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ABSTRACT

Two simple, sensitive and accurate spectrophotometric methods have been
proposed for the determination of metformin (Mf) pharmaceutical formula-
tions and biological fluids. The methods are based on the measurement of
absorbances of tris (o-phenanthroline) iron (I1) [FPL, method A] and tris
(bipyridyl) iron (11) [FBL, method B] complexesat 510 and at 520 nm, respec-
tively. Reaction conditions have been optimized to obtain coloured com-
plexes of higher sensitivity and longer stability. The absorbances were
found to increase linearly with increasein concentrations of Mf which were
corroborated by correlation coefficient values. The complexes obeyed Beer’s
law over the concentration range of 0.2—-6.00.02-6.0ug mi for Mf. The pro-
posed methods were successfully applied to the determination of metformin
HCI in bulk drugs, pharmaceutical formulations and biological fluids (ob-
tained from diabetic patients undergoing treatment with metformin, HCI)
without interference by the common co-formulated substances. Statistical
comparison of the results with the reference method showed good concur-
rence and indicated no significant difference in accuracy and precision.
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Diabetesand itsabnormalitiesareamajor health
probleminthemodern society. Itischaracterized by dis-
ruption of insulin production, leading to high blood glu-
cose concentration and other complicationssuchasneu-
ropathy, rend dysfunction and cardiopathy™¥l. Thetwo cat-
egoriesof disbetesmdlitusaretypel (insulin-dependent)
andtypell (non-insulin dependent). Typell digbetesisa
progressiveand complex dissesethat isdifficult tomanage
effectively in the long-term. Metformin (Mf), N, N-
dimethylimidodicarbonimidicdiamide(Schemel) isan

ordly administered antihyperglycemicdrug used to treet
typell diabetes. It he psdiabeticsto control theamount of
glucose(sugar) toanormd leved and maintainsthisleve in
their blood. Metformin can beused doneor in conjunc-
tion with other medications, sulfonylureas, apha-
ducosidadeinhibitors orinsulin. Althoughmetformin’s exact
mechanismof actionisnot completely understood, it de-
creasestheintesting absorption of dietary carbohydrates,
inhibits hepeti c gl ucose production and gluconeogenesis
or, perhapsmost importantly, increasesthe sengtivity of
musclecdllstoinsulin by enhancing peripherd glucose
uptakeand utilization.
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Drugqudity control isabranch of andytical chem-
istry that has awideimpact on public health, and so
development of reliable quick and accurate methods
for the activeingredient determination isvery impor-
tant. A variety of separation techniqueshavebeen pro-
posed for assay determination of metformin. Thesein-
clude gas chromatography*! capillary €l ectrophore-
si9% conductometry!™ or voltammetry!®. Neverthel ess,
most of these methodsinvolve several manipulation
steps before thefinal result of theanalysis, have poor
selectivity or requireexpensive gpparatus.

Spectrophotometric methods are the most com-
monly used techniquesand continueto enjoy wide popu-
larity. Thecommon availability of theinstrumentation,
thesimplicity of procedures, speed, precision and ac-
curacy of thetechnique still make spectrophotometric
methods attractive. Also, spectrophotometric methods
of analysisare more economic and simpler, compared
to other methods. Spectrophotometric determination
of metforminisbased onreactionwith NaOCl followed
by NaOH and ZnSO4 to give ayellow color®®. Spec-
trophotometric determination of metforminin biologi-
cal fluids has been aso suggested by reactions of
metforminwith bromothymoal bluein phosphatebufferd
or formation of Cu-Mf complex with an absorption
maximum at 540nm*Y. In addition spectrophotometric
determination of Mf viacharge-transfer complex with
iodinewasa so suggested™?.

Redox reactions have been used asthe basisfor
the development of s mpleand sensitive spectrophoto-
metric methodsfor the determination of many pharma:
ceutical compounds**18, In such reactions, thedrug
substance was oxidized by asuitable oxidizing agent;
suchasFe(I11), Ce(lV) or potassium permanganate,
wherethe produced |ower oxidation state cation was
determined spectrophotometrically with a suitable
chelating agent. None of thesereagentshave been pre-
vioudy used for the spectrophotmetric andysisof Mf.

The present study was dedicated toinvestigate the
application of Fe (I11)—tris (o-phenanthroline (FPL) or
Fe (111)-tris (bipyridyl) (FBL) systems for the spec-
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trophotometric determination of Mf in their pharma-
ceutical dosageformsand biological fluids (urineor
plasma). The proposed methods can be applied for
quality control analysis, where modern and expensive
gpparatussuch asGLC, HPLC arenot available.

