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Abstract: 

Cold storage is a huge challenge in maintaining vaccine potency especially in low and middle income countries (LMIC). The aim 

of this research was to investigate the heat and freeze-thaw stability of Newcastle disease virus (NDV) vaccine encapsulated in 

1,2-dioleoyl-3-trimethyl ammonium propane (DOTAP) cationic liposomes as well as its immunostimulatory activity. DOTAP 

cationic liposomes were prepared using the thin-film hydration technique and characterized for morphology, particle size, 

polydispersity index, zeta potential and encapsulation efficiency. Experimental birds were challenged with Herts 33 velogenic 

strain of NDV. Haemagglutination inhibition test was used to assess the formation of antibodies in the birds. The cationic 

liposomes were further stored at 28 oC or subjected to freeze-thaw cycles for 7 weeks and then assessed for stability using the 

same parameters of particle size, polydispersity index, zeta potential, morphology, antibody titre or differential white blood cell 

count. Using TEM, the morphology of the liposomes was found to be spherical, and using Malvern Zetasizer, particle size was in 

the nanosize range. Zetapotential and polydispersity indices were positive and below 0.1. The HI test showed that the DOTAP 

cationic liposomes stimulated a higher titre of antibodies than the commercial vaccine. Heat and freeze-thaw stability studies after 

7 weeks of storage showed slight aggregation and elevated particle sizes and wider distribution. The HI titer was appreciably 

lower after secondary immunization with the DOTAP cationic liposomes stored at 28 oC but elevated for the product kept at 

freeze-thaw conditions. The immunized birds were 100 % protected from the virulent strain of NDV. In conclusion, the 

development of the DOTAP-cationic liposomes encapsulating NDV vaccine administered orally was found to be more stable 

under freeze-thaw conditions than when it was exposed to heat for 7 weeks. The liposome-based vaccine had more 

immunostimulatory effects than the commercial sample.  
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I.           INTRODUCTION 

In last decade, there has been renewed discussion by vaccine 

researchers on the value and impact of thermostable vaccines 

in the global healthcare and economy. Innovation and 

technological precision are being geared now towards 

translating concepts and developments into clinical products 

(Qi and Fox, 2021). However, the long-term storage of 

Newcastle disease virus vaccines outside of cold chain 

conditions is still a challenge requiring stabilizing adjuvants 

that are safe. The socioeconomic impact of poultry production 

in many LMIC is daunting providing resources for healthcare, 

education and other social needs (Ngongolo et al., 2021). 

Poultry is grown both at the backyard of many families as well 

as commercially, providing protein for dinner as well as 

employment opportunities. Newcastle disease (ND), is a 

devastating poultry disease caused by avian paramyxovirus 

serotype 1 (APMV-1) in the Avulavirus genus, the subfamily 

Paramyxovirinae, and family Paramyxoviridae (Mansour et 

al., 2021).  The paramyxoviruses isolated from avian species 

have been classified by serological testing into nine serotypes 

designated APMV-1 to APMV-9. ND has been designated as 

APMV-1 which is a single-strand non-segmented negative 

sense RNA virus (Getabalew et al., 2019). ND is endemic in 

many tropical low and middle income countries with a huge 

economic burden (Dzogema et al., 2021). A vast majority of 

birds are susceptible to infection with ND viruses of both high 

and low virulence. ND affects the respiratory, digestive and 

nervous systems of domesticated birds (Ravikumar et al., 

2022). Prophylactic vaccination with Newcastle disease virus 

vaccine is of paramount importance in controlling infections, 

enhancing food security and reducing economic vulnerability 

(Lindahl, 2019). The vaccine is given intraocularly which can 

be administered by poultry farmers without the need of a 

veterinarian.  Newcastle disease virus vectored vaccines can 

also be used to develop vaccine candidates against existing 

and emerging infections such as SARS-CoV2, Ebola, HIV 

viruses (Choi, 2017).  

Despite the availability of Newcastle disease virus vaccine for 

many years, cold storage requirements remain major 

limitations. The reconstituted vaccine begins to deteriorate 

rapidly after 1 or 2 hours of exposure if left at room 

temperature. (Mahmood et al., 2014).  Newcastle disease virus 

is very sensitive to heat, detergents, formaldehyde and 

oxidizing agents (Schirrmacher, 2017). In LMIC, especially in 

remote tropical settings with limited resources, there is a huge 

challenge of adequate protection of chicken from Newcastle 

disease virus because of lack of electricity needed for cold 
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storage (Abdoshah, 2022). Newcastle disease virus vaccine 

storage should be at 2 oC to 8 oC in the refrigerator, and cold 

distribution to various poultry farms is equally needed to keep 

the vaccines viable. Therefore, development of a heat-stable, 

efficacious NDV vaccine is of paramount importance. For this 

to be realized, a combinatorial strategy involving stabilization 

of antigen, optimization of appropriate adjuvants and 

development of throughput analytical methods is needed 

(Ozan et al., 2014).   

