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Abstract: Worldwide, various metronidazole brands are manufactured and are imported to the Libyan market
which are considered pharmaceutically equivalent but may differ in characteristics such as shape, packaging,
excipients, etc. This issue has become a valuable topic for researchers due to the lack of information on the
effective quality of the tablets about their shapes. The purpose of this study was to assess the pharmaceutical
quality of two metronidazole tablet brands with different shapes that are available for purchase in Libya and
to figure out how the shape differences impact metronidazole tablet quality. For this purpose, two shapes of
metronidazole tablets, round and oblong, were used. The quality control characteristic parameters of a tablet,
such as its weight variation, content uniformity, hardness, friability, disintegration, and dissolution were
evaluated. The procedures described in the United States Pharmacopoeia (USP) were followed for the tests.
All round and oblong tablets passed the weight variation, content uniformity, friability, disintegration time,
and dissolution tests that complied with the USP specifications, except for the hardness test, which round and
oblong tablets failed to pass. The findings indicated that the shape variations do not affect on the metronidazole
tablet quality parameters. The choice of shape of a tablet depends on improving its mechanical qualities, its
handling convenience, its packing, and its visual appeal.

Introduction

One of the advantages of administering oral medications is improved patient compliance. Tablets represent
the majority of solid dosage forms that are taken orally [1]. Because of their lower manufacturing and packing
costs, superior packaging, and increased stability over oral drugs, tablets are the dosage form of choice for
manufacturers [2]. Powder compaction studies have gotten substantial funding and effort from the
pharmaceutical industry, and because the patient can self-administer the tablet, which is available in a variety
of shapes and colours and provides active ingredients constantly, the cost is appropriate [3]. The FDA's
requirement of being able to visually identify tablets, combined with the international acceptance of colours,
has resulted in the manufacture of tablets with a variety of shapes as a means of identifying the product [4].
Tablets can be disc-shaped or have convex surfaces, but they can also be round, oval, oblong, or cylindrical
[5]. Tablet shape could affect patient compliance with treatment regimens. Certain tablet shapes might be
simpler to swallow than others. Human studies have shown that compared to round-shaped tablets, the
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swallowing of oval-shaped tablets might be easier and have shorter oesophageal transit times for the same-
weight tablet [6]. According to Kadiri and Michrafy [2], there are no issues with the tablet's shape complexity
when it comes to pharmaceutical powder compression. The pharmaceutical industry considers tablet shape to
be a significant subject since it impacts product development, operating conditions for processes, and
marketing concerns [7]. Due to there is a direct correlation between tablet quality and shape, manufacturers
should not undervalue the significance of producing an appropriate-shaped tablet with an optimal therapeutic
profile while elucidating the rationale behind different oral dosage forms [8]. Ensuring the overall quality of
a product is crucial in the pharmaceutical industry to avoid non-compliant products that do not meet
Pharmacopoeia specifications. It is necessary to control errors that may occur during the production process
[9]. The tests for content uniformity, weight variation, hardness, friability, disintegration, and dissolution are
used as quality control measures for pharmaceutical tablets [10].

Metronidazole is a medication that treats diseases brought on by anaerobic bacteria and protozoa. It has
antibacterial, anti-amoebic, and antiprotozoal properties [11]. The Libyan market has a wide variety of
metronidazole tablet brands that are produced by several international companies [12]. Pharmaceutically
equivalent brands vary somewhat in shape, packaging, excipients (colures, flavours, and preservatives),
expiration date, and labelling requirements, but they must meet the same compendial or other applicable
standards and contain the same amount of active ingredient in the same dosage form [13-15]. This study aims
to evaluate and investigate the pharmaceutical quality parameters of tablets of two differently shaped brands
of metronidazole drug marketed in Libya, and to determine how the quality of metronidazole tablets is affected
by shape variations.

