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ABSTRACT
Aim: Escherichia coli, a bacterium that forms a biofilm, is mainly re-
sponsible for intestinal and extraintestinal infections, such as urinary 
tract infections, peritonitis, meningitis, and septicemia. Different 
antibiotics (Aminoglycoside, Fluoroquinolones, etc.) treatments are 
routinely used to overcome E.coli infections. The presence of bio-
film increases E.coli resistance against antibiotics. The study aims to 
evaluate the boron component’s effect on the biofilm formation of 
E.coli in vitro via a liver (HepG-2) infection model.

Material and Method: The antibacterial activity of boron com-
pounds on Escherichia coli was evaluated with Minimum inhibitory 
concentration. Antibacterial activity with the combination of boron 
compounds was assessed by fractional inhibitor concentration. 
The non-cytotoxic dose of boron compounds was determined in 
the infection model created with Escherichia coli in the cell line. 
Then, the effect on cell viability and pathological examinations 
were examined histopathologically.

Results: Synergistic effects (≤0.5) were watched at 32 µg/mL 
Etidote + 32 µg/mL Sodium perborate metahydrate, at Etidote 32 
µg/mL + 32 µg/mL Zinc borate, and at Zinc borate 32 µg/mL + 32 
µg/mL Sodium perborate metahydrate. It was determined that 128 
µg/ml Etidote + 512 µg/ml Sodium perborate metahydrate, Etidote 
512 µg/mL + Zinc borate 1024 µg/mL, and Zinc borate 512 µg/mL + 
Sodium perborate metahydrate 128 µg/mL had antibiofilm activity. 
In the cell line, it was determined that although Zinc borate + Etidote 
reduced the infection, it did not completely reduce it in its combina-
tion. Histopathological analyses also paralleled these results.

Conclusion: Boron components can be used against biofilm-
formed E.coli.

Keywords: biofilm; boron compounds; Escherichia coli; HepG-2; minimum 
inhibitory concentration; fractional inhibitory concentration

ÖZET
Amaç: Biyofilm oluşturan bir bakteri olan Escherichia coli, esas 
olarak idrar yolu, peritonit, menenjit ve septisemi gibi bağır-
sak ve bağırsak dışı enfeksiyonlardan sorumludur. Escherichia 
coli enfeksiyonlarının üstesinden gelmek için farklı antibiyotikler 
(Aminoglikozid, Florokinolonlar vb.) tedavileri rutin olarak kullanıl-
maktadır. Biyofilm varlığı Escherichia coli ‘nin antibiyotiklere karşı 
direncini artırır. Bu çalışmanın amacı, in vitro karaciğer (HepG-2) 
enfeksiyon modelinde bor bileşeninin Escherichia coli biyofilm olu-
şumu üzerindeki etkisini değerlendirmeye çalışmaktır.

Materyal ve Metot: Escherichia coli üzerine bor bileşiklerinin anti-
bakteriyel etkinliği Minimum inhibitör konsantrasyonu ile değerlendiril-
di. Bor bileşiklerinin kominasyonu ile gösterdiği antibakteriyel etkinlik 
Franksiyonel inhibitör konsantrasyonu ile değerlendirildi. Hücre hattın-
da Escherichia coli ile oluşturulan enfeksiyon modelinde bor bileşik-
lerinin sitotoksik olmayan dozu belirlendi. Ardından hücre canlılığına 
etkisi ve patolojik incelemeler histopatolojik olarak incelenmiştir.

Bulgular: Sinerjistik etkiler (≤0,5), 32 µg/mL Etidote + 32 µg/mL 
Sodyum perborat metahidratta, Etidote 32 µg/mL + 32 µg/mL 
Çinko boratta ve Çinko borat 32 µg/mL + Sodyum perborat me-
tahidrat 32 µg/mL’de izlenmiştir. 128 µg/ml Etidote + 512 µg/ml 
Sodyum perborat metahidrat, Etidote 512 µg/mL + Çinko borat 
1024 µg/mL ve Çinko borat 512 µg/mL + Sodyum perborat meta-
hidrat 128 µg/mL’nin antibiyofilm aktivitesine sahip olduğu belir-
lendi. Hücre hattında Çinko borat + Etidote’un enfeksiyonu azalt-
masına rağmen kombinasyonunun tamamen azaltmadığı belirlendi. 
Histopatolojik analizler de bu sonuçlarla paralellik gösterdi.

