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Abstract

A simple and reproducible spectrophotometeric method for the assay of cefotaxime sodium, cefuroxime sodium, and ceftriaxone disodium
with metol-chromium(VI) reagent has been developed. The procedure is based on direct oxidation of metol by potassium dichromate in
presence of drug in acidic medium and subsequent formation of ternary complex. Beer’s law is obeyed in the rangey®n2-228 A max
520 nm. For more accurate analysis, Ringbom optimum concentration range is found to be Qu@~+26:5 The molar absorptivity and
Sandell sensitivity were calculated. Six replicate analysis of solutions containing seven different concentrations of the examined drugs were
carried out and gave a mean correlation coefficke@t9996; the factors of the regression line equation for the three cephalosporins were
calculated. The proposed method was applied to the determination of the examined drugs in pharmaceutical formulations and the results
demonstrated that the method is equally accurate, precise, and reproducible as the official methods.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction fluorimetric[14,15] and high performance liquid chromato-
graphic[16—18] methods.

Cefotaxime sodium, cefuroxime sodium, and ceftriaxone  The aim of this work was to develop a simple and re-
disodium are some of the third-generation cephalosporin producible spectrophotometric procedure for the determina-
antibiotics characterized by a broad antibacterial spec-tion of cefotaxime sodium, cefuroxime sodium, and ceftri-
trum and a resistance to beta-lactamase-producing organaxone disodium in acidic medium by reaction with metol
isms in addition to its antimicrobial activity (streptococci, and potassium dichromate.
staphylococci, pneumococci, efd.]). Cephalosporins are
distributed widely into tissues and body fluids, including
pleural, pericardial, and synovial fluids. However, while 5 Experimental
the earlier cephalosporins failed to penetrate the central
nervous system and were unsuccessful in the treatment ofy 1. \Material and reagents
meningitis, the third-generation cephalosporins enter the

central nervous system and reach therapeutic concentra- Al chemicals and reagents used were of analytical grade
tions, there sufficient for treatment of meningitis caused by gznd all solutions were prepared in doubly distilled water.

aerobic gram-negative bactef[l. These characteristics are A freshly prepared % 10-3 M aqueous solution of metol
of considerable clinical and hence, analytical intefakt was prepared by dissolving appropriate weight in water. A
Several analytical procedures are available in the literature 1o-2 \ potassium dichromate was also prepared. Buffer so-
for the analysis of cephalosporins, via spectrophotometric |ytion, a mixture of 250 ml of 0.2 M potassium hydrogen
[4-10] polarographi¢11], stripping voltammetri¢11-13}  phthalate and different volume of 0.1 M HCI was diluted to
11 with water to produce different pH values.
* Corresponding author. Cefotaxime sodium (1) was obtained from Hoechst Ori-
E-mail address: ghragab@hotmail.com (G.H. Ragab). ents Egypt, Cairo, under the license from Hoechst AG,
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Frankfurt/Main, Germany, whereas cefuroxime sodium (ll) alent to 500 mg cefotaxime per vial, zinnat vials (Glaxo

was obtained from Glaxo Wellcome, Egypt, S.A.E., Cairo, Wellcome, Egypt) containing 263 mg, equivalent to 250 mg

under the license from Glaxo Wellcome group Ltd., England. cefuroxime and rocephen vials (EIPICO, Egypt) containing

Ceftriaxone disodium (Ill) was obtained from the Egyptian ceftriaxone disodium equivalent to 1.0 g ceftriaxone per vial

International Pharmaceutical Industries Company (EIPICO) were used.

under the license from Roche (Switzerland). Stock solutions

were prepared by accurately weighing 100 mg of the exam- 2.5. Procedure for vials

ined drug into a 100 ml calibrated flask, dissolved in water

and kept in the dark to avoid any degradation of the drugs. The contents of each vial was transferred into separate

500 ml calibrated flask and made up to volume with water.

Suitable aliquots of the standard drug solutions were mixed

with 0.5 ml of the solution prepared above in 50 ml calibrated
Spectral and absorbance measurements were made witlilask and diluted to the mark with water. The assay was

a JASCO 530 UV-Vis and Perkin-Elmer Lambda 3B spec- completed as described above under general procedure. The

trophotometer with 10 mm quartz cells. The pH of solutions recovery of the drug was computed from the corresponding

was checked using an Orion Research Model 601A/digital regression equation.

ionlyser.

