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I N'TRODUCTI 01: 

A method r e f e r r e d  t o  a s  " t h e  d i r e c t  g r a n u l a t i o n  mc!thod" 

h a s  been proposed by Rubins te inL.  

g r a n u l a t i o n  ( D G )  i s  t h e  u t i l i z a t i o n  of a b inding  a g e n t  which 

m e l t s  o r  s o f t e n s  a t  r e l a t i v e l y  l o w  temperatiirk.s. The r iol ten 

b inding  ageni: then c o a t s  t h e  powder particles in t h e  formula t ion  

and,  upon c o o l i n g ,  g r a n u l e s  a r e  formed d i r e c t l y .  I t  has been 

found t h a t  t h e  wholf p r o c e s s  can be conducted i n  a j a c k e t e d  hisjh 

speed mixer-granulat .or ,  and t h e  g r a n u l e s  f e d  d i r e c t l y  1x3 t h o  

t a b l e t i n g  machine. Apar t  from reducir,q most 'of the staqes i n  

t h e  g r a n u l a t i o n  p r o c e s s ,  t h e  method also e l i m i n a t e s  t h e  

expensive and t i m e  consuming d r y i n g  staqe of WPT: q r a n u l d t i o n ,  

thereby  s igni f icant1 .y  i n c r e a s i n g  t h e  e f f i c i e n c y  of t ah le t  

product i -on.  A s i n i l . a r  p r o c e s s  i n v o l v i n g  t h e  use of w i ~ x y  

m a t e r i a l s  such a s  s t e a r i c  a c i d  and pol.yethylenc! ijlycol. ( P E G )  has  

p r e v i o u s l y  been used f o r  t h e  p r e p a r a t i o n  of  sus ix ined  rc lease  

s o l i d  dosage forms2'  '. A p a t e n t  ass igned  t o  IIoJifmiin 1.3 Roclie 

s p e c i f i c a l l y  r e f e r s  t o  t h e  use of  s t e a r i c  a c i d ,  carbowsx and 

g l y c e r y l  monostearate  . I n  an example quoted i n  t h e  p a t e n t  to 

o b t a i n  s u s t a i n e d  release t a b l e t s  of v i tamin  H c1~rnp1.e~ and. f e r r o u s  

The p r i n c i p l e  of d i i - e c t  
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170 MUSIKABHUMMA, RUBINSTEIN, AND KHAN 

sulphate, stearic acid was used as the binder and delayed release 

agent. 

a surface active agent and a tablet disintegrant together with 

PEG as the binding agent. The in v i t r o  properties of 
phenylbutazone lOOmg tablets produced using this method, showed 

that the granules were comparable to those produced by 

conventional wet granulation. The tablets exhibited short 

disintegration times and fast dissolution rates. Subsequently 

Shah e t  ai! satisfactorily made tablets from six different drug 

formulations using a modified method in which PEG 6000 was melted 

by means of hot air. In a recent study Rubinstein and 

Musikabhumma' showed that good quality paracetamol tablets were 

obtained using stearic acid as a binder. These tablets exhibited 

disintegration and dissolution times (t ) of less than one 

minute and showed good stability on long term storage. 

Rubinsteinif4 however, modified the process by including 

1 

5 

50% 

Since the DG method does not involve the use of water to 

moisten the binders, it was decided to examine the application of 

this technique for tableting a moisture sensitive drug. Potass- 

ium phenethicillin was chosen as representative of a moisture 

sensitive drug and this work reports the tableting properties of 

phenethicillin granules prepared using stearic acid and PEG as 

binding agents. 

MATERIALS 

The following materials were used: 

Potassium phenethicillin (Broxil, batch no. 4340, Beecham 

Pharmaceuticals, Worthing, U.K.), polyethylene glycol (PEG 

6000) ,  stearic acid, sodium lauryl sulphate and magnesium 

stearate (British Drug Houses Ltd., Poole, U . K . ) ,  micro- 

crystalline cellulose (Avicel PH102, Honeywell and Stein Ltd., 

Surrey, U.K.), colloidal silica (Aerosil 200, Bush, Beach and 

* 

"Registered trade mark 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TABLETING POTASSIUM PHENETHICILLIN 171 

Segner Bayley L t d . ,  London), sodium s t a r c h  g l y c o l a t e  (Explo tab ,  

K .  & K .  Greef F ine  Chemicals Ltd . ,  S u r r e y ,  U . K . ) .  

