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Two new ruthenium(Ill) complexes of 1
(cefradine) and 2™ (cefoxitin) generation of

HoN
: . S )\o
cephalosprin drugs have been synthesized and \ H o s
well characterized based on physical (molar HH 74
conductance), spectral (FTIR & UV-Vis), O N "INH ) \ N »‘Nm
thermal analysis (TGA & DTA) and analytical Na? o O
OH o o W, o J

data. Both cefradine (ceph-1) and cefoxitin
(ceph-2) act as a bidentate ligand and the

synthesized complexes [Ru(L)(Cl),(H,0),] where [L=cefradine and cefoxitin] are showing octahedral geometry. The analytical data
refer to 1:1 (Ru**/ceph) stoichiometry. FTIR analysis confirmed the coordination through the two oxygen atoms of B-lactam and
carboxylate groups. The surface morphology and particle size investigations were evaluated using XRD, SEM and TEM analyses.
The antimicrobial effect of ruthenium(IIl) ion upon complexity with ceph-1 and ceph-2 were assessed against Gram positive
(Staphylococcus epidermidis & Staphylococcus aureus) and Gram negative (Klebsiella spp., Escherichia coli) bacterial strains. The
potential anticancer properties of Ru** cephalosprin complexes were evaluated in vitro on colorectal adenocarcinoma (Caco-2) and
breast cancer (MCF-7) cell lines, indicating that the synthesized Ru(IIl) complexes are relatively better cytotoxic agents in

comparison with cisplatin standard drug.

INTRODUCTION

Antibiotics of cephalosporins (cephs) have
become a major part of prescription antibiotics for
hospitals in rich countries. Cephalosporins are
classified by generation. They are prescribed for a
wide range of infections every day. There is no
doubt that popularity depends on less sensitivity
and toxicity risks as well as a wide range of
activity.' Cephalosporins are the most common
category from antibiotics they are structurally and
pharmacologically linked Penicillin. Like cephs

* Corresponding author: msrefat@yahoo.com

penicillin have a beta-lactam ring structure that
interferes with the synthesis of the bacterial cell
wall and this is called a bactericide. In general,
low-generation cephs are more G+ activity and
higher-generation cephs more G— activity. The 4"
generation drug cepepime is an exception, with G+
activity equivalent to the 1* generation and G-
activity equivalent to the 3™ generation cephs.” The
3" generation cephs are less active against G+
cocci. Extensive ceph class restriction significantly
reduced mnosocomial, plasmid-mediated, ceph-
resistant Klebsiella infection and colonization.’
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The 1% generation cephs have a bacterial efficient
against G+ cocci and less active against G—
bacteria." Regarding 2™ generation cephs, there
have a higher efficiency against G— bacteria but
are lesser active than 3™ and 4™ generations.” In
literature survey, the ceph-metal chelations were
isolated in solid form with 1:17 or 2:1 molar ratio®’
in situ CH;0H>® or in dist. H,O.!"° There are
several cephs drugs acts as a good chelating agent
towards different metal ions like cefoxitine,’
ceftriaxone,’ cefradine,”’ cefixime,'! cephalothine,12
cefotaxime, cefalaxin, cephamandole, ceftazidime,
cephapirin,”  ceforuxime," cefadroxil, cefopera-
zone,” cefaloridine,'® cefdinir,'® cefazolin'®'” and
cefaclor.'®

According to the vital efficiency of ruthenium
compounds against microbial organism and cancer
cells,' ! therefore herein in this article, a chemical
structures and biological evaluations of the Ru(III)

complexes of cefradine (Fig. 1,) and cefoxitin
sodium (Fig. 1,) have been reported.

EXPERIMENTAL

1. Chemical

The chemicals RuCl;.xH,0, cefradine and cefoxitin
sodium were received from Aldrich chemical company
(United States) and used without further purification. The
solvents were used have an analytical grade.

2. Synthesis of Ru(I1I) cephs complexes

A 50 mL methanolic solutions of cefradine and cefoxitin
sodium (1 mmol) were mixed with 20 mL of RuCl;.xH,O (1
mmol). The dark brown solutions were neutralized at pH 7-8
by 0.1M of ammonia solution, then refluxed for 3 hrs with
continuous stirring. The dark brown precipitates were isolated,
washed with few amount of CH;0H and dried over anhydrous
CaCl,. Despite numerous attempts, we were unable to collect
any crystals suitable for X-ray structural analyzes.
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Fig. 1, — Cefradine (ceph-1) drug.
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Fig. 1, — Cefoxitin sodium (ceph-2) drug.