2.2. Instrumentation

2.3. General procedure 3. Results and discussion

Pipette a 1.5ml aliquot of the examined drug solution ~ The spectrum of the oxidation product of metol with

(concentration range as indicated Table 2 in a 10ml potassium dichromate in the presence of drug I, II, or llI
calibrated flask. Add 6.0ml of buffer solution of pH 2.7, using 6.0ml of pH 2.7, 3.2, or 2.9 were found to have an
3.2, and 2.9 using drug |, II, and IlI, respectively, 1.0 ml of absorption maximum at 520 nm. The maximum color devel-

5 x 10~3M metol solution (freshly prepared) and 1.2ml of opment is observed after heating in a water bath at 30C
0.01 M K>Cr0O7. Allow the mixture to stand at 5@ 2°C for 5min, which is stable for at least 75 min. The absorption
for 5.0 min and then dilute to volume with water. Measure spectra is identical with that of the product obtained by di-
the absorbance at 520 nm against a reagent blank preparetect oxidation of metol by Cr(VI) at higher pH values. The
in a similar manner. The examined drug concentration was redox behavior of metol was studi¢td] by mixing it with
read from a standard calibration curve prepared with the potassium molybdocyanide and deduced rather reasonably
same manner under identical conditions without the exam- that the oxidized species was thé\-methylquinoneimine.
ined drug. Cihalik and Vavrejnov20], who estimated metol potentio-
metrically by titration with iodine monochloride in weakly
acidic or neutral media, also assumed the oxidation prod-
uct of metol to bep-N-methylquinoneimine, on the basis of
The following commercial formulations were subjected their mole-ratio study.
to the analytical procedure, claforan vials (Hoechst Orient ~ The absorption spectra of the oxidation product of metol
Egypt, Cairo) containing 524 mg cefotaxime sodium equiv- Obtained under the optimum experimental conditions and

2.4. Formulations

Table 1

Quantitative parameters for determination of cefotaxime, cefuroxime, and ceftriaxone using metglGprOK

Parameter | 1] 1]

pH 2.7 3.2 2.9
Amax (NM) 520 520 520
Beer’s law limits f.gmi~1) 0.2-22.0 0.1-25.0 0.2
Ringbom concentration rangg.g mi—1) 0.6-20.5 0.4-23.5 0.8-26.5
Detection limit @ugml—1) 0.04 0.03 0.05
Quantitation limit Lgmi~1) 0.15 0.10 0.17
Molar absorptivity (Imot?cm=1) 1.22 x 10* 9.91 x 10° 1.05 x 10*
Sandell sensitivity (g cm2) 0.038 0.045 0.055
Regression equatién

Intercept &) +0.018 +0.033 —0.027
Slope b) 0.026 0.022 0.018
Correlation coefficientr{ 0.9996 0.9992 0.9996
Standard deviation (%) 0.49 0.93 0.76
Range of error (%) +1.1 +1.5 +1.3

a A = a + bC (whereC is the concentration ipg mi~1).



A.S Amin, G.H. Ragab/ Spectrochimica Acta Part A 60 (2004) 2831-2835 2833

0.6 authors believe that EDTA facilitates the reaction between
hydrazine and Cr(VI). If Cr(lll) resulted from the redox
reaction forms a complex with the aromatic primary amine,
this could increase the Cr(VI)/Cr(lll) potential. Thus, the
reaction can proceed as long as there is free amine and
hence the absorbance of the oxidation product of metol is
proportional to the concentration of amine. Such Cr(lll)
complexes with primary aromatic amine have already been
reported. These complexes are reportedly stable and easily
formed only at higher pH values; decrease in pH reduces
the stability. In the proposed method, the rate of reaction
increase with decreasing pH and this parallelism supports
our conclusions about the complex formation with Cr(lll).

Absorbance

3.1. Optimization of reaction variables

Investigations were carried out to establish the most fa-
vorable conditions for the oxidation process to achieve max-
imum color development. The influence of some variables
on the reaction has been tested. The results of these studies
are summarized in the general procedure.

0 3.2. Analytical validity
400 450 500 550 600

Wavelength (nm) A calibration graph was plotted from data of absorbance

versus drug concentration of the reference standard and
Fig. 1. Absorption spectra of the oxidation product of metol with: (—) Beer's law was found to be valid for 0.2—a§ ml~1. For
Cr(\_/l) in the presence of ceftriaxone against a reagent blank; (---) ICI more accurate results, Ringbom optimum concentration
against water as blank. 1

range was found to be 0.8-2@ugml~ (Table 1. The
correlation coefficients, intercepts and slopes for the cali-
bration data of drug I, I, and Ill are calculated using the
least squares method.

