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Dika wax, an edible vegetable wax derived 

from was used for 

microencapsulating aspirin powder prior 

to compression. Both bees and carnauba 

waxes were respectively used as the basis 

for comparison. A bulking agent, Avicel 

PH 101 was added to the microcapsules 

prior to compressing each batch directly 

into tablets. A firht order degradation 

pattern was obtained for tablets shelf- 

stored at The degradation pattern 

of tablets stored under varying conditions 

of humidity and temperature deviated from 

the first order mechanism of reaction. 

The free wax acids were probably the main 
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MICROENCAPSULATION WITH DIKA WAX 399 

were bet er than others in formulations containing 

aspirin. The role of these and other pharmaceutical 

excipients in the hydrolysis of aspirin has been 

ex,,lained on the basis of pH within the system ( 5 , 6 ) .  

Within a pN range of 5 and 8, a base catalysed isomeri- 

sation was assigncd the rate determining step ( 7 ) .  

Since moisture is easily the commonest agent that causes 

the hydrolysis of aspirin, a number of formulation 

techniques have been proposed as effective means of 

increjsing the stability of this drug. Some of these 

techniques include coacervation with ethyle cellulose 

or polymethaacrylate ( 8 , 9 ) ,  re-crystallisation (10)  

buffering and the addition of stabilising agents ( 1 1 ) .  

When dika wax was initially investigated as a tablet 

lubricant, there was some indication that it might not 

affect the stability of aspirin ( 1 2 ) .  Since dika wax 

is hydrophobic, it is reasonable to assume it would also 

protect a hydrolysable drug from the effects of moisture. 

In order to determine whether dika wax could offer 

protection to a hydrolysable drug, it was used in the 

microencapsulation of aspirin powder which was sub- 

sequently compressed into tablets. Bees and carnauba 

waxes were similarly applied. One of the earliest 

investigation on the degradation of aspkrin in the 

solid state was carried out by Leeson and Mattocks(l3). 

In that study, aspirin was subjected to varying condi- 

tions of humidity and temperature. In the present 

study, the microencapsulated tabletted drug was subjected 
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400 UDEALA AND ALY 

to similar conditions. Therefore the same mathematical 

model proposed by these workers was applied to the data 

obtained for the degradation of aspirin. The disinte- 

gration and dissoliition dita were examined for corre- 

lation. The effect of varying concentrations of wax 

used f o r  microencapsulation on disintegration and disso- 

lution was also investigated. 

MATEHIALS AND METHODS 

Avicel P H  101, a brand of direct compression micro- 

crystalline cellulose' was used a s  the direct compression 

vehicle. Aspirin and talc' were used a s  the active drug 

and lubricant respectively. Dilta wax was obtained as 

described earlier(l2) while bees wax2 and carnauba wax 

were used as procured from the maniifacturers. 

3 

Microencapsulation of aspirin 

Wax solutions of varying concentrations were 

prepared using absolute alcohol. The solutions were 

such that the concentr<Ition of a particular wax varying 

from 2 to 10 mg/ml could be obtained. The aspirin was 

dissolved in acetone to yield a 50% w/v solution, The 

desired concentration of wax in a given batch of micro- 

capsules was obtained by mixint 15ml of the solution 

of aspirin in acetone and lOOml of wax solution of a 

known concentra'ion. A stream of cold air which slowly 

evaporated the alcohol/acetone solvent system w a s  dire- 

cted to the mixture while being  vigorously stirred. 

The microcapsules were deposited as the solvent system 
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MICROENCAPSULATION WITH DIKA WAX 401 

evapora ted .  Thus,  b o t c h e s  of  m i c r o c a p s u l e s  t h a t  v a r i e d  

from 0.05 t o  0.3% w/w i n  t b e i r  w a x  c o n t e n t  were p r e p a r e d  

‘ , \ i th  each wax. The m i c r o c a p s u l e s  d e p o s i t e d  a f t e r  t h e  

v a i i o r i s a t i o n  o f  t h e  s o l v c n t  system were t r a n s f e r r e d  t o  a 

f l u i d i s , < ]  bed dryer’ and d r i e d  a t  40°C. The p r o d u c t  w a s  

s u b s e . ! u c n t l y  usctl f o r  t h e  p r e p a r a t i o n  of t a l b l e t s .  

