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EFFECT O F  GRANULATING METHOD ON CONTENT UNIFORMITY 

AND OTHER PHYSICAL PROPERTIES OF GRANULES 

AND THEIR CORRESPONDING TABLETS. I1 
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ABSTRACT 

Var ious  p r o p e r t i e s  of dexamethasone and s u l f a d i a z i n e  

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

w e t  g r a n u l a t i o n  and d i r e c t  compression were compared. 

The dexamethasone t a b l e t s  showed comparable d i s i n t e -  

g r a t i o n  rates by a l l  methods. The s u l f a d i a z i n e  t a b l e t s  

prepared  by s l u g g i n g  d i d  n o t  m e e t  t h e  USP X I X  l i m i t ,  whereas 

t h o s e  by m i c r o g r a n u l a t i n g  w e r e  s a t i s f a c t o r y .  

I t  w a s  found t h a t  granule-homogeneity w a s  n o t  o n l y  

dependent  on t h e  p a r t i c l e  s i z e  and d i s t r i b u t i o n ,  b u t  a l s o  

dependent  on t h e  g r a n u l a t i n g  method. For e i t h e r  drug ,  t h e  

m i c r o g r a n u l a t i n g  procedure gave t h e  best weight  and c o n t e n t  

un i formi ty .  

* P r e s e n t  a d d r e s s :  Johnson & Johnson,  Research 
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490 DAS AND JAROWSKI 

The content uniformity test is one of several quali ty assurane 

tests carried out by pharmaceutical manufacturers mainly for  three 

reasons: 

p u t i c  response, (b) to assure safety of highly potent druq, ( c )  as a 

simple index of good manufacturing practice. 

was first recognized during the quality assurance progran of highly 

potent steroid drugs. 

-sites of hydroartisone fran the sams batch by the s a m  mthd 

s n d  resul ts  varying frcm subpotent to superpotent. 

the tablets  were uniform. Rrentual individual tablet  analysis revealed 

a high mntent var iabi l i ty .  Soon, the problens with content uniformity 

were recognized with other high potency drugs such as digoxin, reserpine, 

nitroglycerin, chlorpranazine hydrochloride, ethinyl estradiol,  and 

adrenocortimsteroids tablets. Subsequent detailed investigations 

(1-3) indicated m y  possible causes for  the content variatian i n  tablet 

dosage forms. Among thm, variations associated w i t h  manufacturing 

procedures w e r e  primary. 

(a) to ensure uniform delivery of drug for  desired thera- 

The need for  this test 

Rereated analyses of different  20-tablet 

T k  weights of 

This work documents the e f fec t  of four granulating methads, wt 

qranulation, microgranulation, slugging and d i r ec t  compression on the 

-tent uniformity of dexmnethasone and sulfadiazine tablet formulations. 

Their physical properties e r e  also ampared. 

ExPElUMEmm 

Materials - A l l  materials used i n  these tablet formulations were 

USP grade as reported earlier (4 )  

Preparatian of Tablets - Dexan-ethasme 0.25 mg per tablet and 

sulfadiazine 130 mg per tablet w e r e  prepared by using faur different  
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EFFECT OF GRANULATING METHOD. I1 49 1 

qranulating methods ( 4 ) .  

T e s t i n g  Procedure - Loss-m-dryhg moisture i n  the granules was 

determined w i t h  a misture balance'. 

was calculated using Eguaticm 1. 

% percent canprss f i i l i ty  

(Eq. 1) T - B  percent canpressibility = X 100 

where T is tape3 density, and B is  bulk density. 

determined using a graduated cylinder and a mtorized tapping device2 

set to operate for  200 cycles. 

of a fine blend of a l l  the tablet ingredients i n  mrrect p m p r t i o n  

was measured with a pycnaneter using benzene as  the k r s i o n  fluid.  

Porosity w a s  calculated by dividing hlk density by the true density. 

