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Bandage and Timed Release Aerosol 

by 

M. Luongo**, J.J. Sciarra*, C . O .  Ward***, V. DePaul Lynch**, 

and W. Feinstein**** 

- ABSTRACT - 

The formulation of several dexamethasone topical delayed 

release aerosol preparations was studied. Ethylcellulose and 

tributyl citrate were the film-forming agent and plasticizer, 

respectively, for the spray-on bandage formulation. The 

aerosol timed release preparation contained dexamethasone 

microcapsules suspended in a fluorocarbon aerosol propellant 

by isopropyl myristate and fumed silica. Both preparations 

were evaluated using an in vitro method which measured the 

release of dexamethasone hourly for eight hours. In vitro 

studies showed that each of the formulations delayed the 

release of dexamethasone. In the in vivo tests aerosols were 
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498 LUONGO ET AL. 

sprayed on the unahradcd hack area of rabbits and the 

increased 1 7  - hydroxycorticosteriod urine le\.els at 

2 4 ,  58, and 72 hours indicated dexamethasone absorption. 

In vivo studies indicated that absorption did not occur with 

the timed release preparation containing dexamcthasone micro- 

capsules, However, dexamethasone from the spray-on bandage 

preparation was absorbed ever 72 hours. A commercially 

marketed topical dexamethasone cream was used for comparison 

in evaluating the two experimental formulations; however, 

_ _ _  i n  vivo studies showed that no absorption occurred with this 

preparation. 

- _ _  

In recent years, a great deal of work has been directed 

towards the application of medicated polymeric films or tissue 

adhesives onto the skin to treat minor dermatological problems 

or serious skin wounds. Among the factors to he considered 

are: incorporation of a specific active ingredient, the 

mode of application and the dosage form. Lange and Fang ( 1 , 2 )  

developed spray-on bandages using water soluble resins and 

water as the solvent. Fischl ( 3 )  evaluated the affectiveness 

of a cyanoacrylate monomer in closing skin incisions without 

affecting wound healing. Bhaskar and Cutright ( 4 )  showed 

that butyl cyanoacrylate could be successfully used as a 

surface dressing while reducing the degree of' inflammation. 

Sciarra .?nd Gidwani ( 5 , 6 )  reported on the release of gentian 

violet from selected polymer and plasticizer combinations and 

established various polymer-plasticizer combinations which 

could he applied as an aerosol spray. Other studies (7,8) 

have shown that ethylcellulose and a thermoplastic polyamide 

resin have potential use in spray-on bandage formulations. 
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RELEASE OF DEXAMETHASONE 4 9 9  

The results indicated that the anti-infectives were released 

from the films and the spray-on bandages reduced the degree 

of infection about the wound. 

The process of microencapsulation has been applied to 

various industrial and medical uses. Microcapsules can be 

prepared so that the encapsulated material will be released 

slowly. There are various methods of microencapsulation 

including coacervation, phase separation, interfacial 

polymerization, an electrostatic method, and vacuum 

metalization and they have been successfully used with 

selected drugs (9- 1 3 ) .  

The purpose of this study was to develop and evaluate 

different aerosol formulations containing a therapeutic 

agent which can be slowly released. In vitro and in vivo 

systems were used to evaluate the release and absorption of 

the drug in the test animals. 

EXPERIMENTAL 

Formulation of the Spray-On Bandage: Formulations were 

prepared containing 1.0 g dexamethasone , 2.5 g ethylcellulose , 1 2 

0.25 g tributyl citrate’, 5.0 g isopropyl myristate and 6.25 g 

absolute ethyl alcohol. Heat was used to aid in the solution 

of ethylcellulose. This provided a continuous and highly 

flexible film without any cracks or fissures. A blank was 

also prepared. 

‘Micromilled, Napp Chemicals Inc. , Lodi, N.J. 
2Ethylcellulose N-10, Hercules Powder C o . ,  Wilmington, Del. 

