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A review on lipid-based nanocarriers i

mimicking chylomicron and their potential
in drug delivery and targeting infectious
and cancerous diseases

Rana E. Elnady'’, Maha M. Amin? and Mohamed Y. Zakaria>*

Abstract

Infectious and cancerous diseases are tedious to manage. The problem of drug resistance is often associated with
anti-microbial and anti-cancer agents and is one of the most significant challenges that restrict their activity. There-
fore, it is necessary to increase doses or drug combinations. However, introducing drugs in this way is often ineffective
due to poor solubility, low bioavailability, reduced stability, and different drug pharmacokinetic parameters. Vesicular
nanocarriers are considered promising for effective drug delivery and overcoming drug resistance. Lipid-based drug
delivery systems (LBDDS) such as emulsomes (EMLs) can solve many problems associated with drug physicochemical
properties. EMLs share structural similarities with liposomes and solid lipid nanoparticles (SLNs). The main compo-
nents of emulsomal preparation are triglycerides (TG), phospholipids (PC), and cholesterol (Chol). These systems pro-
vide greater stability and pharmacokinetic parameters in vivo compared to liposomes and other lipid-based systems,
overcoming their limitations and surpassing their shortcomings. This review offers a broad summary of emulsomal
research to date and a comprehensive overview of the formulation materials and their effects on the fabrication,
physical characteristics, surface modification, lymphatic targeting, and recent applications of EMLs in infectious and
cancerous diseases. EMLs can offer stable and safe lipid-based systems with adequate entrapment and sustained
release properties, improving bioavailability and evading multidrug resistance. Furthermore, they hold promise for
future clinical applications for anti-microbial and anti-cancer drugs.
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The urgent need for the discovery of new drugs to treat
infectious and cancerous diseases continues to grow due
to multidrug resistance. Moreover, increasing the dose
of these medications to overcome resistance induces
severe side effects. Drug resistance is caused by the ina-
bility of bioactive compounds to reach infected cells in
adequate concentration (Lee et al. 2013). Additionally,
many chemotherapeutic agents with poor solubility and
bioavailability have been successfully loaded into nano-
particles (Hu and Zhang 2009). Nanoparticle-based drug
delivery systems are critical in delivering many drugs to
different body organs. These systems are advantageous
for minimizing adverse effects, enhancing bioavailabil-
ity, and enhancing drugs’ physical and chemical proper-
ties. LBDDS are one of the most promising drug delivery
options and highly researched nanocarriers (Puri et al.
2009). They are an attractive way to deliver drugs with
poor solubility and low bioavailability, especially biop-
harmaceutical classification system (BCS) class II and
IV drugs (Algahtani et al. 2021). According to Chuang
et al. (2018), LBDDS is composed of easily tolerated

safe degradation residuals.

