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Abstract

Background: Poly ethylene oxide (PEO) is a non - linear system hydrophilic and uncross linked
polymer with a variety of molecular weights. Ethylene oxide is used to make it, and it offers a
number of beneficial characteristics for medication delivery and antibacterial uses. PEO is
effectively integrated into amorphous calcium phosphate (ACP) during its synthesis, it is predicted
to influence ACP's inclination to form aggregates.

Methodology: In the present study, polyethylene oxide (PEO) with different concentration (80,
40, 20, 10 pg/ml)’ investigates their antibacterial activity, against five pathogenic bacteria isolated
from azo dye (random selection from total isolates). The disk diffusion test was used to evaluate
the antimicrobial activity of PEO, as In addition, each isolate's ‘minimum inhibitory concentration
(MIC)’ and ‘minimum bactericidal concentration (MBC)’ were determined.

Results: PEO exhibits strong broad-spectrum antibacterial action against tested bacteria, with an
inverse relationship between an increase in ‘inhibition zone diameter’ and a decrease in PEO
concentration, and even outperforms the action of certain medicines. PEO had ‘MICs of 10 to 20
g/ml and MBCs of 20 to 80 g/ml’. PEO was shown to be firmly adhered to bacterial cells in other
experiments, its inhibitory impact on bacterial growth and invasion might be attributed to this
factor.

Conclusion: The bacterial growth was considerably inhibited by PEO at a suitable concentration.
It is strongly suggested that PEO be used as a cost-effective antibacterial agent, particularly when
mixed with dyes used at home or in industries, to avoid the possibility of creating antibiotic-
resistant bacterial strains.PEO has a good effect on filer and composite properties like ACP.

Keywords: Antibacterial activity, PEO, Azo deys, Antibacterial, ACP.

Introduction ‘amine’ or aphenol. Aromatic amines are the

The term azo comes from the French azote. Its most important precursors for azo dyes. Azo

di . dyes are chemical molecules with the
iscovery of dyes a watershed moment in . ) L, : )

history of the chemical industry. Azo dyes functional group  “R-N=N-R , with “R
comprise one or more azo linkages and are and R’ * generally being “‘aryl” . They are
made up of a ‘diazotized amine’ linked to an @20 compounds with the bond ‘C-N=N-C’ ,
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which are commercially relevant. (No. 1) Azo
pigments are chemically related to azo dyes and
are insoluble in water and other solvents. [2,3]
Although many ‘azo pigments’ are non-toxic,
some are mutagenic and ‘carcinogenic’, such as
‘di-nitro aniline orange, ortho-nitroa niline
orange, or pigment orange 1, 2, and 5’.[4,5]
‘Azo dyes’ are the most common and ‘versatile
dyes’, accounting for more than half of all dyes
made globally. ‘Azo dyes’ produced from
benzidine are carcinogenic, and exposure to
them has been linked to bladder cancer in the
past. As a result, in the 1980s, "the most
important Western industrialized countries"
stopped producing benzidine azo dyes. [6]

At least 3,000 dyes were obtainable in past
widely charity to color textiles, leather, some
foods, coloring pens, shoes, printing inks,
paints, varnish, lacquer, tattoo inks, cosmetics,
hair dyes, waxes, and wood, some of which
may pose a risk to human and environmental
health due to their toxic properties and
contamination by various organisms. [7,8] This
problems of azo dyes can moving by existence
many microorganisms like bacteria, fungi have
been reported to eco-friendly and other may
case infection disease [9]. Many of these
organisms such bacteria are pathogenic and
caused infection to humans in very high,
especially these dyes are used daily by humans
and children. Only a few aerobic bacteria, such

as ‘Bacillus cereus, Bacillus subtilis,
Escherichia coli, Enterococcus fecalis,
Pseudomonas  aeruginosa, Streptomyces

cereviceae, and Candida zeylanoides’, have
been discovered in azo dyes under aerobic
conditions. [10-16] Dye bacteria from textile
azo dyes have been isolated and described in a
number of investigations [17-20]. Many
investigations isolated bacteria (Bacterium
firmus and Halomonas sp., respectively) and
other dye bacteria (Pseudomonas aeruginosa
[21] and Comamonas sp. UVS [22]. However,

due to the alkaline environment, only a few
studies have been done to extract and describe
bacteria that have contaminated the azo dye.
[23-25] This environment necessitates the
existence of alkaliphilic and halophilic bacteria
that can adapt and operate physiologically
under such extreme circumstances. Humans are
exposed to xenobiotics such as azo dyes by
food, skin contact, or inhalation, and some
pathogenic microorganisms found in azo dyes
can cause illness. [26]

