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Direct and indirect antimicrobial activity of the root extract of

Onosma visianii Clem

I[I/IPCKTH& N UHIUPCKTHA aHTI/IMI/IKpO6Ha AKTHBHOCT CKCTpPAKTa KOPCHA

Onosma visianii Clem

SUMMARY

Introduction/Aim The escalating resistance of
numerous pathogens to currently available
therapeutic agents has sparked a renewed interest in
the search of novel antimicrobial compounds. Plants
have become a potentially valuable source of these
compounds.

This study aimed to assess the direct and indirect
antimicrobial effects of Onosma visianii Clem root
extract on reference and clinical bacterial strains
using broth microdilution and a modified ethidium
bromide/acridine orange (EB/AO) fluorescence
assay.

Methods The ethanolic extract obtained from the
dried root of Onosma visianii Clem was used to
determine the minimum inhibitory concentrations
(MICs) and minimum bactericidal concentrations
(MBCs) by broth microdilution, as well as the half
maximal inhibitory concentration (ICsg values for
reference and clinical bacterial strains: The EB/AO
fluorescence method was employed to assess the
effect on efflux pumps in methicillin-resistant
Staphylococcus aureus MRSA and vancomycin-
resistant Enterococcus faecalis VRE, using 50% of
the MIC value of the extract.

Results The MIC, MBC, and ICsp values for Gram-
positive bacteria were all below 15 pg/mL. The
extract demonstrated strong antibacterial activity
against VRE and, in particularly, against MRSA
isolates (MIC =7.81 ng/mL.and MBC = 7.81 pg/mL,
respectively). Furthermore, treatment with 50% of
the MIC concentration produced a significant
inhibitory effect on efflux pumps in Gram-positive
bacteria, ranging from 18% to 26% compared with
untreated cells.

Conclusion The root extract of Onosma visianii
Clem exhibited antimicrobial activity against both
Gram-positive and Gram-negative bacteria, with
practiculary strong effects against VRE and MRSA.
In addition, the observed inhibition of bacterial efflux
pumps underscores its promise as a candidate for
pharmacological evaluation of the antibiotic
properties of the Onosma visianii Clem root extract.
Keywords: Onosma visianii Clem; antimicrobial
effect; efflux pumps
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CAXKETAK