Compression of t a b l e t s  

The d i r e c t  compression vehic le . ,  A v i c e l  P H  1 0 1  w a s  

d r i e d  a t  6ooc for 24 h. The mix f o r  compression w a s  con- 

s t i t u t c d  t o  c o n t a i n  200mg a s p i r i n  m i c r o c a p s u l e s ,  290 mg. 

A v i c e l  1’1-1 1 0 1  and 1 0 m g  of  acid-washed t a l c  as l u b r i c a n t .  

I1 The mix w a s  compressed i n t o  t a b l e t s  using> a n  F3 s i n g l e  

punch k a b l c t t i n e  machine f i t t e d  w i t h  l3mm f l a t  f a c e d  

punches.  T a b l e t s  w i t h  a v e r a g e  weight  o f  5 O O m g  w e r e  

produced i n  b a t c h e s  of  200 t a b l e t s .  A b a t c h  of c o n t r o l  

t a b l e t s  w a s  a l s o  produced u s i n g  u n t r e a t e d  a s p i r i n  powder. 

D i  s i n  t e g r a  t i o n  t i m e  

The B.P. d i s i n t e g r a t i o n  t e s t  a p p a r a t u s ”  c o n t a i n i n g  

a 0 . 1 N  HCI, main ta ined  a t  3 7 O  + 0 . 5 O C  w a s  u s e d  f o r  t h e e  

t e s t .  The a v e r a g e  d i s i n t e g r a t i o n  t i m e f o r  t e n  t a b l e t s  

from each b a t c h  w a s  de te rmined  immedia te ly  a f t e r  com- 

p r e s s i o n  o f  t h e  t a b l e t s .  

D i s s o l u t i o n  r a t e  

The d i s s o l u t i o n  r a t e  of  t h e  t a b l e t s  w a s  de te rmined  

i n  a U.S.P. d i s s o l u t i o n  r a t e  apparatus’”. A 0 . 1 N  HCL 

c o n s t i t u t e d  t h e  d i s s o l i i t i o n  medium. The r e v o l u t i o n  o f  

t h e  b a s k e t  w a s  s e t  a t  100 rpm. The amount o f  a s p i r i n  

d i s s o l v e d  w a s  assayed  for a t  v a r y i n g  t i m e  i n t e r v a l s .  The 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



402 UDEALA AND ALY 

dissolution rate for each batch of tablets was ascertained 

immediately after the compression of the tablets. The 

mean of five such determinations was obtained for each 

batch. 

Stability studies 

Each batch of the compressed tablets was divided 

into four samples. Each sarnple was subjected to defined 

temperature and humidity conditions over saturated salt 

solutions contained in desiccators maintained at the 

appropriate temperature were used for simulating the 

desired humidity and temperature conditions. Except 

the tablets shelf-stored at 3OoC, 

which the other samples were stored were 40% and 80% 

RH at 40° and 6 0 ° C  respectively. 

the contiition under 

All tablets were assayed 

for their aspirin content at five daysinterval. 

Analysis of aspirin 

The absorbance of aspirin dissolved in 0.1N HCL 

was measured at a wavelength of 229 nm using an SF6-450 

specrophotometer (Pye Unicam). Ten tablets from a given 

batch were pulverised immediately after compression, 

during or at the termination of the stability study. 

A n  amount of the powder equivalent to lOmg of aspirin 

was transferred into a suitable vessel containing some 

0.1N HCL. This was filtered into a 100-ml volumetric 

flask. The residue was thoroughly washed with several 

portions of the solvent. The filtrate was then made up 

with 0.1N HCL to a final volume of 100mL. The absorbance 

of the solution was measured and the concentration of 
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MICROENCAPSULATION WITH DIKA WAX 403 

a s p i r i n  c a l c i i l a t e d  f r o m  a c a l i b r a t i o n  c u r v e  p r e p a r e d  

w i t h  t h e  lmre  sample o f  drii;. T i v e  such a n a l y s e s  w e r e  

c a r r i e d  oiit f o r  each  b a t c h  o f  t h e  t a b l e t s .  The a b s o r -  

bances of  samples  withdrawn from t h e  d isso1: i t ion  medium 

were s i m i l a r l y  measured. 

The B.F. method for d e t e r m i n i n i ,  t h e  a c i d  v a l u e s  o f  

f a t s  and waxes w a s  adopted .  The a c i d  v a l u e s  were c a l c u -  

l a  t ed accord  in$-  t o  t h e  s t a n d a r d  method . 

