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Two novel ligand—metal complexes were prepared through the reaction of Zn(ll) and Sn(ll) with moxifloxacin
(MOX) in the presence of glycine (Gly) to investigate their biological activities. IR, UV/VIS and 'H-NMR analysis
have been carried out for insuring the chelation process. Results suggested that MOX and Gly react with the
metal ions through the carbonyl oxygen atom and the oxygen atom of the carboxylic group of MOX and Gly.
The antimicrobial activity was carried out against some common bacterial and fungal pathogens and the radical
scavenging activity (RSA%) was evaluated using DPPH and ABTS methods. Phytotoxic effect of the prepared
complexes was evaluated in vitro against Raphanus raphanistrum and Lepidium sativum. Hemolytic activity was
tested against cell membrane of erythrocytes. Results showed that the two prepared complexes exhibited high
antimicrobial activity against all tested phytopathogens and no significant phytotoxic effect has been observed.
Only MOX—Zn(ll) complex showed moderate hemolysis at 100% concentration.
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Introduction

Great attention has recently been devoted to the
synthesis of fluoroquinolone derivatives and their
activity against various pathogenic microorganisms.
The bactericidal activity of the fluoroquinolones is due
to the inhibition of DNA gyrase and topoisomerase |V
that are essential for the bacterial DNA multiplication,
transcription, repair and recombination.!

Moxifloxacin (MOX; Figure 1A) with trade names
Avelox, Avalox and Avelon, is one of the fourth
generation fluoroquinolone antibiotics commonly
used for the treatment of community and hospital-
acquired infections and has a very good safety and
tolerability profile.). MOX possesses a greater anti-
bacterial activity than other fluoroquinolone agents
such as levofloxacin and ciprofloxacin especially
against  Gram-positive  bacteria (G+ve) and
anaerobes.2=> MOX is active against all common
community-acquired respiratory pathogens especially
against Streptococcus pneumoniae, the typical respira-
tory pathogen.>® On the other hand, the potency of
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Figure 1. Structures of A) 1-cyclopropyl-6-fluoro-8-methoxy-7-
[(4aS,7aS)-octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-1,4-di-
hydroquinoline-3-carboxylic acid (MOX) and B) glycine (Gly).

MOX against members of Enterobacteriaceae family is
about half of ciprofloxacin.”# The in vitro activity of
MOX against Escherichia coli (including highly resistant
mutants) and Staphylococcus aureus (including resist-
ant strains to ciprofloxacin) is better than other
available quinolones such as ofloxacin, levofloxacin,
sparfloxacin and trovafloxacin.!*®!

Many research described that MOX utilized 4-
carbonyl and carboxyl oxygen atoms as donor atoms
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Table 1. Elemental analysis and physico-analytical data for moxifloxacin (MOX), glycine (Gly) and its metal complexes®®

Compounds M, and M.F. Yield [%] Mp. [°C] Color Found (calc.) [%] Uetf [B- M.J A S [cm? mol™]

C H N M al
MOX 401.43 (Cy;HpuN3OF) - 240 VYellowish white 6283 593 1042 - - -
(62.78) (5.98) (10.46) 0
Gly 75.07 (C,HsNO,) - 233 White 3195 662 1860 - - - 50.77
(31.97) (6.66) (18.64)
(1) 666.49 (ZnC,3H3gN,0;,FCI) 91 >300 Fluorescent 4130 565 800 958 530 - 86.58
(41.44) (5.70) (8.04) (9.75) (5.33)
(2) 681.71 (SNCy3H34N,00FCl) 97 >300 Fluorescent 4045 492 815 1693 515 - 75.34

(40.52) (4.99) (8.22) (17.03) (5.20)

@ M,: molecular weight; M.F.: molecular formula; M.p.: melting point; calc.: calculated values; p: effective magnetic moment; S:

siemens (Ohm™").

in the reaction with some metal ions.”~"3 Several
in vitro antimicrobial assays showed that the
metal-ligand complexes have higher efficacy than the
parent ligands.'""14- 18!

A number of studies have concluded the interest of
metal complexes and their applications in medicinal
and pharmaceutical fields.?'*' |n addition, under-
standing the structure and function of the interactions
with metals could avoid the side effects and increase
the drug applicability.?%

A variety of metal complexes of fluoroquinolones
have been prepared and their physicochemical proper-
ties, biological and antitumor activities have been
studied in comparison with free fluoroquino-
lones.'?’=2%! The biological activity of the mixed ligand
complexes could be explained in many cases where
enzymes are activated by metal ions.2122252 |n the
literature, glycine (Gly; Figure 1B) has coordinated the
carboxylate oxygen atom and the amino nitrogen
atom in several metal-ligand complexes as a biden-
tate ligand.[2"2>-27]

The aims of this research were to study the effect
of changing atomic volume, and atomic mass of Zn(ll)
and Sn(ll) metal ions with CI~ as counter ion on the
biological activities of MOX in the presence of Gly and
to examine the mode of coordination and the bio-
logical properties of the resultant complexes.

