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Abstract

Sheep pox virus (SPPV) is a type of Capripoxviruses causing severe sheep infection that
threatens the livestock industry worldwide. Currently, live SPPV vaccines are administered
by parenteral route. To support facile mass vaccination while further enhancing mucosal
immune responses, we developed chitosan nanoparticles (CS-NPs) for the mucosal delivery
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spherical morphology by transmission electron microscope (TEM). LSPV-CS-NPs
exhibited higher encapsulation efficiency 81+5.3%. FT-IR scans conferred cross-linking of
functional groups. At 37°C, the release profile was faster in phosphate buffer solution (PBS)
of pH five than in the physiological solution of PBS at the same temperature. The
cytotoxicity effect of LSPV-CS-NPs was low, and results showed a high viability rate for
cell culture in the presence of the nanoparticles. Our findings indicated a significantly
efficient methodology of LSPV encapsulated in chitosan nanoparticles. LSPV-CS-NPs
formulation is a candidate vaccine with preferred properties for mucosal immunization. This
study lays a foundation for the following trials to test vaccine validity.
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Introduction

Sheep pox virus (SPPV) is a type of Capripoxviruses,
which appears under an electron microscope as double-
stranded DNA, enveloped virus sized over 350 nm with an
oval or brick shape (1). SPPV is widespread in Iraqgi farms,
such as other viral diseases (2-5). SPPV causes drastic
infections in sheep with high morbidity and mortality rates
that threaten the livestock industry worldwide, and abortion
is occasionally seen in ewes (6). Currently, animals are
immunized against sheeppox by periodically injecting
attenuated live or inactivated strains of SPPV via the
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parenteral route. This type of administration for the vaccine
has several obstacles, resulting in the emergence of disease
in sheep from one time to another (7). However, it seems
there are defects related to low vaccination coverage or flaws
in the validity of the vaccine, which always needs cold
conditions for stores. Thus, an outbreak is highly anticipated
at any time. Therefore, vaccines are required to overcome the
determined limitations and facilities for mass vaccination.
Mucosal immunization as a feasible strategy attracts the
interest of researchers, depending on the truth (Know your
enemy to find your friend) that most respiratory pathogens
entrance into the mucosal site first, and pathogens can leak


http://www.vetmedmosul.com/
mailto:mazin.r@uokerbala.edu.iq
https://www.vetmedmosul.com/article_181310.html
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6972-4950
https://orcid.org/0000-0002-0047-0331
https://orcid.org/0000-0001-6947-2629

Iragi Journal of Veterinary Sciences, Vol. 37, Supplement 111, 2023 (111-119)
Proceedings of the 7th (2nd International) Scientific Conference, College of Veterinary Medicine, University of Al-Qadisiyah

