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ABSTRACT 

The l e v e l  o f  i n t r a g r a n u l a r  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 ,  volume 

o f  g r a n u l a t i n g  water ,  g r a n u l a t i o n  m o i s t u r e  c o n t e n t  and t a b l e t  

c r u s h i n g  s t r e n g t h  were used as in-process v a r i a b l e s  f o r  o p t i m i z i n g  
t a b l e t  f r i a b i l i t y ,  maximum a t t a i n a b l e  c r u s h i n g  s t r e n g t h ,  we igh t  

v a r i a t i o n  and i n  v i t r o  d i s s o l u t i o n .  A computer o p t i m i z e d  

exper imen ta l  des ign  (COED) a l l owed  o p t i m a l  c h a r a c t e r i z a t i o n  o f  t h e  

v a r i a b l e s  b y  d e s i g n i n g  22 exper iments.  The r e s u l t s  were analyzed 

by means o f  a genera l  q u a d r a t i c  response s u r f a c e  model. Response 

su r faces  were generated f o r  t a b l e t  f r i a b i l i t y ,  maximum a t t a i n a b l e  

c r u s h i n g  s t r e n g t h ,  we igh t  v a r i a t i o n  and i n  v i t r o  d i s s o l u t i o n  as a 

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

method i n  s e t t i n g  optimum ranges f o r  t h e  i n -p rocess  v a r i a b l e s  i n  

o r d e r  t o  o p t i m i z e  t h e  i m p o r t a n t  t a b l e t  parameters.  

INTRODUCTION 

I n  des ign ing  a s o l i d  dosage form, e s p e c i a l l y  compressed 

t a b l e t s ,  t h e  f o r m u l a t i o n ,  t h e  process and t h e  in-process v a r i a b l e s  

should be op t im ized .  The f i r s t  s t e p  i n  o p t i m i z a t i o n  i s  t o  

i d e n t i f y  t h e  independent ( i n -p rocess )  v a r i a b l e s  and dependent 

(response) v a r i a b l e s .  When d e a l i n g  w i t h  t h e  manufacture of 
t a b l e t s  by means o f  a h i g h  shear m i x i n g  and g r a n u l a t i n g  technique,  
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1080 CHOWHAN AND AMARO 

it is known that many in-process variables may affect the physical 
properties of the final tablet. These include the amount and rate 
of addition of granulating solution, mixing and granulating time, 
drying temperature, granulation moisture content at the time of 
compression and tablet crushing strength. The response variables 
would include tablet friability, in vitro dissolution, weight 
variation and tablet compressibility. 

Previous investigations' " from these laboratories reported 
the effect of granulation moisture content and tablet crushing 
strength on tablet friability and in vitro dissolution. A general 
quadratic response surface model was used to analyze the data. 
The response surface contour plots for tablet friability and 
-- in vitro dissolution were generated. The contour overlays of the 
friability and dissolution contour plots indicated a region where 
both friability and dissolution requirements could be satisfied by 
controlling the in-process variables. 

As the number of in-process variables increases, the number of 
experiments required to fully evaluate the effect of several 
levels of each in-process variable increases substantially. An 
experimental design which uses a computer program called COED 
(Computer Optimized Experimental Design, Compuserve, P.O. Box 
20212, Columbus, OH 43220) would give maximum information with a 
minimum number of experiments. This program is designed to pick 
an optimal subset of experiments to be run for the total number of 
possible experiments. This selection process is based on the 
determinant optimality theory, i.e., it determines the experiments 
which minimize the error o f  prediction. 

In this study four in-process variables at three different 
levels were evaluated with respect to four response variables. 
The in-process variables were percent intragranular 
microcrystalline cellulose, granulating water volume, granulation 
moisture content and tablet crushing strength. The response 
variables were tablet friability, in vitro dissolution, maximum 
attainable crushing strength and tablet weight variation. The 
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OPTIMIZATION OF TABLET FRIABILITY 1081 

r e s u l t s  generated by t h e  22 exper iments designed by COED were 

analyzed by means o f  a genera l  q u a d r a t i c  response s u r f a c e  model. 

Response su r faces  were generated f o r  t h e  f o u r  response v a r i a b l e s  

as a f u n c t i o n  o f  t h e  in-process v a r i a b l e s .  These response 

su r faces  were used t o  o p t i m i z e  t h e  va lues o f  t h e  in-process 

v a r i a b l e s  i n  o r d e r  t o  o b t a i n  t h e  b e s t  p o s s i b l e  va lues o f  t h e  

response v a r i a b l e s .  

