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FORMULATION AND EVALUATION OF PARACETAMOL 500 mg TABLETS
PRODUCED BY A NEW DIRECT GRANULATION METHOD

M.H. RUBINSTEIN
and
P. MUSIKABHUMMA
School of Pharmacy, Liverpool Polytechnic,
Byrom Street, Liverpool L3 3AF, U.K.

Currently there are three general mecthods available for
producing tablets. These methods are (a) direct compreasion,
(b) double compression ar slugging, aud (c) wet granulation.
The simplest method is direct compression, since the drug need
only be mixed with a suitable frce fluwing excipieut and com=
pressed directly into tablets. The process has obvious
advantages since the use of a binding agent is avoided and no
drying at all is required. As a result it can be used to tablet
hydrolysablie and thermolabile drugs. Even though it does have
many advantages, it also has limitations concerning capacity,
colouration and segregationl. Perhaps the most serious dis-
advantage is the segregation of components during handling.
Double compression, however, enables the drug and excipients to be
fixed in relation to each other and no segregation results. As
with direct compression, this method is also useful for hydrolys-
able and thermolabile drugs. A high capital investment is however
necessary to purchase heavy duty tabletting or roller compaction

machines and the process iz lengthy and outputs slow. The most
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commonly used method is wet granulation, because it can be applied
to a wide range of materials. The method often aids compression,
produces granules usually of good flowability, and prevents
segregation of the components making up the formulation. Although
in common use, wet granulation suffers from a number of short-
comings since the method is time consuming, labour intensive, and
complicated. At least six stages are involved in the process:
(1) dry mixing, (2) wet massing, (3) wet screening, (4) drying,
(5) dry screening, and (6) dry blending, and in addition the method
is not suitable for hydrolysable drugs, such as many antibiotics.
This study aims at evaluating a novel direct granulation
method which combines the benefits of direct compression, na;ely
high throughputs and ease of processing, with the advantages of no
segregation and improved compression obtained with wet granulation.
The principle of the direct granulacion method is the utilization
of a binding agent which melts or softens at relatively low temp-
eratures. The molten binding agent then coats the powder part-
icles in the formulation and, upon cooling, granules are formed
directly. It has been found that the whole process can be conduct-
ed in a jacketed high speed mixer-granulator, and the resultant
granules fed directly to the tablet compressor. Apart from reduc-
ing most of the stages in the granulation process, the method also
eliminates the expensive and time consuming drying stage of wet
granulation, thereby significantly increasing the efficiency of
tablet production. An initial study was conductedz using poly-
ethylene glycol as the binding agent. The in vitro properties of
phenylbutazone 100 mg tablets produced using the method, indicated
that the granules were comparable with granules produced by con-
ventional wet granulacion. The tablets exhibited short disinteg-
ration times and fast dissolution rates. Subsequently Shah et 313
satisfactorily made tablets from six different drug formulations
using a modified method in which polyethylene glycol 6000 was
melted by means of hot air. This work evaluates stearic acid as

s dry binder for the production of paracetamol 500 mg tablets.
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MATERIALS
Paracetamol (Evans Medical Ltd., Liverpool). Stearic acid, starch,
sodium lauryl sulphate and calcium hydrogen phosphate anhydrace
(Bricish Drug Houses, Poole). Fumed silica (Cab-0-Sil, Cabot Corp-
oration, U.S.A.). Sodium starch glycollate (Explotab, K & K Greeff
Fine Chemicals Ltd., Croydon). Microcrystalline cellulose (Avicel
PH102, Honeywell & Stein Ltd., Surrey).

HETUODS
Granules of paracetamol were prepared coutaining paracetamol,
stearic acid as binding agent, starch or sodium starch glycollate
as disintegrant, sodium laurvl sulphate as a wetting agent,
calcium hydrogen phosphate or microcrystalline cellulose as dil-
uents and fumed silica as a glidanc.

