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ABSTRACT
In this work, the disintegrant and drug release rate enhancing properties of admixtures of corn starch BP (CS) and purified
Lentinus tuber - regium (LT) powders in paracetamol tablets was examined.  A 5 or 10 % w/w admixtures of CS/LT in the
ratios of 1:2 and 2:1; or each disintegrant alone at similar concentrations were added intragranularly by wet granulation.
Granule and tablet properties were evaluated. In vitro drug release rates were compared using T25, T50 and T80 successive
studies. Granule flow was optimal especially at 5 % w/w (2:1), 10 % w/w (1:2) CS/LT and 10 % w/w LT alone. Tablets with
acceptable mechanical strength were obtained across the batches. Tablets with lower disintegration time was obtained with
10 % w/w CS/LT (1:2 and 2:1) while the lowest value occurred in those prepared with 10 % w/w LT alone. A 10 % w/w (1:2)
admixture of CS/LT released 25, 50 and 80 % of paracetamol in 4.00, 7.83 and 20.00 min respectively (p<0.005). Thus, 10
% w/w (1:2) admixture of CS/LT as disintegrant could be very useful to achieve fast disintegration as well as optimal release
rate of paracetamol from its tablet.
Key Words: Disintegrant, drug release rate, admixtures, corn starch, Lentinus tuber - regium, paracetamol tablet.

INTRODUCTION
Tablets are solid dosage forms containing
medicinal substances with or without suitable
diluents. They offer safe and convenient ways
of administering drugs with excellent
physiochemical stability and provision of
accurate dosing in comparison to some other
dosage forms. Despite increasing interest in
controlled release drug delivery systems, the
most common tablets of choice are those
intended to be swallowed whole, disintegrating
to release their medicaments rapidly in the
gastrointestinal tract (GIT) [1]. Drug release
from a solid dosage form can be enhanced by
addition of suitable disintegrants. They are
substances or mixture of substances added to
tablet or capsule formulations to enhance their
fragmentation in an aqueous environment, thus
promoting rapid release of the drug. Tablet
disintegration has received considerable
attention as an essential step in obtaining faster

drug release. The emphasis on bioavailability of
the drug highlights the importance of the
relatively rapid disintegration of a tablet as a
criterion for ensuring uninhibited drug
dissolution behaviour. Many factors affect the
disintegration of tablets [2, 3]. The development
of fast dissolving or disintegrating tablets
provides an opportunity to take into account the
role of disintegrants. The disintegrants function
to oppose the efficiency of tablet binder and the
physical forces acting under compression to
form tablet [4-7]. Earlier, non-modified
substances like alginates, starches, cellulose,
pectins, etc. were used as disintegrants. Today,
superdisintegrants like croscarmellose sodium,
sodium starch glycolate and crospovidone are
commonly used. Proposed mechanism for the
action of disintegrants include water uptake
through wicking, swelling, deformation recovery
and particle repulsion [8, 9]. Disintegrants may
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be added to tablet formulations intragranularly,
extragranularly or combination of both in
definite proportions. Extragranular incorporation
of disintegrants brings about a faster
disintegration of tablets [10]. In the intragranular
method, disintegrant is mixed with other
powders prior to wet massing. Shotton and
Leonard upheld that while disintegrants added
extragranularly caused the tablet to disintegrate
quickly, intragranular disintegrants not only
broke down the tablet but also, the constituent
granules, giving finer particle [11].

Paracetamol is a widely used over the counter
(OTC) analgesic and antipyretic agent,
formulated often in tablets containing up to 500
mg of the drug [12, 13]. It has high permeability,
but low solubility [14]. The limitation to its oral
absorption is the dissolution rate. A tablet is
considered to be rapidly dissolving when more
than 85 % of the labelled amount of drug
substance dissolves within 30 min in a volume
of < 900 ml buffer solution using USP
Apparatus I or II [15].
Lentinus tuber-regium (Fr.) Fr; (Fam:
Polyporaceae), Syn. Pleurotus tuber - regium
Fr; is a basidiomycete growing wildly in
decaying logs in tropical and subtropical
regions of the world [16-19]. The sclerotium,
varying in size is often dark brown on the
surface and white inside. It enjoys popular use
in Nigeria as food and medicine. The white fine
powder of L. tuber - regium is blended as soup
thickener in Nigeria. When added to soup, it
swells and adds bulk to the soup. Due to its
swelling tendency, Iwuagwu and Onyekweli
investigated its use as tablet disintegrant [20].

