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ABSTRACT 

I t  i s  shown t h a t  i n  making sustained re lease p e l l e t s ,  the 

e f f e c t  o f  f i l m  l a i d  upon f i l m  has a s i g n i f i c a n t  e f f e c t  on the 

performance ( d i s s o l u t i o n  character i s t i  cs) o f  sustained r e 1  ease 

p e l l e t s ,  coated w i t h  i nso lub le  f i l m s .  The pene t ra t i on  o f  l i q u i d  

and drug substance i n  and out o f  t he  coated p e l l e t  i s  much more 

r a p i d  than predic ted by d i f f us ion  c o e f f i c i e n t s  o f  homogeneous, 

cas t  f i l m s .  General d i f f u s i o n a l  equations are obeyed. 

INTRODUCTION 

Many methods are used t o  produce sustained re lease prod- 

ucts. One of the o ldest  of these i s  t h a t  of coated beadlets'. 

In  t h i s  process, drug i s  coated onto a support beadlet  (Fig. 1) 

u n t i l  a c e r t a i n  percentage ( load) of drug i s  achieved. The loaded 
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8 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

-D 

Coated 
Be ad I et 

Beadlet 

Sustained 
Release 
Beadlet 

Fig. 1. Coating Schematic 

beadlets are  then coated w i t h  a water-insoluble film. 

may be carried out e i ther  i n  a coating pan or  i n  a f l u i d  bed. 

The coating 

In general, when a batch is made by t h i s  process, the l a s t  

s tep is carried out so tha t  different f ract ions are  obta ned w i t h  

each a par t icular  thickness of coating, h (cm). 

manipulation of the overall ra te  of release of the f ina l  dosage 

form as  has been described i n  l i t e r a tu re  . 

This a1 ows 

3 

Figure 2 shows the mode by which drug  i s  released when the 

beadlet is exposed t o  a l i q u i d .  

l i q u i d  in to  the in te r ior  of the beadlet, t hen  ( i i )  dissolution of 

drug  substance t o  form a saturated solution, and then ( i i i )  

diffusion of d r u g  substance t h r o u g h  the membrane. 

There i s  f i rs t  ( i )  penetration of 

I t  i s  obvious tha t  processes ( i )  and ( i i )  wil l  occur simul- 

taneously fo r  a short while, b u t  i t  is assumed i n  the following 
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EFFECT OF MULTIPLE FILM COVERAGE 9 

Diffusion 

-D -b 
(ii i) 

(i) 

Penetration 
of Liquid Formation of 

Unsatd. 43 
Solution 

Saturated 
Solution 

Fig. 2. Dissolution Schematic 

t h a t  they are consecutive. 

I 1 1  w i l l  s ta r t .  The so lu t ion  ins ide the p e l l e t  w i l l  be saturated 

as long as s o l i d  drug i s  present. 

den0 ed S (g/cm3) i n  the following, and F i ck ' s  second 

shou d hold during the steady s tate period a f t e r  saturat ion has 

been attained, then gives: 

A f te r  a lag time, ti (sec) the  process 

The saturat ion concentration i s  

which 

J = (l/A)dm/dt = (D/h)(S-C) (1) 

where J i s  f l ux  (9-cm- 2 1  sec- ), A (cm 2 ) i s  surface area, rn (9) i s  

mass and C (g/cm3) i s  the concentration outside the p e l l e t  a t  time 
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10 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

t (sec) and D (cmZ/sec) i s  t he  d i f f u s i o n  c o e f f i c i e n t  o f  drug 

through the membrane. 

I f  the volume o f  the d i s s o l u t i o n  c e l l  i s  V (cm3) then t h e  

concentrat ion a t  t i m e  t i s  given by 

C = m/V 

o r  

dC = ( l /V)-dm 

which, i nse r ted  i n  Eq.  1 gives: 

dC/[S-C] = (A*D/{h.V}) * d t  

where 

so 

k = AD/ 

c = C" I 
-k (t-ti) 

-E 

where C '  i s  t he  concentrat ion a t  i n f i n i t e  time, i.e., 

C '  = mo/V (7) 

where mo (9) i s  the i n i t i a l  amount o f  drug per  p a r t i c l e ,  and ti 

has been introduced as an i n i t i a l  condi t ion.  The above holds f o r  

both one p e l l e t  p a r t i c l e  o r  a populat ion of N p e l l e t  p a r t i c l e s .  

