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Abstract: The increasing resistance of Klebsiella pneumoniae to antibiotics has
led to difficulties in treating infections due to its virulence factors. As one of its
major pathogenic factors, this opportunistic pathogen may develop a thick bio-
film coating, allowing the bacteria to attach to living or nonliving surfaces and
promote drug resistance. Searching for therapeutic alternatives from a plant
source that was safe and effective in treating this multi-drug-resistant bacteria
was necessary. In this concept, Syzygium aromaticum extract (SAE) is used to
combat K. pneumonia. The extract was confirmed by GC-MS and loaded onto
chitosan nanoparticles (SACSNPs). The SACSNPs were prepared by the ionic
gelation method with tripolyphosphate (TPP). And then characterized using UV-
vis, FTIR, AFM, SEM, and XRD techniques. The K. pneumonia isolates were
obtained and identified using the VITEK-2 system. The MIC of SAE and
SACSNPs were confirmed using a 96-well resazurin-aided microdilution method,
which was 6.25 pg/ml for SACSNPs and 75.5 pg/ml for SAE. The inhibitory ac-
tivity using sub-MIC of analytical substances was determined by measuring the
optical density using a microplate reader with a 96-well plate and 0.1% crystal
violet dye. The results show that the S. aromaticum extract loaded with chitosan
nanoparticles has higher inhibitory activity against the biofilm formation of K.
pneumonia than the S. aromaticum extract.

Keywords: Chitosan nanoparticles, S. aromaticum, K. pneumonia, Biofilm, GC-
MS, resazurin, XRD.

Introduction

K. pneumoniae is a member of the Enterobacteriaceae family and is one of the
pathogenic bacteria that cause urinary tract infections. It is also susceptible to
antibiotic resistance, which limits its treatment options *. Biofilm producers of
these bacteria have a high level of antibiotic resistance, leading to complications
in the treatment of infections 2. Herbal and naturally occurring substances have
been utilized for medicinal purposes since ancient times when stories, traditions,
and literature were used to identify plants that might relieve pain and treat
diseases 3. These plants produce various bioactive chemicals that are effective
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antibacterial agents against various pathogenic organisms. Some bioactive
compounds derived from traditional plants can reverse antibiotic resistance and
improve the synergetic effect of already available antibiotics 4. The dried flower
buds of Syzygium aromaticum (clove) from the Myrtaceae family are a
traditional spice used for food preservation and have various therapeutic benefits
> It is a rich source of phenolic compounds, including eugenol and eugenol
acetate, and it has much potential in the pharmaceutical, cosmetic, food, and
agricultural industries ®. Eugenol (4-allyl-2-methoxyphenol) is a natural phenol
present in the essential oils of plants, including cloves, walnuts, nutmeg, and
cinnamon. It has been shown to have many therapeutic properties such as anti-
inflammatory, anesthetic, analgesic, antipyretic, antiplatelet, antibacterial, anti-
anaphylactic, anti-depressant, anti-convulsant, anti-hyperglycemic, antifungal,
and antiviral properties ’. The antibacterial effect of eugenol is based on its
ability to kill bacteria by penetrating the bacterial nucleic acid and cytoplasmic
membranes, resulting in cell wall integrity loss, nucleic acid damage, and
increased cell wall permeability.

Nanotechnology has recently received wide attention from researchers because of
its unique properties that distinguish it in various fields, including its use as a
drug carrier 8 because natural biopolymers increase biodegradability, enhanced
stability, biocompatibility, gradual drug release capability, higher stability, most
excellent antibacterial activity, and low toxicity of the component materials after
encapsulation °. The most significant advantages of nanoparticles employed as
medication carriers are excellent stability, high carrier capacity, ease of accepting
hydrophilic and hydrophobic molecules, and various delivery methods, including
oral and inhalation °. Among the several biopolymers, chitosan is ideal for
encapsulation because of its biodegradability, biocompatibility, and low toxicity
11 Chitosan nanoparticles (CSNPs) have a wide range of applications as
nanocarriers for encapsulating drugs or active chemicals, transporting them to a
specific location, and then releasing them in a controlled manner 2,
Nanoparticles (NPs) produced from chitosan and its derivatives have a positive
surface charge and high biocompatibility, allowing them to bind to mucus
membranes and slowly release the therapeutic content 3. This study aimed to
create a novel, effective and safe medication from SAE loaded with chitosan
nanoparticles and evaluate its inhibitory impact on the biofilm formation of
Klebsiella pneumoniae, which causes urinary tract infections.

