinning was investigated (Carri-Med
CSL.100, concentric cylinder geometry) by (a) the generation of flow curves at low
(100 sec™) and high (1200 sec™!) maximum shear rates and (b) determination of
equilibrium shear viscosities at constant shear rates of 10 sec™?, 100 sec™?, or 1200
sec™. Extensional properties, on which droplet breakup and size depend, were ex-
amined using digital camera photography of droplet evolution and the length any
trailing filament formed when the suspension was extruded from a 10-ml syringe at
500 zd/min. All the nasal suspensions were shear thinning and were also thixotropic
to varying degrees. The absence of significant thixotropic recovery at short times
(5 min) for all the sprays implies that thixotropy is not necessarily the controlling
factor for prolonged residence of the spray in the nasal cavity, but rather that it
is the high viscosities present in all four sprays, even after structure breakdown.
Preliminary extensional flow data identified differences among the four sprays, with
extensional filament lengths increasing in the same rank order as the lowest shear
rate (10 sec™) equilibrium viscosities.
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INTRODUCTION

The rheological properties of corticosteroid nasal
spray suspensions, which are used extensively to relieve
the symptoms of seasonal alergic or perennia rhinitis
(1,2), will dramatically affect their overall performance
(3). Such suspensions are generaly formulated to be
“‘thixotropic’’ as they require a high apparent viscosity
at rest to inhibit particle sedimentation, but should thin
down sufficiently when shear is applied (e.g., by shaking
the container) to redisperse the drug before use. When
the stress is removed, the formulation should remain thin
while the dose is sprayed into the nose and then revert
back to the origina high consistency (4). The efficacy of
once-daily dosing for these chronic conditions has been
related to the thixotropic nature of anasal spray. The high
viscosity after thixotropic recovery was considered to
alow prolonged adhesion to the nasal mucosa (5).

A quantitative determination of thixotropy is difficult
because thixotropic materials are highly sensitive to their
rheological history and to the conditions of the shear (6—
8). In addition, thixotropy is frequently confused with
other shear-thinning phenomena, such as pseudoplastic-
ity and irreversible deformation (9). With thixotropy, the
decrease in apparent viscosity with time of shearing is
reversible, so that the fluid will rebuild itself and revert
to its original state after cessation of shear. Thixotropic
recovery is usually measured in tens of seconds to hours
or even days. There is no question of time dependency
in pseudoplasticity other than asmall, but finite, time for
the shear rate (at constant stress) or the shear stress (at
constant rate) to come to equilibrium or to go to zero
after the shear has been removed. Thistime, which isin
the region of nanoseconds to seconds, can often be re-
lated to the relaxation time of the fluid. It is emphasized
that, with both responses to shear, thixotropy, and pseu-
doplasticity, the apparent viscosity decrease with shear-
ing is reversible. This is not the case with irreversible
deformation, sometimes referred to as shear destruction,
for which the underlying structure is destroyed, and the
materia will remain in the thinner state after the shear
is removed. Rheological assessment is sometimes com-
plicated when several different flow properties are super-
imposed in the same material. For example, complex
multiphase formulations such as semisolid creams ex-
hibit a mixture of reversible and irreversible deformation
in shear; the apparent viscosity decreases with time of
shearing, but then only partly recoversits original viscos-
ity after resting (10,11).

The distinction among shear thinning, thixotropy, and
irreversible deformation may be important when consid-
ering the therapeutic effect of such nasal sprays because
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the suspension must thicken immediately after spraying
to prevent it from running out of the nose or down the
back of the throat. This suggests that time-independent
shear thinning such as pseudopl asticity, rather than thixot-
ropy or irreversible deformation, isthe required property.

Simple shear, as described above, is the customary
mode of deformation used in the study of complex rheo-
logical fluids. Shear flow assessment a one, however, will
not adequately describe the deformation during the use
of anasal spray because when the suspension is sprayed,
the formulation will undergo an extensional or stretching
flow as it accelerates through and exits from the nozzle.
An understanding of such extensional flow is particularly
important because droplet size and breakup, which will
also influence the therapeutic effect, depend on this prop-
erty (12,13).

