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Abstract: 
     Two hundred and ten mid-stream urine of were taken from UTI patients attending Al-Falluja 
Teaching Hospital and Al-Ramadi Teaching Hospital for Maternity and Children. The samples 
were cultured on MaCconkey agar, eosin methylene blue agar, blood agar biochemically tested 
were done to confirm the diagnosis. All bacterial isolates assured identified by VITEK® 2 
Compact system and 16srRNA.  
     To sum up 60 (28,5%) out of 210 (100%) UTI samples showed growth of E.coli whereas, 43 
(20.5%) out of 210 (100%)  UTI samples showed no growth of bacteria. Also, 107 (50.9 %) out 
of 210 (100%) UTI samples showed growth of different types of bacteria such as staphylococci, 
streptococcus, proteus, K.pneumonia, and Acinetobacter.  
    The antimicrobial susceptibility test performed by VITEK® 2 Compact system and disk 
diffusion method demonstrated that the isolates showed a high rate of resistance to the third 
generation of cephalosporins. The presence of antibiotic-resistant genes was determined by 
polymerase chain reaction (PCR) using specific primer for (16srRNA, TEM) genes. 
   The antimicrobial activity of flax (Linum usitatissimum) seed oil has been studied and showed 
significant antimicrobial activity against all tested bacterial isolates of E.coli. which indicates that 
the substance used under study had a significant effect on reducing the gene expression of the 
antibiotic resistance gene. 
Keywords: urinary tract infection (UTI), Escherichia coli, blaTEM, flaxseed oil.  
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Introduction 
     Escherichia coli is bacilli that are gram-negative live facultatively. It is the primary facultative 
flora with no harmful effects on healthy people in the human intestine..   ]1[ . The commensal E. coli 
bacteria, which is present in both the human and animal digestive tracts,contributing to the growth 
of commensal gut flora's antimicrobial resistance,this affects both the decision to use antibiotics 
and the emergence of antibiotic resistance [2]. 
    E. coli is an opportunistic bacterium that lives in the gastrointestinal tract of a wide range of 
warm-blooded species. Nevertheless, due to its ease of spread in various ecosystems through the 
water, soil, food, and other sources, it has the potential to become harmful. [3,4]. It is also one of 
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the most researched bacteria in the world and is possibly the most well-studied model bacterium. 
[5]. 
    E. coli is a member of the Enterobacteriaceae family of facultative anaerobic, non-spore 
producing bacteria. It is a normal component of the gut flora of warm-blooded animals and humans 
[6]. Even though the majority of E. coli are benign commensal organisms[7], nany diseases can be 
brought on by various pathogenic strains.There are six pathogenic groupings, each with a unique 
set of virulence features and pathogenicity mechanisms. [8]. 
    The bacteria E. coli is seen as a sign of antibiotic resistance. These bacteria's strains are a 
significant contributor to bacterial illnesses.These strains are a substantial contributor to surgical 
site infections, newborn meningitis, nosocomial septicemia, and urinary tract infections in 
humans.. [9]. 
 
