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TABLETED MICROCAPSULES 
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Dif fe ren t  viscosi ty  grades e thylce l lu lose  coated 

captopr i l  microcapsules were prepared using temperature 

induced coacervation method from cyclohexane containing 

2% Tween 80. Microcapsules were compressed d i r e c t l y  i n t o  

tablets .  In v i t r o  dissolut ion was car r ied  ou t  i n  0.1N 

H C 1  a t  37OC using t h e  ro t a t ing  basket method. Release 

from t a b l e t s  of a l l  t h e  batches was extensively prolonged 

i n  comparison to t h e  respective microcapsules. The longes t  

time f o r  704; drug  re lease  was shown by microcapsules (55min) 

and t a b l e t s  (378 min) of  t h e  batch E-2. Release r a t e  
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546 SINGH AND ROBINSON 

constants ,  correlat ion,  determination and regression coef f ic ien ts  were 

calculated f o r  the  f i r s t -order ,  zero-order and Higuchi's equations. 

The best  f i t  of re lease k ine t ics  with t h e  h ighes t  cor re la t ion  and 

determination coef f ic ien ts  was achieved with t h e  f i r s t -o rde r  followed 

by Higuchi's plot .  

INTRODUCTION -- 

Captopril  is an angiotensin-convert ing enzyme inh ib i to r  used 

in  t h e  treatment of hypertension (1).It is f r e e l y  water so luble  and 

has  an elimination h a l f - l i f e  a f t e r  o r a l  dose of 1.7 h (2). Various 

methods a r e  ava i lab le  t o  formulate  water so lub le  d rugs  i n t o  sustained 

release dosage forms by r e t a rd ing  the i r  d i sso lu t ion  r a t e s  (3). 

Microencapsulation is one method used t o  c o n t r o l  drug  re lease  and 

hence, prolong therapeut ic  a c t i v i t y  (4). In o rde r  to develop an  o r a l  

sustained release formulat ion of captopr i l  using microencapsulation 

techniques in  our  labora tory ,  we have s tudied t h e  e f f e c t  of non-ionic 

s u r f a c t a n t s  f o r  an e f f i c i en t  microencapsulation of t h e  d rug  with 

e t  h y l ce l l  ulose by temperature induced coacer va t ion  from cyclohexan e. 

2% Tween 80 was found t o  be the  most s u i t a b l e  f o r  microencapsulation 

and con t ro l l i ng  the  drug  release (5). Hence, 2% Tween 80 was added t o  

the  cyclohexane t o  produce microcapsules of t h e  d rug  with d i f f e ren t  

viscosi ty  grades of ethylcel lulose.  

The most f r equen t ly  used dosage forms f o r  microencapsulated 

products have been suspension, g e l  and hard ge l a t in  capsule (6). Only 

a few inves t iga t ions  of t ab le t  formulat ions from microcapsules have 
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CONTROLLED RELEASE K I N E T I C S  OF CAPTOPRIL 547 

been r epor t ed  (7). The re fo re ,  t h e  purpose of t h i s  i n v e s t i g a t i o n  was t o  

compress t h e  r e spec t ive  ba t ches  of  microcapsules i n t o  t h e i r  t a b l e t s  

and s t u d y  t h e  r e l e a s e  k i n e t i c s  of  t h e  d r u g  from them. 

MATERIALS - 

Captopr i l  was ob ta ined  from E.R. Squibb t?. Sons Inc., USA, and  

s ieved t h r o u g h  120 um mesh be fo re  use. E t h y l c e l l u l o s e  t y p e  N-10 (9 

c.P.; e t h o x y l  con ten t :  47.9%), N-50 (41 c.P.; e t h o x y l  content :  47.9%) 

and N-100 (93 c.P.; e t h o x y l  con ten t :  47.7%) were received from 

Hercules, Dellaware, USA.  E t h y l c e l l u l o s e  (300 c.P.; e t h o x y l  content :  

48%) was obtained from Aldrich Chemical, Wisconsin, USA. Cyclohexane 

and Tween 80 were p rocured  from BDH Chemicals Ltd, England, and Sigma, 

r e spec t ive ly .  