Materials and methods
Preparation of S. aromaticum extract (SAE)

The flower buds of S. aromaticum were purchased from the local markets of
Baghdad. The air-dried ground plant material was extracted according to ** 150 g
from the plant with the 500 ml solvent aqueous methanol (methanol: water, 80 %
v/v) for 8 hours under Soxhlet on a water bath. The extracts were concentrated
using a rotary evaporator and dried.

GC-MS analysis of SAE

Chemical components of the SAE were identified by an Agilent (7820A) GC
Mass Spectrometer, Injection volume 1l of the sample, by maintaining the oven
temperature at 70°C and the Injector Temperature: 250 °C. Time amounted to
about 34 minutes; the chemical constituents of SAE were identified by
comparing the chromatogram results and reference retention time using the Wiley
mass spectra library °,
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Biosynthesis of SAE/chitosan nanoparticles (SACSNPs)

The preparation of SACSNPs as reported by ¢ Briefly, chitosan nanoparticles
were obtained through an ionic gelation pathway by using TPP, 5 mg/ml of 5%
SAE was dissolved in acetic acid solution 1% w/v and mixed until the solution
was clear then, Tripolyphosphate (TPP) solution was added to CS- SAE solution
with ratios; 1: 2.5 (w/w %) with continuous stirring at ambient temperature for
6h. The production of CS- SAE /TPP nanoparticles started via the TPP-initiated
ionic gelation mechanism. These nanoparticles were separated and washed
several times, then the supernatant layer was removed, and the precipitate was re-
suspended in water and dried.

Determination of eugenol compound in SAE and SACSNPs. Using HPLC
technique

High-performance liquid chromatography (HPLC) analysis was conducted to
determine the concentration of eugenol in the SAE and SACSNPs using the
method adapted from . Using SYKAMN HPLC system (Germany) equipped
with a C18-ODS column (250 x 4.6 mm, 5 um). Samples (100 pl) were injected
into the system. The mobile phase comprised 95% acetonitrile + 0.01%
trifluoracetic acid (solvent A) and 5% acetonitrile + 0.01% trifluoracetic acid
(solvent B) at 1 ml/min. The detection of phenolic compounds was carried out
with a UV-visible detector at 278 nm. Eugenol was quantified using a calibration
curve and peak area measurements. The concentrations are calculated according
to equation (1) 8

The concentration of sample=concentration of std. *Area sample/Area std.......

1)

Characterization of SAE/Chitosan nanoparticles (SACSNPs)
Uv-vis Spectroscopy

UV-VIS double beam spectrophotometers were used to measure the absorbance
spectra of the SACSNPs solution. The absorption was calculated using 200-
800nm 1°,

Fourier-transform infrared spectroscopy analysis FTIR

The characterization of functional groups on the surface of SACSNPs and SAE
was investigated by FTIR analysis (Shimadzu), and the spectra were scanned at a
resolution of 4 cm™ in the range of 4000 - 400 cm™. The samples were processed
according to standard methods %°.

Atomic force microscope analysis AFM

The surface morphology of SACSNPs was visualized by Atomic Force
Microscope Contact mode under normal atmospheric conditions. Analysis was
carried out according to the standard procedure as described by 2.

