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Abstract

Current study was aimed to determine the antibacterial, antioxidant and cytotoxic potential of Titanium dioxide nanoparticles
(TiO,NPs) and Zinc oxide nanoparticles (ZnONPs). Nanoparticles were characterized by UV—Vis spectrophotometry, particle
size analyzer (PSA), fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), and thermogravi-
metric analysis (TGA). The Minimum inhibitory concentration (MIC) was determined by standard agar dilution method.
Antibacterial potential of nanoparticles was analyzed by standard disc diffusion method against bacterial strains including
Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumonia. Different concentrations of NPs (0.2, 0.4, 0.6, 0.8,
1.0, 1.2 and 1.4 mg/mL) were incorporated to evaluate the antimicrobial activity. Antioxidant activity and cytotoxicity of
these NPs was analyzed by DPPH method and brine shrimp cytotoxicity assay, respectively. The MIC of TiO,NPs against E.
coli, P. aeruginosa and K. pneumoniae was 0.04, 0.08 and 0.07 mg/mL respectively while the MIC of ZnONPs against the
above strains was 0.01, 0.015 and 0.01 mg/mL. The maximum zone of inhibition was observed for K. pneumoniae i.e., 20mm
and 25mm against TiO, and ZnO NPs respectively, at 1.4 mg/mL concentration of NPs. The susceptibility of NPs against
bacterial strains was evaluated in the following order: K. pneumoniae > P. aeruginosa> E. coli. The antioxidant activity of
nanoparticles increased by increasing the concentration of NPs while cytotoxic analysis exhibited non-toxic effect of ZnO
NPs while TiO, had toxic effects on 1.2 and 1.4 mg/mL concentrations. Results revealed that ZnO NPs have more antibacte-
rial and negligible cytotoxic potential in contrast to TiO, NPs.
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Introduction

Abrupt surge in prevalence of various dreadful diseases
through pathogenic infections has compelled the global

Research Highlights scientific community in continuous struggle to find some
o Ist Comparative study of TiO,NPs and ZnONPs regarding their efficacious antibacterial alternatives [1, 2]. Genetic muta-
bactericidal, aIlthX.ldat.lVC and cytotoxic potentl.al as shown in Fig. 1. tions and resistance in microbes have made the frontline
o Complete characterization of smaller (18 nm) TiO,NPs and . . . X . .
ZnONPs using, SEM, FTIR, UV-Vis and PSA. synthetic drugs inefficacious along W.lth multlp.le non-
o Study of thermal behavior of both TiO,NPs and ZnONPs for their targeted damages to the healthy cells which have driven the
working efficiency at variable temperatures. researchers to develop some novel and cost-effective bac-

tericidal agents with negligible damage and maximum
efficacy [3—5]. Focus must shift to alternate approaches
for treating infections as more antibiotics have become
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Synthetic chemistry, genetic engineering, and biotechnol-
ogy advancements have created new opportunities for the
quest for antibiotic-replacement medicines [6]. Previous
research has revealed that widespread antibiotic use has
led to the emergence of bacterial strains that are multidrug
resistant. Additionally, recent antibiotic abuse has led to
the emergence of superbugs that are virtually immune to
all antibiotics [7]. In addition to these demerits, conven-
tional therapeutic options are also the leading cause of
environmental contaminations across the globe with huge
amount of economic burden specifically for developing or
under-developed counties [8]. Among the numerous novel
approaches to tackle such biomedical dilemmas, nano-
technology has emerged and considered as a sole solu-
tion to multiple healths related problems owing to their
peculiar physiochemical properties and tunable nature. In
this regard, metals and metal oxide NPs have emerged as
potential antibacterial agents to which microbes might not
develop resistance [9].

Nanotechnology has fetched the ample attention globally
due to multifacet roles in live sciences and bioengineering
for the development of commercial products in different
areas like food, agriculture, drug delivery, clinics and bio-
medicine [10, 11]. Metal oxide NPs have been the subject
of intense research over the past ten years due to their wide
range of applications in numerous technical fields [12]. In
this regard, particular metal oxides nanoparticles (MeONPs)
have become the point of focus for their distinguished physi-
ochemical, mechanical, catalysis and optical properties [13].
MeONPs are also being preferred over their bulk counter-
parts due to their optimal shape, size, surface to volume
ratio, selectivity and electromagnetic properties [14]. These
MeONPs can be fabricated using different approaches like
physical, chemical and biological/green methods. Physical
and chemical method involves conventional or catalysts,
reagents or reducing entities with synthetic origin while the
biological method uses the biomaterials of natural origin like
proteins, lipids, carbohydrates or even bacteria and fungi
[15-18]. NPs could be a very helpful therapy for a various
ailments like cardiovascular, cancer, microbial infections,
and other inflammatory conditions [19].

