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ABSTRACT

Introduction: Metronidazole is usually used as an oral antiprotozoal and antibacterial agent
to treat skin and mouth infections, bacterial vaginosis, and pelvic inflammatory diseases as
well as some sexually transmitted infections (trichomoniasis and giardiasis. Methods: This
study compared three generic brands of 250-mg metronidazole tablets (Amrizole, Riazole,
Anazol) available in Saudi Arabia with the reference brand (Flagyl) according to United States
Pharmacopeial (USP) specifications, including in vitro dissolution and physicochemical
characteristics (i.e., uniformity of drug content, weight, hardness, thickness, and diameter,
friability, and disintegration). In addition, anti-blastocyte activity was studied to evaluate the
biological activity of the formulated nanocomposites by using cultured Blastocystis sp.
suspension from symptomatic patients. Blastocystis sp. was subcultured with fresh Jones
medium enriched with 10% horse serum to remove stool debris. Results: All products met
USP specifications for all physical and physicochemical parameters, including the drug content
assay (i.e., all products contained 94-99% of the label claim). The dissolution profiles showed
no differences between the products. The biological activity showed the metronidazole started
to destroy Blastocystis sp. within 1 hour, and all cells were dead by the end of 24 hours.
Conclusion: All tested brands were bioequivalent under biowaiver conditions, with no
significant differences in physical and physicochemical parameters as well as biologic activity
against blastocystosis. The generic metronidazole tablets can be used interchangeably with
the brand name product.

Keywords: Metronidazole, bioequivalence, physicochemical parameters, dissolution,
blastocystosis

INTRODUCTION

ccording to the United States Food and Drug Administration biowaiver procedure for

pharmaceutical products containing Biopharmaceutics Classification System (BCS)

class | active pharmaceutical ingredients (APIs), the formulation should be freely
dissolving, should not contain inactive ingredients that might influence the absorption, should
not have a narrow therapeutic index, and should not be designed to be absorbed in the oral
cavity. Metronidazole is a cost-effective treatment for both bacterial and parasitic organisms
as well as anaerobic infections, with only minor adverse effects (1).

Generic medicines have been widely established in the international healthcare market to
reduce medication expenditures (2). The World Health Organization has encouraged the use
of generic products to decrease the cost of drug spending in the public healthcare system, but
this requires proof that the generic replacement is interchangeable with the brand name
product, and this is accomplished with bioequivalence studies (3, 4). In vitro dissolution
studies may be used instead of long and costly in vitro studies to establish bioequivalence for
certain drugs under certain biowaiver conditions (5).
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The aim of this study is to compare generic metronidazole tablets available in Saudi Arabia
with the brand name product under biowaiver conditions to establish their bioequivalence
and interchangeability (6, 7).

METHODS

Four metronidazole tablet (250 mg) products were purchased from pharmacies in Saudi
Arabia. The brand name product was Flagyl (Sanofi), and the generic products were amrizole
(Amriya Pharmaceuticals), riazole (Riyadh Pharmaceuticals), and anazol (Jazeera
Pharmaceuticals Industries), and a pure drug powder of metronidazole was used to prepare
the stock solution (8). All chemicals and reagents were of pharmaceutical grade (Sigma
Aldrich).

All products were of the same strength (250 mg), pack size, and dosage form, with some price
differences (Table 1).

Table 1. Package Details for Metronidazole Tablets (250 mg)

Expiration Cost for20  |Relative price to
Product Manufacturer Batch No. date Tablets (SAR) the brand
Flagyl Sanofi 3RX02 09/2026 10.05 Reference
Amrizole Amriya 9011006 | 08/2025 7.10 71%
Pharmaceuticals
. Riyadh
Riazole . 23DE93 09/2026 5.80 58%
Pharmaceuticals
Jazeera
Anazol Pharmaceuticals 6554 08/2026 6.45 65%
Industries

SAR: Saudi Riyals

Weight Variation

Twenty tablets from each product were weighed in milligrams on an electronic balance (A&D
Company Ltd., Tokyo, Japan). The mean and percentage of variation were calculated for each batch
(2,9).

