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Abstract

An analytical method has been developed using hanging mercury drop electrode (HMDE) for the
guantitative determination of antibacterial drug cefadroxil (CFL) from pharmaceutica
preparations and blood serum. Cathodic adsorptive stripping voltammetry was carried out in
hydrochloric acid (0.1M): methanol (80: 20 v/v) and potassium chloride (0.1M) as supporting
electrolyte. The reduction wave was obtained within -700 to -800 mV. Linear cdibration curve
was within 1-50pg/mL with detection limit of 0.1ug/mL of cefadroxil. Relative standard deviation
for inter and intra day analysis of CFL was within 1-2%."The number of additives present in
pharmaceutical preparations did not interfere the détermination of cefadroxil. The analysis of
pharmaceutical preparations and blood serum  after chemotherapy with cefadroxil indicated
relative standard deviation (RSD) within 0.8-1.2% and 2.6-3.8% respectively. The satisfactory
results were obtained for quality control of gefadroxil in pharmaceutical preparations and in blood

serum.
Keywords: Cathodic Stripping-Voltammetry, Phenolic Beta Lactam, Cefadroxil,
Pharamaceuticals, HN DE.
Introduction

The phenolic B-lactam antibiotic cefadroxil (CFL)
is a broad spectrum first generation cephalosporin
and is used for the jireatment of urinary tract
infections. It qyas/@gnificant activity against both
Gram-positive \and Gram-negative bacteria [1]. It
contains.»& “B-iactam ring fused with a six
membefed dinydrothiazine ring bearing substitutes
R! and R¥’in the side chain at C; and C,. Various
analytical procedures are described for the
determination of CFL mainly, spectrophotometry
[2-3], deivative spectrophotometry  [4-5],
spectrofluorometry [6-7], liquid chromatography
[8-11], atomic absorption [12], capillary zone
electrophoresis [13], chemiluminescence [14-15]
and electroanalytical technique [16-18]. The
British pharmacopeias, 1998, describes a liquid
chromatographic method for the analysis of bulk
drug [19].

Electroanalytical methods are sensitive,
selective and suitable for biological active
compounds. They involve less expensive
equipment. Ivaska et al [16] reported a differential
pulse polarographic method for CFL at pH 1-2 asa
distinct peak at -1.25t0 1.30 V (vs Ag/AgCl) and a
linear scan voltammetric method at glassy carbon
electrode as anodic oxidation wave at +0.8V (vs
Ag/AQCI) at pH 7.3. Ozkan et a [17] reported
electro oxidation of CFL using glassy carbon
electrode by cyclic voltammetry and differential
pulse voltammetry. The method was applied for
determination from pharmaceutical preparations.
Gaber e a [18] examined differential pulse
polarography and cyclic voltammetry to
investigate the coordination of CFL with Cd(ll),
Pd(I1) and Zn(11). However these methods have not
been applied for the determination of CFL from
biological fluids.
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The procedure which could be used for the
analysis of CFL from biological fluids, without
extensive sample preparations or derivatization in
the presence of excipients could be of analytical
interest. Hanging mercury drop electrode (HMDE)
can be examined, because glassy carbon eectrode
requires surface polishing during each run and may
be time consuming. The precision and accuracy
may also be affected. The present work examines
simple and sensitive method for the determination
of CFL from pharmaceutical preparation and blood
serum using differential pulse cathodic stripping
voltammetry at HMDE. The determination of CFL
from pharmaceutical preparations could be of
interest for quality control and analytical procedure
used for the analysis of CFL in biological fluids
may be of value in evaluation of bioavailability
and pharmacokinetic properties.