Apparatus
A Kenwood electronic blender was modified to produce a small

scale high speed mixer-granulator. The sharp blades of the
blender were replaced with paddle blades which could be progress-
ively rotated at speeds up to 4200 r.p.m. Copper tubing was

wound around the bowl of the blender in order to allow hot or

cold water to warm up or cool down the bowl contents. Mlot water
at 70°C was circulated through the copper tubing from a constant
temperature water bath. The ingredients of the various formulat-
ions were weighed and placed in the blender bowl. The paddle was
rotated at an appropriate speed to ensure adequate mixing for
about 10 minutes. During this time the blender contents reached
60°C and the stearic acid melted. The motor was left rotating for
a further 10 minutes, enabling the stearic acid to homogenously
spread itself over the surface of the powder particles. Cold water
was then circulated around the blender bowl, reduciang the contents
to room temperature to produce dry granules. The granules were
removed from the mixer and passed through a 16 mesh sieve. To

improve flowability, fumed silica was added to the granules, but
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no further lubricant was added since the granules were effectively
self-jubricating. Compression of the granules was effected on a
Manesty F3 instrumented machine between }" punches at 47, 102 and
215 mm=2,

Weight Variation

20 tablets from each batch were individually weighed and the
mean, the standard deviation, and the coefficient of variation

evaluated.

Crushing Strength

A Schleuni.ger hardness tester was uscd to determine the aver-

age hardness from L0 tablets from each batch.

Friability

Tablet friability was determined using a Roche Friabilator.
About 10g of tablets were accurately weighed, placed in the fria-
bulator and rotated 100 times. The percentage weight lost was

determined.

Disintegration Test

Disintegration time was measured by the B.P. method. The

mean of 10 determinations was recorded.

Dissolution Rate

The U.S.P. apparatus was utilised; the basket rotating at
100 r.p.m. The content of paracetamol in solution was measured

Soz) and 902 (t ) of

paracetamo]l to achieve solution calculated.

at 242 nm and the time taken for 502 (t 902

Storage

Tablets were stored at varying temperatures and humidities
for 15 months. Small quantities of tablets were kept in air
tight bottles and stored at temperatures of 25°C, 35°C and 45°C
in incubators. Tablets were also stored in containers maintained
at 25°C and 432, 25°C and 80Z, 35°C and 43%, and 35°C and 80%
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relative humidicy. A saturated solution of awmonium sulphate was
used to produce 80Z relative humidity and a saturated solution of
parassium carbonate to produce 437 relative humidity.

RESULTS AND DISCUSSION

The in vitro properties of tablecs prepared with varying
amounts of sodium lauryl sulphate are shown in Table 1. The
sodium lauryl sulphate was distributed (a) inctragranularly, (b)
half intra and half extragranularly, (c) extragranularly.
Increasing the amount of sodium lauryl sulphate reduced -the dis~-
integration time of the tablets and correspondingly increased
tablet dissolution rates. It can be seen from Table 1 that che
optimum concentration of sodium lauryl sulphate was found to be
0.1% disctributed extragranularly.

Further batches of tablets were produced, but with varying
smounts of maize starch distributed intragranularly, half intra-
granularly and half-extragranularly, and extragranularly. In all
these batches, sodium lauryl sulphate was incorporated extragran=-
ularly at a concentration of 0.1%. Table 2 depicts the results
obtained.

As starch concentration increased, tablet hardness slightly
decreased. This is in agreement with the work of Sakr et alb
Disintegration time greatly decreased and dissolution rate
increased as the starch content increased over the range 5-10Z.
The best formulation was found to contain 102 starch distributed

extragranularly which had a ¢ 2 of 5 wminuces.

90

By preliminary experimentation it was found that granules
produced by the direct granulation method required the inclusion
of a glidant to improve granule flow. Fumed silica was therefore
incorporated extragranularly in varying proportious and, for each
batch, tablet coefficient of weight variation was evaluated.

