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SUMMARY

Introduction/Objective The escalating resistance of numerous pathogens to currently available thera-
peutic 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 deter-
mine the minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs)
by broth microdilution, as well as the half maximal inhibitory concentration (IC, ) values for reference
and clinical bacterial strains. The EB/AO fluorescence method was employed to assess the effect on ef-
flux 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 IC, | values for Gram-positive bacteria were all below 15 pg/mL. The ex-
tract demonstrated strong antibacterial activity against VRE and, in particularly, against MRSA isolates
(MIC=7.81 pg/mL and MBC = 7.81 pg/mL). 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 particularly strong effects against VRE and MRSA. In addition,
the observed inhibition of bacterial efflux pumps underscores its promise as a candidate for pharmaco-
logical evaluation of the antibiotic properties of the Onosma visianii Clem root extract.
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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 preva-
lence 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 esca-
lating 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 hav-
ing 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 tradi-
tional medicines [5, 6]. Onosma visianii Clem
(Boraginaceae) has long been employed in tradi-
tional 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 microdilu-
tion 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 extrac-
tion of the dry root of O. visianii Clem at the University of
Kragujevac, Faculty of Science, Kragujevac, Serbia.

Reagents and bacteria

The extract of O.visianii Clem was dissolved in dimethyl
sulfoxide (DMSO) (Sigma-Aldrich, Merck, St. Louis, MO,
USA) and diluted with nutrient broth (Oxoid, Thermo
Fisher Scientific, Basingstoke, United Kingdom) to achieve
a concentration of 2000 ug/mL, ensuring that the concentra-
tion of DMSO in the stock did not exceed 3.5%. The initial
volume of the stock used for examination was 100 uL [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 bacte-
rial 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 a.d., Vrsac, Serbia) turbidity
standard was used to standardize the approximate number
of bacteria to 0.5 McFarland. Bacterial strains were subcul-
tured 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 mixed with 2000 pL of
physiological saline in a test tube, resulting in a bacterial
concentration of 5 x 105 CFU/mL. From this bacterial
suspension, 10 pL (equivalent to 5 x 10* bacteria) was
inoculated into the wells of a microtiter plate, resulting in
a final concentration of 5 x 10° CFU/mL [10].

In a microtiter plate with rounded-bottom wells [60
wells in five horizontal rows of a 96-well microtiter plate,
(Spektar, Cacak, Serbia)], 100 pL of nutrient broth was
added to each well. In the first two rows, 100 pL 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 pg/mL. Subsequently, 10 uL 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.
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The minimum bactericidal concentration (MBC) was
determined by subculturing 10 uL 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) x 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 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,) were used. AO is a dye that
binds to deoxyribonucleic or ribonucleic acids (DNA or
RNA) in organisms and fluoresces in different colors, aid-
ing 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 MRSA, were prepared. The fluorescence intensity of
AO/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, 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 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 European committee on antimicrobial susceptibility
testing guidelines [15]. A suspension was prepared on a
slide consisting of 10 uL of bacterial suspension and 1 pL of
dye solution (100 ug/mL AO and 100 pug/mL EB) dissolved
in distilled water [16]. The slides were examined under a
fluorescence microscope at 400 x magnification and pho-
tographed in real-time at three time points: 0 minutes, 15
minutes, and 30 minutes. The fluorescence intensity was
determined using Image] software (National Institutes of
Health, Bethesda, MD, USA). Comparison was made with
untreated strains of VRE and MRSA, using bacterial suspen-
sions with a concentration of 5 x 10° CFU/mL [17]. The
accumulation rate of EB/AO, characterized by an increase
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Table 1. Antibacterial activity of Onosma visianii Clem root extract on reference and

clinical bacteria strains

Escherichia coli (ATCC 25922) and 500/1000
ug/mL for Pseudomonas aeruginosa (ATCC

