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ABSTRACT
Adjuvants play an essential role in the induction of immunity against leishmaniasis. In this study, mono-
phosphoryl lipid A (MPL) and imiquimod (IMQ) were used as TLR ligands adjuvants to enhance
immunogenicity and rate of protection against leishmaniasis. Nanoliposomes containing soluble
Leishmania antigens (SLA) and adjuvants were consisted of DSPC, DSPG and Chol prepared by using
lipid film method followed by bath sonication. The size of nanoliposomes was around 95nm and their
zeta potential was negative. BALB/c mice were immunized by liposomal formulations of lip/SLA, lip/
MPL/SLA, lip/IMQ/SLA, lip/MPL/IMQ/SLA, lip/SLAþ lip/IMQ, lip/SLAþ lip/MPL, lip/SLAþ lip/MPL/IMQ and
five controls of SLA, lip/MPL, lip/IMQ, lip/MPL/IMQ and buffer by subcutaneously (SC) injections, three
times in 2 weeks intervals. The synergic effect of two adjuvants when they are used in one formulation
showed significantly (p< .001) smaller footpad swelling and the lowest parasite burden in lymph node
and foot after the challenge. IgG2a in these groups showed the higher titre compared to control
groups, which is compatible with the high IFN-c production and lowest IL-4. Taken together the results
indicated that co-delivery of MPL and IMQ adjuvants and antigen in nanoliposome carrier could be an
appropriate delivery system to induce cellular immunity pathway against leishmaniasis.
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Introduction

Leishmaniasis is a neglected disease caused by different spe-
cies of Leishmania. Cutaneous leishmaniasis (CL) is not typic-
ally a life-threatening infection, but causes a disfiguring
stigma. According to World Health Organization (WHO), over
one billion people live in endemic areas at risk of infection.
One million cases of CL reported over the last five years, and
there are over 20,000 death of visceral leishmaniasis (VCL)
annually [1]. There is no available vaccine against any form of
leishmaniasis, but there are many evidences which indicate
the possibility of developing an effective vaccine against
leishmaniasis. Being immunized after recovery of CL is an
important reason for this belief [2,3].

Sandfly collects Leishmania parasite during the blood
meal. The parasite in the gut environment multiplies and
transmits during the next bite into a susceptible individual. In
case of zoonotic form of the disease, an animal reservoir
involves during transmission [4]. Clinical manifestation of
leishmaniasis includes CL, mucocutaneous (MCL) and VCL

which the visceral form is mortal [5]. Vaccination against
Leishmania dates back to early 20th century, which the viru-
lent forms of the parasite utilized for leishmanization. This
method was not safe as 5–10% developed severe disease,
and it was used during the Iran–Iraq War [6,7].

Protection against leishmaniasis depends upon induction
of Th1 type of immune response [8]. Survival and replication
of the parasite depend on the target cell: macrophages.
These cells produce nitric oxide (NO) and other oxidative
intermediates [9].

The type of CD4þ helper T cell (Th) subset plays an
important role in resistance or susceptibility to Leishmania
major infection [10]. In resistant mice, which are infected with
L. major, producing IFN c by Th1 promotes healing pathway
that is dependent on activated effector macrophages gener-
ating NO. In contrast, in susceptible mice activated Th2 and
producing IL-4 and IL-10 led to deactivation of macrophages
and inhibited intracellular parasite killing. The key factor that
determines resistance or susceptibility to L. major in mice is
the production of IL-12. It may be considered that the
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proliferation and differentiation of memory CD4þ T into IFNc
producing cells is related to the IL-12 [10,11].

Soluble Leishmania antigen (SLA), which is a crude anti-
gen, as a first-generation vaccine could be provided without
any high tech facilities [3,12,13]. SLA plus appropriate adju-
vants could stimulate immune response to control infec-
tion [13–17].

To enhance immune response with smaller doses of anti-
gen, adjuvants are used [18]. The first adjuvant compound,
which has been used in the past, was aluminium salts. They
form a depot which releases antigen slowly; some efficient
adjuvants interact with immune cell receptors directly [19].
Adjuvants determine the type of immune response to acti-
vate. There are two classes of adjuvants: i) delivery systems
and ii) immune potentiator [18].

