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Background: The use of ineffective and poor quality drugs endangers therapeutic treatment 
and may lead to treatment failure. For desired therapeutic effect, drugs should contain the 
appropriate amount of active pharmaceutical ingredient and the required physical 
characteristics.
Aim: The aim of this study was to evaluate quality as well as physicochemical bioequiva
lence of different brands of furosemide tablets marketed in Bahir Dar, Northwest Ethiopia.
Methods: Five different brands of furosemide tablets were purchased from community 
pharmacies in Bahir Dar city, Northwest Ethiopia. The quality control parameters of furose
mide tablets were determined by identification, weight variation, disintegration, assay and 
dissolution tests and the results were compared with USP and BP pharmacopoeial standards. 
Difference (f1) and similarity (f2) factors were calculated to assess in vitro bioequivalence 
requirements.
Results: Identification test results revealed that all samples contained the stated active 
pharmaceutical ingredients. The results of weight variation tests indicated that all samples 
complied with USP specification limits. The active pharmaceutical ingredients quantitative 
assay showed that all the brands of furosemide tablets were between the 90% and 105% limit 
of label claim. Similarly, all samples fulfilled disintegration time (i.e., ≤30 min) and 
dissolution tolerance limits (i.e., Q ≥80% at 60 min). Hence, none of the samples were 
found to be counterfeit and/or substandard. Difference factor (f1) values were <15 and 
similarity factor (f2) values were >50 for all the tested brands of furosemide tablets.
Conclusion: This study revealed that all the furosemide brands met the quality specification 
of weight variation, hardness, friability, dissolution, disintegration and assay. The study also 
indicated similarity in the dissolution profile of the brands of furosemide tablets with the 
innovator product. Hence, all of these generic brands could be substituted with the innovator 
product in clinical practice.
Keywords: quality, weight variation, assay, dissolution, identification, furosemide tablets, 
Northwest Ethiopia

Introduction
Most patients with hypertension require drug treatment to achieve sustained reduction 
of blood pressure. There are different groups of anti-hypertensive drugs such as 
diuretics, calcium-channel blockers, β-blockers, angiotensin converting enzyme inhi
bitors and angiotensin II receptor blockers. Of these, calcium channel blockers and 
diuretics are two of the most important groups used for the treatment of hypertension.1 
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Furosemide is a widely prescribed and powerful diuretic drug 
used in the management of edema and hypertension.2 It is 
also used for acute and chronic heart failure, severe hyperten
sion and edematous conditions.3 Furosemide is 4-Chloro- 
2-[(furan-2-ylmethyl) amino]-5-sulfamoylbenzoic acid; it is 
a white, crystalline powder having the molecular formula 
C12H11C1N2 O5S and molecular weight 330.7g/mol.4

Pharmaceuticals play an important role in improving 
human health and promoting wellbeing. Safety, efficacy, 
and quality of drugs must be ascertained to provide 
a desired pharmacological effect. Pharmaceuticals must ful
fill regulatory requirements to meet quality standards. 
Moreover, to ensure safety and efficacy, the quality of phar
maceutical products must be reliable and reproducible.5–7 

The quality of pharmaceutical products can be evaluated 
using in vivo or in vitro tests.8

The quality of medicines is a topic of global concern, 
particularly in many developing countries.9 The preva
lence of counterfeit drugs in the global market is reaching 
epidemic proportions with developing countries affected to 
a greater degree.10 Low and middle income countries are 
especially affected due to inadequate facilities, few trained 
personnel and weak regulatory systems which fail to 
ensure the quality of medicines and to carry out regular 
surveillance for substandard and falsified products. Poor 
quality medicines can be the result of poor manufacturing 
practices, counterfeiting, or inappropriate drug storage. 
There is an increased number of hospital admissions and 
deaths due to quality defects of drugs.8−10−12 The use of 
ineffective and poor quality drugs endangers therapeutic 
treatment and may lead to treatment failure.13

