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ABSTRACT

A new spectrophotometric method for determinatidnMetformin depending on the reaction between the
Metformin and 9,phenyl 2,3,7, hydroxyl 6- fluorineagent . Simultaneous determination of Metformirconcentration
interval of (10-5Qg.ml) by measuring the amplitude of peak-to-base lneeo cross at certain wavelengths and the area
under peak at selected spectrum intervals. Theadstehowed reasonable precision and accuracy amdbesen applied

to determine Metformin in four different pharmadealt preparations.
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INTRODUCTION

Metformin is an oral antidiabetic drug in the bigide class. It is the first-line drug of choice fitve treatment
of type 2 diabetes, in particular, in overweighd abese people and those with normal kidney funétidts use
in gestational diabetes has been limited by safetcerns. It is also used in the treatment of palic ovary syndrome,
and has been investigated for other diseases wisrén resistance may be an important factor. bretin works by

suppressing glucose production by the I},

Metformin was first described in the scientifieliature in 1922, by Emil Werner and James Belg psoduct in
the synthesis ofN,N-dimethylguanidifeln 1929, Slotta and Tschesche discovered its dogaring action in rabbits,
noting it was the most potent of the biguanide agslthey studie This result was completely forgotten, as

other guanidineanalogs, such as the synthalink,dawer, and were themselves soon overshadowedsbjin’

Interest in metformin, however, picked up at thd ehthe 1940s. In 1950, metformin, unlike someeotsimilar
compounds, was found not to decrease blood pressuréeart rate in animalsThat same year, a prominent Philippine
physician, EusebioY.Garcld,used metformin (he named it Fluamine) to tredu@riza; he noted the drug "lowered the
blood sugar to minimum physiological Ilimit" and wasot toxic. Garcia also believemetformin to
havebacteriostatic, antiviral, antimalarial, anttic, and analgesic actioflsin a series of articles in 1954, Polish
pharmacologist JanuszSupnieWskivas unable to confirm most of these effects, idicig lowered blood sugar; he did,

however, observe some antiviral effects in huntd#s!

Limited evidence suggests metformin may preventcdreiovascular and possibly the cancer complinatiof
diabetes*** It helps reduce LDL cholesterol and triglyceridgdls and is not associated with weight gain; imeo
people, it promotes weight 1085% Metformin is one of only two oral antidiabetics tine World Health Organization
Model List of Essential Medicines (the other begfipenclamide}***
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The usual synthesis of metformin, originally ddsed in 1922 and reproduced in multiple later patent

andpublications, involves the reactionof dimethyitaghydrochlorideand 2-cyanoguanidine (dicyandiamisith heating.
[20]
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Figure 1: The Reaction of Dimethylaminehydrochlorice and
2-Cyanoguanidine(Dicyandiamide) with Heating
According to the procedure described in the 197®nApatent?” and the Pharmaceutical Manufacturing
Encyclopedid®? equimolar amounts of dimethylamine and 2-cyanoigiia@ are dissolved in toluene with cooling to
make a concentrated solution, and an equimolar atafthydrogen chloride is slowly added. The migtinegins to boil

on its own, and after cooling, metformin hydrociderprecipitates with a 96% yield.

Metformin has acid dissociation constant valuesa(p&f 2.8 and 11.5, so exists very largely as tygrdphilic
cationic species at physiological pH values. Theéfonmin pKa values make metformin a stronger bdsa tmost other
basic drugs with less than 0.01% unionized in bldadthermore, the lipid solubility of the unionézepecies is slight as
shown by its low logP value [log(10) of the distrilon coefficient of the unionized form betweenastil and water] of -
1.43. These chemical parameters indicate low lipimthiand, consequently, rapid passive diffusidmeetformin through
cell membranes is unlikely. The logP of metfornsridss than that of phenformin (-0.84) becausemathyl substituents
on metformin impart lesser lipophilicity than trerder phenylethyl side chain in phenformin. Mopophilic derivatives
of metformin are presently being investigated witie aim of producing prodrugs with better oral ap#son than

metformin itself?®!

=
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500mg Tablets

Figure 2: Generic Metformin 500-Mg Tablets, as Soldn the United Kingdom

Metformin is sold under several trade names, inolydGlucophage XR, Carbophage SR, Riomet, Fortamet,

Glumetza, Obimet, Gluformin, Dianben, Diabex, Diafin, Siofor, and Metfogamma.

Liquid metformin is sold under the name Riometndih. Each 5 ml of Riomet is equivalent to the 50§+ablet

form of metformin?*!
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Metformin IR (immediate release) is available ir05850, and 1000-mg tablets. All of these are neailable as

generic drugs in the U.S.

Metformin SR (slow release) or XR (extended relpagss introduced in 2004. It is available in 50807and
1000-mg strengths, mainly to counteract the mostraon gastrointestinal side effects, as well asitoeiase compliance

by reducingpill burden. No difference in effectiemss exists between the two preparations.