Liposomes are synthetic lipid vesicles, which play two roles
in vaccine delivery system: protect antigen from degradation
and deliver the cargo to the immune cells. Liposome electric
charge, size, number of lipid layer and lipid composition
affect the liposome potency in activating immune system
[18,20–23]. Depending on the chemical properties, hydro-
philic compounds entrapped within the liposome and lipo-
philic compounds intercalated into the lipid bilayer [19,24].
Liposomes are uni- or multi-lamellar vesicles, which the size
varies from 25 nm to few mm [25].

In this study, two adjuvants were used in liposome formu-
lation, imiquimod (IMQ) (TLR7 ligand) and MPL (TLR4 ligand),
which trigger Toll-like receptors to activate immune system
[26,27]. MPL is a portion of Salmonella minnesota lipopolysac-
charide in which the (R)-3-hydroxytetradecanoyl group and 1-
phosphate have been omitted by hydrolysis. MPL stimulate
immune system through innate immune response by TLR4
receptor [28,29]. IMQ is a synthetic small-molecule compound
in the imidazoquinoline family, which is FDA approved, it is
used in dermatology lesion as an immunopotentiator agent.
It could stimulate innate immune system through cytokine
induction [30]. IMQ is the agonist of TLR7 and has immuno-
modulatory activity. Innate immune cells could be activated
through Toll-like receptor agonists [31,32]. Pathogen-associ-
ated molecular patterns are recognized through receptors of
innate immune system. TLRs include the main class of cell
surface PRP’s, which are presented on dendritic cells and
macrophages. TLR7 commonly recognize single strand RNA
(of viruses) and lead Th1-type cytokine secretion [31]. These
TLRs agonists activate innate immune cells by TLR/MyD88/
NF-kB and IFN regulatory factor 3/7 pathways [32]. Antigen,
which was used, is SLA. Eight liposomal formulations were
designed to investigate the effect of antigen and adjuvant in
liposome formulation, and thirteen groups containing 10
mice designed to study the experimental vaccine.

Materials and methods

Soluble Leishmania antigen preparation

Leishmania major MRHO/IR/75/ER, Iran vaccine strain pellet
was obtained from three litre of parasite medium received
from the Vaccinology and Molecular Parasitology Department
of Razi Vaccine and Serum Research Institute, Iran.

SLA preparation was carried out using the protocol devel-
oped by Scott et al., with minor modifications [33]. The para-
site washed four times using PBS buffer (rpm: 4500, 20min,
RT). The pellet dissolved in 10mM HEPES buffer (pH 7.5) solu-
tion in10% sucrose (HS buffer). The number of promastigotes
was adjusted to 1.2� 109/ml in HS buffer solution containing
enzyme inhibitor cocktail, 50 ml/ml (Sigma, St. Louis, MO). The
parasites were then lysed by freeze-thaw method followed by
probe sonication in an ice bath. The supernatant of the cen-
trifuged lysate parasites was collected, dialyzed against HS
buffer solution and sterilized by passage through a 0.22 m
membrane and stored at �70 �C until use. The protein con-
centration of the SLA was determined using Lowry proto-
col [34].

Liposome preparation and characterization

DSPC and DSPG were purchased from Lipoid (Ludwigshafen,
Germany). Cholesterol, chloroform and MPL provided from
Sigma and IMQ from Tocris (Bristol, UK). HPLC grade
methanol and DMSO were purchased from Scharlau
(Barcelona, Spain).

Liposomes containing DSPC:DSPG:Chol (molar ratio15:2:3,
40mM) were prepared by dissolving the lipids in chloroform
in a round-bottom flask. The solvent was then removed using
rotary evaporator (IKA, Staufen, Germany) resulting in a thin
lipid film deposited on the wall of flask. The lipid film was
then freeze-dried (Christ, Bonn, Germany) overnight to ensure
total removal of the solvent [56]. The lipid film in control
groups hydrated with sterile buffer (HS buffer containing 10%
sucrose), and in vaccinated groups hydrated with SLA.
Liposomes containing IMQ prepared as explained before with
the ratio of DSPC:DSPG:Chol:IMQ (15:2:3:1.25), according to
the formulation they hydrated in buffer or SLA solution.
Liposomes containing MPL prepared at a ratio of
DSPC:DSPG:Chol:MPL (23.7:3.2:2.31:0.25mg/ml). Due to the
control or vaccinated group they hydrated in buffer or SLA
solution. The multilamellar vesicles (MLVs) obtained were
then converted to unilamellar ones using bath type sonicator
(Branson 5510, Marshall Scientific, Hampton, NH) at 45 �C for
30min under argon.