Formulat ion and Methods f o r  I n c o r p o r a t i n g  t h e  Binders  

Formulat ion 5 -- s tear ic  a c i d  as b inder  

( A i )  Direct  Granula t ion  

The fo l lowing  f o r m u l a t i o n s  were used t o  determi.ne t h e  

e f f e c t  of s tear ic  a c i d  c o n c e n t r a t i o n  (2.5,, 5.0 .and 7.5% 

w/w) on t h e  t a b l e t  p r o p e r t i e s  : 

'b w/w 

S t e a r i c  ric.id 2 . 5 ,  5.0, 7 . 5  

Potassiur i  p h e n e t h i c i l l i n  t o  100 

Method 

An e l e c t r o n i c  b lender  (Kenwood Model A525A)  w a s  modif ied t o  

produce a s m a l l  s c a l e  h igh  speed mixer -granula tor .  The 

Isharp b l a d e s  of  t h e  b lender  w e r e  r e p l a c e d  with padd.le 

b l a d e s  which could  be p r o g r e s s i v e l y  r o t a t e d  a t  !speeds up t o  

4 2 0 0  r.p.rn. Copper tub ing  was wound around t h e  bo,wl o f  t h e  

b lender  i.n o r d e r  t o  a l l o w  h o t  or c o l d  water  t o  warim up o r  

cool down t h e  bowl c o n t e n t s .  

c i r c u l a t e d  through t h e  copper  tub ing  from a c o n s t a n t  temp- 

e r a t u r e  water b a t h .  The i n g r e d i e n t s  of  t h e  v a r i o u s  

forrnu1ati.on.s were weighed and p l a c e d  i n  t h e  blender  bowl. 

The padd1.e w a s  r o t a t e d  a t  a n  a p p r o p r i a t e  speed to 'ensure 

adequate  mixing f o r  about  10 minutes .  During t h i s  t i m e  t h e  

bLender c o n t e n t s  reached a tempera ture  of  about  GO-IC. 

Blending w a s  cont inued  f o r  A f u r t h e r  10 mi-nutes t o  enable  

t h e  b inder  t o  hornogenously spread  i t s e l f  uver  t h e  s u r f a c e  

of  t h e  powder p a r t i c l e s .  C o l d  water  was then c i r c u l a t e d  

,around t h e  b lender  bowl, reducing  t h e  c o n t e n t s  t o  room 

temperature  t o  produce d r y  g r a n u l e s .  The g r a n u l e s  were 

removed from t h e  mixer and passed  through a 16 mesh s i e v e .  

H o t  water at. 70OC was. 
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172  MUSIKABHUMMA, RUBINSTEIN, AND KHAN 

Tableting was carried out on an instrumented Manesty F3 

tableting machine using 5/16" flat faced punches . 7 

Aii) To further improve the tableting properties, intragranular 

microcrystalline cellulose was added at a concentration of 

10 and 20% w/w. 

included as a disintegrant. 

The following base formulations were used: 

5% w/w sodium starch glycolate was 

% w/w 

Microcrystalline cellulose (MCC) 0, 10 and 20 

Stearic acid 5, 7.5 and 10 

Sodium starch glycolate 5 

Potassium phenethicillin to 100 

0.5% Colloidal silica was added to the granules to improve 

granule flow. 

Aiii) Direct Compression 

A direct compression formulation identical to Aii but 

without stearic acid was used for comparison. Magnesium 

stearate at 1.0, 1.5 and 2% w/w was included in the form- 
ulations to compare its effect on the compressibility of 

potassium phenethicillin with that of stearic acid. 

Formulation: 

Potassium phenethicillin 

% w/w 

71.5 - 7 2 . 5  

Microcrystalline cellulose 20 

Sodium starch glycolate 5 

Magnesium stearate 1 - 2  

Colloidal silica 0 - 5  

Formulation B - PEG 6000 as binder 

Bi) Direct granulation 

The following base formulation was used: 

% w/w 

PEG 7 - 5  

Sodium starch glycolate 5 

Potassium phenethicillin to 100 
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TABLETING POTA:5SIUM PHENETHICILLIN 173 

The g r a n u l a t i o n  w a s  p repared  usin17 t h e  method desci-tbcd 

under Ai. 1% magnesium s t e a r a t e  w a s  added o u t s i d e  t h e  

g r a n u l e s  t o  p r e v e n t  b inding  durincj cornpreasi on.  

