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Experiments were performed to de te rm ine  t h e  f o r m u l a t i o n  and 

manu fac tu r ing  f e a s i b i l i t y  o f  t h r e e  model s o l i d  capsule f o r m u l a t i o n s  u s i n g  a 

spray-on l i q u i d  drug c a r r i e r .  Methylparaben was used as a model low--dose 

d rug  i n  t h e  l i q u i d  d rug  c a r r i e r .  Fo rmu la t i ons  c o n t a i n i n g  d i f f e r e n t  amounts 

o f  l i q u i d  d rug  c a r r i e r  were s u c c e s s f u l l y  encapsulated on t h e  H&K 400 

capsule f i l l i n g  machine. The f o r m u l a t i o n s  con ta ined  v a r y i n g  r a t i o s  o f  

l i q u i d  (methylparaben-propylene carbonate s o l u t i o n )  t o  s o l i d  ( compress ib le  

sugar, N F ) ,  wh ich  ranged f rom 10.0 - 20.0 pL/450 mg. Phys ica l  

c h a r a c t e r i s t i c s  ( i . e .  we igh t  v a r i a t i o n .  d i s s o l u t i o n .  e t c . )  o f  t h e  f i l l e d  

capsules were eva lua ted .  The 20.0 V L  l i q u i d / 4 5 0  rng s o l i d  r a t i o  was found 

t o  be t h e  b e s t  hard g e l a t i n  capsule f o r m u l a t i o n  based upon i t s  r a p i d  

d i s s o l u t i o n  p r o f i l e  and was e q u i v a l e n t  t o  a l l  o t h e r  f o r m u l a t i o n s  t e s t e d  

w i t h  respec t  t o  we igh t  v a r i a t i o n  and c o n t e n t  u n i f o r m i t y .  

1881 

Copyright 0 1990 by Marcel Dekker, Inc. 
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1882 

INTRODUCTION 

DAHL AND BURKE 

Content u n i f o r m i t y  f o r  dosage forms i s  a c r i t i c a l  parameter ( 1 ) ,  

e s p e c i a l l y  f o r  p o t e n t  drugs i n  low dose dosage forms. A t h e o r e t i c a l  

t rea tmen t  t o  ensure adequate c o n t e n t  u n i f o r m i t y  has been d e r i v e d  u s i n g  

s t a t i s t i c a l  p r i n c i p l e s  ( 2 )  and seve ra l  t h e o r i e s  have been summarized ( 3 ) .  

As  a r e s u l t ,  seve ra l  manu fac tu r ing  methods have t h e r e f o r e  been used t o  

p reven t  poo r  c o n t e n t  u n i f o r m i t y .  

McGin i ty ,  et. a l .  ( 5 )  t o  d i s t r i b u t e  r e l a t i v e l y  smal l  q u a n t i t i e s  o f  d rug  

substance, however Egermann and h i s  coworkers (6,7) d i s p u t e  t h e  v a l i d i t y  of 

t h i s  technology.  Tawashi and Spe ise r  (8 )  eva lua ted  t h e  e f f e c t s  o f  u s i n g  

ex t reme ly  l ong  m i x i n g  t imes  t o  o b t a i n  accep tab le  l e v e l s  o f  c o n t e n t  

u n i f o r m i t y .  A newer technology,  which cou ld  be used t o  o b t a i n  adequate 

c o n t e n t  u n i f o r m i t y  and i s  somewhat s i m i l a r  t o  t h e  method we eva lua ted  i n  

t h e  p resen t  r e p o r t ,  i s  t h e  use o f  c a r r i e r  g r a n u l a t i o n  ( 9 ) .  Our method i s  a 

m o d i f i e d  v e r s i o n  o f  m o i s t u r e - a c t i v a t e d  d r y  g r a n u l a t i o n  techno logy  (10). 

However, those techno log ies  evaporate t h e  g r a n u l a t i n g  s o l v e n t  f rom t h e  

powder bed. 

Ordered m i x i n g  was used by  Hersey ( 4 )  and 

Comp lex i t i es  such as poor  chemical s t a b i l i t y  and h i g h  potency o f  some 

new drug e n t i t i e s .  n e c e s s i t a t e  t h e  use o f  nonconvent ional  methods t o  

s t a b i l i z e  and d e l i v e r  t hese  agents.  L i q u i d  f i l l e d ,  s o f t  e l a s t i c  g e l a t i n  

capsules a r e  one p o s s i b l e  s o l u t i o n  t o  these  d e l i v e r y  problems; however, 

t h e y  r e q u i r e  a v e r y  s p e c i a l i z e d  technology.  

o f  a ha rd  g e l a t i n  capsule c o n t a i n i n g  t h e  d r u g  substance d i s s o l v e d  i n  a 

n o n v o l a t i l e  l i q u i d  c a r r i e r ,  which has been sprayed on to  a s o l i d  subs t ra te .  

