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  Abstract: 

Background: The synthesis of metal nanoparticles using microorganisms has received great interest due to their 

optical, chemical, photoelectrical and electronic properties. The microorganisms are used as possible 

―nanofactories‖ for development of clean, nontoxic and environmentally friendly methods for producing 

nanoparticles, the Nanoparticle are synthesized using various biosources such as bacteria, fungi, yeast, plant 

extract 

Objectives: The present study focuses on the biosynthesis of titanium nanoparticles using Iraqi Lactobacillus 

crispatus isolate and their inhibitory effect against multi drug resistance bacteria isolated from patient with 

Recurrent UTI and against their ESBL and Metallo beta lactamase. 

Materiales and Methods: Lactobacillus crispatuswas isolated from vagina of Iraqi healthy women then identified 

throughoutcultural, microscopical and biochemical test. Fifty samples of urine were collected from women 

suffering from recurrent UTI who had certain clinical symptoms; these samples were collected from Rizgary 

Teaching Hospital and Baghdad Teaching Hospital from August to September, 2013 with ages ranging from 18-60 

years. The urine specimens were inoculated on both blood and MacConkeys agar plates.
 
The isolates were 

identified throughout cultural, microscopical, biochemical test and Vitek 2 system. Isolates were tested against 14 

antibiotics by using Kirby-Bauer disc diffusion and detection of Extend spectrum β- lactamases by double disc 

diffusion synergy method and detection of Metallo-β lactamase by disc potentiating test and Samples of 

synthesized nanoparticles were characterized after 72 hours of incubation. The formation of metal oxide TiO2 

nanoparticles was confirmed by X-ray diffraction (XRD) technique, Atomic Force Microscopy (AFM) and 

Scanning electron microscopic (SEM) and antibacterial activity of TiO2 nanoparticles synthesized by L. crispatus 

were determined on the basis of minimum inhibitory concentration (MIC) values Effect of TiO2 nanoparticles on 

metallo-β lactamase and evaluation of combined effect between Antibiotics and synthesized TiO2 nanoparticles. 

Results: Fifty samples of urine were collected from patient suffering from recurrent UTI who had certain clinical 

symptoms. Forty four isolates (88%) were isolated and identified from fifty samples of urine, 13 isolates (29.5%) 

belonged to Escherichia coli which was the most predominant and 6 isolates (13.6%) belonged to Klebsiella 

pneumonia, 5 isolates (11.3%) belonged to Psudomonasaeruginosa , 2 isolates (4.5%) belonged to 

Acinetobacterbaumannii, one isolate belonged to M.morganii, 11 isolates (25%) belonged to S.aureusand 6 

isolates (13.6%) belonged to S.saprophyticusMoreover , these isolates were tested for susceptibility to (13) 

antibiotics and for their ability to produce extended β –lactmase and metalo β- lactmaseenzymes. All isolates were 

resist to Ampicillin, Amoxicillin/ clavulanicacid and Aztreonam. Inhibitory effect of synthesized TiO2 

nanoparticles was studied against growth and ESBL and Metallo beta lactamase of recurrent UTI causative 

bacteria. Results showed the MIC of TiO2 nanoparticles was (32) mg\ml against E. coli, M.morganii, A.baumanii 
and S.aureus, and (64) mg\ml against K.pneumoniae, P.aeruginosa and S.saprophyticus isolates.TiO2 

nanoparticles showed inhibitory effect on metalloβ lactmase produced by E.coli, M.morganiiand A.baumanii., 
thereduction in inhibition zone diameter of MBL positive isolates of A.baumanii(1) and E.colifrom (2o to 25) mm 

after treatment with TiO2 nanoparticles compared to control without treatment with TiO2 nanoparticles (25-35,20-

30) mm respectively, while inhibition zone diameters of M.morganiiand A.baumanii (2) were(15,20),(10,20) mm 

respectively after treatment compared to control with inhibition zone diameters (23,30), (30,38) mm. The 

combined effect between Antibiotics and synthesized TiO2 nanoparticles was also investigated against multi 

resistant recurrent UTI causative bacteria. The antibacterial activities of some antibiotics such as Ampicillin and 

Gentamycin have been increased in the presence of TiO2 nanoparticle (subMIC) against all isolates. 

Conclusions: Titanium nanoparticles has more efficient antibacterial agent and can be useful in the treatment of 

infectious diseases caused bybacteria, the combination of antibiotics and metal nanoparticles could increase the 

antibiotics‘ efficacy against resistant pathogens. In addition, nanoparticle–antibiotic conjugates lower the amount 

of both agents in the dosage, which reduces harmfulness and increases antimicrobial properties. 

Keywords: Titanium nanoparticles, UTI, Esbl, Metallo enzyme. 
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Introduction: 
In past two decades the synthesis of 

metal nanoparticles using 

microorganisms has received great 

interest due to their optical, chemical, 

photoelectrical and electronic properties. 

The microorganisms are used as 

possible ―nanofactories‖ for 

development of clean, nontoxic and 

environmentally friendly methods for 

producing nanoparticles
 (1)

.
 

