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ARTICLE INFO ABSTRACT
Keywords: The presence of poor-quality veterinary drugs hampers the effectiveness of animal health care
Albendazole systems. It may produce danger to human safety through animal-derived food products that are

Ivermectin fenbendazole
Quality evaluation
Ethiopia

consumed by the people. Thus, this study assessed the quality of veterinary albendazole, fen-
bendazole and ivermectin boluses/tablets marketed in Gondar Zones, North West Ethiopia. A
total of 42 samples were collected from all government veterinary clinics and private veterinary
pharmacies in Gondar zones by mystery shoppers from October, 2020 to January, 2021. All
samples were visually and physically inspected for proper labeling and packaging. Samples were
evaluated based on Pharmacopoeias and manufacturers’ methods for identification, assay, dosage
uniformity, dissolution, disintegration, hardness, and friability tests. All samples passed the visual
inspection criteria outlined in the joint WHO/FIP/USP checklist. In general, 80.95% (34/42) of
the products examined were substandard failing one or more quality test parameters, including all
albendazole (30/30) and fenbendazole (4/4) samples. However, all of the ivermectin samples (8/
8) passed the quality test parameters investigated in this work. The study had indicated that low
quality veterinary albendazole and fenbendazole products are incredibly common in the study
sites. The most crucial quality features investigated as failure were friability and disintegration.
Thus, regulations and enforcements that guarantee quality of veterinary anthelminthic medica-
tions should be strictly in place in the study area and in the country.

1. Introduction

Livestock production has been projected to support roughly three-quarters of severely impoverished people throughout the world.
Therefore, livestock is a highly significant aspect of the economy of many developing nations [1]. Ethiopia is a home for various
populations of animals. The country is well suited for livestock production. The nation possesses the greatest livestock population in
Africa [2].

The livestock subsector is vital to Ethiopia’s economy. Many livelihoods rely on it. The industry is nevertheless promising for the
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country’s future economic growth [3]. However, diseases, ineffective nutrition and husbandry systems, and lack of effective veterinary
services keep productivity low for this huge livestock population [4].

Globally, parasitic diseases are a major threat to grazing livestock. Clinical and sub-clinical helminthic parasite infections cause low
productivity. Poor feed utilization and mortality contribute to low productivity and reduced economic benefits from livestock [5].

Strategic parasite management is required for maintaining proper animal health. Various parasites can be controlled with anti-
parasitic medications, which are widely used in animal production. There are many broad-spectrum anthelmintics available to
treat helminthiasis. Among these anthelmintic medications, imidothiazoles (levamisole), tetrahydropyrimidines (pyrantel), and
avermectins are the most widely utilized ones in most countries [5]. Although veterinary anthelmintic medications provide a remedy
to these animal health issues in case they are used appropriately, there is increasing usage of ineffective treatments owing to the
existence of poor-quality pharmaceuticals in the supply chain system [6]. Health for animals and the global animal medicines asso-
ciation has predicted the illicit veterinary drugs trade amounts to be around 1 billion USD annually, nearly 3% of the value of the
legitimate veterinary market [7]. This presents a major danger to animal health and welfare: not only they are inefficient at treating
ailments, but also, they can be hazardous for animals. Furthermore, in respect to human health, the use of such poor-quality veterinary
drugs in food-producing animals might affect food safety [8].

The WHO provides recommendations to nations to adopt veterinary medicine quality assurance systems. The International
Cooperation on Harmonization of Technical Requirements for Registration of Veterinary Medicinal Products initiative helps nations to
set global standards for veterinary medicine. Global veterinary product specialists have been assembled by the World Organization for
Animal Health (OIE), with each member country represented by a local authority on veterinary health and medicine [8].

There is evidence of counterfeiting on both branded and generic products [9]. Veterinary drugs available on the market may
contain the right components, but inadequate quantity of the active component, or no active ingredients at all, or packaging that is
deceptive. They may potentially include hazardous or poisonous contaminants [10].

Ivermectin, fenbendazole, and albendazole are the most extensively used anthelmintics in Ethiopia [11]. Ivermectin (Ashiver 5 mg)
is indicated for the treatment and control of gastrointestinal roundworms (adult & larval stages), eye worms, and lungworms. It is also
effective against ectoparasites such as ticks, mites & suckling lice in sheep, goats, cattle, and pigs. Fenbendazole (fenacure 750 mg) is
indicated for the removal & control of gastrointestinal roundworms (adult & 4th stage larvae), lungworms (adult & larval stages),
hookworms and tapeworms (heads & segments) in cattle, horses and camel. Albendazole is a synthetic anthelmintic which belongs to
the group of benzimidazole-derivatives with activity against a broad range of worms. It is also used at a higher dosage level against
adult stages of liver fluke in cattle sheep and goat. Privately imported veterinary anthelmintic medications dominate the Ethiopian
market, with little local production. Ethiopian Veterinary Drug and Animal Feed Administration and Control Authority which is
recently re-organized as Ethiopian Agricultural Authority (EAA) oversee the quality of veterinary medications imported, produced,
and dispensed in Ethiopia [12].

The Authority monitors possible access and entry points for veterinary medicines and animal feeds to the country. However, low-
quality medications may be imported and distributed [13]. Professionals and animal owners alike have expressed concerns about the
efficacy of currently available medications [14]. Treatment failures are a problem for many stakeholders in animal health [15]. This is
exemplified by in vivo studies that document treatment failures in Ethiopia [11]. The reported low effectiveness may be due to parasite
medication resistance or poor medicine quality. This demands further research and comparisons.

