Evaluation of DOTAP liposomes as vaccine adjuvant: Formulabn, in-vitro
characterization and stability

Ebele Onuigb®, Petra NnamafiAnthony Attamg Vincent Okoré Edwin Onuohg Austin Ngeng
Charles Esimorfe
a Department of Pharmaceutics, Faculty of Pharmaceutical Sciences, University of Nigeria, Nsukka,
410001, Nsukka, Enugu State, Nigeria
b Department of Pharmaceutical Microbiology and Biotechnology, Faculty of Pharmaceutical Sciences,
Nnamdi Azikiwe University, Awka, Anambra State, Nigeria
‘Department of Veterinary Pathology, Faculty of Veterinary Medicine, University of Nigeria, Nsukka,
410001, Nsukka, Enugu State, Nigeria
dDepartment of Medicine, Faculty of Veterinary Medicine, University of Nigeria, Nsukka, 410001,
Nsukka, Enugu State, Nigeria
e  Corresponding author +2348062995712

ABSTRACT
Liposomes are small, spherical, self-closed vesicless Bhidy evaluates the
chaenhancement prepared by lipid film hydration metboohprised of varying
molar concentrations of phosphatidylcholine and choldsserd dropwise addition
of a defined concentration of DOTAP. A solution of Nestt=disease virus vaccine
was added and sonicated to form multilamellar vesigles.optimum condition was
12.5:12.5:1(w/w) of phosphatidylcholine:cholesterol:DOTrao with a maximum
percent encapsulation efficiency of 63.3 %. Liposomess wharacterized for
morphology, particle size and zetapotential. Antibody tiymaphocytes and globulin
was assessed. The stability of the liposome was add@gst¢oring for four weeks at
4°C, 28°C and at freeze-thaw temperatures. The mean siz&@@asm as confirmed
by PCS and TEM images. The zeta potential of op&chiposomes prepared by this
method was +24 mV. Haemagglutination inhibition, haetogly and biochemical
tests showed that the cationic liposomes induced highmunity than La Sota®
commercial vaccine. Stability studies of the TEM and Psved slight alteration
in the shape and size of the liposomes after one nubrdtorage at 4C and 25°C.
Results suggest that DOTAP-based liposome might beofimting immunity against
ND virus in chickens whereas storage of the liposorhesoan temperature may not
be favourable.

Introduction

Liposomes are small, spherical, self-closed vesidleolidal dimension which consist of
amphiphilic lipids, enclosing an aqueous core. The lipigs predominantly phospholipids
which form bilayers similar to those found in biomenm@® In most cases the major
component is phosphatidylcholine. The processing aonditand the chemical composition
determine whether liposomes are formed with one or des@maentric bilayers. Liposomes
have been employed in various applications of liferseie2. Twenty-five years after the
discovery of their immunological properties, liposomes nappear a major candidate
adjuvant with a liposome-based vaccine (against hepAditbeing licensed for use in humans
34 Vaccines based on novasomes (R) (non-phospholigisidipes formed from single-chain
amphiphiles, with or without other lipids) have beenrged for the immunization of fowl
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against ND virus and avian reovirBisArticles on inactivated hepatitis B virus and surface
antigens of influenza virus have shown that there are licenssdi@ab vaccines. Others such
as tumour antigens encapsulated in liposomes, liposort@leukin-2, muramyl peptides
encapsulated within liposomes, polymerized liposomes anchuhostimulatory CpG
oligonucleotides encapsulated in liposomes are presentlyganag clinical trials. Liposomes
offer a number of advantages as carriers of vacdiaeause they are biodegradable and non-
toxic, can elicit both humoral and cell-mediated immunégd can be prepared entirely
synthetically®’. Cationic liposomes have a positive surface charge. Tasyimprove the
Immune response against co-administered vaccine aecpantigen from clearance in the
body. They can fuse with negatively charged cell mamds and deliver the antigen
endosomally. One of the most frequently used catigpiddiin formulating liposomes is 1,2-
dioleoyl-3-trimethylammonium propane (DOTAP). In this stuBQTAP-based liposome
was used to entrap a standard ND vaccine for possibineement of immunogenicity and
stability. The results suggest that the DOTAP-baseddime might be suitable as a potential
candidate for boosting immunity but not as a thernbbstaaccines against ND virus in
chickens.

