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A B S T R A C T

In the era of acquired microbial resistance (AMR), resulting in the ineffectiveness of antibiotics is of keen interest
for researchers in current scenarios. Ten novel metal complexes of gemifloxacin have been synthesized by reacting
it with essential and trace elements in a 2:1 ratio predetermined conducto-metrically. As these metals are either
present in the body or co-administered as metallic supplements can alter the level of antibiotics. Therefore, Metal
complexes of Gemifloxacin, an important member of the fluoroquinolone family, were synthesized. The possible
coordination of gemifloxacin with these metals has been proposed by the electronic and elemental data obtained
through molar conductance, elemental analysis, and spectroscopic techniques like ultraviolet-visible (UV-Vis),
infrared (IR), and proton-nuclear magnetic resonance (1H NMR) studies.

In the light of these studies, the monoanionic bidentate ligand behavior of gemifloxacin in complexation with
metals has been revealed. For in-vitro microbial studies, these newly synthesized complexes were tested against
eleven different bacteria including Gram þ ve and Gram -ve organisms, and one fungal strain. The results were
compared with the parent drug by applying ANOVA through SPSS software version 22. Therefore, it has been
found that among all synthesized metal complexes, the G-M01 complex exhibits increased activity against
B. subtilis, P. mirabilis, E. coli, K. pneumonia, and C. freundii. Complex G-M02, G-M03, G-M04, and G-M10 show
more pronounced activity than Gemifloxacin against S. aureus andM. luteus. Moreover, the binding orientations of
the synthesized metal complexes into the binding site of the urease enzyme revealed that all the docked metal
complexes oriented away from the Ni bi-center, and the inactivation of urease is due to their interaction with
entrance flap residues.
1. Introduction

In the field of related bioprocesses and medicinal chemistry involved
in human physiology, metal chelates/complexes of antibiotics played a
pi-vital role. In various reported studies, the pharmacological behavior of
antibiotics is very much dependent upon the coordination/complexation
with the essential and trace elements (Mg2þ, Ca2þ, Fe2þ, Cu2þ, and Zn2þ)
present inside the body [1]. As these are required for the effective
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transportation of drugs intracellularly, inhibition of bacterial cell wall
synthesis or protein, and regulation of bacterial resistance via efflux
mechanisms [2] adopted by various micro-organisms for the develop-
ment of Acquired Microbial Resistance (AMR). The antibacterial
response of quinolones is due to coordination with metal ions like Fe2þ,
Cu2þ, and Al3þ [3] responsible for their reduced bioavailability.

Synthesis of metal complexes with diverse antibiotics has always been
a keen center for research studies, due to the important role of these
im).
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essential and trace elements in various physiological responses of
the body alone/in synergism with antibiotics [4, 5]. Previously synthe-
sized quinolone-metal complexes prove that these complexes exert
change/variation in the biological response of these antibiotics against
microorganisms and disease conditions [6].

Fluoroquinolones are a group of synthetic broad-spectrum antibiotics
having various active members like Ciprofloxacin, Levofloxacin, Spar-
floxacin, Gatifloxacin, Moxifloxacin, Gemifloxacin, etc. These members
of the quinolones family show a significant effect against infection
including the majority of Gram þ ve and Gram -ve strains [7].

Our research group previously has reported the synthesis and biolog-
ical profiling of essential and traces metal complexes of several fluo-
roquinolones (including 3rd and 4th generation agents) complexes,
revealing changes in the physicochemical, spectroscopic and biological
responses [8, 9, 10]. As evident from the research data, quinolone's ab-
sorption is well altered when given concomitantly with multivitamins, or,
antacids, and other bivalent cations containing supplements [11, 12, 13].
In our previous study, we have already reported sparfloxacin metal com-
plexes' response as antifungal agents where Fe2þ–SPFX and Cd2þ–SPFX
complexes proved to be more potent than the parent molecule [8].

To study the interface of Gemifloxacin (Figure 1) with metals, the
complexation of Gemifloxacin was done with some essential trace metals.
Synthesized metal complexes were examined with physical parameters
like color, solubility, % yield, and melting point. Some of the quinolones
may act as bidentate, showing the involvement of 4-oxo, the carbonyl
group found adjacent along with metal cations in Gemifloxacin.

