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T

he antimicrobial activity of Ceftazidime (CFZ) complexes was studied with nanosized cadmium chloride and nano
copper sulphate salts. Firstly, preparation of the nanosized metal complexes with Ceftazidime antibiotic (CFZ) using ball
milling method then, characterization were done using transmission electron microscope. Finally, the antimicrobial activity
was estimated based on size of inhibition zone formed around discs of the used CFZ antibiotic and its nanosized metalcomplexes on a petri dish with Luria Bertani agar (LB-agar) plates to conclude that nanosized-CdCl2 complex has higher
antimicrobial activity and act as more potent bacteriostatic agents to inhibiting the growth of the microorganisms.

Introduction
Nanotechnology [1-3] is new technology that deals with nano-meter sized objects. It is expected that nanotechnology will be
developed at several levels: materials, devices and systems. The nanomaterials level is the most advanced till now, both in
scientific knowledge and in commercial applications. A decade ago, nanoparticles were studied because of their size-dependent
physical and chemical properties [4, 5].
Cancer therapy effects on tissues are important when compared with healthy tissues. Hence,
Only the cancer cells are destroyed then exposed to a laser radiation. The remaining dye molecules migrate to the skin and
the eyes and make the patient very sensitive to the daylight exposure. This effect can last for up to six weeks, our compounds
here my help in cancer therapy [6].
An antimicrobial is an agent that kills microorganisms or inhibits their growth. The main classes of antimicrobial agents are
disinfectants (nonselective antimicrobials) which kill a wide range of microbes on non-living surfaces to prevent the spread of
illness, antiseptics and antibiotics which destroy microorganisms within the body. Ceftazidime antibiotic (CFZ) is a broadspectrum antibiotic that kills a wide variety of bacteria. Fortum injection contains the active ingredient CFZ which is a type of
medicine called an antibiotic. This type of antibiotic called a cephalosporin which is related to penicillin. Solvents play
important role in different chemistry behaviours [7-31].
The method of measuring the effectiveness of an antimicrobial agent against bacteria grown in culture is called the KirbyBauer disk-diffusion method. This method is used to compare the effectiveness of different disinfectants or different antibiotics
against a strain of bacteria. Since this method depends on diffusion of the compound, it is important to keep several factors
constant when make comparisons as the size of the filter disks, the temperature of incubation, the composition, thickness of the
agar and the uniformity of bacterial plating. This method will produce reliable results for comparing antimicrobial
effectiveness.
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Experimental

Chemicals and Reagents
Cadmium chloride (CdCl2) and copper sulphate (CuSO4.5H2O) salts were Merck pure while Ceftazidime antibiotic (CFZ)
was from "GlaxoSmithKline" and used as purchased.

Fig. (1). Ceftazidime antibiotic (CFZ).
Formula C22H22N6O7S2·5H2O
Mol. Wt. 636.65 g/mol

Experimental Method
Preparation of Nanosized-Metal Complexes
- Nanosized CuSO4 and CdCl2 complexes were prepared by using ball milling method. The ball milling was a Retsch MM
2000 swing mill with 10 cm3 stainless steel, double-walled beaker with fittings for circulating coolants. Two stainless steel
balls of 12 mm diameter were used. Ball milling was performed at 20, 225 Hz frequency and shaking were used for 30 min at
room temperature (less than 30°C) without using circulating liquid.

Fig. (2). Ball milling instrument [Retsch MM 2000 swing mill].

Transmission Electron Microscopy Analysis (TEM)
The JEOL JEM-2100 LaB6 transmission electron microscope (TEM) is equipped with the high-resolution (HRP) style
objective-lens pole piece to achieve point resolution as small as 0.23 nm - small enough to observe lattice structure in many
crystalline materials. The instrument operates at a high tension of up to 200 KV; corresponding to an electron wavelength of
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2.5 pm. Image acquisition is performed with a Gatan Orius bottom-mount, 14-bit, 11-megapixel CCD camera. It has three
independent condenser lenses and produces the highest probe current for any given probe size. It also allows the user to select
various illumination conditions ranging from full convergent beam to parallel illumination. These functions enable improved
analytical and diffraction capabilities in addition to high resolution imaging. So, it is used to investigate the size and the shape
of the used drug and nanosized-metal complexes.
Biological Activity (Antimicrobial Activity)
Preparing Plates for Disk Diffusion Test
Firstly, preparation of sterile filter disks by using a hole punches to make small circular disks from filter paper. To label each
disk with a code for the disinfectant use a pencil or permanent marker (up to seven). Disks were warped in aluminum foil and
sterilized in a 121° oven and 1.5 atoms for 20 minutes. The disinfectant solution is ([1] CFZ [2] Nanosized-CuSO4 complex [3]
Nanosized-CdCl2 complex) in dimethylsulfoxide (DMSO).
Secondly, preparation of Luria Bertani agar (LB-agar) plates by mixing (10gm peptone in 1 lit dist. H2O + 5 gm yeast in 1 lit
dist. H2O + 10 gm NaCl2 in 1 lit dist. H2O + 20 gm agar in 1 lit dist. H2O). Then, pour the previous mixture in petri dishes.
Thirdly, preparation of a dilute solution of bacteria to innoculate the plates. The used bacteria are gram–positive bacteria as
Erwinia, Bacilli, Staph.epidermidis and gram–negative bacteria as Klebsiella pneumonia, Pseudomonas.aeruginosa while the
used fungi is candida. To inoculate a plate, a sterile swab was dipped in the dilute bacterial solution then gently wipes the swab
over the surface of the plate, swabbing in three directions (120° apart) to insure complete coverage of the plate. The plate must
cover and wait for the plate to dry at least five minutes.
Finally, a single sterile disk is holed by the edge with sterile forceps and dipped it into the disinfectant solution to be tested
(make sure it matches with the label on the disk). Touch the disk against the side of the container to drain off excess liquid. Use
sterile forceps to place a single disinfectant disk in the plates. Using the forceps to press each disk gently against the agar
surface for insuring good contact. Use the exact same technique for each disk. Incubate all of the plates inverted (agar on top)
overnight for 2 days at 37°C. After overnight incubation, examine the plates and keep them covered at all times.

