VIHHOBaLOHHas MeamnumHa Kybaru. 2025;10(2):96-102 / Innovative Medicine of Kuban. 2025;10(2):96-102

https://doi.org/10.35401/2541-9897-2025-10-2-96-102

Qoo

96

'.) Check for updates

Physicochemical and Biological Properties of O-carboxymethyl
Chitosan Obtained From Chitosan of Dead Bees

©Feruza N. Kurbonova'’, Gulnora A. Ixtiyarova?, Arsen Yu. Grigoryan®, Olga Avilova®,
Dilmurod Ya. Khojiev®, Gulbahor A. Xudoynazarova®

'Bukhara State Medical Institute, Bukhara, Uzbekistan

2Tashkent State Technical University, Tashkent, Uzbekistan

3Kursk State Medical University, Kursk, Russian Federation

“Nova Southeastern University, Fort Lauderdale, USA

>Termez Branch of the Tashkent Medical Academy, Termez, Uzbekistan
6Bukhara State University, Bukhara, Uzbekistan

* Feruza N. Kurbonova, Bukhara State Medical Institute, G'ijduvon ko'chasi, 23, Bukhara, 200118, Uzbekistan,
gurbonova f86@mail.ru

Received: February 6, 2025. Received in revised form: March 2, 2025. Accepted: March 17, 2025.

Abstract

Objective: To synthesize carboxymethyl chitosans (CMCS) from local raw material Apis mellifera, study their physicochemical prop-
erties, determine molecular weight and biological activity, and make CMCS-based antibacterial biodegradable polymer compositions.
Methods: CMCS was synthesized from dead bees; its molecular weight was determined by viscometry, and the degree of acetylation
was established by coductometric titration. Its physicochemical properties were studied using infrared, nuclear magnetic resonance,
and X-ray spectroscopy, and the results obtained were compared with quantum chemical calculations. The study presents the results
of histological analysis to investigate the biological activity of CMCS.

Results: For the first time, O-CMCS was synthesized from Apis mellifera chitosan, and we determined its optimal conditions: sodium
hydroxide concentration, alkylating agent ratio, process temperature and duration, and kinetic parameters.

For the first time, ointments for burn wounds based on Apis mellifera O-CMCS were prepared and tested on white rats.

The sodium hydroxide concentration was found to be 30%; the required temperature for the reaction was 650 °C; the polymer formation
reaction process lasted 3 hours; the ratio of chitosan to monochloroacetic acid was 1:1, and the ratio of chitosan to isopropyl alcohol was 1:50.
Conclusions: The CMCS-based ointment has an antimicrobial effect and a unique antiseptic property. It does not disrupt the physi-
ological functions of the skin or cause allergic reactions and toxicological problems.
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Pesrome

Ilesb: CuHTe3 KapOOKCUMETIIIXUTO3aHOB U3 MECTHOTO CHIpBs Apis Mellifera, n3ydeHne ux (pU3NKO-XMMHUECKUX CBOMCTB, OIpe-
JeTIeHUEe MOJIEKY/SIPHON Macchl M OMOJIOTHMUYECKOH aKTUBHOCTH U CO3JaHHE HAa UX OCHOBE aHTHOAKTEPUAJbHBIX OHOpa3IaraeMbIX
MIOJIMMEPHBIX KOMITO3ULIUH.

Metonbi: CHHTE3UpOBaH KapOOKCHMETHIXMTO3aH M3 TIOMOpA IT4ell, ONpe/esieHa ero MOJIEKYJIipHas Macca METOJAOM BHCKO3UMeE-
TPUH, CTENEHb AllETHINPOBAHUS METOIOM KOJYKTOMETPUUYECKOTO TUTPOBaHMs. M3yueHsl ero Gpu3nKo-xuMudeckue CBOHCTBA METO-
namu UK-, SIMP- u PCA-creKTpoCKOINH, OIy4eHHBIE Pe3yIbTaThl COMOCTABICHBI ¢ KBAHTOBO-XUMHYECKHMHU pacueTamu. B padore
IIPE/ICTABICHBI PE3YJIbTaThl THCTOJIOTHYECKOTO aHAIM3a 1S U3Y4eHHsl OMOIOTHYECKON aKTUBHOCTH KapOOKCHMETHIIXUTO3aHa.
PesyabraTbi: Briepsble cunTe3npoBan O-kapOOKCHUMETHIIXUTO3aH U3 XUT03aHa Apis Mellifera u onpeneneHsl ONTHMANIBHbBIE YCIIO-
BHUS: KOHIEHTpAIMS THIPOKCH/IA HATPHs, COOTHOLIEHHE aJIKWIMPYIOIIEro areHTa, TeMIeparypa U IpoI0DKUTEIbHOCTD Ipolecca,
KMHETUYECKHE TTapaMeTphl.