Results and Discussion

The two complexes of MOX with Zn(ll) and Sn(ll) have
been prepared and characterized using elemental
analysis, IR, UV/VIS and 'H-NMR spectra. The analytical
and physical data summarized in Table 1 indicate that
the complexes are solids air stable at room temper-
ature and contain water molecules with the molar

ratio M/MOX/Gly is 1:1:1. Molar conductance of MOX
and their metal complexes, measured using 1Xx
103 mol~" solutions at room temperature, was found
to be in the range from 0 to 130.11 Scm? mol™". The
data indicated that the complexes are electrolytes and
the chloride ions were found as counter ions. In order
to verify that the chloride is ionic in the prepared
complexes, their solutions were tested with aqueous
solutions of AgNO; where a white precipitate was
formed. The chloride content in the complexes was
determined by using two methods, i.e, Mohr's
method and Volhard’s Method.

IR spectra of the MOX ligand and the new
complexes were used to define the structure of the
prepared metal complexes and to confirm the pres-
ence of water in their composition. The IR spectra of
Zn(ll) and Sn(ll) complexes and free MOX, Gly were
obtained as KBr discs (Figure 2). The observed frequen-
cies in the IR spectra of free ligands (MOX and Gly)
and its complexes, their relative intensities and assign-
ments are given in Table 2. The IR spectra of the
prepared complexes were very similar due to the same
atoms of MOX and Gly involved in the bonding to the
metal. The metal ions are coordinated to a deproto-
nated carboxylate oxygen atom and pyridone oxygen
atom of MOX and glycine through the carboxylate
oxygen atom and the amino nitrogen atom. Metal ions
react with MOX and Gly forming complexes of
monomeric structure, in which the metal ions are six
coordinate and complete the coordination number
with two water molecules (Figure 3). The presence of
the broad bands in 3560-3326 cm™' range of 1¥(O—H)
vibration in the IR spectra of the metal MOX com-
plexes indicates the presence of water molecules in
the prepared complexes. The vibration of the carbox-
ylic stretch ¥(C=0) was found at 1709 cm™' as a very
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Figure 2. IR spectra of A) moxifloxacin (MOX), B) glycine (Gly),
C) MOX=Sn(ll) and D) MOX—Zn(ll).
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Figure 3. The coordination mode of Zn(ll) and Sn(ll) with mixed
ligands. M=Zn(ll) and Sn(ll). n=1 for Zn(ll) and Sn(ll). m=3 for
Zn(ll) and 1 for Sn(ll).
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strong bond for MOX and at 1703 cm™' for Gly and
the pyridone stretch ¥(C=0) at 1620 cm~'.[28-33!

Two characteristic bands are present around 1621
and 1371 cm™' with different intensities assigned to
v(COO™) asymmetric and symmetric stretching vibra-
tions, respectively. The difference Av=v,(CO0™)-v,
(COO™) values for complexes fall around 264 cm™'
indicating a monodentate coordination mode of the
carboxylate group.?'=*®*" These changes in the IR
spectra suggest that MOX and Gly are bound to metal
ions via the carboxylate oxygen atom. Whereas v(C=0)
of the pyridone stretch is shifted from 1620 cm™' to
around 1514 cm™', being a good indication that this
group is coordinated to the metal ions (Table 2). As
regards, chelation through amino acids, the IR spectra
exhibit significant features in the vNH, and »COO™
regions. It is worthwhile to mention here that free
amino acids exist as zwitterions and the IR spectra of
these cannot be compared entirely with those of metal
complexes, as amino acids in metal complexes do not
exist as zwitterions. Free amino acids with NH;™"
function in particular show vNH;™ at 3170cm™". In
the complexes, NH; " is deprotonated and binds to
metal through the neutral NH, group. The trans-
formation of NH;* to NH, must result in an upward
shift in ¥NH, of free amino acids.34-3"]

The spectra of the prepared solid complexes show
a group of new bands with different intensities, being
characteristic for v(M—0) and v(M—N). The »(M—0) and
v(M—N) bands were observed at 665, 590 and
538 cm™' for Sn(ll), whereas at 661, 618 and 591 cm™'
for Zn(ll). This indicates coordination of MOX and Gly
through the pyridone, the carboxylate oxygen atom of
MOX, Gly and the amino nitrogen atom of Gly.