The traditional methods used for synthesis of nanoparti-
cles have certain disadvantages like high costs, less produc-
tion rate, and high energy requirements [20]. On the other
hand, chemical approaches include the use of toxicants which
result in generation of perilous side-products and cause pol-
lution from noxious substances [21]. As a consequence, there
is an urgency to develop NPs with biocompatible routes,
involving the plants/microbes or waste biomass as a reduct-
ant, that are nontoxic and ecologically friendly [22]. One of
the key benefits of green synthesis includes the fact that they
may be created in short time while micro-organism-assisted
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techniques are slower and require longer time due to micro-
bial culture and slow growth rate [23].

Among the various kinds of MeONPs including zinc, sil-
ver, gold, silica, copper and zinc, have gained much attention
due to flexible, modifiable, and long-range intrinsic prop-
erties like biocompatibility, biodegradability, photostability
and varied electrochemical coupling for the synthesis of NPs
using various reducing agents [24, 25]. ZnONPs have also
been used in making ointments, lotions, and targeted drug
delivery. Moreover, zinc oxides NPs have shown signifi-
cant activity against various fungi and pathogenic bacteria
including Bacillus subtilis and Klebsiella pneumoniae [10,
26]. Additionally, the ZnO NPs are employed as a catalyst or
enhancer in combination with antibiotics and other pharma-
ceutical products, especially antibiotics, to combat bacteria
that have evolved resistance to numerous kinds of medica-
tions [27].

Similarly, titanium oxide nanoparticles (TiO,NPs), a
novel candidate with multiple biomedical applications could
also be synthesized by physiochemical methods including
doping, hydrolysis and precipitation [28, 29]. Being highly
photocatalytic and photoreactive, TiO,NPs are considered
as best industrial dyes degraders and waste removers [30].
Furthermore, in biomedical context, TiO,NPs nanoparticles
have also been regarded as the promising antibacterial agents
like against Streptococcus mutants [8, 31-33]. These nano-
particles are now also being incorporated into sunscreens to
avoid the skin damage through UV radiations in developed
countries. Moreover, cytotoxicity of the TiO,NPs have also
been documented through doping of metals like copper,
gold and silver with promising anti-cancerous activity using
human cell lines [34-36].

These metals oxide nanoparticles are also being preferred
over their conventional counterparts due to their novel mech-
anistic pathways of action including DNA damage, protein
synthesis blockage, oxidative stress, mitochondrial damage
for various bacterial pathogens and even modifications of
the apoptotic pathways for imparting their cytotoxic effects.
Taking the sensitivity of the matter into consideration, cur-
rent study was structured to evaluate the antibacterial, anti-
oxidative and cytotoxic effects of the ZnONPs and TiO,NPs.

Materials and Methods
Titanium Dioxide and Zinc Oxide Nanoparticles Synthesis

Titanium dioxide and Zinc oxide nanoparticles were a kind
gift from U.S Research Nanomaterials Inc. United States
of America and were brought to department of Zoology,
Lahore College for Women University Lahore (LCWU) and
were dissolved in autoclaved distilled water for further use
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Fig. 1 Schematic abstract of the current study

in present study. Both of these NPs were of green origin. All
concentrations were vortexed vigorously before conducting
the experiment.

Characterization of Titanium Dioxide and Zinc
Oxide Nanoparticles

To confirm the synthesis of the titanium dioxide and zinc
oxide nanoparticles, various characterization techniques

AN

Antioxidant activity

Cytotoxicity

-

[Brine shrimp assay]

DPPH assay

including UV-Vis spectrophotometry, particle size analysis,
scanning electron microscopy, fourier transform infrared
spectroscopy and thermogravimetric analysis were used.

UV-Vis Spectrophotometric Study
Characteristic absorption peaks of TiO,NPs and ZnONPs

were analyzed from 200 to 800 nm range of wavelength [37]
using UV-SHIMADZU at central research laboratory Lahore
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College for Women University Lahore while the data was
interpreted and graphs were generated at Applied Entomol-
ogy and Medical Toxicology Laboratory, Department of
Zoology, Government College University Lahore.

