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Abstract
Acinetobacter baumannii is a multidrug-resistant and an invasive bacterium and a significant 

contributor to nosocomial infections in the present healthcare system. It’s striking capability to 

survive in hospital settings on medical equipments is due to its capability of quorum sensing and 

biofilm formation. New medications and formulations to combat this pathogen is the need of this 

hour. Hypericum triquetrifolium Turra, a less famous medicinal plant is known for its antibacterial 

characteristics. However, there is hardly any research articles or findings to back this claim against 

the Acinetobacter sp. Total of 50 bacterial isolates were collected. 98% of them were resistant to 

Ciprofloxacin. 4% showed strong biofilm production, while 40% and 56% of the isolates revealed 

weak and moderate bioflim production. Biochemical analysis revealed that the ethanolic leaves 

extract of H. triquetrifolium Turra contains potent phytochemical compounds. Toxicity 

assessment of the plant extract revealed that the extract was slightly toxic where LD50 was 4.95 

g/Kg. Minimum inhibitory concetrations and Sub-minimum inhibitory concetrations of H. 

triquetrifolium Turra leaf extract against two strongest biofilm producers and ATCC strain of A. 

baumannii (19606) were estimated. MICs values were 10-15 mg/ml and SICs 5-10 mg/ml. 

Investigations revealed significant reductions in biofilm formation when isolates were treated with 

SICs of the extract. Transcription expression of  quorum sensing genes, abaI/abaR, down regulated 

when treated with H. triquetrifolium extract. One of the Biofilm regulating genes among 

Bap/OmpA, were found to be sharply down regulated especially, Bap gene; however, OmpA gene 

didn’t show noticable change in the expression. We concluded that H. triquetrifolium Turra may 

have promising activity against A. baumannii  in it’s quorum sensing and biofilm formation, thus 

it could be employed as potential as an antibacterial medication.
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1. Introduction

Antimicrobial resistance (AMR) remains a major problem around the world. Recently, more 

morbidity and mortality are  attributed to pathogens resistant to multiple classes of antibiotics 

(Wingler et al., 2022). The bacteria Acinetobacter baumannii (A. baumannii) is widespread, 

showing up everywhere from the natural environment such as soil and food to medical settings 

especially in the intensive care unit (ICU) setting, and consequently became one of the primary 

cause for a wide variety of hospital-acquired infections (Medioli et al., 2022). A. baumannii 

infections have a mortality rate that is 2 to 3 times higher than that of infections caused by the 

strains which are the usual suspects (Shenkutie et al., 2020). A. baumannii possesses a variety of 

virulence factors for activities like desiccation resistance, biofilm production, motility, surface 

glycoconjugates, and systems for acquiring micronutrients (Zhu et al., 2022). Several studies have 

publicized that the quorum sensing (QS) system, mediated by the auto-inducing mechanism in 

order to maintain cell density, is associated with various virulence factors, signifying that QS may 

have a regulatory route in bacterial virulence (Zhong et al., 2021). Its biofilm-forming ability has 

been hypothesized to contribute to both its persistence and virulence in hospital settings. Biofilms 

can be produced by A. baumannii on biotic surfaces like epithelial cells as well as abiotic surfaces. 

This bacterium deploys a cell with cell communication mechanism universally named as quorum 

sensing to control its pathogenicity. Consequently, one of the prominent secondary metabolites 

which are controlled by quorum sensing process plays a substantial role in controlling the 

expression of specific genes and their capacity to adopt to the nature of their surroundings (Saipriya 

et al., 2020). Evidence suggested that the expression of virulent genes such as PNAG, pili – Type 

1, the QS system, Omp CarO and multiple other functional metabolism of histidine involved with 

biofilm and antimicrobial resistance (Gedefie et al., 2021). Furthermore, phospholipase D 

production and OmpA are two of A. baumannii's important virulence factors that aid in the 

bacterium's ability to adhere to and invade epithelial cells. In particular, it has been revealed that 

the virulence factors Bap and OmpA contribute to epithelial cell invasion, while phospholipase D 

and lipid A are involved in epithelial cell adherence (Mea et al., 2021). Two proteins, AbaI and 

