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Abstract

An optimized and validated spectrophotometric method has
been developed for the determination of cefixime in pharmaceutical
formulations. The method is based on the complexation reaction
between cefixime and palladium ion in the presence of acidic buffer
solution (pH 3) in ethanol-distilled water medium at room temperature.
The complex absorbed maximally at 352 nm. Beer’s law is obeyed in the
working concentration range of 2.5-35 ug/mL with apparent molar
absorptivity of 1.015x10" L/molcm and Sandell's sensitivity of
0.001 pg/cm?®/0.001 absorbance unit. The limits of detection and
quantitation for the proposed method are 0.175 and 0.583 pg/mL,
respectively. The effect of common excipients used as additives has
been studied in the determination of cefixime. The proposed method has
been successfully applied for the determination of cefixime in
pharmaceutical formulations. The results obtained by the proposed
method were statistically compared with the reference method
using t and F values and found no significant difference between the two
methods.

Keywords: Spectrophotometric, Cefixime, Spectral Studies.
Introduction

Soil plays an important role in biogeochemical balance of the
biosphere. Degradation of soil leads to a reduction or complete loss of its
ecological and productive values. It is caused primarily by chemical
pollution, especially with excessive, unnatural amounts of trace elements
such as cadmium, lead, zinc and copper, which may disturb the function of
the complex system of processes occurring in the soil, and cause negative
changes in biological activity and physical properties of the soil [1-5].
Chemical degradation of soil is particularly fast when trace elements, which
are introduced into it, form easily soluble compounds. Then, their
concentration in the water phase of the soil increases and, consequently,
their bioaccumulation and migration become easier. Pesticides act as
ligands for metals present in the soil, form complex compounds with them.
Many of these are readily soluble in water, get into the ground water and
then, through rivers, into the reservoirs of drinking water.

Copper belongs to elements whose natural content in the soil is
most considerably exceeded. Soils which are considered unpolluted may
contain (in three classes of granulation and reaction) 5, 25 or 40 mg copper
per kg of dry substance. In Poland no standards of soil pollution have been
established, so the so-called normal concentration of the determined
substance in unpolluted soils is frequently used for reference in
determination of soil pollution. For copper, normal concentration is 8.8 mg
per kg of soil. In polluted soils the value is 50 mg per kg and in
contaminated soils it is over 200 mg per kg of soil. According to the
guidelines of the Institute of Agriculture, Fertilisation and Pedology in
Pulawy, the natural content of copper in the soil is from 15 to 40 mg per kg
of dry substance, depending on the type of soil [6]. Copper is introduced to
the environment from natural sources (about 4.0-108 kg per year) and as a
result of human activity (about 4.5-109 kg per year). It is accumulated in
the soil (especially in its surface layers) with all its negative consequences
[7]. Copper is indispensable for normal development of living organisms,
but both its excess and deficiency are harmful. Copper deficiency in the
diet may cause anaemia, insufficient growth, fertility problems, nervous
system disorders and circulatory system diseases. Its excess may lead to
changes in the liver and damage kidneys, brain tissue, coronary vessels
and myocardium. Air in large cities, polluted with car exhaust and dust,
directly affects soil and cultivated plants [8,9]. Due to these reasons, it is
important to analyze Cu(ll) in soil and water samples. Cefixime
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(CFX) 1 [(6R,7R,E)-7-(2-(2-aminothiazol-4-yl)-2-
(carboxymethoxyimino)acetamido)-8-oxo-3-vinyl-5-
thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid], is
considered as an important and active member of
third generation cephalosporin. The cefixime exists in
off white crystals, melts over 250-220 °C and soluble
in alcohol[ 10].
Objective of the Study

Interaction of Cu(ll) with cefixime. The Cu(ll)-
cefixime complex has been studied
spectrophotometrically to determine the Cu(ll) content
in water samples.
Review of Literature

