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ABSTRACT

A simple highly sensitive spectrophotometric method was developed for
the quantification of metformin hydrochloride. The method involves the
reaction of the target compound with ninhydrin reagent at specific pH 5.6 to
produce a wine red color chromogen. The derivative chromogen exhibits
absorption maxima at 567nm. At the specific pH of the reaction where no
degradation may occur with that medium the proposed method can be uti-
lized as a stability indicating assay. The different experimental parameters
affecting the derivatization reaction were carefully studied and incorpo-
rated into the procedure. Under the described conditions the proposed
method islinear over the concentration range of 10-70mcg/ml and the coef -
ficient of determination were >0.999(n=6) with arelative standard deviation
of 0.083% (n=6). The average recovery of the target compound is 99.47%
withalimit of quantification (L OQ) of 2.637mcg/ml and thelimit of detection
(LOD) 0.870mcg/ml. The mechanism of the derivatization reaction is pro-
posed and advantages of the proposed method are discussed.
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INTRODUCTION

Thequadlity control of active pharmaceutica ingre-
dients(APIs) intheformulationisawaysathrust area
for the pharmaceutical industries. So the devel opment
of reproducible, sensitive, smpleand extremely inex-
pensive methodsfor the determination of APIsinthe
formulationisawayschalenging. Metformin (N, N-
dimethylimidodicarbonimidic diamide) isan oral anti-
diabetic drug. Itisthefirst-linedrug of choicefor the
treatment of type 2 diabetes, particularly in overweight
and obese people and those with normal kidney func-
tion*3,

Evidenceisaso mounting for itsefficacy ingesta-

tiona diabetes, although safety concernstill preclude
itswidespread usein thissetting. Itisalso usedinthe
treatment of polycystic ovary syndrome and hasbeen
investigated for other diseaseswhereinsulinresistance
may be an important factor. When prescribed appro-
priately, metformin causesfew adverse effects—the
most common isgastrointestinal upset—and, unlike
many other anti-diabetic drugs, doesnot cause hypogly-
cemiaif used alone. Lactic acidosis (abuildup of lac-
tatein theblood) can beaseriousconcernin overdose
and when it is prescribed to people with
contraindications, but otherwise, thereisno significant
risk. Metformin helpsreduce LDL cholesterol andtrig-
lyceridelevelsandisnot associated with weight gain,


mailto:amit_analysis@yahoo.co.in

146

Estimation and validation of metformin by colorimetry method

ACAIJ, 9(1) March 2010

Full Peaper ==

and istheonly anti-diabetic drug that hasbeen conclu-
sively shown to prevent the cardiovascular complica-
tions of diabetes. Asof 2009, metforminisoneof only
two oral anti-diabeticsintheWorld Health Organiza-
tionModd List of Essentid Medicines(theother being
glibenclamide). First synthesized and found to reduce
blood sugar inthe 1920s, metformin wasforgotten for
the next two decades asresearch shifted toinsulinand
other anti-diabetic drugs. Interest in metforminwasre-
kindled in the late 1940s after severa reportsthat it
could reduceblood sugar levelsin people, andin 1957,
French physcian Jean Sterne published thefirst dlinical
trial of metformin asatreatment for diabetes. It was
introduced to the United Kingdom in 1958, Canadain
1972, and theUnited Statesin 1995. Metforminisnow
believed to bethe most widely prescribed anti-diabetic
drugintheworld; inthe United Statesaone, morethan
40 million prescriptionswerefilled in 2008 for itsge-
neric formulationg>8. Number of analytical methods
havebeenreported for measuring metforminin biologi-
ca fluidsand tissueextracts. Thesemethodsinvolved
colorimetry techniques™.

Aim of thiswork wasto develop asensitiveand
simple spectrophotometric method for the quantifica-
tion of metforminisfinding new dimensionsof clinica
importance. To support itsinvestigation an appropriate
andytica method (sengitive, selective, reproducibleand
sample) for quantification of metforminisessentid. For
the drugs that obey the beer Lambert’s law,
spectrophometric methods of analysisof singlecom-
ponent insolution areusudly rapid, sensitiveand eco-
nomicd.

