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Metamizole sodium was chosen as a representative of unstable analytes for investigation by discussing the effects 
of oxygen and solvent on its degradation reaction using the capillary electrophoresis technique. A possible degradation 
mechanism was deduced from the observed behavior and was confirmed by infra-red spectroscopic study. The degrada- 
tion reaction could be inhibited obviously by methanol instead of water as the solvent of analyte. Under the optimized 
conditions : separation voltage of 20 kV , and 5 mmoVL disodium hydrogen phosphate and 5 mmoVL borax with 10% 
methanol( pH 9. 12) as the running buffer, the standard curve of metamizole sodium was linear in a range of 3.77- 
74.07 mg/L. A satisfactory result was achieved when the technique was used to detect metamizole sodium in tablet. 
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Introduction 
A common practical problem occurring during the 

determination of analyte is the chemical degradation re- 
action of analyte in aqueous storage solution, followed 
by the loss of its response as well as inaccurate quanti- 
fication. The problem becomes particularly severe be- 
cause it involves the repeatability of the analytical data 
and the feasibility of the detection method employed in 
the experiment. Thus, it is important and necessq  to 
study the chemical stability of analyte for the determi- 
nation of analyte in aqueous solution. 

Metamizole sodium is a therapeutic agent widely 
used as an antipyreticand analgesic drug. Owing to its 
crucial role in medical treatment, several analytical 
methods have been developed to determine metamizole 
sodium, including iodine titration method" , ultravio- 
let spectrophotometry~2441 , flow injection analysis["61 , 
and high performance liquid ~hromatography[~"~ . Many 
of these techniques have limitations owing to interfe- 
rence, poor resolution, and large amounts of consump- 
tion of sample and reagent. Thus, the quest for better 
separation and quantitation of analyte still continues. 
Despite the great interest in the determination and sepa- 
ration of analyte, however, there has been very little 
work on understanding the chemical stability and the 
mechanism of the degradation of analyte in aqueous so- 
lution during the detection process. 

Capillary electrophoresis ( C E )  was introduced 

over two decades ago by Virtanenrgl, Mikkers et 
al. "'I, and Jorgenson et al.  [ 1 1 ~ 1 2 1  as a promising sepa- 
ration tool with great p~tential"~],  Since then, capilla- 
ry electrophoresis has been employed for the analysis of 
anionic, cationic , and neutral organic molecules owing 
to its efficiency, flexibility, accuracy, little consump- 
tion of sample, and easy column regeneration"47151. 
Also, various research articles about the CE analysis of 
clinical medicaments have been published"6221 . 

The present study is focused on developing a novel 
method for the study of the chemical stability of me- 
tamizole sodium by investigating the effects of oxygen 
and solvent on its degradation reaction with capillary 
electrophoresis. A possible degradation mechanism was 
deduced from the observed behavior and was confirmed 
by infra-red spectroscopic study. On the other hand, 
under the optimized conditions, the study result was 
further employed for the determination of metamizole 
sodium in tablet. This study has extended the realm of 
CE applications. 
Experimental 
1 Apparatus 

All experiments were carried out on a computer 
controlled home-built CE-UV system, consisting of a 
high-voltage supply, and a UV detector with variable 
wavelength ( ISCO , Lincoln, USA ) . Separations were 
performed in a 55 cm fused-sillica capillary with an in- 
ternal diameter of 75 p m  and an outer diameter of 
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360 pm( Yongnian Optical Fabric Factory, Hebei, 
China). 
2 Reagents 

Metamizole sodium was obtained from National In- 
stitute for the Control of Pharmaceutical and Biological 
Products( China). Sorbic acid was purchased from the 
Pharmacy Faculty of Second Military Medical University 
( China). All other reagents, such as borax, boric 
acid, disodium hydrogen phosphate, sodium dihydro- 
gen phosphate, acetic acid, anhydrous sodium acetate, 
and methanol, were of analytical purity and were used 
without further purification. Double-distilled water was 
used throughout the experiment. 
3 Solution Preparation of Metamizole Sodium 
Tablets 

