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Vaccination is the best method to prevent the spread of infectious diseases, its disadvantages are side
effects. Potentially safe DNA, RNA or protein molecules possess antigenic properties, but are low-immuno-
genic and therefore require conjugation with an adjuvant. The aim of the research was to evaluate Chitosan
(CS) potency as an adjuvant and compare its effectiveness depending on the route of drug administration. The
experiments were carried out on 3 groups of BALB/c mice. Mice of the first group were injected subcutane-
ously with 20 ul of a mixture of CS (3.3 mg/kg) and BSA (1.7 mg/kg). The mixture of CS and BSA at the same
doses and volume was administered orally to mice of the second experimental group. The third group — con-
trol — unvaccinated mice. Anti-BSA antibody levels were measured by ELISA. Aspartate aminotransferase,
alanine aminotransferase activity and cholesterol, creatinine and urea levels were determined in the serum.
1t was found that both subcutaneous and mucosal immunizations provided a 2-fold increase in anti-BSA
antibody titers against the background of maintaining all biochemical blood parameters at the level of the
physiological norm. However, AST activity in the serum of oral-immunized mice was elevated as compared to
subcutaneous-immunized mice. Serum cholesterol level in the group of subcutaneously immunized mice and
creatinine and urea levels in both experimental groups were reduced compared to the control. It is concluded
that oral immunization with CS is the optimal route for antigen-specific IgG antibody response induction.
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0 vaccine is 100 percent safe. They have

N side effects: allergy, muscle pain, headache,
swelling, shivering, and even mild fever.

In rare cases, the vaccine might infect the patient
with the virus and cause greater illness. The MMR
(Measles-Mumps-Rubella) vaccine increases the risk
of febrile seizures two weeks after immunization,
when fever commonly occurs [1]. Serious hyper-
sensitivity reactions have been reported following
hepatitis B immunization [1]. Fatal disseminated
BCG (Bacille Calmette-Guérin) infection can oc-
cur after immunization [1]. Fukuda et al. (1994)
determined a biological mechanism for deafness
following vaccination with attenuated measles vac-
cine [2, 3]. Diphtheria-tetanus-pertussis (DTP) vac-
cinations also significantly increase the risk of fe-
brile seizures [4]. Safe individual antigen molecules
(specific DNA/RNA sequences or proteins) have low
immunogenicity and therefore require conjugation

with a compound (adjuvant) to achieve stronger im-
munogenic properties. All available adjuvants (both
officially approved and experimental) can be subdi-
vided into several groups: 1) mineral salts such as
aluminum salts (alum); 2) emulsion adjuvants such
as CFA, IFA, MF59, ASO3; 3) microparticles such
as virus-like particles (VLP) which are formed by
structural viral proteins that mimic the intact virus
size, shape, and molecular organization with self-
assembly properties [5] and virosomes, which is a
type of VLP platform composed of reconstituted
viral envelopes with membrane lipids and viral
glycoproteins that work as a carrier system for an-
tigens or as adjuvants [6]; 4) immune potentiators
such asMPL, flagellin, imiquimod, resiquimod, CpG
oligodeoxynucleotides (CpG ODN), and muramyl
dipeptide (MDP) [7]; 5) polyelectrolytes-ionic mac-
romolecules [8-10]; 6) polyphosphazenes which are
designed around the biodegradable phosphorus-ni-
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trogen backbone and organic side groups containing
anionic moieties and administered with a variety of
bacterial and viral antigens in a more than a dozen
of animal models [9, 11-15]; 7) polystyrene nanopar-
ticles and nanocrystals also have adjuvant properties
[16, 17]; 8) mucosal adjuvants such as chitosan (CS)
which is biodegradable, biocompatible, and nontoxic
[18]. Chitosan is known to induce adaptive immune
responses. Low molecular weight chitosan caused
heightened immunoglobulin G production in mice
[19]. Vaccine efficacy depends on both adjuvant type
and delivery method. Therefore, it is very important
to investigate the optimal administration route for
immunization. Intranasal dry powder anthrax vac-
cine is a positive example of effective needle free
vaccine [20]. Intranasal vaccination against influ-
enza virus also provides better immune protection
than its subcutaneous injection in mice [21]. Wong-
Chew and colleagues found out that aerosolized and
subcutaneous measles vaccines are equally effective
in children [22]. The aerosol measles vaccine had
higher immunogenicity than subcutaneous injection
in school-age children [23]. An oral administration
of bite salt-incorporated lipid vesicles containing in-
fluenza A antigen stimulated higher antibody titers
than intramuscular injection in mice [24]. CS with
low molecular weight and high molecular weight
were investigated for their ability to act as adjuvants
during protein vaccination in a mouse model [19].
The impacts of low molecular weight and high mo-
lecular weight CS on anti-OVA IgG titers produc-
tions were examined after intramuscular immuniza-
tion. It was declared that low molecular weight CS,
but not high molecular weight CS, as an adjuvant is
able to significantly increase IgG level after immu-
nization [19]. Taking into account these data we had
chosen low molecular CS for our experiments. An
important demand for adjuvants is that they do not
cause side reactions which can be detected via bio-
chemical analysis of the blood. Chitosan decreased
the serum levels of AST, ALT, and ALP which sig-
nificantly improved hepatic fibrosis [25]. The pur-
pose of this study was to evaluate and compare
adjuvant properties of low molecular weight CS in
oral and subcutaneous injection routes and measure
blood biochemical profiles.

