
Research Article
Moxifloxacin Metal Complexes: Synthesis, Characterisation,
Antimicrobial and Antidiabetic Activities with Docking Studies

Sajjad Ali,1,2,3 Huaiji Zheng ,1 Asma Zaidi,2 Farhan Ahmed Khan,2 Syed Majid Bukhari,2

Muhammad Riaz,4 Muhammad Mumtaz Khan,5 Shehla Sammi,3 Inham u-llah,3

Ammad Amin,3 and Muhammad Jahangir 3

1Shaanxi Key Laboratory of Natural Products and Chemical Biology, College of Chemistry and Pharmacy,
Northwest A&F University, 3 Taicheng Road, Yangling 712100, China
2Department of Chemistry, COMSATS University Islamabad, Abbottabad Campus, Abbottabad 22060, KPK, Pakistan
3Department of Food Science and Technology, Te University of Haripur, Haripur, KPK, Pakistan
4Department of Basic and Applied Chemistry, Faculty of Science and Technology, University of Central Punjab,
Lahore 54000, Pakistan
5Department of Microbiology, Te University of Haripur, Haripur, KPK, Pakistan

Correspondence should be addressed to Huaiji Zheng; hjzheng@nwsuaf.edu.cn and Muhammad Jahangir;
m.jahangir@uoh.edu.pk

Received 18 July 2022; Revised 6 October 2022; Accepted 13 December 2022; Published 3 January 2023

Academic Editor: Massimiliano F. Peana

Copyright © 2023 Sajjad Ali et al. Tis is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Six new metal complexes of Fe(III), Cu(II), and Hg(II) were synthesised, i.e., three (2, 4, and 5) with moxifoxacin (mono-ligand)
and the other three (1, 3 and 6) with moxifoxacin and hydrazine (biligand). Tese were characterised through UV-Vis, FT-IR,
elemental analysis (CHN), atomic absorption spectroscopy, TGA, scanning electronmicroscopy (SEM), and powder XRD studies.
Further, all of these compounds were screened for their antimicrobial, cytotoxic, and antidiabetic potential. Te study revealed
that the synthesised metal complexes possess an excellent ability to become antifungal agents compared to moxifoxacin.
Additionally, the cytotoxicity of compounds 1, 3, and 4 was in the acceptable range with much better antidiabetic potential as
compared to the ligand moxifoxacin. Interestingly, the α-amylase inhibition activity of complexes 1 and 3 was found very close to
the standard drug acarbose. Furthermore, the computational studies also authenticate the results of the antidiabetic potential of
complexes 1, 3, and 4 by presenting the necessary interactions of these compounds with their respective binding sites. Te overall
results indicate that the antifungal and antidiabetic ability of moxifoxacin is enhanced signifcantly by complexation with the
given metals and the secondary ligand, thereby making it a suitable lead compound for yet another avenue of an antifungal and
antidiabetic agent in the feld of drug discovery and development.

1. Introduction

Te moxifoxacin hydrochloride [1-cyclopropyl-7-(S,S)-2,8-
diazabicyclo(4.3.0)-non-8-yl-6-fuoro-8-methoxy-1,4-dihy-
dro-4-oxo-3-quinoline carboxylic acid hydrochloride] is
a new 8-methoxy derivate of fuoroquinolone [1, 2]. It
represents one of the recent and infuential classes of fourth-
generationbroad-spectrum fuoroquinolone antibiotics
[3, 4]. Moxifoxacin (Figure 1) is not only active against
common Gram-positive and Gram-negative bacteria but

also useful against various anaerobes [2, 5]. Studies also
show its efectiveness in tuberculosis and complicated intra-
abdominal infection [6, 7]. Although the synthesis of new
quinolone-based antibiotics usually results in increased
antimicrobial efects when compared with their respective
quinolones, numerous bacterial strains have recently been
reported to develop resistance against such drugs [3, 8].

In the past two decades, in search of producing new
antimicrobial agents, the thought of metalloantibiotics has
been pushed forward with encouraging results, which
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divulge that they can play a signifcant role in improving the
biological activities of antibiotics [3, 9–12].Tese metal-drug
chelates are known to possess antibacterial, fungicidal, and
antiviral activities, as well as anticancer and antituberculosis
activities. Moreover, the latest studies also show their ef-
fectiveness against coronavirus (COVID-19) [9, 13, 14]. In
the last few years, several metals in variable molar ratios have
been reported for synthesising diferent mono, binary, and
ternary complexes with moxifoxacin [15–19].Tese metallic
complexes of moxifoxacin are known to possess antibac-
terial, fungicidal [16, 17, 20], antiviral, antituberculosis, and
anticancer activities [9, 10, 18, 19]. In several cases, most of
these compounds have been reported as better antimicrobial
agents than the respective chelating agents [7, 9, 15, 20]. For
instance, zinc, iridium, platinum, osmium, ruthenium, gold,
and rhenium metal complexes have also been reported as
suitable in luminescent sensing and bio-sensing or chemo-
sensing applications [21, 22].