The circulation of substandard medicines remains 
a serious problem in resource-limited countries in sub- 
Saharan Africa, where most of the drugs available are 
imported. Medicines sold in these markets are frequently 
found to have ingredients at concentrations that are too 
high or too low.14 For example, a drug quality study from 
10 African countries found that nearly a quarter of generic 
antihypertensive medicines were of low quality.15 

Similarly, a study on quality assessment of seven cardio
vascular drugs in 10 sub-Saharan countries indicated that 
12.5% of furosemide samples were identified as being 
poor quality. In Nigeria, a quality check of an antihyper
tensive medicine (nifedipine) was done on a total of 14 
brands; of 102 samples, 78 (76.5%) were poor quality.16

Some studies in Ethiopia have also proved the existence 
of substandard drugs in the country. A nationwide survey 
conducted in Ethiopia on the quality of mebendazole, 

albendazole, and tinidazole medicines found that 45.3% of 
the samples did not fulfill pharmacopoeia quality 
specifications.17 Similarly, Solomon Hambisa et al. studied 
10 brands of norfloxacin tablets and reported that two brands 
did not meet the specified USP dissolution requirement. The 
study also revealed the similarity in the dissolution profile of 
two brands of norfloxacin tablets (25%) with the comparator 
product.7 Abuye et al. indicated that 28.3%, 31.7%, and 6.8% 
of antimalarial medicines (chloroquine phosphate and qui
nine sulfate tablets) failed to comply with the pharmaco
poeial quality standards for visual inspection, hardness and 
weight variation tests, respectively.18 Seifu et al. found that 
all batches of albendazole circulating in the market in Addis 
Ababa did not fulfill either physical or chemical quality 
standards.19 These findings revealed that the Ethiopian health 
system could be endangered with poor quality medicines. 
Hence, there is the need for continuous assessment of the 
pharmaceutical quality of essential drugs circulating in the 
market to ensure the quality of these medicines. This is of 
particular importance with therapeutics used in the treatment 
of chronic diseases for which daily, long-term therapy is 
required.20 Moreover, Ethiopia is one of the sub-Saharan 
African countries where the poor regulation of medicines 
and lack of a bioequivalence testing center pose difficulties 
in guaranteeing effective generic drug substitution.21 Since 
furosemide tablets are widely prescribed drugs, lifesaving 
and used lifelong, regular post-market quality control assess
ment is necessary. Hence, the present study was conducted to 
assess the quality as well as physicochemical equivalence of 
different brands of furosemide tablets marketed in Bahirdar, 
Northwest Ethiopia.

Materials and Methods
Materials
Chemicals, Reagents and Solvents
Furosemide reference standard was a gift from the 
Ethiopian Food and Drug Administration Authority 
(EFDA). All reagents and solvents used for this experi
ment were: glacial acetic acid (Loba Chemie Pvt. Ltd, 
India), HPLC grade acetonitrile (Sisco Research 
Laboratories Pvt. Ltd, India), sodium hydroxide pellets 
(Neo Lab Life Science Co., India), tetrahydrofuran (Loba 
Chemie Pvt. Ltd, India), potassium dihydrogen phosphate 
(Guangdong Guanghua Sci-Tech Co. Ltd, China) and 
orthophosphoric acid (Loba Chemie Laboratory reagents 
and fine chemicals, India).
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Instruments and Apparatus
The following instruments were used for in vitro quality 
control assessment of furosemide tablets. High performance 
liquid chromatography (4.6 mm × 25 cm C18 column, UV- 
Vis detector, Thermo Fisher, USA), single beam UV-visible 
spectrophotometer (Evolution 201, Thermo Fisher, USA), 
analytical balance (MS205DU, Mettler Toledo, USA), PH 
meter (FE-28 standard, Mettler Toledo, USA), hardness tes
ter (YD-20KZ, Tianda-Tianfa, China), friability tester (FT- 
2000SE, Tianda-Tianfa, China), disintegration time test 
apparatus (ZB-1E, Tianda-Tianfa, China), dissolution test 
apparatus II (ZRS-8G, Tianjin instrument factory, China) 
and shaking incubator (THZ-300, Shanghai-Yiheng, China) 
were used.