Experimental
Chemicals and Reagents

GR grade methanol, hydrochloric acid
(37%), potassium chloride, potassium nitrate;
lithium chloride, sodium acetate, potassiini
dihydrogen phosphate (E. Merck, Germany) \and
cefadroxil (CFL) (Sigma, Switzerland) were used.
Freshly prepared doubly distilled deiofiizec water
was used throughout the study. A stack soiution of
CFL (Img/mL) was prepared by dissolving 100
mg of CFL in methanol (20 mk) and adjusting the
volume with hydrochloric zcta-{0.1N) to 100mL.
This solution (5mL) was‘further diluted to 100mL
with methanol: HCI{0.2M) (20:80v/v) on each
working day. Potassiupy chloride (0.1M) as base
electrolyte prepared-in deionized water was used.
Buffer solutions.within pH 1-10 at unit interval
were prepased from the following:

Fydrochloric acid (0.1M), potassium
chloride (0.1M), acetic acid (0.1M), sodium acetate
(0.1M),” ammonium acetate (0.1M) sodium
bicarbonate (0.1M), sodium carbonate (0.1M)
ammonium chloride (0.1M) and ammonia (0.1M).

I nstrumentation

The pH measurements were made with pH
meter (WTW — Inolab, Germany) with glass
electrode and internal reference eectrode.
Voltammetric measurements were performed with
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Metrohm automatic 746-VA Trace analyzer
equipped with 747-VA stand (Metrohm,
Switzerland). The 747 stand includes a three
electrode system, an Ag/AgCl (3M KCI), reference
electrode, a platinum wire as auxiliary eectrode
and hanging mercury drop electrode as working
electrode. A printer Epson LX-300 was used for
printing purposes. PTFE coated string bar, rotated
by a magnetic dtirrer was used during
preconcentration step.

Analytical Procedure
Determination of Cefadroxil

Solution of cefadroxil (in  methanol:
(0.2M) HCI 1:4 v/v) (10mL) containing 10-500 pg
and 1mL of potassum chloride (0.1M) was
transferred into polarographic vessel. The pH was
adjusted to 4 by adding 1mL of (0.1M HCI:KCI)
buffer., The sample was purged for 200 seconds
with <\oxygen-free nitrogen (British Oxygen
Comparly, BOC, Karachi). The preconcentration
potential (-700 mV) measured against Ag/AgCl
reference electrode was applied to the fresh
mercury drop for 60 seconds (to= 60 sec) while
the solution was stirred. The stirring was then
stopped for a period of 10 seconds (equilibration
time=10 sec). The voltammogram was then
recorded by applying a cathodic differential pulse
scan with pulse amplitude of -50 mV. The
voltammograms were recorded in triplicate for
each run automatically by the instrument. The
average peak heights (n=3) were assessed on the
basis of the difference between peak height of the
analyte and that of base e ectrolyte alone recorded
under the same conditions. The quantitation was
carried out by calibration curve and standard
addition technique.

Determination of Cefadroxil in Pharmaceutical
Preparations

Eight tablets of each Helicef (Hdix
Pharma (Pvt.) Ltd. Karachi, Pakistan), Neucef
(Sami Pharmaceutical (Pvt.) Ltd. Karachi,
Pakistan), Evacef (Highnoon laboratories, Lahore,
Pakistan) were separately ground to fine powder. A
quantity equivalent to one tablet (500mg of
cefadroxil) of each was weighed, dissolved in
20mL methanol, transferred to a 100 mL
volumetric flask and diluted to the mark with
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(0.1M) HCI. This solution was dlightly turbid but
no further treatment was made. Further dilution
was made with 20% methanol in HCI (0.1M). 10
mL of this solution and 1 mL potassium chloride
(0.1M) were transferred to polarographic cell and
analysis was carried out by analytical procedure
231

Determination of Cefadroxil in Blood Serum

The blood sample (5mL) of volunteers was
collected after 2hrs of taking a tablet Helicef
containing 500 mg of cefadroxil. The blood sample
was collected by vein puncture in a clean screw
capped vial and centrifuged at 3000 rpm for 15
minutes. Supernatant was separated and added
acetonitrile (ImL) and contains were mixed for
two minutes. The sample was centrifuged for
15minutes at 4000 rpm and supernatant was
collected and organic solvent was evaporated at
45°C under nitrogen stream. Subsequently the
sample was transferred to volumetric flask, volume
was adjusted to 10mL with methanol: HCI (0.1M)
(1:4 viv) and was analyzed using analytical
procedure 2.3.1. A blank determination was carried
out following the same procedure with-higod
sample (5mL) from the volunteer who:had not
taken any medicine at least for one weelk,

Results and Discussion

The electrochemicai-teduction of CFL by
differential pulse cathodic stripping voltammetry
(CSV) was examined'by: hanging mercury drop
electrode (HMDE) (rhe effect of pH and
supporting  dectrolyte  was examined on
electrochemical reduction of CFL.

