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Abstract. This study determined the physical, compressional, and binding properties of neem gum (NMG)
obtained from the trunk of Azadirachta indica (A Juss) in a paracetamol tablet formulation in comparison
with official Acacia gum BP (ACA). The physical and flow properties were evaluated using density
parameters: porosity, Carr’s index, Hausner’s ratio, and flow rate. Compressional properties were ana-
lyzed using Heckel and Kawakita equations. The tensile strength, brittle fracture index, and crushing
strength–friability/disintegration time ratio were used to evaluate the mechanical properties of paraceta-
mol tablets while the drug release properties of the tablets were assessed using disintegration time and
dissolution times. Tablet formulations containing NMG exhibited faster onset and higher amount of
plastic deformation during compression than those containing ACA. Neem gum produced paracetamol
tablets with lower mechanical strength; however, the tendency of the tablets to cap or laminate was lower
when compared to those containing ACA. Inclusion of NMG improved the balance between binding and
disintegration properties of paracetamol tablets produced than those containing ACA. Neem gum
produced paracetamol tablets with lower disintegration and dissolution times than those containing ACA.

KEYWORDS: brittle fracture index; crushing strength–friability/disintegration time ratio; in vitro release
profile; neem gum; tensile strength.

INTRODUCTION

Binders are employed in pharmaceutical tablet formula-
tions to provide adequate mechanical properties by promoting
the bonding existing between the different components of a
powder mix in a formulation thereby enhancing the strength of
the eventual tablet produced (2,16,25). Various natural, synthet-
ic, and semi-synthetic substances such as starches, celluloses, and
gums have been employed in pharmaceutical tablet formula-
tions as binders (2,4,25). Gum is an example of hydrophilic
substances employed in pharmaceutical solid dose formulations
mainly as binders and directly compressible excipients (26).

Although previous studies have evaluated neem gum in one
form or the other as a tablet binder (9,25,30), suspending and film
coating agent (19,30), or as a directly compressible excipient (26),
the present study assessed the activity of neem gum as a binder by
evaluating various properties of the granules and tablets prepared
with the gum. The flow and compressional properties were used
in evaluating the granules while the tablets were assessed by the
mechanical property, crushing strength–friability/disintegration
time ratio (CSFR/DT) and in vitro drug release profile.

The flow property of the granules was determined using
the Hausner’s ratio, Carr’s index, and flow rate. In evaluating
the compression data, Heckel and Kawakita and Ludde equa-
tions (11,17) were used, while tensile strength and brittle
fracture index (BFI) were used to analyze the mechanical
properties of the paracetamol tablets. The CSFR/DTwas used
to evaluate the tablet quality by assessing the balance between
the strength and weakness of the paracetamol tablets.

The mechanical properties of tablets can be evaluated by
measuring the bond strength using tensile strength (T) and
lamination tendency using the BFI values. The BFI, which is
calculated from the tensile strength of tablets with (the hole
acting as a stress concentrator within the tablet) and without
holes according to Eq. 7, measures the localized stress relief
within tablets, the tendency of a tablet to cap or laminate. The
BFI value ranges from 0 to 1, with values approaching unity
indicating the propensity of the tablet to cap or laminate while
values tending toward zero indicate the propensity of the
material to relief localized stress (6,8,12,14,15,24,27).

The CSFR/DT or disintegration efficiency ratio of a tab-
let has been suggested and used as a better index of measuring
tablet quality through the simultaneous evaluation of the tab-
let strength (crushing strength) and weakness (friability). It
also evaluates the negative effects of these parameters (tensile
strength and friability) on DT (6), while also assessing the
usefulness of a binder in a formulation. A higher CSFR/DT
value suggests a better balance between binding and disinte-
gration properties (31). Paracetamol powder was chosen for
this study because of its poor compressibility properties which
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therefore requires a binding agent in order to form good
quality tablets.

