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ABSTRACT
Three UV spectrophotometric methods have been developed for the simultaneous estimation of
Cefpodoxime proxetil (Cef) and Potassium clavulanate (Pot.clav.) in combined tablet dosage forms. The
first method involves Q-absorbance ratio method, the sampling wavelengths selected are, 315.0nm
(isoabsorptive point) and 233.0 nm (λmax of Cef). The second method is the First order derivative  method,
the sampling wavelengths selected  are 269.0 nm and 240.0 nm for estimation of Cef and Pot.clav.
respectively. In both the methods, the linearity range for both Cef and Pot.clav. was in the concentration
range of 1.5-50 µg mL-1. The third method based on ratio derivative spectrophotometry, involves
measurement of absorbances at the amplitudes in the first order derivative of the ratio spectra at 246.0
nm and 327.0 nm for Cef and Pot.clav. respectively over the concentration range of 2.5-50 µg mL-1for both
the drugs. The results of the analysis were validated statistically and recovery studies carried out as per
ICH guidelines. The developed methods are rapid, precise, accurate, rugged and can be employed for the
routine estimation of Cefpodoxime proxetil and Potassium clavulanate in both bulk and tablet dosage
form.
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INTRODUCTION
Cefpodoxime proxetil (Cef) is an antibacterial agent
which is official in United State Pharmacopoeia and
British Pharmacopoeia1-2. Potassium clavulanate
(Pot.clav.),a â-lactamase inhibitor is official in British
Pharmacopoeia2. The bactericidal activity of Cef results
from its inhibition of bacterial cell wall synthesis. It is
used in the treatment of acute otitis media, pharyngitis
and tonsillitis. Due to the similarity in chemical structure,
Pot. clav. acts as a competitive inhibitor of beta-
lactamases secreted by certain bacteria thereby helping
to restore the antimicrobial activity of Cef 3-5.
Literature survey reveals several methods such as, U.V.
spectroscopy 6-9, HPLC 10-14 and  HPTLC 15-16 which  have
been reported for the estimation of  individual drugs as
well as in combination with other drugs. Not a single
UV, HPLC or HPTLC method is reported so far for the
simultaneous analysis of Cef and Pot.clav. in their
combined dosage form. A combination of Cef and
Pot.clav. is now available in combined tablet dosage
form for the treatment of bacterial infections. So a need
was felt to develop new methods to analyze the drugs
simultaneously. This paper describes three UV
spectrophotometric methods for the simultaneous
determination of Cef and Pot.clav. in tablet formulation
using Q-absorbance ratio  method, first order derivative

spectroscopy and ratio spectra derivative
spectrophotometry.

EXPERIMENTAL
Material and Methods
A Shimadzu UV/Visible spectrophotometer, Model 1700
(Japan) was employed with spectral bandwidth of 2nm
and wavelength accuracy of ±0.5nm, with automatic
wavelength correction employing a pair of quartz cells.
A Shimadzu electronic analytical balance (AX-200) was
used for weighing the sample. An ultrasonic cleaner
(Art No.400014CL) was used for sonicating the tablet
sample solution. Analytical pure samples of Cef
(%purity-99.98) and Pot.clav.(%purity-98.70) (Emcure
Pharmaceuticals,Pune, India) were used in the study.
The pharmaceutical dosage form employed in this
study was Cepodem XP 325 tablet (Ranbaxy
Pharmaceuticals Ltd.,New Delhi, India) labeled to
contain 200 mg of Cef and 125 mg of Pot. clav. per
tablet.

Preperation of standard stock solutions
Standard stock solutions (100 µg mL-1 ) of Cef and
Pot.clav. were prepared by dissolving separately 10
mg of each drug in 100 mL methanol: water mixture
(60:40%v/v).
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Preperation of sample stock solutions
Twenty tablets were weighed and crushed to fine
powder. An accurately weighed powder sample
equivalent to 10 mg of Cef was transferred to a 100 ml
volumetric flask and dissolved in 50 ml of methanol:
water mixture(60:40%v/v). After the immediate
dissolution, the volume was made up to the mark with
the same solvent. The solution was sonicated for about
30 min and was then filtered through Whatmann filter
paper No.41. The solution was suitably diluted with
distilled water to obtain sample solutions containing Cef
and Pot.clav. in the concentrations ratio of 10:6.25 µg
mL-1 respectively.

