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ABSTRACT 

F1 un i sol i de 

sign if i cant ant 

is a synthetic fluorinated corticosteroid with 

- i n f ammatory and ant i -a1 1 erg i c act i v i t i es . 
Flunisolide nasal solution (Nasal idem) is delivered by a unique 

pump-activated, non-propel lant, metered-dose device. A previous 

paper (1) reported droplet size characterization o f  the nasal 

spray by a cascade impactor. This report describes the remaining 

physical characterizations, namely dose delivery and spray 

pattern, of this metered-dose delivery system as well as the 

suitability of the system for a therapeutic corticosteroid nasal 

solution. 

Actuation of flunisolide nasal spray units by 10 subjects 

over time demonstrated good constancy o f  dose delivery for up to 
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474 W ET AL. 

24 days o f  use. 

0.040 gm/day (grand mean 2 s.d.). 
The average dose del ivery was 0.737 2 

Actuation of similar units by 17 subjects over time showed 

good constancy of spray pattern, which was defined as the long 

and short diameters of the impaction pattern of the spray on a 

TLC plate, for the entire lifetime o f  the unit. 

INTRODUCTION 

Flunisol ide ( Ga-fluoro-l1B,16a, 17,21 tetra-hydroxy- 

pregna-l,4-d iene-3,20-dione-16,17-aceton ide) is a synthetic 

fluorinated corci tosteroid with sign if icant ant i-infl ammatory and 

anti-allergic activities. Flunisol ide nasal spray (Nasalidea) 

produces the desired therapeutic action o f  corticosteroid in the 

nasal mucosa via topical application in the treatment of allergic 

rhinitis. The delivery system of Nasalidem i s  a unique 

pump-activated, non-propellant, metered dose device that delivers 

a gentle spray of solution mist to the nostril. 

consists o f  four basic elements: a plastic bottle, a cap, 

a pump, and a shroud (plus its dust cap). 

solution is packaged in a plastic bottle and capped, with the 

pump and shroud presented unassembled. At the time of 

dispensation by the pharmacist to the patient, the original cap 

is removed from the bottle and discarded, and the pump/shroud 

system is assembled onto the bottle. 

The device 

Flunisolide nasal 

The system is operated by rapid, firm finger and thumb 

pressure on the shroud and the base o f  the bottle, which forces a 
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A METERED-DOSE FLUNISOLIDE NASAL SPRAY 4 75 

metered amount of drug s o l u t i o n  up th rough  t h e  a c t u a t o r  t o  e x i t  

as a f i n e  spray a t  t h e  o r i f i c e .  

l e n g t h  o f  s t r o k e  of t h e  pump p i s t o n  which f o r c e s  t h e  d r u g  

s o l u t i o n  through t h e  o r i f i c e .  

and t h e  s e a l i n g  a c t i o n  o f  t h e  s t e e l  b a l l  upon r e l e a s e  o f  t h e  

a c t u a t o r  p r o v i d e  a f i x e d  volume o f  d rug  s o l u t i o n  f o r  dos ing.  

Each a c t u a t i o n  o f  t h e  pump system a d m i n i s t e r s  app rox ima te l y  

100 p1 o f  s o l u t i o n .  The s o l u t i o n  c o n s i s t s  o f  f l u n i s o l i d e  

(0.25 mg/ml) i n  an aqueous v e h i c l e  c o n t a i n i n g  p ropy lene  g l y c o l ,  

p o l y e t h y l e n e  g l y c o l  3350, c i t r i c  ac id ,  sodium c i t r a t e  and 

benzalkonium c h l o r i d e .  To t h e  a u t h o r s '  knowledge, Nasa l i dea  i s  

t h e  f i r s t  non - f l uo roca rbon  metered-dose nasal  s o l u t i o n  i n  t h e  

U.S. market.  

