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Semi-synthetic cephalosporin antibiotics have structures similar to that of penicillins, and both groups
of compounds are characterized by similar properties and determined by the same methods. Most
antibiotics, including cephalosporins and their decomposition products, contain electron donor groups
that can bind naturally occurring metal ions in vivo. Cephalosporin antibiotics exhibit a change in their
toxicological properties and biological performance when they were tested as metal complexes. The
proposed reason for such a behavior is the capability of chelate binding of the cephalosporins to the
metals. In an attempt to understand the coordination mode of metals with cephalosporins, different
spectroscopic techniques such as IR, UV-visible, NMR spectroscopy and voltammetric measurements
were carried out to elucidate the structure of the metal-cephalosporin complexes. Synthesis, character-
ization and biological screening of the cephalosporins and of the cephalosporin-metal complexes are
discussed in this review. However, little information is available on the influence of the metal ions on
the pharmacokinetics of the cephalosporin derivatives.

1. Introduction

The cephalosporins, or cephem antibiotics, are semisyn-
thetic antibacterials derived from cephalosporin C, a natur-
al antibiotic produced by the mould Cephalosporium acre-
monium (Parfitt 2002). Cephalosporin antibiotics are very
closely related to penicillins, and mechanism of action,
mechanism of resistance and some other properties are
identical to those of penicillins (Anacona and Rodriguez
2005). Both cephalosporins and penicillins belong to the
b-lactam antibiotics (Bergan 1987). Cephalosporins are
classified into 4 generations according to their spectrum of
activity (Parfitt 2002). The first generation cephalosporins
are very active against gram-positive cocci. They have
limited activity against gram-negative bacteria (Kalman
and Barriere 1990). The second generation cephalosporins
exhibit an increased activity against gram negative micro-
organisms but are much less active than the third and
fourth generation agents (Anacona and Rodriguez 2005;
Anacona and Gil 2005).
Beta-lactam antibiotics interact with metal ions and this
interaction is of a complex nature (Van Krempin et al.
1988). Generally speaking, many drugs possess modified
toxicological and pharmacological properties when they
are in the form of metal complexes. Due to the spread of
resistance to chloroquine (antimalarial drug), there is a
need for new effective antiparasitic agents. For this pur-

pose gold and ruthenium complexes of chloroquine and
clotrimazole have been studied. It was reported that some
chloroquine complexes being useful even in chloroquine-
resistant cases (Navarro et al. 1997, 2001; Sanchez-Delga-
do et al. 1993, 1996). The therapeutic effects of oxovana-
dium complexes of thiourea and vanadium substituted
polyoxotungstates were recently studied (Cruz et al. 2003;
Shigeta et al. 2003). The results showed that these com-
plexes have potent anti-HIV properties toward infected im-
mortalized T-cells.
On the other hand, many complex forming metals are
toxicologically and pharmacologically relevant. The most
widely investigated metal in this respect is copper (II) that
is used for the treatment of diseases such as tuberculosis,
gastric ulcers, rheumatoid arthritis and cancers (Williams
1971; Sorenson 1976; Brown et al. 1980; Sorenson and
Nraign 1981). Cisplatin is widely used in cancer therapy
(Prestayko et al. 1980). The success of the clinical admin-
istration of this platinum complex has stimulated consider-
able interest in new metal complexes as modern therapeu-
tics, diagnostic and radiopharmaceutical agents, for
example, silver(I) complexes commonly used as anti-mi-
crobial agents, bismuth(III) complexes for anti-ulcer treat-
ment, gold(I) complexes as anti-arthritic agents, gadoli-
nium(III), manganese(II) and iron(III) complexes as
magnetic resonance imaging (MRI) contrast agents, tech-
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netium (99Tc) and scandium (47Sc) as radiopharmaceuti-
cal agents (Raymond et al. 2007). The effect of metal ions
on drug activity was confirmed in several other studies
(Fazakerley and Jackson 1975; Jackson et al. 1981; Soren-
son 1982; Nagar and Mohan 1991; Taniguchi et al. 1991).
Many cephalosporin antibiotics have been studied as metal
complexes such as ceftriaxone (Anacona and Rodriguez
2005; Williams 1971), cefoxitine (Anacona and Gil 2005),
cefixime (Anacona and Gil 2006), cephradine (Anacona
and Acosta 2005), cephalothine (Anacona and Jose 2003;
Chohan and Supuran 2005), cefalaxin (Iqbal et al. 1999;
Abo El-Maali 2005; Aly et al. 2005; Anaconaa and Rodri-
guez 2004), cefotaxime (Abo El-Maali et al. 2005), cepha-
mandole and cephapirin (Abo El-Maali et al. 2005), cefta-
zidime and ceforuxime (Abo El-Maali et al. 2005;
Anaconaa and Rodriguez 2004), cefoperazone (Abdel Ga-
ber et al. 2000), cefadroxil and cefaloridine (Abo El-Maali
et al. 2005; Abdel Gaber et al. 2000; Chakrawarti et al.
2000), cefazolin (Anacona and Alvarez 2002), cefdinir
(Shuhei et al. 1994; Kato et al. 2002; Marie et al. 1995),
cefaclor (Chohan 1991; Dimitrovska et al. 1996).
Although the influence of metal ions on the pharmacoki-
netics and the bioavailability of different antibiotics, espe-
cially tetracycline, is well known (Healy et al. 1997; Neu-
vonen 1976; Gugler and Allgayer 1990; Mapp and
McCarthy 1976; Dearborn et al. 1957; Kaplan et al. 1957;
Hubel et al. 1958), there is a little information concerning
the influence of metal ions on the pharmacokinetics of
cephalosporins. So that there is a need to study this influ-
ence in the future.