An orally active cefixime has excellent
activity against pathogens such as, Anaerobes,
Enterobacteriaceae, gram negative species such
as Escherichia coli, klebsiella, Haemophilus
influenzae, BranhamellaCatarrhalis, Neisseriagonorrh
oeae, Serratiamarcescens, Providencia, Haemophilus
and Meningococcus including B-lactamase producing
strains][10,11,12] . Along with its broad spectrum
antimicrobial activity and stability, cefixime is
considered as most convenient in appropriate dosage
for adults as well as pediatrics and widely prescribed
among cephalosporin family in Pakistan. Various
analytical methods have been reported for analysis of
cefixime and other antibiotics after complexation and
derivatization with a variety of chemical reagents
[12,13,14,15,16,17]. Cephalexin belongs to the first
generation cephalosporins. Many drugs possess
modified toxicological and pharmacological properties
when they are complexed . In this series, metal
complexes of Cu(ll) and Zn(ll) with Schiff base of
cephalexin (Salicylidene cephalexin) of the type, ML2,
have been prepared . The conductometric titration
revealed that one mole of metal complexed with two
moles of ligand. The physical, analytical and spectral
studies of Schiff base and its complexes confirmed
that the coordination of metal to the Schiff base
occurred through phenolic deprotonated oxygen and
the imino nitrogen [18]. Nowadays, the selective and
sensitive monitoring of trace metal ions from different
sources especially in water have become more
important due to their toxic effects on environmental
and biological systems. Copper and its salts are used
in industries, laboratories, medicines, foods and
beverages. Therefore, it is significant to develop
uncomplicated, rapid and effective methods for
guantitative analysis of copper in food, industrial and
environmental samples. For copper(ll) determination,
several analytical techniques have been used such as
atomic absorption spectrometry [19-21], voltammetry
[22,23], potentiometry [24-28], inductive coupled
plasma-emission spectrometry [29] and inductive
coupled plasma-mass spectrometry [30].
Spectrophotometry is the widely used analytical
technique in analysis because it is simple, economic,
and easily available to most laboratories. Many of
spectrophotometric reagents have been used for
determination of Cu(ll). However, most of these
reagents withdraw from various limitations such as
more time for color development, heating, narrow
Beer’s range, interferences from many ions [31-38]
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Experimental

UV-visible spectrophotometric spectral studies of

Cu(ll), cefixime and Cu(ll)-cefixime complex

Apparatus

All spectral and absorbance
measurements were made on a Shimadzu UV-
visible 1601 spectrophotometer (Kyoto, Japan).

Reagents and Standards

All reagents used were of analytical reagent
grade.

1. 3.195 x 10° M copper sulphate (M.W.: 159.61,
Suprachem products Ltd, England) solution (203.06
ppm Cu) was prepared by dissolving 0.051 g in 100
mL distilled water.

2. 2205 x 10° M (0.1%) cefixime (CAS: 79350-
37-1, M.W.: 453.45, Merck, USA) solution was
freshly prepared in methanol.

Procedure

UV Spectrum of Copper Sulphate

2.0 mL of 3.195 x 10° M copper sulphate
solution was taken in 10 mL standard volumetric flask
and diluted up to the mark with distilled water. The UV
spectrum of the copper sulphate solution was
recorded in the wavelength range of 200-400 nm
against distilled water as the blank solution. The
solution is used to get the maximum absorption
wavelength of the copper sulphate solution.

UV Spectrum of Cefixime

0.05 mL of 2.205 x 10° M cefixime was
taken in 10 mL standard volumetric flask and diluted
up to the mark with methanol. The UV spectrum of the
drug solution was recorded in the wavelength range of

200-400 nm against methanol as the blank solution to

get the Amax  Of the drug solution.
UV Spectrum of cefixime-Cu(ll) Complex

0.4 mL of 3.195 x 10° M copper sulphate
solution was added with 1.7 mL of 2.205 x 10° M
cefixime into a 10 mL standard volumetric flask. The
contents of the flask were mixed well at room
temperature and diluted up to the mark with ethanol.
The absorption spectrum was recorded in the
wavelength range of 200-400 nm against the reagent

blank prepared similarly except Cu(ll) to get the Amax
of the cefixime-Cu(ll) complex. The stability of the
colored complex should also be checked.
Results and Discussion

