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Abstract 

This study aimed to investigate the effects of Plantago ovata plant extract on the 

expression of beta-lactamase-producing genes in multidrug-resistant (MDR) K. 

pneumoniae isolates. This study was conducted on 50 samples of COVID-19 patients 

admitted to the intensive care unit of respiratory hospitals. K. pneumoniae isolates were 

identified using standard biochemical tests, culturing, and Gram staining. The antibiotic 

susceptibility profile of isolates was determined using the micro broth dilution method. 

Then, P. ovata extract was prepared and its effects on the expression of MDR K. 

pneumoniae genes were evaluated. Totally, 50 samples were collected from 50 patients 

(25 males and 25 females, 58 ± 2.2 years of age) with COVID-19 infection. Thirty K. 

pneumoniae strains, 4 K. oxytoca strains, 2 K. mobilis strains, and 2 strains of K. 

rhinoscleromatis were isolated here. Gentamicin and chloramphenicol did not affect the 

strains and piperacillin/tazobactam was the most effective antibiotic. CTX-M15, OXA-

48, and OXA-181 genes were detected in 29 (96.6%), one (1.66%), and one (1.66%) K. 

pneumoniae strains, respectively. The minimum inhibitory concentration of P. Ovata 

was 3.125 μg/ml for the isolated bacteria, and the extract significantly downregulated 

OXA-48 and OXA-181 genes (p<0.005, CI=95%). P. ovata extract showed antibacterial 

effects on MDR species of clinically isolated K. pneomoniae. Downregulation of beta-

lactamase enzyme-producing genes can be considered as the possible mechanism action 

of antibacterial effects of the plant. 
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Introduction 
Klebsiella pneumoniae is a non-motile, Gram-

negative, lactose-fermenting encapsulated opportunistic 

pathogen that frequently causes urinary tract infections 

and pneumonia in immunocompromised individuals. 
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This bacterium, after Escherichia coli, is the most 

common cause of sepsis caused by Gram-negative 

bacteria and nosocomial infections [1-4]. Recent studies 

have shown that the global spread of multidrug-resistant 

(MDR) species of K. pneumoniae is of great concern. 

The Increasing use of antibiotics for therapeutic 

purposes in medicine and veterinary medicine, poultry, 

aquatic breeding, and agriculture, and the mechanisms 

of antibiotic resistance gene transfer have led to high 

selective pressure and thus the selection and spread of 

pathogenic MDR bacteria. “Klebsiella” species carry 

chromosomal and plasmid genes that play a major role 

in the virulence, resistance, and invasion of this 

microorganism [5]. Beta-lactamases are a family of 

hydrolytic enzymes that hydrolyze beta-lactam 

antibiotics to convert them into derivatives without 

antibacterial activity. Beta-lactamases are the main 

defense of Gram-negative bacteria against beta-lactam 

antibiotics [6]. By breaking down the beta-lactam ring 

in penicillin and cephalosporins, these enzymes 

inactivate them and protect the bacteria from the 

damaging effects of these drugs during the treatment 

process. Recently, new beta-lactamase enzymes, such as 

OXA-48, OXA-181, and CTX-M-15, have been 

identified in some bacteria, especially Klebsiella 

species, which cause bacterial resistance to many 

antibiotics such as penicillin’s, carbapenems, 

aminoglycosides, macrolides, and sulfamethoxazole [7]. 

The gene that produces this enzyme is located on 

plasmids and can be transferred from one bacterium to 

another. Chromosomal beta-lactamases are located on 

specific species of bacteria, while plasmid beta-

lactamases are more diverse and are transmitted 

between different species [8].  

Studies have shown that genetic testing can increase 

the chances of treatment because some pathogens 

containing these genes may be mistakenly detected or 

not noticed in routine laboratory tests, and this can lead 

to the administration of ineffective antibiotics and 

spread and develop more resistant pathogens [9]. In 

addition, rising antibiotic resistance and side effects of 

chemical-based drugs have prompted scientists to use 

natural resources to replace these drugs [10]. Plantago 

ovata, also known as blond plantain, belongs to the 

Plantaginaceae family and is one of the most important 

native medicinal plants in Iran and various countries 

[11]. It has about 250 species, and compounds of 

benzoic acid, caffeic acid, fumaric acid, and ascorbic 

acid, and organic acids have been identified in its seeds. 