into circulation across the mucosal barriers; it is being more
reasonable that leads to induction double layers of
integration immune responses at the mucosal surface paired
to the systemic compartments. Mucosal immunization has
been affirmed to potentiate antigen-systemic immune
response equivalent to that caused by injection (8). In recent
years, with the support of modern biotechnology, several
research groups have demonstrated that nanocarriers are a
promising strategy in biomedical applications due to their
ability to efficient vaccine delivery into several target cells,
which have advantages over subunit soluble antigens,
inactivated viruses, or even live vaccines (9). Empirically,
particles with uniform shape, ranging in nanoscale size
between 1-1000 nm, and having neutral or positive surface
charge are considered adequate to carry antigens and
efficiently deliver them into target cells (10). However,
among various nanoparticle approaches in biomedical
applications, the vaccine delivery challenges have remained
an emerging approach (11). Chitosan and its derivatives with
numerous unique nanoparticle (NP)-based platforms appear
as one of the most frequently mentioned polymers in the life
sciences research studies, handling an extensive range for
delivery nanosystems (12). In 2021 and 2022, market
analysis reports. Market research future both have been
valued size the global chitosan market at around USD 6.8-
8.7 billion, and they are expected to expand into 24.7% to
25.9% by 2027 and 2030 respectively. The importance of
these polymers is evident when observing the number of
articles and patents that appear every year and the growing
market perspective. The chitin is an amino polysaccharide
naturally present in exoskeleton crustaceans, a linear
homopolymer composed of N-acetyl-d-glucosamine bonded
via the B(1—4) linkage (13). The uses of chitin are limited
due to its low solubility in aqueous systems. This behavior
of chitin is attributed to the presence of acetyl groups that
can be removed by partial deacetylation in an alkaline
environment to produce new compounds known by the
generic name of chitosan (14,15). Chemically, the chitosan
structure consists of a B- (1,4)-linked-D-glucosamine residue
with the amine groups randomly acetylated (16). Chitosan
has more solubility in acidic media under pKa value 6.5 (17)
when around half of all amino groups are protonated,
resulting in a polycationic biopolymer in water solution
(18,19). This deacetylation procedure shows a high diversity
of chitosan structures primarily depending on the
deacetylation degree and pattern (20,21). Chitosan with 30-
90% deacetylation degree can be obtained, but above 55
percent is ratio-dependent in most delivery system trials (our
observation). The degree of deacetylation and molecular
weight affect many of its chemical and physical properties
that must be considered when choosing the best polymer for
efficient vaccine delivery (22-24). This polysaccharide has
been reported to have good biological features for nano-level
applications compared to other materials, attributed to its
good biocompatibility, biodegradability, adsorption, poor
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toxicity, and mucoadhesion (25). Moreover, its cationic
character favors virus encapsulation and cellular
internalization. Those properties transform this particular
polymer into a promising material to develop Sheep pox
vaccine delivery in nanosystems as a novel vaccination
modality. In veterinary medicine, several studies in poultry
and livestock industries have recently described chitosan
carriers as suitable for Nano-system to deliver viral
components (26-29).

The current study thoroughly explored the conditions for
ionotropic chitosan gelation as a potential natural polymer
for the suitable encapsulation and release profile to deliver a
sheep pox virus vaccine against sheep pox infection in
lambs. Other supportive studies to evaluate cytotoxicity
value, stability, distribution, particle size, and surface charge
of sheep pox virus-chitosan nanoparticles to ensure cellular
internalization and replication in vitro. To achieve this and
to design the optimal formulation of the sheep pox Nano-
vaccine, we optimized CS-NPs by varying the TPP
concentrations and chitosan at different volume ratios, then
adjusted the volume ratio of chitosan into live SPPV
suspension to obtain the optimal formulation of LSPV-CS-
NPs.

Materials and methods

Reference SPPV

Lyophilized SPPV attenuated strain with a titer of 108
TCID50/ ml was kindly obtained from AL-Kindi Veterinary
Drug and Vaccine Company of the Iragi Industry Ministry,
Baghdad, Irag. This strain was reconstituted in 100 ml
phosphate-buffered saline PBS. The live virus suspension
was used in nanoparticle vaccine preparations and cellular
investigations.

Preparation of Chitosan Solutions and TPP Solutions

Chitosan Powder (molecular weight lower than 150 kDa
with DD 80-85% from sigma) was slowly dissolved in an
aqueous solution slightly acidified with 1% acetic acid. This
solution was continuously stirred at ambient temperature to
obtain a perfectly homogeneous and transparent solution.
Once dissolved, the chitosan solution was filtered through a
0.22 mm filter. The Final chitosan produced as a stock
solution of 0.4 % wi/v was diluted with deionized water to
make chitosan solutions of different concentrations at 0.5
mg/ml, 1.0 mg/ml, and 1.5 mg/ ml. TPP (from sigma) was
dissolved in deionized water at concentrations of 0.5 mg/ml,
1.0 mg/ml, and 2 mg/ml. The pH value of all experiment
solutions was adjusted to six by adding NaOH. This study
conducted control experiments, as SPPV chitosan
nanoparticles were prepared in different concentrations of
chitosan: SPPV:TPP ratios to identify optimal formulation
‘recipe’ producing nanoparticles of desirable characteristics
for further studies.
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Development of
formulation

