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Abstract: Boron is a bioactive trace element generally found in rock, soil, water and air. It is an
essential micronutrient for plants besides having beneficial effects on biological functions of
human and animal health. Boric acid has antibacterial properties. Thus, the aim of this study was
to evaluate the possible bactericidal and bacteriostatic effects of boric acid on the aquatic
pathogens: Aeromonas veronii, Photobacterium damselae subsp. damselae, Vibrio anguillarum,
Vibrio vulnificus, Vibrio harveyi, Vibrio rotiferianus, Vibrio tubiashii, Vibrio parahaemolyticus,
Vibrio furnissii and Vibrio fluvialis. The inhibitory properties of boric acid were detected by agar
well diffusion, minimum inhibitory concentration (MIC), and minimum bactericidal
concentration (MBC) methods. The results showed that Photobacterium damselae subsp.
damselae and Vibrio species were resistant to different concentrations of boric acid. However,

- https://orcid.org/0000-0002-2558-2487

¥Gorrespondinglauthoriss boric acid showed an inhibitory effect against Aeromonas veronii at concentrations of 3.09 and
Ecren UZUN-YAYLACI 1.54 mg/ml and zone diameters on the agar were measured as 19.4 + 0.5, 15.92 + 0.6 mm,
prelatianly el Uveialty, sSivii: respectively. The MIC and MBC of boric acid for Aeromonas veronii were found to be effective
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: ecrenuzun@ktu.edu.tr at a concentration of 1.54 mg/ml. These results suggested that boric acid might serve as a potential

antimicrobial agent for Aeromonas veronii in aquaculture.
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Borik Asitin Sucul Patojenler Uzerine Olan Antibakteriyel Etkileri

Oz: Bor, genellikle kaya, toprak, su ve havada bulunan biyoaktif bir eser elementtir. Borik asidin
insan ve hayvan sagligmin biyolojik fonksiyonlar1 {izerinde faydali etkileri bulunmaktadir.
Bitkiler i¢in de vazgecilmez bir mikro besin olan borik asit antibakteriyel ozelliktedir. Bu
calismanin amact borik asidin sucul patojenlerden Aeromonas veronii, Photobacterium damselae
subsp. damselae, Vibrio anguillarum, Vibrio vulnificus, Vibrio harveyi, Vibrio rotiferianus,
Vibrio tubiashii, Vibrio parahaemolyticus, Vibrio furnissii ve Vibrio fluvialis’e kars1 bakterisidal
ve bakteriostatik etkilerini incelemektir. Bu ¢alismada, borik asidin inhibisyon 6zellikleri, agar
kuyusu difiizyonu, minimum inhibisyon konsantrasyonu (MIK) ve minimum bakterisidal
konsantrasyonu (MBK) yontemleri kullanilarak tespit edilmigtir. Sonuglar, Photobacterium
damselae subsp. damselae ve Vibrio tiirlerinin farkli konsantrasyonlardaki borik aside karst
direngli oldugunu gostermistir. Bununla birlikte, borik asit 3,09 ve 1,54 mg/ml

*Sorumlu yazar: konsantrasyonlarinda Aeromonas veronii’ye karsi inhibitor etki gostermistir ve agarda sirasiyla
Ecren UZUN-YAYLACI 19,4 + 0,5 mm ve 15,92 = 0,6 mm halka ¢aplar 6l¢iilmiistiir. Aeromonas veronii igin MIK ve
ity Melaail' Ulitioii issl, STRsie MBK degerleri 1,54 mg/ml olarak belirlenmistir. Bu sonuglar, borik asidin, su {iriinleri
Deniz Bilimleri Fakiiltesi, Trabzon, Tiirkiye e e eries e . . . L . . .. .. . —. .
4: ecrenuzun@Ktu.edu tr yetistiriciliginde Aeromonas veronii i¢in potansiyel bir antimikrobiyal ajan gérevi gorebilecegini

ileri stirmektedir.

Anahtar kelimeler: Antibakterivel, borik asit, MiK ve MBK, sucul patojen.
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INTRODUCTION

Aquaculture is the world’s fastest-growing food
production sector. However, diseases outbreaks causing
serious economic losses (Hatha et al., 2005). Antibiotic
treatment has been applied for many years against bacterial
infections in aquaculture (Done et al., 2015). The extensive
use of antibiotics causes the change of microbiota in
aquaculture and can led to development of antibiotic
resistant bacteria (Akkan & Colaker, 2020; Akkan &
Topkaraoglu, 2019; Balta et al., 2016; Balta & Dengiz
Balta, 2016; 2017; 2019; Balta, 2020; Resende et al.,
2012). A novel alternative to antimicrobial therapy, boric
acid can be recommended for treatment of bacterial
infections.