The aqueous solution of copper sulphate
was maximally absorbed at 206 nm. The methanol
solution of cefixime was peaking at 290 and 210 nm.
When the two solution were added, a red shift in the
wavelength is observed due to the complexation
reaction of Cu(ll) with cefixime. Thus, a complex was
obtained with Amax of 336 nm.The UV spectra for
copper sulphate, cefixime and Cu(ll)-cefixime
complex were shown in Fig. 2.1. The reaction was
carried out at room temperature and the coloured
complex was stable up to 6 h.
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Fig.1. Absorption Spectra Of (A) 2 Ml Of 3.195 x 10° M Copper Sulphate In Distilled Water (B) 0.05 Ml Of 0.1 %
Cefixime In Methanol And (C) 0.4 MI Of 3.195 x 10° M Copper Sulphate In Distilled Water + 1.7 Ml Of 0.1%
Cefixime In Methanol. Each Solution Is Diluted Up To The Mark With 1,4-Dioxan In 10 Ml Standard Volumetric

Flask.
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Effect of the Concentration of Cefixime on the
Absorbance of Complex Formation between
Cefixime And Copper Sulphate

Apparatus

Absorbance measurements were made on

a Shimadzu UV-visible 1601 spectrophotometer

(Kyoto, Japan).

Reagents and Standards

1. 3.195 x 10° M copper sulphate solution was
prepared in distilled water.

2. 2.205 x 10 M (0.1%) cefixime (CAS: 79350-37-
1, MW.: 453.45, Merck, USA) solution was
prepared in methanol.

Procedure

The effect of the volume of cefixime on the
absorbance of the complex was investigated. For this
purpose, 0.4 mL of 3.195 x 10° M copper sulphate
solution corresponding to 8.122 ug mL™ was added

114

with varied volumes (0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6,
1.8 and 2.0 mL) of 0.1% cefixime (2.205 x 10° M) and
diluted with 1,4-dioxan in 10 mL standard volumetric
flask. The absorbance was recorded at 336 nm
against the reagent blank prepared similarly except
Cu(ll).
Results and Discussion

The volume of 0.1% cefixime was optimized
for the development of the complex by recording the
absorbance at 336 nm. The effect of the volume of
cefixime on the absorbance of complex was examined
in the range 0.4-2.0 mL 0.1% cefixime. It is clear from
Fig. 2.2 that the maximum absorbance was obtained
with 1.6 mL cefixime. Above this volume up to 2.0 mL
of 0.1% cefixime, the absorbance remained
unchanged. Therefore, 1.8 mL of 0.1% cefixime was
used in the determination of Cu(ll).
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Fig. 2. Effect of the Volume of 0.1% Cefixime
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Effect of Solvents on The Absorbance of The
Cu(ll)-Cefixime Complex

Apparatus
All absorbance measurements were made
on a Shimadzu UV-visible 1601

spectrophotometer (Kyoto, Japan).

Reagents and Standards

1. 3.195 x 10° M copper sulphate solution was
prepared in distilled water.

2. 2.205 x 10 M (0.1%) cefixime (CAS: 79350-37-
1, MW.: 453.45, Merck, USA) solution was
prepared in methanol.

3. Solvents such as methanol, acetone,
dimethylsulphoxide, acetonitrile, ethanol, 1,4-
dioxan and distilled water were investigated for
the best solvent in the determination process of
the complex.

