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Abstract

Ciprofloxacin is one of the most common antibacterial drugs used mainly for gastrointestinal and urinary tract in-
fections. This study aimed to compare the quality specifications of two Yemeni ciprofloxacin hydrochloride tablet
products with two non-Yemeni brands. Samples were randomly selected from different batch numbers and subjected to
physicochemical testing in accordance with pharmacopeial monographs. Additionally, microbiological susceptibility
testing was performed against Staphylococcus aureus and Escherichia coli. All tested products complied with pharma-
copoeial standards for weight uniformity (<5 %), hardness, friability, disintegration (within 15 min for non-coated
tablets), dissolution (>80 % within 30 min), and assay (95—105 %). Antibacterial activity tests showed significant efficacy
against Escherichia coli and Staphylococcus aureus, with brand D demonstrating the highest activity. These findings
suggest that Yemeni ciprofloxacin tablets meet quality standards comparable to non-Yemeni products, supporting their

potential as effective alternatives.
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Introduction

D rug quality control is a fundamental aspect of
public health that ensures the safety, efficacy,
and reliability of medications. Inadequate quality
control can lead to the distribution of substandard
drugs, resulting in treatment failures, increased
healthcare costs, and the promotion of antimicrobial
resistance (Razak et al.,, 2016). Pharmaceutical prod-
ucts to exhibit the required quality, they should
comply certain pharmacopoeia and non-pharmaco-
poeia specifications. These specifications provide the
effectiveness, safety, stability of product and
compliance of the consumer (Sankula et al., 2023).
Tablets are the most common used pharmaceutical
products; their quality are evaluated officially by the
testing the identity, uniformity of content, weight
variations, assay of active ingredients, disintegration
of the tablet, dissolution of the drug and non-offi-
cially through evaluation of their hardness and

attrition resistance. Post-market surveillance en-
compasses all activities conducted to collect data and
insights about a product after it has received mar-
keting authorization and entered the market. This
ongoing monitoring supports product refinement,
formulation of standards, and the development of
evidence-based regulatory policies. Post marketing
quality of pharmaceutical product is a responsibility
of good manufacture and good storage (Sankula
et al.,, 2023). Ciprofloxacin, a broad-spectrum fluo-
roquinolone antibiotic, plays a significant role in the
treatment of various infectious diseases, including
urinary tract infections, respiratory infections, and
gastrointestinal infections. Its effectiveness and
widespread usage make it a crucial component in
managing bacterial infections, particularly in set-
tings with rising antibiotic resistance (Tomczak et al.,
2021). Despite its importance, there is a notable gap
in research regarding the quality of ciprofloxacin
products available in Yemen. Limited studies have
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been conducted to evaluate the quality and efficacy
of ciprofloxacin in this context, raising concerns
about the potential impact on treatment outcomes
and public health (Al-Mehdar & Al-Akydy, 2017).
Yemen is a growing country, manufacture various
pharmaceutical products through various factories
under the supervision of ministry of health, the
quality of products are evaluated by the factories and
supreme board of drugs and medical appliances
(SBDMA) (Maglam et al., 2024). Several studies have
evaluated the quality control of pharmaceutical
products marketed in Yemen, highlighting chal-
lenges related to manufacturing practices, regulatory
oversight, and storage conditions (Al Kamarany
et al., 2024). Yemen is an importer country of drugs
from various drug exporters as India, China, Jordan,
Egypt and other countries (Al-Worafi, 2020). To
improve medicine affordability, particularly for low-
income communities in developing nations, the
World Health Organization (WHO) has long pro-
moted the adoption of generic alternatives (Ozawa
et al.,, 2019). However, this strategy has not conclu-
sively validated the interchangeability of brand-
name and generic products. Price disparities
between branded and generic medicines can exceed
90 %, yet studies consistently reveal significant var-
iations in therapeutic outcomes among marketed
products containing identical active ingredients
(Malvankar-Mehta et al., 2019). These findings un-
derscore concerns about bioequivalence and clinical
equivalence despite regulatory approval. The surge
in generic ciprofloxacin formulations correlates with
its escalating prescription rates in clinical practice.
Physicians frequently select ciprofloxacin as the first-
line treatment for many infections, both empirically
and, at times, following laboratory investigations
(Kallberg et al., 2021). This growing demand has
driven higher importation and encouraged local
pharmaceutical industries to manufacture their own
ciprofloxacin brands (Tuitert, 2021). To ensure the
quality of these products, healthcare providers must
verify their efficacy and safety, necessitating ongoing
post-marketing surveillance (Maad et al, 2024;
Mgboko, 2021). This study aims to compare the
quality of conventional ciprofloxacin tablets manu-
factured by Yemeni pharmaceutical companies with
those produced in other countries and available in
the Yemeni drug market. Four brands of ciproflox-
acin HCI 500 mg tablets (two Yemeni and two non-
Yemeni) were randomly collected from the market.
Pharmacopoeial quality control assessments,
including weight uniformity, hardness, friability,
assay, disintegration, dissolution, and in vitro anti-
bacterial activity, were conducted to evaluate their
physicochemical properties and overall quality.