Sampled Drug Products
Five different brands of furosemide 40 mg tablets were 
purchased from community pharmacies in Bahir Dar City, 
Northwest Ethiopia. Each brand of furosemide tablets was 
randomly coded from F1 to F5. All brands of furosemide 
tablets were purchased with their original packaging and 
were within their expiration dates (Table 1).

Methods
Study Area and Study Design
The study was conducted in Bahir Dar city, Northwest 
Ethiopia. A laboratory based cross-sectional study was con
ducted from February 2019 to June 2020 to assess quality as 
well as the physicochemical bioequivalence of different 
brands of furosemide 40 mg tablets marketed in the commu
nity pharmacies of Bahir Dar City, Northwest Ethiopia. Bahir 
Dar City is located 552 kilometers away from the capital city 
of Ethiopia (Addis Ababa). In the city, there are three govern
mental hospitals (two referral and one primary) and 10 gov
ernmental health centers, four private hospitals (one primary 
and three general), more than 22 private clinics, 28 

pharmaceutical wholesalers, 56 pharmacies and 50 drug 
stores. The reason for selecting this study area was due to 
the availability of a large number of community pharmacies, 
drug stores, wholesalers, and both private and governmental 
health organizations (hospitals and clinics). Most of the 
governmental and community pharmacies in Amhara region 
purchase pharmaceuticals from this city, thus many clients 
have access to both prescribed and non-prescribed (OTC) 
drugs.

Sampling and Sample Size Determination
Sampling design, sampling and sample size determination was 
adapted with some modifications from previous studies.22 

Information was gathered on available brands of furosemide 
40 mg tablets from pharmacy professionals in community 
pharmacies of Bahir dar city, Northwest Ethiopia. A total of 
5 brands of furosemide tablets were available in the market 
during the study period. Registered lists of 56 pharmacies and 
50 drug stores were obtained from the Bahir Dar City health 
office. The list was then sorted alphabetically, numbered and 
coded. To avoid repetition of drugs to be sampled, 10 com
munity pharmacies of which 7 were pharmacies and 3 drug 
stores were randomly selected using a lottery method. 
Pharmacy personnel who were trained and acted as simulated 
caregivers visited each of the selected community pharmacies 
with a prescription for furosemide tablets. For each brand of 
furosemide tablets, a total of 120 tablets were purchased from 
the selected community pharmacies in Bahir dar city, Ethiopia. 
The experiment was undertaken at the quality control labora
tory department of Human Well Pharmaceutical P.L.C. located 
in Amhara region, North Shoa, Ethiopia.

In vitro Quality Control Test methods
Different brands of furosemide 40 mg tablets collected from 
the study area were tested for identification, uniformity of 
dosage units, friability, hardness, diameter, thickness, disin
tegration time, dissolution and assay according to procedures 
described in United States and British Pharmacopeia.4,23

Identification Test
High performance liquid chromatography (HPLC) was 
used to confirm the presence of the correct active pharma
ceutical ingredient (API) in the pharmaceutical dosage 
form. The test was achieved by comparison of peak reten
tion time of the sample and standard solution.23

Weight Variation Test
Twenty tablets from each brand were individually weighed 
as X1, X2, X3 . . . X20 using an analytical balance and then 

Table 1 Different Brands of Furosemide 40 mg Tablets Included 
in the Study

Brand 
Code

Brands 
Name

Batch/ 
Lot No.

Price/Strip (10 
Tab), ETB

Country 
of Origin

F1 Lasix® 8M66C 110 France

F2 Furo 

Denk

985 40 Germany

F3 Rasitol CH003 12 Malaysia

F4 Salurin 0043 12 Ethiopia

F5 Fusid 26802 4 Ethiopia
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the average weight, percentage deviation and standard 
deviation (SD) were determined.23

Average weight of 20 tablets was calculated using the 
formula:

mean ¼
X1þ X2þ X3 . . . þ X20ð Þ

20 

Percentage deviation was calculated using the formula:

Percentage deviation of Weight Variation

¼

Individual tablet
weight

�
Average weight of
20 tablets

� �

Average weight
of 20 tablets

� 100 

Hardness Test
The hardness of tablets was determined using a hardness 
tester. Ten tablets were randomly taken from each brand 
and each tablet 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 newtons (N). The 
average crushing force and SD were calculated.4

Friability Test
Twenty tablets were randomly taken from each brand then 
accurately weighed and placed on a sieve, and any loose 
dust was removed with the aid of a soft brush. Then the 
tablets were placed in the drum which was adjusted to 
rotate at 25 rpm for 4 min and had a total of 100 revolu
tions. After completing the rotation, the drum was stopped 
and tablets were removed from it. The loose dust from the 
tablets was removed and the tablets were weighed. The 
percentage of friability for each brand was calculated 
using the formula:23

% Friability

¼

initial weight of
20 tablets

�
final weight of
20 tablets

� �

initial weight of
20 tablets

� 100 

Disintegration Time Test
Six tablets from each brand of furosemide were randomly 
selected and each tablet was placed in one of six separate 
tubes, then the basket rack assembly was set to move up 
and down. The temperature of the medium (900 mL water) 
was maintained at 37 ± 2 °C. The disintegration time was 
taken to be the time when no particles remained in the 
basket. The time in minutes required for each tablet to 

disintegrate was recorded and average disintegration time 
for each product was calculated.23

Dissolution Test
The dissolution test was conducted according to the USP 
monograph on six tablets of each brand using a dissolution 
tester equipped with rotary paddles (USP Apparatus 2) 
operated at 50 revolutions per minute. The dissolution 
medium was 900 mL phosphate buffer (pH 5.8) main
tained at 37 ± 0.5 °C. 9 mL of sample solution was 
sampled at 10, 20, 30, 45, and 60 min and equivalent 
amount of dissolution medium was immediately replaced. 
After filtration and appropriate dilution, the amount of 
drug dissolved was determined using a UV-visible spectro
photometer at the wavelength of 274 nm.23

The amount of furosemide (C12H11ClN2O5S) dissolved 
was determined using UV-visible spectrophotometry at 
274 nm using a 1-cm quartz cell, and the medium as 
a blank.

Percentage amount of furosemide dissolved

¼
A sample

A standard
� 100 

Where, Asample = absorbance of the sample solution, 
AStandard= absorbance of the standard solution.

Assay Test
The assay test was conducted according to the specified 
monograph of USP.23

Chromatography Conditions
An HPLC system with a 4.6 mm × 25 cm column, with 
a 5-μm packing made up of C18, and a UV-vis detector 
adjusted at a wavelength of 254 nm was used and the 
column temperature was maintained at 30 °C. The flow 
rate and injection volume used for assay were 1.0 mL/min 
and 20 μL, respectively.

Mobile phase preparation: The mobile phase was pre
pared from a mixture of tetrahydrofuran: glacial acetic 
acid: water in a 30:1:70 ratio and the solution was filtered 
and degassed.

Standard solution preparation: 10 mg of furosemide 
reference standard was accurately weighed and was trans
ferred to a 10 mL volumetric flask. Then, 5 mL of 
a mixture of acetonitrile: water (50:50) and glacial acetic 
acid (978:22) solution was added and shaken for 5 min, 
diluted with a mixture of acetonitrile: water (50:50) and 
glacial acetic acid (978:22) solution to volume, to obtain 
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a solution having a known concentration of 1 mg/mL of 
furosemide.

Sample solution preparation: 20 tablets from each 
brand were weighed and powdered. An accurately 
weighed portion of the powder, 201.9 mg (F1), 124.6 mg 
(F2), 201.6 mg (F3), 241.1 mg (F4), and 247.4 mg (F5), 
equivalent to 50 mg of furosemide was transferred to 
a 50 mL volumetric flask; 30 mL of a mixture of acetoni
trile: water (50:50) and glacial acetic acid (978:22) solu
tion was added and sonicated for 10 min. Then, a mixture 
of acetonitrile: water (50:50) and glacial acetic acid 
(978:22) solution was added to volume; mixed, filtered, 
and degassed to obtain a solution having a known concen
tration of about 1 mg/mL of furosemide.

