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ABSTRACT 

The average 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  of granules  

were found t o  be dependent on t h e  g ranu la t ing  method. The 

s lugging  method produced t h e  wides t  p a r t i c l e  s i z e  d i s t r i -  

bu t ion  and t h e  l a r g e s t  average p a r t i c l e  s i z e ,  while  t h e  

microgranulat ing method produced t h e  narrowest d i s t r i b u t i o n  

and t h e  sma l l e s t  average p a r t i c l e  s i z e .  The average p a r t i c l e  

s i z e  of dexamethasone granules  produced by w e t  g r anu la t ing ,  

microgranulat ing and s lugging  methods, w e r e  reduced on  

compaction by fragmentat ion.  Of t h e  t h r e e ,  t h e  granules  

prepared by t h e  s lugging  method, exh ib i t ed  maximal average 

s i z e  reduct ion  on compaction. On  t h e  o t h e r  hand, t h e  

average p a r t i c l e  s i z e  of  s u l f a d i a z i n e  microgranulates  and 

Eul fad iaz ine  s l u g s  w e r e  en la rged  by conso l ida t ion  dur ing  

compaction. 
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480 DAS AND JAROWSKI 

The physiolqical  availabil i ty of many water-insoluble drugs 

is affected by their Caegree of fineness. 

size of p&e penicillin G, griseofulvin and bephenium enbnate 

nust he controlled i f  their therapeutic activity is to be standard- 

ized. 

fold i f  sufficiently fine powder is used. Potent water-insoluble 

drugs in finely divided form may, h e v e r ,  shaw a high d q r e e  of 

toxicity owing t o  their rapid rate  of absorption and hence a con- 

trolled particle size m y  be necessary. 

these medicaments, chgnical assay would m l y  supply part of the 

infomt ion  needed for their  standardization. 

attention mt be given to the particle s i z e  of m h o b i c  drugs. 

For exmnple, the particle 

The absorption efficiency of griseofulvin is increased two- 

For the quality control of 

cmsxquently, 

A large n m k r  of inventions for granulating methcds have been 

reported ht not many of these have faund universal applicatim. 

Presently, the popular methods are c ~ l ~ e n t i ~ ~ l  w e t  granulation, dry 

slugging, direct ccmpression w i t h  granular excipients, micrcgranulatim, 

pan granulation and spheronization (1-4). 

?his reprt investigates the effect of microgranulating, slugging, 

direct ccnpressim and wet granulating methods m particle size 

bution of dexamethasone and sulfadiazine granules before canpadion, 

and after anpaction, i.e., disintegrated tablets. 

distri- 

Materials - w t h a s o n e l  and sulfadiazirae2 were U.S. ~tm.ma- 

mpeial grade. 

starch3 US, acacia4 UP, lactose5 USP pck~der ,  lactose USP w m s  

mcipients used i n  preparing the tablets w x e  
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EFFECT OF GRANULATING METHOD. I 481 

direct tableting grade6, magnesium stearate’ USP, talm 

USP . 
Preparation of Granules and Tablets - Dexzmemsone containing 

0.25 mg per 150 mg tablet  and sulfadiazine 130 rrg per 150 rrg tablet 

e r e  prepared by using different granulating methods. 

here maintained constant in  a l l  the granulating mthods within 

practical limitations. 

am3 s u l f a d i a z k  granules and tablets are given in Tables  I and I1 

respectively. 

geanetric dilution procedure in a V-blender of 3 kg capacity. 

The excipients 

Fomlat ions of the e x p e r h n t a l  dexamethascme 

Dexanethasone was mixed w i t h  excipients by using a 
9 

Wet Granulation - The kxmp- iaus  blends of active ingredients 

ard excipients were granulated w i t h  starch-acacia paste in  a planetary 

mixerlo. 

equipped with a No. 8 screen and wen dried overnight a t  45O. After 

dry-screening through a No. 16 screen, the granulations m e  blended 

w i t h  the rmaining dry starch and lubricated. 