MATERIALS AND METHODS

Materials

The materials used were paracetamol BP (BDH Ltd.,
Poole, England), rice starch BP and lactose BP (AB Knight
and Co., London, UK), sodium chloride (BDH Ltd., Poole,
England), acetone and 99.8% ethanol (Sigma-Aldrich
Laborchemikalien GMBH, 30926 Seelze, Germany), Acacia
gum BP (Hopkin and Williams Chadwell, Heath Essex, En-
gland), and neem gum obtained from the incised trunk of
Azadirachta indica (A. Juss) tree at the Obafemi Awolowo
University, Ile-Ife, Nigeria.

Methods

Collection and Purification of Neem Gum

Crude neem gum was collected from the incised bark of
A. indica trees at the Obafemi Awolowo University premises.
The collected neem gum was hydrated in sufficient amount of
distilled water for 5 days with intermittent stirring, and extra-
neous materials were removed by filtering using a Buchner
funnel under negative pressure. The gum from the filtered
slurry was precipitated with 99.8% ethanol; the precipitated
gum was filtered, washed several times with acetone, and
dried in a hot air oven at 30°C for 96 h before milling and
sieving with a mesh no. 60 (250 μm) and then stored in an
amber-colored bottle until needed.

Preparation of Paracetamol Granules

The wet granulation method of massing and screening
was employed. Batches (200 g) of a basic formulation of
paracetamol (90%, w/w), rice starch (4%, w/w), and lactose
(6%, w/w) were dry mixed for 5 min in a Hobart planetary
mixer (Hobart Canada Inc., Don Mills, ON, Canada) and then
moistened with appropriate amounts of binding solution to
produce granules containing different concentrations of neem
gum or Acacia gum according to the formulae in Table I.
Massing was continued for 5 min after which the wet masses
were passed manually through a no. 12 mesh sieve (1,400 μm)
to granulate the wet masses. The granules were dried in a hot
air oven for 24 h at 50°C and re-sieved through a no. 16 mesh
(1,000 μm). The degree of granule mixing was then deter-
mined by spectrophotometric assay of paracetamol at
249 nm and was found to be >0.95. Particle densities were
determined with acetone as the displacement fluid.

Determination of Moisture Content

The moisture content of the formulation, determined
with an Ohaus moisture balance (Ohaus Scale Corporation,
Pine Brook, NJ, USA), was between 0.6 and 2.0% (w/w).

Flow Characterization of Paracetamol Granules

TheHausner’s ratio of the granules determined as the ratio of
the initial bulk volume to the tapped volume was obtained by
applying 100 taps to 30 g of each paracetamol granule batches in
a graduated cylinder at a standardized rate of 38 taps per minute
(26). The Carr’s index was obtained from the relationship [(tapped
density−bulk density)/tapped density]×100. The flow rate of the
granule was determined from the time t; it took 30 g of the granule
to pass through the orifice of an Erweka flow rate meter (Erweka
Apparatebau GmbH, Heusenstamm, Germany). The determina-
tions were done in quadruplicate.

Determination of Compressional Properties

Heckel equation, which is generally used for relating the
relative density,D, of a powder bed during compression to the
applied pressure, P, is written as

ln 1=1−Dð Þ½ � ¼ kPþA ð1Þ

where the slope of the straight-line portion, k, is the reciprocal
of the mean yield pressure, Py, of the material. The Py is
inversely related to the ability of a material to deform plasti-
cally when compressed. The relative density, DA, can be cal-
culated from the intercept, A, according to Eq. 2 (13).

DA ¼ 1 − e−A ð2Þ

The Do describes the initial rearrangement phase of den-
sification as a result of die filling at applied pressure zero while
DB, which describes the phase of rearrangement at low pres-
sures, is shown in Eq. 3.

DB ¼ DA − DO ð3Þ

The degree of powder volume reduction, C, as described
by Kawakita equation is shown in Eq. 4.

C ¼ VO−VPð Þ
VO

¼ abp= 1 þ bpð Þ ð4Þ

The equation can be rearranged to give P/C=P/a+1/ab, where
a and b are constants which describes the initial porosity of the
powder material before compression and the plasticity of the
material, respectively. The initial relative density of the mate-
rial, Di, is calculated from the expression (1−a). The Di ex-
plains the packed initial relative density of tablets upon
application of small pressures like tapping. The load needed
to reduce the powder bed by 50%, Pk, is calculated from the
reciprocal of b (7,20,29). The Pk is an inverse measure of the
amount of plastic deformation occurring during compression.