This genus has a global distribution and has long been 

used therapeutically in infections, as previously reported 

[12]. Today, the COVID-19 pandemic is the main issue 

of the health community that has led to the admission of 

many people to intensive care units (ICUs) around the 

world, with more than 5,000 ICU-admitted patients 

reported in August 2021 throughout Iran. As no 

definitive cure has yet been discovered for the disease, 

various treatment regimens are prescribed for patients, 

including immunosuppressive drugs, to prevent 

cytokine storm [1]. Weakening of the immune system 

with drugs, such as prednisolone and dexamethasone, as 

well as the use of ventilators can make patients more 

susceptible to infection with microorganisms. On the 

other hand, previous reports show that approximately 

75% of COVID-19 patients receive broad-spectrum 

antibiotics. There are several reports of the prevalence 

of antibiotic resistance in these patients [4,3]. This study 

aimed to investigate the effects of P. ovata extract on 

emerging beta-lactamase genes in MDR K. pneumoniae 

strains isolated from clinical specimens of COVID-19 

patients. 

 

Materials and Methods 
Isolation of Klebsiella strains 

This study was conducted on samples of 50 patients 

admitted to ICUs of three respiratory hospitals (Shariati, 

Imam Khomeini and Masih Daneshvary) in Tehran 

municipal. These samples were collected from patients 

suspected of secondary bacterial infection and referred 

to the hospital laboratory. Bacteria were isolated and 

identified using cultures and standard biochemical 

analyses. The samples were first cultured on Hektoen 

enteric agar selective medium and incubated at 37 °C 

overnight. The media were then examined and yellow 

colonies suspected of Klebsiella species were cultured 

on TSI, urease, MRVP, arginine decarboxylase, lysine 

iron agar, ornithine decarboxylase, and Simon citrate 

mediums. Following confirming the existence of 

Klebsiella species using the methods determined by 

CLSI, their antibiotic susceptibility pattern was 

determined by the Kirby Bauer method [13].  

 

Pulsed-field gel electrophoresis 

Pulsed-field gel electrophoresis (PFGE) was 

performed for molecular typing of the isolated K. 

pneumoniae strains according to Elahi et al. [14]. 

Genomic DNA was extracted using a bacterial DNA 

extraction kit (QIAamp, Germany) and digested with 

20U XbaI (Fermentas, Lithuania) restriction enzyme at 

37 °C for 4 h. The fragments were then separated in 2% 

agarose gel using a CHEF-DRIII (Bio-Rad, USA), 

visualized under UV light after staining with Erythrogel, 

and the data were analyzed using Gelcompar II (Applied 

Maths, Belgium). PFGE dendrogram was generated 

using the MEGA 7 software with the unweighted pair-

group method and the Dice coefficient. 
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Antibiotic susceptibility profile 

The pattern of antibiotic susceptibility in Klebsiella 

strains was determined using a modified disk diffusion 

method against antibiotics [15]. Klebsiella species with 

turbidity following 0.5 McFarland standards were 

cultivated by a sterile cotton swab in Müller-Hinton 

agar (MHA) medium with 2% NaCl. Then, antibiotic 

discs (Padtan teb, Iran) were placed on the surface of 

the medium and incubated at 37 °C overnight. MDR 

strains were then determined according to the guidelines 

of the Centers for Disease Control and Prevention 

(CDC). 