3Citroflex - 4 ,  Chas. Pfizer and Co., New York, N.Y. 
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500 LUONGO ET AL. 

P r e p a r a t i o n  o f  C a l i b r a t i o n  Curve:  The maximum wavelength  f o r  

dexamethasone was d e t e r m i n e d  u s i n g  a d o u b l e  beam s p e c t r o p h o t o -  

m e t e r  and 1 cm s i l i c a  c e l l s .  S tock  s o l u t i o n s  of dexamethasone 

c o n t a i n i n g  1 . 0  and 10  mcg/ml were p r e p a r e d  u s i n g  e t h a n o l  a s  

t h e  s o l v e n t  and t h e i r  a b s o r b a n c e  was d e t e r m i n e d .  A maximum 

wavelength  o f  239 nm was o b t a i n e d .  Other  s t o c k  s o l u t i o n s  

o f  dexamethasone were t h e n  p r e p a r e d  i n  c o n c e n t r a t i o n s  

rangi f ig  between 1 and 1 0  mcg/ml and 10  and 70 mcg/ml. 

The a b s o r b a n c e  of  t h e s e  s o l u t i o n s  was t h c n  p l o t t e d  a g a i n s t  

t h e  known c o n c e n t r a t i o n  o f  t h e  dexamethasone s o l u t i o n .  

1 

I n i t i a l  Drug C o n c e n t r a t i o n  i n  Model F i l m :  F i f t e e n  grams 

o f  t h e  model f i l m  was p r e p a r e d  a s  i n d i c a t e d ,  t o  which 

was added 4 . 2  g of e t h a n o l .  T h i s  was poured  i n t o  a 1 4  c m  

d i a m e t e r  p e t r i  d i s h  which c o n t a i n e d  c l e a n  f i l t e r e d  

mercury.  T h e  c a s t  f i l m s  were a l l o w e d  t o  d r y  a t  room 

t e m p e r a t u r e  f o r  3 days  and a f i l m  having  n o  c r a c k s  o r  

f i s s u r e s  and o f  un i form t h i c k n e s s  w a s  p roduced .  A d i s c  

was c u t  from t h e  f i l m  u s i n g  a c a l i b r a t e d  copper  c y l i n d e r  

measur ing  4 . 5  cm i n  d i a m e t e r .  The d i s c  w a s  weighed,  

d i s s o l v e d  i n  e t h a n o l ,  and b r o u g h t  t o  a f i n a l  volume o f  

100 m l  and  s t i r r e d  f o r  one h o u r .  The a b s o r b a n c e  o f  t h e  sample 

was measured a g a i n s t  t h e  b lank  a t  2 3 9  mm. The dexamethasone 

c o n t e n t  o f  t h e  f i l m  was o b t a i n e d  from t h e  c a l i b r a t i o n  c u r v e .  

T h e  b l a n k  f i l m s  were t r e a t e d  s i m i l a r l y .  

‘Coleman H i t a c h i  Double Bean S p e c t r o p h o t o m e t e r ,  Modei 1 2 4  
Coleman I n s t r u m e n t s  D i v . ,  Maywood, Ill. 
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RELEASE OF DEXAMETHASONE 501 

- In Vitro Release Rate: Additional film discs containing 

dexamethasone were prepared, weighed and glued' onto the 

smooth surface of a glass stopper and allowed to set overnight. 

The stopper, attached to a plastic rod, was inverted into 

a 400 ml beaker containing exactly 200 ml of dissolution 

medium (Sorensen's Buffer Mixture' adjusted to pH5.60). 

The water surrounding the 400 ml beaker was maintained at 

37O 0.1' as secn in Figure 1. 

