
J. Saudi Chern. Soc., Vol. 9, No.2; pp. 225-236 (2005) 225

SPECTROPHOTOMETERIC DETERMINATION OF SOME CEPHALOSPORINS IN
PHARMACEUTICAL FORMULATIONS

Nawal.A.Al-Arfaj*, Saad. A. AL-Tamrah and Hanan. Y. AL-Yousif
Chemistry Department, College of Science, Women Student Medical Studies and Sciences

Sections, King Saud University, P.O. Box 22452, Riyadh 1149, Saudi Arabi .
(Received 13dt March 2005; Accepted 28dt June 2005)

J (cefotaxime) ~\j.,A '(cefadroxil) j.-S' ».)LO.,... fl.I.A.:.I ~l-> J ~ ~ 1-'" ~ ~). ~ J {

(:" .;;;lA..J\ .loA ~L ~ ~.,kJ\ ~J .~I Li\~J ~\ ~)~ (ceftriaxone) iJ.,...s-41h--

r Jo""L..i ~\ (1II)-l-..IJ.> jl-,... ~I~ (:" Js-~ 'foUl Jl:." -l-..IJ.> ~."S::;J J")i.!;}1 -l-..IJJ..1 1:.>1 ~

(J .? jt; vvv .1.:s. ~ y J-'. iJ.,u' cJ)} (~ ~ f) ~I? ~ ~ potassium hexacyanoferrate(lII)

A,.-o,' ,J-/rl? J~ '.,.-0,' (.$".)..- ~ ..:...;IS' ~\ ~')l,J\J .~4 iJ) t-L-:. ~i ~ J., J..\

.)JJ.> ~ J\.,;}I ~ ,iJ.,...s-4\~ J ~\j.,A ,j.-S'».)~ J-/rl? J~ Y',.-.,' J J-/rl? J~
J=:d-1 J.L-,;) ~I J-L iJi .A JJ .~? '1\ ~)Li...1J J-/ rl? J~ .,' 0 J j.-S' ».)~ J-/ r'? J~ 0,'
(.$"J.A j?o/. II it: ',' ~ .)JJ.> ~ 1:.>1t-1.;J1 ~ (RSD %) ~~I ,j1.J.~1 .k...p iJlS' J .(n = 8-9) . ,Q,Q,Q, < (r)

.loA ~ ~iJ ..J~l J-'. ip: t.l l.l ~).I cJ.,kJIJ ~.,kJ\ .loA r:?l:.; ~ ,j~~1 iJlS' J .~.,kJ1 .loA

. Lit&- ? ~ .;;;lA..J1 .lOA fl.I.A.:.I r ~ ~.,kJ1

A simple and sensitive spectrophotometric method is described for the determination of cefadroxil,
cefotaxime and ceftriaxone in pure form and pharmaceutical formulations. The method is based on
reacting these drugs with iron(lII) nitrate to form iron(II) which reacts with potassium
hexacyanoferrate(lII) forming a blue colored complex measurable spectrophotometrically at 777 nm.
Maximum color formation was obtained through heating. Linearity was in the rang 0.6-10.0 I!g mrl, 0.1-
8.0 I!g ml-1 and 0.1-3.0 I!g mrl for cefadroxil, cefotaxime and ceftriaxone, respectively with limits of
detection of 0.1 I!g ml-l for cefadroxil and 0.05 I!g mrl for the other two drugs. Linear response was
observed over the tested range of each drug with correlation coefficient (r) > 0.999 (n = 8-9). The mean
relative standard deviation (RSD %) of the results of within day precision and accuracy of them were ~
1.1 % which confirmed the reproducibility of the assay technique. The method results showed insignificant
difference with those of reference methods. The method was successfully applied to the determination of
these drugs in their dosage forms.

Keywords: Spectrophotometric; cefadroxil; cefotaxime; ceftriaxone; hexacyanoferrate(III);
pharmaceutical formulations.