Polyethylene oxide \(PEO)’ is a non-poisonous,
biocompatible, and water-solvent polymer that
has a wide scope of employments,
incorporating conductive composites with
‘carbon dark, cosmetology (skin creams,
emulsions, individual oils)’, quality treatment,
and medicinal goods [27-33]. PEO-based graft
copolymers have been studied for a variety of
potential characteristics, as well as ways to
improve and modify their capabilities. [31,32]
Nanotechnology, lithium batteries, elastomer
manufacturing, drug delivery systems [28,33—
36], and biomedical implants have all benefited
from these materials. [37,38]. The effect of
various of the molecule size dispersion,
composition, and characteristics for ACP fills
Furthermore, the steadiness of mechanical of
amalgams produced through such ACP plasters
afterward delayed submersion in water was
measured. Surfactants added stomach muscle
initio during the combination of ACP were
relied upon to adsorb at the superficial of ACP,
impacting the level of unconstrained ACP total.
[39] Accumulated ACPs anticipated to scatter
better in sap grids. As a result of its set up
ability to lead various hydrogen holding
communications and settle cations by means of
numerous chelation, PEO is hydrophilic
primary  component present  numerous
surfactants, where as often as possible utilized
in water-viable polymer frameworks. When
PEO is effectively integrated into ACP during
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its synthesis, it is predicted to influence ACP's
inclination for procedure aggregates. The
content of water to the precipitated ACP filler
may be affected by both the PEO and surfactant
additions. [37-40].

The aim of this study is to isolation and
identification of bacterial contamination the
different azo dye can used daily by human like
lether clothes dyes, shoes dyes, childrens
coloring pens may be cause toxicity and many
human infection, and using PEO as
antibacterial to proofing their capability to
reduce azo dyes bacteria to attempt to mixing
any type of polymer with azo dyes in their
industry to reduce the human infection by
bacteria.

MATERIALS & METHODS:
Collection of Samples

The 75 specimens were collected from the
different samples of coloring dyes, dyes shoes
and leather clothes dyes. Azo dye samples are
collected, and the samples size included 75 azo
dye samples (N=75) from lether dyes (N= 25),
from shoos dye sample(N=25), and from
children coloring pens (N=25) . Azo dyes
collected from different locations in many
house in Al-Hilla city.

Antibiotic susceptibility test:

The clinical laboratory standard Institute
(CLSI) recommendations 2016 were used to
evaluate antibiotic susceptibility using the
Kirby-Bauer disk diffusion techniques.
Nitrofurantion, Cefotaxime, Aztronam,
Cephalosporins, Amoxicilin, and Mrthicillin
were among the six antibiotics used to evaluate
the drug resistance of five Bacillus cereus
isolates (chosen at random from the total
isolate). The results were expressed as the rate
of resistant strains among all detected bacterial
strains. MDR is defined as resistance to three or

more antimicrobial classes. The bacterial

strains represent MDR.
Antibacterial Properties of PEO

The antibacterial properties of PEO was
evaluated against certain human pathogens that
were obtained from azo dyes kept on nutritional
agar slants. The Clinical and Laboratory
Standards Institute's recommendations were
followed while testing antimicrobial activity.
[39] Antibiotic sensitivity and ‘PEO’ against
bacteria under study are tested using a disk
diffusion assay, with ‘triplicates’ used in
dilutions of concentration of PEO (80, 40, 20
and 10 pg/ml) in solvent. The first step, the
isolates were incubated for 15 min at room
temperature, then incubated at 37°C overnight.
After a time of ‘incubation’, the ‘inhibition
zone’ was seen surrounding the well, A digital
Vernier caliper was used to determine the width
of the inhibitory zone. [40]