Procedure

Aliquot of 0.4 mL of 3.195 x 10° M copper

sulphate solution was added with 1.8 mL of 0.1%

1.0
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1.2 1.4 1.6 1.8 2.0

Wavelength (nm)

cefixime and diluted with different solvents (methanol,
acetone, dimethylsulphoxide, acetonitrile, ethanol,
1,4-dioxan and distilled water) in 10 mL standard
volumetric flask. The absorbance was recorded at 504
nm for the maximum absorbance in the respective
solvent.
Results and Discussion

The effect of solvents such as methanol,
acetone, dimethylsulphoxide, acetonitrile, ethanol,
1,4-dioxan and distilled water were investigated on
the absorbance of the Cu(ll)-cefixime complex. The
reaction mixture was turbid in ethanol, acetone and
distilled water. The absorbance for Cu(ll)-piroxicam
complex in other solvents is shown in Fig. 2.3. It is
evident from the figure that the highest absorbance
was obtained in 1,4-dioxan. Therefore, 1,4-dioxan is
selected as the best solvent for the dilution of the
reaction mixture of Cu(ll)-piroxicam.

Fig. 3. Effect of the solvent on the absorbance of the Cu(ll)-cefixime complex,
[Cu(i)] =8.122 pg mL™
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pH of the Cu(ll)-Cefixime Complex
Apparatus

Hanna pH meter with pH and potential
mode.

Reagents and standards

1. 3.195 x 10° M copper sulphate solution was
prepared in distilled water.

2. 2.205 x 10 M (0.1%) cefixime (CAS: 79350-37-
1, MW.: 453.45, Merck, USA) solution was
prepared in methanol.

Procedure

Aliquot of 1.2 mL of 3.195 x 10° M copper

sulg)hate solution was added with 5.4 mL of 2.205 x

10™ M (0.1%) cefixime and diluted with 1,4-dioxan in

10 mL standard volumetric flask and the pH of the

reaction mixture is recorded.

Results and discussion

The pH of the reaction product was
investigated and found to be 4.68. The pH of the
reaction mixture is acidic.

Linearity of the Cu(ll)-cefixime complex and the

calibration graph

Apparatus

Absorbance measurements were made on

a Shimadzu UV-visible 1601 spectrophotometer

(Kyoto, Japan).

Reagents and standards

1. 3.195 x 10° M copper sulphate solution was
prepared in distilled water.
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2. 2.205 x 10° M (0.1%) cefixime (CAS: 79350-37-
1, MW.: 453.45, Merck, USA) solution was
prepared in methanol.

Procedure

Into a series of standard volumetric flask,

different volumes (0.05, 0.1, 0.15, 0.2, 0.3, 0.35 and
0.4 mL of 3.195 x 10> M copper sulphate solution
corresponding to 1.015, 2.031, 3.046, 4.061, 6.092,
7.107 and 8.122 [ g mL* were added with 1.8 mL of
2.205 x 10°° M cefixime solution. The contents of the
reaction mixture were mixed well and diluted up to the
mark with 1,4-dioxan. The absorbance was measured
at 366 nm against the reagent blank prepared
similarly except Cu(ll). The amount of Cu(ll) in real
samples can be calculated either from a calibration
graph or regression equation.

Results and Discussion

Calibration curve was constructed by plotting

the absorbance against the concentration of Cu(ll)
and found to be linear over the concentration range
1.015 - 8122 g mL' (Fig. 2.5) with molar
absorptivity of 8.293 x 10° L mol* cm™. Optical,
analytical and statistical parameters of the
experimental data such as regression equation
computed from calibration graph, correlation
coefficient (r), detection limit and quantitation limit are
summarized in Table 2.1. The high value of
correlation coefficient (0.9999) for the proposed
method indicated excellent linearity.

Fig. 4. Calibration Curve For The Determination of Cu(ll)

1.134 -
1.034 -~
0.934 -
0.834
0.734
0.634
0.534
0.434
0.334
0.234

Absorbance

0.134 T T
1.015 2.015 3.015

4.015
[Cu(IN)], pg mL?

