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ABSTRACT

Metformin is an antidiabetic drug categorized in the mandatory list; thus, it must conduct an
equivalence study, particularly in vitro, a comparative dissolution testing. This evaluation is carried
out not only neutral but also acidic medium. However, it has low molar absorptivity in acid
conditions; thus, it faces a big challenge in quantifying the drug released. Herein, this work aimed to
develop an ultraviolet spectrophotometric assay for metformin HCI in comparative dissolution
testing along with the acid stage medium.

Metformin HCl was incorporated into the immediate tablet formulation to mimic the
analytical matrix system. The dissolution validation procedure was carried out by linearity, accuracy,
precision, the limit of quantification, filter compatibility, and aliquot stability that fulfill the USP
method for validation of dissolution procedure, particularly assay of the analyte.

The results revealed that metformin HCI had difficulty quantifying in acid pH due to the
absence UV-band peak. The addition of pH-shifting agents promoted better performance for
metformin quantification. Therefore, the method was successfully developed along with RZ
predicted R?2, accuracy, and precision of 0.9999, 0,9998, 100.57%, and 1.27%, respectively. In
addition, it had the minimum placebo interference (0.47%) and was stable for long-term storage
under determined conditions. Therefore, the validated method could be applied for quantifying
metformin HCl, particularly acid-medium CDT.

Keywords: Metformin HCl; comparative dissolution testing; ultraviolet spectrophotometer;
validation

ABSTRAK

Metformin merupakan obat antidiabetes yang diwajibkan untuk uji bioekuvalensi, sehingga
memerlukan kajian ekuivalensi secara in-vitro. Pengujian disolusi terbanding dilakukan pada pH
asam, dan metformin memiliki keterbatasan absorbsivitas molar yang rendah dan tanpa adanya
puncak. Penelitian ini bertujuan untuk mengembangkan metode analisis metformin HCl berbasis
spektrofotometer untuk kuantifikasi hasil uji disolusi terbanding metformin pada medium asam.

Metformin diinkorporasikan ke dalam formulasi tablet immediate release sebagai matriks
proses analisis. Validasi dan pengembangan metode disolusi dilakukan berdasarkan parameter
linearitas, akurasi, presisi, batas kuantifikasi, kompatibilitas penyaring, dan stabilitas larutan
mengikuti prosedur untuk kuantifikasi analit hasil uji disolusi. Hasil menunjukkan bahwa
metformin HCl memiliki keterbatasan dalam kuantifikasi di asam karena tidak terdapat peak pada
puncak pita UV. Penambahan senyawa alkali untuk menggeser pH mampu meningkatkan kinerja
kuantifikasi metformin HCl. Metode analisis telah dikembangkan dan divalidasi serta diperoleh
parameter korefisien determinasi (R2) 0,9999; predicted R? 0,9998; akurasi 100,57%; dan presisi
1,27%. Interferensi placebo (formulasi tablet) mempengaruhi hasil analit sebesar 0,47% dan larutan
sampel stabil dalam jangka waktu pengujian dan penyimpanan. Metode analisis ini dapat

76

Jurnal Farmasi Indonesia



Jurnal Farmasi Indonesia Vol. 20 No. 1, bulan April tahun 2023 online: jfi.setiabudi.ac.id
ISSN: 1693-8615 EISSN : 2302-4291

diimplementasikan secara meluas untuk kuantifikasi metformin HCl pada pengujian disolusi di
medium asam.

Kata Kunci: Metformin HCI; uji disolusi terbanding; spectrophotometer ultraviolet; validasi

1. INTRODUCTION

In Indonesia, the equivalency study has been mandatory for copy drug
development since 2019, while the first regulation was issued in 2005 [1]. It is
purposed to ensure the drug formulation fulfilled the safety and efficacy,
particularly similarity to the innovator formulation. The manufacturer should
obtain similarity in vitro and in-vivo through a bioequivalence study. In addition, the
in-vitro testing is a guide for formulation development before the in-vivo testing is
conducted [2,3]. Therefore, comparative dissolution testing (CDT) plays a
fundamental role in the equivalency study, particularly for the mandatory list of
bioequivalence studies. The critical performance of the CDT depends on the
formulation to gain a similar profile to the innovator formulation [4]; however,
quantifying the dissolved drug is the most crucial step. Therefore, the method to
quantify is mandatory to be ensured to achieve valid results along with zero error
tolerance [5].