Liposomes are the first generation of lipid nanoparticles. 

Liposomes are concentric bilayers ranging from 100 nm to 

1000 nm encapsulating both hydrophilic and lipophilic drugs 

making it a versatile drug delivery platform (Tenchov et al., 

2021). DOTAP is a single positively charged cationic lipid 

with great ability to transfect nucleic acids into cells. Cationic 

liposomes are lipid bilayer unilamellar or multilamellar 

vesicles with a positive surface charge. These ionizable lipids 

are less toxic than non-ionizable lipids because they are 

positively charged inside the cells and neutral in the blood 

stream (Hou et al., 2021). Vaccine antigens co-administered 

with cationic liposomes are delivered to antigen presenting 

cells through different lymphoid tissues. A cationic liposome 

generally consists of three different domains: a hydrophilic 

ionizable headgroup which is positively charged usually 

through the protonation of one (monovalent lipid) or several 

(multivalent lipid) amino groups; a hydrophobic anchor group 

composed of a cholesterol or of two alkyl chains (saturated or 

unsaturated); and a linker such as an ester, ether, amide or 

carbamate connecting the cationic headgroup with the 

hydrophobic moiety (Tenchov et al., 2021). The linker which 

attaches the ionizable headgroup to the hydrophobic anchor 

may impact the chemical stability and biodegradability of the 

liposome depending on the nature and length (Zhi et al., 

2018). Cholesterol was used as the co-lipid in the preparation 

of the liposome in a molar ratio of 1:1 with 

phosphatidylcholine. A study demonstrated that DOTAP alone 

showed physicochemical stability for two years at refrigerator 

temperature. When mixed with RNA, the nanostructured lipid 

carrier was only able to maintain RNA integrity of the 

complex for five weeks at refrigerator temperature (Gerhardt 

et al., 2021).  Storage sheets from European Medicines 

Agency showed that mRNA vaccines encapsulated in 

ionizable cationic lipid were stable in frozen condition up to 6 

months at -25 °C, up to 30 days at refrigerator temperature (4 

°C), and up to 12 h at room temperature. Walvax (ARCoV) 

claimed that its COVID-19 mRNA encapsulated in ionizable 

lipid nanoparticles retained in-vivo delivery efficiency for at 

least 7 days when stored at room temperature but reduced 

drastically at 37 °C. Onpattro had also delivered siRNA in 

lipid nanoparticles with a shelf life of 3 years at refrigerator 

temperature (2-8 °C), indicating that the extreme cold storage 

temperature (-80 oC) for COVID-19 mRNA vaccines is 

dictated by the unstable nature of mRNA, not the instability of 

LNP (Uddin and Roni, 2021). Cationic lipid nanoparticles 

based on DOTAP has been discovered as an effective 

alternative to ionizable lipid nanoparticles to deliver self-

amplifying mRNA (Gustavo et al., 2020). Optimization and 

vector selection play important roles in the development of a 

stable vaccine. The sublimation of the aqueous product by 

freeze-drying can play a critical role in the stabilization of the 

vaccine encapsulated in lipid nanoparticles (Uddin and Roni, 

2021). The present study was designed to investigate the heat 

and freeze-stability of DOTAP cationic liposome 

encapsulating Newcastle disease virus vaccine as well as its 

efficacy. 

 

II. MATERIALS AND METHODS 

MATERIALS 

Cholesterol and DOTAP (Sigma grade, minimum purity 99%; 

Sigma Aldrich Chemie, St Louis, Missouri, USA), 

Phospholipon 90H (Phospholipid GmbH Nattermannallee, 

Cologne, Riedel-de Haen, Seelze Germany), methanol (extra 

pure; Scharlau Chemie S.A.), chloroform (Sigma-Aldrich 

GmbH, Germany), live La Sota® vaccine (National 

Veterinary Research Institute, Jos, Nigeria). 

