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Abstract

Three nanocomplexes of Cu(ll), Co(ll), and Ni(ll) with theophylline were synthesized by ultrasonic
sonication method. This method was used to produce smaller and narrow-distributed nanoparticles
without any aggregations. Melting point, molar conductivity, solubility, flame atomic absorption,
Fourier-transform infrared spectroscopy (FTIR) and elemental analysis (C, H, N, and S) were used
to identify and to suggest the structure of the synthesized nanocomplexes. The transmission electron
microscopy (TEM) results exhibited that the size of nanocomplexes was in the range of 15-25 nm.
The efficacy of the synthesized nanocomplexes was examined against four types of bacterial strains,
Staphylococcus aureus, Bacillus subtilis (gram-positive bacteria), and Klebsiella pneumoniae,
Escherichia Coli (gram-negative bacteria). The results showed that all nanocomplexes had very
high susceptibility to inhibit bacterial growth, as they resulted in an inhibition zone between 98%
and 100%. The copper nanocomplex gave the highest inhibition zone by 100% for each type of
bacterial strains, due to the surface plasmon. Therefore, a further test for the copper nanocomplex
Cu(THP),(H,0),(Cl), was carried out on skin injuries of laboratory mice after it was converted into

cream with vaseline and was found to have a very potent influence in healing skin injuries.
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Introduction

Transition metal complexes (TMCs) are an exciting
class of compounds that can be used nearly in any
branch of chemistry and technology [1, 2]. Through
suitable changes of either the core metal atom or
the ligand sphere they can be tuned to a specific
function. These complexes can be incorporated in
chemical or biological matrices and used in a variety
of environments [3]. TMCs are essential components
of the human body’s structural and functional

elements and play a vital role in many physiological
or pathological procedures [4]. TMCs drugs (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 [4, 5]. The studies have also shown that the
nanomaterials and nanocomplexes have distinctive
physical, chemical and biological applications [6-17].
Theophylline, 1,3-dimethylxanthine, with significant
biological characteristics, is a purine alkaloid.
Theophylline (Scheme 1) is used for treating illnesses
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Scheme 1 The molecular structure of theophylline.

like asthma and chronic obstructive pulmonary
disease in medicine. Theophylline transition metal
complexes can serve as model compounds to study
the relationship between metal ions and nucleic acid
0xo purine bases [18-22]. Theophylline functions
as a monodentate ligand in a neutral or fundamental
environment and coordinates to metal ions through
N7 atom [23-27]. 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 [28, 29]. In this paper, we reported the
synthesis and characterization of Cu(ll), Ni(ll) and
Co(ll) nanocomplexes with theophylline as a ligand for
biological applications.

Experimental
Materials and methods

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

Synthesis of nano complexes

3 medical nanocomplexes of the metal ions of
Cu(ll), Ni(ll), and Co(ll) with theophylline (THP) as
a ligand were synthesized using ultrasonic sonication
method as depicted in Scheme 2. Accordingly,
theophylline (0.004 mol) was dissolved in 30 mL fresh
NaOH (0.004 mol) solution to prepare sodium salt of

the medical ligand. The obtained solution was heated
up to 70 °C, and then metals (Il) chlorides (0.002
mol in 30 mL) were added to aqueous solution. The
solution mixture was kept under ultrasonic sonication
for 3 h at 70 °C. Subsequently, crystals of good
quality emerged at room temperature and overnight
incubation. Novel complexes isolated by filtration were
then washed and dried well in air.

Characterization

3 nanoscale complexes were characterized by some
devices. Physical properties, size and morphology
of nano complexes were measured by transmission
electron microscopy (TEM). Determination of melting
point, molar conductivity, and solubility were achieved
in addition to flame atomic absorption, Fourier-
transform infrared spectroscopy (FTIR), and elemental
analysis (C, H, N, and S) to investigate and suggest the
structure of nano complexes.

Antibacterial test

3 theophylline nanocomplexes were selected to carry
out the antibacterial examination. 10° M solutions
were prepared by dissolving the appropriate weights
of the selected nanocomplexes in dimethyl sulfoxide
(DMSO) in addition to pure theophylline solution of
the same concentration. The prepared solutions were
then used to examine their antibacterial activity using
the agar diffusion method. 4 types of bacterial strains,
Staphylococcus aureus, Bacillus subtilis (gram-positive
bacteria), Klebsiella pneumoniae and Escherichia
Coli (gram-negative bacteria) were chosen for this
study. The approximate number of bacteria cells in
agar plates 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 plate at a diameter
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Scheme 2 Synthesis route to nanocomplexes, M = Ni(ll), CO(1l), and Cu(ll).
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of 5 mm to fill with the solution of medical nano scale
of complexes. The plates were incubated for 24 h at
37 °C. The diameters of the resulting inhibition zones
were measured and tabulated. Owing to the highest
inhibition zone exhibited by copper nanocomplex
[Cu(THP),(H,0),(Cl),] against all studied bacterial
strains, it was selected for further estimation of its
antibacterial activity in vivo.

