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Abstract

formation by Proteus mirabilis.

biofilm production.

mirabilis strains causing urinary tract infections.

Background: Fluorogquinolones are a group of antibiotics used in urinary tract infections. Unfortunately, resistance to
this group of drugs is currently growing. The combined action of fluoroquinolones and other antibacterial and anti-
biofilm substances may extend the use of this therapeutic option by clinicians. The aim of the study was to determine
the effect of selected fluoroquinolones and therapeutic concentrations of ascorbic acid and rutoside on biofilm

Materials and methods: The study included 15 strains of P mirabilis isolated from urinary tract infections in patients
of the University Hospital No. 1 dr A. Jurasz in Bydgoszcz (Poland). The metabolic activity of the biofilm treated with
0.4 mg/ml ascorbic acid, 0.02 ug/ml rutoside and chemotherapeutic agents (ciprofloxacin, norfloxacin) in the concen-
tration range of 0.125-4.0 MIC (minimum inhibitory concentration) was assessed spectrophotometrically.

Results: Both ciprofloxacin and norfloxacin inhibited biofilm formation by the tested strains. The biofilm reduction
rate was correlated with the increasing concentration of antibiotic used. No synergism in fluoroquinolones with ascor-
bic acid, rutoside or both was found. The ascorbic acid and rutoside combination, however, significantly decreased

Conclusions: Our research proves a beneficial impact of ascorbic acid with rutoside supplementation on biofilm of P

Keywords: Biofilm, Proteus mirabilis, Antioxidants, Antibiotics

Introduction

Biofilm is a community of microorganisms encased in a
self-produced matrix. The matrix consists of exopolysac-
charides, proteins, and nucleic acids and participates in
the adhesion of bacteria to the surface. It is also a bar-
rier protecting bacteria against adverse environmental
conditions, e.g., drying and phagocytosis. Bacterial cells
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in a biofilm are many times more resistant to antibiotics
than those in the planktonic form. On the surface of the
polysaccharide capsules, there are free functional groups
capable of adsorbing antibiotics [1, 2]. The expression of
some genes encoding pump proteins is activated exclu-
sively in the biofilm environment. Protein pumps con-
tribute to resistance to tetracyclines, fluoroquinolones,
macrolides, and beta-lactams [2, 3]. Growth conditions
play an important role in biofilm resistance. Cells located
in deeper layers of the biofilm have limited access to
nutrients, but their slow metabolism reduces their sensi-
tivity to antibiotics [4, 5]. Insufficient oxygen supply leads
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to changes in the metabolism of bacteria. Then, they
carry out incomplete glucose oxidation, resulting in the
formation of acidifying compounds. Changes in pH lead
to the inactivation or ionization of the antibiotics and
impede penetration through the cell wall or cell mem-
brane [3, 6].

Biofilm is a structure formed by all microorganisms on
different types of surfaces. Of great importance are bio-
materials used in the patient’s body, e.g., urinary bladder
catheters [7]. Numerous bacteria, including uropatho-
gens, take part in their colonization. Among them, the
Gram-negative rod of the species Proteus mirabilis is of
particular concern. The bacterium produces urease lead-
ing to struvite (ammonium phosphate) and apatite (cal-
cium phosphate) deposits in the catheter lumen [8-10].
Inability to drain urine increases the risk of infection,
creating an excellent environment for bacteria to grow.
This can contribute to further consequences such as pye-
lonephritis and bacteremia [11].

Fluoroquinolones are a group of antibiotics used in
urinary tract infections (UTI). They are active against
Gram-negative rods that most commonly cause UTIs.
Fluoroquinolones prevent replication by inhibiting bac-
terial topoisomerase type II (gyrase) and type IV action
[12]. This leads to DNA damage and reactive oxygen spe-
cies (ROS) production responsible for oxidative stress
[13].

Treating biofilm-associated infections is difficult.
Therefore, it seems reasonable to research materi-
als that will inhibit biofilm formation, preventing the
massive dispersion of microbial cells in the human
body. It is also essential to look for synergies between
well-known compounds, e.g., antibiotics and vitamins
or antibiotics and polyphenols. Ascorbic acid (vita-
min C) functions mainly as a cofactor of the enzyme
involved in the hydroxylation during collagen biosyn-
thesis [14]. Due to its strong reducing properties, it
is the most important antioxidant active against ROS
released by phagocytes. Ascorbic acid has antibacte-
rial properties by inducing oxidative stress in bacte-
rial cells [15, 16]. It also hinders biofilm development,
among others: Mycobacterium spp., Staphylococcus
aureus, Escherichia coli, Listeria monocytogenes, or
Pseudomonas aeruginosa, by inhibiting the produc-
tion of exopolysaccharides [15, 17-19]. Rutoside is
a compound from the group of polyphenols. It is an
antioxidant with antifungal, antiviral, and antibacterial
properties. The antimicrobial effect is due to interac-
tion with the cell wall. The resulting complexes dis-
rupt the integrity, block ion channels and inhibit the
electron transport responsible for the synthesis of ATP
[20, 21]. Rutoside also inhibits the action of bacterial
type IV topoisomerase and induces an SOS response
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by inducing oxidative stress in E. coli [22]. It has also
anti-biofilm activity. It inhibits the secretion of type II
autoinductors and the operation of efflux pumps [23,
24]. Rutoside, in addition to its antibacterial effect,
prolongs the action of ascorbic acid by stabilizing it
and forming complexes with copper ions, preventing
the vitamin C oxidation reaction, which is crucial dur-
ing biofilm eradication [25].

This study aimed to determine the effect of fluo-
roquinolones (norfloxacin and ciprofloxacin) and
antioxidants (ascorbic acid and rutoside) on biofilm
formation by Proteus mirabilis strains isolated from
catheterized patients. Both, fluoroquinolones and
mentioned above antioxidans, are common prescribed
in UTIs treatment. Since, for example, rutoside and
fluorochinolones takes the same place of action
(topoisomerase IV), these molecules may cause antag-
onistic effect.