MATERIALS AND METHODS 

M a t e r i a l s  

The d rug  used i n  t h i s  s tudy  was wa te r  s o l u b l e ,  non-hygroscopic 

and a t  l e a s t  99% pure.  The e x c i p i e n t s  were 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  NF ( A v i c e l  PH 102, FMC Corp., P h i l a d e l p h i a ,  PA 19103), 

c o r n  s t a r c h  NF (Hubinger,  Keokuk, I A  52632), povidone USP (8ASF 

Wyandotte Corp., Wyandotte, MN 48192), c i t r i c  a c i d  USP ( P f i z e r  

Chemicals, New York, NY 10027). p u r i f i e d  s t e a r i c  a c i d  powder NF 

(Hyst rene 9718, Humko S h e f f i e l d  Chemical, Memphis, TN 38101) .and 

magnesium s t e a r a t e  NF ( M a l l i n c k r o d t  I nc . ,  S t .  Lou is ,  MO 63147). 

G r a n u l a t i o n  

The f o r m u l a t i o n  used i n  t h i s  s tudy  con ta ined  64.1% drug, 23.4% 

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 ,  10% s t a r c h ,  1% c i t r i c  a c i d ,  1% 

povidone, 0.25% s t e a r i c  a c i d  and 0.25% magnesium s t e a r a t e .  

Twenty-two t a b l e t  batches were prepared f rom n i n e  separa te  

g r a n u l a t i o n s .  The g r a n u l a t i o n s  d i f f e r e d  i n  p e r c e n t  i n t r a g r a n u l a r  

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  (25, 50 o r  75%) and t h e  amount o f  

g r a n u l a t i n g  water  (35, 36.5 o r  38% by we igh t  o f  t h e  powder 

m i x t u r e ) .  The drug, s t a r c h  and t h e  a p p r o p r i a t e  amount o f  

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  were mixed i n  a h i g h  shear m i x e r  (mode 

FM-50 1300 L i t t l e f o r d  Lodige Mixer ,  L i t t l e f o r d  Bros., F lorence,  KY 

41042) f o r  5 minutes.  C i t r i c  a c i d  and povidone were d i s s o l v e d  i n  

t h e  a p p r o p r i a t e  amount o f  w a t e r  and t h e  powder b l e n d  was 

g r a n u l a t e d  w i t h  t h e  b i n d e r  s o l u t i o n  u s i n g  an a d d i t i o n  t i m e  o f  
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1082 CHOWHAN AND AMARO 

5 minutes. A f t e r  an a d d i t i o n a l  one minute o f  mixing, t h e  

granu la t ions  were passed through a 7 mm aper tu re  screen and d r i e d  

a t  50°C i n  a f l u i d  bed d r i e r  (F lo-coater ,  Vector Corp., Marion, I A  

52303) t o  a g ranu la t i on  mois ture content  o f  approximately 4%. The 

d r i e d  granu la t ions  were passed through a m i l l  (Tornado M i l l ,  

Penwalt-Stokes, Warminster, PA 18974) equipped w i t h  a per fo ra ted  

p l a t e  conta in ing  1.59 mm aper tu re  openings a t  slow speed. 

ac id  was passed through a 0.4 mm aper tu re  screen and mixed w i t h  

magnesium s tea ra te  and the  remaining 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  i n  
a p lane ta ry  mixer  (Hobart Model C-100) f o r  3 minutes. For each 

batch, t he  l u b r i c a n t  premix and the  d r i e d  granules were mixed f o r  

3 minutes i n  a b lender  (16 quar t  PK mixer, Pat terson-Kel ly  Co., 

East Stroudsburg, PA 18301), subdiv ided i n t o  smal le r  batches and 

d r i e d  t o  2.5, 3.0 o r  3.5% g ranu la t i on  mois ture content .  

S tea r i c  

Compression 

machine (Manesty Betapress 16, Thomas Engineering, Hoffman 

Estates, I L  60195) t o  ta rge ted  crushing s t rengths  o f  5, 7 and 9 

k i loponds (Kp) and maximum a t t a i n a b l e  t a b l e t  crushing s t rength .  

The punches and d ies  were 10.32 mm i n  diameter and t h e  punches 

were deep concave i n  punch t i p  geometry. The t a b l e t s  were 

compressed t o  a t o t a l  weight o f  390 mg per  t a b l e t .  

The t a b l e t s  were compressed on a h igh  speed r o t a r y  t a b l e t  

Mois ture Determinat ion 

The g ranu la t i on  mois ture content  was determined w i t h  a 

mois tu re  analyzer  (Compu-Trac Model MA-SA,  Compu-Trac I n c . ,  Tempe, 

AZ 85281) by exposure t o  a 700 w a t t  nichrome w i re .  The percent  

weight l oss  was read o f f  an LED d i sp lay .  

