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Abstract:
Silver nanoparticles (Ag NPs) are well famous for their antimicrobial effects against a extensive
diversity of drug-resistant microorganisms , Ag NPs were established against pathogenic
Escherichia coli UTI and E. coli isolated from medical waste in some hospitals in Thi-Qar
province south of Iraq . Antimicrobial results were shown by concentration (0.1,1and 3) mM of
Ag NPs against E. coli, the maximum concentration action effect on E. coli was 3mM .The
antibiotics susceptibility experiment was done [Ampcillin+Clavulanic acid (AMC), Ampcillin
(AM) , Impenime (IMP), Cefotaxime (CTX), Ciprofloxin (CIP), Tetracycline (TE) and
Trimethoprim (TMP)] . The results revealed that a significant increase of antibiotics resistant at
p. value < 0.05 in E. coli bacteria isolated in medical waste than these isolated from urine sample
most tested antibiotics ,results detailed a significant difference of antibiotics activity at p. value <
0.05, the IMP, CIP and CTX were recorded the high antibacterial activity in both E. coli isolated.
We note that the inhibition of silver nanoparticles (3mM) on E. coli bacteria has more effect
compared with antibiotics (TMP ,TE,AM,AMC),while less than ( IMP,CTX ,CIP)., The results of
the present study indicated that the wound length reduced in experimental mice during treatment
with silver nanoparticles at a concentration of 0.06µg was more effective than 0.03 µg
Keywords: silver nanoparticles, antibacterial activity

Introduction
Silver Nanoparticles (Ag NPs) are nanoparticles of silver of among 1 nm and 100 nm in size, Ag
NPs are important because of the unique features (e.g., size and shape reliant optical , electrical ,
and magnetic properties) which can be combined into antimicrobial uses . In the ancient history,
silver was used as antibacterial . The Romans used it as wound covering while in antiquity
specially the Phoenicians used to make the cutlery and vessels to collection the water. It used too
in medicine as 1 % in concentration of silver nitrate to prevent the infection of eye in newborn
children (Filipponi and Sutherland (2013). Through the second world war, the silver nitrate used
straight in therapeutic to treat the wound (Atiyeh et al., 2007). The food and drug administration
(FDA) in USA in 1920s permitted for the first time to use the silver nitrate in management of the
wound . Until the antibiotics discovered , silver were added to diverse cream for wound healing
(Rai and Duran ,2011) , in addition to germicides , antiseptics and disinfectant, and even in
cosmetic yields (Silver et al., 2006) , then combination take place between silver and antibiotics
© ICAS 2022