Materials and methods

Tested strains

The study was conducted on 15 P mirabilis strains
isolated from urinary tract infections in patients of
the University Hospital No. 1 dr A. Jurasz in Bydgo-
szcz (Poland). Strains were included based on the anti-
microbial susceptibility testing results (Phoenix M50,
N-302 panels) in order to obtain two groups of strains:
resistant and susceptible to examined fluoroquinolo-
nes. Species identification was performed using mass
spectrometry (Microflex, Bruker). The strains were
stored at — 70 °C in Brain Heart Infusion (BHI; Bec-
ton Dickinson) enriched with 10.0% glycerol (Avan-
tor). Before analysis strains were plated on blood agar
(Columbia Agar; Becton Dickinson) and incubated at
37 °C for 24 h. All tested strains were proven to pro-
duce biofilm by crystal violet assay.

Test compounds

Antibiotics

Two antibiotics were used i.e., ciprofloxacin and nor-
floxacin (Sigma Aldrich). The fluoroquinolones were
dissolved according to CLSI recommendations in a
Phosphate Buffered Saline (PBS; Becton Dickinson) at
pH 7.2. In order to increase the solubility of fluoroqui-
nolones, 1 M NaOH (Avantor) solution was used.

The minimum inhibitory concentration (MIC) was
assessed using micro-dilution method in a liquid
medium in accordance with the CLSI recommenda-
tions [26].

The impact of examined antibiotics in range between
0.25 — 4 MIC value on biofilm formation by P. mirabi-
lis strains was studied.
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Ascorbic acid

Ascorbic acid was dissolved in Mueller—Hinton broth
(MHB; Becton Dickinson) to give a final concentration
of 0.4 mg/ml.

Rutoside

Rutoside was dissolved in Mueller—-Hinton broth
(MHB; Becton Dickinson) to a final concentration of
0.02 pg/ml.

Assessment of the influence of fluoroquinolones on biofilm
activity

The influence of the tested compounds on biofilm for-
mation was evaluated using 96-well titration plates
(Nest Biotechnology Co., Ltd.). For each strain bacte-
rial suspension of approx. 5 x 10° CFU/ml (100 pl) was
treated with 100 pl of chemotherapeutic concentration
of 1IMIC, two higher concentrations (4MIC and 2MIC)
and three sub-inhibitory concentrations (0.5MIC,
0.25MIC, and 0.125MIC). Plates were incubated at
37 °C for 24 h. Next, the plates were rinsed twice with
PBS and each well replenished with 180 ul of trypti-
case-soy bullion (TSB; Becton Dickinson) and 20 pl 2,
3, 5-Triphenyl-tetrazolium chloride (TTC; Avantor).
The prepared plates were incubated at 37 °C for 4 h.
After incubation, the dye was rinsed with water until
colorless washings. Then, 300 pl of methanol (Avan-
tor) was added to the dried wells (Fig. 1). Biofilm
formation was determined by measuring formazan
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absorbance at 470 nm (Synergy, BioTek) and archived
in the KC4 program (BioTek).

Study of the influence of fluoroquinolones, ascorbic acid
and rutoside on biofilm formation

Two concentrations of antibiotics, 1IMIC and 4MIC,
in combination with rutoside and ascorbic acid, ruto-
side only and no antioxidants were tested (Fig. 1). The
remaining activities were carried out as described in
the previous section.

Analysis of the results

The obtained results were saved in KC4 (BioTek) and
then processed in Microsoft Office Excel (2007). The
statistical analysis was performed using the Statistica
13.1 PL program [TIBCO Software Inc. (2017). Statis-
tica (data analysis software system], version 13. http://
statistica.io). Values were considered statistically sig-
nificant at p <0.05.

The influence of tested compounds on biofilm for-
mation was analyzed using dependent variable com-
parison tests. To determine the differences between
strains susceptible and resistant to fluoroquinolones,
the coefficient of biofilm reduction for the tested com-
pound was calculated. Then the results were compared
using tests for independent variables in the groups.
The comparison of absorbance values between strains
was impossible due to the strain-specific metabolism
of TTC to formazan.

1 (Strain S1-1) 2 (Strain S1-2) 3 (Strain 51-3)
1 2 3 4 5 6 1) 8 9 10 11 12
A RACI | RAC1 | RAC1 | RACI | RAC1 | RACI | RACI | RACI1 | RAC1 | RACI | RACI | RACI
B RCl1 |RC1 |[RC1 [RC1 |RC1 |RC1 [RCl1 |RCl1 |RCl1 [RC1 |RCl |RC1
C ACl | ACl |ACl |ACl |ACl1 |ACl1 |ACl |ACl |ACl |ACl |ACl |ACl
D RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RAC4 | RACHY
E RC4 |RC4 |RC4 |(RC4 |RC4 |RC4 |RC4 |RC4 |RC4 |RC4 |RC4 |RC4
F AC4 | AC4 | AC4 | AC4 | AC4 | AC4 | AC4 | AC4 | AC4 | AC4 | AC4 | ACY
G KH) KH+) | KH K(+) KH# | K+ K(+) KH+ | K+ |KH KH+) | KH#H)
H KO (KO |KO (KO |KO |KO |KO |[KO (KO |KO (KO KO
R — rutoside; A — ascorbic acid; C — ciprofloxacin (1MIC or 4MIC); K(+) — bacterial inoculum + Mueller Hinton
bullion; K(-) — sterile Mueller Hinton bullion; The fixed wells volume was 200pl.
Fig. 1 Plan of arrangement on 96-wells plate
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The formula for the biofilm reduction ratio:
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ciprofloxacin on biofilm formation was observed even in

biofilm reduction ratio[%) =

the absorbance value of thepositive control — the value of the absorbance of the test sample

x100%

the absorbance value of thepositive control

The positive values of the reduction coefficient indi-
cated a reduction of the biofilm under the influence of the
tested compound, while the negative values an increase
in the metabolic activity of the biofilm.