Preparation of Composite

Hand spatulation was used to create composite
pastes by combining the BT pitch (60 mass
percent) with the necessary ACP filler (40 mass
percent). To eliminate the air entrained
subsequent to blending, the homogenized
adhesives were held below a reasonable
vacuum (2.7 kPa) present moment. Satisfying
the round beginnings of level Teflon casts with
the pastes, covering each side of the structure
in a ‘Mylar film’ notwithstanding a glass slip,
then joining the assembling using coil cuts, the
pastes were formed hooked on circles ‘(15.8
mm to 19.6 mm in distance across and 1.55 mm
to 1.81 mm thick)’.The plates were
photopolymerized by uncovering each face of
the shape gathering to apparent light for 120
seconds straight.
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RESULTS AND DISCUSSION:

A total 75 isolates of B. cerus were isolated and
identified by stander microbiological procedure
then by ‘VITEK’ 2. The rate of ‘B.cerus’ from
lather clothes dyes was 25 (33.33%), The rate
of B.cerus from shoes dyes was 25
(33.33%),and The rate of B.cerus from children
coloring dyes was 25 (33.33%), All isolates
were confirmed by Vitek 2 compact system
(Biomerieux), Table (1).

Table (1): Distribution of B. cerus from
different clinical sample

Source of | No. of | Percentages
Isolate specimens %

Lather 25 33.33%
clothes dyes

Shoes dyes 25 33.33%
Children 25 33.33%
coloring pen

Total 75 100%

Antibiotic sensitivity testing was done on each
kind of bacteria using a modified Kirby- Bauer
disc diffusion method. To demonstrate their
effect on distinct groups, selective antibiotics
are often employed against ‘B. cerus’ infection,
as indicated in the figure (1-5). [42]

Antibacterial Activity of ‘PEO’

‘PEO’ shows that powerful broad-spectrum
antibacterial movement against multidrug
microscopic organisms is tried. The impacts of
various anti-infection agents on bacterial
detaches were looked at. The outcome in
Figures (1 to 5), showed that the chose
antibiotics were not effective against all
isolated  bacterial under study. PEO
demonstrated a distinct inhibitory zone width
decrease as PEO concentration dropped, which
even outperformed the action of certain
antibiotics. The greatest zone of inhibition
against the test organisms was found at a dose
of 10 g/ml, ‘maximum zone’ of inhibition of 19

mm appeared against B.cerus 4 Fig.(4) and the
least sensitive isolate in comparison with the
selected antibiotics followed by B. cerus 2 and
3 Fig.(2,3) .The second sensitive isolate to PEO
is B. cerus 1 and 5 Fig.(1,5).

PEO causes a rapid loss of bacterial cell
membrane integrity, as well as the production
of ‘reactive oxygen species (ROS)’, including
‘superoxide species’, which contributes to
biomolecule destruction.[23] Among more
than three antibacterial antibiotics or categories
[24] result has been agreed with the Zhang and
Chen[25] shown that PEO could be inhibited
the multidrug-resistant (MDR) bacteria.
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Figure (3): Antibacterial
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Table (2) shows that the MIC of PEO ranged
from ‘10 to 20 pg/ml and the MBC ranged from
20 to 80 pg/ml’ where B. cerus 4 showed the
highest sensitivity followed by other bacteria.
[46]

Table (2): MIC and MBC of PEO for some
pathogenic bacteria
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B. cerus 1 10pg/ml 20 pg/ml
B. cerusl 10 pg/ml 40 pg/ml
B. cerus 1 20 pg/ml 40 pg/ml
B. cerus 1 20 pg/ml 80 pg/ml
B. cerus 1 20 pg/ml 40 pg/ml
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‘Minimum inhibitory concentration(MIC)and
Minimum bactericidal concentration(MBC)’
determination

