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Abstract

Emerging antibiotic resistance in pathogenic bacteria is creating serious crises in therapeutic
options for treating infections worldwide. Thus, in the quest of aternative efficacious antibacterial
therapy, various previous studies have demonstrated that the coating materia used for the
synthesis of Zinc oxide nanoparticles has tremendously improved the antibacterial activity of
nanoparticles. The aim of current study was to investigate the antibacteria activities of Zinc oxide
nanoparticles and acrylamide composite (ZnO-Am-NPs) against multidrug-resistant pathogenic
bacteria. Isolation and identification was performed by using standard conventional and
biochemical techniques. The antimicrobial activity of ZnO-Am-NPs was determined by using
modified agar well diffusion assay. The efficacy of ZnO-Am-NPs was compared with
commercialy available standard antibiotics discs. The data showed that ZnO-Am-NPs possessed
strong antibacteria activity against multidrug-resistant pathogenic bacteria including Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Staphylococcus aureus, suggesting
that coating of ZnO-NPs with acrylamide resulted in the broad spectrum antibacterial activity. The
antibacteria activity increased with the increasing concentration of ZnO-Am-NPs whereas the
minimum inhibitory concentration of ZnO-Am-NPs was recorded as 12.5ug/ml. The results of
present study indicated that the ZnO-Am-NPs may serve as promising antibacterial agents against
multidrug resistant and medically important bacteria.
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I ntroduction

Zinc oxide (ZnO) has been used as a suitable
candidate for the synthesis of nanoparticles that
are widely used in various industrial products
including cosmetics [1]. In addition to many
peculiar physical and chemical properties, ZnO
nanoparticles (ZnO-NPs) have been shown to
possess a number of dermatological and
antibacterial properties [2]. ZnO-NPs have been
generally demonstrated to exhibit significant
antibacterial properties when they were formed
with sizes less than 100 nm [3]. The specia
characteristics such as large surface area and small

particle size of ZnO-NPs, which are not present in
micro or macro-sized particles of ZnO are
attributed to their antibacterial activities. In nano
size, ZnO can easily interact with bacteria surface
getting entry inside the cell, and subsequently can
exhibit a strong toxicity with the distinct
bactericidal mechanisms [4]. Furthermore, ZnO-
NPs have been shown to exhibit lowest activity
against human cells while possessing selective
toxicity against bacteria cells, which is a
fundamentd property of any compound to be an
ideal antibiotic [5-7]. Consequently, the effects of
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ZnO on bacteria in microscale and nanoscale
formulations as an antimicrobial agent have been
explored by various researchers from across the
world [8-10]. The researchers have concluded that
the nanoparticles have activity against a wide
range of micro-organisms [11], fungi [12], fish
[13], algae[14] and plants[15].

In the quest of aternative therapeutic
agents for the treatment of bacterial infections
caused by antibiotic resistant pathogens, the
antibacterial  activity of ZnO-NPs against
Staphylococcus aureus [8], Escherichia coli [16],
Campylobacter jguni [9], Bacillus atrophaeus
[17], ESBLs producing E. coli and Klebsiella
pneumoniae [18], Haemophilus influenzae [19],
and major food borne pathogens like E. coli
0157:H7, Salmonella spp, Listeria monocytogenes
[2, 20] has been determined. Reviewed literature
has indicated that the materia used for the
synthesis of ZnO-NPs has dramatic effects on their
antibacterial  properties [21, 22]. Recently,
improved antibacterial activity of ZnO-NPs
against food borne and oral pathogens, with the
use of different methods of their synthesis has
been reported [23-25]. Therefore, the present study
was caried out to determine the antibacterial
activity of Zinc oxide nanoparticles and
acrylamide composite (ZnO-Am-NPs) against a
wide range of multidrug-resissant (MDR)
pathogenic bacteria. Furthermore, ZnO-Am-NPs
were aso tested for their potential to be an
antibacterial agent against pathogenic bacteria
isolated from the patients with Device Associated
Infections (DALI).