1665

Ann. For. Res. 65(1): 1665-1674, 2022
ISSN: 18448135, 20652445

ANNALS OF FOREST RESEARCH
https://www.e-afr.org/

to be useful in wound therapeutic , which had a better action than antibiotic alone (George et al.,
1997). Moreover it rises bacterial susceptibility to antibiotics when collective with them as
synergistic effect especially in biofilm infection increased its effect in silver present (Kostenko et
al., 2010).
Silver having long standing antibacterial complex and silver nanoparticles are more effective
in antimicrobial effect than typical scale (Sass ,2007). In case of biofilm a highest contest is to
treated by silver nanoparticles because it contains a hugely mixed resistant microorganisms , even
it can display resistance to heavy metal (Woods et al.,2009). Thus one of the successful method to
prevent biofilm formation on urinary catheter is by covering the catheter with Silver nanoparticles
, as well it is active against nosocomial infection related with catheter. Silver nanoparticles in
adding to caring feature , there is no record a hazard to systemic toxicity (Roe rt al .,2008).
Silver nanoparticles when action as antibacterial , there are many mechanism to do the action
such as binding in prokaryotic DNA to misses its structure and inhibiting its reproduction and may
also binding to thiol group in protein to create it functionless. Via generating free highly reactive
oxygen radicals lead to cell damage by stimulation synthesis of reactive oxygen species by Prevent
NADH dehydrogenase II enzyme in respiratory system (Matsumura et al., 2003)
Material and methods
Bacterial Isolation and Identification
One hundred urine samples and 100 samples of medical waste smples were collected from (
Shatrah , Refaey , Habbuobi Teaching and Bint Al-Huda Teaching Hospitals ) in Thi-Qar City.
Cultural characterization and biochemical tests were done for identification of bacterial isolates
,according to the procedures (Brenner et al., 2015 ) Support identification of Bacterial isolates by
using vitek-2 system
Biosynthesis of Silver Nanoparticles
E. coli, were obtained from this study , cultures were incubated at 37℃ for 72 hrs in nutrient
broth on a shaker at 150 rpm, The culture supernatant was obtained following centrifugation at
12000 rpm for 10 min. The supernatant was subsequently used for silver NP biosynthesis (Peiris
et al ., 2018). Biosynthesis of silver nanoparticles was carried out as described by Jeevan . (
2012) Briefly, the culture supernatants of selected bacteria were mixed with different
concentrations of AgNO3 (0.1 ,1 and 3)mM, and incubated in the dark for different time periods
at varying temperatures to allow nanoparticle formation, The absorption spectrum of the solution
was measured using a UV–Visible spectrophotometer the supernatant mixing with (AgNO3)
solution in strain 1:2%v/v for preparation the concentration
In-vitro Antibacterial Activity of silver nanoparticles (Ag NPs)
The agar well diffusion method was approved for calculating the antibacterial activity of the
prepared Ag NPs , against standardized bacterial stock suspensions (1.5 ×10 cfu/ml of E. coli)
which swabbed the sterile Mueller Hinton agar (MHA) plates using sterile cotton swabs. Agar was
stamped with pasture pipette in 6mm and use different concentration of Ag NPs
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(0.1mM,1mM,3mM) was supplementary in to each well by using micro pipette than incubated for
24 hrs. at 37°C. After incubation the inhibition zones were measured (Rajeshkumar et al .,2014)
Antimicrobial susceptibility tests:
Disc Diffusion Method:
Following to (CLSI. (2015)) the test done on Muller Hinton agar through antibiotics Cefotaxime
(CTX)
30,Trimethoprim
(TMP)
10,Ciprofloxin
(CIP)10Ampcillin
(AM)25,Ampcillin+Clavulanic acid (AMC)30,Tetracycline(TE)10,Impenime(IMP) 10.
Experimental toxicity study on mice:
Silver nanoparticles used experimentally in mice N (20), divided equally in tow group ( making
wound in mice and treated with 3 and 6µg/mL concentration of silver nanoparticles ) and third
group N(10 )as control without treated.
Results:
Identification of E. coli bacteria isolates
The present bacteriological study shown the presence of 200 bacterial samples after directing
phenotypic and biochemical tests Vitek system2, The identification of bacterial isolates were
complete, as the study confirmed that nearly 124 were positive for the primary culture (growth)
and 76 isolates were negative for the initial culture (no growth). E. coli bacteria isolates 27 were
Identified by phenotypic and biochemical tests and Vitek 2 system (Ola, 2016). The results of the
tests lead on bacterial isolates, as detailed in the work methods, were identical to what was stated
in the appropriate diagnostic systems (Collée et al.,1996)
Antibacterial action of silver nanoparticles (Ag NPs) in-vitro
The results indicated that Ag NPs biogenic has the ability to prevent the growth of Gram negative
bacteria (E. coli) that isolated from urine and medical waste at different concentrations as in Table
(1). The zone of inhibition indicated the maximum inhibition at concentration of 3 mM than at
another concentration, while the zone of inhibition showed the lowest at concentration of 0.1mM.
other concentration(1mM) inhibition zone appear estimated as in the fig.(1).
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Fig. (1): Antimicrobial activity test of different concentrations Ag NPs (3, 1 ,0.1 mM)
against (E. coli ).
This study noted E. coli bacteria isolated from urine have a significant silver Nano particles
activity than E. coli isolated from medical waste samples at p. value < 0.05, as we show in Table
(1).
Table (1): Inhibition zone for E coli when tested by different concentrations Ag NPs (3, 1
,0.1 mM)
E. coli from Urine
E. coli from Medical waste
Replicators
No. 17*3
N0. 10*3Replicators
Nanoparticles
p. value
Inhibition Zone Mean ± SD (mm)
0.1 mM