 

 METHODS  

La Sota® vaccine containing 200 doses/vial was reconstituted 

with phosphate-buffered saline by dissolving a vial in 40 ml 

phosphate buffer solution. Then 196 mg phosphatidylcholine, 

96.7 mg cholesterol and 50 mg DOTAP were weighed and 

dissolved in 3 ml chloroform/methanol system (2:1) in a 

round-bottomed flask. The solvent mixture was evaporated at 

room temperature and the flask rotated until a smooth, thin, 

dry film was obtained on the wall of the flask (Azmin et al., 

1985). A 5-ml volume of the reconstituted vaccine was used to 

hydrate the dry film and agitated gently until multilamellar 

vesicles were formed.  

 

TRANSMISSION ELECTRON MICROSCOPY     

The prepared liposome-encapsulated ND vaccines were 

processed using copper grids to adsorb the particles from the 

suspension, staining in 2.5% uranyl acetate for 30 sec and 

drying. The specimens were observed under a JEM-1010 

transmission electron microscope (JEOL, Tokyo, Japan) 

operated at 80 kV at x3400 and x10,500  magnifications. 

 
VESICLE SIZE AND ZETA POTENTIAL     

The z-average vesicle diameter and zeta potential of the ND 

vaccine DOTAP liposomes in phosphate buffer solution (pH 

7.4) were determined by photon correlation spectroscopy 

using a nanosizer 3000 HS (Malvern Instruments, Malvern 

UK). The zeta potential was calculated from the mean of three 

runs. Each sample was diluted with bi-distilled water and the 

electrophoretic mobility determined at 25oC and a dispersant 

dielectric constant of 78.5 and pH 7. The obtained 

electrophoretic mobility values were used to calculate the zeta 

potentials using DTS software version 4.1 (Malvern 

Instruments) and applying Henry’s equation (Zetasizer Nano 

Series, 2005). The polydispersity index was used as a measure 

of homogeneity. 

VACCINE ENTRAPMENT EFFICIENCY     

DOTAP liposomes were evaluated for vaccine entrapment 

efficiency. Non-entrapped antigen was separated from vesicle 

entrapped antigen by centrifugation for 10 min at 3000 rpm. 
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The free (unentrapped) antigen was determined in the 

supernatant by haemagglutination test.    

VACCINATION SCHEDULE OF THE BIRDS.     

The chicks were raised from 1 day old until termination of the 

experiment. Handling of the birds and experimentations were 

conducted following the guidelines stipulated by University of 

Nigeria Research Ethics Committee on animal handling and 

use. At 2 weeks of age, all of the birds were tested for the 

absence of residual haemagglutination inhibiting (HI) 

antibody. Seven groups of 20 birds each were used in the 

study: the unvaccinated group, the cationic liposomal ND 

vaccine group kept at 4 oC, the cationic liposomal ND vaccine 

group kept at 28 oC, the cationic liposomal ND vaccine group 

kept at freeze-thaw temperature, the La Sota® vaccine group 

kept at 4 oC, the La Sota® vaccine group kept at 28 oC and 

the La Sota® vaccine group kept at freeze-thaw temperature. 

The different groups were kept in separate rooms before 

vaccination. At 3 weeks of age, the liposomal ND vaccine 

groups were given a dose of 0.2 ml/bird of the liposomal ND 

vaccine orally. The La Sota® vaccine groups were given 0.2 

ml/bird of the reconstituted La Sota® vaccine orally. The 

unvaccinated group served as the control. Two weeks after 

primary vaccination, all birds were bled from the jugular vein 

and serum samples assessed for antibody to ND virus by the 

HI technique (OIE, 2004). Booster vaccinations were done at 

6 weeks of age. Two weeks after secondary vaccination, all 

birds were bled and serum samples assessed for antibody to 

ND virus. Results of the study are presented as the mean with 

standard deviation for each of the parameters. 

HAEMAGGLUTINATION INHIBITION TEST     

A 0.025 ml volume of PBS was dispensed into each well of a 

plastic V-bottomed microtitre plate. Antigen suspension 

(0.025 ml) was placed in the first well. Two-fold dilutions of 

the antigen suspension were made across the plate to the 10th 

well. A 0.025 ml of 0.6 % (v/v) chicken red blood cells 

(RBCs) was dispensed to each well. The 11th well served as 

the control. The solutions were mixed by tapping the plate 

gently. The RBCs were allowed to settle for about 30 min at 

28 oC. When control RBCs had settled to a distinct button, 

HA was determined by tilting the plate and observing the 

presence of tear-shaped streaming of the RBCs. The titration 

was read to the highest dilution giving complete HA 

(streaming); this represents 1HA unit (HAU), and 4HAU was 

then calculated there from. The HI titre is the highest dilution 

of serum causing complete inhibition of 4HAU of antigen. 