There has been no comprehensive quality assessment of ivermectin, fenbendazole, and albendazole boluses available in the study
area. Therefore, the objective of this study was to assess the quality of albendazole, fenbendazole, and ivermectin products sold in
Gondar zones, Northwest Ethiopia.

2. Materials and methods
2.1. Materials

2.1.1. Standard drugs, chemicals and solvents

HPLC grade methanol (B. No. 4549892, Mumbai, India), HPLC grade acetonitrile (B. No. 2189056, Mumbai, India and B. No.
D6L012106L, Carlo Erba, France) were used. The other reagents utilized include, hydrochloric acid 37% (B. No VIN797131 N, Carlo
Erba, France), sulfuric acid 98% (B. No 7664939, Mumbai India). The chemicals used include ammonium di-Hydrogen Phosphate (B.
No 7722-76-1, Mumbai, India), sodium hydroxide (B. No 15530806, Mumbai India), sodium dodecyl sulfate (B. No. 9840973F, BDH
chemicals Itd Poole, England), Sodium dihydrogen orthophosphate (Bulux laboratories Ltd. 121005). The primary reference standards
used were parbendazole United States Pharmacopoeia Reference Standard (USP RS) (Lot No. R02810, China), albendazole USP RS (Lot
No. R110MO, Mexico with potency of 99.6%), Ivermectin British Pharmacopoeia Reference Standard (BP RS) (batch No. 3549, UK
with potency of 90.6%), Fenbendazole BP RS (batch No. 3808, UK with potency of 99.6%).

2.1.2. Instrumentation

The following instruments were used for the experiments: Ultrasonic cleaner (S. No 0083311134P004, Dahan scientific Co., Ltd,
Korea), pH meter (S. No 31092, Biby scientific Ltd. Co., UK), shaker (S. No 100077495220240V, Germany), vortex mixer (S. No
F202A0173F], Italy), vacuum pump (S No AP0013735, China), HPLC (S. No. L20705312035IX, Shimadzu Corporation, Japan), Polaris
5 pm Cig column of 25 cm x 2.6 mm (S.No. 524649, Netherlands), analytical C;g column of 25 cm x 2.6 mm, 5 pm (S. No.
USUXA20680, USA), UV-VIS detector (S. No. L20145302582AE, Shimadzu Corporation, Japan), UV- VIS spectrophotometer (S No.
50038, UK), UV-1800 Shimadzu UV- spectrophotometer (S. No. A1145602220 CD, Japan), Whatman® qualitative filter paper (Grade
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1, diameter 125 mm), Sartorius analytical balance (S. No. 26504358, Germany), Disintegration apparatus (model No. DZF-6050,
Zenith Lab, P.R.C), Erweka dissolution tester apparatus (S. No. 135658-2217, Germany), Caleva hardness tester (S. No. 111436,
Boston laboratory equipment), Erweka friability tester (S. No. 101821, Germany). The following glasswares:beakers, volumetric flasks,
conical flasks, measuring cylinders, pipettes, and funnels. were also used in the experiment.

2.1.3. Sample collection

All sample boluses/tablets were collected by mystery shoppers from all government veterinary clinic and private veterinary
pharmacy shops in Gondar zones, North West Ethiopia from October 2020 to January 2021. The study sites include Metema, Genda
wuha, Debark, Gondar (including Azezo, Maksegnit suburb localities’ around the town), Addis Zemen, Woreta, Debretabor and Gaynt
(as shown on the map in Fig. 1). From all sites, a total of 42 samples (brands/batches) of albendazole, fenbendazole and ivermectin
boluses were collected using prescription papers. The samples were kept at room temperature until they were tested and none of the
products had expired at the time of testing. The countries of origins i.e. manufacturer country in terms of generics (total 11) for boluses
are Ethiopia (1/11), India (4/11) and China (6/11). Bolus is a round mass of medicinal material larger than an ordinary pill. Details of
information about the samples were described in Tables 1-3.

2.1.4. Quality control test methods

The quality control laboratory works were conducted at the National Animal Products, Veterinary Drug and Feed Quality
Assessment Center (APVD-FQAC), School of Pharmacy Addis Ababa University and Ethiopian Food and Drug Administration labo-
ratories (EFDA). The laboratory tests were undertaken in accordance with the Pharmacopoeial and manufacturer’s methods. The
system suitability tests for HPLC methods as well as analytical instrument performance were conducted successfully.