In vivo estimation of antibacterial activity

To study the antibacterial effect of
[Cu(THP),(H,0),(Cl),] complex in nanoscale, a
group of mice (n = 10, 2 months old) was injured
and contaminated with gram-positive bacteria
(Staphylococcus aureus). The nanoscale complex

[Cu(THP),(H,0),(C),] (10° M) was mixed with
Vaseline and applied onto the contaminated injures
up to 10 days. Another group of mice was treated
similarly, except Vaseline was applied without
nanoscale complex to act as a control group.

Results and Discussion

Fourier-transform infrared spectroscopy
(FTIR) spectra

The FTIR spectrum of theophylline (Fig. 1) showed
an absorption band at (3120 cm™) which referred to
v (NH) which disappeared in the FTIR spectra of all
nanocomplexes (Figs. 2-4). This indicated that (NH)
group was involved in coordination of theophylline
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Fig. 1 FTIR spectrum of theophylline (THP).
100
/ﬂ/—f\
405
1507 1136 ;
2374 M ﬂiﬂ
° 1 s n
g 60 VI e A
= 980 63
S 1379 90t
= ; ik i [ |78 915
= ; U‘753 Y 428
1099 854 P(L
1329 | 1190
n 1254, 1066 748
20
2962 :
1415 0 681
s . 1531
O i i i i i i i 1608 i i i
3900 3600 3300 3000 2700 2400 2100 1800 1500 1200 900 600
Wavenumbers/cm™!

Fig. 2 FTIR spectrum of the [Co(THP),(H,0),(Cl),] nanocomplex.
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Fig. 3 FTIR spectrum of the [Cu(THP),(H,0),(Cl),] nanocomplex.
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Fig. 4 FTIR spectrum of the [Ni(THP),(H,0),(Cl),] nanocomplex.

with the metal ions. An additional broad absorption
band could be seen in the region of 3560 - 3350 cm™
for all prepared complexes which represented the
water stretching vibration, indicating involvement of
water molecules in coordination. A new band in all
complexes appeared at 569 - 573 cm™ which referred
to the coordination of metal (N-M). Furthermore, all
vibration bands in the nanocomplexes shifted to lower
frequency as compared with free theophylline due to
hydrogen bonds of water molecules with the carbonyl
and amine groups [30].

Physical properties and elemental analysis of
synthesized metal nano complexes

The physical properties and elemental analysis as
well as metal content of complexes are described in
Table 1, 2 and 3. The elemental analysis (C, H, N, and
S) was performed on all synthesized nano complexes
to determine their structural molecular formula through
convergence of theoretical values with the practical
values. The metal ion percentage of the complexes
was determined using the atomic absorption methods.
Most of these results were in a good agreement with
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Table 1 Elements analysis and atomic absorption spectroscopy for nanocomplexes

Metal analyses (%)

Molecular M.wt Found (calc.)
Nanocomplexes o
Formula (g-mol™)
C H N M
32.07 3.44 21.38 11.25
[Co(THP),(H,0),(Cl),]  CiH1sNgO:CoCl, 523.839 (31.42) (3.60) (21.11) (12.31)
31.79 341 21.19 12.02
[Cu(THP),(H,0),(Cl),]  CyH;sNgO:CuCl, 528.446 (32.06) (3.23) (20.51) (11.23)
. . 32.08 3.44 21.39 11.21
[Ni(THP),(H,0),(Cl);]  CyH;sNgO6NiCl, 523.616 (31.88) (3.54) (21.55) (10.20)

Table 2 Molar conductance and melting point of prepared nanocomplexes

o Molar cond.
Prepared nanocomplexes Color MP (°C) (@ cm?mol?)
[Co(THP),(H,0),(Cl),] Pink 300 - 298 16.7
[Cu(THP),(H,0),(Cl),] Greenish blue 304 - 302 6.1
[Ni(THP),(H,0),(Cl),] Light blue 310 - 308 10.5
Table 3 Solubility of theophylline and nanocomplexes
Nanocomplexes DMSO Cold water Hot water Acetone EtOH CHCI, MeOH
(above 40)
[Co(THP),(H,0),(Cl),] ++ - + + ++ - +
[Cu(THP),(H,0),(Cl).] ++ - ++ + + - +
[Ni(THP),(H,0),(Cl),] i - -+ ++ ++ + +
Theophylline ++ - ++ - ++ + ++

Note: ++, high solubility; +, partial solubility; -, insolubility.

the theoretical values. The percentage of metal to
ligand was 2 : 1, Octahedral structure was suggested
according to the previous measurements whose results
are listed in Table 1 and 2.

Additionally, the molar conductance values of
ligand and their complexes were measured in DMSO
as a solvent at concentration of 10° M. The results
showed low values of molar conductivity (16.7 -
6.1 @ *.cm™mol™), which indicated that all chlorine
ions markedly contributed to coordination. Melting
points of the ligand and its nanocomplexes were also
measured as shown in Table 2.

The solubility of nanocomplexes and theophylline at
room temperature was tested using several solvents as
summarized in the Table 3.

