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Abstract

This study focuses on the synthesis of nano pt(IV) and Au(lll) Mannich base complexes derived from
ciprofloxacin by the ultrasonic sonication method. The size and morphology of nanocomplex were
measured by transmission electron microscopy (TEM), atomic force microscopy (AFM), energy
dispersive X-ray (EDX), scanning electron microscopy (SEM), x-ray differentiation (XRD) and Fourier
transform infrared spectroscopy (FTIR). Newly synthesized ligand and their metal complexes were tested
for their ability to scavenge free radicals at concentrations between 6.25 and 100 pg/ml using their
interaction with the stable free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH). It has been demonstrated
that all compounds enhance antioxidant activity in high concentration.

Keywords: Antioxidant, Ciprofloxacin, Free radicals, Mannich base complexes, Nano size.

Introduction

Free radicals were implicated within side the
causation of numerous oxidative damage diseases
including liver cirrhosis, atherosclerosis, cancer,
diabetes, and ageing® ‘Antioxidants are our body's
first line of defense against free radical damage. As
our exposure to free radicals increases due to
pollution, cigarette smoke, medications, illness,
stress, or even exercise, the need for antioxidants
becomes even more critical®. Scavenging efficacy of
numerous organic compounds may be evaluated
utilizing DPPH free radical, and additionally (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonate)

ABTS" tests. Many organic molecules have already
been notified that act as antioxidants are very good,
so it's far paramount to recognize the approach of
motion as the proper efficacy of these antioxidants.
There are large numbers of normal and properly

artificial anti-oxidants that will be explored;
additionally, their antioxidant capacity can be
evaluated in different ways®. The compounds derived
from the Mannich base reaction had been implicit
supply to inhibit pathogens with much fewer side
effects®. The electron-withdrawing substituents
confirmed much less activity than electron-donating
substituents towards microorganisms> & Mannich
base complexes have remained a critical and popular
area of study because of their easy synthesis,
adaptability, and various variety of applications’. In
recent years, metal complexes with quinoline
derivatives have been shown to have possible
antibacterial activity as well as antioxidant activity?®.
A novel unexplored field of research is the
production of transition-metal complexes with close
attention to biological processes. Additionally, it is a
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popular area of study to use DFT simulations and
molecular docking research to determine the method
of the pharmacological action and the effectiveness
of therapeutic agents®. Recent studies have
discovered different forms of antioxidant tendency.
Nano-antioxidants have been prepared using a
variety of materials, metal and metal oxide
nanoparticles, CNTs, other carbonaceous
nanomaterials and Polymer-loaded antioxidant
nanoparticles have been reported to possess
antioxidant function. Various forms of antioxidant
have recently been discovered

Materials and Methods

The chemicals and reagents that were used for this
study are Ciprofloxacin (99.5%),2-
mercaptobenzimidazol, metals chloride, methanol,
ethanol, formaldehyde, and 2,2-diphenyl-
1picrylhydrazyl (DPPH); all chemical reagents were
of analytical grade and used without further
purification. The energy dispersive X-ray (EDX) and
field emission scanning electron microscopy
(FESEM) images were recorded using a Tescan
MIRA3 LMU instrument (Tescan Orsay Holding;
Brno-Kohoutovice, Czech Republic). The Agilent
spectrometer (FT-IR 8400S SHIMADZU
Spectrophotometer) was used to measure FTIR
spectra of prepared complexes and their ligand in the
solid-state at the range of wavenumber at 4000-400
& 4000-200 cm-1 using KBr & Csl pellets. Whereas
the powder XRD data were recorded on a
diffractometer (X-ray tube target: CuKa (A = 1.5406
nm). The AFM measurements were recorded by the
instrument Veeco's Atomic Force Microscope and
Transmission electron microscope (TEM) type
JEOL-(JEM)-2100 .

Synthesis of Mannich Base Ligand

General procedure for the preparation of ligand
(CPFX, 165 g, 0.005 mol) and 2-

research trends. Biodegradable nanoparticles have
received a lot of attention  recently.
Due to its high encapsulation efficiency, controlled
release properties and non-toxicity,
among other factors. As a carrier for various forms
of nano-antioxidants
historically, biodegradable polymers have proven to
be the most important materials to investigate!® 1*
Uses metallic nanoparticles with high antioxidant
activity

develop new antioxidants.

mercaptobenzimidazole (0.75 g, 0.005 mol) in EtOH
(25 mL). A solution (CH20) was applied and heated
to reflux for 6 hours and cooled to room temperature.
The precipitate was filtered and recrystallized from
(ethanol in water) to give the compound??,

