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Abstract
Background: Nifedipine is key in the management of hypertension, but also represents additional financial burden, particularly with the
use of branded products. The availability of generic products permits generic substitution with a much-reduced cost of treatment. However, only
generic products that offer similar bioavailability with the innovator should be considered. This study was designed to assess the pharmaceutical
equivalence and in-vitro bioequivalence of generic Nifedipine tablets within Swaziland.
Objectives: Assessment of quality and in-vitro bioequivalence of four brands of Nifedipine tablets available in Swaziland in order to ascertain
their safety, efficacy, stability and pharmaceutical equivalence.

Methods: Four brands of immediate release Nifedipine 20 mg tablets, coded PM, PN, EA and EN respectively, were obtained from retail
pharmacy outlets and the central medical store. They were assessed for quality using the United States Pharmacopoeia (USP) guidelines.
Characteristics assessed for the determination of their pharmaceutical equivalence were physical appearance, weight variation, diameter,
hardness, friability, drug content and disintegration, while the determination of their dissolution rate was used in the assessment of their in-vitro
bioequivalence.
Results: Sample PM, did not comply with the official specifications for weight variation, whilst all the others complied. Both samples PM and
PN complied with the specifications for diameter and the thickness variation but did not pass the test for hardness. However, both samples EA
and EN complied with the specification for hardness. None of the four samples complied with the specifications for both the disintegration and
the dissolution rate, but they all complied for the specifications of friability and drug content.
Conclusion: Results from the study have shown that none of the brands is of acceptable quality, and the brands are not pharmaceutically
equivalent. Moreover, none of the brand is likely to produce acceptable oral bioavailability, which is deduced from in-vitro bioequivalence. Thus,
switching or substituting brands of Nifedipine tablets for patients should be guided by a critical assessment of the dissolution rate and other
quality parameters.
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Abbreviations: WHO: World Health Organization; BCS: Biopharmaceutics Classification System

Introduction
Hypertension is a major public health problem world-wide
with its attendant high morbidity and mortality. Almost a billion
of the world’s adult population exhibited signs and symptoms
of hypertension with rather low detection, control and
treatment rates [1]. The disease is generally managed through
medication use and dietary or lifestyle changes. Nifedipine
[Dimethyl-2,6-methyl-4-)2-nitrophenyl)-1,4-dihydropyridine-3,
5-dicarboxylate] (Figure 1), is a calcium channel blocking agent
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of the dihydropyridine type which is commonly employed in the
management of systemic hypertension and angina pectoris [2].
Nifedipine has a short elimination half-life of 2-4 hours, and it is
rapidly and completely absorbed over the entire gastrointestinal
tract, despite its low water solubility. It is mainly administered
orally in a form of both immediate release and sustained release
tablet formulations, and due to the lack of major metabolic
adverse effects, it is a relatively safe and well tolerable medication
[3].
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Two or more drugs are said to be bioequivalent, when they
are pharmaceutically or chemically equivalent products, and
they produce comparable bioavailability characteristics in any
individual when administered in equivalent dosage regimen
[4]. Bioavailability is a term used in pharmacology to refer to
the degree and rate at which an administered drug is absorbed
by the body’s circulatory system, the systemic circulation. It
determines therapeutic efficacy because it affects onset, intensity
and duration of therapeutic response of a drug [5].

There is a growing concern about the availability of
substandard pharmaceutical products to the general public in
developing countries. Such products have therapeutic as well as
social and economic implications. There is little data available
which points to the reasons for products being substandard, but
the majority of literature reports contain no concrete evidence
and assume the products to be counterfeit [6,7]. There are,
however, other reasons for products being substandard, such
as poor quality control during manufacture or decomposition
of the active ingredient(s) [8]. The quality of drugs in lessdeveloped settings is inadequate, although concrete evidence
is largely not documented. Reasons for poor quality include the
widespread counterfeiting of medicines, decomposition of the
active ingredient in drugs due to high temperature and humidity
of storage, and poor quality assurance during the manufacture of
medicinal products [8].
In countries like Swaziland, where the drug control is quite
inadequate, the quality of marketed drug products cannot be
guaranteed. Evaluation of some of the marketed products could
give an insight as to the quality of products sold & consumed
and could lay basis for future corrective measures. If a drug,
upon laboratory testing in accordance with the specifications
it claims to comply with, fails to meet the specifications, then
it is classified as a substandard drug. Substandard drugs are
drug products that do not meet quality specifications set for
them and they may either be genuine or counterfeit medicinal
products [7]. The World Health Organization (WHO) defines a
counterfeit medicine as “a medicine which is deliberately and
fraudulently mislabelled with respect to identity and/or source
[9]. Counterfeiting can apply to both branded and generic
products and counterfeit products may include products with
the correct ingredients or with the wrong ingredients, without
active ingredients, with insufficient active ingredients or with
fake packaging [9]. There are several reports on the presence of
medicines or drugs of doubtful quality (substandard medicines)
on the market in both developed and developing countries [6,7].
Consequences of substandard medicines include: reduction in
bioavailability as a result of reduction in dissolution of active
ingredient. In general, the high-price associated with some
branded products may predispose patients to opt for generic
products.
In Swaziland, many generic products are in circulation,
and they are often preferred by the populace because of the
prevailing poor socioeconomic status. This trend has helped to
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curtail rising in pharmaceutical expenditure, especially in lowto middle-income countries [10]. However, generic substitution
should not be based solely on the initial cost of treatment but
on the overall cost effectiveness of pharmacological treatment
[10]. As a result, a standard has been set for generic substitution.
Interchangeability is permitted when the generic product
demonstrates bioequivalence and therapeutic equivalence with
the innovator.