Method A: Q-Absorbance ratio method 17

Standard solutions (10 ug mL-1) of Cef and Pot.clav.
were scanned in the spectrum mode of the instrument
from 400-200 nm. From the overlain spectra of the two
drugs (Fig.1), 315.0 nm (iso-absorptive point) and 233.0
nm (λmax of Cef) were selected for analysis. The optical
characteristics and regression values for the calibration
curve is presented in Table 1.Mixed standards of Cef
and Pot.clav.in the concentration ratio of 10:6.25 ug
mL-1 were prepared and their absorbances were
measured at the selected wavelengths. The
concentration of the two drugs in mixed standards were
calculated employing  equation 1 and 2 using the ratio
of the absorbances and the mean absorptivity
coefficients of Cef and Pot.clav.at the selected
wavelengths.
CCef = Qm – Qy/ Qx – Qy X A1/ ax1            ……… (1)

CPot.clav. = Qm – Qx/ Qy – Qx X A1/ ay1    ……… (2)

Where Qm = A2/A1, Qx = ax2/ax1 and Qy = ay2/ay1

A1 and A2 are the absorbances of mixed standard and
tablet sample solutions  at 315.0 nm and 233.0 nm.
ax1 (11.71), ax2 (37.37) and ay1 (11.71), ay2 (15.32) are
mean absorptivities of Cef and Pot.clav. at 315.0 and
233.0 nm respectively.

Estimation from marketed preparations
Suitable dilutions of tablet sample solutions were
scanned in the range of 400 – 200 nm and their
absorbances were recorded at the selected
wavelengths. The concentrations of each drug in
sample solutions were calculated using equations (1)
and (2). The results of the analysis and statistical
validation data of the tablet formulation are given in
Table 2.

Table 1: Optical Characteristics and Validation Data of
Cefpodoxime proxetil and Potassium clavulanate

* Average of six estimations,   Method-A:  Q- Absorbance ratio  method,
Method-B:  First order derivative method, Method-C:  Ratio spectra derivative
spectrophotometric method

Table 2: Statistical Validation Data of Tablet Formulation

* Average of six estimations
Tablet Formulation: Cepodem XP 325, Ranbaxy pharmaceutical, India
Method-A:  Q- Absorbance ratio  method, Method-B:  First order
derivative method, Method-C: Ratio spectra derivative
spectrophotometric method
Cef- Cefpodoxime proxetil, Pot.clav.- Potassium clavulanate

Fig. 1: Overlain Spectra of Cef and Pot.clav. in Q-Absorbance
ratio method

Method B: First order derivative method
The standard stock solutions were prepared as
discussed in Method A. Suitable dilution of both drug
solutions (10 ug mL-1 for both  Cef and Pot.clav.) were
scanned between 400 to 200 nm using the spectrum
mode of the instrument. The absorption spectra thus
obtained were derivatised from first to fourth order. The
first order derivative spectra were selected for the
analysis of both the drugs. From the overlain derivative
spectra, 269.0 nm and 240.0 nm were selected for the
estimation of Cef and Pot.clav.  respectively (Fig 2).
Mixed standards of Cef and Pot.clav. in the
concentration ratio of 10:6.25 ug mL-1 were prepared
and their absorbances were measured at the selected
wavelengths in the first order derivative mode. The
absorbances were plotted against concentration to
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A1 = (-4.00) CCEF + (0.0) CPOT.CLAV.    …..  (3) at 269.0 nm (ë1)

A2 = (-2.30) CCEF + (-4.30) CPOT.CLAV. ..... (4) at 240.0 nm (ë2)

Where,
- 4.00 and -2.30 are mean absorbtivity values of Cef  at ë1

and ë2  respectively.
0.0  and -4.30  are mean bsorbtivity values of Pot.clav. at ë1
and  ë2  respectively.
A1 and A2 are the absorbance of mixed standard at ë1 and
ë2  respectively.
CCEF and CPOT.CLAV.  are  the concentrations of Cef and Pot.clav.
respectively.

Fig. 2:  Overlain Spectra of Cef and Pot.clav. in First order
derivative method

Estimation from marketed preparations
The tablet sample solutions were scanned in the
spectrum mode in the range of 400 to 200 nm. The
absorbances of the sample solutions were recorded at
269.0 nm and 240.0 nm in the first order derivative
mode. By using equations (3) and (4), the unknown
concentration of the drugs in sample solutions were
obtained. The analysis procedure was repeated six
times with the same batch of tablets. The results of
the tablet analysis and its statistical validation data are
given in Table 2.

Method C: Ratio spectra derivative spectro-
photometric method 18-21

This  method  involves  dividing  the  zero order spectras
of  pure drugs by  the  individual zero order spectra  of
each  of  the  drugs. The zero order divisor spectras
thus obtained are derivitised to obtain ratio derivative
spectras that are independent of the concentration of

obtain standard calibration curves. Cef and Pot.clav.
both exhibited linearity with absorbances in the
concentration range of 1.5-50 ug mL-1 at their respective
wavelengths. Co-efficients of correlation were found to
be 0.9981 and 0.9976 for Cef and Pot.clav. respectively.
A set of two simultaneous equations were established
using the mean absorptivities of Cef and Pot.clav. at
the selected wavelengths.