Boron is a trace element generally found in rock,
soil, water, air etc. in different forms such as borates, boric
acid, and boric oxide (Samman et al., 1998). It is an
essential dietary component for animals in metabolic,
nutritional, and physiological processes (Nielsen, 1997). In
aquaculture, boron-supplemented feeds have been used in
various fish species (Oz et al., 2018; Topal et al., 2016).
Oz et al. (2018) reported that adding 0.05% boron to the
feed improves the growth of rainbow trout. However,
higher concentrations of boron can be toxic to certain
animal (Goldbach et al., 2007). Boron-containing
compounds exhibit antibacterial, antifungal, antiparasitic,
antiviral and anti-inflammatory activities (Yang et al.,
2018). Boric acid has been tested on different bacterial
species for antimicrobial activity (Dinca & Scorei, 2013;
Houlsby et al., 1986; Russel & Diez-Gonzalez, 1998;
Yilmaz, 2012) and has been reported to have antibacterial
effects on some aquatic pathogen bacteria including
Aeromonas hydrophila, Vibrio anguillarum, Yersinia
ruckeri and Lactococcus garvieae (Sayin et al., 2016).

While there are many studies on the antimicrobial
effects of boric acid in human and animal pathogens, little
has been reported on the use of boric acid as an
antimicrobial agent in aquatic pathogens. The objective of
the present report was to evaluate whether boric acid can
serve as a potential antimicrobial agent for aquatic bacterial
pathogen.

MATERIAL AND METHOD

Bacterial strains and cultivation: The following
species of bacteria which are isolated from naturally
infected sea bass (Dicentrarchus labrax) were used in the
study; Vibrio vulnificus (KF443055), Vibrio harveyi
(KF443059), Vibrio rotiferianus (KF443057), Aeromonas
veronii (KF443052) and Photobacterium damselae subsp.
damselae (KF443044) confirmed previously by Uzun and
Ogut (2015); Vibrio anguillarum (MH036330.1), Vibrio
tubiashii ~ (KY003125.1), Vibrio parahaemolyticus
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(EF684942.1), Vibrio furnissii (MG214325.1) and Vibrio
fluvialis (KC208202.1) confirmed previously by Uzun
(2019). Bacterial cultures were grown overnight on tryptic
soy agar (TSA) (+1.5% NacCl) at 24-26 °C for 24 h. The
concentration of bacterial suspensions in tryptic soy broth
(TSB) was adjusted by spectrophotometer to an optical
density of 0.10 at 625 nm. Equivalent to concentrations of
1-5 x 108 CFU/mI based on a 0.5 McFarland standard.

Diffusion test: The agar well diffusion assay with
modification after Perez et al. (1990) was carried out to
screening the inhibitory activity of boric acid (H:BOs M =
61.83 g/mol). 50 ul of bacterial suspensions approximately
containing of 1-5 x 10® CFU/ml was spread on tryptic soy
agar (TSA) (+1.5% NaCl) plates. Wells of 5 mm in
diameter were tip-punched in the agar and filled with 40 pl
3.09 mg/ml, 1.54 mg/ml, 0.77 mg/ml, 0.38 mg/ml and 0.19
ma/ml of boric acid. Plates were incubated at 24-26 °C for
24 h, inhibitory zone was measured. All experiments were
repeated in triplicate.

MIC Determination: Minimum inhibitory
concentration was calculated by standard macro-dilution
method. Serial two-fold gradient dilutions of boric acid in
concentrations ranging from 3.09 mg/ml to 0.19 mg/ml
were prepared in TSB. Bacterial suspension adjusted to a
McFarland standard 0.5 were added to all tubes and
incubated at 24-26 °C for 24 h. A tube containing only TSB
was used as a negative control and only inoculated TSB
with no boric acid served as positive control. The
experiments were repeated three times and compared to the
controls. The MIC is the lowest concentration of boric acid
where no visible growth is seen in the tubes.

MBC  Determination:  After the MIC
determination of the boric acid, mixture of 50 ul from all
the tubes which showed no visible bacterial growth were
streaked on (TSA) (+1.5% NaCl) plates and incubated at
24-26 °C for 24 h. The MBC was determined by the lowest
concentration that kills 99.9% of the initial bacterial
population.