Results

MIC values of fluoroquinolones for P. mirabilis

MIC values were interpreted according to the EUCAST
(European Committee on Antimicrobial Susceptibility
Testing) recommendation [27]. Strains were classified
based on the MIC value as: susceptible (S) or resistant
(R) (Table 1). Amongst examined 15 strains, 7 (46.7%)
were found as susceptible to both fluoroquinolones, and
8 (53.3%) — as resistant.

Impact of fluoroquinolones on biofilm formation

In the first step of investigation, we examined the impact
of 6 different concentration of ciprofloxacin and nor-
floxacin (0.125MIC, 0.25 MIC, 0.5 MIC, 1MIC, 2MIC,
4MIC) on biofilm formation by fluoroquinolones-
resistant (FR) and — susceptible (FS) P mirabilis strains.
The highest biofilm reducing ration (BRR) values were
observed in the concentration corresponding to MIC=4,
achieving the 80-90% (Fig. 2). The inhibition effect of

Table 1 MIC values of ciprofloxacin and norfloxacin and
interpretation

Strain MIC

Ciprofloxacin Norfloxacin

Value Interpretation Value [ug/ Interpretation

[ng/ml] ml]
S1(2270) 1 R 4 R
S3(2166) 2 R 4 R
S9(2309) 0.016 S 0.063 S
S11(2037) 0.016 S 0.125 S
512 (2119) 0.063 S 0.25 S
S13(2114) 2 R 8 R
S14(2285) 2 R 8 R
S15(2314) 0.016 S 0.125 S
S16 (2348) 0.016 S 0.063 S
S17 (2249) 0.125 S 0.125 S
518 (2266) 0.032 S 0.125 S
S19(2291) 4 R 16 R
S20 (2140) 32 R 64 R
S21 (2246) 1 R 4 R
S22 (2274) 2 R 4 R

the lowest examined concentrations (0.125 of MIC), but
it was insignificant. The lowest examined concentration
of norfloxacin (MIC 0.125) promoted biofilm formation
in the group of FS strains by approx. 5% (not significant).

We found that BRR increased together with the antibi-
otic concentration. Ciprofloxacin shows slightly stronger
impact on biofilm reduction than norfloxacin in concen-
trations below 1MIC, but the difference is not statistically
significant. In concentrations above 1MIC there is no
difference between both antibiotics for susceptible and
resistant strains.

Impact of antioxidants on biofilm formation

We examined the impact of 0.02 pg/ml rutoside or/and
0.4 mg/ml of ascorbic acid on biofilm formation of the 15
P. mirabilis strains. We found that 0.4 mg/ml of ascorbic
acid promoted biofilm formation. The BRR average was
under 0% both in FS and FR strains groups, and it was
statistically significant in FR group (Fig. 3). The treat-
ment of rutoside and rutoside with ascorbic acid caused
the inhibition of biofilm formation in both groups. The
BRR values for rutoside were 11.7% in FS and 17.6% in
ER group (not sigificant). For rutoside with ascorbic acid
BBR values were 26.3% for FS and 50.8% for FR group
(p<0.05). The BRR value obtained for rutoside and ascor-
bic acid in FR strains group was similar to BRR values
obtained in the presence of 0.5 MIC fluoroquinolones
(ciprofloxacin 52.1%; norfloxacin 54.5%) (Fig. 3).

Impact of combined effect of fluoroquinolones
and antioxidants on biofilm formation
We examined the combined impact of fluoroquinolo-
nes (two concentrations: 1 MIC and 4 MIC), rutoside
(0.02 pg/ml) and/or ascorbic acid (0.4 mg/ml) on biofilm
formation by FS and FR strains of P. mirabilis. Amongst
FS strains, the highest BRR value (86.7%) was observed
in the presence of ascorbic acid and 4 MIC of cipro-
floxacin (Fig. 4a). It was higher than 4 MIC CIP alone
(49.1%) and other combinations (not significant). Similar
relationship was found in 1 MIC concentration of cipro-
floxacin and combinations, the highest BRR value (68.5%)
was obtained for 1 MIC ciprofloxacin and ascorbic acid
(Fig. 4a) (not significant). For norfloxacin BRR average
values were very similar in every examined combination
(Fig. 4b).

In FR strains group the BRR average values range
between 80-90% (Fig. 5a and b). The highest differences
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between BRR values were observed for combination of 4
MIC of ciprofloxacin and examined antioxidants (85.1%).
The lowest BRR values were obtained for 1MIC norflox-
acin with ascorbic acid (60.9%). The difference between
1MIC antibiotics and 4MIC antibiotics is visible, but it is
not statistically significant (p >0.05).

Discussion

Proteus rods account for 1 to 2% of all UTIs, while in
complicated UTIs have a higher frequency—from 20 to
45% [29]. Susceptibility of P mirabilis strains to many
antimicrobials, including ciprofloxacin decreased signifi-
cantly during the past decade, from 80.1 to 53.8% [30].

Therefore, the use of fluoroquinolones in empiric
therapy requires particular caution. One solution is the
combination of antibiotics and other compounds with
antibacterial or anti-biofilm properties.

Based on the obtained results, both tested fluoroqui-
nolones show anti-biofilm activity. Each of the tested
antibiotics in concentrations of 2 and 4 MIC reduced
the biofilm by approx. 80-90%. Considering that 4MIC
is easily obtainable in urine during antibiotic therapy
against UTI (for susceptible strains), fluoroquinolones
may have therapeutic effect against biofilm formed in uri-
nary tract. Researchers confirm the anti-biofilm activity
of fluoroquinolones against Gram-negative rods [31-36].
However, what limits the action of the antibiotic in vivo is
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its bioavailability. Due to a wide spectrum of action, fluo-
roquinolones are used in empirical therapy.