Materials and methods

Materials

Four commercially available ciprofloxacin tablet
brands (labeled 500 mg per tablet), procured from
retail pharmacies in Hadhramout, Yemen, were
analyzed. These were anonymized as Brands A, B, C,
and D for comparative evaluation (see Table 1). The
reagents used in the study included hydrochloric
acid and ferric chloride (DH, UK). The Mueller-
Hinton agar media was supplied by Scharlu (Spain).

Evaluation tests

This study assessed the quality of ciprofloxacin
tablets through various evaluation procedures
based on the standards of the United States Phar-
macopoeia (USP) and the British Pharmacopoeia
(BP) (Pharmacopeia, 2016, Pharmacopoeia, 2013).

Uniformity of weight

Twenty tablets from each brand were individually
weighed using an analytical balance, and the
average variation from the mean was recorded
(Gupta et al., 2020).

Hardness test

Tablet fracture resistance was determined using a
Monsant (UK) tablet hardness tester. Ten tablets were
randomly selected from each brand, and the force
required to crush each tablet was measured and
recorded as the hardness value (Gupta et al., 2020).

Friability test

Ten tablets from each brand were weighed and
subjected to mechanical stress using a Roche fria-
bility tester (Erweka GmbH, Germany) at 25 rpm for
4 min. The tablets were then reweighed, and the
percentage friability was calculated by comparing
the initial and final weights (Gupta et al., 2020).

Disintegration test

To a disintegration medium consist of 0.1 N HCI at
37 °C using tablets disintegration tester (Notting-
ham, UK), a number of six tablets from each cipro-
floxacin brand were added. The time taken for

Table 1. Ciprofloxacin tablets products involved in the study.

Code Dosage form Strength in mg Country of origin
A Tablet 500 mg Yemen

B Tablet 500 mg Yemen

C Tablet 500 mg India

D Tablet 500 mg Jordan




AL-AMEED JOURNAL FOR MEDICAL RESEARCH AND HEALTH SCIENCES 2025;2:63—67 65

complete disintegration of each tablet was recorded
in minutes (Gupta et al., 2020).

Dissolution test

A quantity of six tablets of each brand were
selected randomly and dissolved in sink condition
for determining of percent of dissolved drug in
30 min. A nine hundred ml of 0.1 N HCI was pre-
pared as dissolution medium which was maintained
at 37 C° in the instrument. A quantity of 5 ml of
dissolution sample was taken for analysis after 30
min and replaced with five ml of dissolution me-
dium. The withdrawn filtered sample were assayed
using UV/Visible spectrophotometer at 277\ (nm)
and compared to standard reference. The percent of
each analyte was estimated from a standard cali-
bration curve (Tessema et al., 2022).