3. Instrumentations

Instrument

Measurement

Perkin Elmer CHN 2400

Contents C, H and N

Jenway 4010 conductivity meter

Electrolytic or non-electrolytic character

Bruker FTIR Spectrophotometer

IR measurements

UV2 Unicam UV/Vis Spectrophotometer

Electronic spectra

Magnetic balance, Sherwood Scientific, Cambridge,
England, at Temp 25 °C

Magnetic moments

Shimadzu TGA-50H

Thermal analysis

X 'Pert PRO PAN analytical X-ray powder diffraction

X-ray diffraction patterns

Quanta FEG 250 equipment

Scanning electron microscopy (SEM) images

JEOL 100s microscopy

Transmission electron microscopy images (TEM)
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4. Biological assessments
4.1. Antimicrobial test

Antimicrobial activity of the ruthenium(IIl) cephs
complexes was screened against Gram (+) (Staphylococcus
epidermidis and Staphylococcus aureus) and Gram(-—)
(Klebsiella spp. and Escherichia coli) bacterial strains, using
the Kirby-Bauer disc diffusion technique.”*** Anti—cancer
assessment of the synthesized ruthenium(Ill) complexes
against colorectal adenocarcinoma (Caco-2) and breast cancer
(MCF-7) cell lines was performed according to the standard
red uptake assay.”*

RESULTS AND DISCUSSION

1. Physical and analytical results

Two synthesized ruthenium(Il) complexes of
cefradine (ceph-1) and cefoxitin (ceph-2) have a
brown color, stable and homogeneous morphology.
These complexes have a melting points above >250
°C, soluble in (DMF and DMSO) but insoluble in
common organic solvents such as (alcohols, ether,
benzene, and cyclohexane). Molar conductance
values (15-21 ohm™cm’mol™) of the complexes in
DMSO solution indicated that all of the complexes

are non-electrolytes,” so the location of chloride ions
are inside the coordination sphere, this was supported
using a AgNO; reagent. There are three types of
coordination regarding cefradine and cefoxitin drugs
towards central metal ions as quadridentate (ONON,
OONO or OOON), tridentate (ONO, OOO, NNO or
NNN) and bidentate (NO, OO, or NN) chelation. The
molecular modeling study” deduced that no cases of
the ligand (ceph-1 or ceph-2) can stereochemically
possess as quadridentate or tridentate. The molar
ratio between ceph-1 or ceph-2 antibiotic drugs and
Ru*" in neutralized media is 1:1 with molecular
formula [Ru(L)(Cl),(H,O),] where L= ceph-1 or
ceph-2. The microanalytical analysis of the two new
Ru(IIl) complexes can be summarized as: [Ru(ceph-
1) (Cl)(HyO0),] complex (I, Fig. 2a):
CisH2CIhN3OgRuS, Anal. data: Mwt. 556.40 g/mol;
color: dark brown; yield: 73%; Calcd (%): C: 34.54;
H: 3.99; N: 7.55; Ru: 18.16; Cl: 12.74, Found (%):C:
34.30; H: 3.84; N: 7.46; Ru: 18.08; Cl: 12.55.
[Ru(ceph-2)(Cl),(H,0),] L, Fig. 2b):
Ci6H20CIhN3O9RuUS, Anal. data: Mwt. 634.45 g/mol;
color: dark brown; yield: 75%; Calcd (%): C: 30.29;
H: 3.18; N: 6.62; Ru: 15.93; Cl: 11.18, Found (%):C:
30.12; H: 3.06; N: 6.43; Ru: 15.73; CI: 11.07.
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Fig. 2a — Speculated structure of [Ru(ceph-1)(Cl),(H,0),] complex.
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Fig. 2b — Speculated structure of [Ru(ceph-2)(Cl),(H,0),] complex.
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2. Infrared spectra results