The particle size of liposomes was measured using
Dynamic Light Scattering Instrument (Nano-ZS, Malvern
Instruments, Malvern, UK). The zeta potential was determined
on the same machine using the zeta potential mode as the
average of 20 measurements [57]. Then, the encapsulation
efficiency of liposomes was calculated for SLA and IMQ using
following equation:

Protein or IMQ content of liposome after purification
Protein or IMQ content of liposome before purification

�100:

For this purpose, a sample of fabricated liposomes isolated
before dialysis and another sample isolated after the follow-
ing procedures for dialysis. The liposomes containing SLA or
IMQ dialyzed against HS buffer for 2.5 d, exchanging buffer
each 8 h. The concentration of SLA in the liposomes was
determined using BCA protein assay kit [35]. The concentra-
tion of IMQ was determined by spectrophotometry at 318 nm

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY S325



using a UV–visible spectrophotometer in triplicate using a
calibration curve of IMQ. DMSO/water (9/1 V/V) was used to
dissolve and dilute the liposomes.

Immunization groups of BALB/c mice

A total of 130 female BALB/c mice, 6–8 weeks old, were pur-
chased from Pasteur Institute (Tehran, Iran). The mice were
maintained in animal house of Center for Research and
Training in Skin Disease and Leprosy (Tehran University of
Medical Sciences, Tehran, Iran) and fed with tap water and
laboratory pellet chow. All procedures involving animals were
reviewed and approved by the Institutional Animal Care and
Use Committee of the (Tehran University of Medical Sciences)
(IACUC protocol: [http://research.tums.ac.ir/informatics/77/
Animal%20Research.doc]).

Thirteen (13) groups, 10 mice per group, were SC immu-
nized three times at two weeks intervals with the following
vaccines: SLA, Lip/SLA, Lip/MPL/SLA, Lip/IMQ/SLA, Lip/MPL/
IMQ/SLA, Lip/SLAþ Lip/IMQ, Lip/SLAþ Lip/MPL, Lip/SLAþ Lip/
MPL/IMQ and HS buffer, empty Lip, Lip/MPL, Lip/IMQ, and
Lip/MPL/IMQ as control groups. Since liposomal carriers are
the basis of the main work, only a group of non-liposomal
antigens (SLA) is considered and the antigen/adjuvant group,
as previously employed, are not considered in this study. Due
to the formulation, each injection contains 25 mg MPL, 50 mg
SLA and 50 mg of IMQ. Two weeks after the last booster
blood sampling for IgG isotyping performed, and three mice
in each group were sacrificed and the spleen removed for
cytokine assay.

Challenge with L. major promastigotes

Two weeks after the last booster, different group of mice
(seven per group) was challenged SC in the left footpad with
L. major promastigotes (1.5� 106 in 50 ml volume) harvested
at stationary phase. Lesion development was recorded in
each mouse by measurement of footpad swelling (or thick-
ness) with a metric caliper (Asimeto, Hong Kong, China).
Grading of lesion size was done for 7–8 weeks by subtracting
the thickness of the uninfected contralateral footpad from
that of the infected one [36].

Quantitative parasite burden after challenge

The number of viable L. major parasites was estimated in the
lymph nodes and infected footpad of mice using limiting
dilution assay as described previously [20,37]. Briefly, the
mice were sacrificed at week 7 post-challenge; the lymph
node and infected footpad tissues were aseptically removed.
The tissues homogenized in 2ml RPMI 1640 supplemented
with 10% v/v heat-inactivated FCS (Eurobio, Scandinavia,
France), 2mM glutamine, 100U/ml of penicillin and 100 mg/
ml of streptomycin sulphate (RPMI-FCS). The homogenates
for each mouse were diluted with the same media in eight
serial 10-fold dilutions and cultured in triplicate using
flat-bottom-96 well plates (Nunc AS, Roskilde, Denmark).
The diluted samples were incubated at 25 ± 1 �C for 7–10 d.