 

Multiplex PCR study 

For molecular investigation and determining the 

presence of CTX-M15, OXA-48, and OXA-181 genes in 

the strains, their whole genome was extracted using a 

special kit (QIAamp, Germany). The quantity and 

quality of extracted DNA were confirmed by a 

spectrophotometer (Nanodrop, Thermo Fisher 

Scientific, USA). The purity of DNA was determined by 

determining the optical density (OD) ratio at 260-280 

nm (1.5-2), indicating proper purification of the DNA-

containing solution. Following quality confirmation by 

Nanodrop (Eppendorf, Germany), specific primers for 

target genes were designed by Gene runner software and 

blasted on the NCBI website to confirm specificity 

(Table 1). The strains harboring CTX-M15, OXA-48, 

and OXA-181 genes were detected by the multiplex-

PCR test. PCR reaction was performed in a 

thermocycler (PEQ STAR, Germany) under the 

following conditions: initial denaturation step at 95 °C 

for 5 min and 35 cycles, including denaturation at 94°C 

for 30 seconds and primer binding at 55 °C for 30 

seconds. The amplification step was performed at 72 °C 

for 1 minute; after 35 cycles, the final amplification step 

was carried out at 72 °C for 10 min. DNA fragments 

were separated by electrophoresis on 2% agarose gel in 

the presence of positive and negative controls and 

stained with GelRed® Nucleic Acid Gel Stain. 

 

Preparation of P. ovata extract 

Fresh P. ovata seeds were diagnosed by an expert in 

the realm of botany and collected in late spring from the 

mountains around Tehran (Iran). Plants were cleaned, 

washed, and dried in a dark and dry room. The dried 

seeds were pulverized by an electric mill. Then, 2000 g 

of the seed powder was mixed with 500 ml of distilled 

water and 96% ethyl alcohol (50:50), kept in the dark 

for 2 days, and shaken daily for 20 min. Erlenmeyer 

contents were then filtered through filter paper. The 

filtered liquid was extracted using a rotary evaporator at 

50 °C in a vacuum and placed at 40 °C to evaporate 

water and alcohol. Different concentrations (10, 20, 40, 

and 80 mg/ml) of the hydroalcoholic extract of P. ovata 

were prepared in sterile distilled water. 

 

Antimicrobial activity of the plant extract 

The minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC) of the plant 

extract were determined against MDR K. pneomoniae 

isolates by the broth microdilution method in sterile 

plates. For this purpose, final bacterial numbers were 

standardized to 1×106 CFU/mL. Serial double dilutions 

of the P. ovata extract ranging from 10 to 80 mg/ml 

were poured in a 96-well microtiter plate containing 10 

μL of Muller Hinton broth (MHB) medium, 10 μL of 

bacterial suspension was added to each well, and 

incubated at 37 °C for 24 h. Then, the density of 

bacteria in the liquid culture was determined using the 

OD measurement at 570 nm. MBC was determined by 

culturing a loop of a well with no bacterial growth in the 

tryptone soya agar. Staphylococcus aureus ATCC 

25923 strains were used as the control. 

 

Gene expression evaluation 

To evaluate the effects of P. ovata extract on the 

expression of target genes using Real-time (RT)-PCR, 

MDR strains of K. pneumoniae were treated with a sub-

MIC concentration of the extract for 24 h. Total 

bacterial RNA was extracted using an RNA isolation kit 

(QIAGEN, Germany) according to the manufacturer's 

 

Table 1: Primers used to differentiate and isolate Klebsiella species harboring target genes 

Gene Primer sequence 5´ to 3´ Size (bp) Gene bank accession number 

CTX-M15 F = TCGTCTCTTCCAGAATAAGG 

R = AAGGGAACCAGGAACCACG 

657 DQ302097 

OXA-48 F = CCAAGCATTTTTACCCGCATCKACC 

R = GYTTGACCATACGCTGRCTGCG 

438 NZ_CP018735 

OXA-181 F = CCTAGATTCTACGTCAGTAC 

R = CTCTCTAGTCGGACAACACC 

325 MN227183 

16SrRNA F = AGAGTTTGATCCTGGCTCAG 

R = GGTTACCTTGTTACGACTT 

1500 KT257735 
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instructions and stored at −80 °C. Extracted RNA 

quality and quantity were evaluated using 

spectrophotometry and electrophoresis on the agarose 

gel. Then, cDNA was synthesized using Thermoscript 

reverse transcriptase (Invitrogen, USA), and RT-PCR 

was performed using a Real-time RT-PCR kit 

(QIAGEN, Germany) according to instructions. RT-

PCR was performed on a StepOneplus System (Applied 

Biosystems, USA) using SYBR Green PCR Master 

MIX (Applied Biosystems, USA). Relative expression 

levels of OXA-181, OXA-48, and CTX-M15 genes were 

quantified using the 16S rRNA gene as a reference. The 

specificity of the RT-PCR reaction was monitored with 

a melting curve analysis following the final step of the 

reaction. 

