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Metformin is an oral biguanides hypoglycaemic agent, which used to lower the blood glucose levels in people with type 2 diabetes
mellitus. Many analytical techniques have been used to quantify the drug in diferent pharmaceutical dosage forms; however, most
of these methods have limited throughput in the quality control application. A disposable potentiometric microsensor responsive
to metformin has recently been reported. For the frst time, herein, this method of analysis has been validated according to IUPAC
recommendations and successfully applied in the determination of metformin drug in some dosage form. Diferent drug
formulations of metformin hydrochloride have been collected from the local pharmaceutical stores in Saudi Arabia and analysed
using the validated microchip-based method of analysis. Subsequently, the results of this study showed that the validated method
was linear, specifc, precise, and accurate. Te linear range was 1× 10−1–1× 10−5mol L−1 and the correlation coefcient was 0.999.
Te limit of detection was 2.89×10−6mol L−1, and the limit of quantifcation was 8.77×10−6mol L−1. Tis method demonstrated
high precision, with an RSD% of less than 2.22%.Te accuracy of this method was obtained by comparing the recovery percentage
with percentage values less than 5%. Te results obtained showed that there was no signifcant diference between the references,
label, and recovery of less than 5%.

1. Introduction

Metformin (MTE) is the most frequently prescribed oral
medication as a treatment for people with type 2 diabetes. It
lowers blood glucose levels and increases insulin sensitivity
in the body, preventing potential diabetic complications
such as eye damage, kidney damage, nerve damage, and
sexual dysfunction [1–5]. MET is also a preferred antidia-
betic drug due to its high efcacy, good safety profle, and
low cost [6]. Furthermore, considerable efectiveness of
MET on obesity [7], cardiovascular diseases [8], liver dis-
eases [9], cancers [10, 11], and renal diseases [12] were
reported. MET hydrochloride (also known as N, N dimethyl
imido dicarbonimidic diamide hydrochloride) has the em-
pirical formula C4H11N5.HCl and a molecular weight of

165.63 g/mol. Subsequently, because of its ubiquitous usage,
continuous monitoring of MET levels in pharmaceutical
formulations and in human plasma has long been a crucial
concern. Since the quality of pharmaceutical formulations
generally determines the efcacy and safety of MET
treatment.

METquality control (QC) generally requires an assay with
a high throughput capability. For the purpose of determining
MET, several instrumental techniques have been developed
[13]. Tese techniques include high-performance liquid
chromatography [14, 15], UV-visible spectrophotometry
[16–18], LC-MS/MS [19, 20], electrochemical methods of
analysis [21–25], spectrofuorimetric methods [26], and
varied HPTLC techniques [27–29]. Spectrophotometric as-
says are considered practical procedures due to their high
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sensitivity, simplicity, low cost, and wide accessibility in
laboratories. However, a majority of these assays have sub-
stantial limitations, such as low selectivity because their
measurements are made in the UV region [30–32], decreased
assay procedure simplicity, and laborious liquid–liquid ex-
traction stages [33–35]. Furthermore, due to diferences in the
chemical structures of MET, these assays were developed
individually. Tin-flm microelectrode development, on the
other hand, has recently received more interest than previous
techniques due to its inherent simplicity, high sensitivity,
quick analysis, low cost, large-scale production, and auto-
mated and integrated feasibility [36–42].

Consequently, scientists and researchers have been de-
veloping analytical techniques with high-throughput capac-
ities to increase the QC analysis and improve its productivity.
High-throughput assays enable researchers to efciently
process massive quantities of samples; hence, uniformity of
pharmaceutical formulations, rapid identifcation of active
substances, and other pharmaceutical industry operations
which could be achieved. Recently, Alfadhel et al. [23] fab-
ricated a novel disposable microchip that demonstrated
signifcant reliability, good credibility, low cost, and rapid
determination of MET. Terefore, this research aimed to
validate and investigate the realized potentiometric micro-
sensor for the QC application of MET for the frst time.

2. Materials and Methods

2.1. Apparatus and Tools. A Jenway (model 3510) pH/mV
meter and Jenway combination pH electrode for all
pH experiments were used for electrochemical character-
ization measurements. Te metformin-based microchip
(Figure 1) has been fabricated, characterized, and used in the
metformin analysis as described in our previous work [23].
For MET detection, the microchip was used as the working
electrode which based on a tetraphenyl borate/MET ion pair
modifed with carbon nanotubes in conjunction with the
reference electrode (metrohm double junction electrode), as
mentioned in the previous teamwork [23]. Double-distilled
water was obtained from an Aquatron water distiller
(A4000D, Bibby Scientifc, UK, 1.0MΩ cm−1), and it was
used to prepare the samples and rinse the glassware.

