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Abstract

Background: Metronidazole is a 5-nitroimidazole antimicrobial agent, widely used in the treatment of infections caused 
by Trichomonas vaginalis, such as trichomoniasis, pseudomembranous colitis, and symptomatic amoebiasis resulting from 
anaerobic bacteria.
Aim: The study aimed to qualitatively determine the quality and in-vitrobioequivalence of selected brands of metronidazole 
tablet dosage forms used in the management of infectious diseases.
Method: The British Pharmacopeia (BP) Standard methods were followed to conduct weight uniformity, disintegration time, 
hardness, and friability tests. For the Thin Layer Chromatographic (TLC) Fingerprinting, 0.1g of the brands were weighed 
and dissolved ins 50 ml methanol (50%). The stock solution was prepared using 50% methanol and 50% dichloromethane 
and was transferred into the Chamber and allowed to stand for about 45 minutes; the plates were viewed under UV-VIS 
Spectrophotometer at 365 nm.
Result: All the brands complied with the acceptable friability limit, and disintegrated within the appropriate time of not more 
than 15 minutes as specified in BP, for uncoated tablets. The tablets were found to have a dissolution profile of at least 70% of 
the active ingredient taken at 45 minutes from the dissolution medium as stated in BP. The analysis showed the consistency of 
concentration of the selected tablet brands with the label claims.
Conclusion: The TLC procedure used in the analysis was accurate and precise, no interference was observed from the 
excipients. Thus, this method can be used in the routine quality control of metronidazole solid dosage form.
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Abbreviations: BP: British Pharmacopeia; TLC: Thin 
Layer Chromatographic; HPLC: High-Performance 
Liquid Chromatography; PFORs: Pyruvate-Ferredoxin 
Oxidoreductases.

Introduction

Metronidazole, also known as 2-(2-Methyl-5-nitro-1H-
imidazole-1-yl)-ethan-1-ol, is a synthetic antiprotozoal and 
bactericidal drug that is weakly soluble and a member of the 
nitroimidazole family [1]. It is active against Trichomonas 
vaginitis, Giardia lamblia, Balantadium coli, Helicobacter 
pylori, and Gardnerella vaginilis [2-6]. Metronidazole 
is usually well absorbed (80-90 %) following oral 
administration. It is 80% bioavailable via the oral route, 60 
– 80% (rectal), and 20 – 25% (vaginal) [7]. Metronidazole 
is metabolized to hydroxy-metronidazole in the liver, it is 
20% protein bound, with an elimination half-life (t1/2) of 
8 hours and excreted via urine (77%), and feces (14%) [8]. 
The principal route of elimination is hepatic oxidation and 
glucuronidation [9]. By preventing the synthesis of nucleic 
acids and creating nitroso radicals, metronidazole damages 
the DNA of microorganisms [10]. Its effect on human cells 
and aerobic microorganisms is negligible; this activity is 
only activated when it is significantly decreased, which 
typically happens in anaerobic bacteria and protozoans [10]. 
Metronidazole has several common side effects, despite its 
widespread use, including vomiting, urticaria, dysgeusia 
(parageusia), nausea, and diarrhea [11]. Rare side effects 
include headache, weariness, vomiting, tonsillitis, glossitis, 
dark urine, numbness, and hypersensitivity reactions 
(rash, itching, flushing, and fever) [12]. High doses and 
prolonged usage of metronidazole have been associated with 
leucopenia, neutropenia, central nervous system toxicity, and 
an increased risk of neuropathic pain. Topical metronidazole 
therapy is frequently accompanied by side effects such as 
localized redness, dryness, and skin irritation [5]. It has 
high bactericidal activity against most anaerobes, including 
protococcus, peptostreptococcus, clostridium, fusobacterium, 
and a few Gram-positive organisms that do not form 
spores, such as actinomyces, eubacterium, bifidobacterium, 
propionibacterium, and propionibacterium [13].

Figure 1: Structure of metronidazole: C6H9N3O3 
(2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethan-1-ol).

Metronidazole is an imidazole (Figure 1), having 
2-hydroxyethyl, nitro, and methyl groups replaced at 
positions 1, 2, and 5, respectively [14]. Because it can 
intracellularly reduce the nitro group of metronidazole to 
produce nitroso-containing intermediates, it is a prodrug 
that is unique to anaerobic bacteria [15]. 