INTRODUCTION gram-positive and gram-negative organisms and it
is used for the treatment of urinary tract infections

Cefadroxil monohydrate (1) is one of the [1-3]. Numerous analytical procedures have been
fITst generation of cephalosporin antibiotics. It is a reported for its determination in pure fom),
semi-synthetic antibiotic has introduced into pharmaceutical preparations or in biological
clinical practice [1]. The cephalosporins are bac- fluids. The USPXXIII [4] recommends an HPLC
tericidal and act similarly to the penicillins, by assay, for the evaluation of its raw material and
inhibiting the synthesis of the bacterial cell wall. dosage forms. Other reported methods included
Cefadroxil is active by oral route on the sensitive spectrophotometric [5-7], flow-injection spectro-
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photometric [8], fluorimetric [9], polarographic meningitis, peritonitis, pneumonia, septicaemia,
[10], TLC [I I], HPLC [12,13] and flow-injection surgical infection and typhoid fever [2,3].
chemilumenescence methods [14, 15]. Because of the therapeutic importance and wide

Cefotaxime (2) and ceftriaxone (3) are third- spread use of these compounds, the literature
generation cephalosporin antibiotics used in the contains many publications dealing with their
treatment of infections due to susceptible determination in pure forms, dosage forms and in
organisms, especially serious and life-threatening biological fluids.
infections, intensive care, Lyme disease,M OO ~ H H II o- <J>~~'dt- H H

H2N--4 I I H ~ ,( I I
N N . . \\ II ' .

I ;. H2O
N." H:J=t: ~ oy CH3 NH2 H :)

OCH3 0 0 Y'CH3
OOH 0 COOH

(2) (I)

M~ H H
H2N--4 I I~N . . CH

N'OCH3 ~~ ~ Y:H
COOH ~ 1..

(3) "I( '-0
0

Most of the methods employed for the EXPERIMENTAL
determination of cefotaxime and ceftriaxone are
spectrophotometric. Among these methods, oxi- Apparatus:
dation with cerium(IV) and chlorobenzotriazole A Unicam UV-VIS Spectrometer (Helios
[16] complexation with palladium(lI) chloride Alpha: Helios Beta, Cambridge, Britain) was used
[17]: reaction with DDQ [18], oxidation with equippedwi!h a.quarts cell ofl.0 cmwidth for the

. (IV) d H SO [19] h dr I . . h Amax determmatlon and all absorbance measure-
cerIum an 2 4 , Y 0 ysls Wit

tmen s.
sodium hydroxide at 80°C followed by oxidation
with iron(III) in H2SO4 and reaction of the Reagents and Materials:
resulted iron(lI) with O-phenanthroline [20], Analytical reagents grade chemicals and
reaction with 2,3,5-triphenyl tetrazolium chloride distilled water were used throughout. Pure drug
at 50°C [21] and charge transfer complexation samples were kindly provided by Bristol-Myers,
with p-chloranilic acid [22]. Other methods Squibb, Egypt and used as received. Each drug
include: derivative spectrophotometric [23] standard solution 1.0 mg ml-1 was prepared in
spectrofluorimetric [19] voltammetric [2425] distilled water. Working standard solutions were
polarographic [26,27],' TLC [28,29], HPLC prepared by appropriate dilut~o~ immediat~ly
[30 31 ] d .11 I h . before use. Dosage forms contammg the studied

an capl ary zone e ectrop oresls. ., . . drugs bemg purchased from commercial sources.
methods [32]. !hls work descrIbes a n~w Iron(III) nitrate (Riedel de Haen), O.IM solution,
spectrophotometric method based on the reduction was prepared by dissolving 4.04 g of Fe(N03)3' 9
properties of the studied drugs. H2O in 100 ml of distilled water; working
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solutions were also diluted with distilled water. the drug was transferred into a 100 ml volumetric
Potassium hexacyanoferrate(lII) (BDH), 0.1 M flask and completed to the mark with distilled
stock solution, was prepared by dissolving 3.29g water and the measurement carried out as
ofK3Fe(CN)6 in 100 ml of distilled water. described earlier under general procedure. The

nominal content was calculated from the
Procedures: corresponding calibration graph.
General Procedure:

Working solutions of each drug in the range RESULTS AND DISCUSSION
cited in Table I were prepared from stock
solutions. The drug sample is allowed to react Absorption Spectra of the Coloured
with 2.5 ml of 1 x 10-3 M iron(lII) nitrate in a 25- Complexes:
ml volumetric flask. The produced iron(II) is Each of the studied cephalosporins reacts
reacted with 2.5 ml of 1 x 10.3 M potassium with iron(lII) to produce iron(II) which in the
hexacyanoferrate(III), heating in a water bath at presence of potassium hexacyanoferrate(lII) forms
90oC for 60 min then completed to volume with a blue compound measurable at 777 nm (Fig. I).
distilled water. The absorbance of the resulting The color of the complex is related to the
blue solution is measured at 777 nm against a charge transfer excitation where the electron is
blank solution treated similarly. Calibration transferred from iron(II) to iron(III). This complex
graphs were prepared by plotting the absorbance is known as Turnbull blue, [KFe(CN)6Fe], but
against the drug concentration over the ranges when iron(lII) salts are added to potassium
cited in Table I for each drug. hexacyanoferrate(II), [Fe(CN6)r4, the resulted

blue complex is known as Prussian blue,
Determination of Accuracy, Precision and [KFe(CN6)Fe]. The chemical structures for both
Reproducibility: complexes are similar but in Prussian blue

To assess the precision of the within-day complex the iron(lII) is bonded with the cyanide
method, six measurements of each of the molecule through the nitrogen atom while in
concentrations range, cited in Table 1, for the Turnbull blue complex, the iron(II) is bonded to
three drugs, were performed on a single day. The cyanide molecule through the carbon atom [33].
reproducibility of the assay (within-day and Because of their strong absorbance, the complexes
between-day) was evaluated by comparing the of Turnbull blue and Prussian blue were used to
linear regression analysis of three standard plots determine many organic and inorganic compounds
obtained at three different days over two week's such as tenoxicam [34], phenothiazines [35],
period. sugars [36], and persulphate [37].

The absorbance of the blue complex is
Procedure for Capsules and Suspensions: directly related to the concentration of the

An accurately weighed amount of the cephalosporin and can be used for its
contents of 10 capsules or an accurately measured spectrophotometric determination.
volume of oral suspension equivalent to 10.0 mg The development of the color depends very
of the drug, was transferred into a beaker with 50 much on the reaction conditions. Therefore it is
mldistilled water sonicated for 5 minand filtered very important to optimize the reaction conditions.
into a 100-ml volumetric flask then completed to
volume with distilled water. Effect of Iron(III) Nitrate:

The method of standard additions was Iron(lII) is reduced to iron(II) by the
followed for the determination of cefadroxil in cephalosporin, which reacts with K3Fe(CN)6 to
dosage forms using the general procedure form a blue color.
described above. The effect of different concentrations of

iron(lII) nitrate was investigated in the range I x
Procedure for Ampoules: 10-5 - 5 x 10-4 M. A concentration of I x 10-4 M

An accurately weighed amount of mixed gave the highest absorbance and thus was chosen
contents of 10 ampoules equivalent to 10.0 mg of for further use (Fig. 2).
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Fig. 1: Spectrum of the blue complex resulted from 8 Jig ml-1 of cefadroxil

with 1 x 10-4 M iron(lII) nitrate and 1 x 10-4 M potassium
hexacyanoferrate(lII) after heating at 90°C for 60 min.
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Fig. 2: Effect of iron(lII) nitrate concentration 8-8-8 and effect of
potassium hexacyanoferrate(lII) concentration 8-8-8 on the
absorbance of the blue complex at 777nm, cefadroxil 8 Jig ml-l,
temperature 90°C, heating time 60 min.
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Tablel: Performance data for spectrophotometric determination of the studied cephalosporins

Linear regression
Linear L . .t fC d I.b t . Iml 0 C I .

