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ABSTRACT

Aims: This research was done to study the effects of types and concentrations of lubricants on the
dissolution and disintegration profile of metronidazole tablets formulated using Sida acuta gum as a
binder.

Methodology: Sida acuta gum (SAG) was extracted from powdered dried leaves of Sida acuta.
Metronidazole granules were produced by wet granulation technique using different concentrations
(1 and 2%) of SAG as a binder and mixed with different concentrations (0.5, 1.0, and 1.5%) of
magnesium stearate (MS) or sodium lauryl sulphate (SLS) as a lubricant. The granules/lubricant -
mix was compressed into tablets and evaluated for hardness, weight uniformity, drug content,
disintegration time, friability and in vitro drug release.

Results: The hardness for the tablets was from 4.08 to 7.97 Kgf. The friability was from 0.02+0.45
to 3.40+0.43%. Tablets from formulations A1-A3, B2, and B3 failed the friability test. Formulations
prepared with 1% SAG were more friable than those formulated with 2% SAG. Disintegration time
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for formulations A1-A3 (1% SAG + MS) ranged from 19.07 to 63.5 min, while that of A4-A6 (2%
SAG + MS) was from 39.06 to 81.48 min. Formulations B1-B3 (1% SAG + SLS) had disintegration
time that ranged from 4.22 to 6.8 min while that of B4-B6 (2% SAG + SLS) was from 9.35 to 15.90
min. The % drug release at 60 min for formulations that contained SAG and MS was 76.60-
104.28% and SAG and SLS was 99.89-101.35%

Conclusion: Metronidazole tablets formulated using SLS as lubricant disintegrated faster than
those formulated using magnesium stearate as lubricant. Percentage drug release from tablets
containing SLS was slightly higher than those that contained magnesium stearate. Higher
concentrations of the lubricants produced softer tablets.

Keywords: Sida acuta gum; magnesium stearate; sodium lauryl sulphate; lubricants; metronidazole.

1. INTRODUCTION

Drugs administration through the oral route is the
most convenient and frequently used route of
drug delivery because it grants the availability of
many options in dosage form design [1]. Drugs
administered through the oral routes include
tablets and capsules. Tablets are the major
dosage form among the available oral drug
formulations because of their long-term stability,
availability, and least production cost [2]. Tablet
as a dosage form is the most common drug
delivery system and several types of tablets have
been formulated. They include; oral tablets for
ingestion such as conventional tablets, multiple
compressed tablets, layered tablets, modified-
release tablets, delayed action tablets, and
floating tablets; tablets used in the oral cavity
such as lozenges, sublingual tablets, and buccal
tablets; and tablets administered by other routes
such as vaginal tablets and implants [3]. They
are produced using different techniques such as
wet granulation, direct compression, or dry
granulation. Tablets are made by compressing or
moulding granules or powder-mix composed of
active pharmaceutical ingredients and excipients.
Excipients are inert, non-medicinal substances
other than the therapeutic agent(s) contained by
drug products that aid the formulation process
and improves the quality and effectiveness of the
product [4]. Excipients are added intentionally to
a drug product to achieve various pharmaceutical
purposes, thereby ensuring the acceptability of
the product with respect to appearance,
manufacturability, and performance. Different
guantities of excipients are added to the active
pharmaceutical ingredient(s) to produce standard
quality tablets [5]. The tablet type and the
required process used determine the type of
each excipient and quantities to be used.
Excipients used for manufacturing of tablets
include; binders, disintegrants, fillers,
sweeteners, flavours, colourants, sorbents, anti
adherent, lubricants, and glidants [5].

Lubricants are excipients used in drug production
that are very important in enhancing the
efficiency of production and quality of tablets.
They enhance the fluidity, filling properties and
stop powder from adhering to punch faces and
also reduce die-wall friction. They enhance
granulation flow from the hopper into the die
cavity. The friction that occurs between the die
walls and the powder mix during compression
and ejection is decreased by the lubricant. They
also prevent the mixed powders/granules from
adhering to the punches and die of the tableting
machine. In some cases, lubricants decrease the
friction between particulates and thereby,
increase powders or granules flow rates. They
give compressed tablets sheen [6]. Lubricants
that have low shear strength as well as strong
cohesive forces perpendicular to the line of shear
are the best.

