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Synthesis and characterization of both binary Co(11)- (1), Ni(11)- (2) complexes with enrofloxacin drug
(HL,) and ternary Co(11)- (3), Ni(11)- (4) complexes in presence of DL-alanine (H,L,) are reported using
physico-chemical techniques. The antimicrobial activity of these complexes has been screened against

two Gram-positive and two Gram-negative bacteria. Antifungal activity against two different fungi has
been evaluated and compared with reference drug. All the binary and ternary complexes showed
remarkable potential antimicrobial activity higher than the recommended standard agents. Ni(11)-
complexes exhibited higher potency as compared to the parent drug against bacterial and fungal strain.
In addition, it was of interest to investigate the reported complexes as thermal stabilizers and
co-stabilizers for rigid PVC in air at 180 °C. Their high stabilizing efficiency is detected by their high
induction period values (7’;) compared with some of the common reference stabilizers used industrially,
such as dibasic lead carbonate (DBLC) and calcium-zinc soap. Blending these complexes with some of
the reference stabilizers in different ratios had a synergistic effect on both induction period as it gave
better thermal stability and lower extent of discoloration. The stabilizing efficiency is attributed at least
partially to the ability of the metal complex stabilizer to be incorporated in the polymeric chains, thus
disrupting the chain degradation and replace the labile chlorine atoms on PVC chains by a relatively
more s moiety of the inorganic stabilizer. Their amenability to use as a biomedical additives for PVC,

has afforded them great potential for various medical applications.

Introduction

Drugs are compounds which specifically have designed structure
in order to facilitate the interaction with specific receptors or
organs. The development of biomaterials and drugs represents
a critical aspect in biological and technical science. A synergistic
interaction between biomaterial development and industry exists
in which a unique material platform can be made and used for
many applications of technology.

Quinolone drugs have recently received considerable re-
cently owing to their current and wide potential applica-
tions in medical and biological fields.! Their potent activity
is caused by the inhibition of DNA replication. In particu-
lar enrofloxacin (HL,), 1-cyclopropyl-7-(4-ethyl-piperazin-1-yl)-
6-fluoro-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid (Fig. 1)
is the first developed drug for many veterinary applications,
it was highly recommended as treatment for many infections
of the urinary tract, skin and tissue as well as urethral and
cervical gonococcal infections.? In addition, a broad spectrum of
activity against a wide range of Gram-negative and Gram-positive
bacteria has been reported.® The interaction of metal ions with
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Fig. 1 The structure of l-cyclopropyl-7-(4-ethyl-piperazin-1-yl)-6-
fluoro-4-oxo-1,4-dihydro-quinoline-3-carboxylic acid.

enrofloxacin becomes an increasingly important field due to the
antibacterial properties of the resulting complexes. The effect of
binary and ternary complexes of Cu(ir), Ni(11), Co(11) and Zn(11)
with enrofloxacin in presence of phenanthroline has been studied
potentiometry.* Several metal ion complexes with enrofloxacin
are known. Interaction of the complexes with calf-thymus DNA
was investigated and the antimicrobial activity of the complexes
was evaluated.” Depending on the solvent quinolones can show
a different complex formation acting as nono-,° bidentate-’
or bridging ligands in polynuclear complexes,”® so that many
different species can be obtained. Although several reports have
described effect of metal ions on quinolones, it is of significance
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to explore the possible synergetic effects and provide insight into
binding modes, therefore this work is initiated and conducted to
investigate and elucidate the coordination sphere of the drug under
study.

Poly(vinyl chloride) (PVC) is synthetic commodity polymer
with many advantages for use but also some drawbacks. In
spite of its enormous technical and economic importance, PVC
possesses a number of problems, such as its low stability due
to the influence of heat and light, which results in autocatalytic
hydrogen chloride loss, discoloration, corrosion and change in the
mechanical properties accompanied with decrease or increase in
molecular weight as a result of chain scission or cross linking of
the polymer molecules.* !

Highly effective additives such as metallic soaps,’*™® basic
compounds™ and organotin compounds' have been commercially
used to increase thermal stabilization of PVC however; some
of them are toxic and cause environmental problems, as most
of them leave toxic residues during the degradation process.
Therefore several coordination compounds have been prepared
from aromatic compounds containing pendant functional groups
that act as chelating groups for binding polyvalent metal ions.'*®
Such complexes exhibit a higher thermal stability than the parent
compounds. This has recently directed attention towards the use
of inorganic stabilizers.!**2

Polymers such as polyethylene, polyurethanes, and poly (vinyl
chloride) (PVC) have been extensively used for the fabrication
of hospital indoors. Presence and formation of a biofilm on the
surface due to adhesion of bacteria to material exploited in contact
of living tissues, organisms or micro-organisms is acting as a
protective barrier against any drug, which slowdown the healing
process and make it quite difficult and require either higher doses
or more potent antibiotics.

To prevent the secondary infection in the course of surgical oper-
ation, increasing numbers of attempts have been directed towards
the development of antibacterial biomaterials that can prevent
or reduce biofilm formation; therefore modifying the physico-
chemical properties of the surface of biomaterials is regarded as
an essential approach to reduce bacterial adhesion and biofilm
formation by interference of some additives to the polymers.