 

Results 
Isolation and typing of Klebsiella species 

To conduct this study, sputum samples of patients 

with COVID-19 infections (25 males and 25 females, 

58 ± 2.2 years of age) suspected to bacterial infection 

were examined. K. pneumoniae bacteria were isolated 

from the samples during different stages of isolation. 

Specimens were cultured and suspected colonies were 

stained in general and specific mediums. Out of 50 

samples, 30 strains of K. pneumoniae, 4 strains of K. 

oxytoca, 2 strains of K. mobilis, and 2 strains of K. 

rhinoscleromatis were isolated after differential tests. 

The PFGE profile of isolates is delineated in Figure 1. 

According to the dendrogram, the PFGE image 

indicated that two strains (A5 and A6) had over 90% 

similarity. 

 

Determining the pattern of antibiotic susceptibility 

The pattern of antibiotic susceptibility of K. 

pneumoniae strains isolated from patients is shown in 

Figure 2. The data showed that the highest resistance 

occurred with gentamicin and chloramphenicol (100%), 

followed by cefepime and cefoperazone with the least 

effect on the strains. On the other hand, piperacillin-

tazobactam had the greatest effect (76.5%) among all 

Multiplex PCR results. 

The results of DNA and RNA analyses confirmed 

the quality and quantity of the extracted genome. The 

results of the Multiplex-PCR test to detect K. 

pneumoniae strains harboring CTX-M15, OXA-48, and 

OXA-181 genes showed that 58 (96.6%), one (1.66%), 

and one (1.66%) strains carried these genes, 

respectively (Figure 3). 

 

 
Figure 1. Dendrogram of the PFGE pattern for K. pneomoniae strains isolated in this study using PFGE data. 
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MIC results of P. ovata extract 

The MIC values for the P. ovata extract were 

determined for all MDR isolates by the microdilution 

broth method using concentrations of 50, 25, 12.5, 6.25, 

3.125, 1.56, 0.78, 0.4, 0.2, and 0.1 μg/ml. The results 

showed that the MIC for the isolated bacteria was 3.125 

μg/ml while the sub-MIC and MBC levels were 1.56 

and 6.25 μg/ml, respectively. 

 

Expression patterns of genes 

Expression patterns of the target and 16S rRNA 

genes were assessed after treatment of drug-resistant 

strains with the extract. Examination of the melting 

curve of RT-PCR reactions showed that these graphs 

were single-band and specific. The results of the t-test 

showed that the expression of OXA-48 and OXA-181 

genes significantly decreased (p < 0.005, CI = 95%) 

after treatment with the P. ovata extract versus the 

 
Figure 2. Antibiotic susceptibility pattern of Klebsiella pneumoniae isolated from patient samples based on CLSI table 

 

 
Figure 3. Electrophoresis of Multiplex PCR products of Klebsiella pneumoniae strains on 1% agarose gel. C: control, lanes 1-6: 

samples. M: 100 bp marke 
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control (Figure 4). The data also showed that the CTX-

m15 gene expression did not change significantly (p > 

0.065). 

 

Discussion 
Antibiotic resistance is the ability of a 

microorganism to stop the effect of an antibiotic and is a 

major cause of failure in the treatment of infectious 

diseases, which increases the incidence of disease, 

mortality, and health care costs [16]. Studies have 

shown that resistance to beta-lactam drugs has increased 

alarmingly in K. pneumoniae strains, and plants are an 

important source of new antimicrobial drugs with 

different mechanisms than chemical antibiotics [17]. 