Synthesis of Nanocomplex

The desired metal ion was mixed with 2mmoles of
Mannich base (L) that have been dissolved in 10ml
of absolute ethanol (0.409g H2PtCl6.6H20 and
0.354g HAuUCI4.6H20). The mixture was refluxed
for two hours, changing the color. After the solvent
evaporated the resultant precipitates were created.
The precipitates were then dried to produce the metal
complexes. Then, 0.125 g of the metal complexes
were individually dissolved in water (50 mL). The
mixture of the solution was exposed to ultrasonic
sonication for two hours at 60 °C. After overnight
incubation at room temperature, crystals of good
guality began to form. Novel compounds were then
isolated by filtration.
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Schem 1. Synthesis of Mannich base ligand and its metal complexes.

Antioxidant Activity

The stable free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) technique was used to test the synthesized
compound's antioxidant activity. The samples were
first diluted in methanol to various concentrations
(6.25,

12.5, 25, 50, and 100 pg/ml), and then 0.3 mL of each
concentration solution was combined with 2.7 mL of
a methanol solution containing DPPH radicals. The
combination was left at room temperature and in the
dark for 60 minutes. A UV-Vis spectrophotometer
was used to measure the absorbance at 517 nm to
detect DPPH radical scavenging. For each

Results and Discussion
Structural Characterizations

As predicted, FTIR provided useful information
concerning the interactions between the ligand and

concentration, the average of three separate
replications was used to calculate all values. The
formula was used to determine the antioxidant
capacity using ascorbic acid as the standard (positive
control) ¥¥in Eq. 1.

__ Abs blank—Abs sample

0
1% = bs Dlank x100..........1

Where the Abs sample is the test compound and Abs
blank is the absorbance of the control reaction, which
contains all of the reagents but not the test
compound. Plotting the proportion of DPPH-
scavenging activity versus sample concentration was
done to calculate the IC 50, which is the absorbance
of values for each synthesized compound.

Pt and Au*® ions. When compared to literature
values, the characteristic frequencies of the free
ligand and its metal complexes were easily
assigned!* The FTTR spectrum of the ligand Fig. 1 is
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complicated due to the large number of groups
which have overlapping regions, however a few the
bands are selected in order to prove the
complexation. Table 1 lists the principal IR bands of
the free ligand and its metal complexes. The
spectrum of ligand shows stretching frequency of
v(CH2-N), v(C=N), at 2964-2839, 1552, cm’
respectively, the other bands appeared at
3531,1708,1627,1051,1361,1271,1137,738 cm™ are
assigned to stretching frequency of v OH of COOH
group, v C=0, v NCS, v NCN, v CNC, v CSC, and
v CS respectively. The FTIR spectrum of the Pt(IV)
nano complex, Fig. 2 shows, the frequencies at 1707
cmt and 1627 cm?, respectively, are ascribed to the
v(C=0) of the carboxylic and carbonyl groups. In
comparison to the free ligand, these vibration bands
occur at the same frequencies (1708 cm™ and 1627
cmt). These results showed that no carboxylic and
carbonyl groups of oxygen atoms participated in the
coordination of metal ions. In Infrared spectra of
complexes, the v NH, bands did not change in

intensity and position when comparing the same
bands of the ligand, this proves the amine does not
coordinate. The bands which were attributed to the
v(CH2-N) of the ligand mentioned previously were
shifted to higher wave numbers in both complexes
about (6-15)and (1-13) cm, while the band which to
the v(C=N) of imidazole ring shifted to lower wave
number in both complexes about (9-44)cmtas shown
in Tablel. This indicates that the ligand acts as a
neutral bidentate through the N atom of Mannich
base and the N atom of the imidazole ring. The weak
absorption bands present at frequencies below 500
cm* are assigned to the coordination bonds v(M-N)*°
between a metal ion and nitrogen atom of Mannich
base derivative from ciprofloxacin. The complexes
spectra exhibited new weak bands at a frequency
range (345-352) cm? assigned to the stretching
frequency of (M-CI®* for Pt(IV) and Au(lll)
complexes. Bands appeared in two complexes
varying between 3442-3450 cm™ which refer to
stretching band of water uncoordination?’.

Tablel. Selected FT-IR absorption bands of ligand and its nano metal complexes.