B i i  ) Pre-Comp cess ion  

The drug ,  sodium s t a r c h  g l y c o l a t e ,  PEG and 1.X mai]nc?sium 

stearate w e r e  pre-compressed and m i l l e d  u s i r i q  an A p x  

comminuting rni.11. (Apex Construct i 'an L t d . ,  North F l e e t ,  

Kent) through a N o .  0 .077"  a p e r t u r e  Screen sit low :;peed 

us ing  hainmers forward.  

B i i i )  Moist g r a n u l a t i o n  us ing  water  as t h e  g r a n u l a t i n g  agent  

The drug ,  PEG and sodium s t a r c h  g l y c o l a t e  were p laced  i n  a 

p l a n e t a r y  mixer and t h e  g r a n u l a t i n g  f l u i d  w a s  added t o  mass 

t h e  b lend .  The w e t  mass w a s  f o r c e d  through a No.12 mesh 

s c r e e n  and d r i e d  a t  6OoC f o r  1% hours  i n  l a b o r a t o r y  f l u i d  

bed d r y e r  (PRL Engineer ing L t d . ,  Mostyn, F l i - n t s h i r e ,  U . K . )  . 
The d r i e d  granul.es w e r e  passed  through a No.16 s i e v e .  1% 

e x t r a g r a n u l a r  magnesium stearate w a s  added b e f o r e  

compression. 

Biv) Moist g r a n u l a t i o n  us ing  methylene c h l o r i d e  as t h e  

g r a n u l a t i n g  a g e n t  

The p r o c a s s  d e s c r i b e d  f o r  B i i i  w a s  used except  t h a t  the  wet 

m a s s  w a s  d r i e d  f-or 45 minutes .  

____-- - 

Bv) Direct Compression ____ 
The formula t ion  d e s c r i b e d  under B i  was d i r e c t l y  ccrnpressetl. 

Granule P r o p e r g  

Bulk and tapped d e n s i t i e s  of t h e  g r a n u l e s  were measured. In some 

s e l e c t e d  cases, t r u e  d e n s i t y  w a s  a lso determined us inq  a 

Pycnometer (Bemzkrnan Model 930, Beckman Ins t ruments ,  London) . The 

f r i a b i l i t y  of  the  g r a n u l e s  was determined by a t echnique  

d e s c r i b e d  p r e v i o u s l y  . 8 

T a b l e t  P r o p e r t i e s  

2 0  t a b l e t s  from each b a t c h  were i n d i v i d u a l l y  weighed and t h e  

mean, t h e  s t a n d a r d  d e v i a t i o n ,  and t h e  c o e f f i c i e n t  of  var.tat1on 
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TABLETING POTASSIUM PHE:NETHICILLIN 175 

e v a l u a t e d .  The dimensions of t h e  t a b l e t s  were measured us ing  a 

micrometer and the  a p p a r e n t  t a b l e t  d e n s i  t.y c a l c u l a t e d .  From a 

knowledge of t h e  t r u e  d e n s i t y  o f  t h e  compression mix, the 

p o r o s i t y  of  t h e  compacts was o b t a i n e d .  The  c rush ing  s t r e n g t h s  

were determined u s i n g  a Schleuniger  hardness  t e s t e r - ;  a mean of  

,a t  least t e n  t a b l e t s  be ing  o b t a i n e d .  F r i a b i l i t y  was mrasured 

.using a Beecham F r i a b i L a t o r .  This  c o n s i s t e d  of six screw capped 

meta l  c y l i n d e r s  3.8 c m  i n  d iameter  and 8 . 7  c m  long. .  T h e  

 cylinders c o n t a i n i n g  t h e  t a b l e t s  w e r e  r o t a t e d  a t  1 c y c l e  per 

second and t h e  appara tus  w a s  run  f o r  1000 revol .u t ions .  ?'lie per -  

cen tage  loss i n  weight  was determined.  D i s i n t e g r a t i o n  ti.mes were 

measured us ing  t h e  B . P .  method e x c e p t  t h a t  2 t a b l e t s  were used i n  

each tube  and a mean ofi t h r e e  d e t e r m i n a t i o n s  was recorded .  