A l l  the drug w i l l  have dissolved a t  a p o i n t  i n  time, t* (sec) 

and Eq. 1 then becomes: 
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EFFECT OF MULTIPLE FILM COVERAGE 

J = k. [C*-C] 

where C* i s  t he  i ns ide  concentrat ion a t  t ime t*. 

I n  t r e a t i n g  data, Eq. 6 i s  best w r i t t en :  

ln[C'-C] = - k ( t - t i )  + 1nC' (9) 

C 1  as mentioned, i s  the concentrat ion a t  i n f i n i t e  t ime and should, 

t h e o r e t i c a l l y ,  be given by Eq. 7. Often, however, t h i s  i s  n o t  

q u i t e  the case, and hence the l o g i c a l  treatment i s  by i t e r a t i o n .  

ti, o f  course, can be found as the x - i n te rcep t  o f  a p l o t  o f  Eq. 9. 

When f i l m s  are applied, i t  i s  doubtful  they are done so i n  

form o f  a continuous f i l m .  

device), i t  i s  more l i k e l y  t h a t  t h e  f i l m  cons i s t s  o f  segments t h a t  

over lap (Fig. 3). This is a k i n  t o  the  model f o r  sugar-coated tab- 

l e t s ,  suggested by Carstensen e t  a1.6 I f  t h i s  i s  the case then 

I n  a coat ing pan (or a f l u i d  bed 

LAYER #1 

LAYER #2 

LAYER #3 

Fig. 3. Schematic of layering in placing a film on a pellet. 
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12 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

Eq. 5 and 6 would still apply, but the interpretation of D would 

be different. 

It is the intent of this article to demonstrate that this 

latter holds true in the case of a polyacrylic polymer (Eudragit 

E30D). 

MATERIALS AND METHODS 

The support pellets used to make the sustained release pel- 

lets were spherical granules7-' of a diameter of 1 mm of the 
following composition: 73% saccharose and 27% corn starch. The 

drug substance used was I-eburnamonine ( C I ~ H ~ ~ N ~ O ,  MW = 294.4) 

The solubility of the hydrochloride salt is 625 mg/ml. The film 

former10-12 used was a 30% aqueous suspension of acrylic polymer 

(Eudragi t E30D): 

[ -CH2CHCOOC2H5 n2 
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EFFECT OF MULTIPLE FILM COVERAGE 13 

where n l / n 2  = 1/2. 

of the dried film i s  1.12 g/cm3. 

The density is 1.04 g/cm3, hence the density 

The pe l l e t s  were placed i n  a coating pan, and wetted by 

spray-addition of an 8% aqueous Pharmacoat solution. 

gent mixture o f  2 par ts  of d r u g  and one part  of t a l c  was added, 

and the resul t ing product then hand-screened and dr ied .  

pe l l e t s  were returned t o  the coating pan, and the cycle continued 

u n t i l  the drug  content was 2.5%. 

A consper- 

The dry 

The pe l l e t s  were assayed by adding an accurately weighed 

amount of about 100 mg of pe l le t s  t o  50 ml of N/10 hydrochloric 

acid i n  a 200 ml volumetric flask. After dissolution was com- 

plete ,  i t  was f i l t e r ed  and brought  t o  volume and the opt ical  

density determined a t  240 nm. The pe l le t s  were then coated w i t h  

the  aqueous polymer solution, diluted 1:4. 

Dissolution ra tes  were carried out i n  a Dibbern c e l l  us ing  a 

Munzel f low-through apparatus 13,14 without recirculat ion.  

Microphotographs were taken of the coated pe l l e t s  t o  visual ize  the 

nature of the surface. 

For reasons tha t  will become obvious below 15,16, one coating 

r u n  was carried out by adding a small bot t le  which had been placed 

i n  the bed of beadlets p r i o r  t o  coating. 

The diffusion coeff ic ients  o f  the coats themselves were 

determined by casting a film on a glass plate  and drying i t .  

the film was imnersed i n  water a t  37°C and stripped off the glass  

plate.  

