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Abstract: Here, the use of emulsomes as a drug delivery system is reviewed and compared with other simi-
lar lipidic nanoformulations. In particular, we look at surface modification of emulsomes using S-layer pro-
teins, which are self-assembling proteins that cover the surface of many prokaryotic organisms. It has been shown that 
covering emulsomes with a crystalline S-layer lattice can protect cells from oxidative stress and membrane damage. In the 
future, the capability to recrystallize S-layer fusion proteins on lipidic nanoformulations may allow the presentation of 
binding functions or homing protein domains to achieve highly specific targeted delivery of drug-loaded emulsomes. Be-
sides the discussion on several designs and advantages of composite emulsomes, the success of emulsomes for the deliv-
ery of drugs to fight against viral and fungal infections, dermal therapy, cancer, and autoimmunity is summarized. Further 
research might lead to smart, biocompatible emulsomes, which are able to protect and reduce the side effects caused by 
the drug, but at the same time are equipped with specific targeting molecules to find the desired site of action. 
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1. INTRODUCTION  

 As a lipoidal vesicular system, emulsomes are composed 
of an internal solid fat core surrounded by phospholipid (PL) 
multilayers (Fig. 1A) [1-4]. The lipophilic load can be local-
ized in the inner fat core, and the PL layers. The key feature 
of these nanoformulations is that the fat core is in the bulk in 
a solid or liquid crystalline phase rather than existing as oil 
in a fluid phase [4, 5]. This feature discriminates emulsomes 
from emulsions and allows the encapsulation of higher 
amounts of lipophilic compounds [2]. 

 Similar formulations have been studied for their lipo-
philic drug delivery capacity and are known in the literature 
as solid lipid nanoparticles (SLNs) [6, 7] and lipospheres [8-
10]. The SLN is defined as a crystalline solid lipid core ma-
trix with a mean diameter of 50-1000 nm, which is stabilized 
by surfactants (emulsifiers) [6, 7, 11]. Therefore, it differs 
from emulsomes in the outermost shell composition. None-
theless, when formulated with PL and triglyceride (TG), 
SLNs have exactly the same composition as emulsomes [12-
14]. On the other hand, lipospheres consist of water-
dispersible solid “microparticles” composed of a solid hy-
drophobic fat core which are stabilized by one monolayer of 
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PL molecules that form their surface [15, 16]. Thus, lipo-
spheres are distinguished from emulsomes by the larger size, 
which are in the micrometers scale, i.e. 0.2-500 µm [16, 17].  

 Emulsomes, similarly to SLNs and lipospheres, increase 
the solubility and bioavailability of poorly water-soluble 
bioactive agents, which are entrapped inside the solid lipid 
matrix of the nanocarrier. Solid lipid matrices have been 
proven to overcome certain stability problems, such as drug 
leakage or coalescence, which are often observed in drug-
loaded lipid dispersions such as emulsions and liposomes 
[18]. Similar to (solid) polymeric nanoparticles, the drug 
release from the solid matrix of emulsomes is degradation-
controlled and, hence, slower than the diffusion-controlled 
release from emulsions [12, 18]. This ensures sustained drug 
release over a prolonged period of time [3, 12, 19]. In addi-
tion, this formulation is safe and nontoxic [5].  

 Having partially the characteristics of both liposomes and 
emulsions, emulsomes possess certain advantages. Firstly, 
stabilized by PL layers (Fig. 1A) as the outermost structure, 
emulsomes require no surfactant as a stabilizing agent. This 
feature endows emulsomes with a high degree of biocom-
patibility for therapeutic applications. Secondly, unlike the 
lipid emulsion, which has a fluid core, the emulsome with its 
solid fat core can prolong the release of incorporated drugs 
significantly [3, 12, 13, 19-21]. Lastly, having a similar shell 
structure to liposomes (Fig. 1A), the surface of emulsomes 
can be further tailored to fulfill specific requirements such as 
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longer blood circulation or to enable cell targeting and active 
drug delivery (Table 1) [20, 22-24].  
 

 
 
Fig. (1). Schematic drawings of (A) a liposome and an emulsome; 
(B) S-layer coated emulsome. The PLs surrounding liposomes and 
emulsomes, as well as the S-layer are not drawn up-to-scale. 
 
Table 1. Summary of the main advantages of emulsomal for-

mulations. 

High load capacity for poorly water-soluble drugs 

Improvements in both, drug absorption and drug bioavailability 

High stability 

Slow drug release profile and prolonged drug efficacy  

Safe cytotoxicity profile 

Further possible surface modifications, e.g., for cellular targeting 

Low production cost and simplicity for large-scale production 

 
 A deep understanding of lipid-based drug delivery sys-
tems (DDSs) is essential to figure out the most suitable ap-
plication of each emulsomal formulation. For instance, 
lipid-based DDSs may positively influence drug absorption 
in a number of ways, including bioavailability enhancement, 
enhanced membrane permeability, inhibiting efflux trans-
porters, targeted lymphatic transport and modulated entero-
cyte-based drug transport [25, 26]. The lymphatic route is 

known to play a crucial role in the formation of metastases 
for a wide spectrum of cancers to enter systemic circulation 
and develop secondary tumors [27]. Consequently, the lym-
phatic route becomes an option for the delivery of therapeu-
tic agents including bioactive molecules treating cancer and 
human immunodeficiency virus (HIV) by using these lipid 
formulations [28]. The entry of lipid-based DDSs to the 
lymphatic system is therefore important to highlight the po-
tential of emulsomes for targeting drugs to cancer tissues and 
viral infections. As a consequence, the literature addressing 
emulsomes is focused on these two latter issues. 
 In this review, we shed light on the characteristic features 
of this novel formulation, summarize and analyze the recent 
progresses in emulsomal drug formulations, and finally high-
light the potential of nanotechnological bottom-up (self-
assembly) techniques such as bacterial crystalline surface 
(S-) layer proteins [29, 30] to improve the intrinsic character-
istics of emulsomes (Fig. 1B). As discussed in detail, S-layer 
technology may benefit to emulsomes in different ways, in-
cluding in i) improved antifouling characteristics, which are 
particularly important in the biological environment; ii) the 
possibility to expose functional domains in a well-ordered 
fashion; and iii) the opportunity to self-assemble more than 
one S-layer (fusion) protein on emulsomes for the synthesis 
of multi-functional DDSs [31]. 