Tab 1 e t  Crush i ng St rength  

compression (Pharma Model HT 300 Hardness Tester, Key 

I n t e r n a t i o n a l  Inc., Englishtown, NJ 07726). A minimum o f  10 

The t a b l e t  crushing s t reng th  was determined i m e d i a t e l y  a f t e r  D
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OPTIMIZATION OF TABLET FRIABILITY 1083 

t a b l e t s  were t e s t e d  f o r  each d e t e r m i n a t i o n  and t h e  mean c r u s h i n g  

s t r e n g t h  was c a l c u l a t e d .  

T a b l e t  F r i a b i l i t y  

brush t o  remove a l l  adher ing  p a r t i c l e s  and a c c u r a t e l y  weighed. 

The t a b l e t s  were p laced  i n  a f r i a b i l a t o r  (Roche Type A ) ,  r o t a t e d  

f o r  4 minutes o r  100 r e v o l u t i o n s ,  dedusted t o  remove adher ing  

p a r t i c l e s  and weighed. The d i f f e r e n c e  i n  t a b l e t  we igh t  was 

a d j u s t e d  f o r  any m o i s t u r e  l o s s  d u r i n g  t h e  t e s t .  Two 

d e t e r m i n a t i o n s  were completed f o r  each b a t c h  and t h e  mean p e r c e n t  

f r i a b i l i t y  was c a l c u l a t e d .  

For  each d e t e r m i n a t i o n  25 t a b l e t s  were dedusted w i t h  a s o f t  

I n  V i t r o  D i s s o l u t i o n  

USP Method I1 was used and a t  l e a s t  6 t a b l e t s  were t e s t e d  f o r  

each batch.  The apparatus c o n s i s t e d  o f  USP paddles d r i v e n  b y  a 

m u l t i p l e  s p i n d l e  d r i v e  w i t h  a v a r i a b l e  speed c o n t r o l  (Model 72R, 

Hanson Research Corp., N o r t h r i d g e ,  C A  91324). 1 l i t e r  round bo t tom 

p l a s t i c  k e t t l e s  (Elanco, I n d i a n a p o l i s ,  I N  46285) and a wa te r  
bath.  The d i s s o l u t i o n  medium was 900 mL o f  deaerated 0.01 M 
h y d r o c h l o r i c  a c i d  e q u i l i b r a t e d  a t  37OC and s t i r r e d  a t  50 rpm. The 

absorbance o f  t h e  d i s s o l v e d  d rug  was determined a t  236 nm u s i n g  an 

automated m o n i t o r i n g  system c o n s i s t i n g  o f  a p e r i s t a l t i c  pump 

(Model 502 Watson-Marlow, Falmouth, England), 1 m 
spectrophotometer f l o w  c e l l s  and an automat ic  sample 

changer/spectrophotometer (Model 25, Beckman Ins t rumen ts ,  

F u l l e r t o n ,  C A  92634). The absorbances were p l o t t e d  on a r e c o r d e r  
u n t i l  complete d i s s o l u t i o n  was achieved. The mean p e r c e n t  

d i s s o l v e d  was c a l c u l a t e d  a t  t h e  1 5  m inu te  sampl ing p o i n t .  

Weight V a r i  a t  1 on 

T a b l e t s  were sampled p e r i o d i c a l l y  f rom each b a t c h  d u r i n g  t h e  

compression run.  Twenty t a b l e t s  were weighed i n d i v i d u a l l y  on an 

a n a l y t i c a l  ba lance and t h e  mean, s tandard d e v i a t i o n  and 

c o e f f i c i e n t  o f  v a r i a t i o n  ( C V )  was determined f o r  each ba tch .  
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1084 CHOWHAN AND AMARO 

RESULTS AND DISCUSSION 

Prev ious exper ience w i t h  t h e  f o r m u l a t i o n  was t h e  b a s i s  f o r  

s e l e c t i n g  t h r e e  l e v e l s  o f  each o f  t h e  f o u r  in-process v a r i a b l e s  

which may a f f e c t  t h e  g r a n u l a t i o n s  prepared i n  a h i g h  shear m ixe r .  

