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ABSTRACT
OBJECTIVES: The present study was aimed at comparing tetanus toxoid (TT)-loaded-chitosan nanoparticles 
with aluminum hydroxide as a common vaccine adjuvant. 
BACKGROUND: Tetanus remains to be a major public health problem. Nanoparticles have been extensively 
used as immune adjuvants. Tetanus toxoid (TT) encapsulated in chitosan nanoparticles is considered to be a 
promising tetanus vaccine candidate.
METHODS: TT-loaded chitosan nanoparticles were prepared by the ionic gelation method. The nanoparticles 
were studied by SEM for their size and morphology. In vivo study was conducted to evaluate the immunity re-
sponse using mice divided into 4 groups and injected with encapsulated toxoid. The immune responses were 
then measured using indirect ELISA. 
RESULTS: The purity and integrity of antigen were confi rmed by SDS-PAGE electrophoresis. The size of 
nanoparticles was estimated at 100 nm. As a result, the IgG antibody levels were 1.9, 1.76, and 0.87 in chitosan 
nanoparticles, aluminum hydroxide, and TT alone groups, respectively. Also, the immune responses were signifi -
cantly higher in immunized groups compared to control groups vaccinated with free adjuvant vaccines (p < 0.05). 
CONCLUSIONS: The quality and effi cacy of toxoid-loaded chitosan nanoparticles were reasonable. It enhanced 
the immune responses as much as aluminum hydroxide adjuvant does and thus may be a good alternative 
candidate (Tab. 1, Fig. 3, Ref. 16). Text in PDF www.elis.sk.
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Introduction 

Tetanus is a medically important toxin causing high mortality 
especially in developing countries. Clostridium tetani, the caus-
ative agent, is commonly found in feces of domestic animals, hu-
mans and also in soil. Being responsible for tetanus clinical pre-
sentations, tetanus toxin is composed of two light and heavy chains 
interconnected with a disulphide bond (1). Fortunately, the inci-
dence of the disease has dramatically decreased due to widespread 
vaccination. The vaccine is based on inactivated tetanus toxin 
(tetanus toxoid; TT) available as a single antigen or in combination 
with DTP vaccine (2). Adjuvants are added to vaccines to improve 
the vaccine-derived immunogenicity. Aluminum hydroxide as a 
mineral component adjuvant is widely used with high effi cacy that 
induces early, high-titer, and long-lasting protective immunity (3). 
Its mechanism of action is through slow releasing of the antigen at 

the injection site, activating complements and dendritic cells and 
inducing chemokines (4, 5). Chitosan, a deacetylated derivative 
of chitin is known as an excellent natural polymer with biocom-
patibility, biodegradability, non-toxicity, and adsorption proper-
ties. Chitosan has appropriate antibacterial, antifungal, and anti-
infl ammatory properties that can be used as an effective adjuvant 
for immunization against tetanus (6). According to the importance 
and applications of polymeric nanoparticles in the fi eld of vaccine 
development, the present study was conducted to synthesize teta-
nus toxoid -loaded chitosan nanoparticles (NPs) and to compare 
their induced immunity in mouse model with aluminum hydroxide. 

Material and methods
Antigen preparation and Protein assay

Tetanus toxoid was obtained from Razi Vaccine and Serum Re-
search Institute (Karaj, Iran). Protein concentration was measured 
using Bradford assay (7). In order to assess protein purity, SDS-
PAGE electrophoresis (12 %) was carried and Coomassi brilliant 
blue staining was used to visualize the protein.

Nanoparticle preparation and evaluation
Chitosan NPs were synthesized by ionic gelation method 

(8). Firstly, the chitosan solution (w/v 1 %) was prepared by dis-
solving chitosan powder (Sigma, USA) in acetic acid (1 %) and 
then suffi cient amount of the antigen was added. Then, sodium 
tripolyphosphate (10 mg/ml) (Sigma, USA) was gradually added 
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to the chitosan solution. Finally, the suspension was centrifuged 
and the supernatant was discarded, and the encapsulation rate 
was measured.

Characterization of chitosan nanoparticles
Scanning Electron Microscope (KYKY-EM3200, China) was 

used to investigate the morphological characteristics and distribu-
tion of the synthesized nanoparticles. 

Immunoassay
Twenty female Swiss Webster mice were used for the purpose 

of being immunized with chitosan nanoparticles. The mice were 
divided into 4 groups (n = 5) and immunized with subcutaneous 
injections of tetanus toxoid as follows: Groups I, II, III and IV 
were immunized with tetanus toxoid and aluminum hydroxide as 
an adjuvant, tetanus toxoid and chitosan nanoparticles as an ad-
juvant, antigen alone, and empty nanoparticles, respectively. The 
dosages and injection intervals were the same for all groups. Tables 
1 and 2 demonstrate time of administration, intervals, and dosages 
of injections. Also, 20 μg antigen was used for the fi rst injections. 
Subsequently, the booster injections were injected as 20, 10 and 8 
μg at 20-day intervals between the fi rst and second injections, and 
14-day interval between the third and fourth injections. 

Twenty days after the fi nal injection, blood samples were taken 
from the retroorbital sinus. For indirect ELISA, briefl y, 2 μg/well of 
the antigen was coated in the ELISA plate. After blocking (2 % BSA), 
the sera were serially diluted two-fold from 1 : 100 to 1 : 12800 in 
PBS and peroxidase-labelled anti-mouse IgG antibody was added. 
Finally, the plate was read by means of ELISA Plate Reader at 450 nm. 

Data analysis
Means ± standard deviations (SD) of three independent ex-

periments were performed. The statistical analyses were carried 

out with SPSS statistical software version 20. The obtained data 
were analyzed by Graphpad Insta software using one-way ANOVA 
(analysis of variances) and Tukey (post hoc) test. p value < 0.05 
was considered signifi cant. 