The purpose of this work is to determine Metforrasing reaction with 9,phenyl 2,3,7, hydroxyl 6-ditine
reagent spectrophotometry and to demonstrate hleaetmethods can be very useful tools for detengiMetformin in

mixture, without tedious and time consuming sepangbrocedures.

Experimental

Apparatus

A Shimadzu UV1601 double beam UV-VIS spectrophotemeas loaded with Shimadzu UVProb Version 1.10

software to record the spectra and perform subseaqadculations of their derivatives.

The spectrophometric measurements were made atlemgtle range 200-350 nm using 1 cm quartz matched

cells. The spectra were recorded with a fast spaads sampling interval=1.0 and slit width=2.0 nm.
Reagents

Metformin Standard Solution :( 10-5@.m™%): 0.01 g of Metformin (obtained from the state @amy for drug
industries and medical appliance (S.D.l.), Sameag}lis dissolved in 100 ml in a volumetric flaskiwdoubled distilled

water. Working solutions were freshly prepared blysequent dilutions.

Analysis of capsule: The content of 10 capsuleseweixed well and a certain portion of the fine peweavas
accurately weight to give an equivalent to 0.01dvieftformin, and dissolved in 1 ml 0.1 M sodium hyxide solution.
The resulted solution was diluted to 100 ml withublle distilled water in a volumetric flask. The wibn was filtered by

using Whatmann filter paper No. 40 to avoid anysuasled or un dissolved material before use.

Procedure
Individual Determination of Metformin

In 10 ml calibrated flask, transfer aliquots of Kéemin solutions expected to contain (104&§) and dilute to the
mark with doubled distilled water. The absorptiggestra were recorded and show absorption maxin@létnm for

Metformin.

Determinations were made by measuring the drugé e reagent first of their spectra at certainegiv

wavelengths. The concentration of Metformin coutddetermined respectively.
Simultaneous Determination of Metformin:

The content of different amounts (10 — p@) of Metformin, were diluted with doubled distillevater. The
absorption spectra were recorded against blank#pee by the same manner as test solution but utitidetformin) .the

concentration of Metformin could be determined.
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RESULTS AND DISCUSSIONS

Absorption spectra

The absorption spectra of Metformin and for theixtore were recorded. Figure 3 shows the absorg@ttrum
of Metformin solution (2Qug. mi?) with two maxima at wavelength 260 nm, curve shbe absorption spectrum of with
maximum wavelength of absorption at 280nm. Thel tgpactrum of mixture of (20Qg of each per 10 ml) is shown in

curve ¢ withimax (280 nm) between the absorption maxima ofwleedomponents.

Absorbance

200 300 400 500 600 700 800
Wavelenght nm

Figure 3: Absorpstion Spectra of (A) 2aMg.MI™* of Metformin, (B) 20 Mg.MI™ of 9
Phenyl 2, 3, 7, Hydroxyl 6- Fluorine Reagent, (C) @mplex

In the present work, graphically (peak-to-base)linechnique in addition to peak area were usedet with

complex spectra to carry out the measurementsadnthat all these techniques show good propotiigrta Metformin

concentrations in their mixtures.

Calibration Graph and Statistical Analysis

The analytical characteristics and most statistazth for the proposed method are given in Tabl&rder
optimum conditions, linear calibration graphs webgained in the range of (10 — 5§.mI") with correlation coefficient
values ranging between (0.9995 — 0.9842) and detedimits values in the range of (4.2-0@Iml?) for different

techniques of measurements.

Accuracy and Precision
Under the optimum conditions, the accuracy andigiat of the proposed method were checked. Talsleoivs
the values of relative error percent and relatitendard deviation percent for two different levélooncentration of

Metformin.

Application of the Methods

The proposed method were successfully applied if@ctddetermination of Metformin in three differeditugs.
The results obtained are presented in Table 3,aaedn quite agreement with the spiked values. l@ndther hand,
Metformin has also been successfully determinetthiee different pharmaceutical preparations bypteposed method.

The results are shown in table 3
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Table 1: Statistical Analysis of the Determinatiorof Metformin

Compound | Mode of Calculation A (Nm) Regression Equation R M% I\I;I.I'l
Peak area 202-224 Y=0.1105-0.01181 X  -0.8921 6.20
Peak area 224-262 Y=-0.0135-0.00774|X  -0.9987 0.56

Metformin Peak area 224-237 Y=0.0001+0.00047 |X 0.9957 0.80
Peak area 237-259 Y=0.0055+0.00057 |X 0.9991 2.00
Peak to base line 236 Y=0.0645+0.000485 X  0.9987 21 0.
Peak to base line 244.6 Y=0.0004+(3.87e-5) X  0.9993 0.27

Table 2: Precision and Accuracy of the Methods

.| Fond* Relative .
: Taken (Mg.Ml . Relative Standard

Compound Method of Analysis 1 (Mgla).MI Eg:)r Deviation %

First order (peak-to-base line) at 10 10.213 +2.130 2.130

236nm 60 60.460 +0.766 0.299
Metformin | Second order (peak-to-base ling) 10 10.197 +1.970 0.568

at

244.6 nm 60 60.343 +0.572 0.165

* Average of four determinations.