2. Complex preparation

The cephalosporin-metal complexes were usually prepared
by mixing the cephalosporin and metal salts in a ratio of
1 : 1 mmol (Zayed and Abdallah 2004) or 2 : 1 mmol
(Chohan 1991; Anacona and Gil 2006) dissolved in
methanol (Anacona and Rodriguez 2005; Anacona and
Gil 2005) or in distilled water (Iqbal et al. 1999; Yszczek
2004). The reaction mixture was then stirred at room tem-
perature for 30 min (Iqbal et al. 1999), 1 h (Zayed and
Abdallah 2004) or 8 h and then left to stand overnight
(Anacona and Gil 2005). The precipitated complexes were
filtered off, washed and dried under reduced pressure at
room temperature. The synthesis procedures were carried
out under a N2 atmosphere (Anacona and Rodriguez
2005) or under the normal conditions (Iqbal et al. 1999).
The complexes are colored and are insoluble in water and
other common organic solvents such as ethanol, benzene,
acetone, acetonitrile, diethylether, but they are soluble in
N,N-dimethylformamide (DMF) and dimethylsulfoxide
(DMSO) (Anacona and Acosta 2005; Iqbal et al. 1999).

3. Characterization of the cephalosporin metal
complexes

3.1. Analytical methods

3.1.1. Elemental analysis

C, H, N and S were analyzed using microanalytical instru-
ments and the metal content was estimated spectrophoto-
metrically on an atomic absorption spectrometer (Yszczek
2004; Anacona and Gil 2006). Metal contents of the com-
plexes might be determined by titration against standard
ethylenediaminetetraacetic acid (EDTA) after complete di-
gestion in aqua regia in a Kjeldahl flask several times and
adjusting the pH of the solution to a suitable one (Zayed

and Abdallah 2004). The elemental and metal analyses
indicate the formation of 1 : 1 metal-to-ligand stoichiome-
try (Yszczek 2004; Anacona and Acosta 2005). Other
authors have pointed to the formation of 1 : 2 metal-to-li-
gand stoichiometry (Iqbal et al. 1999).

3.1.2. Voltammetric measurements

Both osteryoung square wave voltammetry and cyclic vol-
tammetry have been used to investigate and confirm the
possible complexation reaction that occurs between the
various cephalosporin antibiotics and Cd(II), Cu(II) and
Zn(II) (Abo El-Maali et al. 2005). The studied cephalos-
porins were cefalexin, cefapirin, cefamandole, cefuroxime,
cefotaxime and ceftazidime. Voltammetric measurements
clearly confirm complex formation between the cephalos-
porins and the used metal ions. Such phenomena could be
used for the determination of either the antibiotic or the
metal ion using adsorptive stripping voltammetry.

3.1.3. Thermo-gravimetric analyses

Thermo-gravimetric diagrams of the metal complexes indi-
cate endothermic decompositions in the 80–110 �C range
due to the loss of molecules of water of hydration, and
also reveal that the complexes are stable with no coordi-
nated water and solvent molecules (Anacona and Rodri-
guez 2005) or in the range of 120–300 �C indicating mo-
lecules of water of coordination (Zayed and Abdallah
2004). The fragments of the thermal decomposition were
different according to the type of the ligand, the metal,
and the used solvent.

3.1.4. IR spectroscopy

Evidence for complex formation was obtained by compar-
ing the most characteristic infrared spectral bands of the
free cephalosporins and their complexes. In general, the
infrared spectra of cephalosporin antibiotics exhibit the
characteristic band arising from stretching vibrations of
the carbonyl group of the b-lactam ring. Another charac-
teristic group from cephalosporin ligands is an amide car-
bonyl group from the side chain. Cephalosporins have a
zwitterionic character, so, their spectra of free ligand show
bands of antisymmetric (nas) and symmetric (ns) vibra-
tions of the carboxylate group. Disappearance of one or
more of such bands may indicate participation in metal
coordination. New bands due to M––O or M––N vibration
might be shown on complexation giving a confirmation
for complex formation.
In a study of cobalt, nickel, copper and zinc complexes of
cefadroxil (Yszczek 2004), free cefadroxil exhibited a
band at 3505 cm�1 which attributed to the stretching vi-
brations of the ‘free’ OH group of hydroxyphenyl from
cefadroxil. This band disappeared in the spectra of metal
complexes, indicating the ionization of the hydroxyl
group. The band of NH3þ group at 2600 cm�1 in cefa-
droxil spectrum disappeared in the spectra of metal com-
plexes. A characteristic band, arising from the stretching
vibrations of the carbonyl group of the b-lactam ring, ap-
peared at 1758 cm�1. This band appeared also in all stu-
died complexes almost at the same wavenumber. This may
suggest that the carbonyl oxygen atom from b-lactam ring
is not involved in metal binding. The IR spectra of cefa-
droxil reveal a band at 1686 cm�1 due to the stretching
vibrations of the amide group. This band vanished in me-
tal complexes suggesting the coordination of metals
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through amide carbonyl group. The bands of antisym-
metric (nas) and symmetric (ns) vibrations of carboxylate
group appeared at 1563 and 1399 cm�1, respectively. The
bands assigned to nasCOO overlapped with II amide band
(bNH, VCN). In spectra of metal complexes, nasCOO