2. BUILDING BLOCKS FOR BIOMIMETIC NANO-
FORMULATIONS 

 In nature, many types of virus particles exist either as 
naked nucleocapsids or as nucleocapsids surrounded by viral 
envelopes composed of one, or in rare cases, even more lipid 
bilayers [32]. An interesting biomimetic approach in 
nanomedicine is the use of this building principle for the 
synthesis of novel drug nanoformulations with increased 
efficacy and application potential. In the following, the char-
acteristic features of lipids and proteins as building blocks to 
create DDSs will be discussed: 

2.1. Lipids 

 Lipids show poor solubility in water but are soluble in 
non-polar organic solvents [33]. Their intermolecular inter-
actions are largely regulated by van der Waals interactions 
[34] and the hydrophobic effect [35]. One prominent exam-
ple for this class of lipids are TGs (also named triacylglyc-
erol), colloquially known as fats. TGs are composed of one 
molecule of glycerol, which is joined via ester bonds with 
three molecules of long-chain fatty acids. Generally satu-
rated fats have a higher melting point and, hence, are solid at 
room temperature. TGs serve as energy storage molecules, 
particularly in adipose tissue, and are also part of lipopro-
teins, but are not considered as membrane lipids because of 
their entirely non-polar characteristics [33, 36]. Additional 
functions of TGs are to protect organs; constitute isolation 
against cold; carry the fat-soluble vitamins A, D, E, and K 
into the body and help in the adsorption of these vitamins in 
the intestines; and supply essential fatty acids [36]. In the 
present context TGs are used to solubilize lipophilic drugs 
and other bioactive substances for diagnostic or therapeutic 
applications or hydrophobic nanoparticles or dyes for imag-
ing purposes. 
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 Membrane lipids are, however, amphiphilic molecules, 
which associate with other molecules (such as membrane 
proteins) and with aqueous solvents through electrostatic 
interactions and hydrogen bonding [37]. The most prominent 
lipid within this class is the PL (also named glycerophos-
pholipid). As with TGs, PLs are composed of a glycerol 
backbone forming ester linkages to two fatty acids [38]. 
These alkyl chains constitute the hydrophobic part of the 
PLs. The third position is occupied by a polar head group 
joined through a phosphodiester, rather than a fatty acyl ester 
[37]. As a consequence, the PL molecule is considerably 
more polar, in particular as the phosphate group is negatively 
charged under physiological conditions [38]. Moreover, each 
head alcohol residue contributes to the net charge differently. 
For instance, choline and ethanolamine have a positive 
charge, serine and glycerol are neutral, and inositol is nega-
tively charged [37]. 
 PLs are the most important lipids for bacterial and mam-
malian cells as they form the lamellar core structure of these 
biological membranes [33]. Thus, PLs are the components 
that give cellular membranes the grass morphology of a 
closed structure and constitute an important barrier function. 
In most cases, PLs are necessary for the stabilization and 
function of native membrane-bound proteins, but may also be 
regarded as important intracellular signaling molecules [39].  

2.2. S-layer Proteins 

 One of the most common cell surface structures in bacte-
ria and archaea are two-dimensional crystalline arrays com-
posed of identical species of protein or glycoprotein 
subunits, called S-layers [30, 40]. In general, S-layers are 
monomolecular assemblies of single subunit species with a 
molecular weight ranging between 40 and 200 kDa [41]. 
S-layer lattices generally exhibit oblique (p1, p2), square 
(p4), or hexagonal (p3, p6) space group symmetry with a 
center-to-center spacing of the morphological units of 3.5-35 
nm [29, 40, 41]. High-resolution transmission electron mi-
croscopy (TEM) and atomic force microscopy (AFM) stud-
ies on the 5 to 10-nm thick bacterial S-layers showed a rather 
smooth outer and a more corrugated inner surface [29, 30, 
42]. Moreover, S-layers form lattices with a porosity of 30-
70% and pores uniform in size and morphology in the 2-
8 nm range [29, 43]. However, two or even more distinct 
classes of pores may be observed in many S-layer lattices 
[29, 40]. 
 Upon removal of the disrupting agent (e.g. urea or gua-
nidine hydrochloride) used in the dissociation procedure, 
isolated S-layer proteins reassemble into regular arrays [44-
46]. Most important for application purposes, S-layer pro-
teins are able to reassemble into large coherent monolayers 
or intercalating bilayers on solid supports such as silicon, 
semiconductors, metals, and polymers, and can assemble on 
planar and spherical lipid films such as liposomes and emul-
somes [40-42, 46].  
 With respect to practical applications it is interesting to 
note that an S-layer on a solid support shows either cell ad-
hesive (cytophilic) or cell repulsive (cytophobic) surface 
properties against cells in tissue culture depending on 
whether the inner or outer side is exposed to the aqueous 
environment [41]. For example, the orientation and, thus, 

function of the S-layer protein SbpA from Lysinibacillus 
sphaericus CCM 2177 can be regulated by simply changing 
the conditions from a basic (pH 9) to an acidic (pH 4) which 
further leads to formation of an outer smooth cytophobic or 
an inner rough cytophilic surface pattern, respectively [47]. 
 An outstanding antifouling function of the S-layer lattice 
SbpA in the presence of highly concentrated human serum 
albumin solutions, plasma and whole blood samples was also 
recently reported [41, 48]. This result was attributed to the 
inherently (zwitterionic) neutral surface charge of SbpA [48] 
and might be a very important observation in the context of 
DDSs. 

