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FORMULATION AND EVALUATION OF 1*ARACETAHDL 500 mg TABLLTS 

PRODUCED BY A NEY DIIIECT C W U U T I O N  lLETlKl0 

H. H .  RUBLNSTBIN 

and 
P . Nus ILIABIIUHIA 

School of Pharmacy, Liverpool Ibolytdieic. 
B y r w  Street, Liverpol 1.3 UP, U.L. 

Currently there are chree Bcneral metiiods available for 
producing tablets. These metiroda are (a) direct cmreasioii, 
(b) double compression or ulugging, and (c) wet granulation. 
The sillrpleat mthod ia direct coapreqsion, since clre drug need 

only be Dixed with a suitable frae flowing cxcipieirt aird em- 

pressed directly iiico tablets. 
advantages since the une of o binding agent in avoided and no 
drying at all is required. 
hydrolysable and thermolabile drugs. 
many advantages, it also has limitations conceriiing capacity. 

1 colouration and segregation . Perhaps the most acrious dis- 

advantage in the segregation of components during handling. 

Double compression, however, enables the drug and excipients to be 
fixed in relation LO each other aid no segregation rrsu1t.s. 
with direct compression. this method is also useful for hydrolys- 
able and thermolabile drugti, A high capital iiivuotiurnr is however 
necessary to purchase heavy duty tabletting or roller compaction 
machines and the process in lengthy and outputs slow. The most 

The process irils obvious 

As a result.it can Lw used to tablet 
Even though it  docs have 

As 

45 1 

Copyfight 0 1980 by MusJ Dckku, loc. 
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452 RUBINSTBIN AND HUUSIKABHUHHA 

coclaanly used nettrod is wet granulation, because it can be applied 

to a wide range of materials. 

produces granules usually of good Plwability. and prevents 

segregation of the coclyonents making up tlie formulation. Although 
in c m n  use. wet granulation suffers from a nuaber of short- 
comings aince the aetliod is time conruing. labour intensive, and 
coaplicated. At least six atages are involved in the process: 
(1) dry nixing, (2) wet rasing, (3) vet rcreening, ( 4 )  drying, 
(5) dry screening, and (6) dry blending, and ill addition the method 

is not suitable for hydrolysable drugs, such as many antibiotics. 
This study aims a t  evaluating a novel direct granulation 

The method often aids compression, 

aetliod which coabines the benefits of direct compression, namely 

high throughputs and ease of processing, with the advantages of no 

segregation and improved coapression obtained vith wet granulation. 
The principle of the direct granulation method is the utilization 
of a biding agent which melts or .ofkern at relatively low temp- 

erature.. The molten binding agent t h n  coata the powder part- 

icles in the formlation and, upon cooling, granules are formed 
directly. 
ed in a jacketed high speed uxer-granulator, and the resultant 

granules fed directly to the tablet coqressor. Apart froa reduc- 
ing most of the rtages in the granulation process, the method also 
eliminates the expensive and time consuming drying stage of wet 

granulation, thereby significantly increasing the efficiency O C  

tablet production. An initial atudy was conducted’ using poly- 
ethylene glycol as the binding agent. 
phenylbtrtazone 100 mg tablets produced using the mthod, indicated 

that the granules were coaparable with granules produced by con- 
ventional vet granulation. 

It has been fwnd that the whole process can be conduct- 

Tlia in vitro properties of 

The tablets exhibited short disinteg- 
ration times and fast dissolution rates. Subsequently Shah et a1 3 

satisfactorily made tablets from six different drug formulations 
using a modified method in which polyethylene glycol 6000 was 

melted by meatir of hot air. This work evaluate8 stearic acid as 
a dry binder for the production of paracetam1 500 mg tablets. 
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DIffECT CBANULATION kIETuoL, 453 

HATERIALS 
Paracetam1 (Evans Medical Ltd., Liverpool). S t ea r i c  acid,  s t a r c h ,  

s o d i u  l au ry l  sulphate and calcium hydrogen pliosphutu ardvdrate 
( b r i t i s h  Drug flQuse8, Poole). Fumed 8 i l i c a  (Cab-0-Sil, Cabot Corp- 

o ra t ion ,  U.S.A.). Sodium s t a r c h  g lyco l l a t e  (Explotab, K 6 K Creeff 

