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Abstract

Metformin hydrochloride is a hypoglycemic agent used for type II Diabetes Mellitus treatment, and one of the most used
to manage it. The objective of the present work was the development and validation of an analytical method to quantify
metformin hydrochloride in the dissolution medium by UV spectrophotometry. Linearity and range, accuracy and
precision were the validation process parameters. Validation process results showed the analytical method was easy,
quick, secure and, furthermore, a linear, accurate and precise method in the studied concentrations range. Therefore,

itis a reliable analytical method.
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1 Introduction

Metformin hydrochloride is an oral hypoglycemic drug used in type Il Diabetes mellitus (DM2) treatment, it is one of the
most popular drugs used this disease management. Metformin is the only agent in the biguanide group, it reduces the
plasmatic glucose levels both basal and postmeal, and is used either as monotherapy or in combination with other
antidiabetic agents, such as alpha-glucosidase inhibitors, sulphonylureas, insulin, DPP-4 inhibitors, thiazolidinediones
and GLP-1 agonists [1].

Analytical method validation is a process to establish, through systematic laboratory studies and documentary evidence,
that the analytical characteristics are conform with the requirements to the intended use of the analytical results [2].
The analytical characteristics to be considered in the validation processes may change according to the analytical
determination objective. Conventional analytical characteristics used in method validation are accuracy, precision,
specificity, detection limit, quantitation limit, linearity, range and robustness [3].

The analytical method for dissolved metformin quantification belongs to Category III methods according to USP 40
classification [2]. Therefore, a precision study is absolutely necessary, while the other parameters are only necessary
according to the specific nature of the assay. The “Reglamento Técnico Centroamericano” 11.03.39:06 states that Quality
Control laboratories who use official analytical methods should test the system linearity and precision. It is the case,
metformin hydrochloride quantification was carried out under official USP 40 monography specifications, therefore
linearity, range, accuracy and precision were the parameters studied for the method validation process.

The linearity parameter determines the relationship between concentration and assay measurement within a given
range [2]. The accuracy parameter measures the closeness of the test results obtained with the analytical procedure and
a value accepted as true*. And the precision parameter is the degree of agreement among individual test results when
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the analytical procedure is applied to multiple samplings of a homogeneous sample repeatedly [2]. Finally, the
parameters of repeatability, intermediate precision and reproducibility are used to evaluate the precision of an
analytical method. The main objective of this work was the development and validation of an analytical method to
quantify metformin hydrochloride by UV spectrophotometry. Linearity, range, accuracy and precision parameters were
evaluated.

2 Material and methods

2.1 Standard curve preparation

An equivalent amount of metformin hydrochloride secondary standard was accurately weighed and transferred into a
volumetric flask. It was dissolved using a phosphate buffer solution (pH 6.8 + 0.05) to obtain a 50 pg/mL metformin
hydrochloride standard solution. The standard curve was prepared by taking 1, 2, 3, 4, 5, 6, 7 mL aliquots and
transferred them into a volumetric flask to obtain solutions into 2 to 14 ug/mL concentrations interval

2.2  System linearity

Three metformin hydrochloride standard curves were prepared using three different metformin hydrochloride
standard solutions (the standard curves and standard solutions preparation is described in the subsection 2.1 Standard
curve preparation). The standard curves absorbance was measured at maximum wavelength absorption (233 nm). The
regression line equation and the correlation coefficient were calculated. An analysis of variance and the residuals
analysis was also done.

2.3 System precision

2.3.1  System repeatability

Standard solutions of 4, 8 y 12 ug/mL in three replicates of metformin hydrochloride were prepared by means of a 50
pg/mL metformin hydrochloride standard solution. Absorbance was measured at maximum wavelength absorption,
then, relative standard deviation and relative error were calculated and analyzed.

2.3.2  System intermediate precision

Standard solutions of 4, 8 y 12 pg/mL of metformin hydrochloride were prepared by means of a 50 pg/mL metformin
hydrochloride standard solution. This preparation of the 4, 8 and 12 ug/mL solutions was done every day during three
consecutive days. The solutions absorbance was measured at maximum wavelength absorption, then, relative standard
deviation and relative error were calculated and analyzed

2.4 Method linearity

Three metformin hydrochloride solutions were prepared using pulverized tablets, the solutions concentration was 50
pug/mL equivalent in metformin hydrochloride. From these solutions by means of standard addition method, it was
prepared different solutions with concentrations between 2 and 14 pg/mL. The solutions absorbance was measured at
maximum wavelength absorption (233 nm). The regression line equation and the correlation coefficient were
calculated. An analysis of variance and the residuals analysis was also done.