Assay test

A 1 % wlv ferric chloride solution was prepared,
along with a standard solution of pure ciprofloxacin
at a concentration of 100 mcg/ml. A number of five
tablets from each product brand were powdered
and 100 mg of the samples were accurately weighed
and dissolved in 100 ml solution of 0.1 N hydro-
chloric acid (HCI) which further diluted to 100 mcg/
ml concentration for each product. One ml of ferric
chloride was added to 5 ml of each brand and the
pure sample and completed to 50 ml with HC10,1 N.
The UV absorbance of all samples was determined
separately at 438 nm against the blank reagent using
UV/Visible spectrophotometer (Jenway, UK). The
content percent was estimated for all products
separately using calibration curve of standard ma-
terial and the results were recorded and compared
to pharmacopoeia specifications (Moed et al., 2019).

In vitro antibacterial activity
In vitro antibacterial activity was studied for all
tested products against two standard bacteria

Table 2. Quality findings of the four tested products of ciprofloxacin HCL

species using both cup plate method and disc
diffusion Kirby-Bauer method. The studies species
are S. aureus and Escherichia coli (Alsawi et al., 2024).
For the cup plate method, Mueller-Hinton agar
plates were inoculated with standardized bacterial
suspensions (0.5 McFarland standard, approxi-
mately 1.5 x 10> CFU/mL™"). Wells of 6 mm diam-
eter were punched into the agar and filled with
100 pL of ciprofloxacin solution (5 ug/mLfl) pre-
pared from the test products. Plates were incubated
at 37 °C for 24 h, and the inhibition zones were
measured in millimeters (mm). For the Kirby-Bauer
disc diffusion method, sterile discs (6 mm) were
impregnated with 5 ng of ciprofloxacin and placed
on Mueller-Hinton agar plates inoculated with the
test bacteria. After incubation at 37 °C for 24 h, in-
hibition zones were recorded in millimeters.

Statistical analysis

All results were expressed as mean + standard
deviation (SD). The dissolution test results were
analyzed using one-way analysis of variance
(ANOVA), followed by a Post Hoc t-test for pairwise
comparisons. A P-value of <0.05 was considered

statistically significant.

Results

All tested products met USP and BP standards for
weight variation (<5 %), assay (95—105 %), disinte-
gration (within 15 min for non-coated tablets), and
dissolution (>80 % in 30 min) as shown in Table 2.
Among the tested products, Brand D exhibited the
shortest disintegration time (8.6 min), the highest
dissolution rate (94.4 %), and the highest assay value
(102.8 %), indicating superior quality. Conversely,
Brand A had the longest disintegration time
(14.1 min), and Brand B showed the lowest disso-
lution rate (81.7 %) and lowest assay value (95.1 %).

Product Weight Hardness” Friability® (%) Disintegration Dissolution® Assay' (%)
variation® (%) (Kg/ cm 2 (min) (% after 30 min)

A <5 % 10.9 + 0.3 0.61 + 0.02 141 £ 0.1 89.1 + 0.1 97.2 + 0.2
B <5 % 12.1 + 0.08 0.25 + 0.05 13.0 £ 0.2 81.7 + 0.4 95.1+0.3
C <5 % 11.8 + 0.2 0.39 + 0.03 11.2 + 0.3 84.8 + 0.6 96.3 + 0.1
D <5 % 9.7 + 0.4 0.68 + 0.01 8.6 + 0.6 944 + 0.1 102.8 + 0.5
Results are expressed as a mean + SD.

n=20.

® n=10.

¢ Tablets equivalent to 6.5 g.

dn=3

°n=3.

£

n=>5.
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Regarding antimicrobial activity, all brands
exhibited inhibition against E. coli and S. aureus, as
shown in Table 3. Brand D demonstrated the largest
inhibition zones against both E. coli (18.3 mm) and S.
aureus (15.7 mm), suggesting the strongest antibac-
terial effect. In contrast, Brand B exhibited the
smallest inhibition zones (14.6 mm for E. coli and
12.6 mm for S. aureus).