D i s s o l u t i o n  r a t e s  w e r e  measured by a s imi- la r  method to  t h a t  

'descr ibed i n  t h e  USP . The c o n c e n t r a t i o n  o f  p h e n e t h i c i l l . i n  i n  

t h e  d i s s o l u t i o n  medium w a s  measured a t  268 nm. Tab1.et.s were 

s t o r e d  a t  2OoC, 3OoC and 37OC f o r  s i x  months, and t h e i r  clisin- 

t e g r a t i o n  t i m e s ,  c rush ing  s t r e n g t h s  and d i s s o l u t i o n  r a t e s  

measured. 

7 

RESULTS AND D I S C U S S I O N  _____ 

The e f f e c t  of  s tear ic  a c i d  c o n c e n t r a t i o n  on tlic t abl-et inq 

p r o p e r t i e s  of potass ium p h e n e t h i c i l l i n  prepared  by tht. d;.rect 

g r a n u l a t i o n  p r o c e s s  i s  shown i n  Table  1. The r e s u l t s  show t h a t  

an i n c r e a s e  i n  s tear ic  a c i d  c o n c e n t r a t i o n  tends  t o  increci:;e 

t a b l e t  p o r o s i t y  p a r t i c u l a r l y  fo r  compacts made fit Ihigher 

p r e s s u r e s .  For t a b l e t s  c o n t a i n i n g  2 . 5 8  !;tearic a c i d ,  bondincj i s  

mainly by drug  t o  drug  c o n t a c t  and t h u s  compaction w i l ~ 1  be 

i n f l u e n c e d  p r i n c i p a l l y  by t h e  behaviour  o f  t h e  drut3. A n  i n c r e a s e  

i n  compaction p r e s s u r e  w i l l  i n c r e a s e  c o n s o l i d a t i o n  whj ch w i l l  

r e s u l t  i n  a p r c q r e s s i v e  d e c r e a s e  i n  t a b l e t  p o r o s i t y .  IIowever f o r  

t a b l e t s  c o n t a i n i n g  5 and 7.5% s t e a r i c  a c i d ,  t h e  reduc1:ion i.n 

p o r o s i t y  w i t h  an i n c r e a s e  i n  compaction p r e s s u r e  i s  s :LmJnif i .cant ly  

s m a l l e r .  T h i s  i s  probably  due t o  t h e  s t c a r i c  a c i d  ab:;orbing a 

l a r g e  p r o p o r t i o n  o f  t h e  energy of compaction t o  deform p l a s t i c -  
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176 MUSIKABHUMMA, RUBINSTEIN, AND KHAN 

TABLE 2 

The E f f e c t  o f  S t e a r i c  Acid Concent ra t ion  on Bulk and Tapped 
D e n s i t i e s  and F r i a b i l i t y  o f  Granules  Prepared  from Formula t ions  
A i i  

S t e a r i c  Acid Bulk Dens i ty  Tapped Dens i ty  F r i a b i l i t y  
- 3  

% 
- 3  

% (gm c m  ) (9 c m  1 

5 .O 0.464 0.561 17.74 

7 .5  0.496 0.526 7.89 

10.0 0.513 0.594 1 .71  

a l l y  and form s t r o n g e r  compacts by a s p e r i t y  m e l t i n g .  Only a 

s m a l l  p r o p o r t i o n  of t h e  compression energy i s  u t i l i s e d  i n  

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

reduced o n l y  s l i g h t l y .  

Table  2 shows t h e  r e s u l t s  o f  t h e  e f f e c t  o f  s t e a r i c  a c i d  on 

t h e  bulk  and tapped  d e n s i t i e s  and f r i a b i l i t i e s  f o r  f o r m u l a t i o n s  

A i i .  An i n c r e a s e  i n  s tear ic  a c i d  c o n c e n t r a t i o n  i n c r e a s e s  bulk  

and tapped d e n s i t i e s  and reduces  f r i a b i l i t y  o f  g r a n u l e s ,  i n d i c a t -  

i n g  t h a t  a t  a h i g h e r  s tear ic  a c i d  l e v e l  m o r e  r o b u s t  g r a n u l e s  are 

produced. 