2.5 Method accuracy

Method accuracy was done by means of standard addition method. Solutions with 4, 8 y 12 pg/mL concentrations of
metformin hydrochloride were prepared. The solutions absorbance was measured at maximum wavelength absorption
(233 nm), recovery percentage of the added amount of metformin hydrochloride standard in the sample was calculated

and correlation coefficient and regression line equation were also calculated.

2.6 Method precision

2.6.1  Method repeatability

Solutions with a concentration close to 4, 8 and 12 pg/mL of metformin hydrochloride were prepared by means of
standard addition method, using a 50 pg/mL metformin hydrochloride standard solution and a 50 pg/mL metformin
hydrochloride solution prepared from pulverized tablets. The solutions absorbance was measured at maximum
wavelength absorption, then, relative standard deviation and relative error were calculated and analyzed.
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2.6.2  Method intermediate precision

Six solutions with a concentration 8 pug/mL of metformin hydrochloride were prepared every day during two
consecutive days by means of standard addition method, using a 50 pg/mL metformin hydrochloride standard solution
and a 50 pg/mL metformin hydrochloride solution prepared from pulverized tablets. The solutions absorbance was
measured at maximum wavelength absorption, then, relative standard deviation and relative error were calculated and
analyzed.

2.7  Statistical analysis

Statistical analysis was done using Microsoft Office Excel 365 v. 1809 computer software

3 Results

3.1 System linearity

Figure 1 shows the linear relationship between absorbance and concentration in the evaluated range, the corresponding
statistical analysis is observed in Table 1. The correlation coefficient met the acceptance criteria, that is higher than
0.995. Homoscedasticity was demonstrated using the Hartley’s test. According with F-test and ANOVA test, the
dispersion among different concentrations data was not statistically significant. The slope and y-intercept were
evaluated with the t-student test, demonstrating that y-intercept was statistically equal to 0 and the slope was
statistically different to 0. Figure 2 shows the residual analysis, demonstrating the absence of any behavioral pattern.
According to the data analysis, the analytical method met system linearity criteria.
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Figure 1 System linearity evaluation standard curve

Table 1 System linearity evaluation standard curve analysis

Parameter Value
Slope 0.08130
y-intercept 0.00066
Multiple R 0.9996
R square 0.9991
y-intercept standard error 0.000559
Slope standard error 0.005002
. texp=0.132

t student test (y-intercept)

ttab=2.093

t exp=195.92
t student test (slope)

ttab=2.093

F tab=4.67
F-test

F exp=21185,87
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Figure 2 System residual analyses
3.2 System precision

3.2.1  System repeatability

The obtained results show a relative standard deviation and an error deviation lower than 2%, which met the

acceptance criteria Table 2.

Table 2 System repeatability evaluation

Concentration Sample | Absorbance Kllative Mean of Stal?da}rd :/;’an(l;:;?itive
(ng/mL) error absorbance | deviation deviation
1 0.327 0.13
4 2 0.33 -0.79 0.330 0.003 0.76
3 0.332 -1.41
1 0.648 0.71
8 2 0.651 0.25 0.653 0.007 1.04
3 0.661 -1.29
1 0.970 0.80
12 2 0.968 1.01 0.970 0.002 0.21
3 0.972 0.60

322

System intermediate precision

The obtained results met the acceptance criteria, the relative standard deviation and the error deviation are lower than

2%, as is shown in Table 3
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Table 3 System intermediate precision evaluation

Concentration Sample | Absorbance K(:elative Mean of Star.lda!rd :/:an(;:'lgtive
(ng/mL) error absorbance | deviation deviation
1 0.329 -0.48
4 2 0.324 1.05 0.326 0.003 0.89
3 0.324 1.05
1 0.648 0.71
8 2 0.648 0.71 0.648 0.001 0.09
3 0.647 0.86
1 0.966 1.21
12 2 0.967 1.11 0.967 0.001 0.06
3 0.967 1.11