2.2. Standards Pharmaceutical Formulation and Reagents.
Te MET hydrochloride raw material (purity: 99.6%) was
a gift supplied by Aljazerah Industry from Auro laboratories
company (India). Four strengths of MET hydrochloride were
purchased from the local pharmacies in Saudi Arabia. Te
origin of these pharmaceutical formulations was Oman, Saudi
Arabia, and France with strengths labelled to containing 500,
750, 850, and 1000mg MET hydrochloride, respectively.

2.3. Preparation of Standard and Sample Solutions. Stock
standard solutions (1× 10−1mol L−1) of METwere prepared
by dissolving an accurately weighed amount (1.66 g) of the
standard material in 100mL of deionized water. Tese stock
solutions were stable for at least two weeks when kept in
a refrigerator at 5°C.Teworking solutions were prepared by

diluting stock solution with deionized water to make dif-
ferent concentrations: 1× 10−5–1× 10–2mol L−1 for MET.
Both stock and working solutions were kept in a refrigerator
at 5°C.

For the preparation of pharmaceutical formulation
sample solutions, three tablets from each of the diferent
studied brands were weighed and fnely pulverized. Ten,
a quantity of 100mg of the MET from each drug brand
powder was transferred into a volumetric fask and dissolved
in approximately 100mL of deionized water, mixed for
15min, and then sonicated for 30min. Tese solutions were
then maintained in a refrigerator at 5°C.

2.4. General Procedures. In the electrochemical validation of
the used method, the MET microchip and reference elec-
trode were immersed in the calibration standards solutions,

Figure 1: Photographic picture of fabricated screen-printed
microchip assemblies [23].
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Figure 2: Potentiometric calibration of MET based microchip.

Table 1: Quantitative parameter of linearity.

Parameter MET
Linear range (mol L−1) 0.00001–0.1
Intercept 56.02
Slope 33.98
Correlation coefcient (r) 0.999
LOD, (mol L−1) 2.89×10−6

LOQ, (mol L−1) 8.77×10−6
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and the EMV and mV of the cell were recorded versus the
concentration of MET. Te potentiometric validation
studies were performed at room temperature (25± 2°C). Te
calibration curves were obtained by plotting subtract log-
arithm of concentrations against the cell potential, mV. Te
quantifcations of MET samples were achieved under the
same conditions. Ten, the sample concentrations were
calculated by using the linear equations of the calibration
curves of MET.

3. Results and Discussion

Te metformin-based microchip was characterized in terms
of sensitivity, selectivity, efect of pH, and response time and
reported in our previous work [23]. Te organic layer
membrane is frequently employed in chemical electrodes
due to its great selectivity, sensitivity, and simplicity. Because
of the preceding advantages, a selective microchip electrode
was constructed in this work to determine the MET hy-
drochloride in the solutions. Te sensitivity of microchips
demonstrates that they have signifcant merits in detecting
MET hydrochloride in solutions and in tablet dosage form.
Tere are numerous advantages to using this method, which
are rapid, small size, simple, and costless [23].

3.1. Validation of Proposed Assays

3.1.1. Linearity and Sensitivity. Te linearity, selectivity, and
sensitivity of metformin hydrochloride are detected by
microchips. Calibration graphs were constructed for the
detection of MET in aqueous media using a potentiometric
microchip (Figure 2). Te regression equation of MET was
derived, and the results are presented in Table 1. Te

obtained data shows that the correlation coefcients (r2) of
MET was 0.999. Te limits of detection (LOD) and limits of
quantifcation (LOQ) were detected. Te LOD and LOQ
values of MET were found to be 2.89×10–6mol L−1 and
8.77×10–6mol L−1, respectively.

3.1.2. Precision and Accuracy. Replicate analysis of drug
solutions at three distinct concentrations was used to assess
the precision of potentiometric microchip assays for MET
(Table 2). Te average relative standard deviation (RSD) of
the proposed drug in potentiometric microchips did not
exceed 4% for MET (Table 2).

Eventually, the accuracy of the proposed assays was
evaluated by determining the recovery percentage of dif-
ferent concentrations.Te values presented in the table show
that the recovery percentage of all tested drugs was less than
5% (Table 3).

