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ABSTRACT

Background and Obijectives. The in vitro bioequivalence assessment using a dissolution apparatus, as specified by
the United States Pharmacopeia (USP), is a critical parameter in the formulation and development of generic pharma-
ceutical products. This study is crucial for evaluating the interchangeability of generic drugs with their reference
innovator counterparts. Post-market surveillance of generic drugs ensures consistent quality after distribution in
the market. Metformin hydrochloride, a widely prescribed oral hypoglycemic agent for managing type 2 diabetes, is
among the most utilized medications globally.

Inthe Philippines, there is a growing need to assess the bioequivalence of various generic formulations of metformin HCI
film coated tablets to ensure compliance with regulatory requirements. The Philippine Food and Drug Administration
(FDA) mandates in vivo or in vitro bioequivalence including, dissolution profile comparison, as a prerequisite for the
registration of generic drugs. This study aims to evaluate the quality and in vitro bioequivalence of metformin HCI
film-coated tablets available in the Philippine market by comparing their dissolution profiles against the innovator,
Glucophage. This research seeks to provide insights into the interchangeability, therapeutic equivalence, and overall
quality of these generic formulations, thus contributing to public health and regulatory standards.

Methods. Generic metformin HCI film-coated tablets were subjected to quality control tests, including weight
variation, thickness and diameter, hardness, friability, and disintegration tests, in accordance with USP guidelines. To
assess in vitro bioequivalence, dissolution testing was performed, and the concentration of the dissolved drug was
determined using a microplate assay reader to measure absorbance. Dissolution profiles of the generic metformin
HCI film-coated tablets were compared to that of the innovator drug, Glucophage to evaluate bioequivalence.

Results. All tested generic metformin HCI film-coated
tablets complied with USP specifications for quality
control tests, except for the hardness test, where three
brands failed to meet the required standards. While
for dissolution testing, five out of six generic brands
demonstrated acceptable dissolution profiles and
were bioequivalent to the innovator drug Glucophage.
However, one brand (Brand A) failed to meet the
bioequivalence criteria, exhibiting a dissolution profile
outside the acceptable limits.
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Conclusion. This study demonstrates that most generic
metformin HCl film-coated tablets available in the
Philippine market meet the United States Pharmacopeia
(USP) quality control requirements and exhibit in vitro
bioequivalence with the innovator drug. However, the
failure of three brands to meet the hardness specifi-
cations and the lack of bioequivalence in one brand
highlight the need for stringent quality assurance and
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regulatory oversight. Ensuring compliance with these
standards is critical to maintaining the safety, efficacy,
and therapeutic interchangeability of generic drugs.
These findings emphasize the importance of continuous
post-market surveillance to uphold the quality of generic
medications in the market, to safeguard public health.

Keywords: in-vitro bioequivalence, metformin hydrochloride,
United States Pharmacopeia (USP), disintegration tests,
dissolution, thickness and diameter, weight variation

INTRODUCTION

Generic medicines are pharmaceutical products designed
to be interchangeable with innovator drugs, typically
marketed after the expiration of patent protections.! They are
more affordable alternatives to branded drugs and must meet
stringent regulatory requirements to ensure bioequivalence,
including similarity in active ingredient, strength, quality,
dosage form, and intended use.? One of the key prerequisites
for the registration of specific generic medicines is the
conduct of bioequivalence (BE) studies, which are performed
to confirm that the generic drug exhibits no significant
difference in the rate and extent of absorption compared to
the reference drug. BE studies act as surrogate markers for the
clinical safety and efficacy of generic products, replacing the
need for full-scale clinical trials.®

The price of medications is a major factor contributing
to rising healthcare costs, making generic medicines a crucial
solution for cost-effective treatment. Despite their proven
efficacy and safety, consumer and healthcare professional
perceptions of generics remain a challenge. Studies, such
as one conducted in New Zealand, reveal that patients
often perceive generics as less effective and more prone to
adverse effects, particularly when transitioning from branded
drugs.* In the Philippines, the Generics Act of 1988 high-
lighted similar concerns. Surveys indicate limited public
understanding of generics, with some physicians also doubting
their bioequivalence due to prior experiences with unrelieved
patient outcomes after using generics.” Addressing these
misconceptions through public education and strengthened
regulatory oversight is essential to enhancing confidence in
generic medicines and maximizing their potential to reduce
healthcare costs.

