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Background: The problem of medicine expiration presents a notable obstacle,

resulting in considerable financial losses. Nevertheless, there is currently limited

data indicating that certain medications do not experience a significant decrease

in effectiveness after their expiration date. Therefore, the aim of the study was

to assess the physico-chemical quality of expired fluoroquinolone antibiotics.

Methods: The expired samples of fluoroquinolone antibiotics were purposively

collected from public hospitals in the Jimma zone of the Oromia regional

state, Ethiopia. A World Health Organization quality evaluation sampling

strategy was employed. Then, simple random sampling techniques were

utilized for the selection of tablets for the laboratory quality control test. The

assay, identification, and dissolution were performed in accordance with the

United States Pharmacopeia (USP) guidelines, as well as failure mode and effect

analysis (FMEA) techniques.

Results: The finding revealed that about 100% (7/7) expired samples passed

pharmacopeia quality specifications for identity and assay tests. However, of

the seven expired brands, about 14.3% (1/7) of the sample (Code-002) was

unable to release its API content within the USP criteria of 30 min. The

risk-based quality evaluation revealed that assay was the most critical quality

attributed to ciprofloxacin tablets (RPN = 189), followed by identity (RPN = 100).

Assay was also the most critical quality attribute (RPN = 378), followed by

identity (RPN = 100) for Norfloxacin tablets. The risk-based desirability function

approach showed that 75% (3/4) of ciprofloxacin products were of good quality,

and 25% (1) were found to be of acceptable quality, while the desirability function

of norfloxacin tablets was found to be excellent 1 (33.3%), good 1 (33.3%), and

acceptable 1 (33.3%).

Conclusion: The study revealed that medications can maintain their quality

beyond their labeled expiration date. By combining pharmacopeial standards

with risk-based approaches like failure mode and effect analysis (FMEA), the

study provides a comprehensive evaluation framework. This approach not only

confirms the continued effectiveness of expired fluoroquinolone antibiotics
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but also underscores the potential waste reduction and cost-saving benefits.

This could significantly contribute to addressing healthcare challenges in low-

resource settings, promoting more efficient pharmaceutical resource utilization.

KEYWORDS

expired medicines, ciprofloxacin, norfloxacin, assay, identity, dissolution pharmacopeia,
failure mode, effect analysis

Introduction

Medicines are compounds utilized to relieve illnesses;
nevertheless, the timely administration of medications is essential
for their efficacy, and wastage may result from factors such
as excessive prescribing, expiration, or inadequate storage (1–
3). Medications are costly, particularly, an Asian and African
continents, where many people struggle with affordability (4).
Drug waste in developing nations is high due to expiry, causing
affordability and quality issues for many people (5). The expiration
date of the drug plays a great role in retaining the drug substance
of the Active pharmaceutical Ingredient (API) with regard to shelf
life. The International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH) outlines
(5) the expiration date as a guarantee for the manufacturer to have
their medicines in full potency and safety. In 2016, it was observed
that pharmaceutical items stored under prescribed conditions
remain viable and potent even after their expiration dates (6). The
retaining ability of medicines potency may be depend on several
essential parameters such; types of dosage, lots, preservatives, and
storage conditions (7). The American Medical Association’s 2016
study found that solid dosage formulations can retain 90% of their
potency for over 5 years if stored correctly in sealed packaging (8).

A study in the USA found that twelve expired drug products
retained 90% of their labeled amounts, indicating that the
expiration date does not guarantee potency beyond the established
date (9). A study in the USA found that out of 122 evaluated
drug products, 88% (2650 lots) retained their quality after
expiration (10). In Africa, particularly in Ethiopia, weak drug
regulations lead to expired drugs being disposed of without quality
control laboratory testing, with a 5% expiration rate and an
estimated 20 million ET (11). The study also showed that, an
estimated of 8,723,541.62 ETB (42%) were solid forms found to
be expired. Additionally, A 2022 study by Tura et al. (12) found
that 48.81% of expired medicines in Arsi Zone health facilities were
solid dosage forms. A study found no negative side effects from
using expired medications from shelf life extension program stocks
in developing countries, particularly Africa, despite the widely held
belief that expired drugs are toxic (13). FDA advise using expired
prescription drugs in supply chain disruptions, such as stockouts
or outbreaks, as long as the manufacturer’s expiration date is
followed (14).

Low-income countries like Ethiopia lack the safe, quality, and
efficacious essential medicines (15). Moreover, large volumes of
pharmaceutical products are expired in the health facilities in
the setting due to numerous factors. The setting also experienced
significant stock out of these medicines (16). Evaluating expired
essential medications are pivotal to prevent financial losses and

healthcare facility shortages. Although potency decreases post-
expiration, extent of loss remains uncertain (17). Infectious
diseases lead to a high distribution of antibiotics, which are at
higher risk of expiring, posing bacterial proliferation risks, and
ineffective disposal leading to treatment failure and antibiotic
resistance (17). The safety of antibiotics, consumption statistics,
clinical significance, and expired items in public health institutions
underscore the unpredictable nature of medication safety based
on past data (18). Recent study showed that over 90% of expired
medicines are safe and effective even years after their expiration
date, suggesting the potential for their recycling (19, 20). For
example, a report from USA showed that from a total of 122 drugs
evaluated, 88% of them past the quality evaluation test (10).

The FDA updates warnings on fluoroquinolone antibiotics,
incorporating laboratory-based quality control studies, to ensure
healthcare providers and patients are aware of their risks
and benefits (21). The reasoning for selecting fluoroquinolone
antibiotics in Ethiopian healthcare settings involved the assessment
of ciprofloxacin and norfloxacin for efficacy post-expiration and
during therapeutic administration. This evaluation was conducted
by analyzing prescription trends, consumption rates, and disease
prevalence (22–24). Apart, the average medicine waste rate of 4.87%
in Jimma zone public hospitals during the fiscal years 2019/2020
and 2020/2021, amounting to $32,453.30, was significant (25). The
fact that ciprofloxacin and norfloxacin were among the expired
drugs indeed underscores the necessity for improvements in drug
management practices. Ensuring optimal storage conditions is
crucial for maintaining the efficacy and safety of pharmaceuticals.
According to published evidence, health centers that meet more
than 80% of the desirable storage condition criteria provide
an optimal environment for drug storage, helping to prevent
issues such as drug expiration and degradation (11, 26). Indeed,
the study’s findings that inadequate storage conditions were
particularly problematic for maintaining drug potency, including
fluoroquinolones like ciprofloxacin and norfloxacin, in Western
public health facilities of Ethiopia, highlight critical challenges in
pharmaceutical management (11, 25).

The World Health Organization’s classification system for
antibiotics is used to assess and track usage, with higher resistance
potential antibiotic classes grouped under the Watch group in
Ciprofloxacin and Norfloxacin tablets, emphasizing monitoring
and stewardship efforts (27). The failure mode and effect analysis
(FMEA) is critical for assessing risk and optimizing methods based
on desirability parameters, thereby enabling the development of
corrective and preventive actions (28). Failure Modes and Effects
Analysis (FMEA) is a tool for conducting a systematic, proactive
analysis of a process in which harm may occur in pharmaceutical
environment (29). A study conducted in 2016 in Iran highlighted
the significance of failure mode and effect analysis in identifying
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risk factors in pharmaceutical production, particularly in quality
control and manufacturing processes (30).

