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Abstract: The study assessed the efficacy of several extracts and essential oils with less known anti-
microbial potential. Antimicrobial activities (microdilutions technique) and antibiofilm activities
(crystal violet-based microtiter plate assay) against multiresistant bacterial strains of S. aureus and
E. coli were tested for essential oils (Ocimum basilicum, Eugenia caryophyllus/Syzygium aromati-
cum) and alchoolic extracts of Ocimum basilicum, Robinia pseudocacia, Allium arsinum, Artemisia
absinthium, Equisetum arvense previously analyzed by GC-MS. Essential oils elicited inhibitory
values of 8 mg/ml on the E. coli growing and biofilm formation. The extracts inhibited bacterial
growth, and Equisetum arvense led to a high inhibition rate of S. aureus strains (79.06% and 80.32%).
The Equisetum arvense extract, a plant less used for its antibacterial properties, strongly inhibits the
S. aureus strains both in culture and biofilms.
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1. Introduction

Antimicrobial resistance is a major global problem and is considered a threat to
global public health. WHO reports a worrying increase in the use of antibiotics, which is
one of the reasons for the emergence of extremely resistant bacteria [1, 2], along with an
insufficient range of antibiotics available on the market, non-discriminatory abuse in
treatments and slow rate of new therapeutic agents [3]. At present, the gap between the
ability to develop new antibiotics and the rate at which bacteria increase their resistance
is deepening, with effects on humans, animals, agriculture, the environment and, conse-
quently, on national economies [4]. Some statistics [5, 6] show that every year, more than
670,000 infections occur in the EU due to resistant bacteria and 33,000 people die as a
direct consequence of these infections; the economic impact is also significant, about 1.5
billion euros are spent annually in the EU. It is estimated that the overall use of antibiotics
will increase by 200% by 2030 if no effective action is taken. In addition, during this pe-
riod, the increased non-discriminatory use of antibiotics during the COVID-19 pandemic
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Center for the Control of Communicable Diseases (ECDC) [2]. Over time, a number of
measures have been proposed to reduce microbial resistance to antibiotics without much
success. Scientific research has recently focused on exploring plant products (essential oils
and extracts) as a new source of phytotherapy capable of modifying microbial resistance
[5] as molecules with high biological and chemical potential [8]. Biofilms (microbial com-
munities attached to different surfaces in which bacterial cells are embedded in a self-
produced extracellular polymeric matrix) are clinically relevant because they protect mi-
croorganisms, allowing them to survive in hostile environments by preventing the ab-
sorption of antibiotics. They are estimated to cause more than 80% of microbial infections
worldwide [3] and are therefore one of the most important challenges in current antibiotic
therapy. Plant extracts may have good activity in themselves or may be sources of effec-
tive antimicrobial compounds that may act against the biofilm of pathogens.

2. Methods
2.1. Essential oils GC-MS analysis

The sample preparation consisted of the following two steps: 50 pL of each essential oil
(Ocimum basilcum and Eugenia caryophyllus/Syzygium aromaticum) [9] were pipetted
in two screw top vials (2 mL) and diluted with 950 puL of methanol. The analysis of the
essential oils was performed on a 7890A Agilent Technology Gas Chromatograph, cou-
pled with a MSD 5975 Mass Spectrometer and equipped with a HP-5MS capillary column
(30 m x 0.25 mm x 0.25 um). The samples were introduced into the GC-MS injection port
using a 5 pL syringe, in the split mode (the split ratio was 100:1) and a volume of 2 uL.
Helium was the carrier gas with a flow rate of 1 ml/min. The inlet pressure was 7.5622 psi,
the total flow was 104 ml/min and the oven temperature was set at 50°C (3'). The initial
temperature was increased with 4°C/min to 120°C and then with 8°C/min to 280°C (4,5).
The total run time was 45'. NIST database was used for the identification of the volatile
compounds.

2.2. Preparation of plant extracts

In order to obtain the extracts, dried plants harvested from the local area were used. 15
grams of the dried and grounded plants have been extracted with a 70% ethanol solution
in a ratio of 1:10. The solvent-plant complex was fully mixed (30" at 200 rpm) with a Pana-
sonic MIR-5100-PE Orbital shaker and filtered through a 90 mm filter paper. Before the
analysis, the extracts were diluted in a ratio of 1:20.