It was t h e  purpose o f  o u r  s tudy  t o  eva lua te  t h e  f e a s i b i l i t y  o f  deve lop ing  

novel  a s o l i d  dosage fo rm which would be s i m i l a r  i n  c o n t e n t  u n i f o r m i t y  

and o t h e r  capsule parameters t o  a s o f t  e l a s t i c  g e l a t i n  capsule form. 

t h i s  s tudy.  methylparaben was used as a model d rug  substance, p ropy lene  

carbonate as a n o n v o l a t i l e ,  s t a b i l i z i n g  l i q u i d  c a r r i e r ,  and compress ib le  

Another p o s s i b i l i t y  i s  t h e  use 

I n  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



A PHYSICO-CHEMICAL CHARACTERIZATION 1883 

TAB1.E 1 

PHYSICAL AND CHEMICAI- C H A R A C T t R I S T l C S  OF PROPYI.ENE CARBONAl t .  NF 

~~ ___ __ 

C h a r a c t e r i s t i c s  
~ _ _ _ _ _  - _- _. ____ 

Chemical name 4 m e t h y l  -1.3 d i o x o l a n  -2 -one 

S t r u c t u r e  “3C (ol” 
Uens i t y  (20°C) 1 . - I89 

B o i l i n g  p o i n t  (CO) 240 
-__I_______-____- --_ .-__I ---- -- -- 

sugar t h e  s o l i d  suppor t .  l h e  l a t t e r  two components were chosen because 

t h e y  were p r e v i o u s l y  i d e n t i f i e d  as t h e  o n l y  compa t ib le  e x c i p i e n t s  w i t h  t h e  

t h e r a p e u t i c  agent  o f  i n t e r e s t .  

EXPERIMENTAL _.. - 

-___ M a t e r i a l s  

Propy lene carbonate,  NF (Huls ,  West Germany), compress ib le  sugar, NF 

(Amsldr Sugar Corp, New York, NY) methylparaben, NF (Sigma, St.1-ouis, M O ) ,  

and magnesium s t e a r a t e ,  NF ( M a l l i n c k r o d t ,  St. Lou is ,  MO) were a l l  used as 

r e c e i v e d .  Some p r o p e r t i e s  (11)  o f  p ropy lene  carbonate, NF a r e  l i s t e d  i n  

l a b l e  1. 

G r a n u l a t i o n  Process 

l h e  a p p r o p r i a t e  amount of rnethylparaben, NF was d i s s o l v e d  i n  p ropy lene  

carbonate (pc ) ,  NF t o  prepare s o l u t i o n s  o f  1.75, 2.33, and 3.50 mg/ml. 
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1884 DAHL AND BURKE 

These s o l u t i o n s  were sprayed o n t o  compress ib le  sugar, NF u s i n g  a 

p e r i s t a l t i c  pump (Cole Parmer Ins t rumen ts ,  Chicago, I L ) .  

M i x i n g  Process 

Ten pe rcen t  o f  t h e  r e q u i r e d  compress ib le  sugar, NF was mixed w i t h  

magnesium s t e a r a t e ,  NF f o r  t h r e e  minutes i n  a 16  q u a r t  V-b lender  

( P a t t e r s o n - K e l l e y ,  East  St roudsburg,  P A ) .  The methylparaben-pc s o l u t  

was sprayed on to  t h e  remain ing compressib e sugar  i n  a 1.8 c u b i c  f e e t  

shear m ixe r  ( L i t t l e f o r d - L o d i g e ,  F lorence,  K Y ) .  Both t h e  m i x i n g  and 

chopping blades were tu rned  on and t h e  s o l u t i o n  sprayed o n t o  t h e  

compress ib le  sugar, NF. 

A f t e r  a l l  t h e  s o l u t i o n  was added, t h e  m i x i n g  was stopped and t h e  

on 

h i g h  

compress ib le  sugar-magnesium s t e a r a t e  p reb lend  was added. A l l  components 

were then  mixed f o r  an a d d i t i o n a l  t h r e e  minutes i n  t h e  h i g h  shear m ixe r .  