Metformin HCl is a biguanide class of antidiabetic drug [6,7], and it has been
the only one of the biguanide antidiabetic class included in the mandatory list for
bioequivalence study from 2011 until now [8]. Therefore, pharmaceutical industries
have a particular consideration on the formulation development to gain similarity
in the in-vitro drug release and bioavailability [4,9,10]. Comparative dissolution
testing has a standard procedure for dissolution testing, namely, three different pH
mediums, ie., 1.2, 4.5, and 6.8, respectively [1,11]. Although metformin is
categorised as having high solubility and low permeability, the misled metformin
dissolved promotes distinctive drug release profiles.

An analytical method is crucial for determining the amount of dissolved drug
in the comparative dissolution testing [12]. A simple, robust, effective, and efficient
method provides a better quantification method. Therefore, an ultraviolet (UV)
spectrophotometer is the best choice due to its rapid analysis and cost-friendly,
compared to high-performance liquid chromatography. In addition, metformin HCl
can produce high sensitivity due to a high molar extinction [13]. However, it faces a
problem in the acid medium due to less molar absorptivity. Bi-protonated structure
promotes isolation of chromophore linkage [14]. High-performance liquid
chromatography offers better selectivity due to the separation process [15].
Nevertheless, this method requires more time and is costly [16-18]. Interaction
between metformin and ligan could be applied for better selectivity of the
metformin analysis [19]. In addition, multivariate analysis could be used to improve
the specificity [20]. On the other hand, metformin has high molar absorptivity.
Hence, single drug formulation will be easy to analyse without modification due to
less interference [13]. Herein, this present work purposed to develop a simple and
fast analytical method for the CDT of metformin, particularly in the acid medium.
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2. METODE PENELITIAN

2.1. EQUIPMENT AND METHODS

A Thermo Genesys 10s spectrophotometer (ThermoScientific; Waltham, MA)
was the main instrument in this work. In addition, a Biobase RC-06 dissolution
tester was the principal instrument in the dissolution testing simulation.

Metformin HCl as a drug model was obtained from Sohan (India; Lot No.
H09690922-23). Hydrochloric acid, potassium hydrogen phosphate, di-potassium
hydrogen phosphate, and sodium hydroxide were purchased from Merck
(Darmstadt, Germany). The formulation excipients comprise microcrystalline
cellulose (Avicel PH101, FMC Biopolymer), pregelatinised starch (Colorcon; West
Point, PA), Kollidon CL (BASF; Ludwigshafen, Germany), magnesium stearate (Peter
Greven, Germany), and Cab-0-Sil (Cabot; Shanghai, China).

2.2. METHODS
Specificity and sensitivity assays

For pre-analytical treatment, 100.0 mg metformin HCl was accurately
weighed, followed by dissolving in 100.0 mL HCI 0.1N and dilution until a 10 pg/mL
concentration was achieved. The sample was scanned using a Thermo Genesys 10s
spectrophotometer (Waltham, MA) from 300 to 200 nm along with a resolution of 1
nm, and this analysis was performed in triplicates. In addition, an HC]1 0.1N was used
as a blank solution. On the other hand, NaOH 0.1 N equal to the aliquot volume and
doubled-volume were added before diluting with a phosphate buffer pH 6.8. The
placebo interference towards metformin HCI response was calculated based on the
percentage of placebo (Apiacero) and metformin HCI (Amet) responses considering the
concentration of metformin HCI (Cme) and the proportional ratio according to the

tablet formulation.

placebo volume x dillution factor

A
Interference (%) =

Calibration Model

The calibration model was constructed using the linear regression between
concentration and absorbance. The metformin HCl was weighed and diluted
accurately until the concentrations in the 1.0 -16.0 pg/mL range were achieved.
Before the dilution process, NaOH 0.1N was added to the aliquot sample equal to the
volume. The samples were scanned at the maximum wavelength of metformin HCI
along with phosphate buffer pH 6.8 as blank in quintuplicates. Linear regression
analysis was applied for model calibration fitting along with a confidence level of
95%. Several statistical parameters, namely coefficient determination (R2), adjusted
R?, and residual of slope, were applied for model evaluation. In addition, the cross-
validation model was also built to evaluate the calibration model along with a leave-
one-out technique for calculating predicted R2 and RMSECV.
Validation of Analytical Method for Dissolution Procedure

The validation of analytical methods parameters for the dissolution
procedure consisted of placebo interference, filter compatibility, linearity, accuracy,
precision, stability of the aliquot, and limit of detection and quantification. Those
parameters are based on the United State Pharmacopeia 42 [21].

