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Abstract Staphylococcus aureus (S. aureus) is an important bacterium with significant pathological implications
in the field of medicine. Attempting to cure bacterial infections at an advanced stage results in considerable waste
of time, effort and expenditure. Thus, the prevention of such illnesses is paramount. Besides using chemical
drugs to treat infections, several non-organic extracts have been tested in trials and been shown to impede the
bacteria’s growth. This paper proposes that the modified hydrothermal nanotitania extract has great potential to

combat this lethal organism. The viability of S. aureus was

shown to be markedly reduced following the addition

of nanotitania extract with 0.01%, 0.03% and 0.05% silver after 24, 48, and 72 hours. The ability of the
nanotitania extract to inhibit the growth of S. aureus indicates its antimicrobial characteristics.
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Introduction

Staphylococcus aureus (S. aureus) is one
of the most notorious bacteria in the
medical field, being commonly associated
with a host of skin and soft tissue
infections (Nathwani et al., 2016). In
addition, it is one of the main organisms
responsible for catheter-related infections
leading to serious heart infections, such as
infective endocarditis as a complication
(Lata et al., 2016). In the surgical operating
theatre, S. aureus is the main cause of
surgical site infections and deadly post-
operative complications (Inui and Bandyk,
2015).

Septicemia is a potentially fatal
consequence of any infection, and it is
frequently caused by bacterial infection.
The most prevalent factor for hospital-
acquired bacteremia is S. aureus infection
(Morris and Russell, 2016). Other illnesses
associated with the S. aureus are
pneumonia, skin, bone and joint infections.
The most serious S. aureus related
infection is methicillin-resistant
staphylococcus aureus (MRSA) which

atory tract infection; Staphylococcus aureus; TiOz2.

requires costly treatment (VanEperen and
Segreti, 2016).

One of the main sources of S. aureus
infection is from colonization in the nasal
cavity and throat (Marzec and Bessesen,
2016; Chipolombwe et al., 2016). In
addition to the problem of treating the
infection; S. aureus results in frequent and
subsequently costly admissions to the
ward, especially in the case of children
with various respiratory problems
associated with cystic fibrosis (Mukifza et
al., 2016; Harik et al., 2016).

Titanium dioxide (TiOz) has been
extensively studied for its role as an
antibacterial agent. For example,
increasing the concentration of TiO;
nanoparticles has been shown to reduce
the growth rate of Escherichia coli (Ahmad,
and Sardar, 2013). In addition, Martinez-
Gutierrez et al. (2010) have shown that the
combination of TiO, with other substances
such as silver is able to induce
antimicrobial activity. Naturally,
synthesized TiO, nanoparticles obtained
via extraction from the Psidium guajava
agueous leaf has an antibacterial effect on
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S. aureus, Pseudomonas aeruginosa, E.
coli and Proteus mirabilis (Santhoshkumar
et al., 2014). In this study, we report, on
one of the key benefits of modified
hydrothermal nanotitania extraction,
namely the inhibition of S. aureus growth.

Materials and methods
Bacteria and material preparation

Bacteria S. aureus was obtained from a
stock culture from the Craniofacial Science
Laboratory, School of Dental Sciences,
Universiti Sains Malaysia (USM). The
modified hydrothermal nanotitania extract
was prepared using TiO2 in combination
with silver at concentrations of 0.01%,
0.03% and 0.05%. To test these materials,
a control TiO, was also produced devoid of
any silver (undoped). It is also important to
note that the product was not diluted in
water, dimethyl sulfoxide (DMSO) and
sulphuric acid.

Preparation of the nanotitania extraction

The nanotitania extraction was done
according to the method previously
described by Mukifza et al. (2016). In brief,
the effect of molarity and the mix ratio on
the caustic hydrothermal process produced
optimum growth conditions for the
nanoparticle TiO> when situated in ilmenite
waste. These TiO2 nanopatrticles were then
further mixed with Argentum nitrate in a
molten salt synthesis process to produce
highly crystalline nanoparticles, which gave
dopant concentrations in the samples.

Evaluation of antibacterial activity

The antibacterial activity of nanotitania
extracts was performed as described
Mukifza et al. (2016). Suspensions of 250
mg/ml nanotitania extract with 0.01%,
0.03% and 0.05% silver and undoped
(positive control containing TiO; only) were
prepared by mixing 1 g of these material in
4 ml of Mueller Hinton (MH) Broth. Then 1
ml of these extraction were mix with 1 ml of
S. aureus suspension (equivalent to 0.5
MacFarland). Bacterial suspension, without
nanotitania extract was used as a negative
control. The mixture was then placed in an
incubator shaker at 37°C for 24 hours.
Then, 100 pl of the mixture was spread on

MH agar and incubated at 37°C for another
24, 48, and 72 hours. The growth of
bacteria was observed after each
incubation period. Adding and mixing the
nanotitania extract into the agar before the
addition of bacteria is similar to the method
employed by Mukifza et al. (2016).

