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A B S T R A C T  
Background: Escherichia coli are an enteric Gram-negative bacillus, which belongs to a part of human and animal gastrointestinal normal 
flora. Escherichia coli are reported to be the major cause of urinary  tract  infection. In the lack of appropriate treatment of infections by E. 

coli, noticeable morbidities and mortality will occur. The most important problem of patients with E. coli infections are the emergence of 

multidrug resistance and producing verotoxine. Objectives: To study the prevalence of multidrug resistance and producing verotoxine 
Escherichia coli in urine through isolation and determined the effect of green synthesis silver nanoparticales on recovered isolates. 

Results: Thirty specimen of urine were randomly collected from Born and Children's Hospital, analyzed for isolation of Escherichia coli 

and their antibiotics resistance. Only 10 isolates were (G-Ve) short rods, aerobic growth, motile, positive MR, indol and TSI, negative 
oxidase, citrate, urease ,VP, and confirmed  to E. coli by Microbact assay. E.coli Z10, Z8 which displayed multidrug resistance against 7, 8 

types of antibiotics respectively. Isolates screened for the detection of verotoxin-producing by E. coli (VTEC). Result showed that all E. 

coli isolates gave negative results for VTEC (vt1, vt2 and eae) detection. From statistical analysis the cardamom silver nanoparticles, the 
concentration of AgNo3 1mM, showed good inhibitory effect towards multidrug resistant E.coli. Conclusion: It is confirmed that green  

silver nanoparticles are capable of rendering high antimicrobial efficacy and hence has a great potential in the field of nanomedicin. 
 

Key words: Multi drug  resistant  Escherichia coli , verotoxin ,  urinary  tract  infection,  cardamom  silver  nanoparticle. 
  

INTRODUCTION 

 

Urinary tract infections (UTIs) including, cystitis and pyelonephritis are the most common infectious 

diseases in childhood. E.coli accounts for as much as 90% of the community-acquired UTIs (Urinary Tract 

Infections, 2010). Worldwide, 150 million people are diagnosed with UTIs each year, costing the global 

economy in excess of US$ 6billion. In the United State, surveys have estimated an incidence of 8 million UTIs 

episodes per year [2,39].  

In recent years, the occurrence of antibiotic resistant strains of a number of pathogenic bacteria including  

E.coli has emerged as another health problem over the worldwide [30]. Antibiotics are often used against 

disease caused by E.coli but these pathogens are becoming increasingly antibiotic resistant, so that many are 

now labeled as Multidrug resistant (MDR) [1]. These strains causing complicated urinary tract infection UTI 

between regions and countries. Regular monitoring of antibiotic resistance rates is necessarily required to 

improve and revise empirical antibiotic therapy protocols [11].                

Nanotechnology has paved way to combat the challenges of multi-drug resistance through innate properties 

of AgNPs which are in limelight since a long time due to their broad spectrum antimicrobial activities against 

bacteria [34]. Nowadays, plant extract has been used as reducing and capping agent for the synthesis of 
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nanoparticles and may be safe or eco friendly [9]. Many natural biomolecules in plants (inactivated plant tissue, 

plant extracts and living plant) such as proteins/enzymes, amino acids, polysaccharides, alkaloids, alcoholic 

compounds, and vitamins could be involved in bioreduction, formation and stabilization of AgNPs [24]. The use 

herbs in phytotherapy are mostly due to their various natural activities, such as spasmolytic, carminative, 

hepatoprotective, anti-carcenogenic properties [4]. Cardamom (Elettaria cardamomum) is a perennial shrub of 

the family Zingiberaceae, and commonly used as spices in households worldwide. It is called as the queen of 

spices and has several phyto-active compound, and have maximum antibacterial activity against E.coli [35]. 