Species MIC+SD |MBC+SD| IC,+SD 10145).
(ug/ml) (ug/ml) (ug/ml) A similar pattern was observed for clini-
Enterococcus faecalis (ATCC 29212) 7.81+4.50 7810 9.74 +6.80 Cal isolates (Table 1) The extract exhlblted
Staphylococcus aureus (ATCC 25923) 0.48+0 | 0.48x0 <0.48 the greatest activity against MRSA (MIC/
Pseudomonas aeruginosa (KTCC 10145) | 500 + 288.67 | >1000 | 185.59+1.18 MBC = 7.81 ug/mL; ICso = 2.64 ug/mL),
ichia coli followed by VRE (MIC/MBC = 15.62 ug/mL;
Escherichia coll 25040 | 500+0 | 244.08+76.56 Y ( V6
(ATCC 25922) ICso = 5.98 pg/mL). In contrast, clinical P,
Enterococcus faecalis (VRE) 15.62+0 15.62+0 5.98 +0.76 aeruginosa and E. Coli isolates were hlghly re-
Staphylococcus aureus (MRSA) 7.81+450 | 7.81+0 2.64+1.03 sistant, with MIC/MBC values of 1000 pg/mL
Pseudomonas aeruginosa 1000£0 | >1000 | 265.03+72.84 and ICs, values of 265.03 and 765.5 pg/mL,
Escherichia coli 1000 + 0 > 1000 765.5+0 respectively.
MIC - minimum inhibitory concentration; SD - standard deviation; MBC — minimum bactericidal
concentration; IC, - half of the maximum inhibitory concentration; VRE - Vancomycin-resistant
Enterococci; MRSA - Methicillin-resistant Staphylococcus aureus
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Figure 1. Fluorescence intensity ethidium bromide / acridine orange of
untreated Pseudomonas aeruginosa at three time points: 0, 15, and 30'

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 IC, value was calculated by
measuring absorbance at 450 nm and using GraphPad Prism
8.0 software (GraphPad, 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 ICs, = 0.48 ug/mL), whereas
Enterococcus faecalis (ATCC 29212) showed reduced sensi-
tivity (MIC/MBC = 7.81/7.81 pg/mL; ICso = 9.74 pg/mL).
In contrast, Gram-negative reference strains were far less
susceptible, with MIC/MBC values of 250/500 ug/mL for
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Figure 2. Fluorescence intensity ethidium bromide / acridine orange
of untreated methicillin-resistant Staphylococcus aureus at three time
points: 0, 15, and 30'

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
strains using AO and EB fluorescence assays. Fluorescence
intensity measurements revealed 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
(Figures 1 and 2).

Because the extract displayed stronger inhibitory effects
on Gram-positive bacteria, which also showed higher base-
line 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
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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} and 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, and 30’
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as numerous plant species have been employed for
centuries in traditional medicine.

Different mechanisms of action have been iden-
tified for the antibacterial activity of medicinal
herbs. Some plant extracts inhibit cell wall syn-
thesis, 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 con-
ducted at our university which demonstrated
the antibacterial and cytotoxic effects of Onosma
visianii Clem represent the basis for our research.
Vuki¢ et al. [8] conducted a study examining the
antibacterial activity of seven distinct naphthoqui-
nones extracted from the dried root of Onosma
visianii Clem.

Each of the individual naphthoquinones demon-
strated 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 ug/mL and 6.82 pg/mL to 13.60 ug/mL,
respectively [8]. Conversely, our research assessed
the activity of the full ethanolic extract, which
encompasses all secondary metabolites to deter-
mine 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 pug/mL) when compared to all isolates
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 IC_ values.

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 resis-
tance, which has become a global public health concern.
Consequently, increasing attention has been directed toward
investigating the effects and mechanisms of plant extracts,

‘ DOI: https://doi.org/10.2298/SARH231213018H

Moreover, we advanced our research by evaluating the
extract’s efficacy against strains of MRSA and VRE. A re-
lated 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. [23] analyzed the
ethanolic extract of Eupatorium odoratum against Gram-
positive and Gram-negative bacteria, finding no effectiveness
against Gram-negative strains. Takongmo Matsuete et al.
[24] also noted weaker activity, with a reported MIC value
for Pseudomonas aeruginosa of > 1000 pg/mL.

Srp Arh Celok Lek. 2026 Mar-Apr;154(3-4):149-155



Direct and indirect antimicrobial activity of the root extract of Onosma visianii Clem

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].
Similarly, Anokwah et al. [29] investigated the ethanolic
extract of Loeseneriella Africana. 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 that polyphenols rich plants
can inhibit the efflux pumps Multidrug Resistance 1 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 compo-
nents. Although the extract demonstrates promising in
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Direct and indirect antimicrobial activity of the root extract of Onosma visianii Clem

[VpeKTHa U HAMPEKTHA aHTMMMKpOGHa aKTUBHOCT eKCTPaKTa KopeHa Onosma

visianii Clem

Cenma Xabnbosuh', Carba Matnh? Cy3aHa Monosuh?, AHa Topoposuh?, CHexxaHa Pubunc®, Msana Metposuh®, Axmo Xabrnbosuh’,

Mwunera Muwnh®

'3aBog 3a jaBHO 3/paBbe Hosu MMa3ap, LieHTap 3a mukpobronorujy, Hosu Masap, Cpbuja;
2YHneep3uTeT y Kparyjesuy, Oakyntet meamumHCKIX Hayka, Oacek 3a dapmauujy, Kparyjesau, Cp6uja;
YHuBep3uTeT y KparyjesLy, akynTteT MeAnNLMHCKNX HayKa, LieHTap 3a MonekynapHy MeanLUmMHY U UCTpaxinBarbe MaTuyHux henwja,