Emulsomes (EMLs) are vesicular lipid-based drug
delivery systems considered a modified generation of
liposomes (Singh et al. 2013; Alhakamy et al. 2020).
Recently, EMLs have been assumed to be chylomicron-
mimicking nanocarriers of synthetic lipoprotein-based
vehicles that make EMLs circumvent oral obstacles
related to drugs with low solubility and low perme-
ability through lymphatic targeting pathways (Rizk
and Elsheikh 2021). Compared to liposomes, EMLs are
more stable (Sawant et al. 2016), whereas liposomes’
tendency to hydrolysis, oxidation, fusion, low drug
content, short shelf-life, and sterilization issues limit
their use (Akbarzadeh et al. 2013; Lowell et al. 1997).
Furthermore, EMLs can overcome some limitations of
SLNs, like low encapsulation of bioactive substances,
gelation tendency, storage instability, and polymorphic
transition (Shidhaye et al. 2008; Vimal Kumar Varma
and Amareshwar 2011; Qian et al. 2013). SLNs have low
circulation in the body because the reticuloendothelial
system (RES) can easily recognize them before reaching
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the target tissue (Geszke-Moritz and Moritz 2016). Par-
ticle size growth and aggregation also limit the utility of
SLNs (Utreja et al. 2010). EMLs are novel, stable, and
surfactant-free LBDDS alternatives (Bolat et al. 2020).
EMLs have been reported for anti-microbial and anti-
cancer in various routes of application: parenteral (sily-
bin and zidovudine) (Vyas et al. 2006; Zhou and Chen
2015), ocular (Sparfloxacin) (Sawant et al. 2016), intra-
peritoneal (amphotericin B (AmB)) (Pal et al. 2012)
and oral (methotrexate) (Paliwal et al. 2009a). Conse-
quently, this review focuses on the ability of EMLs to
efficiently deliver anti-microbial and anti-cancer agents
to their site of action with minimum resistance and
side effects. EMLs, as typical oil-in-water emulsions,
have a hydrophobic core (consisting of solid fats rather
than oils). Like liposomes, this core is encapsulated and
stabilized by phospholipid bilayer coats (Lowell et al.
1997). The aqueous portion of their outer phospholipid
membranes can encapsulate water-soluble pharmaceu-
ticals, whereas sufficient amounts of lipophilic drugs fill
their cores (Zhou and Chen 2015). Figure 1 displays the
structure and composition of EMLs versus liposomes
and SLNs (Bay et al. 2019; Guimar and Cavaco-paulo
2021).
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Emulsomal structure and composition make them
more bioavailable and more efficient in delivering poorly
soluble drugs. Due to the high encapsulation of drugs in
emulsomal formulations, a relatively slow sustained drug
release profile was observed (70% after 24 h and almost
100% after 48 h), resolving toxicity issues with certain
drugs, such as silybin, that favor localization in liver cells
and rapid elimination problems that require frequent
administration. (Zhou and Chen 2015).

Materials used in the fabrication of EMLs

Emulsomes are usually prepared using primary struc-
tural components. Solid lipids like monoglycerides or
TG which form the core structure of EMLs, protect the
entrapped drug from the gastric environment, provide
high loading capacity of lipophilic drugs and prolong the
release of drugs (Rizk and Elsheikh 2021; Sawant et al.
2016; Yilmaz et al. 2020; Islek et al. 2022). PC stabilize the
core of EMLs, improve lymphatic transport and enhance
the entrapment efficiency (Rizk and Elsheikh 2021; El-
Zaafarany et al. 2016; Kamel et al. 2022). Secondary
components could be added to enhance the physical
characteristics and provide more stability to emulsomal
structure. Steroids are incorporated to stabilize the outer

Surfactant

// Lipophilic drug
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EMLs
Fig. 1 Emulsomal matrix structure and composition compared to liposomes and SLNs. Schematic adapted from (Bay et al. 2019; Guimar and
Cavaco-paulo 2021)
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shell of the PC, increasing the entrapment and decreas-
ing the drug’s leakage (Rizk and Elsheikh 2021; Zhou and
Chen 2015). Surfactants also can be added to minimize
particle size of EMLs (Zakaria et al. 2022a). The stabil-
ity of EMLs can be improved by adding charge inducer
to emulsomal surface which increase zeta potential value,
make repulsions between phospholipid bilayers, improve
the mucoadhesive properties and prolong drug release
(Varshosaz et al. 2019; Malviya 2021; Abo El-Enin et al.
2022). Antioxidants are added to prevent or delay lipid
oxidation. Table 1 lists examples used as primary and sec-
ondary components.

Formulation techniques of EMLs

Methods for preparing EMLs are similar to liposomal
techniques. The thin film hydration (TFH) method, lipid
film formation method (hand-shaking), cast film method,
high-pressure extrusion technique, reverse phase evap-
oration method, microfluidization, ethanol injection
method, and detergent removal technique are considered
the most common methods for preparing EMLs (Gill
et al. 2012). Frequently used methods are TFH, ethanol
injection, and high-pressure extrusion. Figure 2 demon-
strates emulsomal fabrication techniques.
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Thin film hydration method