YBoa/umib Pactyha pesucrennuja O6pojHUX maToreHa
Ha TPEHYTHO JIOCTYIIHE TEpalMjCKe areHce n3a3paila
je TIOHOBJbEHO MHTEPECOBALE 33 UCTPAXKUBAHE HO-
BUX aHTUMUKPOOHUX jeui-eba. bribke ey rmoctane
MOTEHIM]aJTHO BPEJaH U3BOp OBUX jelumbermba. LIuib
OBe CTyHje OWO je a ce MPOLCHH TUPeKTHA U WHTH-
PEKTHa aHTHMHKPOOHA aKTHBHOCT €KCTPAKTa KOpeHa
Onosma visianii Clem Ha/pedepeHTHE U KINHIIKE
OakTepHjcKe cojeBe, KOpICcTehr METOAY. MHKPOTHITY-
mgje y OyjoHy M. MOAu(HUKOBaHH €THIUjYM OpoMu /
akpunut opaull (EB/AQO) dnyopociieHTHY TeCT.
Mertoae ETaHonHY €KCTPaKT IPUIIPEMIBEH U3 CYBOT
KkopeHa Onosma visianii Clem xopuihe je 3a oape-
huBambe MUHUMATHAX HHXHUOUTOPHUX KOHLEHTPALH-
ja (MIC) m MuHAMaTHUX OAKTEPUITMIHUX KOHIICH-
tpanuja (MBC) MeTo10M MUKPOAWIYIIHjE y OYjOHY,
Kao U 3a ozpeluBame MoJI0BUHE MaKCUMAaTHE HHXH-
onropHe koHIeHTpanuje (/Csp) BpeAHOCTH 3a pede-
PEHTHE U KIIMHIYKe OakTepujcke cojeBe. MeToma
EB/AO dnyopecuenTHor 60jema kopumihieHa je 3a
MPOLIEHY YTHIIaja Ha epIIyKC IMyMIie KO METHUIMIIHH-
pesucteHTHOT Staphylococcus aureus (MRSA) n BaH-
KOMUIMH-PE3UCTEHTHOT Enterococcus faecalis
(VRE), xopuctehu 50% MIC BpeaHOCTH €KCTPaKTa.
Pesyaratu Bpennoctu MIC, MBC u ICsg 3a rpam-
MO3UTHBHE OakTepuje Ouie cy cBe ucnof 15 pg/mL.
ExcTpakT je noka3ao jako aHTUMHUKPOOHO J1€jCTBO
npema VRE n nocebHo npema MRSA cojeuma (MIC
=7,81 pg/mL u MBC = 7,81 ng/mL, pecneKTHBHO).
IMopen Tora, Tperman ca 50% MIC koHUIEHTpaIyje
M3a3Ba0 je 3HAUajaHy WHXUOHIH]Y e(IIyKC ITyMITH
KOJI TpaM-TIO3UTUBHUX OaKTepHja, y pactiony ox 18%
10 26% y oqHOCy Ha HeTpetupane henuje.
3akmyuak Excrpakt xopena Onosma visianii Clem
MOKa3a0 je aHTUMUKPOOHO JIjCTBO TpeMa Tpam-T10-
3UTHBHUM H IIpeMa rpaM-HeTaTHBHUM OakTeprjama,
ca HapO4HTO M3paKeHNM edekToM npema VRE n
MRSA. Ocum ToTa, youeHa HHXNOUIHja OaKTepH]-
ckux eduryke mymnu uctuie obeharajyhu noreHnu-
jaut excrpakra KopeHa ousbke Onosma visianii Clem
Kao KaHauIaTa 3a papMakosIoKa HCIUTHBAKkA Hhe-
roBUX MOTyhux aHTHOMOTCKMX CBOjCTaBa.

Kbyune peun: Onosma visianii Clem;
AHTHMUKPOOHO JICjCTBO; eIIYKC ITyMIIe

Copyright © Serbian Medical Society
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INTRODUCTION

For decades, antibiotics have been widely used in human and veterinary medicine, as well as
in agriculture, due to their high efficacy and low toxicity, and have proven highly successful in
treating bacterial infections. The rising prevalence of antibiotic resistance, driven in part by
indiscriminate drug use, poses a major threat that could return us to a pre-antibiotic era [1].
Among the mechanisms of multidrug resistance are bacterial efflux pumps, which expel
antibiotics from the cell, thereby reducing their efficacy [2]. Inhibiting these pumps represents
a potential strategy to enhance the susceptibility of resistant pathogens to existing antibiotics
[3]. The escalating resistance of many pathogens to existing drugs has revitalized interest in
plants as a rich yet underexplored source of novel antimicrobials, with only about 1% of
traditionally used species having undergone phytochemical investigation [4]. Advances in
modern research technologies now enable the detailed characterization of plant-derived
compounds, spurring a growing number of microbiological studies on their antimicrobial
properties as alternative therapies—an approach of particular relevance in developing regions,
where up-to 80% of people still rely on traditional medicines [5,6]. Onosma visianii Clem
(Boraginaceae) has long been employed in traditional medicine for treating a range of
conditions, including wounds and burns, while other species in this family exhibit notable anti-
inflammatory effects [7]. Building on our previous findings that naphthoquinone 1-7 (a
shikonin derivative) isolated from O. visianii roots possesses cytotoxic and antibacterial
activity [8], the present study aims to assess the direct and indirect antimicrobial effects of O.
visianii root extract on reference and clinical bacterial strains using broth microdilution and a

modified ethidium bromide/acridine orange (EB/AO) fluorescence assay.
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METHODS