Once the metamizole sodium in tablet was crushed 
carefully with a grinder, 1 , O  g of sample powder was 
accurately weighed , quantitatively transferred into a 
clear dried test tube and solved with pure methanol 
having removed oxygen by nitrogen for 10 min, and the 
mixture was stirred for 2 min. The mixture was centri- 
fuged at 2000g for 5 min, and filtered through a 0.22 
pm cellulose acetate filter membrane prior to injection 
of the sample. Also, a mixture solution consisting of 
5 mmoVL disodium hydrogen phosphate and 5 mmoVL 
borax with 10% methanol ( pH 9. 12 ) as the running 
buffer was deoxygenated by nitrogen for 10 min; all so- 
lutions were stored at 4 “c in a refrigerator. 
4 Preparation of Sample for IR Spectra 

Standard metamizole sodium of 2.0 g/L of 5 mL 
was prepared by dissolving the standard metamizole so- 
dium in twice-distilled water, and the solution was left 
at room temperature so as to make the water naturally 
vaporize under atmospheric drying. Meanwhile, the 
degradation reaction of metamizole sodium in aqueous 
solution was completed. Finally, the dried mixture con- 
sisting of standard metamizole sodium and its degrada- 
tion products was obtained after putting the sample in a 
constant temperature drying oven for 30 min to com- 
pletely remove the remnant water. A certain amount of 
the dried mixture and standard metamizole sodium were 
collected for IR spectroscopic study in a region of 
500-2000 cm-’ with 2 cm-’ resolution. 
5 Procedure 

The capillary was washed with 0. 1 moVL NaOH 
for 20 min, then with double-distilled water for 10 
min, and equilibrated with the running buffer for 10 
min so as to maintain an active and reproducible inner 
surface of the capillary prior to use. All sample solu- 
tions were introduced into the capillary by pressure dif- 

ferential created by elevating the capillary inlet 6.5  cm 
above the outlet for 8 s. A constant voltage of 20 kV 
was applied at the injection end of the capillary, the ef- 
fective length of which was 40 cm. Sorbic acid was 
used as the internal standard, and the detection wave- 
length was 254 nm. Every run was repeated at least 
three times under constant temperature( 25 “c ) and hu- 
midity( 40% ) to obtain reliable data. 
Results and Discussion 
1 Choice of Buffer System 

Binary buffer systems, including phosphate, borax 
and boric acid, acetic acid and sodium acetate of vari- 
ous proportions, were tested to achieve optimal condi- 
tions for the detection of metamizole sodium. In agree- 
ment with the general electrophoretic theory, the migra- 
tion time of analyte increased with the increasing acidity 
of running buffer, owing to poor ionization yielded by 
the silicon-bonded hydroxy group within the inner wall 
of the separation capillary. However, at high pH, fast 
separation of analyte in the capillary could be 
achieved. In this experiment, a basic buffer containing 
sodium dihydrogen phosphate and borax was used as 
the running buffer, and metamizole sodium separated 
by CE exhibited a well-sharp and symmetric peak in the 
electropherogram. In CE , organic solvent could modify 
the selectivity by influencing some interaction that exis- 
ted in the solutioniu1. When we added methanol into 
the binary buffer, the signal intensity of the analyte re- 
mained unchanged, and stable baseline of the electro- 
pherogram could be obtained. Also, the stability of 
metamizole sodium was enhanced by inhibiting its de- 
gradation reaction in the electrophoresis separation 
process. Thus, a mixture solution consisting of 
5 mmoVL disodium hydrogen phosphate and 5 mmoVL 
borax with 10% methanol( pH 9. 12) was chosen as the 
best running buffer to start the optimization of the de- 
tection system. 
2 Choice of Wavelength 