The agglutination was assessed by tilting the plates. Only 

those wells in which the RBCs stream at the same rate as the 

control wells were considered to show inhibition. 

CHALLENGE EXPERIMENT     

The challenge experiment was carried out at 9 weeks of age. 

The challenge was performed by administering 0.2 ml of 

105.5 median embryo lethal dose/ml Herts 33 strain to each 

bird by the oral route. After challenge, the birds were 

monitored in 1 week for clinical signs of disease and 

mortality. 

 

DATA ANALYSIS     

Data were fed into the SPSS statistics program (version 

16.0; SPSS Inc.)  applying a one-way analysis of variance test 

with least squared difference multiple comparisons at P < 

0.05. 

 

III. RESULTS AND DISCUSSION 

PHOTOMICROGRAPHS OF THE DOTAP CATIONIC LIPOSOMES  

The photomicrographs of the cationic liposomes were seen 

through transmission electron microscopy (TEM) as near 

spherical monodisperse liposomes which were closely packed 

conferring a polygonal shape. The vesicles were formed by 

hydrating lipid films on the walls of the flasks with phosphate 

buffer solution (pH 7.4) containing the Newcastle disease virus 

vaccine and producing milky, thick, gel-like colloidal 

dispersion. The photomicrographs of the vesicles were studied 

at x3600 and x10500 magnifications as shown in Figures 1a 

and 1b. The concentric bilayers composed of 

phosphatidylcholine as the basic lipid could not be seen 

because TEM is not the appropriate instrument for observing 

lamellar vesicles.  The phospholipids are said to be amphiphilic 

in nature because they contain both hydrophilic and 

hydrophobic elements. They self-assemble spontaneously into 

ordered lyotropic liquid-crystalline phases in the presence of 

water (Koynova and Tenchov, 2013).  The vaccine which is 

hydrophilic is expected to be encapsulated at the core of the 

vesicles. From the photomicrographs, the vesicles appeared 

ordered relative to each other. The vesicles were not 

aggregated because of the inclusion of DOTAP which 

conferred positive charges to the vesicles. Without the cationic 

lipid or in the presence of negatively charged phospholipids, 

the vesicles gradually aggregate and decrease in stability. A 

low positive charge also permits aggregation of liposomes and 

they interact poorly with target cells (Campbell et al., 2001). 

The cationic liposome being positively charged is functionally 

positioned to trigger cell membrane permeability and lead to 

cellular internalization (Lim et al., 2016). The vesicles after 

formulation were assumed to be small unilamellar vesicles 

because the liposomes were sonicated as opposed to large 

unilamellar vesicles produced by extrusion. The membrane of a 

liposome is dynamic and in constant motion being more fluidic 

at the phase transition temperature and this is influenced by the 

length and degree of saturation of the lipid chain (Montero et 

al., 2014).  It has been well established that cholesterol exerts 

its impact by controlling fluidity, permeability, membrane 

strength, elasticity, stiffness, transition temperature (Tm), drug 

retention, phospholipid packing, and plasma stability (Nakhaei 

et al., 2021). Cholesterol which is present in the liposome may 

have controlled the cell shape and structure. It produced a more 

condensing effect on liposomal packing. Cholesterol could also 

have contributed to a tightly packed arrangement with 

phospholipids (Song et al., 2022). An increase in cholesterol 

content of the bilayers results in an increase of the rigidity of 

the bilayers obtained and therefore a decrease in the release 

rate of encapsulated material. The vesicles appeared stiff and 

this may also be caused by the cholesterol.  

Phosphatidylcholine also contains saturated fats and, because 

of their free and higher chemical energy, creates tightly packed 

tails preventing insertion proteases from destabilizing the 
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liposomal membrane and marking them for phagocytosis. 

Since the liposomes were closely packed under the TEM, it is 

likely that the phospholipids were below the phase transition 

temperature (Tm) which formed a rigid ordered gel phase. The 

permeability of the liposomes is connected to its Tm and 

controlled by many other factors (Chen et al., 2018). 

  
 

 

 

 

 

 

 

 

 

Figures:  1a and 1b: Transmission electron microscope images 

of DOTAP-based cationic liposomes at a mags. of x3600 and 

x10500. 
 