Fine Chemicals Ltd., Croydon). nicrocryrtalline ce l lu lose  (Avicel 

PU102, b n e y v r l l  6 S t e i n  Ltd., Surrey).  

tlETl1DI)S 

Granules of paracetam1 were prepared containing paracetamol, 

stearic ac id  a8 binding agent, s t a r c h  o r  rodium s t a r c h  g l y c o l l a t e  

as d i r in t eg ran t ,  sodium lr irrpl  siilphate as a w t t i n g  agent,  

c a l c iu  hydrogen phosphatc o r  microcrystal l ine c e l l u l o s e  as d i l -  

u t n t s  and fuaed s i l i c a  as a glidant .  

Appara tu8 

A Kenwood e lec t ron ic  blender was modified t o  produce a small 

scale high speed r i r r r - g r a n u l a t o r .  

blender were replaced with paddle blades which could be progress- 
i ve ly  ro t a t ed  a t  speeds up t o  4200 r.p.m. 

wound around the bowl of the blender i n  order to allow hot  o r  
cold water t o  warm up or cool dovn t h e  bowl contents.  Uot water 

a t  7OoC was c i r cu la t ed  through the copper tubing from a Coimtant 
temperature water bath. 

ions were weighed and placed i n  the blender bowl. 

ro t a t ed  a t  an appropriate  speed t o  ensure adequate mixing f o r  
about 10 minutes. 

6OoC and the s t e a r i c  acid melted. 

a fu r the r  10 minutes. enabling the s t e a r i c  acid t o  homgenously 

spread i t s e l f  over the surface of the powder pa r t i c l eu .  Cold water 

was then c i r cu la t ed  around the blender b o w l ,  reducing clre contents 

t o  room temperature t o  produce dry granules. 

removed f r w  the mixer and passed through a 16 ateah sieve.  

improve f l w a b i l i t y ,  fumed s i l ica  was added to the granules,  but 

Th; sharp blades of the 

Copper tubing was 

The ingredients  of the var ious formulat- 

The paddle was 

During t h i s  time the blender contents  reached 

The motor was l e f t  r o t a t i n g  f o r  

The granules were 
To 
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4 54 RUBINSTEIN AND HUSIKABINkMA 

no further lubricant vas added since the granules vere effectively 

self-lubricating. Compression of the granules vas effected on a 

Hpnesty F3 instrtracicted amchine betwen 4" punches at 4 1 ,  102 and 

215 

bight Variation 
20 tablets from each batch were individually wighed and the 

m a n ,  the standard deviation, and the coefficient of variation 

evaluated. 

Crushi 1 1 s  Strength -- 
A Schleiini ,ger hardness tester wzs used to determine the aver- 

age harclncss from 10 tablets from each batch. 

Friability 
Tablet friability was determined using a Roche Friabilator. 

About 10s of tablets vere accurately wiglied, placed i n  the fria- 
bulator and rotated 100 times. The percentage weight lost vas 

determined. 

Disintegration Test 
Disintegration time was aearured by the B.P. method. The 

m a n  of 10 determinations vas recorded. 

Dissolution Rjrc 

The U.S.P. apparatus was utilised; the basket rotating at 

I W  r.p.m. The content of paracetamol in solution was meaeured 

at 242 nm and the time taken for 50% (tsoz) and 90% ( tsox)  of 

parncrtamol to achicve solution calculated. 

Storage 

Tablets were stored at varying temperatures and humidities 

for 15 months. 

tight bottles aiid stored at temperatures of 25OC. 35OC and 45OC 

in iiicrihntors. Tablets were also stored in containers maintained 
at 25'C mid 43%. 2SoC ond 80%, 35OC and 63%. and 3S0C acid 80% 

Small quantities of tablets were kept in air 
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DIRECT GLLANULATION HETIIOI) 455 

relative liuddity. A saturated solution of ruaoniur sulplmte was 
uaed to produce 80% relative humidity and a saturated solution of 
p c s a d w  carbonate tu produce 43% relative hmidity. 

