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Abstract

Background

Multidrug-resistant (MDR) Gram-negative bacteria such as Acinetobacter baumannii pose an increasingly
severe threat. Finding new therapeutic strategies such as herbal remedies is a vital priority, especially in
combination with nano gels which have recently been widely used in medical purposes and drug delivery
systems.

Objective

In this study, evaluated the physicochemical properties and effects of mutagenicity synthesizing Mentha
Piperita Essential Oils loaded in chitosan nanoparticles (MPEO- CsNPs), which is referred to as an
antimicrobial agent for inhibiting biofilm formation of Acinetobacter baumannii on the catheter surface.

Method

Mentha piperita essential oils loaded in chitosan nanoparticles (MPEO- CsNPs) and the physicochemical
properties of MPEO-CsNPs were analyzed by Scanning Electron Microscopy (SEM) and Differential
Calorimetry Scanning (DCS). The Minimum Inhibitory Concentration (MIC), the Minimum Bactericidal
Concentration (MBC), and the Inhibitory Concentration (MBIC50) of MPEO- CsNPs against the standard
strain of Acinetobacter baumannii were investigated. The amount of biofilm formation in the presence
and absence of MPEO- CsNPs on the catheter surface was analyzed. The bap gene expression was
studied as the primary leading indicator of biofilm formation using the real-time PCR technique. The
effects of mutagenicity according to the Ames test were investigated.

Results

The results showed that the synthesized MPEO- CsNPs at equivalent concentrations had lower MIC than
sodium azide. MIC and MBC levels were reported to be 3.12 and 12.48 pg / ml, respectively. MBIC50 was
calculated to be 2.69%, which it was approximately twofold compared to the control that was treated with
no MPEO concentration. The adherence of bacterial cells to the catheter surface had high sensitivity to
the MPEO- CsNPs, while when treated with unloaded CNPs, it had no inhibitory effect on adherence
activity. It was observed that with increasing the concentration of the MPEO- CsNPs, expression of the
bap gene decreased.

Conclusion

This study showed that chitosan-peppermint nanoparticles could be used as a safe, compatible, and
preventive coating in the design and manufacture of hospital catheters and other medical devices.

1. Introduction
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Biofilms are a collection of surface microbial cells enclosed in an extracellular polymer matrix [1].
According to vital many studies, A. baumannii biofilm plays an important role in infectious diseases such
as cystic fibrosis, bloodstream, and urinary tract infection (UTI) due to their ability to deploy medical
equipment [2]. For example, in many cases, A. baumannii bacteremia is associated with catheter infection
[3]. Factors such as biofilm-associated protein (bap), Outer membrane protein A (OmpA), iron uptake
mechanism, and the CsuA/BABCDE chaperone-usher pili assembly system are involved in the formation
of biofilms [4]. Members of the bap family contain proteins with high molecular weight at the bacterial
level and have the main range of tandem repeats [5]. Bap production in A. baumannii affects the
biological volume and thickness, and the initial binding to non-living surfaces. It is a significant factor in
biofilm formation, thus helping the survive in various environments. Furthermore, biofilm formation in
bacteria increases antibiotic resistance and host defenses up to 1000-fold [6].

Also, today widespread resistance of A. baumanniiisolates to various families of antibiotics, including
aminoglycosides and cephalosporins is occurring because they carry genes that encode inhibitory
enzymes. The presence of multi-resistance isolates limits antibiotic treatment, which increases treatment
barriers,including the length of treatment and treatment costs for patients[7-9].