Adding to these challenges is the prevalence of sub-
standard or counterfeit drug products, particularly in low- and
middle-income countries, where regulatory enforcement and
quality assurance mechanisms are inadequate.® According to
the World Health Organization, up to 10% of drug products
in these regions may be falsified or of poor quality, posing
serious risks to public health and decreasing trust in both
branded and generic medicines.® Bioequivalence studies,
both in vitro and in vivo, play an important role in ensuring
the therapeutic equivalence of generics. These studies assess
the rate and extent of drug absorption, with relative bio-
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availability often used to compare the systemic availability
of generic and reference drugs.” Addressing the issues of
counterfeit products, improving public education, and
strengthening regulatory frameworks are important to ensure
the safety, efficacy, and acceptance of generic medicines.

Diabetes is a major global health concern, accounting
for approximately 7.5% of all deaths worldwide in 2021, with
an estimated 4.2 million deaths attributed to the disease.®
Type 2 diabetes, which represents over 90% of all diabetes
cases, is primarily associated with lifestyle factors such as diet
and physical activity, as well as genetic and environmental
influences. The condition significantly increases the risk
of comorbidities, including heart disease, stroke, kidney
failure, and vision loss. In the Philippines, diabetes affected
an estimated 4.7 million adults in 2019, with an additional
2.4 million cases undiagnosed, according to the International
Diabetes Federation.” If current trends persist, diabetes
prevalence in the country could rise to 6.2 million by 2045,
emphasizing the urgent need for effective interventions and
anti-diabetic medications.

Metformin or metformin hydrochloride is used in
the management of type 2 diabetes, widely prescribed as a
first-line treatment worldwide due to its efficacy and safety
profile. It works by reducing hepatic glucose production and
enhancing cellular insulin sensitivity, effectively lowering
blood glucose levels without significantly increasing the risk
of hypoglycemia.’® Globally, metformin is the most prescribed
anti-diabetic drug, as supported by data from Austria, where
it accounts for 51.3% of anti-diabetic prescriptions.” Despite
its widespread use, the bioequivalence of generic metformin
formulations relies heavily on manufacturers' studies rather
than independent evaluations by regulatory bodies like the
Food and Drug Administration (FDA). This highlights the
need for research to ensure the bioequivalence of generic
metformin products in the after distribution as part of
the post market surveillance study, providing reassurance
of their efficacy and therapeutic equivalence to innovator
drugs. Moreover, Metformin HCI has a variety of brands
that are available and accessible, medical professionals and
pharmacists may face challenges when deciding which
brand to choose or whether alternative options should be
considered. This study intends to assess the quality as well as
the bioequivalence of metformin HCI tablets available and
sold in the Philippine market."

A comparative in-vitro bioequivalence analysis of met-
formin HCI tablet formulations was conducted in Nigeria.
The results indicated that all tested brands conformed to
the monograph specifications ranging from 100.21% w/w
(M1), 100.23% w/w (M3), 100.34% w/w (M4), 101.26%
w/w (M5), and 104.26% w/w (M2), respectively, based on
the UV analysis at 10 pg/ml. The study concluded that all
brands of metformin HCI met the regulatory standards for
identification, weight uniformity, hardness and thickness,
disintegration, and dissolution.” Similarly, an in-vitro
bioequivalence study of metformin HCI tablets conducted
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in Iran which resulted in confirming the presence of bio-
equivalence of the 7 brands out of 8 brands tested in
comparison to the reference product.™

'This study evaluated the quality and in vitrobioequivalence
of metformin HCI film-coated tablets available in the
Philippine market. With the wide availability of generic
formulations of metformin HCI, healthcare professionals and
pharmacists often encounter challenges in selecting the most
appropriate generic brand or considering alternative options.
'This research aims to establish the iz vitro bioequivalence
through comparison of dissolution results or % dissolved of the
generic drugs of metformin HCI film-coated tablets ensuring
that these drug products meet the necessary standards for
interchangeability. By demonstrating that innovator and
generic metformin HCI film-coated tablets provide in vitro
bioequivalence, this study seeks to support the rational use of
generic drugs. The findings aim to encourage the adoption of
generic drugs as cost-effective alternatives to innovator drugs,
thereby reducing healthcare expenses without compromising
treatment efficacy or patient safety.

METHODS

Study Design

This quantitative experimental in vitro study of the
generic brands of metformin HCI film-coated tablets were
subjected to quality control and iz-vitro bioequivalence tests.
'The data obtained were statistically analyzed and evaluated.
All tests were conducted in triplicates.