The plates containing a solid layer of rabbit blood agar were
used to culture and detect promastigotes. The positive and
negative wells (presence and absence of motile parasite,
respectively) were detected using an invert microscope
(Olympus, Tokyo, Japan). The number of viable parasites per
tissue weight was calculated using the following formula:

�log
Parasite dilution
Tissue weight

� �

Antibody isotyping assay

Blood samples were collected from the mice before the
L. major challenge. The sera were titrated to assess the level
of anti-SLA total IgG, IgG1 and IgG2a antibodies using ELISA
method. Briefly, 96-well microtiter plates were coated with
100 ml/well of 0.5 mg/ml SLA provided in PBS, incubated over-
night at 4 �C. Plates were washed with PBST (PBS containing
0/05% tween 20 and blocked by adding 250 ml per well of
2.5% of bovine serum albumin in PBST and incubated at
37 �C for 1:30 h. Serum samples were diluted to 1:500 in PBST
and applied to the plates and incubated at 37 �C for 1:15 h.
After washing with PBST, the plates were treated with HRP-
rabbit anti-mouse IgG isotype according to the man-
ufacturer’s instructions (Southern Biotech, Birmingham, AL),
optical density (OD) was read at 450 nm (BIOTEK ELX800,
BioTek Instruments Inc., Winooski, VT).

In vitro spleen cells response (cytokine assay)

Cytokine assay performed for three mice of each group
before and after the challenge. For this purpose, three mice
in each group were sacrificed two weeks after the last
booster at the same time of challenge experiment and three
mice seven weeks after the challenge were sacrificed. The
spleens were aseptically removed. Mononuclear cells were
isolated. The cells were washed and re-suspended in com-
plete medium (RPMI 1640-FCS) and seeded at 2� 106/ml in
96-well flat-bottom plates (Nunc AS, Roskilde, Denmark). The
spleen cells were stimulated in vitro with either two concen-
tration of SLA (10 and 5 mg/ml) or medium alone, as negative
control and ConA, as positive control. They were incubated at
37 �C with 5% CO2 for 72 h. The culture supernatants were
collected and the level of IL-4 and IFN-c were titrated using
ELISA method according to the manufacturer’s instructions
(Mabtech, Nacka Strand, Sweden).

Statistical analysis

One-way ANOVA was used to compare the means of the
groups’ data. In the case of significant F value, Tukey’s mul-
tiple comparison test was carried out as a post-test to com-
pare the means in different groups of mice. p< .05 was
considered to be statistically significant.
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Results

SLA analysis

The protein concentration of SLA was determined by Lowry
method which was 9mg/ml.

Liposome characterization

The average size of eight formulations was approximately
95 nm in diameter (Figure 1(a)). The polydispersity index (PDI)
of all formulations measured and the average was 0.2, which
indicates fair homogeneity of formulations (Figure 1(b)). The
zeta potential of the liposomal preparations was negative
(Figure 1(c)) due to the presence of negatively charged
phospholipid DSPG in the formulations. Encapsulation effi-
ciency percentage of SLA and IMQ in prepared formulations
was quantified. It is shown in Table 1.

Challenge results

To investigate the effects of immunization on protection of
mice against leishmaniasis, the immunized mice were chal-
lenged with L. major promastigotes and lesion development

was monitored by measurement of footpad thickness weekly.
Each vaccinated group compared with control groups separ-
ately in Figure 2(a–g). SLA containing formulations compared
in Figure 2(g). The lesion swelling after four weeks shows sig-
nificance between the immunized mice and buffer group and
after eight weeks the lesion swelling in groups of mice immu-
nized with lip/MPL/IMQ/SLA, lip/SLAþ lip/MPL/IMQ, lip/MPL/
SLA, lip/IMQ/SLA and lip/SLAþ lip/IMQ was significantly
(p< .0001) smaller than other groups compared to control
groups. The footpad thickness was measured for 7 weeks.
Each point represents the average increase in footpad
thickness ± SEM in each group.