Since ancient times plants have been used as antimicrobial agents in the treatment of many infections
[10]. Since, in many cases, herbal medicines are cheaper and have fewer side effects than chemical
drugs, today, biological compounds of plant origin are considered an important branch of drug treatment
of infectious diseases. With the development of nanotechnology, these plants are used to synthesize
nanoparticles and nanogels. with increasing antibiotic resistance and the effect of plants on microbial
agents, researchers are encouraged to research new antimicrobial agents [11, 12]. Therefore,
nanoparticles and nanogels are among the most promising new antimicrobial agents that have shown
widespread antimicrobial activity in recent studies. These particles target several biological molecules
simultaneously and prevent the formation of resistant microbial isolates [11, 13]. Nano-gels are polymer
networks with a three-dimensional structure capable of absorbing large amounts of water and biological
fluids, which have recently been widely used in medical purposes and drug delivery systems. To this end,
these compounds must have acceptable biocompatible and biodegradable properties [14]. Chitosan is a
cationic polymer derived from chitin acetylation. It has an excellent capacity to load bioactive
compounds, including plant extracts and other effective antimicrobial, anticancer, and vaccine
compounds [15]. Therefore, plant extracts encapsulated in CsNPs will have a more effective effect on
microbial agents. Mentha piperita essential oils have anti-cancer, anti-seizure, anti-inflammatory, anti-
bacterial, and anti-fungal properties [16]. The active ingredients of this plant are resins, flavonoids,
phenol, carotene, betaine, and tannin [17]. Therefore, considering the properties of Mentha piperita and
CsNPs, the present study aimed to investigate the anti-biofilm properties of MPEO-encapsulated CsNPs
against Acinetobacter baumannii in the catheter surface and its mutagenic potential.

2. Materials and Methods
2.1. Preparation of MPEO- CsNPs
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Synthesis of nanoparticles containing peppermint essential oil (Menthapiperita) and chitosan was
performed in previous projects entitled "Mentha piperita essential oils loaded in a chitosan nanogel with
inhibitory effect on biofilm formation against S. mutans on the dental surface " [14]. In short, it includes
the following steps: a) Preparation of aqueous essential oil from peppermint by distillation,b)
Identification of chemical compounds of essential oil using gas chromatography coupled with a mass
spectrometer,c) Preparation of separate solutions of chitosan and Tri-polyphosphate with different
percentages,d) Adding the solution containing essential oil slowly to the chitosan solution being
stretched,e) Centrifuging at low speed and separating the supernatant containing the MPEO- CsNPs from
the precipitated phase,f) Using As an emulsifier, g) the drug was loaded and encapsulated on the
substrate surface. Morphology of MPEO- CsNPs was considered by scanning electron microscopy (SEM).

2.2. Differential Calorimetry Scanning of MPEO- CsNPs
Formation

The thermal properties of the samples were investigated by the US-made DSC910S. 3 mg of each sample
was placed in a closed aluminum pan and cooled and cooled at a rate of 10 °C per minute in the
temperature range of 25-400 °C in the presence of nitrogen gas at a flow rate of 50 ml 1 min. An empty
aluminum pan was used as a control sample [18, 19].

2.3. Minimum Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC)

MIC and MBC of MPEO- CsNPs against A.baumannii ATCC19606 isolate was determined using the micro-
dilution broth method in 96 sterile plates according to the CLSI method[20].

2.4. Biofilm production by light absorption method

Biofilm production was investigated by the light absorption method using violet crystal dye in microplates
[21].

2.5. Bacterial adherence on the catheter surface

The effect of MPEO-CsNPs on bacterial adhesion on the catheter surface was investigated. Briefly, the
catheters were removed from the package under sterile conditions and immersed in a bacterial
suspension equivalent to half-McFarland turbidity equal to 1.5 x 108 CFU / ml at various concentrations
and incubated at 37 ° C for 24 h. It was then gently shaken at 37 ° C for 90 minutes to induce the binding
of bacterial cells. The samples were then washed with PBS to remove unbound bacteria and transferred
to a new tube. Finally, the biofilm covering the catheter surface was measured qualitatively by staining
with 0.1% safranin [22]. Tubes containing washed and non-adherent bacteria were examined by real-time
PCR to quantify of bap gene in A.baumannii ATCC19606.