Materials and methods

Two different brands of metronidazole tablets (500 mg) were used in this study with a different shape: one is
round (MET-1) while the other is oblong (MET-2). Both metronidazole tablets were purchased from a
pharmacy located in Al-Bayda City, Libya. Table 1 shows the label information for the two brands of
metronidazole tablets (500 mg).

Table 1: Label information for two brands of metronidazole tablets

Shape of Name of Country of Expiry Batch
Code . .
tablet company origin date number
MET-1 Round A Egypt 09/2025 CEG102
MET-2 Oblong B Egypt 06/2027 8015146A

Analytical method of establishing the standard metronidazole calibration curve: To determine the drug's
wavelength of maximum absorbance (A max) of the metronidazole reference standard (Sigma-Aldrich, USA),
a stock standard solution was prepared first by dissolving 50 mg of metronidazole reference standard powder
in 100 ml of 0.1 N HCL. 5.0 ml of this solution was transferred to a volumetric flask, and the volume was
adjusted to 100 ml with 0.1 N HCL and scanned from 200 nm to 400 nm with a UV-Vis Spectrophotometer
(Thermo Fisher Scientific, USA). A range of metronidazole concentrations from 02.5 to 40.0 pg/ml was
prepared by making a dilution of the stock standard solution (500 pug/ml), and the solutions were evaluated
spectrophotometrically at the drug's A max = 286 nm using a UV-Vis Spectrophotometer. Figure 1 shows the
calibration curve of the metronidazole reference standard and uses the linear regression equation (y = 0.028x
+0.0301) of the calibration curve to calculate the concentration of metronidazole in sample solutions [13].
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Figure 1: Metronidazole's calibration curve in 0.1 N HCL

Pharmaceutical quality control tests performed in vitro: The average weight for each brand was calculated by
weighing twenty tablets individually for each brand using an electronic balance (Sartorius, Mettler Toledo,
Germany) [16]. The average hardness was calculated by measuring the hardness (Kg/cm?) of ten randomly
selected tablets from each brand using the TBH 220 D hardness tester (Erweka GmbH, Heusenstamm,
Germany) [16]. The friability (%) was calculated by using the formula below: weigh 20 tablets of each brand
(W1) and put in a friability tester (Erweka TAR 220, Erweka GmbH, Heusenstamm, Germany), which was
then run for four minutes at 25 rpm. After that, the tablets were re-weighed (W2) [17].

Initial weight (W1)— Final weight (W2) X 100
Initial weight (W1)

% of Friability =

This test was carried out using USP disintegration equipment (Hanson Research, Chatsworth, USA). Six
tablets of each brand were used to determine the disintegration time. Each tube contained one tablet, and the
basket rack was set inside a 1000 ml vessel containing 900 ml of water that had been maintained at 37.0+0.5
°C. The basket holding the tablets had to be raised and lowered at 32 cycles per minute using a motor-driven
apparatus. To prevent the tablets from floating, perforated plastic discs were utilized. The time required for
six tablets to break down into small particles and enter the disintegration medium was estimated [18]. The
drug content of each tablet was estimated individually using ten tablets selected randomly from each brand
and the following procedure: A standard solution (20 pg/ml) of metronidazole reference standard was prepared
using 0.1 N HCL as the solvent. A sample stock solution was prepared where one tablet was put in a volumetric
(250 ml) flask and 100 ml of 0.1N HCL was added and shaken for 30 min. Complete to volume with 0.1 N
HCL, mix, and filter. To prepare a sample solution, 1.0 ml of the filtrate is put into a volumetric (10 ml) flask
and diluted to obtain a 0.2 mg/ml solution of metronidazole. Following that, 1.0 ml of this solution is put into
a volumetric (10 ml) flask, complete with 0.1 N HCL to volume, and mixed. Using a spectrophotometer to
measure the absorbances of the sample and standard solutions at A max = 286 nm, 0.1 N HCL is used as the
blank. The metronidazole quantity (mg) in each tablet is calculated as TC/D - Au/As. Whereas T represents
the labelled amount (mg) of metronidazole in the tablet, C represents the concentration (pug/ml) of the
metronidazole reference standard in the standard solution, D represents the concentration (pg/ml) of
metronidazole in the test solution, based on the labelled amount per tablet and the extent of dilution, Au and
As are the absorbances of the sample and standard solutions, respectively [19]. The dissolution test was
performed using the Erweka DT600 (Erweka GmbH, Heusenstamm, Germany). Nine hundred millimetres at
37.0+£0.5 °C of 0.1 N HCl was used as the dissolution medium. The speed of rotation was 75 rpm. After time
intervals of 15, 30, 45, and 60 min, a sample of 5.0 ml was withdrawn and then filtered. The filtrates were
then diluted with 0.1 N HCI, and at A max = 268 nm, the absorbance was measured. Sample concentrations at
each of the times mentioned above were calculated by applying the equation of y = 0.028x + 0.0301 which
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was derived from the standard curve of the metronidazole reference standard. The average cumulative release
amount and percentage of drug released were determined by using six tablets [5].