MATERIALS and METHODS

Preparation of dry lipid films

To obtain the dry film, 196 mg of phosphatidylcholine, 984 of cholesterol and 50 g of
DOTAP were weighed and dissolved in 3 ml of chloroformbfaetl system (2:1) in a round
bottom flask. The solvent mixture was evaporated at roompeeature and the flask rotated
until a smooth, dry film on the wall of the flask was obtaifed

Hydration of dry lipid films for the cationic liposomes

The Newcastle disease vaccine La $btérom NVRI, Jos was reconstituted with
physiological saline by dissolving a vial in 40 ml of ppbate buffer solution. A 5 ml volume
of the reconstituted vaccine was used to hydrate egcfild to form the various cationic
liposomes or niosomes and 0.2 ml/bird was administered.

Transmission electron microscopy (TEM)

The prepared cationic liposomes were processed by aspper grids to adsorb the particles
from the suspension, staining in 2.5 % uranyl acetait8d s and drying. The specimens were
observed under JEM 1010 Transmission electron microscope (JEOL, Jagaerpted at 80
Kv at X 3400 and X 10500 magpnificatiohs

Vesicle size, zeta potential and polydispersity index

The z-average vesicle diameter, zeta potential @oigdispersity index of the cationic
liposomes or niosomes in phosphate buffer solution (pH Wete determined by photon
correlation spectroscopy using nanosizer 3000 HS, Malwstruments (Malvern, England,
U.K). Zeta potential was calculated from the mearthofe runs. Each sample was diluted
with bi-distilled water and the electrophoretic mdbildetermined at 28C and dispersant
dielectric constant of 78.5 and pH of 7. The obtainedtmphoretic mobility values were
used to calculate the zeta potentials using the s@&tiddsS Version 4.1 (Malvern, England)

and applying Henry’s equation 1°.

UE = 27f(K) (1)
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whereZ is the zeta potential)E the electrophoretic mobility, the dielectric constan, the
viscosity of the medium arf@Ka) is the Henry’s function.
The polydispersity index was determined as a measure ofgeority

Lyophilization of the delivery systems

DOTAP-based cationic liposomes were first frozen slaatlyl0°C and then freeze-dried for
7 hours under vacuum at - 40. The resulting lyophilized cakes were bottled, setggdly
and stored at 28 and freeze 20 °C) -thaw (4°C) temperatures respectively for four weeks
maximum. They were rehydrated to their original disjger volumes with PBS (pH 7.4)
during primary and secondary immunization of the birds.

Stability assessment using the haematology of the birds

A hundred birds (100) birds were divided into five groupsa@nty birds. The birds were
immunized at three weeks and six weeks for primary avabtbr doses with Newcastle
disease formulated vaccines stored at’@8and -20°C/4 °C for seven weeks. This was
assessed one week after primary immunization andhdappimmunization respectively for
antibody using haemagglutination inhibition test and also Iyxoytie circulation.

Data analysis

Data was fed into the SPSS statistics program (SPSSdrsipnr 16.0) applying a one-way
analysis of variance (ANOVA) test with least squareted#ince (LSD) multiple comparisons
atp <0.05.

RESULTS AND DISCUSSION

Photomicrographs of the cationic liposomes using transmissiaectron microscopy

The technique used for the formulation of the catidiposomes was lipid film hydration
technique (hand shaking method) which formed films an whall of the flasks and on
hydration with phosphate buffer solution ( pH 7.4) produitéck, gel-like, milky colloidal
dispersion. The photomicrographs of the vesicles wemriestlby means of transmission
electron microscopy at x3600 and x10500 magnificati®inom the negative staining electron
micrographs, Figure la, 1b showed the vesicleseD®TAP-based cationic liposomes at
mags. of x3600 and x10500. The vesicles were sphaiwhlmultiamellar. The vesicles
appeared tightly packed. The net surface charge ofigbeomes was maodified by the
incorporation of positively charged DOTAP lipid. Liposa@raere spherical vesicles in which
an agueous volume is entirely enclosed by a membraneosechmf phospholipids. When
these lipids are exposed to an aqueous environmentadtters between themselves
(hydrophilic interactions between polar headgroups and van der Waals’ interactions between
hydrocarbon chains) and with water lead to spontanewsosafion of closed bilayers. At a
high cholesterol concentration, the gel state isstoamed to a liquid-ordered phake An
increase in cholesterol content of the bilayers results decrease in the release rate of
encapsulated material and therefore an increase aijttigy of the bilayers obtainetd4
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x 10500
Fig. 1: Transmission electron microscope images of DOTAPased cationic liposomes at
a mags. of x3600 and x 10500

