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Abstract: A fixed time kinetic spectrophotometric method has been developed for the selective 
determination of metformin hydrochloride in bulk and in tablet formulation. This experiment 
indicates that at room temperature alkaline solution metformin is oxidized to -diketone by the 
action of sodium hypochlorite, the product is subsequently reacts with sodium nitroprusside to give 
a green colored 1, 3 dinitrosyl-N’-(iminomethyl)-N, N-dimethyl formamidine complex with 
maximum absorption at 685 nm. In sodium hydroxide-boric acid buffer solution, this time 
dependent chromophoric reaction reaches to a state of maximum absorbance within 5 minutes. At a 
preselected time of 5 minutes (after initiation of reaction) readings of maximum absorbance were 
adopted for constructing the calibration curve. Beer’s law is obeyed over the concentration range of 
10-120 g.mL-1 with molar absorptivity and Sandell’s sensitivity of 6.335 x 104 L. Mol-1.cm-1 and 
0.0261 g.mL-1 respectively. The linear regression equation is A= 0.004 + 0.003C (g. mL-1) with a 
regression coefficient (r2=0.999). The percent recovery of the method is 100.04% with average 
relative error 0.038% and average relative standard deviation (RSD) 0.319%. The parameters with 
regard to determination of metformin by proposed method are optimized. The reaction mechanism 
and reaction stoichiometry is discussed. The proposed method was successfully applied for 
estimation of metformin in commercially available metformin tablets containing glibenclamide, 
glimepiride, glipizide and gliclazide. The average accuracy was found good, which was evaluated by 
comparison of the results obtained with those claimed by the manufacturer. 
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Introduction 
Metformin hydrochloride (MHCl) is an oral antihyperglycaemic agent used to lower blood 
glucose in patients suffering from diabetes of non-insulin dependent1. Chemically metformin is 
N, N-dimethylimidodicarbonimidic diamide hydrochloride2 with molecular weight 165.62 g/mol.  
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Figure 1. Chemical structure of MHCl 

 Literature review indicates several methods for the determination of MHCl alone or in 
combination with various drugs in pharmaceutical preparations. MHCl has been determined 
by titration in an acetic acid medium with perchloric acid3 using several indicators. Also, 
potentiometrically it was estimated in glacial acetic acid and mercury(II) acetate medium 
using perchloric acid1 and PVC membrane sensors4-5. Fluorimetric determination of MHCl 
involved its reaction with chrysenequinone and 1-naphthol in alkaline medium5. 
Conductometric assay of MHCl was carried out with copper sulfate6, silver nitrate7 and 
sodium tetraphenylborate with cetylpyridinium bromide8. Various HPLC methods have been 
reported for determination of MHCl in human plasma9-13 and in pharmaceutical 
preparations14-15. In addition, reversed-phase liquid chromatography16-18, liquid 
chromatography-mass spectrometry19, tandem mass spectrometry20-23, gas chromatography24, 
and capillary electrophoresis25-27 methods are found in the literature for determination MHCl. 
Most of these methods are time consuming and required an expensive instrumentation. 

 Several spectrophotometric methods are reported for determination of MHCl. These 
includes direct determination with multivariate calibration technique28, reaction of MHCl 
with cupric ion and cyclohexylamine in basic medium5, formation of oxidative coupling of 
the reaction product of MHCl with 1-naphthol29, oxidation of MHCl to yellow-colored 
chromophore30, formation of charge transfer complex of MHCl with iodine in acetonitrile 
medium31 as well as the first-derivative method32. Spectrophotometry is the most common 
and convenient analytical tool of analytical laboratories due to its inherent sensitivity and 
low costing. Up till now no kinetic spectrophotometric method has been reported for 
quantification of MHCl using sodium nitroprusside. This initiated our present study.  