The following quality characteristics were used to assess the products: identification, dissolution, dosage uniformity, assay,
disintegration, friability and hardness tests. A product failing any of the above tests was classified as a substandard. A description of
quality control test methods employed to assess the study veterinary anthelminthic medications is given in supplementary file. Quality
characteristics of albendazole and ivermectin samples were examined based on USP specifications. For dissolution, the percentage of
drug released was taken into account. Albendazole boluses should release more than 80% of the indicated quantity within 30 min [16],
whereas ivermectin should release 80% within 45 min, according to the USP acceptance specification [17]. Content uniformity or
weight variation can be used to show dosage uniformity as per USP requirements. Weight variation is employed when products
containing 25 mg or more of active components while content uniformity test is used for products with active ingredients less than 25
mg. However, quality characteristics of fenbendazole products were performed according to the manufacturer’s specifications (Ashish
life science private limited company, Dist-Palghar, India) [18]. For hardness test, the tester was set to crush each tablet and the force
required to crush each tablet was measured in newton. Boluses are expected to fulfill the requirement for a hardness value of greater
than 40 N [19].
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Fig. 1. Map of the study area.
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Table 1
General information on albendazole tablet samples used for the study.
S. Sample site Sample Brand name Manufacturing Expiry Country of Batch No Manufacturer
No. code date date manufacturer
1 Metema vet. 881 Albenda — QK 10/01/2020 09/01/ China B2050110 Chengdu Qiankun Vet.
HC 2500 mg 2023 Pharmaceuticals co., LTD
2 Metema vet. 868 Ashialben® 300 12/2019 11/2023  India ALT- 7973  Ashish life science pvt limited
HC mg
3 Metema vet. 865 Albenda-QK 22/05/2020 21/05/ China B2030522 Chengdu Qiankun Vet.
HC 300 mg 2023 Pharmaceuticals co., LTD
4 Genda wuha 882 Petazole 2500™ 02/2020 01/2023  India DB022012  Dips Bioscience private
vet. HC mg limited
5 Genda wuha 866 Ashialben® 300 03/2020 02/2024  India ALT- 8156  Ashish life science pvt limited
vet. HC mg
6 Debark vet. HC ~ 883 YZ-albendazole 09/2020 09/2025  China 2009208 Hebei Yuanzheng
300 mg pharmaceutical Co., Ltd
7 Debark vet. HC 869 Ashialben® 300 03/2020 02/2024  India ALT- 8156  Ashish life science pvt limited
mg
8 Debark vet. HC 870 Albenda-QK 26/05/2020 25/05/ China B2030526 Chengdu Qiankun Vet.
300 mg 2023 Pharmaceuticals co., LTD
9 Gondar town 884 Ashialben® 06/2020 05/2024  India ALT- 8260  Ashish life science pvt limited
Priv 2500 mg
10 Gondar town 871 Ashialben® 300 07/2020 06/2024  India ALT- 8394  Ashish life science pvt limited
priv mg
11 Gondar town 872 Alzole® 300 mg 07/2020 06/2024 Ethiopia J6324 East Africa pharmaceuticals
priv PLC
12 Gondar town 885 Albenda — QK 03/2018 03/2021 China B8550322 Chengdu Qiankun Vet.
vet. HC 2500 mg Pharmaceuticals co., Ltd
13 Gondar town 873 Albentong 300 07/2020 07/2024  China 200725 Chongging Fangtong animal
vet. HC mg Pharmaceutical Co., Ltd
14 Azezo vet. HC 886 Alben -LH 2500 08/2019 09/2022  China 1908001 Hebei Lihua pharmaceutical
mg Co., Ltd
15 Azezo vet. HC 867 Albentong 300 07/2020 07/2024 China 200725 Hebei Lihua pharmaceutical
mg Co., Ltd
16 Maksegnit vet. 887 Albenda — QK 10/01/2020 09/01/ China B2050110 Chengdu Qiankun Vet.
HC 2500 mg 2023 Pharmaceuticals co., Ltd
17 Maksegnit vet. 874 Albentong 300 07/2020 07/2024  China 200725 Hebei Lihua pharmaceutical
HC mg Co., Ltd
18 Maksegnit vet. 875 Alben -LH 300 05/2020 05/2023  China 2005101 Hebei Lihua pharmaceutical
HC mg Co., Ltd
19 Addis zemen 888 Ashialben® 06/2020 05/2024  India ALT- 8260  Ashish life science pvt limited
vet. HC 2500 mg
20 Addis zemen 876 Alben 300 mg 09/2020 08/2024  China 200901 Baoding sunlight herb
vet. HC medicament Co., Ltd.
21 Weretta vet. 890 Ashialben® 05/2020 04/2024 India ALT- 8229  Ashish life science pvt limited
HC 2500 mg
22 Weretta vet. 877 Ashialben® 300 07/2020 06/2024  India ALT-8389 Ashish life science pvt limited
HC mg
23 Debretabor 891 YZ-albendazole 07/2019 07/ China 190730 Hebei Yuanzheng
vet. HC 2500 mg 22024 pharmaceutical Co., Ltd
24 Debretabor 878 YZ-albendazole 07/2020 07/2025  China 200716B Hebei Yuanzheng
vet. HC 300 mg pharmaceutical Co., Ltd
25 Debretabor 879 Alben 300 mg 06/2020 05/2024  China 200601 Baoding sunlight herb
vet. HC medicament Co., Ltd.
26 Gaynt vet. HC 892 Petazole 2500™ 02/2020 01/2023 India DB022029  Dips Bioscience private
mg limited
27 Gaynt vet. HC 880 Alben 300 mg 06/2020 05/2024  China 200601 Baoding sunlight herb
medicament Co., Ltd.
28 Azezo vet. HC 906 Alzole® 300 mg 06/2020 05/2024 Ethiopia JF301 East Africa pharmaceuticals
PLC
29 Gondar town 918 YZ-albendazole 07/2020 07/2025  China 200716B Hebei Yuanzheng
priv 300 mg pharmaceutical Co., Ltd
30 Gondar town 919 AlbenC 2500 mg  09/05/2020 08/05/ China 200509 Hebei new century
priv 2023 pharmaceutical co., Ltd