Table 1 g i v e s  t h e  exper imenta l  des ign  generated by COED. The da ta  
f rom t h e  22 exper iments were p l o t t e d  i n  F i g s .  1-8. 

c e l l u l o s e  on maximum a t t a i n a b l e  t a b l e t  c r u s h i n g  s t r e n g t h  a t  

d i f f e r e n t  g r a n u l a t i n g  wa te r  l e v e l s  i s  g i v e n  i n  F i g .  1. I n  F i g .  2, 

p l o t s  o f  maximum t a b l e t  c r u s h i n g  s t r e n g t h  versus p e r c e n t  

g r a n u l a t i n g  wa te r  f o r  f o r m u l a t i o n s  c o n t a i n i n g  25, 50 and 75% 

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

demonstrate a c l e a r  r e l a t i o n s h i p  between i n t r a g r a n u l a r  

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  and maximum a t t a i n a b l e  t a b l e t  c rush ing  

s t r e n g t h .  H ighe r  amounts o f  i n t r a g r a n u l a r  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  reduced t h e  t a b l e t  c o m p r e s s i b i l i t y  compared t o  t h e  l ower  

amounts. The c o m p r e s s i b i l i t y  o f  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  is a t  

l e a s t  p a r t l y  a t t r i b u t e d  t o  t h e  microporous s t r u c t u r e .  Dur ing  t h e  

wet  g r a n u l a t i o n  process, t h e  p o r o s i t y  o f  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  i s  reduced by t h e  c r y s t a l l i z a t i o n  o f  d rug  s o l u t i o n  

i n s i d e  t h e  pores.  

a t t a i n a b l e  t a b l e t  c r u s h i n g  s t r e n g t h  was c l e a r l y  demonstrated when 

a h i g h e r  p e r c e n t  (38%) o f  g r a n u l a t i n g  wa te r  was used i n  t h e  

g r a n u l a t i o n  process. W i th  these  g r a n u l a t i o n s ,  a h i g h e r  maximum 

t a b l e t  c r u s h i n g  s t r e n g t h  was ob ta ined  w i t h  3.5% g r a n u l a t i o n  

mo is tu re .  The g r a n u l a t i n g  wa te r  l e v e l  a lone  between 35% and 38% 

d i d  n o t  appear t o  have a c o n s i s t e n t  e f f e c t  on c o m p r e s s i b i l i t y .  

The r e s u l t s  o f  t a b l e t  f r i a b i l i t y  versus t a b l e t  c r u s h i n g  

s t r e n g t h  f o r  g r a n u l a t i o n s  made w i t h  25%, 50% o r  75% i n t r a g r a n u l a r  

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 ,  g r a n u l a t e d  w i t h  35% o r  38% wa te r  and 

d r i e d  t o  2.5% t o  3.5% g r a n u l a t i o n  m o i s t u r e  con ten ts  a r e  g i v e n  i n  

F igs .  3-4. The r e s u l t s  suggest t h a t  t h e  t a b l e t  f r i a b i l i t y  

decreased as t h e  i n t r a g r a n u l a r  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  l e v e l  

i nc reased  and 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  increased.  The t a b l e t s  

The e f f e c t  o f  t h e  pe rcen t  i n t r a g r a n u l a r  m i c r o c r y s t a l l i n e  

These da ta  

The e f f e c t  o f  t h e  g r a n u l a t i o n  m o i s t u r e  c o n t e n t  on maximum 
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TABLE I 

1085 

Experiment # 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Cunputer Optimized Experimental Design 
Level for  Each In-f'rocess Variable 

Granulating 
Water Volume 
( X  of  Powder 
Mixture u/u) 

36.5 

38 

35 

35 

38 

35 

35 

38 

38 

38 

35 

38 

35 

38 

35 

35 

38 

36.5 

38 

35 

36.5 

35 

lntragranular 
Microcrystal l ine 
Cellulose Level 

(XI 

50 

25 

25 

75 

75 

25 

25 

25 

25 

75 

25 

75 

75 

75 

50 

75 

50 

75 

25 

75 

25 

25 

Granulation Tablet 
Moisture Crushing 
Content Strength 

(XI  (Kp) 

2.5 5 

2.5 9 

3.5 9 

3.5 5 

2.5 5 

2.5 9 

2.5 5 

2.5 5 

3.5 5 

3.5 9 

3.5 5 

3.5 5 

2.5 5 

2.5 9 

2.5 7 

2.5 9 

3.0 9 

3.0 7 

3.5 9 

3.5 9 

3.5 7 

3.0 7 
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CHOWHAN AND AMARO 
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FIGURE 1 

Plo ts  o f  maximum t a b l e t  crushing s t reng th  versus percent  granu- 
1 a t  i ng water. 
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A,A,A 36.5% Granulating Water Level 

n,D,m 38% Granulating Water Level 

35% Granulating Water Level 
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J J  

I I 

25 50 75 

Percent lntragranular Microcrystalhe Cellulose 

FIGURE 2 

Plots o f  maximum tablet  crushing strength versus percent intra- 
granular microcrystal 1 ine ce l lu lose .  
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Tablet Crushing Strength (Kp) 