EXPERIMENTAL

Apparatus

A model Shimadzu UV-1601 double beam spec-
trophotometer with afixed dit width of 2nmusinga
pair of 1cm matched quartz cellswasused for spectro-
photometricanayss.

Materials

All thechemica swere of andytical reagent grade,
and the solvents were of spectroscopic grades.
Metformin hydrochloride (Wintac Limited, Bangaore,
Karnataka State, India), Phtha ate buffer solution (pH-
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5.6), 0.2M sodium hydroxide (NaOH) solution, 01%
w/v Ninhydrinsolution, distillsweter.

Spectrophometric method

Deter mination of absor ption maxima of metformin
hydrochloride

1.5ml aiquot of standard Metformin hydrochlo-
ride solution of 500.0 mcg/ml was pipetted intoa25 mi
volumetric flask. To this10.0 ml of Phthalate buffer
(pH=5.6) and 5.0 ml of 01% w/v reagent solution of
Ninhydrin were added and heated on awater bath for
1 hour at 90° C. After one hour, solution was cooled to
room temperature. Thefina volumewas made up to
25.0ml withdigtill water and sol utionwasthen scanned
intherange of 400.0 to 800.0 nm against the reagent
blank. On scanning the aosorption maximaof Metformin
hydrochloride 30.0 meg /ml werefound out to be 567.0
nm and graphically representedin Figure 1.
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Metformin : 30.0 mcg/ml, Acid phthalate buffer solution (pH
5.6): 10.0 ml;
Ninhydrin : (01%w/v) 5 ml; reaction time: 60 min.

Figurel

Effect of optimum pH of buffer solution required
producing stablechromogen having maximum ab-
sorbance

2.0ml aiquotsof Metformin hydrochl oride solu-
tion of 500 mcg/ml were pipetted into each of eight 25
ml volumetric flasks. Tothis 10 ml of phthalate buffer
solution of variouspH 4.4, 4.8, 5.0, 5.2, 5.6, and 6.0
was added to each volumetric flask respectively. Then
followed by 5.0 ml of 01% w/v solution of Ninhydrin
toal volumetric flasks and heated on awater bath at
90 °C for 1 hour and cooled to room temperature . The
final volume of each volumetric flask wasmade up to
25.0 ml with distilled water. The absorbancewas mea
sured at 567.0 nm against reagent blank. The Opti-
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mum pH of Potassium hydrogen phthalate buffer re-
quired to produce stable chromogen having maximum
absorbance was found to be 5.6 and represented
graphicdlyinFigure?2.
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Metformin : 40.0 meg/ml, Acid phthalate buffer solution (pH
5.6): 10.0 ml;
Ninhydrin : (01%w/v) 5 ml; reaction time: 60 min.

Figure2

Deter mination of optimum volume of buffer (pH
5.6) required to produce chromogen having maxi-
mum absor bance

Analiquot of 2.0 ml Metformin hydrochloride so-
lution of 500 mcg/ml was pi petted into each of two
seriesof five 25 ml volumetric flasks. To thisvarious
volumes of phthal ate buffer solutions of pH-5.6 viz.,
4.0ml,6.0ml, 8.0ml, 10.0ml, and 12.0 ml were added
to each seriesof volumetric flasksrespectively. Then
followed by 5.0 ml of 01% wi/v solution of Ninhydrinto
all volumetric flasksand heated on awater bath for 1
hour at 90.0°C and cooled to room temperature . The
find volumewasmadeupto 25.0 ml with distilled wa-
ter. Theabsorbance was measured at 567.0 nm against
reagent blank. The optimum volume of buffer of pH
5.6 required to produce stabl e chromogen having maxi-
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Metformin : 40.0 mcg/ml, Acid phthalate buffer solution (pH
5.6): 10.0 ml;
Ninhydrin : (01%w/v) 3.5 ml; reaction time: 60 min.

Figure3
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mum absorbancewasfound to be 10.0 ml and repre-
sented graphically in Figure 3.

