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In vitro evaluation of chitosan cytotoxic properties
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ABSTRACT

Introduction. Chitosan immunomodulatory and mucoadhesive properties render it a promising vaccine adjuvant. Safety — particularly the absence of cyto-
toxicity — is a key requirement for adjuvant candidates. /n vitro biocompatibility assessments enable evaluation of chitosan preparations prior to animal testing.
Objective. To evaluate low molecular weight chitosan solution at a concentration of 10 mg/mL for its cytotoxic effect on chicken embryo fibroblast (CEF) cultures
and calf coronary artery epithelial-like cells (CCEC) to justify its further use as a vaccine adjuvant.

Materials and methods. Low molecular weight (LMW) chitosan (degree of deacetylation: 90%) prepared with a 1% glutamic acid solution (pH 6.9) was used.
(ytotoxicity was comprehensively assessed using three methods: trypan blue vital staining (for cell viability), live-cell microscopy (for morphological evaluation),
and calculation of the proliferation index after 72 hours of incubation at 37 °Ciin a 5% (0, atmosphere.

Results and discussion. Following 2-hour incubation with chitosan, viable CEF and CCEC were 97.4 and 98.7%, respectively, with no significant differences
from controls (97.6 and 96.4%). Microscopy at 72 hours showed dense, homogeneous monolayers in test groups, free of cytopathic effects, vacuolization, or
morphological changes — indistinguishable from controls. Proliferation indices aligned closely (CEF: 3.9 and 3.6; CCEC: 3.7 and 3.8), evidencing no cytostatic effect
of the chitosan preparation.

Conclusion. Low-molecular-weight chitosan (10 mg/mL) exhibited no in vitro cytotoxic or cytostatic effects on the tested cell lines. The findings confirm its
biocompatibility and justify advancement to in vivo studies for developing safe, effective vaccines for veterinary use.

Keywords: chitosan, cytotoxicity, adjuvant, cell viability, proliferation, cell cultures, primary chicken embryo fibroblasts (CEF), continuous calf coronary artery
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LintoToKCcuyeckne cBOMCTBA XWUTO3aHa in vitro

E. U. ipbiruna, 0. A. MunbKoBa, B. 10. Nara
Orb0Y BO «MockoBcKas rocyfapcTBeHHas akazieMus BeTepuHapHoil MeanLmHbl i buotexHonorum — MBA umenm K. . Ckpabuna»
(Orb0Y BO MTABMub — MBA umenm K. W. Ckpabuna), yn. Akanemuka Ckpabuna, 23, r. MockBa, 109472, Poccus

PE3IOME

BepeHue. Xuto3aH, 6narogapa uMMyHOMOZYAMPYIOLIMM 1 MyKOAAre3uBHbIM CBOIACTBAM, ABNAETCA NePCNEeKTUBHBIM afblBaHTOM AnA BaKLMH. besonac-
HOCTb, B YaCTHOCTI OTCYTCTBUE LUTOTOKCUYHOCTY, — KloyeBoe TpeboBaHIe K afbloBaHTaM. ViccneoBaHuA in vitro no3BonioT onpeaenats 6uocoBMecTUMOCTb
fpenapara XuTo3aHa A0 TeCTUPOBAHMA Ha XUBOTHbIX.

Lienb nccnepoBanumit. Mccnefoath LMTOTOKCUUECKoe felicTBUE PACTBOPA HU3KOMOMEKYNAPHOTO XUTO3aHa B KOHLeHTpawum 10 Mr/Mn Ha KynbTypax dubpo-
6nactoB IMOpMOHa Kyp 1 3NUTENNONOA06HBIX KNETOK KOPOHAPHBIX COCYNO0B TeNeHKa AnA 060CHOBaHIA ero aNbHeiLuero npuMeHeHIs B kauecTse BaKLWNHHOTO
afibloBaHTa.