The t o t a l  batch we igh t  was 18.144 kg.  

Encapsulat ion 

A l l  b lends (Table 2) were encapsulated on a h i g h  speed capsule f i l l i n g  

machine (HhK 400; H o f l i g e r - K a r g g ,  West Germany). Four hundred and f i f t y  

m i l l i g r a m s  o f  t h e  b lend  c o n t a i n i n g  approx ima te l y  35 vg  o f  methylparaben 

was f i l l e d  i n t o  s i z e  #O hard g e l a t i n  capsules (HGC) a t  maximum machine 

speed. 

20 capsules throughout  t h e  r u n  and a t  t h e  end o f  t h e  run. 

were inspected f o r  powder s t i c k i n q  a f t e r  each batch was encapsulated.  

Weight v a r i a t i o n  was mon i to red  every 10-15 minutes on an average o f  

Tamping p i n s  

Content U n i f o r m i t y  

Twenty capsules were chosen a t  random and assayed f o r  methylparaben 

con ten t  by reversed-phase HPLC. 

i n t o  a 10 m l  v o l u m e t r i c  f l a s k ,  d i s s o l v e d  w i t h  t h e  a d d i t i o n  o f  5 m l  o f  

d i s t i l l e d  wa te r  and d i l u t e d  t o  1 0  m l  w i t h  methanol. The v o l u m e t r i c  f l a s k  

The con ten ts  o f  one capsule were emptied 
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A PHYSICO-CHEMICAL CHARACTERIZATION 1885 

TABLE 2 

E X P E K l M E N l  AL HARD GELAT I N  CAPSU1.E POWDLR BLEND FORMULATIONS 

Formu la t i on  l n g r e d  i e n t  x w/w 
~ 

A Methylparaben-Propylene Carbonate S o l u t i o n  3.5 mg/ml 2.64 

Magnesium S tea ra te ,  NF 0.50 

96.86 Compressible Sugar, NF 1 

8 Methy lparaben-Propylene Carbonate S o l u t i o n  2.33 mg/ml 3.97 

Magnesium S tea ra te .  NF 0.50 

95.54 Compressible Sugar, NF 1 

C Methylparaben-Propylene Carbonate S o l u t i o n  1 . 7 5  mg/ml 5.28 

Magnesium S tea ra te ,  NF 0.50 

94.22 Compressible Sugar, NF 1 

'Trade name i s  Dipace. 

was shaken and an a l i q u o t  was f i l t e r e d  and i n j e c t e d  on to  t h e  column. 

C18 column was used i n  c o n j u n c t i o n  w i t h  a mob i l e  phase o f  60:40 

methanol-water. 

A 

Mett iylparaben was mon i to red  a t  a wavelength o f  254 nm. 

D i s i n t e g  r a t  i on -- 

l h e  USP X X I  d i s i n t e g r a t i o n  method f o r  ha rd  g e l a t i n  capsules was used 

( 1 2 ) .  

D i s s o l u t i o n  

The USP X X I  paddle method was used (12). One capsule was added t o  

each o f  s i x  vessels  (Hanson Research, N o r t h r i d g e ,  CA) c o n t a i n i n g  400 m l  o f  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1886 DAHL AND BURKE 

d i s t i l l e d  wa te r  ma in ta ined  a t  37' + 2°C. The decreased volume was used t o  

accommodate t h e  s e n s i t i v i t y  o f  t h e  HPLC assay due t o  t h e  low dose o f  

rnethylparaben. The paddles were r o t a t e d  a t  50 rpm. F i v e  m i l l i l i t e r  

samples were removed f rom each vessel every 1 5  minutes and immediate ly  

rep laced  w i t h  f i v e  m i l l i l i t e r s  o f  d i s t i l l e d  wa te r .  

assayed by HPLC f o r  methylparaben. 

and t h e  s o l u t i o n  i n j e c t e d  on to  t h e  HPILC column, a peak was e l u t e d  a t  a 

s i m i l a r  t i m e  t o  t h e  methylparaben peak. 

p r e s e r v a t i v e s  i n  t h e  capsule s h e l l ,  comprises approx ima te l y  7 4 %  o f  t h e  

t o t a l  area o f  t h e  methylparaben peak. 

a good i n d i c a t i o n  o f  t h e  d i s s o l u t i o n  o f  methylparaben f rom t h e  t h r e e  

fo rmu la t i ons .  