ompoun ca I ra Ion d t t . ( I-I ) I t t ( ) 81 (b) orre atlon
R ( I-I ) e ec Ion ~g m n ercep a ope fli . t ( )ange ~g m coe Iclen r

- Cefadroxil 0.6-10.0* 0.10 0.015 0.033 0.9999

Cefotaxime 0.1-8.0* 0.05 0.012 0.0397 0.9994
Ceftriaxone 0.1-3.0** 0.05 -3.87xI0.s 0.105 0.9995-- -

*n=9
** n = 8

Effect of Potassium Hexacyanoferrate(III): Effect of Temperature:
The effect of potassium hexacyano- Temperature greatly enhances the reaction.

ferrate(lll) concentration was similarly studied in Different temperatures were tested, from 25-100
the range I x 10-5 - 5 x 10-4 M. The absorbance °c, using the water bath. 90 °c gave the best
increased with increasing K3Fe(CN)6 concen- results as shown in Fig. 3. Temperatures higher
tration up to 1 x 10.4M, above which it decreased than 90 °c gave low absorbance readings due to
due to precipitate formation, as shown in Fig. 2. precipitate formation.
The working solution chosen was I x 10-4 M.
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Fig. 3: Effect of temperature on the absorbance of the blue complex at 777 nm, cefadroxil

8 ~g ml-l, iron(lII) nitrate 1 x 10-4 M, potassium hexacyanoferrate (III) 1 x 10-4 M,
heating time 60 min.
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Effect of Heating Time: and acetic acid on the absorbance of the blue
The effect of heating time was studied in the complex were investigated. All these acids were

range 10-70 min as shown in Fig. 4. At the found to decrease the absorbance so they were
beginning of the reaction, a green color is avoided.
observed, the development of the blue color
started after 40 min of the reaction and completed Effect of Order of Addition:
after 60 min in the water bath at 90 °c, after which After studying the optimum conditions for the
the absorbance started to decrease. reaction of cefadroxil with the reagnts, a series of
The blue color of the complex was stable for one experiments were performed to test for the order
hour, after that turbidity of solution was observed. of addition of the reactants which gave the highest

absorbane of the coloured complex. It was found
Effect of Acids: that the best order of addition is to add iron(III)

The effect of addition of some acids, nitrate to cefadroxil solution followed by the
including nitric acid, hydrochloric acid, sulphuric addition of potassium hexacyanofferrate(III) as
acid, perchloric acid, phosphoric acid, formic acid shown in Table 2.
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Fig. 4: Effect of heating time on the absorbance of the blue complex at 777 nm, cefadroxil

8 Jig ml-!, iron(lII) nitrate 1 x 10-4 M, potassium hexacyanoferrate(1I1) 1 x 10-4 M,
temperature 90°C.
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Table 2: Effect of order of addition of reactants on the reaction of 8 I1g ml-1 cefadroxil with
Ix 10-4 M Fe (NO3)3 and Ix 10-4 M K3Fe(CN)6; temp 90°C and heating time 60 min.

Arrangement Absorbance
at)..= 777 nm

Cefadroxil + Fe (NO3)3 + K3 Fe (CN)6 0.279
K3 Fe (CN)6 + cefadroxil + Fe (NO3)3 0.255
Fe (NO3)3 + cefadroxil + K3 Fe (CN)6 0.238
Cefadroxil + K3 Fe (CN)6 + Fe (NO3)3 0.226
Fe (NO3)3 + k3 Fe (CN)6 + cefadroxil 0.219
K3 Fe (CN)6 + Fe (NO3)3 + cefadroxil 0.199

Determination of the Studied Cephalosporins: were in accord with those obtained by reference
Under the described experimental conditions, methods [18,19].