The chitosan-SPPV nanoparticles were prepared using an
ionic cross-linking method earlier described by Calvo et al.
(30) with slight modification. One volume of SPPV solution
was added dropwise into two volumes of chitosan solution
under magnetic stirring. Later, one volume of TPP solution
was added drop by drop to the above solution. Subsequently,
the  chitosan-SPPV  nanoparticles  were  formed
spontaneously under agitation at room temperature. Ten
minutes later, the chitosan-SPPV nanoparticles were
separated by centrifugation at 10,000 rpm for 30 min at 4 °C.
Then the supernatant was discarded, and the deposit was
washed twice with distilled water. After centrifugation,
chitosan-SPPV nanoparticles were re-dispersed in distilled
water, and the product was lyophilized for 24 h using a
vacuum freeze-drying machine (BOC Edwards Co. Ltd, UK)
and stored at -20 C until required for further analysis. These

SPPV-chitosan-nanoparticles

nanoparticles were named LSPV-Cs-NPs. Unloaded CS-NPs
were prepared as a control.

Optimization conditions of the SPPV-C-NPs preparation

Several factors affected the characteristics of the LSPV-
CS-NPs, including the concentrations of chitosan, TPP
solutions, and SPPV/CS ratio (v/v); the pH value at 6 was
fixed for reactions. Single-factor experiments on the effects
of the preparation condition of LSPV-C-NPs were
conducted. Based on the results obtained in single-factor
experiments, the key factors were SPPV/CS ratio (v/v), CS
concentration, and TPP concentration. The agitating velocity
was fixed at 700 rpm for 30 min at ambient temperature.
Three factors and three levels were designed. All the key
factors were examined, and size, morphology, PDI, and zeta
potential with encapsulation efficiency were used as
indicators (Table 1).

Table 1: Experimental design for preparation Cs-NPs and LSPV-Cs-NPs

Parameter Lot# CS (mg/ml)  TPP (mg/ml) CS/TPP (ml/ml)  SPPV/CS (ml/ml)
F1 0.5 0.5 2:1 11
CS concentration F2 1.0 0.5 2:1 11
F3 15 0.5 2:1 1:1
. F4 1.0 0.5 2:1 11
TPP concentration F5 10 20 21 11
. . F6 1.0 0.5 1:1 1:1
CS: TPP volume ratio F7 10 05 21 11
F8 1.0 0.5 2:1 1:1
LSPV:CS volume ratio F9 1.0 0.5 2:1 1:2
F10 1.0 0.5 2:1 1:3

Nanoparticle's size and surface charge characterization

The particle sizes, zeta potentials, and polydispersity
index (PDI) were measured using a Zeta Sizer 2000
(Malvern Instruments, United Kingdom, UK). In brief, 1 mg
of the dried LSPV-C-NPs formulations was suspended in 1
mL of deionized water. Next, 50 uL of the stock was diluted
in 1 mL of deionized water. Nanosuspensions were
transferred to a cuvette and sonicated before determinations,
placed in the Zetasizer, and equilibrated for 2 min. When the
instrument was run, the laser emitted light with a wavelength
of 633 nm; the scattered light was detected at a scattering
angle of 90 degrees and a temperature of 25 °C.

Transmission electron microscopy (TEM) analysis

The morphology of LSPV-Cs-NPs was observed by
TEM (Hitachi Ltd, Japan) (31). Briefly, the colloidal
nanosuspension of each nanoparticles sample was sonicated
for 2 min for better dispersion and to prevent particle
agglomeration on the copper grid. The prepared sample was
pipetted onto a carbon-coated copper grid. One drop of
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colloidal suspension was spread after being air-dried at room
temperature for 24 hours; the sample was installed on the
instrument and observed for imaging using a transmission
electron microscope.

Fourier transform infrared spectroscopy (FTIR)

Lyophilized CS-NPs or LSPV-Cs-NPs were mixed with
KBr powder and pressed into flakes. FTIR values of cross-
linking were recorded by (FT-IR-instrument Bruker
spectrophotometer, USA). All samples were measured in the
frequency range of 400-4000 cm? for changes in the
intensity of the sample peaks.

Evaluation of LSPV encapsulation percentage

The encapsulation efficiency of LSPV-CS-NPs was
determined by separating the nanoparticles from the aqueous
medium containing the free virus using centrifugation at
30,000 rpm for 30 min at 4 C. The amount of free LSPV in
the supernatant was measured spectrophotometrically using
a standard Bradford assay using Coomassie Brilliant Blue G-
250 at 595 nm. All the measurements were performed in
triplicate. The encapsulation efficiency (EE) of the
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nanoparticles was calculated as EE (%) = (W0 -W1)/ W0
X100%. WO is the total amount of LSPV added, and W1 is
the amount of free LSPV.