FIGURE 3 

Plo ts  o f  % t a b l e t  f r i a b i l i t y  versus t a b l e t  crushing s t rength .  
wet g ranu la t i on  process used 38% water. 
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35% Granulating Water Level 

3%,3.5%,2.5% LOD @,.,o 25% lntragranular Microcrystalline Cellulose 

A 50% lntragranular Microcrystalline Cellulose 

m, 0 75% lntragranular Microcrystalline Cellulose 
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r r  I 
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I I I I I 

5 6 7 8 9 10 

Tablet Crushing Strength (Kp)  

FIGURE 4 

Plo ts  o f  % t a b l e t  f r i a b i l i t y  versus t a b l e t  c rush ing  s t rength .  The 
wet g ranu la t i on  process used 35% water. 
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FIGURE 6 

Plots o f  tablet weight variation versus percent intragranular 
microcrystalline cellulose granulated with 35% water. 
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38% Granulating Water Level 
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0,  75% lntragranular Microcrystalline Cellulose 
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3.5% LQD 
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5 6 7 8 9 10 

Tablet Crushing Strength (Kp) 

FIGURE 1 

Plo ts  o f  i n  v i t r o  d i s s o l u t i o n  versus t a b l e t  crushing s t rength .  
The g ranu la t i on  process used 38% water. 
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FIGURE 8 

Plots o f  in vitro dissolution versus tablet crushing strength. 
The granulation process used 35% water. 
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1094 CHOWHAN AND AMARO 

a l s o  appear t o  be l e s s  f r i a b l e  when t h e  g r a n u l a t i o n s  were d r i e d  t o  

2.5% compared t o  3.5% m o i s t u r e  con ten t .  

The e f f e c t  o f  t h e  pe rcen t  i n t r a g r a n u l a r  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 a b l e t  we igh t  v a r i a t i o n  i s  shown i n  F igs .  5-6. It 

appears t h a t  a 25% i n t r a g r a n u l a r  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  l e v e l  

r e s u l t e d  i n  h i g h e r  t a b l e t  we igh t  v a r i a t i o n  compared t o  75% 

i n t r a g r a n u l a r  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 .  Other  e f f e c t s  were n o t  

c l e a r l y  demonstrated. 

F i g s .  7-8 g i v e  t h e  r e s u l t s  o f  i n  v i t r o  d i s s o l u t i o n  as a 

f u n c t i o n  o f  changes i n  t h e  in-process v a r i a b l e s .  The r e s u l t s  

suggest a decrease i n  t h e  i n  v i t r o  d i s s o l u t i o n  r e s u l t i n g  f rom an 

i n c r e a s e  i n  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 .  The e f f e c t  o f  o t h e r  

i n -p rocess  v a r i a b l e s  was n o t  c l e a r  f rom these  data.  

response v a r i a b l e s  were i n v e s t i g a t e d  by exper iments designed by 

COED. The r e s u l t s  ( F i g s .  1-8) i n d i c a t e d  t h a t  t h e  e f f e c t  o f  o n l y  a 

few in-process v a r i a b l e s  on some response v a r i a b l e s  c o u l d  be 

c l e a r l y  demonstrated f rom t h e  exper imenta l  data.  The e f f e c t  o f  

a l l  4 i n -p rocess  v a r i a b l e s  on each response v a r i a b l e  c o u l d  n o t  be 

c l e a r l y  seen. T h i s  may be due t o  t h e  l i m i t e d  number o f  

exper imen ta l  da ta  p o i n t s  ob ta ined  f rom COED. 

system . I n  t h i s  s tudy  a genera l  m u l t i p l e  l i n e a r  r e g r e s s i o n  

a n a l y s i s  was used t o  ana lyze  t h e  da ta  ob ta ined  f rom t h e  22 COED 

exper iments.  A computer program package, GLM (SAS I n s t i t u t e  Inc . ,  
Cary, NC 27511). was used. The procedure f i t s  t h e  parameters o f  a 

complete q u a d r a t i c  response s u r f a c e  and t h e n  determines c r i t i c a l  

va lues t o  o p t i m i z e  t h e  response w i t h  r e s p e c t  t o  t h e  f a c t o r s  i n  t h e  

model. A genera l  q u a d r a t i c  response s u r f a c e  model i s  w r i t t e n :  

Four in-process v a r i a b l e s  a t  t h r e e  d i f f e r e n t  l e v e l s  f o r  f o u r  

Severa l  methods have been used f o r  a n a l y z i n g  a m u l t i - v a r i a b l e  
1-10 