Fheinfluence of pH was examined within
pH Z-38-1t was observed that peak potential
shiftedAinearly to more negative side with an
increase in pH indicating that the mechanism of
electrode reaction is pH dependent. The highest
peak current was obtained at pH 4 at -0.75 V
(Figure 1) and was selected. The effects of
different eectrolyte on peak potential (mV) and
peak current (nA) were examined. The solution
(ImL) of potassium chloride, lithium chloride,
sodium oxalate, potassum citrate, sodium
carbonate, sodium acetate of 0.1M concentration
were added and determination were carried out at
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pH 4. The peak potential was measured at -0.75V.
Average response of at least (n=3) determination
was calculated. The maximum peak current was
obtained when potassium chloride was used. At
optimized conditions the peak current was
observed to be concentration dependent and linear
calibration curve was obtained by recording
average peak current (n=6) against concentration
of CFL and was obtained with 1-50 ug/mL
(Figure 2).
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Fig. 1. Effect of pH on current (nA) for cefadroxil in 20%
methanol plus80% 0.1M HCI plus0.1 M KCI.
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Fig.2. Cathodic stripping voltammogram for CFL indicating
potential (mV) versescurrent (nA) in 20% methanol plus
80% 0.1M HCI plus 0.1 M KCI, pH 4.0, concentrations 1,
10, 20, 30, 40, 50 png/ mL, peak potential -0.75 V.

The coefficient of determination, R? for a
six points calibration was obtained 0.9822 with y=
4.8542x (Figure 3). The analysis of test solutions
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of CFL (n=4) was carried out within the calibration
range and relative % error for the analysis was
obtained within + 0.5%. The reproducibility of the
measurements in terms of peak potential and peak
curent for CFL with 10ug/mL (n=5) was
calculated and relative standard deviations (RSD)
were obtained with 0.5% and 0.6% respectively.
The detection limit measured as signal to noise
ratio (3:1) as compared to the blank was obtained
0.1ug/mL. The inter and intra day variation in the
response for 10pug/mL was examined for five days
and each day analysis was carried out in triplicate
(n=3). The RSD for pooled data was obtained
1.2%. For the determination of CFL in
pharmaceutical preparations, the interfering effects
of common additives glucose, lactose, sorbital,
gum arabic were examined at the concentration
five times the CFL (10ug/mL). The average
variation (n=3) in the response was observed less
than 5% and did not interfere the determinations.
The results obtained were compared with a
spectrophotometric method [20] by measuring the
absorbance at 455nm and a good agreement with
observed results with CSV was obtained (shown ifi
Tablel).

The method was applied for the
determination of CFL in the phefrazeutical
preparations Helicef, Neucef and Evece.

The results of analysis are summarized in
Table 1 and the results agresd”with the labeled
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values with relative % deviation within 1.2 to
5.2%. The RSD for replicate analysis (n=3) was
obtained within 0.8 — 1.2%.
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Fig. 3. Calibration plot for CFL from Figure 2.

The method was examined for the analysis
of CFL _from human serum. The blood samples of
healthy volunteers were collected after 2hrs from a
gingie dose of 500mg of cefadroxil. The serum
after de-proteinization with acetonitrile was
analyzed. The results of analysis are summarized
in Table 2 and are within 15 to 20 pg/mL with
RSD 2.6-3.8%. The peak potential was however
observed at dlightly shifted position towards
negative but stable signals were observed including
after spiking the sample with 100 ug of CFL.