The impact of different PEO, a hydrophilic,
nonionic polymer, and surfactants presented
stomach muscle throughout the union ACP in
the design, organization, morphology, of
encouraging ACP examined in this review. The
speculation was associations amid ACP with
surfactants as well as PEO presented at the
beginning would decrease the degree of ACP
conglomeration  without influencing its
soundness in fluid conditions, safeguarding the
morphology and bioactivity of ‘ACP filler as a
calcium and phosphate’ delivering
specialist.[47] We found next to no exploratory
proof to help the possibility that the substance
kind of the added substance or, on account of
PEO, an atomic mass reliance. The molecule
size of ACP was just insignificantly diminished
within the sight of the anionic surfactant. This
current surfactant's horrible showing may be
credited to the incomplete scattering of
headgroup custodies for the relaxation of
particle, a marvels regular of surfactants in
direct ‘alkyl tails and sulfonate, sulfate’, or
potentially ‘carboxylate headgroups’.[48] ACP
hastened within the sight of PEO, then again,
looked substantially more collected
(autonomous of PEO sub-atomic mass). As per
reports, a "polymer connecting" system directs
the total of HAP elements within the sight of
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sub-atomic form polyacrylate by means
restricting of this polymeric added substance’s
carboxylic gatherings to positive surface
calcium destinations.[49]

CONCLUSION:

PEO has a significant inhibitory and
antibacterial impact on selected pathogenic
bacterial isolates from azo dyes, according to
the findings of this investigation. It is highly
recommended using PEO as an economic
alternative anti-bacterial agent especially with
materials that make coloring dyes, dyes shoes
and leather clothes because of its effective
ability to inhibit bacterial growth. When
compared to the control ‘Zr-ACP’ composites,
the surfactant- and ‘PEO-ACP’ composites
showed no improvement in ‘dry biaxial flexure
strength’.

Reference

1- IUPAC, Compendium of Chemical
Terminology, 2nd ed. (the "Gold Book")
(1997). Online corrected version: (2009).
"azo compounds™.
doi:10.1351/goldbookfile

2- A. Plintener and Dr. C. Page(2021). Quality
and Environment, TFL European Ban on
Certain Azo Dyes Archived 2012-08-13 at
the Wayback Machine, Dr.

3- Hunger, K.; Mischke,P.; Rieper,W.; et

al.:(2005). "Azo Dyes" in Ullmann’s
Encyclopedia of Industrial Chemistry,
2005, Wiley-VCH,

Weinheim.doi:10.1002/14356007.a03_24
5

4- Tucson University. (2009)."Health & Safety
in the Arts, A Searchable Database of
Health & Safety Information for Artists".
Tucson University Studies. Archived from
the original on 2009-05-10.

5- Engel, E.; Ulrich, H.; Vasold, R.; et al.
(2008). "Azo Pigments and a Basal Cell
Carcinoma at the Thumb". Dermatology.
216 (1): 76-80. d0i:10.1159/000109363.
PMID 18032904.

6- Puvaneswari, N.; Muthukrishnan, J.
Gunasekkaren,  P.(2006). Toxicity
assessment and microbial degradation of
azo dyes. Indian J.Exper Biol. 2006:44:
618-626.

7. Meyer, U. (1918).Biodegradation of
systemic organic colorants. In Microbial
Degradation ~ of  Xenobiotics  and
Recalcitrant Compounds. FEMS Symp.
Vol.12. Lesinger, T., Cook, A. M.,Hutter,
R. M., and Nuesch, J., Eds., Academic
Press, New York, 1981: 371.

8. Anon Ecological and Toxicological
Association of Dyes and Pigments
Manufacturers, Textile Chemists and
Colorist, “German Ban of Use of Certain
Azo Compounds in Some Consumer
Goods.ETAD InformationNotice No 6,
1996: 28: 11.-13.

9- Da-Guang, Y. (2007). Formation of colloidal
silver nanoparticles stabilized by Na+-
poly (_-glutamic acid) silver nitrate
complex via chemical reduction process,
Colloids and Surfaces, 59p:171-178.

10- Morokutti, A.; Lyskowski, A.; Sollner, S.;
Pointner, E.; Fitzpatrick, T.B.; Kratky, C.;
Gruber, K. and Macheroux, P.(2005).
Structure and function of YcnD from
Bacillus subtilis, a flavin-containing
oxidoreductase. Biochem. 2005:
44:13724-33.26

11- Ito, K.; Nakanishi, M.; Lee, W.C.; Sasaki,
H.; Zenno, S.; Saigo, K. Y.; Kitade, Y. and
Tanokura, M.(2006). Three-dimensional
structure of AzoR from Escherichia coli.
An oxidereductase  conserved in
microorganisms. J Biol Chem. 2006: 28:
20567-76.