Hydrazine and its derivatives are major ingredients in
the composition of many drugs. It is a very good ligand and
chelating agent; it forms a hydrazone group by reacting with
carbonyl compounds. Hydrazone groups further have
enormous applications in bio-sciences, material sciences,
and coordination chemistry due to their capacity to make
a variety of stable complexes [23–25]. Tat is why in the
current research work, we, for the frst time, utilize hy-
drazine as a secondary ligand for the complexation of fu-
oroquinolone antibiotics. Due to vast pharmacological
applications and increasing demand for metalloantibiotics,
in the present study, we synthesised six new moxifoxacin-
metal and moxifoxacin-hydrazine-metal complexes with
Fe(III), Cu(II), and Hg(II). Te main objectives were syn-
thesising the novel mono and binary ligand metal complexes
of moxifoxacin, and evaluating its impact on improvements
in cytotoxicity, antibacterial, antifungal, and antidiabetic
potential of this drug. Besides this, molecular docking
studies were carried out as an evidence-based approach to
understanding the mechanism of action and potential active
sites of new organometallic molecules as antidiabetic agents.

2. Materials and Methods

2.1. Chemicals and Solvents. Te metal salts, FeCl3.6H2O,
HgCl2, Cu(NO3)2.3H2O, and NaOH, were purchased from
Fluka Chemicals.Te hydrazine hydrate (80%) was procured
from PanReac AppliChem ITW Reagents. Te moxifoxacin
hydrochloride, α-amylase, acarbose, solvents (CH3OH and
DMSO), and other chemicals were obtained from Sigma-
Aldrich Chemicals Co. All the chemicals and solvents were
of analytical grade and used without further purifcation.

2.2. Synthesis of Moxifoxacin Metal (Mono-Ligand)
Complexes. Tree mono-ligand moxifoxacin metal com-
plexes were synthesised with minor modifcations to the
previously reported procedure. Te methanolic solution
(1mmol) of moxifoxacin hydrochloride was initially treated

with a 0.5M solution of NaOH, and the pH was maintained
between 6.3 and 6.5. Te clear solution (1mmol) of each
metal, dissolved separately in the same solvents, was added
drop-wise to moxifoxacin solutions with continuous stir-
ring until precipitates were obtained. In certain cases where
no precipitation occurred, mixtures were stirred for 8 h and
left overnight, and the subsequent settled-down solidmass at
the bottom was obtained [10, 18, 26, 27].

2.3. Synthesis of Moxifoxacin-Hydrazine Metal (Biligand)
Complexes. For mixed ligand metal complexes, the second
ligand (hydrazine) was added to the mixture after adding
metal salt solution, followed by the same procedure as
mentioned above. Te resultant fltrates obtained in both
cases were initially washed with ice-cold methanol followed
by washing with distilled water; the precipitates were dried
and kept in air-tight vials [10, 15, 18]. A similar procedure
with slight changes in stirring time was repeated to syn-
thesise all new metal complexes. Te methodology for
synthesising both mono- and biligand metal complexes is
summarised in Scheme 1.

3. Characterisation of New Metal Complexes

3.1. UV-Visible Spectroscopy. Te μM solutions of all the
metal complexes under investigation were prepared in di-
methyl sulfoxide (DMSO). Te absorbance (200–760 nm) of
each solution was measured by using a 10mm quartz cuvette
[28, 29] on a PG instrument, T80+ UV-Vis
spectrophotometer.

3.2. X-Ray Difraction (XRD) Studies. Although the new
metal complexes were soluble in common organic solvents,
they showed very good solubility in DMSO [30]. Due to the
unavailability of proper crystals for a single crystal study, the
structures of new organometallic compounds were con-
frmed by a powder X-ray difraction technique with
a Bruker-D8X-ray (CuKα (λ�1.5406 Å) radiation) difrac-
tometer (Brags angle 2θ � 0–80°).

3.3. Fourier Transform Infrared (FT-IR) Spectroscopy. Te
Fourier transform infrared spectra of all the synthesised
metal complexes were recorded from 4000 cm−1 to 600 cm−1

on a Termo-Nicolet 6700 FT-IR spectrophotometer
(Model 270).
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Figure 1: Structure of moxifoxacin.
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3.4. Elemental Analysis. Te elemental (C, H, and N)
composition of newly prepared metal-drug chelates was
assayed with an elemental analyser (Euro Vector In-
struments, Euro EA 3000). Te atomic absorption spec-
trophotometer (AA-6300, SHIMADZU) was used for
confrmation of the percentage of presence of metal ions.