Complexes were then characterized spectroscopically through UV-
Vis, FT-IR, and 1H NMR, while the presence of metal in the complex is
further confirmed by elemental analysis (CHN). In addition, microbio-
logical evaluations were achieved against selected fungal specie and
different Gram þ ve and Gram -ve bacterial species. Enzyme inhibition
studies have been performed to check the anti-enzymatic activity of
prepared metal complexes against urease and α-chymotrypsin enzyme.
While docking simulations of the synthesized metal complexes were
carried out in the binding site of the urease enzyme.

2. Materials and methods

Gemifloxacin mesylate (Figure 1) was gifted for this work by Pharm
Evo (Pvt Ltd.) Pakistan, while all the chemicals and solvents were of
analytical grade. For spectral studies, Shimadzu Model FT-IR Prestige-21
spectrophotometer using Shimadzu IR solution 1.2software, Bruker AMX
500 MHz spectrometer for 1H-NMR, and Carlo Erba 1106 were used for
CHN analysis. Conductometric analysis was carried out on Vernier Lab
Pro TM having Logger Pro 3.2 software, while the Argentometric method
was used to determine the chloride levels. Autodock version 4.2 was used
for docking studies.

2.1. Stoichiometric study

Job's method of continuous variations is the most applied technique
for determining the stoichiometric ratio of coordination compounds
Figure 1. Gemifloxacin
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through UV-Vis spectrophotometer [14, 15, 16] along with conducto-
metric titration. Both methods were adopted from our previous studies
with slight modifications [8, 9].

2.2. Synthesis of GMFX-solid complexes

Ca, Cr, Mg, Mn, Co, Fe, Ni, Zn, Cu, and Cd complexes with GMFXwere
prepared by adding 20 ml of GMFX (L) 0.2 mmol/dm3 to 20 ml of
metallic chloride (M) 0.1 mmol/dm3 in hot methanol, followed by
refluxing (60 �C, 3 h) with intermittent stirring on a water bath. Solutions
were then filtered and left to dry under vacuum over silica gel, 3 ml of
diethyl ether was added to obtain fine crystals/dried complexes, earlier
[8].

Further, their physicochemical characteristics including color,
percent yields, melting points, and solubility were noted. These com-
plexes were then characterized by spectroscopic techniques such as UV,
IR, 1H-NMR, and elemental analysis.

2.3. Microbiological evaluation

Microbiological screening of newly formed metal complexes has been
performed against some bacteria (including Gramþ ve and Gram-ve) and
one fungal specie by disc diffusion method [17, 18] with some minor
modifications. The chosen strains were Micrococcus luteus ATCC 10786,
Bacillus subtilus ATCC 6051-U, S. features ATCC 24843, Staphylococcus
aureus ATCC 29213, Proteus mirabilis ATCC 29906, Salmonella typhi ATCC
2881, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Klesbellia pneumonia ATCC 43816, Shigella flexneri ATCC 29903, Cit-
robacter freundii ATCC 13316 and Candida albicans ATCC 3147 gifted by
Dr. Essa Laboratory and Diagnostics (Pvt.) Ltd.

Sterile Distill water with 0.8% soft agar having 110 CFUml�1 (optical
density OD � 0.3 nm) was used to prepare each strain of bacterial sus-
pension. This mixture has been poured into each Petri dish (90 mm) [15].
Dried antibacterial discs (6mm)-OXOID (Milan, Italy) were prepared by
soaking each metal complex solution and reference drug at 5, 10, and 20
μg/mL concentrations, using water as a solvent, applied over each culture
of the organism. For negative control DMSO discs were used, followed by
incubation (18–24 h) at 37 �C for antibacterial activity and 48 h for
antifungal activity. Inhibition zones (in mm) were determined by
measuring through a digital Vernier caliper and then compared with
GMFX and negative control. The results were obtained in triplicates
against each organism.

2.4. Statistical analysis

One-way ANOVA was applied to the microbial study using statistical
software SPPSS version 22, USA.

2.5. Enzyme inhibition studies

For the assay of urease inhibition, the method was adopted from our
previously reported work with some modifications having thiourea as
standard [13]. Chymotrypsin inhibitory activity was studied at 410nm by
adopting Cannel Method using Chymostatin as standard. Calculations
were performed on SoftMax Pro software (Molecular Devices) [19, 20].