The study was designed as an in vitro experimental study and was conducted at the Center for
Microbiology, Institute of Public Health, Kragujevac, Serbia. The extract used in the
experiments was obtained through ethanolic extraction of the dry root of O. visianii Clem at

the Faculty of Science, University of Kragujevac, Serbia.
Reagents and Bacteria

The extract of O.visianii Clem was dissolved in dimethyl sulfoxide (DMSO, Sigma-Aldrich,
Merck, Germany) and diluted with nutrient broth (Oxoid, Basingstoke, UK) to achieve a
concentration of 2000 pg/mL, ensuring that the concentration of DMSO in the stock did not

exceed 3.5%. The initial volume of the stock used for examination was 100 puL [9].

The following reference strains (American Type Culture Collection [ATCC]) were included in
the study: Enterococcus faecalis (ATCC 29212), Staphylococcus aureus (ATCC 25923),
Pseudomonas aeruginosa (ATCC'10145), and Escherichia coli (ATCC 25922). Additionally,
clinical  bacterial strains, including vancomycin-resistant Enterococcus faecalis (VRE),
methicillin-resistant Staphylococcus aureus (MRSA), Escherichia coli, and Pseudomonas

aeruginosa, were also examined.

Antibacterial Activity

The McFarland (Hemofarm, Serbia) turbidity standard was used to standardize the aproximate
number of bacteria to 0.5 McFarland. Bacterial strains were subcultured and incubated at 37
°C in a thermostat for 24 hours prior to use. A bacterial suspension with a density of 0.5

McFarland was prepared using the direct colony method. From this suspension, 100 pL was

DOI: https://doi.org/10.2298/SARH231213018H Copyright © Serbian Medical Society
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mixed with 2000 pL of physiological saline in a test tube, resulting in a bacterial concentration
of 5 x 1006 CFU/mL. From this bacterial suspension, 10 puL (equivalent to 5 x 10”4 bacteria)
was inoculated into the wells of a microtiter plate, resulting in a final concentration of 5 x 10

A5 CFU/mL [10].

In a microtiter plate with rounded-bottom wells (60 wells in 5 horizontal rows of a 96-well
microtiter plate, Spektar, Cagak, Serbia), 100 uL of nutrient broth was added to each well. In
the first two rows, 100 puL of the extract stock was added to the initial wells, and then it was
serially diluted using the double dilution method into the subsequent wells. The concentrations
of the extract ranged from 1000 to 0.488 pug/mL. Subsequently, 10 puL of the prepared bacterial
suspension was added to each well. Validity control and blanks for the extract and nutrient
broth were included. The inoculated microtiter plates were incubated for 24 hours at 37 °C, and
the minimum inhibitory concentrations (MICs) were determined [11]. The MIC is defined as
the lowest concentration of the test substance at which no visible increase in bacterial growth

is observed, indicated by clear wells.

The minimum bactericidal concentration (MBC) was determined by subculturing 10 pL of

suspension from each well where no turbidity was observed onto nutrient agar.

After 24 hours of incubation, the plates were examined for visible growth, and the MBCs were
determined. MBC is defined as the concentration of the extract that does not result in visible

growth on the plate [11].
The direct cytotoxicity of the extract was calculated using equation (1).
Cytotoxicity = ((Acontrol-Atest) / Acontrol) * 100 (1)

In this context, A control refers to the absorbance measurement of the validity control, which

is a bacterial suspension without the extract, whereas A test denotes the absorbance

DOI: https://doi.org/10.2298/SARH231213018H Copyright © Serbian Medical Society
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measurement of the test sample (bacterial suspension containing the extract) [9].

Efflux pump activity assay

To determine the activity of efflux pumps in bacteria, the dyes AO/EB (Sigma-Aldrich,
Germany) were used. AO is a dye that binds to deoxyribonucleic or ribonucleic acids (DNA or
RNA) in organisms and fluoresces in different colors, aiding in the differentiation of cellular
organelles. EB, when bound to DNA, exhibits enhanced orange fluorescence when exposed to
ultraviolet light. The fluorescence intensity of AO/EB was used to_assess the efflux pump

activity of certain bacteria [12].