The 

Nanoparticle are synthesized using 

various biosources such as bacteria, 

fungi, yeast, plant extract; Synthesis 

using bio-organisms is compatible with 

the green chemistry principles. The bio-

organism is eco-friendly as are the 

reducing agent employed and the 

capping agent of the reaction. 

Nanoparticles are biosynthesized when 

the microorganisms grab target ions 

from their environment and then turn the 

metal ions into the elemental metal 

through enzymes generated by the cell 

activities 
(2)

. The TiO2 nanoparticles are 

synthesized using various methods such 

as sol gel, hydrothermal, flame 

combustion, solvothermal, fungal 

mediated biosynthesis etc. The 

microorganisms such as Lactobacillus 

sp. and Saccharomyces cerevisaeare 

used for the synthesis of Titanium 

dioxide nanoparticles 
(3)

.
 
Urinary tract 

infection (UTI) is a serious health 

problem affecting millions of people 

each year. It is estimated that there are 

about 150 million cases in the world per 

year 
(4)

. Although antimicrobial therapy 

is generally effective in eradicating 

urogintalinfections, there is still a high 

incidence of recurrence
 (5)

. The ESBL 

producing E. coli are difficult to treat 

due to their resistance to wide spectrum 

of antibiotics including the third 

generation cephalosporine. Factors often 

responsible for Escherichia coli  

 

resistance include R-factor on plasmids, 

resistance genes on the chromosomes, 

production of β- lactamase and extended 

spectrum β-lactamase enzymes
 (6)

.
 

Recurrent complicated urinary tract 

infections represent a risk for ascending 

infection or urosepsis, Escherichia coli 

is the most common organism in all 

patient groups, but Klebsiella, 

Pseudomonas, Proteus, and other 

organisms are more common in patients 

with certain risk factors for complicated 

urinary tract infections
 (7)

. The 

worldwide spread of acquired Metallo 

beta lactamase in clinically important 

pathogens such as Pseudomonas spp., 

Acinetobacterspp. And members of 

Enterobacteriaceae has become a great 

concern and detection of MBL 

producing organisms in the clinical 

microbiology laboratory is a matter of 

major importance for the choice of 

appropriate therapeutic schemes and the 

implementation of infection control 

measures 
(8)

.
 
Nano-Materials are called a 

wonder of modern medicine. It‘s stated 

that antibiotics kill perhaps a half dozen 

different diseases-causing organisms but 

Nano-materials can kill some 650 cell 
(9)

. The antibacterial efficacy of metal 

nanoparticles has been suggested to be 

due to their high surface-to-volume ratio 

rather than to the sole effect of metal-

ion release. A high surface-to-volume 

ratio is generally accompanied by 

increased production of reactive oxygen 

species, including free radicals. These 

characteristics allow nanoparticles to 

interact closely with microbial 

membranes, damage their structure, and 

inactivate bacteria 
(10)

. In this paper, we 

report the evaluation of antibacterial 

efficacy of TiO2 

nanoparticlesbiosynthesized by 

Lactobacillus crispatus against multi 
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drug resistant UTI pathogens and 

evaluation of combined effect between 

Antibiotics and synthesized TiO2 

nanoparticles. 
 

Materials and Methods: 

Lactobacillus crispatus 
Lactobacillus crispatuswas isolated 

from vagina of Iraqi healthy women, 

then identified throughout cultural, 

microscopical and biochemical test 

according to Carr et al.,
 (11)

. 
 

Recurrent UTI Causative Bacteria: 
Fifty samples of urine were collected 

from women suffering from recurrent 

UTI who had certain clinical symptoms; 

these samples were collected from 

Rizgary Teaching Hospital and Baghdad 

Teaching Hospital from August to 

September, 2013 with ages ranging from 

18-60 years. 

The urine specimens were inoculated on 

both blood and MacConkeys agar plates 

by direct streaking method using a loop 

to deliver a loopful of the urine 

specimens after incubation overnight at 

37C°.
 

The isolates were 

identifiedthroughout cultural, 

microscopical, biochemical test 

according to the criteria established by 

Forbes et al.,
 (12)

 and Vitek 2 system.  
 

Antibiotic Susceptibility test   
The Antimicrobial susceptibility of 

pathogenic isolates was done by using 

Kirby-Bauer disc diffusion technique on 

Mueller Hinton agar using overnight 

culture at a 0.5 McFarland standard 

followed by incubation at 35C
o
 for 16 to 

18 h. following Clinical and Laboratory 

Standards Institute (CLSI) guidelines
 

(13)
. With commercially available 

antimicrobial discs. Isolates were tested 

against the following antimicrobial 

agents: Amikacin, Amoxicillin/ clavunic 

acid, Aztreonam, Ceftazidime, 

Ceftriaxone, Ceftriaxone, Ciprofloxacin, 

Trimethoprim/ Sulphamethoxazol, 

Gentamycin, Imipenem, Nalidixic acid, 

Nitrofurantoin, Tetracycline and 

Azithromycin. 
 