M e t e r i n g  i s  accomplished by t h e  

The des ign  o f  t h e  meter chamber 

For a metered-dose nasal  spray,  t h e r e  a r e  a t  l e a s t  t h r e e  

major  p h y s i c a l  c h a r a c t e r i s t i c s  t o  be concerned: 

s i z e  o f  t h e  spray;  (b )  t h e  dose d e l i v e r y  o f  t he  spray;  and ( c )  

t h e  spray p a t t e r n .  The d r o p l e t  s i z e  a f f e c t s  b o t h  e f f i c a c y  and 

e x t e n t  of p o s s i b l e  s i d e  e f f e c t s  because smal l  d r o p l e t s  can reach 

lower  r e s p i r a t o r y  system w h i l e  l a r g e  d r o p l e t s  are l o c a l i z e d  i n  

t h e  nose (2-4). The dose d e l i v e r y  c e r t a i n l y  has p ro found  e f f e c t  

on t h e  therapy.  

o f  d r o p l e t s  i n  t h e  nasal  c a v i t y .  Moreover, t h e  spray p a t t e r n  was 

found t o  be a u s e f u l  t e s t  f o r  d e t e c t i n g  d e f e c t s  i n  s i z e  and shape 

o f  t h e  a c t u a t o r  o r i f i c e  o f  t h e  sp ray  u n i t  (5, 6 ) .  A p r e v i o u s  

paper (1) r e p o r t e d  d r o p l e t  s i z e  c h a r a c t e r i z a t i o n  o f  t h e  nasal  

spray by a cascade impactor .  

p h y s i c a l  c h a r a c t e r i z a t i o n s ,  namely t h e  dose d e l i v e r y  and t h e  

( a )  t h e  d r o p l e t  

The spray p a t t e r n  can i n f l u e n c e  t h e  d e p o s i t i o n  

T h i s  r e p o r t  desc r ibes  t h e  rema in ing  
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476 W ET AL. 

spray pattern,  of th i s  metered-dose delivery system as well as  

the s u i t a b i l i t y  of the system for  delivering a therapeutic 

cor t  icosteroid nasal sol ut i  on. 

EXPERIMENTAL 

Dose Delivery S t u d y  

Ten subjects were each supplied with 25 ml of f lunisol ide 

nasal solution i n  a complete pump uni t .  The subjects were 

instructed t o  actuate the i r  nasal spray units into inverted 

beakers 4 sprays i n  the morning and 4 sprays i n  the  afternoon 

( the  direction o f  use for Nasalide' i s  4 sprays, 2 sprays each 

n o s t r i l ,  b .  i .  d . )  on consecutive working days until  the uni ts  

ceased delivery. The weight difference of a spray unit before 

and a f t e r  the 4 consecutive sprays was determined every morning 

and afternoon, u s i n g  an analytical  balance . 1 

Spray Pattern Study 

Seventeen subjects were each suppl ied with 25 ml of 

f lunisol ide nasal solution in a complete pump uni t .  The subjects 

were instructed t o  actuate their nasal spray uni ts  in the same 

manner as in the delivery study above. The spray pattern was 

measured on every other day o f  use. 

Measurement o f  the  Spray Pattern 

A three-walled PlexiglasQ chamber was made t o  house the 
2 nasal spray unit  and a TLC plate  , as shown i n  Figure 1. The 

1Arbor Electronic Bal ances, Arbor Lab. , Inc . , Pal o A1 t o ,  

2Precoated 250 ptn thick S i l ica  Gel G F ,  Uniplate, Newark, 
CA 94303. 

DE 19711 
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A METERED-DOSE FLUNISOLIDE NASAL SPRAY 477 

FIGURE 1. Plex ig lass  spray chamber. Dimensions are 20.5 X 20.5 
X 50 cm. Key: A, s h e l f  t o  ho ld  TLC p l a t e ;  B y  s ide 
rod  t o  clamp the  nasal spray u n i t .  

p l a t e  res ted  face down a t  the  top  o f  the  chamber. 

was clamped t o  a s ide  rod such t h a t  the  u n i t  po inted v e r t i c a l l y  

a t  the center  o f  t he  TLC p l a t e  a t  a d is tance o f  20 cm. 

sprays were sprayed onto the  p la te ,  and the  r e s u l t a n t  spot on the  

TLC p l a t e  was v i sua l i zed  under UV l i g h t ,  w i t h  a Po laro id  p i c t u r e  

being taken immediately. 

The spray u n i t  

Four 

The o u t l i n e  o f  the  spot was copied from the  Po laro id  

photograph (F igure 2) t o  a t ransparent  sheet. 

then measured and converted t o  t r u e  dimension us ing s u i t a b l e  

c a l i b r a t i o n  (a  photograph of a r u l e r  taken under i d e n t i c a l  

cond i t ions  was employed i n  t h i s  s tudy) .  Because o f  t he  somewhat 

i r r e g u l a r  shape o f  t he  spot, bo th  t h e  longest  and the  sho r tes t  

diameter (which w i l l  be r e f e r r e d  t o  as the  long and t h e  shor t  

The diameter was 
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478 W ET AL. 