3.2. Determination of MET in Pharmaceutical Formulations.
Commercially available pharmaceutical dosage forms of
MET were analysed using the validated method. Te mean
percentage recovery relative to the label amounts obtained
by previous methods is shown in Table 4.Te results indicate
that there was no signifcant diference between the refer-
ences, label, and recovery which was less than 5% (Table 4).

4. Conclusions

Tis study demonstrates the validation of a recently de-
veloped disposable potentiometric microsenor which re-
sponsive for the measurement of MET hydrochloride in
pharmaceutical formulations for the frst time. Te

Table 2: MET intra and interday assay precision data (n� 3).

Component Teoretical concentration (mol L−1)
Measured conc. (mol L−1), RSD (%)

Intra-day Inter-day

MET
0.0002 0.000205 (3.45) 0.000209 (3.73)
0.002 0.00206 (1.41) 0.00209 (3.06)
0.02 0.0202 (1.78) 0.0206 (1.17)

Table 3: MET % recovery studies and % RSD (n� 3).

Component Concentration, (mol L−1) % recovery (average) SD× 10−4 % RSD

MET
0.0002 102.56 0.071 3.45
0.002 103.13 0.29 1.41
0.02 100.97 3.6 1.78

Table 4: Metformin hydrochloride in commercially available pharmaceutical formulations data (n� 3).

No. Commercially available
pharmaceutical formulations Origin Weight of

tablet (gm)
Added (nominated)

value (mg)
Measured value

(mg) Recovery (%)

1 Tablet, 500 Oman 0.602 83.0 74.5 89.7
2 Tablet, 750 Saudi Arabia 1.093 68.0 68.5 100.7
3 Tablet, 850 France 0.897 94.0 91.1 96.9
4 Tablet, 1000 France 1.071 93.4 88.6 94.8

Average recovery 95.5
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potentiometric method depends on tetraphenyl borate:
a MET ion pair complex ionophore modifed with 5% CNTs
sensitive to the METdrug. In addition, this method based on
disposable chip assembly, which is used as a low-cost an-
alytical tool (economic), has a rapid response time of less
than 10 seconds and is an environmentally friendly “Green”
approach. In terms of analytical procedure simplicity, it is
a recommended approach for MET hydrochloride and can
be employed in high-throughput systems. Te proposed
approach also ofers the merit of determining MET hy-
drochloride using a single system. Tese advantages support
the use of proposed methodologies as an alternative to
current methods in quality control laboratories for regular
MET hydrochloride testing.
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Vargas-Rodŕıguez, “PBL with the application of multiple and
nonlinear linear regression in chemical kinetics and catalysis,”
American Journal of Educational Research, vol. 9, no. 1,
pp. 31–37, 2021.

4 International Journal of Analytical Chemistry



[23] M. Alfadhel, M. Alrobaian, and H. Arida, “Fabrication of new
potentiometric microsensor for metformin based on modifed
screen-printed microchip,” International Journal of Electro-
chemical Science, vol. 16, no. 6, Article ID 210660, 2021.

[24] M. A. El-Shal, S. M. Azab, and H. A. Hendawy, “A facile nano-
iron oxide sensor for the electrochemical detection of the anti-
diabetic drug linagliptin in the presence of glucose and
metformin,” Bulletin of the National Research Centre, vol. 43,
pp. 95–98, 2019.

[25] M. B. Gholivand, M. Shamsipur, G. Paimard, M. Feyzi, and
F. Jafari, “Synthesis of Fe–Cu/TiO2 nanostructure and its use
in construction of a sensitive and selective sensor for met-
formin determination,” Materials Science and Engineering: C,
vol. 42, pp. 791–798, 2014.

[26] G.-Q. Zhang, X.-Y. Zhang, Y.-X. Luo et al., “A fow injection
fuorescence “turn-on” sensor for the determination of
metformin hydrochloride based on the inner flter efect of
nitrogen-doped carbon dots/gold nanoparticles double-
probe,” Spectrochimica Acta Part A: Molecular and Bio-
molecular Spectroscopy, vol. 250, Article ID 119384, 2021.

[27] A. B. Tomas, S. D. Patil, R. K. Nanda, L. P. Kothapalli,
S. S. Bhosle, and A. D. J. S. P. J. Deshpande, “Stability-
indicating HPTLC method for simultaneous determination
of nateglinide and metformin hydrochloride in pharmaceu-
tical dosage form,” Saudi Pharmaceutical Journal, vol. 19,
no. 4, pp. 221–231, 2011.

