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ABSTRACT
The lipopolysaccharide (LPS) of Vibrio cholerae (V. cholerae) plays an important role in cholera disease
and the induction of primary protection. In this study, we evaluate mice humoral immune response in
intranasal and intraperitoneal administrated V. cholerae LPS. The results showed that the intranasal
administration of LPS–chitosan nanoparticle induced the high level of antibodies compared to intraperi-
toneal injection of antigen without chitosan (P< .001). These results indicated that intranasal and intra-
peritoneal administration of LPS has been able to induce the high level of antibodies both in the sera
and lavage fluid and confirmed our strategy for using intranasal administration of antigen.
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Introduction

Cholera disease is the life threatening diarrhea caused by
Vibrio cholerae (V. cholerae). This disease is a topical infection
of the small intestine and the therefore, the topical defense
might be a main determinant of protection against recurrent
infection (Onischenko et al. 2016). In general, following a nat-
ural infection by the V. cholerae, similar to the parenteral
injection of killed V. cholerae whole cells vaccine, circulation
of specific antibodies could be detected. These antibodies
that rose in V. cholerae whole cells when exposed to people
were against LPS, outer membrane proteins, flagellum, etc.
Furthermore, removal of anti-LPS antibody from these poly-
clonal antiserums resulted in substantial loss of its protective
effect against experimental cholera (Rahman et al. 2013,
Uddin et al. 2014).

The lipopolysaccharide (LPS) of V. cholerae has been
known to have an important role in the spread of cholera dis-
ease (Chatterjee and Chaudhuri 2006). Thus, the endotoxic
properties of the V. cholerae is shown to be due to the lipid
A. However, the O antigen polysaccharide plays the key role
in the immunogenicity and production of vibriocidal antibod-
ies in the host (Sayeed et al. 2015). Due to the above-men-
tioned property, in addition to correlation between serum
vibriocidal antibody and protection against cholera disease,
the LPS has been used for the preparation and evaluation of
cholera vaccines (Patel et al. 2012). Several studies revealed
that anti-vibrio LPS antibodies can mediate protection from
cholera disease through inhibition of intestinal adherence
and colonization activities of vibrio (Leung et al. 2013, Saha
et al. 2016).

In recent years, researchers have focused on nanoparticle
(NP) as therapeutic agents’ delivery system. Chitosan is a
polymer derived from de-N-acetylation of shrimp shell chitin,
consists of 20% GlcNAc and 80% GlcN residues (Doavi et al.
2016). The biological activity, excellent biocompatibility, and
complete biodegradability of the chitosan by combining low
toxicity materials, has made it to have extensive applications
in medicine, agriculture, food, and non-food industries
(Mirnejad et al. 2014). Chitosan is a safe biopolymer for deliv-
ery of therapeutic agents and antigens. This muco-adhesive
NP is shown to enhance bioavailability and mucosal absorp-
tion of antigen and improve immunogenicity of intranasal
antigen delivery systems (Jahantigh et al. 2014). Chitosan NP
as site specific vaccine delivery system with specific proper-
ties such as high uptake by intestinal M-cells, dendritic cells
and also high loading capacity (LC) was used in mucosal
immunization (Abkar et al. 2015).

Since there is a close relation between local immune
defense mediated by intestinal antibodies and recurrence of
cholera disease, in this research we loaded V. cholerae LPS on
chitosan NP to immunize mice by intranasal administration
and compared it to intra-peritoneal injection of antigen-
Freund without chitosan.

Materials and methods

Extraction of LPS

Detoxified LPS was extracted from the V. cholerae by the hot
phenol–water method as previously described (Pawlowska
et al. 2004). Briefly, bacterial suspensions centrifuged and the
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pellets were washed twice in PBS. Pellets were resuspended
in PBS and sonicated on ice and protein and nucleic acid of
lysed bacteria eliminated enzymatically. At the next step, hot
phenol was added to the lysate and after shaking, suspension
was centrifuged and sodium acetate and ethanol were added
to precipitate the LPS. LPS was dialyzed against distilled
water and after characterization, purified LPS was lyophilized
and stored at 4 �C.

