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ABSTRACT
Objectives: To determine simple, accurate and highly sensitive spectrophotometric
method for determination metformin hydrochloride in pharmaceutical preparations
and in industrial waste water sample.
Materials and Method: The method is based on the oxidation of metformin by a
known excess of sodium hypochlorite in alkaline medium.
Results: Formation of a yellow-colored chromophore having maximum absorbance at
385nm. Molar absorptivity was found to be 2 × 104 L.mol-1.cm-1. Beer’s law is
obeyed in the concentration range of 0.5-4 µg .ml-1, relative standard deviation
(RSD) is better than ±1.8 (n =10) .The limits of detection and quantitation are 0.083
and 0.25 µg .mL-1, respectively. The method is applied successfully to determination
of metformin pharmaceutical formulation (tablets).The common excipients do not
interfere with the proposed method. A statistical comparison of these results with
those of official method using t and F values at 95% confidence level shows good
agreements and indicated no significant difference in the precision, and the present
method has good validity.
Conclusion: The proposed method can be used as a routine quality control and
content uniformity tests for determination of metformin in pure form, tablet
formulations and industrial waste water sample.
Keywords: Metformin hydrochloride, spectrophotometry, content uniformity.
اﻟﺨﻼﺻﺔ
 ﺗﻢ ﺗﻄﻮﻳﺮ ﻃﺮﻳﻘﺔ ﺑﺴﻴﻄﺔ ذات دﻗﺔ وﺣﺴﺎﺳﻴﺔ ﻋﺎﻟﻴﺔ ﻟﺘﻘﺪﻳﺮ اﻟﻤﻴﺘﻔﻮرﻣﻴﻦ هﻴﺪروآﻠﻮراﻳﺪ ﻓﻲ ﺑﻌﺾ:اﻟﻬﺪف
. ﻣﺴﺘﺤﻀﺮاﺗﻪ اﻟﺪواﺋﻴﺔ وﻓﻲ ﻧﻤﻮذج ﻣﻦ اﻟﻤﻴﺎة اﻟﺼﻨﺎﻋﻴﺔ اﻟﻤﻄﺮوﺣﺔ
. ﺗﻌﺘﻤﺪ اﻟﻄﺮﻳﻘﺔ ﻋﻠﻰ أآﺴﺪة اﻟﻤﻴﺘﻔﻮرﻣﻴﻦ ﺑﻮاﺳﻄﺔ هﺎﻳﺒﻮآﻠﻮرات اﻟﺼﻮدﻳﻮم ﻓﻲ وﺳﻂ ﻗﺎﻋﺪي:اﻟﻤﻮاد وﻃﺮق اﻟﻌﻤﻞ
 ﻧﺎﻧﻮﻣﻴﺘﺮ وﺑﺎﻣﺘﺼﺎﺻﻴﺔ385  ﺗﻜﻮﻳﻦ ﻧﺎﺗﺞ آﺮوﻣﻮﺟﻴﻨﻲ أﺻﻔﺮ اﻟﻠﻮن ﻟﻪ أﻗﺼﻰ اﻣﺘﺼﺎص ﻋﻨﺪ:اﻟﻨﺘﺎﺋﺞ
4.0 -0.5  وﻗﺪ ﻟﻮﺣﻆ أن ﻗﺎﻧﻮن ﺑﻴﺮ ﻳﺴﺮي ﻋﻠﻰ اﻟﻜﻤﻴﺎت اﻟﺘﻲ ﺗﺘﺮاوح ﺑﻴﻦ. -1ﺳﻢ.-1ﻣﻮل. ﻟﺘﺮ2×104ﻣﻮﻻرﻳﺔ