Sonuç: Bor bileşenleri biyofilm oluşturan Escherichia coli’ye karşı 
kullanılma potansiyeline sahiptir.

Anahtar kelimeler: biyofilm; bor bileşikleri; Escherichia coli; fraksiyonel 
inhibitör konsantrasyon; HepG-2; minimum inhibitör konsantrasyon
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Introduction
Escherichia coli is imperative in diseases such as sep-
ticemia gastrointestinal and urinary tract diseases. 
Antibiotics such as ampicillin, amoxicillin-clavulanic 
acid, and ceftriaxone treat Escherichia coli. E.coli is a 
facultative, anaerobic, rod-shaped, Gram-negative bac-
terium1. Variables such as different extracellular expan-
sions that contribute to the colonization of the surface 
of E.coli and their finely controlled expression and ac-
tion lead to the arrangement of mature biofilms2. A bio-
film could be a community of microorganisms living to-
gether, more often than not, joined to strong surfaces in 
damp environments3. The microorganisms in a biofilm 
discharge different defensive substances called extracel-
lular polymeric substances (EPS) that increment their 
chances of survival3. Biofilm-forming pathogens are 
troublesome to treat with ordinary anti-microbials, and 
the microorganisms are less sensitive to antibiotics4,5. 
E.coli and Klebsiella pneumoniae have been recognized 
as the prevailing bacterial bunches related to the gen-
eration of extended-spectrum beta-lactamases (ESBLs). 
The danger of biofilms and multidrug-resistant patho-
gens underscores the need to create anti-microbial with 
modern components of action5.

Boron is a compound with numerous subordinates of 
boric corrosive, the mineral sodium borate, and ultra-
hard precious stones of boron carbide and boron ni-
tride6. As of late, the application of boron compounds 
has become more well-known due to their chemical 
properties7. Different theories have appeared on the an-
timicrobial, antifungal, antiviral, and anticancer move-
ment of boron compounds8–15. Boron compounds 
such as boric corrosive, borax, sodium perborate me-
tahydrate (SPM), zinc borate (ZB), and Etidote are 
broadly utilized in different areas, particularly in well-
being care and as antimicrobial drugs. Boric corrosive 
and borax successfully decreased colony numbers of 
Brucella spp., E.coli, and Staphylococcus spp. in one 
study15. Research on sodium perborate metahydrate 
(SPM), zinc borate (ZB), and Etidote is constrained, 
and we examined the combination of boron compo-
nents on HepG-2 for the first time.

Material and Methods

Chemicals and Reagents

Tryptic soy broth (Product No: 22092), Dulbecco’s 
altered Eagle’s medium (DMEM) (Product No: 
D5546), phosphate-buffered saline (PBS) (Product 

No: P3813), fetal calf serum (FCS) (Product No: 
A1908), Etidote (Cas No: 1303-96-4), sodium perbo-
rate monohydrate (Cas No: 231-556-4), Zinc borate 
(Cas No: 10361-94-1), anti-microbial antimitotic 
arrangement (100×) (Product No: A5955), Mueller-
Hinton broth (Product No: 70192), L-glutamine 
(CAS No: 56-85-9), trypsin-EDTA (Product No: 
T4049), paraformaldehyde (Cas No: 30525-89-4), 
and ethanol (CAS No: 64-17-5) were gotten from 
Sigma Aldrich (St. Louis, Moment, USA).

Bacterial Strain

Escherichia coli 25922 strain was used in this consider-
ation, and bacterial suspensions with turbidity of 0.5 
McFarland were prepared.

Bacterial Production

Escherichia coli 25922 strain was inoculated onto both 
blood agar and 5% sheep blood agar plates. These plates 
were then incubated at 37°C for 24 hours. Following in-
cubation, bacterial colonies were visualized using a mi-
croscope. Subsequently, actively growing colonies were 
aseptically transferred into 5 ml of Tryptic Soy Broth 
(TSB) each, and the resulting cultures were further in-
cubated at 37°C for another 24 hours. These enriched 
cultures served as the stock for subsequent analyses.