Detection of Extend spectrum β- 

lactamases by double disc diffusion 

synergy method 
To detect ESBL production, the double 

disc diffusion synergy test (DDST) was 

used as described by Jarlieret al., 
(14)

. 

Mueller Hinton agar was inoculated 

with standardized inoculums 

(corresponding to 0.5 McFarland tube) 

using sterile cotton swab. An 

Augmentin (20 μg Amoxicillin and 10 

μg of Clavulanic acid-AMC) disk was 

placed in the center of the plate and test 

disks of 3
rd

 generation Cephalosporins 

(Ceftazidime- CAZ 30 μg, Ceftriaxone 

CRO 30 μg, Cefotaxime-CTX 30 μg) 

and Aztreonam (ATM 30 μg) disks were 

placed at 20 mm distance (center to 

center) from the Amoxicillin-Clavulanic 

acid disk prior to incubation. The plate 

was incubated overnight at 37C
o
. 

Enhancement of the zone of inhibition 

of any one of the four drug disks toward 

Amoxicillin-Clavulanic acid suggested 

the presence of extended-spectrum beta-

lactamases. 
 

Detection of metallo-β lactamase  
Detection of Metallo-β lactamase by 

disc potentiating test MBLs production 

was determined by disc potentiating test 

as described byBashiet al.,
 (15)

. Two 

imipenem discs were placed on the 

Mueller Hinton agar; 5 μl of (5M) 

EDTA solution was added to one of the 

discs. The inhibition zones of the 

imipenemandimipenem-EDTA discs 

were compared after 16-18 hours of 

incubation at 35°C
o
. An increase in the 

zone size of at least 7 mm around the 
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imipenem -EDTA disc was recorded as 

an MBL-positive isolate. 
 

Synthesis of Tetanium Nanoparticles  
Three flasks were used; each flask was 

filled with 40 ml of MRS broth. Then 20 

ml of TiO2 (0.025m) were added to the 

first and second flask respectively and 

both were stirred for half hour on a 

magnetic stirrer while the third flask 

contains MRS broth only. Final 

concentration ultimately would be 

equivalent. Lactobacillus isolate was 

cultured in first and third flask incubated 

an aerobically at 37C
o
 for (24, 48, 72) 

hours. Second flask was used as blank 

for first one, the change in color from 

light brown to dark brown observed and 

production of sediment will observed as 

primary detection of produced TiO2 

nanoparticles Azhar et al
 (16)

. 
 

Characterization of TiO2nanoparticles  

Samples of synthesized nanoparticles 

were characterized after 72 hours of 

incubation.The formation of metal oxide 

TiO2 nanoparticles was confirmed by 

X-ray diffraction (XRD) technique, 

Atomic Force Microscopy(AFM) and 

Scanning electron microscopic(SEM) 

according to Salman
 
et al.,

(17)
. 

 

Antibacterial activity of TiO2 

nanoparticles synthesized by L. crispatus 

Antibacterial activity of TiO2 

nanoparticles were determined on the 

basis of minimum inhibitory 

concentration (MIC) values, defined as 

the lowest concentration of TiO2 

nanoparticles at which no visible growth 

could be observed after incubation for 

the required time. MIC was determined 

for all bacterial isolates causing 

recurrent UTI by broth dilution method 

as described by Morelloet al.,
 (18)

. 

Briefly, a stock solution of TiO2 

nanoparticles from L.crispatus in 

sterilized distilled water were diluted to 

concentrations ranging (4, 8, 16, 32, 64, 

128) mg/ml.  
 

Effect of TiO2nanoparticles 

onmetallo-β lactamase  
Metallo-β lactamase production by UTI 

causative bacterial isolates were studied 

by Muller-Hinton method according to 

Bashir et al
 (15)

. With some modification. 

Briefly. (1 ml) of subMIC TiO2 

nanoparticles poured on Mueller-Hinton 

agar medium,left in room temperature to 

dry completely, then Plates were 

inoculated according to Kirby -Bauer 

method onto plates of Mueller-Hinton 

agar media. Then two discs of 

Imipenem antibiotic were placed on the 

plate; 5 µl of EDTA solution (final 

concentration is 0.5M) was added to one 

of them.The inhibition zones of the 

imipenem and imipenem -EDTA discs 

were compared after 16-18 hour. of 

incubation at 35C
°
.inhibition zone was 

measured (mm) and compared with 

standared measurement.  
 

Evaluation of combined effect 

between Antibiotics and 

synthesized TiO2 nanoparticles 
To determine combined effects, as 

described byRoyet al.,
 (19)

. Each 

standard paper disc was further 

impregnated with sub-inhibitory 

concentration of TiO2 nanoparticles. A 

single colony of recurrent UTI bacterial 

isolates were grown over night in 

Muller-Hinton broth medium at 35C
o
. 

The inoculums were prepared by 

diluting the overnight cultures with 

(0.9%) NaCl to a 0.5 McFarland 

standard and were applied to the plates 

along with the standard and prepared 

disks containing of TiO2 nanoparticles. 