Preparation and characterization of LPS loaded chitosan
nanoparticle

Ten milligrams of chitosan were dissolved in 5ml of 1%
acetic acid containing 1mg LPS and 0.5% (w/w) Tween 80.
Aqueous TPP solution (1mg/ml) was added drop wise to the
chitosan-LPS solution while stirring. Aliquots of 1ml of the
resulting antigen-loaded chitosan NPs suspensions were cen-
trifuged for 15min at 10,000�g and LPS content of the
supernatant was measured by phenol–sulfuric method for
evaluation of loading efficacy (LE) (Masuko et al. 2005).
Morphology of the NPs was determined by scanning electron
microscopy (SEM). Size and zeta potential of the synthesized
NP were examined by dynamic light scattering (DLS) using a
zetasizer SZ3000 (Malvern instrument, Worcestershier, UK).

The amount of LPS entrapped in the NPs was calculated
by the difference between the total amounts added to the
loading solution and the amount of non-entrapped LPS
remaining in the supernatant. A non-loaded NP suspension
without LPS was used as a blank to correct any unwanted
interference by chitosan (Amini et al. 2016). The LE and the
LC of the LPS loaded chitosan NPs were calculated from fol-
lowing equations, respectively:

LE %ð Þ ¼ LPSt � LPSfð Þ=LPSt½ � � 100

LC %ð Þ ¼ LPSt � LPSfð Þ=Nano particles dry weight½ � � 100

LPSt¼ total amount of lipopolysaccharide and LPSf¼ free
lipopolysaccharide.

In vitro release study

LPS loaded chitosan NPs were re-suspended in 6ml of 0.1 M
PBS (pH 7.4) and was kept at 37 �C under magnetic stirring
(100 rpm). At different time intervals, 0.5ml of the suspension
was taken and centrifuged (18,000�g, 15min). The carbohy-
drate concentration in the supernatant was analyzed by phe-
nol–sulfuric assay. The same volume of fresh PBS buffer was
added to the release medium to reach the original volume.
A sample consisting of only non-loaded chitosan NPs
re-suspended in PBS was used as a blank (Amini et al. 2016).

Immunization of mice

Sixteen BALB/c female mice aged 8 weeks old were pur-
chased from Pasture Institute of Iran and divided in two
groups randomly. All mice were housed in animal unit for
three days before doing any experiment. Blood samples were
collected from all mice before immunization and the sera

were kept at �20 �C for further use as control in each group
respectively (Abdollahi et al. 2016).

Intraperitoneal immunization by LPS–Freund

The detoxified LPS (5 lg) was mixed with equal volume of
complete adjuvant and 350 ll of mixed antigen was injected
into peritoneal of each mouse. For booster immunization,
5lg LPS was mixed with equal volume of incomplete adju-
vant and injections were performed after 14 and 28 days.
Blood samples were collected at day 35 of first immunization
and centrifuged at 3500�g for 5minutes. Sera were sepa-
rated and stored at �20 �C for measuring sera antibodies by
ELISA (Fasihi-Ramandi et al. 2014).

Airway immunization by LPS loaded chitosan

In this group, each mouse was exposed to LPS–chitosan NP
(contained 5 lg detoxified LPS) in 20 ll volumes by intranasal
administration. Booster immunizations were performed at
days 14 and 28 after first immunization. Blood samples were
collected at day 35 and centrifuged at 3500�g for 5minutes.
Sera were separated and stored at �20 �C for measuring sera
antibodies by ELISA.

Preparation of lavage fluid

At the day 35 of immunization and the collection of blood
samples, mice were anesthetized and a seizure was induced
in the chest location. Half ml ice cold PBS solution (contain-
ing 20 lg/ml PMSF) was injected in to lavage through tra-
chea, and aspirated three times (Ahmadi and Solgue 2006).
The fluid samples were centrifuged and the supernatants
were stored at �20 �C for measuring lavage antibodies by
ELISA.