622



12-Liu, Z.J.; Chen, H.; Shaw, N.; Hopper, S.L.;

Chen, L.; Chen, S.; Cerniglia, C.E. and
Wang, B.C.(2007). Crystal structure of an
aerobic FMN-dependent azoreductase
(AzoA) from Enterococcus  faecalis.
Arch. Biochem. Biophys.2007: 463:68-77.

13- Chen, H.; Xu, H.; Kweon, O. S.; Chen, S.

and Cerniglia, C.E. (2008).Functional role
of tryptophan lof Enterococcus faecalis
azoreductase (AzoA) as resolved by
structural and mutational analysis.
Microbiol. 2008:154:2659-67.

14-Wang, C.J.; Hagemeier, C.; Rahman, N. E.;

Lowe, E. Noble, M.; Coughtrie, M. ; Sim,
E. and Westwood, 1.(2007).Molecular
cloning, characterization and ligand-bound
structure  of an  azoreductase from
Pseudomonas aeruginosa. J. Mol.
Biol.2007: 373:1213-28.

15-Liger, D.; Graille, M.; Zhou, C.Z.; Leulliot,

N.; Quevillon-Cheruel, S.; Blondeau, K.;
Janin, J. and Tilbeurgh, H.V.(2004).
Crystal  structure  and  functional
characterization of yeast YLRO11lwp, an
enzyme with NAD(P)H-FMN and ferric
iron reductase activities. J Biol Chem.
2004: 279:34890-7

16-Martins, M.A.M.; Cardoso, M.H.; Queiroz,

17-Meyer,

18.

M.J.; Ramalho, M.T. and Campus, A.M.O.
(1999).Biodegradation of azo dyes by the
yeast Candida zeylanoides in batch aerated
cultures. Chemosphere. 1999:38: 2456-
2460

U.(1981). Biodegradation of
systemic organic colorants. In Microbial
Degradation  of  Xenobiotics and
Recalcitrant Compounds. FEMS Symp.
Vol.12. Lesinger, T., Cook, A. M.,Hultter,
R. M., and Nuesch, J., Eds., Academic
Press, New York, 1981: 371.

Domagk, G. and Beitrag, E. Z.(1935).
Chemotherapie der bakteriellen
infektionen. Dtsch. med. Wochenschr.

19-

20-

22-

23-

24-

25-

Polyethylene Oxide(PEO) as antibacterial activity against Azo Days Bacterial Isolates with clinical application

1935:61: 250-253. 10. Trefouél, JT. Nitti
F. et D. Bovet D. 1. “Activité du p-
aminophénylsulfamide surl infection
streptococcique expérimentar de la souris
et du lapin’”. C. R. Soc. Biol.  1935:120:
23, novembre, 1935. p. 756.

Ellis, H.(2005). "Leonard Colebrook and
the treatment of puerperal sepsis"”. Brit J.
Hosp Medici.(London, England : 2005: 72
(2): 109. PMID 21378618.edit

Miller, J.A.; Miller, E.C. and Finger,
G.C.(1957). Further  studies on
carcinogenicity of dyes related to 4-
aminoazobenzene :the requirements for an
unsubstituted  2-position.  1957:Cancer
Res. 1957:17: 387-398.

Bhatt,N.; Patel,K.; Haresh,C. and
Madmwar,D.(2005) Decolorization of
diazo-dye reactiveblue 172 by

Pseudomonas aeruginosa NBAR12J, J.
Basic Microbiol. 45 (2005)407-418.

Jadhav, U.U. ; Dawkar, V.V.; Ghodake,
G.S. and Govindwar, S.P. (2008).
Biodegradation of directred 5B, a textile
dye by newly isolated Comamonas sp,
UVS J. Hazard. Mater. 158(2008) 507—
516.

Guo,J.; Zhou,J.; Wang,D.; Tamura,K.;
wang,P. and Uddin, M.S. (2008). A novel
moderatelyhalphilic bacterium for
decolorization azo dye under high salt
condition,Biodegradation 19 (2008) 15—
19.