The preparation of TiO, film on PVC surface by dip-coating
with PVC-THF solution containing P,;TiO, (Ti-phosphorous)
nano-crystals was reported.”® This technique is attractive for
obtaining highly photoactive and antibacterial TiO, film on
thermolabile substrates such as poly(vinylchloride).

Pyrazolodithiones of expected biological activity were examined
as thermal stabilizers and co-stabilizers for rigid poly (vinyl
chloride) (PVC).” The investigated stabilizers showed a good
antimicrobial activity towards two kinds of bacteria, Escherichia
coli and Staphylococcus aureus and also towards two kinds of
fungi, Aspergillus flavus and Candida albicans. They also exhibited
antitumor activity in both liver and colon human cell lines. In the
present work, the complexes under study can be used as biomedical
additives for PVC used in the surgical or medical fields like strings
of plastic surgery, etc.

Herein, the synthesis and characterization of novel Ni(11), Co(11)
complexes with enrofloxacin (HL,) in the absence or presence of
DL-alanine (H,L,) is presented. The antimicrobial activity of the
complexes is evaluated on four different microorganisms under
identical conditions, where Ni(i) complexes exhibit remarkably

higher inhibition comparing with the free drug and the remaining
complexes. The present work was also aimed to investigate the
metal complexes under study as thermal stabilizers for rigid PVC.
Our results suggest that these complexes (Co-EFA) and (Ni-EFA)
are suitable as biomedical additives for PVC for further biomedical
uses. These compounds are available, easily prepared and possess
variety of functional groups which can interact with the evolved
HCI gas. Furthermore, by using them as co-stabilizers they can
react with the metal chloride by-products resulting from the
thermal degradation of PVC in the presence of metallic-containing
stabilizers.

Results and discussion
Structural characterization of (1)—(4)

The metal to ligand ratio corresponds to binary complexes is
1:2 and 1:1 in case of ternary complexes. The observed and
calculated elemental analysis percentages for (1) C 50.62 (50.67),
H 5.31(5.33), N 9.34 (9.33); (2) C 51.71 (51.73), H 5.12 (5.22), N
9.51(9.53); (3) C47.12 (47.22), H 5.89 (5.90), N 11.42 (11.45); (4)
C43.15(43.17), H 5.06 (5.07), N 10.49 (10.47), respectively.

The molar conductivity measurements of the complexes in
DMF solution were in the range 17.10, 12.80 Q' cm? mol™
for (1), (3), respectively. These relatively low values indicated
non-electrolytic nature of the complexes; whereas Ni complexes
were ionic in nature and of the type 2:1 electrolytes, their
conductivities were 158, 165 Q' cm? mol™ for (2), (4), respectively.

The pyridone stretch ,(C=0), in HL, appeared at 1627 cm™
and the asymmetric and symmetric stretching ,(COO).,, appeared
at 1735 and 1383 cm™, respectively. The pyridone band is
decreased in intensity and was shifted to higher frequency (1-4
cm™) in binary complexes and to lower frequency (2-4 cm™) in
ternary complexes indicates its involvement in the chelation.'* The
participation of the carboxylate O atom in the binary and ternary
complexes is confirmed by disappearance of these bands in all the
prepared complexes.'

IR spectrum of H,L, showed sharp bands at 1594 and 1410 cm™
assigned to the asymmetric and symmetric stretching vibrations
of the carboxylate moiety, respectively. Shifting to lower (58-64
cm™), (100-98 cm™) frequencies in (3) and (4), respectively con-
firming that H,L, coordinated to the metal ions via deprotonated
carboxylate.® Tt is difficult to detect the coordination vibration
band of NH, of H,L, due to presence of broad split bands between
3450 and 3150 cm™, which could be due to the presence of N—
H stretching vibration of the piperazinyl moiety;*>* therefore the
shift of in-plane bending, (NH,) vibration from 1521 cm™ to 1502—
1517 cm™ is used as a clue in complex formation.** In (3) and (4)
several new bands at (534, 574 cm™) and (585, 590 cm™) can be
assigned to the (M-O) stretching vibrations of carboxylate and
pyridone groups, respectively.® In addition, bands at (540,528
cm™) and (420,415 cm™) regions are assigned to the (M—O),y
and (M—N), i, stretching vibration of the carboxylate and amino
groups of (3) and (4), respectively.’

In cobalt(ir) complexes the effective magnetic moments [l;,
expressed in multiples of the Bohr Magneton g, are calculated
as 4.8 uy and 4.9 yy are calculated for (1) and (3), respectively,
which indicate a high-spin octahedral configuration.’*3 These
complexes displaced three bands at 15.675-15.380, 17,512-18.102
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and 21,915-22.115 cm™ assigned to *T,(F) — *T,(F)(v}), ‘T ,(F)
—*As(F)(v,) and *“T,(F) —*Tx(P)(v;) transitions, respectively,
indicating the octahedral geometry. Bands at 24.565-24.665 cm™
could be attributed to charge transfer bands.’” Values of U
for nickel(1r) complexes are reported to be 3.25 and 3.31 uu
for (2) and (4), respectively indicating a high spin octahedral
configuration.’®®3% The electronic spectra give three bands at
v, = 16.085 cm™, v, = 18.215 cm™ and v; = 21.380 cm™'; these
bands are assigned to *A,, — *T,,, *Ay(F) —°T(F) and *A,,
—3T,(P) transitions, respectively. Bands at 24.520-24.667 cm™
were observed, which could be attributed to LMCT.>’