Materials

The study utilized materials and equipment from the
Pharmacy Laboratory of Adamson University College of
Pharmacy (Table 1). The ortho-phosphoric acid used in the
buffer solution were from RCI Labscan Limited in Bangkok,
Thailand. The NaOH pellets and di-potassium hydrogen
phosphate used in the buffer solution were from HiMedia
Laboratories in Mumbai, India.

Metformin 500 mg film-coated tablets available in the
Philippine market with approved Certificate of Product
Registration (CPR) by the FDA were procured for this

research. The generic drugs were collected by narrowing down

the list of all available metformin HCI film-coated tablets in
the market. The researchers utilized the FDA verification
portal and listed all available brands of metformin that have a
CPR.The samples were then narrowed down by considering
the expiry date of the samples’ CPR. Furthermore, the
list was narrowed down to the samples that have different
manufacturers. The tablets tested were purchased from
community pharmacies in Manila, where the medication is
readily available.

Quality Control Tests

Weight Variation

To guarantee dosage unit consistency, a weight variation
test was carried out; each unit in a batch should contain a
drug substance within a limit specified. Ten individual tablets
of the innovator, Glucophage, and the six generic brands of
metformin HCI film-coated tablets were weighed accurately.
'The acceptance value was then calculated using the formula
below to determine the weight variation of each tablet.
The USP specification for the tablets to be accepted is 90
- 110% of the average weight.”® Below is the formula used
to calculate the % weight variation of the tablets.

actual weight of the tablet
average weight of the tablet

Where, % weight variation = x 100

Thickness and Diameter

The thickness and diameter of the tablets were also
measured using J.P. Selecta RS Pro 150 mm Digital Vernier
Caliper. Ten tablets, each of the innovator, Glucophage, and
the six generic brands of the metformin HCI film-coated
tablets were tested.

Hardness Test

A hardness test was performed to test for the crushing
strength and the resistance of the tablet to chipping and
abrasions. Monsanto HT-30/50 hardness tester was used
for this test. The ten sample tablets, each of the innovator,
Glucophage, and the six generic brands of the metformin HCI
film-coated tablets, were subjected to thickness and diameter
tests prior to the hardness test. After that, the ten film-coated

Table 1. Analytical Instruments and Quality Control Equipment

Instrument Brand Model Institution
Analytical Balance A&D HR250AZ Pharmacy
Digital Vernier Caliper J.P Selecta RS Pro 150mm Laboratory,

Adamson
Dissolution Tester Pharma Test PharmaTEst PTWS 820D University
Disintegration Tester Thermonik Tablet Disintegration TD-20S (Ermita, Manila)
Tester of Campbell Electronics
Friability Tester Copley Scientific Copley FRV2000
Hardness Tester Monsanto Hardness Tester HT-30/50
Microplate Assay Reader BMG Labtech FLUOstar Omega
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tablets were placed between the two jaws of the instrument
and were compressed until they broke.'® The strength was

shown and recorded. Oral tablets have a hardness of 4-10 kg.

Friability Test

The friability test was performed using a Copley
FRV2000 friability tester wherein 10 each of the innovator,
Glucophage, and the six generic brands of the metformin HCI
film-coated tablets, were placed in the friabilator’s drum and
were rotated one hundred times at the speed of 25 rotations
per minute (rpm) for four minutes. They were taken out, and
the percentage loss was computed using the formula below.
'The USP specifications for the tablets were <1%.!7 Below
is the formula used to calculate the friability of the tablets.

initial weight - final weight
initial weight

Where, % loss = x 100

Disintegration Test

The disintegration test for both the innovator,
Glucophage, and the six generic brands of the metformin
HCI film-coated tablets was performed using a TD-20S
tablet disintegration tester. The tablets were settled in the
tablet disintegration tester containing distilled water, and
the temperature was maintained at 37+0.5°C. After all the
tablet particles passed through the wire mesh, the tablets were
considered as completely disintegrated.'® The time it takes
for the tablets to disintegrate was recorded.