Next 

T h i s  type of f i lm is denoted "cast" in  the following. A 
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14 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

100 

U 
a, > 80 - :: 
v) 

6 60 
K a 
2 40 
a, a 

- 
20 

0 

C (PE2) 
C(PE3) 

0 C(PE4) 
m C(PE5) 
LI C (PE6) 

0 2 4 6 8 10 12 
Time (hours) 

Fig. 4. Release curves of the various formulae 

second fi lm was formed by spraying t h e  polymer suspension onto a 

glass plate  and proceeding as above. This i s  denoted a "sprayed" 

film i n  the following. The film deposited on the bottle was a l so  

placed in  water a t  37°C fo r  an hour and then  stripped. 

denoted llcoated" in  the following. T h e  films were placed in a 

This i s  

diffusion cell 17-19. The compartments were each of a volume of 
2 100 m l  and the  membrane surface area was 12 cm . Diffusion 

experiments were carried out in a constant temperature ba th .  

RESULTS AND DISCUSSION 

The dissolution d a t a  are shown in Fig. 4. 

These da ta  are treated according t o  Eq. 9 by i teration. The  

data are shown graphically in  this fashion i n  Fig.  5. 

o f  C' is  chosen as the one which gives the smallest value of syx, 

The value 
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EFFECT OF MULTIPLE FILM COVERAGE 15 

5 

4 

3 

2 

1 

0 

-1 

F 
c2 c - PE2(C'=97.5) 

0 2 4 6 8 10 
Time (hours) 

Fig. 5. Data treated according to Eq. 9 

TABLE 1 

Values of C' for the various runs and 
least  squares f i t  parameters. 

C '  Inter- ti. 10% 1/hl 
Lot mg/ml -Slope cept h r  sYX N (cm) cm 

P E 1  98.5 1.200 4.561 -0.038 0.226 5 2 500 
PE2 97.5 0.775 4.775 0.1913 0.128 7 2.5 400 

PE3 97 0.544 5.098 0.906 0.025 8 3 333 
PE4 100 0.523 5.882 2.441 0.095 6 3.5 286 
PE5 100 0.495 5.764 2.159 0.136 6 4 250 
PE6 94.5 3.270 5.308 2.149 0.051 7 4.5 220 
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16 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

the square r o o t  of the res idua l  sum of squares, when l i n e a r  

regression i s  performed. 

The thicknesses of t he  coats were ca l cu la ted  by knowing t h e  

2 amount of coat ing (w g) per cm of p e l l e t  surface (A cm2). 

densi ty  o f  t he  coat ing i s  8' g/cm3 and i t s  volume i s  v cm3 then 

the  amount o f  per on2 i s  

I f  the  

Since $ '  = 1.12, a weight o f  s o l u t i o n  can be appl ied t o  t h e  p l a t e  

t o  i nsu re  a f i l m  th ickness o f  desired magnitude. It f o l l o w s  from 

Eq. 5 t h a t  k should be i nve rse l y  p ropor t i ona l  t o  h: 

k = (AD/V)  j ( l / h )  (11) 

A p l o t  o f  k versus ( l / h )  i s  shown i n  Fig. 6. 

observed. 

Good l i n e a r i t y  i s  

The l e a s t  squares f i t  l i n e  i s :  

k = [ 2 . 9 ~ 1 0 - ~ / h ]  - 0.31 (12) 

w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.97. 

The equat ion d i f f e r s  from Eq. 5 by a s i g n i f i c a n t  i n t e r c e p t  

term (p=0.95). This would imply t h a t  above a given thickness, i n  

t h i s  case o f :  

h = 2.9-10-'/0.31 LLI 0.01 cm 
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EFFECT OF MULTIPLE FILM COVERAGE 17  

,3065 - 0.0029~ R = 0.97 

-1.2 - ' . O l  \ 
- 0 . 7  I I I I 

200 300 400 500 600 

Reciprocal Film Thickness, l /h  (l/cm) 

Fig. 6. Data from Fig. 5 plotted according to Eq. 12 

the  d i f f us iona l  resistance becomes subs tan t ia l l y  la rger  so t h a t  

the  f i l m  becomes much more impermeable (w i th in  the t ime span used 

i n  an experiment). This ra ises the question whether the k-values 

are t i e d  t o  a d i f fus ion  through a homogenous f i l m  a t  a l l  o r  

whether s u f f i c i e n t  thickness simply assures t h a t  a l l  the "holes" 

from overlapping f rac t i ona l  f i l m s  have been covered up. 