Marepuanbi u metofibl. [IpuMeHAN HUSKOMONEKYNAPHDIA XUTO3aH (CTeneHb AeaueTpoBaHna — 90%) B 1%-m pacTBope ryTaMUHOBOI KUCNOTbI, pH 6,9.
LiuToToKCMuHOCTL ONpeaenany KOMNAEKCHO, UCMoNb3yA METOZ BUTANbHOTO OKPALUMBAHUA TPUNAHOBLIM CMHUM (OLieHKa XI3HeCNoCOBHOCTH), NPUKM3HEHHOe
MUKPOCKONMYeCKoe HabniogeHue (oLeHKa MOpGONoriM) 1 pacyeT MHAEKCa nponudepaLmy nocne 72-4acoBoii HKybawum npu Temnepatype +37 °C 8 aTmochepe
5%-ro Anokcuaa yrnepoaa.

Pe3ynbratbl 1 06cyMaeHNe. KonnyecTBo XU3HeCnocobHbIX KNeTok Gpnbpobnactos ImM6pMoHa Kyp 1 KOPOHAPHBIX COCYAOB TeNeHKa NoCNe ABYXYacoBOi UH-
KybaLum € XUTO3aHOM COOTBETCTBOBANO 3HAaUeHNAM 97,4 11 98,7%, He UMEIOLLMM CTaTUCTUYECKN 3HAYUMbIX OTAIMYNIA OT KoHTponeid (97,6 n 96,4%). Mpu Mukpo-
CKOMUYeCKOM HabI0AeHY KNETKV B OMbITHOM rpynne yepes 72 4 nHKy6aLmn GopmupoBay NAOTHbIIA 0HOPOAHbIA MOHOCIOI 63 NPU3HAKOB LUTONATUYECKOro
3 dekTa, Bakyonuaumy, 6e3 uameHeHuii Mopdonorum, aHanornyHblil TAKOBOMY B KOHTPOMbHBIX JIyHKaX. MHAeKcbl nponudepaLy B ONbITHBIX U KOHTPONbHbIX
rpynnax 6bum conoctaBuMmbl: 414 prubpobnacTos smbpuoHa Kyp — 3,9 v 3,6, AnA KOPOHapHbIX COCYAOB TeNeHKa — 3,7 1 3,8, uTo CBUAETENbCTBYET 06 OTCYTCTBIM
LIMTOCTaTUYeCKOro eliCTBINA M3y4aeMoro npenaparta.
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3aKnioueHme. X1To3aH HU3KOMONEKYNAPHDIIl B KOHLEHTpaLm 10 Mr/Mn He NPOABAAET LMTOTOKCUYECKIX AN LMTOCTATUYECKMX CBOIACTB in Vitro B OTHOLUIEHIN
TecTupyemblx KneTok. llonyyeHHble JaHHble NOATBEPXAAT ero 61OCOBMECTMOCTD U ABNAKTCA 0CHOBAHUEM ANA AANbHELUMX NCCNe[0BaHWI in Vivo C Lenblo
pa3paboTku 6e30nacHbIX 1 eliCTBEHHDIX BAKLUH A BETEPUHAPHOTO NPUMEHEHUA.

KnioueBble C710Ba: XMTO3aH, LITOTOKCUYHOCTD, TbI0BAHT, XU3HECTIOCOBHOCTb KNETOK, NponndepaLus, KNeTouHble KynbTypbl, NepBuYHan KynbTypa puopo-
671aCTOB 3MOPUOHa Kyp, NEPeBUBAEMAR JIMHIS SNUTENNONOA06HbIX KNETOK KOPOHAPHDIX COCYA0B TENEHK, in Vitro
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INTRODUCTION

Avian infectious diseases such as avian influenza, New-
castle disease, infectious bronchitis, and avian metapneu-
movirus infection cause significant economic damage to
poultry industry worldwide [1, 2]. Agents of these diseases
are highly contagious and widespread, often causing mass
mortality in poultry. This leads to significant economic
losses and restrictions on international trade. Available
commercial vaccines, although widely used, sometimes fail
to confer sterilizing immunity and full protection for vac-
cinated flocks especially under the high pressure from field
virus strains in intensive production system. This necessi-
tates the exploration of novel approaches to enhance vac-
cine immunogenicity and prolong the duration of vaccine
effectiveness [3, 4].