Materials and Methods

Chitosan (448869) — low molecular weight
(50,000-190,000 Da) was purchased from Sigma-
Aldrich, Germany. The amino groups of chitosan
(Fig. 1) are crucial for protein binding.
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Fig. 1. The chemical structure of chitosan (Sigma-
Aldrich, Germany)

Ethics statement. The protocol for animal ex-
periments was approved by the Ethical Committee of
the Institute of Animal Biology of NAAS of Ukraine
and the experiments were carried out in accordance
with the European Convention for the Protection of
Vertebrate Animals (Strasbourg, 1986).

Mice. White laboratory BALB/c mice (Mus
musculus) were provided by the State Scientific-
Research Control Institute of Veterinary Medicinal
Products and Feed Additives. Mice were maintained
in a specific pathogen-free animal facility with wa-
ter and commercial food (Lux, Poland) provided ad
libitum.

Immunization. Mice immunization was done
using white laboratory BALB/c mice, both male
and female. Animals of 2 months of age were di-
vided into three groups of five mice each. Mice of
the first experimental group were injected subcuta-
neously (the site for injection is over the shoulders)
with mixture (20 pl) of the chitosan (3.3 mg/kg) and
BSA (1.7 mg/kg) (Merck, Germany); the same doses
and volume of chitosan and BSA were administered
orally to mice of the second experimental group.
Control mice were unvaccinated. Immunization was
performed on days 1, 14 and 28. The solutions were
sterilized by autoclaving. Two weeks after the last
injection, animals were anesthetized in an induction
chamber for 5 sec using chloroform (Sphere Sim,
Ukraine), decapitated by cervical dislocation and
their blood was taken for analysis. Blood was col-
lected in 1.5 ml Eppendorf tube containing 7.5 ul
Heparin 1000 u/ml.

Antibody purification. Immunoglobulins were
isolated from the blood serum of mice by precipitat-
ing three times with a saturated solution of ammo-



M. R. Kozak, I. M. Petruh, V. V. Vlizlo

nium sulfate (Sphere Sim, Ukraine). Immunoglobu-
lins were then dissolved in phosphate-buffered saline
(PBS).

ELISA method: 100 pl of 1% BSA solution was
adsorbed onto a 96-well plate (PA A, Austria), incu-
bated for 24 h at 4°C; the wells were then washed
three times with buffer A (0.2% BSA in PBS) iso-
lated immunoglobulins in solution were added to the
wells and incubated for 2 h at 37°C; then washed
three times with buffer A, conjugated anti-mouse an-
tibodies (Sigma, Germany) were added in a 1: 5000
dilution, incubated for 1 h at 37°C; the wells were
then washed three times with PBS-Tween-20, and
the substrate for alkaline phosphatase, p-nitrophe-
nylphosphate in diethanolamine (Filisit-Diagnos-
tics, Ukraine) was added; after incubating at room
temperature for 3 min, absorbance at 405 nm was
measured on an ELISA plate reader (STAT FAX
Awareness Technology Inc., USA).