Tablel. Resultsof analysis for cefadroxil in phar maceutical prepar ations

~ SNo. Name.oi L abeled Amount Amount Found * Amount Found RSD
Drig (mg/ Tablet) (mg/ Tablet) +C.L at 95% (mg/ Tablet) +C.L at 95% % (n=3)

) Helicef 500 497 + 4 49942 0.8

2 Neucef 500 479+ 6 47945 12

3 Evacef 500 493+ 4 48844 0.8

* Amount found by spectrophotometric method [20]
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Table2. Resultsof analysisfor cefadroxil in blood serum
Blood Amount taken Amount found % RSD
Samples Helicef (ng/mL)
No. (mg) +C.L at 95%

1 500 15.2+0.5 3.8

2 500 20.4+0.5 2.7

3 500 17.6£0.4 2.6
Conclusion

Simple cathodic stripping voltammetric
method has been developed with HMIDE for
quantitative determination of cefadroxil at pH-4.
The CSV methodology is simple, sensitive and
rapid for the determination of the drug in
pharmaceuticals and in blood serum. The sample
preparation procedure is simple without need to
eliminate the excipients. The satisfactory results
obtained with RSD 0.6% and allow recommending
the procedure for quality control of cefadroxil in
concentration range 1-50 ug/mL in pharmaceutica
preparations and blood serum.

Refer ences

1.  W.A. Rames, J. N. Ddagedo {&ds), Wilson
and Gisfold’s Text Bwsok on Organic
Medicinal Pharmacestical’ Chemistry, 10™
ed. Lippincoti-Raven Publishers,
Philadelphia, New York, (1998) 274

2.  H. Sadem, Anai..Chim. Acta. 515, (2004)
333

3.  G.A_SaighH. F. Askal, M. F. Radwan, and
M. @ Orar, Talanta, 54, (2001)1205.

4. A~Ei-Gindy, A. F. M. El Wadlily, M. F.
Bedeir,. J. Pharm. Biomed. Anal. 23, (2000)
241,

5. B: Mordli, J. Pharm. Biomed. Anal., 32: 2,

(2003) 257.

6.

10.

11.

12.

13,

i4.

15.

16.

17.

18.

19.

20.

Pak. J. Anal. & Envir. Chem. Val. 7, No. 2, (2006)

M. Hefnawy' , Y. El-Shabrawy and F. Belal,
J. Pharm. Biomed. Anal. 21: Issue 4, (1999)
703-707.

A. F. M. El Walily, A. A. Gazy, S. F. Bdal
and E. F. Khamis, J. Pharm. Biomed. Anal.
20, (1999) 643.

V. F. Samanidou, E. A. Hapeshi and I. N.
Papadoyannis, J. Chromatogr. B, 788 Issue
1-5, (2003) 147.

N. Snippe, N. C. van de Merbel, F. P. M.
Ruiter, O. M. Steijger, H. Lingeman and U.
A. J. Chromatogr. B: Biomedical Sciences
and Applications, 662: Issue 1-2, (1994) 61.
C. Hendrix, Yongxin Zhu, C. Wijsen, E.
Roets and J. Hoogmartens, J. Chromatogr.
A, 634 Issue 2, (1993) 257.

K. Lindgren, J. Chromatogr.: Biomedical
Applications, 413, (1987) 347.

H. Salem and H. Askal, J. Pharm. Biomed.
Anal. 29, (2002) 347.

Y. ‘Mrestani, R. H. H. Neubert, A. Hart and
J. Wohlrab, Anal. Chim. Acta. 349, Issues
1-3 29, (1997) 207.

Yuanyuan Sun, Yuhai Tang, Hong Yao and
Xiaochui Zheng, Talanta, 64 Issue 1,
(2004)156.

I. N Tomita, L. O. S Bulhoes, Anal. Chim.
Acta. 442, (2001) 201.

A. lvaska and F. Nordstrom, Anal. Chim.
Acta. 146, (1983) 87.

Sibel. A. Ozkan, N. Erk, B. Uslu, N.
Yilmaz, I. Biryol, J. Pharm. Biomed. Anal.
23: (2000) 263.

A. A. Abdd Gaber, M. A. Ghandour and H.
S. El-Said, Anal. Lett. 36: (6), (2003) 1245.
The British  Pharmacopoeia, HMSO,
London, (1998).

S. M. El-Ashry. F. Bela, M. M. E-
Kerdawy, D. R. El- Wasseef, Microchim.
Acta, 135, 3-4, (2000) 191.