One of the promising areas of vaccinology is the devel-
opment and application of modern adjuvants - substances
capable of enhancing, prolonging, and modulating the
immune response to a vaccine antigen when added to
a vaccine formulation [5]. Modern adjuvants employ di-
verse mechanisms of action designed to activate innate
immunity, ultimately leading to the development of a
stronger and more potent adaptive immune response [6].
At the same time, safety, in particular the absence of cyto-
toxicity, remains a key requirement for any new adjuvant
compositions [7, 8].

Chitosan is a natural biopolymer derived from the dea-
cetylation of chitin, a structural component found in crus-
tacean shells and fungal cell walls. Its key advantage is its
low toxicity to warm-blooded organisms and its ability to
degrade without harm to the environment [9, 10, 11]. Chi-
tosan’s favourable properties — coupled with its abundance
of free reactive amino groups - underpin its extensive use
in medicine and pharmacy. Key applications include wound
dressings, drug delivery carriers, and, most notably, vaccine
adjuvants [12].

In vaccinology, chitosan is considered as a multifunc-
tional adjuvant, especially for mucosal use (intranasal, ocu-
lar, oral) [13, 14]. Its adjuvant properties are associated with
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a complex of mechanisms. Firstly, as a cationic polymer,
chitosan can temporarily disrupt the integrity of tight junc-
tions between epithelial cells in mucous membranes. This
increases mucosal permeability and facilitates antigen
penetration [15, 16]. Secondly, chitosan derivatives can
form an antigen depot at the injection site, providing a pro-
longed release of the active substance. Thirdly, chitosan
has a direct stimulating effect on innate immune cells,
likely through interaction with pattern-recognition recep-
tors such as TLR-2. This leads to the activation of antigen-
presenting cells and the production of proinflammatory
cytokines [17]. Foreign researchers have shown that chi-
tosan is able to enhance both the humoral and cell-medi-
ated immune response [16, 17, 18], which makes it particu-
larly in demand for the development of new vaccines. It is
important to note that the adjuvant effect may vary de-
pending on the molecular weight and degree of polymer
deacetylation [9, 14].

Use of LMW chitosan in avian vaccines, in particular
against Newcastle disease is of particular interest. LMW
fractions generally exhibit better solubility at physiological
pH and, according to some studies, demonstrate lower
potential toxicity compared to their high molecular weight
counterparts [9]. However, prior to immunogenicity assess-
ment, it is fundamentally important to establish the basic
safety and absence of direct toxic effects of the tested prod-
uct at the cellular level.

In vitro cytotoxicity determination in cell lines is the first
mandatory step in preclinical studies of any new com-
pound with potential biomedical or veterinary applications.
This approach, governed by international standards like
ISO 10993-5, allows for the quick, economical, and ethical
collection of initial biocompatibility data in line with the
3R concept (Replacement, Reduction, Refinement). It there-
by reduces or postpones the use of laboratory animals
to later stages of the study [7]. This approach is widely used
to assess the safety of a wide variety of compounds, from
pesticides to pharmaceutical substances, which confirms
its versatility and reliability [8, 19].
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Cell lines were selected based on their representative-
ness. Primary CEF culture exhibits high sensitivity to toxic
effects. Continuous CCEC line serves as a model for the cel-
lular barrier encountered by an adjuvant upon mucosal
administration. A concentration of 10 mg/mL was selected
as it deliberately exceeds the estimated working concentra-
tions in vaccines (1-2 mg/mL), allowing for stress testing
and safety margin assessment.

Thus, the objective of this study was to evaluate the cy-
totoxic effect of a low molecular weight chitosan solution
(10 mg/mL) on CEF and CCEC lines in order to justify its
further use as a vaccine adjuvant.

MATERIALS AND METHODS

The study was carried out at the Department of Virology
and Microbiology named after Academician V. N. Syurin of
the Moscow State Academy of Veterinary Medicine and
Biotechnology — MVA by K. I. Skryabin. All operations were
performed in a laminar flow cabinet under sterile condi-
tions, with strict adherence to standard aseptic techniques.

Preparation of chitosan solution. LMW water-soluble chi-
tosan with a deacetylation degree of 90% (Bioprogress,
Russia; dosage form - powder) was used. Working 2%
(20 mg/mL) chitosan solution was prepared using 1% glu-
tamic acid (Sigma-Aldrich, USA) in a ratio of 1:5 (w/v).
The pH was adjusted to 6.9 + 0.1 with a phosphate-buffered
saline (PBS; BioloT, Russia) [9, 14].