AbaR, make up A. baumannii's quorum sensing (QS) system. Most abundant of all the AHL signals 
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is 3-hydroxy-C12-homoserine lactones and this encoded by the the gene known as abaI gene and 

is catalyzed by the autoinducer synthases (Tang et al., 2020). Moreover, differentiating an actual 

infection from a colonization is often complicated by the polymicrobial nature of A. baumannii 

infections beside Pan-drug resistant A. baumannii (PDRAB) is being continues to rise with limited 

therapeutic options (Karakonstantis et al., 2022). Several species of the genus Hypericum including 

Hypericum triquetrifolium Turra (H. triquetrifolium) which belong to the family Hypericaceae, 

have been found to contain bioactive secondary metabolites (Dall’Acqua et al., 2021). Extractions 

from Hypericum triquetrifolium Turra, a plant naturally habituated to the Mediterranean and 

Eastern Europe, is found to be utilized extensively in herbal medicine for their significant 

pharmacological properties, which have been empirically proven to be possessed ingredients of 

anti-helminthic, anti-depressant, anti-oxidant, anti-inflammatory, and anti-microbial activities 

(Asan et al., 2021). Also, has a wide range of other compounds, including flavonoids, xanthones, 

hyperforin derivatives, essential oils, and fatty acids (Rouis et al., 2013). This plant is one of the 

most widely used herbal remedies due to the dramatic rise in its consumer base throughout the 

world (Al-Snafi et al., 2018). Toxicity assay is an important process to stop the growth of pathogen 

microbes. These processes are supported by natural plant compounds that act similarly to synthetic 

pharmaceuticals but are either toxic-free or have lower toxicity (Rajalakshmi et al., 2014).

 

Despite its anti-quorum sensing and biofilm-preventing potential, H. triquetrifolium Turra has 

received surprisingly little attention from researchers. With the rising rate of AMR infections both 

in the community and in healthcare facilities, there is an urgent requirement for effective antibiotic 

therapies. In this study the primary aim is to ascertain and very carefully study the genes which 

are theroretically and practically said to be associated with the biofilm formation. Like for e.g 

abaI/abaR, ompA, and bap. Then ethanolic leaf extracts of H. triquetrifolium were tested for their 

toxicity, anti-quorum sensing, and anti-biofilm properties of H. triquetrifolium Turra against 

hospital acquired and lab grown clinical isolates of A. baumannii, and to advance alternate 

approaches to carefully examine the QS cascade of this bacterium to combat the spreading of 

difficult to treat infections.

2. Materials and Methods
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2.1 Plant Collection 

The leaves of Hypericum triquetrifolium Turra  were collected during April 2021 from the Erbil 

in Kurdistan region of Iraq, Dr.Abdulah Shukur, a plant taxonomist at the biology department , 

Education College / Salahaddin university, was helping for the identification of this plant depend 

on the flora of Iraq (Townsend & Guest., 1980).

2.2. Plant maceration and crude extract preparation

The Hypericum triquetrifolium Turra leaves were gathered, cleaned, then thoroughly dried at room 

temperature at 40 to 50 °C until they gained constant weight. They were then slowly ground by 

grinders to get fine powder, then stored in a particular bottle. Dry powder of H. triquetrifolium 

Turra leaves (30.0g) were extracted three times with stirring at regular intervals using 300ml of 

99.9% ethanol over 3 days at room temperature after being filtered through a double layer of 

muslin cloth and Whatman no.1 filter paper. The filtrate was then condensed by using a rotary 

evaporator at 45°C under reduced pressure (Phong et al., 2016).

