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A spectrophotometric procedure was developed for determination of cefepime depending
on the complexation of the drug with Hg2(NO3)2 in acid medium (pH 3.5) and measuring the
absorbance at 263 nm. Different variables affecting the reaction were studied and optimized.
Under the optimized conditions, linear relationship with good correlation coefficient (0.999)
was found between the absorbance and the concentration in the range of 3.65-40 µg ml-1. The
limits of detection and quantitation were 1.20 and 3.65 µg ml-1 respectively. The stoichiometry
of the reaction was studied using Yoe and Jones method and was found to be 1:2 ratio for
cefepime : Hg (I). The method was successfully applied for determination of cefepime in its vial
with average percentage recovery of 98.95±1.079. The results were favorably compared with
those of reference method. The IR study of the formed complex was done and different
probabilities of the formed complexes were suggested.

INTRODUCTION

Cefepime,(6R,7R,Z)-7-(2-(2-aminothiazol-
4-yl)-2-(methoxyimino)acetamido)-3-((1-
methylpyrrolidinium-1-yl)methyl)-8-oxo-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate, (Fig. 1), is a new injectable fourth-
generation cephalosporin1.

Like other fourth generation
cephalosporins, cefepime demonstrates good
activity against gram-negative organisms such
as Pseudomonas aeruginosa and gram-positive
organisms such as Staphylococcus aureus2. It is

indicated for respiratory tract infections, skin
and soft tissue infections, urinary tract
infections and febrile neutropenia2&3.
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Fig. 1: Structure of cefepime.

Quantitative analytical methods for the
determination of cefepime in biological fluids
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have been developed using several techniques,
including electrochemical4&5, micellar
electrokinetic chromatography6&7, HPLC with
UV detection8-25 and HPLC with MS
detection26&27. Although a variety of analytical
techniques exist, many of these techniques lack
the enough sensitivity and selectivity which
enables the determination of small
concentrations of cefepime in complex
matrices in which it is typically found8-13&17-21.
Others offer the required sensitivity and
selectivity for the determination of cefepime in
biological fluids26&27; however, their
sophisticated instrumentation, high analytical
cost and the need for technical experience limit
their use in quality-control laboratories for
determination of cefepime in its pharmaceutical
dosage form. Therefore only few methods offer
the inherent sensitivity and selectivity needed
for determination of cefepime in biological
fluids. Among which, is our recent paper for
HPLC determination of cefepime in plasma and
milk24.

The analytical techniques reported for the
determination of cefepime in its pharmaceutical
dosage form include; HPLC1&28-32, HPTLC33,
electrochemical34, capillary electrophoresis35&36

and spectrophotometry37-45. The
chromatographic, electrochemical and
electrophoretic methods use dedicated and/or
expensive instruments that are not available in
most quality-control laboratories. Therefore in
general, spectrophotometry is considered the
most convenient analytical technique because
of its inherent simplicity, low cost and wide
availability in most quality-control laboratories.
However, most of the spectrophotometric
methods reported for the determination of
cefepime in its pharmaceutical formulation are
associated with some drawbacks such as
decreased selectivity due to measurement in the
ultraviolet region37 and/or decreased simplicity
of the assay procedure (e.g. laborious
extraction steps in ion-pair formation-based
methods38. For these reasons, it was considered
worthwhile to develop new, simple and
selective spectrophotometric procedure for the
determination of cefepime.

There are no data on the complexation of
cefepime with any metal ion in the literature
and the reaction between cefepime with any
metal ion has not been investigated yet.
Therefore, the present study was devoted to

explore the complexation ability of cefepime
with different metal ions for the development
of selective and sensitive spectrophotometric
method for the determination of cefepime.

EXPERIMENTAL

Instruments
UV-1601 PC, UV-Visible

spectrophotometer (Shimadzu, Japan) with 0.1
cm quartz cells. Ultrasonic cleaner (Cole-
Parmer, Chicago, USA). pH meter, model 3305
(Jenway, London, UK). Shimadzu IR–470
infrared spectrometer (Kyoto, Japan). MLW
type thermostatically controlled water bath
(Germany).

Materials
Cefepime hydrochloride (Bristol-Myers

Squibb Co., Cairo, Egypt). L-arginine (BDH,
Poole, UK). Maxipime® vial, 0.5 g (Bristol-
Myers Squibb Co., Cairo, Egypt) (containing
0.5 g cefepime and 0.36 g L-arginine).
Antimony chloride, cobalt chloride, stannous
chloride, zinc sulfate, ferrous sulfate, copper
sulfate, ferric chloride, magnesium chloride,
barium chloride, cadmium sulfate, lead nitrate,
aluminum sulfate, chromium chloride,
manganese sulfate, mercuric acetate, mercurous
nitrate and silver nitrate. All metal salts were of
analytical grade reagents (Prolabo Chemicals,
Cairo, Egypt).