Minimum Inhibitory Concentration (MIC)

The MIC values of sodium perborate metahydrate 
(SPM), zinc borate (ZB), and Etidote against the E.coli 
25922 strain were detected by the microdilution meth-
od12,16. Concentrations of the substances were prepared 
in the range of 1024–0.97 µg/mL in the presence of 
Mueller Hinton Broth (MHB), and 180 µL was trans-
ferred to 96-well plates. At that point, 20 µL suspension 
of E.coli 25922 strain (10⁶ CFU/mL) was included in 
each well and incubated at 37°C for 24 hours. After 24 
hours, water-soluble 2.3.5-Triphenyltetrazolium chlo-
ride (TTC) saline (5 mg/mL), a natural pointer, was 
included in each well, and the plates were incubated 
for 2–3 hours. For control purposes, the medium was 
arranged as a negative control, while the wells contain-
ing bacteria served as a positive control. In the case of 
the negative control wells, E.coli 25922 was not intro-
duced. This method was repeated in triplicate for the 
other ZBs and Etidote12,16.
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Biofilm Analysis

An add-up to 180 µL of the compounds arranged with 
TSB medium, the MIC of which was decided, was 
transferred into a U-based 96-well plate. The glucose-
enriched TSB medium was used as a negative con-
trol, and the E.coli 25922 strain was used as a positive 
control. At that point, 20 µL (10⁶ CFU/mL) of E.coli 
25922 strain was inoculated into each well without the 
negative well. Bacteria were incubated at 37°C for 48 
hours. Biofilm examination was performed in three 
replicates12,16.

Fractional Inhibitory Concentration (FIC)

The most successful MIC concentrations of SPM, ZB, 
and Etidote compounds were arranged in combina-
tion. The comes about were decided to agree to the 
formula16. This refers to the total value obtained by 
adding the Fractional Inhibitory Concentration (FIC) 
values of two or more substances when used together. 
Fractional inhibitory concentration is a measure of the 
concentration of each substance required to inhibit 
bacterial growth when used in combination. Fractional 
inhibitory concentration A and FIC B: These are the 
FIC values for the individual substances A and B. Σ 
FIC ≤0.5 (Summation of FIC values less than or equal 
to 0.5): When the total FIC value (Σ FIC) is 0.5 or 
less, it suggests synergism. In other words, the com-
bined effect of substances A and B is greater than the 
sum of their individual effects. Synergy means that the 
combination is more effective at inhibiting bacterial 
growth than each substance alone. >0.5 and <1:If the 
total FIC value falls within this range, it indicates an 
additive effect. In an additive scenario, the combined 
effect is similar to what would be expected by simply 
adding the effects of the individual substances. It’s ef-
fective, but there is no synergy. ≥1 and ≤4:When the 
total FIC value is greater than or equal to 1 but less 
than or equal to 4, it suggests ineffectiveness. In this 
case, combining substances is not significantly more 
effective than using each substance individually. The 
combination may not be a practical choice for treating 
bacterial infections. >4:If the total FIC value exceeds 
4, it implies antagonism. Antagonism means that the 
combined effect of substances A and B is less effective 
at inhibiting bacterial growth than the effect of each 
substance used individually. In such cases, using the 
substances together may be counterproductive 12,16.

Cell Cultures
The HepG-2 cell line (HB -8065 ATCC) was ob-
tained from Bilecik Seyh Edebali University, Faculty 
of Medicine, Department of Pharmacology (Bilecik, 
Türkiye). Cells were uncovered in a new medium 
(Dulbecco’s altered Eagle’s medium, DMEM), a com-
bination of 10% fetal bovine serum (FBS) and 1% 
anti-microbial (Sigma Aldrich, St. Louis, Moment, 
Joined together States). Cells were seeded in 24-well 
plates (Corning, Joined together States) containing 
5% CO2 and cultivated at 37°C17. Upon reaching the 
intersection point of 85%, the presentation was or-
ganized utilizing a yellow 100-µl pipette tip. At that 
point, the bacterial suspension was included in the cell 
line at McFarland 0.5. After 30 minutes of the treat-
ment with the HepG2 cell line, SPM 62.5 µg/mL + 
Etidote 125 µg/mL, SPM 62.5 µg/mL + ZB 31.25 µg/
mL, and ZB 31.25 µg/mL + Etidote 125 µg/ mL were 
administered17,18.