100%....... E ion 1
met Cmet weighed sample x100% quatio
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Placebo interference and filter compatibility assessments

The specificity/placebo interference was measured according to the
aforementioned method. The linearity assessment was conducted according to the
calibration model. The linearity was assessed according to the R? in the
predetermined concentration range. Filter compatibility assay was also carried out.
Shortly, 500 mg of metformin HCl and 250 mg of the formulation excipients were
accurately weighed and dissolved in HCl 0.1N. The aliquot was withdrawn, and
added NaOH 0.1 N in an equal volume, followed by dilution until the metformin
concentration of 10 pg/mL was achieved. A 0.45 pm nylon membrane filter was
utilised in the filter compatibility testing. The filtration was carried out in different
sequences before the addition of NaOH 0.1N and in the final dilution. The percentage
of the recovery was calculated according to the initial concentration of metformin
HCI before the filtration process.
Accuracy and precision

Accuracy and precision were carried out by an external calibration standard
method and placebo simulation. Firstly, the metformin HCl was accurately weighed
according to the proportion of tablet formulation, i.e., 80, 100, and 120% (400, 500,
and 600 mg, respectively). Furthermore, the tablet formulation comprised Avicel
PH101 (5%), Kollidon CL (3%), povidone K30 (30 mg, 3% (w/v) in 50% ethanol),
magnesium stearate (0.8%), and Cab-0-Sil (0.2%). In addition, pregelatinised starch
was added to achieve 750 mg in total amount. The mixture was dissolved in HCI
0.1N, followed by sonication in a water-bath sonicator for 15 min. The sample
solution was filtered by a 0.45 um nylon membrane filter, the aliquot was
withdrawn, and NaOH 0.1 N in an equal volume ratio was added. Furthermore, the
sample dilution was carried out using phosphate buffer pH 6.8 before quantification
using a UV spectrophotometer at the maximum wavelength of metformin HCI. All
concentrations were measured in triplicates. The accuracy was calculated according
to the percentage of the observed concentration toward the actual concentration
based on the dilution. Meanwhile, the relative standard deviation of all samples was
denoted as precision.
Aliquot stability

The metformin stability was carried out based on the simulation of the
dissolution process. Briefly, 500.0 mg of metformin HCI was accurately weighed and
was added by 250 mg of the formation excipient. The mixture was dissolved in a
1000 mL volumetric flask using HCl 0.1N. Prior to the test, the metformin
concentration was determined (Co). The dissolution process simulation was
performed using a Biobase RC-06 dissolution tester. The apparatus II (paddle) was
utilised at 50 rpm, and the temperature was kept constant at 37+0.5 °C. Thereafter,
the dissolution process simulation was carried out for one h, followed by aliquot
withdrawal. The aliquot was stored in ambient conditions until the quantification
was conducted. The aliquot was quantified at a predetermined time until 48 h after
the dissolution process. Briefly, an aliquot sample was withdrawn and added by
NaOH 0.1 in equal volume, followed by dilution. The sample was analysed using a
spectrophotometer at the maximum wavelength of metformin HCl. The recovery of
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the concentration at predetermined times (C:) was determined according to the
percentage of the initial concentration (Co).
Limit of detection and quantification

The limit of detection (LoD) and quantification (LoQ) were calculated
according to the residual slope and blank noise. The linearity calibration model and
low concentration (below the concentration of the linearity calibration model) were
utilised for the noise estimation based on the residual slope (Sy/). In addition, the
noise estimation from the blank measurement several times was also utilised for
LoD and LoQ determination. The LoD and LoQ were calculated by Equations 2 and
3, respectively.

10 S :

LoD = 3 X #;xe ............................................................ Equation 2
Sy/x .

LoQ=10x #;e ............................................................ Equation 3

3. RESULTS AND DISCUSSION

The ultraviolet spectrophotometer is the preferable choice of the analytical
instrument due to its cost-friendly, rapid analysis, and efficiency [13,17]. Therefore,
this present work developed a spectrophotometric method to quantify the
metformin HCI in a pH 1.2 medium for an aliquot comparative dissolution testing
assay. According to the physicochemical properties of metformin HCl (Figure 1a), it
has two pKa, pKa: 3.1 and pKaz 11.3. Hence, it produces different protonated forms
depending on the pH. The pKa indicates that the metformin will be bi-protonated
when dissolved in the acid stage of CDT. Figure 1b shows the mono-protonated
metformin when the pH of analytical condition ranges from pKal (3.1) to pKaz
(11.3). Meanwhile, the bi-protonated metformin will be observed when the pH of
analytical condition below pKal (3.1) [14].
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Figure 1. Molecular structure of Metformin HCI in the medium with pH > pKaz: (a),
pKai<pH<pKa: (b), and pH < pKa1 (c)
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Figure 2. Ultraviolet band of metformin HCl in pH 1.2 (—), addition of sodium
hydroxide 0.1N (1; — and 2xvolume of aliquot; —), and the placebo excipients (—)