Equal volumes (20 μL) of the standard preparation and 
assay preparation were separately injected along with 
a blank solution into the HPLC system and the peak 
responses were recorded. The percentage content of furo
semide (C12H11ClN2O5S) in the portion of tablets was 
calculated using the following formula:

% content of the drug ¼
50 � C� Ru

Rs

� �

�
1

50
� 100

� Purity of furosemide standard 

Where, C is the concentration, in mg/mL, of furosemide 
reference standard in the standard preparation, and Ru and 
Rs are the peak responses obtained from the assay pre
paration and the standard preparation, respectively.

System suitability test: System suitability was evalu
ated by performing five replicate injections of 1 mg/mL 
furosemide reference standard solution with the volume of 
20 μL into the HPLC system and calculating the percen
tage relative standard deviation (% RSD) of their peaks.

Data Quality Control
Data were checked for completeness and consistency. 
Quality of experimental results was assured by performing 
system suitability tests and by strictly applying the proce
dures as described in the specified monographs of the 
pharmacopeia.

Data Analysis
Data obtained from the experiment were checked for com
pleteness. Data were expressed in terms of mean ± SD. The 
dissolution profiles of the different brands of furosemide 
tablets were compared using one-way ANOVA. P< 0.05 
was considered as statistically significant. A model indepen
dent mathematical approach was also used to compare the 

dissolution profiles of the samples and the reference product 
using difference factor (f1) and similarity factor (f2).

Results and Discussion
Evaluating the quality of medicines circulating in the 
market is important to reduce the risk of having poor 
quality medicines in the supply chain. In this study, we 
assessed the pharmaceutical quality of commonly avail
able brands of furosemide tablets in Northwest Ethiopia. 
Among five brands of furosemide tablets included in this 
study, three brands were imported from foreign countries 
while two were manufactured locally. Furthermore, all 
furosemide brands were subjected to a number of quality 
control tests in order to assess their dissolution profile 
along with other quality parameters including weight var
iation, friability, hardness, disintegration and assay.

Identification Test
In this study, the retention times of furosemide tablets 
ranged from 20.6 min (F1) to 21.1 min (F3) and the 
peak retention times of furosemide standard was 20.4 
min as shown in Table 2 and Figures S1–S6. All samples 
analyzed displayed retention times corresponding with that 
of the respective standards. This confirmed the authenticity 
of the API(s) contained in the medicines.

Weight Variation Test
The minimum and maximum percentage deviation for each 
brand of furosemide tablet was −0.02 and −1.37 (F1), −0.07 
and 2.87 (F2), −0.05 and 3.29 (F3), 0.15 and −4.50 (F4), and 
−0.07 and −3.99 (F5) respectively (Table 3). The weight 
variation limits for tablets differ depending on the average 
tablet weights. Since the mean weight of brand F2 was 
98.9 mg, which is <130 mg, the percentage deviation of 
each F2 tablet should be less than ±10; whereas the mean 
weights of brands F1, F3, F4 and F5 were 162.7 mg, 

Table 2 Peak Retention Time of Furosemide Tablets

Sample Peak Retention Time 
(min)

Identity 
Test

Furosemide reference 

standard

20.4 Pass

F1 20.6 Pass
F2 20.7 Pass

F3 21.1 Pass

F4 20.8 Pass
F5 20.7 Pass

Abbreviations: F1, Lasix®; F2, Furo Denk; F3, Rasitol, F4, Salurin, F5, Fusid.
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161.5 mg, 195.7 mg and 198.5 mg respectively, which is 
between 130–324 mg; hence the percentage deviation of 
each of those tablets should be less than ±7.5. This might 
be due to manufacturers using varying proportions of excipi
ents during manufacturing process. Tablets meet the specifi
cation if not more than two tablets are outside the percentage 
limit and if no tablets differ by more than twice the percen
tage limit.23 The weight variation test results revealed that all 
brands of furosemide tablets tested were within the specified 
limits. To check whether tablets contain the proper amount of 
drug, weight of tablet should be routinely measured. Hence, 
the weight variation test is a very important quality control 
parameter and it has a relationship with content uniformity of 
solid dosage forms.24 Weight variation gives a rough idea of 

content uniformity, but is not a confirmatory test. High varia
bility of dose may cause toxicity or insufficient therapeutic 
drug level.25