Statistical analysis: A Student ¢-test was used to compare the groups. Data are mean+SEM, n = 6-10.

Results and discussion

Weight variation test: Separately, 20 tablets of oblong and round metronidazole were examined for variations
in weight. Figures 2 and 3 show the average weight of round (MET-1) and oblong (MET-2) shaped
metronidazole tablets, respectively. The graph includes the minimum and maximum weights of each brand.

725

720
Weight of each tablet (mg)
Average weight (mg)

715 '
710

Minimum weight (mg)
705 A /\ Maximum weight (mg)
700 \

“ NI VVVV

Weight (mg)

685
680

Number of tablets
675

0 5 10 15 20 25

Figure 2: Weight variation test of MET-1 (round-shaped metronidazole tablets)

The findings demonstrated that metronidazole tablets with round and oblong shapes meet USP weight
requirements (the percentage weight variations should not exceed = 05.0% for tablets weighing more than 324
mg) [20]. Although oblong tablets have an average weight greater than that of round-shaped tablets, all round
and oblong metronidazole tablets pass the weight variation test with ease. Powder blends are usually
compacted in a tablet press, which is a multi-component integrated processing unit. Tablet presses' designs
can be influenced by the tooling, such as the die cavity that defines the tablet's shape and size and the punch
geometry and size that can be adjusted to provide a suitable weight and shape for the tablet. Weight variability
and tablet weight are impacted by die-fill uniformity [21].
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Figure 3: Weight variation test of MET-2 (oblong-shaped metronidazole tablets)
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Hardness test: Compared to oblong tablets, round tablets are more likely to break because they are under
greater stress. This pattern is understandable based on the hardness readings for metronidazole round and
oblong-shaped tablets provided in Figure 4. In the present study, all the brands of metronidazole showed a
deviation from the force range (4.0-6.0 kg/cm?) which is the minimum crushing force requirement for a
satisfactory tablet as per the USP compendial range [22]. Therefore, the two brands failed to meet the
manufacturer’s requirement for hardness. The MET-2 brand showed comparatively higher hardness than the
MET-1 brand. Tablet hardness is mostly based on the materials used, the binder type and concentration used
in a formulation, the ratio of tablet height to diameter, the extent between the upper and lower punches at the
moment of compression, as well as the pressure used (compression force) [5, 22]. There is a linear relationship
between compression pressure and tablet hardness [23]. Therefore, the oblong shape of the metronidazole
tablets is subject to higher compression pressures than the round-shaped tablets and will require more
compression pressure to break than the round-shaped tablets due to their higher hardness value [8].
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Figure 4: Comparison of the MET-1 and MET-2 tablet hardness tests