From Table 3 it cvan be seen that the minimum quantity of
fumed silica required was 0.5%; below this concentration, tablet

weight variation increased.
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TABLE 3
The Effect of Cab-0-Sil on the Weight Variation of Paracetamol
Tablets

Tablet Weight
Cab-0~-Sil ®g c.v.

2 (mean ¢ S.D.) 2

0.4 663.75 ¢ 2.93 0.442
0.5 663.68 * 2.69 0.391
0.6 661.32 * 2,74 0.413
0.8 660.18 ¢t 2.79 0.424
1.0 644.61 = 2.94 0.450

S.D. = standard deviation., C.V, = coefficient variation

Although at this stage calcium hydrogen phosphate had been
used as the sole diluent, the effect of incorporating an alternat-
ive diluent, namely microcrystalline cellulose, vas investigated
Cranules and tabletrs 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. Dissolution rates and disinteg-
ration time, however, were comparable. In order to assess the
effect of sodium starch glycollate, which was considered a super-
ior disintegrant to starch, granules and tablets of paracetamol
made by the direct granulation method and containing either starch
67 mg/tablet or sodium starch glycollate 67 mg/tablet were compar-

ed. It was found initially that formulations containing sodium
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starch glycollate did not require the inclusion of sodium lauryl
sulphate as a wetting agent, unlike the starch formulations. This
was considered to be due to the large water sorption properties of
sodium starch glycollate. It was found that, in all cases, tab-
lets containing microcrystalline cellulose with either starch or
sodium starch glycollate, produced tablets 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) sodium starch glycollate as dis-
integrant and microcrystalline cellulose as diluent.

The results from both formulations are showm in Table 5
together with results obtained with a proprietary paracetamol
tablet. An increase in compaction pressure for both formulations
resulted in a reduction in tablet weight variation, probably due
to increased vibration of the tabletting machine at higher com-
paction pressures. It can also be seen that an increase in com—
paction pressure also resulted in marked increases in tablet hard-
nesses and decreased friabilities. Similar findings for wet
granulated tablets have been found by Higuchi et al, 1953. Unus-
ually, however, paracetamol tablets produced by the direct granul-
ation method exhibited no change in disintegration time as com-
pression pressure increased. Disintegration times for both form-
ulations remained good at under 1 minute. Similarly, dissolution
rate changes at all pressures were insignificant. The 90z of
sodium starch glycollatc-paraceramol tablets and starch-paracetam-
ol tablets were all less than or about B minutes, which compared
very favourably with commercial paracetamol tablets made by wet
granulation of about 13.5 minutes.

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

After 15 months storage at 25°C and 35°C the sodium starch
glycollate-paracetamol tablets, the starch-paracetamol tablets,

and the proprietary tablets showed little change in hardness,
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463

The Effect of Temperature and Relative Humidiry on the Wardness

(s.c.u.) of Starch-Paracecamol Tablets and the Propriccary P

[+] (4]
. . 25°¢C 35°¢

gn:lpreu.on ;gemg 25%¢ 35°% 45°c

essure ime RH R R Ru

M2 (days) 432 | 80Z| 43%| 802
15 8.8] 7.6] 9.8]10.7] 8.9 9.9 14.4
30 7.9] 71.0] 10.0}10.0] 9.1} 10.2] 12.8
41 a 60 8.1| 7.0]11.0] 9.9] 8.4 10.2{ 14.3
210 8.7] 8.4 11.4) 10.9] 8.4 | 10.3] 14.4
450 9.8| 10.0] 12.2) 11.8] 9.2 ] 11.7} 14.9
15 14.6) 13.1] 15.9] 16.3] 14.7 | 15.8} 20.7
30 14.5)11.7] 16.6| 14.5] 14.8 | 16.0 | 19.5
102 b 60 13.9] 13.2] 16.5] 15.8| 14.2 | 16.6 | 20.8
210 15.0] 13.3] 17.5} 17.1] 14.3 | 16.3 ] 18.9
450 16.4] 15.9] 18.3} 16.9} 15.9 } 18.8 | 20.4
15 20.7] 19.1§ 21.7] 20.9] 22.1 | 22.4] 24.5
30 20.0] 19.7] 22.1{ 21.5{ 21.1] 21.4] 23.6
215 ¢ 60 19.7] 18.4] 21.3] 20.5] 20.9 ] 21.5| 24.8
210 20.6f 18.6| 21.6] 20.8] 20.3 | 22.2| 23.5
450 21,40 20.6) 23.4) 22.3} 21.3 ) 23.4 | 24.2
15 12.9] 11.7] 12.2] 12.6] 12.2 | 12.4} 12.6
30 12,5 11.5] 11.9] 12.1] 12.2 | 11.5 ] 11.5)
Proprietary P| 60 12,2 11.5] 12.1} 12.2} 12.2 | 12.6 | 12.1
d 210 12.4( 12.0] 12.8] 12.8} 11.9 | 10.1] 11.6
450 14.0] 13.8] 13.3] 12.6} 12.5 ] 13.2] 12.6
a=8.48.cou., b=14.0s.c.u., ¢ = 20.2 s.c.u. at the ti.e of