The reproducibility of the procedure was determined by

running six replicate samples, each containingug®ni—1
Before the effect of the examined drugs on the of drug in the final assay solution. At this concentration, the

metol-chromium(VI1) reaction was investigated, the reactions "elative standard deviation was 0.49, 0.93, and 0.74% for
between Cr(VI) and drug I, II, or Il and between Cr(vi) drug |, Il, and Ill, respectively.

and metol were studied separately at pH 2.7, 3.2, or 2.9, 1he performance of the proposed method was assessed by
respectively. It was found that metol or the examined drugs c@lculation of thé- andF- values compared with the off|C|aI,

do not react separately with Cr(VI) to a detectable extent. Method[22]. Mean values were obtained in as Student's
However, the color of the ¥Cr,0y is gradually replaced by t- and F-test at 95% confidence limits for five degrees of
the purple-red color of the metol oxidation product, proba- 1€€dom23]. The results showed that the calculated.54,

bly p-N-methylquinoneimine, in the presence of the exam- 1.91, and 1.17) a_nG— (2_'94' 3.56, and 2.43) Va"%es for I,
ined drugs. Since the presence of primary aromatic amine!l> and llI, respectively Q|d not exceed the theoretical values
in the drug causes an acceleration of the metol oxidation, it 2-27 @nd 5.05, respectively.

is believed that the primary amine must be involved in the

rate determining step, and that both Cr(VI) and metol are 3.3. Sensitivity, accuracy, and precision

essential as oxidant and reductant. It is tentatively suggested

that the reaction mechanism involves some form of ternary The mean molar absorptivitg and Sandell sensitivity
intermediate involving primary aromatic amine, Cr(VI) and (S as calculated from Beer’s law are presentedale 1
metol in which the electron transfer between Cr(VI) and In order to determine the accuracy and precision of the
metol is facilitated by the presence of amine. Such ternary method, solutions containing seven different concentrations
intermediate with Cr(VI), EDTA and hydrazine have been of drug were prepared and analyzed in quintuplicate. The
reported by Beck and Durhaf2l] who also observed a  measured standard deviation (S.D.), relative standard devia-
limiting rate as the EDTA concentration is increased. These tion (R.S.D.), the standard analytical errors (SAE) and confi-

that obtained with iodine monochloride oxidation have been
found to give the same maximum, indicating their identity
(Fig. 1). At 520 nm, the oxidation product has a reasonably
high absorbance in comparison with that of Cr(VI).
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Table 2
Evaluation of accuracy and precision of the proposed method compared with that of the officj{abne
Drug Taken g mi—1) Found (ugmi—1)
Official Proposed S.D. R.S.D. (%) SAE Confidence limits
[ 25 2.55 2.52 0.04 0.58 0.016 2.520.050
5.0 4.90 5.05 0.07 0.19 0.029 5.850.080
7.5 7.65 7.45 0.09 1.10 0.037 7.450.110
10.0 10.20 9.90 0.05 0.76 0.020 9.900.060
12.5 12.70 12.40 0.08 0.99 0.033 12.400.095
15.0 15.25 15.15 0.10 131 0.042 15.450.120
17.5 17.20 17.60 0.11 1.40 0.046 17.£00.135
1] 3.0 2.95 3.03 0.05 0.64 0.020 3.88 0.060
6.0 6.10 5.95 0.03 0.41 0.012 5.950.035
9.0 9.15 8.90 0.08 0.96 0.033 8.900.095
12.0 11.80 12.10 0.06 0.75 0.024 12.400.020
15.0 14.80 15.10 0.09 1.15 0.037 15.400.110
18.0 18.20 17.85 0.07 0.97 0.029 17.850.080
20.0 20.30 19.85 0.12 1.45 0.140 19.850.145
1 4.0 4.10 4.03 0.03 0.46 0.012 4.0B 0.035
8.0 7.85 8.05 0.07 0.83 0.027 8.850.080
12.0 12.15 11.90 0.05 0.64 0.20 11.200.060
16.0 15.80 15.90 0.08 0.98 0.033 15.200.095
20.0 19.75 20.15 0.06 0.75 0.024 20.450.070
24.0 23.70 24.20 0.09 1.07 0.037 24.200.110
28.0 28.35 27.85 0.04 0.59 0.016 27 £50.050
Mean 0.76 0.024

a Average of six determinations.