This study was therefore designed to evaluate the
disintegrant and drug release rate enhancing effects
of admixtures of a standard disintegrant, corn starch
BP (CS) and L. tuber - regium (LT) powders in
paracetamol tablets. Either of the materials was
also applied alone for comparative purposes.

MATERIALS AND METHODS
Materials
All materials were used as received and included
ethanol, n-hexane, hydrochloric acid (Sigma-
Aldrich, USA), magnesium stearate and corn starch

BP, (BDH, England), gelatin (Fitsher, USA),
paracetamol BP powder. Sclerotia of Lentinus tuber
- regium was procured in its natural form from Mile 3
market, Port Harcourt, Nigeria.

Methods
Identification of sample
The sample used for this study was identified by a
Taxonomist, Dr.  N.L. Edwin-Wosu, University of
Port Harcourt reference herbarium as Lentinus
tuber - regium (Fr.) Fr; (Fam: Polyporaceae); Syn.
Pleurotus tuber - regium (Fr.). A voucher number:
OG-Acc-001. UPH-No. C-058 was assigned to it
and it was deposited in the University of Port
Harcourt, Port Harcourt, Nigeria reference
herbarium.

Processing and purification of Lentinus tuber -
regium powder
The dark cover of the sclerotia of L. tuber-regium
was removed. The white tissue was cut into pieces
and milled into fine powder. It was packed into the
column of Soxhlet extractor and extracted with n-
hexane to defat it. It was further extracted with 75 %
ethanol to possibly remove its phytochemical
content. The powder was dried at 60 °C in hot air
oven (Memmert, England) and classified with 250
µm stainless steel sieve.

Preparation of paracetamol granules.
Granules were prepared by wet granulation.
Disintegrants were added intragranularly (Table 1).
Batches A1 and A2 contain 5 % w/w admixtures of
corn starch BP (CS) and purified L. tuber - regium
(LT) in the ratios of 1:2 and 2:1 respectively.
Batches B1 and B2 consist of 10 % w/w mixtures of
CS and LT in the ratios of 1:2 and 2:1 while C1 and
C2 each were prepared with 5 % w/w CS and LT
respectively. D1 and D2 each comprise 10 % w/w
CS and LT as well. Batches of C1, C2, D1 and D2
were prepared to compare A1, A2, B1 and B2.  In
each batch, the excipients were blended with
paracetamol and granulated with gelatin paste. The
kneaded damp material was passed through sieve
10. The sieved mass was dried to constant weight
at 60 °C in hot air oven and then classified using 1
mm stainless sieve.
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Table 1: Formulation compositions of paracetamol tablet.

Ingredient

Composition of batches (% w/w)
A1 A2 B1 B2 C1 C2 D1 D2
5

(CS:LT
1:2)

5
(CS:LT

2:1)

10
(CS:LT

1:2)

10
(CS:LT

2:1)

5
(CS
only)

5
(LT

only)

10
(CS
only)

10
(LT

only)

Paracetamol 80.65 80.65 80.65 80.65 80.65 80.65 80.65 80.65

Magnesium
stearate

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Gelatin 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Lactose 11.36 11.36 6.36 6.63 11.36 11.36 6.36 6.36

Key: CS = Corn starch; LT = Lentinus tuber – regium powder

Determination of granule properties
Bulk, tapped and true densities
Bulk and tapped densities of the granules were
determined by a modification of the method of
Kumer and Kothari [21]. A 25 g of the granule was
poured into a 50 ml glass measuring cylinder and
the bulk volume, V1, was recorded. It was subjected
to 100 taps and the tapped volume, V2, was
recorded. True densities were determined by the
displacement method using n-hexane as non-
solvent [22]. Triplicate determinations of each
parameter were obtained. The respective densities
were computed:= …..(1)

= …..(2)= ×( ) …..(3)

Flow rate and angle of repose
The funnel method reported by Carstensen and
Chan was used to determine the flow rate [23]. Flow
rate was calculated from the mean of three replicate
determinations:

= ... (4)

The angle of repose was determined using the
method reported by Zeleznik and Renak [24]. Three
determinations were carried out. Angle of repose, Ө
was calculated with cone heights and base
diameters.Ө = ….(5)

where h = 3 cm = distance between stem base and
base; d = base diameter of cone of heap of
material.
Compressibility index (CI), Hausner’s ratio and
Porosity
The compressibility index (CI) for each batch of
granule was calculated using the values obtained
for bulk and tapped volumes as:= {1 – [ / 0]} ..... (6)
where V = Tapped volume;  VO = Bulk volume.
Hausner`s ratio was calculated using the respective
values of tapped and bulk densities:

= …(7)

Porosity of each batch of granule was calculated
using the readily determined values of bulk and true
densities:

= {1 – [ / ]} 100 ..(8)

Compression of tablet
The fines of the respective granule was separated
using 250 μm sieve and lubricated with 1 % w/w
magnesium stearate. The lubricated fines was
mixed with the coarse granule and compressed at
predetermined load of 10 kN using a 12.5 mm
diameter die and flat faced punches on a single
punch tablet press (Cadmach Machinery, India).
Tablets were stored in desiccator containing dry
silica gel for 24 h prior to analyses.