UV/VIS Spectroscopy Analysis

The chelation process can be explained using visible
and UV spectroscopy which is considered as a simple
and powerful tool. In a typical metal chelate, the
observed spectrum, in general, consists of a series of
crystal field bands, which are in the visible region and
depend largely on the donor atom of the ligand on
the metal ion.3383% The electronic absorption spectra
of MOX along with their metal complexes are shown
in Figure 4 and the data are listed in Table 3. The free
MOX showed bands at 326 and 406 nm which
attributed to m—m* and n—x* transitions, respectively.
The shift of the absorption bands to higher values and
the appearance of new bands for the complexes are
attributed to the mixed ligand complexation.
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Table 2. IR frequencies (cm™") and tentative assignments for MOX, Gly, MOX—Sn(ll) and MOX—Zn(ll)?!

MOX Gly MOX-Sn(ll) MOX—Zn(Il) Assignments
3530vs 3560vs 3441m br. 3545w v(O—H), H,0, COOH
3472s 3400br 3326w 3481br.
- 3170br. 3190w 3181br. v(N-H), NH,
2733w - 2608vw 2609w v(NH, )
2696w 2514vw 2514vw
2635w
2569w
1709vs 1703s - - v(C=0), COCH
- - 1619vs 1621vs v,5(CO07)
1620vs 1613m 1542w 1514s 1(C=0) and 0b(NH,)
1520vs 1556m
1358m 1401m 1371s 1371s v5(CO0")
1352vs
691w 640m 6655 661s v(M—=0), v(M—N)
648 ms 621m 590w 618w + and ring deformation
633w 555m 538s 591s
544s
490vs
424s

@] Keys: s=strong, w=weak, v=very, m=medium, br.=broad, v=stretching, 5b=bending.
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Figure 4. UV/VIS spectra of A) MOX, B) MOX—Sn(ll) and C) MOX—Zn(ll).
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Table 3. UV/VIS spectral data of the free ligand MOX and its
metal complexes

Assignments [nm] MOX  MOX metal complexes
Sn(ll) Zn(ll)

Tt—7t* transitions 326 339 428

n—mt* transitions 406 400 410

Ligand—metal charge transfer - 426 460

The decrease or increase of the absorption bands
and the appearance of new bands upon coordination
could be caused by: i) expected increase of the metal
ion mass upon coordination; ii) increase of the electron
density on the metal ions by ligand and iii) decrease of
the electron density on oxygen and nitrogen donor
atoms. The presence of new peaks at 460 and 426 nm
for Zn(ll) and Sn(ll) complexes attributed to complex-
ation behavior of MOX towards metal ion,®® which
may be assigned to ligand—metal charge transfer
(Table 3). Finally, the results presented here clearly
indicated that the metal ions form stable solid
complexes with the free ligands.

"H-NMR Spectra

The NMR spectra were carried out in CD;0D to insure
the structure of the prepared metal complexes. The
obtained spectra displayed distinct signals with appro-
priate multiplets as shown in Figure 5. The "H-NMR
spectra of MOX and Gly showed that the Gly shows a
peak at 6(H) 11.00 ppm due to the carboxylic proton.
The absence of the carboxylic proton (COOH) in the
spectra of complexes suggests the coordination of Gly
through its carboxylate oxygen atoms. "H-NMR spectra
of MOX showed signals at 6(H) 0.91 (t, J=3.63,
H—C(1,2), 4 H); 0.02 (t, J=7.99, H—C(3), 4 H), 0.07 (t, J=
2.79, H—C(10,11), 4 H), 0.02 (t, J/=7.99, H—C(12), 1 H),
0.07 (t, J=2.79, H—C(13), 2 H), 0.09 (t, J=3.59, H—C(9),
2 H), and 3.26 (d, J=13.03, H—C(6), 2 H), corresponding
to CH, of cyclopropane ring, terminal bicyclic group
and piperazine protons (NH), and the singlet at 6(H)
3.89 ppm for methoxy group, and the triplet at 6(H)
0.86 (t, J=3.43, H—C(1'-8'), 8 H) for aromatic CH
groups. The peak at d(H) 15.12 ppm in the spectrum of
MOX can be assigned to the proton of carboxylic
(COOH). The resonance of the carboxylic proton
(COOH) was not detected in the spectra of the two
complexes, which implied the coordination of MOX
through its carboxylate oxygen atoms.29314041 The
"H-NMR spectra of complexes exhibit also new peaks
in the range of 4.10-4.91 ppm, due to the presence of
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Figure 5. '"H-NMR spectra of A) MOX, B) MOX-Sn(ll) and C)
MOX—Zn(ll).

water molecules in the complexes. On comparing the
main peaks of MOX and Gly with its complexes, it is
observed that all the peaks of the free ligands are
present in the spectra of the complexes with chemical
shift upon binding of MOX and Gly to the metal ion.