2.3 Specimens collection and samples sources

A total of fifty non-duplicate isolates of A. baumannii were collected from different specimens (blood, 

cerebrospinal fluid (CSF), pus, sputum, and wound swabs) from patients in different hospitals in Erbil 

city, Kurdistan Region, Iraq. The specimens were initially inoculated onto MacConkey agar medium 

(acumedia, Neogen, USA) and incubated for 24h at 37 oC. Individual colonies were then identified as 

A. baumannii by various biochemical and conventional diagnostic tests as described previously [40]. 

Bacterial isolates further identified by VITEK 2 automatic system (Biomerieux, France). The 

identified isolates were tested for their susceptibility to different antimicrobial agents (Colistin, 

Trimethoprime/Sulfamethoxazole, Amikacin, Cefazolin, Cefuroxime, Amoxilin/Clavulanic Acid, 

Ampicillin, Ceftazidime, Ampicilin/Sulbactum, Azithromycin, Cefepime, Cefoxitin, Ceftriaxone, 

Ciprofloxacin, gentamicin, Pipracillin, Imipenem, Levofloxacin, Meropenem, 

Piperacillin/Tazobactum, Tazobactum, Tetracycline,). Colonies were incoluated into sterile 1 mL 

tubes containing Tryptic Soy Broth supplemented with glycerol 30% and were stored at -70oC after 

the necessary identification preocdure. An ATCC strain of A.baumannii (19606) was purchased from 

Medya Diagnostic center to be used as control throughout the study.
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2.4 Toxicity assessment of H. triquetrifolium Turra extract on rat and determination of lethal 

dose

This study was carried out at Salahaddin University, Education College, Biology Department. The 

female rats (Rattu norvegicus), weighed between (190–210) g. They were housed in a conventional 

environment with a photoperiod of 12 hours of light and 12 hours of darkness, temperature of 27 

± 2 °C, standard feeds, and free access to tap water. All the animals were kept in conventional 

plastic cages, and randomly separated into different groups (n = 5). The first group (control) only 

received DMSO, while the other groups were given a single dose of an ethanol extract of H. 

triquetrifolium Turra leaves at concentrations of 0.5, 1, 2, 4, 4.5, and 5 g/kg. The amount of extract 

solution that can be given orally depends on the size of the animals and should not be more than 1 

ml per 100g of their body weight. Animals were given the extract solution (16–18) hours after 

being deprived of food but not water and rat mortality that was recorded after 24 hours was used 

to get the LD50 value (Taziebou et al., 2007). 

2.5 Phytochemical qualitative test for H. triquetrifolium Turra leaves 

The crude extract of plant leaves was completely dissolved in its own basic solvent (mg/ml), to 

obtain a stock solution. The stock solutions were used for phytochemical analysis according to the 

standard procedure. The stock solutions were used for phytochemical test in accordance with the 

following procedure:

2.5.1 Detection of terpenoids

Five ml of plant extract solution, 2 ml of chloroform, and 3 ml of pure sulfuric acid were combined 

in small test tubes. The appearance of a reddish brown color refers to the presence terpenoids 

(Sheikh et al., 2013).

2.5.2 Test for alkaloids

HCl (1%) and 6 drops of Dragendroff reagent were added to the plant extract solution, the organic 

precipitate showed the existence of an alkaloid (Sheikh et al., 2013).
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2.5.3 Phenolic compound test

A little plant extract solution was mixed with a few drops of a lead acetate solution. The presence 

of phenolic chemicals was shown by the formation of white precipitate (Vimalkumar et al., 2014).

2.5.4 Detection of flavonoid 

Sodium hydroxide was applied a few drops at a time to the extract. Flavonoids are indicated by 

the creation of a bright yellow color that fades with the addition of a few drops of diluted acid 

(Vimalkumar et al., 2014).

2.5.5 Detection of saponins

Plant extract was diluted to a volume of 20 ml from one ml using distilled water, and the mixture 

was agitated in a graduated cylinder for 15 minutes. The presence of saponins detects by formation 

of one-centimeter-thick layer of foam (Rao., 2016).

2.5.6. Tannin detection test

When 1ml of FeCl3 (1%) were added to the plant extract solution, the coloration changed to a 

greenish or blackish- blue color, which served as a sign that tannin was present (Sadeq et al., 2021). 