EXPERIMENTAL

Reagentsand chemicals

All the chemicals were of the analytical reagent
grade and doubledistilled water was used throughout
theexperiments.

FPL and FBL were prepared™® asfollows:

FPL was prepared by mixing 0.198 g of tris (o-
phenanthroline (PNL) with2ml of 1M HCl and0.16 g
of ferricammonium sulphate dodecahydrate (FAS) and
dilutingwith distilledwater to 100ml.

FBL was prepared by mixing 0.16 g of tris
(bipyridyl) in2ml of 1 M HCI with 0.16 g of ferric
ammonium sulphatedodecahydrate (FAS) and diluting
with distilled water to 100 ml.

Acetate buffer solutionsof variouspH vaues (2.5
6.0) were prepared asrecommended previousl y2%

Authentic samples

Authentic metformin hydrochloride(C,H,,N,, HCI,
M.W.165.6 g mol ) samplewas supplied by the CID
co. Egypt. Contentsof Mf were assigned to be 98.23%.
Metformin HCI working solution was prepared by dis-
solving 0.01 g of pureMf in 50 ml of doubledistilled
water, completed to 100 ml with doubledistilled water
to obtain theworking standard sol ution of concentra-
tion 100pgml™.

CIDOPHA GE, 500 and 850 mg, were purchased
fromlocal drug storesand used asMf samples.

Apparatus

Perkin elmer Lambada 20 double beam self re-
cording spectrophotometer with 10 mm quartz cell,
connected to PC software. HANA pH meter HI 8417
with pH sensitivity of +0.05 pH units.

General procedure

Aliquotsof 100 ugml* Mf standard solution were
transferred into aseriesof 10 mL calibrated flasksfol-
lowed by 2.0 ml FPL (Method A) or 1.5 ml FBL
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(Method B) reagent solution and 2.5 mL acetate buffer
solution pH 4.00. Thereaction mediumwashesated on
awater bath at 60 °C for 15 minutes, cooled at room
temperature and the volume was diluted to the mark
with double-distilled water. The col ored complexes
formed were measured at 510 and 520 nm for meth-
ods A and B, respectively, against a reagent blank
treated smilarly. Theabsorbance va ueswererecorded
and plotted against drug concentrationin pg ml.

Analytical applications

Spectrophotometric deter mination of Mf in dos-
ageforms

Ten Cidophagetabl ets (either 500 or 850 mg) were
weighed and grinded to finely divided powdered. An
accurately weight of the powder contain 500 mg Mf
wastransferred into a100 mL caibrated flask, and dis-
solvedinabout 50 ml of digtilled water. The contents of
theflask wereswirled, sonicated for 10 min, completed
tovolumewith water andfiltered. The prepared solu-
tion wasdiluted quantitatively with distilled water to
obtain asuitable concentration and andyzed by the pro-
posed and official methodd?!.

Spectrophotometric deter mination of Mf in bio-
logical fluids

Aliquotsof 1.0ml of biologicd fluid (urineor plaama)
were spiked with different concentration levelsof Mf.
Thesamplesweretreated with 0.1 ml of 70% perchlo-
ricacid diluted to 10 ml. Theresulting solution was
vortexing for 1.0 minuteand centrifuged for 10 minutes
at 13000 rpm in ambient temperature. The superna-
tantsweretransferred into test tubesand neutralized
with 1.0M NaOH solution, then analyzed according to
therecommended procedures. The absoluterecovery
was determined from calibration graphsor regression
equations. Theblank wasprepared by treating thedrug-
free urine and plasmain the same manner, each mea-
surement wasrepested for fivetimes.

RESULTSAND DISCUTION

Ferricion play aprominent roleinthe spectropho-
tometric determination of many pharmaceutica drugs,
acting asan oxidant; whereaferricion getsreduced to
ferrousionin extent equivalent to the drug concentra-
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tion. Theliberated Fe (1) can bedetermined usng se-
lectivecheating agentssuch as 1,10-phenanthrolineand
2,2-bipyridyl?2,

The proposed methodsA and B are based on the
formation of tris(o-phenanthroline) or tris (bipyridyl)-
iron(I1) chelate upon reduction of the corresponding
Fe(111) complexeswith Mf. Dueto thecriticd role of
thereaction conditionson the analysis performance,
parallel studies were carried out on both proposed
methodsincluding theinfluence of measuring wave-
length, buffer, concentration and sequence of reagent
addition weretested in detailsto select the optimal pos-
sessing thebest sengitivity and selectivity towards Mf.