Result

SDS-PAGE
SDS-PAGE electrophoresis (12 %) was performed to assess 

the purity of protein. The results showed purifi ed protein concen-
trated by formaldehyde as a single dense band at the top of the gel 
(Fig. 1), confi rming that no aggregate or fragment has occurred 
during entrapment. 

Nanoparticles scanning electron microscopy
SEM imaging showed that the morphological features and dis-

tribution of nanoparticles were normal. Also, therein, the average 
size of the nanoparticles was around100 nm and the encapsulation 
rate was estimated at 76 % (Fig. 2).

ELISA
After injections, the antibody titers were measured in four mice 

groups using indirect ELISA immunoassay. The highest antibody 
level in group I (antigen + chitosan nanoparticle) was 1.9. There 
was a signifi cant difference between group I and control group (p 
< 0.05). The highest level of antibody in group II (TT + aluminum 
hydroxide) was 1.79. Also, there was a signifi cant difference be-
tween group II and control group (p < 0.05). However, there was 
not any signifi cant difference between groups I and II in terms of 
antibody titration (NS) (Tab. 1, Fig. 3).

Groups   Components No Mean     SD ST error
1             TT+chitosan NP    5 1.906 0.1647 0.07366
2             TT+alum adjuvant 5    1.79 0.1597 0.07141
3             TT+PBS                 5  0.874 0.02302 0.0103
4             Np+PBS                 5 0.075 0.005244 0.002345
5             Control                     5 0.05 0 0

Tab. 1. Statistical data’s.

Fig. 1. SDS-PAGE of the antigen protein. M: Molecular marker; lanes 
1 and 2: Antigen sample (tetanus toxoid).

Fig. 2. Chitosan nanospheres encapsulating the protein antigen; nano-
spheres were fi xed on a layered aluminum foil and imaged by SEM.
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Discussion

The present study was aimed at developing tetanus tox-
oid-loaded chitosan nanoparticles to test immunogenicity char-
acteristics. The purity assessment by SDS-PAGE showed that a 
single band is located at the top of gel with no extra band. The 
same result was observed with Zarifpour et al (2013) and Tafag-
hodi et al with the tetanus toxoid (8, 9). No aggregates or frag-
ments were detected, confi rming high purity of the purifi ed TT 
and good immunogenicity. Harsh conditions may cause structure 
defects and decrease the antigenicity of protein (10, 11). The ionic 
gelation method is a cost-effective method that uses a mild condi-
tion to preserve the activity and functionality of reagents (11, 13). 
Siddhapura et al (2016) produced tetanus toxoid-loaded chitosan 
nanoparticles by using ionic gelation method with average size of 
208 nm and 99 % entrapment. In vivo immunization revealed that 
microneedle-assisted vaccination induced IgG titer ~1.2 higher 
than the current intramuscular tetanus toxoid (12). In the present 
research, the subcutaneous injection was employed successfully. 
Sayin et al (2008) investigated the induced immunity of mo-
no-N-carboxymethyl chitosan (MCC) and N-trimethyl chitosan 
(TMC) nanoparticles through mucosal and subcutaneous routes. 
The nanoparticle size was found to be in 40-400 nm range. The 
present results showed that IgG titers were signifi cantly higher in 
nano-capsulated TT compared with non-encapsulated TT. Further-
more, MCC induced signifi cantly lower immune responses in mu-
cosal vaccinated group compared with subcutaneously vaccinated 
group (p < 0.01) (13). The results of present study showed that the 
level of antibody was markedly improved in animals vaccinated 
with TT-loaded chitosan NPs. Mice treated with TT-loaded NPs 
produced approximately the same level of antibody compared 
with aluminum hydroxide mice group. In a study, a low dose of 
infl uenza vaccine with aluminum adjuvant through intradermal 
and intramuscular route was compared with normal dose. The re-
sult showed that none of the low-dose vaccination strategies is as 
effective as vaccinating with the normal human dose. However, 

the low-dose aluminum-adjuvant vaccine is a feasible alternative 
in case of a limited vaccine supply (14). From the present study, 
it was evident that TT-loaded NPs were able to induce a strong 
humoral immune response after administration in mice. There-
fore, it can be suggested that this antigen delivery system would 
be more effi cient for enhancing the humoral immune response 
when compared with traditional adjuvants. Prepared chitosan NPs 
can presumably decrease the adverse effects while rendering an 
excellent effect on the humoral immune response. The level of 
antibody induced by chitosan was eight times higher than with 
aluminum hydroxide in mice vaccinated with infl uenza vaccine 
(10). Chitosan is believed to improve the cellular expansion of 
lymph nodes in the site of injection, activate macrophage and 
natural killer cells and prolong retention of antigen in the injection 
site (15, 16, 17). Wen et al (2011) investigated the immune re-
sponse to ovalbumin in mice and showed that ovalbumin-specifi c 
IgG, IgG1, IgG2a, and IgG2b antibody titers were signifi cantly 
higher in ovalbumin with chitosan nanoparticles compared with it 
alone or with chitosan. It was revealed that chitosan nanoparticles 
have a remarkable potential to increase both cellular and humoral 
immune responses (16). In conclusion, the results showed that 
the prepared chitosan nanoparticles (morphology and particle 
size) are in an appropriate condition. The tetanus toxoid-loaded 
chitosan nanoparticles of this study could elicit a high humoral 
immune response. It is suggested that TT-loaded NPs could be a 
good alternative system for antigen delivery of tetanus toxoid and 
it seems that chitosan has a great potential as a tetanus vaccine 
adjuvant and could contribute to the production of novel vaccines 
for unimmunized individuals. 
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