The angle of repose was measured for each of lubricated granules 

Densities w e  

True density of the mixture consistinq 

by the m e t h c d  of Nelson (5) ,  where the angle of repose a is  defined by: 

a = M - l h  (ES. 2)  
r 

i n  which h is the k i g h t  and r is the radius3 of the base of the ame 

formed by the granules. 

material throuqh a flaw-tester4. 

Flow the w a s  n-edsured by the f l m  of 50 g of 

tablet praperties measured inc1de.d individual wights 

determiraed by using a semimicro analytical ~ ~ ~ 5 ,  and hardness 

masurenents determined with a Stokes hardness tester6. 

d is in tqra t icn  time of tablets was masurd by the USP XIX mthzd. 

SBnple Collectiohl - Table t  and granule sanples were collected 

The 

according to the -ling plan as described by Lachan and 

Sylwstrcwicz (6). 

w x e  collected fran the machine a t  fixed intervals. Ten tablet  

sanples were mllected frcan the finished batch follaWing a randan 

procecfure. The tablets viere wighe3 and assayed individually. Ten 

Systemtic tablet sanpling of six tablets each 
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DAS AND JAROWSKI 492 

granule sanples, each equivalent to  one tablet were collected and 

analyzed as &scribed klm. 

Assay Prccedure - A dexamthasme tablet or granules equivalent 

to one tablet was placed i n  a 25 ml v o l m t r i c  flask, 20 m l  of 

0.1 N HC1 was added, and the tablet or granule was all- to dis- 

integrate by gentle shaking. 

0.1 N Hc1, the suspension was mixed wll, f i l t e r ed  t h r o q h  a Whatman 

No. 1 filter paper, and the first 10 ml. of the fi l trate was  discarded. 

?he absorbance of the f i l t r a t e  was determined a t  242 nm against a 

blank solution obtained fm a placebo tablet. 

The volme was adjusted to 25 m l  with 

Sulfadiazine tahlets  were also assayed by u l t r a  violet spectrv- 

photxxwtry as &scribed above, a t  244 nm. The val idi ty  of the mthcds 

was checked by ver i f icat ion of Beer’s law. 

variation for  the dexmthasme  assay mthd was found to be 

0.69%. 

‘.She coefficient of 

Control Charts - The control charts using range, R as a 

=sure of spread, were drawn by the use of the following 

relat ian~hips7.  
- - - 

Upper Limit for  average = X + %R 

W r  lhit fo r  average = X - %R 
- - - 

REsuL?s AND DISCUSSICl 

Prqrties of Granules and Table ts  - The properties of granu- 

lations (Tables  I and 11) prepared by the various mthcds S b w d  

sane differences. 

The three factors of ccnpressibil i ty,  repose angle and flow 

t k ,  which would give scnr? infolmation on flow properties, 

generally predict that the granulations prepared by wt granulating 
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EFFECT OF GRANULATING METHOD. 11 493 

TABLE I 

Properties of kmnethasme Granules and Tablets P r e p r e d  by Four 
D i f  fexent Methods 

-- 

wet Micro D i r e c t  Slugging 
Granulatim Granulation C q r e s s i o n  

Loss on drying, %* 2.0 
Density, g/ml * 

Tappea 0.754 
Bulk 0.691 
True 1.511 

Canpressibility, % 8.35 
Porosity, % 54.27 
Angle of repose * 27.4O 
Flaw, sec * 2.53 
Flaw, rotary press very good 
Man granule 
diameter, micron* 315 

Average weight, mg 152.5 
Hardness , kg 3.6 
Disintegration, min 2.5 to 

3.8 

1.60 

0.798 
0.646 
1.511 

19.04 
57.25 
37.20 

8.91 
very good 

100 
152.3 

3.9 
1.1 to 
1.5 

1.70 

0.872 
0.683 
1.562 

21.67 
56.28 
44.50 
20.18 
good 

12 0 
153.5 

3.4 
3.7 to 
4.7 

1.90 

0.961 
0.820 
1.511 

14.67 
45.74 
39.2O 
2.66 

very good 

400 
154.6 

3.9 
1.4 to 
1.7 

* Average of four obsemathns 

mtkd w i l l  flaw better. The lower the ampress ib i l i t y  factor (7) 

and the lmr the angle of repose (5) , the better is the predicted 

flaw. 