The recent study conducted by Davido et al. (31) focused on the
efficacy and safety of expired fluoroquinolone ciprofloxacin. The
study examined 242 lots of ciprofloxacin and found that the content
of the active substance in these expired lots maintained 100%
efficacy. This suggests that ciprofloxacin retains its potency even
after the expiration date under the conditions studied. This finding
could have significant implications for the use and disposal of
expired medications, particularly in resource-limited settings where
access to essential medicines can be challenging. However, it is
important to note that the study’s results should be interpreted with
caution, and further research may be necessary to fully understand
the safety profile and potential risks associated with using expired
medications (31). The study conducted by Ramachandran (32)
underscores that unused drugs may remain effective for more than
90% of lots for up to at least 5 years beyond their expiration date.
However, it is important to note that the remaining 10% of these
lots may become ineffective over time. This ineffectiveness poses
a significant risk of unfavorable outcomes, particularly for critical
infections where the efficacy of antimicrobial therapy is crucial (32).

The potential public health implications of confirming that
expired fluoroquinolone antibiotics retain their potency and safety
are substantial and multifaceted (32). It is essential to consider
these consequences in order to guide public health policy and
procedures. This data could lead to various important implications
for public health, including: Savings in costs, enhanced availability
of medications, decreased wastage, management of emergency
stockpiles, changes in regulations and policies, patient adherence
and confidence, concerns regarding antimicrobial resistance
(AMR), and focus on research and development (33). Overall, the
confirmation of the efficacy and safety of expired fluoroquinolone
antibiotics could have far-reaching positive implications for public
health, provided that appropriate measures are taken to manage
and mitigate potential risks.

Even though expired medications were discovered in Ethiopian
public institutions, there was insufficient evidence to assess the
quality of the expired medications, specifically the 500 mg and
400 mg tablets of ciprofloxacin and norfloxacin. Taking these issues
into consideration, the present study aims to explore the following
key research questions to provide possible recommendations that
can be tailored to enhance regulatory frameworks, establish quality
control protocols for expired medications, and potentially guide
policy revisions regarding their reuse. What is the quality status
of the selected expired medications based on failure mode, effect
analysis, and pharmacopeial specification tests?

Materials and methods

Study setting, and period

The expired samples were collected from public hospitals in the
Jimma zone of the Oromia regional state, Ethiopia for the purpose
of laboratory quality control test. The preliminary information
collection regarding medicine expiration was started on 1/2/2022
G.C. The experimental quality control test was performed in
the Jimma University Laboratory of Drug Quality (JuLaDQ) and

started on 17 May 2022, and ended on 1 July 2022, G.C. Jimma
is one of the zones in the Oromia regional state in southwest
Ethiopia, around 350 kilometers from Addis Ababa, Ethiopia’s
capital. According to the Jimma Zone Health Office report, the zone
has twenty-six community pharmacies (n = 26), one hundred three
(n = 103) drug stores, eleven (n = 11) hospitals (three general, one
referral, and seven primaries), one hundred twenty-six (n = 126)
health centers, and fifty-five (n = 55) health posts that provide
healthcare services to a total of 986,957 people, according to the
2017 Central Statistics Agency report (13).

Equipment’s

Various equipment, such as the Agilent 1200 Technologies
HPLC system from Germany, the Tian Jin Optical Instruments
RC-6D Dissolution Apparatus (Apparatus 2) from China,
the Cecil Instruments UV/VIS spectrophotometer from the
United Kingdom, the Mettler Toledo analytical balance from
Switzerland, the AD 1020 pH meter, a 0.4 µm Whatman
membrane filter, and different size volumetric flasks, were available
at the Jimma University Laboratory of Drug Quality (JuLaDQ) for
use in experimental quality control tests.

Solvents/chemicals and reagents

Acetonitrile HPLC grade (Alpha Chemika, India), phosphoric
acid (Reagent Chemical Service Ltd, Runcorn, United Kingdom),
glacial acetic acid (Reagent Chemical Service Ltd), sodium
hydroxide (UniChem chemical reagent, Hinton, United Kingdom),
monobasic sodium phosphate (Sigma Aldrich, Hamburg,
Germany), triethylamine HPLC grade (Sigma-Aldrich, Germany),
hydrochloric acid (D.B. H Laboratory Supplies, England), and
ultra-pure water (JuLaDQ) were utilized as the chemicals and
reagents in the experiment. The ciprofloxacin USP working
standard (potency/assay = 100.93%) was kindly provided by
Ethiopian pharmaceutical manufacturing company Sh. Co.
(EPHARM), and the Norfloxacin USP working standard was
kindly provided by Cadila Pharmaceuticals (Ethiopia). PLC
(potency = 98.94%) was used in the study.

Study design, and approaches

The retrospective and prospective studies were utilized for
collecting expired medicines for the purpose of quality control
tests. The retrospective study technique was used for collecting
information regarding expired medicines in the respective
hospitals. The prospective method was used depending on the
information gotten from the retrospective sample record and
forwarding it to a laboratory quality control test. Accordingly, all
relevant information concerning the expired medicines is relevant
in the health sector to assure whether those expired medicines
are within their established potency or not. The selection of the
expired products was based on the FDA’s updated warnings and
evidence-based decisions (21), consumption of data and diseases
prevalence (22–24), and watch group should be established to
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monitor the category of organisms that possess a greater capacity
to develop resistance. This group should consist of the most
crucial agents among the Critically Important Antimicrobials for
Human Medicine, along with antibiotics that are particularly
susceptible to bacterial resistance (27). Two data collectors were
assigned temporary recruitment depending on the number of
samples collected.

Sample size determination, and sampling
techniques

No sampling technique was used in the hospital selection
process; instead, all eleven hospitals located in the Zones were
included (n = 11). The choice to focus solely on hospitals was
made due to their ability to offer a diverse array of services, crucial
data, and comprehensive records of expired medications. Out of
the total number of hospitals, only nine (n = 9) were chosen
for the study according to specific inclusion criteria (34). The
Collection technique of expired Ciprofloxacin 500, and Norfloxacin
400 mg tablets was adopted from World Health organization
quality evaluation sampling strategy (10). Accordingly, the overt
sample collection technique was utilized in the selection of
expired medicines from public hospitals. First, the research
team communicated with the head office of the zone to get
information regarding the existence of those expired medicines
in the public hospitals. Then, the store manager and pharmacy
head communicated the purpose of the study. Finally, all available
expired Ciprofloxacin 500 mg and Norfloxacin 400 mg tables
were collected. Accordingly, four and three batches of expired
Ciprofloxacin 500 mg and Norfloxacin 400 mg tables were collected
for quality evaluation parameters, respectively. A total of one
hundred tablets were selected from each batch of expired medicines
for experimental purposes.

Samples from the field could be collected with the help of a
sample collection form that was structured to gather the following
data for each sample: the nation in which the medicine was
manufactured, the name of the medication, the dosage form, the
package size, the batch or lot number, the brand or generic name,
the claim or strength on the label, the date of manufacturing, and
the date of expiration (Supplementary File 1).

The collected samples were transported to the Jimma
University Laboratory of Drug Quality (JuLaDQ) and stored under
the storage conditions specified on the label of the product until
analysis. The detailed label information of different batches of
Ciprofloxacin 500 mg and Norfloxacin 400 mg tablets collected
from the respective hospital was attached as supplementary
information (Supplementary File 2).