Each sample was then  

When t h e  capsule s h e l l  was d i s s o l v e d  

T h i s  peak, which may be f r o m  t h e  

Even s o ,  t h i s  exper iment  s t i l l  g i v e s  

E i t h e r  a new IiPLC method o r  methylparaben f r e e  HGC s h e l l s  

es. would have t o  be used o r  b e t t e r  q u a n t i t a t i o n  o f  f u t u r e  samp 

RESULTS AND DISCUSSION 

Encapsulat ion 

A l l  t h r e e  batches manufactured on t h e  capsule f i l l i n g  machine ran  

w i t h o u t  d i f f i c u l t y .  Each r u n  l a s t e d  approx ima te l y  two hours.  The ba tch  

manufactured f rom Formu la t i on  A had an in-process average capsule f i l l  

we igh t  o f  452.1 i 3.6 mg (n=9 t i m e  p o i n t s )  and a c o e f f i c i e n t  o f  v a r i a t i o n  

of 0.8%. Batches manufactured f rom Formu la t i ons  B and C had in -p rocess  

average capsule fill we igh ts  o f  451.0 L 5.5 mg ( n = l l )  and 450.7 2 3.9 mg 

-2% and 0.9%. 

average f i l l  

(n=12), r e s p e c t i v e l y .  T h e i r  c o e f f i c i e n t s  o f  v a r i a t i o n  were 

r e s p e c t i v e l y .  The f i n a l  r e l e a s e  va lues f o r  we igh t  v a r i a t i o n  

we igh t  and s tandard d e v i a t i o n  a r e  g i v e n  i n  Table 3. 

A sma l l  amount o f  s t i c k i n g  was n o t i c e d  w i t h  a l l  t h r e e  batches. 

S t i c k i n g  was observed o n l y  on t h e  p i n s  o f  t h e  f i r s t  tamping s t a t i o n  f o r  

Formulat ions A and B. 

second tamping s t a t i o n s  f o r  Fo rmu la t i on  C .  

S t i c k i n g  was seen on t h e  p i n s  o f  t h e  f i r s t  and 

There was l e s s  s t i c k i n g  seen on 
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A PHYSICO-CHEMICAL CHARACTERIZATION 1887 

1ABI.E 3 

PHYSICAL AND CHLMICAL P R O P L R l I L S  OF FILLED HARD GELATIN CAPSUIES 

F i  na 1 W e i m V a  r i a  t i on --_- Content U n i f o r m i t y  
Average 

Average Methy l  - 
F i l l  paraben Percent  

l a t i o n  (mg) S.O. (%) (mcg) S t r e n g t h  S.D. (%) 
Pormu - Weight C . V .  Content Label  C . V .  

A 452 4.2 0.9 37.95 108.4 0.6 1 .7  

6 447 5.6 1.3 36.66 104.7 0.6 1.7 

C 44 5 6.1 1 .4  36.54 104.4 0.6 1.7 

t h e  second s t a t i o n  than  t h e  f i r s t  s t a t i o n .  A d d i t i o n a l l y ,  t h i s  b lend  s tuck  

t o  t h e  s i d e  of t h e  hopper where t h e  f o r c e  feed cou ld  n o t  scrape. Geometric 

a l t e r a t i o n s  t o  t h e  p resen t  hopper c o u l d  be designed t o  a l l e v i a t e  t h i s  

occurrence.  l h i s  powder was e a s i l y  removed f rom t h e  hopper s ides  w i t h  a 

s p a t u l a ,  f o r c e  f e d  down t h e  hopper and encapsulated.  

S t i c k i n g  was n o t  a major  problem s i n c e  t h e  powder cou ld  be e a s i l y  

removed f rom t h e  end o f  t h e  p i n s  w i t h  a l i g h t  touch.  

t o  t h e  wetness o f  t h e  powder and d i d  n o t  a f f e c t  t h e  f i l l i n g  process as 

evidenced by c o n s i s t e n t l y  good i n - p r o c e s s  capsule we igh t  v a r i a t i o n  checks. 

The s t i c k i n g  c o u l d  be f u r t h e r  e l i m i n a t e d  by  l i n i n g  t h e  tamping p i n s  w i t h  

t e f  l o n .  

The s t i c k i n g  was due 

The average methylparaben c o n t e n t  and pe rcen t  l a b e l  s t r e n g t h  (Tab le  3)  

were h i g h e r  than  t h e  t a r g e t  va lue  because t h e  r e q u i r e d  s o l u t i o n  volume f o r  

sp ray ing  was measured i n  a 1000 m l  graduated c y l i n d e r .  However, t h e  

c o e f f i c i e n t  o f  v a r i a t i o n  was l e s s  than  2% f o r  a l l  t h r e e  batches.  A l l  t h r e e  
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1888 DAHL AND BURKE 

0 1 0  20 30 40 50 60 70 
TIM E(MINUTES) 

Figure 1 .  

