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INTRODUCTION

The drug ceftibuten dihydrate belongs to third generation
cephalosporins, a class of 3-lactam antibiotic having structure
similar to that of penicillin. Its chemical name is (+)-(6R,7R)-
7-[(Z2)-2-(2-amino-4-thiazoyl)-4-carboxycrotonamido]-8-oxo-
5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid dihydrate
[1]. Its molecular formula is C;sH4N4O6S,-2H,O with a mole-
cular weight 446.45 as dihydrate. As an orally-taken drug,
ceftibuten is used to cure various bacterial infections including
otitis media, bronchitis, pneumonia, tonsillitis, bladder infection,
pharyngitis and bacteremia [2]. It has a broad spectrum of
activity including both Gram-positive and Gram-negative aerobes
[3,4]. Like other cephalosporins, ceftibuten inhibits the synth-
esis of bacterial cell wall through the binding of essential target
proteins of bacterial cell wall via B-lactam ring. This binding
finally causes cell lysis [5,6].

The metal coordination compounds show a great diversity
in biological action [7]. Thus, complexation can be used to
enhance the activity of biologically active molecules [8]. At
present, metal complexation is an important area of research
because of increasing effectiveness against bacteria upon
chelation with the transition metal ions [9-12] as well as redu-
cing toxicity of drugs [13]. In addition, many antibiotics of
the Universe have become resistant to human body because
of abuses of those drugs, which create threats to public health
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Ceftibuten dihydrate, one of the third-generation cephalosporin antibiotic is effectively used in curing several infectious diseases. The
complexation of drug with metal may enhance the antibacterial activity. In this work, a new complex of ceftibuten dihydrate with Cu(II)
was synthesized, characterized and antibacterial activity is reported. The in vitro test showed that the antibacterial activity of complex of
ceftibuten was greatly enhanced against Staphylococcus aureus and Salmonella typhi.

worldwide [14]. Therefore, the development of more potent
antimicrobial agents is an urgent need to eradicate infections
caused by drug resistant bacteria.

Copper(Il) is used in this work because its complexes of
various drugs can be used for the treatment of patients who
suffer from many life threatening diseases like cancers [15].
Moreover, copper and its alloys are naturally abundant anti-
microbial materials. The antimicrobial properties of copper
are well known even before the concept of microbe became
understood in the nineteenth century [16]. It is proved that many
drugs upon chelation with metals like copper, silver, gold,
platinum exhibit enhanced biological activity and reduced
toxicity and also play an important role in detecting diseases
[17,18].

As per literature survey, there is no report available about
the synthesis, characterization and biological studies on cefti-
buten-metal complex. So study of new metal complexes of
ceftibuten and other antibiotics with metals can be applicable
for specific treatment against various diseases [19]. In this
regard, copper(Il) complex of ceftibuten has been synthesized
and characterized. The formation of new metal complex is con-
firmed by FT-IR, DSC and TGA analyses. Moreover, the biol-
ogical activity of ceftibuten and its copper(Il) complex were
examined in vitro against Gram-positive and Gram-negative
organisms.

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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EXPERIMENTAL

Ceftibuten dihydrate (potency 98.6%) was gift from Incepta
Pharmaceuticals Ltd., Dhaka, Bangladesh. Copper sulphate
(CuS0O4-5H,0) was used as the metal source. All other chemicals
and solvents were of analytical grade and purchased from
Merck. They were used without further purification.

Synthesis of ceftibuten-Cu(II) complex: The process of
complexation of ceftibuten with copper(Il) was carried out in
an oil bath at 90 °C. Hot aqueous solution of ligand (2.24 x
10”° mol) was taken with CuSO,45H,0 (1.11 x 10 mol) in a
round bottom flask maintaining the ratio of 2:1 [20]. pH was
found (4.3) at that time. Heating was continued for about 3.5
to 4.0 h with continuous stirring. The reaction mixture was
kept overnight. After that evaporation was done to reduce the
volume and a precipitated complex was obtained, which was
then filtered off (Scheme-I). The precipitated complex was
purified by washing several times with distilled water, methonal
followed by dry ether and then dried in a desiccator at room
temperature (Yield: 70%, m.p.: 272 °C decomp.). An obtained
coloured complex was found to be soluble in hot water (90 °C)
and DMSO and insoluble in n-hexane, diethyl ether, methanol,
ethanol, acetone and acetonitrile.