2.3. Total polyphenol content

For the determination of the total polyphenolic content, the Folin-Ciocalteu micromethod
[10, 11] was used, following the protocol described by Tamas-Krumpe Octavia Maria et
al. [12]: 25 pL sample mixed with 125 pL Folin-Ciocalteu Reagent and 100 uL Na2CO3.
The mixture was kept at room temperature for 30’ and the OD was read at 760 nm with a
Tecan Infinite M1000 Pro spectrophotometer.

2.4. Total flavonoids content
For total flavonoids content the method described by Zhinsen et al. [13] was adopted. The

preparation of the samples was made in 5 ml volumetric flasks. 500 uL of each sample
and 150 uL NaNO2 (5%) were mixed and kept at room temperature for 5'. 250 uL AICI3
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(2%) were added and kept for another 6'. 250 uL. NaOH were added on the resulted mix-
ture and kept at room temperature for 10'. The OD of the samples was read at 510 nm
(Perkin Elmer Lambda 25 spectrophotometer).

2.5. Antibacterial Assay

Antimicrobial and antibiofilm activities of essential oils were tested on two multidrug-
resistant bacterial strains S. aureus ES5168 and E. coli ES5649; the effects alcoholic plant
extracts were evaluated on 2 strains of S. aureus ES5168, RC0831 and 2 strains of E. coli
ES5649, CA0422. All bacterial strains exhibited resistance phenotype by a series of cumu-
lative mechanisms. The antimicrobial activity / MIC of essential oils and plant extracts
was determined using the broth microdilution method for bacteria, in a 96-well micro-
plate. The essential oils and plant extracts were dissolved in maximum 1% DMSQO solution
(in BHI broth) [14]. The plant extracts were also disolved in ethanol 80% and tested at a
concentration of 25 mg/mL. Serial dilutions were prepared ranging from 10.0 up to 0.25
mg/mL for the essential oils and from 50 up to 12.5 mg/mL for the plant extracts to a final
volume of 50 uL per well. One-hundred microliters of bacterial suspension adjusted to
McFarland standard 0.5 were added to each well to obtain a final working volume of 150
uL. Each experiment always had negative control (100 pL BHI broth and 50 uL DMSO
1%, respectively 50 uL ethanol 80% without inoculation), positive/growth control (100 uL
bacterial suspension adjusted to McFarland standard 0.5 and 50 uL DMSO 1%, respec-
tively 50 uL ethanol 80% - in order to avoid the potential effects of DMSO 1% and ethanol
80% on bacterial growth and biofilm formation) and blanks (100 uL BHI broth and 50 uL
of various concentrations of essential oils and plant extracts). After determining the anti-
microbial activity, the microplates were reincubated for another 24 h and crystal violet
(CV) assay was performed to assess the biofilm inhibiting activity of essential oils and
plant extracts [15, 16]. The medium and planktonic cells were discarded and each well
was rinsed twice. Adhered biofilm-biomass was stained with 160 uL CV 0.1% for 30
minutes, at room temperature. The CV was washed out thrice and dye bound to biofilm
was re-solubilized in 165 uL of 96% ethanol. The optical density was measured at 540 nm.

2.6. Statistical analysis

The results were expressed as inhibition rate (IR %): 100 — (treatment x 100)/positive con-
trol, for antimicrobial activity and as mean + standard deviation (SD) (calculated based on
the optical density of minimum 12 wells), for anti-biofilm activity. A higher inhibition rate
corresponds to a lower OD relative to control and vice-versa. Where applicable, the data
were subjected to Mann Whitney U test or Anova Kruskal-Wallis test. P values less than
0.05 were considered statistically significant.

3. Results

3.1. GC-MS Analysis of essential oils

The Ocimum basilicum oil chromatogram showed 3 main peaks for: Eugenol (22.752
min retention time; 10.944% from total compounds), Linallol (14.218 min retention time;
51.159% from total compounds), and Eucalyptol (11.451 min retention time; 8.373% from
total compounds) (Figure 1a). The Eugenia caryophyllus/Syzygium aromaticum oil chro-
matogram showed 3 main peaks for: Eugenol (22.941 min retention time; 78.515% from
total compounds), Aceteugenol (26.375 min retention time; 13.071% from total com-
pounds), and Caryophyllene (24.255 min retention time; 5.658% from total compounds)
(Figure 1b).
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(a) (b)

Figure 1. GC-MS Analysis Results: (a) Basil essential oil chromatogram with main detected compounds; (b) Eugenia
caryophyllus essential oil chromatogram with main detected compounds.