Evaluation of Particle Size

Size of TiO,NPs and ZnONPs was calculated by U.S
Research Nanomaterials Inc. United States of America.

Morphological Study

Shape, size and distribution of TiO,NPs and ZnONPs were
photographed by scanning electron microscopy (NANOSEM
450) at central research laboratory Lahore College for
Women University Lahore.

Analysis of Bonding Pattern and Functional Groups

Fourier transform infrared spectroscopy (FTIR) (ATR-
3000) of TiO,NPs and ZnONPs was performed to evalu-
ate the bonding pattern and functional groups arrangement
at central research lab. LCWU, Lahore while the data was
interpreted and graphs were generated at Applied Entomol-
ogy and Medical Toxicology Laboratory, Department of
Zoology, GCU Lahore.

Thermal Behavior Study

Thermogravimetric analysis was performed to access the ther-
mal behavior (stability) and percentage weight loss with respect
to varied temperature exposure of TiO,NPs and ZnONPs.

Chemicals, Growth Media and Bacterial Strains

Different clinical isolates (20) of medical importance were
obtained from different hospitals of Lahore, Pakistan. Out of
these, 3 B-lactamases producing strains were selected as panel
of test strains i.e., E. coli, P. aeruginosa and K. pneumonia.
The strains were grown on nutrient agar and Luria-Bertina
(LB) broth (Sigma-Aldrich, USA). Muller-Hinton Agar
(Oxoid, USA) was used to check the inhibitory effect of NPs
against the bacterial strains by disc-diffusion assay. For this,
different concentrations of TiO, and ZnONPs i.e., 0.2, 0.4, 0.6,
0.8, 1.0, 1.2 and 1.4 mg/mL were used. The dilutions of the
NPs were loaded on paper disc of 5 mm size.

Determination of Minimum Inhibitory
Concentration (MIC)

The MIC was determined by using the standard agar dilu-

tion technique. The optical density of bacterial cells was
retained at 0.8—1.0. The bacterial suspension containing 10
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colony-forming units CFU/mL~"! was transferred to each Mul-
ler-Hinton agar plate having different concentration of nano-
particles and the bacterial growth was assessed after 24 h of
incubation at 37 °C.

Antimicrobial Susceptibility Test

To investigate the susceptibility of bacterial strains to TiO, and
ZnO NPs, the standard disc diffusion method was employed
[38]. Prepared Muller-Hinton agar media was transferred into
labeled sterilized petri dishes. Single colony of test organ-
isms was grown overnight in LB broth on a rotatory shaker
(200 rpm). This overnight culture swabbed on the solidified
Muller-Hinton agar using a micro-pipette.

The sterile filter paper discs (Smm) were used to carry disc
diffusion assay. These discs were soaked in 0.2, 0.4, 0.6, 0.8,
1.0, 1.2and 1.4 mg/mL of TiO, nanoparticles solution. Same
experiment was done by using ZnONPs solution. Once, the
discs had diffused, all the plates were kept in incubator at 37
°C for a period of 18-24 h. Experiments were performed in
triplicates. The zone of inhibition (ZOI) was measured after
24 h incubation. The antibacterial activity of both nanopar-
ticles i.e., TiO, and ZnONPs were recorded and compared.

Determination of Antioxidant Activity
and Cytotoxicity of Nanoparticles

Atioxidant activity of nanoparticles was assessed by using
L-ascorbic acid as a standard antioxidant agent. DPPH assay
was used to measure the scavenging potential according to
method described by Ajmal et al. [39] with few modifications.
Scavenging activity was evaluated for both NPs by mixing
0.1 mM DPPH in methanol with different concentrations (0.2,
0.4, 0.6, 0.8, 1.0, and 1.2 mg/mL) of ZnO, TiO, and (Vita-
min C) ascorbic acid and incubated for 90 min in dark. The
absorbance for each run was measured at 517nm. Tests were
conceded out in triplicates [40].

Calculations

Scavenging activity (%) =[(Absorbance of control — Absorbance of sample)

/Absorbance of control] x 100

The cytotoxicity of nanoparticles was also evaluated
using brine shrimp lethality assay by following the method
of Simorangkir et al. [41]. Artemia salina eggs and sea salt
were among the supplies and ingredients required for the
activity. One liter of distilled water was mixed with 38 g of
sea salt, and the pH was then raised to 7.40. Filtered brine
solution was used to hatch brine shrimp eggs, and 50mg
of the eggs were scattered over it in a rectangle hatch-
ing tray. The eggs were then incubated at 37 °C for 24 h
to produce larvae. As a stock solution, 10 mg of the test
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extract was dissolved in 1mL of the appropriate solvents.
From this stock solution, 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 mg/
mL concentrations were made. Tests were conceded out
in triplicates [42].