2.3. S-layer Fusion Proteins 

 To expand the great potential of native S-layer proteins 
as patterning elements and nanoscale building blocks, ge-
netic techniques were applied for modifying and changing 
the natural properties of S-layer proteins [30, 41, 46, 49]. 
Recrystallization studies and surface accessibility screens 
with various genetically produced N-terminally and/or  
C-terminally truncated S-layer proteins have been performed 
in order to figure out which parts of the S-layer protein are 
necessary for the recrystallization process and which protein 
domains are freely accessible on the recrystallized lattice 
[46]. In this way, truncated recombinant S-layer proteins 
(with their amino acids given as subscripted character; e.g. 
rSbpA31-1068) were figured out as optimal candidates to carry 
fused functional proteins or protein domains for the con-
struction of chimeric S-layer proteins with the retained capa-
bility to assemble into geometrically well-defined layers 
[46]. Three different mutants of the enhanced green fluores-
cent protein (EGFP) and the red fluorescent protein mRFP1 
have been fused to S-layer proteins to design novel fluores-
cent building blocks suitable for the generation of, e.g. pH 
indicators both in vivo and in vitro or as fluorescent markers 
for DDSs [46, 50-52]. A further promising application is the 
coating of liposome-DNA complexes with fluorescent S-
layer fusion proteins as novel DDSs for the transfection of 
eukaryotic cell lines. One representative example for the 
uptake of S-layer coated-liposomes into eukaryotic cells is 
the S-layer fusion protein rSbpA31-1068/EGFP which was re-
crystallized as a one-molecule thick layer on the positively 
charged surface of liposomes [53].  
 The peptide mimotope F1 mimicking an immunodomi-
nant epitope of Epstein–Barr virus (EBV) was also fused to 
an S-layer protein [54, 55]. The resulting SbpA/F1 fusion 
proteins fully retained intrinsic recrystallization capability, 
but, most importantly, the F1 mimotope was well presented 
on the outer surface and, hence, accessible for antibody bind-
ing. The assessed diagnostic values of SbpA/F1 resulted in a 
remarkable specificity. Furthermore, no cross-reactivity with 
related viral disease states including rheumatoid factor was 
observed in solid-phase immunoassays using EBV diagnos-
tics as a model system [54]. Moreover, the S-layer preserved 
the structure of the peptide to a higher extent than peptides 
immobilized on common solid supports.  
 S-layer enzyme fusion proteins have been generated to 
provide a platform onto which enzymes are immobilized in a 
well-defined and oriented manner [46, 56-58]. The recrystal-
lized S-layer/enzyme fusion proteins may preserve the activi-
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ties up to 100% and may also be retained for a longer period 
of time [54]. Moreover, recently S-layer lattices could even 
be used as patterning element for multimeric extremozymes 
[59]. Hence, it may be conceivable that emulsomes armed 
with a coat composed of S-layer fusion proteins presenting 
enzymes in a well-oriented and easily accessible fashion will 
have advantages in attacking cells that have an outer polym-
eric surface. This idea is derived from, for example, the in-
fluenza virus neuraminidase, which cleaves off sialic acid 
from glycans on cells allowing release of progeny viruses 
from the host cell [60].  
 Chimeric antibody-binding S-layer proteins utilized as 
functional coating for any nanoformulation used as drug de-
livery and targeting system are of special interest. For this 
purpose, the chimeric rSbpA31–1068/ZZ protein carrying two 
copies of the 58 amino acids long FC-binding Z-domain (a 
synthetic analogue of the immunoglobulin G (IgG)-binding 
domain of protein A from Staphylococcus aureus) was con-
structed and its binding capacity for human IgG was investi-
gated [46, 61]. Moreover, a biocompatible matrix for the 
microsphere-based detoxification system used for extracor-
poreal blood purification of patients suffering from autoim-
mune disease has been generated by recrystallization of 
rSbpA31–1068/ZZ on microbeads [46, 61].  
 Recently, two protein G domains having a specific affin-
ity to IgG were genetically coupled to SbpA [62]. In this 
study, Protein G was chosen as the IgG-receptor not only 
because human IgG antibodies and animal IgG equivalents 
strongly bind to protein G rather than to its alternative, i.e., 
protein A, but also because protein G possesses a higher 
specificity for IgG, whereas protein A reacts also with im-
munoglobulin classes other than IgG [63]. Both fusion pro-
teins carrying either ZZ or GG domains constitute promising 
functions acting as homing proteins for targeted DDSs. 
 An alternative to the above approach is an S-layer fusion 
protein presenting the sequence of an antibody. This has al-
ready been achieved with the variable domain of a heavy 
chain camel antibody for recognizing lysozyme as antigen 
[64] or directed against prostate-specific antigen (PSA) [65]. 
Finally, for vaccine development it has been demonstrated 
that recombinant S-layer/allergen fusion proteins can even be 
produced pyrogen-free [66]. Endotoxin-free S-layer fusion 
protein preparations showed excellent recrystallization prop-
erties and immune reactivity, and hence, may attain high 
importance for medical and pharmaceutical applications.  

3. STRUCTURE AND FEATURES OF EMULSOMES 

3.1. Composition 

 Emulsomes are composed of two structural divisions: 
i) the internal core, and ii) the surrounding shell. The internal 
core is composed of a fat or lipid that exhibits a solid or liq-
uid crystal physical condition, or has mixed solid and liquid 
crystal phases at room temperature [2]. TGs, monoesters, 
waxes, cholesterol, and cholesteryl esters can be used pure or 
as a mixture. However, TGs composed of natural, even-
numbered and unbranched fatty acids such as trilaurin, tri-
palmitin, and tristearin are widely preferred [2]. Incorpora-
tion of cholesterol and cholesteryl esters into the core alters 
its packaging structure and induces the formation of a liquid 

crystal phase [2]. The internal core is stabilized by a multi-
lamellar shell which can be composed of natural or (par-
tially) hydrogenated lecithin or of pure, synthetic, hydrogen-
ated, or partially hydrogenated forms of PLs [1, 2]. Charged 
PLs can also be used to confer a higher stability to the for-
mulation because aggregation is prevented mainly by repul-
sive forces between the emulsomes [2]. In addition, charged 
surfaces may influence the biodistribution of the formulation 
in vivo. For instance, cationic emulsomes were found to be 
cleared faster from the circulation by macrophages resulting 
in an increased drug concentration in the liver which is de-
sired for treatment of intracellular liver infections [3]. There-
fore, as the outermost layer modulates the contact of the 
emulsome with the environment, the PL shell determines the 
in vivo behavior of the nanoformulation including circulation 
half-life time, toxicity, and cellular targeting. Surface modi-
fications such as ligand and antibody binding [5, 20, 22, 23] 
or protein coating [31] have been considered to improve the 
efficacy of the drug formulation and to minimize the possible 
side effects of the formulation as well as the drug. In the near 
future, more surface modifications will be reported for emul-
somes because their outermost PL surface is analogous to 
liposomes.  

3.2. Multilamellarity 

 The multilamellar character of emulsomes was first indi-
rectly concluded through estimation of the amount of water-
soluble markers trapped in the aqueous phase between the 
PL bilayers [2, 12]. Later on, the layers surrounding the in-
ternal solid core were visualized by freeze-fracture electron 
microscopy [13, 31, 67]. Figure 2 shows a replica of a tri-
palmitin-based emulsome that remained intact in a convex 
shape during freeze fracture. The multilamellar PL shell sur-
rounding the core of the emulsome revealed a thickness of 
approximately 26 nm (Fig. 2B). The degree of multilamellar-
ity, in other words the number of PL bilayers or the thickness 
of the PL shell, varies largely depending on the PL:TL (total 
lipid) ratio as well as the physical characteristics of the PL 
and lipid mixture. As high amounts of PL favor the forma-
tion of bilayers [3, 12], care must be taken to avoid 
by-product formation, for instance liposomes [31, 68]. Ac-
cording to Amselem et al. (1996), PL:TL molar ratios be-
tween 0.1 and 0.5 will provide formation of stable emul-
somes with high purity [2]. In agreement with this, Heiati 
et al. (1996) corroborated that multiple bilayer formation 
begins at PL:TL ratio of 0.13 (or PL:TG ratio of 0.15 as 
originally reported) [12]. 

3.3. Size  

 The PL:TL ratio plays an essential role for both particle 
size and stability of emulsomes. Below and above the PL:TL 
ratio interval of 0.1 to 0.5 either the particle stability could 
not be maintained or by-product formation was observed [1]. 
It was demonstrated that each increase in the PL:TL ratio 
between 0.14 and 0.4 yields emulsomes larger in size and 
thus an enhanced entrapment efficiency for the loaded drug 
[3] (PL:TL values are calculated from the PL:TG ratios in 
the original paper, i.e. 0.25-1). The increase in size was at-
tributed to an increased number of formed PL bilayers [3]. 
However, a distinct correlation between the relative amount 
of PL and the particle size could not be traced.  
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 PLs are known for their emulsification properties to form 
nanoparticles in a concentration-dependent manner [69]. 
Accordingly, when the amount of other constituents is kept 
constant, the increase in PL concentration results in forma-
tion of more emulsomes, i.e. particles with smaller diameter. 
In agreement with this hypothesis the smallest particle sizes 
were achieved when TG concentration was decreased and/or 
PL concentration was increased [12, 31, 70]. 
 Beside the PL:TL ratio, the properties of the solid lipids 
forming the internal core may become important in regulat-
ing the particle size, as tristearin-based emulsomes were ob-
served to be larger in diameter than trilaurin-based emul-
somes, while keeping the sonication time as well as all other 
parameters constant [3]. The larger size was attributed to the 
longer alkyl chain of the tristearin molecule.  
 Furthermore, the size of emulsomes can be tuned me-
chanically by the homogenization process. As previously 
reported, longer sonication time [5, 20, 68] or extrusion of 
the preparation through filters with smaller pore size [31] 
allow to some extent the formation of smaller particles. In-
terestingly, the diameter of the formulation may determine 
the route of clearance in the body. For instance, particles 
with a larger diameter than 200 nm were reported to be rap-
idly cleared from the circulation via macrophages. Hence, 
the former nanoparticles are highly suitable for macrophage 
targeting, whereas smaller nanoparticles are more suitable for 
systems targeting inflammatory sites such as a tumor [71]. 