3-(4.5-Dimethylthiazol-2-yl)-2.5-Diphenyltetrazolium 
Bromide (MTT) Assay
After 24 hours of the treatment with Etidot, SPM, 
and zinc borate, 10 µL of 3-(4.5-Dimethylthiazol-
2-yl)-2.5-Diphenyltetrazolium bromide (MTT) ar-
rangement (Sigma Aldrich, St. Louis, Moment, USA) 
was added to each plate. After incubating the plates 
for 4 hours, 100 µL of dimethyl sulfoxide (DMSO) 
arrangement (Millipore Sigma) was inoculated to all 
wells to break up the formazan precious stones. The 
optical thickness of the arrangements was determined 
at 570 nm employing a Multiskan™ GO Microplate 
Spectrophotometer Reader (Thermo Fisher, Porto 
Salvo, Portugal)19.

Immunofluorescence
Cells developed within the HepG2 cell line were 
brooded in a paraformaldehyde arrangement for 30 
minutes. Hence, the cells were brooded in 3% hydro-
gen peroxide for 5 minutes. The cells were blended 
with a 1% Triton-X arrangement, washed with PBS, 
and hatched for 15 minutes. At that point, protein 
pieces were dropped onto the cells and put away with-
in the dull for 5 minutes. The essential counteract-
ing agent (8-OHdG Cat. No.: sc-66036, Santa Cruz 
Biotechnology, Texas, USA, weakening proportion: 
1/100) was included and incubated. An immuno-
fluorescent auxiliary counteracting agent was used as 
a secondary marker (FITC, cat. no.: ab6785, Abcam, 
Boston, USA) and brooded for 45 minutes within the 
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Results

Microbiological Analysis
Boron compounds’ MIC values were measured between 
1024–0.97 ug/mL. It was found to have an impact on 
these ranges. The comes about of fragmentary inhibitory 
concentrations appear in Table 1 and Fig. 1. Synergistic 
impacts (≤0.5) were observed at 32 µg/mL Etidote + 
32 µg/mL SPM, at 32 µg/mL Etidote + 32 µg/mL ZB, 
and 32 µg/mL ZB + 32 µg/mL SPM. Optical thickness 
(wavelength 570 nm) is summarized in Fig. 2 to evaluate 
biofilm arrangement. Amid the measure, sterile TSB was 
inspected and assessed as a negative control. The concen-
tration of 128 µg/ml Etidote + 512 µg/ml SPM had the 
most noteworthy impact on biofilm arrangement (Fig. 
2). In Figure 2B, the most noteworthy impact on biofilm 
arrangement was found at the concentration of 512 µg/
mL Etidote + 1024 µg/mL ZB. In Fig. 2, the most re-
markable impact on biofilm arrangement was found at 
512 µg/mL ZB + 128 µg/mL SPM.

dim. Areas were at that point sprinkled with DAPI 
mounting medium (Cat. No.: D1306, Thermo Fisher, 
Porto Salvo, Portugal, weakening proportion: 1/200) 
and brooded for 5 minutes within the dull. The areas 
were fixed with a coverslip. The recolored areas were in-
spected beneath a fluorescence magnifying instrument 
(Zeiss AXIO, Germany)16.

Statistical Analysis
Results were calculated as cruel ± standard blunder. 
Factual comparisons between bunches were per-
formed utilizing the one-way strategy ANOVA and 
Tukey’s LSD strategy. All calculations for factual ex-
amination were performed with the IBM Statistical 
Package for Social Sciences (SPSS) program version 
20. P <0.05 was acknowledged as a critical contrast 
for all tests.