Preparation of Paracetamol Tablets

Tablets weighing 555 mg each were prepared from the
250 to 710 μm size fractions of granules by compressing them
for 30 s with predetermined loads on a Carver hydraulic hand
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press (Model C, Carver Inc., Menomonee Falls, WI, US).
Before each compression, the die (12.5 mm diameter) and
the flat-faced punches were lubricated with a 2% (w/w) dis-
persion of magnesium stearate/talc (1:1) in acetone. After
ejection, the tablets were stored over silica gel for 24 h to
allow for elastic recovery and hardening and to prevent falsely
low-yield values. Their weights (w) and dimensions were then
determined within ±1 mg and 0.01 mm, respectively, and their
relative densities (D) were calculated by using the following
equation:

D ¼ w
Vtρs

ð5Þ

where Vt is the volume (in cubic centimeters) of tablet and ρs
is the particle density (in grams per cubic centimeter) of the
granules. The porosity of the granules was determined from
the expression 1−D.

Determination of Crushing Strength, Friability, and Tensile
Strength of Paracetamol Tablets

A digital Erweka hardness tester (G.B. Caleva, Dorset,
England, Typ: THT10) was used at room temperature to
determine the load (F) required to diametrically break the
tablet (crushing strength) into two equal halves. Tablets with
signs of lamination and capping were not used. The friability
of the tablets was determined with a Roche friabilator

(Erweka Apparatebau, Germany) operated at 25 rev/min for
4 min. The mean of four determinations was taken for the
crushing strength and friability values.

The tensile strength (T) of the normal tablets and appar-
ent tensile strength (To) of tablets containing a hole were
calculated using Eq. 6.

T ¼ 2F=πdt ð6Þ

where T (or To) is the tensile strength of the tablet (in
meganewtons per square meter), F is the load (in
meganewtons) needed to cause fracture, d is the tablet diam-
eter (in meters), and t is tablet thickness (in meters). Results
were taken from tablets which split cleanly into two halves
without any sign of lamination. All measurements were made
in quadruplicate. The BFI of the tablets were then calculated
using Eq. 7:

BFI ¼ 0:5 T=To − 1ð Þ ð7Þ

Determination of Disintegration Time of Paracetamol Tablets

The DT of the paracetamol tablets were determined in
distilled water at 37±0.5°C in a BP Manesty six station disin-
tegration test unit (Manesty Machines Limited, Liverpool,
UK). Tablets were placed on the wire mesh just above the
surface of the distilled water in the disintegration unit tube.
The time taken for each tablet to disintegrate and all the

Table I. Formulae of Paracetamol Batches

Ingredients

Concentration (%)

I II III IV V VI VII VIII IX X

Paracetamol 90 90 90 90 90 90 90 90 90 90
Lactose 1 2 3 4 5 1 2 3 4 5
Rice starch 4 4 4 4 4 4 4 4 4 4
Neem gum 5 4 3 2 1 – – – – –
Acacia gum – – – – – 5 4 3 2 1

Table II. Physical and Flow Properties of Paracetamol Granules Containing Neem and Acacia Gum

Binder
Binder concentration
(%, w/w)

Bulk density
(g/cm3)

Granule density
(g/cm3)

Mean granule
size (μm)

Porosity
(%) HR CI FR (g/s)

NMG 1.0 0.349±0.002a 1.593±0.015 1,098 78.092 1.152 13.184 3.15±0.12
2.0 0.341±0.020 1.554±0.050 1,109 78.057 1.150 13.010 3.32±0.09
3.0 0.339±0.012 1.539±0.105 1,118 77.973 1.147 12.853 3.52±0.11
4.0 0.335±0.005 1.496±0.010 1,127 77.607 1.116 10.428 4.15±0.20
5.0 0.333±0.002 1.478±0.025 1,144 77.470 1.108 9.756 4.36±0.08

ACA 1.0 0.338±0.005 1.439±0.020 1,040 76.511 1.172 14.646 3.52±0.09
2.0 0.341±0.002 1.448±0.020 1,078 76.450 1.167 14.322 3.62±0.09
3.0 0.355±0.010 1.486±0.015 1,089 76.110 1.138 12.129 3.84±0.13
4.0 0.375±0.014 1.490±0.050 1,094 74.832 1.109 9.856 4.23±0.10
5.0 0.408±0.002 1.498±0.030 1,101 72.764 1.069 6.422 4.39±0.08

HR Hausner’s ratio, CI Carr’s index, FR friability, NMG neem gum, ACA Acacia gum BP
aMean±SD
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granules to go through the wire mesh was recorded. Results
were expressed as an average of six determinations.