Antimicrobial Activities

The results of the antibacterial test showed that the
tested ligand and its metal complexes were able to
inhibit the growth of all studied bacterial strains in a
dose-dependent manner (Figure 6). All prepared
MOX—metal complexes showed the highest significant
activity against E. coli at 10000 ugml~' compared to
the two tested antibiotics used as controls followed by
the parent ligand at 10000 ugml~' and MOX-Zn(ll) at
1000 pgml~', whereas MOX at 1000 pgml~' and
MOX-Sn(ll) at 1000 pgml~' showed moderate anti-
bacterial activity against the above bacteria. Finally,
free MOX ligand at 100 ug ml~" and MOX-Sn(ll) at
100 ugml~" showed the lowest significant activity
against E. coli. On the other hand, free MOX ligand and
all its metal complexes were able to significantly
inhibit the growth of C. michiganensis at all tested
concentrations compared to the two tested antibiotics.
In the case of X. campestris, the MOX—Zn(ll) complex at
10000 ugml~' showed the highest significant activity,
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Figure 6. Antimicrobial activity of moxifloxacin and its metal complexes. MOX: Moxifloxacin, Zn(ll).M: Zinc.Mox complex; Sn(ll).M:
Tin.Mox complex; Strept.: Streptomycin 50 pg/ml; Cephal.: Cephaloxacin 30 ug/ml; Azoxy.: Azoxystrobin 1 ul/ml; Cyclo.: Cyclo-
heximide 0.1 ul/ml. Values are recorded as the mean of growth inhibition percentage from three replicates =SD. *: Statistically
significant at P < 0.05. **: Statistically significant at P < 0.01.
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whereas MOX at 100 ugml~' and MOX-Sn(ll) at
100 ugml~' showed the lowest significant activity
against X. campestris (Figure 6).

The possible fungicidal activity of MOX and its
metal complexes was determined against three serious
phytopathogens (S. sclerotiorum, A. flavus and P.
expansum). In particular, results of in vitro antifungal
activity against S. sclerotiorum and A. flavus explicated
that Azoxystrobin has the highest significant activity
followed by MOX—Zn(ll) and MOX—Sn(ll) complexes at
the highest concentration (Figure 6). The results of
antifungal activity against P. expansum showed that
uncomplexed MOX ligand at 1000 pgml~" and the
two synthetic fungicides have the highest significant
activity compared to all other treatments (Figure 6).

Mode of Action

The enhancement of antimicrobial activity of some
metal-ligand complexes is based on the structures of
ligand themselves. In addition, the chelation process
between the ligands and the metals may reduce the
polarity of the metal ion by sharing its positive charge
with the donor groups and possibly the m-electron
delocalization  within the whole chelate ring
system.3%42 On the other hand, MOX differs structur-
ally from other fluoroquinolones in the methoxy
function at the C(8) position and an (S,5)-configured
diazabicyclononyl ring moiety at the C(7) position.*’!
Mitscher et al."** reported that the cyclopropyl group
at the N(1) position and the fluorine group at the C(6)
position of MOX ligand can effectively enhance its
antimicrobial activity. Due to the possible mechanism
of chelation process discussed above, the permeability
of microbial cells might be increased due to the high
lipophilic nature of the metal complexes. The pene-
tration of those new complexes may be increased into
the lipid layer of the cell membrane of microorgan-
isms, which in turn leads to the microbial growth
inhibition and probably the complete cell death.*!-%!

Antioxidant Activity

Results showed that the RSA% values of MOX—Sn(ll)
complex by using DPPH and ABTS assays were 95.00
and 90.68 %, respectively, compared to all other treat-
ments. In any case, ABTS was considered as the most
sensitive method, since it is characterized by higher
repeatability, detectability and sensibility than DPPH
assay, which was affected by several aspects, such as
the type of solvents (methanol, ethanol, etc.), concen-
tration of working solutions, ratio between volumes of
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sample/reagent, duration of reaction, wavelength of
measuring absorbance and standard solutions.*®! The
two utilized assays did not show any significant
differences regarding the RSA% value of the two
tested metal complexes.