 Sodium nitroprusside (SNP), Na2[Fe(CN)5NO] is a popular derivatization agent of 
analytically important for the detection and determination of wide variety nucleophilic 
moieties such as primary or secondary aliphatic amines, aldoximes, ketones, nitrites, 
phenols, pyrroles, quinones, thiols, thioureas and uracils33-34. Many spectrophotometric 
methods adapted SNP as an analytical reagent in their applications, including the assays of 
rosoxacin35, paracetamol36, streptomycin37, meloxicam38, cefradine39, diosmin40, atenolol41, 
methanol42, piroxicam43, sumatriptan succinate44, ramipril45 and thiosulphate46. Furthermore, 
the techniques like HPLC47 and flow injection analysis48 also adapted SNP as an analytical 
reagent in their applications. In addition, the coupling reaction of SNP with diazotized         
p-nitroaniline in basic solution also been used for spectrophotometric determination49 of 
SNP. Also, for detection of impurities with TLC, metformin also been identified by using 
the mixture of SNP and potassium ferrocyanide with NaOH solution50, but this test does not 
involved oxidation of metformin by NaOCl.  

 Spectrophotometric methods of determinations of metformin29-30 and paracetamol51 have 
been utilized NaOCl as an oxidizing reagent for oxidation of the analytes. It has been 
reported that using NaOCl metformin is oxidized to its -diketone, the product is 
subsequently react with SNP in basic solution due to nucleophilic reactivity of oxygen atoms 
of the -diketone with electrophilic nitrosyl groups of two SNP molecules, to give a green 
colored 1, 3 dinitrosyl-N’-(iminomethyl)-N, N-dimethyl formamidine complex. In NaOH 
this time dependent reaction is completed within 3 minutes and generated product undergoes  
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degradation immediately after 3 minutes52, therefore determination of metformin is not 
possible through measurement of a concrete absorbance value. It has been proved that, in 
NaOH-H3BO3 buffer solution reaction of the oxidized product of MHCl with SNP reaches to 
a state of maximum absorbance within 5 minutes and remains in same state for about one 
minutes. The reaction allows sufficient time for absorbance measurement, therefore fixed 
time kinetic spectrophotometric method adopted for quantification of MHCl which is 
described in this manuscript.      

Experimental 
A Shimadzu Double beam UV-visible spectrophotometer (UV-1800) with software 
UVProbe 2.33 and 10 mm matched quartz silica cells was used for all spectral and 
absorbance measurements.  

Reagent and materials  
All the chemicals used were of analytical grade or pharmaceutical grade and used without further 
purification. Distilled water was used for diluting the standard, reagents and samples. All the 
prepared reagents were stored in the amber colored bottles and protected from direct sunlight.  

Sodium nitroprusside (SNP) solution 
A 1.0x10-2 mol L-1 solution was prepared freshly by dissolving 1.490 g of 
Na2[Fe(CN)5NO].2H20 in 500 mL of distilled water.  

Sodium hypochlorite (NaOCl) solution 
A 0.1% solution was prepared by diluting 12.5 mL of 4% sodium hypochlorite to 500 mL 
with distilled water.  

Sodium hydroxide-Boric acid (Borax buffer) solution 
Prepared by dissolving 3.100 g of H3BO3 in 500 mL of 1.0 mol L-1 of aqueous NaOH 
solution. 

Standard metformin hydrochloride (MHCl) solution 
A stock solution of 1.0x10-3 mol L-1 of MHCl was prepared by dissolving 82.8 mg of 
pharmaceutical grade MHCl (C4H11N5HCl, 165.62 g mol-1) in 500 mL of distilled water. 
Working solutions of 16.56 and 20.0 g mL-1 of MHCl were prepared by diluting 10.0 mL 
and 12.1 mL of this solution respectively to 100 mL with distilled water.  

Dosage forms 
The metformin containing tablets, Metfor, Glycomet, Diabetrol, Reclimate, Gemer 1 and 
Actizide-M were purchased from commercial sources and subjected to analysis. 

Recommended procedures  
Caution 
Potentially hazardous volatile gases may possibly be evolved during the experimentation.  