For the efflux pump activity assay, bacterial suspensions of two untreated clinical strains,
Pseudomonas aeruginosa and methicillin-resistant Staphylococcus aureus (MRSA), were
prepared. The fluorescence intensity of AOQ/EB in both untreated bacteria decreased over time

as the efflux pumps eliminated the dyes.

Since Gram-positive bacteria eliminated EB/AO more efficiently, the efflux pump activity
assay using the Onosma visianii Clem root extract was conducted only on Gram-positive
bacteria. Two clinical strains, vancomycin-resistant Enterococcus faecalis (VRE) and MRSA,
were treated with the Onosma visianii Clem root extract. The experimental procedure for each

tested isolate was the same as that for determining

the minimum inhibitory concentration (MIC) values [13]. A bacterial suspension at 50% MIC

was used for the efflux pump activity assay [14].

A bacterial suspension with a density of 0.5 McFarland was prepared using the direct colony
method, as outlined in EUCAST guidelines [15]. A suspension was prepared on a slide
consisting of 10 uL of bacterial suspension and 1 pL of dye solution (100 pg/mL AO and 100

pg/mL EB) dissolved in distilled water [16]. The slides were examined under a fluorescence
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microscope at 400x magnification and photographed in real-time at three time points: 0
minutes, 15 minutes, and 30 minutes. The fluorescence intensity was determined using ImagelJ
software (National Institutes of Health, Bethesda, MD, USA). Comparison was made with
untreated strains of VRE and MRSA, using bacterial suspensions with a concentration of 5x10
A5 CFU/mL [17]. The accumulation rate of EB/AO, characterized by an increase in red and
green fluorescence intensity, was determined as the fluorescence index relative to the baseline
(0 minutes) for both treated and untreated samples at the three time points. Statistical data
processing was performed using standard deviation, and the ICso value was calculated by
measuring absorbance at 450 nm and using GraphPad Prism 8.0 software (San Diego, CA,

USA).

RESULTS
Antibacterial Activity

O. visianii Clem root extract displayed potent antibacterial activity, with markedly higher
efficacy against Gram-positive than Gram-negative bacteria (Table 1). Among reference
strains, Staphylococcus aureus (ATCC 25923) was the most susceptible (MIC, MBC, and ICso
= 0.48 pug mL), whereas Enterococcus faecalis (ATCC 29212) showed reduced sensitivity
(MIC/MBC = 7.81/7.81 pg mL; ICso = 9.74 ng mL). In contrast, Gram-negative reference
strains were far less susceptible, with MIC/MBC values of 250/500 ug mL for Escherichia coli

(ATCC 25922) and 500/1000 pg mL for Pseudomonas aeruginosa (ATCC 10145).

A similar pattern was observed for clinical isolates (Table 1). The extract exhibited the greatest
activity against MRSA (MIC/MBC = 7.81 ug mL; ICs = 2.64 pg mL), followed by VRE

(MIC/MBC = 15.62 ng mL; ICso = 5.98 pg mL). In contrast, clinical P. aeruginosa and E. coli

DOI: https://doi.org/10.2298/SARH231213018H Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First March 4, 2026 | DOI: https://doi.org/10.2298/SARH231213018H 8

isolates were highly resistant, with MIC/MBC values of 1000 pg mL and ICso values of 265.03

and 765.5 pug mL, respectively.

Efflux pump activity assay

To investigate the potential of O. visianii Clem root extract to interfere with bacterial drug-
resistance mechanisms, we assessed efflux pump activity in reference and clinical straing using
AO and EB fluorescence assays. Fluorescence intensity measurements reyealed that, after 30
minutes, P. aeruginosa eliminated approximately 50% of the dyes, whereas MRSA exhibited
markedly stronger efflux pump activity, expelling about 90% within the same time frame

(Figure 1 and 2).