3.4. Stability 
 Insofar as nanoparticle-mediated DDSs are concerned, 
the term stability refers to the ability of the nanocarrier to 
maintain its biophysical characteristics such as size, zeta 
potential and drug retention for a long period of time. Com-
pared to other lipid-based formulations such as liposomes, 
emulsomes have a higher stability in suspensions, a finding 
which could be of considerable advantage in clinical practice 
[21]. The high stability of emulsomes is generally attributed 
to the internal solid lipid core and the multilamellar character 

of the shell. Beside the biophysical characteristics of the 
used lipids, the storage temperature is also an important pa-
rameter influencing the stability of the nanocarrier. For in-
stance, tripalmitin-based emulsomes were shown to be stable 
at 4oC for at least 1 month [31], whereas in another study 
amphotericin B-loaded emulsomes were found to be stable 
for at least 3 months at the same storage temperature [21]. 
Ucisik et al. (2013) demonstrated that tripalmitin-based 
emulsomes preserve their initial particle size and zeta poten-
tial values for the longest period of time when stored at re-
frigerated temperatures (≈4oC), whereas in contrast storage 
at 20oC and 37oC resulted in loss of surface charge and parti-
cle aggregation [31]. Supporting these findings, Raza et al. 
(2013) reported the lowest drug leakage out of emulsomes at 
6oC compared to higher temperatures (30oC and 45oC) [70], 
and Paliwal et al. (2009) observed that size and drug entrap-
ment rate of emulsomes remain relatively constant when 
stored at 4oC for 3 months, whereas storage at room tempera-
ture led to leakage of the incorporated drug and growth in 
size [68]. As an exceptional case, trilaurin-based emulsomes 
were reported to be stable for a period of 10 weeks at 20oC, 
whereas an increase in size and expulsion of the incorporated 
drug were observed at 4oC and 37oC [14]. To achieve even 
longer storage times, emulsomal formulations may be ly-
ophilized in the presence of cryoprotectants such as sucrose 
[68] or trehalose [14], and stored at -20oC.  

3.5. Drug Encapsulation 

 Drug loading of emulsomes occurs during the production 
procedure of emulsomes, i.e. when the lipid components 
assemble. Owing to their nature, the lipophilic drugs dissolve 
and are entrapped in the internal core and become interca-
lated inside the PL bilayers. As previously demonstrated, the 
high degree of multilamellarity enhances the drug encapsula-
tion rates [3, 68]. Hydrophilic molecules can only be en-
trapped in the aqueous space between the PL bilayers. In 
addition, amphiphilic molecules become preferentially inte-
grated in the PL layers.  

 
 
Fig. (2). TEM micrograph of replicas of freeze-fractured emulsomes. The direction of Pt/C shadowing is indicated by an arrow in the upper 
right-hand corner. (A) Concave fracture face: Most part of the solid tripalmitin core was removed during the fracture process. Remnants of 
the multilayered PLs can be seen; (B) Convex fracture face exhibiting the cross-fractured multilayered PLs (double arrows). Each bar repre-
sents 100 nm (Adapted from [31]. Copyright © 2013 with permission from WILEY-VCH). 
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 The high loading capacity of emulsomes for lipophilic 
compounds was recently proven by a curcumin-emulsome 
formulation study, where the solubility of the compound in 
water, which was ≤11 ng/ml [72], was enhanced by up to 
10,000 fold corresponding to 0.11 mg/ml, a concentration 
which facilitated the biomedical use of the lipophilic com-
pound tremendously [19]. 
 Although emulsomes are distinguished in particular for 
their high load capacity for lipophilic compounds, they may 
also be used to deliver water-soluble components because 
multilamellar PLs capture a reasonably large aqueous vol-
ume between the bilayers. One may estimate that emulsomes 
are composed of 1-3 bilayers on average, and therefore have 
a trapped aqueous volume of approximately 1.1±0.6 µl per 
µmol PL, which is significantly higher than the aqueous vol-
ume of single small unilamellar vesicles (SUV), i.e. 
0.3±0.2 µl per µmol PL [2]. In the light of these findings, 
emulsomes should be considered as a nanocarrier applicable 
for the simultaneous delivery of both hydrophilic and hydro-
phobic compounds rather than a DDS for only hydrophobic 
molecules.  

3.6. Surface Modifications 

 Having an analogous surface to liposomes, emulsomes 
can further be tailored to fulfill specific surface requirements 
such as longer blood circulation or to enable cell targeting 
and active drug delivery. For instance, to develop macro-
phage-targeted systems Gill et al. (2011) coated emulsomes 
with O-palmitoyl amylopectin (OPA) [23], whereas Gupta et 
al. (2007), Pal et al. (2012), and Vyas et al. (2009) coated 
them with O-palmitoyl mannan (OPM) [5, 20, 22, 24]. In 
addition, Vyas et al. (2009) coated emulsomes with mono-
clonal antibody EBA-2 for the targeting of fungal infections 
[24]. Most recently, the study of Ucisik et al. (2013) pro-
vided evidence for the capability of crystalline bacterial cell 
surface layer (S-layer) proteins to be recrystallized on the 
surface of emulsomes and to entirely modify the surface 
characteristics of the nanocarrier with their unique lattice 
features [31]. 

3.7. Cellular Uptake 

 Both, cationic as well as anionic emulsomes are essen-
tially internalized either through endocytosis or by direct 
diffusion [3, 31]. Before undergoing lysosomal degradation, 
emulsomes destabilize endosomal membranes by means of 
charge–charge interaction. Subsequently, the emulsomes 
may enter the cell cytoplasm where the delivered drug is 
slowly released from the internal solid lipid matrix, thereby 
maintaining an effective intracellular drug concentration 
over a prolonged period of time [3, 19-21]. 

3.8. Administration Routes 

 Because particulate DDSs have the natural tendency to 
localize to the mononuclear phagocyte system, in particu-
larly to the spleen and liver macrophages, the intravenous 
administration of emulsomes is frequently performed [73]. 
For instance, emulsomes were intensively studied for the 
delivery of antileishmanial drugs to macrophages and to the 
liver [5, 20-23]. In another study that aimed to deliver a drug 

to alveolar macrophages, aerosolized emulsomal formula-
tions were applied through pulmonary administration [24].  