The highest antiradical activity of MOX-Sn(ll)
complex may be correlated to its hydrogen donating
ability as discussed by Corona-Bustamante et al.*” and
Sakr et al.®® It is of interest to refer to the possible
relation between the high antioxidant activity of
MOX-Sn(ll) complex and its low antimicrobial activity
where the oxygenated compounds, in general, can
attribute to the destroying of the microbial cell wall
composition and thus increase the permeability of
cytoplasm fluid.***°! Few studies showed that there is
a sort of correlation between antioxidant and anti-
microbial capacities of different substances. The
obtained results of the current research were able to
clarify this correlation, where the high oxidative
compounds have the ability to interrupt the microbial
cell membrane by reducing the free radicals from its
surface and hence to increase the cell permeability
which in turn inhibit the cell growth.*®

Phytotoxicity Assay

The phytotoxic effect of MOX ligand and the prepared
metal complexes was performed against R. raphanis-
trum and L. sativum and the results are listed in
Table 4. All tested concentrations of prepared com-
plexes and the free ligand affected SG and RE of the
above mentioned tested plants in a different manner.
In particular, the highest dose of MOX-Sn(ll)
(1412 mg/ml) and MOX—Zn(ll) (12.42 mg/ml) have
significantly prevented SG and RE of R. raphanistrum.
The same doses significantly reduced the SG and RE of
L. sativum (Table 4).

On the other hand, there is no significant phyto-
toxic effect between the control and MOX at 1.87 mg/
ml and MOX—Zn(ll) at 3.11 mg/ml concentrations
against L. sativum. However, there is no significant
phytotoxic effect between the control and MOX—Zn(ll)
at 3.11 mg/ml concentration against R. raphanistrum
(Table 4). Results showed also that there is little
significant difference between the control and
MOX-Sn(ll) at 3.53 mg/ml concentration in the case of
L. sativum and between MOX and MOX-Sn(ll) at
1.87 mg/ml and 3.53 mg/ml concentrations, respec-
tively, in the case of R. raphanistrum (Table 4).

The obtained results gave a good insight for the
possible use of the new prepared metal complexes of
MOX ligand for safely controlling different phytopath-
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Table 4. Phytotoxicity effect of free MOX ligand, MOX—Sn(ll) and MOX—Zn(ll) complexes'®

Concentration

Seed germination

Radicle elongation Germination index

[mg/ml) [n] [cm] [%]

L. sativum MOX.i 8+0.52ab 0.69+0.16b 11.67bc
MOX.ii 8+0.52ab 1.85+0.67ab 31.22b
MOX.iii 10+0.52a 2.69+0.44ab 61.22a
MOX—Sn.i 34+0.52b 0.50+0.35b 3.67c
MOX—Sn.ii 6+0.52ab 0.85+0.56b 11.85bc
MOX—Sn.iii 11+£0.89a 2.28 +1.00ab 55.29ab
MOX—Zn.i 54+0.52b 0.50+0.42b 5.14c
MOX—Zn.ii 7+0.52ab 1.22+0.95b 19.64b
MOX—Zn.iii 10+0.52a 3.14+0.90a 71.46a
Control (H,0) 114+0.89a 4.13+1.02a 99.88a

R. raphanistrum MOX.i 4+1.37b 0.70+0.38b 7.23bc
MOX.ii 6+1.79a 1.12+0.31b 18.87b
MOX.iii 7+0.89a 2.62+0.52ab 51.60ab
MOX-Sn.i 0+0.00c 0.00+0.00c 0.00c
MOX—Sn.ii 4+0.89b 1.94 +0.74ab 21.88b
MOX—Sn.iii 5+1.37ab 4,03+0.56a 60.60ab
MOX—Zn.i 040.00c 0.00+0.00c 0.00c
MOX—Zn.ii 4+1.37b 2.20+0.47ab 22.72b
MOX—Zn.iii 61 1.86a 3.94+0.74a 70.33a
Control (H,0) 8+0.52a 4.61+0.80a 99.53a

& MOX.i: 7.5 mg/ml; MOX.ii: 3.7 mg/ml; MOX.iii: 1.87 mg/ml; MOX=Sn.i: 14.12 mg/ml; MOX—Sn.ii: 7.06 mg/ml; MOX—Sn.iii: 3.53 mg/
ml; MOX—Zn.i: 12.42 mg/ml; MOX—Zn.ii: 6.21 mg/ml; MOX—Zn.iii: 3.11 mg/ml. All values are recorded as the average values of three
replicates for seed germination and root elongation +SDs. The germination index was calculated using the formula G.I. %=

[(SG;x RE)/(SG,x RE.)] % 100. Values followed by the different letters in each vertical column for each tested plant are significantly

different according to Tukey B test at P < 0.05.

ogens because there is no notable phytotoxic effect
especially at moderate and low concentrations (Ta-
ble 4) against the two sensible plant species used for
the bioassay test.