Hardness Test
As shown in Table 4, the hardness of furosemide tablets 
was found to be in the range of 48.5N ±1.9 −71.0N±7.6. 
A force of about 40 N is the minimum requirement for 
satisfactory tablet hardness.26 According to this result, all 
brands of furosemide tablets fulfilled the limits of hard
ness test. Hardness is used to ascertain the quality of 
a tablet; it is an important parameter since tablets must 
have sufficient ability to survive the handling forces dur
ing packaging, breakage under conditions of storage and 

Table 3 Results of Weight Variation Test for Furosemide Tablets

No. of Tablets Individual Weight of Tablets (Iw) (mg) % Deviation =(Iw-M)/M ×100

F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

1 162.70 99.70 159.40 198.30 202.50 −0.02 0.84 −1.29 1.33 2.00

2 163.20 97.50 159.50 197.00 203.40 0.29 −1.38 −1.23 0.66 2.45
3 162.40 98.70 160.90 196.30 195.70 −0.20 −0.17 −0.36 0.31 −1.43

4 161.20 100.90 159.90 198.40 196.40 −0.94 2.06 −0.98 1.38 −1.07

5 163.50 99.10 159.90 201.10 197.30 0.47 0.24 −0.98 2.76 −0.62
6 164.00 100.70 157.90 196.00 194.90 0.78 1.86 −2.22 0.15 −1.83

7 164.20 98.60 159.70 192.60 199.50 0.90 −0.27 −1.11 −1.58 0.49

8 164.10 98.20 165.50 194.80 202.00 0.84 −0.67 2.49 −0.46 1.75
9 162.90 98.10 166.80 194.90 198.40 0.10 −0.77 3.29 −0.41 −0.07

10 162.10 98.80 160.70 202.30 197.40 −0.39 −0.07 −0.49 3.37 −0.57

11 163.90 99.00 162.30 186.90 199.60 0.72 0.14 0.50 −4.50 0.54
12 161.10 98.10 162.60 193.30 201.20 −1.00 −0.77 0.69 −1.23 1.34

13 160.50 99.60 163.10 196.90 201.60 −1.37 0.74 1.00 0.61 1.55

14 163.50 100.40 162.00 191.60 199.80 0.47 1.55 0.32 −2.10 0.64
15 162.10 98.00 159.20 190.10 204.70 −0.39 −0.87 −1.41 −2.86 3.11

16 162.50 97.70 158.20 200.10 195.10 −0.14 −1.18 −2.03 2.25 −1.73

17 161.60 101.70 163.80 194.30 196.50 −0.69 2.87 1.43 −0.72 −1.02
18 161.90 97.20 163.60 199.40 192.50 −0.51 −1.68 1.31 1.89 −3.04

19 164.30 96.60 163.30 199.50 201.50 0.96 −2.29 1.12 1.94 1.50

20 162.90 98.70 161.40 190.20 190.60 0.10 −0.17 −0.05 −2.81 −3.99
Mean± SD 162.7±1.12 98.9±1.31 161.5±2.39 195.7± 4.06,198.5±3.72

Abbreviations: M, mean weight of 20 tablets; SD, standard deviation; N, F1, Lasix®; F2, Furo Denk; F3, Rasitol, F4, Salurin, F5, Fusid.