Lubricants can be classified as hydrophilic or

hydrophobic depending on their solubility
characteristics. Hydrophilic lubricants include
sodium lauryl sulphate, boric acid, sodium
acetate, sodium oleate, sodium benzoate,

magnesium lauryl sulphate, and carbowax (PEG)
4000/6000. Examples of hydrophobic lubricants
are metal (Mg, Ca, Na) stearate, stearic acid,
waxes, talc, stear-o-wet, sterotex and glyceryl
behenate [7].

Hydrophobic lubricants are usually more effective
when compared to hydrophilic Ilubricants.
However, hydrophobic lubricants can change
other physicochemical properties of tablets, like
its hardness (tensile strength), drug release, and
disintegration time [8,9]. The lubrication process
involves the lubricant material, the formulation to
be lubricated, and the mechanical process, and
these result in the final dosage form [10]. Several
factors are considered when choosing the
desirable lubricant for producing tablets. They
include low shear strength, forming a durable
layer masking the surface/particles, non-toxicity,
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chemical compatibility with active ingredients and
other excipients in the formulation, minimal
batch-to-batch variability, and having low
untoward effects on the final dosage forms
performance. Also, it is necessary to consider
adequate concentration and mixing time when
choosing a lubricant because they significantly
impact the pharmaceutical product’s
performance and its processes. Poor lubrication
and improper mixing leads to the production of
tablets with pitted surface or causes adhering,
capping, and sticking to the die cavity. However,
use of too much lubricant and prolonged mixing
causes untoward effect to products and also the
processes resulting in tablets with decreased
rates of dissolution, increased disintegration
time, reduced tablet hardness, and compression
variability [7]. Poor or excessive lubrication will
result in tablets with distorted and may result in
rejection of a tablet batch. Lubricants should be
added during tablet production after the addition
of disintegrants to protect it from being coated or
preferably at the end-stage before compression
to keep mixing time a minimum. The mixing time
for lubricant distribution is usually between 0.5
and 5 min for desirable compactability results
and tablets hardness. Choosing lubricant for
tablet production demands using systematic
approach coupled with careful performance
evaluation of the product and process [7].
Lubrication occurs through two mechanisms,
fluid lubrication, and boundary lubrication. During
fluid lubrication, a film of fluid (e.g. mineral oil) is
placed between and demarcates two solid
surfaces, preventing them from contacting each
other [11]. Desirable lubrication performance
which is indicated by the low friction coefficient
(~0.001) takes place as the two solid surfaces
are totally separated from each other. This
depends majorly on the viscosity of the fluid.
Boundary lubricant normally forms a very light
broken film on the solid surfaces, disrupts the
interaction between two solid surfaces, and
decreases the friction in between. Since the two
solid surfaces are not entirely separated, a
relatively high friction coefficient (~0.05-0.15) is
expected. Boundary lubricants have very minimal
shear strength and this makes them slide very
easily when sheared [11].

Magnesium stearate is a light white, very fine,
ground or precipitated, low bulk density soft
powder, with a faint odor of stearic acid and a
unique taste. The powder is greasy when
touched and readily sticks to the skin. It is the
lubricant most frequently applied in foods,
cosmetics, and drug formulations, because of its

good lubrication efficiency [11]. It is used at
concentrations 0.25% to 5.0% w/w as capsule
and tablet lubricant. The lowest effective
concentration (0.25% to 1.0%w/w) is utilized in
tablet formulations because of its hydrophobic
nature and this may decrease drug dissolution
from the tablet, reduce tablet tensile strength and
increase tablet friability [12]. Also, magnesium
stearate effectiveness as a lubricant depends on
its chemical purity, crystal form, and its particle
size [11].

Sodium lauryl sulphate is a synthetic alkaline
anionic surfactant that is utilized in the production
of several non-parenteral pharmaceuticals and
cosmetics. It exists as crystals, flakes, or
powders that are white or cream to pale yellow in
colour. It has smooth feel, bitter taste, soapy, and
a weak fatty substances odour. It is effective in
acidic and basic conditions as a wetting agent
and detergent. It is utilized as a penetration
enhancer, emulsifying agent, and as tablet
lubricant at a concentration of 1.0-2.0% [13]. It
increases the dissolution of drugs that are not
readily water-soluble and when compared with
the magnesium stearate, it does not reduce the
effective tablet-solvent interfacial area during
dissolution. Hence, it does not impact the
dissolution rate negatively. The increase in
dissolution is due to improvement in water
penetration into the tablets. This results in
exposure of more available active
pharmaceutical ingredient surfaces to solvent,
thus greater dissolution performance [11].