FIGURE 2. A photograph of the spray pat tern on the TLC p l a t e  
with the long (11.0 cm) and short  (7 .0  cm) diameters 
indicated.  The central  region of the spray showed 
l e s s  opt ical  densi ty  because of the a r t i f a c t  of l i g h t  
re lect ion on a wet surface.  When visualized under UV 
l i g h t  by naked eyes, t he  region showed the s t rongest  
absorpt i on. 

diameter i n  the following t e x t )  passing through the same 

geometric center were measured. 

RESULTS AND D I S C U S S I O N  

Dose Del ivery 

Results of the delivery s tudy are  shown i n  Figures 3 and 4. 

Figure 3 shows the day-to-day del ivery v a r i a b i l i t y  as a function 

of time o f  the delivery data. Each data point represents a mean 

delivery per day (by summing u p  the morning 4 sprays and the 

afternoon 4 sprays, a1 though they were separately determined) o f  

10 spray uni ts  operated by 10 subjects .  

subject-to-subject variation over time o f  the same data. Each 

Figure 4 shows 
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ELAPSED DAY 

F I G U R E  3 .  Effect o f  emptying on the dose del ivery per day. 
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F I G U R E  4 .  Subject-to-subject va r i a t ion  o f  the  dose del ivery per 
day. 
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4 80 YU ET AL. 

data p o i n t  represents a mean delivery per day of 24 days of use 

prior t o  depletion of the u n i t .  

t o  be quite small. 

absence of use for  several days ( i . e .  s i t t i n g  over a weekend) has 

v i r tua l ly  no e f fec t  on the dose delivery.  

good agreement with previous data on placebo . 
nasal solution delivered was 0.737 2 0.040 (grand mean 2 s . d . )  

gm/day for up t o  24 days o f  use, a f t e r  which the e f f e c t  of 

depletion is seen in lower mean de l iver ies  and wider standard 

deviations. The calculated delivery of flunisol ide i s  therefore 

177.2 - + 9.6 pg/day based on the concentration (0.025% W / V )  and 

density (1.04 gm/ml) of the formulation. 

Duration of Use 

The day-to-day variation i s  Seen 

I t  i s  a lso apparent from Figure 3 tha t  

These r e s u l t s  are in 
3 The amount of 

Figure 3 reveals that  the usage l i fe t ime of the units was 

approximately 24 days of use. Beyond t h i s  period, the delivery 

per day decreased markedly t o  below 85% of the average delivery 

during the f i r s t  24 day period. 

solution (about 3 t o  5 ml) i s  n o t  s a t i s f a c t o r i l y  deliverable from 

I t  indicates t h a t  the remaining 

the unit .  Consequently, the to ta l  number of sprays per u n i t  was 

approximately 200, representing roughly 20.8 gm (20 ml) of 

formulation deliverable from the uni t .  

Spray Pattern 

Figure 5 shows the e f fec t  o f  emptying on the long and short 

diameters of the spray pattern delivered by the 17  subjects over 

the l i fe t ime o f  the units.  I t  i s  apparent tha t  the spray pattern 

3Unpubl ished data. 
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FIGURE 5. Effect of emptying on the spray pattern. 
long diameters; 0 short diameters; bar represents 
one standard deviation. 
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FIGURE 6 .  Subject-to-subject variation of the spray pattern. 
Key: A , long diameters; 0, short diameters; bar 
represents one standard deviation. 
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as defined by the long and the short diameters remains 

essenti a1 1 y constant over time. Sub ject-to-sub ject vari at 

YU ET AL. 

on is 

shown in Figure 6, which is a plot of the diameter averaged over 

day-of-use versus the subject code number. 

Figures 5 and 6 reveals that, in general, the subject-to-subject 

variability is greater than the day-to-day variability. The mean 

diameters (grand mean 2 s.d.), 11.1 - + 1.3 cm and 7.5 5 0.8 cm for 

the long and short diameter respectively, are in good agreement 

with those observed in a stability study4 of spray pattern. 

Comparison of 

CONCLUSION 

In conclusion, the metered dose delivery system o f  

Nasalidea solution was shown to be satisfactory from the 

standpoint of its good constancy of dose delivery and spray 

pattern. 
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