Particle size and zeta potential of the ND vaccine encapated liposomes

The particle sizing using a Zetasizer nano seriesv@iallnstruments, U.K) was measured
using dynamic light scattering (DLS). This technique soess the time-dependent
fluctuations in the intensity of scattered light which occumbse the particles are undergoing
Brownian motion. Analysis of these intensity fluctuationsl#es the determination of the
diffusion coefficients of the particles which are conweite¢o a size distribution. The particles
of the DOTAP-based cationic liposomes attand at #C were between the ranges of 10 -
1000 nm as seen in Figures 2a, 2b. Temperature difesgaafter formulation did not have
significant differences on particle sizes. The sinédhe particles were smaller than the
particles in the photomicrographs because a probeaton was used during the particle
sizing which further reduced the sizes. The average petential of the DOTAP-based
cationic liposomes was 24 mV as seen in Figure B/dRpersity index (Pl) measures the
width of the particle size distribution. Consistently highlues of Pl indicate either an
aggregated or poorly prepared sample. The polydispénsiex for DOTAP-based cationic
liposomes is 0.00917. If the Pl was above 0.2, the PI itsesgnificance as an accurate
measure of the width of the size of distribution, but s&th be useful for comparative
purposes®. Thus, liposomes formed from mixtures of saturated phosiytidline with
cholesterol which are 100 nm or smaller in size, exhitwttation half-lives of several hours
and longer.
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Size Distribution by Intensity
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Figure 2a: Particle size distribution of DOTAP-based catbnic liposomes at £C using
photon correlation spectroscopy.
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Fig 2b: Particle size distribution of DOTAP-based catiorg liposomes at 25°C using
photon correlation spectroscopy.
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Zeta Potential Distribution
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Figure 3: Zeta potential distribution of DOTAP-based cationc liposomes using photon
correlation spectroscopy.

Immune response of the birds

All birds screened prior to administration of vaccivere negative for HI antibody. All
control (unvaccinated) birds had no antibody throughoet ékperiment. The immune
response of the birds is shown in Table 1. After primvagcination, the La Sota® vaccine
group had a higher mean antibody titre (log2) anddstal deviation of 5.50 + 0.67 while the
liposomal ND vacine group had an antibody titre of 5.3D56. After secondary vaccination
the chickens further seroconverted, and the liposomal ND wahaith a higher mean antibody
titre (log2) of 9.60 40.95, which was significantly higher than that for the La Sotat vaccine
group with (log2) 6.00 + 0.63.

Table 1. immune response of birds after primary and seconagimmunization

Treatment groups

Number of chickens

Primary
immunization (logz)

Secondary
immunization (logz)

Unvaccinated 20 0.0 0.0
control

Liposomal ND | 20 5.30 0.56 9.60 0.95
vaccine

e —
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La Sota®vaccine 20 5.50 0.67 6.00 0.68

Stability studies

The Newcastle disease vaccine delivery systems waneddor one month at 2& and 4°C.
Figures 4a and 4b show DOTAP-based cationic liposomgsh looked physically altered
and disordered under the transmission electron micresddye vesicles are aggregated and
not spherical. Table 2 shows the haematological profildhe birds when immunized with
vaccines stored at ambient and freeze-thaw conditibhes. total leucocyte count profile
showed stability of the vaccines when compared to the negatntrol [13.85+1.31], with the
profile of the birds given DOTAP liposomes [ 31.23+2.51hasmost stable.

TEM images of DOTAP-based cationic liposomes after one montit a magnification of
x10500 using transmission electron microscopy
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Size Distribution by Intensity
ASD .............. .................
= ] ; ; : ;
o ! ! : !
‘520. ‘‘‘‘‘‘‘‘‘‘‘‘‘ .................
E L ; ; ; ;
E 10; ..................................

