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Abstract

Three nanocomplexes of Zn(11), Mn(ll), Fe(ll) with theophylline were synthesized by ultrasonic
sonication method. Melting point, molar conductivity, solubility, flame atomic absorption, Fourier-
transform infrared spectroscopy (FTIR), ultraviolet-visible (UV-vis) spectroscopy and C/H/N
elemental analyses were used to investigate and suggest the structure of the nanocomplexes. Size and
morphology of the nanocomplexes were measurement by transmission electron microscopy (TEM),
ranging from 6-22 nm. Efficacy of the nanocomplexes synthesized was examined against four types
of bacterial strains: Staphylococcus aureus, Bacillus subtilis (Gram-positive bacteria), Klebsiella
pneumonia and Escherichia coli (Gram-negative bacteria). The results showed that all nanocomplexes
had very high susceptibility to inhibit bacterial growth, as indicated by their inhibition zones between

98% and 100%.
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Introduction

Transition metal complexes (TMCs) are an
interesting group for compounds that can be used
in almost every division branch of chemistry and
technology [1-3]. These can be tailored to a specific
function through necessary adjustments of either the
core metal atom or the ligand sphere. Such complexes
can be integrated and used in a variety of environments
in chemical or biological matrices [4]. TMCs are an
essential component of the human body’s structural
and functional elements and play a vital role in
many physiological or pathological procedures [5].

Transition metal complexes drug (TMCD) have
become increasingly important in inorganic and
medicinal chemistry and have attracted a great deal
of attention over the past decade in drug development
strategies [6]. Nanotechnology plays an important
role in inorganic chemistry through the formation of
nano complexes and nano oxides, which are included
in many biological and industrial applications [7-18].
Theophylline (Scheme 1) transition metal complexes
can be used to analyze the relationship as template
compounds between metal ions and nucleic acid
oxo purine bases [19]. Theophylline functions as
a monodentate ligand in a neutral or fundamental
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Scheme 1 Theophylline structure.

environment and coordinates metal ions through N,
atoms [19-21]. In some instances, it functions as a
bidentate N(7)/O(6) chelating ligand or as a bridging
ligand with N(7)/O(6) chelation and N(9) coordination
simultaneously [22]. The aim of this study was to
report the synthesis and characterization of Zn(ll),
Mn(11) and Fe(ll) nanocomplexes with theophylline as
a ligand for antibacterial applications.

Experimental
Materials and methods

All chemicals and solvents used were obtained
from Sigma-Aldrich. During the experimental steps,
deionized water was used.

Synthesis of nanoscales complexes

Three nanoscale medical complexes were prepared
following the procedure as shown in Scheme 2. The
sodium salt of the medical ligand was prepared by
using theophylline (0.004 mole) dissolution in 30
mL fresh NaOH (0.004 mol) solution. The obtained
solution was heated up to 70 °C, and then metals
(IT) chloride (0.002 mol in 30 mL) were added to
aqueous solution. The reaction mixture was kept
under ultrasonic sonication for 3 h at 70 °C. Suitable
crystals of good quality appeared at room temperature
incubation after night. Filtration was used to isolate all
novel complexes, washed with hot water and dried on
air [19].

Characterization

Three nanoscale complexes were characterized by
some devices in this study. Fourier-transform infrared
spectroscopy (FTIR), flame atomic absorption and C/
H/N elemental analyses, molar conductivity, solubility,
and melting point were used to investigate and
suggest the structure of nano complexes. The size and
morphology of nano complexes were measurement by
transmission electron microscopy (TEM).

Antibacterial test

Three medical nanoscales complexes of theophylline
were screened for antibacterial activities by the agar
diffusion method. Three samples of this complexes
were dissolved in solvent dimethyl sulfoxide (DMSO)
to have a solution at a concentration of 10~ M for each
one of these complexes and the same concentration
of pure theophylline. Four types of bacterial strains,
Staphylococcus aureus, Bacillus subtilis (Gram-
positive bacteria), Klebsiella pneumonia and
Escherichia coli (Gram-negative bacteria) were
selected for this study. The approximate number of
bacteria cells in agar dish was found to be 1.5 x 10°
colony-forming units per milliliter by comparing it
with the McFarland Standard. A cavity was made in
each dish at a diameter of 5 mm to fill with the solution
of medical nanoscale complexes. The dishes were
incubated for a day at 37 °C. Then the inhibition zone
was measured and classify.