Parasite burden

The number of viable L. major parasites was determined in
the subiliac lymph nodes and footpad of different groups of

Figure 1. (a). Size of eight formulations which is characterized by Malvern zatasizer. (b) Poly dispersity index of eight formulations characterized by Malvern zeta-
sizer. (c) Zeta potential of eight formulations which is characterized by Malvern zetasizer.

Table 1. Encapsulation efficiency of SLA and IMQ.

Liposome formulations
lip/SLA
(%)

lip/MPL/SLA
(%)

lip/IMQ/SLA
(%)

lip/MPL/IMQ
(%)

SLA encapsulation efficiency 56 66.4 40 63
IMQ encapsulation efficiency – – 70 70
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mice at week seven post inoculation (Figure 3(a,b)). As
noted, the group of mice inoculated with lip/MPL/IMQ/SLA,
lip/SLAþ lip/MPL, lip/SLAþ lip/MPL/IMQ, lip/SLAþ lip/IMQ

showed almost no parasites in the foot and lymph nodes
compared with the control group received HS buffer
(p< .0001, respectively). There was no significant difference

Figure 2. Footpad swelling in BALB/c mice immunized SC, three times in two week intervals with Buffer, SLA, empty Lip, Lip / SLA, Lip/MPL, Lip/IMQ, Lip/MPL/SLA,
Lip/IMQ/SLA, Lip/MPL/IMQ/SLA, Lip/SLAþ Lip/IMQ, Lip/SLAþ Lip/MPL, Lip/SLAþ Lip/MPL/IMQ, and Lip/MPL/IMQ after challenge with 106 L. major promastigotes in
left hind footpads. The footpad thickness was measured weekly for 7 weeks. Each point represents the average increase in footpad thickness ± SEM (n¼ 6). �p< .05
when the immunized mice compared with mice received buffer. To estimate better the footpad swelling is shown in seven graph; (a) all thirteen groups are com-
pared together (b) Lip/SLA group compared with control groups (c) Lip/MPL/SLA group compared with control groups (d) Lip/IMQ/SLA group compared with control
groups (e) liposome containing IMQ groups compared with control groups (f) adjuvants/SLA groups compared with control groups and (g) SLA containing groups
comparing together.
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between the mice received buffer and mice immunized
with SLA.

In vitro cytokine production by splenocytes

The supernatant of cultured splenocytes restimulated in vitro
before the challenge with SLA to analyse the level of IFN-c
and IL-4, cytokine markers of Th1 and Th2 immune responses,
respectively. As shown in Figure 4, the level of IFN-c in lip/
MPL/IMQ/SLA, lip/SLAþ lip/IMQ, lip/IMQ/SLA and lip/
SLAþ lip/MPL/IMQ groups was significantly high in compari-
son to buffer group. The ratio of IFNc/IL4 is shown in Table
2. IFN-c in following groups in comparison with buffer group
had significantly higher titre (p< .0001) lip/IMQ/SLA, lip/MPL/
IMQ/SLA, lip/SLAþ lip/IMQ, lip/SLAþ lip/MPL/IMQ. The signifi-
cance of the difference between the lip/IMQ and lip/MPL/SLA

groups with the buffer group was p< .001. IL4 in the same
groups with the highest titre of IFN-c had the low titre
(Figure 4). Cytokine assay after the challenge is shown in
Figure 5, and the IFNc/IL4 ratio is shown in Table 3. The
results imply the high titre of IFNc versus IL4.