Ciprofloxacin is the best choice, among fluoroquinolo-
nes, against Gram-negative rods infections. It has the
highest pharmacodynamic indexes compared to other
antibiotics [37] and is effective for both oral and intra-
venous administration [38]. The concentration of fluoro-
quinolones in the urine is 100 or even 1000 times higher
than in the serum. These drugs effectively eradicate the
bacterial biofilm and are a therapeutic option for UTIs
[39]. Researchers have concluded that fluoroquinolo-
nes (mainly cipro—and levofloxacin) may be effective in
mild cases of UTIs caused by Enterobacterales strains
with MIC <32 in vitro. However, they must be admin-
istered at high doses to avoid the selection of resistant
strains [11]. The latest guidelines recommend the use of
fluoroquinolones (cipro- or levofloxacin) as the first-line
drug in uncomplicated nephritis and cystitis accompa-
nied by kidney stones (urolithiasis), commonly caused
by P. mirabilis [11, 40, 41]. In other cases (uncomplicated
UTI, complicated UTI, catheter associated UTI) they
are second-line drugs. They are not recommended if the
resistance of Enterobacteriaceae to this group of drugs
is higher than 10% [40]. Norfloxacin, used for years in
upper and lower UTI, is not currently listed as a thera-
peutic option in the latest recommendations of the Euro-
pean Urological Association [40].

In our study we have checked the interaction of anti-
oxidants on biofilm formation by P mirabilis strains.
The one antioxidant used in this study was rutoside. It
reduced the biofilm only from 11.7 to 17.6%, in fluoroqui-
nolones-susceptible, and — resistant strains, respectively.
Numerous studies examining the impact of polyphe-
nolic compounds solutions or plant extracts confirm the
antibacterial and anti-biofilm properties. This activity is
likely associated with the ability to form complexes with
the cell wall or proteins contained in the plasma mem-
brane or cytoplasm [41-50]. Many research groups have
also shown synergistic antibacterial activity of two or
three polyphenolic compounds (quercetin, morin, ruto-
side) against Gram-positive and Gram-negative bacteria
[51-54]. However, based on our research, rutoside may
not reduce biofilm effectively alone.

The obtained results show that rutoside and vitamin
C do not significant affect biofilm formation, but their
combination statistically significantly inhibits biofilm
formation. The available literature does not explain the
observed phenomenon. This effect may be related to the
pro-oxidative properties of ascorbic acid, revealed under
specific conditions such as low concentration, the pres-
ence of transition group metals (iron), and stabilization
in the presence of polyphenol (rutoside) [55-60]. How-
ever, the issue requires further research. Such research

Page 7 of 10

should include the determination of free radical reaction
markers’ presence, e.g., malondialdehyde, in the reaction
medium, using analytical methods (high performance
liquid chromatography—HPLC).

One objective of the study was to determine the effect
of ascorbic acid on the anti-biofilm activity of fluoro-
quinolones. The applied concentration corresponds to
these obtained in the urine after supplementation with
the maximum recommended dose. Ascorbic acid at the
concentration reached in urine promoted biofilm for-
mation by P. mirabilis strains. We have found no statis-
tically important synergy between fluoroquinolones and
vitamin C at the therapeutic concentration (0.4 mg/ml).
Goswami et al. [61] and Masahed et al. [62] using, i.e.
ascorbic acid decreased the effectiveness of fluoroqui-
nolones against E. coli strains. On the contrary, El-Gebaly
et al. [63] have reported a strong synergistic effect of
ascorbic acid on the action of levofloxacin. The discrep-
ancy between the studies may result from the different
concentrations of ascorbic acid used in the tests.

Despite the lack of in vitro synergism, we cannot rule
out the positive effect of the ascorbic acid supplementa-
tion during fluoroquinolone therapy. However, there are
no such studies. There are meta-analyses confirming the
positive impact of ascorbic acid supplementation in peo-
ple with respiratory tract infections [64, 65]. Research on
the influence of ascorbic acid supplementation in patients
with pneumonia or cystic fibrosis is also ongoing. How-
ever, the latest meta-analyses agree that there is no strong
evidence and insufficient quality of the research [66, 67].

Hospitalized patients who developed a UTI have
changed physiology. Effective glomerular filtration and
selection of an antibiotic achieving high concentrations
in both serum and urine are key for effective therapy.
Fluoroquinolones are a therapeutic option in uncom-
plicated nephritis and cystitis accompanied by kidney
stones. Sub-inhibitory concentrations of antibiotics
obtained in vivo may lead to the selection of resistant
strains. However, fluoroquinolones at sub-inhibitory
concentrations have been proven to lower biofilm forma-
tion in vitro. Thus, they can efficiently eliminate the bio-
film of susceptible strains.

Conclusions

The results of our research suggest a beneficial impact
of ascorbic acid with rutoside supplementation in UTIs
prophylaxis. The prophylaxis may lead to reducing antibi-
otic (fluoroquinolones) usage. This hypothesis needs ver-
ification by checking the correlation between the course
of UTI (duration, severity of symptoms, frequency of
relapses) and supplementation with rutoside and vitamin
C in patients treated with and without fluoroquinolones.



Przekwas et al. Ann Clin Microbiol Antimicrob (2022) 21:22

Acknowledgements
Not applicable.

Author contributions

JK-P—conceptualization, methodology, validation, formal analysis, investiga-
tion, resources; JP—software, validation, formal analysis, data curation, writ-
ing—original draft preparation; JG—conceptualization, software, validation,
formal analysis, investigation; KS—conceptualization, writing—review and
editing, supervision, NW-K—formal analysis, visualization; DR—uvisualization;
EW-Z- writing—review and editing; EG-K- project administration, funding
acquisition. All authors have read and approved the final manuscript.

Funding

The study was funded by funds within the framework of the statutory activi-
ties (Department of Microbiology Collegium Medicum, Nicolaus Copernicus
University in Torun).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors report no conflicts of interest in this work.

Author details

'Department of Microbiology, Nicolaus Copernicus University in Torur, L.
Rydygier Collegium Medicum in Bydgoszcz, Bydgoszcz, Poland. 2Department
of Pharmaceutical Botany and Pharmacognosy, Nicolaus Copernicus Univer-

sity in Torun, L. Rydygier Collegium Medicum in Bydgoszcz, Bydgoszcz, Poland.