band is shifted towards higher wavenumbers, contrary to
the nsymCOO bands which shift towards lower wavenum-
bers. This fact suggests interaction between metal ions
and the carboxylate group of cefadroxil. The same author
investigated the interaction of cefadroxil with cadmium.
He found that the cadmium complex has a different mode
of coordination. The principle difference in comparison to
remaining spectra is the presence of a stretching vibration
of carbonyl group at 1664 cm�1. The antisymmetric and
symmetric stretching vibrations of the carboxylate group
are shifted towards frequencies 1568 and 1420 cm�1, re-
spectively. This may point to a coordination of the carbox-
ylate group only while the carbonyl group from the amide
group bond is not engaged in coordination.
Other studies on iron, cobalt, nickel, copper, and zinc
complexes of cefadroxil were reported (Zayed and Abdal-
lah 2004). Based on the comparison between the IR spec-
tra of the free ligand and its complexes, the authors no-
ticed that the coordination between the metal and the
ligand occurred at three positions. The first is the b-lactam
and thiazole ring nitrogen atom, since the IR spectra of
cefadroxil exhibited a band at 1354 cm�1 due to n(C––N)
of this nitrogen atom. This band is absent in all studied
complexes indicating participation of the b-lactam and the
thiazole ring nitrogen atom in the bonding. The second
position is oxygen from carbonyl group of the b-lactam
ring. This suggestion was obtained from the disappearance
of n(CO) band of the b-lactam ring in all complexes while
it appeared at 1759 cm�1 in the free ligand. The last one
is the carboxylate group. This was observed from the sig-
nificant shift in the bands of nsym(COO) at 1234 cm�1

which shifted to higher frequencies (about 30–50 cm�1)
in the investigated complexes. The IR spectra of this study
are presented in Fig. 1.
Abdul Baqi (2004) investigated the IR spectra of Cu(II)
and Zn(II) complexes of cefalexin. He observed a signifi-
cant shift for nsymCOO from 1765 to 1760 cm�1. A new
absorption band appeared around 3300 cm�1 due to
n(MO) in the complexes (absent in cefalexin). This sug-
gests that the carboxylic group is involved in the interac-
tions with metal ions. A shift of the nas(COO) and d(CO)
was found. A new band, n(MN), appeared in the spectra
of the complexes indicating coordination of the ligand
through N. Based on the IR spectra and other investiga-
tions, such as elemental and metal analysis, the author
proposed the structure of Cu(II) and Zn(II)-cefalexin com-
plex as shown in Fig. 2 B with a stiochiometry of 2 : 1
(L :M).
The IR spectra of cefradin and its metal complexes were
assigned (Afzal 1998). It was found that metal ions coor-
dinate to the carboxylate group and to the b-lactam carbo-
nyl oxygen. This is indicated by frequency shifting of b-
lactam C¼O and O as well as symmetric and asymmetric
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Fig. 1: IR spectra of: (a) cefadroxil; and its complexes with (b) FeII, (c)
FeIII, (d) CoII, (e) CoIII, (f) NiII, (g) CuII, and (h) ZnII (Zayed and
Abdallah 2004)

Fig. 2:
Proposed structure of A, ceftriaxone metal
complexes (Anacona and Rodriguez 2005); B,
cefalexin metal complexes (Abdul Baqi 2004)



COO-bands while most of the bands of the ligand remain
unchanged on complexation.
The IR spectra of Zn(II) complexes of cefalexin, cefapirin,
cefamandole, cefuroxime, cefotaxime and ceftazidime were
reported (Aly et al. 2004). Based on the comparison of the
free ligand’s spectra with that of metal complexes, the
authors suggested that the metal coordinated to the free li-
gands through many sites. Shifting of nasCOO of the car-
boxylate group, n(NH), u(NC) and u(C––S––C) gave evi-
dence for the involvement of these groups in the
coordination. On the other hand, Zn(II) ions form a com-
plex of ratio 2 : 1 (M : L) with ceftazidime with molecular
formula of [Zn2Cl2(CFZ)H2O] � 3 H2O. In this complex
two Zn(II) ions are coordinated to the ligand, one metal
ion is attached to the carboxylate group and the adjacent
nitrogen atom; uas(CO2)––, us(CO2)–– and u(NC) are simi-
lar to the above frequency ranges. The other metal ion
coordinates to the nitrogen atom of the group �C¼N––O
(which is manifested by the shift of u(C¼N) band from
1690 cm�1 in the ligand to 1655 cm�1 in the complex.
Anacona’s group investigated the IR spectra of the free
ligand and metal complexes of cefixime (Anacona and Gil
2006), ceftriaxone (Anacona and Rodriguez 2005), cepha-
lothin (Anacona and Jose 2003), cefazolin (Anacona and
Alvarez 2002) and cefalexin (Anaconaa and Rodriguez
2004). They found significant shifts in some main groups
of cephalosporins on complexation indicating the coordi-
nation of the ligands with the used metal ions. The group
reported a coordination of metal ions to the carboxylate
groups in all studied complexes. In some cephalosporins,
significant shifts in the stretching vibrations of lactam car-
bonyl group were observed indicating that the metal ions
participate in the coordination through the oxygen atom
from the lactam carbonyl group as in the metal complexes
of cefixime (Anacona and Gil 2006), ceftriaxone (Anaco-
na and Rodriguez 2005) and cephalothin (Anacona and
Jose 2003) as shown in Table 1 and Fig. 2 A. In the
others, metals were coordinated through the oxygen atom
from the amide carbonyl group not from the lactam carbo-
nyl group, where the shifting of the peaks of the lactam
carbonyl group was not significant as in cefazolin (Ana-
cona and Alvarez 2002) and cefalexin (Anaconaa and Ro-
driguez 2004) metal complexes as depicted in Table 2.