RESULTS AND DISCUSSION 

The i n  vitro properties of tablet8 prepared with varying 
amounts of #odium lauryl aulphate are siiowi in Table 1. 
aodira lauryl aulphate was diatributed (a) intragranularly, (b) 

half intra and half extragranularly, (c) extragranularly. 
Increasing the amount of soditam loury1 sulphate reduced -the dis- 
integration t h  of the tablet. and correspoudinyly iucreaned 

tablet diaaolution rates. It can be seen froa Table 1 that the 
optimum concentration of sodium lauryl sulphate was fouid to  be 
0.1% diatributed extragranularly. 

The 

Further batches of tobleta w r e  produced, but with vorying 
amounts of maize starch distributed intragrauularly, lulf intra- 
granularly and lrelf-extrngranularly, and extragrunularly. In a l l  
these b8td&?a, 8odiur~ lauryl aulpharr vas iucorporatcrd cwtragran- 
ularly at a concentration of 0.1%. 
obtained. 

Table 2 depicrs the results 

As starch conceiitration increased, tablet hardness slightly 
4 decrcaaed. 

Disintegration time greatly decreased and dissolution rate 

increased as the starch content increased over the racige 5-10%. 

The best formulation was found to  contain 10% starch distributed 

extragranularly which had a t 

"his is in agrecraeiit with the work of Sakr et a1 

of 5 minutes. 902 

By preliminary experimentation it  was found that graiinlrs 

produced by the direct yraiiulatioa me tllod required the inclusion 
of a glidant to improve granule flow. Fumed silica was therefore 
incorporated excragranulurly iii varying propatious and, for each 
batch, tablet coefficient of weight variation was evaluated. 

Prom Table 3 it can be seen that the miiiimum quantity of 
fumed silica required wan 0.5%; below this concentration, tablet 
weight variation increaaed. 
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458 RUBINSTEIN AND HUSIKABHUWA 

Cab-O-Sil 

x 

TABLE 3 

The effect of Cab+-Sil on the Ueight Variation of Paracetam1 

Tab 1 e t s 

Tablet Ueight 

(mean f S.D.) x 
Pg c. 1.. 

0.4 

0.5 

663.75 f 2.93 0.442 

663.68 t 2.69 0.391 

0 . 6  

0.8 

1 .o 

Although at this ataga calcicm hydrogen phosphate had been 

used as the sole diluent. the effect of incorporating an alternat- 
ive diluent, namely microcrystalline cellulose, vaa investigated 

Cranulea and tablets vere produced containing either 30 mg/tablet 
calcium hydrogen phosphate or 30 mg/tablet microcrystalline cell- 
ulose. The results (Table 4) showed that the formulation contain- 
ing microcrystalline cellulose produced tablets with improved 
uniformity of weight variation. 
ration time, hovever. were comparable. In order to assess the 
effect of sodium starch glycollate, vhich waa considered a super- 
ior dieintagrant to starch, granules and tablets of paracetaawl 
made by the direct granulation method and containing either starch 
67 ag/tablet or sodium starch glycollate 67 & t a b l e t  were compar- 
ed, 

Dissolutiun rates and disinteg- 

It was focind initially that formulations containing sodium 

661.32 t 2.74 0 . 4 1 3  

660.18 f 2.79 0.424 

644.61 f 2.94 0.450 

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.



TA
BL

E 
4 

Th
e 

P
ro

p
er

ti
er

 o
f 

P
ar

ac
et

am
1 

T
ab

le
t8

 C
on

ta
in

in
g 

fi
cr

o
cr

y
st

a
ll

in
e 

C
el

lu
lo

se
 a

nd
 

C
al

ci
um

 M
on

oh
yd

ro
ge

n 
P

ho
sp

ha
te

 

C
al

ci
um

 
ph

os
ph

at
e 

an
d 

E
xp

lo
ta

b 

T
ab

le
t 

W
ei

gh
t 

Fo
rm

ul
a 

66
7.
58
 
f 
6.
66
 

I 
(m

ea
n 

2 
S.

D
.)

 

60
5.
69
 
f 

5.
95
 

I 
A

vi
cc

l 
an

d 
E

xp
lo

ta
b 

C
al

ci
um

 
I I 

66
8.
29
 
t 

2.
91
 

ph
os

ph
at

e 
an

d 
10

%
 st

ar
ch

 

A
vi

ce
l 

an
d 

10
%

 st
ar

ch
 

66
9.
56
 
f 

2.
31
 

C.
V.
 x 

0.
90

3 

0.
99
8 

0.
43
5 

0.
35
4 

8a
rd

ne
rr

 

S
.C

.U
. 