[28] J. Srivani, B. Umamahesh, and C. J. I. J. P. P. S. Veeresham,
“Development and validation of stability indicating HPTLC
method for simultaneous determination of linagliptin and
metformin,” International Journal of Pharmacy and Phar-
maceutical Sciences, vol. 8, no. 1, pp. 112–115, 2016.

[29] A. E. Abdelrahman, H. M. Maher, and
N. Z. J. C. A. C. Alzoman, “HPTLC method for the de-
termination of metformin hydrochloride, saxagliptin hy-
drochloride, and dapaglifozin in pharmaceuticals,” Current
Analytical Chemistry, vol. 16, no. 5, pp. 609–619, 2020.

[30] K. Venugopal and R. N. J. I. F. Saha, “New, simple and
validated UV-spectrophotometric methods for the estimation
of gatifoxacin in bulk and formulations,” Il Farmaco, vol. 60,
no. 11-12, pp. 906–912, 2005.

[31] H. R. N. Salgado and C. L. C. G. Oliveira, “Development and
validation of an UV spectrophotometric method for de-
termination of gatifoxacin in tablets,” Die Pharmazie, vol. 60,
no. 4, pp. 263-264, 2005.

[32] H. Hopkala and D. J. A. P. P. Kowalczuk, “Application of
derivative UV spectrophotometry for the determination of
ciprofoxacin, norfoxacin and ofoxacin in tablets,” Acta
Poloniae Pharmaceutica, vol. 57, no. 1, pp. 3–13, 2000.

[33] A. S. Amin and Y. M. J. M. A. Issa, “Spectrophotometric
microdetermination of some pharmaceutically impor tant
aminoquinoline antimalarials, as ion-pair complexes,”
Microchimica Acta, vol. 134, no. 3-4, pp. 133–138, 2000.

[34] B. G. Gowda and J. J. A. S. Seetharamappa, “Extractive
spectrophotometric determination of fuoroquinolones and
antiallergic drugs in pure and pharmaceutical formulations,”
Analytical Sciences, vol. 19, no. 3, pp. 461–464, 2003.

[35] A. M. El-Brashy, M. El-Sayed Metwally, and F. A. El-Sepai,
“Spectrophotometric determination of some fuoroquinolone
antibacterials by binary complex formation with xanthene
dyes,” Il Farmaco, vol. 59, no. 10, pp. 809–817, 2004.

[36] A. Saini, J. Gallardo-Gonzalez, A. Baraket et al., “A novel
potentiometric microsensor for real-time detection of Irgarol
using the ion-pair complex [Irgarol-H]+[Co (C2B9H11) 2],”

Sensors and Actuators B: Chemical, vol. 268, pp. 164–169,
2018.

[37] H. Arida, “Novel pH microsensor based on a thin flm gold
electrode modifed with lead dioxide nanoparticles,” Micro-
chimica Acta, vol. 182, no. 1-2, pp. 149–156, 2015.

[38] Gallardo-Gonzalez J, Baraket A, Boudjaoui S et al., “A highly
sensitive potentiometric amphetamine microsensor based on
all-solid-state membrane using a new ion-par complex,[3, 3′-
Co (1, 2-closo-C2B9H11)2]− C9H13NH+,” Proceedings, 2017.

[39] H. Arida, A. Al-Hajry, and I. A.Maghrabi, “Newmicro-sensor
chip integrated with potassium zinc hexacyanoferrate (II)
nano-composite for potentiometric determination of cesium
(I),” International Journal of Electrochemical Science, vol. 10,
no. 12, pp. 10478–10490, 2015.

[40] H. Arida, I. A. Maghrabi, and S. I. J. I. J. E. S. Zayed, “De-
velopment of new thin-flm micro-sensor for potentiometric
determination of amiloride,” International Journal of Elec-
trochemical Science, vol. 9, no. 6, pp. 2728–2736, 2014.

[41] H. Arida, A. Al-Hajry, and I. A. J. I. J. E. S. Maghrabi, “A novel
solid-state copper (II) thin-flm micro-sensor based on or-
ganic membrane and titanium dioxide nano-composites,”
International Journal of Electrochemical Science, vol. 9, no. 1,
pp. 426–434, 2014.

[42] R.-I. Stefan-van Staden, L.-R. Balahura, C. Cioates-Negut, and
H. Y. Aboul-Enein, “Stochastic microsensors for the assess-
ment of DNA damage in cancer,” Analytical Biochemistry,
vol. 605, Article ID 113839, 2020.

International Journal of Analytical Chemistry 5