Y = b + blX1 + b X + b3X3 + b4X4 + 
0 2 2  

b 5 X 1 X 2 + b X X  + b X X  + b X X +  6 1 3  7 1 4  8 2 3  

bgX2X4 + b10X3X4 + bl,X12 + b12X2+ 2 

b13X32 + b14X42 + E r r o r  
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OPTIMIZATION OF TABLET FRIABILITY 1095 

Where Y is the response surface such as tablet friability, 
vitro dissolution, maximum attainable tablet crushing strength or 
tablet weight variation, and X1, X2, X3 and X4 are 
in-process variables, such as percent intragranular 
microcrystalline cellulose, percent granulation moisture content, 
percent granulating water and tablet crushing strength, and the 
coefficients bo, bl . . . b14 are the least square 
regression coefficients. 

The results of the regression analysis are given in Table 2. 
The multiple regression coefficients for friability, dissolution 
and maximum tablet crushing strength were excellent (0.979- 
0.992). 
was 0.857, which is related to the large differences in the flow 
properties of the granulations during the compression process. 

Contour plots for each of the response variables were 
generated using all 14 terms of the general quadratic response 
surface model. The terms indicate the effects of the in-process 
variables on the response surface. Although several terms do not 
contribute significantly at the 95% confidence level to the model, 
these terms, as a group, do affect the shape of the contour 
plots. Comparisons of experimental data points with contour plots 
generated with only significant terms or with all terms in the 
equation indicated improved correlation o f  the data using the full 
14 term models. Thus, the full-term-model contour plots are a 
more reliable predictive tool for setting in-process controls. 

The multiple correlation coefficient for weight variation 

same 
lows for 

Furthermore, model consistency is achieved by using the 
14 term equation for each response variable and which a 
overlay of contour plots if desired. 

Various contour plots o f  the response variables are 
Figs. 9-14. Fig. 9 gives the contour plots of maximum 

shown in 
ablet 

crushing strength. The plots indicate that 25% intragranular 
microcrystalline cellulose compared to 50% or 75% and a 
granulation moisture content around 3.2% give higher maximum 
tablet crushing strengths. 
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Coefficients 

bO 

b l  

b2 

b3 

b4 

b5 

b7 

b9 

b10 

b l  I 

b12 

b6 

bl 3 

b14 

‘I 

‘2 

‘3 

‘4 

‘1’2 

’1’3 

‘1’4 

‘2’3 

‘2’4 

x3x4 

‘1 

x2 

‘3 

‘4 

2 

2 

2 

2 

Mu I tip I e 
Correlation ~2 
Coefficient 

TABLE 2 

Multiple Linear Regression Analysis 

Dissolution 

YI 

364.205 300 

-0.563979 

-38.166546 

I53.0319O2 

8 I .769594 

0.057 I 82 

-0. 188386 

-0.050756 

0.756554 

- I  A59577 

-0.675335 

0.0075% 

0.5927 I 7 

- I 8.7066 I 4 

-3.524467 

Friability 

Y2 

1.560310 

-0.000144 

-0.096814 

0.357667 

-0.061228 

-0.oooo20 

-0.000303 

0.000236 

0.002074 

0.000376 

-0.0075 I2 

4.000008 

0.001260 

-0.0526 I9 

0.002800 

Maximum Tablet Weight 

Crushing Strength Variation 

Y3 

-83.41 3244 

-0. I I2075 

4.635674 

9.264923 

-1-341825 

-0.000734 

-0.00 I805 

0.000755 

0.508452 

-0.000399 

-0.073716 

0.000067 

-0.081886 

-4.204553 

0. I I I I72 

Y4 

-37.71 I580 

0.006894 

2. I17909 

0.505985 

-0. I95957 

0.001012 

o.Oo0160 

-0.000261 

0.023000 

O.OOO646 

0.03 I420 

O.OOO248 

-0.02%00 

-0.248953 

0.006997 

0.986581 0.970672 0.99 I820 0.85729 I 
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CONTOUR PLOT-MAXIMUM TABLET CRUSHING STRENGTH 
WATER=36. 5 
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PERCENT INTRAGRANULAR MICROCRYSTALLINE CELLULOSE 

FIGURE 9 

Contour plots o f  maximum tablet  crushing strength. The granulation 
process used 36 .5% water. 
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CONTOUR PLOT-TABLET FRIABILITY 
HARD=7 WATER=36 5 
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2 3  

PERCENT INTRAGRANULAR MICROCRYSTALLINE CELLULOSE 

FIGURE 10 

Contour plots of tablet  f r i a b i l i t y  for a tablet  crushing strength 
of  7 Kp. The granulation process used 36.5% water. 
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C ONTOUR P LOT -TABLET FRIABILITY 
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FIGURE 1 1  

Contour plots of tablet friability. 
crystalline cellulose level was 50% and 36.5% water was used in 
the granulation process. 