Bioequivalence of a generic product could be determined by
either in-vivo or in-vitro studies. In-vivo bioequivalence studies
are frequently used to establish therapeutic equivalence, but this
approach is usually expensive and more rigorous and may require
clinical trial or study expertise [11]. In-vitro dissolution profiles
are proxies for establishing bioequivalence when the drug meets
the criteria prescribed for a Biopharmaceutics Classification
System (BCS) biowaiver [12]. The BCS considers three major
factors: dissolution, solubility and intestinal permeability, which
influence the rate and extent of drug absorption from immediate
release solid oral dosage forms [12]. Biopharmaceutics
Classification System class II drugs exhibit low solubility and
high permeability characteristics. Their oral absorption is
mostly governed by in vivo dissolution; the solubility and the
dissolution rate are therefore key determinants for the oral
bioavailability of these drugs. This implies that a small increase
in the dissolution rate will result in a multifold increase in
bioavailability [13]. Dissolution testing is an important tool
employed in pharmaceutical development and in quality
evaluation of solid dosage formulations [13], especially poorly
soluble drugs. Dissolution testing is also used as a surrogate for
in-vivo drug release and bioavailability of drugs.

The pharmaceutical quality and dissolution properties of
commercial Nifedipine tablet brands have been a major concern
to researchers and healthcare professionals. As a result, several
studies have been undertaken to assess the pharmaceutical and
biopharmaceutical quality of Nifedipine tablet formulations
available to the healthcare delivery system of various countries.
The pharmaceutical quality evaluation of ten commercial
brands of 20mg sustained release Nifedipine tablets in Nigeria
showed that only four were pharmaceutically equivalent [14].
The dissolution properties of prolonged release Nifedipine
tablets sampled on the Belgian market indicated that the brands
were dissimilar and were therefore not interchangeable [15].
The dissolution of Nifedipine tablets produced in five different
factories in China were found to comply with standards of the
Chinese Pharmacopoeia but failed to meet the specifications
of both the British Pharmacopoeia and the United States
Pharmacopoeia [16]. Developing countries will benefit from
generic products, unfortunately the resources for testing drug
quality is limited.
Swaziland, a landlocked country, in the southern part of
Africa, is amongst the countries without a pharmaceutical
regulatory body [17]. Such a body is of paramount importance
as it would help to ensure a regular supply of good quality
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medicines. Therefore, in the absence of such a body, the
probability of any infiltration of sub-standard and counterfeit
medicines into the distribution chain is high. Thus, the quality
of medicines entering the country is not guaranteed. Therefore,
this study aimed to assess the pharmaceutical equivalence and
in-vitro bioequivalence of generic formulations of immediate
release Nifedipine tablets available in Swaziland.
There are substantial evidences that the method of
manufacture and the final formulation of the drug can markedly
affect the bioavailability of the drug. In fact the World Health
Organization (WHO) and all drug regulatory agencies support
commercialization of generic medicines because they control
costs and are irreplaceable therapeutic options in countries
lacking the innovator product [18]. However, it is necessary to
examine brand drug products in regard to in-vitro dissolution
and in-vivo bioequivalence, and interchangeable uses with the
innovator product. Therefore, in the present study in-vitro
dissolution is used as a measure for bioequivalence of the four
brands of Nifedipine tablets.

Materials and Methods

Nifedipine was obtained from Sigma Chemicals Co., USA. All
other chemical reagents used were of pharmaceutical grade. All
aqueous solutions were prepared exclusively in distilled water.
Four different brands of Nifedipine 20mg immediate release
tablets were obtain from retail pharmacy outlets and the Central
Medical Store in Swaziland.