In Vitro Dissolution Test

The dissolution rate of the paracetamol tablets was de-
termined according to the Rotating Basket (USPApparatus I)
method using 900 mL of distilled water as the dissolution
medium. The dissolution test was performed at 100 rpm at a
temperature of 37±0.5°C. Five-milliliter samples of dissolu-
tion medium were removed at predetermined time intervals
and replaced with equal volume of fresh dissolution medium
at the same temperature. Sampling was done for 1 h. The
absorbances of the samples withdrawn were determined spec-
trophotometrically at 249 nm, and the concentration of drug in
each sample was determined from the Beer–Lambert plot of
pure paracetamol powder. The determination was carried out
in triplicate.

Statistical Analysis

The results obtained were subjected to a one-way analysis
of variance to test if any significant effect exists between
binder type, binder concentration, compression pressure, and
the test parameters.

RESULTS AND DISCUSSION

Table II shows the results of density and flow parameters
of paracetamol granules. The granule density values were
generally higher than the bulk and tapped density for all the
paracetamol granule formulations. This result is expected as
the granule density determination does not include the intra-
and inter-granular voids present in the bulk volume. The bulk
density of the paracetamol granules decreased with increase in
the concentration of NMG while there was an increase for
paracetamol granules containing ACAwith increase in concen-

Fig. 1. Heckel plots for paracetamol granulation containing 3.0% (w/w) binder: NMG and ACA

Table III. Parameters Obtained from Density Measurements: Heckel and Kawakita Plots for Paracetamol Tablet Formulation

Gum binder Binder concentration (%, w/w)

Heckel analysis Kawakita analysis

Py (MN m−2) Do DA DB Di Pk (MN m−2)

NMG 1.0 314.615 0.243 0.640 0.397 0.290 6.667
2.0 270.270 0.236 0.617 0.381 0.275 6.289
3.0 238.095 0.232 0.657 0.425 0.252 5.882
4.0 181.818 0.228 0.674 0.446 0.254 5.747
5.0 175.439 0.225 0.666 0.441 0.262 5.618

ACA 1.0 467.778 0.244 0.628 0.384 0.270 9.091
2.0 406.190 0.228 0.693 0.465 0.271 8.621
3.0 370.370 0.237 0.658 0.421 0.273 8.065
4.0 285.714 0.252 0.624 0.372 0.284 7.143
5.0 196.078 0.293 0.651 0.358 0.291 5.650

NMG neem gum, ACA Acacia gum BP
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tration. This could be due to the mean granular size of the
paracetamol formulations and increase in concentration of
NMG which led to the formation of large irregularly shaped
granules forming more arches and bridges, thus a decrease in
packing per unit space while the increase in concentration of
ACA led to the formation of smaller granules causing an in-
crease in packing per unit space (1,29). The result also shows a
decrease in porosity with increase in binder concentration for
both paracetamol tablets containing NMG and ACA. The re-
duction observed suggests that increase in binder concentration
led to a reduction in pockets of unwanted air vacuoles present in
the granulation (34).

The flow descriptors HR, CI, and FR values of the para-
cetamol granules (Table II) suggest that the two binders, i.e.,

NMG and ACA, have comparable activities in enhancing the
flow of the granules. The observed results also showed that
the flow properties of the granules were dependent on binder
concentration, with higher binder concentration producing
lower values of the parameters determined. The HR and CI
values calculated for all the formulations are below the 1.2 and
20%, standards, respectively.