3.5. Scanning Electron Microscopy (SEM) Analysis. Te
morphology of moxifoxacin and its metal complexes was
examined by scanning electron microscopy on a JEOL
scanning electron microscope, JSM 5910.

3.6. Termogravimetric Analysis (TGA). Te thermograms
of all organometallic compounds were recorded on Perkin
Elmer’s instrument, the TGA 4000 system (100–210 at V/
50–60Hz), from 25 up to 800°C in a dynamic nitrogen
atmosphere. Te fow rate was kept at 20mL·min−1 at
a heating rate of 10°C·min−1. A weight of 10.0–25.0mg of all
samples was used in platinum crucibles [15, 20].

4. Biological Activities

4.1. Antimicrobial Evaluation. Te synthesised metal com-
plexes were evaluated for antimicrobial activities by using
the Agar well difusion method [31–34]. Both Gram-positive
(Staphylococcus aureus and Bacillus subtilis) and Gram-
negative (Escherichia coli and Pasteurella multocida) bac-
terial species were used to assess the antibacterial potential.
All four bacterial strains were cultured on nutrient agar
plates with seeding density. Te 5.0 μL of each test sample
(dissolved in DMSO) was infused on a sterile flter paper and
placed on seeded discs. Te positive control of moxifoxacin
was also prepared similarly and used as a standard, whereas
DMSO-infused discs were used as a negative control. Te
inhibition zone for each sample and both controls was

measured after 24 h incubation at 37°C. For the estimation of
antifungal activity, four diferent fungal stains, Aspergillus
favus, Alternaria alternata, Rhizoctonia solani, and Asper-
gillus niger, were assayed with a similar procedure for an-
tibacterial assay [31, 33].

4.2. Cytotoxic Studies byHemolytic Activity. Te cytotoxicity
of new metal complexes was determined by measuring the
hemolytic activity. For this purpose, 3mL of freshly obtained
heparinised human blood was centrifuged for 5min at
850 rpm into a 15mL striate polystyrene screw cap tube. Te
resultant foating mass was poured of and washed three
times with an ice-cold sterile isotonic phosphate bufered
saline (PBS) solution of pH 7.4. Te red blood cells were
suspended in 20mL of the same solution (PBS) and counted
using a hemocytometer. Te obtained blood cell suspension
was diluted for each assay with sterile PBS. Ten, 20 μL of
each sample (metal complex) solution was placed aseptically
into 2.0mL microcentrifuge tubes, and 180 μL of diluted
blood cell suspension was mixed with each sample. Te
mixtures in tubes were incubated with stirring (80 revolu-
tions perminute) for 35min at 37°C, followed by cooling and
centrifugation at 1310 rpm for 5min. A 100 μL of super-
natant from each tube was collected separately in 1.5mL
microfuge tubes, followed by the addition of 900 μL sterile
and chilled PBS solution to each tube separately. All of the
tubes were kept cold on ice after dilution. Te absorbance
was noted on a spectrophotometer at 576 nm. Te Triton
X-100 (0.1%) was taken as a positive control and phosphate
bufer saline (PBS) as a negative control, whereas moxi-
foxacin was used as a reference standard. Te percentage of
hemolytic activity was calculated by the following formula
[35–37]:

% cytotoxicity �
Absorbance of sample
Absorbance of control

× 100. (1)

4.3. Antidiabetic Activity. For the estimation of antidiabetic
activity of new chelates of moxifoxacin, α-amylase in-
hibition analysis was performed as the enzyme kinetic assay
(DNS method). An equal volume (500 μL) of prepared metal
complexes and a 1% starch solution in 20mM sodium
phosphate bufer (pH 6.9) were used for this assay. A total
volume of 500 μL from each sample (metal complex) so-
lution was separately mixed with the same volume of already
prepared enzyme solution in a test tube and incubated for
10min at 37°C. Subsequently, 500 μL of 1% starch solution
was added to each mixture and further incubated for 15min
at 37°C, followed by the addition of 1mL of colouring agent
3,5-dinitro-salicylic acid (DNS) to all mixtures. Further
incubation was performed in a water bath (at 85°C for
5min). In the end, all the samples were allowed to cool down
to room temperature, each mixture was diluted with 10ml
distilled water, and absorbance (at 540 nm) was noted using
a spectrophotometer. A blank solution (containing all the
abovementioned reagents, except metal complexes) was
prepared similarly. Acarbose, a well-known synthetic
α-amylase inhibitor, was used as the reference standard. Te
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Scheme 1: Synthesis of moxifoxacin metal complexes
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percentage of inhibition was calculated as follows [38]. IC50
values were also calculated for the compounds having more

than 50% α-amylase inhibition by the nonlinear calibration
curve method using the Origin Pro 6.1 software.

