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Metformin hydrochloride (MFH) is an oral anti-diabetic drug of biguanide class. Two selective spectrophotometric methods were
presented for the determination of MFH in pharmaceuticals. The methods were based on the measurement of yellow-coloured charge-
transfer complexes formed between MFH and two poly-nitrophenols, namely, 2 ,4-dinitrophenol (DNP method, at 405 nm) and picric acid
(PA method; at 410 nm) in dichloromethane medium. The variables which affect the complex formation were studied and optimized.
Beer’s law was obeyed over the concentration ranges: 2.4-48.0 and 3.2-64.0 pg mI"! with molar absorptivity values of 3.24 x 10and 2.30 x
10*1 mol”" em™, with DNP method and PA method, respectively. The limits of detection (LOD) and quantification (LOQ) were calculated
to be 0.13 and 0.40 ug mI' for DNP method and 0.19 and 0.59 pg ml™' for PA method. Methods were validated for accuracy, precision,
robustness, ruggedness and selectivity. The proposed methods were applied to the determination of MFH in tablets. The accuracy and
precision of the methods were found excellent. Accuracy of the methods was ascertained by recovery test via standard-addition procedure.

The methods were applied to spiked human urine sample without detectable interference from endogenous substances.
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INTRODUCTION

Metformin hydrochloride (MFH), chemically known \N , HCl
as 1,1-dimethylbiguanide monohydrochloride (Fig. 1), is an ‘

oral anti-diabetic drug of biguanide class [1]. It is an

. . S Fig. 1. Structure of MFH.
antihyperglycemic agent, which improves glucose tolerance

in patients with type 2 diabetes mellitus [2] by lowering

both basal and postprandial plasma glucose. Since MFH

continues to be one of the mostly used drugs in the pharmaceuticals; in the former, drug solution in anhydrous

formic acid-acetonitrile mixtures is titrated with perchloric

management of type-2 diabetes, many methods were ) ) ] ) ) )
acid with potentiometric end-point detection, whereas the

developed for its determination in pharmaceuticals and

biological materials, including body fluids. latter involves the titration of drug in anhydrous formic

MFH has an official monograph cach in European acid-acetic acid medium with perchloric acid, determining

Pharmacopeia [3] and United Sates Pharmacopoeia [4]. the en.dp omt Vlsuall.yw1th cry§ta1 v1olet.1nd1ca.tor. ]

Different analytical techniques available in the literature
for the determination of MFH in bulk drug and tablets
include: UV-spectrophotometry [5-8], spectrofluorimetry

[9], nuclear magnetic resonance spectrometry [10], atomic

Both describe titrimetry for the assay of drug in
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absorption spectrometry [11], potentiometry [12-15],
conductometry [16,17], high-performance liquid
chromatography [18-27], gas chromatography [28] and
capillary electrophoresis [29].

Although many analytical methods were developed for
determination of MFH in pharmaceuticals, most of the
methods, especially chromatographic methods [18-28], lag
sensitivity, inherent simplicity, cost-effectiveness etc.
Besides, these methods were not validated properly for
necessary parameters essential in most of the quality control
and assessment protocols and procedures.

Low cost, ease of use and maintenance, simplicity,
speed, and reliability of the analytical method make visible
spectrophotometry very attractive for the determination of
pharmaceutical products. A perusal of the literature revealed
the availability of some visible spectrophotometric methods
based on different reaction schemes. A direct method, based
on charge-transfer (CT) complexation reaction of MFH with
iodine in acetonitrile medium, has been described [5].
Beer’s law is obeyed over 1.66-72.86 png ml™' range. Based
on the same reaction and employing iodine as the CT
complexing agent, determination of the drug in 2-12 pug ml™
concentration range has been reported by El-Bardicy et al.
[6], in which the absorbance of the complex was measured
at 295 nm. The drug was determined by Hassan et al. [7]
through complex formation with Cu(Il) in basic medium;
the complex was dissolved in cyclohexylamine and
measured at 540 nm. Ninhydrin is reported to form a violet
colored complex with the drug, based on which a method
was developed by Mubeen and Noor [30] by measuring the
absorbance at 570 nm. Very recently [31], a method based
on the reaction of MFH with ninhydrin and molybdate
mixture yielding Ruhemann’s purple product with A, at
570 nm, has been reported by Vandana et al. The reaction
proceeds quantitatively when the reaction mixture is heated
at 90 = 1 °C for 10 min. Beer’s law is obeyed over 10-30
ng ml”' concentration range. The method was applied to
bulk drug and tablet dosage form. Pignard [32] has reported
a method based on the reaction of drug with NaOCl in the
presence of NaOH and ZnSO,. Methods based on the
reaction of MFH with diacetyl and 1-naphthol in alkaline
ethanediol [33] and bromothymol blue in phosphate buffer
[34] applicable for urine, have also been described.

