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Abstract  
 

Background: Proteus mirabilis isolates are nosocomial bacteria that increase the incidence of multidrug-resistant 

infections in immunocompromised patients. The garlic genus belongs to the Allium family, and its cultivation is widespread 

throughout the world. The study aimed to evaluate the efficiency of garlic extract against different strains of P. mirabilis 

that can products biofilms and carry genes such as blaCTX-M.  and pm1 genes. Method: Sixty three specimens were 

collected from identified patients' UTI from Al-nasiriyah general hospital between September and December 2023. Using 

microbial culture methods, the samples were cultured, and using Biochemical and VITEK system tests, the P. mirabilis 

isolates were diagnosed and confirmed. Results: Out of a total of 63 specimens isolated from UTI patients, there were 11 

bacterial isolates, and the results of the garlic extract were against the bacteria. 3 isolates were susceptible, and only two 

isolates were moderately sensitive at a concentration of 100%, three isolates were sensitive at a concentration of 75%, and 

only two bacterial isolates, one of which was moderately sensitive and the other resistant, respectively. It was noted that 

most of the bacterial isolates carried the blaCTX-M gene. While all isolates were able to produce biofilms using sterile 

polystyrene 96-well microtiter plates. In addition, all bacterial isolates carried the pm1 gene. 
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INTRODUCTION 
Antibiotics, when used repeatedly, can lead to 

an increase in the resistance of microorganisms in many 

patients, especially those suffering from urinary tract 

infections, and this can be affected by the surrounding 

environment. There has been increasing interest in 

natural plant extracts because they contain insecticidal 

activity against pathogenic bacterial organisms, 

especially urinary tract bacteria, and this is considered an 

alternative to treatments that are beneficial for patients 

with urinary tract infection  (Vijayalakshmi, 2023) (Yap, 

P.S.et al.,2014). The UTI that have been studied are often 

caused by many bacterial species, such as Escherichia 

coli, Psedomonas aeroginosa, and Staphylococcus 

aureus. But UTI caused by Proteus mirabilis pose major 

health challenges because the bacteria possess many 

virulence factors, such as fimbriae, which enable them to 

colonize the bladder mucosa and interact with epithelial 

cells. Proteus mirabilis bacteria also possess many 

genetic factors, such as genes important in the formation 

of biofilms and beta-lactam genes that Antibiotics break 

down (Yuan et al., 2021). Garlic extract is the most 

important type used in traditional medicine to treat many 

diseases, including, chills, even influenza, and body 

aches such as muscle and fever. Biofilms can bind to 

bacteria and are considered one of their most important 

virulence factors. P. mirabilis has the ability to produce 

biofilms and thus develop resistance against unnatural 

factors in the environment. P. mirabilis requires factors 

that enable it to live in the environment away from 

environmental complications (Alyasari et al., 2018) 

(Wasfi et al., 2020). There are many naturally active 

mechanisms in garlic that play an important in treating 

many bacterial disease. It comprises many sulfur 

composites such as ajoene, allylmethyltrisulfide, 

dilyltrisulfide, dilyldisulphide and others that can give 

multiple biological properties such as antimicrobials. 

The antimicrobial effectiveness of garlic extract is 

achieved by increasing the concentrations of the extract, 

the area of inhibition of bacteria is larger, and this is a 

natural phenomenon that leads to its killing )Fufa  B. K. 

2019   (  . It is difficult to find a recognized and proven 

method to eliminate biofilm growth without causing 
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many negative side effects. Increased resistance of 

biofilms to some antidote drugs. It is necessary to search 

for useful, safer, and more environmentally friendly 

alternatives to antibiotics and chemical additives, 

especially with the development of botanical medicine. 

Antimicrobials extracted from plants are known and 

widely studied by researchers because of their long use 

and proven health benefits in treating many diseases. 

(Onsare, J. G., &Arora, D. S. 2015). 