Characterization of tablets
The respective batches of paracetamol tablets were
characterized [25]. Tablet uniformity of weight was
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evaluated by selecting twenty tablets, each weighed
on analytical electronic balance (Ohaus, China).
Tablet thickness was determined with a micrometre
screw gauge (VIS, Poland). The diametrical
crushing strength of ten tablets was determined with
digital hardness tester (Erweka TBH 100,
Germany). The friability of ten tablets was
determined in tablet friabilator (Erweka TAR 220,
Germany) set at 25 rpm for 4 min. The
disintegration time of 6 tablets was determined
using a tablet disintegration apparatus (Erweka, ZT
122, Germany) in 1000 ml of 0.1 N hydrochloric acid
maintained at 37 ± 1 °C.

Drug release studies
The BP method was adopted [25]. Paracetamol
tablet was dissolved for 60 min using the rotating
basket set at 50 rpm in dissolution apparatus
(Erweka DT 600 HH, Germany) using 900 ml of 0.1
N HCl maintained at 37 ± 1 °C. At 10 min intervals,
10 ml samples were withdrawn and each time
replaced with same volume of fresh medium
maintained at the same temperature. The
absorbance of the respective samples was read in
Jenway UV/Vis Spectrophotometer (Model 6405) at
maximum wavelength of 245nm.

Data were analysed statistically using ANOVA at P
< 0.05 (SPSS software (version 17, SPSS Inc.
USA).

RESULTS AND DISCUSSION
The results of the physico - chemical tests are
shown in Table 2. For granules prepared with CS

and LT at 5 % w/w (2:1) values of bulk density were
higher than those in the ratio of 1:2 (P< 0.05). At 10
% w/w, there was insignificant difference in bulk
density at all the ratios (P> 0.05), though, there was
significant increase compared to those of 5 % w/w
(P<0.05). However, bulk density increased
significantly on application of either CS or LT alone
at 5 or 10 % w/w compared to those of their
admixtures (P<0.05) with CS alone at 10 % w/w
increasing more than those containing LT   (P <
0.05). Tapped density increased significantly
(P<0.05) with the use of combinations of both
disintegrants at 5 % w/w from 1:2 to 2:1. At 10 %
w/w there was insignificant difference for its
mixtures. Using either of the disintegrants alone at 5
% w/w, there was insignificant difference in the
values obtained (P>0.05), though these values were
higher compared to those obtained from their
admixtures at 5 % w/w. At 10 % w/w alone for both
substances, results were similar to those of 5 %
w/w.

Flow rate was higher in granules containing 5 %
w/w (2:1) than 1:2 disintegrants (P<0.05). This trend
reversed at 10 % w/w with higher value at 1:2. Flow
rate consistently improved as either of the
substances was applied alone at 5 or 10 % w/w
than their admixtures in 5 % w/w level with LT
taking a lead. Using Carr’s classification [20, 26-30],
the respective granules could be classified as
having good flowability considering the general
values obtained for their angle of repose,
compressibility index and Hausner’s ratio (Table 2).

Table 2: Physico-chemical properties of granules
Parameter Formulation batches

A1 A2 B1 B2 C1 C2 D1 D2
Bulk density
(g/ml)

0.45
(0.01)

0.48
(0.01)

0.48
(0.01)

0.46
(0.00)

0.51
(0.01)

0.50
(0.00)

0.47
(0.01)

0.42
(0.01)

Tapped
density
(g/ml)

0.52
(0.00)

0.54
(0.00)

0.54
(0.01)

0.53
(0.00)

0.57
(0.01)

0.56
(0.01)

0.56
(0.01)

0.54
(0.00)

True density
(g/ml)

1.22
(0.01)

1.16
(0.01)

1.16
(0.01)

1.22
(0.01)

1.22
(0.01)

1.13
(0.01)

1.26
(0.01)

1.16
(0.01)

Flow rate
(g/s)

7.22
(0.56)

12.55
(1.03)

10.55
(0.63)

9.85
(0.66)

9.32
(1.05)

9.95
(0.72)