Vet HC=Veterinary Health center (owned and run by Government).
Priv: Private veterinary pharmacy (owned by private individuals).
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Table 2
General information on ivermectin tablets samples used for the study.
S. Sample site Sample Brand name Manufacturing Expiry Country of Batch No  Manufacturer
No. code date date manufacturer
1 Metema vet. HC 896 Ashiver ™5 04/2020 03/2024  India ALT- Ashish life science pvt
mg 8184 limited
2 Gondar town vet. 897 Ashiver ™ 5 08/2020 07/2024 India ALT- Ashish life science pvt
HC mg 8437 limited
3 Azezo vet. HC 898, Ashiver ™ 5 06/2020 05/2024 India ALT - Ashish life science pvt
mg 8296 limited
4 Weretta vet. HC 899 Ashiver ™ 5 08/2020 07/2024 India ALT- Ashish life science pvt
mg 8437 limited
5 Debretabor vet. 889, Ashiver ™ 5 06/2020 05/2024 India ALT- Ashish life science pvt
HC mg 8297 limited
6 Gaynt vet. HC 898, Ashiver ™ 5 06/2020 05/2024 India ALT - Ashish life science pvt
mg 8296 limited
7 Debark vet. HC 889, Ashiver ™5 06/2020 05/2024  India ALT- Ashish life science pvt
mg 8297 limited
8 Maksegnit vet. 909 Ashiver ™5 06/2020 05/2024 India ALT - Ashish life science pvt
HC mg 8296 limited

Vet HC=Veterinary Health center (owned and run by Government).
Priv: Private veterinary pharmacy (owned by private individuals).

Table 3
General information on fenbendazole tablets samples used for the study.
S. Sample site Sample Brand name Manufacturing Expiry Country of BatchNo  Manufacturer
No code date date manufacturer
1 Debark vet. HC 893 Fenacure 750 02/2020 01/2024 India ALT- Ashish life science pvt
mg 8067 limited
2 Debretabor vet. 894 Fenacure 750 02/2020 01/2024 India ALT- Ashish life science pvt
HC mg 8069 limited
3 Gaynt vet. HC 895 Fenacure 750 01/2019 12/2022 India ALT- Ashish life science pvt
mg 7466 limited
4 Weretta vet. HC 921 Fenacure 750 02/2020 01/2024 India ALT- Ashish life science pvt
mg 8068 limited

Vet HC=Veterinary Health center (owned and run by Government).
Priv: Private veterinary pharmacy (owned by private individuals).

2.2. Identification test

2.2.1. Identification of albendazole

An accurately weighed portion of sample powder which is equivalent to about 100 mg of albendazole was transferred to a 50 mL
volumetric flask. 5.0 mL of sulfuric acid in methanol and 20 mL of methanol were added and shaken by mechanical shaker for about 15
min. It was diluted with methanol to volume, mixed and filtered. 1.0 mL of the filtrate was transferred to 200 mL volumetric flask and
diluted to volume by acidified methanol to obtain solutions containing about 10 pg of albendazole per mL [16]. The absorbance of
prepared sample solution was determined using a UV/Visible spectrophotometer. Similarly standard solution was prepared per the
above procedure. The light absorption of the solution was in the range of 200-350 nm. Acidified methanol was used as the blank
solution.

2.2.2. Identification of ivermectin

For identification of ivermectin, the retention times of the avermectin By, (H3B1,) and avermectin By (H2B1p) peaks in the
chromatogram of the assay preparation correspond to those in the chromatogram of the standard preparation, as obtained in the assay
test were used [17].

2.2.3. Identification of fenbendazole bolus

Bolus powder which is equivalent to 100 mg of fenbendazole was weighed and transferred into 100 mL volumetric flask. 50 mL of
0.1 M methanolic HCl was added, sonicated for 30 min to dissolve fenbendazole completely. After sonication, the solution was diluted
to 100 mL with 0.1 M methanolic HCL. Then the solution was shaken and filtered with Whatman filter paper No. 41. Then 1.0 mL of the
filtrate was transferred into 100 mL volumetric flask and diluted with 0.1 M NaOH to get the final concentration of 10 pg/mL. Finally,
the absorbance of prepared sample solution was determined using a UV/Visible spectrophotometer. A 0.1 M NaOH was used as the
blank solution. According to the manufacturer’s method specification, the light absorption of the solution should be in the range of
280-350 nm and should exhibit maxima at about 309 nm [18].
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2.3. Assay

2.3.1. Assay for albendazole boluses

About 20 boluses were weighed and finely powdered. An accurately weighed portion of the powder, equivalent to about 100 mg of
albendazole was transferred to a 50 mL volumetric flask. 5 mL of Sulfuric acid in methanol and 20 mL of methanol were added, and
shaken by mechanical means for about 15 min. Then the solution was diluted with methanol to volume, mixed, and filtered. The first
15 mL of the filtrate was discarded. 5.0 mL of the clear filtrate and 5.0 mL of internal standard solution were transferred to a second 50
mL volumetric flask and diluted with methanol to volume, and mixed. The mixture solution was filtered and transferred in to HPLC
vials [16]. Equal volumes (about 20 pL) of the standard preparation and the assay preparation were separately injected into the
chromatograph. The chromatograms were recorded, and the responses for the major peaks were measured.

The quantity, in mg, of C;5H;5N302S was calculated in the portion of tablets taken by the formula:

Ru
500C (E) &)

where, C is the concentration, in mg per ml, of USP albendazole RS in the standard preparation and Ry and Rg are the peak response
ratios of the albendazole peak to the parbendazole peak obtained from the assay preparation and the standard preparation, respec-
tively (Peak heights were used as indicated by USP 38/NF 33).