  

METHODS AND MATERIAL 
Specimens collection and bacterial growth: 

Sixty three specimens were collected from 

identified patients' UTI from Al-nasiriyah general 

hospital between September and December 2023. P. 

mirabilis were also identified by biochemical tests and 

were confirmed to be P. mirabilis using of VITEK 

system, gram stain, was also used, and the characteristics 

on the plate were based on bacterial growth on CLED 

agar, MacConkey agar and characteristic 

morphologically the non-lactose fermenting growth as 

well as was feature the swarming, (Shaaban et al., 2020). 

  

Preparation of crude extract: 

Garlic plants were collected from local markets, 

then washing and clean by water. Then it was dehydrated 

by temperature at room, and using a blender, the garlic 

plant was ground into powder. Then, one hundred grams 

(100 grams) of nitrate powder was extracted using a 

Soxhlet device for 8 hours with 500 ml of 70% ethanol. 

The extracts were filtered using filter paper and then the 

filter was evaporated at 40 degrees Celsius using a low-

pressure rotary evaporator. After that, the extracts were 

stored at 4 degrees Celsius in sterile vials to be used to 

prepare 150 mg/ml. From each extract (Abaas et al., 

2022).  

 

The agar-diffusion test for extract:   

The Okeke agar-well the technique used to test 

the effectiveness of the extract against bacteria, as 

Mueller-Hinten's medium was used to grow the bacteria 

for a period of 24 h. in the incubator 37°C. The bacteria 

were grown on the medium containing wells with a 

diameter of 6 mm. We put different concentrations of 

garlic plant extract in these wells, then left the dishes for 

10 min. to give the extract room to spread, and then the 

dishes planted with bacteria were incubated. There is a 

negative control, such as distilled water with 20% 

DMSO, and another positive control 0.2% ciprofloxacin 

(Jain et al., 2015). 

 

Formation of biofilm: 

For the purpose of determining the ability of 

bacteria to produce biofilms, the capacity of the wells of 

a 96-well microtiter plate was used. Polystyrene 96-well 

microtiter plates. The plate was incubated for 48 hours at 

37°C in 200 μl of t the broth of bacteria. We removed 

unbound bacteria with saline solution while washing all 

wells. After that, we placed 200 μl microliters of 1% 

crystal violet solution in each well for 15 min. then, all 

the holes were washed three times with 200 μl of sterile 

solution. At 540 nm, we measured the absorbance 

through an ELISA reader after which 200% of alcohol 

was extracted, the crystal violet color of the films was 

extracted (Kazim and Khader 2021).  

 

Molecular methods: 

According to the instructions in the Genomic 

DNA Mini-Kit, DNA was extracted. After that, a PCR 

was done to amplify the blaCTX-M genes and the pm1 

gene. The total PCR volume was 20 μl and included 5 μl 

of the bacterial DNA and 0.5 μl primers. We used a 

thermal cycler during the reaction and amplification 

(Burrell et al., 2011). Sequence of primers in a table 1. 

The volume of reaction for the blaCTX-M gene was 20 

μl and that for the pm1 gene was 25 μl, and the 

amplification schedule included three cycles of 

annealing at 95°C for 45 seconds, extension at 72°C for 

50 seconds, and extension. Final. at 72°C for 10 minutes 

(Hamid et al., 2020) (Allawi & Motaweq 2021). 

 

Table 1: size and sequence for primers used for genes amplification 

Genes   Sequence of primer  Size of gene bp. References  

blaCTX-M 

 

F: CGC TTT GCG ATG TGC AC 

R: ACC GCG ATA TCG TTG GT 

550 Hamid et al., 2020 

pm1 F: GGATCATCTATAATGAAACTG 

R: CTGATAATCAACTTGGAAGTT 

563 Allawi & Motaweq 2021 

 

RESULT 
A total of 63 UTI samples were tested, and 

eleven Proteus mirabilis isolates were found. The results 

revealed 4 of the isolates tested were susceptible. While 

there were 7 resistant isolates, Plant extracts have been 

shown to be the effectiveness increases, which leads to 

inhibition of bacterial growth, noting that 

microorganisms are affected whenever  the higher dose 

concentration (100 mg\ml) table 2 figure 2. Also, all P . 