Assessment
equivalence

of

parameters

for

pharmaceutical

Thin layer chromatographic identification: Thin layer
chromatograms of pure Nifedipine (0.2 % w/v) in equal volumes
of dichloromethane and methanol, and equivalent solutions
of tablets obtained with ethylacetate: cyclohexane (2:3) as
solvent system were compared using their Rf values and colour
characteristics under ultraviolet (254nm).

Thickness and diameter: The thickness of the tablets was
determined using vernier caliper and standard deviations were
calculated. 10 tablets from each brand were used, and average
values were calculated.

Uniformity of weight: Weight variation was determined by
weighing 20 tablets from each brand individually, the average
weight was calculated and the percentage variation of each
tablet from the average weight of tablet was calculated [19].

Friability: The friability of the tablets was determined using
20 tablets from each brand, with a friability tester (Erweka TAR20) at a speed of 25rpm for 4min. The tablets were weighed
before and after the friability test, and friability was determined
as percent weight change [19].
Hardness: Hardness was determined by taking 10 tablets
from each brand using a digital tablet hardness tester (TBH 210,
003

Erweka) and the average of pressure (N) applied for crushing the
tablet was determined [19].
Disintegration: Disintegration time was determined by
taking 5 tablets from each of the brands and subjected into the
disintegration tester (Manesty Tablet Disintegration Test Unit TD
75T176, England). The timer and the temperature (37 °C) were
set, and Distilled water was used as the disintegrating medium.
The time required to obtain complete disintegration of all the
tablets was noted [19].

Drug content (Assay): 20 tablets were weighed from each
of the brand, powdered and equivalent to 20 mg of Nifedipine
were weighed and dissolved in sufficient quantity of methanol
and make up to 100 ml with methanol. The solutions were
suitably diluted with buffer solution pH 1.2 and the content of
Nifedipine was estimated by measuring the absorbance in a
spectrophotometer at 340nm using pH 1.2 as a blank [19].

Assessment of parameter for In-Vitro bioequivalence

Dissolution rate: In-vitro dissolution rate studies were
carried out using dissolution apparatus type 2 [19], in 900 ml
of 0.1 M Hydrochloric acid maintained at 37±0.5 °C. The stirring
speed was set at 50rpm. At predetermined time intervals a 10ml sample was withdrawn and replaced with fresh dissolution
media up to 3hrs. After appropriate dilutions, the samples were
analysed by the UV spectrophotometric method using a 2-cm
layer cell at 340nm. Cumulative percent of drug released was
calculated and the mean of six tablets each from the different
brands was used in data analysis. The dissolution profiles for
the different brands of Nifedipine tablets were generated after
plotting the graph of amount of Nifedipine dissolved against
dissolution time. The average T70 (time for 70% of the active
drug to be dissolved) and the amount dissolved at 45 minutes
were obtained for each brand.
Statistical analysis: All results obtained were subjected
to statistical analysis of mean and standard deviation, using
Microsoft Excel 2013 version.

Results

Table 1: Friability, Uniformity of Weights and Drug Content of four
brands of Nifedipine Tablets.
Sample

Friability (%)

Weight (%
Deviations)

Drug Content
(%) ± SEM

PM

0.48

2.04 – 10.80

103.70 ± 0.80

EA

0.29

2.53 – 3.53

PN

EN

0.36
0.42

3.14 – 3.76
2.07 – 2.92

98.62 ± 0.76
96.50 ± 0.92

100.89 ± 0.96

Immediate release Nifedipine 20mg tablets of different
brands were subjected to various evaluation tests, such as
thickness, uniformity of weight, disintegration time, drug content,
hardness, friability and in-vitro dissolution. As summarized
in Table 1, all the brands complied with the specifications for
friability, as none as a mass loss greater than 1%, and for drug
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content, as the drug content of all brands ranged from 96.50 to
103.70 % [19]. Table 2 showed that none of the brands complied
with the specifications for disintegration and in vitro dissolution.
The dissolution profiles for the four brands is illustrated in Figure
2. Only two brands, PM and PN met the specification for diameter
and thickness but failed the test for hardness (Table 3). Similarly,
brands EA and EN met the specifications for hardness but
failed the test for diameter and thickness (Table 3). The weight
variations of the tablet (Figure 1), for three of the brands were
between 2.07 and 3.76% which complied with pharmacopoeia
specifications, indicating the presence of an acceptable amount
of drug in these brands, however, brand PM failed the uniformity
of weight test [19].