Results

The present study of nanotitania extraction
containing TiO2 in combination with silver
(0.01%, 0.03% and 0.05%) and TiO; alone
(undoped) was shown to inhibit the growth
of S. aureus after 24, 48 and 72-hour
incubation periods at concentration 250
mg/ml (Table 1). Figure 1 shows that
bacteria (S. aureus) was grown on the
plate A for control negative (bacteria + MH
broth). It is indicated that no inhibition
occurred. While on the plate B, C, D and E
(undoped, 0.01%, 0.03% and 0.05%)
shows that no bacteria were grown which
is indicated that the bacteria were
inhibited. The results are summarized in
Fig. 1.

Table 1 The effect of nanotitania extracts in
combination with different concentrations of
silver on the growth of S. aureus

Incubation time

Test 24 48 72
hours hours hours

Bacteria only Growth  Growth  Growth

(negative control)

Undoped (positive No No No

control) +bacteria growth growth growth

Nanotitania No No No

extraction TiO2 with growth growth growth

0.01% silver+

bacteria 250 mg/ml

Nanotitania No No No

extraction TiOz with growth growth growth

0.03% silver

+bacteria 250

mg/ml

Nanotitania No No No

extraction TiOz with growth growth growth

0.05% silver
+bacteria 250
mg/ml
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Fig. 1 (A) Negative control. (B) Nanotitania extraction containing TiO2z only / positive control. (C)
Nanotitania extraction: TiOz containing 0.01% silver. (D) Nanotitania extraction: TiOz containing 0.03%
silver. (E) Nanotitania extraction: TiOz containing 0.05% silver. It should be noted that there was no

bacterial growth observed in agar plates (B), (C), (D) and (E).

Discussion

The resistance of bacteria to antibacterial
medications creates anxiety and worry
among medical health personnel and
patients worldwide. Although considerable
efforts have been made to prevent the
onset of deadly bacterial infections, the
significant increase in bacterial resistance
to a range of conditions is alarming. In this
study, a novel nanotitania extract has been
shown to give the promise of hope to the
medical field. The capability of this
nanotitania extract to inhibit S. aureus has
at least partly restored our confidence in the
potential of antibacterial medications. In this
study, the TiO, was synthesized via caustic
hydrothermal method as practiced by
several other researchers (Ou and Lo,
2007; Zhang et al., 2009; Meor Yusoff et al.,
2010; Mahdi et al., 2013). Mukifza et al.
(2016) reported that after employing the
caustic hydrothermal decomposition
method, the formed sodium titanate
underwent a leaching process which

exemplified a moderate molarity and ratio.
The acid-washing was performed for the ion
exchangeable process (Ou and Lo, 2007).
The higher the acid molarity, the greater the
amount of titanium extracted, as reported
by several researchers (Jia et al., 2014;
Sasikumar et al., 2004; Zhang and Nicol,
2010; Li et al., 2007; Mehdilo and Irannajad,
2012; Zhang et al.,, 2011; Razavi et al.,
2014). However, it has been previously
reported that titanium waste with high
acidity poses a considerable danger to the
environment (Lane, 1991). Several studies
have shown the effect of titanium on the
bacteria and have highlighted the antibiotic
qualities of the nanotitania. For example,
TiO2 nanoparticles were shown to increase
the effect of beta lactam, cephalosporin and
aminoglycosides on methicillin-resistant S.
aureus (MRSA) (Roy et al., 2010). In
addition, the use of nanotitania on medical
equipment indicated the possibility of its
significantly arresting bacterial activity. For
example, the combination of TiO; with silver
nitrate when used in nanoparticle-coated
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surgical face masks reduced E. coli and S.
aureus viability within 48 hours (Li et al.,
2006). The next step in understanding the
nanotitania’'s antibacterial effect is to
discover its mechanism of action. Several
studies have shown the possible
mechanism of TiO, as an antibacterial
substance. For example, nanoparticles of
TiO, caused the mortality of the oral
bacteria, Streptococcus mutans, through
precipitating a reduction in its lactate
production over 24 hours (Besinis et al,
2014). In addition, a TiO»-based
nanocomposite was observed as having a
photocatalytic action on P. aeruginosa
PAO1 cells, in which the reduced
expression of specific genes and proteins
involved in regulatory, signalling and growth
functions of the cell was noted (Kubacka et
al., 2014). In this study, a novel nanotitania
extraction containing TiO2, mixed with
various concentrations of silver (0.01%,
0.03% and 0.05%) together with an
undoped version (containing TiO2 only)
were tested against S. aureus. The main
reason was to determine whether these
substances were capable of inhibiting the
growth of the bacteria, as well as to study
the mechanism and usage of this substance
in various ways. As with other antibacterial
tests, water dilution is the main objective
before testing begins, together with dilution
in various other fluids. However, this
substance was not dissolved in water,
dimethyl sulfoxide (DMSO) and sulphuric
acid. From the results, this substance has
been shown to successfully inhibit the
growth of S. aureus up to 72 hours of
incubation. These findings explain the
potential of these substances to be used
due to their prolonged antibacterial effect,
and therefore as successful antibacterial
agents. With regard to the limitations of the
study, the nanotitania extract would not
dissolve in water, thus restricting the
number of tests permissible for various
bacteria.

Conclusion

The novel nanotitania extract was shown to
inhibit the growth of S. aureus for up to 72
hours.
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