preparation, d = 12.5 at the time of purchase
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TABLE 6d

The Effect of Temperature and Relative lumidicy on the
Disintegration Time (wmin) of Starch-Paracetawmvl Tablets and
Proprietary P :

g:::::::ion ;g::nx 25% 37 25°c | 35%c | 45°c
/il Ril Ril RH
MNa~2 (days) 432 | 8oz | 431 | 8oz
15 0.50| 0.48] 0.53| 0.62]/0.43 | 0.47 | 1.37
30 0.47] 0.50] 0.75| 1.07]0.52 | 0.47 | 1.75
47 a 60 0.50| 0.52] 0.67} 0.75/0.43 | 0.53| 1.30
210 0.47] 0.63]| 0.78] 0.97]0.48 | 0.50 | 2.67
450 0.42] 0.70} 1.32] 1.53{0.43 | 0.50 | 1.32
15 0.43} 0.52| 0.78| 1.22}0.45 | 0.65 | 2.63
30 0.45| 0.48{ 0.63} 1.77]0.48 | 0.60 | 3.05
102 b 60 0.48| 0.62} 0.90| 1.72}0.32 | 0.57 | 3.72
210 0.46] 0.63] 0.78] 0.97]0.48 | 0.83 | 2.67
450 0.28{ 1.17| 3.55] 2.57]0.38 | 0.75 | 6.22
15 0.47| 0.60] 0.77} 2.22}0.45 | 0.72 | 2.50
30 0.48{ 0.67} 0.72] 2.82|u.50 | 0.60 | 0.68
215 c 60 0.62] 0.88| 0.85| 0.55[{0.45 | 0.68 | 2.93
210 0.50} 3.07| 2.68] 3.38/0.55 | 0.90 | 5.60
450 0.63] 1.50] 8.75{13.48/0.57 | 1.30 |40.39
15 2.57] 1.00| 1.52| 2.68{1.78 { 1.22 | 2.33
30 1.52) 4.12) 3.27| 1.53]4.93 | 1.58 | 2.62
ProprietaryP| 60 2.42} 7.52} 4.73] 1.25{1.18 | 1.67 | 2.50
210 2.22] 7.00} 4.57| 1.18]4.03 | 7.35 | 3.28
450 3.22] 2.12] 3.10] 3.08{1.98 | 6.57 | 5.83