Transmission electron microscopy (TEM)
measurement

The results of transmission electron microscope
(TEM) of the synthesized medical nanocomplexes in
different approximation scales are depicted in Fig. 5,

6 and 7. It was clearly shown that all the synthesized
samples were free from any aggregation, and the
dimensions in all synthesized complexes were within
the nanoscale (less than 100 nm) which indicated the
type of the particles being nanoparticles and the zero
dimension which is widely preferred in preparing
nanoscale particles. The average size was calculated
randomly from the figures as shown in Table 4.

Evaluation of antibacterial activity

In the present study, the antibacterial effect of
nanocomplexes was tested against gram-positive
(Staphylococcus aureus and Bacillus subtilis) and
gram-negative (Klebsiella pneumonia and Escherichia

Table 4 Average size nanocomplexes investigated by TEM

Complexes formula

Ave. particle size (nm
(nano scales) ve. particle size (nm)

[Ni(THP),(H,0),(Cl),] 15
[Co(THP),(H,0),(Cl).] 25
[Cu(THP),(H,0),(Cl).] 20
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coli) bacterial strains. The obtained results indicated
that these nanocomplexes exhibited powerful
antibacterial activity as those nano complexes were
able to inhibit the bacterial growth by inhibition
zone reaching 98 - 100% (Fig. 8 and Table 5). This
inhibition is considered unique through disrupting
of bacterial cell membrane and inhibiting growth
as a result of the dispersal of the external electrical
potential of its membrane, due to the high activity and
high ability to kill bacteria of nanocomplexes [31]. In
view of the results of the examination, it was found

that copper nanocomplex [Cu(THP),(H,0),(CI),] gave
the highest inhibition zone by 100% of each type of
bacterial strains.
Evaluation of antibacterial activity in vivo

In this study, 10 white laboratory mice were used,
divided into 2 groups (5 mice in each group), and
infected with Staphylococcus aureus bacteria by
showing signs of inflammation in the region in the
form of tissues, dead cells and blood congestion (Fig.
9). The inflammation was treated using an ointment
consisting of the nanocomplex [Cu(THP),(H,0),(ClI),]
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(10”° M) mixed with Vaseline. those obtained from treatment with only Vaseline and

The results showed a significant decrease (P <  mice without treatment (Fig. 10). Thus, the treatment
0.01) in the lesion area of the skin of the tested mice  with nanocomplex-mixed Vaseline was more effective
between the 5" and 10" day of treatment with Vaseline  than treatment with Vaseline only, as illustrated in
mixed nanocomplex. The results were compared with  Table 6.

&)

Fig. 8 The activity of nanocomplexes against bacteria: (a) Klebsiella pneumoniae, (b) Staphylococcus aureus, (¢) Escherichia coli,
and (d) Bacillus subtilis.

Table 5 Effect of nanocomplexes as represented by inhibition zone (mm) against different bacterial species

Klebsiella pneumoniae Bacillus subtilis Escherichia coli Staphylococcus aureus Complexes formula
[Co(THP),(H,0),(Cl),] (A) Out scale 49 42 46
[Ni(THP),(H,0),(Cl),] (B) Out scale 35 37 42
[Cu(THP),(H,0),(Cl),] (C) Out scale Out scale 49 Out scale

Theophylline (S) -- -- -- -
DMSO - -- - -

(a) Without treatment : (b) 5 days (c) 10 days

Fig. 9 Treatment effect of Vaseline only on the mice without nanocomplex: (a) Without treatment; (b) after 5 days; and (c) after 10
days.
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(a) Without treatment

(b) 5 days

(c) 10 days

Fig. 10 Treatment effect of Vaseline mixed with nanocomplex on the mice: (a) Without treatment; (b) after 5 days; and (c) after 10

days.
Table 6 Infection area (cm) of the skin of mice infected with bacterial infection before and after treatment
Mean + SD of total lesion area (cm)
Day of treatment Treatment with Vaseline only Treatment with Vaseline mixed with nano complex
0 (without treatment) 2,24 £0.68 231+0.74
5 days 1.89 £0.51 1.21£0.47
10 days 0.68 +£0.24 0.11 +0.02
P value P<0.01 P<0.01
P <0.01, highly significant
Conclutions Chemistry, College of Science, Mustansiriyah

Each method of preparation has advantages and
disadvantages with known problems, such as expense,
particle size, aggregation etc. Our method has shown
that the complexes can be easily synthesized without
aggregation. An octahedral structure of nanocomplexes
was suggested and proved by melting point, molar
conductivity, solubility, flame atomic absorption,
FTIR and elemental analysis (C, H, N, and S). The
yield was clean and without chemical contamination,
which was suitable for biological applications. The
average size of nanocomplexes was in the range of
15 - 25 nm according to TEM measurement. The
application of nanocomplexes on different types of
bacteria has revealed high inhibitory effect on bacterial
growth. The biological activity of copper nanocomplex
[Cu(THP),(H,0),(CI),] was further studied on skin
injuries of laboratory mice. Results have shown that the
complex has a potential impact on skin inflammation
as a preparation mixed with Vaseline.
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