BriepBbie IPUTOTOBIICHBI M HCTIBITAHBI HA OCITBIX KPhICAX Ma3H JUIs OXKOTOBBIX paH Ha ocHoBe O-kapOokcumeTmiixurosana Apis Mellifera.
OmnpezesneHa KOHUEHTpanus rugpokcuna Harpust 30%, HeoOxoauMas Temreparypa Juisd npoeaeHus peakuuu 650 °C, IpoioIKUTEIb-
HOCTb IpOoIlecca Peakluy MoJIuMepooOpa3oBaHus 3 yaca, COOTHOIIEHHE XMTO3aHa K MOHOXJIOPYKCYCHOH KucioTe 1:1, a cooTHoIe-
HUE XUTO3aHa K ankuiupyromemy arenty UIIC 1:50.

3akiouenne: Masp Ha OCHOBE KapOOKCHMETHIIXHTO3aHa OKa3bIBAET IIPOTUBOMUKPOOHOE NeiicTBre, 001anaeT GpapMakoIorHuecKoil
aKTUBHOCTBIO B BHJIE YHHKAJIBHOTO aHTHCENITHYECKOTO CBOMCTBA, IPENapar He HapymaeT GH3U0NorniecKre (GyHKINH KOXKHU, He BbI-
3bIBAET AJJIEPIUUECKOrO COCTOSIHUSI OPIaHU3Ma, HE BbI3bIBAsl B HEM TOKCUKOJIOTHUYECKUX IIPOOIEM.

Knrouesvie cnosa: xurozaH, KapOOKCUMETWIXUTO3aH, crerneHb 3amelneHus, UK- u SIMP-crekrpockonusi, peHTTeHOCTPYKTYPHBIiA
aHaJIM3, KBAHTOBO-XMMHUECKHI pacyeT, THCTOJIOIHYECKOe NCCIICIOBaHUE

Humuposams: Kypoonosa ®.H., Uxtusposa I A., I'puropess A.1O., Apunosa O., Xomkues JI.10., Xynoiinazaposa I.A. CpaBHu-
TEIbHOE HCCIIENOBAaHUE XUPYPIUUECKUX IOAXOAOB K JICUCHHIO 0OBbEMHBIX 00pa30BaHUN CpemRocTeHus. Munosayuonnas meouyuna

Kybanu. 2025;10(2):96-102. https://doi.org/10.35401/2541-9897-2025-10-2-96-102

Introduction

Chitosan is a natural biopolymer of the 21st century,
which distinctive properties attract many researchers.
Biopolymers play an important role in our daily lives, in
the chemical and food industries, pharmacy and medi-
cine, and agriculture.’

Chemistry and chemical technology have been taking
a lot of interest in natural polymers—chitin, chitosan, and
its derivatives, chemically, physically, or enzymatically
modified chitosan. Thus, it is thought to be pertinent to
conduct both scientific and applied research to enhance
the chitosan modification*® in order to produce chitosan
carboxymethyl ethers. Over the past 10 years, interest in
research and application of chitosan and carboxymethyl
chitosan (CMCS) has significantly grown.**

Chitin and chitosan are useful materials because they
are nontoxic, biocompatible, and biodegradable into in-
nocuous products.® CMCS, a carboxymethylated de-
rivative of chitosan, exhibits better water solubility and
biocompatibility compared with chitosan and possesses
superior microbiological properties.’

Methods

Chitosan with molecular weight of 162 kDa and deacet-
ylation degree of 85% was used for chemical synthesis of
O-CMCS (Figure 1). Dead honeybees were a source of
chitin utilized for deacytylation.® Monochloroacetic acid
(CICH,COOH), double-distilled water (18 MQ-cm™),
isopropyl alcohol (C,H OH), sodium hydroxide (NaOH),
acetic acid (CH,COOH), and ethanol (C,H,OH) were used
to create CMCS from chitosan. Every intermediate that
formed during the chemical reaction and was a part of
the final product did not undergo further purification.” Ta-
ble 1 compares characteristics of chitosan synthesized from
Bombyx mori'® and chitosan from dead bees.

