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Abstract

Metformin is a drug of first choice in management of type Il diabetes mellitus and the Nigerian market is flooded with
many brands of metformin tablets. The aim of this study is to assess the pharmaceutical quality of nine brands of
metformin tablets circulating in pharmacy outlets in Abuja. The brands were assessed for uniformity in weight,
hardness, friability, disintegration time and in vitro dissolution using official methods. The content of active ingredient
was also determined spectrophotometrically. All the brands had weights within the official limits, hardness was found
to differ across the brands with values ranging between 1.20 and 11.50 kgF. Friability values were between 0.00 and
2.25%, disintegration time was between 2.06 and 10.36 min and within official specifications for film-coated tablets.
Drug release within 60 min was between 93 and 103%, however, one of the brands fell outside the lower limit of the
official specification and therefore, failed the dissolution test. Similarly, all but one of the brands were within the
official specification of the percent content of active ingredient. The results highlight the need to routinely carry out
market surveillance on drug products so as to safeguard the health of patients.
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INTRODUCTION based companies to invest in future

Production and sales of quality drugs is
important in promoting good health in any
population. A large number of ailments require
the use of drugs for treatment and as such,
quality drugs are necessary to prevent
treatment failure and relapse [1]. Poor quality
drugs globally and in Nigeria specifically, is
becoming more evident based on previous
researches that have been conducted [1-3].
Counterfeiting of medicine undermines the
ability of Research and Development (R & D)

innovations [4]. Evidence has shown that poor
quality medicines pose a significant threat to
consumers as they cause adverse reactions,
lack of effective treatment and possibly death

[5].

Quality control procedures, which are
useful tools for batch-to-batch consistency in
manufacturing, should be performed for every
drug product [6]. Drug products having more
than three generics require analysis for
biopharmaceutical and chemical equivalency.
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Diabetes mellitus is an inherited and
acquired chronic metabolic disorder in which
the pancreas produces insufficient amounts of
insulin, or in which the body’s cells fail to
respond appropriately to insulin [7]. It is
initially characterized by loss of glucose
homeostasis with disturbances of
carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion,
insulin action or both [8, 9]. It is considered as
a major health concern today, because the
prevalence has continuously increased
worldwide [10].

Since the emergence of the COVID-19
in December 2019 in Wuhan, China, research
interest has been geared towards identifying
the risk factors for the infection, the severity of
its outcome and understanding the underlying
molecular mechanisms. Diabetes mellitus
(22%) and cardiovascular diseases (22%) have
been identified in numerous studies as the
most common distinctive co-morbidities [11,
12, 13]. Access to quality and right medicines
is a fundamental right of all citizens, however,
this is a major challenge in middle- and low-
income countries. Given the limited health
resources, there is need to ensure that
medicines in circulation are not only
affordable but are of the right quality to ensure
their potency and efficacy in the management
and treatment of diseases.

Metformin hydrochloride
(C4H11Ns.HCI) is 1, 1 — dimethylbiguanide
hydrochloride, a white crystalline powder that
is freely soluble in water and soluble ethanol
(95 %), practically insoluble in acetone,
chloroform, dichloromethane and ether. It has
a melting point and molecular weight o232 °C
and 165.625 g/Mol respectively. It is used for
management of diabetes mellitus at a dose of
0.5 g to 3 g daily in divided doses. It is
currently the drug of first choice for the
management of type Il diabetes; it is prescribed
to at least 150 million people worldwide. The
precise mechanism of action of metformin is
not well understood, however, its actions have

been hypothesized to include the following:
decrease in glucose production in the liver
(reduced hepatic glucose production and
glycogenolysis), enhanced skeletal muscle
sensitivity to insulin and reduction of intestinal
glucose absorption and apparently, increase
glycogen production by stimulation of insulin
action [14, 15].

There has been an increase in the
number of pharmaceutical products available
in the market and this may be associated with
the rapid increase in disease prevalence that
results in high drug consumption [16].
Diabetes mellitus is one of such illnesses with
high incidence and has no permanent cure, thus
patients with diabetes mellitus are expected to
manage this condition for life. Metformin is
the first-line drug of choice for the
management of type Il diabetes mellitus thus,
there is need for routine assay of this drug so
as to ensure optimum disease management.
The aim of the study is to evaluate the quality
of nine (9) brands of metformin hydrochloride
tablets marketed in Abuja.