One major disadvantage of using sodium lauryl
sulphate during production of tablet is the
incompatibility with the active pharmaceutical
ingredient. lonized sodium lauryl sulphate reacts
with active pharmaceutical ingredient at certain
conditions to form an insoluble salt, which
significantly decreases the drug dissolution and
therapeutic effects [11].

Sida acuta gum is obtained by precipitating the
filtrate obtained from the aqueous maceration of
powdered dried leaves of Sida acuta using
isopropyl alcohol [14]. Sida acuta gum has been
employed during tablet manufacturing as a
binder [15], as mucoadhesive polymer matrix
former [16], and as hydrophilic polymer matrix
former [17].

Metronidazole is a synthetic nitroimidazole
derivative that has antibacterial and antiprotozoal
activities. It is a white to pale-yellow crystalline
powder. It has a slight odour, bitter and saline
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taste, and a pH (saturated aqueous solution) of
about 6.5 [18]. It has solubility at 20 °C of 1 g/100
ml in water, 0.5 g/ 100 ml in ethanol, <0.05 g/100
ml in ether and chloroform. It is soluble in dilute
acids but sparingly soluble in dimethylformamide
[19]. Inwater at 25 °C, the solubility increases
slightly to 1.19g/100 ml [20].

This research was conducted to study the effects
of types and concentrations of lubricants on the
dissolution and disintegration  profile  of
metronidazole tablets formulated using Sida
acuta gum as a binder.

2. MATERIALS AND METHODS
2.1 Materials

Metronidazole (Central Drug House, New Delhi,
India), acetone (Guangdong Guangzhou
Chemicals, China), isopropyl alcohol (JDH.,
China) magnesium stearate, sodium lauryl
sulphate, talc, lactose (Pharmaceuticals Aliyali
Palghar, India), and Sida acuta gum (prepared in
Pharmaceutics laboratory, Faculty of Pharmacy,
Delta State University, Abraka).

2.1.1 Isolation of Sida acuta gum

Sida acuta leaves were collected from the
Faculty of Pharmacy’s botanical garden in Delta
State University, Abraka. It was authenticated
and assigned a voucher number
(PCG/UNN/0093) by Mr. Felix Nwafor, a
taxonomist in the Department of Pharmacognosy
and Environmental Medicine, Faculty of
Pharmaceutical Sciences, University of Nigeria,
Nsukka. The gum was isolated and purified using
the method of Okafo and Chukwu [14].The
percentage yield was calculated using equation 1

Percentage yield
_ weight of gum (g)

= X100 . .. .1
weight of powdered dried Sida acuta leaves (g) 00

2.1.2 Preparation of metronidazole granules

Metronidazole granules were produced by wet
granulation technique using the formula in Table
1. Metronidazole powder was mixed properly
with lactose and part (1/2) of the required
guantity of starch in a mortar. Different
concentrations (1 and 2%) of Sida acuta gum
mucilage were prepared separately and mixed
with the respective drug-lactose mixture to form
damp mass. The damp mass was passed
through a sieve with 1.18 mm mesh size to form
granules which were dried in an oven at 50 +

0.5°C for 6 h. The dried granules were screened
through a sieve with 710 pm mesh. This
procedure was utilized in the production of
granules for the different formulations as in the
formula in Table 1.

2.2 Characterization of the Granules
2.2.1 Angle of repose and flow rate

A 10 g quantity of metronidazole granules was
weighed and poured into a glass funnel with tip
plugged, clamped to retort stand 5 cm above a
flat surface. The plug was removed from the
funnel’s tip and the time it took the granules to
flow through the orifice of the funnel was noted.
The height and diameter of the cone formed by
the granules on the flat surface were recorded
[21]. The flow rate was calculated using equation
2.

Fl te = weight of granules (g) )
WA = T ime offlow (s)

The angle of repose (6) was calculated using
equation 3.

h
Tanf@=— . . .. 3
r

Where h = height of heap, r = radius of the heap.

This process was carried out in triplicate and
mean plus standard deviation was computed.
This procedure was repeated for the granules
from the different formulations.