3.1.5. 1H NMR studies
1H NMR spectra of cefradine and its Co(II), Ni(II), Cu(II)
and Zn(II)) complexes were investigated (Anacona and

Faricar 2005). The spectrum of cefradine showed three
groups of doublets due to CO––CH and N––CH on the b-
lactam ring and NH appeared at 4.95, 5.48 and 9.03 ppm,
respectively. A group of four resonance signals consistent
with an AB system attributed to S––CH2 on the dihy-
drothiazine ring was observed in the 3.18–3.45 ppm re-
gion with a coupling constant 17.2 Hz for JAB. Otherwise,
coupling between NH2 and the adjacent CH could not be
distinguished and a broad single signal due to NH2 pro-
tons appeared at 3.84 ppm. A multiplet in the range 5.60–
5.67 ppm attributed to 1,4-dihydrobenzene protons was
also presented. On complexation, a downfield shift in the
frequency of amino protons (3.96 ppm) was observed,
confirming coordination of this group to the metal ion. It
was found that all complexes have diamagnetic nature.
Furthermore, 1H NMR spectra of Co(II), Ni(II), Pd(II)
complexes with cefalothin were reported (Anacona and
Jose 2003). The results presented that the complexes are
paramagnetic and the peaks of protons of different groups
in their 1H NMR spectra were very broad and could not
be easily distinguished.
Cefoxitine-Fe(III), Co(II), Ni(II), Cu(II), Zn(II) and
Cd(II)] complexes were studied (Anacona and Gil 2005).
With the exception of the Zn(II) and Cd(II) complexes
the experimental results revealed that the complexes are
paramagnetic and the peaks of the protons of different
groups in their 1H NMR spectra were very broad, so
they are difficult to distinguish.

3.1.6. UV and Vis spectroscopy

The UV-spectrum of aqueous solution of cefaclor (Dimi-
trovska et al. 1996) exhibited two bands with a maximum
absorption at 206 nm and 264 nm. The chemical interac-
tion of the Cu2þ with cefaclor was determined by UV
spectroscopy following the spectral changes in the range
from 282 to 400 nm. The results indicated that in acidic
medium, Cu2þ interacts with cefaclor to give the
Cu(CEF)þ complex which easily dissociates to give
Cu(OH)(CEF). The hydroxo complex dominates at
pH > 7.5. This complex species at pH ¼ 8 shows absorp-
tion band in the range from 282 to 400 nm with a maxi-
mum at 300 nm as shown in Fig. 2.
The UV spectra of most investigated cephalosporins, cef-
triaxone, cefoxitine, cefixime, cefradine, cefalothine, cefa-
laxin, ceforuxime and cefazolin, and their complexes in
DMSO, tested by Anacona group, (Anacona and Alvarez
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Table 1: Main vibrational frequencies, u (cm�1) of cefalothin metal complexes

Compound u(C¼O) lact. u(C¼O) amide u(COO) asym u(COO) sym Du (COO)

Cefalothin Na 1730 1650 1620 1400 220
[Mn(Cefalo)Cl] 1790 1660 1615 1380 235
[Co(Cefalo)Cl] 1790 1660 1610 1390 220
[Ni(Cefalo)Cl] 1780 1640 1610 1380 230

(Anacona and Jose 2003)

Table 2: Main vibrational frequencies, u (cm�1) of cefazolin metal complexes

Compound u(C¼O) lact. u(C¼O) amide u(COO) asym u(COO) sym Du (COO)

Cefazolin 1745 1650 1585 1380 205
[Mn(Cefaz)Cl] 1760 1680 1595 1390 205
[Co(Cefaz)Cl] 1760 1665 1590 1370 220
[Ni(Cefaz)Cl] 1750 1680 1600 1380 220

(Anacona and Alvarez 2002)



2002; Anacona and Rodriguez 2004; Anacona and Gil
2006; Anacona and Rodriguez 2005) exhibited differences
in the absorption when compared with the free ligands.
Two or three absorption maxima ranging from 250 to
300 nm (approx.) were observed in the free ligands and
their metal complexes indicating a p! p* transition due
to molecular orbital energy levels originating in the
N––C––S moiety. Shoulders, corresponding to an intrali-
gand p! p* transitions attributed to a transition between
energy levels originating in the S––C––S moiety, appeared.
Bands at the 340 to more than 500 nm region (Vis range)
are caused by the intraligand transition of the n! p*
type in accordance with the literature data for transitions
between levels due to sulphur atoms (Franchini et al.
1985; Criado et al. 1990; Castillo et al. 1986). The com-
plexes showed weak absorptions, probably due to spin–
orbit forbidden transitions. Some complexes exhibited d–d
electronic transition bands.
UV spectra of cefalexin, cefapirin, cefamandole, cefurox-
ime, cefotaxime and ceftazidime Zn(II) complexes were
recorded in DMF (Aly et al. 2004). The complexes repre-
sented an intense band in the region 37.037–36.036 cm�1,
which is attributed to a p–p* transition of the antibiotics
moiety. A shoulder in the region 33.112–33.444 cm�1

was recorded, indicating the intraligand charge transfer
transition. Due to the d10-configuration of Zn(II), no d–d
transition could be observed and the stereochemistry
around Zn(II) in its complexes cannot be determined from
ultraviolet and visible spectra.