The TFH method is a simple and commonly used method
for preparing EMLs (Bolat et al. 2020). In a round-bot-
tom flask (RBF), various molar ratios of solid lipids are
dissolved in an organic solvent such as chloroform mixed
with ethanol or methanol (in various ratios). The drug is
added to the solution, and the organic solvents evapo-
rate under high pressure leaving a thin film layer on the
flask wall, which is then hydrated with the aqueous solu-
tion for a predetermined period at a predetermined tem-
perature (Alhakamy et al. 2020; Sawant et al. 2016; Vyas
et al. 2006; Bay et al. 2019; Zakaria et al. 2022a; Abo El-
Enin et al. 2022). The hydrated solution is sonicated by a
probe or water-bath sonicator to form nano-sized EMLs
(Alhakamy et al. 2020; Vyas et al. 2006). For further size
reduction, sonication can be followed by high-shear pres-
sure homogenization; moreover, controlling the speed
and time of homogenization are essential factors in pro-
ducing an optimum formula (Rizk and Elsheikh 2021).

Ethanol injection method

In this method, lipids are dissolved in absolute etha-
nol, and then the solution is injected immediately
into a magnetically stirred buffer solution (Sujitha
and Muzib 2020). Drugs are added according to their

Table 1 Commonly used primary and secondary components for preparing EMLs

Structural components Ref

Primary components Triglycerides
Tristearin
Tripalmitin
Trilaurin
Triolein
Hard fats
Compritol 888 ATO (CA)
Stearic acid
Glyceryl monostearate (GMS)
Phospholipids
Soybean phosphatidylcholine (Soya PC)
Dipalmitoyl phosphatidylcholine (DPPC)
Phospholipon 90G (P90G)
Phospholipon 80H (P80H)
Phospholipon 90H (P90H)
Lipoid $100

Alhakamy et al. 2020; Vyas et al. 2006; El-Zaafarany et al. 2016; Zakaria et al.
2022a; Malviya 2021; Sahu and Kori 2022)

Bolat et al. 2020; Pal et al. 2012; Yilmaz et al. 2020; El-Zaafarany et al. 2016; Abo El-
Enin et al. 2022; Ucisik et al. 2015a; Fahmy et al. 2020; Awan et al. 2020; Alhakamy
etal. 2021)

Viyas et al. 2006; Zhou and Chen 2015; Abo El-Enin et al. 2022)

El-Zaafarany et al. 2016; Zakaria et al. 20223; El-Zaafarany et al. 2018)

Paliwal et al. 2009a; El-Zaafarany et al. 2016; Zakaria et al. 2022a; Abo El-Enin et al.
2022; Chandrika and Babu 2014; Aldawsari et al. 2021)

Sujitha and Muzib 2020)

Kamel et al. 2022; Kapadia et al. 2020)

Abo EI-Enin et al. 2022; Rabaan et al. 2022)

Bolat et al. 2020; Yilmaz et al. 2020; Kapadia et al. 2020)

Sawant et al. 2016)

Kamel et al. 2022)

Fahmy et al. 2020; Awan et al. 2020; Alhakamy et al. 2021)

Alhakamy et al. 2020)

Secondary components  Steroids
Cholesterol
Surfactants
Tween 80
Brij52 (polyoxyethylene (2) cetyl ether)
Hexa-decylamine
Sodium Deoxycholate
Charge inducers
Stearylamine
Chitosan
Trimethylchitosan (TMC)
Antioxidant
Butylated hydroxy toluene

Zhou and Chen 2015; Fahmy et al. 2020; Sujitha and Muzib 2020; Kommana and
Babu 2016; Gill and Nanda 2020)

Zhou and Chen 2015; El-Zaafarany et al. 2016; Abo El-Enin et al. 2022; El-Zaafa-
rany et al. 2018; Chandrika and Babu 2014; Raza et al. 2013)

Zakaria et al. 2022a)

Ucisik et al. 2013a)

Kommana and Babu 2016)

Malviya 2021; Gill and Nanda 2020)

El-Zaafarany et al. 2016)

Abo El-Enin et al. 2022)

Kommana and Babu 2016)
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Fig. 2 Preparing EMLs by a TFH, b ethanol injection method, ¢ high-pressure extrusion method

solubility in ethanol or buffer solution, and the appear-
ance of the opalescence of colloidal dispersion indi-
cates the formation of vesicles.