0 I | |
0.1 1 10 1000 10000
Size (d.nm)

Record 198: DOTAP NDV 1 - Record 199: DOTAP NDV 2
Record 200: DOTAP NDV 3 Record 201; DOTAP NDV 4

Particle size distribution of the DOTAP-based cationic posomes after one month at%C
Z —average (d.nm): = 117.2; zeta potential (mV): 6.85 +B61Pdl = 0.833_+ 0.059

Size Distribution by Ihtensity

Intensity (%)

1000 10000
Size (d.nm)
—— Record 230: DOTAP NDV Rm temp 1 Record 231: DOTAP NDV Rmtemp 2
— Record 232: DOTAPNDV Rm temp 3 —— Record 233: DOTAP NDV Rmtemp 4

Particle size distribution of the DOTAP-based cationic lipgomes after one month at 25
°C.
Z. av (d.nm): 490.6_+ 82.69; zeta potential (mV): -9.280.681; Pdl: 0.64 + 0.063
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Table 2: Haemotological profile of the birds after stoage of vaccines at ambient and
freeze-thaw conditions

Leucocytes Total | Heterophils| Lymphocytes Monocytes| Eosinophils| Basophils
x1000/ul white

blood

cells
Negative 13.85 | 3.39+0.54/9.76 +1.26 | 0.25 +/0.35+0.05|0.09 +
control +1.31 0.06 0.04
(unvaccinated)
DOTAP 26.43 | 8.49+0.51| 15.21+ 3.41 | 0.30 +/0.40+0.04 | 0.04 +
(28°C) +2.25 0.10 0.04
Positive 26.71 |5.15+0.57|21.11+2.70| 0.21 +10.10+0.06 | 0.00 +
control (La | +2.98 0.10 0.00
Sota) 28°C
DOTAP (-20|31.23 | 6.05+1.86| 26.24 +2.21| 0.41 +10.12+0.07 | 0.00 +
°C/4°C) +2.51 0.14 0.00
Positive 26.69 |10.89 +|16.89 +1.67 | 0.17+ 0.50 + 0.05+
control (La | +2.69 | 1.65 0.07 0.17 0.05
Sota) -20
°C/4°C
DISCUSSION

Photomicrographs

Liposomes are spherical vesicles in which an aqueolsmne is entirely enclosed by a
membrane composed of phospholipids. When these lipidsexpesed to an aqueous
environment, interactions between themselves (hydiopimteractions between polar
headgroups and van der Waals’ interactions between hydrocarbon chains) and with water lead

to spontaneous formation of closed bilay¥rsThe phosphatidylcholine which is a zwitter-
ijonic or non-ionic lipid was used as the basic lipid for greparation of the cationic
liposomes. The fluidity of the liposomal bilayer, whemsimade from a single lipid depends
on the lipid phase transition temperature (Tc) andelstive position compared to room
temperaturé’. When the room temperature is increased and reachéiseTlmembrane passes
from a solid-gel phase, where the lipid hydrocarbon chare in an ordered state, to a fluid
liquid-crystalline phase, a disordered state, whereecot#s have more freedom of
movement. Membrane permeability is highest at the phasetitvartsmperature, and is lower
in the gel phase than in the fluid phase. Non-ionic ligide phosphatidylcholine) in
conjunction with cholesterol (tightly packed membranas)well as sterical stabilization
(steric barrier) reduce the levels of protein binding.sTtiposomes formed from mixtures of
saturated phosphatidylcholine with cholesterol whiah 200 nm or smaller in size, exhibit
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circulation half-lives of several hours and longersbme cases circulation lifetimes can be
further increased by inclusion of a polyethylene glyc®@p surface coating. The polymer
acts as a steric barrier and reduces the level omplgsrotein binding and uptake by
phagocytic cells'®1% This actually forms the basis of sterically stabilised or ‘stealth
liposomes’. In serum, the lipid molecules can be transferred from the liposomal membrane to
plasma high density lipoprotein (HDL). This is particifatiue in the case of "fluid"
liposomes, such as those made from dioleyl-phosphatiolyie (DOPC), which disintegrate
and release their contents within few minutes afheirtintravenous administratiol.
Following the substitution of DOPC by high phase-transiiemperature lipids such as
distearoyl-phosphatidylcholine (DSPC), the bilayer becoregid® at 37 °C, and
consequently resistant to lipoprotein attack. Membraunditly can also be controlled quite
accurately by supplementing the lipid bilayer with leterol, a mechanism that results in
enhanced membrane stabiffyby mixing two or more lipids, or by manipulating the
hydrophobic/lipophobic character of the bilayers, fearaple with the use of fluorinated
lipids 222