2.2.2 Bulk and tapped densities

A 10 g quantity of granules was weighed and
transferred into a 100 ml measuring cylinder
attached to the jolting volumeter type STAV Il (J.
Engelsmann AG, Ludwigshafen, Germany). The
volume occupied by the granules was recorded
as the bulk volume. The jolting volumeter was set
to jolt 100 times and the volume occupied by the
tapped granules was recorded as tapped volume
[22]. The bulk density was calculated using
equation 4.

weight of granules (g)
Bulk volume (ml)

Bulk density =

The tapped density was calculated using
equation 5.

weight of granules (g)
Tapped volume (ml)

Tapped density =
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Carr’s index: The Carr's index was calculated
using equation 6.

tapped density — bulk density

Carfsindex:( )X100 .... 6

tapped density

Hausner ratio: This was calculated using
equation 7.
tapped densit
Hausner ratio = “apped censtty e 7

bulk density
2.2.3 Particle size analysis

A 10 g quantity of granules was weighed and
transferred into the topmost sieve of a nest of
sieves attached to a sieve shaker (Endicott’s
London minor 2165-09). The sieve shaker was
operated for 10 min, after which the granules
retained in the different sieves were weighed.
This was repeated for all the formulations.

2.2.4 Compression of metronidazole granules

The metronidazole granules were mixed with the
remaining portion of maize starch, talc, and
different concentrations of the lubricants
(magnesium stearate or sodium lauryl sulphate)
for a brief period. The granules/excipients-mix
were compressed into tablets using a 16 station
Rotary tabletting machine (Model CLD3,Clit
Jemkay Engs, India) having a 13 mm punch.

2.3 Evaluation of Tablets
2.3.1 Weight uniformity

Twenty (20) tablets were chosen randomly,
weighed individually and their mean calculated.
The percentage deviation of the respective
tablets from the mean was calculated [23]. This
procedure was repeated for all the formulations.

2.3.2 Drug content

Five tablets from each formulation were crushed
separately in a mortar. Powder equivalent to 100
mg of metronidazole was weighed and dissolved
in 100 ml of 0.1 N HCI in a 100 ml volumetric
flask. It was filtered and the filtrate diluted
adequately. Three aliquots from the dilutions
were analyzed in a Cary 60 UV
spectrophotometer (Agilent Technologies,
Malaysia) and their respective absorbance
values were recorded. The contents of the
different formulations were calculated by
matching the absorbance values to a standard
metronidazole calibration curve.

2.3.3 Hardness

The crushing strength (kg/m?) of five tablets from
each formulation was determined using DIGITAB
model digital tablet hardness test apparatus
(Veego Instruments, Mumbai, India). The values
displayed were recorded.

2.3.4 Friability

Ten tablets chosen randomly were weighed and
placed in the drum of a friabilator (Veego
Instruments, Mumbai, India). The drum was
rotated at 25 rpm for 4 min. The tablets were
removed, dedusted, and reweighed. The
percentage weight loss was determined and
used as the measure of friability [24]. The
friability was determined using equation 8. This
was repeated for all formulations.

wi—w
Friability = (—
wi
Where wi = initial weight and wf = final weight

2.3.5 Disintegration time test

The test was conducted using a disintegration
test apparatus (Manesty, England). Six tablets
from each formulation were put in the respective
six tubes of the tablet disintegration apparatus.
The tubes were submerged and lifted from the
disintegrating medium (0.1 N HCI) maintained at
37+0.5 °C until the tablets break up and pass
through the wire mesh at the bottom of the tubes.
The time taken for all the particles of each tablet
to pass through the wire mesh leaving no
palpable mass is recorded as the disintegration
time.

2.3.6 In vitro dissolution test

One formulated tablet was placed in the basket
of an Erweka dissolution unit containing 900 ml
of 0.1 N HCI maintained at 37+0.5°C and rotated
at a speed of 100 rpm. A 5 ml sample was
withdrawn at 5, 10, 15, 30, 45, and 60 min
intervals and replaced by a fresh preheated
dissolution medium. The samples were filtered
and analyzed wusing a Cary 60 UV
spectrophotometer (Agilent Technologies,
Malaysia) at a wavelength of 277 nm.

2.3.7 Drug/excipient compatibility

The FTIR spectrum of metronidazole,
metronidazole plus magnesium stearate and
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metronidazole plus sodium lauryl sulphate
respectively were recorded using Shimadzu-IR
Affinity 1 Spectrophotometer (Shimadzu, Japan)
using potassium bromide pellet technique.