Scanning electron microscopy analysis SEM

A scanning electron microscope (SEM) was employed to analyze the morphology
of the formed nanoparticles. SACSNPs were morphologically characterized using
a Brucker Scanning Electron Microscope. The samples were prepared according
to standard methods. %2,
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X-Ray Diffraction XRD

The crystallinity of the prepared nanoparticles was determined using an X-ray
diffractometer. The pattern of CS & SACSNP samples was analyzed using an X-
ray diffractometer with Cu- Ko radiation as an anode at the wavelength
(0.154060 nm) and a detector operating at (40 kV) and a current of (30 mA). In a
fixed time mode at room temperature, the XRD pattern was observed in the 260
range of 10° to 80°%3,

Samples collection and identification

Fifty K. pneumonia isolates were collected from two Iraqi hospitals, Al Karama
and Ghazi Hariri Hospital, from patients suffering from UTI. All isolates were
cultured on MacConkey and Blood agar and incubated at 37°C for 18-24 hours
according to standard methods 2*. For identification of isolates based on the
morphology of colonies, the isolates were inoculated on CHROMagar and
incubated at 37°C for 18-24 hours %. The Vitek-2 system test was performed to
identify K. pneumonia isolates.

Determination of MIC using the microtiter plate method MTP

The MIC and MBC of SAE and SACSNPs were assessed against Gram-negative
K. pneumonia. Using a 96-well microtiter plate assisted the resazurin dye in
Mueller-Hinton broth (MHB) as reported by 2.

Detection of inhibitory efficacy of SAE and SACSNPs against biofilm formation
of K. pneumonia

The microtiter plate (MTP) assay is a qualitative technique that uses a microplate
reader to determine an agent's effectiveness against biofilm formation. The sub-
MIC obtained from the previous experiment was used to study the inhibition
effect of the test materials on biofilm formation; quantification of biofilm
formation was assessed as described by 2. The optical density of each well was
obtained by measuring the absorbance of each well at 600 nm using an ELISA
microplate reader. The blank absorbance readings are used to determine the
biofilm development of the isolates. Biofilm producers are the isolates whose OD
values are more significant than the blank well. The cutoff value (ODc) can
classify isolates as biofilm producers.

ODc: Average OD of negative control + (3 x standard deviation (SD) of negative
control) .....(2)

OD isolate: Average OD of isolate — ODc................. 3)
Classification of bacterial adherence based on OD values obtained for individual
bacterial:

OD <= ODc (Non-adherent), 20Dc> OD> ODc (Weak), 40Dc> OD> 20Dc
(Moderate), OD> 4 ODc (Strong).

However, 100 pl of test materials were provided. The plate was incubated for 24
hours at 37 °C. Then, all wells were rinsed, stained, and read at 600 nm with a
microplate reader. Equation (4) estimated the percentage of biofilm inhibition. 28,

% Biofilm inhibition = [(OD Control= oD Sample)/OD Control] x100...... (4)

Statistical analysis

The results were statistically calculated using Microsoft Excel 2019, one-way
ANOVA, and p-value demonstrated on probability P<0.05 and the LSD for
comparing the results.
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Compound

Eugenol
Eugenol
Phenol,

Results
GC-MS analysis of SAE

Table 1 lists the chemical compositions of SAE determined by GC-MS, their
retention time and percent of the composition area.

2-methoxy-4-(2-propenyl)-acetate

Eugenol

trans-Isoeugenol

Retention %Area
Time Min.
13.118 77.53
14.148 3.30
15.860 12.71
16.645 3.54
17.193 2.93

Table 1. Chemical composition of S. aromaticum extract.

Peak wave-

No. length nm
1 542

2 357

3 277

4 250

5 230

6 204

SAE

0.024
0
1.177
0
1.534
0

The SAE contains (84.37%) eugenol, according to the results of GC-MS analysis,
and three varied retention times were discovered. The three approaches' retention
times are (13.118), (14.184), and (16.645) minutes, respectively. For eugenol,
different retention times have been observed; this result is the same as reported
by 2°. According to previous studies, eugenol is the primary chemical compound
in SAE, which has different biological activities as an antioxidant, anti-
carcinogenic, antimicrobial, antifungal, and insecticidal characteristics. This
reflected the therapeutic effectiveness of SAE; these results agree with 303132
who found that eugenol is the main compound in the SAE and has different
biological activities.