 On the other hand, advantages of the delivery to the in-
testinal lymphatic system include avoidance of hepatic first 
pass metabolism and the potential to target diseases spread-
ing via the lymphatics, e.g. certain lymphomas and HIV [74]. 
Although oral administration is generally preferred, in sys-
tems lacking the stability for gastric fluid, lymphatic drug 
delivery was achieved through the intraduodenal route [68]. 
Gel formulations of emulsomes were utilized for topical 
dermal delivery of drugs [70]. 

4. GENERATION OF EMULSOMES AND S-LAYER 
COATED EMULSOMES 

 The thin-film hydration technique was proposed by Am-
selem et al. (1994) and is now widely accepted for the pro-
duction of emulsomes [1]. Accordingly, all the lipid com-
pounds (i.e. solid lipids, cholesterol, phosphatidylcholine 
etc.) and the lipophilic drug are — together or separately - 
dissolved in a volatile solvent such as dichloromethane, chlo-
roform or methanol. The organic solutions are mixed in a 
round-bottomed flask and the solvent is removed under re-
duced pressure in a rotary evaporator to form a thin lipid film 
on the wall of the flask [2, 3, 19, 20, 23, 31]. After complete 
removal of the solvent, the resulting dry lipid film is hy-
drated by an aqueous solution, whereupon the self-assembly 
of emulsomes is initiated. Mechanical shaking may be op-
tionally applied to yield a better dispersion [2, 21]. During 
this procedure, micron-sized droplets are formed which can 
be sized-down to the nano scale by i) high-pressure homog-
enization [2, 12, 13, 21], ii) ultrasonication [3, 5, 20, 22, 23, 
70], or iii) high-pressure extrusion through polycarbonate 
membranes [19, 31]. Free, un-entrapped drug is removed by 
passing the dispersion through size-exclusion chromatogra-
phy [3, 5, 13, 20, 22, 23, 68] or by applying ultracentrifuga-
tion where emulsomes (dispersed in water) remain in the 
supernatant [19].  

 Emulsomes are coated by an S-layer lattice through the 
self-assembly of protein monomers on the surface of the 
nanocarrier [31]. Accordingly in a first step, the native 
S-layer proteins are isolated from the surface of the bacterial 
cell, or, alternatively, recombinant S-layer proteins are iso-
lated from the cytoplasm of host bacterial cells. Then, incu-
bated with emulsomes, the isolated proteins reassemble or 
recrystallize on the surface of the emulsome, thereby pre-
serving their characteristic crystalline S-layer lattice symme-
try. This approach has been successfully applied on different 
colloidal nanoparticles including liposomes [75, 76], silica 
oxide particles [51, 77], polyelectrolyte nanocapsules [78], 
and very recently on emulsomes [31]. Moreover, it has been 
demonstrated that wild-type SbsB S-layer protein of Geoba-
cillus stearothermophilus PV72/p2 and its recombinant 
counterpart (rSbsB) expressed in E. coli are able to entirely 
coat the surface of positively charged emulsomes [31]. 

5. APPLICATIONS 

 The solid lipid core and PL multilayer surrounding the 
core of emulsomes allow encapsulation of lipophilic drugs 
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whose medical implementation could be limited owing to the 
lack of solubility. In this section, we highlight the most re-
cent applications of emulsomes in clinical medicine, includ-
ing viral and fungal infections, dermal therapy, cancer, and 
autoimmunity (Table 2). 

5.1. Viral Infections 

 Azidothymidine (AZT), also called Zidovudine, was the 
first drug reported to be efficacious in inhibiting human im-
munodeficiency virus (HIV) replication leading to clinical 
and immunologic improvements [79, 80]. In addition, the 
therapeutic potency of AZT against hepatitis and some other 
viral infections is also well recognized. However, apart from 
the clinical benefits, side-effects like bone marrow toxicity 
or hematological changes and relatively low plasma half-life 
time of AZT minimize the ability for a consequent anti-viral 
therapy [81, 82]. The adverse side effects are mainly due to 
the exposure of AZT to the entire body at high doses. Hence, 
an urgent demand for targeted delivery systems for an effi-
cient treatment is given. For instance, enabling the applica-
tion of the drug in reduced doses with macrophage targeting 
seems to be a promising strategy for AIDS therapy [84, 85]. 
 For the delivery of AZT, Heiati et al. (1997) used tri-
laurin-based emulsomes, or, as they refer to them, SLNs sta-
bilized with dipalmitoyl phosphatidylcholine (DPPC) or a 
mixture of DPPC and dimyristoyl phosphatidylglycerol 
(DMPG) [13, 14]. DPPC gave the emulsomes a neutral sur-
face charge, whereas DMPG resulted in a net negative 
charge. An ester prodrug of Zidovudine, AZT palmitate 
(AZT-P), was synthesized and incorporated in the emul-
somes. AZT-P is an amphiphilic molecule and preferentially 
integrates within the PL bilayers of the nanoformulation 
rather than the internal solid core [13]. Negatively charged 
PL bilayers, i.e. DMPG, enhanced the incorporation of 
AZT-P compared with emulsomes of neutral charge. This 
incidence was attributed to the repulsion of DMPG mole-
cules between the bilayers resulting in a further facilitated 

packaging of AZT-P within the bilayers. On the other hand, 
differences in release profile of AZT-P from different PL 
layers was accredited to the main phase transition of the used 
PL and provided evidence that control over the drug release 
profile is achievable by selecting the PL composition accord-
ingly. For instance, the loss of AZT-P from emulsomes for-
mulated with DMPG (phase transition temperature; 
Tm=23oC) was at a rate of 11% in 4 days, and was due to the 
fluid state of DMPG at 37oC, whereas those formulated with 
DPPC (Tm=41oC) were more stable, with a drug release of 
less than 4% in 4 days [13].  
 Emulsomal formulations for the treatment of intracellular 
liver infections by sustained and targeted delivery of AZT 
were also developed [3]. Trilaurin- and tristearin-based 
emulsomes with a positive charge were expected to protect 
the system from lysosomal degradation and ensure the inter-
nalization of the drug. Indeed, the emulsomal formulations 
were expeditiously cleared from the blood and were accumu-
lated in the liver leading to higher concentrations of AZT; 
54-61% was recovered after 1 hour, whereas only 15% of the 
drug was recovered from the liver at the same time when 
AZT was applied in its free form. In contrast to the in vitro 
studies disclosing a slow release profile for each emulsome 
preparation, in in vivo studies only cationic emulsomes were 
successful in maintaining their high drug concentrations in 
liver for a long period time (at least 6 hours). Accordingly, 
approximately 47% and 51% of the drug were recovered in 
the liver 6 hours after the cationic trilaurin- and tris-
tearin-based emulsomes were applied, respectively. Interest-
ingly, the drug recovery for neutral emulsomes was as low as 
18% and 20%, in the same order. The higher performance of 
cationic preparations was attributed to the ability of charge-
charge interactions, which destabilize endosomal membranes 
during cellular internalization. This causes the relief of the 
emulsome into the cell cytoplasm before any lysosomal deg-
radation could have occurred. Subsequently, slow release of 
AZT from the internal solid core permits sustained delivery 

Table 2. Summary of recent applications of emulsomes in the literature. 

