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Background: There are concerns with the availability of substandard antibiotics across Africa, including Ethiopia,
exacerbating high levels of antimicrobial resistance (AMR). There are ongoing initiatives across Africa to reduce
their availability to reduce AMR, including Pan-African registration, coordination with Interpol, and increasing
surveillance. Consequently, the objective of the study was to evaluate the quality of different brands of clarithro-
mycin tablets currently marketed in Ethiopia as a key antibiotic.

Methods: A total of 120 tablets of 12 different brands of clarithromycin 500 mg tablets were purchased from 12
different community pharmacies. Quality control tests, including visual inspection, thickness, diameter, hard-
ness, friability, weight variation, disintegration, dissolution, and assays, were conducted at the Ethiopian
Pharmaceutical Company’s drug quality control laboratory on the sourced tablets. Tests were performed in ac-
cordance with the United States Pharmacopoeia (USP) and the World Health Organization’s procedures.

Results: The identification test results confirmed the presence of the active pharmaceutical ingredients. The
weight variation tests showed compliance with the USP limits. All clarithromycin brands and tablets met the
USP requirements for hardness and disintegration times. The percentage content of all brands and tablets ran-
ged from 95.14% to 100.44%, meeting the USP specifications. The dissolution tests also met required USP limits
alongside factor (f1) factor (f2) values, which were within acceptable ranges.

Conclusion: As a result, all tested clarithromycin brands conformed with the required quality standards and were
of acceptable quality. Consequently, these different brands of clarithromycin can be used to effectively treat pa-
tients and support ongoing national efforts to ensure antibiotic quality and strengthen AMR containment
strategies.

Introduction those from the World Health Organization’s (WHO) Watch and

There are considerable concerns with rising antimicrobial resist-
ance (AMR), especially among low- and middle-income countries
(LMICs), with AMR becoming a critical public health issue.' The
key drivers of AMR among LMICs include the considerable in-
appropriate prescribing and dispensing of antibiotics, including

Reserve list with their greater resistance potential.® In 2022,
the WHO launched its AWaRe book giving guidance on the man-
agement of 35 infectious diseases, encouraging the prescribing
of Access antibiotics,* There are also ongoing efforts in Ethiopia
to increase the appropriate use of antibiotics, which includes
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Table 1. Friability, hardness, weight variation, disintegration time, dissolution, and assay test results for the clarithromycin tablets

Hardness (Kpa) Weight variation (%) Assay (%)
Friability (%) (mean+SD) (mean +%SD) Disintegration Time (min)  Dissolution test (%)  (mean+%RSD)
Sample code (n=20) (n=10) (n=20) (mean +%RSD) (n=6) (mean+SD) (n=6) (n=20)
CL1 0.0085 17.9+1.9 708+2.1 5.29+0.13 100.1+2.2 99.8+0.1
CL2 0.0900 19.4+2.7 1031+4.7 0.72+0.03 100.1+0.4 95.14+0.5
CL3 0.0065 135+1.2 683+4.1 9.04+0.1 100.8+0.1 99.83+0.2
CL4 0.0019 12.6+2.3 1025+4.4 0.74+0.03 95.8+3.2 98.58+0.6
CL5 0.0020 123+1.1 1041+3.6 0.89+0.03 919+1.4 96.09+0.6
CL6 0.0030 17.96+3.7 906 +4.6 5.94+0.08 99.6+1.2 100.27 +0.4
CL7 0.0030 13.6+2.1 1016+3.8 9.05+0.16 98.5+1.2 98.23+0.6
CL8 0.0030 18.2+1.6 932+4.1 7.03+0.05 98.8+0.2 100.43+0.1
CL9 0.0024 25.92+3.6 1032+4.2 1.89+0.09 97.3+0.3 98.49+0.4
CL10 0.004 169+2.1 1035+4.6 1.86+0.1 96.9+0.5 99.12+0.2
CL11 0.005 17.3+2.4 879+4.9 8.66+0.09 94.2+0.4 95.62+0.3
CL12 0.003 17.46+1.2 1033+3.9 1.92+0.42 92.2+0.3 100.44+0.3
Acceptance <1% > 12 Kpa <5% <30 min > 80% 90%-110%
limit

the Ethiopian Food and Drug Authority (EFDA)recently providing a
fact sheets discussing ways to reduce AMR.”