After incubation at 37C
o
 for 24 hour, the 

zones of inhibition were measured. 
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Results and Discussion: 
Forty four isolates (88%) were isolated 

and identified from fifty samples of 

urine, the results showed that 13 isolates 

(29.5%) belonged to Escherichia coli 

which was the most predominant and 6 

isolates (13.6%) belonged to Klebsiella 

pneumonia, 5 isolates (11.3%) belonged 

to Psudomonasaeruginosa, 2 isolates 

(4.5%) belonged to 

Acinetobacterbaumannii and one isolare 

belonged to M.morganii, table (1). A 

ddditionally when using the card for 

gram positive bacteria, resultsshowed 

that 11 isolates (25%) belonged to 

S.aureusand 6 isolates (13.6%) belonged 

to S.saprophyticus, table (1). 

Most of recurrent UTI are caused by 

gram-negative bacteria like Escherichia 

coli, Proteusmirabilis, Proteus vulgaris 

Klebsiellasp, Pseudomonasaeruginosa, 

Acinetobacter, Serrati, and 

Morganellamorganii and by Gram 

positive bacteria include Enterococcus,  

 

 

Staphylococcus especially coagulase-

negative staphylococci, and 

Streptococcus agalacticae
 (20)

. Found 

that from 510 patients could isolate E. 

coli from 464 (90%) patients, Klebsiella 

spp. from 27 (5%) patients. E. coli was 

the causative agent in 269 of 289 (93%) 

uncomplicated UTIs and in 195 of 221 

(88%) complicated UTIs isolates. 

Furthermore 
(21)

. ConsideredEscherichia 

coli was the most predominant 

uropathogen with (43.7%), followed by 

KlebsiellaPneumoniae (14.1%), 

Pseudomonas. auruginosaand 

Proteusmirabilis (9.4%), 

Staphylococcus aureus (7.8%), 

Morganellamorganii. moreover, 

Abdallahet al., 
(22)

.
 
Confirmed that the 

most frequently isolated 

microorganisms were Escherichia coli 

(31.7%) followed by Klebsiella (15%); 

Staphylococcus aureus; Pseudomonas 

(6.7%) and the least common was 

Enterobacter (1.7%). 
 

Table (1): Frequency of bacterial uropathogens isolated from recurrent UTI suspected patients. 

Isolates Number Percentage % 

S. aureus 11 25 

S.saprophyticus 6 13.6 

E.coli 13 29.5 

K.pneumoniae 6 13.6 

P.aeruginosa 5 11.3 

A.baumanii 2 4.5 

M. morganii 1 2.27 

Total 44 100 
 

 

Antibiotic Susceptibility test  
The results of Antibiotic Susceptibility 

test showed that all the isolates 

subjected to this study appeared varying 

resistance to the antibiotics were used, 

all isolates of S.aureus were resistant to 

(Ampicillin, Amoxicillin/ 

clavulanicacid, Aztreonam and 

Trimethoprim/ Sulphamethoxazol),  

 

 

while sensitive totally for two 

antibiotics (Amikacin and Imipenem) 

and varied sensitivity to other antibiotics 

at a different propotions, S.saprohyticus 

appeared sensitivity towards (Amikacin, 

Imipenem and Gentamicin (except 

isolate 1) and resistant against 

antibiotics (Ampicillin, Amoxicillin/ 
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clavulanic acid, Aztreonam, 

Ceftriatone). On the other hand among 

gram negative uropathogen showed 

resist to most antibiotic compared with 

the gram positive bacterial isolates. 

M.morganii and A.baumanii have been 

the same ability to resist 9 antibiotic 

included (Ampicillin, Amoxicillin/ 

clavulanic acid, Aztreonam and 

Trimethoprim/ Sulphamethoxazol, 

Gentamicin, Tetracyclin, Nitrofurantoin, 

Ceftriatone, Azithromycin, and 

Nalidixic acid) but they were sensitive 

to Amikacin, Ciprofloxacin, and 

Imipenem.  

Bacterial isolates of E.coli characterized 

by being sensitive to the Imipenem and 

Amikacin and resistant towards 

(Aztreonam, Tetracyclin, Ampicillin 

and Amoxicillin/ clavulanic acid, 

additionally the all isolates of 

K.pneumoniae were resistant toward 

(Ampicillin, Amoxicillin/ clavulanic 

acid, Aztreonam, Gentamicin, and 

Ceftriatone) appeared sensitive to 

Amikacin and Imipenem. In the same 

time clinical isolates of P.aeruginosa 

displayed ahighly resistant to 

(Tetracyclin, Ampicillin, Amoxicillin/ 

clavulanic acid, Azteroname, 

Nitrofurantoin, and Ceftriatone) and in 

contrast it was sensitive to (Amikacin, 

Gentamicin (except isolate 4), and 

Imipenem). Baral et al.,
 (23)

. Reported 

that the most prevalent MDR pattern 

shown by E. coli included resistance to 

amoxycillin, ciprofloxacin, 

cephotaxime, cefixime, co-trimoxazole, 

ofloxacin, norfloxacin, ceftazidime, 

gentamycin and ceftriaxone. Abdallahet 

al.
 (22)

.
 