Dinitrophenol (DNP) and picric acid (PA) are strong
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electron acceptors and are known to form charge-transfer
complexes with a variety of electron donors such as
anthracene [35], some aniline derivatives [36] and also with
some amines [37-39]. Mulliken suggested that the formation
of molecular complexes from two aromatic molecules can
arise from the transfer of an electron from a m-molecular
orbital of a Lewis base to vacant m-molecular orbital of a
Lewis acid, with resonance between this dative structure
stabilizing the complex [40]. It was also noted that the
possibility of complex formation through the donation of an
electron from non-bonding molecular orbital in a Lewis
base to a vacant m-orbital of an acceptor (n-m) [41] with
resonance stabilization of the combination. Based on this
chemistry, DNP and PA have been widely used as CT
complexing agents for the assay of many pharmaceutical
substances [42-47].

Despite their widespread use in pharmaceutical analysis
[42-45], DNP and PA have not been applied for the
spectrophotometric determination of MFH. This paper
two the
determination of MFH and its dosage form based on

describes spectrophotometric methods for
coloured charge transfer complex formed on reaction with
2,4-dinitrophenol (DNP method) and picric acid (PA
method). A discussion of reaction pathway is also presented.
The methods are rapid, extraction-free and do not involve
heating/cooling steps. These methods are superior to all
existing visible spectrophotometric methods in terms of
and

sensitivity, linear  dynamic

experimental conditions.

range, selectivity

EXPERIMENTAL

Apparatus

A Systronics model 106 digital spectrophotometer
(Systronics, Ahmedabad, Gujarat, India) equipped with 1-
cm matched quartz cells was used for absorbance

measurements.

Reagents and Materials

All reagents were of analytical reagent grade and
spectroscopic grade organic solvents were used throughout
the investigation. Pharmaceutical grade metformin
hydrochloride (MFH), which is reported to be 99.9% pure,
was received from Sanofi Aventis, Mumbai, India. Two
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brands of tablets containing MEB, Glyciphage 500 mg
(Franco Indian Pharmaceuticals Pvt. Ltd., Mumbai, India)
and Cetapin XR 500 mg (Sanofi Aventis, Mumbai, India)
used in the investigation were purchased from local
commercial sources. Urine sample was collected from a 35
year old male human volunteer and used in the analysis.

2,4-Dinitrophenol (DNP, 0.05% w/v) and picric acid
(PA, 0.1% w/v) solutions were prepared by dissolving the
pure compounds (both from S.D. Fine Chem Ltd., Mumbai,
India) in dichloromethane. A 10 % sodium hydroxide
solution was prepared by dissolving 10 g of pure NaOH
(Merck Ltd., Mumbai, India) in 100 ml of doubly distilled
water.