The FTIR spectra of the two new ruthenium(III)
complexes in comparison with the free cefradine
and cefoxitin drug ligands are displayed in Fig. 3,4
and summarized in Table 1 with some tentative
distinguish assignments [2,7,12]. The IR spectra of
the cefradine and cefoxitin shows some
characteristic bands at (3347, 3289, 1771 and 1677
cm’) and (3486, 3289, 1757 and 1677 cm™)
mainly due to the v(NH;), v(NH), v(COOH) and
v(C=0) stretching vibrations, respectively.”'? The
ruthenium(Ill) complexes included the presented
bands of free drug ligand (ceph-1 & ceph-2) and
other coordination bands associated after chelation
between Ru’" ions and drug ligand. In the IR
spectra of the synthetic Ru(Ill) complexes, the
band of carboxylic group (1771-1757 cm™) are
absent while the bands of asymmetrical vibrations

Vvas(COO) at 1589-1574 cm’ 1, and the bands of
v{(COO) symmetrical vibrations at 1341-1319 cm™
are present’ (Table 1). In case of the FTIR spectra
of the prepared complexes, the difference between
values of (v,sCOO-vCOO) of the carboxylate
groups are similar to the sodium salt, it probably
the carboxylate group act as monodentate
chelation. Therefore, the carboxyl group is
chelated to the ruthenium ion. The band due to
v(C=0) B-lactam ring at 1677 cm™ was found
shifted to lower wavenumber (30-37 cm™) in the
spectra of its Ru®" complexes. A new absorption
band at 600-500 cm™ is assigned to V(M-O) of
COO and CO oxygens. The absence of v(M-N)
vibration band is confirm the unsharing of the
-NH,; group in the coordination with the ruthenium
ion.

Table 1
FT-IR assignments of ceph-1 and ceph-2 drugs and its Ru*" complexes (I &II)
Assi (s* Compounds

ssignments ceph-1 ceph-2 I I
v(C=0); COOH 1771 1757 - -
v(C=0); B-lactam + §(H,0) 1677 1677 1640 1647
V,s(COO0) - - 1574 1589
vy(COO) - 1319 1341
Av - 255 248

* vg= stretching symmetry; v,, = stretching asymmetric; 6 = bending
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Fig. 3a — FT-IR spectrum of free ceph-1 drug.
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Fig. 3b — FT-IR spectrum of Ru®" ceph-1 complex.
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Fig. 3c — FT-IR spectrum of free ceph-2 drug.
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Fig. 3d — FT-IR spectrum of Ru®" ceph-2 complex.

3. Electronic spectra
and Magnetic susceptibility results

The UV-Visspectra of the ruthenium(III)
complexes were recorded in DMSO solution at
concentration (107 M). Complexes I-II show two
absorption bands within the range of 420—440 and
630-650 nm, respectively, attributed to intra-
ligand bands. The band within 420—440 nm range
may be due to ligand-to-metal charge transfer (L-
Mcr) transition’”?’ while the bands at 660—680 nm
range are assigned to spin allowed lAlg—>lT1g
transition.””*® The d—d transition bands 2T2g—>4T1g,
2T2g—>4T2g and szg—>2T1g are masked by strong L-
Mcr bands.”’ The Ru®" metal ions is one of the
second transition metal series, which it is always
has a low spin with p.; 1.80 B.M.*® The p,; values
for the two synthesized ruthenium(III) complexes
located within the range of 1.74-1.78 B.M. with
octahedral configuration (d’ & S =").*' Therefore,
the .y values for these complexes are in accord
with the (+3) oxidation of ruthenium.

4. Thermogravimetric(TGA/DTA)
and Kinetic results

The TGA and DTA curves of the free cefradine
and cefoxitin sodium drug ligands are shown in
Fig. 4(A&B). Three dissociation stages of both

ceph-1 and ceph-2 ligands are detected in TGA and
DTA curves. The thermal cracking beginning from
25 °C and ends at 800 °C, the observed mass losses
for the ceph-1 and ceph-2 are 100% and 84.95%
against calculated 100% and 85%, respectively,
these are corresponding to the release of
C16H19N304S and C16H16N3O7SZ molecules. The
results shown that the final product of cefoxitin
sodium drug ligand is considered to be Na,O. In
case of cefradine ligand, there is one endothermic
peak (467 °C) and two exothermic peaks (215 and
595 °C) but concerning the cefoxitin sodium drug,
it contains a three exothermic peaks at 265, 447,
592 °C in DTA curves due to the chemical events
existed in the TGA curves.