Materialsand Methods

The present study was approved from the
Advanced Studies and Research Board (ASRB),
University of Sindh, Jamshoro. Clinical isolates
were obtained from the diagnostic laboratories
located a Hyderabad and their further
identification and characterization was carried out
at Clinica and Molecular Research Laboratory,
Ingtitute of Microbiology, University of Sindh,
Jamshoro. For the isolation of pathogenic bacteria
from DAI, averbal consent was obtained from the
patients with DAI, prior to the collection of

sample. The samples were collected by the trained
staff during the washing process of an infected
implanted orthopedic device.

Bacterial strains, media and growth conditions

The bacterial strains used in the present
study, S aureus, E. coli, P. aeruginosa, P,
fluorescens, K. pneumoniae, were previoudy
isolated from clinica samples such as pus and
urine samples. Bacterial cultures were grown
aerobically at 37°C for 24 h. All the mediaused in
the present study, Muller Hinton agar, Eosine
Methylene Blue agar, Nutrient agar and broth,
MacConkey's agar, were purchased from Oxoid,
UK.

Isolation, identification and MDR pattern of
pathogenic bacteria

The isolation of pathogenic bacteria from
different clinical samples was previoudy done
using selective and differential media. Initia
identification was done using standard
biochemica tests. The multiple drug resistance
(MDR) patterns were determined by using Kirby
Baur disk diffusion assay with commercially
available antibiotic discs according to CLSI (2006)
guidelines and Zone of inhibition around an
antibiotic disc was measured and compared

with “Disc diffusion supplement table” [26].
The antibiotic discs used in the present
study included: Ampicillin  (AMP, 10ug),

Aztreonam (ATM, 30ug), Ceftriaxone (CRO,
30ug), Cefuroxime (CXM, 30ug), Ceftazidime
(CAZ, 30 ug), Cotrimoxazole (SXT, 1.25/23.75
ug), Clindamycicn (CD, 2 pg) Erythromycin (E,
15 ug), Fusidic acid (FD, 10 pg), Gentamicin (CN,
10 pug), Ofloxacin (OFX, 5 pg), Oxacilin
(OX, 5 ug) Piperacillin/Tazobactam (TZP, 100/10
ug), Tetracycline (TE, 30upg), Vancomycin
(VA, 30 ug).

Synthesis of ZnO-Am-NPs

The synthesis of ZnO-Am-NPs has been
described previously [27]. Briefly, zinc acetate
dihydrate; Zn(CH3CO,),:2H,0, was prepared in a
volume of 100 mL, by using ammonia (NH;3) as
OH ion source followed by the addition of
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acrylamide (CH,=CHCNH,) that was dissolved in
the solution and the beaker was coated with
auminum foil. The growth solution was kept at
95°C for 4 h. After the completion of growth, ZnO
functionalized acrylamide was collected by
filtration and the final product was washed several
times with deionized water and ethanol (C,HsOH).
Then ZnO nanomateriad was dried a room
temperature.

Determination of the antibacterial activity of
ZnO-Am-NPs

The antibacterial activities of ZnO-Am-
NPs were tested by agar well diffusion assay
against different pathogenic bacteria (n=14).
Briefly, a sterile cotton swab was dipped in an
overnight bacterial culture and spread over the
surface of Mueller-Hinton agar plate to grow a
thin lawn of the bacteria. Then, using a sterile cork
borer, 6-mm wells were prepared aseptically.
Twenty mg of synthesized materia (dry ZnO-Am-
NPs) was added to 100 mL sterile distilled water
and mixed vigorously by placing in an ultra
sonicator for 30 minutes. The ZnO-Am-NPs
solution of 20mg/100 mL stock solution was
prepared. Later, three different find
concentrations of ZnO-Am-NPs (10, 20, and 40
pg) were filled into the wells. The plates were left
for 1 h to alow the perfusion of ZnO-Am-NPs
which was followed by incubation a 37°C for
24 h. Next day, the plates were observed for a
zone of inhibition around each well which was
measured in terms of diameter.

Minimum inhibitory concentration of ZnO-Am-
NPs

The minimum inhibitory concentration
(MIC) of ZnO-Am-NPs was determined by broth
dilution method as described previoudy [28].
Briefly, a single colony of a bacterial culture was
transferred to 5 mL of nutrient broth and incubated
overnight at 37°C. Next day, the tubes containing a
defined concentration of ZnO-Am-NPsin the fresh
nutrient broth were inoculated with the overnight
culture. Turbidity was assessed after incubation
for at least 16 h and the MIC readings/val ues were
recorded.