    Infectious diseases brought on by bacteria, viruses, and fungus continue to pose a significant 
threat to public health. Almost 90% of bacterial infections are thought to be antibiotic-resistant in 
Iraq [10].Finding alternate methods to combat bacterial infection has become urgently necessary 
due to the rise in multidrug-resistant pathogenic microorganisms. [11].  
    Scientists throughout the world are working on new antimicrobial agents as a result of the 
massive and quick spread of several germs that are resistant to various drugs.Researchers from all 
around the world have discovered a variety of phytochemicals that have inhibitory effects on a 
variety of bacteria in vitro. (12).  
    Linseed, sometimes referred to as flaxseed, is a useful herb from the Linaceae family. Flaxseed's 
Latin name is Linum usitatissimum (L. usitatissimum). (14).L. usitatissimum fixed oil shown 
effective antibacterial action against several microbial strains when compared to synthetic 
antibiotics as cefoperazone (15). 
    The seed of the flax plant, Linumusitatissimum L., a member of the Linaceae family, is known 
as flaxseed. The plant is not a recent development and is indigenous to the Mediterranean and West 
Asia [15]. 
   The flax plant is farmed for commercial purposes in more than 30 countries across the world and 
has a long history of use as a source of fiber and oil. Growing interest has been shown in the 
probiotic qualities of flax as well as its advantages over some types of cancer, neurological and 
hormonal diseases, and coronary heart disease. [16]. 
Fat, protein, and dietary fiber are all abundant in flaxseed. The chemical composition of flaxseed 
ranged from 30 to 40 percent oil, 20 to 25 percent protein, 20 to 28 percent total dietary fiber, 4 to 
8 percent moisture, and 3 to 4 percent ash. The oil also contains minerals, vitamins A, B, D, and 
E, as well as amino acids. 
Flaxseed is frequently categorized into one of several groups due to the presence of physiologically 
active food components that may offer health advantages above and beyond basic nutrition: 
"Endocrine active food," "functional food," and "bioactive food"’ [17]. 
    Secoisolariciresinoldiglucoside (SDG), a component of lignans that has several beneficial 
effects on human health, is abundant in flaxseed. SDG is well-known for having anticancer 
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characteristics that prevent cell growth and multiplication, particularly in breast and prostate 
cancer [18]. 
    SDG is an antioxidant, has antiviral, antibacterial, and antifungal effects, and has been 
demonstrated to improve immune system performance. Furthermore, flaxseed includes flavonoids, 
phenylopropanoids, and phenolic acids. [19]. 
    Latest research indicated flaxseed to be an effective anti-microbial agent. The phenolic 
substance in flaxseed caused bacterial DNA to break down and inhibited the gyrase function. The 
capacity of flaxseed lignans to bind to bacterial cell walls and prevent bacterial development is 
what gives them their antibacterial properties [20]. 
The purpose of the current study was to examine flaxseed oil's in vitro antibacterial and antibiofilm 
effects on E. coli bacterial isolates. 
Materials and Methods 
Samples collection 
   Two hundred and ten samples from patients with urinary tract infection (UTI) of all ages and 
both sexes were collected in sterile containers from Fallujah General Hospital, Ramadi Women's 
Hospital, and Ramadi General Hospital from the beginning of November 2020 until the end of 
February 2021. 
Bacteria Identification 
   All urine samples were cultured on MacConkey, Blood, and Eosin Methylene Blue (EMB) agar 
for 24 hours at 37°C The isolated bacteria were confirmed by biochemical tests and VITEK2 
system and 16srRNA  direct microscopic examination based on Gram stain, and standard 
biochemical tests. (21) 
Antimicrobial susceptibility test 
   The antibiotics susceptibility test was performed according to the Kirby-Bauer method and CLSI 
criteria by using the disk-diffusion technique  
Molecular Methods 
DNA extraction 
   Genomic DNA was extracted from E. coli isolates using the Promega kit and following the 
manufacturer's instructions (USA). The DNA concentration of the samples was determined using 
a Nanodrop Spectrophotometer (Thermo Scientific, USA). DNA bands detected by using Agarose 
gel electrophoresis technique (1% agarose), stained with ethidium bromide, and photographed 
under (UV) light (22). 
 
Polymerase chaine reaction technique 
Detection of 16s rRNA gene of isolated bacteria  
    A PCR analysis for the 16s rRNA gene was performed. Primers acquired from (Promega, USA). 
The primers listed below were used: 
5- GGA GGA AGG TGG GGA TGA CG -3 and 5- ATG GTG TGA CGG GCG GTG TG 3The 
16srRNA gene and the cycling conditions used in the PCR assays have previously been described 
(23). 
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    The PCR was started with a heat denaturation cycle at 94°C for 5 min, followed by 30 cycles of 
heat denaturation at 94°C for 60 sec, primer annealing at 60°C for 60 sec, DNA extension at 72°C 
for 60 sec, and a final cycle of exertion at 72°C for 5 min. The PCR products were separated on a 
1.5% agarose gel, stained with ethidium bromide (1 g/ml), and imaged under ultraviolet light.  
 