2.6. Docking studies

Docking simulations of the synthesized metal complexes were carried
out in the binding site of the urease enzyme. The accession code for the
downloaded enzyme was 4UBP. Autodock version 4.2 was used for
docking studies. The docking studies were carried out by using our pre-
viously reported procedures [21, 22]. Metals van der Waals and other
parameters were obtained from the Autodock website. Diovery studio
visualizer was used to analyze the 3-D interaction plots of the
ligand-enzyme complexes.



Figure 2. Showing complexation of gemifloxacin with transition metals.
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3. Result and discussion

For the synthesis of all the ten GMFX-metal complexes, their stoi-
chiometric ratio was predetermined via conductometric analysis and
found 1:2 (M: L) and was then synthesized Figures 2 and 3) having good
percentage yields. Proposed Structural formulas (Calculated) of the metal
complexes were in good agreement with the elemental analysis results
(Table 1). GMFX-metal complexes were insoluble in dichloromethane,
benzene, and chloroform while completely soluble in DMSO, methanol,
and water.
Figure 3. Representation of gemifloxacin-m
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3.1. Spectral studies

Infrared spectroscopic data is used to characterize themetal complexes of
quinolones, focusing on typical vibrations and carboxylate coordination, as a
diagnostic tool. IR spectra of GMFX are quite comprehensive where OH
stretching vibrations of COOH and N–H of piperazinyl ring exhibit a broad
spilled band between 3500-3100 cm�1 [13,17]. Determination of metal
binding mode with the carboxylate group of gemifloxacin revealed its
bidentate bridging complexation in all Gemifloxacin-metal complexes and
wasdeterminedbythedifference(Δ¼ νasym(CO2) -νsym(CO2) (Table2) [13].
etal complexes ratio via conductance.



Table 1. Physicochemical data and Elemental Analysis of gemifloxacin and newly developed transition metal complexes.

Metal-Complexes % Composition Found (Calculated) M.P0C Color Yield (%)

C H N M*

GMFX 47.01 (47.16) 4.98 (5.07) 14.43 (14.10) - 235 Light green -

[Mg (GMFX)2(H2O)2]⋅2Cl2 45.95 (45.86) 5.10 (4.86) 14.51 (14.07) 9.71 (10.05) 100 Green 69

[Ca (GMFX)2H2O]⋅2Cl2 45.05 (44.35) 5.41 (4.9) 14.01 (13.61) 8.99 (9.55) 178 Maroon 74

[Cr (GMFX)2(H2O)]⋅2Cl2⋅H2O 42.98 (42.38) 5.62 (5.05) 13.62 (13.01) 9.33 (9.02) 90 Brown 75

[Mn (GMFX)2(H2O)]⋅2Cl2 43. 54 (42.98) 5.78 (4.94) 13.56 (13.19) 8.97 (9.32) 80 Green 74

[Fe (GMFX)2(H2O)2]⋅2Cl3 43.43 (42.94) 5.89 (4.93) 13.43 (13.18) 9.54 (9.89) 79 White 80

[Co(GMFX)2H2O]⋅3Cl2 36.94 (36.29) 4.92 (4.00) 12.04 (11.11) 9.43 (10.15) 150 Maroon 82

[Ni(GMFX)2H2O]⋅2Cl2 36.85 (36.21) 4.85 (4.00) 11.92 (11.11) 9.05 (9.63) 120 Brown 71

[Cu(GMFX)2H2O]⋅2Cl2⋅H2O 43.95 (943.36) 5.25 (4.79) 13.93 (13.31) 8.74 (9.02) 140 Green 76

[Zn (GMFX)2H2O]⋅2Cl2 44.12 (43.29) 5.29 (4.78) 13.85 (13.28) 8.92 (9.33) 150 Brown 70

[Cd (GMFX)2H2O]⋅2Cl2 42.15 (41.44) 5.12 (4.58) 13.01 (12.72) 9.62 (10.03) 130 Maroon 73

G-M01 (Mg (GMFX)2), G-M02 (Ca (GMFX)2), G-M03 (Cr (GMFX)2), G-M04 (Mn (GMFX)2), G-M05 (Fe (GMFX)2), G-M06 (Co (GMFX)2), G-M07 (Ni (GMFX)2), G-M08 (Cu (GMFX)2),
G-M09 (Zn (GMFX)2), G-M10 (Cd (GMFX)2). *Metal
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In GMFX, the carboxylic group peak appeared at 1718 cm�1 [23,24]
which is shifted in all synthesized metal complexes ranging between
1627-1685 cm�1 and 1399- 1412 cm�1 and were assigned as asym-
metric, υ (CO2) asym, and symmetric, υ (CO2) sym, respectively. A broad
band at 549-786 cm�1is confirms the presence of OH molecule bonded
with metal and with oxygen [8, 25, 26, 27].