It should be noted as well, t h a t  the l ag  times should 

increase w i th  thickness. That t h i s  i s  so, i s  shown i n  Fig. 7. 

This co r re la t i on  i s  obviously not as good as t h a t  o f  the slopes, 

bu t  the uncertainty ( lack o f  prec is ion)  f o r  the l ag  times i s  

considerably la rger  as we l l  (standard er ro r  being about 20% on the 

ind iv idua l  values, since they are a f f l i c t e d  both by the e r ro r  i n  

the slope and i n  the in tercepts  o f  the p l o t s  i n  Fig. 5 ) .  
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18 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

0 1  I 1 1 

2 3 4 5 
1000 x h (cm) 

Fig. 7. Lag time increase as a function of film thickness 

Hence, the data, as expected, suggest a diffusional process, 

b u t  there are indications that  imperfections i n  the fi lm from 

overlap migh t  play a role. 

ments consisting of coating a small container were carried out. 

If  coating produces a different  f i lm tha t  tha t  of casting, then 

t h i s  method provides a means of answering the question directly. 

I t  i s  fo r  t h i s  reason tha t  the experi- 

The data from d i rec t ly  cast  films versus a film coated onto a 

bot t le  i n  a coating pan are  shown i n  Fig.  8. 

eas ies t  t o  obtain the diffusion coeff ic ient  under sink conditions, 

under which Eq. 1 reduces to: 

In this case i t  i s  

d m ' / d t  = [S-A'  . D / h l l  (14) 

where m 1  i s  the mass diffused a t  time t i n  the diffusion cel l ,  A '  
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EFFECT OF MULTIPLE FILM COVERAGE 19 

30 i 

E 
\ -I 
sl / - 
ĉ  
0 .- c 
4d EI!' 
C 

8 -  
C 
0 
0 .  

y = 0.41 04 + 2.7387~ 
y = 3.93 + 1.5267x 
y = 2.2368 + 1.41x 

y = 2.4555 + 1.0242~ 

R = 1.00 
R = 0.99 
R =  1.00 
R=1.00 

0 
0 

17 mm 
20 mm 
22 mm 
23 mm 

o r . ,  . I . ,  . 1 . 1  

0 2 4 6 8 10 

10A(-6) ffh' (sec/cm) 

Fig. 8 

i s  the surface area, h '  the thickness o f  the cast o r  sprayed f i l m ,  

and S i s  the s o l u b i l i t y .  The concentration i n  the receptor 

compartment i s  denoted C", i.e., 

where V '  i s  the volume o f  the receptor compartment. In t roducing 

Eq. 15 i n t o  Eq. 14 y ie lds  

Data t reated i n  t h i s  fashion are shown i n  Fig. 8, using u n i t s  

of pg/cm3 as ord inate ( C ' l )  and sec/mm as abscissa ( t / h ' ) .  

slopes (converted t o  u n i t s  o f  mg/ml sec/cm) are shown i n  Table 2. 

The 
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20 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

TABLE 2 

Sumnary of findings from diffusion experiments 
treated according t o  Eq. 17 

Thickness S1 ope 1q80 
(mu) (mg/rnl) /(sec/cm) (m 

Cast 20 
18 
25 

Aver age 

Sprayed 25 
24 
27 

Average 

Coating 17 
20 
22 
23 

Average 

0.176 
0.221 
0.214 
0.23 + 0.014* 

0.919 
0.586 
0.658 
0.72 2 0.10 

2.74 
1.53 
1.41 
1.02 
1.68 2 0.37 

0.31 

0.96 

2.24 

The solubility of the compound is S = 625 mg/cm3 and the sur- 

face area of the film is 12 an2. 