Cne o f  t h e  many a , i p l i c n t i o n s  o f  m i c r o e n c a p s u l a t i o n s  

i n  phormaceut ics  i s  t h e  p r o t e c t i o n  o f  most d r u g s  from t h e  

d e l e t e r i o u s  e f f e c t  o f  a t m o s p h e r i c  oxygen and m o i s t u r e .  

The microencapsxi la t ing  m a t e r i a l s  a r e  as v a r i e d  as t h e  

t e c h n i q u e s .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  microen- 

c a p s i i l a t i n g  m; te r ia l s ,  b e e s ,  cnrnauba and  d i k a  waxes w e r e  

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

A graph  of  per c e n t  a s p i r i n  decomposi t ion  a b a i n s t  

t ime i n  days  f o r  t h e  s h e l f - s t o r e d  t a b l c t s  i s  shown i n  

Fie;. 1 .  This d e p i c t s  f irst  o r d e r  d e g r a d a t i o n  p a t t e r n .  

The s t a b i l i t y  d a t a  for t h e s e  t a b l e t s  a re  also p r e s e n t e d  

i n  T a b l e  1 .  Both Fig .  1 and T a b l e  1 show t h a t  t h e  con- 

t r o l  t a b l e t s  prepared  w i t h  unencapsula ted  a s p i r i n  powder 

a c q u i r e d  t h e  h i p h e - t  r e a c t i o n  r a t e  o f  13 .29  x 10-4mg h-' 

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

d i k a  wax had t h e  h i g h e s t  l e v e l  o f  s t a b i l i t y  i n  t h a t  t h e s e  

t a b l e t s  showed t h e  l ea s t  r e a c t i o n  r a t e  c o n s t a n t .  While 
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404 UDEALA AND ALY 
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Fig. 1 First order pattern of Aspirin degradation in 
its tablets compressed from Avicel and Aspirin 
microencapsulated with 0.3% w/w of Dika wax 
OBees wax,x carnauba wax, A control. 
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MICROENCAPSULATION WITH DIKA WAX 405 

TABLE 1 :  Some s t a b i l i t y  p a r a m e t e r s  o f  
m i c r o e n c a p s u l a t e d  a s p i r i n  i n  i t s  
d i r e c t l y  compressed t a b l e t s  from 
A v i c e l  PH 1 0 1  s h e l f  store ( 3 O o C )  

N o  N t  KX1 0-4 t; t 1 076 Wax 
Cone.$ A pi? 1 i e d 

N a m e  ql w/w h-l d a y s  w/w 
~ ~~ ~ 

00.00 119.21 32.25 13.29 21.7 3.3 
0.2 104.11 90.16 1.95 148.1 22.64 

cw 0.25 113.20 64.4 5.73 50.41 7.70 
0.3 116.50 41.2 10.57 27.33 4.18 

0.2 112.0 80.5 3.36 85.96 13.14 
BW 0.25 104.0 83.81 2.20 131.59 20.11 

0.3 122.0  103.17 1.72 167.93 25.66 

0.2 102.12 81 .11  2.34 123.43 18.86 
DW 0.25 104.20 87.15 1.82 158.7 24.25 

0.3 100.0 88.12 1.30 227.18 33.9 

t h e  r e a c t i o n  rd t e  c o n s t a n t  d e c r e a s e d  w i t h  i n c r e a s e  i n  

t h e  c o n c c n t r a t i o n  of e i t h e r  d i k a  or b e e s  wax, i t  i n c r e a s e d  

w i t h  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of ca rnauba  wax. S i n c e  

a t h i c k e r  w a x  c o a t  w i l l  ex r l i i de  more m o i s t u r e .  The 

chemica l  n e t u r e  o f  t h i s  wax, pe rhaps  i t s  h i g h  f r e e  a c i d  

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

o f  a s p i r i n .  

The tiegrad,i t i o n  p a t t e r n  o f  a s p i r i n  t a b l e t s  stored under  

v a r y i n ( ,  humid i ty  and t e m j ~ c r a  t i i re  i s  shown i n  F i g .  2 ( a - c ) .  