Table 3: Results for Analysis of Metformin in FourPharmaceutical Formulation Samples

: . Found Amount Mg/Tablet

Pharmaceutical Preparation | Labeled Amount Mg/Tablet Mean Value* | RSD% | E%
250 24453 0.74| -2.18
. 500 493.66 0.42| -1.2y
Metformin S. D. I. - Iraq 550 545 90 064 164
500 494.10 0.40| -1.18
Metformin 250 242.67 0.98| -2.98
500 491.00 0.44| -1.80
m:j(ifo LABS Lt 250 242.79 059| -2.88
500 492.81 0.50| -1.44
Metformi 250 244.10 1.98| -2.16
AF?Kgg“” 500 489.61 0.93| -2.08
X 250 245.01 0.65| -1.99
Ajanta-Pharma Ltd 500 489.99 0.41] 2.0

* Average of three determinations

REFERENCES

1. http://en.wikipedia.org/wiki/Metformin - cite_ref@linical Guidelines Task Force, International Ditds
Federation (2005)."Glucose control: oral therappFR100 KB). In:Global Guideline for Type 2 Diabetes

Brussels: International Diabetes Federation, 3Rerieved November 6, 2007.

2. http://len.wikipedia.org/wiki/Metformin - cite_refl€Erecommendations_4-0 National Collaborating Gerfiar
Chronic ConditionsType 2 diabetes: national clinical guideline for magement in primary and secondary care
(update)[pdf]. London: Royal College of Physicians; 2008BN 978-1-86016-333-3. p. 86.

Impact Factor (JCC): 1.8207- This article can be downloaded fromwww.impactjournals.us




[ 28 Zena S. Hassin|

3. http://en.wikipedia.org/wiki/Metformin - cite_refiDAstandardsOfCare_5-0 American Diabetes
Association. Standards of medical care in diabe@399Diabetes Care 2009;32 Suppl 1:S13-
61. doi:10.2337/dc09-S013. PMID 19118286.

4. Werner E, Bell J. The preparation of methylguarediand ofpp-dimethylguanidine by the interaction of
dicyanodiamide, and methylammonium and dimethylamiomm chlorides respectively. ChemSoc,
Transactions1921;121:1790-5. doi:10.1039/CT9222101790.

5. http://en.wikipedia.org/wiki/Metformin - cite_refetta 108-0 See Chemical Abstracts, v.23, 4277291%. H.
Slotta, R. Tschesche. UberBiguanide. Il. Die BlaokarsenkendeWirkung der BiguanidBegrichte der
DeutschenChemischenGesellschaft B: Abhandlur@29; 62: 1398-1405.doi: 10.1002/cher.19290620605

6. " " Campbell IW. Metformin—life begins at 50: A symjur® held on the occasion of the 43rd Annual Meeting
of the European Association for the Study of DiabetAmsterdam, The Netherlands, September Z06¥.
British Journal of Diabetes & Vascular Disea2007; 7:247-252. doi:10.1177/14746514070070051001

7. http:/len.wikipedia.org/wiki/Metformin - cite_refmpid15405470_110-0 Dawes GS, Mott JC. Circulatory an
respiratory reflexes caused by aromatic guanidiBes. PharmacolChemotheMarch 1950;5(1):65—-76. PMID
15405470.

8. http://en.wikipedia.org/wiki/Metformin - cite_refill About Eusebio Y. Garcia, see: Carteciano J.igpliles
Department of Science and Technology. Search foBDXRCP Dr. Eusebio Y. Garcia Award; 2005 [Retrikve
2009-12-05].

9. http://en.wikipedia.org/wiki/Metformin - cite_refdcia_112-0 Quoted from Chemical Abstracts, v.48328
(1951) Garcia EY. Fluamine, a new synthetic anatgasd antiflu drugJ Philippine Med Assocl950;26:287—
93.

10. http://en.wikipedia.org/wiki/Metformin - cite_refrpid16766803 113-0 About JanuszSupniewski, see: @viotk
PP, Korbut R. Pharmacology at the Jagiellonian Esiity in Kracow, short review of contribution tdobal
science and cardiovascular research through 400s yef history [pdf]l.J PhysiolPharmacol April 2006
[Retrieved 2009-12-05];57 Suppl 1:119-36. PMID 163@3.