Fig. 2 shows the UV-Vis absorption spectra of the binary
and ternary complexes (2.5 x 10 M) in ethanol-water mixture.
Three absorption peaks at 212, 276 and 324 nm are observed
in HL,; with molar absorbance in range of (1.43-3.87)x10° L
mol™ cm™; this may be due to n—n* and n-n* transition within
the ligand.® A relatively low bathochromic shift is observed in
the binary complexes (AA was in the range of 1-3 nm) and
their molar absorbance was in the range of (1.102-3.918)x10° L
mol™ c¢cm™. The coordination of the metal ions through the
ketonic and carboxylic oxygen atoms in the conjugated system of
enrofloxacin can be the reason for this red shift of the maximum
absorption peaks. In ternary complexes all the absorption peaks
are hypsochromic shifted in the range of (2-4 nm) decreasing
intensity. Their molar absorbance was in the range of (1.88-
6.54)x10° L mol™ cm™. This hypsochromic shift can be interpreted
as indication of a complex formation.

The complexes were studied by simultaneous thermogravimetric
(TG) and differential thermal analysis (DTA).
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Fig. 2 UV-Vis absorption spectra (2.5 x 10* M) of the title ligand and
complexes.

Thermal decomposition of (1) is carried out in three successive
decomposition steps within 50-650 °C. Hydrated water molecules
are observed in the first step between 50-220 °C with estimated
mass loss of 5.86% (calcd. 6.00%). This step is accompanied by
two endothermic peaks at 54 and 166 °C. The second step within
the range 221-429 °C can be assigned to the release of carbon
monoxide with evolution of Cl, along with decomposition of HL,
and loss of [C;H4] + [C,H,N] with an estimated mass loss of
23.34% (calcd. 23.44%) (Fig. 3a). DTA shows one exothermic
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Fig. 3 Thermogravimetric analysis (TG/DTA) of (1)-(4) complexes.

1826 | Dalton Trans., 2012,41, 1824-1831

This journal is © The Royal Society of Chemistry 2012


http://dx.doi.org/10.1039/c1dt11928a

Published on 13 December 2011. Downloaded by University of Prince Edward Island on 31/10/2014 05:18:33.

View Article Online

signal at 301 °C. A third mass loss step 62.40% occurs in the range
of 430-650 °C, due to the decomposition of the rest of organic
ligand as C;; Hy, F,N;505 (caled. 62.22%) leaving CoO as a residue
8.40% (calcd. 8.34%). One strong exothermic peak is observed.
(Fig. 3a)

The TG of (2) showed that the decomposition occurred in
three steps within the temperature range 40-650 °C (Fig. 3b).
The first step in the range 40-129 °C can be assigned to the
liberation of 0.5Cl, molecules accompanied with an endothermic
effect at 60 °C with an estimated loss of 3.42% (calcd. 4.03%). The
second decomposition step at 130-275 °C corresponds to loss of
coordinated water, liberation of HCI and loss of carbon monoxide
molecules and decomposition of the ligand as 2[C4H,,N,H,] with
a mass loss of 49.68% (calcd. 49.52%). This step is connected with
strong endothermic effect at 237 °C. The last step is accompanied
with decomposition of the remaining ligand as [C,, H;,N,F,] in the
range of 276-650 °C, with found loss of 38.95% (calcd. 37.88%)
and formation of NiO as a final residue 7.95% (calcd. 8.57%).
DTA represented an exothermic signal at 506 °C.

Cobalt ternary complex (3) thermally decomposed in three
decomposition steps (Fig. 3c). The first step in the range 40—
180 °C can be assigned to liberation of coordinated water
with endothermic effect at 60 °C, estimated mass loss 9.66%
(calcd. 9.60%). The second mass loss step in the range 181-
375 °C is accounted for the decomposition of both ligands
molecules as liberation of 0.5N, and carbon monoxide and loss of
[C¢H oN,H,] with an estimated percent of 26.05 (calcd. 26.30%),
this decomposition followed by endothermic signal at 296 °C. The
last step occurred with the range of 375-660 °C due to loss of
the remaining ligands as C;sH,;sNO;F with loss of 49.45% (calcd.
49.37%), this loss is accompanied with two successive exothermic
effects at 475 and 568 °C. Cobalt oxide is remained as a residue
14.84% (calcd. 14.73%)).

In case of nickel ternary complex (4), liberation of 2HCI
might be occurred in the first step connected with endothermic
process at 80 °C within the temperature range 40-154 °C with
mass loss of 12.59% (calcd. 11.94%) (Fig. 3d). The coordinated
water is eliminated in the second step accompanied with loss
of carbon monoxide and [C,H,(N,H,] between 155-383 °C with
an estimated loss of 32.88% (calcd. 33.36%). DTA represented
two exothermic signals at 312, 356 °C. In the last step the
decomposition of the remaining ligands took place in the range
of 384-650 °C as C,,H;N,O,F, 41.50% (calcd. 42.52%) leaving
NiO as a residue 13.03% (caled. 12.18%). DTA shows strong
exothermic signal at 520 °C (Fig. 3d). The decomposition of
the complexes is discussed successfully according to the recent
reported decomposition route.*