3Department of Food Hygiene and Consumer Health, Wroctaw University

of Environmental and Life Sciences, Wroctaw, Poland. “Medical Education
Unit, Nicolaus Copernicus University in Torur, L. Rydygier Collegium Medicum
in Bydgoszcz, Bydgoszcz, Poland.

Received: 16 September 2021 Accepted: 3 May 2022
Published online: 02 June 2022

References

1. Opechowska M, Bielecki S. Rola alternatywnych czynnikéw sigma S (6°)
I'sigma B (0°) w odpowiedzi komdrki bakteryjnej na stres oraz ich regu-
lacja. Adv Microbiol. 2014;53(4):305-17.

2. Abdallah NMA, Elsayed SB, Yassin MM, El-Gohary M, EI-Gohary GM.
Biofilm forming bacteria isolated from urinary tract infection, realtion to
cathaterization and susceptibility to antibiotics. Int J Biotechnol Mol Biol
Res. 2011,2(10):172-8.

3. Czaczyk K, Myszka K. Mechanizmy warunkujace opornos¢ biofilmow
bakteryjnych na czynniki antymikrobiologiczne. Biotechnologia.
2007;1(76):40-52.

4. Ayrapetyan M, Williams T, Oliver JD. Relationship between the viable
but nonculturable state and antibiotic persister cells. J Bacteriol.
2018,;200(20):e00249-e318. https://doi.org/10.1128/JB.00249-18.

5. Koo H, Allan RN, Howlin RP, Hall-Stoodley L, Stoodley P. Targeting micro-
bial biofilms: current and prospective therapeutic strategies. Nat Rewievs
Microbiol. 2017;15:740-55. https://doi.org/10.1038/nrmicro.2017.99.

6. MahTF, O'Toole GA. Mechanisms of biofilm resistance to antimicrobial
agents. Trends Microbiol. 2001;9(1):34-9. https://doi.org/10.1016/50966-
842x(00)01913-2.

20.

21.

22.

23.

24.

25.

26.

Page 8 of 10

Balasubramanian A, Singh AR, Alagumuthu G. Isolation and identification
of microbes from biofilm of urinary catheters and antimicrobial suscepti-
bility evaluation. Asian Pac J Trop Biomed. 2012. https://doi.org/10.1016/
$2221-1691(12)60494-8.

Pearsen MM, Schaffer JN. Proteus mirabilis and urinary tract infec-

tions. Microbiol Spectr. 2015. https://doi.org/10.1128/microbiolspec.
UTI-0017-2013.

Wilks SA, Fader MJ, Keevil CW. Novel insights into the proteus

mirabilis crystalline biofilm using real-time imaging. PLoS ONE.
2015;10(10):e0141711. https://doi.org/10.1371/journal.pone.0141711.

. Fusco A, Coretti L, Savio V, Buommino E, Lembo F, Donnarumm G. biofilm

formation and immunomodulatory activity of Proteus mirabilis clinically
isolated strains. Int J Mol Sci. 2017. https://doi.org/10.3390/ijms 180204 14.

. Chen C-Y,Chen Y-H, Lu P-L, Lin W-R, Chen T-C, Lin C-Y. Proteus mirabilis

urinary tract infection and bacteremia: risk factors, clinical presentation,
and outcomes. J Microbiol Immunol Infect. 2012;45(3):228-36. https://
doi.org/10.1016/j,jmii.2011.11.007.

. Ezelarab HAA, Abbas SH, Hassan HA, Abuo-Rahma GEDA. Recent updates

of fluoroquinolones as antibacterial agents. Arch Pharm (Weinheim).
2018;351(9):1800141. https://doi.org/10.1002/ardp.201800141.

. Ferrdndiz MJ, Martin-Galiano AJ, Arnanz C, Zimmerman T, de la Campa

AG. Reactive oxygen species contribute to the bactericidal effects of the
fluoroquinolone moxifloxacin in Streptococcus pneumoniae. Antimicrob
Agents Chemother. 2016;60(1):409-17. https://doi.org/10.1128/AAC.
02299-15.

Konopacka M. Role of vitamin C in oxidative DNA damage. Postepy Hig
Med Dosw. 2004;58:343-8.

Pandit S, Ravikumar V, Abdel-Haleem AM, et al. Low concentrations of
vitamin C reduce the synthesis of extracellular polymers and destabilize
bacterial biofilms. Front Microbiol. 2017;8:2599. https://doi.org/10.3389/
fmicb.2017.02599.

Syal K, Bhardwaj N, Chatterji D. Vitamin C targets (p)ppGpp synthesis
leading to stalling of long-term survival and biofilm formation in Myco-
bacterium smegmatis. FEMS Microbiol Lett. 2017. https://doi.org/10.1093/
femsle/fnw282.

Syal K, Chatterji D. Vitamin C: a natural inhibitor of cell wall functions and
stress response in Mycobacteria. Adv Exp Med Biol. 2018;1112:321-32.
https://doi.org/10.1007/978-981-13-3065-0_22.

Ali Mirani Z, Khan MN, Siddiqui A, et al. Ascorbic acid augments colony
spreading by reducing biofilm formation of methicillin-resistant Staphylo-
coccus aureus. Iran J Basic Med Sci. 2018;21(2):175-80. https://doi.org/10.
22038/1JBMS.2018.20714.5398.

Silva HRA, de Souza GM, Fernandes JD, Constantino CJL, Winkelstroter LK.
Unravelling the effects of the food components ascorbic acid and capsai-
cin as a novel anti-biofilm agent against Escherichia coli. J Food Sci Tech-
nol. 2020;57(3):1013-20. https://doi.org/10.1007/513197-019-04134-5.
Puzanowska-Tarasiewicz H, Kuzmicka L, Tarasiewicz M. Antioxidants and
reactive oxygen species. Bromatol Chem Toksykol. 2010;43(1):9-14.
Ganeshpurkar A, Saluja AK. The Pharmacological Potential of Rutin. Saudi
Pharm J SPJ Off Publ Saudi Pharm Soc. 2017;25(2):149-64. https://doi.org/
10.1016/jjsps.2016.04.025.