Antibody response

To assess the type of immune response generated in different
groups of mice, serum levels of anti-SLA specific total IgG,
IgG1 or IgG2a antibodies were evaluated before the chal-
lenge. The result of IgG isotyping before challenge is shown
in Figure 6. The immunized mice, which has SLA in their for-
mulation, showed significantly (p< .0001) higher level of total
IgG antibody titre compared with the group received buffer.
The highest titre of the total IgG in following formulations

Figure 3. Foot and lymph node parasite burden in BALB/c mice immunized SC, three times in two week intervals with buffer, SLA, empty Lip, Lip / SLA, Lip/MPL,
Lip/IMQ, Lip/MPL/SLA, Lip/IMQ/SLA Lip/MPL/IMQ/SLA, Lip/SLAþ Lip/IMQ, Lip/SLAþ Lip/MPL, Lip/SLAþ Lip/MPL/IMQ, and Lip/MPL/IMQ after challenge with L. major
promastigotes. A limiting dilution analysis was performed 7 weeks after challenge on the cells isolated from footpad and lymph node of individual mice and cultured
in triplicate in eight serial dilutions. The number of viable parasite per tissue was determined by the following formula: �log10 (parasite dilution/tissue weight). The
bar represent the average score ± SEM (n¼ 2). ����p< .0001, ���p< .001 when the immunized mice compared with mice received buffer. (a) Represents parasite
burden in foot and (b) represents parasite burden in lymph node.

Figure 4. Cytokine levels in different groups of immunized mice at week 2 after the last booster injections. Mononuclear splenocytes were cultured in the presence
of SLA (10lg/ml) and the released IFN-c (a) or IL4 (b) in the culture supernatants were detected using ELISA method results are shown as the mean± SEM (n¼ 3).����p< .0001, ���p< .001.

Table 2. IFN-c/IL-4 Ratio as a marker of cell immunity activation calculated in all groups before the challenge with L. major promastigotes.

Groups SLA
Empty
lip

Lip/
SLA

lip/
MPL

Lip/
IMQ

Lip/MPL/
SLA

Lip/IMQ/
SLA

Lip/MPL/
IMQ/SLA

lip/SLAþ
lip/IMQ

lip/SLAþ
lip/MPL

lip/SLAþ
lip/MPL/IMQ

lip/MPL/
IMQ

IFN� c=IL� 4 1.67 2.3 8.4 1.82 19.4 21.08 15.5 29.5 11.17 5.2 18.4 2.3
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determined: lip/MPL/SLA (1.33), lip/IMQ/MPL/SLA (1.32), lip/
SLAþ lip/MPL/IMQ (1.21), lip/SLAþ lip/MPL (1.12), lip/
SLAþ lip/IMQ (0.94), lip/SLA (0.88), lip/IMQ/SLA (0.85).
Moreover, the level of IgG1 antibody in the same group of

mice was significantly higher than buffer group. In case of
IgG2a, the sera of mice immunized with lip/MPL/SLA, lip/IMQ/
MPL/SLA, lip/SLAþ lip/MPL, and lip/SLAþ lip/MPL/IMQ
showed significant difference with the group received buffer.

Figure 5. Cytokine levels in different groups of immunized mice 7 weeks after the challenge with L. major promastigotes. Mononuclear splenocytes were cultured
in the presence of SLA (10lg/ml) and the released IFN-c (a) or IL4 (b) in the culture supernatants were detected using ELISA method. Results are shown as the
mean± SEM (n¼ 3). ����p< .0001.

Table 3. IFN-c/IL-4 Ratio as a marker of cell immunity activation calculated in all groups after the challenge with L. major promastigotes.

Groups SLA
Empty
lip

Lip/
SLA

lip/
MPL

Lip/
IMQ

Lip/MPL/
SLA

Lip/IMQ/
SLA

Lip/MPL/
IMQ/SLA

lip/SLAþ
lip/IMQ

lip/SLAþ
lip/MPL

lip/SLAþ
lip/MPL/IMQ

lip/MPL/
IMQ

IFN� c=IL� 4 9.5 6.57 49.2 57 33 4.7 22.19 14.47 35.4 6.74 14.8 3.61

Figure 6. Levels of anti-SLA-specific total IgG,IgG1,IgG2a in pooled sera of different group of BALB/c mice immunized SC, three times in 2 week intervals, with buf-
fer, SLA, empty Lip, Lip / SLA, Lip/MPL, Lip/IMQ, Lip/MPL/SLA, Lip/IMQ/SLA Lip/MPL/IMQ/SLA, Lip/SLAþ Lip/IMQ, Lip/SLAþ Lip/MPL, Lip/SLAþ Lip/MPL/IMQ, and
Lip/MPL/IMQ. Blood samples were collected from the mice 2 weeks after the last booster. The SLA-specific total IgG, IgG1 and IgG2a were assessed using ELISA
method. The assays were performed in triplicate at 1/500 serum dilution which achieved after checkerboard planning. Values are the mean ± SD. ����p< .0001,���p< .001 when the immunized mice compared with other groups.
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Interestingly, the highest ratio of IgG2a/IgG1 antibodies titre
was seen in the sera of mice immunized with lip/MPL/IMQ/
SLA (6.1) compared with HS buffer (0.77).