The micrqranula t ing  mthcd w a s  found to produce a blend which 

had a high porosity,  indicating bridging due to the cdresive forces 

(8). 

were found to be minimal, indicating l i t t le  intraparticular void 

volume i n  the granules. 

The porosity values of the granulations prepared by slugging 

?he dis in tegra t ion  rates of dexamthascne tablets (Table I) 

prepared by the four granulating mthds were a l l  satisfactoxy. 

The d is in tegra t ion  t i n e s  of sulfadiazine tablets (Table 11) 

prepared by three different methods were s igni f icant ly  d i f f e ren t  
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494 DAS AND JAROWSKI 

TABLE I1 

Praperties of Sulfadiazine Granules and Tablets Prepared by Three 
Different Mews 

wet Mia0 
granulation granulation Sluqqinq 

Loss on dryinq, % * 1.90 1.50 2.00 
Density, q/ml * 

0.621 0.613 0.819 
Bulk 0.550 0.480 0.640 
Ta€Pd 

True 1.568 1.568 1.568 
ccnpressibility , % 11.43 21.69 21.85 
Porosity, % 64.93 69.39 59.19 
Angle of repose* 30.60 35.1° 42.8O 
Flow, sec * 3.53 6.36 3.33 
Flaw, rotary press V e r y  good very good very good 
Mean qranule 

d i m t e r ,  micron* 390 200 435 
Average w i g h t ,  mg 151.8 152.8 159.6 
Hardness , kq 5.8 5.5 5.4 
Disintegration, rnin 12 to 26 2 t o 4  21 to 36 

* Average of four observations. 

frcm each other. 

did not met the USP X I X  limit. 

tablets prepared by tte microgranulating r r e t h d  is believed due to 

the hydrophilic 

The sulfadiazine tablets prepared by slugging 

The rapid disinteqration of the 

and readily dispersible nature of the m i c r o -  

granulate ( 4 )  . 
Ccntent Uniformity - a c h i e m t  of harpgeneity of dexa- 

rrr?thasone in granules prepared by four different  qranulatim techniques 

is sham in Tab le  111. 

dispersim of dexm-e in powdered lactose at the hiqh dilution 

of 1 in 600. 

of drug distribution i n  the microgranulate. 

granulation shcxed the poorest hcrrogeneity. 

larger particle s i ze  and wider distributions. 

The xnicrogrranulating metbod pmduced the best 

The f ine  qranule s i ze  a u l d  account for  the -ity 

(3kl the other hand, e t  

This w a s  due to the 

The slugging mthod 
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EFFECT OF GRANULATING METHOD. 11 495 

TABLE I11 

IJoxrogeneity of  Dexamethasone Dis t r ibu t ion  in Granules Prepared by 
Four Dif fe ren t  Methods 

Averagea Minimum e f f i c i e n t  of 
Granulating a n t e n t  a n t e n t  amtent Variat ion 

Method mg mg mg % 

Wet granulat ion ,I 0.240 0.265 0.222 5.97 
Microgranulation 0.251 0.253 0.247 0.99 
D i r e c t  ampress ion  0.249 0.267 0.239 3.90 
Slugging 0.247 0.252 0.243 1.43 

a Average  of 10 individual assay 

TABU IV 

Average Range, a A g a i n s t  A v e r a g e  Grande S i z e  Obtained by Different  
Granulating wthcds 

W e t  g r a n u l a t i o n  5.35 315 I 3.6  390 
M i c r o g r a n u l a t i o n  3 .85  I 100 2.0 i 200 
S l u g g i n g  400 4.6 435 
Direct c o m p r e s s i o n 3 . 9 0  

TABLE V 

C o e f f i c i e n t  of C o n t e n t a  V a r i a t i o n  f o r  Dexamethasone  T a b l e t s  

No .  of Average S t a n d a r d  C o e f f .  of 
A s s a y  A b s o r b a n c e  D e v i a t i o n  Var ia t ion ,% 