METHODS 

Prepa ra t ion  of Microcapsules - 4 g of e t h y l c e l l u l o s e  was d i s so lved  by 

r e f l u x i n g  f o r  30 min a t  80’C i n  200 m l  cyclohexane c o n t a i n i n g  2% 

a b s o l u t e  a l c o h o l  and 2% Tween 80 on a h o t  p l a t e  magnetic stirrer 

(Nuova 11, Medical S u p p l i e s  Ltd., N e w  Zealand). 2 g of c a p t o p r i l  was 

dispersed i n  t h e  s o l u t i o n  and s t i r r e d  f o r  10 min a t  500 rev/min. The 

system was allowed to coo l  s lowly while s t i r r i n g  for  f u r t h e r  30 min a t  

350 rev/min, t hen  f i n a l l y  immersed i n  a n  ice-water mix tu re  while t h e  

s t i r r ing  was maintained for f u r t h e r  1 h. Microcapsules were sepa ra t ed  

by decant ing,  washed t h r e e  times each with 100 m l  n-hexane, t hen  
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548 SINGH AND ROBINSON 

f i l t e r e d  and dried i n  t h e  a i r .  E-1, E-2, E-3 and E-4 batches of 

microcapsules were prepared using 9, 41 ,  93 and 300 C.P. v iscosi ty  

grades of e thylce l lu lose  a s  a coat ing material ,  respect ively.  The 

dried samples were sieved and microcapsules re ta ined  between 500 um - 

850 um sieves (mean diameter 675 um) were used for f u r t h e r  s tudies .  

Scanning Electron Microscopy (SEMI - SEM was car r ied  o u t  by t h e  method 

of Florence and Jenkins  (8) using a Siemens Autoscan Instrument (ETEC 

Corporation, Hayward, California).  Microcapsules were f ixed onto  a 

t h in  adhesive s t r i p  a t tached t o  aluminium specimen s tub.  The samples 

were coated using an E 5000 ESM Coater under a high vacuum, 0.2 t o m ,  

high voltage,  1.2 kV, and 40 mA. 

Preparat ion of Tablets - Tablets were prepared by d i r e t l y  compressing 

250 mg of microcapsules i n  a Manesty F-3 type s i n g l e  punch t ab le t  

machine. A 1 2  mm dia  f l a t  punch and die set was used t o  compress 

microcapsules i n t o  t a b l e t s  a t  a cons tan t  compression pressure of 40  

u n i t s .  

Assay of Total  Drug Content - Trip l ica te  0.250 g samples of 

microcapsules or one t a b l e t  were placed in  a mortar and thoroughly  

t r i t u ra t ed .  The drug  was extracted using 250 m l  of 0.1N HC1 contained 

in  a 300 m l  Erlenmayer f l a sk .  After thoroughly  r ins ing  a l l  equipment, 

the  t o t a l  mixture was f i l t e r e d  through a Buchner funne l  f i t t e d  with a 

s intered g l a s s  f i l t e r  ( G - 3 ) .  The so lu t ion  was t ransfer red  i n t o  500 m l  

volumetric f l a s k  and t h e  volume was made upto the  mark with 0.1N HC1. 
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CONTROLLED RELEASE K I N E T I C S  OF C A P T O P R I L  549 

Y 

0 10 20 30 40 50 60 
TIME (MINI 

FIGURE 1 

In Vitro Release of Captopril in  0.1 N H C 1  from Microcapsules. 
Key: (0, E-I ;  (., E-2; (4 E-3; 6) E-4. 

The drug was assayed spectrophotometrically a t  214 nm using a Shimadzu 

UV-240 double beam Spectrophotometer. 

