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Abstract: Over the years, chitosan has been the subject of numerous studies and has gained significant
popularity as a biomaterial due to its various characteristics, including biocompatibility, biodegradability, and
bioactivity. In this work, chitosan fibres surface was modified with ursolic acid to improve their antibacterial
properties by wet impregnation method. Five specimens of chitosan fibres were immersed in ursolic acid (UA)
solution for varying immersion times of 1, 2, 4, 6, and 8 hours. Characterization was carried out by means of
FTIR, SEM, UV-Vis spectroscopy; the results indicated an ongoing chemical reaction between chitosan and
ursolic acid resulting in changes to the chemical structure. After 2 hours, the absorbance ratio remained
constant; suggesting that the reaction had reached completion and the chemical structure of the sample
remained stable. Antibacterial tests were performed on the resulting chitosan fibres against two bacterial
strains. The fibres without ursolic acid did not exhibit any noteworthy antibacterial activity against either
strain. However, the chitosan fibres modified with ursolic acid showed significant and almost strong
antibacterial activity against the Gram-positive strain, S. aureus. These results suggest that chitosan fibres
modified with ursolic acid could have potential applications as antibacterial materials, particularly against
Gram-positive bacteria.
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1. INTRODUCTION

Among biomaterials, chitosan has emerged as a promising candidate for various biomedical
applications, due to its biocompatibility, biodegradability, and bioactivity. The use of chitosan in
textiles have been widely investigated by many researches, being antimicrobial, water absorption
and tensile properties some of the most important properties to study '-. Chitosan is a linear
polysaccharide that is composed of randomly distributed -(1—4)-linked D-glucosamine and N-
acetyl-D-glucosamine units 6. The complexity of chitosan chemistry is influenced by various factors,
which comprise the degree of deacetylation, molecular weight, and solution pH. The degree of
deacetylation is the proportion of N-acetyl-D-glucosamine units that have been transformed into D-
glucosamine units. This factor significantly impacts the solubility, reactivity, and charge density of
chitosan 7.One of the most intriguing properties of chitosan is its antibacterial activity. However, there
is still a need to enhance its antibacterial properties to further broaden its potential applications, and
is a commonly studied topic among researchers 8.

In the past, have been studied different compounds that can act synergistically with chitosan to
create a more potent antibacterial agent, and also offer the potential for a wider spectrum of
antibacterial activity against different types of bacteria, such as silver nanoparticles 1012, essential oils
1314, quaternary salts 15 and plant extracts 6, ursolic acid 7among others. Ursolic acid and chitosan
adducts have been relatively less studied, especially chitosan fibres and ursolic acid compounds.

Ursolic acid is a pentacyclic triterpene acid that is commonly found in various traditional
medicinal plants, fruits, and ornamental species. It is known to exhibit a broad range of biological
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activities, including anti-inflammatory, anticancer, hypoglycemic, antioxidant, and antibacterial
properties. The compound has been extensively studied for its antibacterial effects, as have other
pentacyclic triterpenes and their derivatives.

In addition to its potential therapeutic applications, ursolic acid has also been found to prevent
abdominal adiposity and exhibit cytotoxic activities, as well as antiprotozoal effects against
Plasmodium falciparum?s-20.

The aim of this work was to investigate the effect on the chemical structure and antibacterial
activity of chitosan fibres of different immersion times in ursolic acid solution. The ultimate goal
was to develop chitosan fibres with enhanced antibacterial properties with potential applications as
antibacterial biomaterials.

2. EXPERIMENTAL

In this section is shown the procedure to modify the surface of chitosan fibres with ursolic acid
by wet impregnation method.

2.1. Reagents and materials

- Deionized water

- 2-propanol (C3H80) 99% Pure P.A. commercial product of Eurochem BGD.

- Ursolic acid (C30H4803) = 98% Pure P.A. commercial product of Pol-Aura.

- Chitosan fibres, concentration 7%, prepared at the Institute of Materials Science of Textiles and
Polymer Composites, Lodz University of Technology from chitosan powder commercial
product of Sigma-Aldrich; molecular weight 60 kDa; degree of deacetylation (DDA) 96%.

2.2. Fiber impregnation procedure.

A solution of ursolic was prepared by dissolving ursolic acid in pure 2-propanol at a
concentration of 64 ug mL-. In order to get the chitosan fibres ready for the impregnation process,
five separate specimens of chitosan fibres were cut to the same weight of 1.0g each. After that, each
specimen was then immersed individually in 100 cm? of ursolic acid solution at room temperature
for varying immersion times of 1, 2, 4, 6, and 8 hours respectively. After each immersion period, the
specimens were carefully removed from the ursolic acid solution and rinsed with an aqueous solution
of ethanol and distilled water 4:6 (v/v) to remove any excess of ursolic acid solution and then dried
at room temperature. This process was repeated for each of the five specimens.