Observed in his study that two 

antibiotic (Imipenem and Amikacin) 

were found the most useful antibiotics 

overall against gram-negative bacterial 

isolates. Al-Khafaji 
(24)

. Mentioned that 

all clinical A. baumannii isolates were 

completely susceptible to imipenem, 

either. Sarathbabuet al.,
 (25)

. Has resulted 

in his study that some bacterial isolates 

of K.pneumoniaewere resistant to 

Nitrofurantoin and Ceftriaxone. 

Muvunyiet al.,
 (26)

 noted that the 

bacterial isolates isolated from urinary 

tract infections characterized by being 

sensitive to the Imipenem, Imipenem 

and Amikacin were most effective 

antibiotics against gram-negative 

isolates while Vancomycin and 

Ciprofloxacin were most effective 

against gram positive isolates 
(23)

. 
 

Detection of Extended β –lactmase 

of bacterial isolates 
Results of present study reported no 

production for ESBL enzyme from all 

gram negative isolates under. Briongos-

Figueroet al.,
(27)

 reported that 23,839 

urine samples which collected from 

hospital in Spain in 2009, (60%) 

isolated was E.coli and just (6%) were 

ESBL producing strains.while in 2010 

level of bacteria isolates reached to 

(59.4%) and just (7%) were ESBL 

producing strain Although ESBLs occur 

predominantly in Klebsiellaspp. and E. 

coli, they have also been described in 

other genera of the Enterobacteriaceae 

family including Citrobacterspp., 

Serratiaspp., Proteus spp., and 

Enterobacter spp.
(28)

. The prevalence of 

ESBL- producing strains of 

Enterobacteriaceae varies from country 

to country and from species to species in 

Asia 
(29)

. 

However, the predominance of ESBL 

among clinical isolates varies among 

geographic areas with low rates of (3-

8%) in Sweden, Japan and Singapore to 

much higher predominance prevalence 

rates reported from Portugal (34%), 

Latin America (30-60%), and Turkey 

(58%) 
(28)

. 
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Detection of metalo β- lactmase of 

bacterial isolates 
Our results exhibited that 2 isolates of 

A.baumanii, M.morganii, and only one 

isolate of E.coli had abililty to produce 

metallo beta lactmase enzyme as shown 

in table (2). Beta lactmases are enzmyes 

responsible for many failures of 

antimicrobial therapy by hydrolysis of β 

lactam ring of antibiotics (penicillin, 

cephalosporins, monobactam, 

carbapenems) and cause resistance to 

them. Most of enterobacteriae and 

P.aeruginosa produce chromosomally 

determined class 1 beta lactmase 
(30)

.
 

Resistance to βlactam antibiotics in E. 

coli and K. pneumoniaeis typically 

mediated by beta-lactamases placed in 

the periplasma, hydrolyze the beta-

lactam ring and prevent antibiotic 

binding to target sites on the bacterial 

cytoplasmic membrane. Multidrug-

resistant A. baumannii isolates are 

increasingly reported worldwide and 

multidrugereistanceoccure due to 

produce beta lactmase
 (31)

. Carbapenems 

have potent activity against 

Acinetobacterspp. and are usually the 

drugs of choice against multidrug 

resistant Acinetobacterbaumannii 

isolates. Acinetobacterspp. may develop 

resistance to carbapenems through 

variousmechanisms, including class B 

and D carbapenemase production 

decreased permeability, altered 

penicillin bindingproteins, and rarely, 

overexpression of efflux pumps 
(32)

 

plasmids carrying resistance genes and/ 

or resistance determinants involved in 

horizontal gene transfer have been 

described in several A. baumanniistrains 
(33)

. 
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Table (2): Detection of metalo beta-lactmase of recurrent bacterial isolates. 

Bacterial 

isolates 

Inhibition zone(mm) 
Bacterial 

isolates 

Inhibition zone(mm) 

Imipene

m 

Imipenem+EDT

A 

Imipene

m 

Imipenem+EDT

A 

S.aureus1 0 0 K.pneumonia

6 

0 0 

S.aureus2 0 0 A.baumani1 20 30 

S.aureus3 0 0 A.baumani2 30 38 

S.aureus4 0 0 M.morganii1 23 30 

S.aureus5 0 0 P.aeruginosa

1 

20 24 

S.aureus6 0 0 P.aeruginosa

2 

0 0 

S.aureus7 0 0 P.aeruginosa

3 

0 0 

S.aureus8 0 0 P.aeruginosa

4 

20 25 

S.aureus9 0 0 P.aeruginosa

5 

0 0 

S.aureus10 0 0 E.coli1 25 35 

S.aureus11 0 0 E.coli2 30 33 

S.saprophyticus

1 

0 0 E.coli3 0 0 

S.saprophyticus

2 

0 0 E.coli4 30 33 

S.saprophyticus

3 

0 0 E.coli5 10 15 

S.saprophyticus

4 

0 0 E.coli6 15 17 

S.saprophyticus

5 

0 0 E.coli7 0 0 

S.saprophyticus

6 

0 0 E.coli8 23 24 

K.pneumonia1 25 25 E.coli9 0 0 

K.pneumonia2 37 40 E.coli10 0 0 

K.pneumonia3 20 23 E.coli11 15 17 

K.pneumonia4 0 0 E.coli12 15 20 

K.pneumonia5 0 0 E.coli13 0 0 

0=no inhibition zone, high light=enzyme production 
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Antibacterial activity of TiO2 