 

 

 

 

 

 

 

 

 

 

 

Figures: 1c and 1d: Transmission electron microscope images 

of DOTAP-based cationic liposomes at a mags. of x3600 and 

x10500 after 7 weeks of storage at 28 
o
C. 

 

The formulated Newcastle disease virus vaccine encapsulated 

in DOTAP liposomes were further lyophilized without 

additional cryoprotectants and stored for 7 weeks at 28 oC as 

shown in Figures 1c and 1d. The shape of the vesicles looked 

altered and aggregated under the transmission electron 

microscope. Liposomal aggregation, bilayer fusion and 

vaccine leakage are the main problems of physical instability 

of phospholipid vesicles (Garg et al., 2007) and this limits 

their clinical use. It is suspected that the altered vesicles could 

be due to the absence of cryoprotectants.  Cryoprotectants 

provide protection by stabilizing biomolecules and cellular 

structures, minimizing osmotic stress, and limiting the 

damaging effects of ice formation (Sydykov et al., 2018). 

Cryopreservation of vaccines is necessary to maintain the 

physical properties of the vesicles. Cryoprotectants protect 

vesicular membranes from hydrolysis and oxidation which are 

the two main mechanisms that cause the destabilization of the 

membranes of liposomes. This leads to generation of 

lysophospholipids through free fatty acids production, and 

eventually formation of phosphoglycerols. The changes in the 

morphological properties of the liposomes such as its shape, 

size and lamellarity have also had a major impact on the 

behaviour of the liposomes in vivo (Robson et al., 2018). The 

desired goal of vaccine developers is to maintain the physical 

and chemical integrity of the product during its life on the 

shelf (Narenji et al., 2017). It is likely that the vaccine was not 

retained in the core of the liposome due to the heat stress, thus 

creating changes in physical characteristics the liposomes and 

modifying the immune response. From the pharmaceutical 

point of view, the physical and chemical properties of 

liposomes are critical parameters that affect the performance 

of vaccine loaded liposomes in vitro and in vivo. 

 
VESICLE SIZE, ZETA POTENTIAL AND VACCINE ENTRAPMENT 

The particle sizes of the cationic liposomal vaccine were less 

than 100 nm and monodisperse as shown in Figures 2a and 2b. 

The suitability of a nanocarrier for a particular route of 

delivery depends on the average particle size and the 

polydispersity index (Danaei et al., 2018). This has an 

influence on the cellular uptake and internalization of the 

particles. Size is a critical parameter in determining drug 

encapsulation in the liposome, and half-life in circulation, with 

smaller liposomes having more chances of escaping 

phagocytic uptake. Size of liposomes can affect the rate at 

which they permeate targeted sites, are cleared from injection 

sites, and accumulate in the lymph nodes. Smaller liposomes 

are taken up at lymph nodes via passive transport. It is also 

characteristic of Th1 cells to be stimulated by smaller-sized 

cationic liposomes, which form a depot at the injection site 

due to interaction with the negatively charged interstitial 

proteins (Tretiakova and Vodovozova, 2022). The formulated 

cationic liposomes were measured at 4 oC and at 25 oC using 

a Malvern zeta sizer. Temperature differences after 

formulation did not have a significant effect on the particle 

sizes as the particles were <= 100 nm and also monodisperse. 

The sizes of the particles were small because a probe sonicator 

was used in sonicating the particles after formulation. Vaccine 

developers tend to mimic the properties of pathogens with the 

exception of pathogenicity. They simulate the pathogen’s size, 

shape and surface molecule organization (Bachmann and 

Jennings, 2010). Particle size has an impact on stability, 

encapsulation efficiency, drug release and biodistribution. 

Dendritic cells have been shown to efficiently process small 

sized liposomes, whereas other immune cells, such as 

macrophages phagocytose large sized particles (Goya et al., 

2008). Therefore, determining the particle size distribution of 

liposomes could help in predicting their adjuvanticity. 

Liposome size has been demonstrated to influence the 

pharmacokinetics and biodistribution of antigen, thereby, 

impacting the stimulation of the immune response (Manolova 

et al., 2008).  