Table 4 Results of Friability, Hardness, Disintegration Time and Assay of Five Brands of Furosemide Tablets

Brand Code Mean Hardness (N) ±SD % Friability Disintegration Time (min) ±SD Assay(%) ±SD

F1 71.0±7.6 0.37 1.14±0.09 98.73±2.36

F2 55.8±10.2 0.30 1.26±0.13 96.42±0.12

F3 57.1±18.4 0.55 2.59±0.48 101.53±6.32
F4 48.5±1.9 0.10 2.11±0.77 90.20±0.04

F5 70.4±11.8 0.28 2.59±0.47 98.651±0.03

Abbreviations: N, Newton; F1, Lasix®; F2, Furo Denk; F3, Rasitol, F4, Salurin, F5, Fusid.
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transportation. If the hardness of a tablet exceeds a certain 
limit, it increases the disintegration time, which ultimately 
affects the bioavailability.7,25 It may be especially impor
tant to carefully monitor tablet hardness for drug products 
that possess real or potential bioavailability problems or 
are sensitive to altered dissolution-release profiles. 
Adequate tablet hardness is a necessary requisite for con
sumer acceptance.27 Hardness also influences friability 
and disintegration which means the less hard a tablet, the 
more friable it is and the less time it takes to 
disintegrate.28

Friability Test
As shown in Table 4, the percentage friability of furosemide 
tablets were in the range of 0.10% (F4) to 0.55% (F3). 
According to USP,23 the percentage friability should be less 
than 1%. The percentage friability of all the brands of fur
osemide tablets was found to be less than 1%, hence all the 
tested brands met the specification of friability. Therefore, 
furosemide tablets circulating in Northwest Ethiopia had 
good strength and can tolerate shocks during transportation 
and handling. Adequate tablet friability is a necessary 
requirement for consumer acceptance.8 High friability 
means that the drug is more likely to suffer mechanical 
erosion which may cause loss of the active ingredient and 
thus compromise its efficacy.29 As the hardness of a tablet 
increases, there is a marked decrease in the percentage of 
friability in all formulations. So the harder the tablet, the less 
will be the percentage friability and vice versa.27 The ten
dency of tablets to powder can affect the cosmetic appear
ance, consumer acceptance of the tablet and also add to 
a tablet’s weight variation or content uniformity problems.24

Disintegration Time Test
The mean disintegration time results of furosemide tablets 
was between 1.14 min and 2.59 min, as shown in Table 4. 
Uncoated and film coated tablets should disintegrate within 
30 min.23 Hence, all the brands of furosemide tablets were 

within the acceptable limits. Disintegration is the breakdown 
process of a tablet into smaller particles and is the first step 
towards dissolution.29,30 A drug can have a rapid disintegra
tion time but this does not mean the drug is biologically 
available.31 If the disintegration time is too high; it means 
that the tablet is too highly compressed and if the disintegra
tion time is not uniform, it indicates batch inconsistency and 
lack of batch uniformity.

Dissolution Test
As shown in Table 5, the mean percentage of furosemide API 
released was found in the range of 80.7±0.63 (F4) to 82.9 
±1.0 (F3) at 60 min. According to USP,23 the percentage 
amount of furosemide dissolved within 60 min should not 
be less than 80% (Q). The dissolution test results revealed 
that all the brands met USP dissolution limits. Dissolution is 
considered an important tool to predict in vivo bioavailability 
and has been used to prove bioequivalence to allow inter
changeability. Very often FDA considers dissolution testing 
to be more discriminating than an in vivo test. Difference 
factor(f1) and similarity factor(f2) have been used frequently 
for in vitro bioequivalence studies by comparing the dissolu
tion profiles of different brands of pharmaceutical dosage 
forms with the innovator product.32,33 Dissolution testing 
and consequently comparing the dissolution profiles can be 
used to establish similarity of the generic brands to the 
original product. This test is employed to distinguish the 
effect of manufacturing variables, including the binder 
type, excipient type, mixing process, and granulation proce
dure. Therefore, it is a relatively rapid and inexpensive 
technique to predict the in-vivo performance of pharmaceu
tical dosage forms.34 Hence, it will promote interchangeabil
ity of the products, will ensure the same pharmacological 
effect and the lower cost will be a benefit to the patient.