Biochemical analyses in blood serum. The
activity of aspartate aminotransferase (AST;
EC 2.6.1.1), alanine aminotransferase (ALT;
EC 2.6.1.2), and contents of cholesterol, creatinine,
urea, total protein and albumin were determined in
the serum of animals. Blood chemistry tests were
performed on the Humalyzer-2000, Germany.

Statistical analysis. Statistical calculations of
results (M + m) were performed using Microsoft Ex-
cel 2007. The probability of differences was deter-
mined by the Student’s t-test with P < 0.05 accepted
as statistically significant.

Results and Discussion

Chitosan (CS) is a promising immune modu-
lator (adjuvant) for modern vaccines. We compared
administration routes (oral and subcutaneous) on
mice using BSA as a model antigen. Mice of the first
experimental group were injected subcutaneously
with CS+BSA. Mice of the second experimental
group were immunized orally with CS+BSA. It was
found that mucosal administration was more effec-
tive in individual cases than subcutaneous. Statisti-
cal analysis of the results showed similar levels of
anti-BSA antibodies for both administration routs
(Fig. 2). Subcutaneous and oral immunizations pro-
vided a 2-fold increase in anti-BSA antibody titers
(Fig. 2). The immunization of mice only with antigen
(ovalbumin or BSA) without adjuvant did not cause
specific antibody production [26].

In view of the fact that the oral immunization
with low molecular weight chitosan is a painless pro-
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Fig. 2. ELISA analysis of anti-BSA antibodies level
in the serum of mice. *P < 0.05, ***P < 0.001 statis-
tically significant
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cedure, it deserves more attention for the develop-
ment of safe vaccines.

There were some differences in food intake in
the oral-immunized animals compared to the con-
trol group and subcutaneous-immunized mice. Oral-
immunized mice had greater appetites than others.
Their total weight was 15.1% higher than subcutane-
ous-immunized mice at the end of the experiment.
Organ-to-body weight ratio have long been accepted
as a sensitive indicator of induced changes to or-
gans. The organ-to-body weight ratios of the liver,
kidney, and spleen of animals immunized via oral
and subcutaneous routes did not show any signifi-
cant differences from the control group (Fig. 3), and
between the groups.

The results of this study showed that the immu-
nizations were safe because each did not cause lower
mean mouse weight. Slight increase in body weight
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Fig. 3. Organ-to-body weight ratios (liver, kidney
and spleen). CS — low molecular weight chitosan
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Fig. 4. Aspartate aminotransferase (AST) activity and alanine transaminase activity (ALT) in the serum of
mice, U/l. SC — low molecular weight chitosan, * P < 0.05, **P < 0.01 statistically significant

is a good sign according to Nnamdi et al. [27, 28].
Perkins et al. showed that the pertussis-containing
vaccines that cause weight loss could cause adverse
reactions in children [28].

We analyzed the activities of the enzymes
that are markers for liver functions. Aspartate ami-
notransferase (AST) and alanine aminotransferase
(ALT) levels in serum of vaccinated and control
mice. AST activity was elevated in oral-immunized
mice compared to subcutaneous-immunized mice
(Fig. 3). Subcutaneous-immunized mice also have
lower AST activity than control mice. Despite the
differences, AST was in physiological range for all
mice [29]. Zheng et al. reported that low molecular
weight CS has dual activities, both immunostimu-
latory activity and anti-inflammatory [30, 31]. We
suggest that the anti-inflammatory functions of CS
could explain AST decreasing.

ALT levels in the control group were not sig-
nificantly different from immunized mice (Fig. 4).

Cholesterol content in the blood of mice dif-
fered little between all groups (Fig. 5). Cholesterol
levels were significantly (P < 0.05) decreased in sub-
cutaneous-immunized mice compared to the control.
However, the observed cholesterol levels were within
the normal mice physiological range [29].

Creatinine was significantly lower in both ex-
perimental groups, but it was within the normal mice
physiological range [29] (Fig. 6).

