Indirect Spectrophotometric Methods for the Determination of Cefadroxil in its
Pure and Pharmaceutical Preparations

Nabeel S. Othman Mohanad M. Sehree Shielan A. Omer
Department of Chemistry Department of Pharmacy
College of Science Medical Technical Institute
University of Mosul Erbil

(Received 27/6/2013 ; Accepted 16/12/2013)

ABSTRACT

Two spectrophotometric methods were described for the determination of cefadroxil in pure
form and in its pharmaceutical preparations. They were based on the oxidation-reduction reaction
between iron (III) and cefadroxil, the liberated Fe' is then reacted with 1, 10-phenathroline (method
I) or 2,2"-bipyridyl (method II) in acidic medium, the colored(red) complexes absorbed at 510 and
521 nm, respectively. Applying the optimum working conditions, cefadroxil can be determined over
the concentration range of 0.5-5 and 0.5-6 pg.ml’ with molar absorptivities of 1.141x10° and
6.308x10" 1. mol”" .cm™ for method I and method II, respectively. The proposed methods were
applied successfully to the determination of cefadroxil in various pharmaceutical preparations.

Keywords: cefadroxil,oxidation—reduction, 1,10-phenathroline, 2,2"-bipyridyl, spectrophotometry.
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INTRODUCTION
Cefadroxil, an orally active cephalosporin in clinical practice, which belongs to the group of -
lactam antibiotics1. It is chemically designated as 5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid, 7-[[amino(4-hydroxyphenyl) acetyl]-amino]-3-methyl-8-oxo0-, monohydrate. Its antibacterial
activity was dependent on the presence of the B -lactam functionality that can be hydrolyzed
(American Pharmaceutical Association, 1990). It has the following chemical structure
(British Pharmacopeia, 2000):
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A variety of techniques have been used for the determination of cefadroxil: Chromatography
(Ting, 1988; Manna and Valvo, 2004; Ravi et al., 2008; Karageorgou and Samanidou, 2010), flow
injection (Awni et al., 1999; Thongpoon et al., 2006), and fluorometry (Yang et al., 1998;
El-Walily et al., 1999). Also, various spectrophotometric methods have been used in the
determination of cefadroxil in pure form and in its pharmaceuitical preparations used for various
reagents such as diazotised benzocaine in the presence of triethylamine (El-Ashry et al., 2000),
diazotised p-nitroaniline (Othman et al., 2006), 4-aminoantipyrine in the presence of an alkaline
oxidizing agent (Aly et al.,1994), 3-methyl-2-benzothiazolinone hydrazone hydrochloride in the
presence of ceric ammonium sulphate, 4-aminophenazone in the presence of potassium
hexacyanoferrate (III), 2,6-dichloroquinone-4-chlorimide (Sastry et al.,1997), Cu(Il) and V(V) in
sulphuric acid (Badawy et al., 1993), Folin-Ciocalteu reagent in presence of sodium hydroxide and
stannous chloride  (Prasad et al., 2004), 2,3-dichloro-5,6-dicyano-1,4-benzoquinine (Al-Ghabsha
et al., 2007), molybdophosphoric acid as an oxidising agent (Issopoulos,1989), Ce (IV) or Fe (III)
(Salem and Saleh, 2002), bromated- bromide mixture in acidic medium (Mallapu et al., 2011) 1, 2-
naphthaquinone-4-sulphonic acid sodium in alkaline medium (Kumar et al., 2011), variamine
(Pasha and Narayana, 2008), quercetin (Gamal et al., 2009) after nitration and subsequent
complexation with a nucleophilic reagent, nitrosation and subsequent metal chelation, coupling with
diazo reagent, reaction with copper and extraction of the resulting chelate into chloroform (Salem,
2004), sodium hydroxide (Shantier, 2011) and 4-chloro-7-nitrobenzo-2-oxa-1,3-diazole
(Azza et al., 2010).

However some of the above methods suffer from several disadvantage such as the extraction
of the resulting dye into non- aqueous solvent (Salem, 2004).

The objective of the investigation reported in this paper is to evaluate  simple
spectrophotometric methods for the determination of cefadroxil, the methods are based on the
oxidation of cefadroxil with ferric ions in acidic medium and subsequent complexation of ferrous
ions with 1,10-phenathroline (method I) or with 2,2 -bipyridyl (method II). The resulting colored
complexes formed prove to be intense, water— soluble and stable.