The proton NMR spectra of synthesized complexes have been recor-
ded in CdCl3, and the spectra of complexes were compared with Gemi-
floxacin. HNMR spectra of the complexes revealed the presence of all
the signals of the parent molecule. Aliphatic and piperazine protons
practically remained unchanged as they lay far from the binding ligand
site [8, 9]. The peaks at δ: 8.66 (s) and δ: 7.24(d) ppm indicated aromatic
H-2 and H-5 protons of GMFX respectively which are close to the coor-
dination site of GMFX with metals. In developed complexes H-2 proton
gives a new signal at δ: 8.56–8.81 ppm while the H-5 proton appeared at
δ: 7.42–7.91 ppm [28]. The overall changes of the 1H-NMR spectra of the
complexes were indicative of the coordination of Gemifloxacin to the
metal via the pyridine and one carboxylate oxygen atom (Table 2) as
shown in (Figure 4).

3.2. Atomic absorption spectroscopy

Atomic absorption spectroscopy is used widely to determine the
metals via direct analysis in solution form at variable concentrations. The
Graph was plotted against absorbance and concentration at a specified
wavelength of each metallic solution, revealing a linear relationship.
Results obtained from the elemental analysis and atomic absorption
assure the proposed structural formula (Figure 4) confirming their for-
mation in the proposed ratio as given in Table 1.
Table 2. Spectroscopic data of gemifloxacin-metal complexes (FT-IR and 1H-NMR).

Complexes O–H stretching υ (C¼O) υ (CO2)as

GMFX 3473 1627 1718b

G-M01 3412 1674 1531

G-M02 3438 1685 1540

G-M03 3392 1657 1532

G-M04 3421 1680 1541

G-M05 3429 1654 1533

G-M06 3486 1627 1536

G-M07 3438 1655 1531

G-M08 3395 1653 1535

G-M09 3433 1647 1545

G-M10 3455 1651 1531
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3.3. Microbiological screening for gemifloxacin-metal complex

Formed complexes were further evaluated for their antimicrobial
activity against a broad spectrum of Gram þ ve and Gram-ve bacteria
along with fungal specie (01) by disc diffusion method at different
concentrations of 5, 10, and 20 μgmL�1, selected based on having
antimicrobial response. Some of these organisms have their role in
the acquired microbial resistance (AMR) against antibiotics by
adopting morphological and biochemical modifications. C. albicans is
a fungal organism that is involved in minor to major nosocomial
urinary tract infections across the world especially in females [29]
with a death rate of 1.5 million per year [30]. It has been observed in
our earlier research that sparfloxacin metal complexes showed some
pronounced activity against fungal species [19]. Therefore, in
the current microbial study of GMFX-metal complexes,
C. albicans was also tested. S.D, F-value, Dunnet test, and one-way
ANOVA, P < 0.001of all the complexes was carried out by using
SPSS as mentioned in Table 3 a,b.

Statistical parameters confirm that G-M04 showed the highest anti-
bacterial activity againstM. Luteus, B. Subtitis, P. mirabilis (5 μgmL�1), and
S. aureus (20 μgmL�1). G-M03 attributes great activity against
S. aureus and C.ferundii (5 μgmL�1) at their lowest concentration. Among
all, G-M10 showed maximum activity against S.typhi, E. coliat lowest
concentration 5 μgmL�1 while showed activity against S. aureus at 20
μgmL�1. G-M05 exhibits activities that are equivalent to the parent
molecule (GMFX) against S.flexneri at 20 μgmL�1. It was observed that
the G-M01 metal complex showed maximum antibacterial activity at a
concentration of 20 μgmL�1 against B. subtilis, P. mirabilis, E. coli, K.
pneumonia, and C. ferundii while against M. luteus and B. subtilus, all
υ (CO2)s a Δ υ (M ¼ O) H2 H5

- - 898 8.66 7.24

1409 122 549 8.60 7.91

1406 134 561 8.61 7.91

1411 121 553 8.59 7.59

1405 136 628 8.56 7.90

1399 134 640 8.81 7.42

1407 129 786 8.60 7.46

1410 121 746 8.58 7.95

1408 127 690 8.65 7.65

1412 133 673 8.60 7.81

1402 129 732 8.65 7.53



Table 3 (a). Antibacterial activity of GMFX-metal complexes against studied organisms (% zone of inhibitions in mm).