The aim of this work was to compare the rheological
profiles of four commercial corticosteroid nasal spray
suspensions. Beconase” (Glaxo Wellcome, Middlesex,
UK), Nasacort” (Rhone-Poulenc Rorer, Kent, UK), Flix-
onase” (Glaxo Wellcome), and Nasonex” (Schering-
Plough, Herts, UK). In particular, the aims were first to
evaluate the extent of shear thinning, thixotropy, andirre-
versible deformation in shear and second to perform a
preliminary assessment of extensional rheology.

MATERIALS AND METHODS
Materials

Four corticosteroid nasal spray suspensions (Beconase
batch BO777EB, Nasacort batch MN2378, Flixonase
batch B3807NB, and Nasonex batch 97F12 04) were ob-
tained directly from alocal pharmacy with no knowledge
of the previous histories or age profiles of the sprays.
Thus, the data obtained give a snapshot of their rheologi-
cal properties at a random point in time within the shelf
life of each product.

Shear Measurements

The extent of shear thinning in the form of both thixot-
ropy and pseudoplasticity was evaluated at 25°C using
a Carri-Med controlled stress rheometer with concentric
cylinder (Mooney Ewart CSL 100, TA Instruments, Dork-
ing, UK) geometry using two protocols: protocol 1, gen-
eration of two series of flow curves with maximum shear
rates of 100 sec™* (series 1) or 1200 sec™* (series 2) and
a sweep time of 480 sec; and protocol 2, determination
of equilibrium viscosities at constant shear rates of 10
sec™?, 100 sec™?, or 1200 sec ™. The shear rate was in-
creased rapidly to its constant value, and the change in
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apparent viscosity at this maximum shear rate was moni-
tored with time.

For all experiments, the spray nozzle was removed
from the dispenser, and the sample was poured directly
into the rheometer cup. Initial experiments were per-
formed to establish reproducibility of results in relation
to sampling and experimental conditions. After each flow
curve experiment, the sample was left to rest in the rhe-
ometer for 5 min, and the test was repeated. Samples
were then returned to the original dispenser and retained
for structure-recovery investigations performed over ex-
tended times for up to 1 week.

Extensional Measurements

Extensional deformation was followed using digital
camera photography (Olympus 800L, Olympus Optical
Co., Méelville, NY) of droplet evolution when the suspen-
sion was extruded at 500 pl/min through a 23-gauge nee-
dle from a 10-ml syringe attached to a perfusor pump.
As each droplet formed, its evolution and any trailing
filament formed were photographed. The length of the
trailing filament before break gives agood approximation
of extensional viscosity (14).
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RESULTS AND DISCUSSION

The standard protocol when investigating shear-thin-
ning phenomena such as thixotropy, pseudoplasticity, nd
shear destruction is to derive flow curves of shear stress
versus shear rate using a standardized shearing cycle.
With such curves, however, it is not possible to separate
the contributions of each type of response. The area of
the hysteresis |oop that is formed from the up-and-down
curve of the rheogram is often used as ameasure of thixo-
tropic breakdown (4,6-8). This area, however, is depen-
dent on both the maximum shear rate used and the time
it takes to make the measurement. The trends shown for
these sprays at one maximum shear rate will not necessar-
ily be shown when they are compared at a different maxi-
mum shear rate. Thus, to cover a wide range of condi-
tions, two series of standardized shearing cycles were
used with maximum shear rates of either 100 sec™* and
1200 sec ™. The equilibrium viscosity at each maximum
shear rate (and also at 10 sec™?!) was also determined by
a separate set of experiments (protocol 2), providing an
alternative method of assessing shear-thinning behavior.

All theflow curveswereanticlockwisehysteresisloops.
Reproducibility, as shown by the extent of superimposa-
bility of flow curves (see Fig. 1) was satisfactory for all
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Figure 1. Typica rheograms at a maximum shear rate of 1200 sec™? for two of the nasal sprays to illustrate reproducibility of