2.6 Quantitative biofilm formation assay

Microtiter plate technique which was described by (Limban et al., 2011), used with slight 

modifications to evaluate ability of biofilm production by the identified A. baumannii isolates. Briefly, 

15 µl of the overnight cultures of the desired bacteria were inoculated into wells of the microtiter plate 

(MTP, Citotest Labware, China) containing 200 µL of sterile Nutrient broth (NB, Neogen, USA) 

supplemented with 2% glucose. Wells containing NB only served as control. Then, the inoculated 

MTP was incubated for 24 hours in static condition at 37ºC. Following the incubation period, wells 

were rinsed thrice with sterile phosphate buffer saline (PBS), planktonic broth culture were discarded, 

plates were dried at 50 ºC for 20 min and then 200 µl of 1% crystal violet staining solution was added 

into each well and incubated at room temperature for 10 minutes. Wells of the MTP were rinsed thrice 

with PBS, wells dried and eluted with 95% ethanol solvent to quantify the produced biofilms by mean 

of Elisa (Epson, Biotek, UK) at a wavelength of 490 nm. Three biological samples were analysed. The 
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two strongest biofilm producer’s isolates (and the most resistant to the studied antibiotics) were chosen 

for further experiments throughout the study.

2.7 Minimum inhibitory and sub-inhibitory concentrations

A modified Broth dilution protocol was deployed to find the MIC (Minimum inhibitory 

concentration) of H. triquetrifolium Turra ethanolic extract for ascertaining the antagonistic action 

against MDR A. baumannii isolates (Wiegand et al., 2008). Ten µL of stationary-phase A. 

baumannii cells equilibrated to OD550 0.5 inoculated to 100µL NB containing a range of extract 

concentrations (1–30 mg ml-1) in a 96-wells polystyrene MTP. Aerobic, 37 oC and 24H was the 

culture conditions. No growth visibility at the lowest concentration was ascertained as the MIC. 

Further lower concentrations below the MICs were approved to the sub-inhibitory and using these 

conentrations, assessment of anti-virulence and anti-biofilm activities among the isolated A. 

baumannii strains were carried out.  Biological triplicates of various timelines were deployed in 

calculations.

 2.8 Sub-MIC (SIC) effect of Hypericum triquetrifolium Turra on the biofilm production by 

A. baumannii isolates

PVC (Polyvinyl Chloride) biofilm assay was deployed to check the extracts’ effects on the biofilm 

formation. Newly made NB medium was used to re-suspend overnight cultures of A. baumannii 

in the varying levels of SICs of the plant extract and incubated in a static condition at 37 °C for 24 

h. The liquid cultures in the plate wells were removed, and washing thrice with PBS buffer was 

carriedout in the wells. Crystal violet dye (1%) was sused for staining and subsequently washed 

with distilled water and ethanol was used for the dye solubilisation and for further measurement. 

Surface adhesion ability was carried out using an Elisa reader (Epson, by measuring the coloured 

suspension density at 490 nm (Ahmed & Salih, 2019). Biological triplicates of various timelines 

were deployed in calculations and the calculation of the standard error was finalized. 
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2.9 RNA extraction and quantification of QS and biofilm related genes

 Real time PCR was used to evaluate the effect of ethanol extract of H. triquetrifolium Turra at 

SIC values on the expression levels of the QS (abaI, abaR), biofilm attachment protein (Bap) and 

outer membrane protein A (ompA) genes. Total RNA was extracted from both untreated bacteria 

which were used as control and bacteria exposed to the plant extract following guidance provided 

by the manufacturer (total RNA kit, Favorgen Biotech, Taiwan). cDNA was synthesized through 

reverse transcription of the isolated RNA using AddScript cDNA synthesis kit according to the 

manufacturer protocol (addbio,Koria). RT-PCR reactions were carried out utilizing RealQ Plus 2x 

Master Mix Green (Ampliqon,Denmark) in the PCRmax Eco 48 RT-PCR system. Primer 

sequences listed in table (4) were used to analyze candidate genes by qPCR and the results were 

calculated using ΔΔCt method (Livak & Schmittgen, 2001).

2.10 Statistical analysis

The assay results were analyzed using GraphPad Prism 8.0 software. Two-way analysis of variance 

(ANOVA) method was used for multiple comparisons. Data presented as mean ±SE.