 وان ﺣﺪي اﻟﻜﺸﻒ واﻟﻜﻤﻲ%1.8 ± إن اﻻﻧﺤﺮاف اﻟﻘﻴﺎﺳﻲ اﻟﻨﺴﺒﻲ ﻟﻠﻄﺮﻳﻘﺔ اﺣﺴﻦ ﻣﻦ. ﻣﻞ/ ﻣﺎﻳﻜﺮوﻏﺮام
 اﺳﺘﺨﺪﻣﺖ اﻟﻄﺮﻳﻘﺔ ﺑﻨﺠﺎح ﻟﺘﻘﺪﻳﺮ اﻟﻤﻴﺘﻔﻮرﻣﻴﻦ ﻓﻲ.ﻣﻞ ﻋﻠﻰ اﻟﺘﻮاﻟﻲ/  ﻣﺎﻳﻜﺮو ﻏﺮام0.25  و0.083 ﻟﻠﻄﺮﻳﻘﺔ هﻤﺎ
اﻟﺤﺒﻮب وان اﻟﻤﻮاد اﻟﻤﻮﺟﻮدة ﻣﻊ اﻟﻤﺴﺘﺤﻀﺮ ﻻ ﺗﺘﺪاﺧﻞ ﻓﻲ هﺬﻩ اﻟﻄﺮﻳﻘﺔ وﻗﺪ أﺧﺘﺒﺮ ﻧﺠﺎح اﻟﻄﺮﻳﻘﺔ ﺑﻤﻘﺎرﻧﺘﻬﺎ ﻣﻊ
95% ( ﻋﻨﺪ ﺣﺪود ﺛﻘﺔF)( وt) اﻟﻄﺮﻳﻘﺔ اﻟﻘﻴﺎﺳﻴﺔ اﻟﺪﺳﺘﻮرﻳﺔ اﻟﻤﻌﺘﻤﺪة ﺑﺎﺳﺘﺨﺪام اﺧﺘﺒﺎري
 ﻳﺴﺘﺪل ﻋﻠﻰ ﺻﻼﺣﻴﺔ اﻟﺘﻄﺒﻴﻖ اﻟﺘﺤﻠﻴﻠﻲ ﻟﻠﻄﺮﻳﻘﺔ ﻓﻲ اﻟﺘﺤﻠﻴﻞ اﻟﺮوﺗﻴﻨﻲ وﻓﻲ اﻟﺴﻴﻄﺮة اﻟﻨﻮﻋﻴﺔ ﻟﺘﻘﺪﻳﺮ:اﻻﺳﺘﻨﺘﺎج
اﻟﻤﻴﺘﻔﻮرﻣﻴﻦ ﺑﺤﺎﻟﺘﻪ اﻟﻨﻘﻴﺔ وﻓﻲ ﻣﺴﺘﺤﻀﺮ اﻟﺤﺒﻮب وآﺬﻟﻚ ﻓﻲ ﻧﻤﻮذج ﻣﻦ اﻟﻤﻴﺎة اﻟﺼﻨﺎﻋﻴﺔ اﻟﻤﻄﺮوﺣﺔ
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.
scencee
, capilllary electrop
phoresis ,
21
ion-seelective electtrode and adsorptive
a
catalyytic squar-w
wave voltam
mmetry22.
Very few spectroophotometricc methods
for thhe determinnation of metformin
m
hydro
ochloride,
in
pharm
maceutical
formuulation are described.
d
Thhe official
UV
metho
od
i
includes
spectrrophotometriic
methood
for
estimaation of the drug in thee tablets23.
The colorimetricc methods include
chargee transfer coomplex withh iodine in
acetonnitrile meddium24, reaaction of
metfo
ormin withh Cu+2 in
i
basic
25
cycloh
hexylamine medium and the
reactioon with ninnhydrin too form a
violet
colored
complex
x26,
and
spectrrophotometriic method ussing multi
variate techniquee27. Howeveer, all of
these methods suuffered from
m several
disadvvantages including use of
compllex extractioon procedurres which
were tedious
t
and ttime consum
ming, ultra
filtratiion
and
column--switching
techniique, have been sugggested to
improove specifi
ficity and selectivity.
The
proposedd method can be
appliccable to rooutine anallysis and
conten
nt uniformitty test of metformin
m
hydro
ochloride in ttablets and complies
well with
w the validation req
quirements
in the pharmaceuttical industrry 28.