Table 1. Summarise all doses used in FIC and MIC analysis

Boron Compound
Etidote 1024µg/ml+Spm 1024 µg/ml ZB 1024µg/ml+Spm 1024 µg/ml Etidote 1024µg/ml+ZB 1024 µg/ml
Etidote 512µg/ml+Spm 1024 µg/ml ZB 512µg/ml+Spm 1024 µg/ml Etidote 512µg/ml+ZB 1024 µg/ml
Etidote 256µg/ml+Spm 1024 µg/ml ZB 256µg/ml+Spm 1024 µg/ml Etidote 256µg/ml+ZB 1024 µg/ml
Etidote 128µg/ml+Spm 1024 µg/ml ZB 128µg/ml+Spm 1024 µg/ml Etidote 128µg/ml+ZB 1024 µg/ml
Etidote 64µg/ml+Spm 1024 µg/ml ZB 64µg/ml+Spm 1024 µg/ml Etidote 64µg/ml+ZB 1024 µg/ml
Etidote 32µg/ml+Spm 1024 µg/ml ZB 32µg/ml+Spm 1024 µg/ml Etidote 32µg/ml+ZB 1024 µg/ml
Etidote 1024µg/ml+Spm 512 µg/ml ZB 1024µg/ml+Spm 512 µg/ml Etidote 1024µg/ml+ZB 512 µg/ml
Etidote 512µg/ml+Spm 512 µg/ml ZB 512µg/ml+Spm 512 µg/ml Etidote 512µg/ml+ZB 512 µg/ml
Etidote 256µg/ml+Spm 512 µg/ml ZB 256µg/ml+Spm 512 µg/ml Etidote 256µg/ml+ZB 512 µg/ml
Etidote 128µg/ml+Spm 512 µg/ml ZB 128µg/ml+Spm 512 µg/ml Etidote 128µg/ml+ZB 512 µg/ml
Etidote 64µg/ml+Spm 512 µg/ml ZB 64µg/ml+Spm 512 µg/ml Etidote 64µg/ml+ZB 512 µg/ml
Etidote 32µg/ml+Spm 512 µg/ml ZB 32µg/ml+Spm 512 µg/ml Etidote 32µg/ml+ZB 512 µg/ml
Etidote 1024µg/ml+Spm 256 µg/ml ZB 1024µg/ml+Spm 256 µg/ml Etidote 1024µg/ml+ZB 256 µg/ml
Etidote 512µg/ml+Spm 256 µg/ml ZB 512µg/ml+Spm 256 µg/ml Etidote 512µg/ml+ZB 256 µg/ml
Etidote 256µg/ml+Spm 256 µg/ml ZB 256µg/ml+Spm 256 µg/ml Etidote 256µg/ml+ZB 256 µg/ml
Etidote 128µg/ml+Spm 256 µg/ml ZB 128µg/ml+Spm 256 µg/ml Etidote 128µg/ml+ZB 256 µg/ml
Etidote 64µg/ml+Spm 256 µg/ml ZB 64µg/ml+Spm 256 µg/ml Etidote 64µg/ml+ZB 256 µg/ml
Etidote 32µg/ml+Spm 256 µg/ml ZB 32µg/ml+Spm 256 µg/ml Etidote 32µg/ml+ZB 256 µg/ml
Etidote 1024µg/ml+Spm 128 µg/ml ZB 1024µg/ml+Spm 128 µg/ml Etidote 1024µg/ml+ZB 128 µg/ml
Etidote 512µg/ml+Spm 128 µg/ml ZB 512µg/ml+Spm 128 µg/ml Etidote 512µg/ml+ZB 128 µg/ml
Etidote 256µg/ml+Spm 128 µg/ml ZB 256µg/ml+Spm 128 µg/ml Etidote 256µg/ml+ZB 128 µg/ml
Etidote 128µg/ml+Spm 128 µg/ml ZB 128µg/ml+Spm 128 µg/ml Etidote 128µg/ml+ZB 128 µg/ml
Etidote 64µg/ml+Spm 128 µg/ml ZB 64µg/ml+Spm 128 µg/ml Etidote 64µg/ml+ZB 128 µg/ml
Etidote 32µg/ml+Spm 128 µg/ml ZB 32µg/ml+Spm 128 µg/ml Etidote 32µg/ml+ZB 128 µg/ml
Etidote 1024µg/ml+Spm 64 µg/ml ZB 1024µg/ml+Spm 64 µg/ml Etidote 1024µg/ml+ZB 64 µg/ml
Etidote 512µg/ml+Spm 64µg/ml ZB 512µg/ml+Spm 64µg/ml Etidote 512µg/ml+ZB 64µg/ml
Etidote 256µg/ml+Spm 64 µg/ml ZB 256µg/ml+Spm 64 µg/ml Etidote 256µg/ml+ZB 64 µg/ml
Etidote 128µg/ml+Spm 64 µg/ml ZB 128µg/ml+Spm 64 µg/ml Etidote 128µg/ml+ZB 64 µg/ml
Etidote 64µg/ml+Spm 64 µg/ml ZB 64µg/ml+Spm 64 µg/ml Etidote 64µg/ml+ZB 64 µg/ml
Etidote 32µg/ml+Spm 64 µg/ml ZB 32µg/ml+Spm 64 µg/ml Etidote 32µg/ml+ZB 64 µg/ml
Etidote 1024µg/ml+Spm 32 µg/ml ZB 1024µg/ml+Spm 32 µg/ml Etidote 1024µg/ml+ZB 32 µg/ml
Etidote 512µg/ml+Spm 32 µg/ml ZB 512µg/ml+Spm 32 µg/ml Etidote 512µg/ml+ZB 32 µg/ml
Etidote 256µg/ml+Spm 32 µg/ml ZB 256µg/ml+Spm 32 µg/ml Etidote 256µg/ml+ZB 32 µg/ml
Etidote 128µg/ml+Spm 32 µg/ml ZB 128µg/ml+Spm 32 µg/ml Etidote 128µg/ml+ZB 32 µg/ml
Etidote 64µg/ml+Spm 32 µg/ml ZB 64µg/ml+Spm 32 µg/ml Etidote 64µg/ml+ZB 32 µg/ml
Etidote 32µg/ml+Spm 32 µg/ml ZB 32µg/ml+Spm 32 µg/ml Etidote 32µg/ml+ZB 32 µg/ml
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Figure 1. a–c. FIC index results. Etidote + SPM combination fixation index (a), 
Etidote + ZB combination fixation index (b), ZB + SPM combination fixation in-
dex (c). Value ranges of boron combinations corresponding to Σ FIC index ≤0.5: 
synergism, >0.5 and <1: additive and ≥1 and 4 ≤: ineffective (indifference).

