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Microgravimetric method for the determination of

metformin in pharmaceutical preparations and in the bulk

drug
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Abstract: This article reports a microgravimetric method for the quantitative determination of metformin in bulk
and in pharmaceutical preparations. The analysis is simple and relatively rapid. A complete analysis can be
performed in only an hour and thirty minutes due to the drying procedure of the precipitate. However a sample
can be treated every each five minutes. The method is based on the reaction of nickel (I1) with metformin that in
basic medium forms an orange precipitate. The reaction is performed in a plastic syringe. The filtration was done
in a glass tube containing a sintered glass disk or in Millipore® syringe filters, with posterior weighing after
drying. The analytical results were statistically compared with that obtained with a HPLC and with the titrimetric
method suggested by the United States and by the Japanese pharmacopoeias.
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INTRODUCTION

Diabetes mellitus (DM) is a heterogeneous
syndrome characterized by endocrine-metabolic
abnormalities that modify the metabolic homeostasis
in humans [1]. This pathology has been in continuous
increasing and among the chronicle non transmissible
diseases it is one of the more relevant [2].

Metformin  (1,1-dimethylbiguanidine) is an
hypoglycemiant agent employed in type 2 diabetes
mellitus (DM2)[3]. It is wusually found in the
hydrochloride in 500 mg and 850 mg tablets.

Metformin chloridrate is a white crystalline solid.
Its molecular formula is C4H1;Ns-HCI (Fig. 1) and the
molecular mass 165.63 Da. Is freely soluble in water
but insoluble in acetone, ether and chloroform [4,5].
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Some analytical procedures are reported in the
literature for the determination of metformin[6,7].

An official analytical method of metformin
chloridrate indicated in various pharmacopoeias is the
potentiometric titration in non aqueous solution[8-11].
Conductimetric titrations are proposed by Abou-Dan
et al.[12] Catalayud et al. [13]. and Sartori et al. [14].

Spectrophotometric methods for the
determination in bulk drug and in pharmaceutical
preparations have been also reported. In the ultraviolet
region methods some are proposed: British
Pharmacopoeia [10], Annapurna et al. [15], Ashour
and Kabbani[16]. In the visible region a method was
related by Hassan et al. [17].

This last method was based of the colored
complex formed between metformin (MF) and copper
(11) with posterior dissolution in an organic solvent.

Several liquid chromatographic methods can
been found in the literature [8-10,18-23].
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Chromatographic HPLC procedures present good
selectivity due to the separation in columns but
present an environmental disadvantage that is the
relatively high volume of organic solvents used.
Despite this fact, it can be satisfactorily used for the
simultaneous analysis of metformin and other drugs
present in the same preparations [18, 23-33].

Recently Tubino et al. related an analytical
quantitative method for the determination of
metformin in pharmaceutical preparations and in the
bulk drug using diffuse ultraviolet-visible reflectance
[34].

Despite the reporting of a number of methods for
the analysis of metformin, a deficiency is observed
with respect to absolute methods, i.e., that do not
require calibration curves. Only three volumetric [12-
14] are reported and no one for gravimetric was
found.

Despite their absolute analytical characteristic
classical gravimetric methods are usually very slow.
However, the developing of the weighing techniques
that resulted in better and faster to use balances,
relatively fast gravimetric procedures can be
developed [35].

The aim of the present work was to develop a
reliable, simple and relatively fast method for the
determination of metformin in bulk drugs and in
pharmaceutical preparations.

EXPERIMENTAL DETAILS

Apparatus

HPLC: Shimadzu Prominence diode array SPP-
M20; Micro-Bondapac column C18, length 300 mm,
I.D. 3.0 mm, particle size 10 um. Injection volume 20
pl.

pHmeter: Analyser, model pH 300, with a glass
combined Ag/AgCI electrode; internal solution KCI
3.0mol L™

Reagents

All the employed reagents were of analytical
grade, excepting the metformin hydrochloride that
was a pharmaceutical grade 98.5%, certified product.
The pharmaceutical preparations were purchased in
drugstores of the region.
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Solutions

Standard solution of metformin hydrochloride:
prepared in calibrated 50 mL volumetric flask; about
7.5 grams (weighed to 0.1 mg) of the drug (98.5 %
certified metformin hydrochloride) was dissolved in
Milli Q Pure class water.