Characterization of SACSNPs
UV-Visible spectroscopy

The absorbances of SAE and SACSNPs were measured, and the results are
shown in tables (2); the decrease in the absorbance value at wavelength (542.00)
nm from (0.024) in the SAE to (0.006) nm in SACSNPs, as well as the highest
absorbance value at the wavelength (250.00) nm with a value of (1.806) in
SACSNPs material after it was the highest value in SAE at a wavelength of
(230.00) nm with a value of (1.534), in addition to the disappearance of the
wavelength (230.00) nm in the SACSNPs and the appearance of a new
wavelength with high absorbance at (250.00) in SACSNPs all, indicate the
formation of the nanomaterial and the successful loading of the extract on
chitosan nanoparticles.
SACSNP

s
0.006
0.369
0
1.806
0
0.169

Table 2. UV-Visible spectral analysis results of SAE and SACSNPs.
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3.3. Fourier transformation infrared spectroscopy (FTIR)

FTIR analysis was employed to identify functional groups responsible for
reducing Chitosan (CS) to SACSNPs and their stabilization. FTIR analysis was
performed in the range of 400-4000 cm™. When comparing the spectra of CS and
SACSNPs in the beginning, a new spectrum appeared at 449.41 cm* that was not
present in CS, indicating the emergence of a new bond as a result of a new
compound. In addition to comparing the spectra area, it was found in CS at the
peak of 495.71 cm™, the area was 2.445, while in SACSNPs at the peak of 493.78
cm?, the area was 4.326, and at the central peak of the CS at 3393.79 cm™ and its
area 86,435 while in SACSNPs the central peak was 3132.4 cm™ and with an
area 224,511. This indicates that the large molecules were broken into smaller
molecules, and when they are linked with chitosan, the value of the surface area
of the bond increases, and the area increases. Changes in the functional groups of
active biomolecules might indicate that they are related to forming SACSNPs.
Figure 1 These results agree with 1% 3,
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Figure 1. FTIR Spectra Pattern of Chitosan and Chitosan- nanoparticles.

Atomic force microscope analysis AFM

Atomic Force Microscopy images were used to measure particle sizes and the
topography of the surface of SACSNPs; the size of particles obtained ranged
from 26.74 to 53.96 nm. Figure 2 shows the distribution of SACSNPs according
to the particle size.

Parameters Unit  Mean Std dev Min Max
Projected area  pm?2 0.01818 0.09244 4.325e-06 0.4895
Z-maximum nm 28.19 5.063 26.74  53.96

HL > Leveled (LS-plane)

T 0
0.0 02 0.4 06 08 1.0 pm A

Statistical summary

Figure 2. Distribution of SACSNPs according to particle size
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Scanning Electron Microscope SEM

The morphology of SACSNPs was investigated using SEM; the results are
presented in Figure 3. SACSNPs have a spherical appearance with a diameter
range of 37.96-79.01 nm. and have a relatively homogeneous morphology. These
results agreed with ?° that the resulted morphological mediated chitosan was
exhibited with uniform particles, and their average size was 40-96 nm.

3 4 I oo e e I
200 nm EHT = 10.00 kV Signal A = SE2 Date::7 Dec 2021
[ WD = 3.9mm Mag= 50.00KX  UserText=

Figure 3. Scanning Electron Microscopy image of SACSNPs.

X-ray diffraction XRD

Figure 4A shows the X-ray diffraction patterns of chitosan, which shows the
central peak of 20 value at 20.53° and an intensity level close to 1200 cont. On
the other hand, Figure 4B shows the SACSNPs peak, which shows its main peak
of 20 value at 22.8596° and an intensity level at 736.5503 cont. This change
indicates the difference in the crystal structure between these two materials,
where SACSNPs were more crystalline than chitosan.

2053

Intensity (counts)

o

’ Chitesan/clove nanoparticles

T
30

T T T v T T o T T T T T T
40 50 60 70 80 90 100 10 20 30 40 50 60 70 80
R B . B e ) o o

Figure 4 A. Diffractogram of Chitosan [34], (B) Diffractogram of SACSNPs.

Determination of eugenol concentration in analytical substances by HPLC

The concentration of eugenol was estimated by comparing the retention time and
the area of SAE, as well as SACSNPs, with the standard eugenol, where eugenol
is the primary active compound in the SAE . The results were as follows:

The peak of standard eugenol 10 pg/ml was 8.30 min with an area of 325.06
Figure (5A). While for the SAE, it was observed that the peak of eugenol
appeared at 8.22 min. With an area of 5897.66 (5B) and in the SACSNPs, it was
8.36 min with an area of 3566.25 Figure (5C). The concentrations are calculated
according to equation (1) 8. The results are listed in Table 3.
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Figure 5. HPLC chromatogram of Eugenol in A: Standardwloug/ml B: SAE C: SACSNPs.