2.6. Evaluation of bap gene expression by Real-Time PCR
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RNA was extracted from A. baumanniito study the expression of DNA gyrase A and bap genes. RNA
extraction was performed according to the instructions prepared by Geneall co, Korea. The concentration
of RNA used was considered to be about 1 to 2 micrograms. For this purpose, its light absorption was
measured at a wavelength of 260 nm. Also, light absorption at 280/260 nm was measured to ensure no
protein contamination, and light absorption at 260/230 nm was measured to ensure no salt
contamination. Preparation of cDNA from the extracted RNA was performed, after determining the
amount and concentration of RNA from A. baumannii ATCC19606 by the Nanodrop spectrophotometer
(Thermo Scientific) by kit protocol (Pishgam Co, Iran). Quantitative real-time PCR was carried out by a
real-time PCR system.

The DNA gyrase Awas used as an internal control to study the expression of the bap gene. The sequence
of the forward and reverse primers of the two bap and DNA gyrase A genes is shown in Table 1. The
reaction volume was 25 pl and included 2 pl of cDNA, 10 pM of forward and reverse primers for both bap
and DNA gyrase A genes, 10 pl of master-mix, and 11 pl of double distilled water (DDW). The temperature
cycle consisted of initial denaturation at 95 ° C for 10 min, followed by 40 cycles at 95 ° C for 20 s, and 58
° Cfor 40 s. The final step was performed to draw the Melting Curve at 95 ° C for 15 seconds, 60 ° C for
30 seconds, and 95 ° C for 15 seconds [23]. Melting point data and their curves were recorded after qRT-
PCR and checked for each well. A control reaction without cDNA was included in each run as a no-
template control. The tests were repeated three times.

Table 1
Characteristics of sequence primers of bap and DNA gyrase A genes in A. baumannii
ATCC19606
Gene target primer sequence Size(bp) Ref
Bap R: 5- TGCAACTAGTGGAATAGCAGCCCA-3" 121 [23, 24]

F: 5-TGCTGACAGTGACGTAGAACCACA-3'
DNA gyrase A R: 5-AACCGTACCAGAAGCTGTC< G-3' 110 [23, 24]
F: 5-~AAGGCCGTCCAATCGTGAA< T>-3'

2.7. Assessment of mutagenic potential using Ames test

Increasing the number of colonies in the culture medium compared to the negative control sample will be
a positive sign of the Ames test. To perform the experiment, the strains were first enriched in nutrient
broth. With the sample in top agar and minimum glucose (GM agar) in the presence of different
concentrations of MPEO- CsNPs in an incubator at 37 ° C. We put it for 72 hours. After that time, we
examined the plates to count the returned colonies. Also, all the above steps were performed to test the
activator system by adding 0.5 ml of S9 buffer obtained from rat Wistar liver extract and added to the
previous mixture [25]. Finally, the mutability of the material was determined using the following formulas.

Numberofhis+revertantsinducedinthesamples

Mutagenic index (Ml) = 100x

Numberofhis+revertantsinducedinthenegativecontrol
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Statistical methods

A CRD (completely randomized design) was used for the study. Data were analyzed using the one- way
ANOVA procedure of SPSS [24]. Least-square means were computed and tested for differences by the
Tukeys test. Differences in least-square means were considered to be significant at P< 0.05. The data
were analyzed using the following Statistical model:

Yij = p+ Ti+eij

Where:Yij = dependent variable, p = overall mean, Ti = fixed effect of treatments, eijkl = residual error.

3. Results
3.1. Physical description of the MPEO- CsNPs

The scanning electron microscopy (SEM) images of MPEO- CsNPs were depicted in Fig. 1. It is apparent
that resulting CsNPs are more and less uniform in size and shape.