Measurement of antibodies by ELISA

ELISA microplates were coated with 5 lg purified LPS of
V. cholerae in 100 ll volumes and left over night at 4 �C. Non-
binding sites were blocked by adding 100 ll of 5% skim milk
solution into each well for 30minutes at room temperature.
The sera and lavage samples were brought out from 4 �C and
let them come to room temperature. Briefly, 100 ll of differ-
ent dilutions of sample ranging from 1/100 to 1/3200 were
added to each lysed LPS pre-coated 96 wells plate and incu-
bated for 60min at 37 �C (all experiments were done in
triplicate).

Microplates were washed three times by washing buffer,
and 100 ll of goat antimouse antibody (total antibodies),
goat antimouse IgM, IgG and IgA HRP conjugated antibody
(diluted 1/4000) (Sigma Aldrich Co., St. Louis, MO) were
added to respective wells and incubated for further 1 h at
37 �C. Plates were washed again and substrate (TMB) was
added in 100ll volume and incubated in dark room for
25minutes. Stopper solution was added and the absorbance
was read at 450 nm using Multiscan MS Labsystem (Miami,
FL) (Fasihi-Ramandi et al. 2015).
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Statistical analysis

The results are expressed as the mean of experiments
(n¼ 8) ± standard error. Unpaired t-test was used to deter-
mine the probability (P) of two set of data from experiment
being different from each other.

Results

Purification yield of detoxified LPS was about 300mg per liter
of fermentation broth of V. cholerae. Purified LPS was found
to have protein and nucleic acid contents of <1% (wt/wt)
without any significant level of endotoxin (<0.1 EU/lg of
sugar) indicating the complete removal of lipid A.

LPS-loaded chitosan NP properties

LPS-loaded chitosan NPs were prepared and optimized in
size, charge, and shape. The average diameter of NPs was
150± 10 nm and their surface charge was þ27± 2mV.
LPS-loaded chitosan NP showed the typical spherical shape
with smooth surface (Figure 1(A,B))

The loading efficiency and loading capacity of
LPS-loaded chitosan NP

In order to calculate LE and LC, the amount of free LPS
remaining in the supernatant of the solution and also the
weight of dried LPS loaded NP were measured. The loading
efficiency and LC of chitosan were determined as 85 ± 3%
and 19 ± 2%, respectively.

The profile of LPS release from LPS-loaded chitosan NP

According to the release curves, LPS released from chitosan
NP over a 96 h period was evaluated at pH 7.4. In this condi-
tion, within 48 h and 72 h, 61.9% and 81.2% of physically

loaded LPS was released respectively. After 96 h, percentage
of LPS released from LPS loaded chitosan NP reaches 95.3%
at pH 7.4 (Figure 2).

Sera antibodies

The increased antibody against V. cholerae in both two
groups of immunized mice indicated that intranasal adminis-
tration of LPS loaded-chitosan has been able to stimulate
immune responses. Moreover, there was a significant differ-
ence between these two groups and the level of antibody in
nasal group was found to be greater than another group
(Figure 3(A)). The results of the sera IgA showed significant
differences between two groups (Figure 3(B)).

In the case of IgG antibody, the results revealed that both
group produced the high level of IgG and the mice subjected
to intranasal administration of chitosan-loaded LPS produced
greater IgG than other group (Figure 4(A)). The results of IgM
isotype showed no significant differences between two
groups (Figure 4(B)).

Lavage fluid antibodies

The results of IgG and IgA antibodies in the lavage fluid
revealed that both groups produced high levels of antibodies
and the mice subjected to nasal administration of chitosan-
loaded LPS produced greater IgG and IgA in comparison to
intraperitoneal group but IgG level has no significant differ-
ence between nasal and intraperitoneal administration roots
(Figure 5).

Discussion

V. cholerae LPS has been shown to have a significant role in
the spread of the disease and the O-antigen polysaccharide
(O-PS) is mainly responsible for the immunogenicity and the
production of antibodies (Chatterjee and Chaudhuri 2006).