Results and Discussion
FTIR spectra

The FTIR spectrum of theophylline in Fig. 1 shows
absorption band at 3120 cm™ referring to v(NH) which
disappeared in FTIR spectra of all nano complexes
(Figs. 2-4), indicating that the group theophylline
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Scheme 2 Nanoscale complexes synthesized (M = Zn(II), Mn(II) and Fe(IT)).
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Fig. 2 FTIR spectrum of the [Zn (THP),(H,0),] nano complex.

coordinated with metal ions by NH. In addition, in the
region of 3390-3437 cm', the absorption bands of all
prepared complexes representing the water stretching
vibration were displayed abroad, which indicated the
involvement of water molecules in coordination. A
new band emerged in all complexes at 569-571 cm’'
that referred to metal N-M coordination, with the
interaction between them by coordination bond. All

vibrations bands in the nano complexes were shifted to
lower frequency as compared with a free theophylline
due to hydrogen bonds of water molecules with the
carbonyl and amine groups [23].
UV-visible spectra of the metal nano
complexes

The electronic spectra for complexes were
recorded in DMSO solution at room temperature with
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Fig. 3 FTIR spectrum of the [Mn (THP),(H,0),] nano complex.
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Fig. 4 FTIR spectrum of the [Fe (THP),(H,0),] nano complex.
Table 1 Elemental analysis and atomic absorption spectroscopy for nano complexes
Prepared nano Molecular M.wit Metal analyses (%) Found (calc.)

complexes formula g-mol” C H N M
[Zn (THP),(H,0),]  Ci1H,,N;OgZn 495.611 33.92(32.87) 4.44(4.32) 22.61(21.94) 13.19(13.11)
[Fe (THP),(H,0),]  Ci,H,,NgO4Fe 486.047 34.60(34.23) 4.53(4.17) 23.05(23.1) 11.49(11.71)
[Mn (THP),(H,0),]  Cy,Hy,NgOsMn 485.140 34.66(33.41) 4.53(4.32) 23.1(23.13) 11.32(12.04)
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Fig. 5 The UV-Vis spectra of theophylline.
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Fig. 6 (@) The UV-Vis spectra of [Mn (THP),(H,0),] complex

at low concentration; (b) visible spectra at high concentration.

wavelength ranging from 200-800 nm are shown in
Figs. 5-8.

The UV-Vis spectrum of theophylline showed an
absorption band at 272 nm (36764 cm’) in DMSO
solvent, due to the intraligand n — n* and n—
m* transitions.

The [Mn (THP),(H,0),] and [Zn (THP),(H,0),]
complexes did not exhibit any d-d bands in the visible
region as expected for half- and fully-filled electronic
configuration of the metal complexes. Depending on all
previously mentioned results in addition to the results
of C/H/N elemental analysis, flam atomic absorption
and FTIR spectrum, we could suggest a octahedral
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Fig. 7 (a) The UV-Vis spectra of [Zn (THP),(H,0),] complex at
low concentration; (b) visible spectra at high concentration.

geometry around the Zn(Il) and Mn(I1) ions.

The UV-Vis spectrum of [Fe(THP),(H,0),] complex
exhibited two weak absorption bands at 410 nm (24390
cm™) and 685 nm (14598 cm™) which were assigned to
*T,g—°Eg transition and charge transfer respectively.
So from the data above and those obtained from FTIR
spectra, C/H/N elemental analysis and flame atomic
absorption, we could suggest an octahedral geometry
around the Fe(Il) ion [24].

Physical properties and elemental analysis of
the synthesized metal nano complexes

The elemental analysis and physical properties as
well as metal content of complexes are characterized
in Table 1-3. The C/H/N elemental analysis was
conducted to all prepared nano complexes to determine
the structural molecular formula of the prepared nano

Table 2 Molar conductance and melting point of prepared nano
complexes

o Molar cond.