Leena,R. and Raj, D.S.(2008). Bio-
decolourization of  textile  effluent
containing Reactive Black-Bbyeffluent-
adapted and non-adapted bacteria, Afr. J.
Biotechnol. 7 (2008)3309-3313.

Olukanni, O.D.; Osuntoki, A.A. and
Gbenle, G.0.(2006).  Textile effluent
biodegradation po-tentials of textile

623



Journal of Survey in Fisheries Sciences

10(3S) 617-625

2023

effluent-adapted and non-adapted bacteria,
Afr. J. Biotechnol. 5(2006) 1980-1984.

26- Feng, J.; Cerniglia, E.C.; and Chen, H.
(2012).Toxicological significance of azo
dye metabolism by human intestinal
microbiota US National Library of
Medicine National Institutes of Health.4
,P:568-586.

27-Gueugnon, F.; Denis, I.; Pouliquen, D.;
Collette, F.; Delatouche, R.; Héroguez, V.;
Grégoire, M.; Bertrand, P. and Blanquart,
C.(2013). Nanoparticles Produced by
Ring-Opening Metathesis Polymerization
Using Norbornenyl-poly(ethylene oxide)
as a Ligand-Free Generic Platform for
Highly  Selective In  Vivo Tumor
Targeting. Biomacromolecules . 2013, 14,
2396-2402. [CrossRef] [PubMed]

28-Xue, Z.; He, D. and Xie, X. (2015).
Poly(ethylene oxide)-based electrolytes
for lithium-ion batteries. J. Mater. Chem.
A 2015, 3, 19218-19253. [CrossRef]

29-Quémener, D.; Chemtob, A.; Héroguez, V.
and Gnanou, Y. (2005). Synthesis of latex
particles by ring-opening metathesis
polymerization. Polymer 2005, 46, 1067—
1075. [CrossRef]

30-Bates, C.M.; Chang, A.B.; Momc ilovic
N.; Jones, S.C.; Grubbs, R.H.(2015). ABA
Triblock Brush Polymers: Synthesis, Self-
Assembly, Conductivity, and Rheological
Properties. Macromolecules 2015, 48,
4967-4973. [CrossRef]

31-Neugebauer, D. (2007). Graft copolymers

with  poly(ethylene oxide) segments.
Polym. Int. 2007, 56, 1469-1498.
[CrossRef]

32-Gao, A.X.; Liao, L. and Johnson, J.A.
(2014). Synthesis of acid-labile PEG and
PEG-doxorubicin-conjugate nanoparticles
via Brush-First ROMP. ACS Macro. Lett.
2014, 3, 854-857. [CrossRef] [PubMed]

33-Zhou, H.; Schén, E.-M.; Wang, M.
Glassman, M.J.; Liu, J.; Zhong, M.; Diaz,
D.D.; Olsen, B.D. and Johnson, J.A.
(2014). Crossover experiments applied to
network formation reactions: Improved
strategies for counting elastically inactive
molecular defects in PEG gels and
hyperbranched polymers. J. Am. Chem.
Soc. 2014, 136, 9464-9470. [CrossRef]
[PubMed]

34-Liao, L.; Liu, J.; Dreaden, E.C.; Morton,
S.W.; Shopsowitz, K.E.; Hammond, P.T.
and Johnson, J.A. (2014). A convergent
synthetic platform for single-nanoparticle
combination cancer therapy: Ratiometric
loading and controlled release of cisplatin,
doxorubicin, and camptothecin. J. Am.
Chem. Soc. 2014, 136, 5896-5899.
[CrossRef] [PubMed]

35-Liu, J.; Burts, A.O.; Li, Y.; Zhukhovitskiy,
A.V.; Ottaviani, M.F.; Turro, N.J. and
Johnson, J.A. (2012). ‘Brush-first’ method
for  the  parallel  synthesis  of
photocleavable, nitroxide-labeled
poly(ethylene glycol) star polymers. J.
Am. Chem. Soc. 2012, 134, 16337-16344.
[CrossRef] [PubMed]