Minimum bactericidal concentration of ZnO-
Am-NPs

The minimum bactericidal concentration
(MBC) of ZnO-Am-NPs was determined by broth
dilution followed by agar plate method. Briefly, a
single colony of a bacteriad culture (MDR
pathogenic bacteria) was inoculated into 5 mL of
nutrient broth and incubated for at least 16 h at
37°C. Next day, the tubes containing fresh nutrient
broth and a defined concentration of ZnO-Am-NPs
were inoculated with the overnight culture. After
incubation for at least 16 h, 50 pL of culture from
the tubes with no visible growth were inoculated
onto fresh agar plates. Next day, the lowest
concentration of ZnO-Am-NPs, corresponding to
culture revealing no CFU on plate, was considered
asthe MBC of ZnO-Am-NPs.

Results and Discussion
ZnO-NPs and acrylamide composite

The acrylamide was used to increase the
surface area of ZnO NPs which can be beneficia
for enhancing antibacterial and antifungal
properties. The synthesis and characterization of
ZnO-Am-NPs (Fig. 1) by X-ray diffraction
(XRD), Fourier transform infrared spectroscopy
(FTIR), thermd-gravimeteric analysis (TGA),
scanning gel electron microscope (SEM) and field
emission electron microscope (FESEM) has been
reported previously [27].
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Figure1l. SEM of the nanoparticles of zinc oxide and acrylamide
composite (ZnO-Am-NPs)
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Antibiotic resistance patterns of the pathogenic
bacteria

The antibiotic resistance patterns of
various pathogenic bacteria were determined. Nine
bacterial strains (Fig. 2) showing MDR
phenotypes were selected. These included S
aureus (n=03), E. coli (n=03), K. pneumoniae
(n=01), P. aeruginosa (n=01), and P. fluorescense
(n=01). Moreover, five highly resistant Gram-
negative pathogenic bacteria isolated from DAI
were also selected for the present study. The DAI
associated pathogenic  bacteria included P.
aeruginosa, S epidermidis, Enterobacter sp,
Citrobacter freundii, and Proteus sp. The MDR
patterns of these pathogenic bacteria showed their
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resistance to at least five antibiotics used in the
present study (Table 1).

Figure 2. Pure cultures of the selected MDR pathogenic bacteria
on nutrient agar. S. aureus (UA1-3), E. coli (UA4-6), P.
aeruginosa (UA7), P. florescens (UA8) and K. pneumoniae (UA9)

Table 1. Antibiotic sensitivity profileand MDR patterns of bacterial isolates.

Antibiotics
O P -
> ©< ©B5glTzfirong
6 £ 2 T2 s=sk 558X § MDR pattern
Bacteria Specmen T X o c g c o 8T FT T RO ©
£ 05t es6ce¢eescEE
g csegEsEgEEsEgseEgecs
E =g 8§ 5 £ = T g <88R
2 g 8 8 S 5628535338 %¢¢8
5 X8 8 5 22 =S80 o= RE
O Ok > a Wi OO0 <O OO0 = O
No. of Antibiotics
S aureus Pus R S R S - - S - - 05
S aureus Pus S R S S R R SSR-R-R - - - 06
S aureus Pus S RSSR SSSSR-R-R - - - 05
E. coli Urine R - s - R S-S -RSRRRRSHR 08
E. coli Urine s - S - R S-S -RRRS SRRSHR 07
E. coli Urine R - s - R S-S - RRRRRRSHR 09
P. aeruginosa Pus R - §- RR-S - RSRSRIRS S o7
P. fluorescens Urine s - S - RR-S -1 RRRRRS S 07
K. pneumoniae WT* s - s - R S-S -RRR-RS S S 05
S epidermidis DAI S RRSRRRSSR-R-R - - - 08
P. aeruginosa DAI S - S R R -S-RRR-RR - R 08
Enterobacter spp DAI R - R R - - S -RRR-SS - R 07
Citrobacter freundii DAI S R R - -SS-RSR - SR - R 06
Proteus spp DAI S - R - - S R SR - RR - R 06
*Wound tissue