The following formula was used to calculate the mortal-
ity rate (M):
M =A-B-N+ G-N)x100M

= Percentage of the dead larvae after 24 hours

where:
A =Total number of dead larvae after 24 h exposure
B = Av. number of dead larvae in blind samples after 24 h

N=No. of dead larvae before starting of the experiment
G =Total number of the larvae

Results

Characterization

UV-Vis Spectra Analysis

UV spectra analysis (UV-1700 SHIMADZU) produced
diagnostic peaks at 350-365 nm and 370-400 nm for
TiO,NPs and ZnONPs respectively (Fig. 2).

Particle Size Analysis

Average particle size of TiO,NPs and ZnONPs was found
to be 18nm.

Surface Morphology of NPs

External structure by SEM images revealed that TiO,NPs
and ZnONPs were of rectangular, triangular, round and

350-365nm
m—) 370-400nm

1.5 4

——TiONPs
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=

ZnONPs
0.5
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Fig.2 UV spectra of TIO2NPs and ZnONPs

spherical in shape. SEM also showed the uniform distribu-
tion of NPs with minor aggregation (Figs. 3 and 4). The
polydispersity index of the NPs evaluated by the particle size
analyzer was also less 0.5 which tells the normal distribution
of the NPs with less chance of the complex formation within
the NPs of various natures that involves the biomolecules as
reducing or capping agents [43, 44].

Elemental and Functional Group Analysis

Unidentified biomolecules involved in the reduction of met-
als were spectroscopically identified by using Fourier Trans-
form Infrared Spectroscopic analysis [43, 44]. FTIR also
shows the various banding patterns on the basis of differ-
ent functional groups present in the biomolecules [43—45].
FTIR peaks of TiO,NPs and ZnONPs were produced at a
wavenumber of 500-4000 cm™!. Common FTIR peaks for
TiO,NPs and ZnONPs were present at 3400-3500 cm™",
2600-2700 cm™" and 1500 to 1550 cm™'. Diagnostic and
sharp peaks for TiO,NPs and ZnONPs were generated at
13501450 cm™! (Fig. 5). Usually during the NPs synthesis,
FTIR spectral peaks shifts are also observable.

Thermogravimetric Analysis (TGA)

To evaluate the temperature stability of any substance along-
side the percent mass loss can be analyzed using the TGA.
The thermogravimetric analysis produced diagnostic peaks
at various temperatures ranging from 100-600 °C which pro-
duced diagnostic peaks at weight % loss peak. Both nano-
particles weight loss occur in 3 stages i.e., Ist weight loss
(3—4%) for Titanium oxide NPs till 210 °C, 2nd weight loss
(2-3%) till 510 °C and 3rd weight loss (1-2%) till 660 °C. An
almost similar pattern of weight loss percentage at various
temperatures was followed by zinc oxide NPs (Fig. 6). The
total weight percent loss was almost 4%.

Minimum Inhibitory Concentration (MIC) of the NPs

The Minimum Inhibitory Concentration (MIC) for TiO,
NPs against E. coli, P. aeruginosa and K. pneumoniae was
found to be 0.04 mg/mL, 0.07 mg/mL and 0.08 mg/mL
respectively. On the other hand, the MIC for ZnO NPs
against the above mentioned strains was calculated as
0.01 mg/mL, 0.015 mg/mL and 0.01 mg/mL, respectively.

Antibacterial Activity
The effect of TiO,NPs and ZnONPs at different con-
centrations i.e., 0.2 mg/mL, 0.4 mg/mL, 0.6 mg/mL,

0.8 mg/mL, 1.0 mg/mL, 1.2 mg/mL and 1.4 mg/mL was
examined against Gram-negative bacterial strains. The
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Fig. 3 Morphology and texture
analysis of TiO,NPs
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highest inhibition zone obtained for all bacterial strains Effect of TiO, Nanoparticles Against Bacterial Strains

was observed at 1.4 mg/mL of the nanoparticles used.