High-pressure extrusion method

Lipids dissolved in an organic solvent are then sub-
jected to a rotary evaporator to eliminate the solvent,
hydration of the formed thin film takes place, and the
hydrated product is introduced to a high-pressure
extrusion system once or more (Ucisik et al. 2013a).
Table 2 depicts a comparison of emulsomal techniques.

Effect of formulation variables on EMLs
characteristics

Effect of triglyceride type

The particle size of EMLs can vary depending on the
type of TG used. Due to tristearin molecules’ longer
fatty acid chain, tristearin EMLs have larger particle
sizes than trilaurin EMLs (Vyas et al. 2006). Similarly,
the vesicle size increased in the sequence of tripalmi-
tin < tristearin < Compritol (Kalepu et al. 2013). Con-
trarily, the use of triolein has been found to produce
smaller particle size EMLs with lower polydispersity
index than Compritol (El-Zaafarany et al. 2016). Possibly
due to the shorter chain length of tripalmitin, Raloxifene

Table 2 Advantages and disadvantages of different emulsomal technique

Technique

Benefits

Shortages Ref

Thin film hydration method

Ethanol injection method

High-pressure extrusion method

« Higher entrapment of drug due
to its ability to form multilamellar
vesicles

« Easy and reproducible

- Small particle size was obtained
« Rapid

« Reproducible

- Variety of size range

- Produce large vesicles Varshosaz et al. 2019)

« Ethanol removal is very difficult Gouda et al. 2021)

« This technique is unsuitable for heat sensitive materi- Ucisik et al. 2013a)
als and large-scale preparations, so the process must
be heat controlled
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Hydrochloride-EMLs containing tripalmitin were sig-
nificantly smaller than those containing tristearin and
Compritol (Aldawsari et al. 2021). Compritol 888 ATO
(glyceryl behenate) has also been found to be a promising
carrier for the intestinal lymphatic system (Paliwal et al.
2009b). This finding could be attributed to the higher
length of Compritol induced higher lipophilicity which
could entrap higher amounts of lipophilic drugs into
their core than other TG (Zakaria et al. 2022a). Addi-
tionally, Compritol is considered a lymphotropic agent
and photo stabilizer for bioactive compounds (Rizk and
Elsheikh 2021). By comparing the effect of different fatty
acid chain lengths, it was found that Compritol (C22),
tripalmitin (C16), tristearin (C18), and the unsaturated
chain triolein (C18) all had varying effects on the entrap-
ment at the same ratios of PC: TG. At a ratio of 0.5:1, the
highest EE% was 23.9% obtained, with Compritol. The
ratios 1:1 and 1:2 gave 88% and 91.04% with tripalmitin,
while at 3:1 ratio, Compritol, tristearin, and tripalmi-
tin produced the highest entrapment 96.8%, 93.1%, and
95.3% respectively (El-Zaafarany et al. 2016). This result
can be attributed to the longer fatty acid chain length of
Compritol (C22) and the imperfections in its crystalline
lattice that create hollows, allowing for increased drug
loading (Aldawsari et al. 2021).

Effect of triglyceride: phospholipid concentration ratio
Increasing the ratio of TG: PC leads to an increase in par-
ticle size and entrapment efficiency (Ucisik et al. 2015b).
For example, in Etodolac EMLs, when the ratio of tristea-
rin: phospholipid increased from 50 to 150%, the entrap-
ment efficiency increased from 76.46 to 88.46% (Gill and
Nanda 2020). Increasing the PC concentration forms
multilamellar vesicles that can hold higher amounts of
drug (Pal et al. 2012; Ucisik et al. 2015a). A maximum
increase in entrapment efficiency reaching 78.1 +2.29%
using PC: TG w/w 1:1 ratio instead of 0.6:1, and increas-
ing PC concentration beyond 1.2:1 and 1.4:1 ratios led to
a decline in entrapment efficiency of about 70.8+1.67
and 64.5+2.58%, respectively. This might be due to the
formation of unstable particles with a high tendency for
leakage (Zhou and Chen 2015; Pal et al. 2012).