a

b

c

Figure 2. a–c. Biofilm OD results. Etidote+SPM (a), Etidote+ZB (b), ZB+SPM 
biofilm OD values (c). The minimum and maximum OD values of Etidote+SPM, 
Etidote+ZB, and ZB+SPM are at 570 OD.

a

b

c
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Figure 3. MTT assay results for the HepG2 cell lines, control group (received 
only medium), Escherichia coli bacteria were cocultured for 24 h with SPM 62.5 
µg/mL + Etidote 125 µg/mL, SPM 62.5 µg/mL + ZB 31.25 µg/mL and ZB 31.25 
µg/mL + Etidote 125 µg/mL. (*P<0.05 compared to the control group).

Figure 4. Cell lines, 8-OHdG expression (FITC), and H2A. X expression (Texas Red), IF, Bar: 50 µm.

Cell Viability
The impact of ZB, SPM, and Etidote on the viability of 
HepG-2 cells is depicted in Fig. 3. Notably, the viabil-
ity of HepG-2 cells was not significantly compromised 
when exposed to the combination of ZB + Etidote. 
Furthermore, it was observed that the combinations of 
SPM + Etidote and SPM + ZB exhibited inadequate 
efficacy in protecting against E.coli contamination, 
and these observations held statistical significance (P 
<0.05) (Fig. 3).

Immunofluorescence Analysis
The co-administration of ZB and Etidote demonstrated 
a notable reduction in bacterial motility, a protective ef-
fect on HepG2 cells, and a reduction in DNA damage. 
Detailed findings regarding these outcomes are provid-
ed in Table 2 and graphically illustrated in Fig. 4.
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inhibitor concentration, fragmentary inhibitor concen-
tration, and optical thickness of the biofilm of boron 
compounds against Klebsiella pneumonia. HepG2 cells 
within the measurement ranges decided. The non-toxic 
dosage extension was chosen for the line, and immuno-
fluorescence recoloring was performed, appeared, and 
evaluated. The boron components for sodium perborate 
monohydrate and etidote have moo and tall least inhibi-
tory concentrations, individually. In expansion, sodium 
perborate monohydrate was viable on biofilm arrange-
ment. It appears that boron compounds are combined. 
They were more effective when utilized within the 
HepG2 cell line. Within the harmfulness demonstration, 
it was found that the cytotoxic impact of boron com-
pounds diminished due to their antibacterial effects. In 
our consideration, the most elevated biofilm impact was 
observed at the concentrations of 128 µg/mL Etidote 
+ 512 µg/mL Spm, 512 µg/mL Etidote + 1024 µg/mL 
ZB, and 512 µg/mL ZB + 128 µg/mL SPM. Simbula 
et al.27 compared the cytotoxicity of tetraalkyldiamine 
sodium perborate and sodium hypochlorite within the 
L929 fibroblast cell line. Both compounds cause a dose-
dependent misfortune of cell practicality; it was found 
that tetraacetylethylenediamine sodium perborate was 
less cytotoxic comes about than sodium hypochloride 
beneath all test conditions tried. The most punctual 
harmful impact supporting the known cytotoxic impact 
of sodium hypochloride on refined fibroblasts was illus-
trated by the MTT test, where a cell misfortune of 60% 
was watched 2 hours after treatment within the near-
ness of sodium hypochlorite concentrations ≥0.025%. 
In expansion, a dynamic diminishing in cell practical-
ity was observed at all sodium hypochloride concentra-
tions tried at 4, 6, and 24 hours, but for the 0.0025% 
measurements, which did not influence cell practicality 
compared with untreated cells. Concurring to our MTT 
and immunofluorescence comes about. Combining ZB 
and Etidote diminished bacterial movement, ensured 
HepG-2 cells, and diminished DNA fracture. In any 
case, SPM + Etidote and SPM + ZB did not successfully 
secure against E.coli disease (P <0.05). We did not know 
why the SPM combination did not impact Escherichia 
coli microbes. Be that as it may, it might depend on the 
Gram-negative properties of the bacteria.