Determination of optimum strength of reagent
(Ninhydrin) required producing optimum chro-
mogens having maximum absor bance

Analiquot of 2.0 ml Metformin hydrochloride so-
lution of 500 meg/ml was pipetted into five 25 ml volu-
metric flasks. 10.0 ml of phtha ate buffer solution (pH-
5.6) was added to each volumetric flask respectively,
andfollowed by 2.0ml, 3.0ml, 4.0ml, 5.0 ml, and 6.0
ml of 1.0% w/v reagent solution of Ninhydrin to two
seriesof volumetricflasksrespectively. Thevolumetric
flaskswere heated on awater bath for 1 hour at 90 °C
and cooled toroomtemperature . Thefina volumewas
made up to 25.0 ml with distilled water. The absor-
bance was measured at Amax (nm) against reagent
blank. The optimum strength of reagent 5ml required
to produce stabl e chromogen having maximum absor-
bancewasfoundto be 10.0 ml and represented graphi-
cdlyinFgure4.
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Metformin : 40.0 meg/ml, Acid phthalate buffer solution (pH
5.6):10.0 ml;
Ninhydrin : (01%w/v) 5.0 ml; reaction time: 60 min.

Figured

Determination of optimum temperaturerequired
producing chromogen with maximum absor bance

Andiquot of 2.0ml ml of 500mecg/ ml of Metformin
hydrochl ori de sol utionwas pipetted into Six 25 ml volu-
metric flasks. 10.0 ml phthal ate buffer (pH=5.6) and
5.0 ml of 01% w/v solution of reagent Ninhydrin were
added to volumetric flasksrespectively and heated on
awater bath at different timesi.e., 15.0 minutes, 30.0
minutes, 45.0 60.0 minutesand 75 minutesat 90 °C.
Thevolumetric flaskswere cooled to room tempera-
tureand thevolumewas madeup to 25.0 ml with dis-
tilled water. The absorbance of each solutionwas mea
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sured at 567.0 againgt blank. The optimum strength of
temperature 60 minutes required to produce stable
chromogen having maximum absorbancewasfoundto
be 10.0 ml and represented graphically in Figure5.
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Metformin : 40.0 mcg/ml, Acid phthalate buffer solution (pH
5.6): 10.0 ml;
Ninhydrin : (01%w/v) 5.0 ml; reaction time: 60 min.

Figure5

Determination of concentration rangeof metformin
hydrochloride

Aliguotsof 0.5ml, 2.0ml, 1.5ml, 2.0 ml, 2.5ml,
3.0ml, 3.5 ml, 4 ml and 4.5 ml of 500 mcg/ml of
Metformin hydrochl oride solutionwas pipetted into each
of nine25 ml volumetric flasks. To this10.0 ml of ph-
thal ate buffer solution (pH=5.6) and 3.5ml of 01% w/
v solution of reagent 1, 2- naphthoquinone-4-sulfonic
acid sodium salt were added to each volumetric flasks
respectively and heated on awater bath for 1 hour at
90 °C. The solutions were cooled to room temperature
and thevolumewas made up to 25.0 ml with distilled
water. The absorbance of solutionswas measured at
567.0 nm against blank. Theabs. Vsconc. curvewas
found to belinear in the concentration range 10.0-70.0
mcg/ml of Metformin hydrochloride and represented
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Metformin : 10.0-90.0 mcg/ml, Acid phthalate buffer solution
(pH5.6): 10.0 ml;
Ninhydrin : (01%w/v) 5 ml; reaction time: 60 min.