Dissolution Profile Comparison
A model independent approach was used to compare the 
dissolution profiles of the samples and the reference product 

Table 5 Percentage of Furosemide API Released at Different Sampling Times (n=6)

Sampling Time Points (min) F1 F2 F3 F4 F5

10 68.7±0.4 67.7±2.9 59.7±6.9 66.9±1.2 59.0±5.6

20 73.2±0.3 68.7±0.9 65.1±6.8 72.2±1.3 59.9±8.3

30 74.2±0.2 71.6±0.7 73.0±2.5 73.0±0.5 74.1±1.1
45 79.5±0.1 80.2±1.4 78.1±2.0 77.6±1.5 77.1±2.0

60 82.2±0.40 81.2±0.48 82.9±1.00 80.7±0.63 82.2±0.72

Abbreviations: F1, Lasix®; F2, Furo Denk; F3, Rasitol, F4, Salurin, F5, Fusid.
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using difference factor (f1) and similarity factor (f2). To 
assess in vitro bioequivalence, mean dissolution values 
were employed to estimate f1 and f2. The following equa
tions were used to calculate f1 and f2 for the studied tablets.35

f1 ¼
∑n

t¼1 Rt � Ttj j

∑n
t¼1 Rt

� �

� 100 

f2 ¼ 50log 1þ
1
n

� �

∑
n

t¼1
Rt � Ttð Þ

2
� �� 0:5

100

( )

Where n is the number of time points, Rt is the dissolution 
value of the reference product at time t, and Tt is the 
dissolution value of the test product at time t.

In this study, difference factor (f1) values were less 
than 15 and similarity factor (f2) values were greater than 
50 for the brands of furosemide tablets (Table 6). This 
indicates that release of the drug from all the furosemide 
tablets is similar to the innovator product. As shown in 
Figure 1, the dissolution profile of the different brands of 
furosemide tablets and comparator product indicated that 

there is a similar behavior of dissolution profile curves. 
Two dissolution profiles are considered similar and bioe
quivalent, if f1 is between 0 and 15 and f2 is between 50 
and 100.35 Hence based on this requirement, all the brands 
of furosemide tablets could be used interchangeably with 
a comparator drug in clinical practice. Similarly, one-way 
analysis of variance (ANOVA) at 95% CI showed that the 
dissolution profiles of the furosemide tablets were not 
significantly different from their innovator product at 
60 min.

Amount of Active Pharmaceutical 
Ingredient
System Suitability Test
According to USP,23 an HPLC system is suitable, 
if percent relative standard deviation (% RSD) calculated 
from the peak area obtained from five replicate injections 
is not more than 2%. The system suitability test results of 
peak area responses % RSD was 0.19%. Hence, the system 
was suitable (Table 7).

Furosemide tablets are specified to contain 90–105% of 
the label claim.35 The assay results of furosemide tablets 
ranged from 90.2% (F4) to 101.53% (F3) as shown in 
Table 4. Hence, all of the samples passed the assay test. 
Assay of pharmaceutical products is a critical quality 
parameter required to confirm that the labeled amount of 
drug is available in a given dosage form and failure to 
meet the standard will result in poor quality medicines.36 

Inadequate amounts of API will result in under-dosed 

Table 6 Difference Factor (f1) and Similarity Factor (f2) of 
Furosemide Brands

Brands f1 f2

F1 – –

F2 2.6 82.7

F3 5.4 64.5
F4 2.0 88.2

F5 6.8 58.1

Figure 1 Dissolution profiles for different brands of furosemide tablets.
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medication, leading to poor treatment outcomes while 
excessive amounts of API cause over-dosage of medica
tion, leading to increased adverse drug reactions and treat
ment failure.

Conclusion
This study attempted to assess the quality as well as the 
physicochemical bioequivalence of different brands of fur
osemide tablets. In this study, all the tested brands of 
furosemide tablets passed minimum standards for major 
quality attributes and were considered to be of good qual
ity. Difference factor (f1) and similarity factor (f2) values 
of all the tested brands of furosemide tablets indicated that 
the release of the drug from all samples analyzed is similar 
to the innovator product. Hence, all these generic brands 
of furosemide tablets could be used interchangeably in 
clinical practice.
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