nanoparticles synthesized by 

L.crispatus 
Antibacterial activity of TiO2 

nanoparticles was determined on the 

basis of minimum inhibitory 

concentration (MIC) values. MIC at 

concentrations ranging to (4, 8, 16, 32, 

64, 128) mg/ml was determined for all 

bacterial isolates causing recurrent UTI. 

Results showed that the MIC of TiO2 

nanoparticles was found to be 32 mg /ml 

for E. coli, M.morganii, A.baumanii and 

S.aureus isolates as seen in table (3), 

while the MIC for K.pneumoniae, 

P.aeruginosa and 

S.saprophyticusisolates were observed 

at 64 mg /ml. The differences in MIC of 

TiO2 nanoparticles probably result from 

differences in the genus and species 

under tested. 

Bacterial resistant to current antibiotics 

have become serious public health 

problems that elevated the need to 

develop new bactericidal materials. 

Metal oxide nanoparticles TiO2 and 

Ag2O nanoparticles exhibited significant 

antibacterial activity 
(34)

 approved that 

TiO2 nanoparticles with MIC value (200 

μg/ml) inhibited bacterial growth of E. 

coli at20 h of incubation. Huang et al., 
(35) 

reported that TiO2 increased the 

permeability of cell membrane and cell 

death happened by leaking out of vital 

components in bacterial cell. While Liu 

et al
., (36)

. Investi
 (37) 

observed the 

antibacterial effects of TiO2 nanopar-

ticles against different bacteria included 

E. coli, Pseudomonas aeruginosa, S. 

aureus, Bacteroidesfragilisand 

Enterococcus under UV light. TiO2 

nanoparticles saturated on to woven and 

knitted textiles exhibited high 

antibacterial activity against S.aureus 

and K.pneumoniae. 

Titanium nanoparticles has more 

efficient antibacterial agent compared to 

CdO nanoparticles and can be useful in 

the treatment of infectious diseases 

caused by E. coli
 (38)

. The bactericidal 

effect of TiO2 has been attributed to the 

decomposition of bacterial outer 

membranes by reactive oxygen species 

(ROS), hydroxyl radicals (OH), which 

leads to phospholipid peroxidation and 

finally cell death 
(39)

. TiO2 appeared 

antimicrobial activity due to its strong 

oxidizing property 
(40)

. 

Strong binding of TiO2 nanoparticles to 

the outer membrane of E. coli caused 

the inhibition of active transport 

dehydrogenase and periplasmic enzyme 

activity and eventually the inhibition of 

RNA, DNA and protein synthesis. 

According to zhang and chen
 (41)

.
 

Exhibited that metal oxides carry the 

positive charge while the microorganism 

carry negative charge, this causing 

electromagnetic attraction between 

microorganism surface and the metal 

oxides which leads to oxidization and 

finally death.  

Nanomaterials are known to inactivate 

cellular enzyme and DNA by binding to 

electron donating groups such as 

carboxylates, Amides, Indoles, 

Hydroxyles, Thiols etc., they cause little 

pores in bacterial cell walls leading to 

increased permeability and cell death
(42)

. 

Our result under RMRC analysis as 

shown in figure (3-9) appeared the 

presence of carbon element containing 

TiO2 nanoparticles which may be 

explained the antibacterial activity 

towards bacterial isolates causing 

recurrent UTI. This explaination agree 

with Cheng et al.
(43) 

who found that 

TiO2 nanoparticles which contain 

carbon showed much higher 

antimicrobial activity than commercial 

TiO2 nanoparticles.  
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Table (3): MIC (mg/ml) of TiO2 nanoparticles against bacterial isolates causing recurrent UTI. 