Nickel chloride 1 mol L™ solution: 11.9 g of
NiCl,-6H,0 were dissolved with Milli Q Pure grade
water in a 50 mL volumetric flask.

NaOH 2 mol L'solution: 4.0 g of NaOH were
dissolved in Milli Q Pure grade water in a 50 mL
volumetric flask.

HCIO, 0.1 mol L™ in glacial acetic acid [11]: 8.5
mL of perchloric acid were dissolved in 500 mL of
glacial acetic acid; 21 mL of acetic anhydride were
added; the volume was completed to 1000 mL with
glacial acetic acid. The solution was standardized with
potassium biphthalate.

Standard (NH4)H,PO, pH 5.00 buffer solution:
5.0 g of the salt were dissolved in 500 mL of pure
water. The pH was adjusted with NaOH 0.2 mol L™,
prepared by dilution from that of 2.0 mol L™, to pH =
5.00 £+ 0.05.

Mobile phase, HPLC: 500 mL of methanol and
500 mL of the (NH4)H,PO, buffer [28].

Standard solutions for the calibration curve,
HPLC: 507.6 mg of the drug (containing 500.0 mg of
metformin hydrochloride) was exactly weighed and
transferred to a 100.0 mL volumetric flask and
dissolved with 50.0 mL of methanol. The volume was
completed with the pH 5.00 buffer solution. From this
5000 ppm solution 8.00 mL were taken and
transferred to a 200.0 mL volumetric balloon. The
volume was completed with the mobile phase above
described. From this 200.0 ppm stock solution 120.0,
130.0, 140.0, 150.0, 160.0, and 170.0 ppm
concentrations were obtained through adequate
dilutions.

Samples treatment
Proposed method

20 tablets were accurately weighed in an
analytical balance to 0.1 mg. From the total mass the
mean weight of a tablet was calculated. An aliquot of
about 1.0 g (about 800 mg of metformin
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hydrochloride) with accuracy of 0.1 mg was weighed
into an essay tube. 2.0 mL of water were added
following stirring to dissolve the drug and
centrifugation during 5 minutes at 4500 rpm to
separate no soluble excipients. The supernatant was
carefully transferred to a 10.0 mL volumetric flask.
2.0 mL more were added to the residue into the tube
and the process was repeated. Three extraction were
performed and always the supernatant was introduced
into the 10.0 mL balloon. The volume was completed
to the mark with water.

HPLC method [28]

20 tablets were accurately weighed in an
analytical balance to 0.1 mg and carefully crushed in a
mortar.

An aliquot of the pharmaceutical preparation,
containing c.a. 500.0 mg of metformin hydrochloride
was exactly weighed and transferred to a 100.0 mL
volumetric flask and dissolved with 50.0 mL of
methanol. The volume was completed with the pH
5.00 buffer solution.

From this 5000 ppm solution 2.00 mL were taken
and transferred to a 50.0 mL volumetric balloon. The
volume was completed with the mobile phase above
described. From this 200 ppm solution a 140 ppm
solution was prepared by dilution, i.e., 3.50 mL were
diluted to 5.00 mL with water.

2.4.3. Sample treatment [8]

20 tablets were carefully weighed to 0.1 mg and
crushed in a mortar. An aliquot containing about 60 of
metformin was weighed to 0.1 mg, transferred to a
150 mL beaker and solubilized with 50 mL of acetic
anhydride and 4 mL of formic acid. Titration was
point-to-point performed with a standard solution of
perchloric acid 0.1 mol L™

Methods
Proposed microgravimetric method

The proposed method was based on the reaction
of metformin with nickel(ll) in aqueous medium
forming an insoluble complex [12]. The reaction was
performed inside a plastic 10 mL syringe. The 2.00
mL aliquot of the sample was first measured with a
pipette, placed in a 5 mL beaker and then carefully
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sucked with the syringe as can be saw in Figure 2. In
sequence the other solutions are successively placed
in this same beaker and sucked into the same syringe.
The solutions were always introduced in the following
order. 2.00 mL sample; 1.5 mL nickel(l1) 1.0 mol L™
3.0 mL NHj; concentrated (17 mol L™); 2.0 mL NaOH
2.0 mol L™. The precipitate is quantitatively formed in
about 3 minutes (Fig. 3).