Antibacterial effects of nanoparticles are exhibited in  Results showed that TiO,NPs act as antibacterial agent against
Table 1. the tested bacteria. Among all bacterial strains, the maximum

Fig.4 Morphology and texture
analysis of ZnONPs
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Fig.5 Structural analysis using
characteristics FTIR peaks
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zone of inhibition was observed against K. pneumoniae i.e.,
20 mm, while the minimum zone of inhibition was observed
against E. colii.e., 11 mm at 1.4 mg/mL concentration of NPs.
Antibacterial effects of TiO, are presented in Fig. 7.

Effect of ZnO Nanoparticles Against Bacterial Strains

Results showed that these nanoparticles act as antibacterial
agents against the bacterial strains. Amongst all bacterial

]—— Titanium oxide NPs

54—— Zinc oxide NPs

4 4
<3
<
Ko
22

14

0 .

T T T T T
100 200 300 400 500 600

Temperature (°C)

Fig.6 Thermogravimetric analysis of titanium oxide and zinc oxide
nanoparticles

strains, K. pneumoniae exhibited maximum zone of inhibi-
tion 24 mm and E. coli showed minimum zone of inhibition
i.e., 12 mm at 1.4 mg/mL concentration of NPs. Antibacte-
rial effects of ZnO are exhibited in the following Fig. 8.

Comparison of Zones of Inhibition Obtained with TiO,
and ZnO Nanoparticles

The consequence of different concentrations of TiO, was
checked against the Gram-negative bacteria used in the
study. The effect of same concentrations of ZnO nanoparti-
cles was also evaluated against given bacterial strains. The
highest zones of inhibition were formed when 1.4 mg/mL
concentration of NPs was used. The results demonstrated
that K. pneumoniae is more vulnerable to both nanopar-
ticles with zone of inhibition of 20 and 24 mm with TiO,
and ZnO nanoparticles, respectively. Among all the three
bacterial strains, E. coli showed lowest zone of inhibi-
tioni.e., 11 and 12 mm with TiO, and ZnO nanoparticles,
respectively. The susceptibility of bacterial strains was
identified to be in the following order: K. pneumoniae > P.
aeruginosa > E.coli. This is illustrated in the Table 1.

The comparison of results showed that ZnONPs are
more effective antibacterial agents against the bacterial
strains as compared to TiO, NPs.

Antioxidant Activity of Nanoparticles

ZnO and TiO, NPs were evaluated for their free radical
scavenging activity using DPPH assay. Results depict
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Table 1 Comparison of antibacterial activities of TiO, and ZnO against bacterial strains

Strains Treatments Zone of Inhibition (mm)
02mg/mlL  04mg/mL 0.6 mg/mL 0.8 mg/mL 1.0 mg/mL. 1.2 mg/mL 1.4 mg/mL

E.coli TiO, 6+0.5 8+0.5 9+0.5 9.5+0.6 10£0.5 105+0.6  11+0.6
1) ZnO 7+0.5 8+0.5 9+0.6 10+0.6 11+0.5 11.5+0.5 12+0.5
E. coli TiO, 5+0.5 7+0.5 8+0.6 9+0.65 9+0.6 11+0.5 12+0.5
2 ZnO 4405 6+0.5 7+0.5 8+0.6 10+0.7 12+0.5 14+0.6
E. coli TiO, 7+0.5 8+0.5 8+0.6 9+0.5 10+0.5 12+0.6 13+£0.5
3 Zno 5+0.6 7405 8+0.5 9+0.6 11+0.5 13+0.5 15+0.65
P. aeruginosa TiO, 9+0.5 10+0.5 11+0.5 11.5+0.5 12+0.65 13+0.6 14+0.6
1) Zno 15+0.6 17+0.6 17.5+0.65 18+0.6 19+0.5 195+05  20+0.5
P. aeruginosa TiO, 7+0.5 7.5+0.5 8+0.6 8+0.5 10+0.55 11+0.5 12+0.5
@ Zno 14405 16+0.5 17+0.5 18+0.6 18.5+0.5 20406  21+05
P. aeruginosa TiO, 8+0.5 8+0.4 9+0.5 10+£0.5 11+04 12+0.6 13+0.6
3 Zno 15405 17+0.5 18+0.6 18.5+0.5 19+0.5 20406  22+05
K. pneumoniae TiO, 16+0.6 17+0.6 17.5+£0.5 18+0.5 19+0.5 19.5+0.6 20+0.6
) Zno 18+0.5 19+0.5 20+0.5 22405 23+0.5 235+05 24405
K. pneumoniae TiO, 12+0.4 13+£0.5 14+0.4 16+0.5 17+0.5 17+0.5 18+0.6
@ Zno 10+£0.5 12+0.5 15+0.5 17+0.6 18+0.5 20+£0.5  23+0.55
K. pneumoniae TiO, 15+0.5 16+0.5 16.5+0.4 17+0.5 18+0.5 18+0.6 19+0.5
3 Zno 9+0.4 11+0.4 13+0.5 14+0.5 16+0.6 18405 21405