Figure 1. Physical properties of LPS loaded chitosan nanoparticles. SEM image of chitosan nanoparticles shows that the particles had the same size and spheroid
shape (A). Zetasizer showed that the size of chitosan NP mostly ranges from 150 to 200 nm (B).
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V. cholerae LPS with adjuvant properties also exhibits mito-
genic effect and induces the proliferation of murine spleno-
cytes (Bhuiyan et al. 2015, Patel et al. 2012). This bacterial
component is immunogenic and induces protective immune
responses in host (Fournier 1998). Therefore, it could be used

for cholera vaccine. The measurable level of antibodies of the
main isotypes in the sera and lavage fluid of both groups
indicate that the nasal administration of LPS-loaded chitosan
in to BALB/c mice has been able to stimulate the humoral
immunity response (Leung et al. 2014, Song and Sun 2015).

Figure 2. Release profiles of LPS from LPS–chitosan–NPs at pH 7.4 at 37 �C for 96 h, calculated as a cumulative percent.

Figure 3. Serum titration of immunized mice with LPS–Freund and LPS–chitosan nanoparticle. Titration of sera total antibody (A) and titration of sera IgA
(B) showed a significant difference between two groups (P< .001).

Figure 4. Serum IgG (A) and IgM (B) titration of immunized mice with LPS–Freund and LPS–chitosan nanoparticle only showed a significant difference of IgG level
between two groups (P< .001).
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In this research, we observed high levels of IgG and IgA iso-
type antibodies against V. cholerae LPS. Supporting our find-
ings, Patel also reported the presence of memory B cell
responses and production of specific IgA and IgG against
V. cholerae LPS (Patel et al. 2012). In other studies, it was
revealed that anti-LPS antibodies, especially IgG is present at
the mucosal surface of lavage and intestinal tract as a result
of transudation process and also in some other pathogenic
organisms, high concentration of purified LPS could act as
mitogenic agent for mouse B cells resulting in all immuno-
globulin production (Fasihi-Ramandi et al. 2016, Pasetti et al.
2011, Skidmore et al. 1975). On the other hand, the specific
IgG and IgA antibodies against V. cholerae LPS in the serum,
milk, and saliva of human after subcutaneous cholera vaccine
confirmed the similarity of immune response against V. chol-
erae LPS in both human and mice (Karlsson et al. 2014,
Murugaiah et al. 2014). Thus, exposure to V. cholerae by
either vaccination or natural infection results in induction of
both T cell dependent (IgG, IgA) and T cell independent
response (Longini et al. 2007). Therefore, production of IgG
and IgA antibodies by chitosan-V. cholerae LPS in this study
may help scientists for finding the new protective vaccine in
future studies.

In this study, we used intranasal administration as one of
the promising routes for needle-free antigen delivering to
novel vaccination that has several advantages such as reduc-
tion of the necessary antigen dose in result of low protease
activity of nasal cavity, induction of humoral and mucosal
immune responses, providing additional protection correlated
with SIgA and greater acceptable alternative to patients
(De Magistris 2006). In this study, the chitosan-loaded V. chol-
erae LPS NP was used to deliver the V. cholerae LPS antigen
into animal model to induce immune response. In agreement
to our claim, intranasal administration of diphtheria loaded
chitosan in BALB/c mice has been used for the production of
protective antibody against diphtheria toxin (Arthanari et al.
2016, Rezaei Mokarram and Alonso 2016). Though, vibriocidal
responses seem to correlate better with IgM than IgG isotype
yet, IgA and IgG, rather than IgM, play an important role in
the protection against cholera disease. IgG antibodies pene-
trate into the lumen of the intestine; therefore, it is likely to
be more effective in the presence of secretory IgA in the sera
and fluid (Boustanshenas et al. 2013). Therefore, finding high
level IgG and IgA in the mice subjected to nasal administra-
tion of chitosan-loaded V. cholerae LPS NP or intra peritoneal

injection of V. cholerae LPS in this study suggested that chito-
san-loaded V. cholerae LPS NP could be a suitable choice to
induce protective immunity against V. cholerae.
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