Reagents and standard solutions
Analytical grade acetonitrile, dioxan,

dimethylformamide (DMF), dimethylsulfoxide
(DMSO), ethanol, methanol and n-propanol
were used throughout the investigation.
Aqueous solution (8x10-4 M) was prepared
from each metal salt in double distilled water.
Buffer solutions: Acetate buffer (acetic acid
and sodium acetate) were prepared in freshly
double distilled water of pH range 2-61. The
solutions were refrigerated in light protected
flasks and used only for one week. Double
distilled water was used for preparing
solutions.

Procedures
Preparation of standard solutions: An

accurately weighed amount of cefepime (40
mg) was transferred into a 100 ml volumetric
flask, dissolved in about 60 ml of double
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distilled water and then completed to the mark
with the same solvent. Working standard
solutions were prepared daily from the stock
solution by serial dilutions with water to
contain 20- 400 μg ml-1 cefepime.

General analytical procedure: Accurately
measured 1 ml aliquot of the working standard
or sample solution of cefepime was transferred
into a 10 ml volumetric flask, followed by
addition of 1 ml of Hg2(NO3)2 solution (800 µg
ml-1) and the pH was adjusted to 3.5 using 1 ml
of acetate buffer solution (0.1 M). The solution
was shaken well, allowed to stand for 15 min,
completed to the mark with double distilled
water and the absorbance was measured at 263
nm against a reagent blank prepared
simultaneously.

Analysis of dosage form1: The contents of
1 vial Maxpime® (0.5 g) was transferred into a
100 ml volumetric flask containing 30 ml
double distilled water. The contents of the flask
were shaken well and completed to the mark
with double distilled water. A suitable aliquot
of the obtained solution was diluted
quantitatively with the same solvent to obtain a
concentration within the linearity range and
suitable for determination of cefepime. The
previous general assay procedure was then
applied.

Procedure for determination of molar ratio
by Yao and Jones method46: Cefepime and
Hg2(NO3)2 solutions of equimolar
concentrations (4x10-4 M) were prepared. One
ml aliquot of cefepime solution was transferred
into a series of 10 ml volumetric flasks
followed by addition of 0.5, 1.0, 1.5, 2, 2.5, 3,
3.5 or 4 ml of Hg2(NO3)2 solution. The pH was
adjusted to 3.5 using 1 ml of acetate buffer
solution to each flask. The solutions were
allowed to stand for 15 min and completed
with double distilled water to the mark. The
UV-absorption intensities of the obtained
mixtures were measured at 263 nm.

Procedure for preparation of the formed
complex for the IR investigation: A weight
equivalent to 0.16 mM of cefepime was
dissolved in 5 ml double distilled water then
mixed with 5 ml of 0.32 mM of Hg2(NO3)2

solution, the pH was adjusted to 3.5. The
mixture was stirred and left for 15 min then the
solution was evaporated till dryness under
nitrogen stream in a 50-60°C water bath until
crystalline solid was formed.

RESULTS AND DISCUSSION

The presence of donor atoms impeded in
the structure of cefepime such as amino (-NH2),
imino (=NH), heterocyclic nitrogen (-N=),
carbonyl (C=O), carboxylate (-COOˉ), ether (-
O-) and oxime (-CONH) suggests that cefepime
can act as a complexing agent. The UV-
spectrum of cefepime alone showed maximum
absorbance at 257 nm (Fig. 2). Therefore,
according to the change in the original UV-
absorption spectrum of the drug, it was found
that only 3 metal ions namely; Hg(I), Hg(II)
and Ag(I) formed complexes with the drug
aqueous solutions. It was found that at the same
concentration of cefepime, Hg2(NO3)2 showed
higher intensity which means more sensitivity
than Hg(OAC)2. On the other hand, AgNO3

increased the intensity of the UV-absorption
spectra but did not show any new peaks.

So it was concluded that Hg2(NO3)2 is the
best metal salt to be used for complexation
with cefepime and the following study will be
on it to optimize the conditions of the reaction
(Fig. 2).
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Fig. 2: Absorption spectra of:
(a) Cefepime (4x10-4 M)
(b) Cefepime (4x10-4 M) with Hg2(NO3)2 (8x10-4 M)

Optimization of the reaction conditions
Experimental parameters including buffer

type, pH, buffer concentration, and mercurous
ion concentration beside the linearity range
were all comprehensively investigated in order
to optimize the conditions of the assay
procedure.