I n  vi t ro  Release - A Hanson Dissolution Test Station Model QC 72 RLB 

(Hanson Research Corporation, Northridge, California) consisting of 

the drive assembly wi th  s i x  spindles and a drive motor mounted on a 

Easi-Lift stand se t  on a vibration-free base was used f o r  i n  v i t ro  

dissolution r a t e  measurements. The d ig i t a l  readout speed control was 

set  a t  100?-1 rev/min. Six one l i t r e  round-bottom glass  dissolution 

f lasks each containing 900 m l  of 0 . 1 N  HC1 dissolution f luid were 
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5 50 S I N G H  AND ROBINSON 

FIGURE 2 

Scanning Electron Micrographs of Microcapsules prepared with 
d i f f e ren t  v i scos i ty  grades of Ethylcellulose.  
A: E-1; B: E-2; C: E-3;  D: E-4; (Magnification: x 1000) 

c 
equilibrated a t  37+1 C i n  a water bath cont ro l led  by a n  independent 

heater-circulator  model 6454. The s i x  basket-shaf t  assemblies 

conformed t o  both USP and BP specif icat ions.  Cyl indrical  s t a in l e s s  

wire baskets, 36 x 20 mm, 40 mesh (0.254 diameter) containing 100 mg 

microcapsules or one t a b l e t  were set 2.5 cm from the  base of t he  

f lask .  Each basket contained a vent  t o  allow any entrapped a i r  t o  

escape. 
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FIGURE 3 

In Vitro Dissolution of Captopri l  i n  0.1 N H C 1  from Tableted 
Microcapsules. (Symbol representat ion same a s  i n  Fig. 1). 

A mannual Dissoette precision d isso lu t ion  sampling assembly, 

Model 27-6111-1 -2,  with both media replacement and d i lu t ion  f a c i l i t i e s  

was cal ibrated t o  d i l u t e  t h e  equal  volume of the  sample withdrawn and 

to replace t h e  same volume of the dissolut ion medium. Each sample 

probe w i t h  f i l t e r  attachment was set l eve l  with t h e  top of t h e  

r o t a t i n g  basket and 4 c m  from the  centre.  4 m l  samples were removed a t  

i n t e r v a l s  and di luted with t h e  same amount of t h e  f r e s h  d isso lu t ion  

f lu id .  Drug release was monitored by measuring t h e  absorbance a t  214 

nm. The concentrat ions of the  drug  were determined from t h e  s tandard  

ca l ibra t ion  da ta  for  t h e  drug  i n  t h e  dissolut ion f lu id .  An equal 
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5 52 SINGH AND ROBINSON 

Microcapsules Tableted Microcapsules 

E-1 

E-2 

E-3 

E-4 

32.0 

55.0 

29.5 

8.5 

31 8.0 

378.0 

294.0 

54.0 

0 volume of f resh dissolution f luid maintained a t  37+1 C was added t o  

replace the sample volume used f o r  analysis. Dissolution data were 

corrected f o r  t h i s  dilution effect  (9). Six samples from each batch of 

microcapsules/ tablets were subjected to  i n  v i t ro  dissolution. 

RESULTS A N D  DISCUSSION 

Figure 1 shows the dissolution characterist ics of microcapsules 

prepared with different  grades of ethylcellulose. Microcapsules of the 

batch E-2 showed the l ea s t  release among a l l  the batches of 

microcapsules. SEM (Figure 2) reveals t ha t  the ethylcellulose of 41 

C.P. viscosity grade (batch E-2) produced microcapsules wi th  smaller 
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FIRST ORDER 
-2 

K x 10 

r 
1 

r 2  

b 

ZERO-ORDER 

x 10 

r 

r 2  

b 

3.88 2.41 4.46 17.20 

-1 .ooo -0.996 -1 .ooo -1.001 

0.997 0.993 0.997 0.998 

-0.008 -0.007 -0.005 -0.009 

0.21 9 0.1 27 

0.993 0.988 

0.986 0.977 

0.41 6 0.469 

0.237 

0.994 

0.988 

0.375 

0.824 

0.992 

0.984 

0.337 
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5 54 SINGH AND ROBINSON 