% enzyme inhibition �
Absorbance of blank – absorbance of sample

Absorbance of blank
× 100. (2)

4.4. Molecular Docking Studies. Molecular docking studies
of the most active compounds were carried out by the MOE
(molecular operating environment) software [39]. Te
structures of the ligand, moxifoxacin, and its synthesised
complexes were made in the ChemDraw Ultra 14 suite, and
the energy was minimised in MOE. Te crystal structure of
the enzyme human pancreatic α-amylase (PDB ID: 2QV4)
[40] was retrieved from the Protein Data Bank [41]. Docking
of ligand molecules in the active site of the enzyme was
carried out by using MOE-Dock. Te Triangle Matcher
placement method was used with the London dG scoring
function. Refnement was carried out using the Induced-Fit
method and rescoring by Afnity dG. Te maximum
number of retainers was 10 during docking. Final poses were
selected based on binding energies, RMSD values, and ligand
interactions. To obtain 3D docking poses of complexes, the
Discovery Studio Visualizer was used [42]. Tree-
dimensional surface models were depicted through UCSF
Chimera 1.11 software [43].

5. Results and Discussion

A total of six (three mono- and three biligand) metal
complexes of moxifoxacin were made by the reaction of
moxifoxacin with a methanolic solution of three diferent
metal salts (1 :1), whereas hydrazine was used as an ancillary
ligand in the case of the biligand complex. Te ratio of both
ligands with salt was 1 :1 :1. Te proposed molecular for-
mulas and physical data of the new metal complexes are
summarised in Table 1 [44–46].

5.1. UV-Vis Spectroscopic Analysis of Synthesised Metal
Complexes. UV-Vis spectroscopy is a tool that is widely
used for explaining the structural aspects of metal complexes
[44]. Te results of UV-Vis analysis (Table 2) reveal that
moxifoxacin as a free ligand has 3 diferent absorption
bands at 290, 330, and 362 nm assigned for charge transfer,
π − π∗, and n − π∗ transitions, respectively. Te frst band
(λmax � 290) is the characteristics transition band for mox-
ifoxacin with maximum absorption (1.276). But after
complexation with metals, the band shift was observed in
new complexes due to transitional charge transfer from the
ligand to metal ions (CTM-L). A clear shift was also observed
for the other two bands (330 and 362 nm) in new metal
complexes, owing to π − π∗ and n − π∗ transitions, re-
spectively. A change in the maximum wavelength absorbed
by the metal complexes can be attributed to structural
changes that occurred whenmoxifoxacin reacted withmetal
salts to yield metal complexes. Hence, these initial results
confrm the synthesis of metal complexes [47–49].

5.2.PowderXRDStudies. Tepowder XRD patterns are used
to access the samples’ qualitative degree of crystallinity and
phase purity [48]. Te powder X-ray difractograms for
moxifoxacin ligand are shown in Figure 2 and for syn-
thesised metal complexes are shown in Figure 3. Te dif-
fractogram refects the data set between 0 and 80° (2θ) values,
and the peaks are indexed against 2θ values. Te dif-
fractograms for moxifoxacin showed clear peaks, indicating
its crystalline nature [47]. Te X-ray data for prepared
complexes exhibit similar features as compared with each
other yet were diferent from that of the ligand moxifoxacin,
which indicates their poor crystallinity (i.e., complexed 1, 2,
3, 5, and 6) or amorphousness (compound 4).Temolecular
structures with optimised geometry for complexes 1–6 are
given in Figures S3a–f in the Supplementary Material. Te
maximum orientation (2θ) was observed at 10.24° (111) for
the ligand and at 13.11° (100), 12.98° (100), 12.94° (100),
12.94° (001), and 12.19° (100) for complexes 1, 2, 3, 5, and 6,
respectively, and for complex 4 (Figure 3(e)), no distinct
peaks were observed. Tese results were in agreement with
the standards of the Joint Committee on powder difraction
standards (JCPDS No. 00-034-0198). Our results are also
insignifcant in agreement with results previously reported
for moxifoxacin and gemifoxacin metal complexes [47, 48].