2.4. Assay of ivermectin

2.4.1. Sample preparation

Twelve boluses were transferred into a 250 mL volumetric flask according to the accompanying table described in USP [17].
Approximately 25 mL of distilled water was added and sonicated for 10 min. Then methanol was added and filled the flask
three-quarters full, sonicated for 5 min and the boluses were completely disintegrated and shaken on a mechanical shaker for 10 min
and mixed well. The solution was allowed to cool at room temperature. Diluted with methanol to volume, a magnetic stirrer was
added, and mixed until no lumps are present in the solution. A portion of the solution was passed through chemically resistant filter
paper prior to injection. Equal volumes (about 10 pL) of the standard preparation and the assay preparation were separately injected
into the chromatograph. The chromatograms were recorded, and the peak areas for component HsB1, plus component HyB;1, were
measured. The percentage of component HyB1, (C48H74014) plus component HyB1}, (C47H72014) were calculated as a percentage of the
label claim of ivermectin per tablet taken by the formula:

[100 (Au)Ws) (P)(Du)]
[(As)(Ds)(N)(L)]

(2

where

Ay is the total peak response of HyB1, plus HyBjpobtained from the assay preparation

W is the weight of the USP ivermectin RS, in mg, taken to prepare the standard preparation

P is the purity of the USP ivermectin RS (percent [w/w] HyB1, plus percent [w/w] HyB1p) expressed as a decimal
Dy is the sample dilution factor

Ag is the total peak area of HyB1, plus HoBjpobtained from the standard preparation

Dg is the standard dilution factor

N is the number of tablets taken to prepare the assay preparation; and

L is the label claim of ivermectin, in mg per tablet.

2.5. Assay of fenbendazole

2.5.1. Sample preparation

Five boluses were weighed and powdered. An accurately weighed portion of the powder, equivalent to about 100 mg of fenben-
dazole was transferred to a 100 mL volumetric flask. 50 mL of 0.1 M methanolic HCl was added. The solution was sonicated for 30 min
to dissolve fenbendazole completely and diluted to 100 mL with 0.1 M methanolic HCl. The solution was shaken and filtered with
Whatman filter paper No. 41.1.0 mL of the filtrate was taken into a 100 mL volumetric flask and diluted to 100 mL with 0.1 M NaOH
(10 pg/mL).

The absorbance of standard and sample solution was measured at the wavelength maxima at 309 nm using 0.1 M NaOH as a blank.
The content of fenbendazole was calculated by comparison of sample and standard. The content of fenbendazole in mg/bolus was
calculated as:

Spl Abs  Stdwt 1 100 100  potency
= X—— X—X——X—X
Std Abs 100 100  Spiwt 1 100

x Av.Wt 3)
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enb le i bolus
% of fenbendazole :jen endazole in mg/bolus

label claim x 100 )

where

Spl Abs is absorbance of sample

Std Abs is absorbance standard

Stdwt is standard weight

Splwt is the weight of sample taken

Av. Wt is average weight of five boluses

2.6. Dissolution profile

2.6.1. Dissolution profiles of albendazole

The dissolutions of all brands of albendazole were evaluated using a dissolution apparatus type II (paddle) following United States
Pharmacopoeia protocol [20]. The dissolution medium (900 mL of 0.1 N HCI) was transferred to vessels of dissolution apparatus. The
temperature and the spindle rotation speed were set to 37 + 0.5 °C and 50 rpm for 30 min, respectively. This dissolution medium was
used because of the higher solubility of albendazole at acidic p" compared with neutral or basic media [16]. Boluses from each brand
were randomly assigned to the six dissolution vessels. Five (5.0) mL samples were withdrawn at predetermined time points (5, 10, 15,
20, 30, 45, 60 min). After each withdrawal, an equal volume of 0.1 N HCl medium that had been maintained at the same temperature
was replaced in order to maintain the total volume of the medium constant. The samples (5 mL) were immediately filtered using
syringe filter and 3 mL (for label claim 300 mg) of the filtered sample solution was quantitatively taken in to 100 mL volumetric flask. It
was diluted to volume with 0.1 N NaOH. The absorbance of each sample was determined at 308 nm and 350 nm using a UV/Visible
spectrophotometer. The difference was taken as absorbance value. A 0.1 N sodium hydroxide was used as the blank solution. The
quantity in mg of C12H;5N305S dissolved was calculated by the formula:

Au
zz.sc(@ ®)

where

C is the concentration in mg per ml of USP albendazole Rg in the standard solution
Ay and Ag are the differences in absorbance between 308 nm and 350 nm obtained from the solution under test and the standard
solution respectively [16].

2.7. Dissolution of ivermectin

The dissolutions of ivermectin boluses were evaluated using a dissolution apparatus using a dissolution apparatus type II (paddle)
following the United States Pharmacopoeia recommendation [17]. The dissolution medium was prepared 0.01 M phosphate buffer, p'!
7, with 0.5% of sodium dodecyl sulfate (prepared by dissolving 50 g of sodium dodecyl sulfate in approximately 9 L of water, adding
100 mL of 1 M monobasic sodium phosphate monohydrate, adjusted with sodium hydroxide to a p™ of 7, and diluted with water to 10
L). 900 mL of the medium was transferred to vessels of dissolution apparatus and the temperature and the spindle rotation speed was
set to 37 &+ 0.5 °C and 50 rpm for 45 min, respectively.

