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ARTICLE Abstract: A rapid and simple HPLC-UV method has been developed and validated for
HISTORY the estimation of metformin HCI formulated in tablet dosage form, as well as to identi-
fy different commercial brands of metformin HCI using BP test Thin Layer Chroma-

Received: tography. The HPLC method was performed on a Reversed-Phase Brownlee Bio C18
18 April 2023 column (250 x 4.6 mm, 5 pm) at a 1.0 mL min™ flow rate with UV detection at 236
nm. The mobile phase was conducted in an isocratic manner and contained 52% ace-

Accepted: tonitrile and 48% aqueous phase (0.1M Potassium dihydrogen orthophosphate). The

25 September 2023 pH of the aqueous phase was adjusted to 5.5. The validation of the analytical method

for the determination of metformin HCI in tablet formulation was performed following

Keywords: parameters, including system suitability, specificity, the limit of quantification, and
HPLC; limit of detection. Peak shapes asymmetries have resulted. The precision was calculat-
Metformin HCI; ed and showed excellent reproducibility (RSD = 0. 1-0.57 %, n=3). The linearity of the
Tablets; method has been tested in the range of 4.0-12.0 ug mL™ for metformin HCI. The lim-
Validation. its of detection and quantification have been also established to be lower than 2.7 g

mL™ and 8.0 pg mL™, respectively. This method is suitable for estimating pharmaceu-
tical formulations with no interference from excipients.
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INTRODUCTION higher than normal due to insulin deficiency or
inappropriate cell response to insulin (Nasri &

Diabetes mellitus is a category of metabolic Rafieian-Kopaei, 2014). Metformin mainly

disorders in which blood glucose levels are
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acts by reducing hepatic glucose production as
well as increasing glucose uptake and utiliza-
tion by muscles, which eventually leads to
regulating blood glucose levels. (Foretz,
Guigas, & Viollet, 2023). Metformin works by
assisting in the restoration of the body's insulin
response. It has been used in addition to die-
tary control and exercise to prevent diabetes in
those who are at high risk of developing the
disease. It is also used to treat polycystic ovar-
ian syndrome in women. It may help regulate
menstrual periods and enhance fertility
(Hundal & Inzucchi, 2003). Metformin is a bi-
guanide derivative that contains a lot of guani-
dine, a hypoglycemic chemical (C. J. Bailey &
Day, 1989; Hill, 1771). It is also known as 1, 1
dimethylbiguanide hydrochloride, and comes
as a white crystalline powder that is hygro-
scopic and freely soluble in water, slightly sol-
uble in alcohol, and practically insoluble in ac-
etone and methylene chloride. The melting
point ranges from 223 to 226 °C (da Trindade,
Kogawa, & Salgado, 2018).0nly a few meth-
ods, such as HPLC and GC, have been pub-
lished for estimating metformin hydrochloride
in pharmaceutical formulations and biological
fluids  (Zounr,  Khuhawar,  Khuhawar,
Lanjwani, & Khuhawar, 2023) (Arayne,
Sultana, & Zuberi, 2006).

HPLC methods were the most widely used for
the analysis of metformin. The sensitive ion-
pair HPLC methods were used for the quanti-
fication of metformin in plasma and the simul-
taneous determination of it with gliclazide and
glipizide present in multicomponent dosage
forms (Arayne et al., 2006). Liquid chroma-
tography with electrospray ionization tandem
mass (LC-ESI-MS/MS) spectrometric detec-
tion was used to analyze metformin in combi-
nation with glipizide in human plasma (Ding,
Zhou, Ge, Zhi, & Ma, 2007). The official
method for estimating the active ingredient in
tablets is the UV spectrophotometric approach
(Pharmacopoeia, 1996). Metformin was first
synthesized in the 1920s (Thomas & Gregg,
2017; Werner & Bell, 1922), it was found to
be beneficial in the 1940s and 1950s when
used to treat an influenza infection, and it was

found to drop glucose but not below physio-
logic values. Because other biguanide drugs
have safety concerns, metformin fell out of fa-
vour until the 1990s. It was currently approved
by the Food and Drug Administration (FDA)
as a first-line treatment for type 2 diabetes, as
well as on and off-label indications for diabe-
tes prevention in prediabetes, polycystic ovari-
an syndrome, antipsychotic-associated weight
gain, weight loss, gestational diabetes, and fer-
tility enhancement (Control & Prevention,
2014; Finkelstein, Trogdon, Cohen, & Dietz,
2009).