Discussion

The results are summarized in Table 2. The
uniformity of weight, assay, disintegration, and
dissolution are official tests used to assess tablet
quality, while hardness and friability are consid-
ered non-official tests (Flatie Alemu et al., 2024).
Weight variation serves as an indicator of uniform
mixing, compression force, and machine settings.
All tested products adhered to pharmacopoeial
standards for weight uniformity. For tablets
exceeding 324 mg, the specifications permit no
more than two units to exceed a 5 % weight varia-
tion from the mean. Similarly, according to the
European Pharmacopoeia, tablets must not exceed
115 % or fall below 85 % of the average weight. As
shown in Table 2, the observed deviations remained
within this limit, further supporting content uni-
formity. All tested products complied with USP
assay specifications, which require the ciprofloxacin
HCI content to be no less than 110 %, while the BP
specifies a range of 95 %—105 %. The results
confirmed that all brands contained the required
quantity of ciprofloxacin hydrochloride, indicating
they are not counterfeit or lacking active pharma-
ceutical ingredients (APIs). Compliance with these
specifications reflects effective powder flow, mixing,
and granulation, along with proper identification of
the drug (Omar Khudhur et al., 2024; Wang et al,,
2022). The hardness test evaluates tablet resistance
to fracture during handling and transportation.
Tablet hardness also influences friability and
disintegration-harder tablets are generally less
friable and take longer to disintegrate. All tested
brands exhibited acceptable hardness values when

Table 3. Inhibition zones of the tested products of ciprofloxacin HCIL

Product E. Coli S. aureus
Inhibition Zone (mm) Inhibition Zone (mm)
A 15.1 + 0.3 129 + 1.3
B 14.6 + 1.8 12.6 + 0.8
C 16.1 + 14 13.8 + 1.5
D 183 + 1.6 15.7 + 1.2

Zone of Inhibition (mm) + SD, n = 3. Sensitivity of Pathogens
against Ciprofloxacin is classified as follows: Resistant (R)
<15 mm, Intermediate Resistant (IR) 16—20 mm, Sensitive (S)
>21 mm.

assessed using a Monsanto Hardness Tester. The
minimum acceptable hardness requirement for
tablets is 4 kg (Treeno, 2024). However, some
brands showed marginally lower hardness, possibly
due to poor storage conditions and humidity
exposure. The friability test determines the tablet's
ability to withstand mechanical stress. The phar-
macopoeial limit for friability is less than 1 %
weight loss during the test. All brands complied
with this requirement, indicating satisfactory
tablet coating and compression force during
manufacturing. Disintegration is the first step in
drug release from a conventional tablet and de-
pends on the disintegrant properties and
compression force (Liu et al., 2023). All brands met
pharmacopoeial disintegration criteria. Per the
British Pharmacopoeia (BP), non-coated tablets
must disintegrate within 15 min and film-coated
tablets within 30 min, whereas the United States
Pharmacopoeia (USP) mandates disintegration
within 30 min for both tablet types. Regarding
dissolution, According to BP and USP standards, at
least 80 % of the labeled ciprofloxacin must dissolve
within 30 min (Parshuramkar et al., 2023). All
brands met this requirement, confirming accept-
able drug release profiles. As shown in Table 3, all
tested products demonstrated greater antibacterial
activity against Escherichia coli (a Gram-negative
bacterium) compared to Staphylococcus aureus (a
Gram-positive bacterium). This activity is attributed
to the release of ciprofloxacin from the matrix of
each tested sample (Uhljar et al., 2021). Among the
products, Brand D exhibited the highest antibacte-
rial activity. Staphylococcus aureus showed resistance
to ciprofloxacin in Products A, B, and C, while it was
intermediately susceptible to Product D. In
contrast, Escherichia coli was resistant to Product B
and intermediately susceptible to Products A, C,
and D, as detailed in Table 3 (Ali et al., 2010).

Conclusion

This study demonstrates that Yemeni ciprofloxa-
cin tablets meet key pharmacopoeial standards and
exhibit comparable quality to non-Yemeni brands.
Further research, including bioequivalence and
clinical efficacy studies, is recommended to validate
their therapeutic interchangeability.
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