In vitro evaluation of the safety of LSPV-CS-NPs

The cytotoxic effect of nanoparticles samples was
estimated by a standard 3-(4,5-dimethyl-2-thiazolyl)- 2,5-
diphenyl-2H-tetrazolium bromide (MTT, Sigma) test as was
described earlier (32). Dehydrogenases reduce MTT in
living cells to obtain a purple-colored product (formazan),
which can be used for cytotoxicity assay by assessing optical
density. Vero cells (ATCC® reference CCL-81™) were
cultured in  Minimal Essential Medium (MEM)
supplemented with 10% fetal calf serum FCS. Cell culture
was incubated in a humidified 37 °C with 5% CO,. Cells
were collected in 25 cm? culture flasks after dissociating
adherent cells from surfaces by trypsinization in 2-3 min.
Freshly 100 pl of cell suspension mixed gently with an equal
volume of Trypan blue and viable cells were counted by
hemocytometer technique. For the assay, 1x10° Vero
cells/ml were transferred to 96-well plates at 100 pl per well
and cultured at 37 C for 24 h. After 100 pul of LSPV-Cs-NPs
(diluted in MEM at 1.5 pg /ml) were added into the wells,
the same volume of unloaded CS-NPs and original SPPV
fluid were used as comparison controls. The plate was
incubated at 37C for 24 h. ten ul MTT-containing medium
(0.5 mg/mL) was added to the wells. Following three h
incubation at 37 °C, the MTT-containing medium was
carefully aspirated to avoid disturbing formed formazan
crystals, and 100uL of solubilization solution DMSO was
added to each well. Plates were incubated at room
temperature for 30 min, and optical densities were
determined at 570 nm using a microplate reader (DNM-
9602, Beijing Prolong New Technology Co., LTD., Nanjing,
China). Cell viability was expressed as a percentage of the
untreated control cells. The survival rate of the cells was
calculated as Survival rate % = [(At-Ab) / (Ac-Ab)] x100.
Where at represents the test wells (containing LSPV- C-NPs,
empty CS-NPs or SPPV); Ac represents the control wells
(containing untreated control cells); and Ab represents the
blank wells (containing the cell-free medium). All wells
were subjected to the MTT assay procedure.

In vitro release profile of LSPV in different conditions
Determination of release LSPV from LSPV-CS-NPs was
performed by weighing 0.1 g of dried LSPV-C-NPs mixed
with 2 ml of PBS (buffered in pH 7.4 and pH 5.0). The sealed
tubes were placed in a water bath maintaining a temperature
of 3741 °C and stirred under agitation (50 rpm). Samples
were withdrawn at regular intervals and centrifuged at
30,000 rpm for 10 min at 4 °C. LSPV concentration in the
supernatant was measured by Bradford assay at 595 nm.
After the sample was taken each time, the same volume of
fresh PBS solution was added. The experiments were
analyzed in triplicate. An LSPV release curve of LSPV-CS-
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NPs was plotted against the release time at the X-axis and
the accumulative release amount at the Y -axis.

Statistical analysis

GraphPad Prism version 8 was used to perform the
statistical analysis. Also, two-way analysis of variance
(ANOVA) and Tukey’s multiple comparison tests were used
to analyze the obtained data. Data were shown as mean and
standard deviation (33).

Results

Optimization formula of nanoparticles

Depending on the optimal values of the selected
variables, the best conditions were in F2 expressed for CS-
NPs, and F9 represented optimal values that can be
formulated for LSPV-CS-NPs. Physiochemical
characterizations were average at 85+30 nm with PDI
0.3+0.05 and surface charge at 31+4 mV for F2. At the same
time, F9 was 458+17nm, PDI 0.2+0.09 and surface charge
43+6 mV with highest encapsulation efficiency of 81+5.3%.
As determined by DLS, particle size was significantly
correlated to the volume ratio of SPPV: CS, where
nanoparticles size increased with higher or lower volume
content of CS in the experiment. However, CS and TPP
concentrations were significant factors in the formulation of
CS-NPs or LSPV-CS-NPs in all experiments, as the size of
nanoparticles was linearly increased with increasing TPP
(Table 2).