TGA and DTA curves of [Ru(ceph-
1)(CI),(H,0),] complex are displayed in Fig. 4C. The
TG and DTA curves display the decomposition of
Ru*" ceph-1 complex in three thermal dissociation
endothermic peaks at 148, 442, and 666 °C. The
mass loss observed is 82%, showing that organic
group (C;sHx»CILN;O6S) is released. The experiment
result is similar to the decomposition of the first
complex. The final product is considered to be
ruthenium metal polluted with few carbon atoms.
The TGA and DTG curves of [Ru(ceph-
2)(Cl),(H,0),] complex are shown in Fig. 4D. One
endothermic peak (134 °C) and two exothermic
peaks at 342 and 708 °C are observed in the DTA
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curve. The first-to-third decomposition stages have a
mass loss observed is 73% against the calculated loss
of 73.96%, due to the release of one molecule of
ceph-2, chlorine gas and two molecules of H,O. The
final product is considered to be RuS, polluted with
few carbon atoms. Thermal stability of [Ru(ceph-

2)(C1)y(H,0),] complex is more than [Ru(ceph-
1)(Cl),(H,0),] complex. The final product of the two
synthesized ruthenium(Ill) complexes indicted that
the different metal ion interaction is exist in
coordination environment, because the ruthenium ion
changed oxide with heating.
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Fig. 4 (A&B).
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Fig. 4 — TGA and DTA curves of (A): ceph-1 drug, (B): ceph-2 drug, (C): Ru** ceph-1 complex and (D): Ru** ceph-2.

Kinetic thermodynamic parameters (E*, Z,

negative AS values except for [Ru(ceph-

AS*, AH*, AG*) were calculated based on two
non-isothermal decomposition methods of Coats-
Redfern’” and modified Horowitz-Metzger® as
listed in Table 2 and displayed in Fig. 5.

Table 2 refer to the kinetic data collected from
TG curves, it was found that all compounds have a

2)(CD),(H,0),] complex, due to the higher AH
value. The greater the thermal stability of a
complex, the higher value of the activation energy
(E*) for decomposition.**
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Fig. 5 — Kinetic curves of ceph-1 drug, ceph-2 drug, Ru®" ceph-1 complex and Ru** ceph-2 complex by (A):
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Coats-Redfern (B): Horowitz-Metzger non-isothermal methods.

Table 2

Kinetic thermodynamic parameters based on Coats-Redfern (CR) and Horowitz-Metzger (HM)

Parameters
Compound Methods E A AS AH AG r
(J mol™") s J mol' K (J mol™) (J mol™")
Ceph1 CR 2.74E+05 1.60E+14 -1.81E+01 2.67E+05 2.51E+05 0.99369
HM 2.90E+05 3.09E+15 -4.27E+01 2.82E+05 2.45E+05 0.99382
Ceph-2 CR 9.15E+04 3.47E+03 -1.85E+02 8.48E+04 2.34E+05 0.97322
HM 1.09E+05 6.06E-+04 -1.62E+02 1.02E+05 2.32E+05 0.97702
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Table 2 (continued)
Ru ceph-1 CR 1.31E+05 6.70E+04 -1.62E+02 1.23E+05 2.75E+05 0.9990
p HM 1.42E+05 4.59E+05 -1.46E+02 1.35E+05 2.71E+05 0.99751
Ru ceph-2 CR 3.68E+05 2.78E+17 7.91E+01 3.60E+05 2.82E+05 0.99754
p HM 3.85E+05 3.40E+18 9.99E+01 3.77E+05 2.79E+05 0.99611

2 Units of parameters: E in kI mol™, 4 in s, AS in J mol"'K!, AH and AG in kJ mol™.

5. X-ray powder diffraction,
SEM and TEM results

Figure 6 shows the XRD pattern of the solid
powder [Ru(ceph-1)(Cl),(H,O),] and [Ru(ceph-2)
(C1),(H,O);] complexes. The particles size and
crystallinity are discussed based on full width at half
maximum peak using Debye-Scherer’s equation.™
The particle size of the tested samples is inserted

800
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A
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400 —

300

counts

200 N Jw

100

between 14-20 nm. XRD of the Ru’* complexes in-
cluded three characteristic reflection peaks at ~31,
44, and 52° attributed to (002), glOO), and (101)
planes regarding ruthenium metal.”™ It is observed
that crystalline size is different for both the
complexes, due to change in the cefradine and
cefoxitin drug positions.
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Fig. 6 — XRD patterns spectrum of the (A): Ru*" ceph-1 and (B): Ru** ceph-2 complexes.
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XE&s B

Fig. 7 — SEM images of (A): Ru®" ceph-1 and (B): Ru®" ceph-2 complexes.