This study, therefore, investigated the effect of P. ovata 

extract, an old widely used medicinal plant, on MDR 

strains of K. pneumoniae in COVID-19 patients. It must 

be pointed out that secondary bacterial infections are 

difficult to diagnose because they can be masked by 

changes in the indicators of acute respiratory infection 

caused by COVID-19. Our data indicate that this plant 

has the bactericidal ability and can be used in the 

treatment of MDR strains of K. pneumoniae to reduce 

the expression of OXA-48 and OXA-181 genes. The 

present results of antibiotic resistance patterns showed 

that most of the isolated strains of K. pneumoniae were 

resistant to almost all antibiotics. Previous studies 

reported a direct relationship between the use of 

antibiotics and the emergence rate of MDR bacteria, and 

this resistance can be transmitted to other strains 

through plasmids [18]. Beta-lactams are the most widely 

used antimicrobial drugs, and beta-lactamases are the 

most important sources of antibiotic resistance [19]. 

This study showed acceptable rates of the efficacy of P. 

ovata extract on MDR isolates harboring new beta-

lactamase enzymes. Motamedi et al. evaluated the effect 

of P. ovata extract against pathogenic bacteria and 

showed that the MIC of the extract was the same (20 

mg/ml-1) against S. aureus and Bordetella 

bronchiseptica [20]. In contrast, Karami et al. showed 

that the extract P. ovata native to Iran had a moderate 

effect against Bacillus sphaericus and Pseudomonas 

aeruginosa, respectively, but did not affect MDR strains 

[21]. Our study showed bactericidal effects of P. ovata 

against MDR strains, which are reported in other studies 

[22, 23]. Numerous reports confirm the antibacterial 

effects of herbal medicines [24, 25], however it is first 

report about the effects of herbal medicines on beta 

lactamse genes expression. In line with these 

investigations, our study confirmed the antibacterial 

effects of P. ovata. The mechanism of this action is not 

revealed completely, but it has been attributed to the 

secondary metabolites of the plant that can harm 

bacterial cell walls. In this study, it has been shown that 

the extract can regulate the expression of the genes 

involved in beta-lactamase production. Tilili et al. 

evaluated the antibacterial activity and brine shrimp 

toxicity of leaf extracts from six Tunisian spontaneous 

species, including P. ovata, and detected no activity 

against Gram-negative bacteria [26]. This finding is in 

contrast with our study and this discrepancy can be 

attributed to the difference in the location of collected 

Figure 4. Fold change chart of target genes in multidrug-resistant strains of Klebsiella pneumoniae treated with the P. ovata 

extract versus the control 
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plants, which can affect the extract compounds. Our 

data is in line with several studies on K. pneomoniae 

isolated from clinical sources in Iran [14, 27] [28] and 

other regions showing high phenotypic diversity and 

various genomic patterns among these strains [29, 30]. 

Studies by Tijet et al. [31], Dedeic-Ljubovic et al. [32], 

and Christian et al. [33] indicate fewer varieties of K. 

pneomoniae strains, which can be attributed to limited 

sources such as sampling from one medical center. The 

results of our study revealed the antibacterial effects of 

P. ovata extract on MDR species of clinically isolated 

K. pneomoniae. P. ovata leaves and seeds has been 

widely studied and it has been showed that they contain 

lipids, polysacharids (plantaglucid), alkaloids, 

flavonoids, caffeic acid derivatives, iridoid glycosides, 

vitamins and other organic elements preparing its 

medicinal assets [11, 12]. It should be mentioned that 

even though the CTX-M15 gene was observed in more 

than 96% of the strains, its gene expression was not 

significantly changed by the P.ovata extract. It seems 

that the mechanism of the antibacterial effect of P.ovata 

plant extract is based on the effect on OXA-48, and 

OXA-181 genes. This can be attributed to the difference 

in the sequence location of these genes in the bacterial 

genome. The antibacterial potential of this plant against 

various pathogens has been reported earlier, but the 

precise mechanisms of antibacterial action are not 

revealed according to the authors' knowledge. In this 

study, the plant extract showed an important effect on 

the downregulation of beta-lactamase-producing genes, 

that suggests it as a possible mechanism of action. 

Further evaluations are necessary for revealing the 

precise mechanism of action of the P.ovata extract.  
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