No. of isolate 
MIC (mg/ml) 

P.aeroginoa K.pneumona E.coli M.morganii S.aureus S.saprophyticus A.baumannii 

1 64 64 32 32 32 64 32 

2 64 64 32  32 64 32 

3 64 64 32  32 64  

4 64 64 32  32 64  

5 64 64 32  32 64  

6  64 32  32 64  

7   32  32   

8   32  32   

9   32  32   

10   32  32   

11   32  32   

12   32     

13   32     
 

Effect of TiO2 nanoparticles synthesized 

by L.crispatus on metalobetalactmase 

Effect of TiO2 nanoparticles synthesized 

by L.crispatus on metalobetalactmase 

produced by bacterial isolates included 

E.coli (1), M.morganii, A.baumanii (1) 

and A.baumanii (2). Results showed in 

figure (1, 2) thereduction in inhibition 

zone diameter of MBL positive isolates of 

A.baumanii (1) and E.colifrom (2o to 25) 

mm after treatment with TiO2 

nanoparticles compared to control (25-35, 

20-30) mm respectively which composed 

of (Imipenem, EDTA+ Imipenem) 

without treatment with TiO2 

nanoparticles, while inhibition zone 

diameters of M.morganiiand A.baumanii 

(2) as shown in figure (3) were (15, 20) 

(10, 20) mm respectively after treatment 

compared to control without treatment 

with inhibition zone diameters (23, 30), 

(30, 38) respectively as in figure(3).  

The present study clearly indicate that 

sub-MIC of TiO2nanoparticles were found 

to be very effective in MBLS enzyme 

activityproduced by E.coli, M.morganii 

and A.baumanii. So no data is available 

till now to our knowledge on inhibitory 

effect of biological or physical or 

chemical synthesized TiO2nanoparticles 

that caused impossibility to compare our 

results with other researchers. 

 

 

 

                                           

 

 

 

 

 

                                               A                                                      B 

Figure (1): Effect of TiO2 nanoparticles synthesized by L.crispatus on metalobetalactmase of A.baumanii(1). 

(A) before treatment (B) after treatment 
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                                             A                                                          B  

Figure (2): Effect of TiO2 nanoparticles synthesized by L.crispatus on metalobetalactmase of E.coli (1). 

(A) before treatment (B) after treatment. 
 

 

Figure (3): Effect of TiO2 nanoparticles synthesized by L.crispatus (LV20) on metalobetalactmase. 

A=A.baumanii1, B=A.baumanii2, C=M.morganii, D=E.coli1 

 

Evaluation of combined effect 

between Antibiotics and 

synthesized TiO2 nanoparticles 
The effect of TiO2 nanoparticles 

combined with different antibiotics was 

investigated against multi resistant 

recurrent UTI causing bacteria using 

disk diffusion method. The diameter of 

inhibition zones (mm) around the 

different antibiotic discs included 

(Ampicillin, Amoycillin/ CLavulanic, 

Trimethoprim-sulphamethaxazol, 

Azithromycin, Aztreonam, Ceftriaxone, 

Gentamicin, Tetracyclin, Nitrofurantoin) 

with and without TiO2nanopatrticles 

against test isolates were measured. The 

antibacterial activities of some 

antibiotics have been increased in the 

presence of TiO2 nanoparticle (subMIC) 
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against all isolates while others didn‘t 

affect. The highest antibacterial 

activities of antibiotics combined with 

TiO2 were observed against E.coli 

isolates for Ampicillin, Gentamycin, 

Amoycillin/ CLavulanic acid, 

Trimethoprim-sulphamethaxazol, 

Azithromycin, Tetracyclin, 

Nitrofurantoin. While A. baumanii 

appeared sensitive to Ampicillin, 

Gentamycin, Trimethoprim 

sulphamethaxazol and Azithromycin 

compared with antibiotics alone. 

K.pneumonia became sensitive to 

Ampicillin, Gentamycin, tetracyclin and 

P.aeruginosa to Ampicillin, 

Trimethoprimsulphamethaxazol, 

Azithromycin and Gentamycin.  

The more antibacterial activities of 

exhibited against M.morganii for all 

antibiotics except Azithromycin figure 

(4). TiO2nanoparticle shows no effect on 

antibacterial activities of all antibiotics 

except Ampicillin and Gentamicin 

against gram positive bacteria (S.aureus 

and S.saprophyticus) table (4). The 

present study showed the good effect of 

TiO2 nanoparticles synthesized by 

L.crispatuson antibiotics activity as a 

strong and effective bactericidal agent. 

There is great need of agents to kill 

bacteria and other microorganisms due 

to the antibiotic resistance developed by 

the bacteria 
(44)

. 

reported that sub-inhibitory 

concentration of TiO2 nanoparticle 

significantly improved antibiotic 

efficacy against S. aureus when 

combined with beta lactums, 

cephalosporins, aminoglycosides and 

suggested the mechanisms involving the 

interaction of nanomaterials with 

biological molecules and believed that 

microorganisms carry anegative charge 

while metal oxides carry a positive 

charge, this cause attraction between 

microorganism and treated surface leads 

to oxidizing of microbe and finaly dead. 

The combination effect of Ag 

nanoparticles and ampicillin has become 

more potential compared to the 

otherantibiotics due to the DNA binding 

action of the silver nanoparticles and the 

cell wall lysis action of the ampicillin 
(45)

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): Combination of TiO2 nanoparticle with antibiotics against M.morganii. 