Hemolytic Activity

Results of hemolytic activity of the studied ligand and
its metal complexes showed that the uncomplexed
MOX ligand and MOX-Sn(ll) did not have any
hemolytic activity at all tested concentrations, where-
as, MOX—Zn(ll) complex showed moderate hemolytic
activity at 100% and low activity at 50 and 25% (data
not shown). Therefore, the obtained results indicated
that MOX—Sn(ll) complex could safely be used in the
pharmaceutical industry at all tested concentrations,
whereas, MOX—Zn(ll) complex should be manipulated
with special caution only at concentrations higher
than 25 %.

Conclusions

The analytical and spectral data of this research have
indicated that the metal ions were coordinated with
MOX ligand through carbonyl oxygen atom and the
oxygen atom of the carboxylic group and also through
the oxygen atom of the carboxylic group and the
nitrogen atom of the amine group of Gly. Results
showed also that all prepared complexes exhibited
higher antimicrobial activity against all target micro-
organisms than the parent ligand. The obtained results
showed in addition that MOX-Sn(ll) complex had the
highest significant antioxidant activity compared to
the parent ligand and MOX—Zn(ll) complex and this
activity could be correlated with its lower antimicrobial
activity. In conclusion, the out-findings of the current
research demonstrated the possibility to use the
prepared metal complexes in a safe manner since they
did not show any phytotoxicity and hemolytic effects.
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Experimental Section
Chemicals

All chemicals used for the preparation of complexes
were analytical reagent grade and were commercially
available from different sources and used without
further purification. MOX was purchased from Sigma
(Saint Louis, USA), whereas, Gly, AgNO;, K,CrO, and
ethanol (99.8%) were purchased from Sigma—Aldrich
Company (Seelze, Germany). SnCl,-2H,0 (98%) and
ZnCl, (98 %) were purchased from Carlo Erba Company
(Milan, ltaly).

Synthesis of MOX—Metal Complexes (Reflux Method)

The synthesis of [Zn(MOX)(Gly)(H,0),]ICl5-3H,0 and
[Sn(MOX)(Gly)(H,0),ICl-H,0 complexes has been car-
ried out based on the distillation technique using a
reflux apparatus. The chemical reaction has been
performed using ethanol as organic solvent under
boiled-stirred conditions at 100°C for 6 h. Ethanol was
successively evaporated using the rotary evaporator
for 30 min at 30°C/270 rpm. The reaction has been
performed by adding 0.5 mmol of each metal chloride
in 50 ml of ethanol, 0.5 mmol (0.218 g) of MOX and
0.5 mmol (0.037 g) of Gly.

[Zn(MOX)(Gly)(H,0),1Cl5-3H,0  (1-Cyclopropyl-6-
fluoro-8-methoxy-7-[(4aS,7aS)-octahydro-6H-pyrrolo-
[3,4-blpyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-car-
boxylate)(2-aminoethanoate)(bihydrate)zinc  Chloride
Trihydrate).

[Sn(MOX)(Gly)(H,0),]Cl-H,0 (1-Cyclopropyl-6-
fluoro-8-methoxy-7-[(4aS,7aS)-octahydro-6H-pyrrolo-
[3,4-b]lpyridin-6-yl]-4-oxo-1,4-dihydroquinoline-3-car-
boxylate)(2-aminoethanoate)(bihydrate)stannous
Chloride Monohydrate).

Instruments

Molar conductance of 1x1073m solutions of ligand
and metal complexes in DMF was determined at room
temperature on CONSORT K410 (Turnhout, Belgium).
All measurements were carried out at ambient temper-
ature with freshly prepared solutions. Melting points
were recorded on a Blichi apparatus.

Electronic spectra were obtained using a T80 UV/
VIS spectrometer (Taylors, USA). Magnetic susceptibil-
ities of the powdered samples were determined on a
Sherwood scientific magnetic balance (Cambridge, UK)
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using the Gouy method with Hg[Co(SCN),] as cali-
brant.