Effect of buffer type: Because of the
formation of precipitate from Hg(I) ions with
each of phosphate, Britton–Robinson and
Teorell and Stenhagen buffer solutions, only
acetate buffer can be used in this procedure.
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The effect of buffer pH value on the
formation and stability of the complex was
investigated using different acetate buffer
solutions covering pH range of 2-6. It was
found that, the absorption intensity of the
formed complex increased with increasing pH
of the solution and reached its maximum
reading at pH 3-4 (Fig. 3). This can be
explained by the suggestion that more acidic
pH may suppress ionization of the carboxylic
group leading to decreased rates of cefepime-
Hg(I) complexation. It should be noted that
more alkaline pH may cause precipitation of
Hg(I). Therefore, it was concluded that acetate
buffer of pH 3.5 is the optimum and used for
the subsequent work.
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Fig. 3: Effect of pH on the absorption intensity of
cefepime-Hg(I) complex at 263 nm, cefepime
(22.8 µg ml-1), Hg2(NO3)2 (80 µg ml-1).

Effect of ionic strength of acetate buffer:
Various ionic strengths of acetate buffer of pH
3.5 (0.01-1.00 M) were tested and there were
no significant differences observed in the UV-
absorption intensity at the specified λmax (263
nm). In the present investigation, 0.1 M
concentration of acetate buffer components
was found to be optimum.

Effect of Hg2(NO3)2 concentration: The
influence of Hg2(NO3)2 concentration was
studied using 1 ml of varying concentrations in
the range of 100-1200 µg ml-1. It was found
that the UV-absorption intensity of the formed
complex increased with increasing metal salt
concentration till the concentration reached
about 600 µg ml-1 then became constant at
higher concentration levels (up to 1200 µg ml-1)
(Fig. 4). Therefore 1 ml of 800 µg ml-1 solution
of Hg2(NO3)2 was optimum.
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Fig. 4: Effect of Hg2(NO3)2 concentration on the
absorbance of cefepime-Hg(I) complex at
263 nm, cefepime concentration; 22.8 µg ml-1

final concentration.

Effect of reaction time: The optimum
reaction time was determined by following the
absorption intensity before dilution with water
at 5 min intervals. Figure 5 shows that the
absorption intensity increased with time and
maximum intensity reached after about 10 min
then remained approximately constant up to 60
min. Therefore, measurements are
recommended to be done in the period of 15-50
min, after addition of the metal and buffer
solutions.
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Fig. 5: Effect of time on the absorption intensity of
Hg(I)-cefepime complex at 263 nm;
cefepime (22.8 µg ml-1 final concentration),
Hg2(NO3)2 (80 µg ml-1 final concentration).

Effect of diluting solvent: The effect of
various solvents on the absorption intensity of
the formed complex was studied. From the
results listed in table 1, it is noticed that the
UV-absorption intensity was maximized by
using water as diluting solvent.
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Table 1: Effect of solvent type on the absorption
intensity of cefepime-Hg(I) complex.

Solvent Absorbance*

1- Water 0.871
2- n- Propanol 0.625
3- Ethanol 0.578
4- Methanol 0.552
5- DMSO 0.550
6- DMF 0.502
7- Acetonitrile 0.357
8- Dioxane 0.188

*Cefepime concentration is 22.8 µg/ml, at 263 nm.
N.B. Each result is an average of 3 separate
determinations.

Stability time of the formed complex: It
was found that the intensity of the absorbance
remained stable for at least 60 min, which
indicated that the complex was stable for at
least 60 min.

Determination of the molar ratio
Yoe and Jones method46 was used to study

the molar ratio of the formed complex. The
method revealed a 1:2 ratio for cefepime :
Hg(I) complex (Fig. 6).
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Fig. 6: Determination of molar reactivity of
cefepime-Hg(I) complex using Yoe and
Jones method, cefepime 1 ml (4x10-4 M).