Figure6

graphicdlyinFgure®6.
Preparation of standard curve for the drug
metformin hydrochloride

Aliquotsof 0.5ml, 1.0 ml, 1.5ml, 2.0 ml, 2.5ml,
3.0ml and 3.5ml of 500.0 meg/ml solutionof Metformin
was pipetted into seven 25 ml volumetric flasks. 10.0
ml of phthal ate buffer solution (pH=5.6) and 5 ml of
01% wiv reagent sol ution of Ninhydrinwere added and
heated on awater bath for 1hour at 90 °C. The volu-
metric flasks were cooled to room temperature and
volumewasmade up to 25.0 ml with distill water. The
absorbance of solutions was measured at 567.0 nm
against blank. The calibration curve showsthat Beer’s
law was obeyed in the concentration range 10.0-70.0
mcg/ml of Metformin hydrochl oride and represented
graphicdlyinFgure?.
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Metformin : 10.0-70.0 mcg/ml, Acid phthalate buffer solution
(pH 5.6): 10.0 ml;
Ninhydrin : (01%w/v) 5 ml; reaction time: 60 min.

Figure?7
Optical characteristics

Theoptica characteristicsof the proposed method
havebeen cdculaed. Thevaduesaregivenin TABLE 1.

TABLE1
Sl. No. Parameters Results
1.  Absorption maxima (nm) 567
2. Beer’s law limits (mcg/ml) 10-70
3 Molar 1extincl:tion coefficient 133%10°
(mole-" cm-?)
Sandal’s sensitivi .
4. (mcg/cm?0.001 atgsorbance units) 170<10°
Regression equation (y) 0.9995
5.  Slope(b) 0.8691
Intercept (a) 0.0316
6.  Coefficient of variance 43137
7. Standard deviation 0.08336
8.  Limit of detection (mcg/ml) 0.8705
9.  Limit of quantitation (mcg/ml) 2.6379
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Discussion of reaction mechanism

It wasreported that Ninhydrin could react with the
amino group of primary amino derivative. Alphaamino
group of Metformin displaysnucleophilicity duetothe
fact that itslone pairs of electrons of nitrogen can at-
tack the el ectron deficient center.

CH R
° H HQ
N N NH
e 2
HC™ Y[ + HO
NH NH
)
Metformin Ninhydrin
)
o
N N
HaC”
NH NH g4

Reaction mechanism
Validation parameters
Recovery studies

Analiquot of 2.0 ml of sampledrug solution 500.0
mcg/ml was pi petted into each of three 25 ml volumet-
ricflasks. Tothis1.0 ml, 1.5ml and 2.0 ml of standard
drug solution of 100.0 meg/ml wasadded respectively.
10.0 ml of phthalate buffer solution (pH-5.6) and 3.5
ml of 01% w/v reagent solution of Ninhydrin wereadded
todl volumetric flasksrespectively. Then heated ona
water bath for 1 hour at 90 °C and cooled to room
temperature. Thefina volumewasmadeupto 25.0 ml
with distilled water. The absorbancewas measured at
567.0 nm against reagent blank. The percentage re-
covery by the proposed method wasranging from 98.75
%10100.20 % indicating nointerference of excipients
present intheformulation.

Precision
Repeatability

An aiquot of 2.5 ml of the above solution was
pi petted into three 25 ml volumetric flasks. Tothis 10.0
ml of phthal ate buffer solution of pH-5.6 and 3.5 ml of

01% w/v reagent solution of Ninhydrinwereadded to
al volumetricflasksrespectively. Then heasted on awater

—— Fyll Peper

bath for 1 hour at 90 °C and cooled to room tempera-
ture. Thefinal volumewas made up to 25.0 ml with
distilled water. The absorbancewas measured at 567.0
nm against reagent blank. Theaverage percentagere-
covery by the proposed method was ranging from
100.18 and standard standard 0.0270 % indi cating good

repeatability.
Intermediateprecision

Andiquot of 3.0ml of above solution was pipetted
into three 25 ml volumetric flasksrespectively. Tothis
solution 10.0 ml of phthalate buffer solution of pH-5.6
was added and then followed by 3.5 ml of 01% w/v
reagent solution of Ninhydrinto all volumetric flasks
respectively. Then heated on awater bath for 1 hour at
90 °C and cooled to room temperature. The final vol-
umewas madeupto 25.0 ml with distilled water .The
absorbancewas measured at 567.0 nm against reagent
blank. The average percentage recovery by the pro-
posed method was ranging from 100.21 and standard
standard 0.0321 % indi cating good repesatability.
Sability