3. Results

Toxicity assessment of H. triquetrifolium Turra ethanol leaves extract on rat and determination of 

lethal dose was done prior to the experiment, single oral dosages of 0.5, 1, 2, 4, 4.5, and 5 g/kg of 

the leaves of H. triquetrifolium Turra were administered to the treated groups, and the toxicity was 

measured, the LD50 value was 4.95 g/kg. The results of phytochemical qualitative test for H. 

triquetrifolium Turra ethanol leaves extract revealed the presence of phenolic compound, tannins, 

alkaloids, and terpenoids, were identified.A total of fifty isolates of A. baumannii were collected 

from different clinical specimens (blood, cerebrospinal fluid (CSF), pus, sputum, and wound swab) 

of patients in different hospitals in Erbil city, Kurdistan Region, Iraq. Sputum was the most 

common source of infections 36 (72%) and minimum source of infection was revealed to be from 

pus specimens 1 (2%). Full results of isolates distribution are summarized in Table (1). In this 

study, resistance patterns of all isolates to different antibacterial agents, listed in Table (2), were 

investigated. According to the results, the isolates showed different resistance patterns, were 48 
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(96%) of the isolates resistant to Ciprofloxacin, followed by 44 (88%) were resistant to 

Trimethoprime/Sulfamethoxazole. The full results of antibiotic resistance patterns of all A. 

baumannii isolates are shown in Table (2). Based on the abilities of biofilm formation, the isolates 

were classified as weak, moderate, and strong biofilm producers. All the 50 non-duplicate isolates 

of A. baumannii were examined in 96-well MTPs and biofilm forming abilities of the isolates were 

quantified. The results showed that 40% of the isolates produced weak biofilm, 50% exhibited 

moderate biofilm, and strong biofilm produced by 4% of the isolates. The results were compared 

to control (Figure 1). The MICs of H. triquetrifolium Turra ethanol extract were detected to select 

the SICs and evaluate their effect on the bacterial growth and inhibition of QS-regulated 

behaviours. The MICs of the extract against the clinical isolates of A. baumannii and the ATCC 

(19606) strain were determined and the SICs of the extract were used throughout the study. The 

range of the MICs was between (8-15 mg/ml) and the least recorded SIC was 5mg/ml (Table 3). 

Two of the isolates which were the most antibiotic resistant and the strongest biofilm producers 

along with the ATCC strain of A. baumannii (19606) were treated with for SICs of the studied 

plant extract and then were assessed for the effects on biofilm formation in 96-well MTPs. The 

results of biofilm inhibition by ethanol leaves extract of H. triquetrifolium Turra depicted that this 

extract reduced biofilm production in both isolates and the ATCC strain (Figure 2).

Results for the expression profile of QS genes, abal, abaR, and biofilm producer genes, Bap and 

OmpA, in same isolates of the previous experiment, when treated with SICs ethanol extract of H. 

triquetrifolium Turra showed sharped down-regulation of both QS genes comparing to their 

expression in untreated control group. On the other hand, the expression profile of biofilm 

producers detected a notable reduction in the expression of Bap gene whereas no change was 

observed for OmpA gene (Figure 3).

4. Discussion

The emergence of pathogenic bacterial species which are antibiotic-resistant is currently one of 

the biggest problems facing the healthcare system. Multidrug-resistant (MDR) bacterial infections 

are becoming more prevalent and pose a severe threat to public health. These species were 

originally limited to the hospital setting, but now widespread everywhere (Vivas et al., 2019). A. 

baumannii is accounted to be one of the most common Gram negative multi-drug resistant bacteria. 
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One crucial trait of pathogenic bacteria is the production of several virulence factors, which can 

be employed for defense and protection against the host immune system and the acquisition of 

significant resistance to various antimicrobials such as the production of QS and biofilms (Merghni 

et al., 2022). In addition to some bacterial species' capacity to evolve novel defense mechanisms 

via plasmids or integrons, other factors like poorly prepared food, proximity, crowdedness, and 

insufficient personal and general hygiene might be attributed to the spread of resistant bacteria 