M etformin
(glucophage) ,

17-19

hyddrochloride
chemiicals 1,1Dimeethyl biguanide hyddrochloride
with a molecularr formula of
o C4H12Cl
N5 (F
Fig 1).
It is an oral antidiabetic
a
drug that has been usedd in the
treatm
ment of noon- insulin dependent
diabeetes which improves control
c
of
glyceemia primaarily by inhibiting
hepattic
glluconeogeneesis
and
2
glyco
ogenolysis
and
seeems
to
ameliiorate
h
hyperglycem
mia
by
impro
oving preippheral senssitivity to
insuliin,
reducing
gastrrointestinal
gluco
ose absorpttion
andd hepatic
Recently,
gluco
ose produuction.
metfoormin has also
a
becomee available
for thhe treatmennt of polycyystic ovary
syndrrom and has
h
been found to
impro
ove vasculaar functionn, prevent
pancrreatic cancerr and reverss fatty liver
diseaases3.
1

M. Wt
W = 165.6
Fig 1. Chemical structure
s
of
metfoormin- HCl.

20

Materrial and meethods
Appa
aratus
A sp
pectro scann 50 UV
V visible
spectrrophotometeer with 1.0 ccm quartz
cells was
w used .
Reageents
All chhemicals useed were of analytical
grade and the mettformin hydrrochloride
standaard materiaal was proviided from

Literaature surveyy reveals that
t
many
HPLC
C methods for the detrremination
of meetformin aree reported. But
B most of
the methods used
u
eitherr ion-pair
4-15
reageent or cation exchange column
c
.
Anothher differennt methodss for the
determ
mination of metformin have been
descrribed , succh as condu
uctometric
16
titratiion , flow-innjection cheemilumine76
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tablets containing
0.025 g of
metformin hydrochloride in about 100
mL distilled water and mix for 20 min
and then filtered. The filtrate was made
up to 1L with distilled water. Treat 3
ml of this solution as mentioned under
recommended procedure.
Procedure for industrial waste
water
To
demonstrate
the
practical
applicability of the proposed method,
industrial waste water sample from the
state company for drug industries and
medical appliances, Mosul, Iraq, were
analyzed by spiked with the
concentrations ranging from 0.5-3.0
µg.mL-1 of metformin hydrochloride
and aliquot of this solution was treated
as described above for recommended
procedure.

Ninevah drug industry and medical
appliance (NDI), Iraq.
Metformin hydrochloride stock
solution (100 ppm) was prepared by
dissolving 0.1 g of metformin
hydrochloride in 1L distilled water in
a volumetric flask.
Metformin hydrochloride standard
solution (25 ppm) was prepared by
diluting 25 mL of stock solution to 100
mL by distilled water in a volumetric
flask.
Sodium
hypochlorite
solution
(0.1%) was prepared by dilution 1.25
mL of 8% sodium hypochlorite to 100
mL by distilled water, this solution
was standardized every 4-5 days and
stored in a dark bottle29.
Sodium hydroxide solution (10 N)
Recommended procedure
Aliquots of standard solution of
metformin hydrochloride (12.5-100
µg) were transferred into a series of 25
ml calibrated flasks, 5 mL of 10 N
sodium hydroxide and 2 mL of 0.1%
sodium hypochlorite solution, and the
solution was diluted to the mark with
distilled water . The absorbance of the
yellow-colored product was measured
at 385 nm against a reagent blank.
Procedure
for pharmaceutical
preparations (tablets)
Weigh and powder 10 tablets .
Dissolve a quantity of the powdered

Results and discussion
Metformin hydrochloride is oxidized
in alkaline medium by sodium
hypochlorite solution forming a
yellow-colored chromophore which
absorbs maximally at 385 nm as shown
in Figure 2. The colorless reagent
blank has practically negligible
absorbance at this wavelength and this
wavelength was recommended for
determination.
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Figure 2. Absorption spectra of metformin hydrochloride product (B) against blank
(A), metformin hydrochloride taken ( 75µg/ 25 mL)

absorbance was found with 1-5 ml of
0.1% sodium hypochlorite solution and
2.0 ml has been used for subsequent
experiments . The color reaction
occurred
at
room
temperature
immediately and remained stable for at
least six hours and a reaction time of 5
min was selected for reproducible
results. Under
the
experimental
conditions described, Beer's law is
obeyed over the concentration range
0.5-4.0
µg/mL
(Figure
3)