The proposed structures of the binary Co(1r) (1), Ni(1) (2)
and ternary Co(11) (3), Ni(m) (4) complexes with enrofloxacin
(HL,) and pL-alanine (H,L,) complexes are confirmed by the
elementary analysis, vibrational spectroscopy, molar conductivity,
magnetic properties, UV-Vis, and simultaneous TG-DTA analysis.
IR spectra revealed that HL, drug behaves as a deprotonated
bidentate ligand coordinated to the metal ions via pyridone oxygen
and carboxylate oxygen. DL-alanine is a uninegative bidentate
ligand coordinated to the metal ions via the deprotonated
carboxylate-O and amino-N. According to the molar conductivity
data, it is found that the complexes are non-electrolytes while Ni
complexes are of the type 2 : 1 electrolyte. On the basis of the above

observations and from the magnetic measurements, the proposed
structure of prepared complexes is six-coordinated with distorted
octahedral geometry (Fig. 4).
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Fig. 4 The structures of the complexes (1)—(4).

Studies of antibacterial and antifungal properties

In evaluating the antimicrobial activity of the mentioned com-
plexes, more than one test organism have been used in order to
increase the chance of identify and observe the biological efficiency
of the tested materials. The studies were carried out on the bacteria
Staphylococcus aureus (G*), Escherichia coli (G7) and the fungi
Aspergillus flavus and Candida albicans using the assay plates disc
method on appropriate nutrient medium.

The results are included in Fig. 5, the inhibition zone diameters
were measured after 48 h at 37 °C of incubation all the mentioned
complexes. On comparing the biological activity of enrofloxacin
and its metal complexes with the standard (zetracycline, antibac-
terial) and (Amphotericin B, antifungal), the following results are
obtained: The results revealed that HL, drug exhibited a greater
antibacterial effect than the standard tetracycline on the tested
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Fig. 5 Biological activity of the tested samples against S. aureus (G*), E.
coli (G"), A. flavus, C. albicans.
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Table 1 Induction period (7) (min) of (1)-(4) complexes as thermal
stabilizers for rigid PVC compared to PVC and some reference stabilizers

Material T, (min)
PVC Blank 2
Dibasic lead carbonate (DBLC) 9
Ca—Zn Soap 8

(1) 20

2) 18

3) 25

4) 22

Table 2 Induction period (7)) (min) of the sparfloxacin binary and Ni
ternary complexes as thermal stabilizers for rigid PVC, compared to PVC
and some reference stabilizers

Material T, (min)
PVC Blank 2
Dibasic lead carbonate (DBLC) 9
Ca—Zn soap 8
N-sparfloxacin 18
Cu-sparfloxacin 11
Ni-sparfloxacin (ternary) 25

microorganisms. (Fig. 5), the prepared complexes represented
higher capability in inhibiting the growth of bacterial than the
tested drug and the standard tetracycline. By examining the
antifungal activity of the complexes, some activity is recorded.
Although the drug itself does not represent any activity Ni(I1)
ternary complex displayed higher antifungal activity comparing
with the other complexes under study.

Metal complexes as thermal stabilizer for rigid PVC

Results of the thermal stability of rigid PVC degraded in air at
180 °C in presence of binary and ternary complexes (by using
Congo-red dye paper method) are shown in Table 1. The results
for the non-stabilized blank as well as those for samples stabilized
by DBLC and Ca—Zn soap, used as reference stabilizers are also
given for comparison. The results revealed that the investigated
stabilizers exhibited a greater stabilizing efficiency than the two
used commercial stabilizers, as it is shown by their larger thermal
stability values (7,), The thermal stability values for the binary
complexes are almost two times larger than the values obtained
for the reference stabilizers and the thermal stability values for the
ternary complexes are almost about three times larger than the
values obtained for the reference stabilizers.

In each case, the cobalt complex gave a better 7, value than
that of the nickel complex. These results enhanced us to examine
the thermal stability of another drug like sparfloxacin of the same
family (Fig. 6) and some of its binary and Ni(11) ternary complexes
using the same procedure condition. The preparation of binary
and ternary sparfloxacin complexes is published elsewhere.*

NH, o}

Fig. 6 The structure of sparfloxacin.

By comparing the thermal stability of rigid PVC in presence of
sparfloxacin complexes, we found a higher stabilizing efficiency by
recording higher T, value than the other commercial stabilizers.
(Table 2).

Ni(11)-sparfloxacin complex is almost two times larger than the
values obtained for the reference stabilizers, while the thermal
stability values for Ni(i)-ternary complex are about three times
larger than the values obtained for the reference stabilizers, this
might be due to the presence of more -NH, and ~CHj; groups in the
ternary complexes, which can trap more chloride atoms to form
chloride salts which accelerate further degradation. We observed
the minimum recorded 7'y value in case of Cu(i)-sparfloxacin
complex, as the CuCl, by product can itself act as lewis acid and
accelerate further degradation of PVC.

The elemental analysis of the degradative sample of PVC in
presence of the investigated stabilizers (3) and (4) showed (N =
11.4%), (F = 3.0%) and (Co = 8.5%) or (Ni = 9%, respectively
at 35 mins. degradation. This implies that these stabilizers are
chemically bonded to the degraded polymeric chains during the
stabilization process.

Another experimental proof for the high stabilizing efficiency
of the investigated stabilizers, as compared with the reference
stabilizers, is shown from the lower rate of discoloration of sample
stabilized with the two of the investigated stabilizers — as an
example of both binary complex (Co—EFA) and ternary complex
(Ni-EFA) at different intervals of degradation time relative to
the blank sample and samples stabilized with either of the two
reference stabilizers (Table 3).