standard calibration curves for the studied cepha- Statistical analysis [38] of these results using
losporins were constructed by plotting the student't t-test and the variance ratio F-test
absorbance versus concentration. Conformity to showed no significant difference between the
Beer's Law was evident over the concentration performances of the methods as regards to
range of the final dilution as given in Table 1. The accuracy and precision.
relativ~ standard deviations (%RDS) were 1.05% The reproducibility of the method was
for 3.0 ~g ml-l cefadroxil, 2.26% for 2.0 ~g ml-l evaluated by comparing the linear regressions of
cefotaxime and 0.63% for 1.0 ~g mr1 ceftriaxone three standard plots prepared at three different
based on 10 replicate determinations of each days over two week's period for each drug. The
drug. mean correlation coefficient was? 0.999 with

The reaction pathway of oxidation of RSD% of the slopes of the three lines was ~ 1.1 %.
<tephalosporins was suggested as: the oxidation Analysis of variance of the data indicated that
occurs at the sulfur moiety of the (}--lactam ring there was no significant difference (p > 0.05) in
and the oxidation number of sulfur atom could be the slopes, within-day and between-day, of the
changed from +2 to +4 as connected to oxygen calibration curves of each drug. The results
through oxidation with Fe+3 in the presence of confirmed the reproducibility of this method.

water.
Least-squares regression calibration curves Pharmaceutical Applications:

of the three drugs were found to be linear at the In order to evaluate the analytical usefulness of
studied concentration ranges with the mean the proposed method, it was applied to the
correlation coefficients, r, was > 0.999 as shown determination of studied cephalosporins in
in Table 1. It also shows the mean linear pharmaceutical formulations. The results were
regression equations of the three drugs. The listed in Tabl~ 4 .and agreed well with ~e
detection limit of the method (S:N = 2: 1) was 50 U~P:XXIII specifications that the drug content IS
ngiml for Cefotaxime and Ceftriaxone and 100 wlthm 90 to 120,90 to 110, and 90 to 115% of the
ngiml for Cefadroxil. labeled amount of cefadroxil, cefotaxime and

The precision of the proposed method was ceftriaxone, res~ectively . Th~ results s~owed

evaluated b
y anal y sin g stand d 1 t . f th excellent recoveries were obtamed. To avoid the

ar so u Ions 0 e ffi f th .. rfi .
studl .ed h 1 . fr 1. t 1 . ( e ect 0 e matrix mte erence, I.e. reduction of

cep a osporms om rep Ica e ana ysls n - .

- 3) t tr t. .th . th 1. f the absorbance signal by other sample compo-
- a concen a Ions WI m e mear range 0 .
th th d ti h dru Th It . T bl 3 nents m the dosage forms of cefadroxil, the

e me 0 or eac g. e resu sma e . .
method of standard additions was constructed to
overcome these interferences.
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Table 3: Analysis of the studied cephalosporins by the proposed and reference methods.

Found (%)
Compound Reference method [18,19]

Proposed method

Cefadroxil 98.5

100.0
101.5 .

100.0

100.4

99.3

100.0
Mean:i: S. D. 100.0:i: 0.93 100.4:i: 1.07 a [18]

Student's t - test 0.691(2.228)b

VarianceF-test 1.32 (6.16)C

Cefotaxime 99.0

98.7

102..0

98.6

100.5
Mean:i:S.D. 99.8:i:1.47 100.3:i: 0.72 d [18]

Student's t test 0.399 (2.447) b

VarianceF-test 4.17(19.2)C

Ceftriaxone 99.4

100.9

100.8

98.6

Mean:i:S.D. 99.9:i:1.12 100.0:i:1.56e[19]
Student's t - test 0.104 (2.447) b

Variance F - test 1.94 (9.28)C
a Ana1ysed by spectrophotometric method (n = 5) [18]
b Tabulated t-Values at (p = 0.05) [38]
cTabulated F-Values at (p = 0.05) [38]
d Analysed by spectrophotometric method (n = 3) [18]
e Analysed by spectrophotometric method (n = 4) [19]
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Table 4: Analysis of the studied cephalosporines in pharmaceutical preparations by the proposed
method

Cephalosporin (mg)
Preparation Concentration CI . d F d Recovery%

t°Jr..n (".. mr'\ -k I-I alme OUR
.a~en , m. 1

Roxil capsulesa (500mg cefadroxil / 2.0 500.0 500.0 100.0
capsule) 3.2 500.0 500.0 100.0