e = 0.47 min., b = 0.43 min., ¢ = 0.88 min act the time of
preparation, P = 1.47 min at the time of purchase
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TABLE 6g
The Effect of Temperature and Relative Humidity on the Dissoiution
Rate, t 0 (min) of the Starch-Paracetamol Tablets and the
?roprie§a§y 4
Compression | Ageing 25% 35% ° ° o
Pressure Time 25°Cy) 35Cc| 45°C
RH RH RH RH
M2 (days) 432 | sox | 432 | 8oz
5 0.821 0.77} 3.80{ 1.95} 0.95] 1.70 | 8.92
47 a 30 0.701 0.72| 3.72] 4.00] 0.80| 1.75| 5.83
60 1.30] 0.77} 3.40] 3.50] 1.20] 3.40{ 10.15
210 1.00{ 0.77} 4.65} 3.00} 1.00| 2.85] 9.70
15 1.17] 0.83} 2.43} 3.38| 0.83] 1.77 9.17
30 0.871 1.87} 1.98} 6.72}] 1.33] 1.73] 9.70
102 b 60 0.75} 0.80| 2.67(10.75] 0.80] 7.15| 10.50
210 0.95! 0.30| 9.75} 6.25} 0.95] 2.25| 14.00
450 2.58| 3.75| 4.17|30.00} 1.67| 8.67 ] 30.00
15 1.33§ 1.47} 1.50]10.17) 1.13) 1.33| 8.17
215 c 30 0.70{ 1.50{ 1.33{11.00} 1.27) 1.17] 8.83
60 1.207 1.35f 2.50{12.85] 1.00] 2.50}( 6.50
210 1.33] 2.50{14.00)17.05} 1.20{ 1.85] 14.05
15 - 2.50] 2.40] 4.45} 1.63| 3.30} 2.22} 2.50
30 2.13] 2.27] 2.13}| 1.63] 2.60] 2.47 3.35
ProprietaryP, 60 3.60| 3.05| 3.10| 2.40] 4.65] 4.15| 6.00
4 210 4.75| 1.70{ 6.45( 2.00{ 3.08| 6.60] 10.40
450 7.58f 2.03}16.83} 4.25117.33} 8.95} 12.33

a=0.80min., b= 1,05 min., c = 1.17 min at the time of
preparation, d = 2.30 at the time of purchase
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TABLE 6h

The Effect of Temperature and Relative lumidity on the Dissolution
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Rate, ¢ 0z (min) of cthe Starch-Paracetamol Tablets amd the
Proprie‘zary | 4
o o
Compression | Ageing 25°¢c 35°C 25%| 35°d  45%
Pressure Time RH R4 RH RH
Min™2 (days)| 432 | 802 | 432 | 8oz
15 3.20] 4.00] 23.00]11.00| 14.00 8.'90 55.50
47 s 30 4.85) 3.2%:19.50]|12.00] 6.75] 17.50{ 27.50
60 4.45] 5.00( 59.00}20.50]| 5.00} 27.80] 52.75
210 9.15| 5.00] 42.50(20.00} 6.75] 20.00f 63.00
15. 9.35] 3.95§ 9.10{11.93| 8.75] 10.18} 79.50
30 4.65] 8.75112.90}41.75 4.201 11.47] 35.50
102 b 60 3.25) 4.75] 14.2547.00| 4.15 54.00| 85.00
210 9.35{11.25] 88.75(55.00] 5.85| 17.00{ > 120
450 |22.00{17.00} > 120}> 120 56.00{ 48.00] > 120
15 |11.00] 7.90113.,75]88.00) 7.35| 8.50] 49.00
215 c 30 2.85|10.75 | 8.60043.25 | 4.75] 9.25| 33.00
60 7.00} 7.501 20.25]59.00 8.00] 11.50{100.00
210 J13.75120.00 >120]>120| 6.30] 21.25] 42.30
15 [12.75{10.13{ 14.45}1 9.55}14.25} 7.85] 15.50
Proprietarle 30 [10.50|12.30 | 12.00{ 8.40 | 14.75 ] 10.35} 13.10
60 121.85{12.45] 18.8510.35 |19.50] 13.75| 21.30
d 210 24.50(15.50} 70.00|13.15 | 17.65] 58.50| 61.00
450 50.25|14.50 | 40.75[18.75 177.00] 55.00| 68.00
a=7.68 min., b = 8.30 min., ¢ = 7.85 wmin at the time of
preparation, d = 13.80 ac the time of purchase
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470 RUBINSTEIN AND MUSIKABHUMMA

disintegration time and dissolution rate, indicating good long
term stability under these conditions. Marginally the tablets
containing sodium starch glycollate were somevhat better as far as
dissolution was_concerned at the highest compaction pressure. At
35°c, 802 relative humidity, all the formulations exhibited poorer
dissolution rates and larger disintegration times at high compact-
ion pressures. However, dissolution and disintegration was insig-
nificantly effected at low and medium pressures. At 45°C, a dec-
rease in dissolution rate, an increase in hardness and longer dis-
integration times were found. However, tablets made containing
and t at 47 MNm™? and