Figure 1 shows representative plots for paracetamol gran-
ule formulations containing 3.0% (w/w) binder. Themean yield
pressure, Py, was calculated from the regions of the plots show-
ing linearity with the highest correlation coefficient for all for-
mulations (generally between 79.905 and 159.81 MN m−2). The
intercept, A, was obtained from the extrapolation of the region
for the determination of Py; the values of DA and DB were

Fig. 2. Kawakita plots for paracetamol granulation containing 3.0% (w/w) binder: NMG and ACA

Fig. 3. Plots of tensile strength versus relative density for paracetamol tablets containing
3.0% (w/w) binder: (NMG ●, ACA ○, without holes ———, with holes - - - - - - - - -)
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obtained from Eqs. 2 and 3, respectively. The values of Py, Do,
DA, and DB for the formulations are presented in Table III.

The Do values of paracetamol granules containing NMG
were lower at all concentrations than those containing ACA at
all concentrations. This suggests that ACA facilitated a higher
initial packing of the granules in the die at all concentrations.
The DB represents the phase of rearrangement of particles at
low pressure; the DB value of paracetamol granule formula-
tions containing NMG increased with increase in binder con-
centration while it decreased with increasing binder
concentration for paracetamol granules containing ACA. This
result could be due to high porosity exhibited by granules
containing NMG at all concentrations compared to granules
containing ACA; this high porosity gives room for extensive
rearrangement at low pressures. The Py values decreased with
increase in binder concentration for all paracetamol formula-
tions, with formulations containing NMG having lower values
compared to ACA. This implies that the onset of plastic
deformation of the paracetamol granule formulations contain-
ing NMG was faster than those containing ACA.

Representative Kawakita plots for paracetamol granules
containing 3.0% (w/w) of binders are as shown in Fig. 2. The
plots show a linear relationship at all compression pressures
with correlation coefficient of 0.999. Kawakita constants, a
and b, were calculated from the slope and intercept of the
linear plots. The Di values obtained from the expression 1−a
decreased with increase in binder concentration for paraceta-
mol granules containing NMG while it increased with increase
in binder concentration for paracetamol granules containing
ACA. The Di values were higher than the corresponding
values of Do because Do describes the loose initial relative
density of the batches due to die filling while Di measures the
packed initial relative density of the granules on application of
small pressure such as tapping (24,29).

The Pk values generally decreased with increase in binder
concentration for all paracetamol formulations. This suggests
that the increase in binder concentration made the granules
softer and also improved plastic deformation under pressure;
materials that are soft and readily deform under pressure
generally have low values of Pk (3,5). However, the Pk values
of paracetamol granule formulation containing NMG are low-
er than those containing ACA at all concentrations. This
suggests that paracetamol granules containing NMG are softer
and readily deformed plastically under pressure when com-
pared to granules containing ACA. Although flow indicators
HR and CI of the formulations are below the 1.2 and 20%
standards, respectively, formulations containing ACA as bind-
er have lower HI and CI values and higher FR values than
those containing NMG at higher concentrations. This result
could be explained by the Di and Pk values of paracetamol
granule formulations containing NMG which are considerably
lower than those containing ACA; studies have suggested that
higher values of Di and small values of Pk indicate good
flowability and small cohesiveness, respectively (28). The Py,
which is different from Pk, explains the onset of plastic defor-
mation during compression, while Pk explains the total
amount of plastic deformation occurring during the compres-
sion process. Thus, the present result suggests that the use of
NMG as a binder facilitated a fast onset of plastic flow and
enhanced the total amount of plastic deformation occurring in
the paracetamol granules when compared to ACA (5).

Table IV. Tensile Strength and Brittle Fracture Index Values of Para-
cetamol Tablet Formulations Containing Different Concentrations of

NMG and ACA at Relative Density 0.90

Gum
binder

Binder
concentration
(%, w/w) T (MN m−2) To (MN m−2) BFI

NMG 1.0 15.573±1.025a 12.319±0.225 0.132
2.0 18.156±0.920 14.925±1.305 0.108
3.0 19.119±1.200 15.973±1.450 0.098
4.0 20.365±1.025 17.837±1.250 0.071
5.0 21.113±0.092 18.944±0.085 0.057