The g r a p h s  d e v i a t e  from t l iose  shown i n  F i g . 1 .  T h i s  i s  

i n d i c  tive t h , > t  i h e  over a l l  d e p a d a t i o n  o f  a s p i r i n  u n d e r  

v a r y i n  hiimidity and t e r ~ p e r , i t u r e  i s  d i f f e r t  n t  from t h e  

d c c r a d L t t i o n  under  s h e l f - s t o r i t  e .  The f a c t o r s  r e s p o n s i b l e  
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MICROENCAPSULATION WITH D I K A  WAX 407 

f o r  t h e  d e g r a d a t i o n  r e a c t i o n  under  t h i s  c o n d i t i o n  were 

t h e  a c i d i t y  o f  t h e  waxes, t h e  r a t e  o f  m o i s t u r e  u p t a k e  

throu6.h t h e  wax c o a t  and  temperat i i re .  The decomposi t ion  

of a s p i r i n  i n  t h e  s o l i d  s t a t e  s u b j e c t e d  t o  s i m i l a r  p h y s i c a l  

c o n d i t i o n s  was i n v e s t i r , a t e d  by Leeson and Mat tocks(  1 3 ) .  

These a u t h o r s  c a l c u l a t e d  t h e  TJarameters f o r  a s p i r i n  degra-  

dation by apply in , -  t h e  f o l l o w i n g  e x p r e s s i o n ,  

where a r e p r e s e n t s  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  a s p i r i n ;  

a ,  c o n c e n t r a t i o n  o f  a s p i r i n  remain ing  a f t e r  t i m e ,  t ;  c ,  

c o n c e n t r a t i o n  o f  s a l i c y l i c  a c i d ;  k, r e a c t i o n  r a t e  c o n s t a n t  

and p ,  t h e  vapour p r e s s u r e .  The p a r a r l e t e r ,  n i s  t h e  o r d e r  

of t h e  s o r p t i o n  r e a c t i o n  w i t h  r e s p e c t  t o  p a s  g iven  i n  

F r e u n d l i c h  i s o t h e r m  e q u a t i o n .  ~1 p l o t  o f  t h e  l e f t  hand 

term o f  Eq. 1 vs  t ime,  t i s  p r c a e n t e d  i n  F i g s .  3 & 4 ( a - b )  

The c u r v e s  o f  t h e  c o n t r o l  t a b l e t s  prepared  with u n t r e a t e d  

a s p i r i n  powder a r e  shown i n  Pic. 4b. The-e c u r v e s  conform 

t o  t h e  model o f  d e g r a d a t i o n  o b h i n e d  by Leeson and Mattocks 

for l o o s e  a s p i r i n  powdcr s u b j e c t e d  t o  s i m i l a r  c o n d i t i o n s ( l 3 ) .  

The c u r v e s  shown i n  F i g s .  3 & 4 ( a - b )  a r e  s i m i l a r  b u t  d i f f e r  

i n  t h a t  t h e  c u r v e s ,  e x c e p t  t h o s e  for t h e  c o n t r o l  t a b l e t s  

do n o t  p a s s  through t h e  o r i g i n .  There i s  a b r e a k  w i t h  

t h e  p o r t i o n  e x t r a p o l a t e d  t o  t h e  o r i e i n .  I t  w z i s  assumed 

t h a t  t h e  d e g r a d a t i o n  i n  t h e  e x t r a p o l a t e d  s e c t i o n  o f  t h e  

c u r v e s  fo l lowed a c o u r s e  s i m i l a r  t o  t h e  d e g r a d a t i o n  i n  

t h e  s h e l f - s t o r e d  t a b l e t s  and t h e  c o n t r o l  t a b l e t s  s u h j e c t e d  

0 
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0.6 

0.4 

0.2 

(d 
\ 
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+ 
s 

Sd0 
0.5 

60 
0 
A 

0.4 

0 . 3  

0.2 

10 

1 

UDEALA AND ALY 

20 30 
-. 