Quality evaluation parameters, and risk
analysis

Quality control measures including identification test, assay,
and dissolution were taken into account in the current investigation
to verify whether or not the medications taken by the expired
candidates were within their prescribed potency. The United States
Pharmacopeia’s procedure was followed in performing the quality

control evaluation. In addition, risk analysis was carried out
utilizing a number of high-quality risk management methods, such
as FMEA (Failure Mode Effects Analysis), to estimate the risk
related to the risks. Thus, in this study, the criticality of product
quality features was assessed using FMEA. Using RPN, criticality
was assessed based on assessments of the likelihood that a failure
would occur (O), its severity (S), and the probability that it won’t
be detected (D). The risk analysis was conducted as per Newton
et al. (35).

Identification test of ciprofloxacin
500 mg tablets

The retention time of the major peak in the chromatogram
of the Assay preparation corresponds to that of the Standard
preparation obtained as directed in the assay as per
USP31/NF26 (36).

Assay test for ciprofloxacin tablets

Preparation of diluents. Solution A: Firstly, a solution A was
prepared by mixing 1.7 ml (0.025M) of phosphoric acid and
distilled water in volumetric flask of 1,000 ml. Then, the solution
was allowed to degassed and then filtered. Filtered and degassed
mixture of phosphoric acid was then adjusted to a pH 2.0 ± 0.1
with triethylamine. Solution B: Solution B was prepared by mixing
solution A and acetonitrile in the ratio of (13: 87). Finally,
the filtered and degassed mixture of 0.025M phosphoric acid
adjusted with triethylamine to a pH of 2.0 ± 0.1, and mixed with
acetonitrile in the ratio of (87:13) was used as diluents. Solution C:
Solution C was prepared by adjusting the volume of solution A to
pH of 3.0± 0.1.

Mobile phase preparation. Mobile phase was prepared by
mixing solution C and acetonitrile in the ratio of (87:13).

Preparation of ciprofloxacin working standard. About 0.5 g
of working standard of ciprofloxacin was weighed and dissolved
in filtered and degassed solution B in a 100 ml volumetric flask.
Then made up to volume with a solution B. The prepared sample
was filtered. Then, 4 ml of the filtrate was transferred in 100 ml
volumetric flask and mixed up to volume with solution B. Finally, a
solution containing 0.2 mg of ciprofloxacin per ml was obtained.

Chromatographic system. The liquid chromatogram
equipped with a 278-nm detector and stainless-steel column
(25 cm × 4.6 mm) packed with C18 was employed for the assay
of ciprofloxacin tablets. Then, HPLC was adjusted with mobile
phase maintained at 30 ± 1◦C with the flow rate 1.5 ml per
minute. Finally, equal volumes (10 µl) of the standard preparation
and samples were injected into the chromatogram (36).

System suitability. The system suitability test involved the
automatic injection of six replicates of 10 µm standard solutions
into the HPLC. Subsequently, the column efficiency, calculated
based on the ciprofloxacin working standard peak, must be equal
to or greater than 2,500 theoretical plates. Additionally, the tailing
factor for the ciprofloxacin peak should not exceed 2.0, and the
relative standard deviation for replicate injections should be less
than 1.5%. The System suitability criteria for High-Performance
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Liquid Chromatography (HPLC) assays are essential to ensure that
the HPLC system is functioning properly before analyzing samples.

Sample solution preparation. An estimated amount of five
tablets (n = 5) containing 500 mg of ciprofloxacin tablets from
each batch were powdered and transferred to a 500 ml volumetric
flask and then diluted with 400 ml of solution B. the prepared
sample was sonicated for about 20 min. After the sample was
sonicated, solution B was used to bring the sample solution up
to volume. Then, the sample solution was filtered via a 0.4 µm
what man membrane filter and 4 ml of filtrate was transferred to a
100 ml volumetric flask, where it was then brought up to volume
with solution B. As a result, a concentration of ciprofloxacin of
0.2 mg per ml was obtained. Finally, 10 µl of the assay preparation
was injected into the chromatograph. The percentage content of
ciprofloxacin (in mg) was determined using peak areas of the
sample and standard solutions using Equation (1).

%Content of Ciprofloxacin 500 mg tablets =( 331.34
367.81

) (CL
D
) ( ru

rs
)

(1)

Where,
331.34 and 367.81 were the molecular weights of ciprofloxacin

and anhydrous ciprofloxacin hydrochloride, respectively,
C = concentration, in mg/ml, of ciprofloxacin hydrochloride
working standard in the standard preparation, calculated on the
anhydrous basis, L = is the labeled quantity, in mg, of ciprofloxacin
in each tablet, D = is the concentration, in mg/ml, of ciprofloxacin
in the assay preparation based on the labeled quantity per tablet
and the extent of dilution, ru = the ciprofloxacin peak areas
obtained from the assay preparation, rs = the ciprofloxacin peak
areas obtained from the standard preparation.

Acceptance criteria: Ciprofloxacin 500 mg tablets passes the
test if content of ciprofloxacin tablets not lower than 90.0 percent
and not more than 110.0 percent of the stated/labeled quantity,
according to the USP method (36).

Dissolution procedure for ciprofloxacin
500 mg tablets

Preparation of dissolution medium. The dissolution test was
carried out on the tablets as per the USP dissolution apparatus
II (paddle method). First dissolution medium was prepared by
mixing 0.84 ml (0.01N) of hydrochloric acid with distilled water
in 1,000 ml volumetric flask. Then, dissolution medium 900 ml of
0.01N hydrochloric acid was prepared.

Preparation of the calibration curve for dissolution study. In
a dissolution study for Norfloxacin tablets, preparing a calibration
curve is crucial for quantifying the amount of drug released over
time. The calibration curve prepared for the dissolution study of
Norfloxacin tablets helps in quantifying the drug release from the
tablets. It indicates the relationship between the concentration of
Norfloxacin and the HPLC detector response, ensuring accurate
and reliable measurement of the drug in the dissolution samples.
About 13.88 mg of ciprofloxacin working standard was weighed
and transferred to 25 ml volumetric flask and mixed with
dissolution medium up to the volume. Then the sample solution

was filtered after that. The filtrate of 4, 4.5, 5, 5.5, and 6 ml
were transferred to 200 ml volumetric flask and mixed with the
dissolution medium up to the volume to prepare concentrations
of 11, 12.5, 13.88, 15.27 and 16.65 µg/ml, respectively. In a UV-
visible spectrophotometer, the absorbance of the prepared working
standard solutions was measured at 276 nm. Then, calibration
curve was then determined by plotting the concentration of
ciprofloxacin working standard vs. absorbance reading from UV-
visible spectrophotometer. At the end, the calibration curve
of ciprofloxacin working standard was plotted against reading
absorbance obtained from spectrophotometer using Equation (2).
From the calibration curve the concentration of analytes were
determined.

Y = mx+ c (2)

Where,
Y = Absorbance reading of the UV-visible spectrophotometer,

m = Slope of the straight line, c = intercept on the AUC (y axis), and
x = concentration of analyte.

Ciprofloxacin tablets sample preparation. The dissolution test
was conducted according to the USP monograph on six tablets of
each batch using dissolution tester having six vessels and equipped
with rotary paddles (USP Apparatus 2) operated at 50 revolutions
per minutes. Exactly six tablets per batch were suspended in
each vessel containing 900 ml of 0.01N of Hydrochloric acid
solution maintained at 37± 0.5◦C and the dissolution process was
monitored over 60 min. Then, 10 ml of sample was withdrawn at 15,
30, 45 and 60 min from all six-dissolution vessel at different interval
with 10 ml of fresh dissolution medium replacement maintained at
the same temperature of dissolution medium for every withdrawal.