At one hour intervals f o r  8 hours, 10 ml samples were 

removed and assayed spectrophotometrically at 239 nm. For  

each sample removed, a freshly pipetted 10 ml portion of 

receiving medium, maintained at 37O, was added to the medium 

already in the beaker. A cumulative correction factor was 

used to account f o r  the hourly removed samples in relation 

t o  the total amount dissolved (14). The equation for  this 

factor follows: 

where Cn (measured) is the concentration obtained through the 

use of the spectrophotometer, Cn is the concentration o f  the 

nth reading expected in the medium if previous samples were 

not removed, lO/ZOO is the dilution factor and Cs (measured) 

is the uncorrected concentration of  nth - 1 determinations. 

lSmooth-on Snc., Gillette, N.J. 

ZPotassium Phosphate Monobasic and Sodium Phosphate 

Dibasic, Dihydrate. 
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50 2 LUONGO ET AL. 
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RELEASE OF DEXAMETHASONE 50 3 

Preparation of the Aerosol and Delivery Rate Determination: 

The concentrate was added to a tin-plate 180 ml aerosol 

container and sealed with an aerosol valve . Dichloro- 

difluoromethane/dichlorotetrafluoroethane ( 4 0 : 6 0 )  was added. 

The concentrate accounted for 1 5 %  by weight while the 

propellant blend accounted for 8 5 %  by weight of the total 

product. 

1 

The containers were stored at 25 1' to allow the 

contents to attain equilibrium before use. Each container 

was accurately weighed and placed into the discharge rate 

apparatus ( 1 5 ) .  The timer was set for 10 sec and the 

product was automatically discharged. The container was 

removed from the apparatus and reweighed. Three 

determinations were made on each container and the results 

were averaged to determine the amount of material discharged 

through the valve in grams per second. 

Preparation of the Microencapsulated Dexamethasone: A 10% 

b y  weight solution of ethylcellulose was prepared by adding 

25 g o f  ethylcellulose 10 cps to 2 2 5  g of toluene. A 

'Precision Valve Co., Yonkers, New York, 5 . 0 8  x 0.05 cm 

( 2  x 0 .020  in.) orifice, radius core (nylon) stem, Buna N 

(regular durometer) gasket, type 302 stainless steel spring, 

0.2 cm ( 0 . 0 8  in) nylon body, flat dimpled tin plate, epon- 

coated mounting cup, standard dip tube, and 0 . 0 5  cm ( 0 . 0 2  in) 

actuator. 
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504 LUONGO ET AL. 

l a b o r a t o r y  mixer '  a t  a s p e e d  o f  6 0  t o  70 r p m  was used  and 

t h e  e t h y l c e l l u l o s e  was s l o w l y  added t o  t h e  v o r t e x  o f  t h e  

t o l u e n e .  T h e  s o l u t i o n  was a l l o w d  t o  s t a n d  o v e r n i g h t ,  o r  

u n t i l  i t  became c l e a r ,  i n  a s e a l e d  c o n t a i n e r .  F i f t ) -  t o  

6 0  m l  o f  p e t r o l e u m  e t h e r 2  \ias added d r o p w i s e  from a 1 0 0  m l  

p i p e t t e  t o  t h e  e t h y l c e l l u l o s e  s o l u t i o n  c o n t a i n e d  i n  a 

1000  m l  b e a k e r  u n t i l  a p e r s i s t e n t  t u r b i d i t y  was produced .  

Seven and o n e - h a l f  grams o f  dexamethasone was added t o  

t h i s  m i x t u r e  and mixed. A l t e r n a t i v e  a d d i t i o n s  o f  p e t r o l e u m  

e t h e r  and t a l c  were t h e n  made, u s i n g  a t o t a l  o f  2 0 0  m l  and 

50 g ,  r e s p e c t i v e l y .  Coated  p a r t i c l e s  i i e re  s e p a r a t e d  from 

t h c  l i q u i d  by f i l t r a t i o n .  The f i l t r a t e  was washed s e v e r a l  

t i m e s  w i t h  a d d i t i o n a l  p e t r o l e u m  e t h e r  and t h e  p a r t i c l e s  were 

s e p a r a t e d  and a l l o w e d  t o  d r y  a t  ambient  room t e m p e r a t u r e  on 

f i l t e r  p a p e r .  Coarse  t o  f i n e  p a r t i c l e s  v e r e  o b t a i n e d ,  a s s a y e d  and 

by t h e  d i r e c t  t o t a l  a s s a y  p r o c e d u r e  found t o  c o n t a i n  

a p p r o x i m a t e l y  7 t o  1 2 %  o f  dexamethasone .  