results. Each experiment used a fresh sample.
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Figure 2. Typica rheograms for the four nasal sprays at a maximum shear rate of 100 sec™™.
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Figure 3. Typica rheograms for the four nasal sprays at a maximum shear rate of 1200 sec™™.
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Figure4. Typica rheograms for two representative nasal sprays (a) Flixonase and (b) Nasacort to illustrate thixotropic recovery.
The first run a was with fresh sample; run b was after 5 min, and run ¢ was after 1 week.
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the suspensions except Nasonex, which was rather lumpy
in the dispenser, athough it sprayed with ease. Typical
rheograms for each suspension at maximum shear rates
of 100 sec ! or 1200 sec™! are shown in Figs. 2 and 3,
respectively. They illustrate that all the suspensions were
shear thinning and thixotropic, with the extent of thixot-
ropy in series 2 (Fig. 3) (as measured by the loop areain
Pasec™?) increasing in the order Beconase (3.5 Pasec™?),
Nasacort (5.5 Pa sec™?), Flixonase (15.9 Pa sec™?), and
Nasonex (58.6 Pa sec™?). This trend was not as marked
under the shearing conditions of series 1 (Fig. 2, maxi-
mum shear rate of 100 sec™?), although the loop area for
Nasonex was still considerably greater than the loop ar-
eas of the other sprays.

Relatively simple flow curves were obtained for all
suspensions under the shearing conditions of series 1.
Under the stronger deformation of series 2, both Flixo-
nase and Beconase exhibited rather complicated flow
curves, with distinct yield values at low shear rates. The
appearance of such yield values has been the subject of
much debate over the years. It is generally agreed that
they are in part due to instrumental factors (e.g., possible
slippage with concentric cylinder geometry) and in part
due to a structural yield in the sample (15).
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To determine whether there will be some irreversible
deformation superimposed on the thixotropic behavior,
the nasal formulations were retested under the same con-
ditions after a suitable rest time. Typical flow curves for
two of the spraystoillustrate structure recovery are shown
inFig. 4. All thespraysshowed completerecovery, indicat-
ingthixotropy with negligibleshear destruction. However,
recovery wasrelatively slow becausethe second rheogram
obtained 5 min after the first always had a markedly re-
duced loop area. Sampleswere partially recovered within
hours, and all sprayswerefully recovered whentested after
storagefor 1 week. Thus, it was concluded that shear thin-
ning was reversible for each spray and mainly thixotropic
with little or no irreversible deformation.

The time to reach an equilibrium viscosity varied with
each sample (Figs. 5-7). For example, at 100 sec™! (Fig.
6), Beconase and Nasacort reached equilibrium within 40
sec, Flixonase took nearly 120 sec, while Nasonex had
not reached equilibrium even after 240 sec. The time to
reach equilibrium for each suspension also decreased as
the shear rate increased.

Two quantities with the dimension of viscosity ne,
which is the value obtained at equilibrium at the given
shear rate, and 4y, the apparent viscosity obtained from
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Figure 5. Change of apparent viscosity as a function of time at a constant shear rate of 10 sec™* for all four sprays: Beconase,

Nasacort, Flixonase, and Nasonex.
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Figure 6. Change of apparent viscosity as a function of time at a constant shear rate of 100 sec™* for all four sprays. Beconase,
Nasacort, Flixonase, and Nasonex.
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Figure 7. Change of apparent viscosity as a function of time at a constant shear rate of 1200 sec™* for al four sprays: Beconase,
Nasacort, Flixonase, and Nasonex.
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Table 1

Apparent Viscosities 77,5, and Equilibrium Viscosities 17, (MmPa sec)

100 sec?t 1200 sec*
Shear Rate 10 sec™?, Ne N app Neq N app Neq
Beconase 48.9 17.4 16.7 6.21 5.87
Nasacort 129 24.0 25.2 7.82 7.54
Flixonase 243 17.2 36.5 10.7 12.7
Nasonex 244 81.2 72.0 8.22 9.85

the corresponding apex of the flow curve, were defined
and are compared in Table 1. If the material isthixotropic
and the flow curve is performed at suitably slow rates,
then these two viscosity values will be equal. If the flow
curve is performed too quickly, then the measuring sys-
tem may not be able to respond as quickly as the fluid,
and hysteresis will occur. Equilibrium values were simi-

lar to, but not identical with, the corresponding flow
curve apparent viscosities, the differences probably being
due to their somewhat different shear histories. This sug-
gests that the reversible structures had almost, but not
completely, broken down during the shear cycle.
Figure 8 and 9 shows representative graphics of drop-
let evolution for Flixonase and Nasonex. As it was diffi-

Figure 8. Droplet evolution for Flixonase spray. The filament has just broken at exposure 6.