Discussion
Biofilm-forming and multidrug-resistant (MDR) mi-
croorganisms speak to a worldwide well-being issue. 
Over the past decade, growing interest in alternative 
therapies has expanded the pool of potential candi-
dates for antibacterial agents. Numerous analysts have 
explored boron compounds’ anti-inflammatory, an-
tifungal, and antibacterial viability. Be that as it may, 
the adequacy of these compounds on microorganisms 
has been examined in vitro, and cell viability and cy-
totoxicity are constrained20,21. In this consideration, 
we examined the impact of boron compounds on 
the human HepG-2 cell line amid disease with E.coli. 
Tetraacetylethylenediamine and sodium perborate, 
constituents of boron compounds, find application as 
endodontic disinfectants owing to their antimicrobial 
efficacy against various bacterial species, particularly 
at elevated concentrations. It is additionally used in 
numerous ponders to decrease the adequacy of thick 
bacterial biofilms, which may be related to the develop-
ment of microbial species within the endodontic envi-
ronment, expanded resistance to antimicrobial opera-
tors, and safe periapical periodontitis22–25.
Shakouie et al.26 decided on the antimicrobial move-
ment of tetraacetylethylenediamine sodium perborate 
versus sodium hypochlorite against Enterococcus faeca-
lis. Tetraacetylethylenediamine sodium perborate and 
5% sodium hypochloride had comparative antibacterial 
action against Enterococcus faecalis, but tetraacetylethyl-
enediamine sodium perborate, 2% had more prominent 
antibacterial action than five sodium hypochlorite. In 
our thinking, the least inhibitory concentrations (MIC) 
of the compounds were decided for 32 µg/mL SPM + 
128 µg/mL Etidote, for 32 µg/mL SPM +64 µg/mL 
ZB, and 64 µg/mL ZB + 128 µg/mL Etidote. Sayin et 
al.14 decided the antibacterial and antibiofilm impacts 
of boron on different microbes, and it was found that 
the MICs of boric corrosive and etidote extended from 
0.77–3.09 mg/mL and 0.644–10.312 mg/mL, sepa-
rately. Pseudomonas aeruginosa and a clinical confine 
of Lactococcus garvieae were more likely to make a bio-
film than others when the microplate strategy was used. 
In their consideration, Celebi et al.16 decided on the 

Table 2. Statistical analysis of immunofluorescent staining findings
Groups 8-OHdG H2A.X
Control 24.84±5.42a 18.43±4.38a

SPM + Etidote 42.86±6.18b 33.54±4.58b

SPM + ZB 32.45±5.18ab 26.18±5.69ab

ZB + Etidote 39.76±4.16b 31.44±3.2b

a, b, c: different letters in the same column were considered statistically significant differences (P˂0.05).
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 12. Celebi D, Taghizadehghalehjoughi A, Baser S, Genc S, Yilmaz 
A, Yeni Y. et al. Effects of boric acid and potassium metaborate 
on cytokine levels and redox stress parameters in a wound model 
infected with methicillin-resistant Staphylococcus aureus. Mol 
Med Rep. 2022;26, 294.

 13. Ni N, Li M, Wang J, Wang B. Inhibitors and antagonists of 
bacterial quorum sensing. Med Res Rev. 2009;29:65–124.

 14. Sayin Z, Ucan US, Sakmanoglu A. Antibacterial and antibiofilm 
effects of boron on different bacteria. Biol Trace Elem Res. 
2016;173:241–6.