Discussion

Despite remarkable endeavour for developing a prophylactic
vaccine against leishmaniasis, currently there is not any per-
missible vaccine to prevent this disease [38]. Cellular immun-
ity response, which directs activation of macrophages and
killing the parasite, is responsible for the host resistance.
Innate and adaptive immunity is leading up effective activa-
tion of dendritic cells, macrophages and antigen-specific T
cells [39]. SLA is a mixture of Leishmania antigens purified
from Leishmania parasite containing all its components [40].
Therefore, in this experiment, SLA as a first-generation vac-
cine, MPL and IMQ as immunostimulatory adjuvants were co-
entrapped in liposomes and used to immunize BALB/c mice.
TLR4 is expressed on dendritic cells and macrophages and
some non-immune cells [28]. MPL is administered in human
through hepatitis B and human papillomavirus vaccines [29],
and it has been used as adjuvant in many studies for
Leishmania vaccine either [30,41,42]. Triggering TLRs path-
ways simultaneously is used in YF17D vaccination which acti-
vates subsets of DCs [31]. IMQ is used as a therapeutic agent
for skin infection and diseases including in the treatment of
human papilloma virus, basal cell carcinoma and actinic kera-
tosis [32,43,44]. The main goal of this study was to compare
the adjuvanticity of each immunostimulatory factor when it is
used alone or together in different liposomal formula with or
without SLA in mice model. The vaccine injection route was
subcutaneously in groin of mice where the popliteal and
inguinal lymph node presents [45]. IMQ has been used topic-
ally as an adjuvant in another study in agreement with the
present research. ALM (autoclaved L. major) injected subcuta-
neously along with the topical IMQ at the site of injection
that provided protection against Leishmania infection [27].

Liposome composition has a great role in protecting the
cargo from the body clearance [46]. Phospholipids, which are
used in liposome preparation, are 1,2-distearoyl-sn-glycero-3-
phosphocholine(DSPC), 1,2-distearoyl-sn-glycero-3-phospho-
(1’-rac-glycerol) (DSPG) and cholesterol. DSPC and DSPG with
high transition temperature (55 �C) increase the rigidity by
lower fluidity and reduce the clearance by MPS [21,46,47].
Cholesterol positioning in the phospholipid bilayer excess the
distance between the choline head group and diminish the
strength of hydrogen bonding and electrostatic interaction,
which makes the membrane stable and prevent intrusion of
water and molecules [25,30].

Synthetic phospholipids affect the charge of liposomes,
according to the head groups [48]. Because of the presence
of neutral PC (DSPC) and negative PG(DSPG) head groups of
phospholipids, the liposome charge has shown a negative
charge, which could be influenced by adjuvants and antigen
charges (Figure 1(c)). The average size of liposomal formula-
tions was around 95 nm. Lymphatic capillary uptake depends
on size, charge and hydrophobicity [49]. The size of the
vehicle is important for lymphatic drainage and uptaking
through endocytosis by dendritic cells [50]. Particle sizes

between 10 and 100 nm removed by lymphatic vessels as a
choice, particles larger than 100 nm remain at the site of
injection as a reservoir, and particles smaller than 10 nm
removed by blood vessels [49]. Zeta potential of liposomal
formulations was between ��16mV (lip/MPL/buffer) and
��37mV (liposome/buffer), which implies the impact of anti-
gen and adjuvants charges on zeta potential of liposome for-
mulations (Figure 1(c)).