The average zeta potential of the DOTAP-based cationic 

liposomes was 24 mV as shown in Figure 3a. It was measured 

on the Malvern Zetasizer. Large potentials (near +30 mV or -

30mV), predict a stable dispersion with the particles repelling 
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each other, thus preventing aggregation. Such large potentials 

provide us with an insight in liposomal stability, circulating 

half-life, rate of vaccine release, particle cell permeability and 

fusion with cell membranes. The large positive charge on the 

cationic liposome will have a beneficial effect on fusion with 

biomembranes.  Choosing the amount of cationic additives has 

to be interplay between stability and toxicity because cationic 

additives are toxic at high concentrations.  Surface charge has 

been shown to have effect on immune responses with 

negatively and positively charged liposomes being 

immunostimulant while zwitterionic ones are not (Honary and 

Zahir, 2013).  

The polydispersity index for DOTAP-based cationic 

liposomes was 9×10-3 which indicated a narrow and 

homogenous size distribution. Polydispersity indices (PDI) 

measure the width of the particle size distribution. PDI ranges 

from 0.0 to 1.0. PDI of zero is for a perfectly uniform sample 

while PDI of 1.0 is a highly polydisperse sample with multiple 

particle size populations. Values of 0.3 and below for 

liposomes are considered adequate and indicate a homogenous 

population of phospholipid vesicles. Consistently high values 

of PDI indicate either an aggregated or poorly prepared 

sample. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2a: Particle size distribution of DOTAP-based cationic 

liposomes at 4 
o
C using photon correlation spectroscopy. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2b: Particle size distribution of DOTAP-based cationic 

liposomes at 25 oC using photon correlation spectroscopy. 

 

 

 

 

 

 

 

 

 

Figure 3a: Zeta potential distribution of DOTAP-based 

cationic liposomes using photon correlation spectroscopy 

 

An insignificant difference (P > 0.05) was found in the mean 

particle size of the cationic liposomal vaccine stored at 4 oC for 

7 weeks, but a significant increase in the particle size was 

observed for the cationic liposomal vaccine stored at 28 oC for 

7 weeks. The size distribution of the cationic liposomes stored 

at 4 oC was appreciably maintained. Storage at 28 oC may 

have increased the rate at which the liposomes transited to a 

nonbilayer phase through intermediates that facilitated fusion 

(Garg et al., 2007). Our results show that stability and 

fusogenity of liposomes is temperature-dependent as seen in 

Figures 2c and 2d. At 4 oC, Zaverage was 117.2 nm; zeta 

potential (mV) = 6.85 ±1.16; PDI = 0.833 ± 0.059 while the 

parameters at 28 oC was Zav = 490.6 nm + 82.69 nm; zeta 

potential (mV) = -9.29 ± 0.681; PDI: 0.614 ± 0.063. No 

significant (P > .05) change in the zeta potential of the 

liposomal product was observed when they were stored at 4 oC 

for 7 weeks, but there was an inverse of the zeta potential when 

stored at 28 oC for 7 weeks. The inversion in the vesicular 

charge may be a function of temperature as well as time.  It 

could also be due to the fusion of the vesicles. The negative 

charges of the cationic liposomes at 28 oC could also be due to 

the gradual degradation of the lipid membrane by the presence 

of membrane destabilizing components, presumably lysolipid 

and free fatty acid generated by hydrolysis of the lipid. The 

membrane becomes more permeable allowing the leakage of 

the vaccine from the liposome interior. The change in the 

electrical potential at the membrane surface will also affect the 

ability of the charged ions to cross the cell membranes. The 

cationic liposome now turned anionic will no longer be able to 

transfect proteins and nucleic acids into negatively charged 

cells. Changes in the particle sizes could also have impacted 

the chemical and biopharmaceutical behaviour of the product, 

such as the drug release kinetics, transport across biological 

barriers, and pharmacokinetics in the human body. The PDI of 

the liposomes after a long storage at 4 oC or 28 oC was above 

0.3 and this would adversely affect the cellular uptake of the 

liposomes at the Peyer’s patches, thus causing differentials in 

immune responses. 
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Figure 2c: Particle size distribution of the DOTAP-based 

cationic liposomes after 7 weeks at 4oC; Zav: = 117.2; zeta 

potential (mV): 6.85 ±1.16; PDI = 0.833 ± 0.059 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2d: Particle size distribution of the DOTAP-based 

cationic liposomes after 7 weeks at 28 
o
C; Zav: 490.6 ± 82.69 

nm; zeta potential (mV): -9.29 ± 0.681; PDI: 0.614 ± 0.063. 