Effect of pH of hydration media

The majority of studies used a 7.4 pH hydration medium
during the preparation of EMLs. Increasing the pH of
the hydration medium from 5 to 9 increased the entrap-
ment efficiency of Fluvastatin (FLV) loaded EMLs. This
increase is attributed to the increasing negative charge on
the phospholipid polar head, allowing FLV to align on the
phospholipid polar head (Alhakamy et al. 2021).
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Effect of sonication time

Sonication time may affect the particle size of EMLs.
The particle size of methotrexate-EMLs decreased
from 352.7+15.6 to 160.3+10.2 nm when the soni-
cation time was increased from 5 to 10 min (Pali-
wal et al. 2009b). A significant decrease in the
particle size of Febuxostat-EMLs from 183.80+3.11 nm
to 90.70+1.19 nm by increasing ultrasonication time
from 1 to 5 min (Fahmy et al. 2020). Increasing soni-
cation time from 3 to 9 min resulted in a significant
decrease in the particle size of triamcinolone aceton-
ide-EMLs (Kapadia et al. 2020). This reduction in par-
ticle size is believed to be due to the high amount of
energy input during sonication (Fahmy et al. 2020; Pali-
wal et al. 2009b).

Effect of drug nature

Hydrophilic and amphiphilic drugs can be entrapped
in phospholipid bilayers (Ucisik et al. 2015a). How-
ever, the lipophilic nature of Sparfloxacin, Etodolac,
and Simvastatin made them particularly well-suited to
be entrapped in the solid lipid core and phospholipid
bilayers of EMLs, which allowed for a decrease in dos-
age and reduced cytotoxicity (Qian et al. 2013; Gill and
Nanda 2020; Shringarpure et al. 2021).

Effect of surfactant

Emulsomes can contain small quantities of surfactants,
such as tween 80 (Zhou and Chen 2015). Combin-
ing PC and tween 80 allowed for the emulsification
of Compritol, resulting in the formation of smaller
particles (Raza et al. 2013). Using tween 80 at 1% v/v
enhanced bilayer formation and lipid loading capac-
ity (Abo El-Enin et al. 2022). Brij52 (polyoxyethylene
(2) cetyl ether) is a non-ionic surfactant incorporated
in a concentration of (10: 30) mg. Increasing Brij con-
centration resulted in a significant decrease in particle
size as it decreased the interfacial tension, a significant
decrease in zeta potential due to shielding the surface
charge, and a decrease in entrapment efficiency due
to the highly porous bilayer vesicles, which increased
drug leakage (Zakaria et al. 2022a).

Characterization technique of EMLs

In vitro characterization of EMLs determines the shape
and morphology of vesicles, entrapment efficiency, and
in vitro release. Table 3 summarizes all characterization
techniques.

Shape and morphology of EMLs
Transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) are optimal techniques for
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examining the morphological structure of EMLs on a
nanoscale. For TEM analysis, the emulsomal formu-
lation was diluted with deionized water and added to
the copper grid until dried for examination (Rizk and
Elsheikh 2021). TEM images demonstrated the spheri-
cal shape of EMLs (Zhou and Chen 2015). All vesicles
were mono-dispersed, and no signs of aggregated vesi-
cles were observed (Gill and Nanda 2020). Multilamel-
lar EMLs can be observed under TEM examination
(Awan et al. 2020). These multilayers of phospholipids
distinguish EMLs from SLNs (Paliwal et al. 2009b). The
SEM images revealed that almost every particle in the
formulation has the same rough, spherical surface mor-
phology, offering homology in its characteristic struc-
ture, where phospholipid bilayers stabilize the outer
surface (Bolat et al. 2020). SEM images show that EMLs
have surface features similar to liposomes (Yilmaz et al.
2020).