The intragranular micro- 
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2 3 - .  

CONTOUR PLOT-TABLET WEIGHT VARIATION 
I N T R A = 7 5  

/ , 
/ , , , 

I , *.** 
1 * - . 1 - . - 1  I " " " .  . . 

FIGURE 12 

Contour plots o f  tablet weight variation. 
used 75% intragranular microcrystal 1 ine cellulose. 

The granulation process 
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CONTOUR PLOT -DI SS OLUTI ON 
HARD=8 W A T E R 4 6  5 

\ 
\ 
\ 

I 

PERCENT INTRAGRANULAR MICROCRYSTALLINE CELLULOSE 

FIGURE 13 

Contour p l o t s  o f  i n  v i t r o  d i s s o l u t i o n .  
s t rength  was 8 Kp and the  wet g ranu la t i on  process used 36.5% water. 

The t a b l e t  crushing 
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TABLET CRUSHING STRENGTH (KP)  

FIGURE 14 

Contour plots  of  in v i tro  dissolution. The percentage of  intra- 
granular microcrystalline ce l lu lose  was 50% and the granulation 
process used 36.5% water. 
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OPTIMIZATION OF TABLET FRIABILITY 1103 

F igs .  10-11 g i v e  t h e  con tou r  p l o t s  o f  t a b l e t  f r i a b i l i t y .  

These p l o t s  i n d i c a t e  t h a t  as t h e  g r a n u l a t i o n  m o i s t u r e  c o n t e n t  

increased,  t h e  t a b l e t  f r i a b i l i t y  i nc reased  and t h e  f r i a b i l i t y  

va lues were h i g h e r  w i t h  f o r m u l a t i o n s  c o n t a i n i n g  25% i n t r a g r a n u l a r  

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 .  F i g .  10 i n d i c a t e s  t h a t  t h e  t a b l e t  
f r i a b i l i t y  decreased as t h e  p e r c e n t  i n t r a g r a n u l a r  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  increased.  The t a b l e t  f r i a b i l i t y  decreased ( F i g .  11)  as 

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  increased.  V i r t u a l l y  no e f f e c t  o f  

t h e  g r a n u l a t i n g  wa te r  l e v e l  on t a b l e t  f r i a b i l i t y  was observed. 

The we igh t  v a r i a t i o n  da ta  and r e s u l t a n t  con tou r  p l o t s  were 

a f f e c t e d  by i n -p rocess  adjustments d u r i n g  t h e  compression process 

f o r  some o f  t h e  batches. Poor f l o w  p r o p e r t i e s  were ob ta ined  f rom 

g r a n u l a t i o n s  prepared w i t h  25% i n t r a g r a n u l a r  m i c r o c r y s t a l  1 i ne 

c e l l u l o s e .  As a r e s u l t  o f  excess i ve  f i n e s  generated d u r i n g  t h e  

m i l l i n g  process, a d d i t i o n a l  v i b r a t i o n  a t  t h e  hopper was r e q u i r e d  

d u r i n g  compression f o r  those batches. However, t h e  c o n t o u r  p l o t s  

d i d  show t h e  e f f e c t s  o f  t h e  i n -p rocess  v a r i a b l e s  on w e i g h t  

v a r i a t i o n .  As shown i n  F i g .  12, l ower  we igh t  v a r i a t i o n  was 

ob ta ined  a t  l ower  g r a n u l a t i o n  m o i s t u r e  con ten ts  and h i g h e r  

g r a n u l a t i n g  water  l e v e l s .  

These p l o t s  i n d i c a t e  t h a t  25% i n t r a g r a n u l a r  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 ,  a g r a n u l a t i o n  m o i s t u r e  c o n t e n t  o f  around 3% and t a b l e t  

c r u s h i n g  s t r e n g t h  o f  app rox ima te l y  5 Kp r e s u l t e d  i n  t h e  f a s t e s t  & 
v i  t r o  d i s s o l u t i o n .  