Organism M. luteus B. subtilis S. features S. aureus P. mirabilis S. typhi

GMFX 18.41 � 0.05 22.21 � 0.21 16.33 � 0.06 16.2 � 0.12 20.38 � 0.05 17.27 � 0.22

G-M01 12.13 � 0.07* 33.39 17.28 � 0.16* 23.03 18.36 � 0.16* -12.57 16.44 � 0.05* -0.24 21.31 � 0.06* -4.87 12.08 � 0.09* 30.33

G-M02 15.31 � 0.12* 15.93 7.33 � 0.17* 67.35 16.26 � 0.07 0.31 14.26 � 0.12* 13.05 10.31 � 0.02* 49.26 12.27 � 0.02* 29.24

G-M03 11.25 � 0.18* 38.22 14.16 � 0.07* 36.93 16.17 � 0.1 0.86 16.22 � 0.1* 1.1 18.14 � 0.18* 10.73 13.26 � 0.15* 23.53

G-M04 14.28 � 0.12* 21.58 16.22 � 0.11* 27.75 18.32 � 0.22* -12.32 16.23 � 0.1* 1.04 17.24 � 0.16* 15.16 14.25 � 0.2* 17.82

G-M05 12.33 � 0.14* 32.29 10.27 � 0.1* 54.25 14.18 � 0.17* 13.06 12.16 � 0.15* 25.85 15.14 � 0.08* 25.49 11.3 � 0.08* 34.83

G-M06 12.26 � 0.19* 32.67 10.22 � 0.18* 54.48 14.35 � 0.1* 12.02 14.14 � 0.22* 13.78 16.23 � 0.19* 20.13 11.19 � 0.15* 35.47

G-M07 14.3 � 0.21* 21.47 7.22 � 0.043* 67.84 14.31 � 0.09* 12.26 14.25 � 0.12* 13.11 11.34 � 0.09* 44.19 13.23 � 0.02* 23.7

G-M08 10.18 � 0.22* 44.1 9.3 � 0.08* 58.57 15.32 � 0.09* 6.07 11.18 � 0.13* 31.83 12.2 � 0.06* 9.96 11.23 � 0.03* 35.24

G-M09 13.27 � 0.2* 27.13 9.29 � 0.14* 58.62 15.23 � 0.2* 6.62 15.19 � 0.1* 7.38 18.22 � 0.11* 10.33 12.27 � 0.12* 29.24

G-M10 14.26 � 0.13* 21.69 10.19 � 0.19* 54.61 18.26 � 0.15* -11.96 18.05 � 0.03* -10.06 16.25 � 0.16* 20.03 15.28 � 0.18* 11.88

ANOVA (P < 0.001), df ¼ 10, 32

F-value 529.86 4089.23 357.35 739.32 2229.46 784.722

n ¼ 3, mean � S.D, % ZI * indicates significance, and the -ve sign shows an increase in activity at a concentration of 20 μgmL�1.

Table 3(b). Antibacterial activity of GMFX-metal complexes against studied organisms (% zone of inhibitions in mm).

Organism E. coli P. aeruginosa K. pneumonia S. flexneri C. freundii C. albicans

GMFX 20.42 � 0.06 25.19 � 0.17 16.11 � 0.12 17.08 � 0.13 14.18 � 0.13 15.25 � 0.14

G-M01 15.3 � 0.1* 24.48 15.13 � 0.15* 39.94 16.42 � 0.13–0.43 14.35 � 0.15* 16.76 16.35 � 0.03* -15.06 12.09 � 0.04* 20.62

G-M02 12.14 � 0.11* 40.08 12.29 � 0.11* 51.21 16.4 � 0.02–0.30 14.21 � 0.13* 17.58 1.4 � 0.07* 90.15 14.19 � 0.1* 6.83

G-M03 16.26 � 0.12* 19.74 17.18 � 0.11* 31.8 12.26 � 0.23* 25.01 14.46 � 0.05* 16.13 16.18 � 0.05* -13.86 13.35 � 0.14* 12.34

G-M04 14.12 � 0.08* 30.31 20.36 � 0.11* 19.17 12.16 � 0.18* 25.63 15.24 � 0.06* 11.6 13.13 � 0.07* 7.6 11.2 � 0.23* 26.46