that TiO,NPs has more ability to scavenge free radicals
as compared to ZnONPs. The %age scavenging activity
of TiO, and ZnO nanoparticles was calculated as 77% and
73% respectively. The antioxidant activities of ZnO and
TiO,NPs were increased as we increased the concentration
of nanoparticles i.e., from 0.2 to 1.4 mg /mL as depicted
in Figs. 9 and 10.

Fig.7 Effect of TiO, nanoparti- 25 ~
cles against E. coli, P. aerugi-
nosa and K. pneumonia

N
o
]

;B

[y
(65}
1

Zone of Inhibition (mm)
=
o

(2]
1

Cytotoxicity of Nanoparticles

The brine shrimp lethality assay (BSLA) was used to evalu-
ate the cytotoxicity of both nanoparticles. The percentage
mortality of brine shrimp larvae is presented in Figs. 11 and
12. The results demonstrated that TiO,NPs showed toxic
effect at concentration of 1.2 mg/mL and 1.4 mg/mL with
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Fig.8 Effect of ZnO nanoparti- 30 4
cles against E. coli, P. aerugi-
nosa and K. pneumoniae
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average mortality rate of 5.55% and 12.05%, respectively
while other concentrations had no toxic effect on the shrimps.
The cytotoxicity of ZnONPs revealed that the ZnONPs had
no significant toxic effects on the shrimps i.e., 0% mortal-
ity. The results revealed that both nanoparticles had toxic
effects on the shrimps as the concentration of nanoparticles
increased. Thus, it showed that the effects of nanoparticles on
brine shrimp larvae are concentration dependent.

Discussion

Titanium oxide nanoparticles and zinc oxide nanoparti-
cles produced diagnostic UV—-Vis peaks at 350-365nm and
37-400nm respectively which confirmed the nanoparti-
cles synthesis without any oxidative damage which could
decrease their efficacy. Durairaj et al. [46] and Panda et al.
[47] also documented the TiO,NPs peaks at range of 350-
370nm which are in accordance with the present study

Fig.9 Radical scavenging activ- 90 -~
ity of ZnONPs
80
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60 -
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1 1 1

% scavenging activity

m E.coli
M P.aeruginosa

W K.pneumoniae

0.6 0.8 1 1.2 1.4
Conc. of ZnO Nanoparticles

results. Similarity of the current study peaks with the previ-
ous researches is an indication of successful fabrication of
TiO,NPs. Furthermore, many researchers globally have also
reported the ZnONPs UV-Vis peaks between 400-500 nm
[48-50]. Similarly, present study ZnONPs also produced
same UV-Vis peaks 370-400 nm. Size of the nanoparticles
was found to be 18 nm which is a good sign for promising
antibacterial, antioxidant with minimum cytotoxic potential
as many researchers describes that nanoparticles with size
below 50 have the maximum bactericidal potential. This is
due to the fact that small size NPs could easily pass the outer
membrane of the bacteria and produce the best antibacterial
results [51, 52].

SEM analysis of the Titanium oxide nanoparticles and
zinc oxide nanoparticles produced nanoparticles with mul-
tiple shapes which are without/negligible aggregates which
is confirmed from the SEM images. Many authors also
reported that nanoparticles with aggregates or large size
particles have lower/effected bactericidal potential [53, 54].

|
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0 - T
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Concentration of ZnO NPs
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Fig. 10 Radical scavenging 90 -~
activity of TiO,NPs

80 -
70 A
60 -
50

% scavenging activity
1 1 1 1

1

|

40
30
20
10
0 - T
0.2 0.4

Visual results from SEM images authenticated the normal
distribution of the nanoparticles with PDI<0.5 [55, 56].