mirabilis isolates were able to production biofilms 

(100%). Using sterile 96-well microtiter plates figure 1, 

eight P. mirabilis produced robust biofilms, while 2 

isolates produced intermediate biofilms and one isolation 

was weak. There were nine isolates that contained the 

blaCTX-M gene and produced MBL, while two isolates 

produced moderate biofilms and one isolation was weak 

biofilm production. There were nine isolates containing 

the blaCTX-M gene. All bacterial isolates carried the 

pm1 gene figure 3. 
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Table 2: The effect of garlic extract on P. mirabilis 

The concentration of Garlic extract  Proteus mirabilis  

 

 

 100mg /ml  75 mg/ml 50 mg /ml  25 mg/ml 

3 \ 10 1 \ 9 - - Number of sensitive / mm 

1/ 11 2\ 6  1 / 3 - Number of moderate / mm 

- 1/ 0 1/ 0 - Number of resistance  

 -Ve: DMSO 20% + Ve: ciprofloxacin   Control  

 

 
Figure 1: microtiter plate 96-well polystyrene for biofilm formation by P. mirabilis tested 

 

 
Figure 2: PCR amplification of blaCTX-M gene 550 bp. for P. mirabilis (L: 1500 bp) DNA ladder. (lanes: 1- 11) 

PCR product from blaCTX-M gene 

 

 
Figure 3: PCR amplification of pm1 gene 563 bp. for P. mirabilis (L: 1500 bp) DNA ladder. (lanes: 1- 11) PCR 

product from pm1 gene 

 

DISCUSSION 
The emergence of antibiotmicrobial-resistant 

bacteria is a health problem that must be eliminated 

because it threatens the public health of society. There 

must be an alternative, as plants contain substances that 

fight bacterial infections, and this is considered an 

alternative source of medicines and antibiotics. This 

study observed the inefficiency of garlic extract against 

of the biofilm-production Proteus mirabilis a identified 

antibiotics resistant bacteria. Plants play an important 

role in continuing the health of a community and 

improving its quality of life. (Lionel et al., 2020). 

 

The study aimed to investigate the inhibitory 

effect of garlic extract concentration on P. The data 

showed that the response was dependent on the dose or 

concentration, with an extract concentration of 100 

mg/ml being new helpful. By measuring the zone of 

inhibition of the plant extract, we determined its effect, 

and this gave a clear result, as the highest concentration 

of the extract 100  mg\ml is considered to have the 
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greatest effect of inhibiting microbial growth, and this 

reflects the importance of the plant extract in getting rid 

of disease and killing bacteria (Kubba et al., 2021)  

 

This study showed that garlic extract has an 

inhibitory effect on P.  mirabilis This results from the 

interaction of garlic extract with important factors for 

bacterial growth and the production of unfavorable 

conditions that stopped their growth and led to an 

increase in the inhibition zone  . The result is consistent 

with some studies recorded by by (Al-Defiery et al., 

2021) and (Petropoulos et al.,2018), which stated that 

garlic plant extract  meddling with quorum sensing and 

differ with study reported by (Alyasari et al., 2018). 

 

This study demonstrated that biofilm 

production using phenotypic examination was 100% of 

all biofilm-producing bacterial isolates. They also all 

carried the pm1 gene, and this result is consistent with 

the investigation conducted by (Allawi and Motawaq 

2021) and the percentage was 100%. There was a high 

level of agreement on the phenotypic and genotypic 

patterns of biofilm-producing bacteria  The result was 

also close to a study conducted by  (Hussein  et al., 2020). 

This study found that the blaCTX-M gene is present in 9 

isolates, at a rate of 81%, and these results are close to  

(Musa et al., 2019). But in contrast to the results recorded 

by (Shabeeb et al., 2017), where the result was 44.74%. 

and the result in this study differ with results reported by 

(Tamma et al., 2021).  

 

CONCLUSION 
The study concluded that the garlic extract 

presented a significant inhibitory consequence on both 

the susceptible and moderately resistant P. mirabilis 

associated with specimen isolated from urine sample 

which could emphasized the role of the dietary 

supplement of garlic to reduce antibiotic resistant strain 

in the community acquired infections. In addition, 

Proteus mirabilis biofilms be apt to production high 

metallo-beta-lactamase on a regular basis, which can 

further contribute to antibiotic resistance.  
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