Bernard FX, Sable S, Cameron B, Provost J. glycosylated flavones as
selective inhibitors of topoisomerase IV. Antimicrob Agents Chemother.
1997;41(5):992-8. https://doi.org/10.1128/AACA41.5.992.

Peng L-Y, et al. Rutin inhibits quorum sensing, biofilm formation and
virulence genes in avian pathogenic Escherichia coli. Microb Pathog.
2018;119:54-9. https://doi.org/10.1016/j.micpath.2018.04.007.

Jhanji R, BhatiV, Singh A, Kumar A. Phytomolecules against bacterial
biofilm and efflux pump: an in silico and in vitro study. J Biomol Struct
Dyn. 2020;38(18):5500-12. https://doi.org/10.1080/07391102.2019.17048
84.

Samaszko-Fiertek J, Roguszczak P, Dmochowska B, Slusarz R, Madaj J.
Rutin—structure and properties. Wiad Chem. 2016;70:7-8.

Hryniewicz W, Sulikowska A, Szczypa K, Krzysztori-Russjan J, Gniad-
kowski M. Reccomendations for susceptibility testing to antimicrobial
agents of selected bacterial species. Krajowy Osrodek Referencyjny, d/s
Lekowrazliwosci Drobnoustrojéw; Centralne Laboratorium Surowic i
Szczepionek w Warszawie. 2009.


https://doi.org/10.1128/JB.00249-18
https://doi.org/10.1038/nrmicro.2017.99
https://doi.org/10.1016/s0966-842x(00)01913-2
https://doi.org/10.1016/s0966-842x(00)01913-2
https://doi.org/10.1016/S2221-1691(12)60494-8
https://doi.org/10.1016/S2221-1691(12)60494-8
https://doi.org/10.1128/microbiolspec.UTI-0017-2013
https://doi.org/10.1128/microbiolspec.UTI-0017-2013
https://doi.org/10.1371/journal.pone.0141711
https://doi.org/10.3390/ijms18020414
https://doi.org/10.1016/j.jmii.2011.11.007
https://doi.org/10.1016/j.jmii.2011.11.007
https://doi.org/10.1002/ardp.201800141
https://doi.org/10.1128/AAC.02299-15
https://doi.org/10.1128/AAC.02299-15
https://doi.org/10.3389/fmicb.2017.02599
https://doi.org/10.3389/fmicb.2017.02599
https://doi.org/10.1093/femsle/fnw282
https://doi.org/10.1093/femsle/fnw282
https://doi.org/10.1007/978-981-13-3065-0_22
https://doi.org/10.22038/IJBMS.2018.20714.5398
https://doi.org/10.22038/IJBMS.2018.20714.5398
https://doi.org/10.1007/s13197-019-04134-5
https://doi.org/10.1016/j.jsps.2016.04.025
https://doi.org/10.1016/j.jsps.2016.04.025
https://doi.org/10.1128/AAC.41.5.992
https://doi.org/10.1016/j.micpath.2018.04.007
https://doi.org/10.1080/07391102.2019.1704884
https://doi.org/10.1080/07391102.2019.1704884

Przekwas et al. Ann Clin Microbiol Antimicrob

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2022) 21:22

The European Committee on Antimicrobial Susceptibility Testing
(EUCAST). Breakpoint tables for interpretation of MICs and zone diam-
eters. Version 11.0, 2021. http://www.eucast.org. Accessed 30 August
2021.

Concia E, Bragantini D, Mazzaferri F. Clinical evaluation of guidelines and
therapeutic approaches in multi drug-resistant urinary tract infections.

J Chemother. 2017;29:19-28. https://doi.org/10.1080/1120009X.2017.
1380397.

Jamil RT, Foris LA. Snowden J. Proteus Mirabilis Infections. In: StatPearls.
Treasure Island (FL): StatPearls Publishing. 2021. https://www.ncbi.nlm.
nih.gov/books/NBK442017/.

Wang JT, Chen PC, Chang SC, et al. Antimicrobial susceptibilities of
Proteus mirabilis: a longitudinal nationwide study from the Taiwan
surveillance of antimicrobial resistance (TSAR) program. BMC Infect Dis.
2014;14:486. https://doi.org/10.1186/1471-2334-14-486.

Bonaventura GD, Spedicato I, D’Antonio D, Robuffo |, Piccolomini R.
Biofilm Formation by Stenotrophomonas maltophilia: Modulation by Qui-
nolones, Trimethoprim-Sulfamethoxazole, and Ceftazidime. Antimicrob
Agents Chemother. 2004;48(1):151-60. https://doi.org/10.1128/AACA48.1.
151-160.2004.

Wang A, Wang Q, Kudinha T, Xiao S, Zhuo C. Effects of Fluoroquinolones
and Azithromycin on Biofilm Formation of Stenotrophomonas maltophilia.
Sci Rep. 2016;6(1):29701. https://doi.org/10.1038/srep29701.

Saini H, Chhibber S, Harjai K. Azithromycin and ciprofloxacin: a possible
synergistic combination against Pseudomonas aeruginosa biofilm-associ-
ated urinary tract infections. Int J Antimicrob Agents. 2015;45(4):359-67.
https://doi.org/10.1016/j.ijantimicag.2014.11.008.

Masadeh MM, Alzoubi KH, Ahmed WS, Magaji AS. In Vitro comparison

of antibacterial and antibiofilm activities of selected fluoroguinolones
against Pseudomonas aeruginosa and methicillin-resistant Staphylococcus
aureus. Pathogens. 2019. https://doi.org/10.3390/pathogens8010012.
Martins KB, Ferreira AM, Pereira VC, Pinheiro L, de Oliveira A, et al. In vitro
Effects of antimicrobial agents on planktonic and biofilm forms of Staphy-
lococcus saprophyticus isolated from patients with urinary tract infections.
Front Microbiol. 2019;10:40. https://doi.org/10.3389/fmicb.2019.00040.
Gazel D, Demirbakan H, Erinmez M. In vitro activity of hyperthermia on
swarming motility and antimicrobial susceptibility profiles of Proteus
mirabilis isolates. Int J Hyperthermia. 2021;38(1):1002—12. https://doi.org/
10.1080/02656736.2021.1943546.