By activating the prodrug, a concentration gradient is 
produced, which enhances its absorption by the organism and 
amplifies its antibacterial activity [16]. This prevents DNA 
synthesis and causes oxidative damage, breaking the double 
strands [17]. The microbial selectivity of metronidazole is a 
result of aerobic bacteria’s inability to activate the prodrug 
due to a lack of necessary electron transport proteins 
with sufficient negative redox potential [18]. The drug is 
activated in anaerobic bacteria when iron-sulfur proteins 
known as pyruvate-ferredoxin oxidoreductases (PFORs) 
reduce ferredoxin or flavodoxin [19]. The cerebrospinal 
fluid has significant quantities of metronidazole [20]. It is 
broken down in the liver via oxidation and the formation of 
glucuronides [21]. Tablet formulations are made to include 
a certain amount of medication in a predetermined amount. 
The weight of the tablet is regularly measured to see whether 
it contains an appropriate amount of the medicine [22]. 
No two tablets differ by more than 10% if their average 
weight is 80 mg or less, 7.5% if > 80 mg but less than 250 
mg, and 5% if >250 mg [23]. The time taken for a batch 
of tablets to disintegrate under particular circumstances 
into smaller particles is known as disintegration [24]. The 
testing solvent for compressed uncoated tablets is water at 
37 ℃; however, the monographs occasionally suggest using 
simulated stomach fluid [25]. In contrast to USP standards, 
which indicate that both uncoated and film-coated tablets 
should dissolve in 30 minutes, BP criteria state that uncoated 
tablets should dissolve in 15 minutes and film-coated 
tablets in 30 minutes [26]. A tablet’s resistance to abrasion 
during handling, packing, and transportation is gauged 
by its friability [25]. A maximum loss of 1% of the mass of 
the tablets under test is acceptable for most products [27]. 
Tablets’ resistance to breaking or chipping is evaluated 
using hardness testing [26]. Additionally, it determines how 
resistant solid dose formulations are to breaking or abrasion 
during handling, transportation, and storage before use [25]. 
A maximum of 4 to 15 kgF of hardness is permissible [28]. 

One of the simplest chromatographic methods is thin-
layer chromatography (TLC) for separating non-volatile 
mixtures, usually conducted on a sheet of glass, plastic, or 
aluminum foil coated with a thin film of adsorbent material 
[29]. Non-aqueous titrimetry, potentiometry, and high-
performance liquid chromatography (HPLC) are the official 
quantitative analysis methods used to assess metronidazole 
[30-33]. Problems with specific solvents and reagents, as 
well as the price and accessibility of standards, frequently 
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plague pharmaceutical analysis. Therefore, the need to 
develop cost-effective, and precise procedures to enhance 
quantitative analysis [34]. The quality of the metronidazole 
formulation is critical for patients to receive high-grade 
symptom alleviation and infection therapy. The present 
investigation entails the in vitro qualitative evaluation of 
specific brands of oral metronidazole formulations that 
adhere to established guidelines, to enhance the quality of 
brands available in the healthcare system and optimize their 
efficacy in treating infectious disorders.

Method

In-Vitro Bioequivalence Assay 

Weight Uniformity: The metronidazole tablets were divided 
into twenty (20) branches, and these were chosen at random. 
Using an analytical balance, each tablet was weighed twice, 
and the primary individual weights were noted. The relative 
standard deviation and mean weight were computed and 
noted [35].

Disintegration Time: A disintegration tester with distilled 
water filled to the brim at 37 ± 1 °C was filled with six pills. 
Every tablet’s disintegration time was measured, and the 
average disintegration time across all brands was computed. 
According to USP guidelines, the maximum disintegration 
time for coated tablets was 15–30 minutes, whereas the 
maximum disintegration time for uncoated tablets was less 
than 15 minutes.

Hardness Test: This test was performed using the YD-I 
tablet hardness tester. Randomly selected ten tablets from 
each brand were placed between the tester’s jaws and the 
tester’s knob was turned until the tablet’s integrity failed. 

Results were recorded in kgf.

Friability: Ten tablets were picked at random and weighed. 
After that, tablets were put into a calibrated friabilator and 
spun at 25 rpm for 4 minutes. Weighing the tablets once 
more allowed us to determine the percentage friability 
based on the weight differential. Tablets were frequently 
used to compute the percentage (%) loss using the following 
equation:

( ) ( )wl-w2 /wl  x 100 = friability %  

W1 = Weight of Often Occurring Tablets; W2 = Weight of Ten 
Tablets after Friability.