AMR is further enhanced by the considerable availability and
use of falsified and substandard antibiotics among LMICs.>’
Substandard medicines are defined as not meeting agreed qual-
ity standards and/or specifications, with falsified medicines
fraudulently distorting their identity.”® Both have appreciable
cost, 7rg10rbidity, and mortality implications alongside adding to
AMR.”

Asrade Mekonnen et al. (2024) estimated that the prevalence
of substandard and falsified medicines in Africa was 22.6%, with
antibiotics (44.6%) accounting for most of these.® High rates of
substandard antibiotics among African countries may have
been enhanced by only a limited number having the capacity
to undertake all the necessary regulatory functions’ However,
this is changing (Table S1, available as Supplementary data at
JAC-AMR Online).

For an antimicrobial to be effective and limit AMR, it must con-
tain the required amount of active pharmaceutical ingredients
(API) and meet other official quality requirements.®

In view of concerns with the availability of substandard antimi-
crobials in Ethiopia, coupled with recent initiatives across Africa to
reduce the extent of substandard antibiotics (Table S1), we be-
lieved it was important to test the quality of current antibiotic ta-
blets in Ethiopia.>'%*? Clarithromycin was chosen for this
purpose as it is a macrolide antibiotic, with macrolides widely
used and recommended as second-line antibiotics in the WHO
AWaRe guidance..***Alongside this, there have also been concerns
with the quality of clarithromycin among LMICs.**

Consequently, the objectives of this study were first to assess
the quality of clarithromycin tablets currently available in
Ethiopia. Secondly, whether the substitution of different brands
will affect patient care. Lastly, to provide guidance to improve
access to good quality low-cost antibiotics in Ethiopia with high
co-payment issues. Recent studies have demonstrated variable
issues with different brands of antimicrobials in Ethiopia.®%1®

However, there are ongoing initiatives to reduce the prevalence
of substandard antibiotics (Table S1).

Methods

Study area, antibiotics, and design

The study involving clarithromycin was conducted using community
pharmacies in Dessie Town. Dessie Town was chosen because 36 commu-
nity pharmacies officially operate in the town alongside multiple health-
care facilities.*® This allows most clients to have good access to both
prescribed and non-prescribed antibiotics.

A laboratory-based analytical study design was used (Table S2 con-
tains comprehensive details of the methodology).

Sampled product techniques

12 brands of clarithromycin 500 mg tablets were collected from a ran-
dom selection of 12 community pharmacies in Dessie town using a lot-
tery method (Table S3), with a total of120 tablets for each brand
randomly purchased to ensure enough samples for all quality control
parameters. Different quality control test parameters use different sam-
ple sizes, and they cannot use the same tablets again. The subsequent
testing was conducted in the quality control department of EPHARM.

In vitro quality control testing and inspection

Quality control parameters are those used to evaluate the quality of a
product. Testing was conducted in triplicate samples and triplicate
analysis (n=3).

A visual inspection was conducted to verify the uniformity of the pro-
ducts’ shapes and colour, the absence of any physical damage, and the
manufacturers’ details and expiry date.

Identification, hardness, and friability tests

This test verifies the authenticity of the APIs present in the medicines by
confirming their identity through a process of comparison.

The hardness of each tablet was determined by randomly selecting 10
tablets and subjecting them to agreed hardness tests. The friability test
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Table 2. Difference factor (f1) and similarity factor (f2) results for the
clarithromycin brands

Sample codes fl f2

CL1 35 70.2
CL2 3.2 69.9
CL3 5.0 64.3
CL4 2.6 74.9
CL5 4.0 67

CL6 2.0 80.5
CL7 0.7 94.2
CL8* — —

CL9 3.5 71.5
CLO 2.2 81.2
CL11 5.6 63.2
CL12 4.0 66.6

Acceptance limit 0-15 50-100

*Comporotor product.

evaluates a tablet’s ability to withstand abrasion in various manufactur-
ing processes.

Uniformity of the dosage, weight variation,
disintegration, dissolution and API

The uniformity of the dosage refers to the consistency of a medicine, with
variations in API potentially leading to toxicity or ineffectiveness.