Effect of propylene carbonate volume on in vitro dissolution o f  

methylparaben from hard gelatin capsules: Key: ( n )  Formulation A 

containing 10.0 pl/capsule, (+ )  Formulation 6 containing 15.0 

pl/capsule, and ( m )  Formulation C containing 20.0 pl/capsule. 

formulations passed the USP X X I  uniformity of dosage specifications by the 

content uniformity method. 

Disintegration 

Capsules filled with Formulation A ,  6, and C disintegrated in 5.3,  5.6 

and 6.5 minutes, respectively, by the USP X X I  hard gelatin capsule 

disintegration method. 

Dissolution _ _ _ ~  
As shown in Figure 1 ,  one hundred percent release was not achieved in 

60 minutes with formulations A and 6. Only formulation C showed rapid 

dissolution, even though all three formulations maintained a plug when the 
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compress ib le  sugar  was wet ted by t h e  d i s s o l u t i o n  medium. 

f o r m u l a t i o n  C, hav ing  t h e  h i g h e s t  r a t i o  o f  l i q u i d  t o  s o l i d  (20.0 pL/450 

mg f i l l ) ,  b roke  up q u i c k l y  and comp le te l y  re leased  t h e  methylparaben w i t h i n  

30 minutes.  

s o l u t i o n  (Fo rmu la t i on  8)  and 10.0 pL o f  t h e  3.50 mg/ml methylparaben 

s o l u t i o n  (Fo rmu la t i on  A )  capsules d i d  n o t  break a p a r t  comp le te l y  a f t e r  60 

minutes r e s u l t i n g  i n  incomplete r e l e a s e  o f  methylparaben. These 

d i s s o l u t i o n  r e s u l t s  a r e  n o t  w i t h o u t  p o s s i b l e  consequence as has been 

r e t r o s p e c t i v e l y  shown by Yan and Meyer (13) .  They showed t h a t  genera l  

c o r r e l a t i o n s  can be made between i n  v i t r o  and i n  v i v o  parameters.  

The p l u g  o f  

The p lugs  c o n t a i n i n g  15.0 pL o f  t h e  2.33 mg/mL methy lparaben 

Upon w e t t i n g  and d i s i n t e g r a t i o n  o f  t h e  HGC, t h e  capsule con ten ts  show 

a p l u g  which i s  t h e  r e s u l t  o f  t h e  capsule f i l l i n g  process.  The volume o f  

methylparaben-pc s o l u t i o n  appears t o  a f f e c t  t h e  f o r m a t i o n  and cohesiveness 

of t h e  p lug .  As t h e  r a t i o  o f  methylparaben-pc s o l u t i o n  t o  s o l i d  decreased 

i t  appears t h e  a b i l i t y  f o r  t h e  p l u g  t o  break a p a r t  decreases. 

p reven ts  w e t t i n g  o f  t h e  i n s i d e  of t h e  p l u g  and r e s u l t s  i n  a s lower  and 

incomp le te  r e l e a s e  o f  methy l  paraben. 

T h i s  

CONCLUSIONS 

A l l  t h r e e  f o r m u l a t i o n s  a r e  equal  based on i n - p r o c e s s  and f i n a l  capsule 

w e i g h t  v a r i a t i o n ,  c o n t e n t  u n i f o r m i  t y  and d i s i n t e g r a t i o n .  However, 

d i s s o l u t i o n  i s  o n l y  accep tab le  f o r  Fo rmu la t i on  C .  l h i s  f o r m u l a t i o n  has t h e  

h i g h e s t  l i q u i d  t o  s o l i d  r a t i o  (20.0 ~ L / 4 5 0  mg) and i t  can be r u n  a t  

maximum speed on t h e  H&K 400 capsule f i l l i n g  machine f o r  a t  l e a s t  2 hours 

w i t h  good in -p rocess  capsule fill we igh t  v a r i a t i o n .  Fo rmu la t i on  C passed 

USP X X 1  u n i f o r m i t y  o f  dosage s p e c i f i c a t i o n ,  d i s i n t e g r a t e d  w i t h i n  10 minutes 

and demonstrated complete d i s s o l u t i o n  w i t h i n  30 minutes.  
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