Particle size

Particle size is one of the determining factors for w@attage clearance when liposomes are
administeredn vivo. Particle sizes greater than 500 nm are marked éarahce by opsonins
and subsequently phagocytosed by macrophages. Largsoiines are rapidly removed from
blood circulation. Sonication is therefore necessaryfoducing smaller vesicles in the nano
range and for unilamellarity. Charge neutral liposornesniosomes with tightly packed
membranes exhibit increased drug retention and circuldtidilife in vivo 2. The tight
packing reduces the binding/insertion of proteins, whliestabilise the membrane and mark
the liposomes or niosomes for removal by phagocytis.c8lince the particle sizes of the
cationic liposomes or the niosomes had an averageo$ize 500 nm, they will escap
phagocytosis and circulate longer in the blood streéhen given by the oral route,
liposomes have to survive the "detergent effect" itd balts and phospholipase activity.
Physicochemical properties of particles influence ttyebeir rate of uptake by the intestinal
tract. The two main factors are the size and the nature ofatnex msed to make the particles.
Particles are described as crossing either at the level of Peyer’s patches or through the
enterocyte layet*?5 Absorption takes place primarily, but not exclusivatiythe level of the
M-cells. Uptake is very fast and is the result dfamscellular mechanism through normal
enterocytes and specialized M-cells or to a lesseneztcross paracellular pathways through
the tight junctions between celfS. Microfold cells are specialized for endocytosis and
subsequently transport the particulates to the adjacent lymphoid tissue (Peyer’s patches in the
gut). Therefore, after the particle binds to the M-aglical membranes, the particulates are
rapidly internalised and offered to the continuous lymph@sue. Once internalised, the
particles are phagocytosed by macrophages and disttibuthe whole bod§/-?2° Size and
hydrophilicity of the particles have been clearly dibsxl as important factors influencing
intestinal absorptioff. The particles can be retained within the lymphoid tissueegradan be
internalised by phagocytic cells and subsequentlgsparted to another lymphoid tissue
through the lymphatic vessels that inneétvehe Peyer’s patches dome area. The bilayer
permeability is a measure of the flux or rate at whisblate works its way from an aqueous
compartment, through a bilayer, and out into the aqueonmpartment on the other side. It
depends on the membrane fluidity and on the natutleecdolute. Positively charged particles
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are better positioned to interact with the negativelrgbd mucirt’32 Since the size of the
cationic liposomes or niosomes is similar to the siza pathogen it would be taken bp
antigen presenting cell®3* and subsequently delivered into these cells. The dation
liposomes would protect the antigen against degradation orsalgofaces, and enhance the
uptake in mucosa associated lymphoid tissue.