C l a s s i f i c a t i o n  o f  P a r t i c l e  S i z e :  The m i c r o c a p s u l e s  were 

s e p a r a t e d  i n t o  v a r y i n g  p a r t i c l e  s i z e s 3 .  

d e t e r m i n e d  K i t h  t h e  a i d  of No. 6 0 ,  80, 1 0 0 ,  200 ,  270 and 325 

mesh s i e v e s .  All b a t c h e s  o f  m i c r o c a p s u l e s  were s e p a r a t e d  

a c c o r d i n g  t o  t h e i r  r e s p e c t i v e  p a r t i c l e  s izes  u n t i l  a 

s u f f i c i e n t  amount o f  e a c h  s i e v e  s i z e  was o b t a i n e d .  

The d i s t r i b u t i o n  was 

' L a b - S t i r  A p p a r a t u s .  

' B o i l i n g  r a n g e  o f  30-60' 

3Cenco-Meinzer S i e v e  S h a k e r ,  C e n t r a l  S c i e n t i f i c  Co. , 
Chicago,  I l l .  
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RELEASE OF DEXAMETHASONE 505 

Determination of  Dexamethasone in the Microcapsules: The 

standard was prepared by adding 50 mg of dexamethasone 

reference standard to a 250 ml volumetric flask followed 

by enough absolute ethyl alcohol to achieve the final 

volume. A 3 ml aliquot of this solution was pipetted into 

a 100 ml volumetric flask, brought to volume with absolute 

e t h \ - l  alcohol and mixed. 

Approximately 1 g of dexamethasone microcapsules was 

ground to a fine powder after which an amount equivalent to 

4 mg o f  dexamethasone was weighed and transferred to a 100 ml 

volumetric flask. Approximately 70 ml o f  absolute ethyl 

alcohol was added and the flask was shaken for 30 minutes 

before being brought to final volume with ethanol. A 15 ml 

aliquot was pipetted into a 100 ml volumetric flask and 

brought to final volume with ethanol and mixed. 

Five ml aliquots of each sample solution, 20 ml of the 

standard solution and 20 ml o f  ethanol (serving as the reagent 

blank) was pipetted into separate 50 ml centrifuge tubes. 

Two ml each of blue tetrazolium solution (16) and 

tetramethylammonium hydroxide solution (17) was added to each 

tube which was then stoppered. After standing in a dark 

place for 90 minutes the absorbance of the sample and 

standard was read against the blank at 5 2 5  nm. The amount 

of dexamethasone was determined by the following equation ( 1 3 ) :  

S c 100 
- X -  D . F *  = mg of dexamethasone/g 1000 w 

- X 
'a 

where S = absorbance of sample at 5 2 5  nm, Sa = absorbance 

of standard at 5 2 5  nm, C = concentration of standard in 

mcg/ml, W = sample weight in g,  and D.F. = dilution factor. 
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506 LUONGO ET AL. 

In Vitro Release Rate Studies: Dexamethasone microcapsules 

(1 g) were added to 100 ml of Sorensen's Buffer', pH 5 . 6 ,  

3 7 O ,  and placed onto a gyratory shaker. 

withdrawn hourly for 8 hours and after 2 4 ,  4 8  and 7 2  hours. 

The absorbance o f  the samples was read against a blank at 

239 nm. Fresh 10 ml portions of the dissolution medium were 

added to replace the withdrawn samples and a cumulative 

correction factor was used t o  correct for the dilution of 

the solution. 