3.2. Biological and biopharmaceutical methods

3.2.1. In vitro release study

The release of cefdinir from a cellulose membrane was
measured by rotary basket method in the presence and
absence of iron(III) citrate and calcium chloride. The re-

sults showed that the release profile of cefdinir from the
cellulose membrane in the presence of iron ions was
slower than that in the absence of metal ions. However,
no difference was observed in drug release between the
presence and absence of calcium ions. The results suggest
that although the formation of chelate complexes occurred
between iron ions and cefdinir, but not between calcium
ions and cefdinir (Kato et al. 2002).

3.2.2. Antibacterial activity tests

In vitro antibacterial activities of the investigated cephalos-
porins and their complexes were tested using the paper
disc diffusion method. Most of cephalosporin metal ion
complexes gave bactericide diameters larger than 10 mm
indicating that they are effective (Shungu et al. 1983).
Anti-bacterial activity of cephalosporin metal ion com-
plexes depends mainly on the type of cephalosporin used,
the type of metal and the type of microorganism.
The anti-bacterial activity tests of Cu(II)-cefalexin and
Zn(II)-cefalexin complexes demonstrate that the complexa-
tion of cefalexin with these metals enhances its activity
significantly (Afzal 1998). The results of minimum inhibi-
tory concentration study (Table 3) revealed that copper(II)-
cefalexin was four times more active against Staphylococ-
cus aureus than free cefalexin sodium and about fourteen
times more active against Escherichia coli than cefalexin
sodium. At concentrations up to 150 mg/mL, the copper
complex exhibited a remarkable antibacterial activity
against Klebsiella pneumoniae, in contrast cefalexin so-
dium was not active. Cefalexin sodium and copper(II)-ce-
falexin up to 10 mg/mL were not active against Pseudo-
monas aeruginosa. Zinc(II)-cefalexin seemed to be three
times more active against S. aureus than cefalexin sodium
and ten times more active against E. coli than cefalexin
sodium. The zinc complex was found to be active at
10 mg/mL against K. pneumoniae while cefalexin sodium
had no effect. At 10 mg/mL, the zinc complex and cefa-
lexin sodium were not active against P. aeruginosa.
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Table 4: Antibacterial activity data of cefaclor metal com-
plexes

Cefaclor and its
complexes

a b c d

Cefaclor þ þ þ þ þ þ
Cefaclor-Co(II)
complex

þ þ þ þ þ þ þ þ þ þ

Cefaclor-Ni(II)
complex

þ þ þ þ þ þ þ þ þ þ þ þ

a ¼ Streptococcus pyogenes, b ¼ S. pneumoniae, c ¼ S. aureus, d ¼ Escherichia coli.
Inhibition zone measured in diameter þ, 6–10 mm; þþ, 10–16 mm; þþþ, 16–10 mm
(Chohan 1991)

Table 3: Minimum inhibitory concentrations (mg/mL) of the
Cu(II) and Zn(II) complexes of cefalexin against bac-
teria

Std. Culture Cefalexin sodium Cefalexin Cu Cefalexin Zn
(MIC) complex (MIC) complex (MIC)
mg/mL mg/mL mg/mL

S. aureus 10.0 2.5 3.5
E. coli 100.0 7.0 10.0
P. aeruginosa Resistant Resistant Resistant
K. pneumoniae Resistant 150.0 10000

(Afzal 1998)

Fig. 3: UV-spectra of A: cefaclor (5 � 10�5 M), a: cefaclor (5 � 10�4 M)
and Cu(II) perchlorate (1 � 10�4 M) reaction mixture and b: Cu(II)
perchlorate (1 � 10�4 M), at pH 8 (Dimitrovska et al 1996)



Similar results were obtained by Chohan (1991) who stu-
died the antibacterial activity of cefaclor and its Co(II) and
Ni(II) complexes against the bacterial species Streptococcus
pyogenes, Streptococcus pneumoniae, S. aureus and E. coli
in comparison with pure, uncomplexed cefaclor. The results
indicated that the cefaclor metal complexes were more ac-
tive against all the tested bacterial species. The results of
this study are depicted in Table 4.
Antibacterial screening of many cephalosporins and their
metal complexes was carried out by Anacona’s group. The
used bacterial strains in their studies were Gram positive
(þ) S. aureus and some types of Gram negative strains as
Proteus mirabilis, Shigella sonnei, Salmonella enterititis,
P. aeruginosa and E. coli.
As an example, we will take here the anti-bacterial effect
of copper (II) complex of cefalothin (Anacona and Jose
2003), cefazolin (Anacona and Alvarez 2002), ceftriaxone
(Anacona and Rodriguez 2005), cefalexin (Anaconaa and
Rodriguez 2004), cefoxitin (Anacona and Gil 2005) and
cefradine (Anacona and Faricar 2005) on Gram positive
(þ) S. aureus and Gram negative (�) E. coli in compari-
son with their free ligands. The doses were 400 mg/disc in
the cases of cefalexin, cefalothin, ceftriaxon and cefoxitin
complexes, 100 mg/disc in the case of cefazolin and
800 mg/disc in cefradin complexes. Selected results are
presented in Table 5. These results indicate that while
some of Cu-complexes had more anti-bacterial activity
against the two organisms or one of them than the uncom-
plexed cephalosporins, other complexes exhibited less ac-
tivity than the free ligands.