5.015 6.015 7.015 8.015

Table 1. Optical and Analytical Parameters of The Proposed Method

Parameters Analytical data
)\max (nm) 336 nm

Beer’s law limit (ug mL™) 1.015 - 8.122
Molar absorptivity (L molcm™) 8.293 x 10°

Sandell’s sensitivity

0.008 pg/cmzl 0.001 absorbance unit

Linear regression equation®

A=159x10°+1.305x 10" C

Sa 9.850 x 10™

#S, 2.533x 107

Sh 1.919 x 10°

+Sp 4,933 x 10°
Correlation coefficient (r) 0.9999

Variance (So°) 1.588 x 10°
LOD (ug mL™) 0.032
LOQ (ug mL™) 0.097

116



P: ISSN NO.: 2394-0344
E: ISSN NO.: 2455-0817

RNI No.UPBIL/2016/67980

VOL-3* ISSUE-10* January 2019

Remarking An Analisation

®With respect to A= a + bC, where C is the concentration in ug mL™ and A is absorbance.
+tSa and +tSy, are the confidence limits for intercept and slope, respectively.

Molar Combining Ratio of Cu(ll) and Cefixime for
The Formation Of The Complex
Apparatus

Absorbance measurements were made on
a Shimadzu UV-visible 1601 spectrophotometer.
Reagents and Standards

All reagents used were of analytical reagent
grade.
1. 0.035 % Cu solution (2.205 x 10° M) was

prepared in distilled water.
2. 2205 x 10° ™ (0.1%) cefixime was freshly
prepared in methanol.

Procedure for the Molar Combining Ratio of The
Complex

The stoichiometry of the reaction was studied
by Job's method of continuous variations [23]. For this
purpose, different volumes (0, 0.2, 0.4, 0.6, 0.8, 1.0,
1.2, 1.35, 1.5, 1.8, 2.0 mL) of 2.205 x 10" M copper
sulphate was added with different volumes (2.0, 1.8,
1.6, 1.4, 1.0, 0.8, 0.65, 0.5, 0.2, 0 mL) of 2.205 x 10
M cefixime and diluted with 1,4-dioxan in 10 mL
standard volumetric flask. The absorbance was
recorded at 504 nm and was plotted against the mole
fraction of copper sulphate.
Results and Discussion

Stoichiometry of reaction between Cu(ll) and

cefixime was evaluated by Job’'s method of
continuous variations wherein Cu(ll) and cefixime
solutions with identical molar concentrations are

Fig. 5 Job’s plot of Continuous Variations of Cu(ll) and Cefixime (2.205 x 10° M each

varied but the total volume remained constant.
Absorbance of each determination is recorded and
plotted against the mole fraction of Cu(ll) (number of
moles of copper sulphate / number of moles of copper
sulphate + number of moles of cefixime) on x-axis is
plotted (Fig. 2.6). The maximum absorbance is
obtained at 1.0 mL of 2.205 x 10 M Cu(ll) and 1.0
mL of 2.205 x 10 M cefixime. It is clear from the
figure that 1 mol of Cu(ll) reacted with 1 mol of
cefixime. The resulting metal chelate remained stable
for about 6 h. Thus, the combining molar ratio
between Cu(ll) and cefixime is 1:1.

The formation constant (Kr) for the complex
formation between Cu(ll) and cefixime is calculated
using the following expression:

(Aobs /Aextp )5
Aobs

(€ = (225) €U1CL = o /Ay )C
Where Ags and Aeqp are observed and

extrapolated absorbance values for the complex,
respectively. Cy and C. are the initial concentration of
Cu(ll) and cefixime in mol L™, respectively. C is the
limiting concentration. Thus, K; for the complex is
found to be 1.723 x 10°% The apparent Gibbs free
energy (A G) was calculated using AG’ = - 2.303
RT log K¢ and found to be — 35.59 kJ mol™ confirming
the feasibility of the reaction.

Kf=
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Effect of metal ions on the absorbance of the
Cu(ll)-cefixime complex
Apparatus

Absorbance measurements were made on
a Shimadzu UV-visible 1601 spectrophotometer
(Kyoto, Japan).