Scheld WM. Maintaining fluoroquinolone class efficacy: review of influ-
encing factors. Emerg Infect Dis. 2003;9(1):1.

Mombelli G, Pezzoli R, Pinoja-Lutz G, Monotti R, Marone C, Franciolli M.
Oral vs intravenous ciprofloxacin in the initial empirical management of
severe pyelonephritis or complicated urinary tract infections: a prospec-
tive randomized clinical trial. Arch Intern Med. 1999;159(1):53-8. https.//
doi.org/10.1001/archinte.159.1.53.

Wagenlehner FME, Weidner W, Naber KG. Pharmacokinetic characteristics
of antimicrobials and optimal treatment of urosepsis. Clin Pharmacokinet.
2007;46(4):291-305. https://doi.org/10.2165/00003088-200746040-00003.
European Association of Urology. EAU Gudelines on Urological Infections.
https://uroweb.org/guideline/urological-infections/ Accessed 30 August
2021.

Choe HS, Lee SJ, Yang SS, Hamasuna R, Yamamoto S, Cho YH, Matsumoto
T. Committee for Development of the UAA-AAUS. Guidelines for UTI and
STI. Summary of the UAA-AAUS guidelines for urinary tract infections. Int
J Urol. 2018;25(3):175-85. https://doi.org/10.1111/iju.13493.

Celen G, Ozkan S, Ayhan F. The phenolic compounds from hyperi-

cum perforatum and their antimicrobial activities. Hacet J Biol Chem.
2008;36(4):339-45.

Ciocan D, loan B. Plant Products as antimicrobial agents. Analele Tiiocifice
Ale Universitatii Alexandru loan Cuza Din lasi, Sectiunea Il A: Genetica si
Biologie Moleculara. 2007;8. https://doi.org/10.3109/9781420019919-17.
PlyutaV, Zaitseva J, Lobakova E, Zagoskina N, Kuznetsov A, Khmel I. Effect
of plant phenolic compounds on biofilm formation by Pseudomonas
aeruginosa. APMIS. 2013;121(11):1073-81. https://doi.org/10.1111/apm.
12083.

Martins N, Barros L, Henriques M, Silva S, Ferreira ICFR. Activity of phenolic
compounds from plant origin against Candida species. Ind Crops Prod.
2015;74:648-70. https://doi.org/10.1016/j.indcrop.2015.05.067.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 9 of 10

Wang S, Wang C, Gao L, et al. Rutin inhibits Streptococcus suis biofilm
formation by affecting CPS biosynthesis. Front Pharmacol. 2017,8:379.
https://doi.org/10.3389/fphar.2017.00379.

Puupponen-Pimid R, Nohynek L, Meier C, Kdhkdnen M, Heinonen M,
Hopia A, Oksman-Caldentey KM. Antimicrobial properties of phenolic
compounds from berries. J Appl Microbiol. 2001,90(4):494-507. https://
doi.org/10.1046/].1365-2672.2001.01271 .

Macé S, Truelstrup Hansen L, Rupasinghe HPV. Anti-bacterial activity

of phenolic compounds against Streptococcus pyogenes. Medicines.
2017;4(2):25. https://doi.org/10.3390/medicines4020025.

Sanhueza L, Melo R, Montero R, Maisey K, Mendoza L, Wilkens M. Syn-
ergistic interactions between phenolic compounds identified in grape
pomace extract with antibiotics of different classes against Staphylococ-
cus aureus and Escherichia coli. PLoS ONE. 2017;12(2): e0172273. https://
doi.org/10.1371/journal.pone.0172273.

Stojkovi¢ D, Petrovic J, Sokovi¢ M, Glamoclija J, Kuki¢-Markovi¢ J, Petrovi¢
S. In situ antioxidant and antimicrobial activities of naturally occurring
caffeic acid, p -coumaric acid and rutin, using food systems: In situ
antioxidant and antimicrobial activities of naturally occurring caffeic acid.
J Sci Food Agric. 2013;93(13):3205-8. https://doi.org/10.1002/jsfa.6156.
Alvarez MA, Debattista NB, Pappano NB. Antimicrobial activity and syn-
ergism of some substituted flavonoids. Folia Microbiol. 2008;53(1):23-8.
https://doi.org/10.1007/512223-008-0003-4.

Arima H, Ashida H, Danno G. Rutin-enhanced Antibacterial Activities

of Flavonoids against Bacillus cereus and Salmonella enteritidis. Biosci
Biotechnol Biochem. 2002;66(5):1009-14. https://doi.org/10.1271/bbb.66.
1009.

Deepika S, Ramar T, Periasamy S, Sridhar A. Combined effect of a

natural flavonoid rutin from Citrus sinensis and conventional antibiotic
gentamicin on Pseudomonas aeruginosa biofilm formation. Food Control.
2018;90(1):282-94.

Amin MU, Khurram M, Khattak B, Khan J. Antibiotic additive and syner-
gistic action of rutin, morin and quercetin against methicillin resistant
Staphylococcus aureus. BMC Complement Altern Med. 2015;15(1):59.
https://doi.org/10.1186/512906-015-0580-0.

Janda K, Kasprzak M, Wolska J. Vitamin C—structure, properties, occur-
rence and functions. Pomeranian J Life Sci. 2015;61(4):419-25.

Guz J, Olinski R. The role of vitamin C in epigenetic regulation. Postepy
Hig Med Dosw. 2017;71:747-60.

Guz J, Dziaman T, Szpila A. Do antioxidant vitamins influence carcinogen-
esis? Postepy Hig Med Dosw. 2007;61:185-98.