EXPERIMENTAL METHODS

Materials. UV/Vis-Spectrophotometer
(Agilent Cary 60), analytical weighing balance
(Ohaus Analytical plus, AP250D), Ultrasonic

bath, Dissolution tester (RC-6, India),
Disintegration  tester  (Erweka ZT4-4,
Germany), Erweka Friabilator, Monsanto

Hardness tester, Filter paper (Whatman), glass
wares, micropipette, spatula, porcelain pestle
and mortar, distilled water and nine (9) brands
of metformin tablets (film-coated, 500 mg).

Sample collection. Nine (9) brands of
metformin tablets were randomly purchased
from different registered pharmacies within
Federal Capital Territory, Abuja, coded and
subjected to analysis before their expiration
dates.

Sample information.  The  physical
requirements for packaging and labeling of
drug samples which include the presence of
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National  Agency for Food  Drug
Administration and Control (NAFDAC)
registration ~ number, batch  number,

manufacturing and expiration dates were
checked. The samples were coded as A to | and
the official guidelines were employed for the
tests.

Determination of uniformity of weight.
Twenty (20) tablets of each brand were
randomly selected, collectively weighed and
the average weight was determined. The
tablets were then weighed individually and the
percentage (%) deviation from official
specification [17] was determined.

Hardness test. Hardness (kgF) of ten (10)
randomly selected tablets was determined
using the Monsanto hardness tester and the
average was calculated.

Friability test. This test is usually performed
to assess the possible damage due to wear and
tear that the tablet can withstand during
manufacturing/transportation and this s
closely related to tablet hardness. Ten (10)
tablets were collectively weighed (W1), placed
into the Erweka Friabilator and set to rotate at
25 rpm for 4 min. The tablets were de-dusted,
re-weighed (W2) and friability (%) was
calculated as;

F (%) =

W1 -w2
w1

Disintegration test. Six (6) randomly selected
tablets from each of the brands were placed in
each of the six compartments of the
disintegration tester containing distilled water
maintained at 37 + 0.5°C. The time taken for
all the tablet particles to pass through the
compartment’s mesh was noted and the
average time was determined as the
disintegration time.

x 100

Dissolution test. This was conducted
according to the official specification [18].
One (1) tablet from each brand was placed in
the dissolution basket and lowered into the
dissolution vessel containing 900 mL
phosphate buffer (pH 6.8) maintained at 37 +

0.5°C. The dissolution apparatus was set to
rotate at 100 rpm; aliquots of ten (10) mL were
withdrawn at intervals of 5, 15, 30, 45 and 60
min and filtered. Then equivalent volume of
the medium was replaced to maintain sink
conditions. Appropriate dilutions were made
and absorbance of the withdrawn samples were
determined at 233 nm using the UV-Visible
spectrophotometer. The content of metformin
was calculated taking 806 as the value of A
(1%, 1 cm) at lambda maximum of 233 nm.
The process was repeated with two other
tablets from each batch to make triplicate
determinations.

Assay of metformin tablets. Twenty (20)
tablets of each brand were weighed and the
average weight was calculated. The tablets
were finely powdered. An equivalent weight of
100 mg of metformin hydrochloride was
weighed and transferred into 100 mL
volumetric flask, 70 mL of distilled water was
added and mixed using an ultrasonic bath for
15 minutes and made to volume with distilled
water and then filtered. The first 20 mL of the
filtrate was discarded then 10 mL of the filtrate
was diluted with distilled water to 100 mL and
10 mL of the resulting solution was further
diluted with distilled water to 100 mL so as to
give anominal concentration of 10 pg/mL. The
samples were analyzed using UV-Vis
Spectrophotometer at a maximum wavelength
of 232 nm in triplicates for all the samples.
Distilled water was used as blank. The
percentage content of the samples was
calculated using the specific absorbance of 798
according to monograph as A (1%) [19].

RESULTS AND DISCUSSION

Nine (9) brands of metformin
hydrochloride tablets obtained from pharmacy
outlets in Abuja were successfully subjected to
the official tests. As shown in Table 1 all the
information needed about the medicines were
properly printed on the elegant packages of the
various brands. The information included
name of brand, manufacturing date, expiry
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date, batch number, NAFDAC number, and
description of the tablets. All the brands of
metformin tablets used for the study were
within their shelf-life at the time of
investigation. The specification for packaging
were met by all the samples as information
about name of active ingredients, strength,
dosage form, manufacturing date, expiry date,
NAFDAC number, and a description of the

dosage form were specified. All samples were

found to be appealing.
The average weight of all tablets was found to be
between 516 and 699 mg for brands containing
500 mg of metformin hydrochloride (Table 2).
All of the tablets were found to be within limits
for the range of tablet weight according to the BP
specification, which stipulates that not more than
one tablet should deviate from the average
weight by more than 5% [20].