Characterization: FT-IR analysis was carried out using
Shimadzu (Japan) FTIR 8400S model spectrophotometer as
KBr pellets scanning in the range 4000-400 cm™. Spectra were
recorded for both of ligand and metal complex. DSC instru-
ment (model: DSC131 EVO, SETARAM Instrumentation,
France) was used to record the thermograms. The thermograms
of parent drug and its copper(Il) complex were taken in alumi-
nium pan at the temperature range of 20-700 °C. Heating rate
was 10 °C/min and 20 mL/min flow rate of N, gas was maintained
during recording the thermogram. The thermogravimetric studies
of parent drug and its Cu(II) complex were carried out using
TGA 50H, Shimadzu (Japan). Aluminium pan was used to record
the thermograms at the temperature range of 25-800 °C with 5
min holding time. Heating rate was 10 °C/min and 10 mL/min
flow rate of nitrogen gas was maintained during recording the
thermogram.

Biological activity: Biological screening was carried out
for the ligand and its Cu(Il) chelates against four bacterial
strains, Staphylococcus aureus, Escherichia coli, Salmonella
typhi and Bacillus subtilis. Agar well diffusion method was
used to study the antibacterial activity [21-24]. DMSO (solvent)
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was used as negative control and reference antibacterial drug
(rifampicin) was used as positive controls, respectively.

RESULTS AND DISCUSSION

Differential scanning calorimetry: An endothermic peak
at 242.7 °C was found in DSC thermogram of ceftibuten parent
drug (Fig. 1a), suggesting the melting point of pure drug. The
ceftibuten-Cu(II) metal complex showed an endothermic peak
at 269.2 °C (Fig. 1b). The endothermic peaks obtained for pure
drug ceftibuten (242.7 °C) and its complex (269.2 °C) indicated
the interaction between the drug and the metal.

Thermogravimetric analysis (TGA): The experimental
results of thermogravimetric studies of ligand ceftibuten and
its Cu(Il) complex showed that the degradation occurred in
different stages. The complex mass was decreased with incre-
asing temperature and mass loss was continued up to 25 to
800 °C. In TGA of ceftibuten (Fig. 2a), 9.77% mass loss was
observed at 176.21 °C, 55.78% mass loss at 396 °C and finally
91.33% at 630 °C. The drug metal complex, however, showed
completely different degradation pattern. In Cu(II) complex
of ceftibuten, mass loss was found 8.32, 34.73, 75.0 and finally
83.0% at 175, 312, 508 and 800 °C, respectively (Fig. 2b).
This pattern suggested a completely different substance, which
indicated formation of a new drug-metal complex [25-27].

FT-IR analysis: The FT-IR spectrum of copper complex
of ceftibuten exhibited the characteristic changes in the vibra-
tional frequency as compared to pure drug. The vibrational
frequency of characteristic groups like carbonyl group of -
lactam ring, carboxyl group, which are involved in forming
chelates were taken into account for structure establishment.
The strong band at 1770 and 1651 cm™ in the spectrum of cefti-
buten dihydrate (Fig. 3a) are assigned to lactam (C=0) and
carboxyl (C=0) stretches. In the FT-IR spectrum of Cu(II)
complex (Fig. 3b), the shifting of lactam (C=0) band was not
significant. Appearing of two new peaks at 1629 and 1402 cm
for the chelate, which were assumed to asymmetric (Vagym) and
the symmetric (Vqm) stretching vibrations of the carboxylate
group. In this study, the IR spectrum of synthesized complex
yielded Av > 200 cm™, giving an evidence for monodentate
coordination mode of carboxylate group [28]. Also there was
a considerable shift in the frequency of fert.-N atom of the ring.
The frequency of tert.-N atom in ligand appearing at 1361 cm’!
shifted to 1114 cm™ in the complex [29,30]. A new band appea-
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Scheme-I: Synthetic scheme of Cu(II) complex of ceftibuten dihydrate
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Fig. 1. DSC thermogram of (a) ceftibuten dihydrate and (b) ceftibuten-Cu(II) complex
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Fig. 2. TGA of (a) ceftibuten dihydrate and (b) ceftibuten-Cu(Il) complex
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Fig. 3. IR spectrum of (a) ceftibuten dihydrate and (b) ceftibuten-Cu(II) complex