The optimum values ob ta ined  f rom t h e  con tou r  p l o t s  f o r  t h e  

F igs .  13-14 g i v e  t h e  con tou r  p l o t s  f o r  i n  v i t r o  d i s s o l u t i o n .  

in-process v a r i a b l e s  i n  o r d e r  t o  o b t a i n  t h e  b e s t  va lues f o r  each 

o f  t h e  f o u r  response v a r i a b l e s  a r e  g i v e n  i n  Table 3 .  

i n t r a g r a n u l a r  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  r e q u i r e d  t o  o p t i m i z e  
t a b l e t  f r i a b i l i t y  and we igh t  v a r i a t i o n  was 75%. However, t h e  

o p t i m a l  l e v e l  o f  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  f o r  i n  v i t r o  

d i s s o l u t i o n  and maximum t a b l e t  c r u s h i n g  s t r e n g t h  was 25%. S ince 

a l l  f o u r  response v a r i a b l e s  a r e  impor tan t ,  t h e  b e s t  va lue  f o r  

i n t r a g r a n u l a r  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  i s  between 25% and 75%. 

t h e  d i f f e r e n t  response v a r i a b l e s  a r e  3.2, 3.0, 2.5 o r  lower .  

The pe rcen t  

The optimum values o f  g r a n u l a t i o n  m o i s t u r e  c o n t e n t  t o  Opt imiZe 
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1104 CHOWHAN AND AMARO 

TABLE 3 

Optimum Values of In-process Variables to Obtain The Best 
Possib le  Response Variables.  

I 
1 1  
11 
11 

1 PROCESS 11 :: IN  VlTRO :: CRUSHING :: WEIGHT :: 
I: 1 1  1 1  

11 11 
I 1  

::IN- 11 MAXIMUM 1: 11 

FRIABILITY DISSOLUTION 1: STRENGTH VARIATION !! 
1 
*- 

.. .. .. ! VAR I ABLES 
1 

i 
1 1  
1 1  
11 

1 1  11 
I 1  11 1 1  INTRAGRANULAR 

MICROCRYSTALLINE 75 :: 25 25 50  or 75 
1 1  11 1 1  11 1 1  

;; 
11 

I :  I 1  1 1  
i 
1 1  

:: CELLULOSE, X 1 1  11  1 1  11 11 
11  1.-  !!- !! - !! !! !I 
t i 

I 

CONTENT, % ) )  LOWER 11 1 
1 1  1 * -  !! !! !! ! 

1 1  1 1  
1 1  1 1  

I t  11 11 1 

1 1  : : GRANULAT ION :: MOISTURE :: 2.5 or :: 3.0 :I 3.2 : 
11 1 

I: 1 1  
11 
11 : 2.5 or :: 

LOWER 

I 

! !I 

1 

1 1  1 1  
11 11 11  
11 I t  ( 1  

GRANULATING NO 35 :: 38 :: 38 :: 
I t  1 1  11 

1 1  1 1  I t  1 1  1 1  11 
1 1  
1 1  

' I  

1 1  

1 -  1 
1 1  1 1  1 1  1 1  1 1  :: TABLET CRUSHING ii 9 :: 5 NOT NO :: 

STRENGTH, Kp 1 1  1 1  11  11  :APPLICABLE: : EFFECT 1 1 

I: 1 1  
1 1  11 
1 1  11 11 

;: WAT€R, X ;: EFFECT :I 1 1  1 1  11 

I: ;! .. I: !! .. 1: .. 11 

;! .. l r  .. 11 .. 11 .. 11 !; 

Since a range o f  the granulation moisture is generally desirable, 
the granulation moisture content should be controlled within 

The percent granulating water had virtually no effect on 
friability. For In vitro dissolution, 35% granulation water 
resulted in faster dissolution than 38%. Tablet weight variation 
and maximum tablet crushing strength were improved with 
granulations made with 38% granulating water. 
suggest that for this size and type of granulating equipment, a 
granulating water level of 36.5% of the powder mixture (w/w) will 
be optimum. 

2.5-3.2%. 

These results 
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OPTIMIZATION OF TABLET FRIABILITY 1105 

The op t im ized  t a b l e t  c r u s h i n g  s t r e n g t h  f o r  t a b l e t  f r i a b i l i t y  

was 9 Kp o r  above and f o r  i n  v i t r o  d i s s o l u t i o n  was around 5 Kp. 

S ince a minimum t a b l e t  c r u s h i n g  s t r e n g t h  i s  r e q u i r e d  t o  m in im ize  

a b r a s i o n  d u r i n g  f i l m  c o a t i n g ,  packaging and sh ipp ing ,  a range o f  

5-8 Kp may s a t i s f y  t h e  r e q u i r e d  needs. 

CONCLUSION 

The r e s u l t s  o f  twenty- two exper iments designed b y  COED were 

analyzed by means o f  a q u a d r a t i c  response s u r f a c e  model. The 

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

were e x c e l l e n t .  Based on t h i s  a n a l y s i s ,  i t  was p o s s i b l e  t o  s e t  

i n -p rocess  v a r i a b l e  s p e c i f i c a t i o n s  which would c o n s i d e r  a l l  

response v a r i a b l e s  s imu l taneous ly .  
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