Infrared Spectroscopy

The IRTracer-100 (Shimadzu Corp, Japan) Fourier
transform infrared spectrometer was used to perform in-
frared spectroscopic studies of the synthesized biopoly-
mers. It had the MIRacle-10 attenuated total reflection
attachment with a diamond/ZnSe prism, a spectral range
0of 4000+400 cm™' on the wavenumber scale, a resolution
of 4 cm™, a signal-to-noise ratio of 60000:1, and a scan-
ning speed of 20 spectra per second.

X-ray phase analysis was conducted using CuK ra-
diation and the Rotaflex RU-200 diffractometer (Rigaku
Corp, Japan).

Chitosan obtained
from silkworm pupae

Chitosan obtained
from dead bees

u Humidity, % Total nitrogen content, %

m Ash content, % = Solubility in acidic medium, %

Figure 1. Certain physical characteristics of chitosan obtained
from dead bees

Pucynox 1. Hexomopwle usuueckue xapaxmepucmuxi Xumo-
3aHa, NOIYYEHHO20 U3 NOOMOPA N4en
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A pulsed nuclear magnetic resonance (NMR) relax-
ometer (Bruker Corp, USA) was used for NMR spectros-
copy. NMR characteristics were tested using phase de-
tection at 298 K and an operating frequency of 20 MHz.
The duration of the 7/2 pulse was 4 ps. The receiver dead
time was 3.5 ps. Following a single pulse of 900 us dura-
tion, free induction decay was used to obtain T2 measure-
ments. The Carr-Purcell pulse sequence was applied when
the T2 values were high. A model function, comprising
a sum of terms representing different sample components,
was used for heterogeneous systems:

M) = M, (0)- (P, - Toa P, T

=M, (Py-eT2a’) + My(0) - (P, - e T2p”)
where P_and P, are the apparent populations for phases
a and b, respectively.

Quantum Chemical Calculations

Quantum chemical calculations were performed using
HyperChem 8.0 (Hypercube Inc, Canada) to determine the
molecular geometry and electronic structure of O-CMCS.

Histological Analysis

Following laboratory experiments on white rats, skin
tissue was removed, preserved in a 10% formaldehyde
solution, and stained with hematoxylin and eosin. Mi-
croslides (sizes x=4x10, 10x10, 20x10, 40x40, 60x10,
and 80x10) were photographed through a microscope.'!

Results and Discussion

It is well known that the amount of chitin in raw ma-
terials varies depending on the organisms’ age and en-
vironment in addition to their kind."> The composition
of the bee-derived chitosan used in this study is presented
in Figure 1, alongside literature data for raw materials
of different origins. The results indicate that the chitosan
composition from the dead bees is comparable to that
of mulberry moth pupae.’

A carboxymethyl group was introduced into the chi-
tosan structure using carboxymethyl chitosan (CMCS).
This modification enhances solubility in neutral and ba-
sic solutions without compromising other essential prop-
erties. Carboxymethylation of chitosan's hydroxyl and
amine groups produces CMCS.'*!5 Key factors influenc-
ing the carboxymethylation process include temperature,
reaction duration, and the molar ratio of monochloroace-
tic acid (MCAA) to chitosan. Variations in these parame-
ters result in CMCS samples with differing concentrations
of carboxymethyl groups.

By adjusting the CMCS:MCAA ratio, the carboxy-
methylation process was optimized (Table 1).

The ionic carboxymethyl groups in CMCS enhance
its solubility. Increasing the proportion of the alkylat-
ing agent (MCAA) in the reaction medium increases
the number of carboxymethyl groups and, consequently,
the solubility of the samples. However, a higher molar
concentration of MCAA generates significant amounts
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Table 1

Dependence of the degree of substitution in CMCS
samples on the CMCS:MCAA ratio (T =65°C,t=3h)
Tabnuya 1

3aBHCHMOCTD CTeNEeHHU 3aMelIeHus 06pa3LoB
KapOOKCHMETHJIXUTO3aHA OT COOTHOIIEHUS KapOOKcuMeT
WJIXHTO3aH:MOHOXJOpYKcycHas Kucjora, T=650C, =3 u

MCAA | CMCS: Degree of

conc., MCAA % - Solvent, %

mol/L. ratio amin substitution
0.05 1:0.5 49 80 78.5
0.1 1:1 4.75 91.5 90.2
0.15 1:2 4.50 94 93.4
0.2 1:3 3.8 96 96.2

Note: CMCS, carboxymethyl chitosan; conc., concentration;
MCAA, monochloroacetic acid

Ipum.: CMCS — kapOOKCHMETHJIXUTO3aH; CONC. — KOHIICH-
tpanusi; MCAA — MOHOXJIOPYKCYCHAsI KUCIIOTa

of low molecular weight salts, leading to excessive ethyl
alcohol consumption during CMCS purification.