Figure 2

1 2 3 4 5

The precipitate was separated using a tube with a
sintered G3 glass filter [35] (Fig. 4A) or a syringe
filter (Millipore, Millex HV, 0.45 um pore, 33 mm
diameter) (figure 4B) previously weighed.

In the case of the glass tube vacuum pump was
used to filtrate the solid but a centrifuge can be used
[35].

The solid in the filter was carefully washed with
about 2.5 mL of concentrated NH; following drying in
an oven at 120 °C for one hour. From the obtained
weight of metformin as precipitate its quantity in the
pharmaceutical preparation was calculated.
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Figure 3
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Figure 4

Potentiometric method [8,9]

The method recommended by the American and
Japanese pharmacopoeias was used [8,9], using
perchloric acid solution as titrant.

HPLC method [28]

This procedure is similar to that recommended by
USP [8], British [10] and Japanese [9]
pharmacopoeias. Buffer (NH4)H,PO, pH=5.00 and
methanol 50:50 v/v as mobile phase was used at 1 mL
min™®. The column (300 x 3.0 mm) was a Micro-
Bondapack C18 Waters, 10 um diameter particle size;
temperature 40 °C, Ayax 225 nm and injection volume
20 pL.

Statistical treatment

For statistical comparison of the data obtained
with the proposed method versus the reference
methods the t test of Student and the Snedecor F test
were used [36].

RESULTS AND DISCUSSION

The orange color precipitate of nickel-metformin
complex is easily formed but the solution must be
strictly mixed in the indicated order: metformin,
nickel, ammonium hydroxide, sodium hydroxide.
Mainly in the case of sodium hydroxide solution that
is added in order to increase the pH, if it is mixed
before the ammonium hydroxide, nickel hydroxide
precipitates and the formation of the desired complex
does not occur.

It is important to pay attention to the molar
excess of nickel, with respect to metformin (MF), in
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order to guarantee the quantitative formation of the
complex.

The solution of metformin presents no color,
unless an organic colorant is present. The addition of
the green solution of Ni(ll) turns all solution in this
color. The addition of the ammonium hydroxide
causes change to a blue color as the result of the
Ni(NH;)s** hexamine complex. With the posterior
sodium hydroxide solution an orange species is
formed in solution, precipitating soon after as
Ni(MF),. The sodium hydroxide solution must be
slowly and in three portions so the precipitate will be
gradually formed.

As the ammonia complexes with Ni(ll), forming
the hexamine complex a soluble species, the
precipitation of nickel as hydroxide when sodium
hydroxide is added is avoided and he excess of this
cation can be easily removed by washing the
precipitate with the concentrated ammonium
hydroxide.

The remainder ammonia in the precipitate can be
easily eliminated by heating in an oven at 120 °C.

The reaction of formation of the Ni(MF),
complex, which precipitates as an orange color solid,
can be summarized by the following equation which
clearly shows the necessity of a base to shift reaction
to the right:

2 C4H11N5 + Ni2+ — Ni(C4H10N5)2(S) + 2 H+

A glass tube containing a G3 porosity sintered
glass disc® was used to filter the precipitate or
alternatively a Millipore syringe filter (Millipore,
Millex HV, 0.45 um pore, 33 mm diameter). The
same samples were analized using the titrimetric
potenciometric ~ procedure  recommended by
pharmacopeias [8,9] and by a HPLC method [28].
This last procedure was preferred as it uses external
standard. All the essays were done in triplicate.