Rosmarinus  officinalis commonly referred as Rosemary belongs to Lamiaceae family. It is one of the most 

valued sources for natural bioactive compounds which are special interest in the functional food industry. In 

vitro study, the essential oils from Rosemary have good inhibitory activity against all bacteria, especially against 

E.coli [38]. Laurus nobilis (Laura) is belongs to the family Lauraceae, which comprises numerous aromatic and 

medicinal plants [5]. Laura oil reported very effective against several bacteria. The synergy between terpenes 

(linalool), lactones, oxides (1, 8 cineole) and monoterpenes 1,8 cineole have a part in this activity since it has 

antimicrobial activity against  E. coli, [18].  

Therefore, the objectives of the present study are to: 

 Isolate and identify multidrug resistant E.coli existing in urine samples at Born and Children's Hospital 

and determined verotoxine in recovered isolates.  

 Determine the antibacterial activity of green synthesis silver nanoparticles by use each plant 

(Rosemary, Laura and Cardamom) against bacterial isolates. 

 

MATERIAL AND METHODS 

 

2.1. Sample collection: 

Thirty specimen of urine were collected in sterile plate universal container from Born and Children's 

Hospital. These were culture on Cystine Lactose Electrolyte-Deficiency (CLED) (Oxoid N.Y., USA) and 

incubated for 24 h. at 37˚C aerobically. Organisms were selected for inclusion in further study when they 

occurred as pure culture and in concentrations greater than 105 CFU/ml.  All isolates were confirmed to the 

genus level by gram stain, IMViC tests, triple sugar iron oxidase, urease, for the purpose of identifications of 

Escherichia coli [8] and confirmed by Microbact assay [23].   

 

2.1.1. Screening of VTEC:  

VTEC screening was carried out after overnight incubation of the sample in Buffer peptone water at 37°C 

for 24 h, using Prep man ultra for extraction of DNA, TaqMan Environmental Master Mix, TaqMan E. coli 

2011 O104:H4 Assay, Custom TaqMan VT2 (stx2) Assay, Custom TaqMan VT1 (stx1) Assay (Applied Bio 

system), Custom TaqMan O157 Assay and 7500 real time polymerase chain reaction (PCR) (Applied Bio 

system). The Master Mix Set-up was prepared as follow: 15 μL of 2X EMM 2.0 and 3 μL of 10X Target Assay 

Mix and 18 μL of total volume master mix per reaction. The dye settings for multiplex reaction were prepared as 

shown in Table 1 and the thermo cycler settings was carried out in 2 steps, enzyme activation and template 

denaturation step which occurred at 95°C /10 min and amplification step, which is repeated 45 times, including 

stage 1 at 95°C /15 min and stage 2 at 60°C /45 min. Positive reference strains included within the run and 

purchased from reference laboratory of E. coli in Rome Italy include E. coli O157 strain C210-03 genotype 

(eae+, VTx2+, VTx1+) and E. coli O104:H4 strain 11 2027 genotype (eae-, VTx2+, VTx1-).  

The procedure includes five main steps:  

 

1. Extraction of DNA:  

2. Preparing the sample for PCR run 

3. Data analysis and documentation:  

Data analysis was carried out according to Flow-diagram of the screening procedure of VTEC according to 

EU RL (2011) [19] method. Negative results indicate non VTEC producing O104 or O157 while positive 

VTEC, O104 and /or O157. The interpretation of results was carried out according to the analysis of verotxin 

where samples showing positive VT1 and /or VT2 are VTEC positive while samples showing negative VT1 and 

/or VT2 are VTEC negative. 

 
Table 1: Dye settings for multiplex reaction 

Parameter  VT1 Probe  IPC  

TaqMan® VT1 (stx1) Assay  Reporter = FAM™  Reporter = VIC®  

TaqMan® VT1 (stx2) Assay  Reporter = FAM™  Reporter = VIC®  

TaqMan® E. coli O104 Assay  Reporter = FAM™  Reporter = VIC®  

TaqMan® E. coli O157 Assay  Reporter = FAM™  Reporter = VIC®  

IPC, Internal positive control 
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2.2. Antibiotic Susceptibility Test: 

Antimicrobial susceptibility testing was done on Mueller-Hinton agar (MHA) (BD Difco) by the standard 

disc diffusion method recommended by [7]. Antimicrobial agents tested were E (Erythromycin), P (Penicillin 

G), NA (Nalidixic acid), CIP (Ciprofloxacin), CAZ (Ceftazidime), OT (Oxytertracycilne), AMP(Ampicillin), 

and CN(Gentamicin)(all disks charges were chosen as per the CLSI recommendations) [29]. 