the drug used as the divisor. By appropriate dilutions
of standard stock solutions, working standards
containing Cef at increasing concentrations (2.5-50 ug
mL-1) were prepared and scanned in the wavelength
range of 400-200 nm. The ratio spectras [Fig 3(A)]
obtained by dividing each of the zero order spectras of
Cef with the stored spectrum of standard solution of
Pot.clav. (50 ìg ml”1) were further derivitised to obtain
the ratio first order derivative spectras[Fig (3B)]. From
the ratio derivative spectra, 246.0 nm  was  selected
for  the  quantification  of  Cef  in  a mixture containing
Cef  and Pot.clav.  Similarly, for Pot.clav., the ratio
spectras were obtained by dividing the zero order
spectras of standard solutions of Pot.clav. at different
concentrations (2.5-50 ug mL-1) with the stored
spectrum of standard Cef (40 ug mL-1)  as the divisor[Fig
4(A)]. From the derivative of the ratio spectra [Fig 4(B)],
327.0 nm was selected for the quantification of  Pot.clav.
in a mixture of Cef and Pot.clav. The measured
analytical signals at these wavelengths were plotted
against concentrations to obtain standard calibration
curves. Cef and Pot.clav. both exhibited linearity with
absorbances in the concentration range of 2.5-50 ug
mL-1 at their respective wavelengths. Co-efficients of
correlation were found to be 0.9988 and 0.9944 for
Cef and Pot.clav. respectively. The standard calibration
curve equations were employed to obtain the
concentrations of Cef and Pot.clav. in mixed standard
and tablet sample solutions.

CCEF = d/dë[A Cef / A Pot.clav.] – (0.0012) /
(0.0018)……..... (5) at 246.0 nm (ë3)
CPOT.CLAV.= d/dë [A Pot.clav./ A Cef] – (0.0041) /
(0.0032)..... (6) at 327.0 nm (ë4)
C CEF  and C POT.CLAV.   are concentration of Cef and
Pot.clav.  respectively.
A CEF   and  A POT.CLAV.  are absorbance of Cef and Pot.clav.
respectively.
0.0012  and  0.0018 are the intercept and slope of Cef
respectively at 246.0 nm.
0.0041 and  0.0032 are the intercept and slope of
Pot.clav.  respectively at 327.0 nm.

Fig. 3(A):  Zero order overlain ratio spectra of Cef at the
concentration level of 2.5-50 ì g mL- in Ratio derivative method
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Fig. 4(A):  Zero order overlain ratio spectra of Pot.clav. at the
concentration level of 2.5-50 ì g mL-1  in Ratio derivative
method

Fig. 3(B):  First Order Derivative of Ratio spectra of Cef
(2.5-50 ì g mL-1) 

÷  Pot.clav.as divisor(50 ug mL-1)

Fig.4(B) :  First Order Derivative of Ratio spectra of Pot.clav.
(2.5-50 ì g mL-1)  

÷  Cef as divisor (40 ug mL-1)

Estimation from marketed preparations
The sample solutions containing Cef and Pot.clav. in
the concentrations ratio of 10:6.25 µg mL-1  were
prepared and analyzed as per the procedure for mixed
standards. By using equations (5) and (6) the
concentrations of each drug in sample solutions were
calculated. The results of the analysis and statistical
validation data of the tablet formulation are given in
Table 2. The developed methods were validated as
per ICH guidelines22.

RESULTS AND DISCUSSION
The optical characteristics and regression values of
the calibration curves for the developed methods are
presented in Table 1. The mean % content of Cef and
Pot.clav. in tablet formulation by the developed
methods were 99.71% and 99.67% respectively  (Table
2). The mean % recoveries of Cef and Pot.clav. were
found to be 99.72% and 99.89% respectively indicating
high degree of accuracy of the developed methods
(Table 3). The results of the ruggedness study indicated
that the developed methods were unaffected by
variation in instruments and analysts. The results of
the proposed methods were statistically evaluated
using Turkey-Kramer one way ANOVA which showed
P>0.05. The calculated F value was 0.626 and 0.012
for Cef and Pot.clav. respectively which is less than
the standard F value(2.91), indicating that there exists
no significant difference between the developed
methods for the analysis of Cef and Pot.clav. in both
bulk and tablet formulation.

Table 3 : Statistical Validation of Recovery Studies

*Average of three estimations at each level of recovery.
Method-A: Q- Absorbance ratio  method, Method-B: First order
derivative method, Method-C: Ratio spectra derivative
spectrophotometric method
Cef- Cefpodoxime proxetil, Pot.clav. - Potassium clavulanate

CONCLUSION
Three simple UV spectrophotometric methods (Q-
Absorbance ratio  method, First order derivative method
and ratio spectra derivative spectrophotometry) were
developed for their simultaneous estimations. The
standard deviation and RSD calculated for the methods
are low (less than 2% as required by ICH guidelines),
indicating high degree of precision of the methods. The
% recoveries was between 98-102% indicating high
degree of accuracy of the proposed methods. Also the
results of Turkey-Kramer one way ANOVA  indicated
that there exists no significant difference between these
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methods for the analysis of Cef and Pot.clav. in bulk
and formulation. However the ratio derivative method
offers the advantage of analyzing individual drugs
without any interference of the other drug present in
the mixture. The developed methods are rapid, precise,
accurate, rugged and can be employed for the routine
estimation of Cef and Pot.clav. in both bulk and tablet
dosage form.
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