36- Johnson, J.A.; Lu, Y.Y.; Burts, A.O.; Xia,
Y.; Durrell, A.C.; Tirrell, D.A. and
Grubbs, R.H.(2010). Drug-loaded,
bivalent-bottle-brush polymers by graft-
through ROMP. Macromolecules 2010,
43, 10326-10335. [CrossRef] [PubMed]

37- Radder, A.M.; Leenders, H. and van
Blitterswijk, C.A. (1996). Application of
porous PEO/PBT copolymers for bone
replacement. J. Biomed. Mater. Res. 1996,
30, 341-351. [CrossRef]

38- Gasteier, P.; Reska, A.; Shult, P.; Salber,
J.; Offenhdusse, A.; Moeller, M. and Groll,
J. (2007). Surface grafting of PEO-based
star-shaped molecules foe bioanalytical
and biomedical applications. Macromol.

624



Polyethylene Oxide(PEO) as antibacterial activity against Azo Days Bacterial Isolates with clinical application

Biosci. 2007, 7, 1010-1023. [CrossRef]
[PubMed]

39- Clinical and Laboratory Standards Institute

(2012). Performance Standards for
Antimicrobial ~ Susceptibility — Testing;
Twenty-First Informational, Supplement.
CLSI Document M02-A10 and M07-AS8.
Texas: Clinical and Laboratory Standards
Institute; 2012.

CLSI. Performance Standards for
Antimicrobial Susceptibility
Testing.(2016). 26th ed. CLSI Supplement
M100S. Wayne, PA: Clinical and

Laboratory Standards Institute; 2016.

41- Clinical and Laboratory Standards Institute,

42-

44-

CLSI, (2006).
Hamzah, A.F.; Al-Tamimi, W.H;
Mahdi,S.S. and  Alameri,N.Z.(2020).

Isolation and identification new bacterial
strains isolated from different sources of
Al-Rafidiyah oil field in Iraq. EGYPTIAN
SOCIETY FOR ENVIRONMENTAL
SCIENCES. CATRINA (2020), 21(1): 15-
22.

Kim, S.C. and Lee, D.K.(2005).
Preparation of TiO2-coated hollowglass
beads and their application to the control of
algalgrowth  in  eutrophic  water,
Microchem J 2005;80:227-32.

Zhang, H. and Chen, G. (2009). Potent
antibacterial activities of Ag/ TiO2
nanocomposites powders synthesized by a
one-potsol-gel method. Environ Sci
Technol 2009;34:2905-10.

45- Clinical and Laboratory Standards Institute.

(2012) Performance Standards for
Antimicrobial ~ Susceptibility — Testing;
Twenty-First Informational, Supplement.
CLSI Document M02-A10 and MOQ7-A8.
Texas: Clinical and Laboratory Standards
Institute; 2012.

46- Abdulazeem,L.; AL-Amiedi,B.H.; Hadeel

47-

Alana Alrubaei,H.A.
Mawlah,Y.H. (2019).Titanium dioxide
nanoparticles as antibacterial agents
against some pathogenic bacteria. Drug
Invention Today | Vol 12, Issue 5. 2019.

and AL-

Vargas KF, Borghetti RL, Moure SP,
Salum FG, Cherubini K, Figueiredo MAZ.
(2012). Use of polymethylmethacrylate as
permanent filling agent in the jaw, mouth
and face regions--implications for dental
practice. Gerodontology. 2012;29:e16-22.
doi:10.1111/j.1741- 2358.2011.00479.

47. Ambrosio, A.M.A., Sahota, J.S., Khan, Y.,

48.

and Laurencin, C.T. (2001) A novel
amorphous calcium phosphate polymer
ceramic for bone repair: I. Synthesis and
characterization. J. Biomed. Mater. Res.
(Appl. Biomater.), 58: 295-301.

Eanes, E.D. (1998) Amorphous calcium
phosphate: Thermodynamic and Kinetic
considerations. In Calcium Phosphates in
Biological and Industrial Systems; Amjad,
Z. (ed.); Kluwer Academic: Boston, 21—
39.

49. Skrtic, D., Lee, S.Y., Antonucci, J.M., and

Liu, D.W. (2005) Amorphous calcium
phosphate based polymeric composites:
Effects of polymer composition and filler’s
particle size on composite properties. Key
Eng. Mater., 284-286: 737—-740.

625