Diameter

Six tablets from each brand were randomly selected, and the diameter of each tablet was
measured with a digital Vernier caliper.

Hardness

Hardness was measured with a hardness tester (EBT-2PRL, Electrolab) by placing six tablets
horizontally between the two jaws of the machine and moving the jaws towards each other
until the tablet fractured; the required force to break the tablet was measured and recorded (3,
10).

Thickness

Six tablets from each brand were randomly selected and evaluated by measuring the thickness
of each tablet in the hardness tester (3, 9).
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Friability

Twenty tablets from each brand were dusted and weighed then subjected to a friability tester
(Erweka, Germany), which was operated for 4 minutes at 25 rpm for 100 revolutions. All tablets
were re-weighed after removing from the friability tester to calculate friability as a percentage
of weight loss per USP standards (2, 10).

Disintegration

A disintegration tester (PharmaTest, Germany) was used for to evaluate six randomly selected
tablets from each brand (three with discs and three without discs). The disintegration medium
was 900 mL of 0.1 N hydrochloric acid (HCL) with distilled waterat 37 + 2 °C (8, 11, 12).

Standard Curve

An accurately weighed 250 mg of pure metronidazole was dissolved in 100 mL of 0.1 N HCI
solution and sonicated for 20 minutes to get a clear stock solution. A series of dilutions with
concentrations of 0.005, 0.01, 0.015, 0.02, and 0.25 mg/mL of metronidazole were prepared
from the stock solution. Absorbances were scanned at 278 nm using diluted stock solution as
a blank on a UV spectrophotometer (Shimadzu, UV-1800, Japan). The measured absorbances
were plotted against the concentrations of the standard drug solutions.

Uniformity of Content and Assay

One metronidazole tablet equivalent to 250 mg of active ingredient was dissolved in 100 mL
of 0.1 N HCL using a magnetic stirrer then filtered. A 10-mL sample of filtrate was diluted to 100
mL with 0.1 N HCL, and further dilutions were prepared (0.25 and 0.025 mg/mL) (3).
Metronidazole content was analyzed at 278 nm with a UV-visible spectrophotometer
(Shimadzu, UV-1800, Japan) using the diluted solution as a blank at the lowest concentration
of 0.025 (13).

Dissolution

Dissolution testing was conducted by qualifying all standards according to USP 32 (14). The
test was measured for six randomly selected tablets by using a USP apparatus 2 (paddle)
(Electrolab, India) at 100 rpm with 900 mL of 0.1 N HCIl as dissolution medium at 37 °C.
Samples (10 mL) were withdrawn after 5, 15, 30, 45, and 60 minutes and immediately replaced
with pre-heated fresh medium to maintain the equilibrium. The samples were filtered using a
syringe filter (0.45 um, Millipore) (15). The filtrates were further diluted with 0.1 N HCl to a
suitable dilution, and absorbance was measured at 278 nm (0.1 N HCL was used as a blank)
on a UV-visible spectrophotometer (3). The percentage of cumulative drug release was
recorded (16).

Antimicrobial Activity

Blastocystis sp. (protozoa) is a parasite that causes many infections including gastrointestinal
infections. The first-line therapy is metronidazole; however, it was reported to show frequent
inefficacy. Previously, Blastocystis sp. isolated from different populations showed
metronidazole variable resistance, so the effect of metronidazole treatment on pathogenic
Blastocystis sp. is unclear (17).

Cultured Blastocystis sp. suspension from symptomatic patients was used for evaluating the
metronidazole biological activity. Following ethical clearance from the institutional review
board, Blastocystsis sp. were collected from the El-Badry Lab and subcultured using fresh
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Jones medium enriched with 10 mL of 10% horse serum to remove stool debris. Cultures with
vacuolar forms of Blastocystis sp. greater than 106/mL were used to evaluate the biological
activity of metronidazole. The number of Blastocystis sp. were counted under a microscope in
a hemocytometer counting chamber.