 

To ascertain the best ratio for the immune response of the 

birds, the encapsulation efficiency using haemagglutination test 

was assessed. The different molar ratios used were, 5:5:1; 

7.5:7.5:1; 10:10:1 and 12.5:12.5:1 of phosphatidylcholine: 

cholesterol: DOTAP. The maximum encapsulation efficiency 

obtained was 63 % from the 12.5:12.5:1 molar ratio. The 

surface charge of the drug greatly impacts the drug loading 

efficiency. The zeta potential has also been used to determine 

the encapsulation of the cargo within the core of the liposome 

or on the surface. The drug loading can equally affect the zeta 

potential of the liposomes. For example, increasing the loading 

of flurbiprofen led to higher zeta potential (Harting et al., 

2007). This is most likely due to the location of the drug 

molecules onto the delivery systems’ surface leading to higher 

zeta potential. In addition, the entrapment efficiency of 

calcitonin was observed to increase by enhancing the negative 

zeta potential of the particles (Harting et al., 2007). 

IMMUNE RESPONSE 

Table 1 shows the immune responses after primary and 

secondary immunization. After primary immunization, the 

commercial La Sota® vaccine had a higher cumulative 

antibody titre (log2) of 5.50±0.67 though not significantly 

higher than the cationic liposomal vaccine (5.30 0.56).  After 

the secondary immunization, the DOTAP-based cationic 

liposomes group had a cumulative antibody titre (log2) of 

9.60±0.95 which was significantly higher than the commercial 

La Sota® vaccine (6.00 0.63). The negative control group 

produced no antibodies throughout the study. Antibody titres 

above (log 2) 3 are protective. DOTAP cationic liposomes 

interact with negatively charged molecules on the surface of 

antigen-presenting cells (APCs) and target antigens for more 

effective phagocytosis (Mehravaran et al., 2019). DOTAP is 

used for the transfection of DNA, RNA, nucleotide, proteins 

and other negatively charged molecules into eukaryotes. It is a 

leading delivery system in antigen expression which promotes 

high association with cells in-vitro and has favourable 

interactions with negatively charged cell membranes (Lou et 

al., 2020). The DOTAP liposomes will be internalized by 

immune cells by a classical receptor-mediated endocytosis 

using cell surface receptors, which contain specific binding 

sites for, and are able to internalize cationic molecules leading 

to better uptake and in vivo cytotoxic T-lymphocyte induction 

and humoral responses (Friend et al., 1996; Felgner et al., 

1986). DOTAP liposomes are also potential carriers for oral 

antigen delivery due to their protective effects on encapsulated 

antigens and their ability to be taken up by Peyer’s patches in 

the intestine. They provide enhanced antigen processing 

through their ability to be taken up by antigen presenting cells. 

The bilayer composition of the DOTAP liposomes could have 

an effect on the liposome uptake by antigen presenting cells 

(Ahmad et al., 2019). 

 

TABLE 1: PRIMARY AND SECONDARY VACCINATIONS OF 

VACCINES KEPT AT 4 OC 
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The DOTAP-based cationic liposomes stored for 7 weeks at 28 

oC or freeze-thaw temperatures were prepared by the thin lipid 

film technique, hydrated with the Newcastle disease virus 

vaccine and lyophilized. The dry flakes were weighed and 

bottled in airtight vaccine bottles. These were reconstituted 

during immunization. The effects of the harsh temperatures on 

the stability of the cationic liposomal vaccine were assessed 

using the immune responses of the chickens after primary and 

secondary immunization. The commercial vaccine which 

served as the positive control was also given the same 

treatment. At three weeks and six weeks of age respectively, 

the birds were given their primary and secondary 

immunization, and immune responses were assessed using 

haemagglutination inhibition test. The production of antibodies 

in the sera of the chickens immunized with the lyophilized 

commercial NDV (with cryoprotectants) vaccine kept at 

freeze-thaw cycles for 7 weeks had mean antibody titres of 

log2 5.40 ± 0.60 after primary immunization and log2 7.00 ± 

0.95 after secondary immunization, while birds given the 

lyophilized commercial NDV vaccine kept at 28 oC had mean 

antibody titres of logs2 4.20±0.58 and 7.60±0.60 after primary 

and secondary immunization. The antibodies were high even 

after the long storage conditions. The production of antibodies 

in the sera of the chickens immunized with the lyophilized 

DOTAP liposomes (without cryoprotectants) vaccine kept at 

freeze-thaw cycles for 7 weeks was log2 5.80 0.37 after 

primary immunization and log2 9.80 0.20 after secondary 

immunization, while birds given the lyophilized DOTAP 

liposomes (without cryoprotectants) vaccine kept at 28 oC had 

mean antibody titres of logs2 0.0 and 5.00 1.88 after primary 

and secondary immunization. Although, the antibodies of the 

birds immunized with the lyophilized DOTAP liposomes kept 

at 28 oC for 7 weeks had the lowest antibody titre, it retained 

some level of protection. This indicates that the lyophilized 

commercial NDV vaccine (with cryoprotectants) or lyophilized 

DOTAP liposomes (without cryoprotectants) kept at 

exaggerated conditions did not lose its potency at 28 oC or 

freeze-thaw temperatures but effectively stimulated antibody 

production. 