Figure 9. Droplet evolution for Nasonex spray. The filament has just broken at exposure 9.
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Figure 10. Formed droplets with associated filaments just prior to break for the four nasal sprays: 1, Beconase; 2, Nasacort; 3,

Flixonase; and 4, Nasonex.

cult to distinguish filaments from the background, a cer-
tain amount of photographic enhancement was used, but
the diameters and breakup configurations are preserved.
A characteristic feature of such filaments of viscoelastic
fluidsistheir uniformity—the filament stretches asa cyl-
inder. This makes the determination of the extensiona
stressand strain rate relatively simple (14). A comparison
of formed droplets with their associated filamentsjust be-
fore the droplet breaks for the four spraysis givenin Fig.
10. Itisevident that very short filaments only were shown
by each sample prior to breakup and the droplet falling
freely under gravity.

This preliminary extensional flow data indicates that
Nasonex gives the longest filaments, Nasacort and Flixo-
nase are similar with intermediate lengths, and Beconase
gives the shortest filaments. Filament length, which is a
good indication of extensional viscosity on which droplet
size and breakup depend, increases in the same order as
the lowest shear (i.e., 10 sec™) viscosities (see Table 1).
Thisisnot unexpected since, at low strain ratesfor elastic
fluids and at all strain rates for Newtonian liquids, the
extensional viscosity is three times the uniaxial exten-
siona viscosity (16).

CONCLUSIONS

All the nasal spray suspensions were shear thinning
and thixotropic to different degrees. To remain in the na-
sal cavity, the spray formulation must be thick enough
not to run out of the nose or flow down the back of the
throat. Although the correlation of such in vitro experi-
ments with the in vivo situation must be approached with
extreme caution, the absence of significant thixotropic re-
covery at short times (5 min) for all sprays implies that
thixotropy is not necessarily the controlling factor, but

rather it is the high viscosities present in all four sprays
even after structure breakdown.

Thepreliminary elongational datasuggest that thereare
differences in extensional properties, which correlated
with the low shear viscosities. These differences will be
determined by amore detail ed seriesof experimentsusing
direct extensional viscosity measurements (16).

REFERENCES

1. N.MygindandV.Lund, Clin.Immunother., 5, 122 (1996).
C. LaForce, J. Allergy Clin. Immunol., 103, S388 (1999).
3. M. J Fakiewicz, Theory of suspensions, in Pharmaceuti-
cal Dosage Forms: Disperse Systems, Voal. 1, 2nd ed. (H.
Leiberman, M. Reiger, and G. Banker, Eds.), Marcel
Dekker, New York, 1996, p. 17.
4. A. Martin, Rheology, in Physical Pharmacy, 4th ed.
(G. H. Mundorff, Ed.), Lea and Febiger, Philadelphia,
1993, p. 453.
5. C. Bachert, W. Darleth, and B. Janzen, Allergologie, 21,
S17 (1998).
J. Mewis, J. Non-Newtonian Fluid Mech., 5, 1 (1979).
D. C.-H. Cheng, Int. J. Cosmet. Sci., 9, 161 (1987).
H.A.Barnes, J. Non-Newtonian FluidMech., 70, 1 (1997).
British Standard Glossary of Rheological Terms (BS
5168:1975), HMSO, UK.
10. G. M. Eccleston, J. Soc. Cosmet. Chem., 41, 1 (1990).
11. G. M. Eccleston, Colloids Surf., A, 123, 169 (1997).
12. N. E. Hudson, J. Ferguson, and B. C. H. Warren, Proc.
Third Eur. Rheol. Conf., 229 (1990).
13. J. Ferguson, N. E. Hudson, and B. C. H. Warren, J. Non-
Newtonian Fluid Mech., 44, 37 (1992).

14. W. M. Jones, N. E. Hudson, and J. Ferguson, J. Non-
Newtonian Fluid Mech., 35, 263 (1990).

15. H.A.Barnes, J.Non-Newtonian Fluid Mech., 56, 221 (1995).

16. J. Ferguson, N. E. Hudson, and M. A. Odriozola, J. Non-
Newtonian Fluid Mech., 68, 241 (1997).

N

© N>



Copyright © 2002 EBSCO Publishing



Copyright of Drug Development & Industrial Pharmacy is the property of Taylor & Francis Ltd and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