3.2. Total polyphenol and flavonoids content of plant extracts

The calibration curve for polyphenol detection was made with Gallic acid at the following
concentrations: 3,9 pug/ml, 7,8 pug/ml, 15,62 ug/ml, 31,25 ug/ml, 62,5 pg/ml, 125 pg/ml and
250 pg/ml. For the calibration curve of flavonoids measurements rutin (Img/ml) was used
and 5 standards were prepared (62,5 ug/ml, 125 ug/ml, 250 pug/ml, 500 pg/ml and 1000
pg/ml). The results are showed in the table 1.

Table 1. Measurement of polyphenolic and flavonoids content of the tested plant extracts

Polyphenols (ug/ml) Flavonoids (ug/ml)
X +sd X +sd
Basil (Ocimum basilicum) 339,4116 13,39243 308,6633 3,268216
Acacia (Robinia pseudoacacia) 622,9021 28,28998 15,328 0,027495
Wild garlic (Allium ursinum) 681,8131 33,74201 17,417 0,431146
Wormwood (Artemisia absinthium) 742,3959 84,07821 247,4167 0,515202
Common horsetail (Equisetum arvense) 1251,154 45,17416 442,2333 3,510931

3.3. Antibacterial activity of Ocimum Basilicum and Eugenia caryophyllus/Syzygium aromaticum
esential oils

The Ocimum basilicum exhibited low inhibition rates for S. aureus, between 14.77% (10
mg/mL) and 31.71% (0.5 mg/mL). The inhibition rates (IR) for E. coli were even more
reduced with an exception for concentration of 4 mg/mL (36.58%). In case of Syzygium
aromaticum esential oil was more expressed the tendency of inhibition rates growing
according to concentration. For S. aureus MICso was at 9 mg/mL; starting with 6 mg/mL,
IR shows an upward trend, between 0.25 - 4 mg/mL, is 21 - 25%, without significant
differences (p > 0.05). For E. coli, MICso was at 8 mg/mL (MIC, minimal inhibitory
concentration correspondes to an IR% of 95-100%) (Figure 2). S aureus biofilm inhibition
by Ocimum basilicum essential oil was less expressed than E. coli biofilm inhibition.
Althought the Syzygium aromaticum essential oil was more potent against biofilm
formation, a strong effect was noticed just for E. coli. In that case even reduced
concentration of 4 mg/mL impair biofilm formation (Figure 3).
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Figure 2. Antibacterial activity of the Ocimum basilicum and Syzygium aromaticum essential oils against the growth
rate of S. aureus (a) and E. coli (b). Data are presented as inhibition rate %, calculated based on the mean OD.
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Figure 3. Biofilm inhibition activity of the Ocimum basilicum (a) and Syzygium aromaticum (b) essential oils against S.
aureus (dark bars) and E. coli (light bars). Data are presented as mean + SD of optical density (at 540 nm).

The experiments regarding antibacterial activity of the plant extracts revealed high
IR values for alcoholic extracts in comparison with DMSO extracts, comparable re-
sults were obtaind against S. aureus and E. coli as well (Figure 4). The biofilm inhi-
bition activity for extract solubilized in DMSO or ethanol was more pronounced
against E. coli for all extracts (Figure 5).

S. aureus inhibition rate %

100 50
90
80 40
X
70 %
60 mAU H 30 mAU
2
50 ERP 5 mRP
£
40 mEA = 20 HEA
S
30 0B ui [ Jol:]
20 10
HAA HAA
10
[ 0
50 25 (ET-OH) . 6.25 25 (ET-OH)
-10
-20 -10
Concentration of plant extracts (mg/mL) Concentration of plant extracts (mg/mL)

(a) (b)
Figure 4. Antibacterial activity of the Allium ursinum (AU), Robinia pseudoacacia (RP), Equisetum arvense (EA), Oci-
mum basilicum (OB) and Artemisia absithium (AA) plant extracts (disolved in DMSO 1% and ethanol 80% - 25 ET-OH)
against the growth rate of S. aureus (a) and E. coli (b). Data are presented as inhibition rate %, calculated based on the
mean OD.
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Figure 5. Biofilm inhibition activity of the Allium ursinum (AU), Robinia pseudoacacia (RP), Equisetum arvense (EA),
Ocimum basilicum (OB) and Artemisia absithium (AA) plant extracts disolved in DMSO 1% against S. aureus (a) and E.

coli (b). Data are presented as mean + SD of optical density (at 540 nm).