2.4 Data Analysis

All experiments were performed in triplicates for
the validity of the statistical analysis and
expressed as mean + SD. Statistical analysis
was done using Microsoft Excel.

3. RESULTS AND DISCUSSION
3.1 Percentage Yield of Gum

The gum was light brown in colour and the
percentage yield was 17.98%w/w.

3.2 Characterization of Granules

The flow properties of the granules were
estimated by determining the angle of repose,
flow rate, Carr’s index, and Hausner ratio. The
result in Table 2 shows that the granules had
good flow property and the values obtained were
within the specified limits for the production of
good quality tablets. The granules had an angle
of repose that ranged from 24.76 to 26.50°.
These results show that the granules had low
interparticulate friction and hence good flow. The
compressibility index was in the range of 6.49 to

12.22% and this indicated good flow [25].
Hausner ratio values that ranged between
1.06+0.02 and 1.14+0.00 were obtained.

Hausner ratio of less or equal to 1.25 indicates
good flow, while values of greater than 1.25
indicate poor flow [26, 27]. The flow rate ranged
from 2.46+0.18 t03.31+0.30 g/s. The results
obtained from the different flow parameters
showed that the granules exhibited good
flowability.

3.3 Particle Size Distribution

The percentage  frequency-particle  size
distribution table (Fig. 1) showed that the size of
granules from all the formulations ranged from
fines to 500 um; however, 500 pum sized granules
were the most frequent. This showed that
majority of the granules were within the range
(400-710um) that is required for good quality
tablet production.

3.4 Evaluation of Metronidazole Tablets
The different formulations of metronidazole

tablets were evaluated based on uniformity of
weight, hardness, friability, % drug released, and

disintegration time test and the results are shown
in Table 3.

Hardness shows the ability of the tablets to
withstand pressure or stress during further
processing, packaging, handling, and
transportation. A minimum tablet hardness value
of 4 kgf is deemed satisfactory. The hardness of
the different formulations of metronidazole
tablets ranged from 4.08 to 7.97 Kgf and was all
satisfactory.

Friability is a measure of the tablet's ability to
withstand abrasion. The friability values for the
different formulations ranged from 0.02+£0.45 to
3.40£0.43% (Table 3). Friability values of 1% and
below are acceptable. Therefore, tablets from
formulations Al, A2, A3, B2, and B3 that had
friability values of more than 1% failed the test.
Formulations A1-A3 and B1-B3 prepared with
1% SAG were more friable than those formulated
with 2% SAG (A4-A6 and B4-B6).A higher
concentration of the binder produces higher
cohesive force and interparticulate binding which
results in lower friability [28]. For formulations
Al-A3, the friability values (2.58+0.76, 3.20
+1.21, 3.40 +0.43) were directly proportional to
the concentration of the lubricant (0.5, 1.0, 1.5%)
respectively. Also for formulations A4-A6, the
friability values (0.31+1.02, 0.42 +1.22, 0.59
+0.56) increased as the concentration of the
lubricant increased (0.5, 1.0, 1.5%) respectively.
Lubricants forms a thin layer over granules
thereby reducing the interparticulate cohesion
and the more quantity of lubricants used, the
more the decrease in interparticulate cohesion
which leads to softer tablets [12]. Powdering,
chipping, and fragmentation of tablets during
handling lead to lack elegance and consumer
rejection. These may produce very dirty
processes in coating, packaging and other
manufacturing areas. They can contribute to
weight variation in tablets or even content
uniformity problems [29]. Granulations that
contain 2 to 4% moisture are used to produce
tablets that are less friable than those produced
using very dry granulations.

The disintegration time for formulations Al-A3
(1% SAG + magnesium stearate) ranged from
19.07 to 63.5 min, while A4-A6 (2% SAG +
magnesium stearate) had a disintegration time of
39.06 to 81.48 min. Formulations B1-B3 (1%
SAG + sodium lauryl sulphate) had a
disintegration time that ranged from 4.22 to 6.8
min while B4-B6 (2% SAG + sodium lauryl
sulphate) had a disintegration time of 9.35 to
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Table 1. Composition of metronidazole tablets