5.3. FT-IR Analysis. Investigation of the characteristic vi-
brations, which are distinctive for the coordination mode of
quinolones, can be helpful in the recognition of synthesised
moxifoxacin metal complexes. It is known that moxi-
foxacin either acts as a monodentate, bidentate, or bridging
ligand [20, 50, 51]. As a result of stretching and bending
vibrations of diferent functional moieties, various absorp-
tion bands of diferent frequencies were obtained [15, 52].
Te possible mechanism of complex formation between
moxifoxacin andmetal cations can be chelation between the
ketonic carbonyl and carboxylic groups [50]. Terefore, in
the current study, with other functional groups present in
compounds, we also concentrated on validating the vibra-
tions of these carbonyl groups. In the FT-IR spectra
(Figures S1a–f in the Supplementary Material) of all the
synthesised metal complexes of moxifoxacin (Table 3), the
transmittance of the carbonyl (C�O) groups (about
1700 cm−1) of the ligand was observed to show a shift to-
wards lower frequencies and two bands for two carbonyl
groups were observed in the range of 1450–1650 cm−1.
According to the literature, this shift in the wave number of
the carbonyl group is evidence that these functional groups
are taking part in complex formation [15, 51]. All the spectra
showed the distant peaks for other important function
groups such as C-N (between 1346 and 1454 cm−1) and C-O
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(between 1029 and 1102 cm−1). Te peaks against M-O
bonds are also evident in all 6 complexes. Moreover, the
new bands at 950 cm−1 in the spectra for complex 3 and at
1008 cm−1 for complex 4 against the N-N bond also indicate
the presence of hydrazine in the muscles. Hence, the values
for these two functional groups further confrm the for-
mation of the new metal complexes [16, 44, 53].

5.4.Te Elemental (C, H, and N) Analysis. Te percentage of
carbon, hydrogen, nitrogen, and metal ions in each com-
pound is presented in Table 4. Te results indicate that all of
the obtained metal complexes 2, 4, and 5 are formed from
the reaction of the metal salt with the primary ligand
moxifoxacin in a 1 :1M ratio and the complexes 1, 3, and 6
in 1 :1 :1 of moxifoxacin, metal, and hydrazine, respectively.
All complexes except complex 2 are hydrates with various
degrees of hydration but are stable solids at room

temperature. Te results showed signifcant agreement with
the previously reported data in the literature [20, 44, 54] and
hence proved the formation of new mixed ligand metal
complexes of moxifoxacin.

5.5. SEMAnalysis. Figure 4 displays the SEM micrographs
of the moxifoxacin and its new complexes. Te images
were taken in diferent magnifcations, and the micro-
graph (A) shows that moxifoxacin exhibits a tiny needle-
like crystalline morphology. Complexes 1 (B) and 2 (C)
possess almost similar sheet-like crystalline structures.
Complex 3 (D) exhibits minuscule capsule clusters, while
the new organometallic complex 4 (E) showed a powder-
like noncrystalline shape. Complex 5 (F) also possesses
sheets like aggregates, and complex 6 (G) has nano-sized
particles (grown by the process of complexation) of
uniform size. Te obvious diference in the morphology of

Table 2: Te UV-Vis spectra of ligand moxifoxacin and its metal complexes.

Sr. No. Metal complex/compound Abs.
Electronic bands, λ (nm)

CTM-L π − π∗ n − π∗ d-d
1 [Hg(MXF) (N2H4)]Cl2.H2O 1.037 285 328 362 541
2 [Hg(MXF)]Cl2 1.182 296 332 366 —
3 [Fe(MXF))(N2H4)]Cl3.7H2O 1.193 294 331 358 580
4 [Fe(MXF)]Cl3.6H2O 1.185 292 334 361 611
5 [Cu(MXF)](NO3)2.3H2O 1.243 286 330 358 —
6 [Cu(MXF) (N2H4)](NO3)2.4H2O 1.236 299 336 365 —
Ligand Moxifoxacin (MXF) 1.276 290 330 362 —
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Figure 2: Powder X-ray difractograms of moxifoxacin.

Table 1: Physical data of moxifoxacin and synthesised metal complexes.

Sr. No. Formula of metal complex/compound
Physical properties

Mol. weight MP. (°C)
Colour Yield

1 [Hg(MXF) (N2H4)]Cl2.H2O Dark grey 74% 739 >300
2 [Hg(MXF)]Cl2 Yellowish green 81% 689 >300
3 [Fe(MXF))(N2H4)]Cl3.7H2O Reddish brown 86% 754 >300
4 [Fe(MXF)]Cl3.6H2O Dark brown 86% 687 >300
5 [Cu(MXF)](NO3)2.3H2O Light purple 77% 659 294–298
6 [Cu(MXF) (N2H4)](NO3)2.4H2O Light purple 79% 723 291–295
Ligand Moxifoxacin (M.X.F.) Yellowish green — 401 >300
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Figure 3: Powder X-ray difractograms of metal complex 1 to metal complex 6 (a–f), respectively.
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moxifoxacin and its metal complexes clearly indicates the
structural modifcation and formation of new complexes
[48, 49, 55].