The reaction variables were optimized
by varying each variable, while
keeping others constant for obtaining
maximum absorbance. The oxidation
reaction was found to be quantitative
in sodium hydroxide medium .It was
found that 5 ml of 10 N sodium
hydroxide
solution
give
high
sensitivity and this amount has been
used for subsequent experiments . The
effect of the amount of sodium
hypochlorite on the absorbance was
investigated. A maximum and constant
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Figure 3. Calibration graph of metformin hydrochloride

A regression analysis of Beer 's
law plot at 385 nm revealed a good
correlation (r=0.9999, n=8) the graph
of the absorbance versus the
concentration
of
metformin
hydrochloride showed a low intercept
(6.097 × 10-6) and slope (0.120) and is
described by a regression equation Y
= ax + b (where x is the concentration
of metformin hydrochloride in µg/mL,
the absorbance is Y, the slope is a and
the intercept is b. The apparent molar
absorptivity was 2 × 104 L.mol-1.cm-1
.The limit of detection
and
30
quantification were evaluated .
LOD = 3.3
LOQ =10

Where b is the slope and So is
the standard deviation of the regression
line. The limit of detection was 0.083
µg .ml-1 and limit of quantification(as
the lowest standard concentration
which could be determined with
acceptable accuracy and precision)
was 0.25 µg .mL-1 .
Accuracy and precision
The accuracy and precision of the
method was established by analyzing
the pure drug solution at three different
levels. The average recovery which is a
measure of accuracy was 100±0.73
revealing high accuracy of
the
method.
The
relative
standard
deviation (RSD), which is the indicator
of precision is better than ±1.8% . The
results are complied in Table 1.
method31. The results obtained
indicated the existence of 1:6
metformin hydrochloride – sodium

ୗ୭
ୠ
ୗ୭
ୠ

Stoichiometry of reaction
The stoichiometry of reaction was
investigated by the mole ratio
79
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study32.

hypochlorite. Thus the suggested
reaction might be written as in other

Table 1. Optical characteristics and statistical data for regression equation of the
proposed method
Parameters

Value
385
0.5 – 4.0
2.0 × 104
0.083
0.25
0.9999

λ max (nm)
Beer´s law limits (µg .ml-1)
Molar absorpitivity (1.mol-1.cm-1)
Limit of detection (µg .ml-1)
Limit of quantification (µg .ml-1)
Determination coefficient (r2 )
Regression equation (Y= a × + b )
Slope (a)
Intercept (b)
Recovery %
Relative standard deviation (%)

CH3

NH
N

C

0.125
6.097 × 10-6
100 ± 0.73
< 1.8

NH
NH

C

3NaOH
NH2.HCl+6NaOCl
6NaOCl

7NaCl+2NaNO2 +3H2O +

CH3
CH3

O
N

C

N

C

NH2

N

CH3

O

O

CH3

O

C

N

C

NH2

CH3
O

CH3
N

C

..
N

O
C

NH2

CH3
β-diketone yellow- chromogen
The interfering effect of foreign
species often accompanied with

Effect of interferences
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seriously if the cause aching of more
than 2% in the absorbance obtained for
metformin hydrochloride a lone33.
Results of the recovery analysis are
presented in Table 2. Excipients at the
concentration show in Table [2] do not
interfere with the assay .In addition
recoveries in most cases were around
100% .

metformin
hydrochloride in the
pharmaceutical preparations were
studied by adding different amounts of
foreign species to 75 µg/25ml of
metformin hydrochloride in solution
and the recommended procedure for
the determination of metformin
hydrochloride
was followed. The
species are considered to interfere

Table 2. Determination of metformin hydrochloride in the presence of excipients
Excipients

Amount
taken,
(µg/ml)

Average
recovery, * %

Talc

500
1000

99.98
100.06

Mannitol

500
1000

100.09
99.92

Mg – stearate

500
1000

100.05
100.03

Starch

500
1000

100.06
100.03

Microcrystalline
cellulose

500
1000

99.92
99.90

* Average of five replicate determinations .

result of analysis for pharmaceutical
formulations Table 3 were compared
statistically by student t-test and by
variance ratio F-test with those
obtained by official method23 at 95%

Application of the proposed method
The
proposed
method
was
successfully applied to the analysis of
metformin hydrochloride in tablets and
industrial waste water sample. The
81
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confidence level. The calculated t and
F values did not exceed the theoretical
values indicating that there was no
significant difference between the

precision of proposed and official
methods. The results of waste water
sample Table 4 show that the recovery
values obtained were closed to 100%.