Ingredients Al A2 A3 A4 A5 A6 B1 B2 B3 B4 B5 B6
Metronidazole (mg) 400 400 400 400 400 400 400 400 400 400 400 400
Sida acuta gum (mg) 6 6 6 12 12 12 6 6 6 12 12 12
Maize starch (mg) 60 60 60 60 60 60 60 60 60 60 60 60
Lactose (mg) 125 122 119 119 116 113 125 122 119 119 116 113
Magnesium stearate (mg) 3 6 9 3 6 9 - - - - - -
Sodium lauryl sulphate (mg) - - - - - - 3 6 9 3 6 9
Talc (mg) 6 6 6 6 6 6 6 6 6 6 6 6
Total (mQ) 600 600 600 600 600 600 600 600 600 600 600 600

Table 2. Micromeritic values for formulations A1-A6 and B1-B6 granules

Formulations Bulk density (g/ml) Tapped density (g/ml) Hausner ratio Carr’s index (%) Angle of repose (°) Flow rate (g/s)

Al 0.58+0.01 0.63+0.00 1.09+0.01 7.94+1.03 26.44+0.02 2.70+0.48
A2 0.65+0.02 0.73+0.03 1.12+0.04 10.96+0.63 25.37+1.07 2.78+0.48
A3 0.60+0.00 0.65+0.04 1.08+0.07 7.69+0.45 26.30+0.81 2.78+0.13
A4 0.63+0.05 0.68+0.07 1.08+0.01 7.35+0.80 25.17+0.69 3.31+0.30
A5 0.59+0.03 0.63+0.06 1.07+0.01 6.35+£1.04 25.18+0.89 2.64+0.09
A6 0.59+0.00 0.67+0.03 1.14+0.00 11.94+0.43 26.22+0.12 2.82+0.46
Bl 0.62+0.03 0.68+0.09 1.10+0.07 8.82+0.33 26.35+0.17 2.56+0.39
B2 0.68+0.03 0.75+0.73 1.10+0.04 9.33+1.57 26.13+0.41 2.63+0.00
B3 0.64+0.03 0.68+0.03 1.06+0.02 5.88+0.23 26.50+0.83 2.46+0.18
B4 0.59+0.05 0.64+0.08 1.08+0.05 7.81+0.42 25.61+0.72 2.56+0.23
BS 0.58+0.02 0.63+0.02 1.09+0.03 7.94+0.39 24.76+0.70 2.70+0.50
B6 0.58+0.02 0.65+0.02 1.12+0.07 10.77+1.39 25.05+0.10 3.05+0.48
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Fig. 1. % Frequency — size distribution of metronidazole granules from formulations A1-A6 and
B1-B6

Table 3. Post compression evaluation of metronidazole tablets

Formulations Tensile strength Friability (%) Content Disintegration
(MN/m?) uniformity (%) time (min)
Al 132.97+0.12 2.58+0.76 97.98 19.07+1.43
A2 181.94+0.04 3.20+1.21 99.34 39.76+1.07
A3 142.37+0.03 3.40+0.43 100.54 63.50+0.58
A4 171.51+0.03 0.31+1.02 99.85 39.06+0.98
A5 206.74+0.02 0.42+1.22 97.39 50.09+0.86
A6 209.59+0.01 0.59+0.56 101.09 81.48+1.40
B1 162.46+0.02 0.35+0.65 103.15 4.22+0.13
B2 107.35+0.03 2.02+1.02 99.13 5.40+0.40
B3 137.10+0.02 2.03+0.24 98.50 6.18+0.13
B4 200.83+0.03 0.02+0.45 104.34 9.35+0.68
B5 201.19+0.01 0.10+0.15 102.16 11.52+1.57
B6 228.07+0.02 0.45+0.75 99.01 15.90+0.42

15.90 min. The results show that an increase in
binder concentration leads to an increase in the
disintegration time of the metronidazole tablets
[28]. The tablets formulated using hydrophilic
lubricant (sodium lauryl sulphate) showed lower
disintegration time than those formulated using
hydrophobic lubricant (magnesium sulphate).
Sodium lauryl sulphate due to its hydrophilic
nature and surface activity enhances wetting and
promotes solvent penetration into tablets leading
to decrease in disintegration time [30].
Hydrophobic lubricants reduce the effective drug-
solvent interfacial area by changing the surface

characteristics of the tablets, thereby decreasing
their wettability and extending their disintegration
time [30]. There was increase in the
disintegration time, 19.07+1.43, 39.76+1.07,
63.60£0.58 min and 4.22+0.13, 5.40+0.40,
6.18+0.13 min, as the concentration of the
lubricant increases, Al (0.5%), A2 (1%), A3
(1.5%) and B1 (0.5%), B2 (1%), B3 (1.5%)
respectively.