ACA 1.0 10.614±0.220 7.094±1.025 0.248
2.0 20.310±1.005 15.291±1.110 0.164
3.0 22.341±1.250 17.063±1.215 0.155
4.0 23.570±0.255 18.747±1.222 0.129
5.0 28.560±0.022 24.048±1.002 0.094

BFI brittle fracture index, NMG neem gum, ACA Acacia gum BP
aMean±SD

Table V. Crushing Strength, Disintegration Time, Friability, and Crushing Strength–Friability/Disintegration Time Ratio Values of Paracetamol
Tablet Formulations at Relative Density 0.90

Gum binder
Binder concentration
(%, w/w) Crushing strength (N) DT (min) Friability (%) CSFR/DT

NMG 1.0 126.560±1.950a 15.985±1.025 4.932 1.605
2.0 135.760±1.250 47.312±0.008 2.342 1.225
3.0 151.930±2.035 52.982±1.002 1.480 1.938
4.0 164.680±2.220 61.946±1.205 1.018 2.611
5.0 167.610±1.980 62.621±1.030 0.495 5.407

ACA 1.0 85.650±2.225 18.973±0.905 9.730 0.464
2.0 162.280±2.230 62.350±1.024 3.106 0.838
3.0 165.040±2.055 84.424±0.550 1.802 1.085
4.0 174.910±2.048 95.627±1.003 1.602 1.142
5.0 193.800±2.205 114.520±1.001 0.641 2.640

DT disintegration time, CSFR/DT Friability and Crushing Strength–Friability/Disintegration Time Ratio, NMG neem gum, ACA Acacia gum BP
aMean±SD
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The tensile strength results of the diametrical compres-
sion test on the paracetamol tablets with (To) or without (T) a
hole at their center generally fit the equation:

Log T or Toð Þ ¼ AD þ B ð8Þ

with correlation coefficient >0.947. A and B are constants,
which depended on the nature and concentration of binder
present in the formulation and on whether the tablet had a
hole in it or not.

Representative plots of tensile strength against relative
density for paracetamol tablet formulations containing 3.0%
(w/w) of NMG or ACA as binder are shown in Fig. 3. It can be
observed that, at all relative densities, the tensile strength of
tablets without a hole at their center was generally higher than
those with a hole in their center (7,12). The values of T for
paracetamol formulation batches at relative density 0.90 are as
presented in Table IV. The result shows that the T (To) gen-
erally increases with increase in binder concentration for all
paracetamol tablet formulations containing NMG or ACA.
Previous studies have shown that the presence of high con-
centration of plasto-elastic binding agent leads to an increase
in plastic deformation of the formulation and consequently
leads to the formation of more solid bonds with consequent
increase in tablet strength and resistance to fracture (6) and
that the degree of bonding depends on the amount of the
binding agent present (21). The effect of gum binder type on
T at all concentrations shows that paracetamol tablet formu-
lation containing ACA generally had higher T than those
containing NMG. This suggests that inclusion of NMG in a
paracetamol tablet formulation would produce weaker tablets
when compared to those containing ACA.

The BFI values (Table IV) at relative density 0.90 implies
a general decrease as binder concentration increases for all
paracetamol tablet formulation. This implies that increase in
concentration of gum binder led to a reduction in the propen-
sity of the paracetamol tablets to cap or laminate. This could
be due to the presence of binder at the interparticulate junc-
tions which facilitated plastic deformation for the relief of
localized stresses (2,10). The result also shows that at all
concentrations and relative density of 0.90, the BFI of para-
cetamol tablets containing NMG was lower than those con-
taining ACA. This suggests that although the inclusion of
NMG as a binder in a paracetamol tablet formulation may
not necessarily enhance the strength of the tablet when com-
pared to ACA, however, the tendency of the paracetamol
tablets to cap or laminate would be reduced when compared
to using ACA.

The crushing strength values of paracetamol tablets con-
taining different concentrations of NMG or ACA at a relative
density 0.90 are as presented in Table V. There was a general
increase in crushing strength with increase in gum binder
concentration. This result is expected because increase in
binder concentration has been shown to increase particle–
particle contact points resulting in the creation of more solid
bonds; hence, higher crushing strength values were obtained.
Increase in relative density also led to increase in crushing
strength of all paracetamol tablet formulations as shown in
Fig. 4. Increase in packing fraction (relative density) has also
been shown to decrease intra-granular and inter-granular
voids, causing breakage of granules and creating more contact
points leading to an increase in the degree of bonding between
the particles (10).