RESULTS

Diffusion test: Boron-containing compounds
exhibit antibacterial, antifungal, antiparasitic, antiviral and
anti-inflammatory activities (Yang et al., 2018). Boric acid
has previously been reported to have antibacterial effects
on some aquatic pathogens including Aeromonas
hydrophila, Vibrio anguillarum, Yersinia ruckeri and
Lactococcus garvieae (Sayin et al., 2016). However, no
study has evaluated the effects of boric acid on Aeromonas
veronii. In this study, the inhibitory activity of boric acid
was tested using agar well diffusion method. Inhibition
determined based on the diameter of halos (Fig. 1). The
results indicated that Photobacterium damselae subsp.
damselae and Vibrio species were resistant to boric acid.
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However, boric acid showed an inhibitory effect against
Aeromonas veronii with the concentrations of 3.09 and
1.54 mg/ml. Zone diameters were measured as 19.4 + 0.5
mm, 15.92 + 0.6 mm, respectively.

Figure 1. Inhibition zones. (a) Aeromonas veronii, (b) Vibrio ponticus,
(c) Photobacterium damselae subsp. damselae

MIC and MBC Determination: The antibacterial
effects of drugs are routinely evaluated by agar diffusion
and MIC test. The advantage of direct contact tests over
agar diffusion method is that they are independent of the
diffusion properties of the material and medium under test
(Estrela et al., 2001). Therefore, the MIC test is used to
determine the lowest concentration of material that will
still exhibit antibacterial properties. In this study, after 24
h of incubation at 24-26°C for Aeromonas veronii,
turbidity was noticed in the test tubes 0.19, 0.38 and 0.77
mg/ml containing boric acid indicating the growth of
bacteria. Whereas in concentrations of 3.09 and 1.54
mg/ml, no turbidity was seen, exhibiting inhibition of
bacterial growth. The suspension from the tubes of 3.09
and 1.54 mg/ml was inoculated on TSA (+1.5% NaCl)
plates and incubated for 24 h at 24-26°C and no growth of
bacteria was observed in both concentrations hence
confirming it as bactericidal. These results showed that the
MIC and MBC of boric acid for Aeromonas veronii were
found to be effective at concentration of 1.54 mg/ml. The
MIC and MBC values of boric acid on bacteria are
important, as these values can be used in future research
for antibiotic development (Yilmaz, 2012). The MIC and
MBC assays illustrated at Figure 2.

Aeromonas spp., including Aeromonas veronii is
an important fish pathogen that can be found in the normal
micro flora of animals (Smyrli et al., 2017; Uzun & Ogut
2015). These pathogens cause various infections in
humans, such as endocarditis, gastroenteritis, peritonitis,
and septicemia (Janda & Abbott, 2010). They are also
primary pathogens in farmed fish (Hossain et al., 2019). A.
veronii has been described as an important pathogen of
human beings as well as aquatic animals (Cui et al., 2007).
Aeromonas species have the capacity to transport and
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acquire antimicrobial resistance elements, and multi-drug
resistant Aeromonas isolates are now widely available
worldwide (Tekedar et al., 2020). Therefore, a novel
alternative to antimicrobial therapy, boric acid can be
recommended for treatment of bacterial infections. Boron
containing compounds impair various enzymes including
the serine protease family of B-lactamase (Morandi et al.,
2008). Boron is involved in quorum sensing, which is an
important mechanism in developing antimicrobial effect
(Houlsby et al., 1986; Reichman et al., 2009; Watanabe et
al., 1988;). In this study, although some in vitro inhibitory
effects of boric acid on Aeromonas veronii were examined,
the mechanism of action of the compound on bacteria is
not fully elucidated and is the focus of future studies.
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Figure 2. Dilution method for a) the MIC assay and b) the MBC assay.

Negative

3.09mgml 1.54mgm! 0.77mgml 038mgm! 0.19mgml
control

CONCLUSION

In aquaculture, the use of new antimicrobial
agents as an alternative to antibiotics is of great importance
in preventing the development of resistance genes in
pathogenic bacteria. The findings in this study, MICs of
3.09 and 1.54 mg/ml respectively of boric acid has
antimicrobial effects against Aeromonas veronii. The
results presented here provide evidence that boric acid
might serve as a potential antimicrobial agent for
Aeromonas veronii in aquaculture, but further experiments
are required to evaluate the inhibitory mechanism of boric
acid and determine its effect on fish.
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