The peak area of analyte was measured by varying 
the ultraviolet band from 200 to 300 nm. Considering 
the effects of absorbency and sensitivity on the detection 
of metamizole sodium, a wavelength of 254 nm was 
used as a compromise. 
3 Separation Voltage 

The influence of voltage on the separation of me- 
tamizole sodium was studied at voltages ranging from 12 
to 22 kV. Increasing the voltage resulted in shorter mi- 
gration time and higher separation efficiency between 
the sample and internal standard. However, separation 
voltage in excess of 20 kV resulted in higher Joule heat 
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within the capillary, which in turn considerably &ec- 
ted the separation efficiency of the analyte, and in- 
creased the baseline noise in the electropherogram. 
Based on the experimental results, 20 kV was finally 
chosen as the optimum voltage. 
4 Stability of Metamizole Sodium 

When the standard solution of metamizole sodium 
freshly prepared in water was injected into the capilla- 
ry, the main peak ( first peak) of metamizole sodium 
was found in the electropherogram, followed by the se- 
cond peak for sorbic acid. However, after the standard 
solution of metamizole sodium placed in air for 1 h was 
injected into the capillary, the third one, a new un- 
known peak of the principal degradation product of me- 
tamizole sodium, was observed in the electropherogram 
as shown in Fig. 1. Moreover, the longer the time pas- 
sed, the larger the ratio between the third and the first 
peak areas reached( S , / S ,  ) . 
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Fig. 1 Eleetropherograms of freshly prepared solution 
of standard reagent dissolved in water( A )  and 
an hour later( B)  

PeaLs: 1 .  metamizole sodium; 2. whic  acid; 3. unknown compo- 
nent. Conditions: 8 mg/L sorbic acid and 20 mg/L metamizole sodi- 
um dissolved in water; -ng buffer: 5 mmoVL disodium hydmgen 
phosphate and 5 mmoVL born with 10% (volume fraction) methanol 
(pH 9.12) ; separation voltage: 20 kV; current: 25 pA; injection: 
6.5 c m x 8  s. 

As can be seen in Fig. 2 ,  the ratio tended to be 
unchangeable after 2 h when the degradation reaction of 
metamizole sodium in aqueous solution was in dynamic 
equilibrium. The degradation reaction of metamizole so- 
dium may be attributed to the result of hydrolyzation of 
metamizole sodium in aqueous solution. 
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Fig.2 Stability of metamizole sodium dissolved in water 
S ,  : peak area of metamizole sodium; S ,  : peak area of unknown com- 

ponent. Other conditions are the w e  as those in Fig. 1. 

To further study the mechanism of the degradation 
of metamizole sodium in aqueous solution, the effects of 
oxygen and solvent on the degradation of metamizole so- 
dium were investigated, respectively. Firstly, prior to 
the analysis of electrophoresis, double-distilled water 
used as the solvent of the analyte was deoxygenated by 
nitrogen for 20 min. When the solution was left for 
one, two, three, and five hours, no obvious unknown 
peaks were observed in the electropherograms , which 
indicated that the hydrolyzation of metamizole sodium 
was associated with the oxygen dissolved in water. 
Then, methanol was employed for the preparation of the 
standard solution, and the result of the electrophoresis 
analysis obtained was similar to that of the former case, 
which suggested that the chemical degradation reaction 
of metamizole sodium could not occur without water. 
From the above results, a possible chemical mechanism 
can be deduced as follows ( as shown in Scheme 1 ) : 
hydrolyzation-oxidation of metamizole sodium occurred 
with the aid of water and dissolved oxygen, and its po- 
ssible product was l -phenyl-2, 3-dimethyl4methyl- 
aminopyrazol-5-ketone, the migration velocity of which 
was faster than that of metamizole sodium within the 
capilary in this experiment. 