3.2. Differential Calorimetry Scanning (DSC)

The thermograms for chitosan (CHE), triphosphate (TPP), peppermint essential oil (MP), peppermint
essential oil (NF), and hydrogel base (BNF) are shown in Fig. 2, respectively. The thermal spectrum of
chitosan shows an exothermic peak at 332/65°C. The reaction starts temperature for chitosan was
290/76°C. The endothermic spectrum observed at 124.48°C can be related to the decomposition of the
structure due to water loss. The tri-polyphosphate thermogram showed an endothermic peak at
198/18°C. The starting temperature for the decomposition of triphosphate was 171/87°C. The thermal
spectra of peppermint essential oil (NF) showed an endothermic peak related to the evaporation of the
essential oil at 123/65 °C and a transfer temperature related to the oxidation of the essential oil at
146/96°C. The starting temperature of the essential oil decomposition reaction was 119/24°C. The
thermogram of peppermint (BNF) non-essential oil hydrogel showed an exothermic peak at 210/39°C.
The reaction start temperatures were 136/79°C, respectively. While in the thermogram, the hydrogel
containing peppermint essential oil showed an endothermic peak at 226/80°C. The reaction starts
temperature for the hydrogel containing peppermint essential oil was 213/83°C. This reaction occurred
for the encapsulated samples at a higher temperature and indicated an increase in thermal resistance in
the hydrogel containing the essential oil loaded into the base of the chitosan particles.

3.3. Minimum Inhibitory Concentration (MIC), Minimum
Bactericidal Concentration (MBC), and Minimum Biofilm
Inhibitory Concentration (MBIC50)

MIC, MBC, and MBIC value of MPEO-CsNPs and unloaded-nano gel against A.baumannii was determined

and presented in Table 2. As shown in the table, the MIC and MBC of MPEO-CsNPs were 3.12 and 12.48

ug / mL, respectively. Antibiofilm inhibition of A.baumannii ATCC19606 occurred at 2.69ug/mL as the
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minimum dose of MPEO- CsNPs. This value for CsNPs without essential oil was obtained at the highest
dose tested, namely 400 pg/mL. The lowest dose of unloaded-nano gel was observed at about 7.38%
biofilm inhibition, while MPEO- CsNPs in the same dose were able to inhibit 2.69% of biofilm formation.
Therefore, MBIC for MPEO- CsNPs was approximately twofold compared to the control that was treated
with no MPEO concentration.

Table 2

Minimum inhibitory concentration (MIC), Minimum Bactericidal Concentration (MBC), and Minimum
Biofilm Inhibitory Concentration (MBIC) against A.baumannii ATCC19606 (ug/mL).

Acinetobacter baumannii
Test composition MIC (ug/mL) MBC (ug/mL) D.D (mm) MBIC50
(ug/mL)
MPEO- CsNPs 3.12 12.48 14 2.69
unloaded CsNPs 400 >400 10 7.38
(ug/mL)
Gentamicin 200 >200 15 2.90

* MIC; Minimum inhibitory concentration, MBC; Minimum Bactericidal Concentration, MBIC; Minimum
Biofilm inhibitory Concentration, D.D; Disc Diffusion

3.4. Bacterial adherence

The adherence of the bacterial cells to the catheter surface was tested in the presence of different doses
of MPEO- CsNPs. As seen in Fig. 3, the adherence of the bacterial cells was influenced in all the
experiments that were treated with MPEO- CsNPs 7.5 to 250ug/l. The results revealed that the adherence
of bacterial cells had high sensitivity to the nanoformulation of MPEO, while when treated with unloaded
CsNPs (blank), it had no inhibitory effect on adherence activity.

Catheter treatment with gentamicin was used as a positive control, and bacterial catheter without any
treatment was used as the negative control.

3.5. The result of the evaluation of bap gene expression

Expression of the bap gene in samples treated with Gentamicin as a positive control was reduced and
statistically significant compared to a negative control without any treatment (NTC) and unloaded CsNPs
(Blank)(P =<0.0001). It was observed that the expression of this gene decreased in the presence of
concentrations of 100, 200, and 400 pg/mL MPEO-CsNPs. MPEO-CsNPs from controls are not
significantly different at concentrations of 400, 200, and 100 pg/mL, but there are significant differences
at concentrations of 50 ug/mL (P =<0.0001). MPEO-CsNPs from Blank differ significantly at
concentrations of 400, 200, and 100 ug/mL (P =<0.0001), but not significantly at concentrations of 50
pug/mL (P =0.006). MPEO-CsNPs from gentamicin differ significantly at concentrations of 400, 200, 100,
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and 50 pg/mL (P =<0.0001). MPEO-CsNPs at concentrations of 50 pg/mL are significantly different from
MPEO-CsNPs at concentrations of 400, 200, and 100 uyg/mL (P =<0.0001) (Fig. 4).