5.6. Termogravimetric Analysis (TGA). Termogravimetric
analysis is an analytical technique in which the mass of
a fragment is determined either as a function of time or
temperature [15]. Te results of fragments/mass loss for the
six synthesised metal complexes are presented in Table 5, and
the thermographs for complexes 1–6 can be found in
Figures S2a–f in the Supplementary Material. A two-step
degradation pattern has been obtained in the thermal de-
composition of the HgCl2 mix legend metal complex. Te
initial decomposition was observed up to 177°C, which can be
characterised as the loss of water for hydration along with the
chlorine and methoxy groups. Te total weight loss for this
phase was 16.6%, close to the experimental result (16.9%).Te
degradation of the moxifoxacin ligand started next to it and
continued up to 350°C, thereby yielding the C7H14N2 group.
Te calculated weight loss for this step was 17.3%, whereas the
experimental weight loss was 17.5%. Further degradation of
the remaining metal complex was not observed. Te same
decomposition pattern was observed for complexes 2, 3, and
4. In the case of complexes 5 and 6, initially, water loss was
observed, followed by the detachment of methoxy and nitro
groups up to 197°C. Next, the same group (C7H14N2) removal
was observed, along with fuorine and propyl moiety. In the
end, after 242°C, removal of the C9H7N group was noted,
followed by oxidation of metal above 700°C. Also, hydrazine
removal was observed in the thermogravimetric analysis of
complex 6 above 200°C. Te results for our compounds were
found in accordance with the results reported for moxi-
foxacin metal complexes with Zr, U, and V [44] and com-
parable to the results reported for the Ti, Y, Pd, Cr, and Zn
complexes with moxifoxacin [15, 20, 52].

 . Biological Assays

6.1. Antibacterial Activity. Te assayed bacterial strain,
Staphylococcus aureus, causes food poisoning, skin infection,
and respiratory tract infections; Bacillus subtilis is found in
soil and the gastrointestinal tract of humans but is not
pathogenic. In contrast, Escherichia coli lives in the intestines
of humans and animals and causes diarrhoea. Te Pas-
teurella multocida is responsible for various diseases in
mammals and birds; it is also known for causing infection
(soft tissue infammation) in the case of dog or cat bites
[35, 56, 57]. Figure 5 presents the results for the antibacterial
assay. Moxifoxacin (used as a standard) [20] showed pro-
nounced inhibition, counter to all the tested strains. Among
all developed compounds, compounds 2 and 5 revealed the
most signifcant activity against B. subtilis from the entire
tested bacterial strains. Compounds 1 and 3 were selectively
active against P. multocida, although the activity was pro-
portional to the standard. Compound 4 possessed upright
action against B. subtilis and P. multocida but the highest
activity against E. coli. Te last one, compound 6, showed
moderate inhibition, contrary to B. subtilis and E. coli. In
terms of zones of inhibition, compounds 2 (20.0mm), 4
(26.2mm), and 5 (20.0mm) possess not only higher activity
than others, but they were even more active than standard
against E. coli. Tese results are comparable to the fndings
reported for mixed ligand complexes of moxifoxacin
[20, 58] and gemifoxacin [47] and to diferent other mono-
ligand complexes of moxifoxacin with various metals
[15, 44, 48, 59].

6.2. Antifungal Activity. Moxifoxacin is an efective anti-
bacterial agent similar to other fuoroquinolones, but it is not
used as a fungicide in common practice [51]. Te results
(Figure 6) of the current study disclose that the ligand

Table 3: Te FT-IR analysis of moxifoxacin and its new metal complexes (1–6).

Moxifoxacin (ligand)
Metal complex/compound

Assignments
1 2 3 4 5 6

2950 — 3064 3042 3050 3153 3183 ѵ O-H (Ar.)
1725 1612 1623 1616 1623 1635 1645 ѵ C�O (COOH)
1610 1566 1569 1574 1454 1614 1588 ѵ C�O
1450 — 1454 1429 1346 1425 1416 ѵ C-N
1250 1264 1311 1284 1311 1303 1258 ѵ C-O
1050 1029 1033 1033 1033 1098 1102 ѵ C-F
— — — 950 — — 1008 ѵ N–N
— 629 804 623 803 768 719 ѵ M-O

Table 4: Te elemental composition and metal ion content of the isolated solid complexes.