Dissolution Test

A dissolution test to measure the in vitro bioequivalence
was performed to be able to measure the release of drugs in
the solution or the % dissolved. PharmaTest PTWS 820D
dissolution tester was used for this test. Six tablets, each of
the innovator, and generic drugs of the metformin HCI film-
coated tablets were subjected to a paddle dissolution apparatus
with a rotation speed of 100 rpm.'” The medium used was
1000 milliliters of phosphate buffer solution at a pH of 6.8
and at a controlled temperature of 37+0.5°C. The filtered
samples were diluted (100 dilutions), and their absorbance
was measured at a wavelength of 232 nm using a microplate
assay reader. A dissolution medium was used to prepare the
metformin HCl working standard, and with the use of blank,
which is the phosphate buffer, its absorbance was measured.
A calibration curve was used to quantify the concentration of
each sample, and the percentage of the drug release at each
time point was determined. Below is the formula used to
calculate the dissolution of the tablets.

Where, % —_Test
Reference

Data Analysis
The data gathered from the tests done were analyzed using
descriptive statistics such as mean and standard deviation.

Metformin HCI

Further evaluation and analysis were made using the analysis
of variance (ANOVA) test and Dunnett’s test. Analysis of
variance (One-way ANOVA) test was performed to compare
the dissolution profile of the different products' tablets. The
significant difference will be considered if the p-value is
<0.05. All statistical analyses were performed using STATA
version 17 (StataCorp, College Station, TX USA). Dunnett’s
test is a post hoc test performed after ANOVA to statistically
determine the significant differences between the generic
brands and the innovator brand.

Research Implications

'The results of this study will help in providing additional
data about the bioequivalence of the innovator and generic
equivalents of Metformin HCI available in the market, aside
from the bioequivalence studies done by the manufacturers

of the drug.

Ethical Considerations

The manuscript underwent ethics review by the Univer-
sity Ethics Review Committee of Adamson University.
'The study did not involve any human participants, and it is
purely laboratory experiments. Therefore, it is exempted from
ethical considerations.

RESULTS

Weight Variation Test

According to the USP, tablets weighing more than
250 mg have a standard % deviation difference of +5%.
The mean results of weight variation for the innovator,
Glucophage and the six brands of metformin HCI film-
coated tablets obtained were in the following order: Innovator
(0.53) < Brand D (0.55) < Brand E, Brand F and Brand A
(0.56) < Brand C (0.58) < Brand B (0.59). All generic brands
of metformin HCI film-coated tablets passed the weight
variation test with a range of 0%-0.06% deviation.

The innovator drug, Glucophage, and the six generic
brands of metformin HCI film-coated tablets met the speci-
fications with the percent deviation ranging from 0%-0.6%,
with the highest weight variation seen in Brand B and the
lowest in the Innovator (Table 2). A weight variation test
was performed to ensure the drug distribution's uniformity.?
According to the USP, the tablets must have a percent
deviation difference of 5% to pass the USP specifications.’

Thickness and Diameter

The thickness and diameter of the tablets were measured,
and the average results were also recorded. The results showed
that the tablet’s thickness ranged from 4.68 mm - 5.86 mm,
while the diameter ranged from 6.09 mm - 13.01 mm.

The mean results of thickness for the innovator drug,
Glucophage, and the six generic brands of metformin HCI
film-coated tablets showed that Brand C (4.68) < Brand F
(4.75), Brand D (4.89) < Brand B (5.14) < Brand A (5.60) <
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Glucophage (Innovator) (5.63) < Brand E (5.86). The mean
results of diameter for ten brands show that Brand D (6.09)
< Glucophage (Innovator) (11.00) <Brand E (11.02) < Brand
F (11.09) < Brand A (11.49) < Brand B (12.96) < Brand C
(13.01).

One brand did not pass the diameter test, while the rest
met the specifications for these tests (Table 2).* The results
vary due to the different formulations of the companies. The
size of the tablet influences esophageal transit, irrespective
of patient factors and administration of techniques.”? As
stated in the FDA guidelines, the diameter of tablets must
be greater than 8 mm.* 'The thickness of the tablets should
be controlled within a + 5% variation of the standard value.?
'The size of the tablets also affects the disintegration time. The
larger the tablet showed, the faster the disintegration time.
When the tablets were smaller, the released drug significantly
decreased.?

Hardness Test

The tablets went through a hardness test using the
Monsanto HT-30/50 hardness tester. Ten tablets were
crushed using the instrument, and the average results were
recorded.

The mean results of hardness for the innovator drug,
Glucophage, and the six generic brands of metformin HCI
film-coated tablets obtained were in the resulting order: Brand

F (8.12 kg) < Brand B (8.74 kg) < Glucophage (Innovator)
(8.76 kg) < Brand E (9.66 kg) < Brand C (10.09 kg) < Brand
A (10.48 kg/) < Brand D (11.30 kg).