Table 3. Assay of metformin hydrochloride in pharmaceutical formulations
Pharmaceutical
formulation
supplied by NDI
Glucosam tablets
(500 mg/ tablet)
Glucosam tablets
(850 mg/ tablet)

Amount of metformin hydrochloride *

t value

F value

Proposed method
method
498.9

496.8

1.74

2.44

849.1

850.1

1.92

2.31

Official

*Mean of ten determinations, t values (n=10) at 95% confidence level , tabulated value
=2.262, F values (n1and n2 =10) at 95% confidence level , tabulated value =3.18
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Table 4. Determination of metformin HCl in industrial waste water sample
Metformin .HCL (µg /ml) *
Water sample

Industrial waste water

Taken

% Recovery (n=10)

Found

0.5
0.5

100
101

1.0
1.01

100.6

3.0

3.02

*Mean of ten determinations

Table 5. Content uniformity testing of metformin hydrochloride tablets using the
proposed method
Parameter
Tablet NO. 1
Tablet NO. 2
Tablet NO. 3
Tablet NO. 4
Tablet NO. 5
Tablet NO. 6
Tablet NO. 7
Tablet NO. 8
Tablet NO. 9
Tablet NO. 10
Mean ( x )
% RSD
Max. allowed unit (28)

% of the label claim
100.52
100.73
99.35
100.48
99.38
99.56
99.72
100.25
100.66
99.71
100.03
0.54
±15%

individual tablets are required. Data
presented in Table 5 indicate that the
proposed method can accurately and
precisely
quantitate
metformin
hydrochloride in its commercially

Application of the method to content
uniformity
The proposed method proved to be
suitable for the content uniformity test,
where a great number of assays on
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4. Zarghi A, Foroustan S, Shafaati A,
Khoddam.A. Rapid determination
of metformin in human plasma
using ion-pair HPLC. J Pharma
Biomed Anal 2003;31(1):197-200.
5. Bonfigli A, Manfrini S, Testa R,
Coppa G. Determination of plasma
metformin by new cation exchange
HPLC technique, The Drug Monit.
1999;21(31):330-4
6. Ali M, Maha.F, Charl A.
Determination of metformin in
human plasma using normal phase
high
performance
liquid
chromatography. Saudi pharmaceut
J 2006,14(2),108-14
7. Amini
H,
Alhamdani
A,
Gazerani.P.
Determination
of
metformin in human plasma by
HPLC.
J Chromatogr B
2005;824(1-2):319-22
8. Aburuz , Millership J, Elany J.
Determination of metformin in
plasma
using a new ion-pair
solid phase extraction technique
and ion-pair liquid.
9. Rahman B, Ahmed M, Islam.M, et
al.
Simultaneous
HPLC
determination
of
metformin
hydrochloride and rosiglitazone
maleate in pharmaceutical–dosage
form Research. J Med Med Sc
2007;2(2):115-21.
10. Ghassempor A, Ahmadi M,
Ebrahimi
S,
Enein
H.
Simultaneous determination of
metformin and glyburide in tablets
by
HPLC.
Chromatographia
2006;64:101-104.

available tablets. The mean percentage
(with RSD) of the labeled claim found
in ten tablets was (0.54%) which fall
within the content uniformity limits
specified by the USP 30 28.
Conclusion
In this work, a simple, rapid, precise
and
accurate
spectrophotometric
method was developed and validated
for the determination of metformin
hydrochloride
in
pharmaceutical
preparations and industrial waste water
samples. The method free from such
experimental variables as heating or
solvent extraction step. The method
rely on the use of simple and cheap
chemicals and techniques and can be
used for rapid routine determination
and quality control of metformin
hydrochloride in pure form, bulk
sample, pharmaceutical preparations
and real industrial waste water sample.
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