10
.3
 

12
.0

 

11
.0

 

13
.2

 

D
is

in
te

gr
at

io
n

 
t i

nc
 

(m
in

) 

0.
57
 

0.
78
 

0.
38
 

0.
38
 

D
ir

ro
lu

ti
on

 R
at

e 
b

in
) 

T5
01
 

' T
90

% 

0.
75
 

1.
50

 

0.
75
 

0.
75
 

I.
C

.U
. 

= 
st

ro
ng

 c
ob

b 
u

n
it

s.
, 

S.
D.
 

= 
st

m
d

ar
d

 d
e

v
id

o
n

..
 

C
.V

. 
- co

ef
fi

ci
en

t 
va

ri
at

io
n

 

1.
92

 

4.
41

 

5.
00
 

rc .
oo
 

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.



460 RUBINSTEIN AND WSIKABHUPMA 

starch glycollate did not require the inclusion of sodium lauryl 

sul.pliate as a vetting agent, unlike the starch formulations. This 

was considered to be due to the large vater sorption properties of 
sodium starch glycollate. It van found that, in a l l  cases, tab- 
lets containing microcrystalline cellulose with either starch or 
soditr starch glycollate, produced tablers with similar superior 
properties to tablets produced using calcium hydrogen phosphate as 

the diluent. Therefore a study was conducted with tablets con- 
taining either (a) starch or (b) s o d i m  starch glycollate as dis- 
integrant and microcrystalline cellulose au diluent. 

The results from both formulations are shown in Table 5 

together vith results obtained with a proprietary paracetemol 
tablet. LI increase in compaction pressure for both foraulati~ons 
resulted in a reduction in tablet weight vsriation, probably due 
to increased vibration of the tabletting machine at higher com- 
paction pressures. 
paction pressure also resulted in u r k e d  increaser in tablet hard- 

nesses and decreased friabilities. Similar findings for vet 
graniilated tablets have been found by Higuchi et 01, 1953. Unus- 

ually, however, paracetaw1 tablets produced by the direct granul- 
ation method exhibited no change in disintegration tiac as com- 
pression pressure increased. Disintegration times for both form- 
ulations reauined good at under 1 minute. Similarly, dissolution 

rate chsiiges at all presstires were insignificant. 

rodiua starch glycollatc-paracetaw1 tablets and starcli-paracetam- 

01 tablets were all less than or about 8 minutes, which compared 

very favourably with commercial paracetaw1 tablets made by wet 

granulation of about 13.5 minutes. 

It can also be seen that an increase in com- 

The tgOx of 

The effect of storage at different temperatures and huaidit- 
ias on the properties of tablets produced by the new direct gran- 
ulation method and a proprietary product P are shovn in Table 6. 

After 15 months storage at 2SoC snd 3S°C the s o d i m  starch 

glycollate-paracetaal tablets, the starch-paracetaoml tablets, 
and the proprietary tablets showed little change in hardness, 
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- 

14.45 

12.00 

18.85 

215 C 

8.90 

17 .50  

27.80 

20 .00  

10.18 

11.47 

54 .00  

17.00 
4 8 . 0  

Proprietary 

d 

55.5c 

27.5C 

52.75 

6 3 . a  

79.5C 

35.5C 

65.M 

> 12C 
> 12c 

- 
Age in1 
Time 
(days) 

15 

30 

60 

210 

- 

- 
15 

30 

60 

210 
4 50 - 

15 

30 

6 0  

210 - 
I5 

30 

6 0  

210 
450 - 

25OC 35OC 

43.25 

59.00 

> I20 
- 

9.55 

8.40 

10.35 

-- .. 