Table  3 shows t h e  e f f e c t  of MCC on t h e  t a b l e t i n g  p r o p e r t i e s  

o f  t a b l e t s  c o n t a i n i n g  5 ,  7 . 5  and 10% stearic a c i d  and F i q s . 1  and 

2 t h e  p r o p e r t i e s  of t a b l e t s  c o n t a i n i n y  5 ,  7 .5  and 10% s tear ic  

a c i d  w i t h  t h e  i n c l u s i o n  o f  10 and 2 0 %  o f  MCC. AS expect.ed t h e  

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

t h e  same t i m e  t h e  tablet e j e c t i o n  force s l i g h t l y  decreased  

because  o f  t h e  s e l f  l u b r i c a t i n g  p r o p e r t i e s  o f  MCC. The s l i g h t  

i n c r e a s e  i n  t h e  d i s i n t e g r a t i o n  t i m e  of t h e  t a b l e t s  c o n t a i n i n g  2 0 %  

MCC i s  caused by t h e  b e t t e r  c o m p r e s s i b i l i t y  o f  t h e  f o r m u l a t i o n  as 

shown by t h e i r  h i g h e r  c r u s h i n g  s t r e n g t h s .  A s  seen  i n  Table  1, an 
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Figure 1: Effect of Stearic Acid on the Properties of Potassium 
Phenethicillin Tablets (oy A y  0 ,  7.5 and 10% Stearic 

Acid) 
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Figure  2: Efec t  of t h e  Addi t iona l  M i c r o c r y s t a l l i n e  C e l l u l o s e  on 

t h e  P r o p e r t i e s  of Potassium Phenethici3. l in  T a b l e t s  (o,A, 

, 0,  lo%,.  20% of MCC; opened and c losed  Symbols are 

5% and 7.52: S t e a r i c  Acid) 
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TABLE 4 

The Effect of the Addition of MCC on the Friability of Potassium 
Phenethicillin Tablets Containing 5, 7.5 and 10% Stearic Acid 
(Formulation Aii) Compressed at 162 MNm 

Stearic Acid MCC Friability 

% % % 

0 10.97 
5.0 10 3.05 

2 0  1.64 

0 3.17 
7.5 10 2.26 

2 0  1.54 

10.0 2 0  1.47 

increase in stearic acid concentration from 5 to 7.5% does not 

further improve crushing strength even in the presence of MCC. 

However, as expected, the tablets containing 7.5% stearic acid 

showed lower ejection forces than those containing 5% stearic 

acid and the former also produced slightly lonqer disintegration 

times. 

The effect of the addition of MCC on the friability of 

tablets containing 5, 7.5 and 10% stearic acid is shown in 

Table 4. These results show that tablets containing only stearic 

acid as a binder are relatively friable and at 5% stearic acid 
concentration a friability of nearly 11% was recorded. Thus, it 

appears that a stearic acid concentration of at least 5% is 

required and that the addition of MCC is necessary to reduce the 

friability of tablets to acceptable levels. The results of 

tableting the direct compression formulation without stearic 

acid (which was replaced with magnesium stearate at 1, 1.5 and 

2.0%) are presented in Table 5. The results show that the 
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TABLE 6 

The Ageing Effect ( 6  months) on the Crushing Strength, 
Disintegration and Dissolution Time of Potassium Phenethicillin 
Tablets Prepared from Direct Granulation Using Stearic Acid as a 
Granulating Agent (Formulation containing 20% MCC, compressed at 
164 MNIR-~) 

Stearic Acid Initial 2O0C 3OoC 37OC 

% 

5 .O 
7.5  

10.0 

5 .O 
7.5 

10.0 

7.5 

Crushing Strength (Kp) 

11.0 10.9 11.7 1 1 . 2  
12.7 1 2 . 3  9.8 12 .6  
11.5 11.2 11.4 12.4 

Disintegration Time (Min) 