The resulting samples were further characterized and evaluated for their physical, chemical,
properties. FTIR and SEM analyses were conducted to investigate the structure and morphology of
the chitosan fibres after the wet impregnation. Additionally, an antibacterial activity test was
performed to evaluate the effectiveness of the wet impregnation method using ursolic acid as an
antibacterial enhancer agent.

3. CHARACTERIZATION OF FIBRES AND RESULTS

3.1.1. FTIR spectroscopy

The infrared transmission and reflectance spectra were recorded in the range from 4000 to 600
cm-1 with a resolution 4 cm-1 and 32 scans.
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Figure 1. Infrared spectroscopy spectra graph, fibres samples 7% chitosan reference, 7% chitosan with
ursolic acid impregnated 1, 2, 4, 6, and 8 hours.
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Figure 2. Absorbance area, amide/amine ratio for samples C7UA 0, 1, 2, 4, 6 and 8 hours.

The FTIR results of the samples C7UA immersed in ursolic acid for different time set points (0,
1,2, 4, 6, and 8 hours) showed an increasing absorbance ratio from 1.66 to 1.82 over the course of 2
hours. This suggests that there was an ongoing chemical reaction between chitosan and ursolic acid
during this time, resulting in changes to the chemical structure of the sample. However, after 2 hours,
the absorbance ratio remained relatively constant, suggesting that the reaction had reached
completion and that the chemical structure of the sample remained stable. The peaks observed at
1647 cm-! and 1587 cm-! are attributed to the amide and amine groups in chitosan, respectively. The
appearance of these peaks in the FTIR spectra indicates that the chitosan fibres-ursolic acid adduct
was formed through the interaction of the amine groups in chitosan with the carboxylic acid groups
in ursolic acid. Following their surface morphology was analyzed.

3.1.2. Scanning Electron Microscope images
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The surface structure of the obtained fibres was analyzed using microscopy obtained by means
Scanning electron microscope Nova Nanosem 230.

Figure 4. Fibres 7% chitosan with ursolic acid impregnated 2 hours, SEM images a) 500x, b) 1000x and
c) 2000x.

When compared to the surface of the reference sample of 7% chitosan (fig. 3), which did not
undergo any treatment with ursolic acid, the images on figure 4 demonstrate that the surface of
sample of 7% chitosan with ursolic acid impregnated 2 hours is slightly rougher. This indicates that
the impregnation process have successfully modified the surface of the fibres. The photos that were
obtained from the samples that were taken after 2, 4, 6, and 8 hours of immersion exhibited a
similarity to the images from the sample that was immersed for only 2 hours.

3.1.3. UV-Vis spectroscopy

The UV-Vis spectra were obtained by means of UV-Vis from Jasco Company, model V-670, the
scan range used was from 190 to 400 nm. Resolution 1 nm. Standard stock solutions containing ursolic
acid were prepared in methanol at final concentration of 2.7mg/10mL. After that, serial standard
dilutions at three concentrations were analyzed by means UV-Vis, and linearity was verified by
regression analysis. Calibration results are presented in figure 5, and table 1.
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Figure 5. Calibration graph, relationship absorbance/UA concentration 0.0220 mg mL-, 0.080 mg mL-
1,0.164 mg mL" and 0.270 mg mL"-

Table 1. Linearity of calibration plots.
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Figure 6. UV Absorption spectra of methanolic solutions of ursolic acid analyzed at different
concentrations.

The resulting spectra were analyzed at specific wavelengths to detect the distinctive peaks
associated with ursolic acid. Previous research studies have reported the UV spectra of ursolic acid,
which display absorbance peaks between 210 nm and 220 nm 222, The resulting absorbance values
were obtained in ascending order and corresponded to increasing concentrations, with values of 214
nm, 216 nm, 217 nm, and 218 nm. After conducting the linear analysis, a stock fiber suspension was
prepared with methanol at a concentration of 2.3 mg/10mL from the sample of fibres that was
impregnated with ursolic acid for 2 hours. By adding the fibres into methanol, it was possible to
dissolve the ursolic acid deposited on the surface of the fibres in order to perform the UV-Vis test.
This sample was chosen based on the FTIR test results indicating completion of the reaction at that
time set point. UV spectra were performed and the absorbance peak height was appointed at 213 nm
and absorbance was 0,056 and based on the linear model, the mass of ursolic acid deposited on the
fibres per gram was calculated as follows.