The American Diabetes Association (ADA)
and the European Association for the Study of
Diabetes (EASD) have recommended metfor-
min as the first-line oral medication for the
treatment of type 2 diabetes since 2009
(Nathan et al., 2009) after phenformin and
buformin were withdrawn from the market in
most countries due to their high risks of lactic
acidosis (Nattrass & Alberti, 1978). Metformin
has been shown to have long-term metabolic
effects as well as lower cardiovascular risk.
Metformin is becoming more widely recog-
nized as a potential anticancer agent due to a
lower cancer rate in diabetes people who take
the medicine (Evans, Donnelly, Emslie-Smith,
Alessi, & Morris, 2005). Recently, patients
taking metformin were associated with a re-
duced risk of COVID-19-related mortality
(Bramante et al., 2021; Crouse et al., 2021). In
humans, oral absorption of metformin from
immediate-release dose formulations is in-
complete, with a population mean bioavailabil-
ity of 55% (Graham, Punt, Arora, Day, &
Doogue, 2011). Metformin's blood-glucose-
lowering impact is attributed to numerous tis-
sues, although its mechanism of action re-
mains unknown after long-term therapeutic
use. Reduced hepatic gluconeogenesis is the
main mechanism of action mediated through
the control of mitochondrial enzymes and an-
tagonistic regulation of the glucagon signaling
pathway (Madiraju et al., 2014). Metformin
was found to improve the insulin sensitivity of
muscle in rodents in vitro by boosting insulin
receptor expression and activity, resulting in
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higher insulin-dependent glucose uptake in
cells (C. Bailey & Puah, 1986; Rossetti et al.,
1990). The current method reported a new,
simple, sensitive, precise, accurate, linear, and
isocratic RP-HPLC method for the quantitative
estimation of Metformin HCI.

MATERIALS AND METHODS

Chemicals and Reagents: Metformin HCI
reference standard with a certified purity of
99% was purchased from Glentham Life Sci-
ences (UK). HPLC grade acetonitrile was ob-
tained from Carlo Erba (France). Potassium
dihydrogen orthophosphate was obtained from
El Nasr Pharma (Egypt), and water was ob-
tained in-house by distillation. All other rea-
gents and solvents used were of analytical
grade.

Brand Selection and Sample Collection:
This study is based on the comparison of dif-
ferent doses of metformin 500, 850, and 1000
mg tablet brands in the Libyan market that are
available for consumer use. There are approx-
imately twenty brands of metformin tablets in
the Libyan pharma market. Among them, eight
available brands were selected for the study of
some physical and chemical parameters, and
all brands were labelled by their trade names.
Study samples were coded as shown in Table
1.

Table: (1). Metformin hydrochloride (MTF HCL) tab-
lets available in the Libyan market

MTF HCI Sample Codes

Brand Names 500 mg 850 mg 1000 mg

MTF 1-1
MTF 2-1

MTF 3-1

MTF 1-2
MTF 2-2

MTF 3-2

MTF 1-3
MTF 2-3

MTF 3-3

Mylan France
Bristol
Dialon XR
UAE
Glyformin Cy-
prus
Metforal Italy -

Glucophage
Turkey
Diabitos Tuni-
sia
Glucophage
France

MTF 4-1 - -
MTF5-2 -
MTF 6-2 -

MTF 7-3

MTF 8-3

Analytical Methods

Melting Point Determination: The melting
point of Metformin was determined by using
Stuart Equipment SMP 10 capillary melting
point apparatus.

Thin Layer Chromatography Materials:
Thin-Layer Chromatography was carried out
on aluminum-backed (Silica gel 60 F 254,
Merck, Germany) by using TLC Nanomate 4
device, and spots were visualized using ultra-
violet light (254 nm). The eluting solvent was
according to BP. Its solvent system was pre-
pared to be used in chromatographic controls
of compounds which were Glacial Acetic Ac-
id: Butanol: Water (10: 40: 50).

Development of TLC Plate: Dragging condi-
tions: The solvent system was poured into the
TLC chamber and remained for 24 hours to
reach saturation, then filled with the develop-
ment solvent to a depth of no greater than 0.5
cm.

Different brands of metformin HCI and the
standard material were dissolved in water and
then applied to thin-layer chromatography
(TLC) plates which were dragged for 15 cm at
room temperature.

HPLC Instrumentation: HPLC operating
conditions used a Mobile phase consisting of
0.1M Potassium dihydrogen orthophosphate
(pH 5.5), 52% acetonitrile, and 48% aqueous
phase. The flow rate was 1.0 mL min™ with an
injection volume of 20 pL. Three replicate in-
jections of each calibration standard were per-
formed. Data analysis was carried out using
Thermo Electron  Corporation  software
(ChromQuest).

Validation of HPLC method: Validation was
acceptable for its intended purpose, as defined
in the International Conference on Harmoniza-
tion (ICH) guidelines (Harmonization 1994).
Analytical validation was assessed the accura-
cy, linearity, precision, LOD, and LOQ.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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The precision (RSD) was expressed with re-
spect to variation in the expected drug concen-
trations. The accuracy was determined by
measuring a known amount of standard mate-
rial under different conditions. After valida-
tion, the developed method was applied to a
pharmaceutical dosage form containing Met-
formin HCI.