Then the withdrawn sample solution from all six-dissolution
vessels were filtered using 0.4 µm what man filter paper. Then
5 ml filtrate of each sample solution was transferred in to
200 ml volumetric flak and made up to the volume with the
dissolution medium. The absorbance of the diluted solution was
measured using UV/Visible spectroscopy at 276 nm using 0.01N
HCL as blank. The average absorbance readings obtained from
six dissolution vessels for each sample solution was used to
calculate the amount of released ciprofloxacin APIs at a given time
point. Percentage release of ciprofloxacin hydrochloride tablet was
determined from the absorbance of the sample using the equation
created from calibration curve. The USP stated that amount of
ciprofloxacin hydrochloride tablet equivalent to not less than 80%
of the labeled amount of ciprofloxacin is dissolved in 30 min (36).

Assay study of the Norfloxacin 400 mg
tablets

Identification test of norfloxacin tablet
The identification test was carried out by comparing the

retention time of the major peak in the chromatogram of
Norfloxacin 400 mg tablet with that of the Norfloxacin working
standard obtained directly from assay test results (37).

Assay preparation of norfloxacin
Chromatographic system. The liquid chromatogram equipped

with a 275-nm detector and a 3.9 mm × 30- cm column packed
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with a stationary phase of 5-µm particle size and operates at 40
± 1.00C was used. The flow rate used for preconditioning and assay
was maintained 0.5 and 2 mL/minute, respectively. Finally, 10 µl
equal volumes of the standard preparation and sample solution
were injected into the chromatogram.

System suitability. Firstly, about 0.01 M monobasic sodium
phosphate was prepared by dissolving 1.5 mg of monobasic sodium
phosphate with distilled water in 1,000 ml volumetric flask. Then
it was adjusted to a pH of 4.0 with phosphoric acid and degassed.
Following, column preconditioning was performed for 8 h with the
prepared solution. After completion of column preconditioning, six
replicate injections of 10 µm of standard solutions were injected
automatically to the HPLC. Six replicate injections were used to
determine system suitability for relative standard deviation (< 2%),
and tailing factor not more than 2 (37).

Preparation of diluents. A solution containing Phosphoric acid
solution and distilled water was prepared in the ratio of (1 in 1,000).
This solution was then degassed and filtered.

Mobile phase preparation. Mobile phase was prepared
by mixing diluents and acetonitrile in the ratio of
(850:150), respectively.

Working standard preparation. An accurately weighed 20 mg of
USP Norfloxacin working standard was dissolved in mobile phase
in 100 ml volumetric flask. Finally, concentration of norfloxacin
working standard 0.2 mg/ml was obtained.

Norfloxacin tablets sample preparation. Twenty (n = 20)
Norfloxacin tablets from each batch were weighed and finely
powdered. An amount of powder equivalent to 100 mg of
Norfloxacin was transferred to a 200 ml volumetric flask. Then,
an estimated 80 ml of mobile phase poured and blended. Then,
the solution was sonicated for 10 min and made up to the volume
with diluents and then mixed. From the mixed solution about
10 ml of solution was withdrawn and transferred to a 25 ml of
volumetric flask. Then, the transferred solution was diluted to a
required volume with the mobile phase, and stirred. Finally, the
solution was filtered by Whatman filter paper with a porosity of
0.4 µm. Then, 10 µl of the filtered assay solutions were injected
automatically to the chromatography. The percentage content of
norfloxacin (in mg) was determined using peak areas of the sample
and standard solutions using Equation (3).

%content of API = 500
( ru

rs

)
(3)

Where;
C is the concentration, in mg/mL of norfloxacin reference

standard in the standard preparation and ru and rs are norfloxacin
peak responses obtained from the assay preparation and the
standard preparation, respectively.

Acceptance criteria. Norfloxacin tablets should contain not less
than 90%, and not more than 110% of the stated/labeled amount,
according to the USP method (37).

Dissolution procedure study

Dissolution medium preparation. First, 1 ml of 50% (w/w)
solution of sodium hydroxide was prepared by dissolving 5 mg of
sodium to 10 ml of distilled water. Then 2.86 ml of glacial acetic
acid was mixed with 1.0 ml of a 50% (w/w) solution of sodium

hydroxide to 900 ml of water in a 1,000 ml volumetric flask and
made up to volume with distilled water. Therefore, 750 mL acetate
buffer maintained at 37◦C ± 0.5◦c and adjusted with glacial acetic
acid to a pH of 4.0 was used as dissolution medium.

Preparation of calibration curve for dissolution test. The
calibration curve prepared for the dissolution study of Norfloxacin
tablets was essential for ensuring the accuracy and precision of
the analytical method. By measuring the absorbance of standard
solutions at known concentrations and plotting these values to
obtain a linear relationship, the calibration curve provided a reliable
means to quantify Norfloxacin in dissolution samples. This ensured
that the dissolution study results were scientifically sound and
reproducible, which is critical for assessing the quality and efficacy
of Norfloxacin tablets.

A stock solution was prepared by dissolving 10 mg of
norfloxacin USP working standard in 100 ml of acetate buffer.
Then six concentration levels 1, 2, 3, 4, 5, 6 µg/ml was prepared
from the stock solution by diluting 2, 4, 6, 8, 10, and 12 ml of the
stock solution in 200 ml volumetric flask and diluted with acetate
buffer to the volume. Then, their absorbance was determined
spectrophotometrically. Then concentrations of norfloxacin were
plotted against their absorbance to obtain the calibration curve.

Sample preparation. The dissolution test was conducted
according to the USP monograph on six tablets of each batch using
dissolution tester equipped with rotary paddles (USP Apparatus
2) operated at 50 revolutions per minute. Exactly six tablets from
each batch were suspended in each vessel containing 750 ml
acetate buffer solution adjusted to pH of 4.0 and maintained at
37◦C± 0.5◦c. The dissolution process was monitored over 60 min.
Then, 5 ml of dissolution medium was sampled at 15, 30, 45, and
60 min with replacement of 5 ml of fresh dissolution medium
for every withdrawal. Then 5 ml of sampled solution was filtered
and 1 ml of the filtrate was transferred to 200 ml volumetric
flask and mixed with acetate buffer solution to the volume. The
corresponding absorbance reading of diluted filtrates was taken by
UV-Vis spectrophotometer at a wavelength of 278 nm. The average
absorbance readings obtained from six dissolution vessels for each
sample solution was used to calculate the amount of released
norfloxacin at a given time point. Percentage release of norfloxacin
tablet was determined from the absorbance of the sample using
the equation created from calibration curve. According to USP, an
amount of norfloxacin equivalent to not less than 80% of the labeled
amount of norfloxacin is dissolved in 30 min (37).

Risk analysis

Risk analysis was conducted according to the method described
in the Bozdag et al. (38) literature. To determine the criticality
of product quality features, failure modes effect analysis (FMEA)
was used. The risk priority number (RPN) was calculated using
Equation (4).

Risk probaility number = O x S xD (4)

The equation took into account the failure’s occurrence (O),
severity (S), and detection (D). The scales used for scoring severity,
occurrence and detectability which was taken from reference
manual developed by failure mode and effects analysis (FMEA)
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TABLE 1 Evaluation criteria and ranking system for the
occurrence of failure.

Probability of failure Possible failure
rates

Rank

Extremely high: failure
almost inevitable

≥ 1 in 2 10

very high 1 in 3 9

Repeated failures 1 in 8 8

High 1 in 20 7

Moderately high 1 in 80 6

Moderate 1 in 400 5

Relatively low 1 in 2,000 4

Low 1 in 15,000 3

Remote 1 in 150,000 2

Nearly impossible ≤ 15,000,000 1

TABLE 2 Evaluation criteria and ranking system for the
severity of effects.