4. Discussion and conclusions

The experiments clearly highlighted that Syzygium aromaticum essential oil had a
significantly grated inhibitory effect on bacterial growth than Ocimum basilicum essential
oil, both in the case of S. aureus and in the case of E. coli (p < 0.001). Various mechanisms
of antibacterial activity of essential oils have been proposed. Essential oils primarily de-
stabilize cellular architecture, leading to decomposition of membrane integrity and in-
creased permeability, which disrupts many cellular activities, including energy produc-
tion, membrane transport, and other metabolic regulation functions. Essential oils can af-
fect both the outer shell of the cell and the cytoplasm. Due to their lipophilic nature, es-
sential oils are easily penetrated through bacterial cell membranes. The variability of the
antimicrobial activity of the essential oils towards the investigated microorganism can be
attributed to the qualitative and quantitative differences in the constituents of the individ-
ual oils. It has been observed that the composition of essential oils varies depending on
local climatic and environmental conditions; consequently, they have different bioactivi-
ties. Some essential oils and their components are very active against bacteria but not
against fungi and vice versa, while some essential oils stimulate the growth of microor-
ganisms [17]. We should test whether the main component of the Syzygium aromaticum
essential oil (in our case Eugenol) is responsible for the antibacterial effects.

The tests using plant extracts gave more efficient inhibitory effects when ethanol was
used as the solvent while solubilisation in DMSO did not expressed the potent antibacte-
rial results. Most of the ethanol soluble extracts used had inhibitory effects in both strain
types, S. aureus and E. coli. Robinia pseudoacacia (RP) extract showed an IR below 40%,
with no significant differences between strains (p > 0.05). The most powerful effect was
induced by Equisetum arvense (EA) ethanol extract which had over 90% IR for S. aureus.
Essential oils are volatile, natural, complex compounds produced by plants as secondary
metabolites. The use of plant extracts in the treatment of mastitis, in the murine model, is
not a topic addressed by many researchers. Magnolol is a polyphenolic compound ex-
tracted from the bark of the magnolia stem (Magnolia sp.), has been shown to have anti-
inflammatory activity [18]. Alcoholic extract from the fruits of a plant in the Myrtaceae
family has shown surprising antibacterial properties in vitro, but after inoculation in a
murine mammalian model, the antibacterial effect has been greatly diminished, probably
due to the neutralization of active compounds by casein in milk [19].

In conclusion, even though the antimicrobial effect of plant extracts on the multidrug-
resistant bacteria is not very high in all cases, the Equisetum arvense extract, a plant less
used for its antibacterial properties, strongly inhibits the S. aureus strains both in culture
and biofilms. This could also be explained by the highest polyphenols and flavonoids con-
tent of all the extracts tested as shown in the table 1.



O 0 N O U

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Proceedings 2021, 68, x FOR PEER REVIEW 70f7

Funding: This work was supported by the grant “Bioeconomic approach of the antimicrobial agents
use and resistance BIO AMR”, PN III P1-1.2 PCCDI 2017 0361.

Conflicts of Interest: “The authors declare no conflict of interest.”

References

1. Alexiu, S.A. Rezistenta la antibiotice — 0 noud amenintare globald. Avem arme?. Medic.ro 2019, 6(1):30-34.

2. https://www.who.int/emergencies/ten-threats-to-global-health-in-2019.

3. Caceres, M.; Hidalgo, W; Stashenko, E.; Torres, R.; Ortiz, C. Essential Oils of Aromatic Plants with Antibacterial, Anti-Biofilm
and Anti-Quorum Sensing Activities against Pathogenic Bacteria. Antibiotics 2020, 9, 147; doi:10.3390/antibiotics9040147.

4.  Kaprou, G.D.; Bergspica, I; Alexa, E.A.; Alvarez-Orddnez, A.; Prieto, M. Rapid Methods for Antimicrobial Resistance Diagnos-
tics. Antibiotics 2021, 10, 209. https://doi.org/10.3390/antibiotics10020209.

5. Iriti, M,; Vitalini, S.; Varoni, EIM. Humans, Animals, Food and Environment: One Health Approach against Global Antimicro-
bial Resistance. Antibiotics 2020, 9, 346; doi:10.3390/antibiotics9060346.

6.  EU Health Ministerial Meeting - Health Ministerial Meeting-Next Steps towards Making the EU a Best Practice Region in Com-
bating AMR, Bucharest, Romania, March 1, 2019. Available online: https://www.oecd.org/health/antimicrobial-resistance.htm.