NO. Substance Concentration
(ug/ml)
1 Eugenol standard 10
2 S.  aromaticum  extract 1209.6
(SAE)
3 SACSNPs 109.7

Table 3. The calculated concentrations of eugenol SAE and SACSNPs from HPLC results.

Identification of K. pneumonia
Culturing Examination

All fifty isolates were examined primarily for colony characterization by
culturing on the selective media, CHROMagar, MacConkey agar, and blood agar.
They were then incubated for 24 hours at 37°C. The appeared colonies of K.
pneumonia on CHROMagar resulted in the growth of mucoid metallic blue
colonies, which refer to the presence of K. pneumonia spp. 2°. On MacConkey
agar, pink, mucoid, lactose fermented colonies were considered Klebsiella spp.
While colonies on blood agar, Greyish white, mucoid, and non-hemolytic
colonies Figure (6) %.
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Figure 6. K. pneumonia on (A) CHROMagar, (B) MacConkey agar, (C) Blood agar.

Identification of K. pneumonia by Vitek-2 System

This system has been used in several previous research due to its success in
identifying and confirming biochemical tests. The Vitek-2 compact was used to
identify all 50 clinical isolates as K. pneumonia. It was demonstrated that the
results of this system matched those of traditional tests. The analytical profile
index of this system showed a 99.99% identification percentage probability of K.
pneumonia.

Determination of Minimum Inhibitory Concentration using the MTP method

Since eugenol is the main active compound of SAE, which is attributed to most
of the therapeutic activities, as well as represents 84.37 % of the crude SAE,
according to the findings of GCMS analysis in this study see Table 1, the
concentration of eugenol which was estimated by HPLC previously table 3 was
approved to compare the MIC of SAE and SACSNPs.

The MIC and Sub-MIC values for test substances of K. pneumonia isolate
compared to the controls. All of the wells were blue. After 2-4 hours of
incubation, several wells' color changed to pink, suggesting bacterial
development. The antibacterial activity of the SACSNPs was greater than that of
the SAE, as evidenced by the color change with different concentrations in
Figure 7 and Table 4.

IIG‘J'”""'DOUUJ>|

Figure 7. Microtiter plate 96-well of SACSNPs (A-D) and SAE (E-H) on K. pneumonia.

Isolates

K33
K35
K36
K37

SACSNP
s MIC

3.12
6.25
0.19
6.25

SAE LSD SACSNP SAE LSD
MIC s Sub-MI
Sub-MIC C
37.7 5.31*% 1.56 18.85 4.59 **
37.7 6.44 * 3.12 18.85 5.02 **
9.4 3.19* 0.95 4.7 2.18 **
75.5 7.03* 3.12 37.7 5.93 **
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K40
K41
K42
K46
K47
K50
LSD

Isolates

K33
K35
K36
K37
K40
K41
K42
K46
K47
K50
LSD

3.12
6.25
3.12
6.25
6.25
3.12
2.07*

% Inhibition
SACSNPs
33.173
49.454
50.716
33.545
30.629
48.188
60.345
33.491
66.584
67.998
8.71 %

37.7 5.31* 1.56 18.85 5.02 **
37.7 6.44 * 3.12 18.85 5.02 **
37.7 5.31*% 1.56 18.85 4.59 **
94 2.91*% 3.12 4.7 1.89 NS
75.5 7.03* 3.12 37.7 5.82 **
37.7 5.31*% 1.56 18.85 4.59 **
6.69 * - 2.07 * 7.41%* -

* (P<0.05), ** (P<0.01).
Table 4. The MIC and MBC by resazurin-aided microdilution method of SACSNPs and SAE on K. pneumonia.

%

* (P<0.05).