Particle size and zeta potential

Particle size and zeta potential are good indicators of
emulsomal stability. Sonication or high-pressure homog-
enization can be used to maintain size reduction and
homogenization after hydration. Homogenization lasting
longer than 10 min results in larger particles due to the
increased energy procured (Rizk and Elsheikh 2021). The
particle size of EMLs could be in a range of 10:250 nm,
allowing for intravenous administration (Kommana
and Babu 2016). Nano-sized emulsomal formulations
are promising candidates for tumor targeting (Aldaw-
sari et al. 2021). Formulations containing f3-sitosterol
observed smaller particle sizes due to increasing the
phospholipid bilayer’s hydrophilic nature with decreasing
the interfacial tension (Kamel et al. 2022). Zeta potential
has a significant effect on cellular drug uptake, as cationic
charge enhances drug internalization through cells more
than negative or neutral-charged vesicles (Bolat et al.
2020). The distribution of negatively charged phospho-
lipids in the outer layer influences the electronegativity
charges of the vesicles (El-Zaafarany et al. 2016; Aldaw-
sari et al. 2021). Due to the negative charge of phospho-
lipids, a rise in the ratio of PC to TG increased the zeta
value. In contrast, the TG type had no effect on the zeta
potential value (Aldawsari et al. 2021).

Entrapment efficiency

The entrapped drug is determined by analyzing the drug
content in EMLs compared to the total amount added
(Alhakamy et al. 2020). A definite amount of emulsomal
formulation was taken in the Eppendorf tube, centrifuged
to separate the unentrapped drug, and measured by a
UV spectrophotometer (Paliwal et al. 2009b), or HPLC
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(Awan et al. 2020). The following equation can be used
to illustrate entrapment efficiency (Varshosaz et al. 2019).

EE% = (Total drug — Free drug)
/(Total drug added to emulsomal formulation)

X 100

In vitro release study

In vitro release study is a critical indicator for in vivo effi-
cacy. The study was performed using the dialysis method
(Sawant et al. 2016). A specific amount of formulation in
the dialysis bag was retained in a thermostable shaker at
physiological temperature and suitable rpm, and then,
samples were collected at different time intervals to be
analyzed for drug content using the validated method
(Sawant et al. 2016; Awan et al. 2020). Drugs spread
from EMLs and across the phospholipid bilayer mem-
brane barrier as lipophilic components must diffuse from
the lipidic core before the release, and the phospholipid
bilayer may slow down this process, resulting in sus-
tained release (Zhou and Chen 2015). Most formulations
have slow drug release due to the high entrapment of
lipophilic drugs (Aldawsari et al. 2021).

Stability

Emulsomes as vesicular lipid-based nanoparticles dem-
onstrated higher stability compared with conferential
liposomes or other lipid-based systems. Problems such
as oxidation, hydrolysis, or aggregation can be avoided
by loading drugs into EMLs (Sawant et al. 2016). Stability
studies provide data about storage-related issues, such as
studies that consider the efficacy of emulsomal formula-
tion for a certain period of time, entrapment efficiency,
particle size, and possibility of aggregation. Additionally,
they do not necessitate the incorporation of surfactants
or cosolvents (El-Zaafarany et al. 2016). Emulsomal
structure and components impose their stability. TG such
as Compritol, could protect dithranol from photodegra-
dation, enhancing drug stability (Raza et al. 2013). More-
over, Compritol provides a cationic charge around the
emulsomal surface, inducing repulsion forces between
particles and preventing their aggregation (Abo El-Enin
et al. 2022), whereas the phospholipid bilayer stabilizes
the outer layer of EMLs (Kamel et al. 2022). Tripalmitin
demonstrated a higher melting point, biocompatibility
and physicochemical stability (Ucisik et al. 2013b). In
emulsomal formulations, characteristic parameters such
as entrapment efficiency, zeta potential, and particle size
showed no significant change. Curcumin-loaded EMLs
could withstand stability for 11 months at refrigerated
conditions (4 °C) without any significant change in par-
ticle size, charge, or polydispersity index (PDI) (Yilmaz
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et al. 2020). The change in pH could affect the stability of
EMLs. Methotrexate-loaded EMLs exhibited a significant
increase in particle size by decreasing pH to 1.2, affect-
ing the stability of EMLs, such increase could be due to
aggregation of the formation (Paliwal et al. 2009a).