G-M05 13.3 � 0.18* 34.35 20.05 � 0.03* 20.4 14.2 � 0.08* 13.15 16.27 � 0.1* 5.63 12.2 � 0.19* 14.14 0 � 0* 100

G-M06 13.34 � 0.13* 34.16 12.15 � 0.19* 51.77 9.27 � 0.04* 43.3 11.09 � 0.01* 35.67 13.18 � 0.1* 7.25 11.16 � 0.09* 26.72

G-M07 12.49 � 0.01* 38.35 14.17 � 0.2* 43.75 12.21 � 0.15* 25.32 14.22 � 0.06* 17.52 14.3 � 0.17–0.63 16.21 � 0.25* -6.43

G-M08 12.16 � 0.09* 39.98 14.26 � 0.2* 43.39 14.19 � 0.1* 13.21 9.39 � 0.05* 45.53 14.23 � 0.16–0.14 10.26 � 0.16* 32.59

G-M09 14.17 � 0.19* 30.06 16.26 � 0.04* 35.45 13.37 � 0.09* 18.23 13.2 � 0.03* 23.43 9.13 � 0.09* 35.75 11.31 � 0.27* 25.74

G-M10 17.29 � 0.06* 14.66 20.11 � 0.12* 20.17 12.22 � 0.14* 25.26 16.25 � 0.2* 5.74 14.22 � 0.15–0.07 14.39 � 0.06* 5.25

ANOVA (P < 0.001), df ¼ 10, 32

F-value 1232.13 2449.111 928.252 1280.24 705.60 2153.10

n ¼ 3, mean � S.D, % ZI * indicates significance, and the -ve sign shows an increase in activity at a concentration of 20 μgmL�1.
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complexes exhibited activity less than Gemifloxacin. To our expected
surprise, two metal complexes G-M08 and G-M10 exhibit response
against the fungal strain. G-M08 showed the highest antifungal activity
against C. albican at 10 μgmL�1 whereas G-M10 showed activity at 20
μgmL�1.
Figure 4. Proposed structure of gemifl
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These altered intrinsic activity responses of the complexes can be
explained based on their lipid membrane involved in lipid-soluble ma-
terials penetrating ability and cell permeability responsible for control-
ling the antimicrobial resistance. Reportedly, overlapped ligand orbital
involved in partial sharing of theþve charge of the metal ion with Ligand
oxacin-transition metal complex.



Table 4. Enzymatic profiling of GMFX-transition metal complexes.

Enzymes urease α-chymotripsin

Complexes IC50 � SEM (μm) IC50 � SEM (μm)

GMFX - -

G-M01 155 � 0.60 0

G-M02 169.23 � 0.35 0

G-M03 145.56 � 0.07 0

G-M04 154.48 � 0.60 0

G-M05 139.21 � 0.97 0

G-M06 166.35 � 0.33 0

G-M07 142.61 � 0.09 0

G-M08 168.21 � 0.43 0

G-M09 148.98 � 0.59 0

G-M10 158.41 � 0.63 0

Standard 21.00 � 0.12 5.7 � 0.13
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(Drug) attributes to the reduced polarity [31]. This change in hydrophilic
and lipophilic character contributes to the blocking of the enzymatic
metal binding site of microorganisms due to transportation through the
bacterial cell wall [32].

3.4. Enzyme inhibition studies

Enzyme inhibitory activity revealed that GMFX metal complexes
showed good inhibitory activity against urease enzyme (G-M02–78.8%,
G-M08–77.6%) as compared to α-chymotrypsin which shows overall
below 30% inhibition in all tested complexes (Table 4 and Figure 5).

3.5. Docking studies

We investigated the possible binding orientations of the synthesized
metal complexes into the binding site of the urease enzyme. Urease
enzyme in complex with acetohydroxamic acid (HAE) was obtained from
Figure 5. Enzymatic profiling of GMFX-transition metal
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Protein Data Bank. The accession code for the downloaded enzyme was
4UBP. AutoDock4.2 with Lamarckian Genetic Algorithm (LGA) was used
for docking. After validation of the docking protocol by using a re-dock
method, all the synthesized metal complexes were docked into the
binding site of 4UBP.