IR spectra were recorded in KBr discs using an FT/
IR-460 Plus model Jasco-32 spectrophotometer (Eas-
ton, USA) in the range from 4000 to 400 cm™'. The
data were analyzed using spectra manager software
program at the Department of Science, Basilicata
University, Potenza, Italy. The reading was elaborated
considering the sample transmission, wavelength
4cm™' and the scanning cycle number between 50
and 150 according to each sample concentration.

"H-NMR spectra were recorded on a Varian 400
NMR spectrometer (lllinois, USA) using CD3;0D as
solvent; 0 in ppm relative to Me,Si as internal
standard, J in Hz. The spectrometer was equipped with
a 5mm direct detection pulsed field z-axis gradient
probe, operating at 399.96 MHz for 'H and 128 scans
were acquired for each experiment.

Elemental C, H, N analysis was carried out on
PerkinElImer CHN 2400 (Waltham, USA). The percent-
age of metal ions was determined by using the atomic
absorption method with a PYE-UNICAM SP 1900
spectrometer (Cambridge, England) fitted with the
corresponding lamp.

Antimicrobial Investigations

The tested bacterial strains were Clavibacter michiga-
nensis SMITH, Xanthomonas campestris PAMMEL and E.
coli MicuLA, which were listed in National Collection of
Plant Pathogenic Bacteria Catalogue (NCPPB) and have
been conserved as pure cultures in the collection of
the School of Agricultural, Forestry, Food and Environ-
mental Sciences, University of Basilicata, Potenza, Italy.
The tested phytopathogenic fungi were Sclerotinia
sclerotiorum (LiB.) de BARv., Aspergillus flavus LINK ex
GRrAY. and Penicillium expansum LINK were previously
identified using morphological and molecular meth-
ods.

In Vitro Assays. The disc diffusion method has been
carried out for the antibacterial test.***” The bacterial
suspension of each strain was prepared in sterile
distilled water incorporated in soft agar (0.7%)
adjusted by Turbidimetry (Biolog, USA) at 10® colony
form unit (CFU)-mL~" corresponding to 0.2 nm optical
density (OD). Four mL of soft agar and bacterial
suspension (9:1, v/v) were poured into Petri dish (¢
90 mm) containing 10 ml KB media. Blank discs (¢
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6 mm; OXOID, Milan, Italy) were placed over KB-plate
surfaces and 20 uL from each ligand and metal
complexes aliquots were applied over the discs at the
following concentrations: 10000, 1000 and 100 pg/ml.
Streptomycin and cephaloxacin were used as positive
controls at 50 ugml™' and 30 pgml~', respectively,
based on the medical or veterinary assays. All plates
were incubated at 37°C for 24 h and the bactericidal
activity has been evaluated by measuring the growth
inhibition percentage. All tested treatments have been
carried out in triplicates.

For antifungal activity assay, three concentrations
(1000, 500 and 250 pg/ml) of each treatment were
prepared in Potato Dextrose Agar (PDA) following the
incorporation method reported by Sofo et al®" and
Elshafie etal® Fourteen mL PDA-aliquots supple-
mented with each of the above-mentioned treatments
were poured into Petri dishes. After that, 0.5cm
diameters of fungal disks of 96 h fresh cultures were
singularly inoculated in the center of each Petri dish.
All plates were incubated at 24+ 2°C for 4 days under
dark conditions. Petri dishes containing only PDA were
only inoculated with fungal disks as control. The
diameter of fungal mycelium growth was measured in
mm=+SDs of three replicates®> ! and the growth
inhibition percentage (GIP) was calculated using
Equation 1 by Zygadlo et al.*®! compared to synthetic
fungicides Azoxystrobin (1 uLml™") and Cycloheximide
(0.1 ug-mL™):

GIP (%) = 100 x (GC — GT)/GC (1)

where GC=average diameter of fungus grown on
PDA (control), GT=average diameter of fungus grown
on PDA (treated).

Antioxidant Activity

The 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assays were carried out following the principles of
Martysiak-Zurowska and Wenta™® and Elshafie et al."*’!
to determine the radical scavenging activity (RSA) of
the studied ligand and its metal complexes using
Equation 2:

RSA% = (1 — A/A) x 100% 2)

Where A, is the absorbance of each treatment and
A_is the absorbance of control sample.

( CHEMISTRY &
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DPPH Assay. This method was used for determining
the antiradical activity of a compound based on the
use of stable free radical DPPH. The mechanism is
based on the ability of tested compounds to reduce
the DPPH radical (deep violet) into a neutral stable
molecule (pale yellow).””*® Stock radical solution of
DPPH was prepared by dissolving 20 mg of DPPH in
15 ml ethanol and adjusted at 0.44 mg/ml.