Procedure for determination of metformin in pure drug 

Aliquots of 6.0 mL of standard solution containing 10.0-120.0 g of MHCl were transferred 
to 50 mL beakers containing 1.0 mL of NaOH-H3BO3 buffer solution. For measurement of 
absorbance of the first solution, 1.0 mL of 0.1% NaOCl solution was added and after thoroughly 
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mixing of reaction mixture, immediately 2.0 mL of 1.0x10-2 mol L-1 of SNP solution was 
added. At the end of addition of last SNP reagent, time measurement was started by using 
stop-watch. Meanwhile reaction mixture was again systematically mixed and immediately 
place in the optical beam of the spectrophotometer using 10 mm quartz cell, against 
distilled water blank (since the composition of the reagent blank solution changes with the 
time). After 60 seconds the absorbance of reaction mixture was monitored at 685 nm via 
putting spectrophotometer in the kinetic mode and absorbance reading at 300 seconds (viz. 
at 5 minutes after initiation of reaction) was recorded. During experimentation, each 
solution was treated independently in absence of direct sunlight for a fixed time span and 
absorbance was recorded. The calibration curve was constructed by plotting the 
absorbance values (measured at 300 seconds) against the concentration of the metformin. 
The amount of the metformin in the sample was computed either from calibration curve or 
regression equation. 

Procedure for determination of metformin in tablet formulations 
A single tablet of MHCl was weighed and finely powdered. An accurate weight of 20 mg of 
powdered MHCl was transferred to 100 ml distilled water. The solution was stirred for 3-4 
minutes and filtered through a Whatman No 42 filter paper. The filtrate contains MHCl, 
while other drug ingredients (glibenclamide, glimepiride, glipizide and gliclazide) and 
excipients present in tablet remains insoluble. A 10.0 mL of this filtrate was further diluted 
to 100 mL with distilled water and a working sample was prepared. Different aliquots of 
known volume of working sample were analyzed by the recommended fixed-time 
spectrophotometric method. The amount of the metformin in tablet was computed from 
calibration curve method.   

Results and Discussion 
The time dependency of a chromogenic reaction, its short life time becomes hurdle in 
determining a concrete absorbance value. Kinetic spectrophotometric method is an 
alternative approach for quantification of such compounds which increases the absorbance 
within time of reaction. Reaction of the oxidized product of metformin (-diketone) with 
SNP fulfills these limitations. Thus, it could help in establishing suitable method for 
determination of MHCl in pure drug and in certain pharmaceutical formulations. 

Absorption spectrum 
In present investigation, green colored complex of 1, 3 dinitrosyl-N’-(iminomethyl)-N, N-
dimethyl formamidine is formed in NaOH-H3BO3 buffer solution by the reaction of MHCl 
with NaOCl and SNP. It can be seen that (Figure 2), the maximum absorption wavelength of 
the green colored product is at 685 nm. Except the reaction product all the reagents as well as 
reagent blank solution are transparent at 685 nm. All the absorption spectra of reaction product 
(5-10) were obtained 5 minutes after the initiation of reaction. Maximum absorbance value 
obtained for corresponding concentration of metformin is given in the bracket.  

Mechanism of the Chromogenic Reaction  

MHCl in alkaline medium (buffered with NaOH-H3BO3) oxidized to -diketone by the 
action of NaOCl, the product thus formed is progressively reacts with SNP to give a green 
colored 1, 3 dinitrosyl-N’-(iminomethyl)-N, N-dimethyl formamidine complex (Figure 3). 
SNP has ability to react with many nucleophilic agents in basic solution and form the 
colored derivative because of electrophilic reactivity of its nitrosyl group33-34.  
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Figure 2. Absorption spectrum (obtained against distilled water) at 10 mL dilution with 1.0 
mL buffer solution of 5.0x10-4 M of MHCl solution, (1) 1.0 mL of 0.1 % NaOCl solution, 
(2) 2.0 mL of 1.0x10-2 mol L-1 of SNP solution, (3) reagent blank solution and (4) the reaction 
product with 1.0x10-4 M (5, A=0.067), 2.0x10-4 M (6, A=0.129), 3.0x10-4 M (7, A=0.188), 
4.0x10-4 M (8, A=0.242), 5.0x10-4 M (9, A=0.312), 6.0x10-4 M (10, A=0.378) of MHCl 