dence limit Table 2 can be considered satisfactory, at least error of blank determinatiors is the slope of the standard

for the levels of concentrations examined. curve, aniK is the constant related to the confidence inter-
The standard deviation of the absorbance measurementwsal [24]. The calculated values for detection and quantitation

was obtained from a series of 13 blank solutions. The detec-limits were recorded iTable 1

tion (k = 3) and quantitationk(= 10) limits of the method Comparison of the recovery obtained with the proposed

were established according to the IUPAC definitiofis £ method with the purity of the examined drugs as determined

KS/s) whereCy is the detection limit,S is the standard  according to the official methof22] showed that a high

Table 3
Determination of ceftriaxone in pharmaceutical preparations applying the standard addition technique
Pharmaceutical formulation Takepd mi—1) Added (ugmi—)! Examined drug, Fourid(ug mi—1)
Proposedt S.D. Official + S.D.
Zinnat (250 mg of II) 10 0 10.05 0.53 9.90+ 0.75
2 12.04+ 0.40 11.95+ 0.99
4 13.97+ 0.53 14.14+ 0.81
6 16.10+ 0.64 16.15+ 1.03
8 17.92+ 0.88 18.22+ 1.17
10 19.90+ 0.58 20.25+ 1.34
Claforan (500 mg of 1) 5 0 4.98 0.34 5.05+ 0.64
4 8.95+ 0.41 9.10+ 0.41
8 13.10+ 0.37 13.15+ 0.88
12 17.15+ 0.81 17.25+ 1.07
16 20.83+ 0.93 20.70+ 1.13
20 25.25+ 0.66 24.60+ 0.78
Rocephen (1.0g of IlI) 20 0.0 19.9% 0.55 20.25+ 1.25
15 21.50+ 0.77 21.80+ 1.42
3.0 22.90+ 0.82 23.35+ 0.97
45 24.60+ 0.68 24.90+ 1.63
6.0 25.85+ 0.56 26.50+ 1.37
7.5 27.30+ 0.74 27.95+ 1.71

a Average of six determinations.
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accuracy of the present method. The proposed method is [6] M.I. Walash, S. Toubar, S.M. Ahmed, N.A. Zakhari, Anal. Lett. 27
simpler, rapid, and more sensitive than the official method __ (1994) 2499.

[7] M.M. Ayad, A.A. Shalaby, H.E. Abdellatif, H.M. El-Said, J. Pharm.
[22]. Moreover, the proposed method could be used for the Biomed. Anal. 20 (1999) 557.

routine determination of drug I, Il, and Ill in pure form or (] A A. Awarthan, S. Abdel-Fattah, N.M. Zahran, Talanta 39 (1992)
in pharmaceutical formulations. 703.
[9] A.S. Amin, H.M. Khallil, H.M. Saleh, Sci. Pharm. 69 (2001) 143.
3.4. Analytical applications [10] A.S. Amin, S.A. Shama, Monatsh 131 (2000) 313.
[11] N.A. El-Maali, A.M.M. Ali, M.A. Ghandour, Electroanalysis 52
(1994) 599.

Vials containing 250, 500, and 1000mg of I, II, and Ill, ;5 \"Ap 0 Eimaali, AM.M. All, M. Khodari, M.A. Ghandour, Bioelec-
respectively, were analyzed by the proposed method and™ ~ ychem. Bioenerg. 26 (1991) 485.
the accuracy was assessed by the standard addition methofd3)] AM.M. Ali, M.A. Ghandoer, M. Khodari, Analyst 120 (1995)
in which variable amounts of pure drug was added to the 1065.
previously analyzed portion of pharmaceutical formula- [14] M-A. Korany, H.M.A. El-Sayed, S.M. Galal, Spect. Lett. 22 (1989)
tions. Results are r'ecorde'dTabIe 3and confirmgd that the [15] Y.G. Ouyang, W.P. Cai, J. Xie, J.G. Xu, Fenxi Huaxue 22 (1994)
proposed method is not liable to interfere by fillers usually 1211,
formulated with the standard drugs. The proposed method[16] J.D. Hou, X.Z. Xu, Fenxi Huaxue 23 (1995) 447.
is highly sensitive, therefore it could be used easily for the [17] M.C. Hsu, Y.S. Lin, H.C. Chung, J. Chromatogr. B 692 (1995) 67.

routine analysis of pure drugs and their vial formulations. ~[18] M.G. Abdel-Hamid, IL Farm. 53 (1998) 132.
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