Detection of the presence of blaTEM-1 β-lactamases 
    A PCR analysis for the TEM b-lactamase gene was performed. Primers acquired from (Promega, 
USA). The primers listed below were used: 
5- ATC AGC AAT AAA CCA GC-3 and 5- CCC CGA AGA ACG TTT TC-3The blaTEM gene 
and the cycling conditions used in the PCR assays have previously been described (24). 
The PCR was started with a heat denaturation cycle at 95°C for 5 min, followed by 35 cycles of 
heat denaturation at 95°C for 60 sec, primer annealing at 55°C for 60 sec, DNA extension at 72°C 
for 60 sec, and a final cycle of exertion at 72°C for 5 min. The PCR products were separated on a 
1.5% agarose gel, stained with ethidium bromide (1 g/ml), and imaged under ultraviolet light. 
 
Detection of the presence of blaCTX-M β-lactamases 
    A PCR analysis for the CTX-M b-lactamase gene was performed. Primers acquired from 
(Promega, USA). The primers listed below were used: 
5- GCG TGA TAC CAC TTA ACC TC -3 and 5- TGA AGT AAG TGA CCA GAA TC -3,  bla 
CTX-M gene and the cycling conditions used in the PCR assays have previously been described 
(25). 
The PCR was started with a heat denaturation cycle at 95°C for 5 min, followed by 35 cycles of 
heat denaturation at 95°C for 30 sec, primer annealing at 54°C for 40 sec, DNA extension at 72°C 
for 45 sec, and a final cycle of exertion at 72°C for 10 min. The PCR products were separated on 
a 1.5% agarose gel, stained with ethidium bromide (1 g/ml), and imaged under ultraviolet light. 
  
Extraction of flaxseed oil 
     The oil was extracted by placing  75 grams of dry vegetable powder in a thimble and placing it 
in the extraction device (Soxhlet) with 500 ml of hexane (n-hexane), and the extraction process 
was repeated for a total of 15 min (7 hours). The hexane was then separated via distillation, and 
the oil was stored until use (22). 
 
Identifying the active ingredients in the flaxseed oil: 
    After extracting the oil from flaxseed in Baghdad's Ministry of Industry laboratories, the oil 
components were identified using gas chromatography-mass spectrometry (GC-MS).  
 
Determination of the minimum inhibitory concentration (MIC): 
     The Resazurin Microtiter-plate Assay (REMA) was used to determine the MIC of flaxseed oil 
after a few minor adjustments. Under aseptic conditions, 100 µl of Mueller-Hinton Broth (MHB) 
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was poured into each well of a microtiter plate, and 100 l of the substance test (flaxseed oil, 1%) 
was then added to the first row of the 96-well plates. 
    To perform serial dilutions, 100 µl of the material test was pipetted from the first row to the 
other rows in sequentially decreasing concentrations (1/2, 1/4, 1/8, 1/16, 1/32, and 1/64). Each 
well was given 10 µl of a bacterial suspension with 1× 108 CFU/ml. Para-film and incubated at 
35°C for 18-24 hours . 
Following the initial incubation, each well received 10µl of resazurin solution (Alamar blue), and 
the plate was incubated for another 24 hours to observe the color change . 
    The color changes of Resazurin were used to visually examine the data; shifts from purple to 
pink, red, or colorless were considered positive changes . 
As the MIC value and sub-MIC, the lowest concentration at which the resazurin's color did not 
change, were chosen with a few minor tweaks, the Resazurin Microtiter-plate Assay (27). 
 
Results and Discussion 
Isolation and identification of E.coli 

All urine samples were Cultured on different media (MacConkey agar, Blood agar and EMB) 
was done for primary diagnosis show that E. coli grew well on blood agar media formed opaque 
creamy colonies with B-hemolysis on MacCnkey agar, E. coli isolates formed circular, smooth 
colonies with pink color as indicator for lactose fermentation and greenish metallic sheen on EMB 
agar due to the amide bonding of the dyes in an acid condition. As shown in figure 1. A, B, C, D,E. 