Analiquot of 2.0 ml of standard M etformin hydro-
chloride solution of 500.0 meg/ml waspipettedinto 25
ml volumetric flask. To this 10 ml of phthal ate buffer
solution of pH 5.6, and 5 ml of 01% w/v reagent solu-
tion of Ninhydrin solution was added respectively. The
volumetric flask was heated on awater bath for 1 hour
at 90 °C and cooled the solution at room temperature.
Thefinad volumewasmadeupto 25.0 ml with ditilled
water. The absorbance was measured at 567.0 nm
against blank at different timeintervas. Theresultsare
representsin Figure8. Thecolor of the derivativechro-
mogen of Metformin hydrochloride wasfound to be
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Metformin : 40.0 mcg/ml, Acid phthalate buffer solution (pH
5.6): 10.0 ml;
Ninhydrin : (01%w/v) 3.5 ml; reaction time: 60 min.

Figure8
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stablefor 15.0 minutesafter which the absorbance de-
creasessowly.

RESULT AND DISCUSSIONS

Theanayticd applicationsof Ninhydrininthequan-
tification, assay and characterization of primary amines
have been established by Sullivan®. Theuse of Ninhy-
drin for the detection of primary aliphatic or aromatic
aminesinitiated the present sudy. Thereagent had been
used to quantitate primary diphatic and aromaticamines.
TheNinhydrin derivative chromogenic reagent reacts
with primary diphatic or aromatic aminesin mediumto
formwinered colored product.

Theexperimenta conditionsaffecting thedeve op-
ment and ability of the colored chromogens produced
werecarefully studied. It wasfound that stable colored
chromogen was obtained at adefinitepH. Thecolored
chromogensare stablefor at least 15 min which per-
mitstheconvenient gpplication of the proposed method.

Different experimenta conditions, specidly pH and
Ninhydrin concentrationwerecarefully selected asthey
could grestly affect the quantification of thetarget com-
pound.

The primary aiphaticamine of Metformin hydro-
chloridewasalowed to undergo coupling reaction with
Reagent Ninhydrin (1%w/v) and during onehour hegat-
ing to form paewinered color chromophore, which
was determined spectrophotometrically. Absorption
maximaof paewinered derivativechromophorewere
foundto beat 567.0 nm. Thelinearity wasobtainedin
the concentration range 10.0-70.0 mcg/ml. The color
was stablefor 30 minutes after which the absorbance
decreases slowly, with Sandall’s sensitivity of
0.0170095 (mcg/cm?/0.001) absorbance units and
Molar absorptivity of 0.13325 (mol-cn?). The Re-
gression, sopeand intercept wasfound to be 0.9995,
0.8691 and 0.0316.Coefficient of variancewasfound
tobe4.3137. Thestandard deviation of 0.08336, LOD
and LOQ wasfoundto be0.8705 mcg/ml and 2.6379
mcg/ml, indicated accuracy and reproducibility in color
devel opment. Themethod was extended for the deter-
minationinformulationi.e. bulk drug. It wasobserved
that the results obtained were comparable to that of
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label claim. Therecovery studiesof the standard drug
when performed in the preana ysed formul ation gave
Percentage recovery of 98.91% to 100.21% indi cat-
ing precticaly nointerference of formulation excipients
with the proposed method.

CONCLUSION

It wasfound that no spectrophotometric methods
wereavailablefor the estimation of metformin hydro-
chlorideinbulk andinformulations.

Thenew method developed wasNew Simple, Ac-
curate, Sensitivity, Economica and Reproduciblewhich
could providesatisfactory results. Themethodscan be
used for routine andysisof metformin hydrochloridein
bulk andinformulation. Themethodsare practicd and
vauable

The described method has many advantages:. it does
not need expengveapparatus, itissmpleand quick; its
linear rangeisrelatively wide, it hasgood sel ectivity.
Furthermore, the proposed method may be success-
fully used to determinemetforminin bulk andin phar-
maceutical formulations. Accordingly, themethodis
practical andvauable.
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