Fit. 3(a-b) Log a: + ci/a as a function of time for 
Aspirin tablets prepared from microencapsulated 
Aspirin with 0.3% W/W of 0 Dika wax, 0 Bees wax 
and 0 carnauba wax. 

a f o r  tablets stored at 4OoC - 800/0 RH 
b for tablet stored at 6OoC - 40$ RH. 
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1 .o 

0.8 

0.6 

0.4 

0.2 

M 

0.8 
s 

0.6 

0.4 

0 . 2  

10 20 30 

1 - 1 
Fig. 4(a-b) Log aoY + c 2  as a function of time for Aspirin 

a 
tablets (a) prepared from microencupsulated 
Aspirin with 0.3% W/W of. Dika wax, 0 Bees wax 
and A carnbauba wax stored at 6% - 8 4  RI3 
(b) t'or control tablets stored at x 68C - 4W/. m, 
+40°C - 8OOh RH and d 60oc - 80$6 RH 
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410 UDEALA AND ALY 

t o  v a r y i n g  h i i rn id i ty  and  t e m p e r a t u r e .  P r i o r  t o  sorption 

o f  enough m o i s t u r e ,  t h e  a c i d i t y  o f  t h e  waxes and t h e  

a rn b i  en  t t ern p e ra t 11 re c on t r i hu t c d t n t h e d e g r a d  a t i on r e  a c t i on . 
Vhen enough m o i s t u r e  had pf  n c t r a t e d  t h r o u g h  t h e  wax c o a t ,  

t b e  d e g r a d a t i o n  r e a c t i o n  would chani ,e  and  would be r e C l e c t e d  

i n  c t ~ ~ n n e c s  i n  rci e c o n s t a n t  a n d  s l o p e ,  The s l o p e ,  o( , of  

e;ich o f  t he  ex;)erirnexiital c u r v e s  i s  r e l a t e d  t o  t h e  v a p o u r  

I r ~ s s u r c ,  p u n d e r  whirl] t h e  expcriirrrc.nt was c i l r r i f i d  o u t  by  

t kl e f o 1 1 o w  i n  L, er. 1 ) r e  s s i on , 

A p l o t  o f  I O F J  v s  l o g  p i s  p r e s e n t e d  i n  F i e .  5 .  The 

o r d e r  o f  s o r l  t i o n  n wit.h r c s ~ i e c t  to p may be c a l c u l a t e d  

from tlie s l o p e  o f  t h e  c u r v c s  w h i l e  1, t h e  o v e r a l l  r e a c t i o n  

r a t c  c o n s t a n t  i s  o b t a i n e d  f ro r i  t h e  i n t e r c e p t .  The v a l u e s  

o f  n and  I,  r s p e c t i v e l y  a r e  preqenl , rd  i n  T a b l e  2 .  

Accorii i n ,  t o  t h c  t t i e o r y  o f  ckie,rii sorption, t h e  v~ l u e  o f  

n slioiild be u n i t ) .  Th i - .  wou ld  he i i nde r . s tnndah ly  s o  i f  

Llse c o n d i t i o n s  re1.i t e  t o  loose a s p i r i n  p o r r d r r  f u l l y  

ex loosed  t o  i n o i 5 t u r e .  Tlic vClI i ie  o f  0 . 2  ob t , r i ned  for n 

i n  e,ich c a - e  ~ r a  t i r  ar( .o1mte6 ft tr  b y  the l i ini ted s u r f a c e  

cir(’c> I r i ’~) \ i i l e t l  by t h e  t a b l e t s .  h‘ohcvcr, t h e  v < . l u e  oh ta i r i ed  

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

o €  tlrc t a h l e t s  w a s  t h c  s a r n r  . I’he v a l u e s  and t h e  o r d e r  

o f  m a { n i  t ilde f o r  I< obt : i i t ied seem reasonaIi1( and  l o g i c a l .  

The c o n t r o l  t , i t r le ts  l l repnred  w i t h  u n t r e a t e d  a s p i r j n  h a s  
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MICROENCAPSULATION WITH DIKA WAX 411 

Log vap. prep. 
I 

1.6 1.7 1.8 1.9 2.0 

Fig. 5 Log log rclationship between Ot and vapour 
pressure for various Aspirin batches according 
to Eq. 2. 

Key:ODika wax 0 Bees wax, A carnauba wax 

X control 

TABLE 2: Values of n and F obtained for 
aspirin microencapsulated with 
0.3% w/w wax and q w w d  into 
t a 131 e t s 

Material n K x loe4 h-’ 
Contro 1 0.20 0.71 
cw 0.17 0.631 
BW 0.24 0.50 

DW 0.20 0.355 
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UDEALA AND ALY 412 

t h e  h i  :hes t  v . , lue  f o r  K (0.71 x 10-4mg h - ' ) .  