Table 2: Optimization CS-NPs and LSPV-CS-NPs

mean=S.D (n=3)

Lot#  Hydrodynamic Zeta PDI
diameter (nm) potential (mV) Index

F1 114+24 27+3 0.3+£0.02
F2 85+30 31+4 0.3+£0.05
F3 334+31 1242 0.5+0.06
F4 117+16 1642 0.3+£0.03
F5 392+70 20+1 0.4+0.05
F6é 286+12 1616 0.5+0.07
F7 236+27 1545 0.5+0.07
F8 533162 52 £3 0.3+0.12
F9 458+17 4316 0.2+0.09
F10 627162 38+1 0.4+0.05

Microscopic study using TEM

The TEM analysis of nanoparticles exhibited regularly
formed and well distributed in acetic acid solution (pH 6.0)
was used in this study. The morphology of viral particles
encapsulated with chitosan nanoparticles appeared dark and
smooth spherical shaped with moderately uniform particle
size and even distribution as depicted by TEM (Figure 1) at
magnification 25000. Proteins from membrane-attached
filaments project from the external membrane in distinctive
arrangement for SPPV were observed.
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Figure 1: TEM Image for LSPV-CS-NPs.

FT-IR Analysis

Figure 2 showed weak broadband at 3422 cm' attributed
to the bond O-H alcoholic and H-bonded, also showed a two
peak at ~3700 cm™ attributed to the NH; stretching bonds,
and a stretching band at the 2937cm™ back to N-Methyl
bond, also shows a solid stretching band at 1648 cm™ back
to the N-H bending bond, and a peak at 1078, 1025 cm™ of
the C-N amine, C-O alcoholic bonds. Figure 2 B showed
fragile broadband at 3009 cm? attributed to the O-H
carboxylic bond and H-bond and showed a stretching band
at 3004 cm™and 2970 cm™ attributed to the symmetric and
asymmetric C-H bonds, also showed a peak at 3463 cm
attributed to the N-H stretching bond, and stretching bands
at 2527 and 2651cm™ back to N-Methyl bonds, also a solid
stretching band at 1738 cm™ back to the C=0 bond, also
shows a band at 1566,1402 cm™ back to the N-H, O-H
carboxylic bending bonds, and a peak at 1231, 1070 cm™* of
the C-N amine, C-O carboxylic bonds.

I:/.;’(K,ll

Figure 2: FT-IR spectroscopy of (A) CS-NPs and (B) LSPV-
CS-NPs

Effects of LSPV-CS-NPs induced cytotoxicity on Vero
cells

The survival rate of Vero cells in wells containing LSPV-
CS-NPs was 93.28+2.67%, and no significant change in cell
morphology was observed compared with the control cells
(Figure 3).
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Figure 3: Cell survival rate percentages were assessed by
MTT assay. The results represent the means of at least three
independent experiments. The cell viability was observed
after MTT treatment in the indicated Vero cells after 24 h
underexposure. Value in the graph represents the means
standard deviation of three independent. ****P<(.0001 vs.
control and SPPV; **P<0.001 vs. CS-NPs.

Effect of pH degree on release LSPV of LSPV-CS-NPs
The cumulative release rates of LSPV particles from
nanoparticle formulation (Figure 4). The result obtained in
vitro was determined according to simulated artificial nasal
cavity acidity compared to physiological PBS. It can be seen
from the effects that the initial release of the LSPV in acidic
conditions at first 12 h was 44.15 + 2.62 %, while in
physiological PBS, it was 27.23+ 1.12%. The LSPV-CS -
NPs continued to release and escalate throughout the
experiment in both condition and was faster in pH 5.0 after
24 h. However, the subsequent release was relatively steady
for both states involved in this study. At the end of the trial
period, the cumulative release at acidic pH reached 86.93+
2.27%; nevertheless, it was still higher compared to parallel
experiments at pH 7.4, it was no more than 61.78 + 1.42%.
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Figure 4: In vitro release profiles of LSPV from LSPV-CS-
NPs in PBS (pH 7.4 & 5.0). The experiment was repeated
three times, and each was measured in triplicate. Data were
presented as mean values +SD.