The results ranged from 8.12 kg — 11.30 kg. Three out
of six generic brands of metformin HCI film-coated tablets
failed the hardness test (Table 2). Tablets need to possess
a specific level of hardness to endure the physical impacts
they encounter during the manufacturing, packaging, and
shipping processes.

Several factors can affect the hardness of film-coated
tablets such as the quantity of binder in addition to the
proper force of compression when compressing the tablets.”
Moreover, tablets should be able to withstand reasonable
consumer mishandling levels. The hardness of tablets can be
attributed to the varying properties of the ingredients used to
produce different brands. As stated in the USP, oral tablets
must obtain a hardness ranging from 4-10 kg to pass the
specifications.

Friability Test

'The average friability values obtained for the innovator
drug, Glucophage, and the six generic brands of metformin
HCI film-coated tablets followed a specific order, indicating
their varying degrees of durability. Brand D and E (0.07%)
< Brand A (0.08%) < Brand B and Glucophage (Innovator)
(0.09%) < Brand C (0.15%) < Brand F (0.23%).

Table 2. Characterization of the Innovator (Glucophage) and Six Generic Brands of Metformin HCI Film-coated Tablets

Tablet Brands Weight Variation (mg) Thickness (mm) Diameter (mm)
USP Specifications Percent deviation difference of +5% - -
Glucophage (Innovator) 0.53 (0.00%) 5.63(0.01) 11.00 (0.01)
Brand A 0.56 (0.00%) 5.60(0.01) 11.49 (0.00)
Brand B 0.59 (0.00%) 5.14 (0.03) 12.96 (0.00)
Brand C 0.58 (0.00%) 4.68 (0.01) 13.01 (0.01)
Brand D 0.55 (0.00%) 4.89 (0.01) 6.09 (0.00)
Brand E 0.56 (0.00%) 5.86 (0.02) 11.02 (0.00)
Brand F 0.56 (0.00%) 4.75(0.02) 11.09 (0.00)

Tablet Brands Hardness (kg) Disintegration (mins.) Friability (%) % Dissolved
USP Specifications 4-10 kg <30 mins. <1% 80-125%
Glucophage (Innovator) 8.76 (0.20) 8:05 (0.00) 0.09 (0.01) 111.37 (0.00)
Brand A 10.48 (0.60) 7:00 (0.01) 0.08 (0.04) 91.15 (0.00)*
Brand B 8.74 (0.46) 11:05 (0.00) 0.09 (0.02) 119.27 (0.01)
Brand C 10.09 (0.23) 6:24 (0.00) 0.15 (0.04) 105.69 (0.01)
Brand D 11.30(0.35) 10:32 (0.00) 0.07 (0.03) 105.53(0.02)
Brand E 9.66(0.14) 10:55 (0.01) 0.07 (0.04) 106.32 (0.01)
Brand F 8.12(0.07) 11:24 (0.06) 0.23(0.03) 118.64 (0.00)

Data are presented as mean (standard deviation) (n=3).

Data inside the parentheses are the standard deviation of all 3 trials.

Data presented are the average of all 3 trials.
*p<0.05 when compared to the innovator
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'The average results ranged from 0.07%-0.23%. According
to USP, the tablets must have a friability value of <1% to pass
the specifications for this test.”! Based on the results, all brands
have passed the USP specifications for this test (Table 2).

Friability test is used to determine the content uniformity
as well as the variation in the weight of the tablets which may
involve several factors that may affect the drug’s uniformity
and overall appearance such as its tendency to chip, powder,
or fragment.® It has significant importance to ensure that
the tablets can withstand mechanical stress during the process
of its manufacturing processes and consumer handling.

Disintegration Test

The tablets were placed in a disintegration tester
containing distilled water, and the temperature was
maintained at 37x0.5°C. The mean results of DT for ten
brands obtained show that Brand C (6:24 min) < Brand A
(7 min) < Glucophage (Innovator) (8:05 min) < Brand D
(10:32 min) < Brand E (10:55 min) < Brand B (11:05 min) <
Brand F (11:24 min). Based on the results, Brand F took the
longest to disintegrate; while Brand C took the shortest time
to disintegrate. Brand C has the fastest disintegration time
at 6 minutes and 24 seconds; while Brand F has the slowest
disintegration time at 11 minutes and 24 seconds.