Figure 2 showed that the UV band of metformin in pH 1.2 had no specific peak
due to the absence of chromophore structure (bi-protonated). A double-bound
structure is required for the transition from n to 7* (HOMO-LUMO transition), which
contributed to the presence of a peak [22]. The absorbance declined dramatically
from 200 to 240 nm without any peak. It was not easy to quantify, particularly the
linear correlation between the concentration and the response. Therefore, it should
be altered to find a specific peak for better quantification. Metformin protonates in
the acidic medium. Thus, the delocalisation of chromophore and reduction of
auxochrome promotes the absence of peak [14]. Hence, pH shifting to achieve the
unprotonated structure should be performed. Furthermore, the addition of NaOH
0.1 N in equal and double volume of aliquot was carried out. This treatment aimed
to adjust the pH condition that contributed to the presence of chromophore.
Integration of chromophore and auxochrome promotes greater intensity or molar
absorptivity.

Figure 2 revealed the presence of a peak at 232 nm in both single or double
volumes of NaOH. The molar absorptivity was not a significant difference (p>0.05).
Consequently, the volume of NaOH 0.1N equal to the aliquot volume was applied for
further evaluation. The sensitivity of the metformin increased nearly four times
higher than that of the acidic condition. In addition, the higher sensitivity promoted
a negligible effect of placebo interference. It was 0.47% and lower than that of the
acidic condition (3.78%). The requirement of placebo interference for dissolution
testing is less than 2 and 1% for excipients and blank interferences, respectively
[21]. Therefore, the addition of NaOH in the dissolution aliquot met the requirement
of the analytical procedure for dissolution assay.
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Figure 3. Calibration model of metformin HCl in phosphate buffer pH 6.8 after NaOH 0.1 N
addition (a), the residual plot of calibration model (b), the actual-predicted plot (c), and the
residual plot of the actual-predicted plot (d). — (linear regression calibration model); -----
(95% confidence interval line); mean+SD, n=3

For quantification purposes, the calibration model was constructed (Figure
3a). There was a linear correlation between concentration and absorbance. Limited
error was found around less than 0.01%. Statistical analysis reported that there was
a significant model (p<0.05) along with an insignificant intercept (p>0.05). It proved
that the model adequate for quantification [20]. The dissolution procedure assay
recommended that the R2 be more than 0.98 and the intercept equal to zero [21].
The residual plot (Figure 3b) showed that the replication data was normally
distributed along with relatively low residual. The leave-one-out technique was
applied for validation, and the predicted and actual concentration based on the
cross-validation is presented in Figure 3c. The results indicated 100.4% accuracy,
and the error was only 0.65%. The residual plot (Figure 3d) showed a maximum
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residual value of 0.2%. According to the statistical evaluation, the model was
adequate for quantification and had fewer interference/errors.
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Figure 4. Concentration stability of metformin HCl under dissolution simulation and
sample storage in ambient condition mean+SD, n=6

Metformin HCl's stability in the dissolution simulation process was carried
out. It is presented in Figure 4. The simulation mimicked the actual stability of the
dissolution [23], namely the dissolution process and storage of the aliquot until the
analytical procedure was completed. Unstable metformin HCI was indicated by the
concentration deviation of more than 2%. The concentration assay proved that the
mean and standard deviation were acceptable during dissolution testing and
storage. Generally, the degradation pathway can be easily predicted by the
molecular structure. In addition, hydrolysis, particularly in acidic conditions, plays
a fundamental role in stability during dissolution testing. Meanwhile, another
pathway, e.g., oxidation and photolysis, should also be considered for solution
stability in dissolution testing [24].