The SEM images of the two Ru’" complexes are
displayed in Fig. 7. From this figure it can be shown
that the average length of grain sizes of the Ru’"
ceph-1 and Ru’™ ceph-2 complexes are 2-5 pm,
respectively. The surface morphology changes with
change in structure of drug ligand, both two images
have large number of irregular shaped and some
included a regular spherical grain associated with the
images refereed in Fig. 7. It is quite clear from SEM
results that the average grain size calculated from
SEM are quite larger than the average grain size
estimated from XRD analysis.

The transmission electron microscopy (TEM)
images of Ru’" ceph-1 and Ru’* ceph-2 complexes
have been given in Fig. 8. The size of the
nanoparticles obtained from the XRD diffraction
patterns are in close agreement with the TEM studies

which show sizes of about 10-20 nm, which shows
the good crystalinity of the nanoparticles.

6. Biological results

The comparison of the antibacterial activity of
free cefradine and cefoxitin drug ligands with that
of ruthenium(Ill) complexes against different
bacterial strains (Table 3), it was found that the
cefradine and cefoxitin—Ru’" complexes have a
better biological activity than the free drug ligands.
These results can be traced to the active role of the
ruthenium metal in increasing the biological
efficacy of the drug ligands, due to its ability to
penetrate the bacterial cells.””*
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Fig. 8 — TEM images of (A): Ru®* ceph-1 and (B): Ru®* ceph-2 complexes.

Table 3
Growth inhibition zone (mm) of ceph-1 drug, ceph-2 drug, Ru*" ceph-1 complex and Ru®" ceph-2 complex

Inhibition zone diameter (mm)

Sample Bacteria
Staphylococcus Staphylococcus Klebsiella . .-
epidermidis, (G*)  aureus, (G") spp-(G) Escherichia coli, (G))

Control: DMSO 0.0 0.0 0.0 0.0

Tetracycline

Standard drug 27 26 29 2

Control (DMSO) 0.0 0.0 0.0 0.0

ceph-1 26 24 27 28

Ru™* ceph-1 28 25 26 29

ceph-2 25 26 24 27

Ru** ceph-2 28 29 26 25
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Fig. 9 — Relationship between sample concentration
and cell viability of Ru®>" complexes and cisplatin against (Caco-2) and (MCF-7) cancer cell lines.

The anticancer activities of ruthenium(III)
complexes of ceph-1 and ceph-2 drugs against the
colorectal adenocarcinoma (Caco-2) and breast
cancer (MCF-7) cell lines are shown in Fig. 9. The
% cell inhibition and ICs, values (43.6, 54, 116,
and 45 pg/mL) for the Ru’" ceph-1complex against
(Caco-2), Ru’" ceph-1 complex against (MCF-7),
Ru’" ceph-2 complex against (Caco-2) and Ru’
ceph-2 complex against (MCF-7) (figure 9)
indicate that ruthenium(IIl) complexes have an
efficacy towards the Caco-2 and MCF-7 cancer
lines comparable with cisplatin standard drug (5.71
and 3.67 ug/mL).

CONCLUSION

The availability of chemical and biological data
presented in this paper is the basis for understanding
not only the current state of anti-cancer drugs based
on ruthenium(III), but also the rationale for strategies
for future drug design. New Ru(Ill) nanosized
complexes of cefradine and cefoxitin were
synthesized.  Ruthenium(Ill) complexes were
discussed based on the elemental, molar
conductance, thermal and magnetic moment
measurements as well as spectral (FTIR, UV—Vis,
and XRD) techniques. FT-IR spectra revealed that
the ligands reacted as a bidentate ligands through
carboxylate oxygen and B-lactam oxygen
groups. The analytical analysis confirmed that the

molar ratio is 1:1 (Ru’/ceph). In vitro antimicrobial
activities of Ru(Illl) complexes were evaluated
towards G+ & G- bacteria. The antitumor activities
of Ru(Ill) complexes are appraised against breast
(MCF-7) and colorectal adenocarcinoma (Caco-2)
cell lines, which means that the two complexes may
be considered promising antimicrobial and anticancer
drugs.
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