3.2.3. Anti-inflammatory activity

The anti-inflammatory activity of cephalexin-copper and
zinc complexes was studied using Kaolin paw oedema
that was induced in male Wistar rats of weight 100–110 g
(Iqbal et al. 1999). Inhibition of oedema was evaluated by
comparing the swelling obtained in the treated animals
with that in controls and was expressed as percentage of

inhibition. The results of the paw oedema test are pre-
sented in Table 6. The copper complex was found to be
active while the zinc complex and cefalexin sodium had
no significant activity. This confirmed the previously re-
ported role of copper in inflammation (Brown et al. 1979;
Iqbal 1982).

3.2.4. Toxicity study

The toxicity of cefalexin and its Cu(II) and Zn(II) com-
plexes was tested (Iqbal et al. 1999). The investigations
were performed on albino Wistar male rats, 180–200 g.
The complexes under investigation were administered oral-
ly in 0.15% agar suspension in a dose of 50 mL kg�1 to
four groups of ten rats. After treatment, the animals were
monitored every hour for several hours and then every day
for two weeks. The LD50 values (quantities resulting in
the death of half the rats) are given in Table 4. Toxicity
was reduced (lower LD50 values) by complexation.

4. Conclusions and outlook

As demonstrated above, the metal ion complexes of the
cephalosporins were characterized by different analytical
and biological methods. The characterization methods re-
vealed that the investigated cephalosporins exhibited mod-
ification in both solubility and bioactivity when they inter-
acted with the metal ions. Although a lot of information is
available on the influence of metal ion complexation on
the pharmacokinetic parameters of tetracyclines, there is
only little information about the influence of the com-
plexation with metal ions on the pharmacokinetics of ce-
phalosporins. Hence, much work remains to be done. Re-
search work is clearly required in the future (a) to better
understand and quantify the influence of metal ions on the
pharmacokinetics of cephalosporins; (b) to better under-
stand under which circumstances dynamic models are bet-
ter suited to predict mass transport limitation, absorption
limitation, etc.; (c) to determine the relationship between
the concentration and the bioactivity of cephalosporin me-
tal complexes; (d) to study the cephalosporins –– metal
complex formation in the gastrointestinal tract with exter-
nal metal sources, for example, with the used multivita-
mins, powdered milk or with other food products contain-
ing metal ions as supplements.

References

Abdel Gaber AA, Farghaly OA, Ghandour MA, El-Said HS (2000) Poten-
tiometric studies on some cephalosporin complexes. Monatsh Chem
131: 1031–1038.

REVIEW

560 Pharmazie 63 (2008) 8

Table 6: Anti-inflammatory effect of cefalexin complexes in
kaolin paw oedema and LD50 values

Complex Dose
(mg kg�1)

Inhibition
of oedema (%)

LD50
a

(g kg�1)

Cu(II)-cefalexin complex 50 35* 8.12
Zn(II)-cefalexin complex 50 5* 9.07
Cefalexin Na alone 50 2* 5.25

a Quantity resulting in the death of half the rats; *p < 0.05 compared with control
(Iqbal 1999)

Table 5: Comparison between some cephalosporins and their copper (II) complexes studied by Anacona’s group (inhibition zone
measured in mm of diameter)

Compound S. aureus E. Coli Reference

Cefalothin 35 26 (Anacona and Jose 2003)
Cefalothin-Cu(II) complex 36 39
Cefazolin 27 23 (Anacona and Alvarez 2002)
Cefazolin-Cu(II) complex 27 25
Ceftriaxone 42 40 (Anacona and Rodriguez 2005)
Ceftriaxone-Cu(II) complex 36 35
Cefalexin 22 10 (Anaconaa and Rodriguez 2004)
Cefalexin-Cu(II) complex 24 13
Cefoxitin 40 14 (Anacona and Gil 2005)
Cefoxitin-Cu(II) complex 19 10
Cefradine 38 0 (Anacona and Acosta 2005)
Cefradine-Cu(II) complex 21 10



Abdul Baqi (1996) Antibacterial activity of metal-cephalosporin complexes
currently marketed. M.Sc. Thesis, Department of Pharmaceutical Chem-
istry, University of Punjab, Lahore, Pakistan.

Abo El-Maali N, Osman AH, Aly AAM, Al-Hazmi GAA (2005) Voltam-
metric analysis of Cu(II), Cd(II) and Zn(II) complexes and their cyclic
voltammetry with several cephalosporin antibiotics. Bioelectrochem 65:
95–104.

Afzal MM (1998) Studies of cepradin –– metal interactions. PhD Thesis,
Department of Pharmaceutical Chemistry, University of Karachi, Pakistan

Aly AAM, Osman AH, Abo El-Maali N, Al-Hazmi GAA (2004) Thermal
and photochemical behavior of Zn(II) complexes of some cephalospor-
ins. J Therm Anal Calorim 75: 159–168

Aly AAM, Osman AH, Abo El-Maali N, Al-Hazmi GAA (2005) Thermal
decomposition of tetracycline and cephalosporins metal complexes. Bull
Pharm Sci, Assiut University 28: 269–276.

Anacona JR, Alvarez P (2002) Synthesis and antibacterial activity of metal
complexes of cefazolin. Transition Met Chem 27: 856–860.

Anacona JR, Jose S (2003) Synthesis and antibacterial activity of metal
complexes of cephalothin. J Coord Chem 56: 313–320.

Anaconaa JR, Rodriguez JR (2004) Synthesis and antibacterial activity of
cefalexin metal complexes. J Coord Chem 57: 1263–1269.