Standard Metformin Base (MEB) Solution

An amount of MFH (51.2 mg) equivalent to 40 mg of
base was accurately weighed and dissolved in about 20 ml
of water in a 125 ml separating funnel. The solution was
made alkaline with 15 ml of 10% NaOH solution and
shaken successively for 2 min with 2 X 30 ml portions of
dichloromethane, each extract was washed with 15 ml of
water in another separating funnel. The washed extracts
were pooled and passed through 5 g of anhydrous sodium
sulphate. After collecting in a 100 ml volumetric flask, the
volume was completed to mark with dichloromethane to
provide a standard solution equivalent to 400 pg mI" MEB.
Suitable aliquots were then diluted with dichloromethane to
get working concentrations of 60 and 80 pg ml"' MEB for
use in DNP method and PA method, respectively.
Procedure for Bulk Drug: of
Calibration Graph

DNP method. Different aliquots (0.2, 0.5, 1.0. .. ...
4.0 ml) of standard MEB solution (60 pg ml"') were
accurately transferred into a series of 5 ml calibration flasks

Preparation

using a micro burette. One ml of 0.05% DNP solution was
added
dichloromethane. The content was mixed well and the

to each flask and diluted to volume with

absorbance was measured at 405 nm against the reagent
blank.

PA method. Aliquots (0.2,0.5,1.0........ 4.0 ml) of a
standard MEB (80 pg ml') solution were accurately
transferred into a series of 5 ml calibration flasks. To each
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flask, 1 ml of 0.1% PA solution was added and the content
was made up to volume with dichloromethane. The content
was mixed well and the absorbance measured at 410 nm
against the reagent blank.

Standard graph in each method was prepared by plotting
the absorbance vs. drug concentration, and the concentration
of the unknown was computed from the respective
regression equation derived using the Beer’s law data.

Procedure for Tablets

Ten tablets were weighed and pulverized. An amount of
powder equivalent to 40 mg metformin base was accurately
weighed and dissolved in about 20 ml of water in a 125 ml
separating funnel by shaking for 20 min. The metformin
base solution was prepared as described under “standard
MEB The diluted with
dichloromethane to get working concentrations of 60 and 80

solution”. solution was

pg mlI”' MEB and analysed as described above.

Procedure for Placebo Blank and Synthetic
Mixture

A placebo blank containing starch (40 mg), acacia (35
mg), sodium citrate (35 mg), hydroxyl cellulose (35 mg),
magnesium stearate (35 mg), talc (40 mg) and sodium
alginate (35 mg) was prepared by homogeneous mixing of
all the components. About 20 mg of placebo blank was
taken and its extract was prepared as described under
“procedure for tablets” and analysed using the procedures of
each method by taking 2 ml. To 20 mg of placebo blank,
512 mg of MFH was added, mixed for uniform
composition and quantitatively transferred into a 125 ml
separating funnel. The metformin base solution was
prepared as described under “procedure for tablets”. This
solution, after appropriate dilution, was subjected to

analysis using the procedures described earlier.

Procedure for Spiked Human Urine Sample

Urine (5 ml) was spiked with 12.8 mg of pure MFH and
diluted to 10 ml with 10% NaOH, quantitatively transferred
into a 125-ml separating funnel. After mixing well, the base
solution was then prepared as detailed under “preparation of
standard metformin base solution”. Suitable aliquots of 100
pg ml™ base solution were subjected to analysis.
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RESULTS AND DISCUSSION

Absorption Spectra

The reaction of DNP or PA as Lewis acid with MEB as
Lewis base results in the formation of an intense yellow
colored product. The absorption spectra of the yellow
colored products were recorded for 360-500 nm range
against the corresponding blanks. The resulted yellow
colored CT complexes showed maximum absorbance at 405
and 410 nm for MEB-DNP and MEB-PA, respectively (Fig.
2).

Reaction Pathway

The chemistry involved in the proposed methods is the
formation of charge-transfer complex by DNP or PA acting
as m-acceptor (Lewis acid) with MEB, acting as n-donor
(Lewis base). DNP and PA react with such donor molecules
to form charge-transfer and proton transfer complexes [43,
44,46,48,49].
polynitrophenol, a type of force field produces an acid-base

When an amine is combined with a

interaction and the other, an electron donor-acceptor
interaction. The former interaction leads to the formation of
true phenolate by proton-transfer, while the latter to a true
molecular compound by charge-transfer [50]. Based on this,
the mechanism in the present context can be discussed in
terms of transfer of electronic charge from the primary
aliphatic amine of MEB, an electron-rich molecule (a
Lewis-base donor), to the ring of DNP or PA, an electron-
deficient molecule as a Lewis-acid acceptor and at the same
time the proton of the hydroxyl group of DNP or PA gets
transferred to the primary amine of MEB (Scheme 1). The
reason for the color produced lies in the formation of
complexes between the pairs of molecules MEB-DNP and
MEB-PA, and this complex formation leads to the
production of two orbitals
consequently, to a new electronic transition [51]. The

new molecular and,

possible reaction pathways are illustrated in Scheme 1.