Category Drug Loaded/Integrated Significance References 

Azidothymidine palmitate (AZT-P) Development of a drug formulation against HIV  [13, 14] 
Viral Infections 

Azidothymidine (AZT)  Treatment of intracellular liver infections [3] 

Treatment of systemic infections with Candida albicans [21] 

Macrophage-targeted delivery of AmB against visceral leishmaniasis (VL) [5, 20, 22, 23] Fungal Infections  Amphotericin B (AmB) 

Treatment of fungal (Aspergillus) infections in the lung [24] 

Dermal Therapy Dithranol Treatment of psoriasis [70] 

Methotrexate (MTX) Treatment of sarcoma of intestinal lymphatic region [68] 
Cancer Therapy 

Curcumin Delivery of curcumin into the human liver carcinoma HepG2 cells in vitro [19] 

Mucosal Vaccine Enhanced immunogenicity [113, 114] 

Autoimmunity  Anti-CD3 monoclonal antibody 
(mAb) 

Enhanced Th2 responses [115] 
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of the drug into the cell, and, hence, the concentrations of 
AZT in the liver may remain at high levels for a longer pe-
riod of time. 

5.2. Fungal Infections 

 Amphotericin B (AmB), a polyene macrolide anti-fungal 
antibiotic has been used for more than 50 years, mainly for 
the treatment of invasive fungal infections [86-88]. AmB 
offers a broad spectrum of activity against fungal and proto-
zoan pathogens combined with a relatively rare resistance 
[89]. Since the bioavailability of AmB by oral route is poor, 
parenteral route is rather preferred, but then the antifungal 
therapy with AmB is compromised by a high incidence of 
adverse reactions including fever, chills, nausea, vomiting, 
headache and renal dysfunction with associated anemia, hy-
pokalemia and hypomagnesaemia [20, 90]. Recent studies 
have shown that lipid-based AmB formulations have advan-
tages over conventional AmB in terms of reduced renal tox-
icity [91-93]. The principle behind this is the altered phar-
macokinetic properties of AmB, which accumulates as 
AmB-lipid formulations in the organs of the reticulo-
endothelial system instead of the kidney, which largely re-
duces its toxicity [20, 94, 95].  
 Kretschmar et al. (2001) introduced the AmB-emulsome 
formulation (EAmB) specifically against systemic infections 
with Candida albicans, demonstrating competent drug effi-
cacies compared to commercial AmB preparations such as 
the AmB-deoxycholate free drug formulation Fungizone 
(Bristol-Myers Squibb, Munich, Germany) and the AmB-
lipid complex AmBisome (Nexstar, San Dimas, CA, USA) 
[21]. All these preparations were able to reduce the fungal 
burden in liver and kidney [21]. AmBisome was more effec-
tive against fungal burden in the liver, whereas EAmB and 
Fungizone were slightly more effective in the kidney. How-
ever, owing to the characteristic feature of emulsomes (i.e. 
the solid fat core), a delay in the killing of C. albicans with 
EAmB was observed in vitro in comparison to Fungizone 
despite the similar minimal inhibitory concentration (MIC) 
values in both preparations. This result suggested that AmB 
was released completely but with certain delay from the 
emulsomes [21]. Related to the altered pharmacokinetic 
properties as well as the slow release of the drug, the EAmB 
formulation was shown to reduce the toxicity by 30- to 50-
fold compared with Fungizone. Moreover, EAmB prepara-
tions were stable in suspensions (at 4oC) for more than 3 
months, constituting a considerable advantage over the 
liposomal formulations in clinical practice. 
 Gupta et al. (2007) designed trilaurin-based emulsome 
formulations for macrophage-targeted delivery of AmB 
against visceral leishmaniasis (VL) [22]. It is known that 
mannose receptors are present on the surface of macro-
phages. Various ligands with mannose-free endings are able 
to interact with the surface of macrophages and can be used 
for specific targeting of the emulsomal formulations by 
macrophages [23, 96]. For this purpose, AmB-bearing emul-
somes were coated with macrophage-specific ligand O-
palmitoyl mannan (OPM) [22]. Modified with OPM, EAmB 
showed higher in vivo antileishmanial efficacy (73.7±6.7%) 
than both the plain EAmB (51.7±5.4%) and the conventional 
AmB deoxycholate formulation (30.4±4.8%). This provided 

evidence that OPM-grafted EAmB has the potential to fur-
ther increase the efficacy of AmB against VL. Later on, the 
studied biodistribution pattern demonstrated that both modi-
fied and plain emulsomes are superior in accumulating AmB 
in macrophage rich organs, i.e. the liver and spleen, which is 
attributed to the improved antileishmanial activity of these 
emulsomal formulations [20].  
 In another study, trilaurin-based emulsomes were modi-
fied with O-palmitoyl amylopectin (OPA), again for macro-
phage targeting [23]. The lipophilic palmitoyl chain was 
incorporated in the PL bilayer, and, hence, enabled the an-
choring of amylopectin on the surface of the emulsome. Us-
ing stearylamine, cationic EAmBs were prepared in parallel 
to study their synergic antileishmanial activity. Although the 
ligand-receptor (i.e. amylopectin-mannose) interaction 
slightly improved the in vitro antileishmanial activity of the 
EAmB, cationic EAmB yielded the highest antileishmanial 
activity. The superior efficacy of cationic EAmB was attrib-
uted to the selective membrane disruption of the parasite as 
an effect of charge neutralization of stearylamine-bearing 
emulsomes with polyanionic phosphatidylserine (PS), one of 
the PL constituents of the Leishmania promastigote plasma 
membrane [97, 98]. As PS is not expressed on normal 
mammalian cells, cationic emulsomes are supposed to inter-
act more effectively with infected macrophages. Together 
with the loaded drug, this leads to a dual action against the 
parasite resulting in a higher antileishmanial activity than 
OPA-modified emulsomes [23].  
 By changing the inner composition of the EAmB, tri-
palmitin-based OPM-grafted EAmBs for the treatment of VL 
were introduced [5]. Tripalmitin-based EAmB displayed 
better antileishmanial activity compared to intraperitoneal 
injections of AmB-deoxycholate (Mycol, VHB Life Sciences 
Inc., Gujarat, India). The efficacy can further be enhanced by 
applying the drug in the OPM-grafted form. For instance, 
62.76±3.54% parasite inhibition could be achieved at a dose 
of 1 mg/kg. The empty formulations were proven to be safe 
and nontoxic. 
 In addition to emulsomes in suspension, aerosolized 
emulsome preparations for treatment of fungal (Aspergillus) 
infections in the lung have been developed [24]. Accord-
ingly, trilaurin-based EAmBs were generated and modified 
either with the alveolar macrophage-specific OPM or the 
monoclonal antibody EBA-2 to benefit from ligand-mediated 
active targeting and to increase the rate and extent of macro-
phage accumulation of the drug, as mannose receptors are 
expressed abundantly in alveolar macrophages [24]. Indeed, 
OPM- and mAB-coated EAmB displayed enhanced thera-
peutic efficacies with final survival rates of 83.3% and 
100%, respectively. The final survival rate for unmodified 
EAmB remained at 66.7%. Studies on the biodistribution 
revealed that surface modifications enabled site-specific lo-
calization of the drug and prevented fast systemic absorption 
and subsequent redistribution in other tissues such as liver. 
Consequently, the OPM- and monoclonal antibody (mAb) 
-coatings exhibited great potential for targeted pulmonary 
antifungal chemotherapy.  
 In brief, enhanced efficacy in combination with reduced 
cytotoxicity profiles of AmB, formulated with emulsomes 
and targeting moieties, highlight the potential of emulsomal 
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formulations to replace conventional AmB applications in 
medicine.  