These results revealed the improvement of the discoloration
of the degraded PVC samples in presence of the investigated
stabilizers as they retard the high discoloration rate of PVC arising
from a high number of conjugated -C—C- bonds, which resulting
from the dehydro-chlorination process of PVC.

It is well known that during the autocatalytic stage of thermal
degradation process of PVC, occurrence of free radicals took
place*! so we had to use a stabilizer which is radical trapper like the
investigated stabilizers which have multifunctional groups which
can act as radical scavengers for the radicals resulting from the
degradation process of PVC.

From the aforementioned experimental findings, we suggest
a free radical mechanism for the stabilizing efficiency of the
investigated stabilizers during the thermal degradation of PVC.
The proposed mechanism is outlined by the following equations
(Scheme 1).

Effects of mixed stabilizers on thermal stabilization efficiency in
rigid PVC

It was of interest to investigate the effect of mixing the investigated
stabilizers with those used in industry on both the stabilization
efficiency and the extent of discoloration. For this purpose, the
metal complexes were examined as co-stabilizers with the two

1828 | Dalton Trans., 2012, 41, 1824-1831
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Table 3 Extent of discoloration of thermally degraded rigid PVC at 180 °C, in air, in presence of 2 wt.% of the investigated stabilizers as a function of

degradation time

Type of Colour Colour Colour Colour Colour
stabilizer at 0 min at 15 min at 25 min at 35 min at 45 min
Blank PVC White Light brown Dark brown Black Black
DBLC White Light brown Brown Dark brown Dark brown
Ca—Zn soap White Orange Light brown Dark brown Dark brown
Co-EFA White White White Yellow Yellow
Ni-EFA White White White Yellow Yellow
9y 180°C, in air . degradation. These results are in accordance with many data
R CHZ’ClH—ﬁ7C Heat a presented in the literature for cases where conventional stabilizers
cl o are mixed with organic stabilizers.*¢
PVC wan—CHy—g—=CH—
. . Conclusions

Cl + Stabilizer — 3 HCI + Stabilizer

Stabilizer + PVC —— Stabilizer-PVC

Scheme 1 General free radical mechanism of the investigated stabilizers
during the thermal stabilization of PVC.

used commercial stabilizers. Mixing was done in the range of
0-100% of the investigated stabilizers relative to each of the
reference stabilizers. The total mixed-stabilizers concentration
was kept constant at 2 wt.% based on the polymer weight. The
results reveal a true synergism resulting from the combination
of the organic stabilizer with each of the reference stabilizers,
irrespective to the class of which the reference stabilizer belongs to.
Maximum synergism was attained at the ration 50% : 50% of both
the investigated stabilizers with each of the reference stabilizers
(Table 4).

Thus, it seems that the different mechanisms by which both
the investigated and the reference stabilizers work are beyond
the obtained synergistic effect. DBLC reference stabilizer works
by absorption and neutralization mechanism of HCl evolved by
PVC, while Ca—Zn soap reference stabilizer works by displacement
mechanism of active or labile substituent groups; such as the
chlorine atom attached to a tertiary carbon or in o-position to
a tertiary carbon, or allylic chlorine. The investigated stabilizers
work by a different mechanism; they block the odd electron sites
created on the PVC chain, thus disrupting the radical chain

Rationally, designing novel compounds for a desired application
is pragmatically very difficult, because it is quite a challenge
to predict the chemical properties of the compounds based on
their structures. PVC presents an exciting opportunity to create
new organic/inorganic hybrid compounds that exhibit highly
functional chemistries. For this purpose we report the synthesis
and characterization of Co(i) and Ni(i1) binary and ternary
complexes with enrofloxacin HL,; and pDL-alanine (H,L,).

Antimicrobial and antifungal activities were evaluated; it has
been observed that the metal complexes exhibited a higher
antimicrobial and antifungal activity comparing with the ligand
and the standard references. Demonstrating the value of the
prepared complexes for their antimicrobial and antifungal activity
is of beneficial interest in many biomedical applications.

The reported complexes were examined as both stabilizers and
co-stabilizers for rigid PVC based on their greater induction period
values relative to those of the reference stabilizers and the extent of
discoloration is much improved too. Mixing the parent complexes
with the two used reference stabilizers in different proportions
greatly improves the induction period and also improves the
extent of discoloration. The maximum synergism was obtained
in the weight ratio (50%:50%) of the stabilizer and any of the
reference stabilizer. Our study show how novel complexes are
being explored to improve the thermal stability of PVC which
might increase its potential technical applications, moreover the
prepared complexes can be utilized as biomedical additives for

Table 4 Induction period (7) of mixed investigated compounds with reference stabilizers

0%:100% 25%:75% 50%:50% 75%:25% 100%:0%

Type of stabilizer Ni-EFA:DBLC Ni-EFA:DBLC Ni-EFA:DBLC Ni-EFA:DBLC Ni-EFA:DBLC

(4) (Ni-EFA) 9 36 49 40 22

Type of stabilizer 0%:100% 25%:75% 50%:50% 75%:25% 100%:0%
Ni-EFA:Ca-Zn Ni-EFA:Ca-Zn Ni-EFA:Ca-Zn Ni-EFA:Ca-Zn Ni-EFA:Ca-Zn
soap soap soap soap soap