Physicochemical Analysis

Thin Layer Chromatographic Fingerprinting
Each brand of metronidazole weighed 0.1g, which was 

then dissolved in 50 ml of 50% methanol and added to reach 
the 100 ml mark. The TLC plate was heated in the oven for 45 
minutes and then removed using a microcapillary tube. The 
six different brands of metronidazole were spotted on the TLC 
plate and placed in the chamber, where they were allowed to 
rise due to capillary action. The stock solution was prepared 
using 50% methanol and 50% dichloromethane. It was then 
transferred into the chamber and left for 45 minutes. It was 
removed from the TLC plate and subjected to an examination 
using a 365 nm UV-visible spectrophotometer following its 
migration through capillary action. The travel distance of the 
solvent was immediately displayed. The areas of the TLC plate 
that could be seen were circled. Each site is given a retention 
factor (Rf) value, which can be computed as follows: Rf is the 
travel distance of the solvent/sample.

Results

Sample code A B C D E F
Batch 4355Z A191239 001810H RC20006 ATE-160 TE-2741

NAFDAC Apr-53 Apr-66 Apr-26 Apr-66 Apr-01 Apr-21
Strength 400 mg 400 mg 200 mg 400 mg 400 mg 500 mg

Table 1: Six Different brands of Metronidazole used in the study.

No. of Measurements
Sample Code

A (%) B (%) C (%) D (%) E (%) F (%)
1 0.1 3.7 5.7 1.6 0.14 2.5
2 0.3 2.2 4.7 0.2 4 0.1
3 1.1 0.2 0.9 1 12.2 2.4
4 0.7 2.1 3.4 1.5 3.5 1
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5 0.3 0.2 7.7 4.5 1.8 1.8
6 0.4 3.4 1.7 3.1 0.7 0.5
7 3.7 1.1 2.2 0.7 0.1 0.9
8 1.6 1.6 7.8 0.1 1.4 0.2
9 0.1 2.5 0.6 0.2 0.8 0.4

10 0.7 1.7 0.2 0.1 1.2 1.4
Mean ± SD 0.9±1.1 1.9±1.2 3.5±2.9 1.3±1.5 2.6±3.6 1.1±0.9

Table 2: Weight Variation (%Deviation).

No of measurements
Sample Code

A B C D E F
1 4.5 11 8.9 5.5 14.5 6.1
2 5 10.9 10 5.1 13.3 5.8
3 4.9 14 10.9 5 12.5 5.9
4 4.5 11 11 4.3 16 6.2
5 4 10.3 10 4.9 12.5 5.8
6 4.7 10.1 11.2 5.4 15 5
7 4.8 11 8.5 4 13 5.4
8 5 11.4 11 5 14.8 6.5
9 5.3 15 11 6 15 4.3

10 5 15 11 4.5 13.5 5
Mean ± SD 4.8±0.4 12.0±2.0 10.4±1.0 5.0±0.6 14.0±1.2 5.6±0.7

Table 3: Hardness Test (kgf).

Number of 
Measurements

Sample Code

A(min) B (min) C (min) D (min) E (min) F (min)

1 0.57 0.47 2.39 6.5 2.12 10.45
2 1.02 1.01 2.58 7.09 2.3 8.08
3 1.07 1.04 3.02 7.34 2.55 11.52
4 1.1 1.07 3.11 7.54 3 12.06
5 1.2 1.13 3.19 8.3 3.2 13.1
6 1.28 1.22 3.26 8.47 3.3 15.07

Mean ± SD 1.04 ± 0.23 0.99 ± 0.24 2.93 ± 0.32 7.54 ± 0.68 2.75 ± 0.45 11.71 ± 2.17

USP Standard; Uncoated tablets = <15 minutes, Coated tablets = 15-30 minutes.
Table 4: Disintegration Time.
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Figure 2: Friability Test Results of the metronidazole brands and percentage (%) deviation from the initial and final samples. 
Percentage deviation from BP Standard is 0.1% - 0.5%.

Discussion

There are several reasons why drug items of low quality 
are produced, such as using substandard raw materials and 
lack of equipment. Quality control is therefore necessary. 
Pharmacopeia testing compares these attributes to 
predefined standards for verification. In Owerri Metropolis, 
South-East Nigeria, several retail pharmacy establishments 
supplied several brands of metronidazole pills Table 1, which 
were then put through testing for weight variation, friability, 
hardness, and disintegration. We also performed thin-layer 
chromatographic fingerprinting on the different brands 
of metronidazole formulations. All of the sample brands 
satisfied the BP [35] weight variation requirement Table 2, 
which states that for tablets weighing 250 mg or more, the 
weight of no more than two tablets shall fluctuate by 5%. 
Both the amount of the pharmaceutical ingredient (API) in 
a product and good manufacturing practice (GMP) can be 
determined by weight fluctuation [26].