Test Procedures. Fifty uL of each treatment was
diluted with DPPH at 1:20 and incubated at darkness
for 30 min at room temperature. All samples were
centrifuged at 8000 rpm for 5 min and the absorbance
was recorded at 515 nm on an UV/VIS spectrophotom-
eter (LKB Biochrom 4050 Ultrospec Il), and ethanol was
used as reference sample. All determinations were
carried out in triplicate.

ABTS Assay. A stock radical solution of ABTS was
prepared by dissolving 38 mg of ABTS in 10 ml of an
aqueous sodium persulfate solution (2.45 mm) and
then was conserved in darkness for 16 h at room
temperature. One ml of stock ABTS**" solution was
diluted with 29 ml of ethanol.

Test Procedures. Twenty pL of each treatment were
diluted at 1:50 with ABTS*" solution and was
incubated in darkness at room temperature for 2 h. All
samples were centrifuged at 8000 rpm for 5 min and
the absorbance was measured at 734 nm using the
above-mentioned spectrophotometer, and ethanol
was used as reference sample. All determinations were
carried out in triplicate.

Phytotoxicity Assay

A bioassay based on seed germination (SG) and radicle
elongation (RE) was carried out to evaluate the
possible phytotoxic effect of MOX ligand and the
prepared metal complexes on Raphanus raphanistrum
L. (wild radish) and Lepidium sativum L. (garden cress)
seeds following the method reported by Ceglie
et al.”® Seeds were sterilized in 3% H,0, solution for
1 min and then were rinsed twice with deionized
sterile water (dH,0). Seeds were placed either in dH,0
(control) or the above mentioned treatments and were
shaken gently for 2 h. The tested concentrations were
7.50, 3.70 and 1.87 mg/ml for MOX ligand; 14.12, 7.06
and 3.53 mg/ml for MOX=Sn(ll) complex and 12.42,
6.21 and 3.11 mg/ml in the case of MOX—Zn(ll). The
tested concentrations have been selected based on
the preliminary sensibility test of each studied plant
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species (data not shown). All seeds were subsequently
transferred into 15 mmx 100 mm Petri dishes contain-
ing one piece of filter paper (¢ 90 mm, Whatman
No. 1). Ten seeds of each species were evenly spaced
on the top of the filter paper in each Petri dish and
filled with 5 ml of dH,O or different treatments and
sealed with parafilm. All Petri dishes were incubated in
a growth chamber at 28+2°C with 80% relative
humidity in dark conditions for 3 days. The number of
germinated seeds was counted and the radical length
was measured in cm. The experiment was conducted
in triplicate and the germination index (GI) was
calculated using Equation 3:

G.1.% = [(SG, x RE,)/(SG, x RE,)] x 100 (3)

where Gl: germination index; SG;: average number of
germinated treated seeds; RE;: average radicle elonga-
tion for treated seeds; SG.: average number of
germinated seeds for dH,O control; RE: average
radicle elongation for dH,O control. Data are ex-
pressed as the mean+SDs for the number of germi-
nated seeds, radicle elongation and germination index.
Data were analyzed using SPSS statistical program
with Tukey test at P < 0.05.

Hemolytic Activity

The hemolytic activity of the ligand and its prepared
metal complexes was evaluated against the cell
membrane of erythrocytes (RBCs) using Blood Agar
Base (BAB; Oxoid) supplemented with human blood as
reported by Munsch and Alatossava.®” The blood
sample was treated with heparin 25 pl 1000 U/ 5 ml
blood, washed three times in buffer C (0.72 g Tris-HCl,
1.16 g NaCl, 0.07 g EDTA at pH 7) and then centrifuged
at 20.000 g for 3 min at room temperature. RBCs were
successively added at 0.25% to BAB and 10 ml of this
suspension were poured in each Petri dish. Ten pl of
each tested substance at 100, 50 and 25% were
applied on BAB and incubated at 24+2°C. The
hemolysis was observed as a hyaline zone after 48 h of
incubation and the hemolytic activity was expressed
as unit active per milliliter (Uaml~")." Pseudomonas
reactans was used as a positive-hemolytic control.!%!
The whole experiment was repeated twice with three
replicates.

Statistical Analysis

The results of the biological assays were statistically
analyzed using the Statistical Package for the Social
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Sciences (SPSS; version 13.0, Prentice Hall, Chicago, IL,
USA, 2004). Experimental data were expressed as
mean values +SD and comparisons were employed by
Tukey post-hoc test for detecting any significant
differences among different treatments at P < 0.05.
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