y =435.95x+0.0161
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0.056 = 435.95x+0.0161
0.056-0.0161 = 435.95x

0.091 mg = x =mUA«

Where,

mUA¢ =Mass of ursolic acid on the surface of the fibres

y=absorbance at UV spectrum

x= concentration [mg/ml]

This process was repeated for all samples 7% chitosan with ursolic acid that were wet
impregnated for 2, 4, 6, and 8 hours. Subsequently, the mass calculation of ursolic acid per gram of
chitosan fibres was performed based on the knowledge that 0.091 mg of ursolic acid are present in
2.3 mg of fibres.

Table 2. Mass per gram of ursolic acid in chitosan fibres.

C7UA Mass of UA/g in chitosan
fibres
2 hours 0.039
4 hours 0.038
6 hours 0.040
8 hours 0.038

3.1.4. Antibacterial activity test

This test was performed by the Laboratory of Biodegradation and Microbiological Research of
the Lodz institute of Technology in accordance to the standard PN-EN ISO 20743:2021 2021 —
Determination of antibacterial activity of textiles — count plate method.

The antibacterial activity of the samples 7% chitosan reference and 7% chitosan with ursolic
acid impregnated 2 hours was tested and the results were later compared.

Table 3. Antibacterial activity against Escherichia coli ATCC 11 229.

Value of
Incubation Number of bacteria . . Value of
Sample ID . antibacterial
time [h] [CFU*/pr] . growth
activity “A”
Laboratory 0 3.7x104
control 3.37
24 8.5x107
sample
7% Chitosan 0 3.1x10¢
0.04 3.40
reference 24 7.8x107
7%Chitosan 0 2.8x104
0.25 3.24
UA2H 24 4.8x107

Inoculum concentration: 1.6x10° CFU/ml E. coli.  *(CFU — Colony Forming Unit)
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Table 4. Antibacterial activity against Staphylococcus aureus ATCC 6538.

Value of
Incubation Number of bacteria . . Value of
Sample ID . antibacterial
time [h] [CFU*/pr] . growth
activity “A”
Laboratory 0 9.6x104
control 2.13
24 1.2x107
sample
7% Chitosan 0 9.6x10*
0.32 2.45
reference 24 2.7x10*
7%Chitosan 0 6.7x104
2.93 -0.68
UA2H 24 1.4x10*

Inoculum concentration: 2.3x105 CFU/ml S. aureus. *(CFU — Colony Forming Unit)

Table 5. Criteria for assessing antibacterial activity.

Efficacy of antibacterial | Value of antibacterial
properties activity
low A<2
significant 2<A<3
strong A=3

Table 6. Comparison of antibacterial activity.

Value of antibacterial activity “A”
E. coli

0.32

Sample ID
S. Aureus

0.04

7% Chitosan

reference Non antibacterial Non antibacterial
7%Chitosan UA 0.25 2.93
2H Non antibacterial Significant

After the antibacterial activity test it was observed that sample 7% chitosan reference, did not
exhibit any noteworthy antibacterial activity against either of the two bacterial strains. The obtained
value was below the efficacy threshold of A <2. In contrast, the sample treated two hours with ursolic
acid showed a significant and almost strong antibacterial activity with a value of 2.93, indicating that
adding ursolic acid improved the antibacterial properties of the fibres. It is important to note that this
significant antibacterial activity was only observed against the Gram-positive strain, S. aureus. The
fact that the antibacterial activity of the fibres from the sample 7% Chitosan UA 2H was only
displaying antibacterial activity against S. aureus and not E. coli is likely due to the difference in
bacterial cell wall structure between the two organisms. Gram-positive bacteria, such as S. aureus,
have a thick peptidoglycan layer in their cell wall that is more susceptible to damage from
antibacterial agents, while Gram-negative bacteria, such as E. coli, have a thinner peptidoglycan layer
and an additional outer membrane that provides extra protection against external agents. Therefore,
it is possible that the antibacterial activity of the fibres treated with ursolic acid were not strong
enough to overcome the protective mechanisms of E. coli, while it is effective against S. aureus.

4. CONCLUSIONS
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Surface modification of chitosan fibres is possible by wet impregnation method with ursolic acid
solution. Incorporating ursolic acid on the surface of the fibres can significantly enhance their
antibacterial properties, particularly against gram-positive strains, specifically Staphylococcus
aureus. The fibres showed good potential for their application in wound dressings or scaffolds with
enhanced antibacterial.
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