FIRST-ORDER 
-2 

K1 x 10 

r 

r2 

b 

ZERO-ORDER 

KO x 10 
1 

r 

r2 

b 

0.365 0.254 

-0.976 -0.976 

0.954 0.949 

-0.046 -0.041 

0.41 8 1.254 

-0.997 -0.991 

0.991 0.978 

-0.056 -0.055 

0.022 0.01 9 0.024 0.1 29 

0.925 0.932 0.978 0.935 

0.856 0.869 0.957 0.874 

3.631 3.550 3.452 2.207 

HIGUCHI EQUATION 
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FIGURE 4 

Higuchi's plots of t he  Released Captopril from Microcapsules 
i n  0.1 N HC1. (Symbol representation same a s  i n  Fig. 1). 

and fewer pores in  comparison t o  the ethylcellulose of 9 C.P. (Batch 

E-I ) .  However, 100 c.p. and 300 c.p. viscosity grades produced 

microcapsules w i t h  discontinuous and incomplete wall formation. 

Batches of tablets  were prepared from microcapsules t o  develop a 

sustained release solid o r a l  dosage form. Microcapsules were 

compressed direct ly  without any added excipients. In v i t r o  release 

profiles of the drug from tablets  were similar t o  those obtained from 

microcapsules b u t  the r a t e  of release was markedly prolonged (Figure 

3). The longest time f o r  70% drug release was shown by microcapsules 

(55 min) and tablets  (378 min)  of the batch E-2 (Table 1). 
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5 56 SINGH AND ROBINSON 

0 1 2 3 4 
@iir 

FIGURE 5 

Higuchi's plots  of the Released Captopril from Tableted 
Microcapsules in  0.1 N HC1. (Symbol represen ta t ion same 
as i n  F i g  1). 

Various equations and kinetic models a r e  used t o  explain the i n  

vi t ro  release (1 0-1 4). Different kinetic equations were applied t o  

interpret  the release r a t e  from microcapsules and their  tablets. 

Release r a t e  constants f o r  the f i rs t -order  (K1 

Higuchi's eqaution (Kh), a s  well a s  their  correlation (r), 

2 determination (r ) and regression (b) coefficients were calculated. 

These resul ts  a r e  presented i n  Table 2 and 3. The best f i t  with the 

highest correlation and determination coefficients was achieved with 

the f i r s t  order kinetics followed by Higuchi's equation. The resul ts  

zero-order (KO) and 
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i 
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W e 
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u 
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I 

0 10 20 30 40 50 60 
TIME MINI 

FIGURE 6 

Log Percent Remaining versus Time plots of t h e  Released 
Captopril from Microcapsules i n  0.1 N HC1. (Symbol 
representation same as i n  Fig.1). 

are in  accordance with the  work of Yalabik-Kas (15) f o r  oxazepam 

microcapsules. F igures  4 and 5 present the Higuchi plot  f o r  

microcapsules and the i r  tablets,  respectively, The biphasic release 

profiles were obtained as also evident from Wagner's plots (F igures  6 

and 71, The f i r s t  s t r a i g h t  l i n e  gave l a rge r  slope and f a s t e r  release 

r a t e  than the second. The rapid i n i t i a l  release may provide a useful 

loading dose of t he  sustained release formulation. As the tablet 

remained in t ac t  during the dissolution study, the second phase 

corresponds t o  diffusion controlled release from a solid, iner t ,  
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L 

c1 
13 

2 

1.5 

1 

. 5  
0 2 4 6 8 10 12 

TlME(h) 

FIGURE 7 

Log Percent Remaining versus Time plots of t h e  Released 
Captopril from Tableted Microcapsules i n  0.1 N HC1. 
(Symbol representation same as i n  Fig. 1). 

non-biodegradable matrix which w i l l  provide the  sustaining dose of t h e  

Formula tion. 

CONCLUSIONS 

Ethylcellulose coated microcapsules can be direct ly  compressed 

i n t o  tablets. The in v i t r o  release was studied i n  0.1N HC1. The 

release was substant ia l ly  delayed from t ab le t s  with respect t o  the i r  

microcapsules. Various kinetic models were applied t o  explain the  

release. The best f i t  with t h e  highest correlation coefficient was 

achieved by t h e  f i rs t -order  equation. 
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