Kparyjesau, Cpbuja;

*YHuBep3anTet y Kparyjesy, GakynTeT MeanUmMHCKMX HayKa, Kparyjesal, Cpbuja;

Onwra 6onHuua, Ap Opany Jepranu’, Jlabopatopuja 3a KnuH1uky mukpobuonorujy, Hosa lfopuua, CnoseHuja;
*YHnBep3uTeTCKM KNUHUYKM LieHTap Kparyjesau, LieHTap 3a mukpoburonorujy, Kparyjesa, Cpbuja;

’Onwra 6onHuua Hosu Masap, LieHTap 3a paguonorujy, Hosu Ma3ap, Cp6uja;

#3aBog 3a jaBHO 3apaB/be Bparbe, LieHTap 3a Mukpobuonorujy, Bpare, Cpbuja

CAXETAK

YBog/Lum Pactyha pesuncteHumja 6pojHrx naTtoreHa Ha Tpe-
HYTHO AOCTYMHe Tepanujcke areHce 13a3Basna je MOHOBHO WH-
TepEeCcoBatbe 3a UCTPaAXKMBatbe HOBUX aHTUMUKPOOHYIX jeau-
tera. busbke cy noctane noTeHUWjanHo BpeaH U3Bop OBUX
jepumetba. Lnsb oBe cTyguje 6o je aa ce npoLeHn AMpeKTHa
U MHAMPEKTHA aHTUMUKPOOHA akTUBHOCT EKCTPakTa KopeHa
Onosma visianii Clem Ha pedepeHTHe 1 KNHWYKe bakTepujcke
cojeBe, Kopuctehu metogy MukpogunyLuje y 6yjoHy n mogm-
drKoBaHu eTnanjym 6pomug / akpugamnH opaHy (EB/AO) Tect
dbnyopecueHTHe feTeKkumje.

MeTope ETaHONHYM eKCTpaKT Npunpem/beH U3 CyBOT KOpeHa
Onosma visianii Clem KopuwwheH je 3a ogpehrBarbe MUHUMaN-
HUX MHXMOUTOPHUX KOHLeHTpaumja (MIC) n MUHUManHmx 6ak-
TepuUMAHMX KoHLeHTpauwuja (MBC) meTogom MUKpoAunyLuje
y GyjoHy, Kao U 3a ofpehrBatbe BPeLHOCTU NONOBMHE MaKcU-
MaJiHe NHXNOnTOopHe KoHueHTpauuje (IC, ) 3a pedepeHTHe 1
KnuHnuke 6akTepujcke cojeBe. Metoaa EB/AO ¢pnyopecLieHTHOr
60jetba KopuLheHa je 3a MpoLeHy yTrLaja Ha edrykc nymne
Kop cojeBa Staphylococcus aureus pe3viCTEHTHOT Ha METULISIVH
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(MRSA) v Enterococcus faecalis pe3icTeHTHOT Ha BAHKOMULWH
(VRE), xopuctehn KoHueHTpauujy og 50% MIC BpegHOCTY eK-
CTpaKTa.

Pesynrtatn BpegHoctn MIC, MBC v IC, 3a Tpam-no3ntreHe
6akTepuje bune cy ucnopg 15 ug/mL. EKCTpaKT je MOKa3ao jako
aHTUMUKPOGHO AejcTBo npema VRE n nocebHo npema MRSA
cojeBuma (MIC = 7,81 ug/mL v MBC =7,81 ug/mL). Mopep Tora,
TpeTmaH ca 50% MIC KoHLieHTpaLje 13a3Bao je 3HayajHy WH-
xnbuuujy epnykc nymnu ko lpam-no3nTmBHKX 6akTepuja, y
pacroHy og 18% o 26% y ofgHoCy Ha HeTpeTupaHe henuje.
3akibyuak EkctpakT kopeHa Onosma visianii Clem nokasao
je aHTUMMKpO6HO fejcTBO Npema lpam-No3MTUBHYM 1 Npe-
Ma lpam-HeraTBHVM 6akTepujama, ca HAPOUMTO U3PaKEHUM
edektom npema VRE n MRSA. Ocum Tora, youeHa uHxmbuuyja
6akTepujckmx edbnykc nymnu nctmuye obehasajyhu noteHuujan
€KCTpaKTa KopeHa 6urbke Onosma visianii Clem Kao kaHavaaTa
3a papmaKooLKa NCNUTHBaHa HeroBux Moryhrx aHTnéunot-
CKUX CBOjCTaBa.

KmyuHe peun: Onosma visianii Clem; aHTUM1KpPO6HO AejcTBO;
ednykc nymne
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