W e t  g r a n u l a t i o n  5 0  0 . 4 3 0  0 .0248 5 .767  
M i c r o g r a n u l a t i o n  5 0  0 . 4 5 2  0 .0092 2.039 
Direct c o m p r e s s i o n  50 0 .450  0 .0182 4 .044  
S 1 u g g i n g  50 0 . 4 5 5  0 .0129 2 . 8 3 5  

a C o n t e n t s  are expressed i n  t e r m  of a b s o r b a n c e .  
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496 DAS AND JAROWSKI 

vias found to be the seccnd best granulating method for  prcducing 

m e n e m s  granules. 

dispersed in powdered lactose in a suitable b lader .  

blend was lubricated and slugged under high pressure. 

granulation, the slugging methcd did nat call for so m y  proessing 

steps, such as w e t t i n g ,  wet screening, drying, dry-screening. 

bcatding of drug-excipient had occured during the slugging aperation 

mder high rmpressional farce. 

particle sized granules did not resul t  in segregation of drugs. 

In the slugging m e W  dexamethasone was 

The hanogeneous 

Unlike w& 

Moreover, 

Subsequent breaking into larger 

Thus, 

the haTKqeneity of d m g  distribution i n  granules are not only d e m e n t  

an the granule s i z e  distributions and or particle sizes,  but also 

dependent on the granulating method. 

The coefficient of variation is also high for the directly 

canpressfile method. This is explained, by the t w  dissimilar size 

distributims i .e. ,  the drug was i n  m i m i z e d  form and the directly 

ccmpressible excipient was in coarser form. 

The control chart, a useful tool for process control, is based 

m standard deviation or ran-. 

variation of &xamthasone (Figures 1 to 4) and sulfadiazine tablets 

(Figures 5 t o  7) prepared by different granulation techniques sbw 

that the m i c m u l a t i n g  procedure yielded the best weight uniformity 

(Figures 1 and 5). 

for il, wi-xzze ii was the masue 1 of s p d .  

range i values, that are obtained f n  the control charts, are 

+ablated against the average particle size of the respective granules. 

A correlation was found that 1-r the average part ic le  s i z e ,  the 

The cantrol charts for the weight 

Tkis was evident since it gave t+e lcwest values 

In Table IV. the average 

less is t f ie  value of R. Hence, it oould be said that  the weight 
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155 
5 

I 

165 

3 9 15 21 

ilnE, UINUTES 

F I G U R E  6 

1 

; +  

i 

x -  

3 9 15 21 

TIME, MINUTES 

FlGURt 7 

Control charts for the Wigfit Var ia t ion  of Sul fad iaz ine  Tablets .  
Fiqure 5 - Prepared by the Microgranulating &thod; Figure 6 - 
Prepared by t k  Slugging Wthcd; Figure  7 - Prepared by the 
Flet Granulating Method. 

variation is a function of the average particle s i z e  obtained by 

the granulating process. 

The tablets prepared by the microgranulating mthod were faund 

to have the kst content uniformity (Figure 8) and those p r e e  by 

the slugging nethod =re next (Figure 9). 

by wt granulation (Figure 10) and direct axpression lrrethods 

(Figure 11) s m  tk? poorest -tent uniformity. This is also 

carfirmid frcm the coefficients of variation sham 

wre calculated fran 50 individual assay results cn randan and 

The tablets mufactmed 

Table V which 

S y S t a M t i C  samples. 
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FOOTNOTES 

We1 6000, O h a m  Scale COT., Florham Park, N . J .  

organon Inc., West  orange, N.J. 

The value of r was 2.70 an. 

Chemical and Pharmaceutical Industry Co. ,  Inc., N e w  York, N.Y. 

5 MXM H 20 T, wttler Instmmnt corp., Princetcn, N.J. 

Stokes Ccmpany, Philadelphia, Pa. 

The value for the fac tor  is 0.577, when n is equal to 5. 

(3)  

(4)  

(5) 

(6) 
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