Because the extract displayed stronger inhibitory effects on Gram-positive bacteria, which also
showed higher baseline efflux activity, subsequent assays focused on MRSA and VRE. In
MRSA treated with Onosma visianii Clem root extract at 50% of its MIC, 72.9% (EB) and
64.8% (AO) of the dyes were retained after 30 min compared with the initial 100%, whereas
untreated MRSA retained only 55.6% and 44%, respectively, indicating extract-mediated

inhibition of efflux pumps (Figure 3).

Similarly, in VRE treated with O. visianii Clem root extract at 50% MIC, 80.9% (EB) and
74.2% (AO) of the dyes were retained after 30 min compared with 61.1% and 48% in untreated

controls, again demonstrating reduced efflux activity in the presence of the extract (Figure 4).

DISCUSSION

The use of antibiotics in healthcare has been widespread for many years; however, their overuse

and unregulated application have led to the emergence of antibiotic resistance, which has
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become a global public health concern. Consequently, increasing attention has been directed
toward investigating the effects and mechanisms of plant extracts, as numerous plant species

have been employed for centuries in traditional medicine.

Different mechanisms of action have been identified for the antibacterial activity of medicinal
herbs. Some plant extracts inhibit cell wall synthesis, while others accumulate in the bacterial
membrane and disrupt its structure and function, leading to cell damage and.death [18].
Moreover, certain plant extracts have shown effectiveness against bacterial efflux pumps,
which play a key role in mediating multidrug resistance in both/Gram-positive and Gram-
negative bacteria [19]. Efflux pumps perform an essential function in safeguarding bacteria
from toxic materials by actively expelling drugs and toxins. Inhibiting or-weakening these
efflux pumps can improve the efficacy of antibiotics against resistant bacterial strains. [20, 21].
The present study examined the antibacterial properties and the efficacy of the dried root

extract of Onosma visianii Clem in inhibiting efflux pumps.

Previous results obtained from studies conducted at our university which demonstrated the
antibacterial and cytotoxic effects of Onosma visianii Clem represent the basis for our research.
Vuki¢ and colleagues conducted a study examining the antibacterial activity of seven distinct

naphthoquinones extracted from the dried root of Onosma visianii Clem.

Each of the individual naphthoquinones demonstrated efficacy against clinical Gram-positive
and Gram negative bacteria with MIC50 and MIC90 values on Gram-positive varying from
6.40 pg/mL to 12.79 pg/mL and 6.82 pg/mL to 13.60 pg/mL, respectively.[8] Conversely, our
research assessed the activity of the full ethanolic extract, which encompasses all secondary
metabolites to determine whether it is more effective, and compared it against a variety of
clinical and reference bacteria. Additionally, our MIC values exhibited enhanced antimicrobial

effects against Staphylococcus aureus (MIC 0.48 pg/mL) when compared to all isolates
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evaluated in the prior study. On the other hand, the activity against our Gram-negative bacteria
was lower. Our findings also indicated the bactericidal properties of the extract and included

1Csp values.

Moreover, we advanced our research by evaluating the extract's efficacy against strains of
MRSA and VRE. A related study on the extract of Consolida orientalis reported MIC values
for MRSA between 0.15 and >5 mg/mL, while VRE exhibited MIC values from 0.625 to 2.5
mg/mL. In comparison, our results demonstrate much stronger activity [22]. In another
investigation, Amri et al. analyzed the ethanolic extract of Eupatorium odoratum against Gram-
positive and Gram-negative bacteria, finding no effectiveness against Gram-negative strains
[23]. Matsuete et al. also noted weaker activity, with a reported MIC value for Pseudomonas

aeruginosa of >1000 pg/mL [24].