 

 

 
                C.Colonies on the blood base agar.             D .Colonies on the XLD agar. 
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                                                  E .Colonies on the S.S agar. 
Figure (1) A, B, C, D, E: E.coli on different culture media after a period of 18h of incubation at 
37ºC. 
    For further identification, all 20 isolates were identified using the VITEK 2 system, which 
provided accuracy and reliability in identification of E.coli bacterial isolates. The Vitek 2 system 
improves diagnosis confirmation and, as the most recent device in diagnosis, contains a large 
number of biochemical tests totaling 64 test results (21), (28). It was discovered that the results of 
the culture method are identical to the results of the Vitek 2. 
Antibiotic susceptibility test 

Bacerial isolates were tested  from UTI patients for 14 antibiotic discs from different kinds 
of antibiotics 60 of E. coli strains in mostly resistance to Cefuroxime 60(100%), Gentamicin 
56(93.3%), Ampicillin/Sulbactam 55(91.7%), Ceftazidime 60(100%), Ceftizoxime 60(100%), 
Cefotaxime 60(100%), Tetracycline 60(100%), Aztreonam 57(95.0%), Amoxicillin-clavulanic 
acid 57(95.0%), Cefazolin 57(95.0%), Cefoperazone 58(96.7%), Cephalothin 53(88.3%), Co-
Trimoxazole 54(90.0%), and Vancomycin 56(93.3%). 

By using disc diffusion method on Muller Hinton agar according to the recommendation 
(29). and it was found that isolates had varying levels of resistance to different antibiotics. Figure 
2. 

 
 

Figure 2: Antibiotic resistance of E. coli 
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    In the present study have been found be that most anibiotics was effective which is consistent 
with the finding of many previous studys (30).  

    These bacterial isolates have more than one method of resistance, and that this mechanism is 
either by manufacturing broad spectrum beta-lactamase enzymes or by inhibiting the entry of the 
antibody into the cell.These enzymes prevent the activity of penicillin and cephalosporin families 
from working by destroying the -lactam ring. A change in the permeability of the bacterial cell's 
outer membrane, the presence of efflux pumps, efforts to shift the target, or the use of external 
flush systems for the antibiotic are additional reasons of resistance.  (31). 
      Since the usage of these antibiotics will work to kill the bacterial isolates surrounding the 
biofilm but cannot reach and destroy those inside this membrane, these bacterial isolates will be 
kept and from it reactivate and work on one of the infections. (32).It is possible that the frequent 
use of therapies, which results in the emergence of resistance through the possession of 
mechanisms and mechanics of resistance by bacteria, as well as the occurrence of genetic 
mutations, is the true cause of resistance rather than the biofilm. (33) 
     These results agree with  local results reached by (34),which showed that the percentage of 
bacterial isolates resistant to antibiotics was 100%, and also agrees with the results reached by the 
researcher (35) in Egypt, if the percentage of antibiotic-resistant bacterial was 96.77%. While the 
current results did not agree with the findings of the researcher  Ramírez‑Castillo et al., 2018, the 
percentage of bacterial isolates resistant to antibiotics 63.3%. 
Numerous studies have demonstrated that patterns of resistance to these organisms can differ 
significantly between hospitals, nations, and continents, and that geographic variability in the 
incidence of pathogens in UTIs is constrained by the predominance of Gram-negative, typically 
Enterobacter and especially Escherichia coli, in different regions of the world (36). 
Molecular Methods 
Genomic DNA Extraction  
    The DNA was extracted from the bacterial isolates and diagnosed using the extraction kit 
processed by Promega/USA. The concentrations of the DNA ranged between 40-160 ng/μl, and 
its purity ranged between 1.5-1.9 depending on the reading of the UV absorption using the 
Nanodrop device.  
    The presence of DNA in the isolates under study was also confirmed by agarose gel preparation 
and DNA loading before use as a template in the PCR reaction. The isolates were run off on 
agarose gel at a concentration of 1% at 50 volts for 30 min. followed by gel examination after 
staining with ethidium bromide under ultraviolet light and gel images as shown in figure (3).  
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Figure (3): Genomic DNA from bacterial isolates was electrophoresed in 1% agarose gel at 
50 V/cm for 30 min, stained with ethidium bromide, and then seen under ultraviolet light. 
Detection of 16s rRNA gene of bacteria  
     In order to detect the presence of 16srRNA gene 241bp of E.coli bacteria, polymerase chain 
reaction for each extracted DNA sample has been done. The PCR products were confirmed by the 
analysis of bands with gel electrophoresis and by comparison of bands molecular size with DNA 
Ladder of 100 bp. The results of PCR reaction for 16srRNA gene shown in Figure (4). 60 clinical 
samples were identified as E.coli bacteria which confirmed the results obtained from the VITEK2 
system. 
 