When statistically analyzing and comparing the MIC values of the SAE and
SACSNPs at (P<0.05). There was a difference in the effectiveness of SAE and
SACSNPs, indicating the presence of substantial variations between the two
groups. The MIC for SAE varied from 75.7 to 37.7 pg/ml, while the MIC for
SACSNPs ranged from 6.25 to 3.12 pg/ml. These were the optimal values for
inhibiting K. pneumonia growth. On the other hand, the value of Sub-MIC was
compared statistically and showed a highly significant difference between both
SAE and SACSNPs at probability (P<0.01). These results agree with previous
studies by 3", who reported that chitosan nanoparticles can inhibit 50% to 84.8%
of K. pneumonia in the concentration of (115, 161, 422, and 610 pg/ml)
respectively.

Detection of Antimicrobial Efficacy of Substances Against Biofilm Production

For determining an agent's efficiency against biofilm development using a
microplate reader. The impact of the test materials on the production or inhibition
of biofilm of the studied K. pneumonia isolates that generate strong biofilm was
investigated using the minimal inhibition concentrations of SAE and SACSNPs
Table 5.

Inhibition LSD

SAE

11.818 6.94 *
39.448 9.56 *
39.828 9.03 *
19.591 8.44*
23.232 8.21*%
20.833 7.49*
1.328 10.35*
27.171 8.52°%
44327 8.22 %
65.527 9.08 *
9.04 * -

Table 5. OD of SACSNPs & SAE Against Biofilm Production of K. pneumonia isolates.
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Figure 8. Percentage of inhibition of biofilm after being treated with Sub-MIC of SACSNPs and SAE.

The results demonstrate a considerable drop in optical density after treatment
with experimental compounds. as seen in Figure (8). The SACSNPs show a
vigorous inhibitory activity of 67.89 % and 65.02 %, respectively. Compared to
the SAE, inhibitory activity against studied bacteria increased to 65.41 % and
41.72 %, respectively. The role of plant extract loaded with nanoparticles is that
the Plant extracts work as both reducing and stabilizing agents. Phenolic and
flavonoid chemicals are reducing agents, whereas amino acids function as
stabilizing agents 3. These properties lead to an increase in the activity of
nanoparticles. The result shows that there were significant differences (P<0.05)
between treatments (SAE and SACSNPs); SACSNPs were significantly better
than SAE, which increased the inhibition percentage of biofilm produced by K.
pneumonia. % proved that the essential oils were successfully loaded into the
chitosan nanoparticles. It has more antibacterial activity against multi-drug-
resistant K. pneumoniae.

Discussion

The electrostatic force between the SACSNPs and the bacterium cell wall
promotes tighter contact with charged molecules, allowing SACSNPs to pass
through the cell wall. Furthermore, CSNPs can alter the electron transport chain
of bacteria *°. Electrostatic interactions, which alter membrane permeability, are
the most commonly suggested antibacterial activity of SACSNPs. It then attaches
to DNA, preventing DNA replication and ultimately causing bacterial cell death.
Furthermore, CSNPs have been found to penetrate cells, bind to DNA, and block
the replication cycle “°. #* found that chitosan nanoparticles have more potent
antibacterial activity due to Their unique characteristics, such as their more
significant surface area and higher affinity with bacterial cells, which results in a
guantum-size effect. 42 reported that The key finding of his work is that chitosan-
alginate NPs are effective for treating Enterobacteriaceae infections.

Conclusions

A novel green strategy for generating antimicrobial nanoparticles was developed
by chemically cross-linking two biomolecules to create a stable structure.
Chitosan nanoparticles loaded with SAE were synthesized biologically with TPP
as an across-linker. Based on the results of the current study, it was confirmed
that the nano-chitosan loaded with S. aromaticum extract was a chemically stable
substance with spherical particles of high crystallinity and grain size of up to 53
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nm as a maximum, after conducting FTIR, UV-vis, AFM, SEM, XRD. The Sub-
MIC of SACSNPs on the biofilm formation of Klebsiella pneumonia showed a
significant effect on biofilm inhibition at a concentration of 3.12 pg/ml. In
conclusion, we concluded that nano-chitosan loaded with alcoholic extract of
SAE can inhibit biofilm production of Klebsiella pneumoniae isolated from
urinary tract infections.
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