3.3 Method linearity

The linear relationship between absorbance and the standard added amount is observed in Figure 3 and the statistical
analysis is shown in Table 4. The linear relationship was evaluated with the correlation coefficient, which is higher than
0,995 meeting the acceptance criteria. Hartley’s test results indicate homoscedasticity and, the F-test and ANOVA test
results indicates that the dispersion among different concentrations data was not statistically significant. T-student test
was used to evaluate the slope and y-intercept; according with the obtained results, y-intercept was statistically equal
to 0 and the slope was statistically different to 0. The residual analysis demonstrated the absence of any behavioral
pattern (Figure 4). The data analysis indicates that the analytical method met all method linearity criteria

1.2

y =0,0032x + 0,1595
12=10,9998

o oo o~
I

Absorbance (UA)
< < <
=

<
(V)

=

0 100 200 300 400

Metformin added amount (ng/mL)

Figure 3 Method linearity evaluation standard curve
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Figure 4 Method residual analysis

Table 4 Method linearity evaluation standard curve analysis

Parameter Value
Slope 0.0032
y-intercept 0.1595
Multiple R 0.9999
R square 0.9998
y-intercept standard error 0.000011
Slope standard error 0.002039
t student test (y-int t) Lep=78.22
student test (y-interce
Y P tw=2.093
texp= 287.26
t student test (slope)
t wp=2.093
F tab=4.67
F-test
F exp=82518.00

3.4 Method accuracy

Method accuracy was evaluated by means of standard addition method. Results in Table 5 show that all values of
recovery percentage are between the stablished limits (96.5 - 103.5 %). Relative standard deviation also met acceptance
criteria as the value is under 3 %. The straight line obtained when the quantified metformin amount was plotted against
the added metformin amount results in a slope higher than 0.95, and the y-intercept is close to initial concentration and
the correlation coefficient is higher than 0.995.
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Table 5 Method accuracy by standard addition method

Concentration Real Quantified Recovery
(ug/mL) Sample amount (pg) | amount (ng) | percentage (%)
4 1 100.96 101.91 100.9
2 100.59 99.73 99.1
3 100.96 98.17 97.2
8 1 201.36 200.84 99.7
2 200.98 202.70 100.9
3 201.36 199.90 99.3
12 1 301.76 302.57 100.3
2 301.38 302.26 100.3
3 301.76 301.63 100.0
Average 99.7
Max 100.9
Min 97.2
et 12
Relative
Standard 1.128
Deviation

Quantified metformin amount
(ng)
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R*=10.9998

y =1.0072x +49.401
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Figure 5 Relationship between quantified metformin amount and added metformin amount

3.5 Method precision

3.5.1  Method repeatability

The obtained results show a relative standard deviation and an error deviation lower than 2%, which met the

acceptance criteria (Table 6).
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Table 6 Method repeatability evaluation

% % Relative
Concentration Sample Absorbance Relative Mean of Star.1d<e-1rd standard
(ug/mL) absorbance | deviation o
error deviation
1 4.03 -0.27
4.02 2 4.09 -1.81 4.05 0.04 0.89
3 4.03 -0.27
1 8.00 0.44
8.03 2 8.06 -0.33 8.04 0.04 0.45
3 8.06 -0.33
1 12.06 -0.15
12.05 2 12.09 -0.35 12.09 0.02 0.16
3 12.10 -0.46

3.5.2  Method intermediate precision

The results in Table 7 shows the data obtained in the analysis of intermediate precision. The statistical analysis indicates
the parameter met the acceptance criteria

Table 7 Method intermediate precision evaluation

Day 1 Day 2
Sample Quantified concentration | Quantified concentration
(ng/mL) (ng/ml)
1 7.96 8.01
2 7.96 8.01
3 7.97 7.96
4 7.98 7.95
5 8.01 7.97
6 7.97 7.98
Mean 7.97 7.98
Rela.tiv.e Standard 023 0.32
Deviation

4 Conclusion

Analytical method validation for metformin quantification in dissolution medium results agree with all the acceptance
criteria therefore, the analytical method reliability is confirmed. The developed methodology demonstrated the
analytical method linearity in the range of concentrations between 2 pg/mL to 12 ug/mL at maximum absorption
wavelength (233 nm). Furthermore, the methodology accuracy and precision were demonstrated. According to all the
results, the analytical method is useful to the quantification of metformin in dissolution medium.
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