IR study
Crystalline solid of cefepime-Hg(I)

complex was isolated. The IR spectra of the
isolated solid drug and solid complex were
compared. The IR spectra are shown in figure
7. The IR spectrum of cefepime (Fig. 7a)
showed a strong sharp band at 1765 cm-1 which
is corresponding to the stretching vibration of
C=O of the β lactam ring and another 2 bands

at 1642 cm-1 and at 1620 cm-1 which are
corresponding to the stretching vibrations of
C=O of the amide group and C=O of the free
carboxylic group respectively. In addition a
broad band extending from 2900 cm-1 to 3300
cm-1 indicating the presence of carboxylic OH
group. After formation of the complex with
Hg(I), the band corresponding to the C=O of
the free carboxylic group and that
corresponding to the carboxylic OH group
disappeared (Fig. 7b) and instead a broad band
at 1609 cm-1 is recorded. This band is
corresponding to the stretching vibrations of
C=O of the carboxylate group. Also the sharp
band at 1642 cm-1 which is corresponding to
the stretching vibration of C=O of the amide
group also disappeared and a broader one at
1640 cm-1 is recorded. Table 2 shows the main
IR absorption transitions of cefepime and those
of the complex.

(a)

(b)

Fig. 7: IR spectra of:
(a) cefepime
(b) cefepime-Hg(I) complex.
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Table 2: Assignments for the main IR absorption transition bands of cefepime and those of cefepime-
Hg(I) complex.

Frequency (cm-1)Main bands
Cefepime Cefepime-Hg(I) complex

OH stretching 2900 - 3300 Disappeared
β lactam C=O stretching 1765 1762

Amide C=O stretching 1642
Disappeared and instead a broader band at

a 1640 of the imide appeared
Carboxylic C=O stretching 1620 1609 of the carboxylate

Analytical method validation
The developed procedure was fully

validated according to International Conference
on Harmonization (ICH)47 guidelines and
complied with USP1 validation guidelines. The
objective of the validation of an analytical
procedure is to demonstrate that it is suitable
for its intended purpose. The performance and
the statistical data of the proposed method are
shown in table 3.

Linearity: Under the previously mentioned
experimental conditions, the calibration curve
of cefepime-Hg(I) complex was constructed by
plotting the UV-absorbance versus the drug
concentration. Beer’s law was found to be
obeyed in the concentration range 3.65-40 µg
ml-1, r2 = 0.9981 (Table 3).

Limit of detection (LOD) and limit of
quantitation (LOQ): The detection and
quantitation limits were 1.20 and 3.65 μg ml-1,
respectively (Table 3).

Table 3: The performance and the statistical
data of the proposed spectrophoto-
metric method.

Parameter Cefepime
λmax (nm) 263
Working range 3.65 – 40 μg/ml
Regression equation Y = -0.009 + 0.036 X
R 0.9990
r2 0.9981
Sa 0.013
Sb 5.94 x 10-4

LOQ 3.65 μg/ml
LOD 1.20 μg/ml

Precision and accuracy: The precision of
the proposed method was checked by replicate
analysis of 6 separate solutions of the working

standard at 3 concentration levels. The
repeatability of the assay was found to be
within 0.928-1.454% (n= 6) at 3.7, 28, 40 μg
ml-1 (Table 4). It is clear from the results that
the relative standard deviation% (coefficient of
variation) for all concentration levels is less
than 2% indicating excellent precision of the
proposed method.

Table 4: Precision data for cefepime using the
proposed method.

Cefepime concentration
(μg/ml)Parameter

3.7 28 40
Mean % Recovery 100.19 100.48 99.61
± SD 1.454 1.130 0.928
% RSD 1.451 1.124 0.931

Accuracy of the proposed procedure was
checked by applying the proposed method for
the assay of the studied drug in its vial and
comparing the obtained results with those of
the official method1.

Selectivity: The selectivity of an analytical
method is its ability to measure accurately an
analyte in the presence of interference that may
be expected to be present in the sample matrix.
The selectivity of the method was checked by
studying the interference from other
compounds that are present in the formulation.
It was found that, there was no interference
from L-arginine which is co-formulated with
cefepime in the vial, as shown from the
excellent recoveries obtained when analyzing
cefepime in presence of L-arginine (Table 5).
This is because L-arginine has no UV-
absorbance at λmax of cefepime-Hg(I) complex,
at 263 nm37 and it was found that it did not
form a complex with Hg(I) ions. Also it was
found that N-methyl pyrrolidine (NMP), which
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is the main degradation product of cefepime3,
also has no UV-absorbance at λmax of cefepime-
Hg(I) complex, at 263 nm48. These facts
indicate proper selectivity of the method for
determination of cefepime in raw material and
in its dosage form. So the method is considered
selective.