 15. Nisha S, Shivamallu AB, Gujjari SK, Shashikumar P, Ali NM, 
Kulkarni M. Efficacy of preprocedural boric acid mouthrinse 
in reducing viable bacteria in dental aerosols produced during 
ultrasonic scaling. Contemp Clin Dent. 2021;12:282–8.

 16. Çelebi Ö, Çelebi D, Taghizadehghalehjoughi A, Başer S, Güler 
MC, Yıldırım S. The Antibacterial Effect of Boron Compounds 
and Evaluation of the Effects on Biofilm Formation in the 
Infection Model of Klebsiella pneumoniae on the HepG2 Cell 
Line. Journal of Contemporary Medicine. 2023;13(1):1–7.

 17. Villamizar Delgado S, Porras Osorio LM, Piñeros O, Ellena 
J, Balcazar N, Varela Miranda RE. et al. Biguanide-transition 
metals complexes as potential drug for hyperglycemia treatment. 
RSC advances. 2020;10(38):22856–63.

 18. Rastegar M, Marjani HA, Yazdani Y, Shahbazi M, Golalipour 
M, Farazmandfar T. Investigating Effect of Rapamycin and 
Metformin on Angiogenesis in Hepatocellular Carcinoma Cell 
Line. Advanced Pharmaceutical Bulletin. 2018;8(1):63–8.

 19. Nzietchueng RM, Dousset B, Franck P, Benderdour M, Nabet 
P, Hess K. Mechanisms implicated in the effects of boron on 
wound healing. J Trace Elem Med Biol. 2002;16(4):239–44.

 20. Baker SJ, Zhang YK, Akama T, Lau A, Zhou H, Vincent 
Hernandez V. et al. Discovery of a new boron-containing 
antifungal agent, 5-fluoro-1, 3-dihydro-1-hydroxy-2, 1- 
benzoxaborole (AN2690), for the potential treatment of 
onychomycosis. J Med Chem. 2006;49:4447–50.

 21. Akama T, Baker SJ, Zhang YK, Hernandez V, Zhou H, Sanders 
V., et al. Discovery and structure-activity study of a novel 
benzoxaborole anti-inflammatory agent (AN2728) for the 
potential topical treatment of psoriasis and atopic dermatitis. 
Bioorg Med Chem Lett. 2009;19:2129–32.

 22. Fouillen A, Grenier D, Barbeau J, Baron C, Moffatt P, 
Nanci A. Selective bacterial degradation of the extracellular 
matrix attaching the gingiva to the tooth. Eur J Oral Sci. 
2019;127(4):313–22.

 23. Debicka P, Lipski M, Buckowska-Ralinska J. Trusewicz M. 
Biofilm formation on root canal- review Ann Acad Med Stetin. 
2008;54:152–56.

 24. Zhang K, Li X, Yu C, Wang Y. Promising Therapeutic Strategies 
Against Microbial Biofilm Challenges. Front Cell Infect 
Microbiol. 2020;10:359.

 25. Noguchi N, Noiri Y, Narimatsu M, Ebisu S. Identification 
and localization of extraradicular biofilm-forming bacteria 
associated with refractory endodontic pathogens. Appl Environ 
Microbiol. 2005;71:8738–43.

 26. Shakouie S, Salem Milani A, Eskandarnejad M, Rahimi S, 
Froughreyhani M, Galedar S. et al. Antimicrobial activity of 
tetraacetylethylenediamine-sodium perborate versus sodium 
hypochlorite against Enterococcus faecalis. J Dent Res Dent 
Clin Dent Prospects. 2016;10(1):43–7.

 27. Simbula G, Dettori C, Camboni T, Cotti E. Comparison 
of tetraacetylethylendiamine + sodium perborate and 
sodiumhypochlorite cytotoxicity on L929 fibroblasts. J Endod. 
2010;36(9):1516–20.

Conclusion
The MICs of all combinations are distinctive; be that as it 
may, the FIC values are the same, appearing to have a syn-
ergistic impact with no noteworthy contrasts. All combi-
nations anticipate the biofilm arrangement of E.coli. The 
ZB + Etidote combination diminished bacterial move-
ment, secured HepG2 cells, and diminished DNA frac-
ture. Zinc borate + Etidote may be a compelling combina-
tion against E.coli infections in HepG-2 cells.
Limitation of the thought: The end of the ponder 
should assess the quality expression level of miRNA. 
Moreover, apoptosis state and oxidative stretch levels 
distinguish which component is more viable for the 
antimicrobial action of the boron component and 
body cell security.
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