The friability has experimentally been determined for different-shaped metronidazole tablets. The tablet
formulation is acceptable if the friability is less than 01.0% as per the USP requirements. As the friability
values for MET-1 and MET-2 were close to zero, they satisfied the USP friability requirements. This indicates
that the two brands are mechanically stable which may be connected to the film coat that surrounds the tablets,
and that they will not undergo any mechanical shocks or abrasions during the manufacturing, packing, and
transportation processes [16, 22]. The disintegration of tablets of varying shapes was observed by testing to
identify the form that has the biggest influence on the disintegration time. Figure S provides the shape and the
disintegration time. Film-coated tablets are designed to disintegrate in 30 min according to USP requirements
[5]. Here, the disintegration time of metronidazole film-coated tablets, MET-1 and MET-2, was found to be
less than 10 min, satisfying the requirement. The study's experimental results indicate that the oblong-shaped
metronidazole tablets have a greater disintegration time than the round-shaped tablets; hence, the round-
shaped tablets would dissolve more quickly than the oblong-shaped ones due to the oblong shape of the
metronidazole tablets is subject to higher compression pressures than the round-shaped tablets. The
disintegration time is directly proportional to the compression pressure [23].
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Figure 5: Comparison of the metronidazole MET-1 and MET-2 tablet disintegration tests
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The drug content of round and oblong metronidazole tablets was not affected by variations in shape whereas
the results of the drug content test of MET-1 and MET-2 showed a potency range of 90.0-110.0% of the
labelled quantity of metronidazole and complied according to USP requirements [5]. Figures 6 and 7 illustrate
the drug content of MET-1 and MET-2, respectively. The findings indicate that the upper limit is equal for
both brands, but the lower limit of the oblong-shaped metronidazole tablets is higher than the lower limit of
the round-shaped tablets. Although MET-2 has a weight greater than MET-1, its percentage drug content it is
within the range specified by the USP [23].
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Figure 6: Percentage of drug content of MET-1 round-shaped metronidazole tablets
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Figure 7: Percentage of drug content of MET-2 oblong-shaped metronidazole tablets

Figure 8 illustrates the percentage of drugs released from each shape of metronidazole tablet. According to
USP specifications for metronidazole film-coated tablets, the release of the drug should not be less than 85.0%
of the labelled amount in 60 min [16]. The two brands had satisfactory results from the dissolution test. After
15 min, brand MET-2 exhibited the most drug release, while brand MET-1 showed the slowest drug release
rate. The oblong-shaped metronidazole tablet showed a slightly greater dissolution rate than the round-shaped
tablet, but there was no apparent variation in the dissolution profile.

Mechanisms of drug release are complicated processes that involve swelling, erosion and diffusion across
tablet surfaces; compression force and hardness might not have a major impact on these processes [23]. In the
current study, the pharmaceutical quality parameters have been assessed for two different metronidazole tablet
brands marketed in Libya, and the impact of tablet shape on the quality of tablets was evaluated, but the
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manufacturers of the two brands failed to produce tablets with good crushing strength (hardness values were
found to be quite high as compared to the permissible limit). Based on the study of the two shapes of
metronidazole brands, it was found that brands MET-1 and MET-2 are more closely pharmaceutically
equivalent and exhibit highly similar behaviours in quality tests. The design of various metronidazole tablet
shapes may be due to patient compliance and the attractive appearance of tablets for marketing purposes. Thus,
pharmacists advise using these brands interchangeably without worry due to the difference in shape. However,
additional studies are needed on the significance of tablet shapes would be beneficial, as the current study is
dependent on a limited sample of tablet shapes and brands.

120

100 — o

80

—&— MET-1 MET-2
60

Drug release
(%)

40

20
Time (min)

0 10 20 30 40 50 60 70

Figure 8: Dissolution profiles of the MET-1 and MET-2 brands of metronidazole tablets

Conclusion: The findings of weight variation, content uniformity, friability, disintegration time and dissolution
tests of the two marketed products of metronidazole comply with the USP limit. The variations in the shape
of metronidazole tablets have no impact on the quality of the marketed brand of metronidazole in Libya.
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