The innovator drug, Glucophage, and the six generic
brands of metformin HCI film-coated tablets dissolved
within 30 minutes, ranging from 6 — 11 min. Disintegration
plays a vital role as it is directly linked to the dissolution
process, and consequently, the bioavailability of a drug. This
test determined the drug's therapeutic efficacy and guaranteed
its quality. According to the USP, film-coated tablets must

be dissolved in under 30 minutes to pass the test. The

Metformin HCI

disintegration time for the innovator drug, Glucophage, and
the six generic brands of metformin HCI film-coated tablets
was under 30 minutes which signifies that all passed the test

(Table 2).

Dissolution Test

Dissolution testing is necessary to identify the bio-
equivalence of the Glucophage (innovator) and the six generic
brands of metformin HCI film-coated tablets. All tablets
were subjected to dissolution using a paddle disk dissolution
apparatus. The phosphate buffer solution was also utilized
with a pH of 6.8. Six tablets per batch were analyzed, the
average result was recorded, and the % drug release or %
dissolve was computed and recorded.

The average results were obtained for the seven brands
in a specific order; Brand A (91.15%) < Brand D (105.53%)
< Brand C (105.69%) < Brand E (106.32%) < Glucophage
(Innovator) (111.37%) < Brand F (118.64%) < Brand B
(119.27%).

The result ranged from 91.15% — 119.27%, the innovator
drug, Glucophage, and the five generic brands of metformin
HCI film-coated tablets passed the (USP) specifications,
except for Brand A (Figure 1).

The % drug release profile of the different generic brands
of metformin HCI film-coated tablets was compared to the
innovator brand, Glucophage, to determine bioequivalence
using ANOVA. Based on the results, all metformin
hydrochloride tablets do not have significant differences
(p>0.05) with the innovator except for Brand A (95% CI
-39.99 - -1.46; p<0.05). This suggests that Brand A is not
bioequivalent with the innovator.

] ]

BRANDF = i [ = i i
s a

BRANDE - ! l =) | !
i i

1 ]

BRANDD - i < | i
i i

i i

BRANDC - i o i '
i i

BRANDB - ; : = | i
i :

1 ]

BRANDA = } - i i
i i

i i

INNOVATOR ~ i o i !

WWWWWM
70 75 80 85 20 95 100 105 110 115 120 125 130
%TR

Figure 1. In vitro bioequivalence of the Innovator and Six Generic Brands of Metformin Hydrochloride Film-
coated Tablets [where %T/R is based on the Mean (Standard error)].
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DISCUSSION

The results confirmed that the innovator drug,
Glucophage, and the six generic brands of metformin
HCI film-coated tablets met the required friability and
disintegration standards, and three out of six generic brands
met the specifications for hardness test which may be due
to many reasons such as the quantity of binder in addition
to the proper force of compression when compressing the
tablets. Enforcing quality control standards is a method
to ensure uniformity in batch-to-batch production of
pharmaceutical products. These various factors affect drug
absorption, bioavailability, and related outcomes.? Moreover,
five generic brands of metformin HCI film-coated tablets
met the acceptable limits for dissolution as specified in the
United States Pharmacopeia (USP) except for Brand A
which exhibited non-bioequivalence to the innovator. For
some generic alternatives, they may require a higher degree
of bioequivalence to the original brand. While these generics
can still be utilized, they may not be interchangeable with the
innovator product.®

According to a study conducted in Iran wherein they
also tested generic metformin HCI brands to the innovator,
significant differences were not observed in both parameters,
and this confirmed similarity between all brands formulations
compared with innovator product and indicated that the
release of metformin from all formulations were similar
to reference. However, comparison of the two dissolution
curves shows that Brand C couldn't release 80% of the drug
during 30 minutes. Therefore, taking all results into account,
all formulations are comparable with reference and there is
essential similarity between all formulations with reference
product except brand C.*

The release of drug in solution of the generic brands is
important to determine its bioequivalence to the innovator.
'The concentration or the % drug dissolved in the dissolution
medium was measured using microplate assay reader in
this study. One-way ANOVA and Dunnett's post-hoc
tests compared the concentrations of the six generic brands
of metformin HCI film-coated tablets to the innovator,
Glucophage, used in the study. It showed that Brand A is the
only brand with a significant difference, to the innovator having
a p-value of >0.03.In contrast, the other five generic brands of
metformin HCl film-coated tablets have shown no significant
difference compared to the innovator. This concludes that
Brand B to Brand F can be used interchangeably and can
be interchangeable with the innovator drug, while Brand A
cannot be used as a substitute for the innovator drug.