Table 1. Comparison of the determination of metformin hydrochloride in pharmaceutical

preparations using the proposed method, HPLC[28] and that of potentiometric titration

according pharmacopoeias[8,9]. Values are in milligrams per tablet + SD.

Sample Label Grav.' Grav.f HPLC Official
2 850 841.3+1.7 841.7£7.5 870.1+15.1 852.245.5
RSD (%) 0.2 0.9 17 0.6
i 500 490.2+2.4 492.9+9.0 511.54+2.9 499.944.5
RSD (%) 0.5 1.8 0.6 0.9

® The tablet also contains microcrystalline cellulose, crospovidone, colloidal silicon dioxide,
magnesium stearate, polyvinylpyrrolidone, croscarmelose sodium, sodium starch glycolate.

® The tablet also contains microcrystalline cellulose, crospovidone, colloidal silicon dioxide,
magnesium stearate, povidone, hypromellose, polyethylene glycol.

Grav."' = proposed gravimetric; filtration using glass tubes with sintered disc (n=3).

Grav.' = proposed gravimetric; filtration using syringe filters (n=3).

HPLC = High pressure liquid chromatography (n=3).

Official = Potentiomettric titration (n=3).
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The results shown in table 1 were statistically
analyzed using the paired Student’s t test and the

Snedecor F test [36] (Table 2).

Table 2. Comparison of the analytical results using the Student’s
paired t test and the Snedecor F test [36].

Methods compared U calc F calc
| 1 | |
Grav'vs. Grav' 0.1 0.4 19.5 14.1
Grav' vs. Official (Pot.) 2.7 2.7 10.5 35
Grav' vs. Official (Pot.) 1.6 1.0 1.9 4.0
Grav'vs. HPLC 2.7 8.0 78.9 15
Grav'vs. HPLC 2.4 2.8 4.1 9.6
HPLC vs. Official (Pot.) 1.6 3.1 7.5 2.4

v = (ha + ng — 2) = 4; at the 95 % confidence level. t,=2.8 and F,,=19.0; at the 99% confidence level t;,=

4.604 and F;,=99.0

Grav.' = proposed gravimetric; filtration using glass tubes with sintered disc.
Grav.” = proposed gravimetric; filtration using syringe filters.

HPLC = High pressure liquid chromatography.
Official method: potentiometric titration.

It can be observed that the calculated t and F
values are smaller than those tabulated, when the
proposed gravimetric procedures are compared with
the potenciometric official method, indicating
equivalent results and precision. In the HPLC cases
two small differences are observed in t values and one
in F values when comparison is done with the
gravimetric method where a glass tube with sintered
disc is used and with the official titrimetric procedure.
However, if the 99% confidence level is considered all
results become is agreement.

CONCLUSION

The proposed method presents some interesting
characteristics. It easy and relatively fast to be
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metformin in the bulk drug and in pharmaceutical
preparations.

ACKNOWLEDGMENTS
The authors are grateful to CNPg, FAPESP and

CAPES for financial support and to Prof. Dr. Carol H.
Collins for English revision of the manuscript.

[1] M.C. Foss, Diabetes mellitus: conceito, diagndstico e classificacdo, Rev. Med. Ribeirdo Preto 22 (1989), 54-61.

Eclética Quimica, vol. 40, 62-70, 2015.

67



[2] M.T.C.G Torquato, R.M. Montenegro Junior, L.A.L Viana, R.A.H.G. Souza, M.M. Lanna, J.C.B Luca, C.
Bidurin, M.C. Foss, Prevalence of diabetes mellitus and impaired glucose tolerance in the urban population aged
30-69 years in Ribeirdo Preto (S&o Paulo), Brazil, S&o Paulo Med. J.121(2006) 224-230.

[3] M.O. Goodarzi, M. Bryer-Ash, Metformin revisited: re-evaluation of its properties and role in the
pharmacopoeia of modern antidiabetic agents. Diabetes Obes. Metabolism, 7(2005) 654-665.