A=Ampicillin, B=Gentamicin, C=Teteracyclin, D=Amoxicillin/ clavulanicacid, 

E=Ceftriatone, F= Azteroname, G=Nitrofurantoin. 
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Nanomaterials release ions, which react 

with the thiol group (-SH) of the 

proteins display on the bacterial surface 

due to inactivated proteins resulted 

decreasing the membrane permeability 

then cell death
 (41)

. 

Moreover, Hwang et al
., (46)

. Studied the 

Synergistic effect of silver nanoparticles 

and ampicillin were noticed against E. 

faecium, Streptococcus mutansand E. 

coli ATCC 25922 while Synergistic 

effects of Ag nanoparticles and 

chloramphenicol were found only 

against E. faeciumand P. aeruginosathe 

explaination of synergistic combination 

of nanoparticles and chloramphenicol 

exhibited increased hydroxyl radical 

formation which is might be an 

important cause of the synergism. Other 

studies reported that antibacterial 

activity of nanoparticle along with 

antibiotics ampicillin and gentamicin 

against S. typhi increased in the 

presence of silver nanoparticles 
(47)

. 

While other studies Naqvi et al.,
 (48)

 

hypothesized that nanoparticles creat a 

complex with ampicillin and disrupt 

peptidoglycan in the cell wall. Being 

positively charged, they attack negative 

charges of transmembrane proteins and 

can damage the cell membrane and 

block the transport channels. It might be 

possible that they enter inside the 

bacteria and damage cellular activities 

like transportation, nucleic acid 

functioning and protein synthesis. In the 

other hand, Namasivayamet al.,
 (49)

. 

Reported the synergistic effect of 

antibiotics choloroamphenicol with 

silver nanoparticles against biofilm of 

clinical isolate of Pseudomonas 

aeruginosa. Combined use of 

nanoparticle–antibiotic conjugates 

towards decreasing antibiotic resistance 

currently observed for specific bacteria 

and conventional antibiotics. Alloy of 

(Ag-Au) nanoparicles together with 

antibiotic observed a higher 

enhancement of antibacterial activity 

kanamycin on E. coli and betalactam 

antibiotic on S. aureus that have been 

reported bySantos et al.,
 (50)

. 

A synergistic effect of antibiotics 

(imipenem, gentamycin, vancomycin, 

and ciprofloxacin) in conjugation with 

biologically synthesized Ag 

nanoparticles increased the 

susceptibility against E. coli, S. aureus, 

P. aeruginosa, K. pneumoniae, Bacillus 

spp., and M. luteus from (20–35)%. 

Combination ciprofloxacin and 

imipenem with nanoparticles were 

found to be most efficient in inhibiting 

bacteria, if bacteria improve resistance 

to one of them, the other bactericidal 

agent would kill the bacteria
 (51)

. The 

combination of antibiotics and metal 

nanoparticles could increase the 

antibiotics‘ efficacy against resistant 

pathogens. In addition, nanoparticle–

antibiotic conjugates lower the amount 

of both agents in the dosage, which 

reduces harmfulness and increases 

antimicrobial properties. Additionally, 

due to this conjugation, the 

concentrations of antibiotics were 

increased at the location of antibiotic–

microbe contact and thus accelerate the 

binding between microbes and 

antibiotics
 (45)

. 
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Table (4): The comparative activities of various antibiotics and antibiotic with TiO2 

nanoparticles against recurrent UTI causative bacteria. 

Bacteria

l isolate 

(AM) (AMC) (SXT) (AZM) (ATM) (CRO) (CN) (TE) (F) 

Ab 
Ab+ 

TiO2 
Ab 

Ab+ 

TIO2 
Ab 

Ab 
+ 

TiO2 

Ab 
Ab 
+ 

TiO2 

Ab 
Ab 
+ 

TiO2 

Ab 
Ab 
+ 

TiO2 

Ab 
Ab 
+ 

TiO2 

Ab 
Ab 
+ 

TiO2 

Ab 
Ab 
+ 

TiO2 

E.coli2 R S R S R S R S R R R R R S R S R S 

E.coli3 R S R S R S R S R R R R R S R R R S 

A.bauma

nii1 
R S R R R S R S R R R R R S R R R R 

A.bauma

nii2 
R S R R R S R S R R R R R S R R R R 

K.pneum

onia5 
R S R R R R R R R R R R R R R R R R 

K.pneum

onia6 
R S R R R R R R R R R R R R R R R R 

M.morg

anii 
R S R S R S R R R S R S R S R S R S 

S.aureus

2 
R S R R R R R R R R R R R S R R R R 

S.aureus

4 
R S R R R R R R R R R R R S R R R R 

S.saprop

hyticus1 
R S R R R R R R R R R R R S R R R R 

P.aerugi

nosa4 
R S R R R S R S R R R R R S R R R R 

AM=Ampicillin, CRO=Ceftriatone, AMC=Amoxicillin/ clavulanic acid, AZM=Azithromycin 

F=Nitrofurantoin, CN=Gentamicin, TE=Teteracyclin, SXT =Trimethoprim/ 

Sulphamethoxazol, ATM= Azteroname, R=Resistant, S=sensitive, Ab:Antibiotic 
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