The wet mass was passed thro~~gh an oscillating granulatorll 

Microgranulation - The micrcgranulates were prepared as described 

by de Jong (1). 

plrified w a t e r  i n  a mixer. 

granules by passing it thrcxlgh the granulator quip@ with a fine 

No. 16 screen. 

blerding with disintegrant and lubrication were the smne as that used 

for wet granulation. 

The drug and excipient blends w e  granulated w i t h  

The mist mass was broken dawn into micro- 

The rest of the methcd, oven drying, dry milling, 

Granulation by Slugging - TIE slugs were made using a heavy duty 

press12 and 1-inch diareter punches. 

passing throqh a dry granulator equipPea with a No. 16 screen. 

The slugs were broken d m  by 

Direct Catpressim - The active i n g e e n t ,  binder, disintegrant 
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482 DAS AND JAROWSKI 

TABLE I 

Formulations of m i n u s l t a l  Dexamethasone Granules and Tabletsa 
- 

Wet Micro 
Ingredients Grmw Qranu- D i r e c t  

W / M  l a t i o n  l a t i o n  Cbqression Slugging 

1 

0.25 
10 .oo 

2.60 
-30.75 

1.00 
0.40 

18.60 
4.00 
1-00 

150.00 

0.25 
11.00 

3.00 
130.25 

8.00 
4.00 
1.00 
0.50 

150.00 

0.25 0.25 
15 .OO 11-00 

3.00 3.00 
126.75 

127.75 

4.00 
2 -00 1.00 
2.00 3.00 

1.00 
150.00 150.00 

TABLE I1 

Formlations of Experinrental Sulfadiazine Granules and Tabletsa 

Ingredients W e t  Mia0 
wtab Granulation Granulatim Slugging 

130.00 
7.00 
2.50 
3.00 
1.50 

96.00 
6.00 
2 .oo 

152.00 

130 .OO 130.00 
10 .oo 10 .oo 
4.00 4 .OO 

60.00 
6.00 9. OOd 
2.00 2 .oo 

1.00 
2.00 

152 .OO 158 .OO 

a 
Batch size for each method was 10,000 tablets. %ire& 

Cmpressible lactose. 
dHigher proportion was added to oonpensate for h i g k r  munt 
of lubricants nexiec~. e~daed to the dry granules. f~dded for 

Cused as starch-acacia paste. 

the f h d  COnlpreSSbR.  
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EFFECT OF GRANULATING METHOD. I 483 

and anhydrous lactose were blended i n  a V-blender following gecmetric 

dilution. The blend w a s  lubricated before canpressicn. 

Table ts  m e  ccmpressed on a rotary machine12 operating a t  

26 rpn and using only 4 stations equipped w i t h  5/16 in. d k t e r ,  

f l a t  punches. 

Determination of Particle Size Distributions - Particle s i z e  

analyses were performed on samples of the powder before granulation, 

af ter  granulation and after ccmpacticn and disintegration, using 

a nest of sieves and an electmnagnetic sieving machineu. 

particle s i z e  distributicn of the granules a f te r  ampaction were 

determined by the methcd of Khan and F!hcdes (51, using methanol and 

benzene as the disintegrating medium for dexamethasne tablets 

and sulfadiazine tablets respectively. 

The 

RESULTS AM) DISCUSSICN 

Particle size distrilxltion and average particle s i z e  here 

obtained fran the plots of w l a t i v e  weight percent on an 

arithmtic scale versus par t ic le  size on a l o g a r i t h i c  scale. 

me log normality of the distribution plots were checked by 

oarparing the geanetric standard deviatims. 