Discussion

In veterinary medicine, immunization is the most
effective  way to improve livestock productivity.
Nevertheless, SPPV causes a severe disease seen frequently
in ovine flocks despite a preventive vaccine being in use.
Therefore, there is an urgent need for new or developed
vaccines to overcome the potential limitations. Regardless of
the distinctive physicochemical properties of chitosan, it is
an ideal polymer for carrying vaccines in the Nano-system
and accessible into mucosal sites. Thus, this study was
established as we worked to optimize the conditions to
achieve minimum particle size with maximum encapsulation
efficiency. Introducing a positive charge on the chitosan
nanoparticle surface induces a favorable interaction with the
negatively charged viral particles and the plasma membrane
of targeted cells or mucus. This study used the ionic cross-
linking method to prepare LSPV encapsulated in chitosan
nanoparticles because SPPV is sensitive to organic solvents
and temperature. The benefits of using whole live attenuated
SPPV strain are multivalent, and it is expected to include
more epitopes than single-antigen subunit vaccines; in
addition, it maintains the ability to replicate, thus producing
a vaccine with a high reactogenicity.

Experiments were conducted at specified optimal
conditions to validate the model. The observed values
confirmed complete agreement that the model was
statistically significant. Therefore, this model has adequate
precision for predicting optimum conditions in minimizing
the particle size and maximizing the encapsulation
efficiency. The size of chitosan nanoparticles obtained in
small nm and charged positively enhances efficient
entrapment for viral particles. Encapsulation is adopted in
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vaccine delivery systems to prevent it from leaching out
before reaching the targeted site. These observations are
consistent with the findings of Zhao et al. (34) and Akalya
(35); they have demonstrated that it might attain the ability
to attach to the target cells and increase the probability of
cellular uptake. The LSPV encapsulation showed lower
efficiencies for F8 and F10 compared to an increase in F9.
EE may be affected by various factors; this result can be
explained by chitosan polymer concentration proportionated
to the density of LSPV and TPP. Moreover, the
intermolecular interactions occur in the presence of
oppositely charged reaction components. Therefore, the zeta
potential is the most critical factor in determining the
efficiency of the encapsulation process. The stability of
chitosan nanoparticles is directly related to surface charge
and zeta potential between - 30 to +30 mV, indicating a
condition toward instability (36). The F9 was freeze-dried
for zeta potential analysis. The colloidal suspension with a
zeta potential of 40 to 60 mV is considered a desirable range,
while lower values tend to coagulate or flocculate (37). The
optimum F2 and F9 exhibited excellent stability in
suspension at room temperature and -70 °C for long-term
storage (data not shown). The particle size is another
essential quality indicator affecting encapsulation and
internalization efficiency. Particles
(microparticles/nanoparticles) were identified at 100-500 nm
as the optimal size range for cellular uptake primarily via
endocytosis; this size range also allows for M cells to
transport NPs (38,39). The morphology of nanoparticles is
an important parameter determining the uptake pathway, and
a spherical shape with a smooth surface is preferable. There
is a body of evidence affirming that Polymeric nanoparticles
with the same surface chemistry and various morphology
exhibit different transport paths (40,41).

Next, FTIR studies were conducted to determine the
compatibility of the virus with other formulation excipients.
FTIR spectroscopy helps identify the functional groups and
bonds present in the formulation. When comparing the FT-
IR diagrams for both CS-NPs and LSPV-CS-NPs, we found
a difference between the two charts in terms of the shapes of
the absorption peaks resulting from the compounds on the
one hand, and between the values of absorption frequencies
for the functional groups present in each combination on the
other hand. We observed that the presence of shifting of
peaks caused the interaction of the virus with chitosan
nanoparticles. This demonstrates the presence of interference
and interdependence between the NPs Chitosan and the
added virus, resulting in the formation of the LSPV-CS-NPs
composite (32).