Afzal S, Ashraf M, Bukhsh A, Akhtar S, Rasheed AD. Efficacy of anti-
microbial agents with ascorbic acid in catheter associated urinary tract
infection. J Anc Dis Prev Remedies. 2017. https://doi.org/10.4172/2329-
8731.1000166.

Mackowiak K, Torliriski L. Contemporary view on the role of vitamin Cin
human physiology and pathology. Now Lek. 2007;76(4):349-56.
Musielinska R, Bus B. An overview of selected antioxidants in the aspect
of safety their their application Dlugosza W Czestochowie Tech. Pr Nauk
Akad Im Jana Dtugosza W Czestochowie Tech Inform Inz Bezpieczeristwa.
2015;3:93-112. https://doi.org/10.16926/1iib.2015.03.07.

Goswami M, Mangoli SH, Jawali N. Involvement of reactive oxygen
species in the action of ciprofloxacin against Escherichia coli. Antimicrob
Agents Chemother. 2006;50(3):949-54. https://doi.org/10.1128/AAC.50.3.
949-954.2006.

Masadeh MM, Mhaidat NM, Alzoubi KH, Al-Azzam SI, Shaweesh Al.
Ciprofloxacin-induced antibacterial activity is reversed by vitamin E and
vitamin C. Curr Microbiol. 2012;64(5):457-62. https://doi.org/10.1007/
500284-012-0094-7.

El-Gebaly E. Effect of levofloxacin and vitamin C on bacterial adherence
and preformed biofilm on urethral catheter surfaces. J Microb Biochem
Technol. 2012. https://doi.org/10.4172/1948-5948.1000083.

Hemild H. Vitamin C and infections. Nutrients. 2017. https://doi.org/10.
3390/nu9040339.

Ran L, Zhao W, Wang H, Zhao Y, Bu H. Vitamin C as a supplementary
therapy in relieving symptoms of the common cold: a meta-analysis of
10 randomized controlled trials. BioMed Res Int. 2020. https://doi.org/10.
1155/2020/8573742.

Shamseer L, Adams D, Brown N, Johnson JA, Vohra S. Antioxidant micro-
nutrients for lung disease in cystic fibrosis. Cochrane Database Syst Rev.
2010. https://doi.org/10.1002/14651858.CD007020.pub2.


http://www.eucast.org
https://doi.org/10.1080/1120009X.2017.1380397
https://doi.org/10.1080/1120009X.2017.1380397
https://www.ncbi.nlm.nih.gov/books/NBK442017/
https://www.ncbi.nlm.nih.gov/books/NBK442017/
https://doi.org/10.1186/1471-2334-14-486
https://doi.org/10.1128/AAC.48.1.151-160.2004
https://doi.org/10.1128/AAC.48.1.151-160.2004
https://doi.org/10.1038/srep29701
https://doi.org/10.1016/j.ijantimicag.2014.11.008
https://doi.org/10.3390/pathogens8010012
https://doi.org/10.3389/fmicb.2019.00040
https://doi.org/10.1080/02656736.2021.1943546
https://doi.org/10.1080/02656736.2021.1943546
https://doi.org/10.1001/archinte.159.1.53
https://doi.org/10.1001/archinte.159.1.53
https://doi.org/10.2165/00003088-200746040-00003
https://uroweb.org/guideline/urological-infections/
https://doi.org/10.1111/iju.13493
https://doi.org/10.3109/9781420019919-17
https://doi.org/10.1111/apm.12083
https://doi.org/10.1111/apm.12083
https://doi.org/10.1016/j.indcrop.2015.05.067
https://doi.org/10.3389/fphar.2017.00379
https://doi.org/10.1046/j.1365-2672.2001.01271.x
https://doi.org/10.1046/j.1365-2672.2001.01271.x
https://doi.org/10.3390/medicines4020025
https://doi.org/10.1371/journal.pone.0172273
https://doi.org/10.1371/journal.pone.0172273
https://doi.org/10.1002/jsfa.6156
https://doi.org/10.1007/s12223-008-0003-4
https://doi.org/10.1271/bbb.66.1009
https://doi.org/10.1271/bbb.66.1009
https://doi.org/10.1186/s12906-015-0580-0
https://doi.org/10.4172/2329-8731.1000166
https://doi.org/10.4172/2329-8731.1000166
https://doi.org/10.16926/tiib.2015.03.07
https://doi.org/10.1128/AAC.50.3.949-954.2006
https://doi.org/10.1128/AAC.50.3.949-954.2006
https://doi.org/10.1007/s00284-012-0094-7
https://doi.org/10.1007/s00284-012-0094-7
https://doi.org/10.4172/1948-5948.1000083
https://doi.org/10.3390/nu9040339
https://doi.org/10.3390/nu9040339
https://doi.org/10.1155/2020/8573742
https://doi.org/10.1155/2020/8573742
https://doi.org/10.1002/14651858.CD007020.pub2

Przekwas et al. Ann Clin Microbiol Antimicrob (2022) 21:22

67. Padhani ZA, Moazzam Z, Ashraf A, Bilal H, Salam RA, Das JK, Bhutta ZA.

Vitamin C supplementation for prevention and treatment of pneumonia.

Cochrane Database Syst Rev. 2020. https://doi.org/10.1002/14651858.
CD013134.pub2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1002/14651858.CD013134.pub2
https://doi.org/10.1002/14651858.CD013134.pub2

	The effect of fluoroquinolones and antioxidans on biofilm formation by Proteus mirabilis strains
	Abstract 
	Background: 
	Materials and methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Tested strains
	Test compounds
	Antibiotics
	Ascorbic acid
	Rutoside

	Assessment of the influence of fluoroquinolones on biofilm activity
	Study of the influence of fluoroquinolones, ascorbic acid and rutoside on biofilm formation
	Analysis of the results

	Results
	MIC values of fluoroquinolones for P. mirabilis
	Impact of fluoroquinolones on biofilm formation
	Impact of antioxidants on biofilm formation
	Impact of combined effect of fluoroquinolones and antioxidants on biofilm formation

	Discussion
	Conclusions
	Acknowledgements
	References