The size distribution and average particle s i z e  were shifted 

to different extents by the different granulating metlmds (Table 111). 

l?~ slugging methcd produced the w i d e s t  particle s i ze  distribution 

and the largest average particle s ize  (Figures 1 and 21, while the 

microgranulating methcd produced a narrOw range of size d i s t r h t i o n  

and the smallest average particle s i z e  (Figures 3 and 4) .  

l a t t e r  method caused wry l i t t l e  change of s ize  distribution and 

?he 
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484  DAS AND JAROWSKI 

EQUlVALEhT S I E V E  MESH NUMBERS 

375 2OC 100 70 50 40 30 

30 50 130 2OG 500 

FART:CLE S I Z E ,  MICRONS 

F l t U F E  1 
EFFECT OF THE SLUGGING METHOD ON THE PL12TICLE 
S I Z E  DISTRlBUTlOh OF DEXAMETHASONE TABLETS. 
& . E Y : o ,  POWDER B L E N D , A .  G R A N U L E S ; ~ , D I S I N T E -  
GRATEP TABLETS. 

EQUIVALENT S I E V E  MESH NUMBERS 

375 2?'! 103 70 

' 30 50 100 200 
DARTICLE S I Z E ,  MIC90NS 

F I t U F i E  3 
EFFECT OF THE MICROGRANULATILG 
METHOD ON THE P A 2 T I C L E  S I Z E  
0ISTR:BUTION OF DEXAMETHASONE 
TABLETS. KEY.  0 , POWDER BLEND: 
A I G R A N U L E S ; ~  , DISINTEGRATED 

TABLETS, 

EQUIVALENT S I E V E  MESH NUMBERS 

100 70 50 40 30 20 
100 
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E f f i  
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w z 
!i 40 
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3 

20 

0 
200 

P A R T I C L E  S I Z E ,  MICRONS 

FIGURE 2 

EQUIVALENT S I E V E  NESH NUMBECS 

200 100 70 50 40 30 20 

EFFECT OF THE MICROGRANULATING METHOD ON 
THE PARTICLE S I Z E  D I S T R I B U T I O N  OF SULFA- 
D I A Z I N E  TABLETS. K E Y : A  , GRANULES; 

, DISINTEGRATED TABLETS. 
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EFFECT OF GRANULATING METHOD. I 485 

TABIE I11 

Average  Particle Size of powder Blends ,  Granules ard Disintegrated 
Table ts  Prepred by Different Metkds - 

Processing Granulatim &th& 
Stage Wet Micro Slugging D i r e c t  Drus 

Dexmnethasone P o w d e r B l e n d  88a 88 88 120 

Disintegrated 235 90 12 0 120 
Granules 315 100 400 - 

Table ts  
Sulfadiazine Granules 390 200 435 

Disintegrated 300 355 540 
Tablets 

average particle s ize  fnxn that of the starting material u s e d .  

w e t  granulating rnethcd also produced a broader size  distribution, but 

was less than that by the slugging methcd (Figures 5 and 6) .  

"he 

capaction has a significant influence on the particle s i z e  of 

the granules, either increasing their s i z e  by ccnsolidaticn (61, or 

decreasing their size by fragmentatim (5). 

methasone tablet  fonmlatims, granule particle s ize  r&uctim was 

noted by three methods, i .e.,  slugging, microgranulating and wet 

granulating. 

granulating methods when ompressed into tablets a t  the sam ompaction 

pressure, yielded different average particle s i z e  and s i z e  distributions 

A very significant oconpaction behavior of dexamethasone granules 

produced by the slwging method was noted. 

retuned. close to that of the original size distribution before 

ampaction (Figure 1). This  effect  of conpadion was not so 

pronounced i n  case of the granules prepared by t k  wt granulating 

method (Figure 5) .  Directly ccanpressible granules did not shm any 

change i n  particle s ize  distribution on ampaction (Figure 7) .  This 

was anticipated from the high values for the compressibility factor. 