p repared  w i t h  a s p i r i n  m i c r o e n c a p s u l a t e d  w i t h  d i k a  Wax 

showed t h e  l o w e s t  v a l u e  f o r  K .  The l e v e l  o f  p r o t e c t i o n  

o f f e r e d  by each of  t h e s e  waxes would f o l l o w  l o g i c z l l y  from 

t h e i r  a c i d  v a l u e s ,  which a r e  13.0, 17.9 and 20.1 f o r  d i k a ,  

b e e s  and carbauba waxes res1 ,ec t ive ly .  The amount of  

po tass ium hydroxide  consumed by e a c h  wax d u r i n ,  t h e  d e t e r -  

ni inat ion of  a c i d  v a l u e s  w a s  equa ted  t o  t h e  hydrogen i o n  

c o n c e n t r a t i o n .  T h i s  WPS ca lcu l r ted  as t h e  pH of  t h e  

wax systems.  G a r e t t e ( l 4 )  h a s  shown t h a t  t h e r e  i s  a 

r e l a t i o n s h i p  between lor ,  r e a c t i o n  r a t e  c o n s t a n t ,  K and 

pH a t  which t h e  h y d r o l y s i s  o f  a s p i r i n  t a k e s  p l a c e .  

F i g .  6a shows a p l o t  of  l o g K  v s  pH exCected i n  e a c h  

system c o n ~ a i n i n g  0.37: w/w o f  wax. T h i s  c u r v e s i s  s i m i l a r  

t o  t h o s e  o b t a i n e d  by G a r e t t e ( l 4 ) .  Obviously,  t h e  pH 

c o n t r i b u t e d  b y  d i k a  wax w a s  3.05. This  pII i s  known t o  

b e  f a v o u r n b l e  f o r  t h e  maximum s t a b i  Li ty  o f  a s , i r i n (  1 4 ) .  

T h i s  f u r t h e r  e x p l a i n s  why d i k a  wax, i n  c o n t r a s t  t o  b e e s  

and carnauba waxes r e s l e c t i v e l y  o f f e r c d  t h e  h i L h e s t  l e v e l  

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

Those t a b l e t s  

With l i m i t e d  amount of m o i s t u r e  as i n  t h e  s h e l f -  

s t o r a t e  c o n d i t i o n  and t h e  c o n d i t i o n  t h a t  gc,nerated t h e  

e x t r a p o l d t e d  s e c t i o n s  o f  t h e  c u r 8 e s  i n  F i g s . 3 ( a - b ) ,  

a s p i r i n  would degrade  mainly as a r e s u l t  of t e m p e r a t u r e  

and wax a c i d s .  F i g .  6b st;ows an  Arhenius  p l o t  con- 

s t r u c t e d  w i t h  k v a l u e s  d e r i v e d  from s h e l f - s t o r a g e  a t  

30°C and t h e  e x t r a p o l a t e d  r e g i o n  o f  t h e  c u r v e s  o b t a i n e d  

a t  40' and 60 C r e s p e c t i v e l y .  I n  TaL'le 3 are p r e s e n t e d  0 
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MICROENCAPSULATION WITH DIKA WAX 413 

6 .4  

c 

6 . 8  I 

al 
u) 

4D 
E 

* 7.2 
hD 
0 
4 

7.6 

---- From E. Garrette 

Experimental - 
D w .  
I .- - c --- 

Expected PH 
/ I  . 
11 
2 .95  3 .0  3 .05  

Fig. 6a Log K as a function of PH offered, 
by different waxes. 

c 
I c 

4D 
E 

3.0 3.2 3.3 

Fig. 6b Arrhenius plot, log k as a function of 10 3 /T. 
The values of K were calculated from graphs 
in Fig. 1 and the extrapolated portions of 
the graphs in Figs. 3(a-b) 

Key: See Fig. 5 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



414 UDEALA AND ALY 

TABLE 3 :  The activation energy calculated 
f o r  Aspirin microcapsules compressed 
into tahlet s 

Material E Cal./Mol 
Control - 
cw 980.58 

BW 2135.5 
DW 2640.0 

the calculated activation energy E for aspirin degra- 

dation. 

Those tablets prepared with aspirin microencapsulated 

with carnauba wax have the lowest activation energy. 

The value of E for tablets treated with dilca wax is 

the hi,,hcst. This is consistent with the proposed 

particip.,tion of free wax acids in the degradation 

reaction and the level of protection of'fered by each 

of the waxes. The higher the concentration of wax acid, 

the less the energy required f o r  the degradation reaction. 