4.42 3.60 3.38 3.56 
4.39 3.17 3.24 3-12  
9.22 8.14 8 .59  3.53 

Dissolution Time, (Min)  
t90%--- 

10.23 10.15 10.98 ‘3.90 

crushing strength of tablets prepared by the DG process contain- 

ing 5 and 7.5% stearic acid and 20% MCC are similar to that Of 

the direct compression formulation without stearic acid but con- 

taining 20% MCC and magnesium stearate at 1, 1.5 and 2.0% levels 

(Tables 3 and 5). The disintegration time of the direct 

compression formulation is only marginally shorter but the 

ejection forces are higher. The crushing strength of the direct 

compression formulation was only slightly reduced at higher 

magnesium stearate concentrations (Table 5 ) .  The results 

presented in Tables 3 and 5 therefore show that although stearic 

acid assists the formation of granules which flow better, it 

does not increase the compressibility of the formulation con- 

taining 20% MCC. However, as with paracetamol , rapidly 
disintegrating and dissolving tablets containing stearic acid 

4 
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were produced and t h e i r  p r o p e r t i e s  were Unaffected by s t o r a q c  a t  

e l e v a t e d  tempera tures  f o r  6 months (Table  6 ) .  

Table  1 shows t h e  r e s u l t s  of t h e  t a b l e t i n g  p r o p e r t i e s  of 

potassium p h e n e t h i c i l l i n  t a b l e t s  c o n t a i n i n g  2 I 5 ,  5 .O and 7 . 5 %  

PEG 6000. The c r u s h i n g  s t r e n g t h ,  a t  h i g h e r  p r e s s u r e s ,  of t h e  

t a b l e t s  c o n t a i n i n g  PEG 6000 i s  s l i g h t l y  lower t h a n  that. o f  

t a b l e t s  c o n t a i n i n g  s t e a r i c  a c i d ,  a l though s tear ic  a c i d  conta in-  

i n g  t a b l e t s  a r e  more porous.  

The r e s u l t s  of bulk and tapped d e n s i t i e s  of thle gr-aiiules 

prepared  by m c o r p o r a t i n g  PEG by t h e  v a r i o u s  prc 'cesscs  i n d i c a t e d  

t h a t  a l l  t h e  f o r m u l a t i o n s  had s i m i l a r  hu lk  d e n s i t i e s  of' about  
- 3  - 3  

0 . 4  'g c m  and tapped d e n s i t i e s  o f  about  0 .5  '7 cm , except t h e  

d i r e c t  compression mix wi th  corresponding v a l u e s  of 0.28  and 

0 . 4 0  g c m  . - 3  

Table 7 and E'ig.3 show t h e  r e s u l t s  o f  t h e  proper t j . es  of  tah- 

l e t s  c o n t a i n i n g  PEG 6000 i n c o r p o r a t e d  u s i n g  t h e  v a r i o u s  p r o c e s s e s .  

The c rushing  s t r e n g t h s ,  p o r o s i t i e s  and d i s i n t e g r a t i o n  times are 

s i m i l a r  and dppear t o  be u n a f f e c t e d  by t h e  me:hod of  a d d i t i o n  or 

a c t i v a t i o n  of t h e  g r a n u l a t i n g  a g e n t  used .  However, w e t  g r a n u l a t -  

i o n  us ing  mcirhylene c h l o r i d e  does produce t h e  h a r d e s t  t a b l e t s  

even a t  low compaction p r e s s u r e s .  An examinat ion of  t h e  prop- 

e r t i e s  o f  t h e  c o n t r o l  formula t ion  C r e v e a l s  that .  t h e  presence  of 

7.5% PEG 6000 h a s  l i t t l e  or no e f f e c t  on t a b l e t  s t r e n g t h .  

I n  f a c t  t h e s e  r e s u l t s ,  when compared wi th  t.hose of t a b l e t s  

c o n t a i n i n g  s.tearic a.cid, show t h a t  t h e  g r a n u l s t i n a  a g e n t  i s  

r e l a t i v e l y  i n e f f e c t i v e  i n  improving t h e  t a b l e t i n g  p r o p e r t i e s  of 

potassium p h c n e t h i c i l l i n .  The d i s s o l u t i o n  d a t a  on t a b l e t s  

c o n t a i n i n g  P E G  6000 i n c o r p o r a t e d  by t h e  v a r i o u s  methods show t h a t  

t h e  d i s s o l u t i o n  t ime (tgO%) o f  t a b l e t s  prepared  by t h e  d i r e c t  

g r a n u l a t i o n  method was t h e  s l o w e s t  of a l l  t h e  t a b l e t s  and d i s s o l -  

u t i o n  o f  t h e  control. t a b l e t s  w a s  t h e  f a s t e s t .  The r e d u c t i o n  in 

d i s s o l u t i o n  i s  probably caused by h igh  l o c a l  concent ra t ior i s  of 