[4] E. Reynolds (Eds), Martindale: the extra pharmacopoeia, twenty-ninth ed., The Pharmaceutical Press, London,
1989

[5] A. Kleemann, J. Engel, B. Kutscher, D. Reichert, Pharmaceutical Substances: Syntesis, Pattens, Applications,
V. 1 (A-M), fourthed., Thieme, Stuttgart, 2001

[6] M. B. Gomes, S. Cailleaux, E. Tibirica, Efeitos da metformina na disfuncao endotelial da circulacéo renal
induzida pela hiperglicemia em coelhos nao diabéticos, Arg. Bras. Endocrinol. Metab. 49 (2005) 938-943.

[7] C. L. Li, C.Y.Pan,J.M. Lu, Y. Zhu, J.H.Wang, X.X. Deng, F.C. Xia, H.Z. Wang, H.Y. Wang, Effect of
metformin on patients with impaired glucose tolerance, Diabet. Med. 16 (1999) 477-481.

[8] USP, The United States Pharmacopoeia. The National Formulary, thirty ed., NF 25 Unites States
Pharmacopeial Convention, Rockville, 2007, pp 2595-2596.

[9] Japanese Pharmacopoeia, fifteenth ed., Ministry of Healt, Labourand Welfare, 2006, pp 867.

[10] British Pharmacopoeia, HM Stationery Office: London, 1998, p1802.

[11] Brazilian Pharmacopoeia, Farmacopéia Brasileira, Organizacdo Andrei Editora S.A., Sdo Paulo, 1997, pp
1153.

[12] M. Abou-Dan, S. Ashour, H. Abou-Dan, Conductometric titration of metformin in pure form and in
pharmaceutical preparations using sodiun tetraphenylborate and cetylpyridinium bromide, Asian J. Chem. 13
(2001) 1-7.

[13] J.M. Calatayud, P.C. Falcd, M.C.P. Marti, Conductimetric titration of biguanides, copper-biguanide complex,
Anal. Lett. 18 (1985) 1381-1390.

[14] E. R. Sartori, W. T. Suarez, O. Fatibello-Filho, Determinagdo condutométrica de cloridrato de metformina em
formulagdes farmacéuticas empregando nitrato de prata como titulante, Quim. Nova 32 (2009) 1947-1950.

[15] M.M. Annapurna, K.E.V. Nagoji, S.S. Rao, S.S. Patro, Spectrometric estimation of metformin hydrochloride
in pharmaceutical dosage forms, Asian J. Chem. 14 (2002) 1775-1776.

[16] S. Ashour, R. Kabbani, Direct spectrophotometric determination of metformin hydrochloride in pure form and
in drug formulations, Anal. Lett. 36 (2003) 361-370.

[17] S.S.M. Hassan, W.H. Mahmoud, M.A.F. ElImosallamy, A.H.M. Othman, Determination of metformin in
pharmaceutical preparations using potentiometry, spectrofluorimetry and UV - visible spectrophometry, Anal.
Chem. Acta 378 (1999) 299-311.

[18] M. Ohta, M. lwasaki, M. Kai, Y. Ohkura, Determination of a biguanide metformin by high-performance
liquid chromatography with precolumn fluorescence derivatization, Anal. Sci. 9 (1993) 217-220.

Eclética Quimica, vol. 40, 62-70, 2015. 68



[19] N.C. Merbel, G. Wilkens, S. Fowles, B. Oosterhuis, J.H.G. Jonkman, LC phases improve, but not all assays
do: metformin bioanalysis revisited, Chromatographia, 47(1998) 542-546.

[20] M.S. Arayne, N. Sulbana, M.H. Zuberi, Development and validation of RP-HPLC method for the analysis of
metformin, Pak. J. Pharm. Sci. 19 (2006) 231-234.

[21] J.J. Jiang, F. Feng, M. Ma, Z.X. Zhang, Study on a new precolumn derivatization method in the determination
of metformin hydrochloride, J. Chromatogr. Sci. 44 (2006) 193-199.