The microencapsulation of aspirin powder with waxy 

materials would be expected to delay biJth disintegration 

and dissolution of the compressed tablets. The effect of 

varying c<~ncentrations o r  the microencapsulating wax on 

the disintegration time and dissolution rate of the tablets 

is s'iown in Table 4. 

The disi-ntegration of the coated tablet bears a l o g  - 
n o r m a l  relationship with the Concentration of the applied 
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MICROENCAPSULATION WITH DIKA WAX 415 

TABLE 4: The mean d i s i n t e c r a t i o n  t imes  and 
( t 5 0 )  o f  t a b l e t s  f o r m u l a t e d  w i t h  
a s p i r i n  microcapsule  c o n t a i n i n g  
v a r y i n g  c o n c e n t r a t i o n s  o f  waxes. 

cw BW DW 
t50 D t  t50 D t  t50 Cone.$. o f  Wax Dt 

w/w 
(Min ) 

0.05 15.8 24.7 15.6 30.2 13.3 22.5 
0.10 18.1 32.5 17.1 31.9 13.5 27.2 
0.15 18.4 35.4 18.0 36.2 14.2 29.1 
0.20 19.2 35.9 19 .2  37.0 14.5 30.5 
0.25 20.4 38.9 20.4 45.8 15.6 33.6 
0.30 22.8 48.6 22.8 4.87 16.9 38.2 

*The p r e - e n t e d  v a l u e  i s  t h e  vie in of € i v e  
d e t e r m i n a t i o n s .  

co<i t .  4 p l o l  o f  l og  D t  vs wax c o n c e n t r a t i o n  i s  p r e s e n t e d  

i n  F i g .  7a. The effect of a p p l y i n g  v a r y i n g  conct ’n t ra t ion  

o f  wax on t h e  d s i n t e g r a t i o n  c o n s l a n t  l3 of the tablets 

b e  eva l i ta ted  usinf ;  t h e  e x p r e s s i o n  

10.g D = A - N C  Eel. ( 3 )  

wliei-e A i s  t h e  d i s  in te1 : ra t ion  c o n s t a n t  o f  t a b l e t s  pre l Jared  

w i t h  iinencapsu1,tted a s p i r i n  powdcr; N i s  t h e  s l o p e  and C 

i s  t h e  c o n c c n t r a t i o n  of‘ wax. The d i s i n t e 6 : r a t i o n  c o n s t a n t ,  D 

incrc i , s e s  w i t h  i n c r e a s e  i n  tlic ClJnc n t r a t  i r ~ n  o f  t h e  a131 l i e d  

w a x .  

Brossard  e t  a 1  (15)  f i t t e d  t h c  d i s s o l u t i o n  and 

d i s i n t e g r a t i o n s  c o n s t m t s  f o r  c o a t e d  t a b l e t s  i n  t h e  

f o l l o w i n g  e x p r e s s i o n .  
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1.4 

C 
.rl 
E 2 1.6 

Q 
bn 

3 1.7 

0 I 

Conc .$ w/w 

0.1 0.2  0.3  

Fig. 7a Log D of Aspirin tablets prepared from microenca- 
psulated Aspirin powder and Avicel as a function 
of wax concentration. 

Key: 0 Dika wax, 0 Bees wax and h Carnauba wax. 

0.6 

0.S 
c 
I 
E 
4 
E 

6 

Y 
bn 

5 0.3 

qp 0.4 

0.2 I Log D 

1.5 1.4 1.7 1.6 

Fig. 7b l o g  k (rng min") of Aspirin tahlets compressed 
from microencapsulated Aspirin and Avicel as 
a function of disintegration constant 

Key: Dika wax, 0 B e e s  wax and A Carnauba 

(D). 
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MICROENCAPSULATION WITH DIKA WAX 41 7 

Log K = a + n log D Eq. ( 4 )  

where K is the dissolution rate constant; D, the 

disintegration constant; a and n are constants. A graph 

of l o g  K vs log D is shown in Fig 7b. The linearity 

of the curves indicates that the relationship h o l d s  for 

the wax-treated aspirin powder compressed into tablets. 

This also indicates that the tablets are rapidly disinte- 

gration its presence obviously countered the water-proofing 

effect of the waxes. A statistical analysis of the data 

obtained from the disintegration and dissolution studies 

showed that the corr*elation coefficient ltrfr were 0.91, 

0.89 and 0.88 for dihca, bees and carnauba waxes raspectively. 