Effect Criteria: severity of effect Rank

Hazardous Failure is hazardous, and occurs without warning.
It suspends operation of the system

10

Serious Failure involves hazardous outcomes and/or
noncompliance with government regulations or
standards

9

Extreme Product is inoperable with loss of primary
function. The system is inoperable

8

Major Product performance is severely affected but
functions. The system may not operate

7

Significant Product performance is degraded. Comfort or
convince functions may not operate

6

Moderate Moderate effect on product performance. The
product requires repair

5

Low Small effect on product performance. The product
does not require repair

4

Minor Minor effect on product or system performance 3

Very minor Very minor effect on product or system
performance

2

No effect None 1

teams at Chrysler, Ford and General Motors (24), and are presented
in Tables 1–3, respectively.

For occurrence, literature was reviewed for the ciprofloxacin
tablets and there was no study conducted for the expired
norfloxacin. Therefore, pharmacopeial quality evaluation of
norfloxacin in this study showed, there was the least specification
limit (90%) obtained for assay. The study conducted by the US
Department of Defense on expired ciprofloxacin tablets from (242
batches) (10) and Israel ministry of health from (15 batches) (29)
revealed that all of tested samples were found in pharmacopeial
specification for quality evaluation.

To establish a severity score, the probable impact of each
failure mode was considered (Table 2) including hazardous, serious,
extreme, major, significant, moderate, low, minor, very minor, no
effect.

TABLE 3 Evaluation criteria and ranking system for the detection of a
cause of failure.

Detection Design control does not detect a
potential cause of failure or
subsequent failure mode; or
there is no design control

Rank

Absolute
uncertainty

Design control does not detect a potential cause of
failure or subsequent failure mode; or there is no
design control

10

Very remote Very remote chance the design control will detect
a potential cause of failure or subsequent failure
mode

9

Remote Remote chance the design control will detect a
potential cause of failure or subsequent failure
mode

8

Very low Very low chance the design control will detect a
potential cause of failure or subsequent failure
mode

7

Low Low chance the design control will detect a
potential cause of failure or subsequent failure
mode

6

Moderate Moderate chance the design control will detect a
potential cause of failure or subsequent failure
mode

5

Moderately
high

Moderately high chance the design control will
detect a potential cause of failure or subsequent
failure mode

4

High High chance the design control will detect a
potential cause of failure or subsequent failure
mode

3

Very high Very high chance the design control will detect a
potential cause of failure or subsequent failure
mode

2

Almost
certain

Design control will almost certainly detect a
potential cause of failure or subsequent failure
mode

1

In detection of both drugs relatively advanced equipment
(HPLC), advanced knowledge and skills is needed for identity and
assay than for dissolution. Hence, high rate of detection was given
to identity and assay than dissolution (Table 3).

Based on the information obtained from ciprofloxacin
500 mg tablets and norfloxacin 400 mg tablets the following
numerical values were assigned to compute for risk probability
number (Table 4).

Desirability Function. This parameters is significant in
assessing the overall quality of examined products because it
provides a comprehensive, objective, and quantifiable measure of
product performance. By integrating multiple quality attributes
into a single score, it aids in optimizing processes, balancing
trade-offs, and making informed decisions to achieve high-
quality products.

Based on the method given in Derringer G and Suich R.
literature, the desirability function was also used to assess the
quality of the examined product (39). The overall desirability
function (D) value which is the geometric mean of the individual
desirability (di) indicates the product quality. The highest global
desirability value represents the product with the highest quality.
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TABLE 4 Assigned scores for factors of the evaluated failure modes of
Ciprofloxacin and Norfloxacin tablets.

Ciprofloxacin-identity

Severity Occurrence Detectability

10 2 7

Ciprofloxacin-assay

Severity Occurrence Detectability

9 3 7

Ciprofloxacin-dissolution

Severity Occurrence Detectability

5 5 4

Norfloxacin-identity

Severity Occurrence Detectability

10 2 7

Norfloxacin-assay

Severity Occurrence Detectability

9 6 7

Norfloxacin-dissolution

Severity Occurrence Detectability

5 5 4

The D value was calculated using Equation (5).

n

√∏n

i = 1
di ∗ pi (5)

Where pi is the weight or relative importance assigned to the
response, n is the product quality attributes evaluated, di is an
individual desirability.

Three product quality attributes (identification, assay, and
dissolution) were examined in this investigation and hence n = 3
was used in the overall evaluation of the ciprofloxacin and
norfloxacin tablet samples. A desirability function’s main goal is to
provide a single ball-mark figure that is a composite number that
reflects various responses (40). This is accomplished by converting
the value of each property/response into a numeric score ranging
from 0 (one or more product features are absolutely unacceptable)
to 1 (all product characteristics are on target) depending on the
property/appropriateness response’s (or desirability).

Based on a psychophysical scale and the findings of the
FMEA quality evaluation, individual desirability functions were
constructed for each of the quality characteristics. The conversion
of the quantity value of a certain quality indicator into an
assessment of the acceptability (preference) of a certain condition of
an examined subject (pharmacopeia quality of the two medicines)
is classified by the desirability function, which has values in the
range (0–1). A psychophysical scale of Harrington is chosen as one
of the specific techniques to implement the desirability function
for the corresponding estimation. The scale was used to determine
the relationship between physical and psychological parameters.
Physical parameters are all numeric desirability values (0–1) of
measurable characteristics/quality features, whereas psychological
parameters are solely subjective assessments of a researcher

(e.g., excellent, good, acceptable, low, bad) to describe degree
of satisfaction.

Modified psychophysical five-interval scale of Harrington’s
desirability function (40) was constructed and used as a tool
for quality judgment; i.e., qualitative assessments “bad,” “low,”
“acceptable,” “good,” and “excellent” which correspond to numeric
intervals of 0.00–0.37, 0.37–0.70, 0.70–0.80, 0.80–0.90, and 0.90–
1.00, respectively. A two-sided desirability function was utilized for
assay and dissolution, while a one-sided desire function was used
for identity. Because the absence of API is thought to be clinically
undesirable, d = 0 was assigned. While d = 1 was assigned to 100%lc,
which is thought to be the optimum desirability. Because the assay
of both ciprofloxacin, and norfloxacin tablet APIs in tablet should
be between 90 and 110%lc and the psychophysical Harrington’s
scale specifies desirability range from 0.70 to 1.00 to be good, d = 0.7
was assigned for assay values of 90 and 110%lc and d = 0.3 was
assigned for 70% and 130%lc. While d = 0.01 was assigned for 50%
and 150%lc. The individual desirability function for assay was then
defined as distinct linear sections of different slopes in the range of
100 to 90%lc (slope = 0.03), 90 to 70%lc (slope = 0.02) and from
70 to 50%lc (slope = 0.01) as presented in Supplementary Figure 1.
Similar but negative slopes were used for the assay greater than
100% (Supplementary Figure 1).