-- 

Ten ml samples were 

Preparation of the Microencapsulated Dexamethasone Timed 

Release Aerosol and Delivery Rate Determination: Fifteen 

grams of  dexamethasone microcapsules was mixed with 0.5 g 

fumed silica and 5.0 g isopropyl myristate and added to a 

tin-plate aerosol container, fitted with an aerosol valve 

(as previously described), crimped and pressurized with 

79.5  g o f  dichlorodifluoromethane/dichlorotetrafluoroethane 

(40 :60 ) .  Delivery Rate determinations and preparation of the 

blank were carried out as previously stated. 

Preparation of  the Dexamethasone Topical Cream: Additional 

dexamethasone sodium phosphate was added to a commercially 

marketed cream containing 0.1% dexamethasone sodium 

phosphate' so that each gram of cream would have a final 

dexamethasone concentration of 35.9 mg so  as to have the 

'Potassium Phosphate Monobasic and Sodium Phosphate Dibasic, 
Dihydrate. 

2Decadron Sodium Phosphate Topical Cream - Merck Sharpe and 
Dohme, West Point, PA. 
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RELEASE OF DEXAMETHASONE 

same c o n c e n t r a t i o n  as a two second s p r a y  e m i t t e d  from t h e  

s p r a y - o n  bandage p r e p a r a t i o n  and t h e  m i c r o e n c a p s u l a t e d  

dexamethasone a e r o s o l .  

507 

P r e p a r a t i o n  o f  a H y d r o c o r t i s o n e  C a l i b r a t i o n  Curve: F i f t y  mg 

o f  h y d r o c o r t i s o n e  was weighed,  t r a n s f e r r e d  t o  a 50 m l  v o l u -  

m e t r i c  f l a s k  and brought  t o  f i n a l  volume w i t h  e t h a n o l .  V a r i o u s  

a l i q u o t s  were t a k e n  and d i l u t e d  w i t h  e t h a n o l  t o  o b t a i n  

s o l u t i o n s  w i t h  a c o n c e n t r a t i o n  of  1 t o  10 mcg/ml. Ten ml of 

e a c h  s o l u t i o n  and  10  ml o f  e t h a n o l  were p i p e t t e d  i n t o  s e p a r a t e  

50  m l  c e n t r i f u g e  t u b e s .  One m l  each  o f  b l u e  t e t r a z o l i u m  

s o l u t i o n  and tetramethylammonium h y d r o x i d e  was added t o  e a c h  

t u b e .  A f t e r  a l l o w i n g  t h e  t u b e s  t o  s t a n d  i n  a d a r k  p l a c e  f o r  

90 m i n u t e s ,  t h e  absorbance  o f  t h e  s t a n d a r d  was r e a d  a g a i n s t  

t h e  b l a n k  a t  5 2 5  nm. The a b s o r b a n c e  was t h e n  p l o t t e d  a g a i n s t  

t h e  known c o n c e n t r a t i o n  o f  t h e  h y d r o c o r t i s o n e  s o l u t i o n .  

I n  Vivo T e s t i n g :  Adul t  male New Zealand w h i t e  r a b b i t s  weighing  

between 3 . 4 0  t o  4 . 1 7  kg  were used .  They were a l lowed food  and water 

-____ ad  l i b i t u m  and housed i n  s e p a r a t e  metabol i sm c a g e s .  

were shaved  p r i o r  t o  t h e  s t a r t  of  t h e  t e s t s .  The a e r o s o l  

t o  be t e s t e d  was s p r a y e d  o n t o  t h e  a n i m a l ' s  back c o v e r i n g  a n  

a r e a  a d j a c e n t  t o  t h e  s p i n a l  column a p p r o x i m a t e l y  6 . 3  x 6 . 3  cm 

s q u a r e  ( 2 %  by 2 % i n . ) .  Each a e r o s o l  was s p r a y e d  a t  a 

d i s t a n c e  of  1 5 . 2  t o  2 0 . 3  cm ( 6 - 8  i n . )  f o r  two seconds .  Once 

t h e  back area was d r i e d  i t  was o c c l u d e d  by wrapping . The 

c o n t r o l  group was t r e a t e d  i n  t h e  same manner e x c e p t  t h a t  no 