Even though it’s not official, hardness testing is a crucial 
in-process method to determine whether the tablets being 
made are solid enough to resist cracking, chipping, or 
crumbling, but not so hard as to cause them to dissolve more 
slowly [36]. 4 to 8 kgF is the acceptable range [37]. Every 
brand sample matched the allowable limit Table 3. The 
resistance of a tablet to abrasion is measured by its tablet 
friability [35]. 1% is the permitted upper level [35]. Friability 
values for each brand sample were within the acceptable 
range Figure 2. The use of a binder with low adhesive strength 
or not employing a binder at all, along with tableting with 
little compressing force, are indicated by the high friability 

values [38].

A disintegration test for the various brands of 
metronidazole tablets was conducted using a disintegration 
test apparatus. All the brands of metronidazole disintegrated 
within the acceptable limit of not more than 15 minutes as 
specified in El-Nahhas TM [35], for uncoated tablets Table 
4. According to Riley, et al. [39], one of the most significant 
quality control procedures is in-vitro dissolution testing, 
which can provide crucial details regarding batch consistency 
and biological availability. However, a practical and affordable 
way to forecast absorption and bioavailability variations 
between capsule and tablet versions of the same medication 
is by in-vitro dissolution testing [40]. The achievement of a 
dissolving profile is advised as a tool for drug formulation 
development and optimization, as well as the construction of 
in-vitro/in-vivo correlations. All the brands examined using 
the BP method were found to have a dissolution profile of at 
least 70% of active ingredients taken at 45 minutes from the 
dissolution medium as stated in BP [35]. 

It was observed that all the brands of metronidazole 
tablets sampled had acceptable levels of bioequivalence 
and this can be used interchangeably following the 
physicochemical parameters analysis. This shows that there 
are no significant differences in the pharmaceutical, chemical, 
and bioequivalence amongst the samples evaluated. However, 
there was variation in the pharmaceutical parameters of 
the samples. Samples A, B, C, D, E, and F, none failed the 
hardness, weight variation disintegration, and dissolution 
test. Therefore, the findings from this study indicate that 
invitro dissolution profiles of different metronidazole 
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tablet formulations could be used to predict the in vivo 
bioequivalence; suggesting a relationship between invitro 
dissolution and some pharmacokinetic parameters such as 
tmax, Cmax, and AUC, which are necessary in defining the rate 
and the extent of drug availability in the systemic circulation. 

Thin layer chromatographic fingerprint of different bands 
of metronidazole was carried out using Silica gel as the 
stationary phase and Dichloromethane 50% and methanol 
50% as the mobile phase (Figure 3). 

Figure 3: TLC chromatogram under daylight (A), and Iodine tank (B). The above figure shows the thin-layer chromatogram of 
various brands of metronidazole tablets. The Rf was obtained for the different samples ranging from 0.82 (A), 0.84 (B), 0.82 
(C), 0.82 (D), 0.82 (E), and 0.84 for sample F respectively.

The lack of a significant difference between the Rf values 
at p-value < 0.05 indicated the relativeness (safety, efficacy, 
etc.) of the different brands included in the analysis. The 
recommended method is simple, delicate, precise, accurate, 
and economical. Since the analysis does not involve the use 
of organic solvents, the medicine does not need to be pre-
treated, and there is no need for a laborious extraction 
process before the results can be determined, making it 
an environmentally benign technology. Furthermore, the 
suggested methodologies’ application to the examination 
of the pharmaceutical formulation demonstrates that 
excipients do not obstruct the determination. Hence, can be 
used in routine quality control.

Conclusion

Like any other test method currently in use, the 
methodology employed in this study is appropriate and 
helpful for routine quality control analysis and quantification 
of the metronidazole dosage form in pharmaceutical 
formulations. The TLC procedure used in the analysis was 
accurate, precise, and cost-effective, and no interference 
was observed from the excipients.Therefore, in situations 
when advanced pharmaceutical tools and methods are 
unavailable, this approach can be used for the regular quality 
control of metronidazole in tablets and other comparable 
pharmaceutical formulations.
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