Anacona JR, Gil CC (2005) Synthesis and antibacterial activity of cefoxi-
tin metal complexes. Transition Met Chem 30: 605–609.

Anacona JR, Acosta F (2005) Synthesis and antibacterial activity of ce-
phradine metal complexes. J Coord Chem 59: 621–627.

Anacona JR, Rodriguez A (2005) Synthesis and antibacterial activity of
ceftriaxone metal complexes. Transition Met Chem 30: 897–901.

Anacona JR, Acosta F (2005) Synthesis and antibacterial activity of ce-
phradine metal complexes. J Coord Chem 59: 621–627.

Anacona JR, Gil CC (2006) Synthesis and antibacterial activity of cefix-
ime metal complexes. Transition Met Chem 31: 227–231.

Bergan T (1987) Pharmacokinetic properties of the cephalosporins. Drugs
34: 89–104.

Brown DH, Dunlop J, Smith WE, Teape J, Cottney J, Lewis AJ (1979)
Copper distribution and reactivity in serum following administration of
cuprous oxide to rats and guinea pigs. Agents Actions 9: 575–580.

Brown DH, Smith WE, Teape JW, Lewis AJ (1980) Anti-inflammatory
effects of some copper complexes. J Med Chem 23: 729–734.

Castillo M, Criado JJ, Macias B, Vaquero MV (1986) Chemistry of dithio-
carbamate derivatives of amino acids. I. Study of some dithiocarbamate
derivatives of linear a-amino acids and their nickel(II) complexes. Inorg
Chim Acta 124: 127–132.

Chakrawarti PB, Chakrawarti M, Maini P (2000) Equilibrium studies of tern-
ary chelates of some divalent metal ions with cephalosporins and a-ala-
nine. J Indian Chem Soc 77: 217–219.

Chohan ZH (1991) Synthesis of cobalt(II) and nickel(II) complexes of Ce-
clor (Cefaclor) and preliminary experiments on their antibacterial charac-
ter. Chem Pharm Bull 39: 1578–1580.

Chohan ZH, Supuran CT (2005) In-vitro antibacterial and cytotoxic activity
of cobalt(II), copper(II), nickel(II) and zinc(II) complexes of the antibiotic
drug cephalothin (Keflin). J Enzyme Inhib Med Chem 20: 463–468.

Criado JJ, Salas JM, Medarde JM (1990) Novel chelates of Pd(II) dithio-
carbamates. Spectroscopic studies and thermal behaviour. Inorg Chim
Acta 174: 67–75.

Cruz OJD, Dong Y, Uckun FM (2003) Potent dual anti-HIV and spermici-
dal activities of novel oxovanadium(V) complexes with thiourea non-
nucleoside inhibitors of HIV-1 reverse transcriptase. Biochem Biophys
Res 302: 253–264.

Dearborn EH, Litchfield JT, Eisner HJ, Corbett JJ, Dunnett CW (1957)
Effects of various substances on the absorption of tetracycline in rats.
Antibiotic Med Clin Therapy 4: 627–641.

Dimitrovska A, Andonvska B, Stojanoski K (1996) Spectrophotometric study
of copper(II) ion complexes with cefaclor. Int J Pharm 134: 213–221.

Fazakerley GV, Jackson GE (1975) Metal ion coordination by some peni-
cillin and cephalosporin antibiotics. J Inorg Nucl Chem 37: 2371–2375.

Franchini GC, Giusti A, Preti C, Tosi L, Zannini P (1985) Coordinating
ability of methylpiperidine dithiocarbamates towards platinum group me-
tals. Polyhedron 4: 1553–1558.

Gugler R, Allgayer H (1990) Effects of antacids on the clinical pharmaco-
kinetics of drugs. Clin Pharmacokinet 18: 210–218.

Hadjikostas CC, Katsoulos GA, Shakhatreh SK (1987) Synthesis and spec-
tral studies of some new palladium(II) and platinum(II) dithiocarbimato
complexes. Reactions of bases with the corresponding N-alkyldithiocar-
bamates. Inorg Chim Acta 133: 129–132.

Healy DP, Dansereau RJ, Dunn AB, Clendening CE, Mounts AW, Deepe
GS (1997) Reduced tetracycline bioavailability caused by magnesium
aluminum silicate in liquid formulations of bismuth subsalicylate. Ann
Pharmacother 31: 1460–1464.

Hubel KA, Palmeri B, Bunn PA (1958) Tetracycline serum concentrations in
man. A study contrasting single capsule doses of tetracycline phosphate
complex and tetracycline hydrochloride. Antibiotics Ann 443–448.

Iqbal MS (1982) Some chemical and pharmacological aspects of copper
and gold. PhD Thesis, University of Strathclyde, Glasgow, UK.

Iqbal MS, Ahmed AR, Sabir M, Asad SM (1999) Preparation, characteri-
zation and biological evaluation of copper(II) and zinc(II) complexes
with cephalexin. J Pharm Pharmacol 51: 371–375.

Jackson GE, May PM, Williams DH (1981) Metal ligand complexes in-
volved in rheumatoid arthritis –– VII, formation of binary and ternary
complexes between 2,3-diaminopropioic acid, histidine and Cu(II),
Ni(II) and Zn(II). J Inorg Nucl Chem 43: 825–829.

Kalman D, Barriere SL (1990) Review of the pharmacology, pharmacoki-
netics, and clinical use of cephalosporins. Tex Heart Inst J 17: 203–215.

