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Nano nalidixic acid was prepared by ultrasonic method in carbon tetrachloride. Nano
nalidixic acid (quinolone antibiotic) was characterized by X-ray diffraction (XRD),
infrared spectroscopy (IR) and scanning electron microscope (SEM). The antibacte-
rial activities of nano nalidixic acid were tested against microorganisms and compared
with the microscale drug. The results show that nano nalidixic acid has good inhibitory
properties against two Gram-positive species, Staphylococcus aureus and Bacillus sub-
tilis. Nano nalidixic acid also showed good antifungal activity against Candida albicans.
Nano nalidixic acid can be injected into the human body as a decontaminating agent
to prevent the growth of harmful microorganisms more effectively than the micro-sized
drug.
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1. Introduction

In recent years there has been much interest in the preparation and application of
nano-sized materials since they exhibit special properties [1]. It is well documented
that the properties of organic nano-particles depend strongly on their sizes and
morphologies. Thus, the design and controlled synthesis of nano-structures with
different sizes and morphologies is very important from the viewpoint of both basic
science and technology [2–5]. Nano particles can be produced by different meth-
ods such as mechanical, chemical, hydrothermal, sol-gel, chemical deposition in
vacuum, pyrolysis, combustion and chemical coprecipitation [6–9]. The high power
ultrasonic generator produces a powerful stream of ultrasonic energy that breaks
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the chemical bonds of compounds [10–17]. The properties of materials change as
their sizes approach the nanoscale and as the percentage of atoms at the surface of a
material becomes significant. The increase in the surface particles decreases the sur-
face pressure and causes the distance among the particles to change. Small particles
exhibited higher antimicrobial activity than big particles. This result may be due
to higher particle penetration when these particles have smaller sizes. Nanoscale
particles with larger effective surface have greater antibacterial activity [18, 19].
Micro-sized nalidixic acid contains particles with a predominant size of 53–125µm
[21]. Quinolone derivatives such as nalidixic acid have been known to possess a
variety of biological effects such as antimicrobial, cytotoxic, anti-inflammatory,
antiviral, antibacterial and anti-HIV properties [20–22].

In the present work, a new process to prepare nano nalidixic acid with the
ultrasound method is introduced and its antibacterial and antifungal effects in
comparison with the micro sized drug are compared.

2. Material and Methods

Nalidixic acid was purchased from the Alborz drug company in Iran. A multiwave
ultrasonic generator (Sonicator-3000; Misonix, Inc., Farmingdale, NY), equipped
with a converter/transducer and titanium oscillator, 12.5mm in diameter, operat-
ing at 20 kHz with a maximum power output of 600W was used. X-ray powder
diffraction (XRD) measurements were performed using a Philips X’pert diffrac-
tometer with monochromatized Cu-kα radiation. The crystallite sizes of selected
samples were estimated using the sheer method. The samples were characterized
with a scanning electron microscope (SEM) (Philips XL 30) with gold coating.
The IR spectra were recorded using a Bruker spectrometer with KBr pellets in the
range from 400 to 4000 cm−1. The microdilution method was used to determine the
antibacterial activity of nalidixic acid against the bacteria: S. aureus ATCC 6538,
B. subtilis ATCC 6633 and Candida albicans.

Nalidixic acid and carbon tetrachloride were mixed to prepare nano particles by
the ultrasonic method. The suspension was ultrasonically (90 kHz and 79W/cm2)
irradiated with a high-density ultrasonic probe immersed directly into the solution.
The obtained suspension was allowed to age for 15min. The precipitate was sepa-
rated from the residual liquid by using a centrifuge at 6000 rpm for 15min and at
least 8 cycles. Finally the solid product was extracted and then kept in a desiccator
over silica gel.