5.3. Dermal Therapy 

 Dithranol, also known as anthralin, has been a mainstay 
for the treatment of psoriasis (i.e. a non-contagious autoim-
mune skin disorder) for over 80 years. Yet its use has fallen 
steadily owing to unwanted side effects such as skin irrita-
tion, erythema, peeking and staining [99]. However, encap-
sulation of dithranol within the lipidic core of emulsomes 
enhanced significantly their permeation across the skin and 
improved drug retention in skin tissues [70]. Various compri-
tol (glyceryl behenate)-based emulsomes were prepared by 
using the formulation by design (FbD) approach. FbD de-
fines analytically the emulsome composition yielding the 
best entrapment rate and drug efficacy. Accordingly, the 
highest entrapment efficacy was achieved for emulsomal 
formulations composed of 63-75% compritol and 25-37% 
PL. An increase in the amount of PLs decreased the permea-
tion flux through the skin due to the assembly of multilamel-
lar barriers [100]. Nonetheless, the effect of compritol was 
profound as indicated by highest flux values (37.5-60%) 
achieved by compritol-rich preparations. The skin retention 
was found to be directly related to the amount of PL, as in-
creasing amounts of PL increased skin retention as previ-
ously reported [101]. The antipsoriatic activity of the prepa-
rations was assessed on mouse-tail models, where emul-
somes displayed a better pharmacodynamics activity (52.4%) 
than commercial products (40.6%). Moreover, no erythema 
and wrinkles were produced on the mice skin, providing evi-
dence that emulsomes can diminish potential side effects of 
dithranol while improving its medical efficacy. 

5.4. Cancer 

 Emulsomal formulations encapsulating two anticancer 
agents, methotrexate (MTX) [68] and curcumin [19], have 
recently been reported in the literature:  
 MTX is an anti-folate drug synthesized to fight against a 
broad spectrum of human cancers including osteosarcoma, 
lymphoma, choriocarcinoma, and leukemia [102]. As an 
anti-metabolite chemotherapeutic agent, MTX is also used 
for psoriasis, rheumatoid arthritis, systemic sclerosis, pla-
centa accreta, and ectopic pregnancy [103]. Unfortunately, 
MTX as a low molecular and poorly water-soluble antican-
cer agent shows a very short half-life in plasma [104]. 
Moreover, the high efflux rate of MTX causes drug resis-
tance and potential side effects in particular in the marrow, 
liver, kidney and gastrointestinal tract [104]. 
 For lymphatic delivery of MTX, Paliwal et al. (2009) 
mimicked the structural design of the chylomicron, an 
endogenously synthesized lipoprotein, and synthesized 
emulsome formulations composed of compritol® 888 ATO as 
the lipid core and soya lecithin as a stabilizing shell [68]. 
Various MTX-loaded emulsomes were characterized accord-
ing to their entrapment efficacy, in vitro release, lymphatic 
uptake, and plasma profiles. In vitro drug release analysis 
demonstrated that emulsomes slowly release MTX at pH 7.4 
(simulated intestinal fluid), whereas at pH 1.2 (simulated 
gastric fluid) a burst release of MTX occurs, indicating that 
in gastrointestinal tract the PL bilayers and compritol® 888 

ATO did not provide stability to the formulation [105]. 
Therefore, intraduodenal administration of the formulation 
was preferred in the rat model. In vivo, emulsome formula-
tions improved the bioavailability of MTX up to 5.7-fold 
[68]. The maximum plasma concentration of MTX could be 
increased from 2.4 µg/ml up to 7.1 µg/ml, whereas the time 
to reach the peak concentration was shifted from 1 hour to 4 
hours for MTX-bearing emulsome formulations. One can 
conclude that emulsome formulation not only achieved the 
lymphatic delivery of MTX through the intestinal milieu but 
also prolonged its plasma residence time by sustained deliv-
ery of the drug.  
 Curcumin, a common name for diferuloylmethane, is a 
hydrophobic polyphenol derived from the rhizome of the 
herb Curcuma longa (turmeric) of the Zingiberaceae family 
[106]. In recent years, particular interest has been shown in 
curcumin owing to its therapeutic effect against a broad vari-
ety of different cancers including gastrointestinal, genitouri-
nary, breast, ovarian, lung, and neurological cancer; leuke-
mia and lymphoma; head and neck squamous cell carci-
noma; melanoma; and sarcoma [107-109]. However despite 
the promising therapeutic activity as well as safety profile, 
the clinical advancement of curcumin has been affected by 
its short biological half-life, poor water solubility, and low 
bioavailability after oral administration [106, 110].  
 Addressing these limitations, Ucisik et al. (2013) intro-
duced curcumin-emulsome nanoformulations, the so-called 
CurcuEmulsomes, to improve the solubility of curcumin and 
facilitate its delivery into cells and tissues [19]. Encapsula-
tion increased the solubility of curcumin by up to 10,000-
fold corresponding to a concentration of 0.11 mg/ml. Cur-
cuEmulsomes successfully facilitated the delivery of curcu-
min into human liver carcinoma HepG2 cells in vitro, and 
the release of the drug at the target site was prolonged. The 
latter was assessed by cell viability, apoptosis and cell cycle 
analysis. The slow release profile endowed the drug to sus-
tain its therapeutic effect for longer period of time (i.e. >48 
hours) [19].  