The result in Table V and Fig. 5 shows that friability
decreases with increase in crushing strength, binder

Fig. 4. Effect of relative density on crushing strength of paracetamol tablets containing 3.0% (w/w) binder: NMG and ACA
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concentration, and relative density. This could be due to the
same reasons for the increase in crushing strength.

The result in Table V and Fig. 6 shows the effect of binder
concentration and relative density on disintegration time of para-
cetamol tablets containing NMG or ACA. An increase in binder
concentration and relative density led to a significant (F(2, 15)=
21.019, p<0.005) increase in disintegration time. Natural gums,
when used as binder in a tablet formulation, form a viscous
mucilaginous film/barrier as tablet comes in contact with
disintegrating fluid. This film/barrier reduces the penetration of
disintegrating fluid into the tablet core consequently increasing

the disintegration time of the tablets. In addition, the simulta-
neous increase in relative density which leads to a decrease in
tablet porosity further slows down penetration of the
disintegrating fluid into the tablets. This ultimately leads to re-
tarded swelling and slow creation of active disintegration mecha-
nisms, consequently leading to increased disintegration time
(2,6,33). Also, there was a significant effect of binder type
on DT at 1.0% (w/w) (F(1, 5)=81.963, p=0.001), 3.0% (w/w)
(F(1, 5)=0.129, p<0.0005), and 5.0% (w/w) (F(1, 5)=0.329,
p<0.0005) binder concentrations. The DT value of the para-
cetamol tablet formulations at all concentrations was higher

Fig. 5. Effect of relative density on friability of paracetamol tablets containing 3.0% (w/w) binder: NMG and ACA

Fig. 6. Effect of relative density on disintegration time of paracetamol tablets containing 3.0% (w/w) binder: NMG and ACA
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than the official limit of 15 min for uncoated tablets suggest-
ing a probable use of the gum in sustained release tablet
dosage form.

It is observed that the CSFR/DT values (Table V) gener-
ally increased with increase in binder concentration for all
paracetamol tablet formulations. However, the CSFR/DT
values of paracetamol tablets containing NMG were higher
than those containing ACA, suggesting that the use of NMG
as a binder would produce a better balance between binding
and disintegration properties of a paracetamol tablet formu-
lation than ACA binder.

Representative plots of cumulative percent paracet-
amol released against time for tablets containing 3.0% (w/w)
NMG or ACA are as shown in Fig. 7. The values of t20 and t40
(time taken for 20% and 40% of paracetamol to be released)
were calculated from the plots for formulations containing 1.0%
(w/w), 3.0% (w/w), and 5.0% (w/w) of NMG orACA at relative
density of 0.90 and are presented in Table VI. The result shows

that t20 (F(2, 15)=24.743, p<0.0005) and t40 (F(2, 15)=92.405,
p<0.0005) values significantly increased with increase in binder
concentration for all paracetamol tablet formulation batches.
This result could also be due to the formation of thicker
film/barrier around the tablets with increase in binder con-
centration which affected the disintegration of the tablet and
consequently the release rate of paracetamol from the tablet.
Although the t20 and t40 values are generally lower for
paracetamol tablets containing NMG, suggesting a faster
release of the specified amount of paracetamol from the
tablets than those containing ACA, however, at 3.0% (w/w)
binder concentration, there was a significant effect of binder
type on t40 (F(1, 5)=14.164, p=0.020) while on t20 (F(2, 5)=2.612,
p>0.05), there was no significant effect; at 1.0% (w/w) binder
concentration, there exists a significant effect of binder type on
t20 (F(1, 5)=115.478, p<0.0005) and t40 (F(1, 5)=9.761, p=0.035);
at 5.0% (w/w), there was also a significant effect of binder type
on t20 (F(1, 5)=0.359, p<0.0005) and t40 (F(1, 5)=0.105, p<0.0005).