3. Results and Discussion

Figure 1 shows the typical FTIR spectrum pattern of the nalidixic and nano
nalidixic acid in the 400–4000cm−1 region. The ring carbon–carbon stretch-
ing vibrations occur in the region 1444.06–1617.19cm−1. The N–C–H deforma-
tion bands occur in the regions 1518.80, 1470.51, 1294.81–1050.60 and 705.87–
776.90 cm−1. The band observed at 1712.97 cm−1 is assigned to the C=N stretching
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Fig. 1. (Color online) Comparison between the intensities of nalidixic (black lines) and nano
nalidixic acid (red lines) in FTIR spectra. The greater intensity of nano particles bands indicate
that the inhibition properties of nano nalidixic acid is greater than its micro sized particles,
resulting in fewer side effects for a nano drug. The low minimum inhibitory concentration of the
drug prevents bacteria resistance, which leads to better effectiveness.

vibration mode and C–N stretching usually lies in the region 1227.54 cm−1. The
band due to C=O stretching vibrations is observed in the region 1800–1518.80cm−1.
As it is clear in Fig. 1, the ultrasonic wave has no destructive effects on the struc-
ture of nalidixic acid. The intensities of the bands for nano nalidixic acid should be
responsible for the greater inhibition of harmful microorganisms.

4. Characterization of Nano Nalidixic Acid

X-ray diffraction (XRD) technique was used to determine the ingredients of the
sample. Figure 2 shows the XRD patterns of nano nalidixic acid prepared by
the sonochemical process. The data is estimated from the Sherrer formula, D =
0.891 λ/β cos θ, where D is the average crystallite size, λ is the X-ray wavelength
(0.15405nm), and θ and β are the diffraction angle and full-width at half maximum
of an observed peak, respectively. The obtained nano particles were in the range of
50–60nm.

The TEM image is shown in Fig. 3. The morphology, structure and size of the
samples are investigated by Scanning Electron Microscopy (SEM).

Minimum inhibitory concentration (MIC) is the lowest concentration of an
antimicrobial drug that will inhibit the growth of a microorganism after overnight
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Fig. 2. X-ray diffraction spectrum of nano nalidixic acid. Counts per second (CPS) (y-axis)
against diffraction angle (degrees) (x-axis). The average size of the particles was found to be around
50–60 nm for nano nalidixic acid, respectively, which is in agreement with the value obtained from
the SEM image.

Fig. 3. SEM image of nano nalidixic acid demonstrates amorphous morphology with a dimension
of 50–60 nm.

incubation. The MIC of the synthesized nano nalidixic acid and micro sized
nalidixic acid determined from the conventional agar dilution method is shown
in Table 1, with respect to different microorganisms including G-positive bacteria.
Two milliliter cultures of two bacterial strains of S. aureus, B. subtilis and Can-
dida albicans were prepared and placed in a water bath overnight at 37◦C. The
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Table 1. Antibacterial activity of nalidixic acid. The more

effective the drug, the greater the inhabitation zone.

Bacterium Zone of inhabitation (mm)

Nalidixic acid Nano nalidixic acid

S. aureus < 13 21
B. subtilis < 13 19
Candida albicans 19 31

overnight cultures were diluted with sterile Muller–Hinton broth. The compounds
were resuspended in an ethanol solution with a concentration of 30µg/ml in a
10-well micro-plate. A similar twofold serial dilution of gentamycin (Sigma) was
used as positive control against each bacterium. One hundred microliters of each
bacterial culture was added to each well. The plates were covered and incubated
overnight at 35–37◦C. Bacterial growth in the wells was indicated by a red color,
whereas clear wells indicated inhibition.

The obtained results show that nano nalidixic acid inhibited microbial activity
much more than the micro sized nalidixic acid, indicating that a smaller dose of
the nano particles is sufficient to inhibit the growth of the bacteria.

The poor water solubility of nalidixic acid causes poor bioavailability and vice
versa. The size of the solid particle influences the solubility since as a particle
becomes smaller, the effective surface area of the particles increases. Increasing the
solubility of nano nalidixic acid increases its efficiency and reduces its bad side
effects.

5. Conclusion

Nalidixic acid was transformed into nanoscale by the use of an ultrasonic device. The
size of particles was measured using XRD and SEM methods. The results indicate
that the nanoparticles have greater antibacterial activities compared to the micro
sized drug. Therefore, the synthesized nano nalidixic acid has the capability of being
more antibacterial and antifungal in comparison to its micro sized form.
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