The experiments were analyzed in five groups as follows: group 1 served as the negative
control group containing cultured Blastocystis sp., and groups 2-5 served as positive
treatment groups, containing parasites exposed to Flagyl (group 2), amrizole (Group 3), riazole
(group 4), and anazol (group 5). Parasites were exposed in each group with increasing
concentration. All culture tubes were incubated at 37 °C in humidified CO; for 48 hrs. All tested
nanocomposites for each concentration were prepared by dilution with stock suspension in
the appropriate amount of phosphate buffered saline (PBS). Cultured Blastocystis sp. were
tested for their viability using Trypan blue solution (0.4%). All cultured tubes were examined
for a percentage of reduction in the growth of Blastocystis sp. each hour for 5 hours then at
24 hours (18).

RESULTS AND DISCUSSION

The metronidazole standard curve showed an equal concentration of known and standard
metronidazole (R*=0.9994).

All products complied with the USP specifications regarding all physical and physiochemical
parameters for tablets, i.e., uniformity of drug content, weight, hardness, thickness, diameter,
friability, and disintegration (Table 2). All brands contained 94-99% (w/w) of label claim.

Table 2. Mean + SD Values for Physical and Physiochemical Tests of Metronidazole Tablets (250 mg)

Flagvl 99 10.1 352.4 9.1 4.1 0.072 9.7
gy +0.9 +0.24 +3.8 +0.5 +0.1 +0.15 +1.0
Amrizole 96 11.1 500.2 17.7 5.2 0.055 11.5
+0.3 +0.33 +3.3 +0.9 +0.1 +0.002 +0.1

Riazole 94 10.1 360.2 5.5 4.0 0.018 3.2
+0.6 +0.15 +4.3 +0.9 +0.1 +0.001 +0.1

97 10.6 379.1 18.6 3.7 0.163 9.9

Anazol

+0.6 +0.40 +7.2 +2.8 +0.2 +0.011 +1.1

The dissolution profiles showed no variation (Fig. 1). Within 10 minutes, 40% of metronidazole
was released from the tablet, and within 20 minutes almost 100% was released except for
amrizole, and 100% was complete released was achieved within 1 hour for all products.

Based on data collection, the rate of apoptosis was noticed high in response to all treatments,
when treated with metronidazole (19). Blastocystis sp. isolates died with metronidazole
treatment. A lower cell count was observed with treatment of all metronidazole products, and
the rate of apoptosis was high (19). When metronidazole was compared to the control,
metronidazole treatment increased the destruction of Blastocystis sp. (20). There were no
significant differences between the brand name and generic products, as all Blastocystis sp.
started to die within 1 hour, and they were all dead in 24 hours (Figs. 2 and 3 and Table 3).
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Figure 1. Results of in-vitro drug release dissolution studies of 250-mg metronidazole tablets.

Table 3. Anti-Blastocystis Sp. Effect of Metronidazole Tablets (250 mg)

1 Standard
(Control) 91.05(1.22) | 94.33(0.58) | 96.67 (0.58) | 98.67 (0.58) 100 (0.00)
2 Flagyl 91.33(1.53) | 94.67(0.58) | 97.06(1.08) | 98.67 (0.58) 100 (0.00)
3 Amrizole 92.27(1.06) | 95.33(0.58) | 97.67 (0.58) | 99.05 (0.63) 100 (0.00)
4 Riazole 91.67 (1.15) | 95.07(1.24) | 97.33(1.15) | 98.83(0.29) 100 (0.00)
5 Anazol 91.33(1.53) | 94.67 (0.58) | 97.15(1.33) | 98.67 (0.58) 100 (0.00)
% *

Figure 2. Microscopic staining of Blastocystis sp. with Trypan blue solution (0.4%). Light cells are
considered alive (left) and dark cells are considered dead after addition of metronidazole (right).
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Figure 3. Anti-Blastocystis sp. effect of 250-mg metronidazole tablets.
CONCLUSION

The tested generic (amrizole, riazole, anazol) and brand name (Flagyl) metronidazole tablets
available in Saudi Arabia are bioequivalent under biowaiver conditions, with no significant
difference in biologic activity against blastocystosis. Therefore, these products can be used
interchangeably.
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