(Nogbou et al., 2022). Medicinal plants usage has been taken in considerations by researchers to 

treat a variety of disorders today. In this sense, several disorders and diseases can be treated with 

the help of particular medicinal plant components. Due to their significance bioactive chemicals 

with antimicrobial and anti-oxidant properties, phenolic compounds and flavonoids have always 

been studied for the promotion of human health and disease prevention (Abbasi et al., 2022). In 

the current study, phytochemical screening of H. triquetrifolium Turra crude ethanolic leaves 

extract elucidated the existence of some significant bioactive compounds including terpenoid, 

alkaloid, phenol, flavonoid and tannin, however saponin was not detected in our studied plant’s 

extract, our results agreed with several other research in demonstrating the existence of many 

secondary metabolites which have been known for their antibacterial, antifungal activities and 

therapeutic activities (Rouis etal, 2013, Al-Sanfi et al., 2018). Prior to further extending our 

experiments, the toxicity of this plant was assessed and LD50 recorded to be 4.95 g/Kg. The toxicity 

scale of the H. triquetrifolium Turra extract is slightly toxic (Dawoud et al., 2015). Similar results 

regarding the toxicity was obtained by (Tumeh, 2015) when different extracts of H. triquetrifolium 

Turra induced apoptosis in several cancer and normal cell lines. It has been also proved that this 

plant exhibited significant protective properties against healthy cells from the toxic side effects of 

chemotherapeutic used in cancer treatment (Çetik Yıldız et al., 2018).

In the present study, highest percentage of A. baumannii were isolated from sputum specimens 

(Table 1). The isolates recorded highest resistance to Ciprofloxacin, Gentamicin, 

Trimethoprime/Sulfamethoxazole, Ceftazidime, Meropenem, Pipracilin/Tazobactum, and 

Piperacilin respectively and the isolates were resistant to the other antibiotics in different 

percentages (Table 2). This finding agreed with the results obtained by (Mirnejad R et al., 2013), 

this high resistant percentage of A. baumannii isolates to different antibiotics which are considered 

to be the most efficient drugs against this bacterium might be attributed to availability of the 

antimicrobials over the counter, without a prescription, and through unregulated supplier chains 
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which encourages their misuse. Poverty and low educational levels have a significant root cause 

of antimicrobial misusage in developing countries, and non-compliance with antimicrobial use has 

various effects on emergence of resistant bacteria (Nogbou et al., 2022). However, this is not the 

case within low socioeconomical families only, even among the wealthy’s, some patients miss 

doses unintentionally or on purpose, especially when signs and symptoms start to fade after an 

initial positive therapeutic response (Hart & Kariuki., 1993). Thus, treating of A. baumannii 

infections became a critical therapeutic problem worldwide and seeking for new alternative 

treatments is urgent.Instead of using conventional bactericidal or bacteriostatic drugs, new 

approaches are progressively becoming evident which seek for the impact of plants natural 

materials on the pathogenicity of bacterial infections. Investigating the impact of natural plant 

metabolites on gene expression that are responsible for the new bacterial defensive methods is 

important to counteract bacterial resistance to traditional treatments.

Quorum sensing has been defined to be the mechanism by which bacteria organize their biological 

activities including motility, conjugation, biofilm formation, production of virulence factors, and 

pathogenic processes. Biofilm production enables A. baumannii to colonize different surfaces 

including biotic and abiotic subjects (Papenfort & Bassler., 2016). 

In the present study we characterized the biofilm formation ability of all isolates (Figure 1), we 

found that 4% of the isolates exhibited strong biofilm production capability and those were among 

the most antibiotic resistant isolates. However, more than half of the isolates were moderate 

biofilm producers. As expected, robust biofilm producer isolates exhibit strongest antibiotic 

resistance and were isolated from sputum specimens. These findings were in agreement with the 

results obtained by (Zhang et al., 2016), where isolates from sputum revealed strong biofilm 

development and the potential biofilm formation was strongly contributed to their pathogenicity 

and survival. The exceptional survival proprieties and high resistance to antibiotics are closely 

related to biofilm production, hence, antibiotics might be ineffective when used directly for 

bacterial treatment because they can create biofilms under stressful conditions (Dogan et al., 2019). 