Cellular cytotoxicity is a critical issue to be analyzed
when choosing the best delivery system to ensure its
suitability for cellular uptake in vitro and in vivo assays. Our
observations on the viability of Vero cells indicate good
biocompatibility and moderate toxicity of LSPV-CS-NPs,
with significant differences compared to the impacts of such
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factors conducted in the assay. Chitosan nanoparticles coated
LSPV less toxic on Vero cells than unloaded chitosan
nanoparticles, and this related to the hypothesis of Wani and
his colleagues (42) that the NPs average size, as well as the
cationic surface charge directly elevated the toxicity
risk. Therefore, a lower particle average size should increase
the unloaded CS-NPs cytotoxicity activity on Vero cells.
Conversely, the LSPV presence of CS-NPs shows increasing
biocompatibility toward healthy Vero cells. The crude SPPV
is not affected in Vero cells, and recorded levels are proximal
to control throughout the investigation, which may indicate
less cellular uptake and the successful internalization of
LSPV-CS-NPs; it may be related to the high positive zeta
potential caused by conjugated chitosan nanoparticles as
chitosan nanoparticles have more
excellent mucoadhesion property that promotes the increase
of permeation onto Vero cells, conducting for higher rate
cellular uptake of viral particles (43,44). The existing body
of toxicological literature suggests clearly that nanoparticles
may have a greater risk of toxicity than larger particles (45).
However, nanoparticles produced from chitosan have a
molecular weight of less than 15 kDa, and a deacetylation
degree between 70% and 85% is the lowest cytotoxicity
effect (46). We have therefore concluded that the
formulation produced herein is safe enough to be used in
sheep.

The synthesis process of nanoparticles in this study is by
ionic gelation between different charges of chitosan and the
other materials in the dissolved state. In vitro nanoparticles
release of LSPV was in media at moderate acidic pH and
neutralized pH in 37°C; thus, when the pH condition of the
media is changed from a suitable level, the electrostatic of
the LSPV-CS-NPs formulation could be changed, resulting
in reducing of gel nanoparticles formation (47). This could
be explained by the initial burst at the first twelve hours, as
the weak interaction of some formulation components.
Furthermore, core materials encapsulated in nanoparticles
can be released during physicochemical degradation of the
particle structure. Therefore, one explanation for these
results is that chitosan polymers tend to swell in acidic
environments due to the protonation of the chitosan amino
group. Thus, encapsulated LSPV could quickly diffuse out
of the nanoparticles into the dissolution media. On the other
hand, the release of LSPV from CS-NPs was at a lower
gradual rate in neutral conditions compared to acidic
conditions. Two main interaction mechanisms can explain
this difference. One is the insolubility of chitosan at neutral
pH. The formulation of LSPV-CS-NPs might be sustained
since chitosan solubility in neutral conditions is substantially
lower than in acidic conditions (48). Another possibility is
the deprotonation of chitosan molecules at neutral pH, which
could stabilize the nanoparticle structure due to the lack of
amino group protonation and the formation of more
hydrogen bonds, resulting in prolonged LSPV release
(49,50). Using chitosan to prepare LSPV-based based-
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nanoparticles vaccine appears to be a potential regulator of
the intranasal release of bioactive materials. Therefore, F9
prepared using CS and TPP seemed to have prolonged
releasing. As a result, this leads to a sustained LSPV release.
However, further studies are required.

Conclusions

We concluded that the successful synthesis of nano-
SPPV vaccine with characteristics to deliver it into mucosal
sites was achieved using a novel approach. The present
investigation confirmed that the chitosan polymer at the
nanoscale could be applied as a suitable matrix to design
controlled release formulations of the SPPV vaccine with
expected properties and release characteristics. Due to their
integrity and unique mucosal adhesion ability, vaccine
delivery systems based on CS-NPs enable transmucosal
delivery as vaccine delivery vectors. The optimized LSPV-
CS-NPs have the advantage of overcoming the primary
defects of conventional vaccines and the facility for the mass
free-inject vaccination in sheep. This study opens the door to
next-generation vaccine delivery systems intended for
mucosal administration, at least in ovine. The process of
nano-vaccine manufacturing was relatively uncomplicated
and may be implemented on a commercial industry scale in
conventional vaccine manufacturing units. From the in-vitro
studies, the formulations were promising and should be
considered for bioavailability studies in the field to assess in-
vivo characteristics.
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