Method Development

Many experimental variables, which were found to
affect the color intensity and stability of the resulting
complexes, were optimized to achieve maximum sensitivity
and adherence to Beer’s law.
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Effect of Reagent Concentration

The optimum concentration of the reagent required to
achieve maximum sensitivity of the developed color species
in each method was ascertained by adding different amounts
of DNP or PA to a fixed concentration of MEB. The results
showed that 1.0 ml 0f 0.05% DNP or 0.1% PA solution was
optimum for the production of maximum and reproducible
color intensity (Fig. 3).

Effect of Solvent

In order to select a suitable solvent as reaction medium,
the reagent solutions were prepared separately in different
solvents, such as 1,4-dioxane, chloroform, acetonitrile,
acetone, #-butanol, 2-propanol and dichloromethane, and the
reaction with MEB was followed. Dichloromethane was
best suited for the preparation of reagent solutions.
Similarly, effect of diluting solvent was studied and the
results showed that the ideal diluting solvent to achieve
maximum sensitivity and stability of the colored species
was dichloromethane in both methods.

Effect of Reaction Time and Stability of the CT
Complexes

The optimum reaction time was determined by
measuring the absorbance of the complex formed upon the
addition of reagent solution to MEB solution at room
The reaction both methods
The absorbance of the

complexes remained stable for at least 15 h, thereafter.

temperature. in was

instantaneous. resulting CT

Composition of the CT Complexes and Conditional
Stability Constants

The composition of the CT complex was established by
Job’s method of continuous variations [52] using equi-molar
concentrations of the drug (base form) and reagents (4.48 x
10* M in DNP method and 2.16 x 10* M in PA method).
Five solutions containing MEB and the reagent (DNP or
PA) in various molar ratios, with a total volume of 5 ml,
were prepared. The absorbance was subsequently measured
at 405 nm in DNP method and 410 nm in PA method. A
plot of absorbance vs. mole-ratio (Fig. 4) gave a maximum
at a molar ratio of X,.x = 0.5 which indicated the formation
of 1:1 CT complex between MEB and reagent (DNP or PA).
Because of the steric hindrance to nitrogen attached to
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Fig. 2. Absorption spectra of charge-transfer complexes: a. 2 ml of 60 pg mlI"' MEB+1 ml of 0.05% DNP+2
ml of dichloromethane; b. 2 ml of 80 pg ml"' MEB + 1 ml of 0.1% PA+ 2 ml of dichloromethane c.1
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Scheme 1. The probable reaction pathways of formation of MEB: DNP and MEB: PA CT complexes

tertiary carbon, only the nitrogen attached to primary carbon
is believed to be involved in CT complex formation as
shown in Scheme 1.

The conditional stability constants (logKy) values of
MEB-DNP and MEB-PA complexes were calculated using
the formula:
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Al A
K» — m
T i-4r4,1C, )

where A and Am are the observed maximum absorbance
and the absorbance value when all the drug present is
associated, respectively. Cy; is the mole concentration of
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Fig. 4. Job’s plots to establish composition of CT complexes DNP Method: 4.48 x 10 M each of MEB & DNP
PA Method: 2.16 x 10*M each of MEB & PA.

drug at the maximum absorbance and n is the stoichiometry
with which dye ion associates with drug. The logK; values
were found to be 7.42 and 6.92 for DNP method and PA
method, respectively.