Robustness: The robustness of an
analytical procedure is a measure of its
capacity to remain unaffected by small but
deliberate variation in method parameters and
provides an indication of its reliability during
normal usage. It was examined by evaluating
the influence of small variation of method
variables including pH of the buffer, ionic
strength of the buffer, Hg2(NO3)2 concentration
and reaction time on the method suitability and
sensitivity. It was found that none of these
variables significantly affect the method (Table
5). This provides an indication of the reliability
of the proposed method during normal usage
and so the proposed spectrophotometric
method is considered robust.

Table 5: Robustness of the proposed spectro-
photometric method.

Variation
% Recovery*

± SD
No variation** 99.79 ± 0.68
1- pH of the buffer

pH 3.3 98.86 ± 0.67
pH 3.7 99.91 ± 0.82

2- Ionic strength of the buffer
0.09 M 98.90 ± 0.46
0.11 M 99.81 ± 0.56

3- Hg2(NO3)2 concentration
78 µg ml-1 99.34 ± 0.50
82 µg ml-1 100.10 ± 0.45

4- Reaction time
14 min 99.60 ± 0.54
16 min 100.46 ± 0.56

* Average of 3 determinations.
** No variations in the assay condition of the

proposed method.

Application of the proposed method to the
analysis of cefepime in its vial

The complexation ability of Hg(I) was
applied for analysis of cefepime in its vial and
the proposed method was successfully applied.
The average% recoveries of different

concentrations were based on average of 6
replicate determinations and the results
obtained were validated by comparison with
USP 31 method1 by means of t-and F-tests at
95% confidence level. No significant
difference was found between the results
obtained by both methods indicating good
accuracy and precision (Table 6).

Table 6: Assay of cefepime in commercial vial
using the proposed and the official
methods.

Maxipime 500 mga

Parameters
Proposed Official29

Mean % Recoveryb 98.95 99.92
± SD 1.079 0.958
Student's t-testc 1.646
Variance ratio F-
testc 1.269

aproduct of Bristol-Myers Squibb Egypt.
bn = 6.
cTheoretical values at 95 % confidence limit;

t = 2.228 F = 5.050.

The assay results obtained by the proposed
procedure were unaffected by the presence of
L-arginine as shown by the excellent recoveries
obtained when analyzing cefepime in presence
of L-arginine in the vial. This is because L-
arginine has no UV-absorbance at λmax of
cefepime, at 263 nm37 and it did not form a
complex with Hg(I) ions. So the proposed
assay can be used for quantitation and routine
quality control analysis of cefepime in its
dosage form. This fact indicates proper
selectivity of the method for determination of
cefepime-Hg(I) complex in raw material and in
its dosage form.

Reaction mechanism
According to the previous studies

regarding the pKa values of cefepime37, at pH <
4, cefepime exists as a zwitterions and this was
attributed to the presence of the quaternary
nitrogen atom which interacts with the 2-
carboxylic anion forming zwitterions. So
occurrence of the reaction in acid medium is
logic.

From the IR spectra of the drug and the
complex, we can suggest a mechanism of the
complexation of cefepime with Hg(I) as
follows. For the first metal cation, the
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complexation may occur through salt formation
of the metal cation with the 2-carboxylate
group of the drug and coordination either with
the 8-carbonyl group to form a 7-membered
ring (Fig. 8a) or with the lone pair of electrons
of the 1-nitrogen of the β lactam ring to form a
5-membered ring (Fig. 8b,c). For the second
metal cation, it is suggested that keto-enol
tautomerism has been occurred in the 7-amino
group of the drug, resulting in a free OH group,
and complexation may occur through
replacement of the hydrogen atom forming a
bond with the metal cation and coordination
either with the lone pair of electrons of the
nitrogen of the oxime at the side chain to form
a 5-membered ring (Fig. 8a,c) or with the 8-
carbonyl group to form a 7-membered ring
(Fig. 8b). Therefore there are 3 probabilities for
the formed cefepime-Hg(I) complex as shown
in figure 8.
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Fig. 8: The suggested probabilities of the formed
cefepime-Hg(I) complex (a, b or c).

Conclusion
The present study described, for the first

time, the complexation of cefepime with Hg(I)
ions for the development of selective, sensitive
and accurate spectrophotometric. The
developed method is simple, rapid, accurate
and reliable for determination of cefepime in
its pharmaceutical dosage form without
interference from common excipients. The
proposed method is of great value in quality-

control determination of cefepime because of
its improved simplicity and sensitivity, low
cost and freedom of dependence on expensive
instruments and/or critical analytical reagents.
All these facts and the inherent stability of the
formed complex encouraged our team to apply
this complexation reaction for the development
of a precolumn derivatization HPLC method
for the analysis of cefepime in bulk, its vial and
biological fluid.
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