Effect of reaction variables
Wavelength selection

The absorption spectraof the colored complexes
inthe proposed methods showed acharacteristich
vauesasin(Fgurel). Iron (I1)-tris(bipyridyl) showed
absorption maximum at 520nm whilethe correspond-
ing tris(o-phenanthroline) complex absorbs at 510nm.

Effect of pH

Different buffer media; universal, phosphate, bo-
rate, and acetate buffer solutions, were examined to
achievemaximum color intengity at fixed Mf concen-
tration. Acetate buffer proved to bethe most favorable
one accompanied with the highest absorbanceval ues.

FPL
FBL

\.(nm)

Figurel: Absorption spectraof FPL and FBL complexesin
presenceof 4.0 ppm Mf.

pH adjustment is necessary, especialy inacidic me-
dium, because the reaction was affected by change of
pH intherangeof (3.0-8.0) and the optimum pH value
was4.00 (Figure 2a). Moreover, 2.5 mL buffer solu-
tionwassufficient for method A and method B, for com-
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plete color development (Figure 2b).
Effect of thereagent concentration

Theaddition of 2ml of FPL or 1.5 ml of FBL re-
agent was sufficient to obtain the maximum and repro-
ducibleabsorbancefor thestudied complexes. Smaller
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Figure2: Effect of pH and ml added of acetatebuffer onthe
absor banceof theFPL and FBL complexesin presenceof 2.0
ppmMf.

amounts gave incomplete complex formation while
larger concentration had no effect on complex forma
tion, although the absorbanceincreased dightly dueto
the background of the reagent used.

Effect of reaction temperatureand heatingtime

Theeffect of temperature and heatingtimeonthe
development of the colored complexeswere studied.
Thereaction of Mf with both reagents sl owly proceeds
at roomtemperatureand accel erated by heating. Maxi-
mum absorbance was obtained after heatingon awa
ter bath at 60 °C for about 15 minuteswith both meth-
odsand further heating caused no appreci able change
inthe color. Moreover, theformed col ored complexes
were stablefor morethan 24h.

Sequenceof addition

The optimum sequence was defined by following
to color intensity and maximum absorbance on chang-
ing the sequencesof addition of drug, reagent and buffer.
Thebest condition was “drug — reagent — buffer” for
the highest absorbanceand stability.

Analytical data

Adherenceto Beer’s law was studied by mea-
suring the absorbance values of solutionsvaryingin
drug concentrations. Theanalytical parameters such
asmolar absorptivity, Sandell’s sensitivity, detection
limit, slope, intercept, correlation coefficientswere
described (TABLE 1). The calibrations graphs are

described by the regression equation: Y= a+bX
(whereY = absorbance, a= intercept, b= slope and
X= concentration in pgml™) obtained by the method
of least squares.

Accuracy and precision

Theaccuracy and precision of themethods (within-
assay and between assays) were determined at the M f
concentrationscitedin TABLE 2. Thewithin-assay pre-

TABLE 1: Characterigicsof themetformin calibration graph
for thedeveloped FPL and FBL methods

. M ethod
Parameter Units

FPL FBL
Armax (nm) 510 520
Beer’s Range (ngmL™?  02-60  0.2-6.0
Ringbom range (ugmL?)  0.3-6.0 0.3-6.0
Detection limits (ugmL?)  0.08 0.1
Quantification limits (ngmL?) 017 0.2
Molar absorpitivity 438 x 10* 3.38 x 10*
Sandell sensitivity (ugem ™  0.0247  0.01976
Regression equation (Y=at+bX)*
Slope (b) 0.24951  0.20687
S.D. of slope (Sy) 2.00x10° 1.1x10°
Intercept (a) 8.50 x 10 1.95 x 10°®
S.D. of intercept (S,) 5.80 x 10* 3.00 x 10*
Correlation coefficient 0.9998 0.9961
Calculated t-values (2.57)** 1.07 0.76
Calculated F-test (5.05)* 2.47 2.03

* Y =a+bX, whereY isthe absorbance of the colored complex
and C isthe concentration of Mf in pg.

** Valuesin parentheses are the theoretical valuesfor t- and F-
value at 95% confidence limits and five degrees of freedom
cisonwasassessed by andyzing fivereplicates of each
sample as abatch in asingle assay run, and the be-
tween-assays precision was assessed by anadyzing the
samesample, astriplicate, intwo separate assay runs.
Therdativestandard deviations (RSD) werelessthan
0.95% (TABLE 2). Thislevd of precisonwasadequate
for thequality control analysisof Mf.