Table 1: Samples and packaging information

Brand Batch NAFDAC Manuf.  Expiry

Tablet Description

code number number date date
A E203826 04-6233  10/2019 09/2024 Film coated, white, circular & convex
B J01321 B4-2914 07/2018 07/2021 Film coated, white & round, embossed ‘M 500’ on one

C BK1589 04-0810 11/2019 10/2022
D G0684 04-3334  06/2019 05/2022
E FPF080120 04-6426  06/2020 05/2023
F A200397 04-7945  02/2020 01/2022
G FV1703 A4-2278  09/2017 08/2020

H TMNO18  A4-4274 02/2018 01/2022
I LE16 A4-5938  04/2019 03/2022

side,

Film coated, round & white, embossed ‘HD’ on one side
Film coated, round & off white

Film coated, round & off white

Film coated, round & convex, white

Film coated, Oval shaped, off white,”500’ embossed on
one side, ‘FBT’ on the other

Film-coated, flat, round, white, scored on one side

Film coated, white and round with ‘M500’ engraved on
one side

Table 2: Physical and mechanical parameters of brands of metformin tablets

Brand code Uniformity of weight (mg) Hardness (kgF) Friability (%) Disintegration time (min)

A 533.25 +* 0.00 2.47+0.98 2.25 8.37 +0.02
B 525.00 £* 0.00 7.20+0.42 0.19 7.30+0.01
Cc 559.45 +* 0.00 418 +0.31 0.00 5.29+0.01
D 683.10 £* 0.00 6.98 +0.48 0.00 7.18 £0.02
E 537.55 +* 0.00 11.90+4.41 2.22 2.06 £ 0.04
F 516.20 +* 0.00 2.86+0.48 0.38 4.27+0.01
G 699.85 +* 0.00 11.15+1.49 0.50 10.35+0.13
H 649.75 +* 0.00 5.40 £0.84 0.15 4.01+0.03
I 605.95 +* 0.00 1.20+0.42 0.00 5.33 £ 0.02

+* = deviation from 5 % as specified in the official book + = standard deviation

Table 3: Percentage content of metformin in different brands of metformin tablets

Brand Amount of drug  Average amount  Percentage = Remark
code claimed (mg) determined (mg)  content (%)

500
500
500
500
500
500
500
500
500

— TOTMUO WD

490 98.0 Passed
520 104.0 Passed
510 102.0 Passed
485 97.0 Passed
480 96.0 Passed
490 98.0 Passed
525 105.0 Passed
515 103.0 Passed

465 93.0 Failed
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Figure 2: Drug release profile of brands of metformin tablets

Determination of uniformity of tablet weight is
an important parameter because it reveals that
ingredients are evenly distributed in each tablet
thus preventing inconsistencies in
bioavailability of the active ingredient.

Hardness is one of the parameters used
to characterize the mechanical strength of a
tablet; it portrays the ability of the tablet to
withstand the processes involved during
manufacturing, transportation, storage and use
[21]. A tablet is expected to be strong enough
to withstand these conditions while it is also
expected to break-up to release its active
medicament within a specified time. A
minimum hardness of 4 kgF is recommended
for immediate conventional tablets [22] and
this may vary depending on the type of
excipients incorporated into the formulation
and the intent of the formulation.

The results show that tablet hardness
was between 1.20 and 11.15 kgF (Table 2).
Brands A, F and | have the least values in the
measure of hardness (2.47, 2.86, and 1.20 kgF
respectively) while brands E and G had the
highest values (11.90 and 11.15 kgF

respectively). Brands B, C, D and H had
values between 4.18 and 7.20 kgF. The results
show a wide difference in hardness values
between the brands and could be attributed to
different excipients incorporated into the tablet
formulation and the manufacturing processes
employed for production of these tablets.
Tablet hardness is invariably related to tablet
disintegration and dissolution thus, very hard
tablets may not disintegrate to release the
active medicament within the stipulated time
leading to therapeutic failure while very soft
tablets on the other hand, may not have the
ability to withstand handling, transportation
and storage [22].