Stability studies

When conventional liposomes are administeiredivo, they are rapidly cleared from the
blood circulation by monocytes and macrophages. Fatingl the liposmes with a cationic
like DOTAP increases the physical stability of the sipame and the potential for enhanced
interaction with cells ( Maintaining the physical prop=tof the vesicles can be difficult
without lyophilisation and cryoprotectants such as mtah glucose and trehalose.
Cryoprotectants increases stability from hydrolysis. IBar@aounts of antioxidants during
processing may stabilize the suspension and limit oxidatidhe product. The particle size
distribution changed after one month of storage probahlg to degradation of the
components. Figures 23a - 24b represent particle digtebutions, zeta potentials and
polydispersity indices of the DOTAP-based cationic lggoes or Span 60-based niosomes
after one month storage at 25 and at £C. The particle size distribution was multimodal.
The zeta potential was also greatly affectedstorage. The zeta potentials of DOTAP-based
cationic liposomes at AC and 25°C were -6.85 mV + 1.16 and -9.29 mV + 0.681 while
that of Span 60 were -13.9 mV + 0.897 and 6-5n% + 0.857 at £C and 25°C
respectively. The negative charges of the cationiassbmes could be due to the gradual
degradation of the lipid membrane by the presence afibrene destabilizing components,
presumably lysolipid and free fatty acid generated hiydrolysis of the lipid3®. The
permeability properties of these amphiphilic carrieetedmine how well the vaccine is
retained in the liposome or niosome interior. The elet¢tpotential at the membrane surface
will affect the ability of charged ions to cross. Negativeharged lipids will repel anions
from and attract cations to, the lipid-water interfatbe more ordered and hence tightly
packed the membrane, the less perme&bleposomal aggregation, bilayer fusion and drug
leakage are the main problems of physical stabiligpentered in any liposomal formulation
which could greatly affect the shelf life of liposomes @somes. Drug leakage will also
depend on both liposome composition and vaccine chasticterLarge polar or ionic water
soluble drugs will be retained much more efficiently tlam molecular weight, amphiphilic
compounds. In general, membranes composed of satyabsgholipids (with acyl chain of
C > 16) and/or membranes which contain a sufficient amount of cholesterol are the least
permeable ones. From the pharmaceutical point of viewghisical and chemical properties
of liposome or noisomal particles are critical paransedffecting the performance of the drug
loaded liposomem vitro andin vivo. Unfortunately, liposomal formulations do not meet the
required standards for long term stability of pharmacalpreparations if they are stored as
aqueous suspensioffs The encapsulated drug tends to leak out of thedsilatyucture and
the liposomes might aggregate or fuse on storageeTgresesses can cause a changeen th
pharmacokinetic profile of the encapsulated drug aecetbre reduce the reproducibility of
the therapeutic effect which shortens the storage tor the liposomal preparations, where an
acceptable shelf life is prerequisite for the succéssfroduction of liposomes into therapy.
As an alternative to storing aqueous dispersions, frégmeg of the cationic liposome or
noisome was introduced. Lyophilization increases theilisgalnd the shelf life of the
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finished product by preserving it in a relatively maiabe dry state, especially if the drug is
not stable in the aqueous suspension. Some liposonthlgisan the market or clinical trials
are provided as lyophilized powder forAddsaccompanied with labeling that calls for
reconstitution with water or saline for injectioff) Freeze drying is a technique that consists
of 3 separate steps. First the product is frozen, themsatin (primary drying) starts which
is followed by secondary drying proce¥s Liposome integrity on freeze drying may be
protected against leakage, aggregation and fusion @nptlsence of properly selected
cryoprotectants which is an important factor that gasvehe efficiency of the process of
freeze drying of liposomes. For liposome stabilizatiosyally sugars such as glucose,
sucrose, lactose and trehalose are used as cryojamss, although other types of excipients
have also been reported to exert cryoprotective efféctsn Table 8, the DOTAP-based
cationic liposomes were prepared by lipid film hydratiechnique without cryoprotectants,
hydrated with the Newcastle disease virus vaccine eal@nd then lyophilized. The dry
flakes were weighed and bottled in vaccine vials. dffiects of accelerated temperatures on
the stability of the formulations were assessed imnogmally. The positive control
(commercial vaccine) was also given the same treatmerthree weeks of age, the birds
were given their primary immunization and immune o&S§e assessed using
haemagglutination inhibition test. Tresults showed thatingeprocess may fracture or
rupture vesicles and freeze-thaw conditions may lead &desated degradation of the vaccine
formulation. Keeping the lipid formulations in the dry fon@lped to keep the structure intact
and did not diminish the immune response of the catigppusdmes.

Freeze-thaw changes

However, from the result, the presence of high circulaiygngphocytes in the blood is an
indication of cell-mediated immunity. The principal fuocti of the lymphocyte is its
immunologic activity. In terms of their response to théigem, the T-cells are primarily
responsible for the cell-mediated response of the amicKee life span of lymphocytes varies
from three to four days. Lymphocytes in the animal bady constantly in a state of
circulation and recirculation. Recirculation occursaatelatively constant rate so that the
numbers of lymphocytes entering and leaving the bloedagproximately equal, and the
number in the blood remains fairly constant in the hgaiiimal. Because of this constant
recirculation and the fact that there are populatadigmphocytes with different life spans, it
is not possible to determine precisely the total numb&maphocytes in an animal body at
any given time. In conclusion, DOTAP-based catioiiodomes at -280C/4 °C after primary
immunization showed an appreciably level of circulatymgphocytes which was higher than
the other vaccine treatment groups.
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