 

2.2.1. Antibacterial assay:  

The antibacterial activities of different concentrations of silver nanoparticales (AgNPs) synthesis by each 

plant (Rosmary, Laura, and Cardmom) were tested by using agar disc diffusion assay by [7]. Adding different 

volumes (1, 3, 5, 7, 9 ml) of each plant extract sample and different volumes of Distilled water (9, 7, 5, 3 and 1 

ml, respectively) to 5 ml of 3 mM AgNO3, the concentrations of AgNo3 in each treatment were 8.6, 3, 2, 1.2, 1 

respectively.  

 

2.3   Statistical analysis: 

Results are presented as mean±SD. Statistical difference between the means of the various E.coli species 

and diameter of inhibition zone were analyzed using one way analysis of variance (ANOVA). Data were 

considered statistically significant if p < 0.05. 

 

RESULTS AND DISCUSSION 

 
3.1. Positive samples: 

Only 10 samples (33.3%) out of 30 urine samples were positive for E. coli. Results of preliminary of the 10 

pure cultures were summarized and presented in Table.1. All 10 isolates were (G-Ve) short rods, aerobic growth, 

motile, positive MR, indol and TSI, negative oxidase, citrate, urease and VP. Furthermore, all isolates were 

identified by Microbact assay. These isolates named from Z1 to Z10.These results for biochemical reaction and 

Microbact assay confirmed that the organism were E.coli. The same studies were conducted by Eski et al,[12] 

They concluded that, among the positive urine cultures 60 and 100 % of isolates were infected with E.coli 

respectively. These results are in harmony with the results of Chowdhury and Parial, [6] also reported that E.coli 

(82.6%) was the most common isolates in patients with urinary tract infection. 

 
Table 2: Source of isolation (Urine),  isolate numbers and some morphological and biochemical characters of the purified short rods. 

Voges 

proskauer 

indol Urease Sugar Trible 

Iron 

Citrate Methyl 

red 

oxidase Motality Gram 

stain 

Cell shape Isolate 

NO. 
Source 

of 

isolation 

(Urine) 

- + - + - + - + - short rods Z1 urine 

- + - + - + - + - short rods Z2 urine 

+ - - + - + - + - short rods Z3 urine 

+ - - + - + - + - short rods Z4 urine 

- 

- 
+ 

+ 
- 

- 
+ 

+ 
- 

- 
+ 

+ 
- 

- 
+ 

+ 
- 

- 

short rods 

short rods 
Z5 

Z6 
urine 

urine 

- + - + - + - + - short rods Z7 urine 

- + - + - + - + - short rods Z8 urine 

- + - + - + - + - short rods Z9 urine 

- + - + - + - + - short rods Z10 urine 

 

3.2. Identification by Microbact assay: 

The results obtained from Microbact GNB 12A/B/E, 24E represented in photo (1) indicated that, the 

isolates under study were belong to Escherachia coli. 
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Photo 1: Identification of isolates by Microbact    

3.4. Results of verocytotoxin detection among examine samples:  

All isolates gave negative results for VTEC (vt1, vt2 and eae) detection presented in photo(1). This results 

are agreement with data presented by Ezzeldeen et al, [14], 97%  from E. coli isolates from meat were negative 

results for VTEC (vt1, vt2 and eae)detection. 

 

 
 

Photo 2: Showing the result of screening of E.coli  isolates for the detection of VTEC including internal control. 