Thus in seeking for innovative alternate curing strategy, it is believed that interrupting bacterial 

cell-cell communication without inducing stress, leave them more vulnerable and harmful. By 

using quorum sensing inhibitors (QSIs), this would limit the release of virulence factors and 

development of biofilm production by targeting the expression of those genes which are 

responsible for QS and biofilm production. For this purpose, the antimicrobial activity of H. 
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triquetrifolium Turra ethanol leaves extract was assesed for their ability to interfer with QS system 

and biofilm producer genes. Two of the isolates which were the most antibiotic resistant and the 

strongest biofilm producers and the ATCC strain of A. baumannii (19606) were chosen for further 

experiments. MICs and SICs antimicrobial activity of ethanol extract of H. triquetrifolium Turra 

were measured against MDR A. baumannii isolates and the ATCC strain (Table 3).

To further investigate and address the QS and biofilm inhibitory effects, bacterial isolated were 

treated with SICs of ethanol extract of H. triquetrifolium Turra. Our results revealed significant 

attenuation in biofilm productions by the treated A. baumannii isolates comparing to untreated 

group (Figure 2). Chemical compositions and antibacterial activity of different species of 

Hypericum were illustrated in different studies (Kizil et al., 2008, Sajjadi et al., 2015). It has been 

reported previously that the essential oil obtained from H. triquetrifolium Turra has antibacterial 

effects against Bacillus brevis, Bacillus cereus, Escherichia coli PBR 322,  Escherichia coli PUC 

9, Pseudomonas aeruginosa and  Staphylococcus aureus (Rouis et al., 2013). Several studies 

reported that ethanolic extract of H. perforatum showed efficient antimicrobial activities against 

most of the oral pathogens and this was attributed to that most of the components of this extract 

were found to be phenol, flavonoids, hypericins and hyperforins, which have been known for their 

antibacterial activities (Rouis et al., 2013, Süntar et al., 2016).

The ability of A. baumannii’s biofilm formation and related genes have been studied by many 

researchers (Tang et al., 2020, Amin et al., 2019). It has been known that QS system controls 

virulence factors production and formation of biofilms (Papenfort & Bassler., 2016). Mutation in 

abaI gene resulted in reduced QS and in turn biofilm production (Yang et al., 2019). The QS 

system and biofilm formation in A. baumannii have been recorded to include abaI, abaR, Bap and 

OmpA genes respectively (Niu et al., 2008). Transcriptional profiles expression of QS and biofilm 

genes of A. baumannii isolates when treated with SICs ethanol extract of H. triquetrifolium Turra 

revealed that the studied plant’s extract down regulated quorum sensing genes (abaI and abaR) 

expression dramatically which are considered criticals for cell-cell communications and further 

regulates biofilm production, its been obsereved that QS in A. baumannii could be inhibited with 

different plant extracts (Saipriya et al., 2020, Subhadra et al., 2016). It has been reported that 

suppresing the expression of abaI was required for biofilm development (Niu et al., 2008). Same 

group also found that AbaR is required for abaI promotor activation. It has been shown that 

applying natural plant products including different species of Hypericum interfered with AHL 
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receptors, resulting in imparing the QS signals (Dogan et al., 2019, Roy et al., 2022). Anti-biofilm 

effects of H. perforatum against different oral bacteria was assessed and found to impair biofilm 

formation (Suntar et al., 2016). We further assessed the effects of abaI and abaR down regulations 

on biofilm formation genes, our SICs plant extract exhibited drastic down regulation expression 

on Bap, which was found to be harbored and expressed among strong biofilm produces and that 

Bap represents the key protein factors for biofilm initiation attachment and maturation of the 

biofilm by A. baumannii, in that it affects both biofilm thickness and bio-volum. This results came 

in line with a recent study (Amin et al., 2016). On the other hand, OmpA gene expression didn’t 

show pronounced change when bacterial isolates were treated with the SICs extract of H. 

triquetrifolium Turra. However, it has been demonstrated by Gaddy and colleagues that OmpA has 

partial role in the development of strong biofilm and that its required mostly for biofilm formation 

on abiotic surfaces (Gaddy et al., 2016). Another study revealed that Bap and OmpA genes 

influence biofilm formation and antibiotic resistance patterns, however same study did not provide 

further verification to ascertain that OmpA gene is pivotal in biofilm production (Yang et al., 2016). 