PEG around t h e  p h e n e t h i c i l l i n  p a r t i c l e s  i n h i b i t i n g  p h e i i e t h i c i l l i n  

d i sso lu t j .on  i n t o  w a t e r ,  by t h e  formation of  v i scous  1a:yers. A s  
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P h e n e t h i c i l l i n  T a b l e t s  P r e p a r e d  by V a r i o u s  Methods 
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186 MUSIKABHUMMA, RUBINSTEIN, AND KHAN 

has been found previous ly  , a porous honeycomb s t r u c t u r e  i s  

requi red  f o r  d i s s o l u t i o n  to  proceed speedi ly .  The formation of 

viscous l a y e r s  around the  dry  p a r t i c l e s  e f f e c t i v e l y  s e a l s  t h e  

pores  wi th in  the  d i s so lv ing  t a b l e t  and so d i s so lu t ion  can only 

proceed by a slow leaching  process  through these  s t a t i c  l aye r s  of 

PEG of high v i s c o s i t y .  Table 7 shows t h a t  d i rec tcompress ion  

t a b l e t s  had the  f a s t e s t  d i s s o l u t i o n  of a l l  the  formulations con- 

t a i n i n g  PEG 6000. Direc t  compression produces t a b l e t s  of t he  

h ighes t  po ros i ty  (Table 7 )  and thus d i s s o l u t i o n  can proceed a t  a 

f a s t  r a t e  by v i r t u e  of t he  high i n t e r n a l  su r f ace  a rea  of t he  

t a b l e t s  and the  absence of t he  drug p a r t i c l e s  being completely 

surrounded by PEG so lu t ion .  The d i s so lu t ion  time of t a b l e t s  

prepared by using PEG 6000 disso lved  i n  methylene ch lo r ide  (Biv) 

a s  t he  granula t ing  agent was s h o r t e r  than those t a b l e t s  prepared 

using PEG d isso lved  i n  water ( B i i i ) .  The f a s t e r  d i s s o l u t i o n  of 

t h e  former was mainly due t o  the  r e l a t i v e  i n s o l u b i l i t y  of t he  

drug i n  methylene ch lo r ide  which produced a more porous granule 

as shown by t h e  lower tapped dens i ty  of t hese  granules  (Table 7 )  

a s  compared t o  those prepared using water. 

4 

CONCLUSIONS 

Potassium p h e n e t h i c i l l i n  t a b l e t s  have been prepared by 

d i r e c t  g ranula t ion  (DG) using s t e a r i c  ac id  and polyethylene 

g lycol  6000 (PEG 6000) a s  b inders .  Increas ing  the  s t e a r i c  ac id  

concent ra t ion  from 2.5 t o  7.5% w/w increased  t a b l e t  po ros i ty ,  

bulk and tapped d e n s i t i e s  and reduced granule f r i a b i l i t y .  

Inc lus ion  of mic roc rys t a l l i ne  c e l l u l o s e  improved the  crushing 

s t r e n g t h  of the  t a b l e t s  and a t  t he  same time t a b l e t  e j e c t i o n  

fo rce  was s l i g h t l y  reduced. Dis in tegra t ion  t imes of t he  t a b l e t s  

were, however, somewhat longer.  Tab le t s  prepared by d i r e c t  

g ranu la t ion  were compared with s i m i l a r  t a b l e t s  produced hy 

d i r e c t  compression conta in ing  20% w/w mic roc rys t a l l i ne  c e l l u l o s e  

and up t o  2 %  w/w magnesium s t e a r a t e .  

t i m e s  f o r  t h e  d i r e c t  compression t a b l e t s  were found (around 4 

minutes) i n  comparison with about 7 minutes for  t h e  DG t a b l e t s .  