 
Figure 3. Mechanism of the chromogenic reaction 

 As a result the oxygen atoms of -diketone of MHCl trends to attack electron deficiency 
center in nitrosyl groups of two SNP molecules to give green color product. Similar reaction 
reported for determination of paracetamol36 illustrates that, paracetamol molecule is linked 
to nitrosyl group through phenolic oxygen and gives green colored compound with 
absorption maxima at 700 nm. Development of green color to these products is due to 
conjugation of double bonds by means of electron donor oxygen atoms and electron 
acceptor nitrosyl groups. The -diketone of MHCl shows inertness towards both potassium 
ferrocyanide and potassium ferricyanide. Consequently the cyanide ligand of the 
nitroprusside anion does not involve in the chromogenic reaction. Furthermore, it was 
observed that the addition of potassium ferricyanide with alkaline sodium nitroprusside does  
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not develop the green color with metformin in NaOCl solution, but the addition of potassium 
ferrocyanide does not affect color development. Chromogenic reaction (Figure 3) occurs only in 
basic medium (pH=12.8) because of formation of the [Fe(CN)5NO(OH)]3-; active component of 
the sodium nitroprusside after its reaction with NaOH42,53. In addition, the reaction was initiated 
only with the addition of sodium hypochlorite oxidizing reagent. Time and sequence of addition 
of the reagents as well as amount of reagent affects the rate of reaction. 

Linearity in measurement of absorbance 
Initially, growth and stability of the colored product was studied by measuring increase in 
absorbance at 685 nm as a function of time for the reaction of varying concentration of 
metformin. Different standard solutions (at 10 ml dilution) of metformin having concentration 
in the range 10-120 µg were prepared using 1.0 mL buffer, 1.0 mL of 0.1 % NaOCl and 
2.0 mL of 1.0x10-2 mol L-1 of SNP respectively. Absorbance of the reaction was monitored 
(using kinetic mode of spectrophotometer) 60 seconds after the addition of final reagent SNP.  

 The absorbance-time curve (Figure 4) interprets that, in NaOH-H3BO3 buffer 
absorbance of the reaction product increases slowly to maximum up to 300 seconds and after 
360 seconds it starts declining. Furthermore, absorbance of the green colored product when 
measured at a 300 or 360 seconds, (for maximum molar absorptivity) was observed to be 
increasing proportionally to the concentration of metformin (Figure 5). Consequently fixed 
time kinetic method is found to be suitable for determination of metformin. 

  

Figure 4. Absorbance-time curves (A to L) 
for reaction of metformin with varied 
concentration (10-120 µg) 

Figure 5. The calibration graph of absorbance 
(measured at 300 sec.) against the concentration 
of metformin in the range 10-120 µg 

Reaction stoichiometry  

Stoichiometric ratio for the reaction between -diketone of the MHCl with SNP in NaOH-
H3BO3 buffer solution was studied by the Job’s method of continuous variation54 and by 
varying concentration of MHCl and SNP. For Job’s method, standard working solutions of 
0.5×10-3 M of MHCl and 1.0×10-3 M SNP were used. Concentration ratio of MHCl: SNP 
was maintained as 1:2 for a series of 12 ml standard solutions of MHCl and SNP with 
different complementary proportions (0:10, 1:9,..., 9:1, 10:0) were prepared with 1.0 mL of 
NaOH-H3BO3 buffer and 1.0 mL of 0.1% NaOCl solutions. After measurement of 
absorbance, stoichiometry for the reaction of -diketone of the MHCl and SNP reagent was 
observed to be 1:2 and 1.5:2.   
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 In the same way concentration variation method was used with variation in the volume 
of MHCl (of 0.5×10-3 M) and SNP (of 0.5×10-3 M). At the beginning volume of SNP was 
kept constant (10.0 mL) and by changing the volume (1.0-10.0 mL) of metformin. Similarly, 
by keeping the volume of MHCl constant (3.0 mL) and changing the volume (1.0-10.0 mL) 
of SNP, absorbance of all the solutions was measured according to procedure. In both of 
these later cases, the absorption-time curves illustrate linear increase in absorbance till the 
concentration of metformin to SNP reaches in the ratio 1:2. From the stoichiometric study, it 
is concluded that in limited concentration of SNP, maximum molecules of -diketone react 
with SNP through single oxygen atom and in excess concentration of SNP both oxygen of 
the -diketone react with SNP. Other than two oxygen atom no active site in the -diketone 
molecule is seen which can reacts with third nitrosyl group of SNP. Hence, it seems 
reasonable that in excess concentration of SNP, the reaction mechanism reported in Figure 3 
is correct. The higher concentration of SNP is recommended for determination of metformin 
by proposed method since it helps to maintain reaction stoichiometry in 1:2 ratio with 
greater value of molar absorptivity.     