FTIR analysis produced diagnostic peaks for TiO,NPs
and ZnONPs at 3200-3300 cm'l(OH-Stretching),
2340-2500 cm'l(CH—Stretching) and 1500 to
1550 cm~!(CO-Stretching). Diagnostic and sharp peaks for
TiO,NPs and ZnONPs were generated at 1350-1450 cm™!
and 550-650 cm™! which confirm the successful reduction
and formation of the TiO,NPs and ZnONPs as also reported
by many researchers [57-59]. Same results of the previous
studies are a certification of the viable synthesis of the NPs
of the present study.

TGA analysis showed the percent weight loss for both the
nanoparticles at various temperatures which is attributed to
the water content evaporation from the samples if any [60].
Initial weight loss till 100-200 °C could be due to water

Fig. 11 Cytotoxicity assay of 25 -
TiO, nanoparticles
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o (%] o
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[61] but weight loss later at 300-500 °C could be due to the
decomposition of the materials which is very less (1%) in
present study results. After 500 °C, the decomposition of the
titanium or zinc become constant and further no loss sug-
gests the presence of pure salts [62]. Similar TGA results in
the study were reported (Fig. 5).

The Minimum Inhibitory Concentration (MIC) for
TiO,NPs against E. coli, P. aeruginosa and K. pneumoniae
was found to be 0.04 mg/mL, 0.07 mg/mL and 0.08 mg/
mL respectively. On the other hand, the MIC for ZnO NPs
against the above mentioned strains was calculated as
0.01 mg/mL, 0.015 mg/mL and 0.01 mg/mL respectively.
The results are in accordance with the study of Masoumi
et al. [63] where ZnONPs induced broad-spectrum bac-
tericidal effect on K. pneumoniae, and P. aeruginosa
and restricted their growth at mean MIC concentration

M Initial No. of dead larvae
INI

B No. of dead larvae after
24 hour ‘A’

1 AverageNo. of dead
larvae in blind samples
after 24 h ‘B’

M Total No. of larvae ‘G’

Concentration of TiO2 NPs (mg/mL)
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Fig. 12 Cytotoxicity assay of
ZnO nanoparticles
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4 +0.2 mg/L; in contrast. No growth inhibition was noticed
for TiO, NPs (MIC > 1280+ 0.2 mg/L). Similar findings of
such studies authenticate the results of present study.

Moreover, results showed TiO,NPs as antibacterial agent
also against the tested strains. Significant zones of inhibition
were produced against all three pathogens. Similar results
were also documented by Rosi and Kalyanasundaram [64]
where they synthesized TiO,NPs and evaluated their antimi-
crobial activity against Gram negative bacteria i.e., E. coli
and P. aeruginosa. Lowest zone of inhibition was observed
against E. coli. ZnONPs also produced promising bacteri-
cidal results i.e., highest inhibition zone against K. pneumo-
niae. A similar study conducted by Hoseinzadeh et al. [65],
evaluated the effect of ZnONPs against E. coli and P. aer-
uginosa. Antibacterial studies revealed greater effectiveness
for P. aeruginosa as compared to E. coli. In another study,
ZnO nanoparticles have displayed inhibition zone of 13mm
against E. coli [66]. The slight difference of inhibition zone
in the present study with previous study could be due to the
small size (18 nm) of the present study nanoparticles due
to the highest penetration ability of the nanoparticles with
smaller size. These results are an indicative of the potent
efficacy of the present study nanoparticles.

One of our previous articles showed synergistic effect of
ZnONPs with the conventional antibiotics in which results
indicated an increased antibacterial effect of antibiotics when
used in combination with ZnONPs as compared to antibi-
otics alone [67]. A similar study conducted by Faisal et al.
[68], showed that the activity of antibiotics was significantly
increased against tested strains when coated with ZnONPs.

Probable mechanisms of action of nanoparticles
include adherence to cell membrane, protein component of

the cell membrane and DNA structure, resulting in functional
modification, release of ions that impacts the membrane, nucleic
acids (DNA) and protein content of the cell. Moreover, oxidative
stress rise as a result of reactive oxygen species release which
also subsequently effects cell membrane, nuclei acids (DNA)
and protein content of the membrane, which ultimately becomes
the reason for bacterial cell death as reported by Crisan et al.
[69]. Furthermore, Chen et al. [70] recommended the mecha-
nisms which may involve in the interaction of nanoparticles with
the infectious microorganisms. It is thought that microorganisms
carry a negative charge whereas nanomaterials carry a positive
charge. The fact that NPs tend to collect predominantly on the
outer surface of bacterial membranes may be the cause of their
antibacterial effect, which was supported by the study of Faisal
etal. [71].