A chitosan:MCAA molar ratio of 1:1 was determined
to be optimal for the carboxymethylation process, as it
achieves sufficient solubility for evaluating biological ac-
tivity while minimizing purification challenges.

Reaction rate calculations were performed for CMCS
samples prepared at various CMCS:MCAA ratios.

By adjusting the chitosan:MCAA ratio, the carboxy-
methylation process was optimized in terms of tempera-
ture, alkaline solution concentration, reaction duration,
and MCAA quantity. Notably, the solubility of chitosan
samples subjected to alkaline treatment increased from
70%-75% to 85% when the NaOH concentration was
raised from 20% to 30%.°

The kinetic parameters for the carboxymethylation
of O-CMCS derived from dead bees were established
as follows: a NaOH concentration of 30%, a reaction
temperature of 65 °C, a reaction duration of 3 hours,
a chitosan:MCAA ratio of 1:1, and a chitosan:isopropanol
(CS:IPA) ratio of 1:50. Under these conditions, O-CMCS
was synthesized from chitosan for the first time, and its
optimal production parameters were defined (Figure 2).

100
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70

Substition degree, %

0.05 0.1 0.15 0.2
Monochloroacetic acid concentration, mol/L

Figure 2. Dependence of the degree of substitution of CMCS
on the MCAA concentration

Pucynox 2. 3asucumocms cmenenu 3ameujenus Kapookcume-
MUIXUMO3AHA OM KOHYEHMPAYUU MOHOXIOPYKCYCHOU KUCLOMbL
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The nitrogen mass fraction decreased from 8.31%
in chitosan to 4.75% in CMCS following carboxymeth-
ylation, reflecting structural changes in the polymer.
Conductometric titration revealed a degree of substitu-
tion ranging from 80% to 96%. The molecular weight
of CMCS, determined by viscometry, was approximately
46 700 g/mol.’

Infrared (IR) spectroscopy was used to investigate the
molecular structural differences between chitosan (CS)
and CMCS. The IR spectrum of chitin exhibits charac-
teristic absorption bands at approximately 3270 cm', at-
tributed to -N-H bond stretching vibrations, at 1375 cm™,
indicating the presence of -CH, groups, and at 1625 cm’',
characteristic of C=O stretching in amide groups.
The IR spectrum of chitosan shows peaks at around
3300 cm™, corresponding to -NH, group stretching, and
in the 1390-1000 cm™! range, reflecting C—N bond skeletal
vibrations associated with amine groups.

All amine types in chitosan exhibit absorption bands
in the 1360-1000 cm™ range due to C-N bond vibra-
tions. Additionally, bands at 1433 cm!, corresponding
to -CH, group bending vibrations, and at 1373 cm™, in-
dicating -OH bond bending (inflection), were observed
in both chitin and chitosan samples. A broad band of
moderate intensity in the 1320-1387 cm™ range, attrib-
uted to -OH bond vibrations, was also detected in the
chitosan sample (Figure 3). In the CMCS IR spectrum,
an absorption peak characteristic of hydroxyl groups
appears in the 3399-3167 cm™ range. The C=0 group
is identified by an absorption band at approximately
1552 cm! (Figure 4).1¢

These results indicate that only the -OH groups
in O-CMCS undergo substitution, while the -NH, groups
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Figure 3. Infrared (IR) spectrum of chitosan obtained from
dead bees'”

Pucynox 3. UK-cnekmp xumo3aua, nomyueHHo2o uz noomopa
nuen'’

remain unaffected. Furthermore, the -COOH groups
in O-CMCS can form intramolecular and intermolecu-
lar interactions with -NH, and charged -NH," groups.
Consequently, O-CMCS contains a higher proportion
of -NH," groups than chitosan under identical condi-
tions, which likely contributes to its enhanced antibacte-
rial properties.