The analysis of interaction plots of the docked ligand-enzyme com-
plexes revealed that these bulky metal complexes were not able to co-
ordinate with the Ni bi-center present in the active site. However, the
complexes interacted with the important histidine and flap residues
present at the entrance of the active site of the enzyme (Figure 6). Among
flap residues, Cys322 is an important flap residue and is involved in the
positioning of other active site residues. Other residues of the flap region
are His323, Arg339, Asp363, Ala366, and Met367.

Three-dimensional interaction plots of chromium, iron, and manga-
nese metal complexes are shown in Figure 6. It can be seen from the
interaction plots that the studied complexes interact with the flap resi-
dues via hydrogen bond interactions. Chromium complex forms four
hydrogen bond interactions with Ala279, His323, Arg339, and Cys322.
Met367 forms π-sulfur interactions. Lys169 forms hydrogen bonds as well
as halogen interactions (Figure 7a). Manganese complex forms hydrogen
bonds interaction with Lys169, His324, Arg339, and Ala366. His324 also
interacts with compounds via bifurcated π-π stacking interactions
(Figure 7b). The Iron complex also forms hydrogen bond interactions
with Lys169, His324, Arg339, and Ala366. Cys322 and Asp324 form a
halogen bond with the fluorine atom (Figure 7c). The computed binding
energy values for the chromium, Manganese, and Iron complexes are
-5.63 kcal/mol, -5.04 kcal/mol, and -6.49 kcal/mol respectively.

Our results revealed the monoanionic bidentate behavior of gemi-
floxacin in complexation with metals. The characterization was carried
out of newly synthesized GMFX-metal complexes that include elemental
analysis along with Spectroscopic techniques (UV, IR, NMR). In IR
spectra, the shifting of a carboxylic peak in metal complexes confirms the
involvement of the carboxylic group in complexation. The Shifting of the
carboxylic group peak (1718 cm�1) in metal complexes between 1627-
1685 cm�1 and 1399- 1412 cm�1 indicates the formation of GMFX-
complexes against Urease and alpha chymotrypsin.



Figure 6. Ribbon diagram of overlaid binding poses of some of the metal complexes in the binding site of urease (PDB ID ¼ 4UBP). All the docked complexes are
shown in stick while Ni atoms are represented by blue spheres.

Figure 7. a–c 3-D interaction plots of represented metal complexes in the binding site of 4UBP. (a) Chromium complex (b) Manganese complex and (c) iron complex.
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metal complexes in bidentate mode. 1H-NMR spectra of metal complexes
also confirm the complexation with metals thru pyridine.

Furthermore, the study also discovered that all synthesized complexes
hold good antibacterial activities and remarkable antifungal activity
against tested fungus i.e., C. albicans. Against P. mirabilis G-M01 and
K. pneumonia G-M01 and G-M02 complexes exhibits enhanced activity in
comparison to GMFX. G-M01 and G-M03 complexes showed increased
activity against C. freunii, while the G-M07 complex against C. albicans
and G-M10 complex against S. aureus showed increased activity in
comparison to Gemifloxacin. Testing against S. features, G-M01, G-M04,
and G-M10 complexes showed increased activity while other complexes
are equivalent or less active than Gemifloxacin. Against M. luteus and
B. subtilus, all complexes exhibited less activity than the parent drug.
7

4. Conclusion

Here, Gemifloxacin-transition metal complexes were synthesized
successfully, which was not reported earlier. Different physicochemical
and spectral (UV-Vis, FT-IR, and 1H-NMR) characterization of the syn-
thesized has been done, followed by elemental analysis and atomic ab-
sorption studies for structural confirmation. These studies confirmed the
bidentate chelation via carboxylic and carbonyl groups of ketone with
metal. Among all the synthesized metal complexes G-M04 complex ex-
hibits increased activity against most microbial organisms. Furthermore,
complexes G-M02, G-M03, and G-M10 are more active antimicrobial in
nature than Gemifloxacin against C. albicans, S. features, and C. freundii.
As formed complexes show remarkable antifungal activity against
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C. albicans in tested concentrations either by killing them or inhibiting
their replication by blocking active sites. So they can be screened against
more fungal species and can work as potential antifungal agents. Binding
orientations of the synthesized metal complexes were investigated in the
binding site of the urease enzyme. The binding orientation pattern
revealed that all the docked metal complexes oriented away from the Ni
bi-center and the inactivation of urease is due to their interaction with
entrance flap residues.

These complexes can be further studied and used clinically as antimi-
crobial and antifungal agents; however, further mechanism-based studies
are required for a better understanding of their anti-urease effects.
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