Friability is a measure of tablet strength
assessed via resistance to fracture and abrasion
and percentage weight loss of < 1%w/w is
considered as an acceptable limit for tablet
friability [23, 24]. Table 2 shows that friability
of the assessed tablets was between 0.00 and
2.25%. Brand A with low hardness (2.47 kgF)
was seen to be the most friable with a value of
2.25% and this is because soft tablets do not
withstand the stress of handling or fracture.
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Although brand E had very high hardness
value (11.90 kgF) it was observed to be friable
and could be attributed to the use of very high
compression force which could cause internal
stress in the tablet leading to very friable
tablets [25]. Thus, brands A and E failed the
friability test but all other brands passed
because they had values within the specified
limit.

Disintegration is the breakup of a tablet
into small granules upon its contact with a
volume of fluid and this is characterized by
breakdown of the interparticulate bonds which
hold the tablets together [26]. It is often related
with dissolution because it is assumed that the
time taken for a tablet to disintegrate would
indicate the time taken for the active
medicament to be available for therapeutic
action [27].

Disintegration time of all the brands
was between 2.06 and 10.35 min (Table 2), it
was observed that although brand E proved to
be the hardest and most friable, it was found to
disintegrate fastest. Brand G on the other hand
with high hardness value (11.15 kgF) took the
longest time to disintegrate (10.35 min)
showing a direct correlation between hardness
and disintegration time. The remaining brands
(A, B, C, D, F, Hand I) disintegrated between
4.01 and 8.37 min. All the tablets assessed
passed the disintegration time test by
disintegrating within 30 min specified for film-
coated tablets [28]. Although a relationship is
thought to exist between tablet mechanical
strength and disintegration time in that; strong
tablets that are resistant to fracture are termed
to be able to withstand breakup when in a fluid
thus prolonging disintegration time, no direct
correlation was observed in this assessment.
This could be attributable to the different
processes employed in the manufacture of
these tablets [29].

Dissolution test gives insight into rate
at which a drug dissolves and is made available
in the biological system for optimum
therapeutic response. Figure 2 shows that all

the brands assessed released between 93 and
103% of metformin after 60 min with brand B
having the least amount of drug release (93%)
which is outside the lower limit of the official
specification (95.0 to 105.0%) as stated by the
British Pharmacopeia [18]. This shows that all
but one of the brands assessed passed the in
vitro dissolution test.

Table 3 shows percentage content of
the tablets. The BP limit for the labelled
amount of metformin hydrochloride is required
to be between 95.0 to 105.0%. Eight of the
brands had contents within the official
specification but Brand | had 93% which is
outside the lower limit specified, four (4)
brands had values between 96 and 98% (A, D,
E & F) and the remaining four (4) had
percentage contents greater than 100% (B, C,
G & H) (Table 3). However, none of the brands
had percent content greater than the official
upper limit as specified in BP (105.0%). Thus,
only 89% of all brands examined passed the
contents of the active ingredient while 11%
failed. This implies that the eight brands that
were within the monograph specification may
be substituted for each other because they are
pharmaceutically interchangeable. In a
convenience sample of pharmacies in Lagos,
some researchers found that four of eight
popular brands of metformin tablets fail one or
more pharmacopeial test of bioequivalence
[30]

The presence of higher or lower
content of metformin hydrochloride outside
the monograph specification has severe
consequences on the health status of the patient
[31]] Lower amounts of metformin
hydrochloride below the accepted
specification results in glucose build up in the
body which may eventually lead to treatment
failure, resistance and occurrence of
complications  which  may  eventually
deteriorates the health of the patient(s) while,
high amounts of metformin hydrochloride
above the specification results in adverse
effects like hypoglycemia, organ failure and
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possibly hypoglycemic related complications
like coma or death [31]. This study strongly
suggests the need for random sampling and
routine testing of marketed pharmaceutical
products within the country to ensure that their
quality is in compliance with the standard
operating procedures of Good Manufacturing
Practice (GMP) and International Best
Practices.

Conclusion. The brands of metformin
tablets circulating in  Abuja  varied
considerably in their pharmaceutical quality.
Thus, this assessment highlights the
importance of routine quality assessment of
pharmaceutical products circulating in the
market with a view to ascertain their quality to
safeguard the health of the nation.
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