Sensitive(S) and Resistant (R)
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Antibacterial effects of ZnO-Am-NPs against
MDR pathogenic bacteria

In recent years, a striking inclination in the
rate of resistance in pathogenic bacteria against the
available therapeutic options has caused a serious
health problem [29]. Therefore, researchers are
focusing on the identification and development of
aternative therapeutic approaches. Among the
some alternative therapeutic agents, metal and
metal oxide nanoparticles have recently been at
the main focus of investigations [30-32]. In the
present study, we focused on the determination of
the antibacterial effects of ZnO-Am-NPs against a
wide range of pathogenic bacteriathat arelisted in
Table 2. ZnO-Am-NPs showed strong activity
against S aureus isolates of pus specimens
(Table 2).

Table 2. Antibacterial effects of ZnO-Am-NPs against MDR
pathogenic bacteria.

Bacterial isolates Size of inhibition zones (mm)

20 pg/100 pL of ZnO-Am-NPs

S aureus 34.16+0.087
S aureus 33.83+0.174
S aureus 34.0+0.0
E. coli 32.66+0.174
E. coli 33.0+0.0
E. coli 33.0+0.0
P. aeruginosa 33.0+0.0
P. fluorescens 33.50+0.150
K. pneumoniae 30.16+ 0.087
S epidermidis (DAI) 29.0+0.0
P. aeruginosa (DAI) 30.16+0.087
Enterobacter spp (DAI) 27.0+0.0
Citrobacter freundii (DAI) 22.33+0.174
Proteus spp (DAI) 29.0£0.30

Data are means of three replicates + standard error.

These findings support the fact of
including ZnO in various dermatological
applications such as creams, lotions and ointments
[33]. Similar findings were also observed against
the E. coli isolates of urine specimens.
Furthermore, it was noted that the size of the zones
of inhibition against the isolates of DAI were
comparatively smaller in size. In order to compare
the antibacterial effects of ZnO-Am-NPs with
commercially available antibiotics, last resort

antibiotic for each of the clinical isolate of the
present study was used. For instance, S
epidermidis isolated from DAI specimen was
resistant to the majority of antibiotics tested while
showing sensitivity to FD and CDM antibiotics.
Therefore, the commercially available disc of FD
was used aong with adisc impregnated with ZnO-
Am-NPs. Similar protocol was used for all other
clinical isolates. It was observed that the size of
zones of inhibition obtained from 20 ug/100 pL of
ZnO-Am-NPs against each of the tested bacteria
was comparable to that of achieved from the last
resort antibiotic.

Minimum inhibitory and bactericidal
concentration of ZnO-Am-NPs

MIC is defined as the lowest concentration
of an antimicrobial agent that inhibits the
microbid growth while MBC is the lowest
concentration of an antimicrobial agent that kills
the microbid cells after 24 h of exposure. The
MIC and MBC of ZnO-Am-NPs against MDR
pathogenic bacteria was between 12.5ug/ml to 25
pg/mL, and 25 pg/mL to 50 pg/mL, respectively

(Fig. 3).

Figure 3. Representative result of the determination of MIC of
ZnO-Am-NPs against MDR pathogenic bacteria

Conclusion

The ZnO-Am-NPs were effective against
the pathogenic bacteria isolated from pus and
urine specimens suggesting that the material used
for making the composite of ZnO-NPs,
“acrylamide” has potential to enhance the
antibacterial properties of ZnO-NPs. Given the
findings of the present study, it was concluded that
the ZnO-Am-NPs composite hold broad spectrum
activity and could be useful in future strategies for
the development of an aternative antimicrobia to
combat some common MDR pathogenic bacteria
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Having antagonistic effects on the MDR
pathogenic bacteria, ZnO-Am-NPs provide an
absolutely attractive option for the treatment of
different  “difficult to treat” infections.
Furthermore, the MIC of ZnO-Am-NPs
(22.5ug/ml) is very low and represents the
potential of ZNO-Am-NPs to appear as a less
costly antimicrobial agent in the future.
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