Kaplan MA, Dickison HL, Hubel KA, Buckwalter FH (1957) A new, ra-
pidly absorbed, complex salt of tetracycline. Antibiotic Med Clin Therap
4: 99–103.

Kato R, Ooi K, Takeda K, Mashimo K, Fujimura Y, Kusumoto M, Ueno K
(2002) Lack of interaction between cefdinir and calcium polycarbophil:
In vitro and In vivo studies. Drug Metab Pharmacokinet 17: 363–366.

Katsoulos GA, Tsipis CA (1984) Synthesis of some novel Pt(II) and Pd(II)
N-aklyliminodithiocarbonato complexes and investigation of the mechan-
ism of their formation by CNDO/2 quantum chemical calculations. In-
org Chim Acta 84: 89–94.

Marie M, Shuhei D, Toshiji T, Mamoru F, Yoshihiko O, Tsutomu Y
(1995) interaction of cefdinir with iron in aqueous solution. Chem
Pharm Bull 43: 374–377.

Mapp RK, McCarthy TJ (1976) The effect of zinc sulfate and of bicitro-
peptide on tetracycline absorption. S Afr Med J 50: 1829–1858.

Nagar R, Mohan G (1991) Synthetic and pharmacological studies on some
transition metal chelates involving N-pyrimidino benzamide-2-carboxylic
acid as ligand. J Inorg Biochem 42: 9–16.

Navarro M, Perez H, Sanchez-Delgado RA (1997) Toward a novel metal-
based chemotherapy against tropical diseases. 3. Synthesis and anti-
malarial activity in vitro and in vivo of the new gold-chloroquine com-
plex [Au(PPh3)(CQ)]PF6. J Med Chem 40: 1937–1939.

Navarro M, Cisneros-Fajardo EJ, Lehmann T, Sanchez-Delgado RA, Aten-
cio R, Silva P, Lira R, Urbina JA (2001) Toward a novel metal-based
chemotherapy against tropical diseases. 6. Synthesis and characterization
of new copper(II) and gold(I) clotrimazole and ketoconazole complexes
and evaluation of their activity against Trypanosoma cruzi. Inorg Chem
40: 6879–6884.

Neuvonen PJ (1976) Interactions with the absorption of tetracyclines.
Drugs 11: 45–54.

Oga S, Taniguchi SF, Najjar R, Souza AR (1991) Synthesis, characteriza-
tion, and biological screening of a copper flurbiprofen complex with
anti-inflammatory effects. J Inorg Biochem 41: 45–51.

Parfitt K (2002) “Martindale” The complete drug reference, (33nd edition).
The Pharmaceutical Press, London, p. 167.

Prestayko AW, Crooke ST, Carter SK (1980) Cisplatin, current status and
new developments. (Eds), Academic press, New York, p. 527.

Raymond WYS, Dik LM, Ella LMW, Chi MC (2007) Some uses of transi-
tion metal complexes as anti-cancer and anti-HIV agents. Royal Soc
Chem 1–9.

Sanchez-Delgado RA, Lazardi K, Rincon L, Urbina JA (1993) Toward a
novel metal-based chemotherapy against tropical diseases. 1. Enhance-
ment of the efficacy of clotrimazole against Trypanosoma cruzi by com-
plexation to ruthenium in RuCl2(clotrimazole)2. J Med Chem 36: 2041–
2043.

Sanchez-Delgado RA, Navarro M, Perez H, Urbina JA (1996) Toward a
novel metal-based chemotherapy against tropical diseases. 2. Synthesis
and antimalarial activity in vitro and in vivo of new ruthenium- and
rhodium-chloroquine complexes. J Med Chem 39: 1095–1099.

Shigeta S, Mori S, Kodama E, Kodama J, Takahashi K and Yamase T
(2003) Broad spectrum anti-RNA virus activities of titanium and vana-
dium substituted polyoxotungstates. Antiviral Res 58: 265–271.

Shuhei D, Marie M, Toshiji T, Mamoru F, Yoshihiko O, Hiroshi S, Tsuto-
mu Y (1994) Interactions between an orally active cephalosporin anti-
biotic, cefdinir, and metals. Iyakuhin Kenkyu 25: 751–756.

Shungu DL, Weinberg E, Gadebusch HH (1983) Tentative interpretive
standards for disk diffusion susceptibility testing with norfloxacin (MK-
0366, AM-715). Antimicrob Agents Chemother 23: 256–260.

Sorenson JRJ (1976) Copper chelates as possible active forms of the anti-
arthritic agents. J Med Chem 19: 135–148.

Sorenson JRJ, Nraign JO (1981) Copper in the Environment. (Ed.), Part 2,
Chap. 5, Wiley-Interscience, New York.

Sorenson JRJ (1982) Inflammatory diseases and copper. (Ed.), Humana
Press, NJ.

Van Krempin PC, Van Bennekom WP, Bult A (1988) A study of the com-
plexation behavior of some penicillins, cephalosporins and their deriva-
tives. Pharm Wkly Sci Ed 10: 259–266.

Williams DR (1971) The Metals of Life, Van Nostrand Reinhold, London.
Yszczek RM (2004) Thermal investigations of cefadroxil complexes with

transition metals: coupled TG-DSC and TG-FTIR techniques. J Therm
Anal Calorim 78: 473–486.

Zayed MA, Abdallah SM (2004) Synthesis, characterization and electronic
spectra of cefadroxil complexes of d-block elements. Spectrochim Acta
Part A 60: 2215–2224.

REVIEW

Pharmazie 63 (2008) 8 561