partment is  100 m l ,  so according t o  Eq. 15 the diffusion coeffi- 

cient i n  the first case of a film i n  the coating pan is  given by 

The volume of the receptor corn- 

625-12.D/100 = 2 . 7 4 ~ 1 0 ~ ~  (16) 
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EFFECT OF MULTIPLE FILM COVERAGE 

Fig. 9. Electronmicrograph showing onion-skin structure o f  
surface. 
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22 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

(where the units of the slope from Fig .  8 have been converted t o  

[mg/cm )/(sec/cm)], i.e., D = 6.10 cm /sec. The data i n  Table 2 

are  shown as a function of f i lm thickness. In the case of the 

cast  and sprayed films there is  no dependence of 0 on thickness 

(as i t  should be), b u t  i n  the l a s t  case there i s  a de f in i t e  depen- 

dence, i n  that  the thicker the fi lm, the smaller the apparent d i f -  

fusion coefficient.  I t  i s  obvious, also,  tha t  the coating on the 

pe l l e t s  exhibit  a much h i g h e r  permeation r a t e  and the value f o r  D 

calculated i n  tha t  case (as  well as i n  the case of the sprayed 

fi lm) is too large because the f i lm is not in tac t .  T h i s  i s  not 

solely due t o  the spraying step,  because although the diffusion 

coeff ic ient  here i s  higher than for  a cast film, i t  by no way 

approaches tha t  of the I'coatedl1 fi lm. 

3 -8 2 

Finally, electron microscope presentations of the coated and 

I t  i s  evident t h a t  the the uncoated pe l le t s  are  shown i n  Fig.  9. 

coating is attached t o  the support i n  an onion-skin fashion. 

I t  should be mentioned i n  closing tha t  i n  small scale  work 

the reproducibil i ty of the method is excellent. 

SUMMARY 

I t  is shown, i n  the case of pe l l e t s  of I-eburnamonine coated 

w i t h  Eudragit E30D, that  the coating i s  an onion-skin l i ke  coat- 

ing. The diffusion of the d r u g  through the coat gives r i s e  t o  a 

diffusion coeff ic ient  much larger than from cast  films, and i t  i s  

shown tha t  films produced i n  pan coating consist  of discrete films 
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23 EFFECT OF MULTIPLE FILM COVERAGE 

over lapping one another, thus expla in ing the more ready 

pene t ra t i on  o f  drug substance through the  heterogeneous f i l m .  

LIST OF SYMBOLS 

2 A (cm ) = surface area 

A '  (cm') = the  surface area o f  t he  f i l m  i n  the  d i f f u s i o n  c e l l  

C (g/cm3) = concentrat ion outs ide the  p e l l e t  a t  t ime 

C' (g/cm3) = the  concentrat ion a t  i n f i n i t e  t ime 

e n t r a t i o n  a t  t ime t* when a l l  drug has c* (g/cm3) = the i n s i d e  con 

d i s so 1 ved 

3 C" (g/cm ) = concentrat ion 

d i f f u s i o n  c e l l  

n the receptor compartment i n  

2 D (cm /sec) = d i f f u s i o n  c o e f f i c i e n t  o f  drug through the membrane 

h = th ickness o f  f i l m  (cm) 

h '  = the th ickness of the cast o r  sprayed f i l m  i n  the  d i f f u s i o n  

c e l l  

J = f l u x  (g-cm-'sec-l) 

k (cm/sec) = d i s s o l u t i o n  constant 

m (9) = mass 

mo (9) i s  t he  i n i t i a l  amount o f  drug per  p a r t i c l e  

m '  (4) = the  mass d i f f used  a t  t ime t i n  the  d i f f u s i o n  c e l l  

N = number o f  p e l l e t  p a r t i c l e s  i n  d i s s o l u t i o n  sample 

S (g/cm3) = s o l u b i l i t y  

t (sec) = t ime 

ti (sec) = l a g  t ime 
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24 WOUESSIDJEWE, DEVISSAGUET, AND CARSTENSEN 

t* (sec) = t ime when a l l  drug has d isso lved 

V (cm3) = volume o f  the d i s s o l u t i o n  c e l l  

v (cm ) = volume o f  f i l m  

w (9)  = the amount of coat ing per cm2 o f  p e l l e t  surface 

3 

8’  (g/cm’) = dens i t y  o f  t he  coat ing volume 
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