Cell cultures and cultivation conditions. Two lines of ad-
hesive cells of different origin were used for a comprehen-
sive assessment of potential cytotoxicity:

— CCEC cells (BioloT Collection, Russia) are a continuous
diploid line of epithelial-like cells derived from coronary
vessels of calf. This cell line is characterized by stable growth
and high sensitivity to external factors, making it a relevant
model for toxicological studies;

— primary CEF culture was prepared in the laboratory
from 11-day-old SPF embryo tissues using the standard
trypsinization technique [19]. Cells at the 3 passage, which
retain high metabolic activity and sensitivity to toxic effects,
characteristic of primary cultures were used [17].

The cells were cultivated under standard sterile condi-
tions in an incubator (Binder, Germany) at a constant tem-
perature of 37.0 £ 0.5 °C and 5% CO, to maintain a stable
pH of the nutrient medium (7.2-7.4). The growth medium
consisted of a 1:1 mixture of Eagle MEM and 199 media
(BioloT, Russia), supplemented with 10% fetal bovine serum
(St-Biol; BioloT, Russia) to provide essential adhesion and
growth factors. Antibiotics were added to the medium:
100 IU/mL of penicillinand 0.1 mg/mL of streptomycin (Bio-
loT, Russia), to prevent bacterial contamination. The medium
was changed every 48-72 hours depending on the cell
growth rate. When cell monolayers reached 80-90% conflu-
ence, cultures were passaged using standard trypsinization
with 0.25% Trypsin-Versene solution (BioloT, Russia). Cells
in the logarithmic growth phase were selected for tests.

Test design. The cells were inoculated into 6-well plates
(Jet Biofil, China) at a density of 1 x 10° cells/mL for CEF and
8 x 10° cells/mL for CCEC, which provided a 70-80% mono-
layer density by the beginning of the test. Separate plates
were used for each cell line:

- “positive control” plate: cells were cultured in a stand-
ard growth medium;

- “test” plate: cells were cultured in a growth medium
supplemented with the chitosan solution (final concentra-
tion - 10 mg/mL).

Table 1
Viability of cells after 2-hour incubation with chitosan (M £ SD, n = 3)

Cell viability, %

Type of the effect on cells

CEF CCEC
Chitosan, 10 mg/mL
in standard growth 97.4+12 98.7+0.9
medium (test)
Standard'g.rowth medium 97.6+0.8 96.4+ 11
(positive control)
70% ethanol solution 0% 0*
(negative control)

* p < 0.05 as compared to all other groups.

Three parallel wells of the plate (n = 3) were used for
each variant to ensure statistical reliability. The incubation
was started once the cell monolayer covered 70-80% of
the well bottom.

Determination of cell viability. Cell viability were assessed
after 2-hour incubation with the test solutions using vital
staining with 0.4% trypan blue solution (BioloT, Russia).

The counting was carried out in Goryaev counting
chamber. Only cells with intact membranes (unstained)
were taken into account [19]. Cells placed in a standard
growth medium were used as a positive control, and cells
treated with a 70% ethanol solution for 10 minutes were
used as a negative control.

Morphological analysis (vital examination method). The
cells were cultured with chitosan for 72 hours. Visual ex-
amination of the monolayer, cell morphology, and cyto-
pathic effect manifestations was performed every 24 hours
using Axio Observer A1 inverted microscope (Carl Zeiss,
Germany) equipped with phase contrast optics and Axio-
cam 305 digital camera. Microscopy was performed at 120x
magnification. The assessment parameters included adhe-
sion degree, monolayer density, cytoplasmic vacuoliza-
tion, shape alterations (rounding), substrate detachment,
and lysis.