Blood urea contents were significantly lower in
immunized mice (Fig. 6), but they were within the
normal mice physiological range [32].
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Fig. 5. Cholesterol content in the serum of mice,
mmol/l. SC — low molecular weight chitosan,
*P < 0.05 statistically significant

Conclusions. Low molecular weight Chitosan
as adjuvant caused 2-fold increased specific antibody
levels in mice after oral and subcutaneous immuni-
zations. The advantage of oral vaccination is that it is
needle-free painless administration. Organ-to-body
weight ratio and biochemical analyses demonstrate
the safety of chitosan as an excellent adjuvant for the
development of safe and effective vaccines.
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Baknunamiss — HaWkpamuid crnocid s
3amo0iraHHsl MOIIMPEHHS 1HQEKIiHHUX 3axBo-
proBaHb. Hemonmikamu BaknuHaimii € i1 moOiuHi
epextn. Monekynmu JIHK, PHK abGo mnpoteinu,
SIKI MalOTh aHTUTE€HHI BJIACTUBOCTI, € MOTEHI[IHHO
oesneunnmu. OHAK LI MOJEKYJIH MaroTh HU3BKY
IMYHOTE€HHICTb, 1 TOMY MOTPEOYIOTh KOH toramii 3
aJ’IoBaHTOM. MeTOI0 JTOCHTiIKeHHS OyJio OLIHHUTH
MOTEHI[ia]l XITO3aHy SK aJ’I0BaHTa Ta TOPIBHSITH
Horo eeKTUBHICTH 32 MiAIIKIPHOTO Ta OPaJbHOIO
crioco0y BBeieHH 1. EkcriepuMeHTH MpoBOAKIIN Ha 3
rpynax mumeit minii BALB/c. Mumawm nepmoi rpy-
nu BBoAuIK 20 MKJI cyMimi XiTo3any (3,3 MI/Kr) Ta
BCA (1,7 mr/kr) y 3a0ydepeHomy ¢izionoriaHoMy
po3uunHi migmKipHO. MuIIam Apyroi 1ocaiaHoI Tpy-
nu cymin xitozany Ta BCA 3a Tux xe 103 1 00’eMiB
BBOJIMJIM OpajibHO. TpeTs rpymna — KOHTPOJIbHA — HE
BaKIMHOBaH1 MuIli. IMyHi3auito npoBoauan Ha 1,
14 ta 28 nHi ekcnepuMenTy. PiBens antutin 1o BCA
Bu3Hauamu MetonoMm ELISA. Y cupoBartiii KpoBi Bu3-
HavaJld aKTUBHICTh aclapTraraMmiHOTpaHC(epasu
Ta alaHiHaMiHOTpaHCc(epas3H, BMICT XOJIECTEPUHY,
KpeaTHHIHY Ta CEYOBHHH.

BcTranoBieno, mo SK TiAMIKIpHA, TaK 1
opaibHa iMyHi3amisi 3a0e3meuyBaiia 2-KpaTHe
MiJBUIIEHHS] TUTPIB aHTU-BSA anHTHTIN Ha (oHI
YTPUMaHHsI yciX OlOXiIMIYHMX IOKa3HUKIB KpOBI
Ha piBHI ¢izionoriuHoi HopMu. OJHAK y CHPOBATII
MuUIIed, I1MyHI30BaHUX OpallbHO, AaKTHBHICTb
acrmaptaraminotrpancdepaszu Oyna  IiJBUIIECHOIO
MOPIBHSTHO 3 MHIIIAMH, IMYHI30BAHUMH TIAMIKIPHO.
3HWKCHUMH BUSBHIIUCH PIBEHb XOJECTEPUHY Y
CHpOBATIII MHUILEH, IMYHI30BaHUX MiIIKIPHO Ta
KpEaTHHIHY 1 CEYOBHHHM B 000X €KCIIEPUMEHTAaJIb-
HUX Tpylax IOPIBHSHO 3 KOHTPOJIEM. 3poOieHo
BHCHOBOK, IO OpajibHa IMyHI3alis 3 XiTO3aHOM
€ ONTUMAJBHUM MUISIXOM JUIS IHIYKI{ aHTUTeH-
crenupiuHUX aHTUTIL.

KnmouoBi cnoBa: po3poOKka BaKIHMHH,
aJ’IOBAaHT, AaHTUTLA, IMYHOCH3UMHUU aHai3,
0i10XiMI4YHI MOKa3HUKU KPOBI.
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