Since both medicines were in class IV BCS (41) dissolution
is important quality evaluation parameters as well. Hence, the
percent drug release was taken into account. Both ciprofloxacin
and norfloxacin tablets should release 80% of their active ingredient
within 30 min, according to USP acceptance standards. As a
result, 100% drug release was assigned to d = 1, whereas 80 and
110% drug release was assigned to d = 0.7 for both medicines.
Furthermore, 60 and 130% drug release were assigned d = 0.3, while
40 and 150% drug release were assigned d = 0.01. The individual
desirability function for dissolution was then defined as distinct
linear sections of different slopes in the range of 100 to 80%lc
(slope = 0.015), 60 to 80%lc (slope = 0.02) and from 40 to 60%lc
(slope = 0.01) as can attached in Supplementary Figure 2. Similar
but negative slopes were used for dissolution greater than 100%
(Supplementary Figure 2).

Data processing and analysis

The experimental part of the finding was analyzed using
Microsoft Excel 2010, and Statistical Package for Social Sciences
software version 22. The Identity, assay, and dissolution test was
carried out according to method specified in USP in triplicate and
data were expressed as Mean ± RSD. A more detailed statistical
data analysis was done based on the fixed effects model with
different response variables (product quality attributes). FMEA was
used to assess the criticality of the quality risks associated with each
quality attribute and Derringer’s desirability function was applied
to evaluate quality of the products. The risk probability number
(RPN) values were computed after scoring assigned to each failure
mode through multiplication of the total variables to obtain the
total risk probability number. Finally, the experimental findings
were displayed through graphs, and tables depending on the nature
of the variables under consideration.
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TABLE 5 System suitability test result for chromatographic method of
assay of ciprofloxacin tablet.

System
suitability test

Value
observed

USP-NF
limit

Compliance

Column efficiency 6,598.26 Not less
than 2,500

Compliant

Tailing factor 1.1 Not greater
than 2

Compliant

Relative standard
deviation (RSD)

0.138 Not greater
than 1.5

Compliant

USP–NF; United States Pharmacopeia–National Formulary.

TABLE 6 Identification test result of ciprofloxacin working
standard and samples.

Sample
code

Retention
time of
samples
(n = 2)

Retention time
of Working
standard S

(n = 6)

Deviation
in minutes

C-001 11.45 11.46 0.01

C-002 11.44 0.02

C-003 11.43 0.03

C-004 11.42 0.04

TABLE 7 Percentage content of ciprofloxacin tablets.

Sample
code

% API
(mean RSD)

USP
specifications

Compliance

C-001 103.35± 0.43 90–110% �

C-002 104.69± 0.21 �

C-003 101.23± 0.38 �

C-004 100.87± 0.01 �

RSD, relative standard deviation; API, active pharmaceutical ingredient; USP, United States
Pharmacopeia, �, complaint.

Results

Quality control, and risk analysis results

Tested product information. In the actual study, a total of four
batches of ciprofloxacin 500 mg and three batches of norfloxacin
400 mg tablets were involved in the experimental work. The codes
for the batches were given by the quality control research team of
Jimma University in the school of pharmacy, which were coded as
C-001, C-002, C-003, and C-004 for Ciprofloxacin 500 mg tablets,
and N-005, N-006, and N-007 for Norfloxacin 400 mg tablets,
respectively. All samples from each batch were studied through the
evaluation of identification, dissolution, and assay.

Assay study of ciprofloxacin
hydrochloride tablet

System suitability. The system’s suitability was checked by six
replicate injections of working standards solutions. As can be
seen in Table 5, the system was suitable for laboratory analysis of
identification, assay, and dissolution tests.

Identification test study of ciprofloxacin. The confirmation of
ciprofloxacin’s identity in the tablets was established through HPLC

TABLE 8 Percentage release of tested ciprofloxacin hydrochloride tablet.

Sampling time
(minute)

Sample code

001 002 003 004

15 89.32 65.09 60.57 72.83

30 94.29 78.67 87.25 83.88

45 95.23 83.56 90.57 94.27

60 98.46 89.40 97.57 97.99

in accordance with the specifications outlined by the USP. As per
the latest validation guideline from SANTE/SANCO, the retention
times of analytes in both the sample and standard solution should
not deviate by more than 0.1 min, which is a modification of
the identity test specifications stated in the European Commission
decision (42). The European Commission Decision 2002/657/EC
specify a tolerance criterion for an analyte retention time relative to
the standard substance retention time. The relative retention time
of an analyte in a standard solution must correspond to that in a
sample within a tolerance of 2.5% (Supplementary Figure 3). In the
study, the retention time deviation ranged from 0.01 to 0.04 min,
which satisfied a standard solution that must not differ more than
by 0.1 min and be within the tolerance limit of 2.5% of the sample
retention time (Table 6). Thus, all samples examined passed the
identity test.

Assay of ciprofloxacin hydrochloride tablets. Volumes of
10 µl of assay preparation were injected twice from each batch
solution into the HPLC. The average peak area was used to
calculate the percentage content present in the ciprofloxacin tablets.
Ciprofloxacin tablets should contain not less than 90% and not
more than 110% of the stated amount as per USP (Table 7). All
the batches of tested ciprofloxacin tablets passed as per USP
specifications. The lowest drug content was obtained for batches
C-004 (100.87), while the highest percentage drug content was
obtained for batches C-002 (104.69).

Dissolution study of ciprofloxacin

Calibration curve for ciprofloxacin working standard. Five
points standard concentrations ranged from 11, 12.5, 13.88,
15.27, and 16.65 µg/ml were prepared to construct the standard
calibration curve as per Food and Drug Adminstration method
verification and validation guideline (36). As indicated from the
result of the calibration curve (Supplementary Figure 4) there was a
strong linear relationship (r = 0.998) between the concentration of
the working standard and the absorbance values.

Dissolution profile of ciprofloxacin tablets. The dissolution test
result revealed that samples C-002 was release its drug content less
than 80% at 30-min single point while the other three samples were
releasing their drug content greater than 80% at 30 min at (Table 8)
single point as per USP pharmacopeia specification (36).

Assay study of norfloxacin 400 mg tablet

Chromatographic system. The System is suitable in respect
to the suitability tests as per requirements of United States
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TABLE 9 System suitability test result for chromatographic method of
assay of norfloxacin tablet.

System
suitability test

Value
observed

USP-NF
limit

Compliance

Tailing factor 1.02 Less than 2 Compliant

RSD 0.068 Less than 2 Compliant

RSD, relative standard deviation; USP-NF, United States National Formulary.

TABLE 10 Result for assay of norfloxacin tablet.

Sample
code

% API (n = 2)
(Mean = RSD)

USP
specification

Compliance

N-005 90± 0.32 90–110% �

N-006 94.12± 0.05 �

N-007 99.55± 0.18 �

RSD, relative standard deviation.

Pharmacopeia. The results of system suitability test of norfloxacin
working standard were listed in Table 9.

Assay test result for norfloxacin tablets. According to the assay
result, batch N-005 had the minimum requirements percentage
content of active ingredient (90%) and batch N-007 had a highest
percentage content of active ingredient of 99.55%. All batches
of norfloxacin tablets compliant with requirements percentage
content of active ingredient (Table 10) set by pharmacopeial
specifications which is within (100 ± 10%) of label claim as
described in USP pharmacopeia (37).

Identification test for norfloxacin tablets. The identity of
norfloxacin in the tablets was confirmed by HPLC as per USP
specifications. According to the most recent SANTE/SANCO
validation guideline, retention times of an analyte in a sample
and in a standard solution must not differ more than by 0.1 min,
modified from the European Commission decision specification for
identity tests (42). The retention time of major peak of the sample
solutions of all batches of norfloxacin tablets were correspond
to that of the standard solution (Table 11), as obtained in the
assay (Supplementary Figure 5). Thus, all samples of norfloxacin
tablets examined for the identity of active ingredient passed the
identification test of USP specifications (37).