After synthesizing O-CMCS from dead bees, its X-ray
diffraction (XRD) pattern was obtained and analyzed
(Figure 5). A flat profile in the 20 range of 20-30° indi-
cates an amorphous structure. Compared with the XRD
pattern of the original CS, the appearance of a new sin-
glet peak in the 20 range of 35-40° suggests the formation
of a single, pure O-CMCS phase.

The nuclear magnetic resonance (NMR) spectra
of O-CMCS and the Apis mellifera CS sample were
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Figure 4. IR spectra of O-CMCS obtained from dead bees
Pucynok 4. UK-cnexmpor O-kapOoKcuMemuixumo3and, nouy-
ueHHble U3 NOOMOpa nyell
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Figure 5. XRD pattern of O-carboxymethyl chitosan derived
from chitosan of dead bees

Pucynox 5. Penmeenoepamma O-kapbokcumemuaxumo3saud,
NOJYYEHHO20 U3 XUMO3AHA NYETUH020 HOOMOPA
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acquired and analyzed. In the '"H NMR spectrum of
CS, additional signals at 1.89-1.91 ppm correspond to
protons on carbon atoms 1, 2, 3, 5, and 6 of the acetamide
ring. A peak at 3.01 ppm, attributed to the -NH, group
protons, appears as a doublet due to coupling with the
-OH group protons on the third and sixth carbon atoms
of the ring, which resonate at 3.58-3.75 ppm (Table 2
and Table 3).

In the "H NMR spectrum of O-CMCS, the protons
attached to the 2, 3, and 6 carbons of the acetamide ring
resonate at 3.09 ppm. This value is derived by integrat-
ing the signals observed at 3.24 ppm and 3.41 ppm. The
methylene protons of the carboxyl group in O-CMCS
appear at 2.52 ppm. The protons of the NH, group reso-
nate at 3.90 ppm, while the protons of carbon atoms 1
and 4 in the glucosidic bonds of the polymer chain are
detected at 3.52-3.54 ppm. The protons associated with
the -OH groups contribute to a triplet peak in the spec-
trum.

The introduction of a carboxymethyl group scatters
the chemical shifts of the acetamide ring’s protons, as ob-
served in the "H NMR spectra of O-CMCS. Specifical-
ly, protons associated with carbons 1 and 4 are detected
at 1.50 ppm. Protons bound to carbon 7 and 6 are observed
at 3.24-3.41 ppm, while protons attached to carbon 2 res-
onate at 2.52 ppm, carbon 3 at 2.73 ppm, and carbon 5
at 3.09 ppm. Due to the presence of the carboxymethyl
group, the protons of the NH, group shift to 3.52 ppm,
and the protons of the -OH group attached to carbon 3
shift to 3.57 ppm. The protons of the carboxyl group
in O-CMCS are observed at 3.59 ppm.

Quantum chemistry techniques were employed to in-
vestigate the electronic structure of chitosan and its de-
rivative, O-CMCS, focusing on the interactions between
their chemical groups. Molecular orbitals of chitosan and
structural models of O-CMCS were calculated to evalu-
ate the influence of the carboxymethyl group on the mol-
ecule’s electrostatic potential and donor-acceptor proper-
ties, including ionization potential.

The electrical and spatial structure of O-CMCS was
analyzed using computational modeling (Figure 6).
Semi-empirical methods, including AM1, CNDO, and
MNDO, were applied to the sodium salt of O-CMCS to
calculate the energy of the lowest unoccupied molecular
orbital (LUMO), the highest occupied molecular orbit-
al (HOMO), the heat of formation, and other energetic
properties (Table 4).!3

The HOMO energy values obtained from these 3 semi-
empirical methods are comparable, and the numerical re-
sults align with quantum chemical reactivity indices."

These findings indicate that the electronic structure
of the chitosan macromolecule is modified by the intro-
duction of substituents. The donor or acceptor proper-
ties of electrons in various chemical groups contribute
to changes in the effective atomic charge.