Determination of proliferative activity. The cells were in-
oculated into 6-well plates at known concentration (N,).
After 72 hours of co-cultivation with chitosan, the cells were
dispersed with a 0.25% trypsin solution (from pig pancreas,
activity: 1:250; BioloT, Russia) prepared using Versene solu-
tion (BioloT, Russia), and counted (N,,) in Goryaev counting
chamber. The proliferation index (Pl) was calculated using
the formula: PI=N_, / N . To eliminate artifacts associated
with potential errors during inoculation, the initial cell
count (N ) was performed in three additional wells imme-
diately after cell adhesion, i.e., 4 hours post-inoculation.

Statistical analysis. Statistical processing was performed
using Student'’s t-test for independent samples in Microsoft
Excel 2019 and Statistica 10.0 (StatSoft, USA) software pack-
ages. The cell viability data obtained by direct counting in
Goryaev counting chamber were analysed with a preli-
minary check of the data compliance with the normal
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A

Fig. 2. Morphology of CCEC after 72 hours of cultivation (magnification 120x): A - control, B - test group (chitosan 10 mg/mL)

distribution using the Shapiro — Wilk test (at n =3). The
uniformity of variances in the compared groups was
checked using the F-test (Fisher’s criterion). The following
parameters were incorporated into the analysis: viability
assessment was performed using absolute values of live
and dead cell counts, from which the viability percentage
was calculated; proliferative activity was analysed on the
basis of absolute cell counts before and after incubation.
For each test variant, data for three independent biological
replicates (n = 3) were used, in each of which cell counts
were performed in two analytical replications. Morpho-
logical examination findings were statistically analysed by
qualitative assessment of a series of micrographs taken
under identical conditions for all test groups. Quantitative
results are presented in the following format: mean
value + standard deviation (M + SD). The differences at the
p < 0.05 level were considered statistically significant.
All calculated t-test values and the corresponding p-signi-
ficance levels were recorded in summary tables for
further analysis.

RESULTS AND DISCUSSION

In the study, the cytotoxic effect of alow molecular
weight chitosan solution was evaluated multilaterally us-
ing three complementary methods. At the first stage, cell
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viability was assessed after short-term incubation with the
preparation. Then, dynamic microscopic examination of the
cell morphology and monolayer state was carried out. At
the final stage, the effect of chitosan on cell proliferative
activity was assessed.

Cell viability. Results of tests of cells for their viability
after 2-hour incubation are given in Table 1.

Obtained data indicate the absence of cytotoxic effects
of low molecular weight chitosan (deacetylation rate — 90%)
ata concentration of 10 mg/mL on two different cell models.
For the CEF line, the viability index was 97.4 + 1.2% versus
97.6 + 0.8% in the control (p > 0.05). For CCEC line the values
were also comparable: 98.7 £ 0.9% for cells in test plate and
96.4 + 1.1% for the control (p > 0.05). Consequently, there
were no statistically significant differences between the test
and control groups for both tested cell lines.

High viability indices, intact morphology, and unaltered
proliferative activity conclusively establish the biocompat-
ibility of this preparation with animal cells.

Analysis of the data obtained (Table 1) allows us to con-
clude that the chitosan preparation under study does not
have any cytotoxic effect under short-term incubation con-
ditions. The minimal spread of values (SD = 0.8-1.2%) is
noteworthy, as it indicates both high reproducibility of
the results and uniformity of the cell populations. Complete
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cell death was recorded in the negative control (70% etha-
nol treatment), thereby confirming both the adequacy of
the applied technique and the sensitivity of the test system.
Comparative analysis of the data for the two cell lines dem-
onstrates that the response to chitosan exposure is neither
species-specific nor tissue-specific. The comparably high
viability indices observed in both the primary CEF line and
the continuous CCEC line suggest that the biocompatibil-
ity of the preparation under study is universal.

Morphology of cells. Results of live-cell microscopic
examination of cell cultures over time (after 24, 48, and
72 hours of incubation) clearly demonstrate the absence
of any negative effect of chitosan on the morphofunc-
tional state of the cells. Visual examination after 72 hours
of incubation showed that cells in the test groups re-
tained their typical morphology and demonstrated an ac-
tive ability to form a monolayer, completely similar to con-
trol cells (Fig. 1, 2).