Preparation of Standard Solution: Calibra-
tion standard was prepared as 10.0 mg of the
metformin HCI weighed accurately into a 100
ml volumetric flask and diluted to 100 pg mL-
1 with the mobile phase. Concentrations of
4.0, 6.0, 8.0, 10.0, and 12.0 pg mL™ were used
for the construction of the standard r curve.

Preparation of Sample Solution: Twenty
tablets were randomly selected from each
brand, weighted and crushed. An accurately
weighed amount of powder equivalent to 10.0
mg of metformin HCL was transferred into a
100 mL volumetric flask, shaken with 70 mL
of mobile phase for 10 min, and then diluted to
100 mL with the same solution, then filtered
and diluted to 8.0 pg mL™. The sample was
analysed using HPLC, three injections were
run on each brand, and the area of metformin-
HCI peaks was quantified with the equation of
calibration series of metformin standard to get
the amount of metformin in the percentage
present in each brand.

Statistical Analysis: Data were analyzed us-
ing Minitab version 20 software. Statistical
differences were tested using one-way ANO-
VA. Differences were considered significant at
p values < 0.05, and LD analysis was then per-
formed to determine whether there were statis-
tically significant differences at p values <
0.05 between the concentrations of the differ-
ent samples.

RESULTS AND DISCUSSION

Identification of Metformin HCI in Formu-
lated Tablet by TLC: Because the detected
structure of the active ingredient has a chro-
mophore, all the spots of Metformin HCI in

commercial brands and standards appeared
clearly under UV lights. Thus, the distance
traveled by the Metformin HCI substance
from the origin (where the compound was ap-
plied onto the TLC plate) was divided by the
distance traveled by the solvent from the
origin to obtain the Rf value shown in Table
2.

Table: (2). Rf values of standard and tested brands

No Brand code of MTF tables Rf Values
0 Standard 0.88
1 MTF1-1 0.81
2 MTF-2-1 0.85
3 MTF-3-1 0.88
4 MTF4-1 0.85
5 MTF-1-2 0.85
6 MTF2-2 0.85
7 MTF3-2 0.84
8 MTF5-2 0.85
9 MTF6-2 0.88
11 MTF1-3 0.88
12 MTF2-3 0.85
13 MTF3-3 0.88
14 MTF7-3 0.84
15 MTF8-3 0.88

Development and Validation HPLC Meth-
od: A suitable analytical meth-
od was developed after evaluating the major
and critical separation parameters of chroma-
tography. Isocratic elution was carried out us-
ing the HPLC method, and the first parameter
to be changed was the pH of the mobile phase
buffer which increased from 3.5 to 5.5. The
organic modifier was also increased to 52%
using pH 5.5 with the aqueous component.
The result is shown in Figure 1. The retention
time was reduced to 2.9 min. Thus, this elut-
ing time was satisfactory and showed that
there was no interference of excipients.
Therefore, this showed that the method used
was selective for metformin HCI analysis.
Utilizing a UV-vis spectrophotometer, the
absorbance maxima of metformin HCI were
determined to be 236 nm.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (1). Representative chromatogram of the solu-
tion containing Metformin HCI standard (15 pgmL-1)
obtained using the Isocratic HPLC method (mobile
Phase: Potassium dihydrogen orthophosphate buffer
(0.1M, pH 5.5): Acetonitrile)

The optimized method for analyzing metfor-
min HCI was validated and the reproducibility
was tested. This involved making up a fresh
solution of calibration standards that contained
metformin HCI in the mobile phase and then
running it three times on the HPLC
system(Khreit, Elfowiris, Aljali, & Abduljalil,
2021). The linearity of metformin HCI was es-
tablished by preparing a series of concentra-
tions with metformin HCI standard solutions
ranging from 4.0 pg mL™ to 12.0 mg mL™.
The calibration standards demonstrated a line-
ar response (r 2 =0.999 -1.0). The linear equa-
tion was extrapolated, and the correlation coef-
ficient, slope, and intercept were for the cali-
bration curve.

Repeatability of the system (interday preci-
sion) was checked by injecting the different
concentrations of standard solution on the
same day, and the relative standard deviation
(RSD) of the chromatographic method was
less than 2 % within a day, which complies
with the BP requirements (RSD = 0. 1-0.57 %,
n=3). The limits of detection and the limit of
quantification for metformin HCI were deter-
mined to be 270 and 820 pg mL"
respectively.

Table 3 shows also some other validation pa-
rameters that were been calculated from the
calibration series chromatograms, including
retention time, capacity factor, as well as

symmetry factor, which showed metformin
HCI standard solution eluted with a slight peak
tailing (As =1.21).