100

Table 2

Results of "TH NMR spectroscopy of chitosan
derived from dead bees

Tabnuua 2

Pesyabrarsl 1H-SIMP-cnnekTpockonuu Xuro3aHa
MYeJIMHOT0 MOAMOpa

1H, 2H, 6 7

3H,4H, | (C-H) | 1.89-1.91ppm CHz0H

5H, 6H -

7H,8H | (O—-H) | 3.58-3.75 ppm 0.
6H (NH,) 3.01 ppm NH,

Table 3

Results of "TH NMR spectroscopy of CMCS
obtained from dead bees

Tabnuua 3

Pesyabrarel 1H-SIMP-cniekTpockonuu
KapOOKCHMEeTHJIXUTO3aHA MYEJHHOr0 NoAMOopa

1H, 4H (C-H) 1.5 ppm

2H (C-H) 2.52 ppm

3H (C-H) 2.73 ppm

S5H C-H 3.09 ppm

7H, 6H C-H 3.24-3.41ppm

10H (-NH,) 3.52 ppm i
9H (O-H) 3.57 ppm

8H (COO -H) 3.9 ppm

A

Figure 6. Molecular model (A) and atomic partial charge dis-
tribution (B) of O-CMCS derived from Apis mellifera chitosan
Pucynox 6. Monexynapnas modens O-kapOoKcumMemuaxumo-
sana (A) u amomuuolil 3aps0 (B) O-kapboxkcumemuaxumosana
Apis Mellifera

To evaluate the biological activity of O-CMCS derived
from chitosan extracted from dead bees, an ointment con-
taining O-CMCS was applied to burn wounds in white
rats. Previous studies have demonstrated the efficacy of
animal models in assessing treatments for skin wounds.?

Histological and morphological analyses were con-
ducted, comparing the O-CMCS ointment to a conven-
tional treatment, Levomecol ointment. The O-CMCS
ointment yielded promising results*' (Figure 7).



OpuruHanbHble ctatbi / Original articles

Energies of the highest occupied E

HOMO’

lowest unoccupied E

Table 4

Lumo Molecular orbitals, heats of formation and energy

characteristics calculated by various methods for the structure of O-CMC Na

3Hepl“l/ll/l BBICIIUX 3aHATBIX EHOMO’ HU3IIKUX He3aHATbIX E

Tabnuua 4

Lumo VOJICKYJISPHBIX opﬁnTanen, TENJIO0ThI 06p330BaHl/lﬂ

U JHepreTuYecKne XapaKTePUCTHKH, PACCYUTAHHbIE PA3JIMYHBIMH MeToAaMu st cTpykTypbl O-CMC Na

Total energy Electronic Energy
Structure Method E oo (€Y) E vo (€V) (kDj/mol) energy fOl‘lI‘lathIl
(xDj/mol) (xkDj/mol)
O-carboxy AMI 7866.2 1300660 334369.2 1635029 76.32
methyl CNDO 5923.6 139502 516025.8 1911028.6 16858.6
chitosan MNDO 8020.6 1159613 335491.2 1495068.2 78.08

Figure 7. Histological appearance of the burn on the 22nd
day. A) CMCS B) Levomecol

A) Healing. Formation of extensive granulation tissue in the
dermis (1). Contraction of the wound (2). Eschar (3). Edema (4)
with single inflammatory cells (5). Hematoxylin-eosin staining.
Lens 10%20 eyepiece.

B) Healing. Cell proliferation (1). Edema (2) with multiple in-
flammatory cells (3). Eschar (4). Hematoxylin-eosin staining.
Lens 10%20 eyepiece.

Pucynok 7. l'ucmonocuueckas kapmuna oxcoea Ha 22-ii OeHb.
A) Kapbokcumemunxumosan b) Jlesomexonw

A) Baoicusnenue. Obpazosanue OOUWUPHOU 2PAHYIAYUOHHOU
mxanu 6 0epme (1). Konmpaxyus panwt (2). Cmpyn (3). Omex (4)
€ eOuHUYHbIMU 6ocnanumenvibimu kiemrxamu (5). Okpacka ze-
Mmamoxcununom u 203urnom. Oxynsap 10%20.

B) 3aswcusnenue. llponugepayus knemox (1). Omex (2) ¢ muo-
JrcecmeeHHbiMU 8ocnanumensrvimu kiemxamu (3). Cmpyn (4).
Oxpacka eemamokcunurom u 303urom. Oxyaap 10%20.

Conclusions

The optimal conditions for producing O-CMCS were
investigated, focusing on the carboxymethylation reaction
of chitosan derived from Apis mellifera and the determina-
tion of its kinetic parameters. Physicochemical character-
ization techniques were employed to study the synthesis
of O-CMCS from Apis mellifera chitosan. In vivo stud-
ies evaluating the biological activity of O-CMCS derived
from this novel raw material yielded positive results, sup-
porting its potential use in medical applications.
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