502 902
102 MNm~2 of 0.97, 5.75 and 2.63, 6.00 mins respectively. These

sodjum starch glycollate had a t

rates compared very favourably with the proprietary tablets which

exhibited a ¢t 2 and t of 12.33 and 68.00 mins respectively.

50 902

Piates 1| and 2 show scanning electron photomicrographs of a
granule of paracetamol containing sodium starch glycollate before
dissolution (Plate 1) and after dissolution (Plate 2). It can be
seen that the stearic acid effectively binds the powder ingred-
ients together by adhesion at points on the powder surface, so
producing a porous honeycomb structure. Dissolution then takes
place efficiently from this system to ultimately yield an infra-
structute composed of non-soluble powder particles (calcium mono-
hydrogen phosphate, sodium starct glycollate, etc.) held together
by stearic acid. It would seem that if the concentration of
stearic acid is increased, then stearic acid will totally coat the
particle surfaces, reducing the dissolution mechanism to a slow
leaching process through the film of stearic acid and producing
very much slower overall dissolution rates, as is found in sus-

tained release formulations.

CONCLUSIONS

Paracetamol tablets 500 mg have been prepared by a new direct

granulation method using stearic acid. The method congsisted of
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PLATE 1

Electron
Photomicrograph
of a Paracetamol
Cranule Before
Dissolution
x500

mixing the formulation ingredients in a modified water-jacketed
blender. HotL water was passed through the jacket during the
mixing stage to melt the stearic acid and coat the powder partic~
les. After a further time interval, cold water was passed through
the jacket to produce granules directly in che blender. To
improve the flowability of the resultant granules, fumed silica
was incorporated extragranularly. Tablets were prepared from
these granules and the effect of formulation on the physical and

in vitro properties investigated. long term storage at various
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PLATE 2

Electron
Photomicrograph
of ‘a Paracetamol
Granule After
Dissolution

*500

temperatures and humidities was also carried out. By optimising
the formulation it was found that satisfactory tablets could be
produced which contained either wmaize starch or sodium starch
glycollate as disintegrant and microcrystalline cellulose as dil-
uent. The optimal amounts of sodium lauryl sulphate (as a wetting
agent) and fuied silica were found by experimentation.

Tablets produced by this method exhibited short disintegrat-
ion times and rapid dissolution rates. Paracetamol tahlets con-
taining sodium starch glycollate had disintegration times of 24,

24 and 54 seconds, with hardnesses of 8.4, 14.0 and 2052, strong
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cobb units at 47, 102 and 215 MMm~2 respectively. The corres-
ponding dissolution rates (:soz) were all less than 1 minute,

with :9 of about 3 minutes., Humidity had no effect on the

proper:gil of tablets containing sodium starch glycollate com~
pressed at 47 and 102 MNm~2 gtored for 15 months. At 215 MNm™2
the tablet dissolution races decreased in a humid environment.
Humidity, however, adversely affected the maize starch formulat-
ions at all compaction pressures. Storage at 45°c considerably
decreased the dissolution rates of all the formulations.

In conclugicon it has been Found that this wew direct gran-
ulation method using stearic acid produces granules and tablets
of paracetamol with acceptable properties which do not diminish
upon extended storage up to 35°C. The method provides a means of
producing granules which combine the benefits of direct compress-
ion, namely high throughputs and ease of processiang, with the ad-
vantages of improved compression and absence of segregation ob-

tained with wet granulacion.
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