(4) (Ni-EFA) 8 40 45 39 22

Type of stabilizer 0%:100% 25%:75% 50%:50% 75%:25% 100%0:0%
Co-EFA:DBLC Co-EFA:DBLC Co-EFA:DBLC Co-EFA:DBLC Co-EFA:DBLC

(3) (Co-EFA) 9 57 65 53 25

Type of stabilizer 0%:100% 25%:75% 50%:50% 75%:25% 100%0:0%
Co-EFA:Ca-Zn Co-EFA:Ca-Zn Co-EFA:Ca—Zn Co-EFA:Ca-Zn Co-EFA:Ca—Zn
soap soap soap soap soap

(3) (Co-EFA) 8 53 60 55 25
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PVC which expand its applications in biomedical and clinical
field. Exploiting these complexes by their interaction with PVC
should lead to the increased utility of the inorganic complexes
with a glance at future trends and challenges in biotechnology
and industrial field.

Experimental
General procedures and materials

All chemicals used were of the analytical reagent grade (AR) and
of highest purity available. They included enrofloxacin, DL-alanine,
sparfloxacin (Sigma), CoCl,-6H,0 and NiCl,-6H,0 (BDH), were
used. Absolute ethyl alcohol, diethyl ether (Adwic), Yeast extract
and agar (Sigma) were also used. De-ionized water collected from
all glass equipment was used in all preparations. The commercial
PVC (suspension) used in this study was additive free, with a
K-value 70 (Hiils) dibasic lead carbonate (DBLC) (Rolite lead)
(National Lead, West Germany), Ca-Zn soap (Lagor-S.P.A.,
Italy).

FTIR spectra were obtained from dispersions in KBr using
a Perkin-Elmer FT-IR type 1650 spectrophotometer. The spectra
were collected in the range from 200 to 4000 cm™ with a resolution
of 2 cm™. UV-Vis spectrophotometric measurements were carried
out using automated spectrophotometer UV-Vis Thermo Fischer
Scientific Model Evolution 60 ranged from 200 to 900 nm. Molar
conductivity was measured on a ELICO(CM82T) conductivity
bridge. The molar magnetic susceptibility was measured on
powdered samples using the Faraday method. The diamagnetic
corrections were made by Pascal’s constant and Hg[Co(SCN),]
was used as a calibrant. The solid reflectance spectra were
performed on a Shimadzu 3101pc spectrophotometer. Thermal
analyses of the complexes were carried out using a Shimadzu
TGA-50H and DTA-50H thermogravimetric analyzer in a dy-
namic nitrogen atmosphere (flow rate 20 ml min™) with a heating
rate of 10 °C min™'. The percentage weight loss was measured from
ambient temperature to 1000 °C, highly sintered a-Al,O; was used
as reference.

Antimicrobial activity

Antimicrobial activity of the tested samples was determined using
a modified Kirby-Bauer disc diffusion method.** 100 ul of the
test bacteria/fungi were grown in 10 ml of fresh media until they
reached a count of approximately 108 cells ml™' for bacteria or 105
cells ml™ for fungi.* 100 ul of microbial suspension was spread
onto agar plates. Plates inoculated with filamentous fungi as
Aspergillus flavus, Candida albicans at 25 °C for 48 h; Gram-positive
bacteria as Staphylococcus aureus and Gram-negative bacteria as
Escherichia coli; were incubated at 35-37 °C for 24-48 h and
yeast as Candida albicans incubated at 30 °C for 24-48 h and the
diameters of the inhibition zones were measured in millimetres.*
Standard discs of tetracycline (antibacterial agent), Amphotericin
B (antifungal agent) served as positive controls, while filter discs
impregnated with 10 pl of solvent (distilled water, chloroform,
DMSO) were used as a negative control.

Synthesis of (1)—(4)

The reported complexes were prepared according to the following
procedure by addition of a hot water-ethanolic solution (60 °C)

of the metal chlorides for Co(11), Ni(11) (25 ml, 0.1 mmol) to a hot
ethanolic solution of HL,; (25 ml, 0.2 mmol in case of binary or
0.1 mmol in case of ternary complexes) and DL-alanine (H,L,) (0.1
mmol). The resulting mixture was stirred under reflux for 2 h and
left to cool, whereby the complexes precipitated as fine powders.
The solid complexes were filtered, washed with ethanol, then with
diethyl ether, and dried in a vacuum desiccator over anhydrous
calcium chloride where the solid complexes were obtained as a
solid powder; several trials are in process in order to obtain suitable
crystals. The formed complexes showed similar melting points
(~260°C, 263,267 and 269 °C) for (1), (2), (3) and (4), respectively.

Preparation of PVC samples

Samples of PVC for heat degradation were prepared by thoroughly
mixing | g of PVC powder with 2 wt.% of the stabilizer (or a mixed
stabilizer) in a mortar and 0.2 g of the resulting fine powder was
used in the investigation.

Evaluation of stabilizing efficiency

Evaluation of the stabilizing efficiency of the investigated thermal
stabilizers was carried out by using Congo Red dye paper to
measure the thermal stability values (7), i.e., the time elapsed
for the detection of HCI gas evolved at 180 °C, in air.