[22] F.Tache, M. Albu, Specificity of an analytical HPLC assay method of metformin hydrochloride, Rev. Roum.
Chim. 52(2007) 603-6009.

[23] S. Tanabe, T. Kobayashi, K. Kawanabe, Determination of oral hypoglycemic biguanides by high performance
liquid chromatography with fluorescence detection, Anal. Sci. 3(1987) 69-73.

[24] M.Vasudevan, J. Ravi, S. Ravisankar, B. Surreh, lon-par liquid chromatography technique for the estimation
of metformin in its multicomponent dosage forms, J. Pharmac. Biochem. Anal. 25 (2001) 77-84.

[25] N.R. Lad, S.I. Bhoir, I.C. Bhoir, M. Sundaresan, Concurrent assay of metformin and glimepiride in tablets
using RP-HPLC with wave length programming, Indian J. Pharma. Sci. 65 (2003) 650-653.

[26] B. L. Kolte, B.B. Raut, A.A. Deo, M.A. Bagool, M. A., D.B. Shinde, Simultaneous determination of
metformin in its multicomponent dosage forms with glizipide and gliclazide using micellar liquid chromatography,
J. Liquid Chromatogr. Related Techonol. 26 (2003) 1117-1133.

[27] B.L. Kolte, B.B. Raut, A.A. Deo, M.A. Bagool, D.B. Shinde, Simultaneous determination of metformin in
combination with rosiglitazone by reversed-phase liquid chromatography, J. Chromatogr. Sci. 42(2004) 70-73.
[28] A. Dubey, I.C. Shukla, Simultaneous determination of glipizide and metformin hydrochloride in
pharmaceutical preparation by HPLC, J. Indian Chem. Soc. 81(2004), 84-86.

[29] B.L. Kolte, B.B. Raut, A.A. Deo, M.A. Bagool, D.B. Shinde, Simultaneous determination of metformin and
glimepride in pharmaceutical dosage form by reverse-phase liquid chromatography, J. Separation Sci. 28 (2005)
2076-2079.

[30] M.B. Shankar, V.D. Modi, D.A. Shaah, K.K. Bhatt, R.S. Mehta, M. Geetha, B.J. Patel, Estimation of
pioglitazone hydrocloride and metformin hydrocloride in tablets by derivative spectrophometry and liquid
chromatographic methods, J.J AOAC Int. 88 (2005) 1167-1172.

[31] B. M. Rahman, M.M. Rahman, M.Ahmed, M.R. Islam, Wahed, M.L.I., R.K. Barman, M.A.R. Khan, M.B.
Hossain, M.S. Amran, Simultaneous high-performance liquid chromatographic determination of metformin
hydrochloride and rosiglitazone maleate in pharmaceutical-dosage form, Res. J. Med. Med. Sci. 2 (2007) 115-121.
[32] D. Jain, S. Jain, M. Amin, Simultaneous estimation of metformin hydrochloride, pioglitazone hydrochloride,
and glimepiride by RP-HPLC in tablet formulation, J. Chromatogr. Sci. 46(2008) 501-506.

[33] P.K. Sahoo, R. Sharma, S.C. Chaturvedi, Simultaneous estimation of metformin hydrochloride and
pioglitazone hydrochloride by RPHPLC method from combined tablet dosage form, Indian. J. Pharm. Sci. 70
(2008) 383-386.

Eclética Quimica, vol. 40, 62-70, 2015.

69



[34] M. Tubino, L.F. Bianchessi, M.M.D.C. Vila, Quantitative spot-test analysis of metformin in pharmaceutical
preparations, Anal. Sci. 26 (2010) 121-124.

[35] M. Tubino, R.L. Souza, Gravimetric method for the determination of diclofenac in pharmaceutical
preparations. J. AOAC Int. 88 (2005) 1684-1687.

[36] K. Eckschlager, Errors, Measurement and Results in Chemical Analysis, Van Nostrand Reinhold Company,
London, 1972, pp. 109-120.

Eclética Quimica, vol. 40, 62-70, 2015.

70