ZnONPs may have an antibacterial effect since they tend
to aggregate mostly on the bacterial membrane's outer sur-
face. Reactive oxygen species (ROS), which are created
by ZnO-NPs and bind to the bacterial membrane to cause
permeability and cell death, are produced. Bacterial DNA
and mitochondria are harmed by the production of Zn4 +,
which is also capable of inhibiting vital bacterial enzymes
and causing cell death [72].

The comparison of results showed that ZnONPs are more
effective antibacterial agents against these bacterial strains
as compared to TiO,NPs. There is no as such comparative
study on the antibacterial activity of TiO, and ZnO NPs
with best of my knowledge against these specific strains.
However, comparison on the doping of these nanoparticles
has been studied previously. A study performed to assess
the antibacterial activity of Ag-doped TiO, and Ag-doped
ZnO nanoparticles showed that Ag-ZnO NPs are highly
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efficient antibacterial agents as compared to TiO,NPs [73].
This comparative study could pave the pathways for further
comparative analysis of the bactericidal studies to possibly
make any synergistic studies for better control of pathogens
in various biomedical fields.

Environmental stress, which causes reactive oxygen
species (ROS) to degrade membrane, lipids, DNA, and
proteins, is to be blamed for the alteration in metabolic
pathways in plants. Many substances with metabolic impor-
tance, including terpenoids, flavonoids, and substances that
respond to oxidative stress, hold a great potential in cap-
ping and stabilizing the nanoparticles [68]. The antioxidant
activities of ZnO and TiO,NPs were evaluated by DPPH
assay and results showed an increase in radical scaveng-
ing of these NPs as we increased their concentration i.e.,
from 0.2-1.4 mg /mL. A similar study was conducted by
Boroumand Moghaddam et al. [74] which investigated the
antioxidant activity of ZnO and found that radical scaveng-
ing activity increases by increasing the concentration of
ZnONPs. A similar study on the DPPH activity of TiO, NPs
was evaluated and results indicated that the DPPH activity
of the nanoparticles also increase in a dose-dependent man-
ner [75]. The results indicated radical scavenging activity
as 73% and 77% of ZnO and TiO, respectively, at highest
conc. of NPs i.e., 1.4 mg/mL. At lowest concentration the
percentage radical scavenging activity was 39% and 42%
for ZnO and TiO, respectively. These studies endorsed the
authentication of the current study findings.

To evaluate the possible safety of NPs for use in biological
systems for multiple purposes like drug delivery, cytotoxic-
ity bioassay was performed. Cytotoxicity of nanoparticles is
assessed by using the Artemia salina test to determine the cell
viability because this method is more rapid and convenient
and less expensive when compared to other methods [76]. The
results revealed that TiO,NPs showed toxic effect at concentra-
tion of 1.2 mg/mL and 1.4 mg/mL with average mortality rate
of 5.55% and 12.05%, respectively while other concentrations
had no toxic effect on the shrimps. This is illustrated in Fig. 5.
The death of the larvae could be due to the accumulation of
the NPs inside the gut. The results demonstrated that with the
increase in concentration of nanoparticles, the %age mortality
of Artemia salina was also increased. The result was supported
by the study of Kumar et al. [77], in which the cytotoxicity of
AgNPs was checked by the brine shrimp lethality assay with
the conclusion that the lethality was directly proportional to the
concentration of extract. As limited work is done to evaluate
cytotoxicity of TiO, using brine shrimp lethality assay. This
study provides novel approach to study the cytotoxic potential
of TiO, in future. Moreover, ZnONPs had no significant toxic
effects on the shrimps i.e., 0% mortality (Fig. 4). Our result
was supported by the study of Supraja et al. [78], which indi-
cated that the tested ZnO nanoparticles have poor brine shrimp
larvicidal activity. Minimum mortality percentage (30%) was

@ Springer

noted at a concentration of 50 ppm while no mortality was
observed at 100 and 170 ppm. In light of the data, it can be
concluded that the brine shrimp lethality of the different con-
centrations of ZnO was found to be concentration-dependent.

Conclusion

In the current study, ZnONPs exhibit stronger antibacterial
activity when compared to TiO,NPs, which may be because of
the fact that the nano-composition of ZnONPs contains more
antibacterial active sites than that of TiO, NPs. The ZnONPs
can be investigated further in preclinical studies as potential
antibacterial drug candidates.
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