Comp. vCOOH vC=0 vC-N v N-H vCHz-  vC=N vM-N Others
vN-C-N imidazole N
ring
L 1708 1627 1271 3203 2964
1107 2839 1552
PtL 1712 1631 1273 2972 1543 462 v (H20) = 3442
1109 3200 2845 v Pt-Cl = 352
AuL 1713 1618 1271 3211 2978 1547 459 v (H20) = 3450
1110 2852 v Au-Cl = 345
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Figurel. FTIR spectrum of ligand.
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Figure 2. FTIR spectrum of Pt(IV)nanocomplex.

X-ray Diffraction Analysis

One of the important analytical techniques is
the diffraction of X-ray from a crystal's planes
or diffraction analysis. X-ray diffraction,
which is dependent on the solid's crystal
properties, allows us to determine the crystal
structure of many different solid compounds

by analyzing their structure. We can also
determine the arrangement of molecules in
crystal*® by using this method.
XRD data was used to
confirm the phase formation and calculate
the particle size.
Average particle size for different

specimens was obtained from the main pea

ks using the Debye Scherrer equation™®®
Eq. 2:

D=k\Bcos0 cenn2
Where D = crystallite site,k = shape factor

=0.9, 0 = diffraction angle at maximum peak
intensity. B = full width at half maximum of
diffraction angle in radians. A= x  ray
wavelength. Figure 3 displays the X-ray
diffraction of a synthetic Pt nanocomplex. Pt
nanocomplex exhibits the following X-ray
diffraction patterns at 20 wvalues: (13.05, 17.11,
18.44, 24.06 and 27.78°). The X-ray

diffractogram of Au nanoomplex is shown in
Fig. 4. The graph compares the index 26
values for each peak. When the values are
compared, it can be seen that there is good
agreement between the 2 6 and d numbers.
According to Fig.4, the diffraction peaks at 20
are (12.18, 13.81, 16.07, 17.42, 22.05 ,25.59,
and 27.81 °. The collected data suggest that the
Au(lll) nanocomplex is more crystalline than
the Pt(IV) nanocomplex, which has an
amorphous  phase.  The  samples  sharp
diffraction peaks showed that our method may
produce complex nanocrystals that are well-
crystallized®. Table 2 displays the X-ray
diffraction data for nanocomplexes.

Table 2: X-ray diffraction data of nanocomplexes

NO Complex 26 FWHM d- Graine
spacing size
(A) (nm)
1 AuL 17.42  0.3936 10.74 21.33
2 PtL 13.05 0.2460 34.77 33.96
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Figure3. X-ray diffraction spectrum of Pt(I1V)
nanocomplex
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Figure 4. X-ray diffraction spectrum of Au(lll)
nanocomplex

Morphological Characterization:
Transmission Electron Microscope (TEM)

A transmission electron microscope was used
to examine the morphological characteristics
of the nanocomplex as it had been created. The
Pt(1V) nanocomplex is depicted in Fig.5 as
irregularly shaped, agglomerated nanoparticles
that are 30 nm in size. Figure 6 depicts the
transformation of the agglomerated, irregularly
shaped nanoparticles into the primarily quasi-

spherical morphology  of  the Au(lll)
nanocomplex. The XRD and TEM particle
sizes were different’ because the XRD
particle is the crystallized size or primary

particle, which is a single crystal particle. A
particle consisting of one, two, or even more
primary particles is known as a TEM particle.

Figure 5. TEM image of Pt(IV) nanocomplex.

Figure 6. TEM image of Au(l11) nanocomplex.

Energy Dispersive X-ray (EDX) Analysis

Energy dispersive X-ray (EDX) analysis was
used to determine the composition of the
synthesized  nanocomplexes.  The  findings
indicated that the proportion of experimental
atoms is nearly in agreement with the
predicted (theoretical) values. The
characteristic  signals  for carbon, oxygen,
chlorine, fluorine, sulfur, and platinum are
noticeable in the EDX spectrum of the Pt(IV)
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nanocomplex, whereas the characteristic
signals for carbon, oxygen, chlorine, fluorine,
sulfur, and gold are noticeable in the EDX
spectrum of the Au(l1l) nanocomplex .

Field Emission Scanning Electron Microscopes
(SEM)

Field emission scanning electron microscopes
(SEM) were used to examine the shape, size, and
structure of the nanomaterials ?2. The SEM images of
the nanocomplexes for Pt(IV) and Au(lll),
respectively, are shown in Fig.7 and 8. The presence
of a metal ion played a major role in how differently
the nanocomplex was shaped. Pt(IV) nanocomplex
particles were 20 nm in size on average, whereas
Au(lll) nanocomplex particles were 10-25 nm in
size. The synthetic complex, which is the size of a
nanoparticle, may be extremely helpful in a variety
of areas, including biological and industrial
applications.