Drug content ranged from 97.39 to 104.34% and
uniformity of weight ranged from 0.01 to
2.76%.
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3.5 In vitro Drug Release

After 30 min of dissolution study, the % drug
release for formulations Al, A2, and A3
(containing 1% SAG and MS), was 102.7, 88.51,
and 81.76% respectively while% drug release for
formulations B1, B2, and B3 (containing 1% SAG
and SLS) were 99.45, 99.21 and 98.76%
respectively. After 60 min, the percentage drug
release for formulations Al1-A6 was 104.28,
102.7, 95.38, 102.1, 90.43, and 76.60%
respectively whereas the percentage release for
formulations B1-B6 was 101.35, 101.33, 99.89,
105.25, 101.24, and 99.99% respectively. This
implies that an increase in the concentration of
the lubricant will lead to a decrease in the % drug
release [8]. This supports the work of Uzunovi¢
and Vrani¢ [31] which reported that the presence
of magnesium stearate in a formulation allowed
the dissolution medium to stay on the surface of
the particle resulting in slower wettability and
dissolution rate. Ariyasu et al [32] revealed that
the decrease in dissolution is due to the increase
in the exposed amount of magnesium stearate
on the tablet surface and also that tablet
dissolution is limited by the diffusion of
magnesium stearate.

For formulations Al, A2, and A3 that contained
1% SAG but 0.5, 1.0, and 1.5% magnesium
stearate respectively, the % drug release after 30
min was 102.7, 88.51, and 81.76% respectively,
and after 60 min was 104.28, 102.70, and 95.385

respectively (Fig. 2). Also for formulations B1,
B2, and B3 that contained 1% SAG but 0.5, 1.0,
and 1.5% sodium lauryl sulphate respectively,
the % drug release after 30 min was 99.45,
99.21, and 98.76% and after 60 min was 101.35,
101.33, and 99.89% respectively (Fig. 2). This
signifies that at the same binder concentration,
the higher the concentration of lubricant, the
lower the quantity of drug released.

3.5.1 Drug-excipients compatibility studies

The FTIR spectra in Figs 3, 4 and 5 showed that
there was no incompatibility  between
metronidazole, SAG, and magnesium stearate
(MS) or sodium lauryl sulphate (SLS).The
standard IR peaks of metronidazole (Fig 3) were
still available when combined with SAG and
magnesium stearate (Fig 4) and when in
combination with SAG and sodium lauryl
sulphate (Fig 5). The IR peak for N=O (1550-
1350 cm) was seen at 1547, 1515 and 1490
cm® for metronidazole, metronidazole + SAG
+MS, and metronidazole +SAG  +SLS
respectively. The IR peak for =C-H stretch (3100-
3000 cm-) was seen at 3034, 3029, and 3066
cm-1 respectively. The IR peak for -CHs bending
(1475-1365 cmt) was seen at 1411, 1382, and
1367 cm-lrespectively. The IR peak for —C-O
alcohol (1300-1000 cm) was seen at 1153,
1116, 1128 cm respectively. The C=C stretch
(1475-1700 cm?) was seen at 1689, 1676 and
1577 cm! respectively.

120 +
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Fig. 2. In vitro drug release from formulations A1-A6 and B1-B6
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Fig. 3. FTIR spectrum of metronidazole

Fig. 4. FTIR spectrum of metronidazole + Sida acuta gum + magnesium sulphate

AN

Fig. 5. FTIR spectrum of metronidazole + Sida acuta gum + sodium lauryl sulphate
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4. CONCLUSIONS

Metronidazole  tablets  were  successfully
formulated using Sida acuta gum as a binder and

either magnesium stearate or sodium lauryl
sulphate as a lubricant.
The tablets formulated using sodium lauryl

sulphate, a hydrophilic lubricant have a lower
disintegration time compared to those formulated

with  a hydrophobic lubricant, magnesium
stearate. The percentage drug released by
metronidazole tablets formulated using

magnesium stearate was close to those
formulated using sodium lauryl sulphate. Tablets
formulated with a lower concentration of the
lubricants disintegrated faster than those
formulated with higher concentrations of the
same lubricant.
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