In order to determine tne elYect oi the wax coat 

on dissolution, the disintegrdtion constants for both 

wax treated (hq. 4 )  and untreatea tablets (Bq.  3 )  must 

be known. If the value of log U in Lq. 3 is inserted 

into Lq. 4, the latter becomes. 

l o g  li = a + n (A - NC) E q .  ( 5 )  

with (a + nil) written a s  A '  and nN as N ' ,  E(j.  5 becomes 

This is an exponential e *iiation .>f the form 

wi t h  this e lintion only the dissolution rate constont, 

li ne( d be determined. A linear ciirve as sl,o:,n in Fig. 8 

is obtained if the disintegration and dissolation ;,re 

related. The calculated and experimental v h l u e s  o f  N '  
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418 UDEALA AND ALY 

Wax Conc. w/w 

0.1 0.2 0.3 
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MICROENCAPSULATION WITH DIKA WAX 419 

TAGLb 5: The es t imated  and exper imenta l  
v a l u r s  of N' . 

xiax " 

Used Ls t irn;, t ed  Found 

D i l t a  - 0.722 - 0.75 
- 0.887 - 1.05 

C rnnuba  - 0.710 - 0.85 

B e e s  

are pre  ented i n  Ta!Jle 5. The c l o s e n t s s  of the  va lues  

confirm the  v a l i d i t y  o f  L q .  7.  

CONCLUSION 

In  o r d e r  t o  acnieve  some measure of s t a b i l i t y  

i n  t a ! ) l e t t e d  asp- i r in ,  t n e  drug w a s ,  p r i o r  t o  t a b l e t t i n g ,  

microencapsuleted wi th  va ry ing  concen t r a t ions  of d i k a  

wax. The peiforinance o f  t h i s  wax w a s  compared Kith that 

of bees  and carnauba waxes r e s l , ec t ive ly .  Other than  

rnoisturo and temperature  which normally in f luence  t h e  

hydro lys i s  o f  a s p i r i n ,  tlie f r e e  wax a c i d s  were thought 

t o  be l a r g e l y  r e spons ib l e  for t h e  f i r s t  o rde r  degrada t ion  

of the s h e l f - s t o r e d  a s p i r i n  t a b l e t s .  Under a c c e l e r a t e d  

s t u b i l i t y  t e s t i n g ,  t he  o v e r 4 1 1  r c a c t i o n  w c A s  no longer  

i i r s t - o r d e r .  Ilowever tlie dezrada t i o n  r e a c t i o n  conformed 

t o  the  triathematic,~l model g iven  by Leeson and Mattock( 13) .  

The break i n  the  curves  obta ined  f o r  t h e  a c c e l e r a t e d  

s t a b i l i t y  tes ts  i s  a t t r i b u t a b l e  t o  t he  initial l i m i t e d  

i n g r e s s  of moisture  i n t o  the  t a b l e t  core  and microcapsules .  
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The r e s u l t s  show th, i  t t h e  m a t h e m a t i c a l  e x p r e s s i o n  a p p l i e d  

t o  l o o s e  a s p i r i n  powder m a y  h e  ap , . l i ec l ,  w i t h  m o d i f i c a t i o n  

to t a b l e t t e c l  dosage forin. ,Is much the e x l . r e s s i o n  w o i i I d  

be g i v e n  as 

where K i s  t h e  f i r s t  order r e a c t i o n  r a t e  c o n s t a n t  

and tf r e p r e s e n t s  t h e  t i m e  r e q u i r e d  f o r  m o i s t u r e .  

pene t r ; :  t i o n  ttirou{;h t h e  t a b l e t  c o r e  and t h e  rnicro-  

c a p s u l e s .  M i c r o e n c a p s u l a t i o n  w i t h  low c o n c e n t r a -  

t i o n s  o f  d i k a  wax w h i l e  serving as a w a t e r - p r o o f i n g  

c o a t ,  d o e s  n o t  p r o l o n g  l h e  d i s i n t e g r a t i o n  o f  t h e  tablets. 

I PRL Engineering Ltd. Model FBD 

I1 Manesty Machines Ltd. 

I11 E w k a  Apparatabaau, Wcst Germany Hodel DT-D. 
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