Ivermectin boluses from each batch were randomly assigned to the six dissolution vessels and five (5.0) mL samples were with-
drawn at predetermined time points (5, 10, 15, 20, 30 45 and 60 min) and replaced with an equal volume of fresh dissolution medium
at the same temperature. The samples (5.0 mL) were immediately filtered using syringe filter and the filtrate was used for analysis [17].
Equal volumes (about 100 pL) of the test solution and the standard solution were transferred to the HPLC vials and separately injected
into the chromatograph. The chromatograms were recorded, and the responses for the major peaks were measured. The dissolved
combined quantities, in percentage, of HyB, plus HyBjpwas calculated based on the peak responses obtained from the test solution and
the standard solution by the formula:

[100(Au)(Ws)(P)(Du)]
[(As)(Ds) L]

(6)

where:

Ay is the total peak area of HyB, plus HoBjpobtained from the test solution

W is the weight, in mg, of the USP ivermectin RS taken to prepare the standard stock solution P is the purity of the USP ivermectin
RS (percent [w/w] HyB1, plus percent [w/w] HoB1p,) expressed as a decimal

Dy is the test solution dilution factor

Ag is the total peak area of HyB, plus HyBjpobtained from the standard solution

Ds is the standard solution dilution factor; and
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L is the label claim of ivermectin, in mg per tablet.
Tolerances: - Not less than 80% of the labeled amount of C4gH74014 (H2B1,) plus C47H72014 (H2B1p) is dissolved in 45 min [17].
2.8. Uniformity of dosage units

The term uniformity of dosage unit is defined as the degree of uniformity in the amount of the drug substance among dosage units.
The uniformity of dosage units can be demonstrated by either of two methods, content uniformity or weight variation. When products
contain 25 mg or more of an active ingredient comprising 25% or more, by weight, of the dosage unit, USP 38/NF 33 recommends
uniformity of dosage units can be demonstrated by weight variation. Whereas, products containing active ingredients less than 25 mg
will be demonstrated by content uniformity test [21].

The uniformity of dosage units of albendazole and fenbendazoe were demonstrated by weight variation as their active ingredient
content is greater than 25 mg. The uniformity of dosage units of ivermectin tablets was demonstrated by content uniformity test
(individual assay of tablets) as its active ingredient content is less than 25 mg [21].

2.9. The uniformity of dosage units of albendazole

For uniformity of dosage units of albendazole, a weight variation test was done using a method specified in USP (2015). According
to USP (2015) specification, the requirements for dosage uniformity are met if the acceptance value of the first 10 dosage units is less
than or equal to L;%, which is 15.

First, 10 boluses were selected randomly [21]. Each bolus was weighed individually. Then, the average weight of 10 boluses was
determined. Then, assay (content) of individual bolus (% xi), was obtained by the formula:

weight of bolus (wi)

%Xi=
’ average wt. of 10 boluses

7)
where

%Xi is content percentage of each tablet/bolus
A is total percent assay which is obtained from assay conducted on representative drug samples of each brand as indicated on
monograph for albendazole.

Finally, average (X) for ten boluses was determined by dividing the sum of individual bolus content percentage (%xi) by 10, which
is the number of boluses used for weight uniformity test in the study
Acceptance value: Acceptance value was determined by formula:

AV=|M-X|+KS (8)

where

k = acceptability constant which is 2.4, for number of boluses is 10.
S = standard deviation of % xi

X = average content percentage of 10 boluses

M = reference value

If 98.5% < X < 101.5%, then M = X (AV = ks)

If X < 98.5%, then M = 98.5% (AV = 98.5 — X + ks)

If X > 101.5%, then M = 101.5% (AV = X — 101.5 + ks)

2.10. The uniformity of dosage units of fenbendazole boluses

Five boluses were weighed individually; their total and average weight was calculated according to manufacturer’s method rec-
ommendations. The weight of five boluses should be between 16.250 + 2%. The average weight of five boluses should be between
3.250 + 5% [18].

2.11. The uniformity of dosage units of ivermectin

For uniformity of dosage units of ivermectin, content uniformity test was done using a method specified in USP [21]. The re-
quirements for dosage uniformity are met if the acceptance value of the first 10 dosage units is less than or equal to L;%, which is 15.
Ten boluses were selected randomly [21]. Each bolus was assayed for its content percentage individually (% Xi). Then, the average
percentage content (X) of ten boluses was determined by dividing the sum of individual bolus content percentage (% Xi) by 10.
Acceptance value: Acceptance value was determined by using the same formula which is given in Equation (8):
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2.12. Disintegration time

Six boluses from each brand of albendazole, six boluses from each batch of ivermectin and fenbendazole were randomly selected
and each bolus was placed in one of six separate tubes. The basket rack assembly was set to move up and down. The medium (900 mL of
distilled water) temperature was maintained at 37 & 1 °C. The disintegration time was taken to be the time when no particles remained
in the basket. The time in minutes required for each bolus to disintegrate was recorded.

2.13. Friability test

Friability is the tendency for a tablet to chip, crumble or break following compression. Friability is designed to evaluate the ability
of the tablet to withstand abrasion in packaging, handling and shipping. It is usually measured by the use of the friability apparatus
[22]. Ten boluses from each brands of albendazole, ten boluses from each batch of ivermectin and fenbendazole were randomly
selected and weighed initially before undergoing friability test on an analytical balance. The boluses were then placed in the drum of
the tester which was adjusted to rotate at 25 rpm for 4 min for a total of 100 revolutions. After the procedure was completed, the
boluses were dedusted and reweighed. The percent loss in weight was calculated as friability. According to USP for friability, the
weight loss should not be more than 1%. Percentage of weight loss was calculated as follows [23].