Eliminating undissolved materials or drugs in dissolution testing is crucial
for achieving reliable results. Insoluble material can interfere with absorbance and
dramatically increase the response, but it is a fake-positive effect. On the other hand,
the undissolved drug promotes further dissolution in the sampling chamber; thus,
the drug concentration will rise significantly [21,25]. Therefore, filtration is
required for this process. In addition, centrifugation is not recommended for
dissolution samples due to continuing undissolved drug dissolution process [21].
This work simulated the aliquot filtering process after sampling or in the final
solution. The data are presented in Table 1. It indicated no interaction between the
filter and metformin HCl because no concentration reduction was observed.
However, the sequence of the filtering process affected the recovery. The filtration
after sampling was preferable to that of the final solution due to higher accuracy and
precision.
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Table 1. Filter compatibility assessment filter under different filtration steps
Filtration was carried out after dilution
Concentration (pg/mL)

No Sample Before filtration After filtration Recovery (%)
Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean
1 10.24 10.35 10.29 11.30 11.37 11.34 110.14
2 10.14 10.15 10.15 10.43 10.44 10.44 102.85
3 10.13 10.12 10.12 10.91 10.89 10.90 107.68
Recovery (%) 106.89
RSD 3.47

Filtration was carried out before dilution
Concentration (ug/mL)

No Sample Before filtration After filtration Recovery (%)
Rep 1 Rep 2 Mean Rep 1 Rep 2 Mean
1 10.05 10.12 10.08 10.15 10.17 10.16 100.78
2 10.20 10.21 10.21 10.12 10.14 10.13 99.23
3 10.05 10.08 10.06 10.31 10.25 10.28 102.16
Recovery (%) 100.72
RSD 1.45

Accuracy and precision were also validated in this method. The results are
presented in Table 2. Those evaluations were conducted at 80-120% of the actual
concentration. The data showed no significant difference between those levels
(p>0.05). The total recovery was 100.57%, along with an RSD of 1.29%. The results
provided valid and reliable data for quantification in the range of 98-102% and less
than 2%, respectively [21,26]. The excellent accuracy and precision data were
supported by the placebo interference data. There was no significant impact on the
placebo for quantification of metformin. Hence, the results met the accuracy and
precision criteria.

Table 2. Precision and accuracy data of metformin HCl using external validation model

Proportion Actual . Observed . Recovery
(%) Concentration Concentration Recovery (%) Mean (%) RSD (%)
(ng/mL) (ng/mL)

8.149 99.68

80 8.175 8.270 101.15 100.37 0.74
8.197 100.27
10.434 102.10

100 10.219 10.332 101.10 101.95 0.76
10.488 102.63
12.152 99.10

120 12.263 12.122 98.85 99.39 0.74
12.291 100.23

Recovery (%) 100.57

Precision (%) 1.29
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Figure 5. Calibration model of below the lowest concentration in regular calibration model
(a) and limit of detection (LoD) and quantification (LoQ) under different methods (b).
RegCM, regular calibration model; LowCM, lower of regular calibration model, and blank
deviation, — (linear regression calibration model), - (95% confidence interval line);
meanSD, n=3

The dissolution assay is categorised as a quantitative assay, which only
requires the LoQ. Meanwhile, for several reasons, for instance, the standard addition
method should be applied if the response is too low in the range between LoD and
LoQ or around LoQ. However, the determination of LoQ and LoD was confusing due
to the noise source. Generally, noise is calculated according to the residual slope in
the regular calibration model. Some researchers reported that the calibration model
should be in a low concentration of regular calibration [27]. It is presented in Figure
5a. The data showed there was a nearly similar molar absorptivity between the
regular calibration model (41%,, 829) and below its concentration (41%, 854). In
addition, the standard deviation of the blank could be applied as the noise.
Therefore, in this work, we applied the different noise sources to calculate the LoD
and LoQ. The results (Figure 5b) showed that the regular calibration model had the
highest noise level; thus, the LoD and LoQ were the greatest. Although, the blank was
considered the lowest LoD and LoQ levels. It was affected by the residual value of
the calibration model. The residual error assumes the noise; meanwhile, the actual
noise was the interference from blank or placebo. Therefore, the noise is attributed
to the instrument or measurement mistakes leading to the inaccurate calculation
[28]. According to the data, the actual noise was applied for analytical method
validation, i.e., 0.04 and 0.121 pg/mL for LoD and LoQ, respectively.

4. CONCLUSION
Herein, the analytical method for quantification of metformin in the acid
stage of comparative dissolution testing has been successfully developed and
validated. The calibration model was validated in the range of 1.03 - 16.43 pg/mlL,
along with accuracy and precision of 100.57% and 1.29%, respectively. In addition,
the metformin HCI and nylon membrane filter had no adsorption phenomenon, and
the solution was stable during the dissolution process and storage for 48 hours. This
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method was useful for quantifying the metformin HCI in the acid-stage medium in
the compendia dissolution or comparative dissolution testing along with valid and
reliable drug release data.
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