Results and Discussion
Transmission Electron Microscopy (TEM)
Transmission electron microscopy (TEM) is good tool for measuring the nanoparticles size. It is a vital characterization tool
for directly imaging nanomaterial to obtain quantitative measures of particle and/or grain size, size distribution and
morphology. TEM images are very sensitive so, it was used to investigate the size and the shape of the tested CFZ antibiotic
and its nanosized (CuSO4, CdCl2) complexes, Fig. (3).
Biological Activity
The antimicrobial activity was estimated based on size of inhibition zone formed around discs of the used CFZ antibiotic
and its nanosized metal-complexes on a petri dish with Luria Bertani agar (LB-agar) plates. Consequence, the size of the zone
of inhibition is a measure of the compound’s efficacy; the larger the clear area around the well, the more effective compound.
Both of Ceftazidime antibiotic (CFZ) and its nanosized metal complexes were evaluated for their antibacterial activity against
Erwinia, Bacilli and Staph.epidermidis (gram-positive bacteria), Klebsiella pneumonia and Pseudomonas.aeruginosa (gramnegative bacteria) and the antifungal activity against candida by LB-agar plate diffusion method.
Antibacterial Activity
Nano-particle usually forms the core of nano-biomaterial. It can be used as a convenient surface for particle assembly, and
may be composed of inorganic or polymeric materials. It can also be in the form of nano-vesicle surrounded by a membrane or
a layer. The shape is mainly spherical but cylindrical, plate-like and other shapes are possible.
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The antibacterial activity of nanosized metal-complexes has been compared with the activity of CFZ. It was observed that,
nanosized-metal complexes have higher zone of inhibition than CFZ in both gram positive and negative bacteria so, they are
the most effective complexes as shown in Figs. (4, 5). Also, the highest zone of inhibition was observed in nanosized-CdCl2
complex so it is the most effective complex, Table (2, 3).
Antifungal Activity
The experimental antifungal activity data, Table.3 indicates that the nanosized metal-complexes showed higher clear zone
than CFZ do. Also, nanosized-CdCl2 complex has the highest zone of inhibition against candida so it is the most effective
complex, Fig. (6).

Conclusion
From TEM images it was observed that CFZ particles appear as needles with size range between (10.96: 22.48) nm in scale
range 100 nm. Nanosized-CuSO4 complex appears as aggregation of spherical particles with size range between (18.97: 26.68)
nm while nanosized-CdCl2 complex appears as dot lines with size range between (17.54: 22.28) nm in scale range 100 nm due
to their complexation with CFZ.
From the antimicrobial activity it has been observed that, nanosized-CdCl2 complex has higher antimicrobial activity than
CFZ due to the higher activity of its surface [32-36], and nanosized metal-complexes may be changed in structure caused by
coordination which make nanosized metal complexes act as more potent bacteriostatic agents, thus inhibiting the growth of the
microorganisms.

(a)

(b)

(c)

Fig. (3). TEM images of (a) CFZ (b) nanosized-CuSO4 complex (c) nanosized-CdCl2 complex.

(a)

(b)

(c)

Fig. (4). Zones of inhibition around the discs (6 mm) containing [(1) CFZ (2) nanosized-CuSO4 complex (3) nanosized-CdCl2 complex] placed on the surface
of an LB-agar plate with (a) Erwinia, (b) Bacilli (c) S.epidermidis.
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Fig. (5). Zones of inhibition around the discs (6 mm) containing [(1) CFZ (2) nanosized-CuSO4 complex (3) nanosized-CdCl2 complex] placed on the surface
of an LB-agar plate with (a) Klebsiella pneumonia (b) Pseudomonas.aeruginosa.

Fig. (6). Zones of inhibition around the discs (6mm) containing [(1) CFZ (2) nanosized-CuSO4 complex (3) nanosized-CdCl2 complex] placed on the surface
of an LB-agar plate with candida.

Table (1). Zones of inhibition for antibacterial activity against gram-positive bacteria.

CFZ complexes
Ceftazidime (CFZ)
Nanosized-CuSO4 complex
Nanosized-CdCl2 complex

Types of bacteria (gram-positive bacteria)
Zones of inhabition (mm)
Erwinia
Bacilli
Staph.epidermidis
16
19.3
13.3
19
18
20
34
31
24.3
Table (2). Zones of inhibition for antibacterial activity against gram-negative bacteria.

CFZ complexes
Ceftazidime (CFZ)
Nanosized-CuSO4 complex
Nanosized-CdCl2 complex

Types of bacteria (gram-negative bacteria)
Zones of inhabition (mm)
K.pneumonia
P.aeruginosa
17
9
17
15
30.3
30.6
Table (3). Zones of inhibition for antifungal activity against candida.

CFZ complexes
Ceftazidime (CFZ)
Nanosized-CuSO4 complex
Nanosized-CdCl2 complex

Types of bacteria (gram-negative bacteria)
Zones of inhabition (mm)
candida
19
16
29.6
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