EXPERIMENTAL

Apparatus

The spectrophotometric measurements were carried out on Shimadzu UV-Visible
Spectrophotometer UV-160 and Shimadzu (1650 PC) UV-Visible Spectrophotometer, using 1-cm
quartz cells.
Reagents and solutions

All chemicals used are of an analytical grade. Cefadroxil was purchased from the State
Company for Drug Industries and Medical Applicanes (SDI), Sammara, Iraq.

Cefadroxil solution, 50 pg.ml”, was prepared by dissolving 0.0100g of cefadroxcil in 200 ml
distilled water in a volumetric flask.
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1,10-Phenathroline and 2,2 -bipyridyl solutions (2x10°M ) were prepared by dissolving
0.087g (1,10-phenathroline monohydrate) and 0.078 g for each reagent respectively in 5 ml
absolute ethanol and the volume completed to 25 ml with distilled water in a volumetric flask.
Oxidant reagent (Fe™, 0.02 x10”M) solution was prepared by dissolving 0.2 g of ferric nitrate
nanohydrate (Fluka) in 5 ml nitric acid (1M), then the volume was completed to 25 ml with distilled
water in a volumetric flask.

Other solutions needed were prepared by dissolving the appropriate amount in distilled water.
General procedures
Method 1:

Aqueous solution containing cefadroxil in the range 5-50 pg was transferred into 10 ml
volumetric flasks, then 0.3 ml of 2x10”M of ferric solution was added followed by the addition of 3
ml of 2x10?M of 1,10-phenathroline solution. Finally, the volumes were completed to 10 ml with
distilled water and heated on a water- bath adjusted at 80°C for 40 minutes. The absorbance was
measured at 510 nm against a reagent blank.

Method I1:

A portion of solution containing cefadroxil in the range 5-60 pg was transferred into 10 ml
volumetric flasks containing 1.6 ml of 2,2"-bipyridyl (2x10~ M), followed by the addition of 0.1 ml
of Fe solution (2x102M). Finally, the volumes were completed to 10 ml with distilled water. The
solutions were heated on a water bath adjusted at 80°C for 50 minutes. The absorbance was
measured at 521 nm against a reagent blank.

Determination of cefadroxil in pharmaceutical preparations

Tablets: Ten tablets [cefadroxil (500 mg/tablet), Ajanta Pharma Limited, (India)] were
weighted accurately and powdered in a mortar. An amount corresponding to 50 mg of cefadroxil
was dissolved in warm distilled water, and filtered then the volume of the filtrate was completed to
50 ml with distilled water in a volumetric flask. An appropriate aliquots were taken and the
recommended procedures were followed for the spectrophotometric determination of cefadroxil.
Determination of cefadroxil in suspension:

An accurate weight of the content of the container [cefadroxil oral suspension syrup
(250 mg/5 ml), (Syria)] equivalent to 0.0100 g of pure cefadroxil was dissolved in a mixture of
2 ml hydrochloric acid (0.1M) and 3 ml of absolute ethanol, then 25 ml of warm distilled water was
added, after filtration the volume was completed to 100 ml with distilled water in a volumetric
flask. An appropriate aliquot was taken and the recommended procedures were followed for
analysis of the drug.
Determination of cefadroxil in capsule:

Content of 5 capsules [cefadroxil capsules (500 mg/ capsule), Bristol-Myerssquibb (Egypt)]
was calculated. An accurately weighed amount of the powdered sample equivalent to 0.0100 g
cefadroxil was dissolved in warm distilled water, then the volume completed to 100 ml in a
volumetric flask with distilled water. An appropriate aliquot was taken and the recommended
procedures were followed for the spectrophotometric determination of cefadroxil.

RESULTS AND DISCUSSION
The proposed methods were based on the ability of cefadroxil to reduce Fe™ to Fe™ which is
rapidly reacted in the presence of 1,10-phenathroline (method I) or 2,2 -bipyridyl (method II) to
highly stable colored complexes, which absorb at 510 nm and 521 nm, respectively. To find the
optimum analytical conditions for the determination of cefadroxil, the effect of various variables on
the color development was tested.

Effect of pH
The effect of pH on the absorbance of formed colored products was studied using different
amounts of various types of acids (HCI, HNO3, H,SO,4 and CH3COOH) and sodium hydroxide. The
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obtained results showed that the maximum color intensity was attained by mixing the components
of the two reactions (pH 2.9 for method I and 3.0 for method II). Different buffer solutions with
pH3 [KHphthalate + HCI(B1), Tartaric acid + NaOH(B2) and citric acid + NaOH (B3)] were used.
The results showed that all buffer solutions used decreased the absorbance of formed colored
products, so that the subsequent experiments go on mixing the components of the two reactions in
the absence of buffer solution.