3.6. Assessment of mutagenic potential using the Ames
test

The mutagenic potential of the different doses of MPEO- MPEO-CsNPs was tested on the bacterial cells.
As seen in Table 3. There was a significant difference between treatments of 200 and 400 pg compared
to treatment of 50 pg (P <0.05) in the presence of MPEO-CsNPs with liver extract. Also, there is a
significant difference between treatments 200 and 400 pg compared to treatments 100 ug (P < 0.05) in
the presence of MPEO- MPEO-CsNPs without liver extract. No significant difference was observed
between experimental treatments (P > 0.05). There was a significant difference between treatments 200
and 400 pg compared to treatment 50 (P < 0.05) in the presence of Blank with liver extract: There is also a
significant difference between treatments 100 and 400 ug (P < 0.05). There was a significant difference
between treatments 200 and 400 ug compared to treatment 50 (P < 0.05). Also, there is a significant
difference between treatments 200 and 400 pg compared to treatment 100 and treatments 200 and 400
ug (P <0.05) in the presence of Blank without liver extract.

Table 3
Mutagenic potential in the presence of MPEO-CsNPs and Unloaded CsNPs

Salmonella S9 Mutagenic index (MI) SEM  P- LSD
Strains Value P=

0.5 ug 1.0 ug 2.0 ug 4.0 ug 0.05

perplate perplate perplate perplate
TA100 + 1.15¢ 1.28 1.52¢ 1.46¢+ 0.056 0.003 0.118
(Unloaded 0.042 0.035 0.014 0.063
CsNPs)
TA100(Unloaded - 094+ 1.2150 091+ 1.04 0.113 0.865 1.086
CsNPs) 0.091 0.530 0.558 0.106
TA100(MPEO- + 0.41+% 043+ 0.56 % 0.59 + 0.032 0.045 0.143
CsNPs) 0.056 0.007 0.014 0.084
TA100 (MPEO- - 024+ 0.28+ 0.59+ 1.05+ 0.124 0.002 0.229
CsNPs) 0.014 0.035 0.042 0.155

* |SD; List Square Difference, SEM; Standard Error of Means

4. Discussion

Nowadays, with the spread of antibiotic resistance in bacteria, new therapies are necessary to combat
bacterial infections [26]. Therefore, with the advances in nanotechnology, opportunities have been
provided to find the antimicrobial effects of nanoparticles stenciled with plants with medicinal value

common side effects and low cost [27, 28]. In addition to inhibiting bacterial proliferation by attaching to
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bacterial membranes and preventing bacteria from binding to each other, nanoparticles delay the
formation of bacterial biofilms [29, 30]. So far, much research has been done on the effect of
nanoparticles synthesized by medicinal plants on the biofilm of various bacteria [30-33]. The present
study was conducted to investigate the anti-biofilm effect of MPEO-CsNPs against A. baumannii. The
results showed that MPEO-CsNPs could inhibit the formation of A. baumanniibiofilm (at concentrations
>3.12 yg/ml). In a study investigating the anti-biofilm effect of MPEO-CsNPs against Streptococcus
mutans, the researchers showed that MPEO had anti-biofilm effects against the pathogen S. mutans, so
that the rate of biofilm inhibition (MBIC) at a concentration of 400 ug / ml was reported to be 72% [14].