Metal complex Carbon (%)
cal./fnd

Hydrogen (%)
cal./fnd

Nitrogen (%)
cal./fnd

Metal (%)
cal./fnd

1 36.75/36.88 4.64/4.22 9.48/10.2 27.14/25.68
2 38.35/37.68 4.10/3.96 6.10/5.96 29.11/28.72
3 35.81/34.96 6.28/6.26 9.49/8.86 7.57/8.02
4 38.48/39.02 5.72/6.04 6.12/5.94 8.13/9.14
5 40.09/40.44 5.20/5.32 10.63/11.21 9.64/9.25
6 38.20/38.76 5.85/6.11 13.56/12.83 8.79/8.33
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moxifoxacin was sedentary against A. favus and also
exhibited insignifcant activities against other fungal strains
[59]. Its zones of inhibition for A. niger, R. solani, and
A. alternata were 13.4mm, 7.2mm, and 6.0mm, re-
spectively. Compounds 4 and 5 exhibited signifcantly
greater activity against all the screened fungal strains than
moxifoxacin. Compounds 1 and 2 present good to modest
activity againstA. favus and R. solani, yet these were inactive
against the other two fungi. Compounds 3 and 6 were only
inactive against R. solani. However, compound 6 possesses
not only higher activity against the other three fungal species
but is very similar to fuconazole, taken as the standard. It is
worth mentioning that almost all the synthesised metal
complexes showed substantial antifungal activities against all
four fungal strains, except a few. Our results are comparable
to the outcomes for moxifoxacin-metal complexes [59] and
signifcantly greater than the antifungal activities reported
for mix ligand complexes of moxifoxacin [58]. Terefore, it
can be concluded that synthesising metal complexes is an
efective step toward modifying moxifoxacin as an anti-
fungal agent, which can serve the purpose of making
moxifoxacin considerably active against several fungal
species.Tis development in antifungal activity status can be
understood in terms of the implications’ concept of cell
permeability and Tweed y’s chelation theory [59].

6.3. Cytotoxicity. Treating human body cells with a cyto-
toxic substance can result in diferent disorders in human
beings. Te cells of diferent body tissues can experience
a loss of membrane integrity, which may cause cell lysis and
the rapid death of cells. Te frmness of the cell membrane
of red blood cells (RBCs) is a valid indicator to evaluate
in vitro the efects of several compounds while screening for
cytotoxicity [36, 37]. Te synthesised organometallic
compounds of moxifoxacin with diferent metals were
evaluated in vitro for their cytotoxicity by calculating he-
molytic activity. Te hemolytic activity (Figure 7) of
compounds 1–6 was carried out with human red blood
cells, and the average RBC lysis was studied for moxi-
foxacin taken as reference, Triton-X 100 as a positive
control, and phosphate bufered saline (PBS) as a negative
control [33, 36].

Te Triton X-100 shows maximum cell lysis (99.07%),
and the negative control shows no (0%) RBC lysis. Te li-
gand moxifoxacin holds very little (6.21%) hemolytic ac-
tivity. Among the metal complexes, the lowest activity
(10.45%) was found for compound 1, and the highest
(54.69%) for compound 5. Compounds 3 and 4 showed
16.83% and 12.0% hemolytic activity, respectively, though
the cytotoxic values of compounds 1, 3, and 4 are greater
than the ligand but are in a safe range for their lead use as

Figure 4: SEM micrographs of moxifoxacin (a) and its metal complexes 1–6 (b–g), respectively.
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Table 5: Te fragments/mass loss of complexes 1–6 at the respective temperature range.

Metal complex T (°C) max % loss experimental % loss calculated Loss fragments

1
177 16.9 16.6 Cl2, H2O, OCH3
350 17.5 17.3 C7H14N2
— 35.4/64.6 33.9/66.1

2
180 15.1 15.2 Cl2, OCH3
320 19.2 18.6 C7H14N2
— 34.3/65.7 33.8/66.2

3

186 17.7 17.3 7 H2O
320 19.6 19.5 Cl2, OCH3
461 17.5 17.8 C7H14N2

55.8/44.2 54.6/45.4

4

125 15.9 16.1 6 H2O
342 21.2 21.5 Cl2, OCH3
378 19.3 18.6 C7H14N2
— 56.4/43.6 57.2/42.8

5

165 10.7 10.9 3 H2O
197 15.4 15.6 NO2, OCH3
242 31.0 31.2 C7H14N2, F, C3H5
358 20.4 20.7 C9H7N
700 21.2 21.5 CuO
— 98.7/1.3 99.9/0.1 —

6

98 13.8 13.9 4 H2O
162 14.5 14.7 NO2, OCH3
198 28.7 28.9 C7H14N2, F, C3H5
370 23.4 23.8 C9H7N, N2H4
700 18.3 18.5 CuO
— 98.7/1.2 99.0/0.2 —

Compound 1
Compound 2
Compound 3
Compound 4
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Moxifloxacin

Compound 1
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Compound 3
Compound 4
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Compound 6
Moxifloxacin
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Figure 5: Pie charts representing the extent of antibacterial activities of moxifoxacin and its metal complexes.
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compounds in the quest for new antibiotics [33]. Our results
are comparable to those shown in the literature for the
cytotoxicity of similar compounds [37].