Notes and references

1 (a) 1. Turel, Coord. Chem. Rev., 2002, 232, 27-47; (b) D. E. King, R.
Malone and S. H. Lilley, Am. Fam. Phys., 2000, 61, 2741-2748; (¢) N.
E. A. El-Gamel, L. Wortmann, K. Arroubb and S. Mathur, Chem.
Commun., 2011, 47, 10076-10078.

2 D. M. Boothe, Ver. Med., 1994, 89, 744-753.

3 (a) M. J. Souza, C. F. Bittencourt and L. M. Morsch, J. Pharm. Biomed.
Anal., 2002, 28, 1195-1199; (b) S. Ameyama, Y. Shinmura and M.
Takahata, Antimicrob. Agents Chemother., 2003, 47, 2327-2329.

4 R. Saraiva, S. Lopes, M. Ferreira, F. Novais, E. Pereira, M. J. Feio and
P. Gameiro, J. Inorg. Biochem., 2010, 104, 843-850.

5 (@) E. K. Efthimiadou, A. Karaliota and G. Psomas, Polyhedron, 2008,
27, 1729-1738; (b) E. K. Efthimiadou, N. Katsaros, A. Karaliota and
G. Psomas, Bioorg. Med. Chem. Lett., 2007, 17, 1238-1242; (c¢) E.
K. Efthimiadou, Y. Sanakis, M. Katsarou, C. P. Raptopoulou, A.
Karaliota, N. Katsaros and G. Psomas, J. Inorg. Biochem., 2006, 100,
1378-1388; (d) A. Tarushi, C. P. Raptopoulou, V. Psycharis, A. Terzis,
G. Psomas and D. P. Kessissoglou, Bioorg. Med. Chem., 2010, 18, 2678—
2685.

6 (a) L. Turel, I. Leban, G. Klintschar, N. Bukovec and S. Zalar, J. Inorg.
Biochem., 1997, 66, 77-82; (b) 1. Turel, K. Gruber, I. Leban and N.
Bukovec, J. Inorg. Biochem., 1996, 61, 197-212.

7 (a) Z-F. Chen, R-G. Xiong, J-L. Zuo, Z. Guo, X-Z. You and H-K. Fun,
J. Chem. Soc., Dalton Trans., 2000, 4013-4014; (b) J. Al- Mustafa, Acta
Chim. Slov., 2002, 49, 457-66.

8 M. Ruiz, L. Perello, J. Server-Carrio, R. Ortiz, S. Garcia-Granda, M.
R. Diaz and E. Canton, J. Inorg. Biochem., 1998, 69, 231-239.

9 N. A. Mohamed, Polym. Degrad. Stab., 1997, 56, 317-329.

10 M. W. Sabaa and R. R. Mohamed, Polym. Degrad. Stab., 2007, 92,
587-595.

11 D. Braun, “Thermal Degradation of Poly (Vinyl Chloride),” in
Developments in Polymer Degradation, Vol. 3, N. Grassie, Ed., Applied
Science Publishers, London, 101 (1981).

12 W. Manzoor, S. M. Youssef and Z. Ahmed, Polym. Degrad. Stab., 1996,
51, 295-299.

13 Z. Vymazal, L. Mastny and Z. Vymazalova, Eur. Polym. J., 1989, 25,
1069-1075.

14 W. L. Hawkins, Polymer stabilization New York: Wiley Inter-
sciencel972. p. 132.

15 P. Liu, L. Zhu, Y. Fang, H. Zhang, D. Chen, K. Xu and M. Chen,
Polym. Degrad. Stab., 2007, 92, 503-508.

1830 | Dalton Trans., 2012, 41, 1824-1831

This journal is © The Royal Society of Chemistry 2012


http://dx.doi.org/10.1039/c1dt11928a

Published on 13 December 2011. Downloaded by University of Prince Edward Island on 31/10/2014 05:18:33.

View Article Online

16 A. Z. El-Sonbati and M. A. Diab, Acta Polym., 1988, 39, 558-560.

17 A. Z. El-Sonbati, A. El-Dissouky and M. A. Diab, Acta Polym., 1989,
40, 112-116.

18 A. M. Gad, A. El-Dissouky and W. Abdel-Alim, Polym. Degrad. Stab.,
1995, 50, 163-167.

19 M. W. Sabaa, E. H. Oraby, A. S. Abdel-Naby and R. R. Mohamed,
Polym. Degrad. Stab., 2006, 91, 242-254.

20 N. A. Mohamed and N. Y. Al-Mehbad, Polym. Degrad. Stab., 2009,
94, 540-543.

21 S. Lakshmi, S. S. Pradeep Kumar and A. Jayakrishnan, J. Biomed.
Mater. Res., 2002, 61, 26-32.

22 B.Sugarman and E. J. Young, Infect. Dis. Clin. N Am., 1989, 3, 187-199.

23 D. S. Jones, J. G. McGovern, D. A. Woolfson and S. P. Gorman,
Biomaterials, 1997, 18, 503-510.

24 Y. H. An and J. R. Friedman, J. Hosp. Infect., 1996, 33, 93-108.

25 A. G. Gristina, Science, 1987, 237, 1588-1595.

26 Y.H. Anand R.J. Friedman, J. Biomed. Mater. Res., 1998, 43, 338-348.

27 A. G. Gristina, C. D. Hobgood and L. X. Web, Biomaterials, 1987, 8,
423-426.

28 L. Huaxiang, X. Ziting, W. Xuxu, L. Jinlin, S. Wenyue, F. Xianzhi
and L. Qun, J. Biomed. Mater. Res.: Appl. BioMater., 2008, 87, 425—
431.