-- 

The backs  

1 

'Saran Wrap, Dow Chemical . ,  Midland,  Michigan 
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LUONGO ET AI,. 508 

a e r o s o l  p r e p r a t i o n  was a p p l i e d ,  I n  t h e  c a s e  o f  t h e  

dexamethasone cream, 1 g was rubbed i n t o  t h e  back a r e a  i n  

o r d e r  t o  d e l i v e r  a s p e c i f i e d  amount o f  dexamethasone.  

U r i n e  samples  were c o l l e c t e d  2 4  h o u r s  b e f o r e  t h e  s t a r t  

o f  t h e  e x p e r i m e n t  and a t  2 4 ,  48 and 7 2  h o u r s  a f t e r  e a c h  

t r e a t m e n t .  The u r i n e  volume was measured and e a c h  sample 

was f r o z e n  f o r  f u t u r e  a n a l y s i s .  

The group of  a n i m a l s  t e s t e d  i n c l u d e d  t h e  c o n t r o l  group 

and t h o s e  groups  t r e a t e d  w i t h  t h e  dexamethasone s p r a y - o n  

bandage and i t s  c o r r e s p o n d i n g  b l a n k ,  t h e  dexamethasone 

m i c r o e n c a p s u l a t e d  s p r a y  and i t s  c o r r e s p o n d i n g  b lank  and t h e  

dexamethasone t o p i c a l  cream. 

The same f i v e  (5)  r a b b i t s  were used  i n  t h e s e  s t u d i e s .  

A minimum of  10  days  was a l l o \ s e d  a s  a rest  p e r i o d  b e f o r e  t h e  

r a b b i t s  were used  f o r  s u b s e q u e n t  t e s t s .  

Procedure  f o r  Assaying  t h e  R a b b i t  Ur ine  Samples f o r  

17-Hydroxycorticosteroid C o n t e n t :  Ten m l  o f  e a c h  u r i n e  

sample was p i p i t t e d  i n t o  s e p a r a t e  50 ml c e n t r i f u g e  t u b e s .  

Ten m l  o f  p u r i f i e d  water a d j u s t e d  t o  pH 5.0 w i t h  a c e t i c  

a c i d  was p i p e t t e d  i n t o  a n o t h e r  c e n t r i f u g e  t u b e  and was 

u s e d  a s  t h e  b l a n k .  Four  m l  o f  b e e f  l i v e r  g l u c u r o n i d a s e  

s o l u t i o n '  was added t o  each sample  and b l a n k .  

were mixed, s t o p p e r e d  and i n c u b a t e d  o v e r n i g h t  a t  30'. 

Upon r e a c h i n g  room t e m p e r a t u r e ,  10 m l  o f  c a r b o n  t e t r a -  

c h l o r i d e  was added ,  shaken  f o r  5 m i n u t e s  and t h e n  

c e n t r i f u g e d  f o r  5 m i n u t e s .  A f t e r  t r a n s f e r r i n g  t h e  aqueous 

The t u b e s  

'Be ta-Glucuronidase  s o l u t i o n  (SO00 Fishman u n i  t e d / m l )  , 
Sigma Chemical Co. ,  S t .  L o u i s ,  Mo. 
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RELEASE OF DEXAMETHASONE 509 

phase to a 40 ml centrifuge tube, the extraction was 

repeated with another 10 ml of carbon tetrachloride. 