4.0 500.0 512.5 102.5
Mean:1: S.D. 100.8:1:1.4

Roxil suspensiona (250mg cefadroxil / 2.0 250.0 256.3 102.5
5ml) 3.0 250.0 250.0 100.0

4.0 250.0 256.2 102.5
Mean:1: S.D. 101.6:1:1.4

Ultracef capsulesb (500mg cefadroxil 2.0 500.0 500.0 100.0
/capsule) 3.0 500.0 500.0 100.0

4.0 500.0 500.0 100.0
Mean:1: S.D. 100:1:0.0

Ultracef suspensio b (250mg cefadroxil / 2.0 250.0 250.0 100.0

5ml) 3.0 250.0 250.0 100.0
4.0 250.0 250.0 100.0

Mean :1: S.D. 100:1:0.0

Droxil capsulesc (500mg cefadroxil / 2.0 500.0 525.0 105.0
capsule) 3.0 500.0 500.0 100.0

4.0 500.0 512.5 102.5
Mean:1: S.D. 102.5:1:2.5

Rocephi? ampoulesd (500mg 0.5 500 0 490 0 98
ceftrlaxone/ampoule) ..

1.0 500.0 496.0 99.2
1.5 500.0 490.5 98.1
2.0 500.0 506.5 101.3
2.5 500.0 496.5 99.3

Ceftax ampoulese (100mg 2.0 100.0 98.0 98.0
cefotaxime/ampoule) 3.5 100.0 98.3 98.3

4.0 100.0 100.6 100.6
5.0 100.0 100.4 100.4
6.0 100.0 100.8 100.8
7.0 100.0 97.1 97.1

Mean:1: S.D. 99.2:1:1.6

aproduct of Tabok Pharmaceutical Manufacturing Company, Saudi Arabia.
bproduct of Bristol-Myers Squibb Company Princeton, New Jersey, U.S.AI:~ :Product of United Company of Pharmaceutical Industries, Jordan.
Product ofF. Hoffinan-La Roche Ltd, Basel, Switzerland.

~- eproduct ofHIKMA Pharmaceuticals, Amman, JordaQ.
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Conclusion: [11] C.V. Shabadi, B.A. Shelar and A.R. Shelab,

The new method provides a simple and Indian-Drugs, 35, 766-770 (1998).

sensitive means of determining the studied [12] S.A. Farag, J. AOAC. Int., 81, 381-385

cephalosporins in pharmaceutical preparations. It (1998).
has also the advantages of high accuracy and [13] Z.J. Wu, W.B. Guo, Q.G. Zhang, K.Y. Ni

precision with low detection limit compared with and Y.S. Lin, Sepu, 17,518-521 (1999).

othevspectrophotometric methods (LOD > 2.5 f.1g [14] F.A. Aly, N.A. AL-Arfaj and A.A. AL-

ml-l [22]). This method is also easier and cheaper Warthan, Talanta, 47, 471-478 (1998).

to perform than HPLC separations and do not [15] I.N. Tomita and L.O.S. Bulhoes, Anal.

require expensive reagents or organic solvents. Chim. Acta" 442, 201-206 (2001).

These advantages coupled with acceptable within- [16] M.M. Ayad A.A. Shalaby, H.E. Abdelatef

day and day-to-day precision make the method and H.M. EL-Said, J. Pharm. Biomed. Anal,

suitable for routine quality control. The 20,557-564 (1999).

cephalosporin reacts with iron(lII) nitrate and the [17] A.F.M. EL-Walily, A.A.K. Gazy S.F. Belal

resulting iron(lI) reacts with potassium and E.F. Khamis, J. Pharm. Biomed. Anal,

hexacyanoferrate(lII) and a blue complex is 22, 385-392 (2000).

resulted. [18] G.A. Saleh, H.F. Askal, M.F. Radwan and

M.A. Omar, Talanta, 54,1205-1215 (2001).
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