But in the present study, the MIC and MBC of MPEO-CsNPs against A. baumannii were 3.12 and 12.48
pg/mL, respectively. The difference in MIC and MBC is affected by the concentration, type, and diameter
of nanoparticles and the sensitivity of the organism under study, so gram-negative bacteria are more
resistant to the positive charge of nanoparticles than gram-positive bacteria. Samuggam et al., in
Malaysia, described that Spondias mombin-mediated silver nanoparticles are effective against biofilm-
producing bacteria. Synthesized silver nanoparticles (AgNPs) are effective against biofilm-producing
bacteria, such as S. haemolyticus, S. epidermidis, B. subtilis, S. aureus, S. pyogenes, Enterobacter cloacae,
Escherichia coli, Klebsiella pneumoniae, and Salmonella typhi was effective in causing structural
changes that resulted in cell death and less cytotoxicity [30]. Hosseini et al., in Iran, based on the result of
in vitro anti-biofilm activity of curcumin nanoparticles, MIC for curcumin was 128 pg/mL in A.baumannii
they suggest that curcumin nanoparticles can be helpful as a candidate for inhibiting the formation of
A.baumannii biofilms [34]. Pirigharaghie et al., based on Real-time PCR results of Bap gene expression in
A.baumannii treatment by AgNPs reported that all the strains had a significant downregulation in gene
expression compared to the control gene (P < 0.05), and described that AGNPs can be used as drug
candidates in pharmaceutical industries according to inhibitory effects on bap gene expression in A.
bumanni strains [35]. Our study's results indicate the successful biofilm reduction results in A. baumannii
isolates used after MPEO-CsNPs treatment, which is consistent with the results of the above studies and
is a suitable candidate for the treatment of infections caused by biofilm-producing A.baumannii.

In the present study the results of Real-time PCR for gene expression for the bap gene in biofilm-
producing A.baumannii showed that after treatment with 100, 200, and 400 pg/mL50 pg/mL of MPEO-
CsNPs, there was a significant decrease in expression in bap gene compared to the control gene(P = <
0.0001).In Bahador et al., study investigated the Effect of Satureja khuzestaniea Essence against the bap
gene in A.baumannii. It showed Satureja khuzestaniea essential oil 42.40 times reduced bap expression,
but no effect on DNA gyrA expression[36].

The Ames test is based on the induction of reverse mutation using Sa/monella typhimurium auxotrophic
strains relative to the amino acid histidine (His-), which presents different mutations. In the operon, this
amino acid is made to detect mutations such as template change or base pair replacement in DNA.
These mutant strains will not be able to grow in the minimal culture medium without histidine unless new
mutations occur at the site of these pre-existing mutations, or in the vicinity of genes that restore gene
function and enable cell processing. These mutant cells can grow to a minimum and form a colony in the
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absence of histidine in a culture medium, so this test is called a reversal test [37]. In the present study, the
recurrent Kant of Salmonella was lower than the control of sodium azide, which was used as a potential
mutagen, at equivalent concentrations in the presence of both the microsomal activating metabolite (S9)
and in the absence (S9). The results showed that with increasing concentration in both groups, the
amount of recurrent Kant increases. In general, it can be concluded that the amount of Ml in different
concentrations of nano gels is less than sodium azide and has far fewer mutagenic effects.

5. Conclusion

Due to the effect of MPEO-CsNPs on decreasing the biofilm formation of A. baumannii, this substance
can be used to treat infections caused by A. baumannii. Also suggested that in future studies, the effect
of MPEO-CsNPs on other bacterial virulence factors such as quorum sensing be investigated to achieve
more comprehensive results for the use of MPEO-CsNPs in treatment.
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Figure 1

SEM image of MPEO- CsNPs micrographs at 15 kV of unloaded chitosan nanogel and MPEO- chitosan

nanogel (A and B)
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Figure 2

Thermal spectra of Differential Scanning Calorimetry (DSC) hydrogel components and final formulation
of chitosan (A), triphosphate (B), peppermint essential oil (C), hydrogel without peppermint essential oil
(D), a hydrogel with peppermint essential oil loaded on chitosan particles (E).
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Figure 3

Antibiofilm activity of MPEO-CsNPs against A.baumannii.Growth of the bacterium in the presence of
different concentrations of MPEO-CsNPs and the effect of MPEO-CsNPs on biofilm formation by the
bacterium on the catheter surface
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Real-time PCR analysis of bapgene expression. 1. NTC,2. Unloaded CsNPs (blank), 3.Gentamicin,4.
MPEO-CsNPs 400 pg/mL,5. MPEO-CsNPs 200 pg/mL, 6.MPEO-CsNPs 100ug/mL,7 MPEO-CsNPs 50
pg/mL
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