Any generic drugs that is comparable and bioequivalent
with the innovator brand may be interchangeable with it,
given that bioequivalence tests are done, which may prove
that the drugs have comparable bioavailability.?® This shows
that these generic drugs can be safely used as substitutes for
the innovator as they are all equally effective. According to
the FDA, a drug is considered bioequivalent to the innovator

if it is within the limit of 80-125%.% 'The non-bioequivalent
drug, however, can still be used even if it is not bioequivalent
with the innovator brand since it is still able to pass the
USP specifications. However, they may not be used as the
Innovator’s substitute or may not be used interchangeably
with the Innovator.” These non-bioequivalent drugs may still
be used if their therapeutic use is proven through clinical trials
or pharmacodynamics.” Further analysis may also be done to
determine if there are any deviations during the development
of the drug.”® Regular review and updates regarding the
bioequivalence data may also be needed to ensure that the
drug is safe and effective for use.?’

A drug’s non-bioequivalence may be affected by several
factors. This may include the excipients or the inactive ingre-
dients during the drug formulation or its composition, as well
as the drug’s particle size distribution or physical properties.
Differences during the manufacturing process can also be one
of the factors that may affect the drugs’ non-bioequivalence.*
'The non-bioequivalent drug is recommended to undergo
additional studies to further understand its pharmacokinetics
and pharmacodynamics that will help in determining if
it can be used safely and effectively with adjustments.

The presence of non-bioequivalent drugs in the market
can lead to concerns, especially regarding the difficulties in
substituting generic drugs. Since these drugs may not generate
the same desired treatment outcomes, there is a potential
risk to patient health. As a result, the potential cost savings
associated with using these medications may be outweighed
by the potential harm they can cause.

CONCLUSION

'This study evaluated the quality and bioequivalence of
the innovator drug, Glucophage, and six generic brands of
metformin hydrochloride film-coated tablets available in the
Philippine market as part of the post market surveillance.
All tested brands met the United States Pharmacopeia
(USP) specifications for weight variation, friability, and
disintegration tests, indicating uniformity and adequate
physical properties. However, three generic brands failed the
hardness test, which is essential for withstanding physical
handling during production and distribution. These variations
may be attributed to differences in manufacturing processes,
binder quantities, and compression forces.

In dissolution testing, five out of six generic brands
demonstrated bioequivalence to the innovator drug,
Glucophage, with drug release profiles falling within the
acceptable 80-125% range specified by the FDA. However,
Brand A exhibited significant deviation, indicating non-
bioequivalence and thus cannot be interchanged for the
innovator. Non-bioequivalence may result from factors such
as differences in excipients, particle size distribution, or
production methods. While non-bioequivalent drugs may
still comply with USP quality standards, they cannot be

used interchangeably with the innovator product without
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additional evidence of therapeutic efficacy through clinical
trials. This study highlights the importance of quality
control and in-vitro bioequivalence testing to ensure the
safety, efficacy, and interchangeability of generic drugs and
innovator, safeguarding public health and supporting cost-
effective treatment options.

Recommendations

This study can provide information about the drugs
and their compliance with the pharmacopeial standard once
released in the market. This study has shown that generic
counterparts are comparable with the innovator. Thus, this
study can be used as reference for future research to further
explore the bioequivalence of the drugs by using diffe-
rent dissolution parameters to compare the results of the
dissolution test of the drugs and the innovator.

Strengths and Limitations

'The study aimed to assess the bioequivalence of metformin
HCI tablets by comparing six different brands obtained from
various local pharmacies in Manila, Philippines, with the
innovator product. One strength of the study was acquiring
the required working standard from a manufacturing company
through a donation, ensuring the use of authentic and reliable
reference standards. This contributed to the credibility and
accuracy of the research findings. A microplate assay reader was
also used to determine the concentration of metformin HCI
tablets after undergoing dissolution tests, which have higher
specificity and sensitivity for determining drug concentrations.

However, the limitation of the study is that it only
tested the 500 mg film-coated tablets of Metformin HCL
Metformin also comes in Extended-Release tablets as well as
850 mg and 1 g tablets. Another limitation is that the study
only performed in-vitro analysis. In-vivo analysis can also be
performed in this study to further test for the bioequivalence.
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