9.11
(1.16)

11.45
(0.62)

Angle of
repose (o )

34.84
(0.64)

34.75
(0.56)

35.81
(1.89)

34.535
(0.85)

36.11
(3.05)

34.63
(1.47)

35.13
(2.70)

33.18
(1.23)

Carr’s index
(%)

13.00
(0.01)

12.00
(0.01)

12.00
(0.01)

13.00
(0.01)

10.00
(0.01)

10.00
(0.01)

10.0
(0.01)

22.00
(0.01)

Hausner’s
ratio

1.16
(0.01)

1.13
(0.01)

1.13
(0.01)

1.15
(0.01)

1.12
(0.01)

1.12
(0.01)

1.12
(0.01)

1.19
(0.01)

Porosity (%) 63.00
(0.01)

59.00
(0.01)

59.00
(0.01)

62.00
(0.01)

58.00
(0.01)

56.00
(0.01)

63.00
(0.01)

64.00
(0.01)

Key: Data in bracket are standard deviations
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The results for the tablet properties are presented in
Table 3. All the batches exhibited narrow weight
variations as shown in their relatively low standard
deviations and relatively narrow variation in tablet
thickness. These parameters could be considered
acceptable on the basis of weight variation test.
Gross variation in the weight of tablets could result
from improper mixing during granulation process
and from improper machine setting. The size and
distribution of the compressed granules can also
affect tablet weight [15].

In terms of tablet crushing strength, batches
prepared with 5 % w/w (1:2 and 2:1) showed
insignificant difference for those of CS and LT
(P>0.05). There was equally insignificant difference
on application of either CS or LT alone at 5 % w/w
(P>0.05). At 10 % w/w (1:2 and 2:1) higher crushing
strength was obtained in the combination of 1:2
(P<0.05), though, this value was slightly lower than
those obtained on the application of 10 % w/w CS
alone (P<0.05). For all the batches of paracetamol
tablets studied, values of crushing strength was
generally above 4 KgF. A crushing strength of 4-10
KgF is acceptable for oral tablets. Higher values
(10-20 KgF) may be allowed for some sustained
release tablets. Tablet hardness has been
associated with other tablet properties such as
density and porosity. Tablet hardness depends on
the shape, chemical properties, binding agent and
pressure applied during compression [31, 32].
Another measure of the mechanical strength of
pharmaceutical tablets is the crushing strength-
friability ratio (CSFR). The crushing strength
provides a measure of tablet strength while friability
is a measure of tablet weakness. Studies have

shown that the higher the CSFR the stronger the
tablet [31, 32].  In this study, the values of CSFR
ranked as follows:  5 % w/w (1:2) ˃ 10 % w/w (1:2)
˃ 5 % w/w (2:1) ˃ 10 % w/w CS only ˃ 10 % w/w
(2:1) ˃ 5 % w/w (2:1) ˃10 % w/w LT only ˃ 10 %
w/w (1:2). Tablet friability values were generally less
than 1 % across the respective batches studied. A
friability value less than 1 % is generally considered
acceptable [27].
Each batch of the tablets disintegrated in less than
15 min. Most uncoated tablets are required to
disintegrate in 15 min while for coated tablets up to
2 h may be required [27]. Tablet disintegration test
is limited to manufacturing control of batch-to-batch
variations in individual products and is a measure of
bioavailability [33]. In this work there was
insignificant difference in the disintegration time for
both mixtures of disintegrants at 10 % w/w
(P˃0.05). At 5 or 10 % w/w CS or LT alone, tablets
of 5 % w/w LT  showed lower disintegration time
than those of CS (P<0.05). Iwuagwu and Onyekweli
obtained similar result with concentrations of P.
tuber - regium lower than 10 % w/w [20]. This
implies that purified L. tuber regium may be a better
substitute to corn starch BP at 5 % w/w.
Statistically, at 10 % w/w there was insignificant
difference in disintegration time between LT and CS
alone; though those of LT alone were much lower
than those of 5 % w/w of CS and LT (1:2 or 2:1) and
5 % w/w CS alone (P<0.05). These results showed
that faster disintegration of paracetamol tablet could
be obtained by using admixtures of CS and LT at 10
% w/w (1:2 or 2:1).