Effect of Fe*®solution concentration

The effect of Fe™ solution concentration on the absorbance of both methods was studied. It
was found that keeping cefadroxil and 1,10-phenathroline or 2,2°-bipyridyl at a constant
concentration and increasing the concentration of iron (III) resulted in an increase in the absorbance
up to 0.3 ml and 0.2 ml of 2x10™M ferric solution, respectively (Table 1).

Table 1: The effect of ferric solution amount on absorbance

ml of ferric solution 0.1 0.2 0.3 0.4
(2x10°M)

A1 (method I) 0.231 | 0.538 | 0.763 | 0.667

Ay (method 1) 0.223 | 0.410 | 0.231 | 0.180

Effect of reagents amount

The effect of the amount of 1,10-phenathroline (method I) or 2,2"-bipyridyl (method II) was
studied. A 1.2 ml (method I) and 1.6 ml (method II) of 2x10”M of each reagent mentioned above
(Table 2) were recommended as an optimal value for the subsequent experiments because of their
high sensitivity.

Table 2: The effect of reagent amount on absorbance

Reagent Absorbance / pg cephadroxile /10 ml
amount
(ml) 12.5 25 37.5 50 r
Aj(Method 1) 0312 0.748 0.990 1.320 0.987
1.0 Ap (Method IT') 0.189 0.320 0.482 0.523 0.955
A;(Method 1) 0.412 0.890 1.038 1.380 0.962
1.2 Ap (Method IT) 0.219 0.411 0.552 0.669 0.987
A; (Method 1) 0.381 0.730 0.909 1.287 0.910
1.6 Ay (Method IT) 0.270 0.525 0.686 0.880 0.991
A;(Method 1) 0.391 0.689 0.789 1.203 0.951
2.0 A (Method IT) 0.225 0.408 0.544 0.621 0.968

Effect of temperature

The effect of temperature on the intensity of product complexes was studied in the range 25-
90°C. The obtained results showed that maximum absorbance occurs at 80°C in the two methods
(Table 3).
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Table 3: Effect of temperature on absorbance

60

T, °C 25 50 60 70 80 90
Aj(MethodI) [0.077 |0.329 0.701 1.187 1.325 1.223
A 11 (Method II) 0.080 | 0.322 0.348 0.758 0.945 0.804

Effect of time on reduction

The effect of time needed for the complete reduction of Fe™ to Fe™ was studied. The obtained
results showed that method I needs 40 minutes while method II needs 50 minutes for a complete
oxidation-reduction and chelation reactions at temperature 80 °C (Table 4).

Table 4: Effect of reduction time

Absorbance /Minute

5 10 20 30 40 50 60
A (Method 1) 0.563 0.678 0.974 1.331 1.386 1.301 1.280
An( Method IT) | 0.465 0.713 0.803 0856 0.880 0.952 0.897

Effect of order of addition

The effect of the order of addition was studied by preparing solutions with different addition
orders. The results showed that the orders fixed in the recommended procedures give a high
intensity of the complexes.

Effect of interference

The effect of some excipients usually present in the pharmaceutical preparation were
investigated by carrying out the determination of 50ug cefadroxil in the presence of different
excipients (glucose, starch, gum Arabic and lactose). Experimental results showed that there was no
interference from excipients for the experimental methods up to 20 fold excess except glucose at
high amount ratio.

Absorptions spectra

When cefadroxil in aqueous solution was treated with 1,10-phenathroline (method I) or 2,2°-
bipyridyl (method II) reagents in the presence of Fe™, absorption peaks were obtained showing
intense absorptions at 510 nm (method I) and 520 nm (method II). The above wavelengths of
maximum absorption have been used in all subsequent experiments Fig. (1 and 2).
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Fig. 1: Absorption spectra of 25 ug cefadroxil (method 1) and treated according to the

recommended procedures and measured against (A) blank (B) distilled water and
(C) blank measured against distilled water.
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Fig. 2: Absorption spectra of 50 ug cefadroxil (method Il ) and treated according to the
recommended procedures and measured against (A) blank (B) distilled water and
(C) blank measured against distilled water.