Dissolution study of norfloxacin 400 mg
tablet

Calibration curve for norfloxacin working standard. Six
concentration levels 1, 2, 3, 4, 5, 6 µg/ml of working standard were
prepared to construct standard calibration curve (37). As indicated
from the result of the calibration curve there was a strong linear
relationship (r = 0.997) between the concentration of the working
standard and the absorbance values (Supplementary Figure 6).

Dissolution profile of norfloxacin tablet. As obtained from
dissolution test result all samples were release greater than 80%
of its drug content at 30-min single point which showed that
all samples comply with USP specification stated that norfloxacin
release its content should not less than 80% within 30 min. Drug
product Code N-005 (101.84%) had the highest percentage of drug
release, while drug product code N-007 (93.84%) had the least
amount of drug release at a single time point (Table 12).

TABLE 11 Identification test result of norfloxacin working
standard and samples.

Sample
code

Retention
time of
samples
(n = 2)

Retention
time of WS

(n = 6)

Deviation
in minutes

N-005 0.631 0.628 0.003

N-006 0.629 0.001

N-007 0.6275 0.0005

WS, working standard.

TABLE 12 Percentage release of tested norfloxacin tablet.

Sampling time
(minute)

Sample code

N-005 N-006 N-007

15 78.35 88.26 81.76

30 101.84 94.65 93.84

45 103.64 98.58 96.76

60 104.37 100.10 101.79

In general, the pharmacopeia quality control test depicted that,
about 100% (7/7) expired samples passed pharmacopeia quality
specifications for identity and assay tests. However, of the seven
expired brands, about 14.3% (1/7) of the sample (Code-002) was
unable to release its API content within the USP criteria of 30 min.

Risk analysis result

The failure modes of identity (no active intended ingredients
in the sample) or mislabeling (incorrect, inadequate, or
incomplete identification), assay (under-dose and overdose),
and dissolution (inability to sufficiently dissolve within a specified
time period) were considered in the determination of the risk
probability number.

In addition to this, the failure effects of identity [death due to
untreated diseases, toxicity, treatment failure, assay (toxicity due to
overdose), and dissolution (treatment failure and poor absorption
and bioavailability)] were also considered. To calculate the risk
probability number, scores assigned to each failure mode were
multiplied together to obtain the total risk probability number.

As can be seen in Table 13, the critical quality attributes were
subjected to failure mode and effect analysis (FMEA). Assay was the
most critical quality attributed to ciprofloxacin tablets (RPN = 189),
followed by identity (RPN = 100). Assay was also the most critical
quality attribute (RPN = 378), followed by identity (RPN = 100)
for Norfloxacin tablets. The finding confirmed that assay and
identity were the most critical quality attributes to the product of
ciprofloxacin 500 mg and Norfloxacin 400 mg tablets, according to
the risk probability number computed method.

Desirability function test result

The results of individual desirability values (di) for
ciprofloxacin and norfloxacin tablets are presented in
Supplementary File 3. A global D-value of investigated products
was calculated using d-functions (Equation 4) of quality attributes
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TABLE 13 Failure mode and effect analysis for ciprofloxacin tablet quality attributes.

Product name CQA Severity Occurrence Detectability Risk probability number

Cipro* Identity 10 2 7 140

Assay 9 3 7 189*

Dissolution 5 5 4 100

Nor* Identity 10 2 7 140

Assay 9 6 7 378*

Dissolution 5 5 4 100

Cipro*, ciprofloxacin 500 mg tablets; Nor*, Norfloxacin 400 mg tablets; CQA, critical quality attributes; *stands for the most critical quality attributes.

TABLE 14 Global D-value of investigated ciprofloxacin, and norfloxacin tablets.

Codes d-assay d-dissolution d-identity Product D-global Quality, linguistic
evaluation

C-001 0.90 0.91 1 0.662 0.872 Good

C-002 0.86 0.67 1 0.425 0.75 Acceptable

C-003 0.96 0.81 1 0.724 0.898 Good

C-004 0.97 0.76 1 0.702 0.889 Good

N-005 0.70 0.83 1 0.285 0.7 Acceptable

N-006 0.82 0.92 1 0.507 0.80 Good

N-007 0.99 0.91 1 0.883 0.96 Excellent

TABLE 15 Modified psychophysical Harrington’s scale of quality and results of risk-based desirability function approach for Ciprofloxacin, and
Norfloxacin tablets.

Product name Intervals in global
desirability (D-global)

Quality, descriptive
evaluation

Number of products in each
quality scale (percentage)

Ciprofloxacin 0.90–1.00 Excellent –

0.80–0.90 Good 3 (75%)

0.70–0.80 Acceptable 1 (25%)

0.37–0.70 Low –

0.00–0.37 Bad –

Norfloxacin 0.90–1.00 Excellent 1 (33.3%)

0.80–0.90 Good 1 (33.3%)

0.70–0.80 Acceptable 1 (33.3%)

0.37–0.70 Low –

0.00–0.37 Bad –

(i.e., identity, assay and dissolution). According to RPN value,
which is the numeric assessment of risk assigned to each quality
parameter, p-value of “3” was assigned for assay since quality
risk associated to it was found to be more important. Similarly,
p-value of “2” was assigned for identity since the risk associated
with identity was of more concern than dissolution and p-value of
“1” was assigned for dissolution in both drugs. For each medicine
analyzed for 3 quality attributes (assay, dissolution and identity), a
global D-value of the tested products was finally calculated using
d-functions (Equation 4), and the quality of the product were
evaluated using the psychophysical Harrington’s scale of quality
(Table 14).

As can be seen in Table 15, the desirability function showed
that 75% (3/4) of ciprofloxacin products were of good quality,
and 25% (1) were found to be of acceptable quality. Additionally,
the desirability function of norfloxacin tablets was found to be

excellent, good, and acceptable; both accounted for 1 (33.3%).
Therefore, all-expired medicines were within the risk-based
desirability specification (0.70–1.00). Harrington’s scale is used to
evaluate the desirability of various quality attributes and can be
modified to suit specific needs in pharmaceutical assessments. The
scale typically ranges from “poor” to “excellent” and is used to assess
the overall quality of products based on different attributes.

Discussion

Despite progress made, numerous people still face challenges in
accessing essential medications. This is due to obstacles hindering
developing nations from acquiring top-notch, cost-effective, and
prompt pharmaceuticals. Such barriers not only compromise
human dignity but also the core of all human rights, specifically
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the rights to life, health, and progress. Moreover, the issue of
accessing quality medicines is a significant global public health
concern, particularly in low- and middle-income countries (43).
As per published literature, parallel to the limited accessibility
of essential medicines, a high number of medicines expired in
Ethiopian public institutions as they were in other developing
countries around the world (11, 12). Despite the presence of expired
medicines in public institutions (11), there is no evidence for a
reanalysis study to confirm the potency of the expired drugs and
the risk factors for critical quality attributes. Therefore, the study
attempted to evaluate the quality of expired medicines and their risk
for critical quality attributes for further targeted pharmaceutical
quality intervention.