 
 
Figure 4: Gel electrophoresis of PCR products for the gene 16srRNA (241 bp).  Agarose 1.5 
%, 70 V/cm for 120 min, stained with ethidium bromide dye and visualized on a UV 
transilluminator. Lane M: 100bp DNA ladder; lanes 1-8: E. coli isolates. 
 
Detection of ESBL gene by PCR 
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     All 60 isolates ESBL-producing E. coli were subjected to PCR to detect the blaTEM gene. The 
amplified PCR products for the blaTEM gene exhibited a predicted band of 516 bp, figure (5),(6).  

 
Figure 5 : Gel electrophoresis of PCR products for the resistance gene blaTEM (516 bp).  
Agarose 1.5 %, 70 V/cm for 120 min, stained with ethidium bromide dye and visualized on a 
UV transilluminator. Lane M: 100bp DNA ladder; lanes 1-5: E. coli isolates. 

 
Figure 6 : Gel electrophoresis of PCR products for the resistance gene blaCTX-M (260 bp). 
Agarose 1.5 %, 70 V/cm for 120 min, stained with ethidium bromide dye and visualized on a 
UV transilluminator. Lane M: 100bp DNA ladder; lanes 1-4: E. coli isolates. 
 
Flaxseed oil's impact on bacterial isolates: 
     The flaxseed oil was extracted by the extraction device (Soxhlet) (37), at the laboratories of the 
Ministry of Industry in Baghdad, the oil components were identified using gas chromatography-
mass spectrometry (GC-MS). as shown in figure (7). 
The main compounds in flaxseed oil were (Tannins, carbohydrates, Glycosides, Resins, 
Flavonoids, Saponin, AlKaloid, and Coumarins) this results match with what  Joshi et al. (38) 
reached, as shown in table (1). 
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Figure (7): GC-MS analysis of flaxseed oil   
 
Table (1): Active Compounds of Flaxseed oil . 
 

 Compounds 
1 Tannins 
2 Carbohydrate 
3 Glycosides 
4 Resins 
5 Flavonoids 
6 Saponin 
7 AlKaloid 
8 Coumarins 

 
    Linseeds have high antibacterial activity against bacteria, according to Kaithwas et al. (39), 
although it relies on storage conditions, extraction techniques, and concentration.  
Mathkhury et al.  (40) studied the effects of flaxseed oil's as antibacterial and antibiofilm properties 
on a few bacterial pathogens. Various negative impacts were created for Methicillin resistant S. 
aureus (MRSA), methicillin sensitive S. aureus (MSSA), K. pneuminae and S. epidermidis.  
 
In comparison to Gram positive bacteria, lignan extracts were discovered to be the most efficient 
antibacterial agents. Gram negative bacteria had MICs that varied from 224 to 366 μg/ml (41). 
 
Inhibitory activity of flaxseed oil on β-lactamase E. coli 
The results showed that flaxseed oil inhibited - Lactamase E. coli, as shown in figure (8). 
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Figure (8): Flaxseed oil resistance of E. coli 
     
    Because of their constituents, essential oils have varying antimicrobial activities. Numerous 
studies have linked flaxseed's antibacterial properties (such as SECO or anhydrous-SECO) to the 
presence of natural polyphenols in general, glycosylated lignans (such as SDG or SMG), and 
aglycones in particular (42).  
 