Initial weight — Final weight

%friability = x 100 9)

Initial weight

2.14. Hardness test

The hardness of boluses was determined using a hardness tester. Ten boluses from each brand of albendazole, ten boluses from each
batch of ivermectin and fenbendazole were randomly taken and each bolus was then placed in the hardness tester. The tester was set to
crush each tablet and the force required to crush each tablet was measured in newton [24].

3. Results and discussion
3.1. Quality of the examined samples

Out of a total of 42 samples collected, 30 were albendazole, 8 were ivermectin and 4 were fenbendazole samples (as described in
Tables 1-3 respectively). According to the results of the identification tests, all of the samples contained the indicated active ingre-
dient. All products passed for visual and physical inspection for packaging and labelling. All ivermectin samples (8/8) meet all quality
criteria assessed in this study per USP specification. The laboratory tests, on the other hand, revealed that 80.95% (34/42) of the
samples did not meet the anticipated pharmacopoeial quality criteria including all albendazole (30/30) and fenbendazole (4/4)
samples. The findings of the various quality control tests performed on the samples are summarized in Table 4 and given in detail as
supplementary file.

3.2. Identification test
All samples met the specification for identification test.

3.2.1. Assay

According to the findings, around two-thirds (9/30) of albendazole samples did not fulfill the pharmacopoeial acceptability criteria
for the test. Albendazole medication products had test results ranging from 73.91 to 104.84%. According to the USP [16] standard, the
product assay (i.e. drug content) should fall between 90% and 110% of the label claims [16]. Ivermectin medication products had test
results ranging from 92.26 to 96.12%. This result indicates that all batches meet the USP standard limit (90-110%) [17]. Similarly, all
batches of fenbendazole samples passed the manufacturer’s specified limit (95-105%), according to the test findings.

Table 4
Quality control test results of products.
Product Samples failing quality criteria test
Identification  Dissolution Dosage Assay Disintegration  Friability Hardness Overall
uniformity
Albendazole 0% (0/30) 100% (30/30) 23.33% (7/30) 30% (9/30) 10% (3/30) 96.66% (29/ 0% (0/30) 100%(30/
30) 30)
Ivermectin 0% (0/8) 0% (0/8) 0% (0/8) 0% (0/8) 0% (0/8) 0% (0/8) 0% (0/8) 0%(0/8)
Fenbendazole 0% (0/4) - 0% (0/4) 0% (0/4) 0% (0/4) 100% (4/4) 0% (0/4) 100% (4/4)
Overall 0% (0/42) 71.43% (30/ 16.66% (7/42) 21.43% (9/ 7.14% (3/42) 78.57% (33/ 0%(0/42) 80.95%(34/
42) 42) 42) 42)
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3.3. Uniformity of dosage units

Dosage uniformity is assessed in order to guarantee that the same amount of medication is administered in each individual dosage
form. In terms of dosage uniformity, all albendazole, ivermectin, and fenbendazole samples met pharmacopoeial acceptance re-
quirements, although only 23.33% (7/30) of albendazole samples did not satisfy these parameters, as seen in Table 4 and the details in
supplementary file.

3.4. Disintegration test

All samples passed the disintegration time test, with the exception of 10% (3/30) of albendazole samples, which did not pass the
regulatory criteria, as indicated in Table 4 and more details in supplementary files.

3.5. Dissolution test

None of the albendazole samples met the regulatory tolerance levels as indicated in Table 4. In 30 min, all albendazole products
released less than 80% (the official tolerance limit) of the dosage. Even in 60 min, they did not release the required quantity, as
presented in Fig. 2 for albendazole samples. However, all ivermectin samples tested for in-vitro dissolution released more than 80%
within 45 min, meeting the stated tolerance limits, as shown in Fig. 3.

3.6. Friability test

All albendazole brands failed the friability test, with the exception of one (1/30). Additionally, none of the fenbendazole samples
were found to be compliant. All ivermectin samples, on the other hand, passed the friability test. As demonstrated in Table 4, 78.57%
(33/42) of the evaluated samples failed to pass the friability test.

3.7. Hardness test

All samples of albendazole, ivermectin and fenbendazole passed the hardness test. This test measures the ability of tablets/boluses
to withstand pressure or stress during handling, packaging, and transportation.

The results of this study revealed a significant prevalence of low-quality veterinary drugs, which included all albendazole and
fenbendazole samples analyzed. In all, 80.95% (34/42) of the studied medication samples failed to comply with the regulatory
tolerance levels for friability, dissolution, dosage uniformity, assay and disintegration. A similar work done on albendazole tablets in
Addis Ababa, Ethiopia revealed that all batches of veterinary albendazole circulating in the city did not fulfill either physical or
chemical quality requirements [12]. A nationwide survey in Ethiopia also found that 45.3% of the tested samples did not meet the
required pharmacopoeial quality requirements for human anthelminthic medications (mebendazole and albendazole) and anti-
protozoal drug (tinidazole) [25]. A study in Burkina Faso, Cote d’Ivoire, Ghana, and Tanzania demonstrated that 61.4% of human
anthelminthic drugs failed in at least one area (assay, dissolution, dosage uniformity and disintegration) [26]. Inadequate storage
environments, unsatisfactory quality assurance, inadequate conformance with good manufacturing practice requirements, lack of
scientific competence in manufacturing, restricted technical capacity and regulatory system may be the causes of poor drug quality in
developing countries like Ethiopia [25]. Quality problems in veterinary drugs may have a huge effect. Inability to produce therapeutic
effect is one of them. The animals’ welfare and production are compromised, and the farmer is forced to repeat treatments at a higher
expense. In long-terms, it may enhance resistant parasite population [12].
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ivl = Ashiver 5 mg B. No. ALT-8296 iv3 = Ashiver 5 mg B. No. ALT- 8184
iv2 = Ashiver 5 mg B. No. ALT-8297 iv4 = Ashiver 5 mg B. No. ALT- 8437

Fig. 3. Dissolution profiles of different batches of ivermectin boluses. Legend: ivl = Ashiver 5 mg B. No. ALT-8296 iv3 = Ashiver 5 mg B. No. ALT-
8184; iv2 = Ashiver 5 mg B. No. ALT-8297 iv4 = Ashiver 5 mg B. No. ALT- 8437.