6.4. Antidiabetic Activity. Diabetes is one of the world’s
most rapidly growing metabolic disorders and is also
considered a major cause of fnancial loss in developing
countries. Tere is a need for signifcant and appropriate
drugs in third-world countries to deal with this dreaded
disease. Furthermore, unhindered diabetes can lead to
several chronic disorders, including blindness, kidney
failure, and heart failure [60, 61]. Te results for percent
antidiabetic activity of all the synthesised metal complexes
and IC50 values were calculated for compounds 1, 3, and 4
(having more than 50% α-amylase inhibition) are sum-
marised in Table 6. Te reference standard, acarbose,
showed the maximum inhibitory efect (64.12%), and the
ligand, moxifoxacin, possessed a minimum (only 3.27%)
inhibitory efect. Compound 6 exhibits the lowest (18.48%)
antidiabetic activity, whereas compounds 1, 3, and 4
showed the highest (57.33%, 54.15%, and 50.24%, re-
spectively) α-amylase inhibition, which was also close to the
standard drug; acarbose. Compounds 2 and 5 also possess
signifcant antidiabetic activity. No previous report on
quinolones’ metal chelates was found to compare
α-amylase inhibition activity. Tis signifes that the anti-
diabetic studies of moxifoxacin and its synthesised metal
complexes have been carried out for the frst time. Tese
results are quite promising and reveal that moxifoxacin can
be converted into a drug, thereby treating diabetes if its
complexes with suitable metals have been synthesised.

6.5. Molecular Docking Studies. In vitro, α-amylase in-
hibition results in the current study were further supported
by analysing the interactions of synthesised compounds with
the active site of α-amylase by performing in silico studies.
Binding interactions of the most active compounds 1, 3, and
4 into the active site of human pancreatic α-amylase (PDB
ID: 2QV4) [40] were investigated through molecular
docking studies using MOE (Molecular Operating Envi-
ronment) software [39]. Compounds 1, 3, and 4 represented
Gibb’s free energies (binding energy) of −14.2 kcal·mol−1,
−14.8 kcal·mol−1 and −12.3 kcal·mol−1, respectively, with
RMSD values of 1.3Ǻ, 1.8Ǻ, and 2.5Ǻ, as given in Table 7.
Compounds 1 and 3 represented almost similar interactions
compared to the standard drug acarbose by making a con-
ventional hydrogen bond with Gln63, Asp197, Glu233,
Asp300, and His305, along with π-alkyl interaction with
Trp59 and Leu165 as shown in Figures 8(a) and 8(b).
Compound 4 showed less interactions as compared to
compounds 1 and 3 (Figure 8(c)), which is also obvious from

in vitro studies that compound 4 has less afnity than
compounds 1 and 3. A similar type of interaction through
molecular docking studies against human α-amylase was
observed by Anigboro et al. [62] for plant-based bioactive
compounds. Te binding pose of compound 1 (pink) into
the active site cavity (surface model) of the enzyme along
with cocrystallised ligand acarbose (yellow) is shown in
Figure 8(d), which indicates that the metal coordination site
of moxifoxacin and hydrazine is towards the active site cleft
of the enzyme whereas tail is protruding out. Similar binding
poses were observed with other compounds. According to
the structure-activity relationship (shown in Figure 8), it has
been observed that compounds 1 and 3 have more in-
teractions and better afnity as compared to other com-
pounds due to the hydrazine group being coordinated with
a metal ion.

6.6. Summary. In the present work, six novel metal com-
plexes of Fe(III), Cu(II), and Hg(II) were synthesised. Out of
which, three (2, 4, and 5) were with moxifoxacin (mono-
ligand), and the remaining three (1, 3, and 6) were with
moxifoxacin and hydrazine (biligand) complexes. Te
characterisation was done through modern analytical
techniques (UV-Vis, FT-IR, CHN, AAS, TGA, SEM, and
XRD). Te prepared organometallic compounds were
screened for their antibacterial, antifungal, cytotoxic, and
antidiabetic potential. Te results revealed that this study is
a valuable addition to the literature and has potential ap-
plication for new drug discovery. An already-developed
antibacterial drug (moxifoxacin) has selectively been con-
verted for potent antifungal activity with lower cytotoxicity
and a promising candidate to be an antidiabetic drug as
a result of chelation. Te major outcomes of the research are
that compounds 4 and 6 possess signifcant antifungal ac-
tivities, and half of the synthesisedmetal complexes (1, 3, and
4) exhibited potent human pancreatic α-amylase inhibition
potential and tolerable cytotoxicity. Tese compounds
should be considered for further development of new an-
tifungal and antidiabetic drugs.

Table 6: Te % α-amylase inhibition activity and IC50 values of
synthesised metal complexes, moxifoxacin (ligand) taken as ref-
erence, and acarbose taken as standard.

Compound % α-amylase inhibition IC50± SEM (μM)
1 57.33 441± 12
2 39.86 —
3 54.15 463± 08
4 50.24 500± 05
5 35.68 —
6 18.48 —
References 3.27 —
Standard 64.12 390± 10
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