Determination of Minimum Inhibitory Concentration (MIC) and (sub-MIC) of Flaxseed oil 
by using (REMA) method  
    REMA is distinguished by its simplicity, affordability, quickness, efficiency, and dependability. 
It is a colorization technique based on the oxidation and reduction of resazurin and used to test the 
susceptibility of bacteria, medicines, and antibiotics. The blue reduction pigment (Resazurin), 
which is frequently employed as an indicator to assess bacterial growth in a little amount of 
solution in microliter-plates without the need for a spectrophotometer, is non-toxic to cells in the 
media (43). 
Table (2) in this study displays the results of the MIC of flaxseed oil for the growth of isolates of 
E. coli that produce ESBLs. 
 
   Figure (9) displayed the MIC values of flaxseed oil. The blue color indicates that the oil inhibited 
bacterial growth by not lowering resazurin, whereas the pink and red colors were caused by the 
bacteria's conversion of resazurin to resorufin. . 
Because phenolic chemicals in flaxseed oils disrupt the cytoplasmic membrane, the proton motive 
force, the flow of electrons, active transport, and the coagulation of cellular contents, flaxseed oils 
have the power to impede growth (44). 
Table 2: The MIC of Flaxseed oil for the growth of E. coli-producing ESBLs isolates. 

No. of isolate 
Minimum Inhibitory Concentration 
(MIC) Flaxseed oil (Titer) 

Sub (MIC) 
Flaxseed oil (Titer) 

E. coli 1 1 2 
E. coli 2 1 2 
E. coli 3 2 3 
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Figure 9 : Effect of  Flaxseed  oil on E.coli growth. Where the numbers on the top  show the 
Flaxseed oil concentrations from 1/2 to 1/256, and the numbers at the left indicate to the 
number of an isolate.  
 
     Therefore, our results suggested that oil of Flaxseed exhibited strong biological activities . It is 
a potent inhibitor of E.coli-producing ESBLs isolated from  patients with UTIs and subsequently 
lead to discovery of medical plant –based therapeutic products. 
 
Real time PCR Quantification of TEM gene Expression of E. coli 
      Gene expression was quantified by using technique for the qRT-PCR of TEM gene in E. coli. 
Which showed strong antibiotic resistance and strong biofilm formation.  
This gene plays an important role in their resistance to antibiotics and the formation of biofilms of 
these bacteria.The results showed a clear effect of flax oil on this gene by examining the amount 
of its temporal expression. as shown in figure (10), (11). 

 
Figure 10: RT-qPCR results showed TEM gene expression of E.coli 
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Figure 11: TEM Melting curve by qPCR. 
Table 3: Quantitative measurement of gene expression of TEM gene of E. coli bacteria using 
qRT-PCR technique. 

Fold 
gene 
expression 

experimental 
group/ control 
group 

Δ CT-2 Δ CT 
H.K 
gene 

TEM 
gene 
CT 

 

0.31 0.2570/0.8066 0.2570 1.96 20.21 22.17 A.T.S 
0.38 0.3120/0.8066 0.3120 1.68 21.50 23.18 A.T.M 
1 0.8066/0.8066 0.8066 0.31 22.01 22.32 B.T 

-- -- -- 
1.00 
N.S 

0.932 
N.S 

0.985 
N.S 

P-value 

    
  Table (3) shows the effect of flaxseed oil on the gene expression of the antibiotic resistance gene 
TEM gene in E. coli bacteria. The results indicated that there were significant differences for the 
treatments Compared to control where the gene expression results for the two concentrations (1/2, 
1/4) were (0.31, 0.38) respectively, compared to the gene expression of the control, which indicates 
that the substance used under study had a significant effect on reducing the gene expression of the 
antibiotic resistance gene. 
      The reason may be due to several factors, including the effect of the substance on the 
reproduction process or the effect of the substance on the translation process. Also, the reason may 
be due to the effect of the substance on one of the ribosome units . 
      The results of gene expression indicated that flaxseed oil has an effect on bacterial species, and 
these results are consistent with both (Harith., 2016), (45). Zheng et al., 2005). 
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