 

2. Antibiotic resistance profile: 

The present study showed the effect of eight commonly antibiotics against all isolated strains Table (2). All 

isolates were resistance to Penicillin G, except Escherachia coli Z2. The highest number of antibiotics resistance 

were recorded by E.coli, Z10, Z8, which displayed multidrug resistance against 7, 8 types of antibiotics 

respectively. In agreement with these results, Islam et al, reported that the most isolates from E.coli causative 

urinary tract infection were multidrug resistant.                                    

Most of E.coli strains (9 out 10) showed resistant to Penicillin G and Erythromycin (90%). These results 

were in harmony with those mentioned by Kazemnia et al, [20] they reported that  E.coli isolates were 

resistance to Penicillin G and Erythromycin (100%) .  In contrary, Aghazadeh et al, [3] stated that  E.coli was 

resistance to Ceftazidime (100%) and Ciprofloxacin (95%). 

Statistical data and evidences from researches prove that multi drug resistant bacteria are emerging 

worldwide which causes many public health problems and challenges to healthcare. Moreover, uses of broad 

spectrum antibiotics, insufficient aseptic condition and technique with inadequate control of infections spread 

had aggravated this problem concluded by Sikarwar and Batra, [32]. 

Therefore, there is need for concerted efforts between Clinicians and Public health workers in educating the 

people from this state on the menace of indiscriminate use of antibiotics, especially when not prescribed by 

Physicians [28]. 

 
Table 2: Effect of Antibiotics resistance profile index of the bacterial strains from urine.  

 NO of.antibiotic 

resistance 

CN1

0 

AMP10 OT3

0 

CAZ3

0 

CIP5 NA3

0 

P10 E15 Strains 

 1 - - - - - - R I E.coli  Z1 
 1 - - - R - I - - E.coli  Z2 

 4 R R R - - - R I  E.coli Z3 

 4 - R R - - - R R E.coli  Z4 
 2 - R - - - - R I E.coli  Z5 

 3 - - R - - - R R E.coli  Z6 

 3 - R - - - - R R E.coli Z7 
 8 R R R R R R R R E.coli  Z8 

 2 - - - - - - R R E.coli  Z9 

 7 R R R - R R R R E.coli  Z10 
  30 60 50 20 20 20 90 60 Resistance rate 

% 
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Inhibition zone diameter were measured inclusive of the diameter of the discs(-) sensitive ; (I) Intermediate ; (R) Resistant Antibiotic 

Resistance rate =(number of strains resists certain antibiotic\ total number of tested strains) x 100. 

3.3. Antibacterial activity of concentrations of laura, Cardamom and Rosmary nano silver particles against 

E.coli isolates: 

Statistical analysis demonstrated highly significant differences at (p less than 0.05) between E.coli species 

and diameter of inhibition zone. E.coli Z3 and A6 were observed the most sensitive strains than others at 9:1 

Cardamom nano silver with inhibition of zone 37 and 36 mm respectively, which contain 1 Mm from AgNO3 

and highest amount from plant extract Fig (2). Shirley et al, [30] concluded the same results; Cardamom nano 

silver particles inhibited E.coli about 34 mm. The inhibitory factor Natural products like spices for the 

antimicrobial activity can be identified and used as an alternative to currently used drugs against the pathogenic 

microbes. Nowadays microbes are increasingly developing resistance against the drugs in use. To combat 

against these drug resistant microbes, a large library of novel compounds is needed. Natural products from 

plants may give us a solution to this alarming problem [23]. Elettaria cardamom extract assisted silver 

nanoparticles and the it found to exhibit significant activity against the Bacillus subtilis [27]. 