Twelve ml of the aqueous phase was transferred to a 125 ml 

separator, extracted using 50 ml of methylene chloride and 

then allowed to settle for 30 minutes. The organic phase 

was transferred to a 125 ml Erlenmeyer flask to which 30 

pellets of sodium hydroxide was added. The flasks were 

shaken f o r  5 minutes, allowed to settle and the solution 

filtered through Whatman No 4 filter paper into a 50 ml 

centrifuge tube. Twenty ml o f  the filtrate was then pipetted 

into a 40 ml centrifuge tube and evaporated to dryness on a 

30' steam bath, using vacuum to aid in evaporation. 

residue was dissolved in 10 ml of ethanol. The sample 

solutions and blank were treated with 1 ml each of blue 

tetrazolium solution and tetramethylammonium hydroxide 

solution, mixed and allowed to stand in a dark place for 

90 minutes. The absorbance of the samples was read 

against the blank at 525 nm. 

The 

RESULTS AND DISCUSSION 

The spray-on bandage formulation produced a flexible 

model drug film which allowed for the uniform distribution 

of the drug. Table I shows the continuous release of 

dexamethasone from the film over an eight hour period. 

Table I 1  indicates the delivery rate of dexamethasone from 

the aerosol container. Approximately 1.5 g/sec of formulation 

is delivered so that a two second spray delivers approximately 

0.03 grams of dexamethasone to the desired site. 
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512 LUONGO ET AL 

The amount of dexamethasone contained in the micro- 

encapsulated preparation is given in Table 111. Pfter the 

microencapsulated dexamethasone particles had been prepared 

and particle sized, the release of dexamethasone from the 

microcapsules was determined. Table IV shows sieve size 

No.100 microcapsules containing approximately 3.2% of 

dexamethasone released the dexamethasone gradually over 

8 hours. Once the delayed drug release pattern was 

demonstrated for the microcapsules, the aerosol to be used 

for the in vivo testing was prepared. Table V indicates a 

delivery rate of about 1.8 g/sec for the acrosol used in the 

in vivo study. -- 

Six different categories were used for the in vivo 

studies including the control group, the group treated 

with the spray-on bandage product, the group treated with 

the spray- on bandage "blank" product, the group treated 

with the microencapsulated dexamethasone spray, the group 

treated with microencapsulated dexamethasone "blank" spray 

and the group treated with dexamethasone topical cream. 

Figure 2 illustrates the difference resulting when the 

mean value for the 1 7 - h y d r o x y c o r t i c o s t e r o i d  levels is 

plotted versus time. 

After treatment with the dexamethasone preparations, 

there were scattered increases in the urine level of 

17-hydroxycorticosteroids, indicating absorption of the 

drug; however, a decreased urinary excretion level of this 

steroid was also obtained after treatment with the 

dexamethasone preparation. The lack of consistency may be 

attributed to any of the following: the absorbed 
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516 LUONGO ET AL. 

FIGURE 2 

Mean 17 - Hydroxycorticosteroid Levels in Rabbit Urine. 

KEY: 0 ,Spray-on bandage; A ,Spray-on bandagelblank; 0,Control; 

A ,Microencapsuleted dexamethasone ; m,  Dexamethasone cream ; 

0 ,Microencapsulated / blank 
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dexamethasone could cause a partial shutdown of adrenal 

activity (18); the animal could have a low state o f  activity 

with decreased skin circulation and drug absorption (19); 

a decrease could reflect a lower output of urine ( 2 0 ) ;  or 

the values could reflect systemic absorption and not the 

actual skin absorption (19). 

In order to determine if absorption did occur, a 

probability of p = 0 . 0 5  was chosen to be the statistically 

significant cutoff value when students' "t" Test for 

paired data was evaluated (Table VI). No change in the 

17-hydroxycor t i cos t e ro id  levels was seen during the 7 2  

hour period in the control group of rabbits. 

< 

Table VI shows the results of the "t" test when 

comparisons were made between control rabbits, between 

treated rabbits and on the difference between the five (5 )  

treatments and the control group. The results listed under 

"A" concerns the 17-hydroxycor t i cos t e ro id  concentration 

(mcg/kg) and is the difference within the group of animals 

being treated at that particular time, The results listed 

under "B" deals with the difference on a percentile basis 

between the values from the experimentally treated group and 

the control group. In essence, the values listed under "A" 

deal with the changes within the group while the values 

listed under "B" deal with the difference between the groups. 