EMT « 10.00kV Signal A « SE2 Date 13 Now 2002 —

Figure 7 .I;I:ZSEM* .imaé'em of
Complex(a:200nm and b: 1um)

Pt(IV)

EHT = 1000 kV

Signal A = SE2
o

> g
Signal A = SE2 Date:13 Nov 2022 ZEISS
Mag= 1000KX  UserText

1om EHT = 1000 kV
WD = 45 mm

Figure 8. FESEM image of
Complex(a:200nm and b: 1um).

Au(lln)

Atomic Force Microscope (AFM)

The surface morphology and roughness of the
produced nanoparticles have been
characterized using the AFM. Figs. 9 and 10
respectively  depict the two- and three-
dimensional AFM images of the Pt(IV) and
Au(lll)  nanocomplexes. According to the
Figs., the obtained particle size distribution
results for Pt(IV) and Au(lll) nanocomplexes
are in the range of 5-31 nm and 5-33 nm,
respectively. The average diameter of the
Pt(IV) nanocomplex was 17 nm, and Au(lll)
nanocomplex was 18 nm. This result
demonstrates that these produced materials
have  nanoscale particles. The photos
additionally display the great regularity of the
surface objects which is a real reflection of the
surface organization of Pt(IV) and Au(lll)
nanocomplexes.
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Figure 9. AFM image of Pt(IV) nanocomplex (a:
two dimensional, b: three dimensional).
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Figure 10.AFM image of Au(l11) nanocomplex (a:
two dimensional, b: three dimensional).

Antioxidant Activity

The DPPH (Diphenyl-1-picrylhydrazyl)
technique was used to assess the synthesized
compound's antioxidant activity. The DPPH
reagent's change from purple to yellow serves
as a marker for the ability of synthetic
compounds to scavenge free radicals®® 2,
Standards were ascorbic acids. The antioxidant
potential of the molecule was initially
evaluated at 6.25, 12.5, 25, 50, and 100 pg/ml.
All of the synthesized compounds exhibited
good to excellent action against the DPPH free
radical. The Au(lll) nanocomplexes increased
the percentage of scavenging activity while the
free ligands displayed low DPPH activity,
indicating that the metal nano complexes have
greater scavenging activity than the ligands. In

comparison to the ligand and Pt(IV)
nanocomplexes, Au(lll) nano complexes at
(100 pg/ml) demonstrated a higher radical
scavenging percentage. As the inhibitory

concentrations  (IC50) values decrease, the
percentage of ligand and metal nanocomplexes
having scavenging action increases. Table 3
and Fig. 11 demonstrate the ligand and its
nanocomplexes scavenging activity.
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Table3. Scavenging activity of the ligand and their nanocomplexes.

Comp. Scavenging % 1c50
6.25 125 25 50 100
pg\ml pg\ml - pg\ml pg\ml  pg\ml
Ligand 1441 2776 3992 39.6 5199 85.85
Pt(IV) nanocomplex  18.23 22.09 22.89 3111 4573 1294
Au(lll) nanocomplex 35.31 4876 5212 69.7 91.89 115.55
Ascorbic acid 414 504 671 717 97.2 10.21

Scavenging %

o

100
80
60
40 Ascorbic acid
Au(lll) nanocomplex
2 Pt(IV) nanocomplex
0 L
6.25 12.5 25 50 100

Concentration pg\ml

EmL ®Pt(lV) nanocomplex Au(lll) nanocomplex Ascorbic acid

Figure 11. IC50 values of DPPH scavenging activity of the ligand and its nanocomplex.

Conclusion

In conclusion, the study described the synthesis and
spectroscopic characterization of Pt(IV) and Au(lll)
complexes with a novel Mannich base ligand
synthesized by condensation of ciprofloxacin with 2-
mercaptobenzimdazole.Nanocomplexes  synthesis
have been by using the ultrasonic sonication method.
Our method displayed that the nanocomplex may be
made easily and without aggregation. The complexes
were characterized by transmission electron
microscopy (TEM), atomic force microscopy
(AFM), energy dispersive X-ray (EDX), scanning
electron microscopy (SEM), x-ray differentiation
(XRD), and Fourier Transform Infrared
Spectroscopy (FTIR). According to the study's
finding, nanocomplexes should have particle sizes
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between 17 and 20 nm. The Au(lll) nanocomplex
showed high activity, the IC50 value of this complex
was (12.94 pg/ml), which was lower than the value
for the ascorbic acid standard compound (10.21
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acid. The nanocomplexes that may be created for use
as antioxidant applications. These inorganic
nanocomplexes could be used in a number of
different fields.
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