Optimization of reaction conditions 
The optimum conditions for the development of method were established by varying the 
parameters one at a time and keeping the others fixed and observing the effect produced on 
the absorbance-time curves of the green colored product.  

Effect of SNP concentration  
Sodium nitroprusside is functions as chromogenic reagent. Its concentration directly affects 
the absorbance of the reaction medium. The effect of concentration of SNP on the rate of the 
reaction was studied by keeping the concentration (60 org) of metformin constant and 
altering the concentration of SNP (1.0-5.0 mL of 1.0x10-2 M). It was observed that, 
absorbance of reaction mixture increases with increasing volume of SNP from 1.0 to 3.0 mL. 
It is interesting to know that, volume of SNP greater than 3.0 mL does not affect the 
absorbance values significantly. For determination of metformin upto 120 g, 2.0 mL 
volume of 1.0x10-2 M SNP was found adequate which is approximately 100 times greater 
than analyte concentration.     

Effect of NaOCl concentration  
Sodium hypochlorite acts as oxidizing reagent because of its ability of releasing free 
chlorine in aqueous medium. This free chlorine has absorbance quenching ability. The 
concentration of NaOCl greatly affects the reaction rate (in terms of oxidation of metformin) 
and absorbance (in terms of color bleaching property) of the reaction product. Free chlorine 
released by 1.0 mL of 0.1% NaOCl was found adequate for oxidation of metformin up to 120 g. 
Moreover, the reaction MHCl with SNP is initiated only with the addition of NaOCl. 

Effect of buffer concentration 
SNP acts as electrophilic agent in basic medium due to formation of [Fe(CN)5NO(OH)]3- 
active component after its reaction with NaOH42,53. The reaction of -diketone of MHCl and 
SNP also occurs in strong basic medium containing NaOH. The rate of formation and 
degradation of the green color product was observed to be faster, when reaction was carried 
with only NaOH solution52. For controlling the pH of the reaction medium when boric acid 
(H3BO3) was added along with NaOH, the rate of formation and degradation of the product 
was observed to be slower. In NaOH-H3BO3 buffer solution (pH=12.8) reaction reaches to a  
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state of maximum absorbance within 5 minutes and the absorbance remains constant for a 
time span of 1 minute, sufficient for absorbance measurement. The buffer solution greater 
than 1.0 mL does not show much improvement in the absorbance readings.  

Sequence of addition reagent 
The rate of the chromogenic reaction was observed to be varied with the sequence of 
addition of reagents. Initially, 6.0 mL aliquot of metformin solution was placed in a 1.0 mL 
of buffer solution, Just before absorbance measurement 1.0 mL of 0.1% NaOCl and 2.0 mL 
of 0.01 M SNP was added. Absorbance of the reaction mixture was measured according to 
the procedure described earlier. The parameters for selective and sensitive determination of 
MHCl are accordance with in Table 1. 

Table 1. Summary for the optimization of variables affecting the reaction of MHCl with 
SNP reagent employed in the development of the proposed spectrophotometric method 

Variable Studied Range Optimum 
Conc. range of MHCl 10.0 -120.0 g 10.0 - 120.0 g 
Volume of 0.01 M SNP 1.0 - 5.0 mL 2.0 mL 
Volume of 0.1 % NaOCl 0.5 - 3.0 mL 1.0 mL 
Volume of buffer solution 0.5 - 4.0 mL 1.0 mL 
pH range 12.8 12.8 
Temperature 25 oC (Room temp.) 25 oC 

Sensitivity of the method 
Sensitivity of the spectrophotometric method is often described in terms of the molar 
absorptivity () and Sandell’s sensitivity of the color product formed. With variable 
concentration of metformin (Figure 2), the molar absorptivity value for green colored product 
at 685 nm was found 6.335x104 L. Mol-1.cm-1. Sandell’s sensitivity54 of the green color product 
was observed 0.0261 g. mL-1. Higher value of molar absorptivity and lower value of 
Sandell’s sensitivity indicates suitability of the current method in determination of metformin. 