Table 3: Properties of paracetamol tablet
Parameter A1 A2 B1 B2 C1 C2 D1 D2

Mean
Weight (mg)

667.75
(0.03)

701.30
(0.04)

655.85
(0.02)

635.30
(0.01)

613.85
(0.01)

644.60
(0.02)

636.45
(0.01)

606.45
(0.01)

Mean thickness
(mm)

4.18
(0.11)

4.80
(0.23)

4.30
(0.05)

4.30
(0.05)

4.13
(0.08)

4.38
(0.06)

4.31
(0.13)

4.18
(0.09)

Mean crushing
strength (KgF)

5.92
(0.75)

6.71
(1.56)

8.01
(1.17)

6.00
(0.82)

7.04
(1.34)

6.91
(1.80)

8.40
(2.53)

6.15
(1.43)

Friability
(%)

0.41
(0.01)

0.55
(0.01)

0.56
(0.01)

0.58
(0.01)

0.85
(0.01)

0.61
(0.01)

0.74
(0.01)

0.62
(0.01)

Crushing strength
friability ratio
(CSFR)

14.44
(0.01)

12.20
(0.01)

14.30
(0.01)

10.34
(0.01)

8.28
(0.01)

11.33
(0.01)

11.35
(0.01)

9.92
(0.01)

Mean
disintegration
time (min)

7.21
(2.71)

10.50
(2.39)

5.74
(3.27)

5.11
(2.82)

10.72
(0.25)

5.87
(0.24)

5.68
(0.63)

3.50
(0.61)

Key: Data in bracket are standard deviations
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Figure 1: Effect of disintegrants on the release rate of
paracetamol from its tablet.

Figure 1 illustrates the release profile for
paracetamol from its tablets containing mixtures of
CS and LT or either alone. Each of the batches
released more than 70 % of its drug content in less
than 30 min. The BP [25] specifies that in
dissolution test for tablets at least 70 % of the drug
should be in solution after 30 min.  Tablets
containing 10 % w/w admixture of CS and LT (1:2 or
2:1) released 50 % paracetamol earlier than those
of 5 % w/w in either ratios. When CS or LT was
applied alone at 10 % w/w, LT released 50 % of
paracetamol earlier than CS. This could be related
to the observation in this work where those tablets

prepared with admixture of disintegrants at 10 %
w/w showed faster disintegration. In a similar work
carried out by Iwuagwu and Onyekweli [20], the
dissolution rates of paracetamol from tablets
containing 10% w/w of both disintegrants were
similar. Although disintegration precedes dissolution
of drug from a tablet, rapid disintegration may not
necessarily imply rapid dissolution. Rubinstein and
Wells demonstrated that the particle size, and
therefore the surface area into which a tablet
disintegrates determines the dissolution rate of the
active drug from the compact [34]. The factors that
could affect the dissolution profile may include type
and concentration of the binder, hardness of tablet,
solubility of the drug in the medium in use and
manufacturing process [35, 36]. In this regard,
paracetamol being a poorly soluble drug,
successive dissolution time was applied at T25, T50
and T80 for the batches of tablets to actually
ascertain effective dissolution (Table 4). At 10 %
w/w (1:2) combination of CS/LT, 25, 50 and 80 % of
paracetamol was released in 4.00, 7.83 and 20.00
min respectively. The same concentration in
combination ratio of 2:1 yielded almost similar
result. These were considered the least time
(P<0.05) indicating fastest dissolution of all the
batches of tablets studied. This was followed by the
batch containing 10 % w/w LT alone suggesting that
LT as disintegrant may serve as paracetamol
release rate enhancer hence, the synergy shown in
the binary admixture of 10 % w/w (1:2).

Table 4: Time for the release of 25, 50 and 80 % of paracetamol from its tablet.
Drug
release
(%)

Formulation batch
A1 A2 B1 B2 C1 C2 D1 D2

Time (min)
25 7.67

(0.55)
5.67

(0.58)
4.00

(0.02)
4.00

(0.04)
7.33

(0.57)
7.33

(0.56)
7.67

(0.58)
5.33

(0.54)

50 14.50
(0.50)

9.00
(0.50)

7.83
(0.29)

7.83
(0.30)

13.67
(0.57)

13.67
(0.56)

14.33
(0.58)

9.83
(0.76)

80 25.00
(1.00)

27.33
(0.57)

20.00
(0.06)

27.67
(0.57)

33.33
(0.58)

33.33
(0.56)

23.33
(0.56)

22.33
(0.55)

Key: Data in bracket are standard deviations
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CONCLUSION
Corn starch BP and L. tuber - regium powders could
be very useful disintegrants to achieve a fast
disintegration as well as optimal release of
paracetamol from its tablet when added
intragranularly at 10 % w/w in admixture of 1:2 or 2:1.
Alternatively, 10 % w/w of L. tuber -regium powder
alone could be used in place of corn starch BP to
achieve similar results
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