Shor te r  d i s i n t e g r a t i o n  
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Good t a b l e t  c rush ing  s t r e n g t h s  (between 7 and 1 5  Kp) could be 

achieved f o r  bo th  methods o f  t a b l e t  p r e p a r a t i o n .  E j c c t i o n  

f o r c e s  f o r  t h e  d i r e c t  compression tablets w e r e  about  3 t-imes 

g r e a t e r  than  f o r  t h e  stearic a c i d  c o n t a i n i n g  t a b l e t s .  

T a b l e t s  produced by d i r e c t  g r a n u l a t i o n  w e r e  s t o r e d  f o r  6 

months a t  2 0 ,  30 and 37OC. Ageing d i d  n o t  a f f e c t  t h e  t a b l e t s  and 

good Idissolutiton r a t e s  could  s t i l l  be  achieved of a t of under 

10 minutes  a f t e r  6 months s t o r a g e .  Thus d i r e c t  g r a n u l a t i o n ,  

a l though produc.ing t a b l e t s  w i t h  s l i g h t l y  longer  d i s i n t e g r a t i o n  

t i m e s  than t a b l e t s  produced by d i r e c t  compression, still. proc1uct.s 

t a b l e t s  wi th  r a p i d  d i s i n t e g r a t i o n  t i m e s  and good d i s s o l u t i o n  

r a t e s .  

30'b 

'Tablets  produced by d i r e c t  g r a n u l a t i o n  usinq PElG GO00 had 

crushing  s t r e n g t h s  lower t h a n  s i m i l a r  t a b l e t s  prepar'.:d c o n t a i n i n q  

s t e a r i c  a c i d .  'Tablets c o n t a i n i n g  PEG 6000 were a l s o  prepared  by 

( a )  wet g r a n u l a t i o n  us ing  water as t h e  g r a n u l a t i n g  a 'qent ,  (b) wet 

g r a n u l a t i o n  u s i n g  methylene c h l o r i d e  as g r a n u l a t i n y  a g e n t ,  (c) 

s l u g g i n g ,  and (d) d i r e c t  compression. 

The resu:Lts i n d i c a t e d  t h a t  wi th  tlhe excepticmn of cli.rect~ 

compression, bulk and tapped d e n s i t i e s  of  t h e  cjranul'zs and 

crushing  s t r e n g t h s ,  p o r o s i t i e s  and d i s i n t e g r a t i o n  times of tlie 

t a b l e t s  were a l l  s i m i l a r  and appeared t o  be unafff?ct,::d by t h e  

method of a d d i t i o n  or a c t i v a t i o n  of  t h e  g r a n u l a t i n g  agent.. 

However d i s s o l u t i o n  r a t e s  of t h e  t a b l e t s  were s i y n i f  i c a n t l y  

d i f f e r e n t .  D i r e c t  cc'mpression produced t h e  f a s t e s t  r i issolut ior i  

of  a l l  t h e  fo:cmulatic,ns 

g r a n u l a t i o n  e x h i b i t e d  t h e  s l o w e s t  ( t  of 2 2 - 3 0  minutes , ) .  The 

d i s s o l u t i o n  r a t e s  (t908 of 9.9 - 10.2 minutes)  of t a b l e t s  prepared  

by u s i n g  methylene c h l o r i d e  as g r a n u l a t i n g  a g e n t  were f a s t e r  than  

t h o s e  t a b l e t s  prepared  us ing  water  (t of 10"9 - 1'5.1 minutes). 

(tQnl. of  8-9 m i n u t e s ) ,  w h i l s t  d i r e c t  

90% 

90% 

I n  conclus ion  t h e  s t u d y  h a s  shown t h a t  t a b l e t s  of potassium 

p h e n e t h i c i l l i n  can be produced w i t h  a c c e p t a b l e  p h y s i c a l  

c h a r a c t e r i s t i c s  by d i r e c t  g r a n u l a t i o n  wi th  s t e d r i c  a c i d .  Dis in teg-  

r a t i o n ,  a l though r a p i d ,  w a s  n o t  as good as h a s  been found 
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previously with tablets produced similarly containing paracetamol. 

Microcrystalline cellulose was found to be necessary in the 

formulation so as to improve tablet hardness and reduce tablet 

friability. Polyethylene glycol 6000 was shown not to be a 

satisfactory dry binder for use in the direct granulation method 

for 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

tableting potassium phenethicillin. 
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