Typical fusiform (fibroblast-like) and stellate (epithelial-
like) cells with long cytoplasmic protrusions firmly attached
to the substrate were observed in the test group of CEF
culture. The cells had smooth, well-defined margins and
a homogeneous, non-vacuolated cytoplasm. The nuclei
were clearly visible and had a regular oval or rounded shape
without pyknosis or karyorrhexis signs. The resulting mono-
layer was dense and homogeneous, displaying the ordered
cell arrangement characteristic of fibroblasts.

Both in the test group and the control group, CCEC cells
had a flattened polygonal shape and formed a typical
monolayer resembling “cobblestone pavement”. Intercel-
lular contacts were well developed, and there were no signs
of cytoplasmic contraction or detachment from the plastic
surface. Importantly, no cytopathic effects (CPE) were ob-
served across any test groups: monolayers showed no cy-
toplasmic vacuolization, rounded or shrivelled cells, lysis,
or zones of degeneration. Dynamic observation showed
that the monolayer formed at the same rate in the test
groups as in the control, reaching 90-95% confluence by
72 hours of cultivation. The morphological findings were
entirely consistent with the viability and proliferative activ-
ity data, collectively confirming that chitosan exerts no
cytotoxic effect at the concentration tested.

Proliferative activity. To evaluate the potential effect
of chitosan on cell division, quantitative analysis of prolif-
erative activity was carried out during a 72-hour period.
Data given in Table 2 show that low molecular weight chi-
tosan at a concentration of 10 mg/mL did not have any
inhibitory effect on the proliferation of the tested cell cul-
tures. Quantitative analysis showed that the proliferation
indices in the test groups remained at a high level: for CEF -
3.9 + 0.4, for CCEC - 3.7 + 0.3. These values did not differ
statistically (p > 0.05) from the control values, which were
3.6 £ 0.4 and 3.8 + 0.3, respectively. Absolute cell counts
confirmed that the cultures actively proliferated in the pres-
ence of chitosan: the CEF counts increased from 1.4 x 10°
to 5.4 x 10° cells/mL, CCEC counts - from 1.2 x 10° to
4.4 x 10° cells/mL.

Comparative analysis of the two cell lines for their pro-
liferative activity revealed an interesting trend for stimula-
tion of CEF culture proliferation (3.9 in the test group vs.
3.6 in the control), though the difference was not statisti-
cally significant. CEF proliferation indices in the test and in
the control were almost identical.

Thus, comprehensive proliferative activity analysis
showed that chitosan at 10 mg/mL exhibits no cytostatic

Table 2
Effect of chitosan on cell proliferative activity (M £ SD, n = 3)

Cell
culture

Test

Parameters (chitosan, 10 mg/mL)

Positive control

Number of cells added, 145106 145 10°
cells/mL
Number of cells after s ’
CEF 72 hours, cells/mL (5.4£0.6)x 10 (5.1£0.5) % 10
Proliferation index 39+04 36+04
Number of cells added, 12 %106 125 10°
cells/mL
Number of cells after s .
(CEC 72 hours, cells/mL (4.4+0.4)x10 (4.6£0.3)x 10
Proliferation index 3.7+03 38+03

effects and fully preserves mitotic capacity and growth
potential of cells.

Notably, all three methods employed to assess cytotox-
icity — vital staining, morphological analysis, and prolifera-
tion assessment — produced consistent results, thereby
strengthening the reliability of the conclusions. The re-
vealed absence of toxic effects is consistent with the data
of other authors, who also note the low cytotoxicity of chi-
tosan and its oligomers [9, 10, 11]. It should be particularly
noted that chitosan at a relatively high concentration
(10 mg/mL) was used for our study. This concentration is
much higher than the typical working concentrations of ad-
juvants in vaccine formulations, which are usually in the
range of 0.1-2.0 mg/mL [14, 15, 18]. Despite this, the cells
retained their normal viability and functional activity. Low
molecular weight fractions of chitosan that are similar
in physicochemical characteristics to the test sample typi-
cally exert the least toxicity, which is attributed to their
milder interaction with cell membranes [11, 17]. This find-
ing is especially significant for vaccine development, in
which avoiding even minimal cellular damage is critically
important. Chitosan’s ability - at the concentration used -
to preserve cell membrane integrity and not suppress pro-
liferation is a key factor in its suitability as an adjuvant [12].
Furthermore, the lack of effect of chitosan on proliferative
characteristics suggests that it does not interfere with the
basic mechanisms of cell division and poses no risk of in-
ducing pathological changes in proliferating tissues.