25OC 

- 
14.00 

6 . 7 5  

5.00 

6.75  - 
8.75 

4 . 2 0  

4 .15  

5.85 
56.00 - 
7.3s 

4 . 7 s  

8.00 

6 . 3 0  
- 
14.75 

14.75 

19.50 

17.65 
7 7  .oo - 

8.50 

9 . 2 5  

11.50 

3 3 . w  

0o.M 

a - 7.68 m i n . ,  b - 8 . 3 0  min. ,  c - 7.85 Pin a t  the time of 
preparation, d * 13.80 at  the rime of purclrasr 
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disintegration time and dissolution rate, indicating good long 

term stability under these conditions. Harginally the tablets 

containing sodium starch glycollate were s o w d u t  better as Far as 
dissolution vas-concerned at the highest cwpaction pressure. 

35OC, 80% relative lruidity, all the forwlations exhibited poorer 
dissolution rates a d  larger disintegration tip.. at high C q 8 C t -  
ion pressures. tbwever, dissolution and disintegration was insig- 

nificantly effected a t  low and medium pressures. 

rease in dissolution rate, nn increase in hardness and longer dis- 
integration tiaes were found. 

sodiu starch glycollate Itad a t 
102 I.b(m’L o €  0.97. 5.75 and 2.63, 6.00 mine rerpectively. These 

rates c~~paredvery Levourably with the proprietary tablets which 
exhibited a tSoX and t90X of 12.33 and 68.00 nine respectively. 

At 

At 45OC. a dec- 

However, tabletr made containing 

and tgOX at 47 HNp’2 and 
503 

Plates 1 and 2 show scanning electron photomicrographs OF a 
granule of paracetaaol containing sodirn starch glycollate before 
dissolution (FloLe 1) and after dissolution (Plate 2). It can be 

seen that the rtearic acid effectively binds tbe powder ingred- 
ients together by adhesion at points on the powder surface, so 

producing a poroua hooeycd structure. 
place efficiant1,y from this syatem to ultimately yield an infra- 
structure corposed of non-soluble powder particlea (calciir wno- 

hydrogen phoaphate. sodium starch glycollate. etc;) held together 

by sterric acid. It w u l d  seem that if the concentration of 
stearic acid is increased. then stearic acid will totally coat the 
particle sitrfsc.es, redtrriiig the dissolution aechanisa to a slow 

leaching procers through the film of stearic acid and producing 

very  auch slower overall dissolution rates, as is found in aus- 
taincd rcl case formulations. 

Dissolution then takes 

CONCLUSIONS 

Parocetano1 tablets 500 ag have been prepsred by a nev direct 
pranirlution method using steoric acid. “lie method consisted OC 
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PIATE 2 
Electron 
Plm taicrograph 
of.. Paracetamol 
Granule After 
Dissolution 

5rm 

teqercltures and liitmidities was also carried out. 
the furmulation it was found that satisfactory tablets could be 
produced which contained either maize starch or sodium starch 

glycollato as disintegrant and microcrystalline cellulose 88 dil- 
uent. 

agent) and fitmixi silica were Found by experimentation. 

By optimising 

The opti-l amounts of sodium lauryl sulphate (as a vetting 

Tablets produced by this method exhibited short disintegrat- 

ion tises atid rapid dissolution rates. Paracetenol tahlcts con- 
taining s o d i w  starch glycollate lmd disintegration thes oE 24, 
24 and 54 seconds, with Iiardnesses of 8.4, 14.0 and 20.'2, strong 
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DIRECT GRANULATION NETUOD 473 

cobb units at 47, 102 arid 215 kho'* respectively. 
ponding dissolution rates (t were all lens than 1 minute, 

with t 
properties of tabletn containing sodium starch glyCOlhte c o p  
prermd at 47 and 102 klNm-* stored for 15 months. 
the tablet dinsolution rates decreased in a Irupid environment. 
Uddity, however, adversely affected the maize starch forulat- 
ions at a l l  campaction pressures. 
decreased the disnolution rates of all tlw for~llatiorir. 

The corres- 

50% 
of a b u t  3 minutes. Uumidity had no effect on the 90% 

At 215 Ma-* 

Storage at 45OC considerably 

In conclusion it 110s been fouird tirot this uew direct gran- 

ulation method using stcaric acid produces nraoulru aird tablets 
of paracetam01 with acceptable properties diicli do not diminish 

upon extended storage up to 35OC. The method provides a means of 
producing granules which combine the benefits o€ direct cwpress- 

ion, namely high throughput. and ease of processing, uith the ad- 
vantages of improved compression and absence of segregation ob- 

tained with vet granulation. 
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