29 M. W.Sabaa, S. T. Rabieand R. R. Mohamed, J. Therm. Anal. Calorim.,
2011, DOI: 10.1007/s10973-011-1885-y.

30 J. A. Dean, (Ed.), Lange’s Handbook of Chemistry, 14th Edn, Table
8.35, New York, McGraw-Hill 1992.

31 E. Santi, M. H. Torre, E. Kremer, S. B. Etcheverry and E. J. Baran, Vib.
Spectrosc., 1993, 5, 285-293.

32 E. Prestch, T. Clerc, J. Seibl and W. Simon, Tublas de Determinacion
Estructural por Metodos Espectroscopicos, Springer-Verlag Iberica,
Barcelona, 1998.

33 N. Jimenez-Garrido, L. Perello, R. Ortiz, G. Alzuet, M. Gonzalez-
Alvarez, E. Canton, M. Liu-Gonzalez, S. Garcia-Granda and M. Perez-
Priede, J. Inorg. Biochem., 2005, 99, 677-689.

34 (a) J. Costamagna, F. Carruso, M. Rossi, M. Campos, J. Canales and J.
Ramirez, J. Coord. Chem., 2001, 54, 247-259; (b) G. G. Mohamed and
N. E. A. El-Gamel, Spectrochim. Acta, Part A, 2004, 60, 3141-3151;
(¢) G. G. Mohamed and N. E. A. El-Gamel, Vib. Spectrosc., 2004, 36,
97-104; (d) M. A. Zayed, F. A. Nour El-Dien, G. G. Mohamed and N.
E. A. El-Gamel, Spectrochim. Acta, Part A, 2006, 64, 216-232.

35 (a) R. Wysokin’ski, B. Morzyk-Ociepa, T. Glowiak and D. Michalska, J.
Mol. Struct.,2002,606,241-251; (b) N. E. A. El-Gamel and D. Gerlach,
J. Coord. Chem., 2008, 61, 2246-2265; (¢) E. J. Baran, R. C. Mercader,
F. Hueso-Urefia, M. N. Moreno- Carretero, M. Quiros-Olozabal and
J. M. Salas-Peregrin, Polyhedron, 1996, 15, 1717-1721; (d) S. Lencioni,
A. Pellerito, T. Fiore, A. M. Giuliani, L. Pellerito, M. T. Cambria and
C. Mansueto, Appl. Organomet. Chem., 1999, 13, 145-157.

36 J. Manonmani, R. Thirumuruhan, M. Kandaswamy, V. Narayanan, S.
Shanmuga, S. Raj, M. N. Ponnus Wamy, G. Shanmugan and H. K.
Fun, Polyhedron, 2001, 20, 3039-3048.

37 F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bochmann, Advanced
Inorganic Chemistry, 6th edn Wiley, New York, 1999.

38 C.-H. Song, H. W. -Ryu, J. K. Park and T.-S. Ko, Bull. Kor. Chem. Soc.,
1999, 20, 727-730.

39 N. E. A. El-Gamel, M. F. Hawash and M. A. Fahmey, J. Therm. Anal.
Calorim., 2011, DOI: 10.1007/s10973-011-1584-8.

40 N. E. A. El-Gamel and M. A. Zayed, Spectrochim. Acta, Part A, 2011,
82, 414-423.

41 W. H. Starnes and Jr X. Ge, Macromolecules, 2004, 37, 352-359.

42 H. 1. Gokgel, D. Balkdse and U. Koktirk, Eur. Polym. J., 1999, 35,
1501-1508.

43 M. W. Sabaa, R. R. Mohamed and E. H. Oraby, Eur. Polym. J., 2009,
45, 3072-3080.

44 R. R. Mohamed, J. Vinyl Addit. Technol., 2008, 14, 184-190.

45 M. W. Sabaa, R. R. Mohamed and A. A. Yassin, Polym. Degrad. Stab.,
2003, 81, 37-45.

46 A. A. Yassin, M. W. Sabaa and A. S. Abdel-Naby, Polym. Degrad.
Stab., 1991, 31, 189-202.

47 A. W. Bauer, W. M. Kirby, C. Sherris and M. Turck, Antibiotic
susceptibility testing by a standardized single disk method, Am. J. Clin.
Pathol., 1966, 45, 493-496.

48 National Committee for Clinical Laboratory Standards. (2002). Refer-
ence Method for Broth Dilution Antifungal Susceptibility Testing of
Conidium-Forming Filamentous Fungi: Proposed Standard M38-A.
NCCLS, Wayne, PA, USA.

49 M. V. N. de Souza, Mini-Rev. Med. Chem., 2005, 5, 1009-1017.

50 M. A. Pfaller, L. Burmeister, M. A. Bartlett and M. G. Rinaldi, J. Clin.
Microbiol., 1988, 26, 1437-1441.

51 ASTMD 4202-92. Test Method of Thermal Stability of Poly(Vinyl
Chloride) (PVC) Resin (Withdrawn 1998).

This journal is © The Royal Society of Chemistry 2012

Dalton Trans., 2012, 41, 1824-1831 | 1831


http://dx.doi.org/10.1039/c1dt11928a