Method Validation
The proposed methods were validated for linearity,
sensitivity, —selectivity, accuracy, precision, robustness,

ruggedness and recovery according to the current /ICH
guidelines [53].
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Linearity and Sensitivity
Under the optimized experimental the

standard calibration curves were constructed by plotting

conditions,

absorbance vs. MEB concentration. The linear regression
equations were obtained by the method of least squares.
Beer's law range, molar absorptivity, Sandell’s sensitivity,
correlation coefficient, standard deviation of intercept (S),
standard deviation of slope (S,,), limits of detection (LOD)
and quantification (LOQ) for both methods are summarized
in Table 1.
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Table 1. Sensitivity and Regression Parameters

Parameter DNP Method PA Method
Amax (NM) 405 410
Color stability (h) 15 15
Linear range (ug ml™") 2.4-48 3.2-64
Molar absorptivity (¢) (M cm™) 324 x 10° 230 x 10°
Sandell sensitivity (ug cm™)* 0.0511 0.0720
Limit of detection (LOD) (ug ml™") 0.13 0.19
Limit of quantification (LOQ) (ug mI™) 040 0.59
Regression equation, (Y°=b + mx)

Intercept (b) 0.0137 0.0096
Slope (m) 0.0202 0.0142
Standard deviation of m (S,,) 2.13 x 107 1.61 x 107
Standard deviation of b (Sy) 72x10* 15x10*
Regression coefficient (1) 0.9994 0.9993

*Limit of determination as the weight in ug per ml of solution, which corresponds to an absorbance

of A =0.001 measured in a cuvette of cross-sectional area 1 cm? and 1=1 cm. °Y = b + mx, where

Y the absorbance, X concentration in pg ml™, b intercept, m slope.

Table 2. Results of Intra-day and Inter-day Accuracy and Precision Study

MEB taken Intra-day accuracy and precision Inter-day accuracy and precision
(ng ml™) (n=7) (n=35)
Method
MEB found RE RSD MEB found RE RSD
(ng ml") (%) (%) (ng ml") (%) (%)
16.0 16.09 0.56 2.03 16.11 0.69 1.33
DNP method
24.0 23.72 1.17 0.96 23.67 1.34 1.06
32.0 3225 0.78 0.98 3231 0.97 0.82
24.0 24 .20 0.83 0.59 24.26 1.08 0.91
PA method
36.0 35.87 0.36 1.18 36.17 047 0.72
48.0 48.65 1.35 1.53 48.36 0.75 2.19

RE-relative error, RSD-relative standard deviation
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Table 3. Results of Method Robustness and Ruggedness Study, Expressed as %RSD

Method MEB taken Robustness Ruggedness
(ug ml™) Reagent volume® Inter-analysts Inter-instruments
(n=3) (n=3)
16 1.12 0.89 1.02
DNP method
24 1.22 0.62 1.07
32 1.94 0.90 1.13
24 0.55 1.22 1.08
PA method
36 0.39 1.46 1.22
48 1.66 1.32 0.64

*The volumes of DNP (DNP method) and PA (PA method) used were: 1.0 and 1 & 0.2 ml.

Table 4. Results of Analysis of Tablets by the Proposed Methods and Statistical Comparison
of the Results with the Official Method

Tablet analyzed Label claim, Found (Percent of label claim + SD)"

mg/tablet’
Official method DNP method PA method

9945+156 1003 +1.12
Glyciphage 500 98.67+0.76 t=0.42 t=2.68
F=421 F=2.17

1004 +1.77 99.87+1.76
Cetapin XR 500 1013+1.13 t=0.96 t=1.53
F=245 F=243

“Amount in mg per tablet; "'mean value of 5 determinations. Tabulated t-value at the 95%

confidence level and for four degrees of freedom is 2.77 and tabulated F-value at the 95%
confidence level and for four degrees of freedom is 6.39.