7. Majumder, M.A; Rahman, S.; Cohall, D.; Bharatha, A.; Singh, K.; Haque, M.; Gittens-St Hilaire, M. Antimicrobial Stewardship:
Fighting Antimicrobial Resistance and Protecting Global Public Health. Infect Drug Resist 2020 Dec 29;13:4713-4738. doi:
10.2147/IDR.S290835. eCollection 2020.

8.  Casciaro, B.; Mangiardi, L.; Cappiello, F.; Romeo, I.; Loffredo, M.R.; Iazzetti, A.; Calcaterra, A.; Goggiamani, A.; Ghirga, F.;
Mangoni, M.L.; Botta, B.; Quaglio, D. Naturally-Occurring Alkaloids of Plant Origin as Potential Antimicrobials against Anti-
biotic-Resistant Infections. Molecules 2020 Aug 9; 25(16):3619. doi: 10.3390/molecules25163619.

9. Ahmed, AF,; Fatma, AK; Attia, Z.L; Changgqin, L.; Jinfeng, W.; Wenyi, K. Antioxidant Activity and Total Phenolic Content of
Essential Oils and Extracts of Sweet Basil (Ocimum Basilicum L.) Plants. Food Science and Human Wellness 2019, 8(3): 299-305.
https://doi.org/10.1016/j.fshw.2019.07.004.

10. Blainski, A.; Lopes, G.C.; De Mello, ].C. Application and analysis of the Folin Ciocalteu method for the determination of the
total phenolic content from Limonium Brasiliense L., Molecules, 2013.

11. Tripon, R.; Repone, C.; Turai, M.; Chis, C.; Oiegas, S.; Boldura, O.M.; Tulcan, C. Performance characteristic evaluation of Folin-
Ciocalteu micro-method for total polyphenols determination from plant extracts. Lucrari Stiintifice Medicind Veterinard, vol. LIII
(1), 2020 Timisoara

12. Tamas-Krumpe, O.; Bobis O.; Margadoan, R.; Chirild, F.; Latiu, C.; Ognean, L. Correlative research regarding the total polyphe-
nolic content, antioxidant and antibacterial activity of three types of Romanian honey. Scientific Papers. Series D. Animal Science.
Vol. LXII, No. 2, 2019

13. Zhishen, J.; Mengcheng, T.; Jianming, W. The determination of flavonoid contents in mulberry and their scavenging effects on
superoxide radicals. Food Chemistry, 1999, 64, 555-559

14. Carson, C.F.; Hammer, K.A,; Riley, T.V. Broth micro-dilution method for determining the susceptibility of Escherichia coli and
Staphylococcus aureus to the essential oil of Melaleuca alternifolia (tea tree oil). Microbios 1995, 82(332):181-185

15. Amorena, B.; Gracia, E.; Monzon, M.; Leiva, ].; Oteiza, C.; Perez, M.; Alabart, J.L.; Hernandez-Yago, ]. Antibiotic susceptibility
assay for Staphylococcus aureus in biofilms developed in vitro. | Antimicrob Chemother 1999 44, p. 43-55.

16. Milanov, D., Pruni¢, B., Velhner, M., Todorovi¢, D., & Polacek, V. (2015). Investigation of Biofilm Formation and Phylogenetic
Typing of Escherichia Coli Strains Isolated from Milk of Cows with Mastitis / Ispitivanje Formiranja Biofilma I Filogenetska
Tipizacija Sojeva Escherichia Coli Izolovanih Iz Mleka Krava Sa Mastitisom. Acta Veterinaria, 65(2), 202-216. doi:10.1515/acve-
2015-0017.

17. Demo, M.; Lépez M.L.; Zunino, M.P.; Zygadlo, J.A. Antimicrobial Activity of Essential Oils Obtained from Aromatic Plants of
Argentina. Pharmaceutical Biology 2005, 43:2, 129-134.

18. Wei, W,; Dejie, L.; Xiaojing, S.; Tiancheng, W.; Yongguo, C.; Zhengtao, Y.;, Naisheng, Z. Magnolol inhibits the inflammatory
response in mouse mammary epithelial cells and a mouse mastitis model. Inflammation 2015, 38(1):16-26. doi: 10.1007/s10753-
014-0003-2.

19. Mordmuang, A.; Brouillette, E.; Voravuthikunchai, S.P.; Malouin, F. Evaluation of a Rhodomyrtus tomentosa ethanolic extract

for its therapeutic potential on Staphylococcus aureus infections using in vitro and in vivo models of mastitis. Veterinary Re-
search 2019, 50(1):49. DOI: 10.1186/s13567-019-0664-9.


https://www.who.int/emergencies/ten-threats-to-global-health-in-2019