Calibration curves

Following the general procedures, linear relationships were obtained between the absorbance
and the concentration of cefadroxil within the range 5-50 ug/10 ml (0.5-5ppm) in method I and 5-60
ng/10 ml (0.5-6 ppm) in method II. Fig. (2). The sensitivity of the methods for the determination of
cefadroxil expressed in terms of molar absorpitivity were 1.141x10° and 6.308x10* Lmol™ . cm™
for method I and II, respectively.



Indirect Spectrophotometric Methods........ 62

257 y=0.3141x1 + 0.137
R? = 0.9865
Method 1

Absorbance

y =0.1736x + 0.1025
R? = 0.9986
Method 2

0.5 -

0 T T T T T T 1

Cong’entration f‘ppm) 5 6 7

Fig. 2: Calibration graphs of cefadroxil determination

The accuracy and precision were checked by five successive measurements of 25 ug of
cefadroxil expressed as the relative error and relative standard deviations (Table 5).

Table 5: The accuracy and precision

pg cefadroxil/10ml Relative error, %* RSD, %*
25 - 0.41 0.812
Method 1 50 +0.870 1.341
25 +0.158 1.183
Method 11 50 +0.156 1.045

*Average of five determinations.

The results illustrated in Table 5 indicated that they were satisfactory.

Stoichiometry of the complexes
The ferrous ion produced from the reaction between ferric ion and cefadroxil is chelated by

2,2"-bipyridyl or 1,10-phenathroline to form the well-known complexes [1 Fe™:3( 2,2-bipyridyl )]
and [1 Fe™: 3(1,10-phenathroline)] 2 respectively (scheme 1) (Foster,1978; Christian,1986).

2+

@)

)
@)

Red complex Red- orange complex
Scheme 1 .Stoichiometry of complexes.

Fels Fe/s

The stability constants (Hargis, 1988) of the formed complexes were 1.679x10'"" L*.Mol”
6.22x10" L? Mol method I and method II respectively.
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Determination of cefadroxil in a pharmaceutical formulations

The validity of the proposed methods for spectrophotometric determination of cefadroxil was
checked by the analysis of cefadroxil in different pharmaceutical preparations. The results obtained
were given in (Table 6) which confirm the applicability of the methods.

Table 6: The results of application part

Recovery*, %

ug cefadroxil/10ml Method I Method II
Cephadroxil tablets
( 500mg/tablet) Ajanta 25 98.80 97.00
Pharma Limited (India) 50 99.40 104.12
Cephadroxil capsules
( 500mg/capsule) 25 99.30 100.50
Bristol-Myerssquibb (Egypt) 50 98.78 101.30
Cephadroxil oral suspenstion
syrup (250mg/5ml) 25 98.90 99.64
pharmaceutical (Syria) 50 97.40 102. 00

* Average of five determinations

Comparison of the methods
Table (7) shows a comparison between some of the analytical variables for the present methods
with that of other literature spectrophotometric methods.

Table 7: Comparison of the methods

Analytical Method | Method I1 Literature Literature method”™

parameters method
pH range 2.9-3.1 2.9-3.2
Temperature Room
(C°) 80 80 temperature Room temperature
Amax (nm) 510 521 479 500
Medium of
reaction Aqueous Aqueous Aqueous Aqueous

. Oxidation - Oxidation - . . oy .
Type of reaction reduction reduction Diazo coupling Oxidative coupling
1.10- Diazotised 4-Amino- antipyrine

Reagent 2,2"-bipyridyl with potassium

phenathroline p-nitroaniline hexacyano- pherrate

Beer’s law range

0.5-5 0.5-6 1-28

(ppm) . 0.4-8

Molar |
absorptivity 1.141x10° 6.308x10" 2.22x10* 1.30x10*
(Lmol.cm™)
dC}(l);our of the Red Red Orange Red
Application of Tablets, capsules | Tablets, capsules Tablets and Capsules and
the method and suspensions | and suspensions suspensions suspensions

* Othman et al., 2006.
** Aly etal., 1994.

CONCLUSION
The comparison between different methods for the determination of cefadroxil (Table 7)
indicates that the two proposed methods have a reasonable sensitivity with molar absorpitivities
1.117x10° Lmol".cm™ (method I) 6.177x10* Lmol".cm™ (method II),which indicate that method
(D) is the more sensitive method. On the other hand, the two proposed methods can be successfully
used for the determination of cefadroxil in pharmaceutical preparations.
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