Fig. 7. Plots of cumulative percent paracetamol released against time for tablets containing 3.0% (w/w) binder: NMG and ACA

Table VI. Disintegration and Dissolution Profile of Paracetamol Tablets at Relative Density 0.90

Gum binder
Binder concentration
(%, w/w) DT (min) t20 (min) t40 (min) t1 (min) k1 k2

NMG 1.0 15.985±1.025 9.471±0.105a 21.692±0.090 16.113 0.0094 0.0509
3.0 52.982±1.002 22.393±0.130 50.225±0.110 23.608 0.0045 0.0119
5.0 62.621±1.030 27.820±1.020 60.402±0.120 24.038 0.0053 0.0106

ACA 1.0 18.973±0.905 12.368±0.120 23.034±0.105 15.043 0.0074 0.0354
3.0 84.424±0.550 23.719±0.155 52.822±0.112 21.617 0.0053 0.0100
5.0 114.520±1.001 48.492+0.110 79.343±0.122 23.641 0.0018 0.0057

DT disintegration time, NMG neem gum, ACA Acacia gum BP
aMean±SD

508 Ogunjimi and Alebiowu



The data obtained were further subjected to
Kitazawa analysis (18) which involves the integrated
form of Noyes–Whitney equation (23) written as:

ln Cs= Cs − Ctð Þ
i

¼ kt
h

ð9Þ
where Cs is the concentration of solute at saturation, Ct is the
concentration of solute at time t, and k is the dissolution rate
constant. Representative plots of ln[Cs/(Cs−Ct)] against t for tablets
containing 3.0% (w/w) NMG or ACA are as shown in Fig. 8. The
Kitazawaplots showed two straight regression lines of slopesk1 and
k2. The time t1 (the time required for breakup of tablets into
fragments), at which the two lines intersect, was calculated from
the plot. The values of t1, k1, and k2 for paracetamol tablets
containing 1.0% (w/w), 3.0% (w/w), and 5.0% (w/w) of NMG or
ACA at relative density 0.90 are shown in Table VI.

The result shows that k1 values are lower than k2 values,
implying that the dissolution rate of the drug was faster after the
breakup of tablets, that is, after t1. This result could be due to
changes in surface area of the dissolving particles caused by disin-
tegration and de-aggregation of the tablets whichmanifested in the
substantial increase in release rate of paracetamol after t1. Values of
t1, k1, and k2 for paracetamol tablets containing NMGwere higher
at all concentrations than those containing ACA; however, the
amount of paracetamol released after t1 in tablets containing
NMG was higher than in ACA. This suggests that although de-
aggregation or breakage of paracetamol tablets containing ACA
was faster than those containing NMG, tablets containing NMG
had higher dissolution rates. This result could be due to several
factors including the crushing strength and disintegration time of
the tablets containing NMGwhich were lower than those of ACA.
The result could also be due to the chemical composition of the
gums. Studies have shown that neem gum unlike other natural
gums contains an appreciable amount of tightly linked polysaccha-
rides and proteins (22,32), which might have enhanced the faster
dissolution of tablets containing neem gum, particularly after de-
aggregation. The result also shows that the dissolution rate constant

before and after t1 was dependent on the binder concentration in
the tablet formulation. There was a decrease in the release rate of
paracetamol with increase in binder concentration before and after
the breakup of the tablets. This result could be due to the same
reason given above for the increase in disintegration time; it, how-
ever, led to a reduction in the release rate of paracetamol from the
tablets.

CONCLUSION

From the present study, it can be concluded that:

1. Neem gum as a binder produced paracetamol granules
with comparable flow characteristics with Acacia gum.

2. Neem gum as a binder in paracetamol tablet formulations
would provide a faster onset and amount of plastic defor-
mation under compression pressure than Acacia gum.

3. Although inclusion of neem gum in a paracetamol
tablet formulations may not necessarily enhance the
tablet strength, however, the tendency of the tablets to
cap or laminate would be reduced when compared
with Acacia gum.

4. Neem gum as a binder would provide a better balance
between the binding and disintegration properties of a
paracetamol tablet formulation.

5. Neem gum binder would produce paracetamol tablets
with faster release properties when compared with
Acacia gum.
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