Table (3): Summary of validation data for the quantifi-
cation of Metformin HCI using Brownlee Bio C18 col-
umn (250x4.6 mm and 5 pm particle size); mobile
phase: 0.1M Buffer: Acetonitrile;

Detector wavelength: 236 nm.

Metformin HCI

tr (min) (t0 = 2.2 min) 2.9 min.
Capacity factor (k" ) 0.32
Symmetry factor (As) 1.21
LOD (ug mL™) 2.70 pg mL™*
LOQ (ug mL™?) 8.20 pg mL™*
Co-efficient of regression 0.999
(r2) (101079x+3779.4)
Precision (% RSD) (n=3)
40 pgmL* 0.37
6.0 pgmL* 0.38
8.0 pgmL* 0.57
10.0 pg mL™* 0.39
12.0 pg mL™* 0.10

The results obtained in the evaluation of ro-
bustness showed that a small variation in the
composition of the mobile phase, its pH varia-
tions, flow rate during chromatography, and
column temperature, has an insignificant im-
pact on metformin HCI chromatogram.

Application of HPLC Method for Determi-
nation of Metformin HCI in Commercial
Products : Once the final method had been
developed and validated, the fourteen metfor-
min HCI samples of eight brands were tested
using this method to identify the metformin
HCI compound in tablet samples. The samples
were powdered and then dissolved in the mo-
bile phase as previously described and ana-
lyzed by HPLC based on the HPLC method
described above. The injection of each sample
was repeated three times, and chromatograms
were recorded. Representative chromatograms
for the fourteen samples are shown in Figure
2. This result indicates that the peak of the
analyte was pure, and this confirmed the speci-
ficity of the method.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Figure: (2). Representative chromatogram for tested
tablets of different brands of metformin (1) Mylan
500mg (2) Bristol500mg (3) Dialon xr 500 mg (4)
Glyformin 500mg (5) Metforal 850mg (6) Dialon
850mg (7) Glucophage 850 (8) Bristol 850 (9) Mylan
850mg (10) Mylan 1000mg (11) Bristol 1000mg (12)
Dialon 1000mg (13) Diabitos 1000m (14) Glucophage
1000mg

The regression equation of linearity was used
to calculate the concentration of extracted tab-
let samples. The state of the content of met-
formin HCI in powder assayed from the differ-
ent brand samples is shown in Table 4.

Table: (4). Assay result of the amount of metformin
HCI obtained from HPLC analysis.

(S:z(a)rgé)le State of Content (£SD)

500 mg 850 mg 1000 mg
MTF1 9556+0.019 95.520.32 87.60+ 0.081
MTF2  91.14 +0.29 973117 95.49+ 0.074
MTF3 88.97 25 92.72+0.27  83.55£0.24
MTF4  73.51+0.12
MTF 5 1.75+96.69
MTF 6 105.45+0.79
MTF 7 87.60+0.86
MTF 8 83.55+0.29

Metformin HCI was studied for its active
pharmaceutical ingredient percentage at three
concentrations (500 mg, 850 mg, and 1000
mg) manufactured by different commercial
brand companies (State of Content). These
samples were collected from various pharma-
cies in El-Beida, and an HPLC instrument was
utilized to analyze them.

Table 3 shows that some formulations contain-
ing 500, 850, and 1000 mg metformin HCI per
tablet complied with BP specifications for
metformin HCI content (95% - 105% of the
labelled content(, with the majority of them ly-
ing outside of the BP 2012 specification range.
In the first series of different brands of met-
formin tablets 500 mg, MTF 1-1 only com-
piled with the BP specifications and showed a
significant difference from the other brands
tested. However, MTF 2-1, MTF 3-1, and
MTF 4-1 did not comply with BP specifica-
tions. In the second metformin 850 mg series
with different brand companies. The results
showed a significant difference between the
MTF 6-2 and the other brands tested. Howev-
er, MTF 1-2, MTF 2-2, and MTF1 complied
with BP specifications. In the last group of
metformin series with 1000 mg analysis of dif-
ferent companies, MTF 1-3, MTF3-3, MTF 7-
3, and MTF 8-3 did not comply with BP speci-
fication except for MTF 2-3, which was within
the BP specification range.

CONCLUSION

This study investigated different commercial
brands of metformin HCI collected from dif-
ferent pharmaceutical markets in El-Beida un-
der wild environmental conditions, and their
state of content was evaluated using the HPLC
method. The presented, developed, and vali-
dated method was rapid, economic, simple,
accurate, sensitive, robust, specific, and linear.
This optimized isocratic method can be em-
ployed as an absolute qualification and quanti-
fication method for routine analysis of met-
formin tables, either alone or in combination
products.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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