12.0 ± 0.30

11.1 ± 0.28

0.021

1.0 mM

19.0 ± 0.10

16.2 ± 0.20

0.000

3.0 mM

25.1 ± 0.29

23.0 ± 0.12

0.001

Antibacterial susceptibility test
The current results recorded a significant increase of antibiotics resistant at p. value < 0.05 in E.
coli bacteria isolated in medical waste than these isolated from urine sample. The Tetracycline
(TE) recorded a non-significant difference between E. coli isolated from different types of samples
as shown in Table (2) .
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The present results detailed a significant difference of antibiotics activity at p. value < 0.05, the
IMP, CIP and CTX were recorded the high antibacterial activity in both E. coli isolated from urine
and medical waste, the lowest antibiotics activity was investigated in AMC, AM and TMP in E.
coli bacteria
Table
2
.
Antibiotics
activity
on
E.
coli
bacteria
Antibiotics

E. coli from Medical
W
p. value
Inhibition Zone Mean ± SD

IMP

27.8 ± 3.90

21.9 ± 6.32

0.000

CIP

26.5 ± 6.60

19.0 ± 5.51

0.000

TMP

12.1 ± 2.65

8.30 ± 1.08

0.000

CTX

27.4 ± 6.01

19.7 ± 5.63

0.000

TE

13.7 ± 2.83

13.8 ± 3.62

0.897

AM

12.4 ± 3.37

12.1 ± 2.18

0.640

AMC

10. 7 ± 2.18

5.13 ± 1.52

0.000

E. coli from Urine

Growth.
The effect of Ag NPs on open wounds( in mice) contaminated with E. coli within 1 week of
treatment:
The results of the present study indicated that the wound length during treatment with silver
nanoparticles , at a concentration of 0.03µg was (8.282 ± 0.330),while The length of the wound
when treated with nanoparticles at a concentration of 0.0 6 µg it was (5.243 ± 0.653 ) compared
with the wound length the control group which was (12.76 ± 0.7948) (P value < 0.0001
.
Data analysis revealed that good inhibition of bacterial growth (E. coli) was increased in groups
treated with Ag NPs. E. coli count in control group was significantly greater than treated mice in
last first week and some wounds appeared infected, clearly , a significant reduction in wound
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bacterial count was found in treated 0.06µg groups Fig (2),(3)

.

Fig.( 2) The length of the wound after 1 week of treatment with nanoparticles
A

B

C
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Figure( 3) Bacterial load at the wound site after 7 days of treatment
)A) Ag NPs (0.06 µg ) ,( B) control ,(C) Ag NPs (0.03 µg
(
Discussion:
This results in agreement with(Wypij et al., 2017), they show that Silver nanoparticles (Ag NPs)
are among the most effective antimicrobial agents that are used in the medicine and pharmaceutics
.Spherical silver NPs have improved antimicrobial action due to great surface area to volume
proportion, their greater surface area favors binding with several ligands, Affording to (Cicek et
al ., 2015) due to its lesser size, Ag NPs can transfer into microbial cells through cell membranes
and the antimicrobial action tends to rise with the reduced size. Silver NPs can get committed to
the cell membranes and relief silver ions slowly , Ag NPs is proposed to cause pit creation in the
cell wall of bacteria resulting in amplified permeability and outflow of cellular substances through
the plasma membrane. Further a study (Long et al .,2018)
.
The present study on E.coli bacteria to increasing resistance to antibiotics, where the percentage
of resistance to the antibiotic Ampcillin+Clavulanic acid(AMC) reached 80%, and then the
antibiotic Ampcillin (AM) comes with a resistance rate of 60%
This result does not agree
with (Abeer ,2022)The reason for the difference is due to some reasons, the most important of
which are hospitalized patients who are exposed every day to continuous treatment, use of
antibiotics on a daily basis may be a reason for the occurrence of isolates resistant to these
antibiotics
Imipenem was the greatest antibiotic effective on biofilm forming gram negative bacteria at 100%
sensitivity. It was used to treat difficult urinary tract infections (Nasser and Yahya (2018).
Imipenem is a β-lactam antibiotic were resisting β-lactamase producer bacteria which remain very
constant against penicillinase and cephalosporinase bacteria. it has wide spectrum action on gram
positive and negative bacteria
AgNPs that appear to quicken healing of wounds inoculated with E. coli in a mouse model of
skin wound. This study presented that Ag NPs quicken wound healing and this acceleration is
more noticeable in 0.06 µg level. Ag NPs are in control for reducing the time essential for energetic
cells (myofibroblasts) complex in generation of contractile force in the wound and reverse the
inflammatory progressions more quickly associated to antibiotic application(Kareem et al ., 2014)
This results agreed with a study conducted by the investigator (Mohammadi et al .,2016) bacteria
are thought to play a serious role in delayed healing by shifting host cell function, and lowering
the close of endogenous growth factors.
Conclusion:
We note that the inhibition of silver nanoparticles concentration ( 3mM) on E. coli bacteria has
more effect compare with antibiotics (TMP ,TE,AM,AMC),while less than ( IMP,CTX ,CIP).