The quality of medicines is essential for efficient disease
management. To ensure that good quality medicines are available
to patients in their countries, national medicines regulatory
authorities can apply various regulatory instruments. From
the regulatory instruments, post-marketing surveillance activities
through quality control testing plays critical for quality control
evidence (44). Expired medications, in particular, are thought to
lose their efficacy after the stated shelf-life (45). An assessment
was carried out to determine if expired medications underwent
a potency identification test in accordance with USP quality
standards to verify the presence of the relevant active ingredient.
The results showed that all batches of ciprofloxacin and norfloxacin
tablets met the USP criteria for identification tests. This confirmed
that the medications contained the necessary active ingredients
for therapeutic purposes, ensuring their effectiveness. It is crucial
for medicines to contain the approved quantity of API to
achieve the desired therapeutic outcomes. Research has shown that
using antibiotics with inadequate levels of active pharmaceutical
ingredients can result in severe consequences such as drug
resistance, treatment failure, and increased treatment costs (15).
Incorrect dose adjustment leads to undesirable consequences such
as increased morbidity, mortality, treatment costs, and hospital
stay days (46). All batches of ciprofloxacin and norfloxacin
tablets that were tested after their expiration dates met the USP
specification limit for the indicated assay on the Pharmacopeia
(90–110%). Consequently, the research demonstrated that relying
solely on the expiration date as a validation of the drugs’ potency
is not entirely reliable. Therefore, it is crucial to have post-
market quality surveillance backed by laboratory quality control for
reliable evidence.

This research reinforces prior findings that drugs can keep
their API content after their expiration dates have passed. This is
supported by a study undertaken by the united states department
of defense, in which the FDA assessed different batches of drugs in
their supply (29). From tested expired products, nearly 90% (122)
of different medicine products studied met the requirements for
extensions (47). The US Department of Defense conducted a shelf-
life extension program, during which they assessed 242 batches of
Ciprofloxacin. Remarkably, all of these batches successfully passed
quality evaluations. Additionally, a separate study discovered
that expired medicines, which were stored at the recommended
temperature by the manufacturer, retained at least 98% of their
indicated drug content for a significant duration of 18–170 months
beyond their expiration dates (39).

The process by which an active ingredient dissolves in a solvent
to produce a solution is known as dissolution and the test is used to

determine how long it takes for medicine in an oral solid dosage
form to dissolve under specific conditions (48). If the medicine
fails to release the required amount at a specific time, it will not
dissolve properly, resulting in reduced bioavailability. According
to USP specifications, the ciprofloxacin and norfloxacin tablets
in the study should release at least 80% of the indicated dosage
within 30 min. With the exception of C-002 (78.67%), all the tested
medicines met the USP single-point dissolution test requirement.
The variation in dissolution properties at the 30-min mark could be
attributed to differences in excipients used in the production of the
pharmaceuticals, as well as other manufacturing-related activities
and storage conditions (49).

A desirability function test based on risk, in addition to the
pharmacopeial test, was used to evaluate medication quality. FMEA
is a recognized tool for assessing key components to prevent
failure and improve system reliability (50). In this study, the FMEA
method was used to assess the risk of failure modes (identity,
assay, or dissolution). The findings showed that assay was the most
important quality attribute for ciprofloxacin tablets (RPN = 189),
followed by identity (RPN = 140) and dissolution (RPN = 100).
Similarly, for norfloxacin tablets, assay (RPN = 378) was found
to be the most critical quality attribute, followed by identity
(RPN = 140) and dissolution (RPN = 100). It can be inferred
from this information that the risk of quality issues related to the
assay is comparatively higher. Therefore, the optimization of active
ingredients in the final formulation is of utmost importance in
preventing quality failures in pharmaceutical products. A similar
study conducted in Jimma also revealed that assay (RPN = 512) and
dissolution (RPN = 336) were identified as the most critical quality
attributes (51).

If any product characteristics go beyond desired limits, its
quality is deemed unsatisfactory. In this study, product quality
was assessed by comparing calculated D values with predetermined
numeric ranges of 0 to 1. A modified version of Harrington’s scale
of quality, corresponding to specific numeric intervals, was used
to qualitatively evaluate the products (low, bad, good, acceptable,
excellent) (40). Based on the results obtained from the risk-
based desirability approach of quality evaluation and considering
ciprofloxacin and norfloxacin APIs content and percentage of
drug release, 100% of the quality of the investigated products lies
within the acceptable range (0.70–1.00). As a result, utilizing a risk-
based desirability method gives clinically more important quality
attributes greater weight, allowing for more reliable decisions
based on clinically more important quality attributes. Furthermore,
the risk-based desirability method to quality assessment penalizes
marginal out-of-specification drugs less strongly, which is thought
to save money in a resource-constrained society (51).

Comparing the two quality evaluation methods, the
pharmacopeia methods inform us that about 100% (7/7) expired
samples passed pharmacopeia quality specifications for identity
and assay tests. However, of the seven expired brands, about
14.3% (1/7) of the sample (Code-002) was unable to release
its API content within the USP criteria of 30 min. The risk-
based desirability function approach showed that 75% (3/4) of
ciprofloxacin products were of good quality, and 25% (1) were
found to be of acceptable quality, while the desirability function of
norfloxacin tablets was found to be excellent, good, and acceptable;
both accounted for 1 (33.3%). We wish to contend that, despite
the apparent lack of difference between the outcomes of the
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conventional and D-function approaches, the D approach gives
greater weight to the therapeutically more important quality traits
and is hence appropriate for use in economically limited countries
(51). Generally, this study revealed that the two selected expired
products were of good quality in both the pharmacopeial and
risk-based desirability function approaches to quality evaluation.

Limitations and strength of the study

It’s understandable that with the limited scope of the study
focusing on identity, assay, and dissolution parameters, there
might be some constraints in drawing broader conclusions about
the overall quality of expired pharmaceuticals in public health
facilities. Including additional quality control parameters like
weight variation, friability, and disintegration could indeed provide
a more comprehensive assessment.

The study’s approach utilizing WHO sampling methods,
USP standards, and FMEA methodologies reflects a robust
methodology in pharmaceutical research. The findings regarding
identity, assay, and dissolution criteria provide valuable
insights into the quality of expired medications, challenging
conventional assumptions about their efficacy post-expiration.
This could have significant implications for healthcare policies,
particularly in managing drug shortages and optimizing
resource allocation.

Conclusion, and recommendations

In the study, pharmacopeia, and failure mode, and effect
analysis tools were attempted to evaluate the quality of expired
Ciprofloxacin and Norfloxacin tablets for confirming medicines
retained their quality after the shelf-life establishment date.
Accordingly, all sampled items for quality evaluation contained
the declared active ingredient and released their content as
per USP pharmacopeial, but one ciprofloxacin batch was
unable to release its API content within the USP criteria of
30 min. All sampled medicines contained their APIs within
the pharmacopeial specification limit (100 ± 10). The risk-
based analysis results indicated that assay was the most
critical quality attribute. Additionally, the seven sampled
expired medicines were within the risk-based desirability
specification (0.70–1.00). Both pharmacopeial and risk-based
approaches to quality evaluation of the products revealed
that drugs had the potential to retain their quality after their
expiration date.

Overall, the study’s findings highlight an important
consideration regarding the expiration dates of pharmaceuticals.
It’s evident that, under proper storage conditions, some drugs
can retain their potency beyond their labeled expiration
dates. This underscores the potential benefits of reassessing
the quality and shelf-life of essential medicines, particularly
in resource-constrained settings like Ethiopia where access
and shortages are significant challenges. The direction for
nationwide surveillance using pharmacopeial standards and
FMEA-based approaches for expired medicines could be
critical in ensuring continued access to quality medications.

This approach not only supports healthcare sustainability
but also aligns with global efforts to optimize pharmaceutical
resource management.
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