In case of the dexa- 

Granules of the same mterials pmduced by different 

?he size distribution 
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EQUIVALENT SIEVE flESH NUMBERS 
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FIGURE 5 
EFFECT OF THE WET GRANULATING RETHOD ON THE 
PARTICLE S I Z E  DISTRIBUTION OF DEXAflETHASONE 
TABLETS. KEY: 0 , POWDER BLEND; A , GRAN- 
ULES; D , DISINTEGRATED TABLETS. 

EQUIVALENT SIEVE MESH NUMBERS fOUlVALENT SIEVE RESH NUMBERS 

100 70 50 40 30 20 
100 1- 

100 200 500 
PARTICLE SIZE, fllCRONS 

FIGURE 6 
EFFECT OF THE WET GRANULATING 
RETHOD ON THE PARTICLE S IZE D IS-  
TRIBUTION OF SULFADIAZINE TABLETS. 
KEY: A GRANULES; B , DISINTE- 
GRATED TABLETS 

375 200 100 70 50 

W .  
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3 .  
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20 - 
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3 0 5 0  100 300 

PARTICLE S I Z E ,  fllCRONS 

FIGURE 7 
EFFECT OF THE DIRECT CORPRESSION 
RETHOD ON THE PARTICLE S IZE D IS-  
TRIBUTION OF DEXAHETHASONE TABLETS. 

INTEGRATED TABLETS. 
KEY:A , POWDER BLEND; a , DIS- 

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



EFFECT OF GRANULATING METHOD. I 487 

The result of mnpaction behavior of sulfadiazine microgranw 

la% and slugs w a s  size enlaxgment, whereas the opposite effect  

w a s  observed with tablets prepared f m  granules obtained by the 

w e t  granulating mthod. 

cant influence over the tablet dissolution rate. Particle size of 

granules is Considered an i m p r t a n t  parmter fran the dissolution 

p i n t  of view, but naw it appears that the particle s ize  of the 

disintegrated tablets is mre inportant for tablet dissolution than 

the particle s ize  of the i n i t i a l  granules. This a u l d  explain the 

s1m-e~ dissolution rate of sore granules as conpared w i t h  tablets. 

l h i s  Compaction behavior may have a signifi- 

The cupaction behavior of dexmthamne and sulfadiazine w e t  

granules was similar (Figures 5 and 6). In  b t h  cases, the 

particle s ize  of the disintegraa tablets was 

were minimal changes i n  s ize  distribution. 

though i n  all mthods the binder was the same type and quantity, 

the w e t  granulating rrethod prcduoxi harder granules which w r e  less 

susceptible to change under a mrpressimal force. 

concluded therefore that canpaction behavior is dependent on the 

reduced and there 

?kis indicated that even 

It may be 

granulating procedure used. - 
The authors thank Professors H e n r y  Eisen and Parsbtam L. Madan 

for valuable suggestions. 

FOOTNOTES 

I N .  V. Organm, Oss, N e t h e r l a n d s .  

American Cyanamide Co. , Pearl Rivsr, N.Y. 

' CFC International Inc. , New York, N.Y. 
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488 DAS AND JAROWSKI 

S. B. Penick and Co., N e w  York, N.Y. 

Samrak Qlgnical Co., New York, N.Y. 

Sheff ie ld  Chdcal CO., Union, N.J.  

' mlinckrdt chemical ~ o . ,  St. m s ,  MO. 

Whittaker Clark Caniels co., South Pla in f i e ld ,  N . J .  

Patterson Kelly Co., Inc., E a s t  Stroudsturg, PA. 

H o b a r t  Manufacturing Co., Troy, OH. 

Chemical and Pharmaceutical Irdustry Co., Inc., New Y o r k ,  N. Y. 

l2 Model DS-3 used for slugging & model RB-2 used f o r  canpressing tablets 

F.J. Stokes Cunpany, Phi lade lphia ,  PA. 

l3 Gexcience Instmment corp., ~ t .  v m n ,  N.Y. 
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