ring at 476 cm™ in the metal complex (absent in the free ligand)
is due to v(Cu-N) stretching vibration also gave a strong evidence
for the coordination of tertiary nitrogen atom with metal ion [31].

The analytical data stated above support the formation of
new copper(Il) complex. Many researchers [32-34] have studied
complexes of several cephalosporin (-lactam) antibiotics with

transition and d'° metal ions and noticed the coordination chem-
istry with proper experimental evidence. Based on comparison
of FT-IR spectral data of parent drug and its Cu(Il) complex
suggest the binding site of drug molecule with the metal ion.
The tertiary nitrogen of the B-lactam ring and carboxylate ion
are involved in metal coordination, forming a five membered
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ring (Scheme-I). There is remarkable shift in the frequencies
of tertiary nitrogen and of carboxylic group of the ring [11]. A
new band appearing at 476 cm™ in the present copper(Il)
complex also exhibited a strong evidence for the bonding of
tertiary nitrogen atom B-lactam ring with metal ion [31].

Antibacterial activity: It has been suggested that when
metal ion interacts with parent drug to form chelates through
the formation of coordination bond between positively charged
metal ion and donor groups of drug, the polarity of metal ion
will be reduced. Moreover, it increases the delocalization of
n-electron over the whole metal coordinated complex. As a
result, the liposolubility of the metal complex is increased via
chelation [35]. The activity of drug thus increased significantly
due to enhanced permeation of the drug into the membrane of
the microorganism cell wall. The respiration process of the
cell is also interrupted by the chelate which can stop protein
synthesis, causing cell lysis.

In the present study, both ligand and complex have been
screened for investigation of bioactivity against both Gram-
positive and Gram-negative bacteria. Significant antibacterial
activities were observed as compared to standard drug. The
results obtained revealed that on forming complex with copper
the antibacterial activity of ligand ceftibuten was greatly enhanced
against S. aureus and S. typhi. The copper(Il) complex showed
moderate activity against B. subtilis while it showed no activity
against E. coli. An interesting point is that the metal complex
showed very good activity against S. aureus being about 100%
higher than parent drug, ceftibuten because ceftibuten did not
show any activity against S. aureus (Table-1). Anacona and Silva
[11] reported the similar results when studied the antibacterial
activity of metal complexes of cefotaxime.

TABLE 1
ANTIBACTERIAL ACTIVITY OF STANDARD DRUG,
PARENT DRUG AND ITS Cu(II)-COMPLEX

. . Zone of inhibition (mm)
Microbial = — ot Ceftibut
g ertibuten ertiouten- 9 0.9

Spectes dibydrate. Cu(@complex  ampicin
B. subtilis 30 25 10
E. coli 23 0 9
S. aureus 0 15 19
S. typhi 9 15 13

Conclusion

A new complex of ceftibuten dihydrate with Cu(Il) was
synthesized and characterized. The biological activity of both
of cefitibuten dihydrate and its complex with Cu(II) was also
screened. The formation of new complex was confirmed by
experimental results. DSC showed different endothermic peak
of complex from its parent drug. In TGA different degradation
pattern indicated formation of new complex. Finally, it was
justified that newly formed complex possessed good antibact-
erial activity against S. aureus and S. typhi.
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