TABLE 2: IMMUNE RESPONSES OF BIRDS TO VACCINES 

KEPT AT 28 OC OR FREEZE-THAW CONDITIONS 

 

 

 

 

 

 

 

 

TOTAL WHITE BLOOD CELL COUNT 

Among the parameters evaluated for effect of long storage on 

DOTAP-based liposomal vaccines were total white blood cell 

count and differential white blood cell count. In Table 3 the 

haematological profile of the birds shows that the circulating 

lymphocytes of the vaccinated birds were significantly higher 

than that of the unvaccinated birds. The highest number of 

circulating lymphocytes x1000/uL after primary immunization 

were produced by birds immunized with DOTAP-based 

cationic liposomes kept at freeze-thaw conditions for 7 weeks 

(26.24±2.21) and the least were birds vaccinated with the 

DOTAP-based cationic liposomes kept at 28 oC for 7 weeks 

with a mean titre of 15.21±3.41 after primary immunization. 

The differences were not statistically significant. After 

secondary immunization, the highest number of circulating 

lymphocytes x1000/uL were produced by birds immunized 

with DOTAP-based cationic liposomes kept at freeze-thaw 

conditions for 7 weeks (16.29±1.06) and the least were birds 

vaccinated with the commercial vaccine kept at freeze-thaw for 

7 weeks with a mean titre of 14.78±0.91. The differences were 

not statistically significant. The values show robustness of the 

haematological indices and capacity to protect the birds from 

the virulent strain of Newcastle disease virus. These values are 

useful and serve as a guide to interpret the leucocyte count 

when vaccines are kept at adverse conditions. These results 

reflect susceptibility of the birds, virulence of the infecting 

species, nature and severity of the disease process and systemic 

response of the birds. Low values or very high values could 

also come from technical errors rather than of physiologic or 

pathologic changes occurring during disease. The most 

common errors are those associated with collection, dilution 

and counting. The presence of high circulating lymphocytes in 

the blood after primary immunization especially with the group 

immunized with cationic liposomes kept at freeze-thaw 

conditions shows consistency with the antibody titres during 

haemagglutination inhibition test. The life span of lymphocytes 

varies from three to four days. Lymphocytes in the animal 

body are constantly in a state of circulation and recirculation. 

This may account for the reduced levels of the total leucocyte 

count after the secondary immunization. 
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TABLE 3: LYMPHOCYTES OF THE BIRDS AFTER 7 WEEKS OF 

STORAGE OF THE VACCINES 

 

 

 

 

 

 

 

 

 

CHALLENGE EXPERIMENT 

The protective ability of the vaccine groups showed a strong 

association between unvaccination and death of birds. The 

pattern of morbidity and mortality showed that the 

unvaccinated group succumbed to the challenge with Herts 33 

strain before the seventh day, with all birds showing clinical 

signs of disease: loss of appetite, torticollis, excess salivation 

paralysis, greenish and foul-smelling droppings, and weakness. 

By the seventh day, nine of the 10 unvaccinated birds had died 

(90% mortality). The birds of the liposomal ND vaccine group 

and of the La Sota® vaccine group showed no visible signs of 

disease. There was no mortality in these groups (100 % 

survival). The cationic liposomal ND vaccine had a significant 

protective effect on the birds, inducing antibody titres as high 

as 29 and hyperimmunized the birds against the velogenic 

strain of the NDV. 

 

IV. CONCLUSION 

The DOTAP cationic liposome containing Newcastle disease 

virus vaccine was formulated using the thin layer hydration 

method and subjected to heat and freeze-thaw stresses to 

ascertain their stability under the harsh conditions. The 

immune responses obtained from the birds after the stress 

conditions showed that the DOTAP-based liposomal vaccine 

was very much stable under freeze-thaw conditions with 

slightly reduced stability at 28
o
C. This suggests the possibility 

of retaining immunogenicity in DOTAP-based cationic 

liposome vaccine in the tropical atmospheric conditions.  
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