© ICAS 2022

1671

Ann. For. Res. 65(1): 1665-1674, 2022
ISSN: 18448135, 20652445

ANNALS OF FOREST RESEARCH
https://www.e-afr.org/

Reference :
1.Filipponi, L.and Sutherland, D. (2013). Nanotechnologies: Principles
Applications, Implications and Hands-on Activities. Publications
Office
of the
European Union, Luxembourg
2.Atiyeh, B. S., Costagliola, M., Hayek, S. N., and Dibo, S. A. (2007). Effect
of silver on burn wound infection control and healing: review of the literature. burns,
33(2), 139-148.
3.Rai, M., and Duran, N. (2011). Metal nanoparticles in microbiology:
Springer Science & Business Media.
4. Silver, S., Phung, L. T., and Silver, G. (2006). Silver as biocides in burn and
wound dressings and bacterial resistance to silver compounds. Journal of
Industrial
Microbiology and Biotechnology, 33(7), 627-634.
5.George, N., Faoagali, J., and Muller, M. (1997). Silvazine™(silver
sulfadiazine and chlorhexidine) activity against 200 clinical isolates. burns, 23(6), 493495.
6.Kostenko, V., Lyczak, J., Turner, K., and Martinuzzi, R. J. (2010). Impact
of silver-containing wound dressings on bacterial biofilm viability and susceptibility to
antibiotics during prolonged treatment. Antimicrobial agents and chemotherapy, 54(12),
5120-5131.
7.Sass, J. (2007). Nanotechnology's invisible threat: Small science, big
consequences: Natural Resources Defense Council Woods et al., 2009
8.Woods, E., Cochrane, C., and Percival, S. (2009). Prevalence of silver
resistance genes in bacteria isolated from human and horse wounds. Veterinary
microbiology, 138(3-4), 325-329.
9.Roe, D., Karandikar, B., Bonn-Savage, N., Gibbins, B., and Roullet, J.-B.
(2008). Antimicrobial surface functionalization of plastic catheters by silver nanoparticles.
Journal of antimicrobial chemotherapy, 61(4), 869-876.
10.Matsumura, Y., Yoshikata, K., Kunisaki, S.-i., and Tsuchido, T. (2003).
Mode of bactericidal action of silver zeolite and its comparison with that of silver nitrate.
Applied and environmental microbiology, 69(7), 4278-4281.
11. Brenner, D. J., Staley, J. T. and Krieg, N. R. 2015. Classification of
Procaryotic Organisms and the Concept of Bacterial Speciation.
Bergey's
Manual of Systematics of Archaea and Bacteria, 1-9.
12.Jeevan P, Ramya K, Rena AE. (2012). Extracellular biosynthesis of silver
nanoparticles
by culture supernatant of Pseudomonas aeruginosa. Indian J biotechnol 11:72–76
13.Peiris, M. M. K., Fernando, S. S. N., Jayaweera, P. M., Arachchi, N. D.
H.,
and Guansekara, T. D. C. P. (2018). Comparison of