Nano complexes Color M.P (°C) (S-cm?mol™)
[Zn (THP),(H,0),] White 297-295 15.8
[Fe (THP),(H,0),] Brown 288-286 6.3
[Mn (THP),(H,0),]  Light brown 287-285 13.6
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Table 3 The solubility of theophylline and nano complexes

Nano complex DMSO Cold water  Hot water (above 40 °C) Acetone EtOH CHCl, MeOH
[Zn (THP),(H,0),(Cl),] ++ _ + _ + + +
[Fe (THP),(H,0),(CD).] ++ - + - + - t+
[Mn (THP),(H,0),(Cl),] ++ _ _ _ + _ +
Theophylline ++ _ ++ _ ++ + ++
Note: ++ High solubility; + Partial solubility; - Insoluble.
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Fig. 8 (a) The UV-Vis spectra of [Fe (THP),(H,0),] complex at low concentration; (b) visible spectra at high concentration.

complexes through concourse of theoretical values with
the practical values. The atomic absorption methods
helped us in determining the metal ion percentage of
the complexes. Most of these results were in good
agreement with the theoretical values. The proportion
of metal to ligand (2:1) octahedral structure.

Additionally, the molar conductance values of
ligand and their complexes were measured in DMSO
as a solvent at concentration of 10° M, where the
results showed the small values of molar conductivity

as of 15.8-6.3 S.cm”’.mol™ due to the conversion of

chlorine ion into sodium chloride salt. Melting
point of the ligand and their nano complexes were also
measured and are shown in Table 2.

Many of solvents were used to test the solubility of
nano complexes and theophylline at room temperature
and as shown in Table 3.

TEM measurement

Figs. 9-11 show the transmission electron
microscopy (TEM) results of all the synthesized
nano complexes, which provided a clear photo with a
different approximation scale. All the prepared samples

Fig. 9 TEM of [Zn (THP),(H,0),] nano complex.
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were free from any aggregation; all the dimensions of
the synthesized complexes were within the nanoscale
(less than 100 nm), indicating that the nano types were
particles and zero dimensions. From the statistics, the
average size was determined randomly and is shown in
Table 4.

Table 4 Average size nano complexes investigated by TEM

Complex formula (nanoscale) Average particle size (nm)

[Zn (THP),(H,0),] 22
[Mn (THP),(H,0).] 12
[Fe (THP),(H,0),] 9

Evaluation of antibacterial activity

In the present study, the effect of nano complexes
were tested against four different types of bacterial

Fig. 11 TEM of [Fe (THP),(H,0),] nano complex.

strain; Staphylococcus aureus, Bacillus subtilis
(Gram-positive bacteria), and Klebsiella pneumoniae,
Escherichia coli (Gram-negative bacteria). The
obtained results indicated that these nano complexes
exhibited excellent antibacterial activity as shown in
Fig. 12. The nano complexes were able to inhibit the
growth of bacteria by inhibition zone of 98-100%,
as shown in Table 5. This inhibition was considered
unique through killing the bacterial cell and inhibiting
its growth as a result of the dispersal of the external
electrical potential of its membrane, due to the high
activity and high ability of the nano complexes to kill
bacteria.

The zone of inhibition of the nanocomplexes at
the concentration of 10”° M for all tested bacteria was
significant (p < 0.01).

http://www.nanobe.org
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Fig. 12 The activity of nanocomplexes against four types of bacteria.

Table 5 The effect of nano complexes represented by inhibition zone (mm) against different bacterial species

Complexes formula (nanoscale) Staphylococcus aureus

Escherichia coli

Bacillus subtilis Klebsiella pneumoniae

[Zn(THP),(H,0),] (D) Out scale 40 39 Out scale
[Mn(THP),(H,0),] (E) Out scale 40 36 45
[Fe(THP),(H,0),] (F) Out scale 43 41 49
Theophylline (S) - -- - -
DMSO - - - -
P <0.01, highly significant
Note: Out scale = Outside the limits of the dish.
Conclusions References

Each preparation process has advantages and
disadvantages such as cost, particle size, aggregation,
etc. Our method showed that without aggregation
the nano complexes could easily be synthesized.
The suggested structure of the nano complexes was
octahedral as proved by FTIR, UV-Vis, atomic flame
absorption, C/H/N elemental analytics, conductivity,
melting point and solubility. According to the TEM
calculation, the average size of nano complexes ranged
from 9-22 nm. Nano complexes applied to different
types of bacteria had a high inhibition zone for each

type.
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