CHI 

CH3 

Scheme 1 Hydrolyzation-oddation of metamizole 

To verify the mechanism mentioned above, the IR 
sodium in water 
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spectra in the region of fundamental frequencies of 
500-2000 cm-' of standard metamizole sodium and 
the mixture consisting of standard metamizole sodium 
and its degradation products were compared with each 
other. As can be seen in Fig. 3,  the -SO3- peaks at 
wavenumbers 1059 and 1157 cm-' significantly de- 
creased after the degradation reaction of metamizole so- 

dium in aqueous solution. This is again an indication of 
hydrolyzation-oxidation of metamizole sodium in water, 
resulting in that --SO,Na was dissociated from the me- 
tamizole sodium molecule. 

500 1000 1500 2000 
Plcrn-' 

Fig.3 IR spectra of standard metamizole sodium(a) 
and mixture C O M ~ S ~ ~ I I ~  of standard metamizole 
sodium and its degradation products ( b ) in a 
region of 500--2000 cm with 2 em -' ~ I U -  

tion 

5 Linearity, Detection Limit and Reproducibility 
A series of standard solutions of metamizole sodi- 

um with different concentrations were tested to deter- 
mine the linearity. Under the optimized conditions: 
metami: sodium sample solved in pure methanol de- 
oxygenated by nitrogen, detection wavelength 254 nm , 
5 mmoVL disodium hydrogen phosphate and 5 mmoVL 
borax with 10% (volume fraction) methanol( pH 9. 12) 
as the running buffer, separation voltage of 20 kV, and 
the calibration equation and regression coefficient for 
metamizole sodium as y =O. 01497% +O. 19305 and r = 
0.992, respectively, which exhibited excellent linear 
behavior between 3.77 and 74.07 mg/L, a detection 
limit of 0.74 mg/L was achieved ( S / N  = 3) .  Detection 
reproducibility was determined from seven consecutive 
injections of a standard solution containing 20 mg/L 
metamizole sodium. The relative standard deviation 

(RSD) of the peak area was 1.74%. 
6 Application and Recovery 

CE-UV system was applied to the determination of 
metamizole sodium in tablet according to the procedures 
described in the experimential section. Samples were 
obtained from different plants, namly, Jilin Henghe 
Pharmaceutical Co. , Ltd. (Jilin, China) and Northeast 
Pharmaceutical Group Co. , Ltd. (Shenyang, China). 
Typical electropherograms of the sample solutions are 
shown in Fig.4. 
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Fig. 4 Electropherogmns of the real samples 
Conditions are the anme an those in Fig. 2. 

When compared with the electropherogram of the 
standard solution, the baseline noise of metamizole so- 
dium in tablet appreciably increased, but no strong in- 
terference was found under the identical conditions. 
Accurate amounts of metamizole sodium were added to 
the sample solutions, and the recovery values and the 
assay results obtained were summarized in Table 1,  
which indicated that the content of the analyte in tablet 
corresponded with that explained in the drug label. The 
proposed method is reliable, accurate, and reproduci- 
ble for the determination of metamizole sodium in tab- 
let. 

Table 1 Assay fesults of metamizole sodium in tablet by CE' 

1 20.43 1.61 51. 1 20.00 39.32 94.5 
2 40.66 2.71 101.7 20.00 59.40 93.7 
* Conditiom are the Bame an those in Fig. 2. 

Conclusions ting the stability of metamizole sodium in solution was 
proposed, and by studying the effects of dissolved OXY- Capillary electrophoresis technique for investiga- 
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gen and solvent on the chemical degradation reaction of 
metamizole sodium a possible mechanism of the chem- 
ical degradation of metamizole sodium was discussed 
and confirmed by IR spectroscopic study. The degrada- 
tion reaction could be inhibited obviously by methanol 
as solvent of the analyte. The proposed method was 
successfully applied for analysis of metamizole sodium 
in tablet. Owing to the fast analysis good selectivity, 
and high effective resolution of this means, we would 
like to state the feasibility of applying capillary electro- 
phoresis as an approach for exploring the stability of 
analyte in analytical scope. 
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