© ICAS 2022

1672

Ann. For. Res. 65(1): 1665-1674, 2022
ISSN: 18448135, 20652445

ANNALS OF FOREST RESEARCH
https://www.e-afr.org/

antimicrobial properties of silver nanoparticles synthesized from selected bacteria. Indian journal
of microbiology, 58(3), 301-311.
14.Rajeshkumar, S., Ponnanikajamideen, M., Malarkodi, C., Malini, M., and
Annadurai, G. (2014). Microbe-mediated synthesis of
antimicrobial semiconductor nanoparticles by marine bacteria.
Journal of
Nanostructure in Chemistry, 4(2), 96
15.CLSI. (2015). Performance Standards for Antimicrobial Disk Susceptibility Tests;
Approved Standard M02/ A12 (12th ed ed.):
Clinical and Laboratory Standards Institute, Wayne, PA.
16.Ola Abdul Jaleel Ibrahim(2016). Detection the ability ofUropathogenic bacteria to produce
Biofilm andEvaluation the Screening methods University of Thi-Qar Journal Of Science
(UTsci) Volume 6, Number 1, December 2016
17.Collée, J. M., De Vries, H. G., Van Veldhuizen, M. H., Achterhof, L.,
Sibinga, C. T.,
Scheffer, H., ... and ten Kate, L. P. (1996). Validation of the determination of ΔF508
mutations of the cystic fibrosis gene in over 11000 mouthwashes. Human genetics,
97(3), 334-336.
18.Wypij, M., Golinska, P., Dahm, H., and Rai, M. (2017). Actinobacterialmediated
synthesis of silver nanoparticles and their activity against pathogenic bacteria. IET
nanobiotechnology, 11(3), 336-342.
19.Cicek, S., Gungor, A. A., Adiguzel, A., and Nadaroglu, H. (2015).
Biochemical evaluation and green synthesis of nano silver
using
peroxidase from Euphorbia (Euphorbia amygdaloides) and its
antibacterial
activity. Journal of Chemistry, 2015. Abeer , 2022
20.Long, Y. M., Hu, L. G., Yan, X. T., Zhao, X. C., Zhou, Q. F., Cai, Y., and Jiang, G. B.
(2017). Surface ligand controls silver ion release of nanosilver and its antibacterial
activity against Escherichia coli. International journal of nanomedicine, 12, 3193.
21.Abeer Hadi Farhood Al-habeeb (2022). Isolation of Silver Nanoparticales
from Local Bacterial Isolates and Study of some Biological
Activities.
Ph.D. of Ti - Qar Univ.
22. Nasser Saleh Lhwak and Yahya A.Abbas(2018.) Detection of Extended Spectrum β–
Lactmase GeneeCTX-M-1 in Escherchia coli andKlebseilla pneumonia Isolated from
Urinary Tract Infection of Pregnant Women in Al-Nassyriah City,University of Thi-Qar
Journal Of Science (UTsci) Volume 6, Number 4, June 2018,
23.Kareem, Z., Adnan, R., and Ansari, M. S. (2014). Low concentration of silver nanoparticles
not only enhances the activity of horseradish peroxidase but alter the structure also PLos
ONE :7(7): 14-22.
© ICAS 2022

1673

Ann. For. Res. 65(1): 1665-1674, 2022
ISSN: 18448135, 20652445

ANNALS OF FOREST RESEARCH
https://www.e-afr.org/

24.Mohammadi, M., Rabbani, S., Bahrami, S. H., Joghataei, M. T., and Moayer, F. (2016).
Antibacterial performance and in vivo diabetic wound healing of curcumin loaded gum
tragacanth/poly (ε-caprolactone) electrospun nanofibers. Materials Science and
Engineering: C, 69, 1183-1191.

© ICAS 2022

1674