Visual examination of the studied samples revealed no evidence of counterfeit drugs. Similar findings were obtained for packaging
and labeling compliance in several brands of albendazole tablets marketed in Jimma, Ethiopia [27]. Conversely, problems were
observed with labelling and physical characteristic of tested samples in other studies [12,26].

All analyzed albendazole, ivermectin and fenbendazole samples contained the intended active ingredient. These findings are
consistent with those of previous investigations [12,27]. However, 21.43% (9/42) of the samples (i.e. 30% (9/30) of the albendazole
samples) failed to meet the pharmacopoeial assay acceptance requirements. A similar result was reported in Addis Ababa, Ethiopia
[12] and even higher percentages of samples failed assay test, with 48% failing in Jimma, Ethiopia [25] and 71% failing in Yemen [28].

To ensure dosage unit homogeneity, each batch should have an API level in uniform way. Variations are allowed within a small
range of the label claim [26]. Pharmaceutical dosage unit uniformity is dependent on formulations and production procedures. So, it is
unreasonable to anticipate that every unit has exactly the same amount of active ingredient as stated on the label. Because of this,
pharmacopeial standards and specifications have been established to set general limitations on allowed changes for active components
quantity in single dosage units [29]. The findings of this investigation demonstrated that all ivermectin and fenbendazole samples met
the dosage uniformity acceptance criteria, which are consistent with findings from Yemen [28], Cambodia [9] and India [30].
However, in the current investigation, 23.33% (7/30) of albendazole samples did not meet the acceptance requirements. Previous
investigations in Ethiopia [12], Nigeria [31], Korea and Cambodia have shown comparable results [32]. The discrepancy might be
attributable to manufacturing procedures such as using various quantities of excipients and/or API in varied proportions for different
drug formulations.

Disintegration in the gastrointestinal tract is an essential step for drug absorption and bioavailability, and subsequently therapeutic
efficacy of medicines [19]. It is known that the type of binder used will affect the disintegration time of a tablet/bolus. In the present
study, all analyzed samples for disintegration have complied with the acceptance requirements [26] except 10% (3/30) albendazole
samples, which is in agreement with the results of previous studies [9,31]. Dissolution is a solid dosage form quality control feature
that predicts absorption and bioavailability. It is consequently critical to analyze in vitro dissolution. It distinguishes acceptable and
unsuitable items [31]. Apparently, dissolution also limits parasite uptake into the circulation. Thus, inadequate solubility may impair
effectiveness [26]. In the present study, all ivermectin samples passed the requirements but all albendazole samples failed the spec-
ification limit. Studies on albendazole dissolution profile revealed similar findings to the previous reports [26,28,31,32]. A modest
dose of API is available for absorption into the systemic circulation when a considerable component of a medication fails dissolution.
However, the unabsorbed fraction of the drug produces the negative effects [33].

Hardness is used to ascertain the quality of a tablet/bolus; it is an important parameter since tablets must have sufficient ability to
survive the handling forces during packaging, breakage under conditions of storage and transportation. In this study, all samples
fulfilled the limits of the hardness test. Similar results were reported in studies done in Bangladesh and India [34]. However, 78.57%
(33/42) of the samples failed the specification of friability test including all fenbendazole and 96.66% (29/30) of albendazole samples
[35]. These findings are in agreement with the findings of studies conducted in Ethiopia [25] and Nigeria [31]. On the other hand, all
ivermectin products passed the friability requirements. Failure to meet specification of friability test may be due to low binder con-
centration, resulting in loose inter particulate bonding or the use of low compression pressure in the tablet machine during tableting
step.
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The overall failure rate found in this study is 80.95% which is very high compared the recent report from the summary analyses that
had performed a trend analysis on all quality control works of veterinary medicines in Ethiopia (from 16 November 2016 and 22 June
2021) for which it had reported 8.2% overall quality failure rate [36]. The discrepancy may be due to the fact that the high numbers of
samples in this report are from pre-market regulatory procedures where samples for analysis are supplied sometimes selectively by
importers in consultation with manufacturers. In addition, it may be attributed to the wide range of test parameters assessed in this
study while limited test parameters were assessed by the regulatory authority. This finding insights the need for rigorous post mar-
keting surveillance that guarantees the veterinary medicines in use in Ethiopia are of appropriate quality.

4. Conclusion

As a conclusion, this investigation demonstrated that all tested albendazole and fenbendazole products were low quality products
owing to non-compliant friability test and assay, insufficient drug release of needed dose and lack of dosage consistency. The existence
of such veterinary anthelminthic drugs in the market contributes to treatment failure and the development of parasitic resistance.
Therefore, remedial actions must be implemented towards proper execution of regulatory and legal frameworks. Quality control of
veterinary anthelmintic medicines and enhancing the level and quality of veterinary services and routine monitoring of anthelmintic
drug effectiveness are desperately required.
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