It is important to note that CEF and CCEC cultures are
representative for in vivo modelling. CEF as a primary cul-
ture is more sensitive to toxic effects [8, 19]. The use of
a primary fibroblast culture precludes artifacts associated
with extended adaptation of cells to in vitro conditions —
a phenomenon characteristic of continuous cell lines. Epi-
thelial-like calf coronary cells (CCEC) are the first target for
mucosal adjuvants [13]. Mucous epithelial cells represent
the first barrier encountered by mucosally applied vaccines;
therefore, preserving their integrity and functional activity
is essential for effective vaccination. The lack of adverse
effects on both cell lines suggests that chitosan will be well
tolerated at the whole-organism level.

According to the literature, chitosan may exert its adju-
vant effect not through direct cytotoxicity, but through
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mild activation of cells and induction of chemokines and
cytokines [14, 15]. Our findings on the preservation of cell
morphology and proliferative activity are fully consistent
with this concept, since they rule out non-specific cell dam-
age as a mechanism underlying immunostimulation.

The immunostimulatory effect of chitosan is thought to
be mediated by activation of innate immune signal-
ling pathways [17, 18], a process that does not involve cell
damage at the injection site. This mechanism — whereby
a “beneficial”immunological effect is achieved without cell
damage - is preferable for the development of modern,
safe adjuvants [6]. Our findings indirectly confirm this hy-
pothesis. Further studies should focus on the effects of chi-
tosan on the functional activity of immunocompetent cells,
specifically their antigen-presenting ability and cytokine
production. Another area of interest is the evaluation of
chitosan’s synergistic effects in combination with other
well-known adjuvants within combined adjuvant systems.

This study is limited by the testing of a single chitosan
concentration. Further studies should involve the genera-
tion of a full concentration-response curve to accurately
determine the toxicity threshold, that is consistent with
modern paradigms for the preclinical safety evaluation of
biomaterials [7, 8]. Notwithstanding this limitation, it can
be confidently concluded that within the concentration
range typically employed in vaccinology (generally not
exceeding 1-2 mg/mL), chitosan demonstrates an excellent
safety profile.

CONCLUSION

This comprehensive study demonstrates that low mo-
lecular weight chitosan (90% deacetylation) exhibits no
cytotoxic or cytostatic effects in vitro on CEF and CCEC lines
at a concentration of 10 mg/mL. These findings were cor-
roborated by a range of complementary methods. Cell vi-
ability in the test groups remained between 97.4 and
98.7%, with no statistically significant difference from con-
trol values. Morphological analysis showed preserved nor-
mal cellular architecture and the capacity to form a dense,
homogeneous monolayer. Proliferative activity assessment
determined high proliferation indices (3.7-3.9), which were
comparable to those of the control. The obtained data on
the high chitosan biocompatibility are consistent with the
results of other studies [9, 11, 14, 15] and provide justifica-
tion for conducting further in vivo experiments to study its
adjuvant activity. Importantly, the concentration of
the tested chitosan preparation is significantly higher than
the estimated working concentrations of adjuvants used
in vaccines, suggesting a broad therapeutic range and a fa-
vourable safety profile for the preparation under study.

The inclusion of low molecular weight chitosan in vac-
cines against Newcastle disease and other avian infections,
followed by assessment of the specificimmune response,
is a promising direction for further studies [4]. Future work
should examine the adjuvant properties of chitosan ad-
ministered by different routes (intranasal, oral, intramuscu-
lar) and its synergistic action with otherimmunostimulants.
Further studies may be aimed at establishing the optimal
working concentrations of chitosan in vaccine formula-
tions, elucidating its impact on cellular and humoral im-
munity, and characterizing the duration of the resulting
post-vaccination immune response.

The data obtained serve as the basis for the develop-
ment of new safe and effective adjuvants based on low
molecular weight chitosan. The proposed preparation
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meets modern requirements for the biocompatibility
of immunostimulating products for use in veterinary
medicine.
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