Reagents and standards

1. 3.195 x 10° M copper sulphate solution was
prepared in distilled water.

2. 2.205 x 10 M (0.1%) cefixime (CAS: 79350-37-
1, MW.: 453.45, Merck, USA) solution was
prepared in methanol.
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3. Metal ions such as FeS0..7H20, NiCl.6H20,
Al(NO3)3.9H20, 3CdS04.8H20, Pb(NO3),,
ZnS04.7H20, MgS0..7H,0, CaCl;, MnSOa4.H:0
and CuCl; (0.051 %) were dissolved in distilled
water.

Procedure for the Determination of Cu(ll) in the

Presence of Metal lons

Aliquot of 0.4 mL of 3.195 x 10° M copper
sulphate solution was taken in 10 mL standard

volumetric flask. To each flask, 1.8 mL of 0.1%

cefixime was added with different volumes of 0.051%

metal ions (FeSO..7H.0, FeCl;, NiCl,6H20,

AI(NO3)3.9H,0, 3CdS0..8H,0, Pb(NO3)2,

ZnS04.7H20, MgS04.7H20, CaCl,, and MnSO4.H,0).

The absorbance was recorded at 504 nm for no

change in absorbance with different metal ions in the

presence of Cu(ll).

Specificity and selectivity of proposed method was

evaluated by determining concentration of Fe(lll)

(22.34 ug mI™) in the presence of various metal ions

added in the form of FeS04.7H,0, NiCl,6H0,

Al(NOz)3.9H20, 3CdS04.8H:0, Pb(NO3)2,

ZnS04.7H20, MgS0.4.7H20, CaCl;, MnSO4.H,0 and

CuCl,.

Results and Discussion

Varying concentrations of each ion with
fixed concentration of Cu(ll) were taken and
absorbance was recorded to know concentration
of Cu(ll) (8.122 ug ml'l). Tolerated amounts of
each ion, whose concentration value is tested
that caused less than =*= 2% absorbance

alteration, has been found as follows: Fe**, 0.50;

Cd®*, 84.31; Pb™ 62.16; zn' 52.31; Mg"?

21.80 and Mn+2, 27.47 ug mi?. However, metal

ions (Ni?*, A", ca®, and Cu®) interfere in

determination of Cu(ll).

Applicability of the presented method for the

determination of Cu(ll) in water samples

Apparatus

Absorbance measurements were made on

a Shimadzu UV-visible 1601 spectrophotometer.

Reagents and standards

1. 3.195 x 10° M copper sulphate solution was
prepared in distilled water.

2. 2.205 x 10 M (0.1%) cefixime (CAS: 79350-37-
1, MW.: 453.45, Merck, USA) solution was
prepared in methanol.

3.  Water samples collected from lake, tap, well, sea
and treated industrial effluent water samples
were collected different locations.

Procedure for the Determination of Cu(ll) In Real

Water Samples

Aliquot of 0.5 mL of different water samples
was pipetted into a 10 mL standard volumetric flask
with 1.8 mL of cefixime (0.1%) solution. The contents
of each flask were mixed well at room temperature
and diluted up to the mark with 1,4-dioxan. The
absorbance of each real water sample solution was
measured at 504 nm against the reagent blank
prepared similarly except Cu(ll). The amount of the

Cu(ll) in real water samples was obtained either from

the calibration graph or the regression equation.
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Results and Discussion

The applicability of the presented method for
the determination of Cu(ll) in real samples has been
tested. The concentration of Cu(ll) was obtained
either from the calibration graph or the regression
equation and found to be

.................... in lake water sample

.................... in tap water sample

.................... in well water sample and

.................... in tap water sample

Conclusions

The presented spectrophotometric method is
found to be simple, selective and accurate for
determination of Cu(ll) in water samples. The method
has advantage of using 1,4-dioxan-distiled water
medium. The presented method has avoided the use
of acid, buffer solution and heating of reaction
mixture, can be used as an alternate method for
routine quality control analysis of Cu(ll) in soil
samples.
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