The highest inhibition zones of E.coli Z4 , Z3 were 19,11 mm, when exposure to Rosemary, Laura nano 

silver particles at ratio 9:1 Fig (3,1). These results are coinciding as reported by Ghassan et al, [16]. They 

mentioned that inhibition zone of Rosemary nano silver against E.coli were 22 mm. Moreno et al, [25] analyzed 

rosemary water extract; it containing 30% of carnosic acid, 16% of carnosol and 5% of rosemary acid, these 

components were more effective against Gram-positive than Gram-negative bacteria or yeasts [10]. The rapid 

biological synthesis of silver nano particles using R. officinalis extract provides a stable, environmentally 

friendly, simple and efficient route for synthesis of nano particles. These obtained silver nano particles have 

potential applications in the biomedical field and this simple procedure has several advantages such as cost 

effectiveness, compatibility for medical and pharmaceutical applications, as well as large scale commercial 

production. The components of Laura oil are 1,8 cineole terpenes (linalool), lactones and monoterpenes 

(camphene, alpha-pinene). Karima et al, [19] determined the zone inhibition of Escherichia coli 19.3 mm when 

exposure to Laurus nobilis extract. In this study, the application of green silver nanoparticles as an antimicrobial 

agent was investigated and exhibited better antimicrobial activity against pathogens. Additionally, the 

cardamom silver nanoparticles showed good inhibition activity towards multidrug resistant E.coli. Metal 

nanoparticles preparation using plant extracts is an important branch of biosynthesis processes. Plants have a 

potential to reduce metal ions both on their surface and in various organs and tissues remote from the ion 

penetration site [20]. Biomolecules existing in plant extracts including, enzymes, proteins, amino acids, 

vitamins, polysaccharides, and organic acids such as citrates are potentially able to reduce metal ions. The 

extract of various parts of plants such as leaves, flowers, seeds, barks and roots have been applied for synthesis 

of AgNPs [36]. Several studies have indicated that the silver has relatively higher antimicrobial activity against 

gram negative bacteria than gram positive bacteria, which may be attributed to the thinner peptidoglycan layer 

and the presence of beta barrel proteins called porins in their cell wall structure [15]. Among noble metal 

nanoparticles, AgNPs have gained wide applications in different fields due to their strong multi drug resistant 

bacteria [17], and avoiding the occurrence of hazardous and toxic solvents [33].  

The surface of AgNPs can easily form a layer of water and thus many silver ions can be released from 

AgNPs into the water. On the other hand, the main composition of bacteria cell membrane is phospholipid 

bilayers and protein molecules having negative electricity which make the whole cell membrane negatively 

charged. Therefore, the silver ions with positive electricity have the ability to attach to bacteria cell membrane 

quickly, which alters or damages the structures of bacteria. Moreover, Ag+ ions can be attracted to the 

sulfhydryl group (SH) of bacterial enzymes (respiratory enzymes), making the enzymes inactivated and even 

died out [37]. The AgNPs antimicrobial activity depends strongly on several factors including type of 

microorganisms, temperature, pH and AgNO3 concentration [22].     

In conclusion, the rapid biological synthesis of silver nanoparticles using cardamom, Rosmary, and Laura 

extract provides a stable, environmental friendly, simple and efficient route for synthesis of nanoparticles. 

Natural sources have the potential to reduce silver ions into AgNPs. It is understood that the variety of natural 

compounds that are present in plant extracts can act as both reducing and stabilizing agents for synthesis of 

AgNPs. Plants mediated AgNPs are stable due to the presence of natural capping agents such as proteins which 

prevent the particles from aggregation. Green synthesis of AgNPs using plant extracts has several advantages 

such as eco-friendliness cost effectiveness, compatibility for medical and pharmaceutical applications. It is 

confirmed that green silver nanoparticles are capable of rendering high antimicrobial efficacy and hence has a 

great potential in the field of nanomedicin. 
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Fig. 1: Diameter of inhibition zone of silver nanoparticale Synthesized by Laura concentrations against E.coli. 

 

 
 

Fig. 2: Diameter of inhibition zone of silver nanoparticale Synthesized by Cardamom concentrations against 

E.coli . 

 
 

Fig. 3: Diameter of inhibition zone of silver nanoparticale Synthesized by Rosmary concentrations against 

E.coli 
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