Quantification of metformin  
A linear correlation was found between absorbance and concentration of metformin in the range 
10-120 g (Figure 4 and 5). Beer’s law calibration curve was used for calculation of concentration 
of metformin. Analytical and optical parameters reported in Table 2 predict suitability of the 
method. In order to determine the accuracy and precision of the method, solutions containing four 
different concentration of metformin were prepared and analyzed five times. The results reported 
in Table 3 indicate that proposed method has good accuracy and good precision.       

Table 2. Analytical and optical parameters for the performance of the proposed 
spectrophotometric method for determination of metformin 

Statistical Parameter Tested Parameter Values 
Measurement wavelength (max) 685 nm 
Stoichiometric ratio MHCl: SNP (in excess) 1:2 
Beer’s law limit 10.0 -120.0 g 
Preselected time of measurement 300 or 360 Sec. 
Molar Absorptivity 6.335x104 L. Mol-1.cm-1 
Sandell’s Sensitivity (0.001 Abs. unit) 0.0261 g mL-1 
Regression equation A= 4.0x10-3 + 3.0x10-3 C 
Regression coefficient (r2) 0.999 
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Table 3. Evaluation of accuracy and precision in determination of metformin by the 
proposed method 

MHCl 
g/10 mL 

Accuracy Precision 
Recovery, 

% 
Absolute 

Error 
Relative 
Error, % 

Average 
Deviation

Relative Std. 
Deviation, % 

Standard 
Deviation Taken Found*

20.0 19.9 99.50 -0.10 -0.50 0.10 0.503 0.150 
40.0 40.2 100.50 0.20 0.50 0.12 0.298 0.158 
60.0 60.1 100.17 0.10 0.17 0.20 0.333 0.255 
80.0 79.7 99.63 -0.30 -0.38 0.24 0.301 0.291 
100.0 100.4 100.40 0.40 0.40 0.16 0.159 0.200 

Average: 100.04 -- 0.038 -- 0.319 0.211 

*Average of five determinations 

Analytical application 
The validity of the proposed procedure was tested through determination of the metformin 
drug in its dosage forms. Following dosage forms were subjected for determination of 
metformin: Metfor (500 mg MHCl), Glycomet (500 mg MHCl), Reclimate (500 mg MHCl 
+ 80 mg gliclazide), Diabetrol (500 mg MHCl + 5 mg glibenclamide), Gemer 1 (500 mg 
MHCl + 1 mg glimepiride) and Actizide-M (500 mg MHCl+5 mg glipizide). The active 
drugs such as gliclazide, glibenclamide, glimepiride and glipizide present in dosages 
forms (are water insoluble) in combination with metformin does not react52 with SNP in 
presence of NaOCl, therefore calibration technique was adopted. The results obtained are 
given in Table 4. 

Table 4. Statistical analysis of results obtained by the proposed method for the 
determination of metformin its tablet formulation 

Tablet 
MHCl found 
in working 

sample*, g 

MHCl found 
in tablet* mg 

Recovery, 
% 

Absolute 
Error 

Relative 
Error, % 

Relative Std. 
Deviation % 

Metfor 20.09 502.25 100.45 -2.25 +0.45 0.15 
Glycomet 19.90 497.50 99.50 -2.50 -0.50 0.21 
Reclimate 19.98 499.50 99.90 -0.50 -0.10 0.30 
Diabetrol 20.13 503.25 100.65 +3.25 +0.65 0.25 
Gemer-1 19.95 498.75 99.75 -1.25 -0.25 0.33 
Actizide-M 20.06 501.50 100.30 +1.50 +0.30 0.39 

*Average of four determinations 

Conclusion 
The results demonstrate the successful use of NaOCl and SNP in the development of a fixed 
time kinetic spectrophotometric method for selective determination of metformin at room 
temperature. The proposed method is characterized by its sensitivity, which permits the 
determination in visible region of a metformin in the large linear range of concentration, its 
simplicity in procedure and reliability in results. All analytical reagent used in this 
experiment are inexpensive and available in all analytical laboratory. The other active drug 
ingredients (glibenclamide, glimepiride, glipizide and gliclazide) and excipients present 
along with metformin in dosage forms did not interfere. The proposed method can be 
applied in quality control laboratories for the routine analysis of metformin in pure drug and 
tablet formulations. 
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