This finding suggests that in spite of OmpA expression, this could not result in a robust biofilm 

production which means biofilm might be formed independently of OmpA. These effects could be 

attributed to the presence of plenty of natural components within the extracts which can exhibit 

different activities against bacterial species including antibacterial and anti-biofilm productions. 

To the best of our knowledge, the present study is the first work reporting the toxicity, 

antimicrobial, anti-QS and anti-biofilm activities of H. triquetrifolium Turra against A. baumannii. 

We concluded that this plant excrets slight toxicity against experimental rats. This plant showed 

promissing activities against the bacterial isolates in QS system and biofilm formation due to the 

valuable bioactive components. The antibiotic resistant bacteria continue to be the main health 

problem globally. As bacteria progressively generate recsistace against different bactericidal and 

bacteristaic antibiotics, thus innovating alternative materials apart from the conventional drugs 

was made. Results of biofilm inhibition assay showed that H. triquetrifolium Turra is capable to 

exhibit anti-biofilm activity against A. baumannii. Furthermore, we concluded that QS and biofilm 

producing genes were down regulated by the studied plant. Future analysis could be done in order 

to seek for the most potent components. Thus H. triquetrifoliumTurracould be used as a potential 

antimicrobial drugs.
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Figure 1. Biofilm formation ability of A. baumannii 

Figure 2. Reduction effects of SIC of H. triquetrifolium Turra ethanol extract on the quantitative 
measurement of A. baumannii biofilm by measuring absorbance at 490 nm. Data are presented as 
mean±SE. All data are significant at P< 0.0001.
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Figure 3. Quorum sensing and biofilm genes’ expression of A. baumannii isolates treated with 
SICs ethanol extract of H. triquetrifolium Turra. Transcriptional profiles were measured by RT-
PCR.

Table 1: Distribution of .A baumannii isolates according to clinical specimens

Type of specimen No. of specimens Percentage (%)

Blood 5 10%

CSF 1 2%

Pus 1 2%

Sputum 36 72 %

Wound swab 7 14%

Total 50 100%

Table 2: Antimicrobial resistance patterns of pathogenic A. baumannii isolates
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Antibacterials Resistant (no.)        Percentage (%)

Amikacin 4 8%
Amoxilin/Clavulanic Acid 1 2%
Ampicilin 1 2%
Ampicilin/Sulbactum 1 2%
Azithromycin 1 2%
Aztreonam 11 22%
Cefazolin 2 4%
Cefepime 2 4%
Cefoxitin 1 2%
Ceftazidime 43 86%
Ceftriaxone 2 4%
Cefuroxime 3 6%
Ciprofloxacin 48 96%
Colistin 37 74%
Gentamicin 45 90%
Imipenem 41 82%
Levofloxacin 37 74%
Meropenem 43 86%
Netilmicin 18 36%
Piperacilin 41 82%
Pipracilin/Tazobactum 41 82%
Tazobactam 4 8%
Tetracyclin 34 68%
Trimethoprime/Sulfamethoxazole 44 88%

Table 3. Minimum Inhibitory Concentrations (MICs), and Sub-MICs of H. triquetrifolium Turra 

ethanol extract against multi-drug resistant A. baumannii isolates

Bacterial isolates MIC (mg/ml) SUB-MIC  (mg/ml)

AB-1 15 10
AB-2 8 5

ATCC 10 5

Table 4. List of genes and their primer sequences
Primer Sequence (5′–3′)Gene

Forward Reverse

Product 

size(bp)
Reference

abaI AAAGTTACCGCTACAGGG CACGATGGGCACGAAA 435 [9]

abaR TCCTCGGGT CCCAATA AAATCTACCGCATCAA 310 [9]
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Bap AATGCACCGGTACTTGATCC TATTGC CTGCAGGGTCAGTT 205 [31]

ompA ATGAAAAAGACAGCTATCGCGATTG

CA

CACCAAAAGCACCAGCGCCCAGTT

G

136 [31]