After treatment with the dexamethasone spray-on bandage 

there was no change within the group; however, there was a 

difference in the 17-hydroxycor t i cos t e ro id  levels between 

this treated group and the control group, indicating that 

absorption did occur after treatment with this aerosol. 

When treated with the corresponding "blank" of this formulation, 
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520 LUONGQ ET AL. 

no change within the group and no difference in the 1 7 -  

hydroxycorticosteroid levels between this group and the control 

group was observed. 

spray-on bandage product. 

Absorption did occur efter treatment with the 

After treatment with the microencapsulated 

dexamethasone spray, there was a change within the 

group indicating that the animals did not all react 

similarly. Closer examination revealed no difference in 

the 1 7 - h y d r o x y c o r t i c o s t e r o i d  levels between the treated 

and the control groups. After a two second spray, 3 1 . 5  mg 

of dexamethasone from the spray-on bandage formula was 

deposited on the animal's back while a comparable two 

second spray left 4 0 . 3  mg of dexamethasone from the 

microencapsulated product deposited by the latter, no 

absorption occurred. Though the i n  vitro testing showed 

delayed release of dexamethasone from the microcapsules, 

the in vivo tests showed that absorption did not occur. 

It is possible that drug release was not adequate to produce 

significant results or that the composition of the aerosol 

concentrate interfered with the release. There were no 

changes within the group after treatment with the corresponding 

"blank" aerosol. For the 24 and 48 hour intervals after 

treatment with the "blank" product, no difference in the 

1 7 - h y d r o x y c o r t i c o s t e r o i d  levels between this group and the 

control was noticed, but there were differences at 7 2  hours. 

The difference could reflect animal stress which increased 

ACTH cortisol production (21). 

After treatment with the dexamethasone cream, no 

difference was noted in the 1 7 - h y d r o x y c o r t i c o s t e r o i d  levels 
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between the treated and control group. Since the amount 

of dexamethasone in this cream ( 3 5 . 9  mg/g) is comparable 

to the average amount of dexamethasone in the other two 

formulations, it is probable that the spray-on bandage 

product produced the best results with the in vivo test 

system. 

After examination of all the data, no absorption 

of dexamethasone from any of the prepared formulations 

or the commercial cream occurred with the exception of the 

spray-on bandage aerosol, where absorption was observed. 

CONCLUSION 

The formulation of two difference topical dexamethasone 

aerosol preparations were studied for their release of active 

ingredient. Both in vivo and in vitro studies were conducted 

and the release of dexamethasone from these formulations 

was compared. 

Ethylcellulose was chosen as the film-former for the 

in vitro tests. Once the in vitro studies showed that 

dexamethasone was steadily released from the drug film over 

a period of hours, an aerosol was prepared in which the 

concentrate accounted for 15% w/w of the total while pro- 

pellant 12/114 ( 4 0 : 6 0 )  accounted for 85% w/w of the 

formulation, producing a quick drying film. Dexamethasone 

microcapsules were prepared and subsequent in vitro studies 

on the microcapsules showed continuous release over a 

period of hours. An aerosol containing approximately 

7.3% of the active ingredient was prepared using 

isopropyl myristate and fumed silica in the propellant 

blend. 
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'The aerosols were sprayed onto the intact skin o f  

rabbits and assays were performed to determine the 1 7 -  

hydroxycorticosteroid urine levels. 

Evaluation of the data obtained from the in vivo 

studies indicated that the dexamethasone from the spray- 

on bandage preparation was absorbed over a 72 hour period. 

No absorption occurred with the timed release preparation, 

however. 

To evaluate the release rate, the preparations were 

compared to a commercial dexamethasone cream using the same 

in vivo test model. Evaluation o f  the data showed that 

absorption of dexamethasone did not occur. The in vivo 

testing showed the spray-on bandage was the only formulation 

which produced drug absorption. 
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