The variation in vulnerability. can be explained by the distinct structural characteristics of the
cell walls found in Gram-positive and Gram-negative bacteria [25]. Gram-negative bacteria
typically have‘a more intricate mechanism for multidrug resistance because of their double
membrane structure, which allows for the function of tripartite efflux pump systems [26]. The
efflux pump. activity assay revealed that the extract of Onosma visianii Clem inhibited the
efflux pump activity in both MRSA and VRE, as demonstrated by the higher retention of
fluorescent dyes in treated bacteria compared to untreated bacteria. Efflux pumps are crucial
in contributing to multidrug resistance, and blocking their function can improve the potency of
antibiotics [27]. In a comparable study, the bioflavonoid Scutellaria baicalensis was shown to
affect the efflux pumps of Staphylococcus aureus, with EB dye retention at 73% after 30
minutes [28]. Similary, Anokwah et al. investigated the ethanolic extract of Loeseneriella
Africana [29]. When S. aureus was treated with 50% MIC, it retained 50% EB after 60 minutes,

a value significantly lower than that observed in our study. Previous reports have also suggested

DOI: https://doi.org/10.2298/SARH231213018H Copyright © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First March 4, 2026 | DOI: https://doi.org/10.2298/SARH231213018H 11

that polyphenols rich plants can inhibit the efflux pumps Mdrl and LmrP found in E. faecalis,
which are critical contributors to multidrug resistance [30]. Our results are consistent with
recent findings showing that bioactive compounds in plant extracts may combat multidrug-
resistant bacteria by targeting efflux pump mechanisms [31]. The effectiveness of the extract
is influenced by its chemical composition, the extraction method, and the timing of plant
collection [32]. Despite the long history of this plant in traditional medicine, standardization of
the extract is necessary before practical application. In addition, it is essential to evaluate its
potential toxicity and the stability of its active components. Although the extract demonstrates
promising in vitro activity, further standardization, toxicity testing; and stability assessment are

required before practical application.

CONCLUSION

The root extract of Onesma visianii-Clem exibited antimicrobial activity against both Gram-
positive and Gram-negative bacteria, with particularly strong effects against VRE and MRSA.
In addition, the observed inhibition of bacterial efflux pumps underscores its promise as a
candidate for pharmacological evaluation of the antibiotic properties of the Onosma visianii

Clem root extract.
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Table 1. Antibacterial activity of Onosma visianii Clem root extract on reference and clinical

bacteria strains

Species MIC = SD MBC = SD IC50 £ SD
(pg/ml) (pug/ml) (pg/ml)

Enterococcus faecalis

(ATCC 29212) 7.81 £4.50 78110 9.74 £ 6.80

Staphylococcus aureus

(ATCC 25923) 048 £0 048+ 0 <048

Pseudomonas aeruginosa

(ATCC 10145) 500 £ 288.67 > 1000 185.59 £ 1118

Escherichia coli

(ATCC 25922) 2500 5000 244.08 £ 76.56

Enterococcus faecalis

(VRE) 15.62+0 156240 598 £0.76

Staphylococcus aureus

(MRSA) 7.81£4.50 7.81+£0 2.64 £1.03

Pseudomonas aeruginosa 1000 + 0 >.1000 265.03 +72.84

Escherichia coli 1000 + 0 > 1000 7655+ 0

MIC — minimum inhibitory concentrationy SD - standard deviation; MBC — minimum

bactericidal concentration; IC50 — half of the maximum inhibitory concentration; VRE —

Vancomycin-resistant Enterococci; MRSA — Methicillin-resistant Staphylococcus aureus
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Figure 3. Fluorescence intensity ethidium bromide / acridine orange of treated and untreated
methicillin-resistant Staphylococcus. aureus (MRSA) with Onosma visianii Clem root extract

at the concentration 50% of the minimum inhibitory concentrations value at three time points:

0', 15, 30’
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Figure 4. Fluorescence intensity ethidium bromide / acridine orange of treated and untreated

vancomycin-resistant Enterococcus faecalis (VRE) with Onosma visianii Clem root extract at

a concentration of 50% minimum inhibitory concentrations value at three time points: 0', 15,

30’
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