5.5. Autoimmunity 

 When a vaccine composition is combined with i) pro-
tein/peptide antigens, ii) optionally added hydrophobic mate-
rial and iii) an immune-potentiating membranous carrier 
such as an emulsome, the antigenic integrity of the protein or 
peptide epitopes is preserved and the immunogenicity of the 
vaccine is enhanced [111, 112]. For the first time, Lowell  
et al. (1997) applied emulsomes as adjuvants for mucosal 
vaccines [113]. Intranasal immunization of mice with bacu-
lovirus-expressed gp160 formulated in proteasomes (i.e. 
multimolecular protein complexes with diameter of 60-100 
nm [114]) with emulsomes elicited strong serum, lung, intes-
tinal, and vaginal IgG and IgA responses [113, 114]. A 
bioadhesive polymer, carbocol 934, was anchored to emul-
somes to confer the lipid nanoformulation with mucoadhe-
sive properties and to further improve the delivery and at-
tachment of vaccine antigens to target mucosal surfaces 
[113]. In a subsequent study, local production of HIV-1 spe-
cific Ig was demonstrated in the genital tract, intestinal tract 
and lungs of mice immunized with proteasome vaccine plus 
emulsome [114]. These studies were particularly important 
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due to the observation that emulsomes enhance immuno-
genicity by promoting stickiness to the mucosal vaccine, 
thereby retarding rapid clearance from the respiratory tract 
and facilitating antigen uptake by mucosal cells [113].  
 To cite another example of the use of emulsomes for 
autoimmunity, it was demonstrated that a combination of 
anti-CD3 mAb and emulsome (as adjuvant) suppressed anti-
body production against type II collagen and improved the 
severity of joint pathology as a result of reduced inflamma-
tory cytokines in joints [115]. Emulsomes enhanced the Th2 
response resulting in the induction of LAP+ (i.e., latency-
associated peptide) regulatory T cells and suppression of 
ongoing arthritis by both nasal and oral anti-CD3 administra-
tion [115]. The approach was found to be safe and applicable 
for mucosal, noninvasive therapy for rheumatoid arthritis. 

6. CONCLUSION AND PERSPECTIVES 

 In emulsomes, the internal core composed of fats (e.g., 
TGs) is stabilized in the form of an oil/water emulsion by PL 
molecules. The solidified internal fatty core provides better 
opportunity to load lipophilic drugs in high concentration 
into these versatile DDSs. Moreover, there is also the ability 
to encapsulate water-soluble drugs in the aqueous compart-
ments surrounding the PL layers [2]. Emulsomes, having the 
characteristics of both liposomes and emulsions are designed 
to overcome problems associated with drugs such as a poor 
bioavailability, protection from harsh gastric environment, 
and enzyme hydrolysis, as the TGs are protecting the drug. 
Emulsomes provide an efficient way for the controlled re-
lease of drugs and, hence, decrease the toxicity and further 
adverse effects associated with it. 
 Recently this technology has been investigated in great 
detail to improve both the efficacy of the drug release and 
the selectivity of the drugs. Emulsomes have a wide range of 
therapeutic application, e.g., in parental drug delivery, gene 
therapy and also oral formulations. Moreover, in the future 
emulsomes composed of, for example, antisense oligonu-
cleotides or plasmids for gene therapy as genetic drugs will 
be increasingly available. Important for future health care, 
emulsomes are a clear economical alternative to current 
commercial lipid formulations because functioning as sus-
tained release systems, the dosing frequency of drugs can be 
reduced. Moreover, as best carrier for intravenous as well as 
oral delivery of drugs, these new emerging DDSs could play 
an essential function in the effective treatment of life-
threatening viral and fungal infections such as hepatitis, 
HIV, EBV, leishmaniasis, etc. [3, 5, 13, 20-22, 24, 70, 114], 
but also for various kinds of cancer [19, 68] (Table 2).  
 Curcumin, a very potent drug against a variety of differ-
ent cancer diseases [107], has recently been entrapped in 
emulsomes. These so-called CurcuEmulsomes were investi-
gated for the in vitro delivery of curcumin in the HepG2 
model cell line. Most important, it could be demonstrated 
that incorporation in emulsomes enhances the poor water 
solubility of curcumin. Moreover, the biological activity as 
well as fluorescence integrity of curcumin was preserved. 
Finally, curcumin was gradually released into the cells, 
thereby resulting in prolonged cytotoxicity and cell cycle 
arrest on HepG2, and, over the long term, the incorporated 
curcumin acted as efficiently as free curcumin dissolved in 

organic solvent. Consequently, by enabling curcumin to 
reach its effective concentration inside the cell, this approach 
may allow therapeutic applications of curcumin, where 
medical use is otherwise limited [19]. 
 As shown for the first time in a recent study [31], a 
nanopatterned S-layer lattice could be recrystallized on the 
surface of emulsomes. In this way, a biomimetic viral enve-
lope comprised of a proteinaceous shell on a lipidic core was 
successfully assembled [31]. The proteinaceous lattice did 
not only envelope and modify the surface of the emulsome 
but additionally improved its biocompatibility, showing a 
significantly reduced toxicity even at a high concentration 
compared with positively charged, bare emulsomes. Conse-
quently, the S-layer lattice protected the cell from oxidative 
stress and cell membrane damage and decreased the cytotox-
icity initiated by the outermost positively charged PL multi-
layer [31]. 
 Equal to liposomes [53], emulsomes can also be coated 
for imaging purposes with S-layer fusion proteins carrying 
EGFP. Because of its fluorescence ability, emulsomes coated 
with, for example, rSbpA31-1068/EGFP will represent a useful 
tool to visualize the uptake of emulsomes by eukaryotic cells 
[53, 116]. With regard to future aspects, the most interesting 
advantage of fusion proteins can be seen in co-recrystallization 
of, for example, rSbpA31-1068/EGFP in combination with 
other S-layer fusion proteins (e.g., rSbpA/streptavidin [117]) 
on the same emulsomal surface. The uptake of these spe-
cially coated emulsomes by target cells and the functionality 
of delivered drugs could be investigated simultaneously 
without using any additional labelling [41]. 
 The efficiency of emulsomes could be improved by the 
attachment of freely accessible homing functions (e.g. pro-
tein domains) on the surface of the DDSs to achieve active 
drug targeting. One elegant way could be to anchor or fuse 
functional molecules on S-layer proteins covering the surface 
of emulsomes. Indeed, recently emulsomes have successfully 
been coated not only by S-layer proteins [31], but also by 
S-layer fusion proteins carrying two protein G domains 
(Fig. 3) having a specific affinity to IgG [62]. In principle, 
having an S-layer cover results not only in an overall stabili-
zation of the spherical nanoformulation but will also allow 
the functionalization of emulsomes by immobilization of 
functional molecules (e.g. human IgG) either by direct bind-
ing or by immobilization via the Fc-specific ligand protein A 
[41]. Emulsomes could also be coated with genetically engi-
neered S-layer proteins incorporating binding functions 
where, for example, biotinylated ligands could be bound to 
the S-layer-coated emulsomes via the biotin–streptavidin 
system as previously described for liposomes [117]. The 
most elegant method is, however, the coating with S-layer 
fusion proteins incorporating functional protein domains 
(e.g. ZZ or GG domains) [61, 62]. If desired, through 
co-recrystallization of S-layer fusion proteins presenting 
different functions a multifunctional DDS with targeting, 
recognition, binding, and active drug release capabilities can 
be designed.  
 Although this review is focused highly on medical appli-
cations of emulsomes, the diverse use of emulsomes in other 
fields such as food and agriculture is conceivable. For in-
stance, emulsomal DDSs might be used for the delivery of 
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pesticides in agriculture to minimize the potential hazards of 
the pesticides to the environment. 
 Consequently, further research might lead to smart and 
biocompatible emulsomes of natural building blocks protect-
ing encapsulated drugs against degradation, besides reducing 
unwanted side effects of the drugs. Combining this with spe-
cific targeting systems allow the emulsomes to be targeted to 
the desired site of action. 
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