There are some reports which included the optimal charge
of macrophage interaction is negative charge [20]. Moreover,
the rate of protection and produced immune response were
analysed and compared with control groups, which received
buffer or antigen in soluble form. In this study based on foot-
pad swelling immunization with SLA, empty liposome, lip/
SLA, lip/MPL, lip/SLAþ lip/MPL, lip/IMQ and lip/MPL/IMQ
induced no protection in BALB/c mice. The ratio of IFNc/IL4
as a marker of Th1 response before the challenge indicated
the high level of IL4 production, which supports the footpad
swelling except in lip/IMQ group. The wound swelling in lip/
IMQ group had a steady state between 3 and 5 week and
then it grew. This can be the result of IMQ stimulating factor,
which did not work proprietary in the absence of antigen.
According to the footpad swelling (Figure 2(a–g)), 7 weeks
after the challenge in following formulations: lip/SLAþ lip/
MPL/IMQ, lip/IMQ/SLA, lip/MPL/IMQ/SLA, lip/MPL/SLA and lip/
SLAþ lip/IMQ, the curve growth trend show healing the swel-
ling footpad in these groups, which is supported by IFNc/IL4
ratio before the challenge. One of the effective strategies to
increase expansion of T cells through the relevant PRP path-
ways is co-delivery of adjuvants and antigens [51]. In other
studies, the vaccine carrier, which has been used, was cubo-
somes or synthetic nanoparticles as a dual carrier for adjuvant
and antigen delivery [26,51]. In this research using nanolipo-
some as a dual adjuvant and antigen carrier explain the high
titre of IgG in the SLA containing groups in comparison with
the control groups. In IgG isotyping assay, the highest ratio
of IgG2a/IgG1antibody titre in the lip/MPL/IMQ/SLA and lip/
SLAþ lip/IMQ/MPL groups is shown in Figure 6 before the
challenge, which is the sign of cellular immunity activation
and the results are compatible with wound swelling and
other findings. Cytokine assays after challenge indicated Th1
and Th2 response and partial protection in lip/IMQ/SLA
group, although BALB/c mice immune response as a sensitive
animal model could not support the results. Our findings are
inconsistent with previous reports by Rostamian and Niknam
[52] and Cargnelutti et al. [53]. Rostamian and Niknam had
been used SLA, resiquimod (R848) and MPL for vaccination
without liposomal carrier, their reports showed no protection
effect of R848, and there was no synergy effect of adjuvants,
they have shown the protection against Leishmania infection
in SLA group [52]. In Cargnelutti et al.’s study, they had a
comparison between Montanide ISA 763 adjuvant and R848
which indicated the protection effect of Montanide and no
protection effect of R848 [53]. Lower concentration of adju-
vant may affect the protection. Using nanoliposome carrier
could be an effective cargo for slow release of vaccine.
Protection effect of SLA is inconsistent with previous reports
and this study [15,16,33], which could be the result of inject-
ing attenuated parasite during the challenges. Our studies
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confirm the results of previous studies [27,54], using liposome
and MPL in formulating Leishmania vaccine has had a protec-
tion effect because of sustained activation of cellular immun-
ity [42].

In conclusion, we have used the synergic effect of two
adjuvants as TLR ligands to activate the cellular immunity
against Leishmania parasite. Applying nanoliposome vehicle
for antigen delivery mimic the parasite figure and could be
an alternative for traditional vaccines that use whole microbe
with many side effects [50]. Liposome itself has an adjuvantic-
ity effect but not enough to protect against CL [55].
Simultaneous use of nanoliposome carrier for separated deliv-
ery of antigen and adjuvant can be effective, but it did not
make any significant difference with the groups, which
deliver antigen and adjuvant in one liposomal carrier.
Comparing the footpad swelling in separated graphs indi-
cated that IMQ could be a good choice for Leishmania adju-
vant vaccine, and synergic effect of two adjuvants
combination shows the prophylactic efficacy of the formula-
tion. Recently Cargnelutti et al.’s study showed partial protec-
tion effect of antigenic extracts of Leishmania associated with
Montanide ISA 763 adjuvant against Leishmania amazonensis,
which it is recommended to apply Montanide adjuvant in lip-
osomal formulation against L. major in further studies in com-
bination with IMQ to improve its efficacy [53]. Nanoliposome
entrapping different concentrations of IMQ is also recom-
mended for further studies.
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