Figure 1: Chemical Structure of Nifedipine.
Table 2: Disintegration Time and Dissolution Rate Profile of four
brands of Nifedipine Tablets.
Time (min)
Sample

% Dissolution at
45 min

Disintegration

To attain 70%
Dissolution

PM

18 ± 0.20

58

60.89

EA

20 ± 0.26

65

46.64

PN

16 ± 0.18

EN

17 ± 0.38

62

58.28

55

53.86

Table 3: Thickness and Hardness of four brands of Nifedipine Tablets.
Sample

Thickness (mm)

Hardness (N)

PM

5.8 ± 0.04

120.36 ± 3.20

EA

8.6 ± 0.04

60.82 ± 1.24

PN

EN

5.6 ± 0.05
8.9 ± 0.07

110.28 ± 2.98
61.95 ± 1.63

Figure 2: Dissolution Profiles of Nifedipine.
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Discussion
Each of the immediate release Nifedipine brands had a shelflife of three years and the tablets were analysed at least a year
before their expiry dates. Pure Nifedipine had Retardation factor
(Rf) value of 0.72 and a similar spot was detected in all the tablet
brands of Nifedipine. This preliminary test indicated that all the
tablet brands contained the active ingredient, Nifedipine. One
brand, PM did not comply with the specifications for weight
uniformity [19], as the weights of more than two out of twenty
tablets used for the test in these brands deviated from the mean
value by an amount greater than 10.0 % (Table 1). This indicated
that the tablets in the batch of this brand will vary in weights
outside the official limits.
In the friability test as illustrated in Table 1, all the brands
gave a weight loss of <1% w/w, showing compliance with the
official specification [19]. Hence, all the brands could withstand
abrasion without loss of tablet integrity. Similarly, Table 1 showed
that all the brands complied with the official specification for
drug content of active drug content within the range 95-105 %
[19]. This is an indication that all the brands when taken at the
required doses are able to release the right amount of the active
drug should elicit appropriate therapeutic response.
It is illustrated in Table 3, that only two out of the four
brands met the specifications for hardness (Brands EA and EN),
and the specification for thickness and diameter (Brands PM
and PN). Both these parameters have an effect on the overall
disintegration time and dissolution rate of the tablets. As
indicated in Table 2, none of the brands met the specification
of less than 15 minutes as disintegration time for uncoated
tablets [19]. The inability of these brands to disintegrate within
this time limit is an important indication that the tablets will
not disintegrate in the gastrointestinal tract to release their
contents into the system. Similarly, none of these brands (Table
2) met the specification for in-vitro dissolution test [19], which
specifies that not less than 70% w/w labelled content should
dissolve at 45 minutes. The dissolution rate profile showed that
all the brands did not attain 70% dissolution in 45min period
of determination and consequently had low (46.64 – 60.89%)
percent dissolution at 45min. Consequently, these brands may
exhibit poor bioavailability profiles in-vivo as well as poor
clinical performances. The disintegration time and dissolution
rates have direct bearing on the bioavailability profile of tablet
dosage forms as it can be used to predict the drug release pattern
in-vivo [11].

Bioequivalence of a generic product could be achieved either
by in-vivo or in-vitro studies. In-vivo bioequivalence studies are
frequently used to establish therapeutic equivalence but this
approach is usually expensive and more rigorous and may require
clinical trial or study expertise [20]. In-vitro dissolution profiles
are proxies for establishing bioequivalence when the drug meets
the criteria prescribed for a Biopharmaceutics Classification
System (BCS) biowaiver [11,12]. The BCS considers three major
factors- dissolution, solubility and intestinal permeability which
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influence the rate and extent of drug absorption from solid
oral dosage forms [12]. The in-vitro and in-vivo bioequivalence
correlation was launched in the ICH guidelines on Good
Clinical Practice [21] and Guidance for Industry Bioavailability
and Bioequivalence Studies [22], but this correlation is still
debatable for some drugs, therefore, a complete and reliable
bioequivalence study is the one that has data from both in-vitro
and in-vivo studies.

While it is a known fact that generic drugs have the advantage
of reducing medical expenses, a situation which is greatly desired
in low-income countries like Swaziland, it is very essential to be
doubly sure that these generic drugs are of good quality, especially
in terms of their safety and bioavailability. This will ensure that
patients with life-threatening diseases like hypertension, are
adequately treated to improve their quality of lives. This study has
demonstrated that while the four different brands of immediate
release Nifedipine 20mg tablets that are commercially available
in Swaziland contained appropriate Nifedipine drug content,
they cannot be said to be pharmaceutically equivalent, and
they may demonstrate poor bioavailability, and hence inability
to elicit the desired therapeutic responses in patients receiving
them for the management of hypertension or angina pectoris.

Conclusion

Results from this study have shown that none of the brands
is of acceptable quality, and the brands are not pharmaceutically
equivalent. Moreover, none of the brand is likely to produce
acceptable oral bioavailability, which is deduced from in-vitro
bioequivalence. Thus, switching or substituting brands of
immediate release Nifedipine for patients should be guided by
a critical assessment of the dissolution rate and other quality
parameters.
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