I nterferencestudies

In pharmaceutical analysis, it isimportant to test
the selectivity of the method towards the excipients
added to the pharmaceutical preparations, suchasglu-
cose, starch, talc, lactose, sucrose. The proposed spec-
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TABLE 2: Accuracy and precision of the proposed methods
for analysisof Mf (n=5)

Found (ng mL™)

M ethod (l;a::lir!l) Within-assays Between-assays
Found RDS Found RDS

1.0 092 082 0.94 1.20

EPL 3.0 287 0.68 3.0 0.75
4.5 448 0.80 4.62 0.62

6.0 9.89 1.10 9.11 1.15

1.0 1.02 045 1.09 0.56

FBL 3.0 3.10 0.5 2.89 0.88
4.5 4,08 0.45 4.35 0.56

6.0 6.13 0.62 5.85 0.44

trophotometric methods havethe advantagesthat the
measurementsare performedinthevisbleregion, avay
fromtheUV-absorbinginterfering substancesthat might
be co-extracted from Mf containing dosageforms. Re-
garding theinterference of theexcipientsand additives
usudly presentedin pharmaceutica formulation (sodium
lauryl sulfate, magnesium stearate, starch sodium gly-
colate, lactose spray dried, carboxymethylcellulose PA
102, tac, titanium dioxide, microcrystalinecellulose,
hydroxypropylcellulose and pregel anitizated starch),
theirisno interferenceindicating thehigh sdectivity of
the proposed methods and applicability to usefor rou-
tinedeterminationin pureand indosageforms.

Analytical applications

The obtained satisfactory validation results made
the proposed methods suitablefor theroutine quality
control analysisof Mf and itsdosage forms pharma-
ceutical formulations (CIDOPHAGE 500 and 850 mg
tablets). Theresults obtained by the proposed meth-
odswere statistically compared with those obtained
from the official pharmacopoeiamethod. Theobtained
mean va uesof thelabeled anountsranged from 99.90
+ 0.70, and 99.40 +0.5%, using A, and B methods,
respectively asrecorded in TABLE 3. Inthet- and F-
tests, nosignificant differenceswerefound between the
calculated and theoretical vauesof both the proposed
and thereported methods at 95% confidencelevel .
Thisindicated similar precision and accuracy inthe
andysisof Mfinitsformulaions. Itisevident fromthese
resultsthat all the proposed methodsare applicableto
theanaysisof Mf initstabletswith comparableand yti-
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ca performance.

Thehigh sengtivity attained by the proposed meth-
odsdlowsthedetermination of Mf, inbiologica fluids
(urineand plasmasamples). The method was used to
determinetheamount of Mf inahealthy male 12 h or
24h after anintake of onetablet of Mf, which contains
500 or 850 mg Mf. Mf was detected and the results

TABLE 3: Determination of Mf in tablets phar maceutical
preparationsand biological fluidsby thepr oposed and official
method

Sample Recovery
FPL FBL getf'ﬁ';'
Recovery  Recovery
100.2+1.1 99.4+1.2 Recovery
CIDOPHAGE Variance Variance 996413
(500mg) 0.71 0.59 T
F 2.82 F2.53
t* 1.93 t0.55
Recovery  Recovery
99.8+0.71 99.7+1.2 Recovery
CIDOPHAGE Variance Variance 101.0£1.0
(850mg) 0.55 0.49 T
F=1.74 F2.03
t=0.73 1 0.92
Recovery  Recovery
97.4+1.0 99.6+0.7 Recovery
. Variance Variance
Urine sample 0.44 105 100..0+1.4
F3.13 F 3.05
t 0.88 t1.22
Recovery  Recovery
100.2+1.1  100.2+1.1 Recovery
Variance Variance
Plasma sample 102 0.71 99.4+0.9
F2.76 F241
t 1.57 t1.38

weretabulatedin (TABLE 3).
CONCLUSION

Theredox reaction of metformin hydrochloride (Mf)
using Fe** hasbeeninvestigated. Theformation of Fe**-
phen and Fe**-bipy complexeswereutilized inthede-
velopment of Smple, accurate, highly sengitive, low re-
agent consumption, no interferencewith good preci-
sion and accuracy spectrophotometric methodsA and
B for theanalysisof Mf inpureformaswell asin dos-
ageandbiologica fluids. With these methods, onecan
dotheanaysisat low cost without losing accuracy. The
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proposed methods can be used asaternative methods
totheofficiad onesfor theroutinedetermination of cap-
sules. Thisencouragestheir successful usein routine
analysisof Mf in quality control laboratoriesand they
involvevery smple procedures.
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