Accuracy and Precision presented in Table 2 reveal fair accuracy and precision of
In order to determine the accuracy and precision of the the methods.

proposed methods, pure drug (MEB) solutions at three

different concentration levels (within the working range) Robustness and Ruggedness

were prepared and analysed during the same day (intra-day) Robustness of an analytical procedure is a measure of its

and on five consecutive days (inter-day). The results capacity to remain unaffected by small, but deliberate
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Table 5. Results of Accuracy Assessment by Recovery Test

DNP method PA method
MEB in Pure Total Pure MEB MEB in Pure Total Pure MEB
Tablet
tablet MEB found recovered tablet MEB found recovered
analyzed
(ug ml™) added (ugml")  (Percent+SD)*  (ugml')  added  (ugml")  (Percent+ SD)"
(ngml™) (ngml™)
1591 8.00 2432 101.7+1.23 24 .07 12 34.84 96.58 +1.76
Glyciphage 1591 16.00 31.46 98.59 £ 1.66 24 .07 24 48.36 1006+1.12
1591 24.00 40.11 100.5+1.08 24.07 36 62.17 103.5+1.88
16.06 8.00 2444 101.6 +1.34 23.97 12 36.72 102.1+1.14
Cetapin
16.06 16.00 31.68 98.80 +£0.89 23.97 24 46.90 97.78 £1.03
XR
16.06 24.00 39.12 97.66 £1.00 23.97 36 59.17 98.66 +0.57
#Mean value of three measurements.
Table 6. Results of Determination of MEB in Spiked Human Urine
Method Spiked concentration Found® + SD %Recovery = RSD
(ug ml'")
DNP method 24.0 2341+0.74 97.54 +1.56
PA method 36.0 3694 +091 102.6+1.44

*Mean value of five determinations; RSD is relative standard deviation.

variations in experimental parameters and provides an
indication of its reliability during normal usage [54]. To
evaluate the method robustness, reagent volume was altered
slightly and its effect was found to be negligible.

Method ruggedness [54] was determined by having the
analysis done by three analysts and also by a single analyst
performing analysis on three different instruments. The
results presented in Table 3 showed no statistical differences
between obtained by different
instruments suggesting that the proposed methods are
rugged.

results analysts and

Selectivity
The recommended procedures were applied to the
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analysis of placebo blank and the resulting absorbance
readings in both methods were same as that of the reagent
blank, confirming non-interference from the placebo. The
analysis of synthetic mixture solution prepared as described
earlier, yielded percent recoveries of 98.61 £ 1.66 (n = 5)
and 100.7 £ 0.57 (n = 5) for DNP method and PA method,
respectively. The results of this study showed that the
inactive ingredients did not interfere in the assay indicating
the high selectivity of the proposed methods and its utility
for routine determination of tablets form.

Application to Tablets
The proposed methods were successfully applied to the
determination of MEB in two brands of tablets and the
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results are compiled in Table 4. The results obtained were
statistically compared with those obtained by the official
method [3], which uses a procedure of potentiometric
titration of MFH with perchloric acid in formic acid-
acetonitrile medium. As can be seen from the results
presented in Table 4, the calculated # and F-values at 95%
confidence level did not exceed the tabulated values for four
degrees of freedom. This indicates that there are no
significant differences between the proposed methods and
the reference method with respect to accuracy and precision.

Accuracy by Recovery Study

The accuracy and selectivity of the proposed methods
were further ascertained by performing a recovery study.
Pre-analysed tablet powder was spiked with pure MFH at
three concentration levels and the total was determined by
the proposed methods. The results presented in Table 5
clearly indicate that the excipients present in the tablets did
not interfere in the assay.

Application to Spiked Urine

The proposed methods were also applied to the
determination of MFH in spiked human urine sample and
the results are presented in Table 6.

CONCLUSIONS

This is the first report on the application of 2,4-
dinitrophenol and picric acid as chromogenic agents for the
sensitive and selective determination of metformin
hydrochloride and its dosage form by spectrophotometry. It
is noteworthy that the methods donot involve any drastic
experimental conditions unlike the reported methods. These
are the simplest spectrophotometric methods ever reported
metformin since these methods

for involve mixing

metformin base and reagent solutions followed by
absorbance measurement. This ease of performance is truly
reflected in high accuracy and precision of the results for

tablets, as well as for spiked human urine.
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