11. http://en.wikipedia.org/wiki/Metformin - cite_refpid13269290_114-0 See Chemical Abstracts, v. 52722
(1958) Supniewski J, Chrusciel T. [N-dimethyl-diagnide and its biological propertiesqcch ImmunolTherExp
(Warsz) 1954;2:1-15. Polish. PMID 13269290.

12. http://en.wikipedia.org/wiki/Metformin - cite_refapniewski2_115-0 Quoted from Chemical Abstract{9y.
74699 (1955) Supniewski J, Krupinska, J. [Effect lfjuanide derivatives on experimental cowpox in
rabbits.].Bulletin de I'Academie Polonaise des Sciences,s€l&s Mathematique, Astronomie, Physique, Chimie,
Geologie et Geographid954;2(Classe 11):161-5. French.

13. ~ 2" Joint Formulary Committee (2013). "Chapter 6: Estide system"British National Formulary (BNF)65
ed.). London, UK: Pharmaceutical Press. pp. 447-8BN 9780857110848.

Index Copernicus Value: 3.0 - Articles can be senb editor@impactjournals.us




Spectrophotometry Determination of Metformin by Using A 9 29
Phynel 2.3.7 Hydroxy -6- Fluorine as Reagent

14. ~ *° El Messaoudi, S; Rongen, GA; de Boer, RA; Rik$¢R,(December 2011). "The cardioprotective effeéts o
metformin.".Current Opinion in Lipidology2 (6): 445—
53. d0i:10.1097/MOL.0b013e32834aela7. PMID 21897229

15. http://fen.wikipedia.org/wiki/Metformin - cite_ref#8lalek, M; Aghili, R; Emami, Z; Khamseh, ME (2013Rrisk
of Cancer in Diabetes: The Effect of  Metformin.DiP). ISRN Endocrinolog2013
636927.doi:10.1155/2013/636927. PMC 3800579. PMAR22094.

16. http://en.wikipedia.org/wiki/Metformin - cite_ref-WWOessential_9-0 (March 201@&yHO Model List of Essential
MedicinesPDF (433 KB), 16th edition, World Health Organieat p. 24. Retrieved December 22, 2010.

17. http://en.wikipedia.org/wiki/Metformin - cite_refmid21617112 10-0 Lipska KJ, Bailey CJ, Inzucchi @gne
2011). "Use of metformin in the setting of mild#twederate renal insufficiencyDiabetes Care4 (6): 1431—
7.d0i:10.2337/dc10-2361. PMC 3114336. PMID 21617112

18. ~2PcdBajley CJ, Day C.Metformin: its botanical backgnd.Practical Diabetes International
2004;21(3):115-7. doi:10.1002/pdi.606.

19. 2 2 "The Use of Medicines in the United States: Revid\2010" PDF (1.79 MB). IMS Institute for Healtlrea
Informatics (April 2011). Retrieved April 28, 2011.

20. http://len.wikipedia.org/wiki/Metformin - cite_refoll Shapiro SL, Parrino VA, Freedman L. Hypoglycemic
Agents. | Chemical Properties d@f-Phenethylbiguanide. A New Hypoglycemic AgehtAm Chem Soc
1959;81(9):2220-5. d0i:10.1021/ja01518a052.

21. http://en.wikipedia.org/wiki/Metformin - cite_refoR Procédé de préparation de chlorhydrate de
diméthylbiguanidePatent FR 232286.975. French.

22. http://len.wikipedia.org/wiki/Metformin - cite_refbn0-8155-1526-X_103-Pharmaceutical Manufacturing
Encyclopedia (Sittig's Pharmaceutical Manufacturiggcyclopedia) 3rd ed. Vol. 3. Norwich, NY: William
Andrew; 2007.ISBN 0-8155-1526-X. p. 2208.

23. http://len.wikipedia.org/wiki/Metformin - cite_refob Garry G. Graham, Jeroen Punt, ManitArora, Ridhac
Day, Matthew P. Doogue, Janna K. Duong, Timothiyutlong, Jerry R. Greenfield, Louise C. Greenup| Ga
Kirkpatrick, John E. Ray, Peter Timmins and Kenndth Williams. Clinical Pharmacokinetics of
Metformin. ClinPharmacokinef011; 50 (2): 81-98

24. http://len.wikipedia.org/wiki/Metformin cite_ref-12ttp://www.rxwiki.com/Metformin.

Impact Factor (JCC): 1.8207- This article can be downloaded fromwww.impactjournals.us




APPENDICES

Figure 4: FTIR Spectra of (a) 20ug.ml™ of Metformin

Figure 5: FTIR Spectra Spectra of (B) 2aMg.MI™* of 9
Phenyl 2, 3, 7, Hydroxyl 6- Fluorine Reagent

Figure 6: FTIR Spectra of (C) Complex