The disintegration test measures the time for a tablet to disintegrate
into particles when in contact with gastrointestinal fluids, with the rate of
disintegration affecting the dissolution of the active substance and its
subsequent therapeutic effectiveness. Dissolution tests measure the
time required for a certain percentage of a drug to dissolve in a specified
solution. Assaying of tablets measures the amount of API, indicating its
efficacy and stability.

Data quality control and analysis

The data were collected, checked, and analysed using Microsoft Excel and
SPSS 26. One-way ANOVA was employed to compare the quality control
parameters, with a significance level of P<0.05. The dissolution profiles
were compared using a model-independent mathematical method and
the difference factor (f1) and similarity factor (f2) were calculated. The
analysis was conducted at a 95% confidence interval, and a P value<
0.05 was considered statistically significant.

Results

The physical inspection of the tablet batches revealed uniform
white colour, no visible damage, and no discernible odour.
Furthermore, the packaging and labelling of all the 12 brands
conformed to the WHO’s minimum requirements, suggesting
that the tested samples did not exhibit any indicators of being
falsely labelled, packed, or falsified.

The peak retention time for all clarithromycin tablet brands
ranged from 4.10 to 4.13 minutes (Table S5), similar to the stand-
ard retention time (4.09 min). This indicated the presence of the
intended API and compliance with the USP identification tests.
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Figure 1. Dissolution profiles of different brands of clarithromycin tablets.

All clarithromycin tablet brands had values ranging from
0.0019% to 0.0900% (Table 1), with all tested brands meeting
the friability specification. This indicates that they have comparable
physical strength and durability, and can withstand handling, pack-
aging, and transport without breaking or crumbling.

The hardness value of the samples ranged from 12.3+1.1 kpa
to 25.92+3.6 kpa, with all clarithromycin brands meeting the
minimum hardness requirement of 12 kpa. This indicates that
they are strong enough to withstand breakage during handling,
storage, and transportation.

The percentage deviation of the weight ranged from +2.1% to
+4.9%, i.e. within the USP limits (Table 1), indicating that each
brand contained a consistent APIL.

All brands of clarithromycin tablets disintegrated within the
range of 0.72+0.03 to 9.05+0.16 minutes, which is within USP
limits (< 30 min) (Table 1). Consequently, all had comparable dis-
integration performances.

All brands of clarithromycin tablets also released their API
within a specified range of 91.9+1.4% to 100.8+0.1% in
30 min (Table 1); consequently, all meeting USP specifications
by releasing over 80% of the drug in 30 minutes. This suggests
that they release the required amount of API in a timely and con-
sistent manner under the test conditions.

f1 values were less than 15, and f2 values greater than 50 for
all brands of clarithromycin tablets, indicating a similar release
compared to the originator (Table 2, Figure 1). The dissolution
profile of the sourced brands indicated a similar behaviour to
the dissolution profile of the originator. Similarly, one-way
ANOVA showed that the dissolution profiles of the clarithromycin
tablets were not significantly different from the innovator prod-
uct at 30 min, indicating that all brands had consistent quality,
interchangeability, and likely therapeutic equivalence.

The API system suitability test results for the peak area re-
sponses were the percentage RSD at 0.89 (319 444 +0.89), the tail-
ing factor at 1.36 (1.36 + 1.35), and the number of theoretical plates
at 1919 (1919 +0.72) (Table S6), i.e. meeting USP requirements.

The assay results of all brands were between 95.14% and
100.44%, with all brands again within the USP specification limits
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(90%-110%). This indicates that each brand contained the cor-
rect amount of API.

Discussion and conclusion

Encouragingly, all tested clarithromycin brands conformed to the
required quality standards, indicating that the recent activities in
Ethiopia appear to be working to reduce the extent of substand-
ard antibiotics, mirroring the activities in other LMICs.>”*” This
should continue given the range of activities now being planned
and instigated by EFDA (Table S1).

The next key area to address is encouraging the routine use of
international non-proprietary name (INN) prescribing and dis-
pensing among all key stakeholders (Further details of the ration-
ale, etc., of INN prescribing are included in Table 57.132°

In conclusion, all tested brands of clarithromycin contained
the necessary API. Furthermore, all brands passed the various
quality control tests. The similarity of different factors indicated
comparable in-vitro release profiles among the tested brands
and the comparator, which is encouraging and builds on the ap-
preciable activities of EFDA in recent years.
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