Surface engineering and targeting strategies

of EMLs

Surface modification of nanoparticles is a crucial technique
for the development of biocompatible EMLs with specific
properties. Due to the presence of phospholipid layers on
the surfaces of both EMLs and liposomes, all surface modi-
fications that are possible for liposomes may also be pos-
sible for EMLs (Ucisik et al. 2013b). By coating their surface
with the macrophage-specific ligand O-palmitoyl man-
nan (OPM), emulsomal modification renders them mac-
rophage-targeting. OPM-coated EMLs could target AmB
to lung tissues in pulmonary fungal infections and other
infectious diseases of the respiratory tract (Vyas et al. 2006;
Gupta and Kumar 2012). Moreover, OPM-coated tripalmi-
tin EMLs were more effective at inhibiting parasitic infec-
tion in the spleen, indicating that mannose receptors are
expressed on the membranes of the liver and splenic mac-
rophages, resulting in ligand-receptor interaction (Pal et al.
2012). The crystalline bacterial cell surface layer (S-layer)
fusion protein forms a homogeneous monomolecular lat-
tice on the emulsomal surface (Ucisik et al. 2013b). S-layer
altered the surface properties of the lipidic nanocarrier and
conferred IgG functional adhesion on its surface, exhibit-
ing antibody targeting (Ucisik et al. 2015a), whereas S-layer
EMLs have more biocompatibility, less toxicity, and oxida-
tive stress protection than bare EMLs (Ucisik et al. 2015a;
Gerrard and Editors 2020). Sorafenib characterized by low
bioavailability, poor solubility, rapid metabolism, and liver
cancer resistance. PEGylated trimethyl chitosan (TMC)-
EMLs conjugated with octreotide targeting sorafenib to
hepatocellular carcinoma could reduce free sorafenib IC50
of HepG2 cells more than non-targeted EMLs (Varshosaz
et al. 2019). Furthermore, this conjugation enhanced drug
release in pH-acidic lysosomal media increased the per-
meability to tumor cells, and imparted a positive charge
to EMLs, which improves vesicle stability (Varshosaz et al.
2019). A thermosensitive tri-copolymer (PLGA-PEG-
PLGA) is commonly used in nanoparticles due to its bio-
compatibility, biodegradability, and nontoxic properties;
moreover, it offers a more efficient and controlled release
(Rahmani et al. 2023). The tri-copolymer was added to
EMLs to form thermosensitive gels exhibiting a higher
residence time in the nasal cavity and extending the action
of the drug in the brain (El-Zaafarany et al. 2018). Stear-
ylamine as a solid lipid charge inducer was added to the
system to give it a cationic charge, protect EMLs from lyso-
somal degradation, provide intracellular localization with a
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gradual slow release of zidovudine from its lipidic core, and
potentially prevent multidrug resistance (Vyas et al. 2006).
It is an electrostatic stabilizer that maintains the optimal
emulsomal zeta potential. Increasing the stearylamine per-
centage increases the zeta potential value, making repul-
sion between phospholipid bilayers, causing an increase in
particle size and a subsequent increase in the capturing vol-
ume of the entrapped drug (Vyas et al. 2006; Malviya 2021;
Pardeshi et al. 2013). Chitosan and its derivatives are poly-
mers offering a positive charge that can impart mucoadhe-
sive properties. In addition, low molecular weight Chitosan
prevents particle size growth (El-Zaafarany et al. 2016).
Chitosan-coated EMLs regulated the release of Eletriptan
Hydrobromide, reduced toxicity, and increased therapeu-
tic efficacy (Abo El-Enin et al. 2022). 1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-[amino(polyethylene
glycol)-2000] (DSPE-mPEG 2000) is used as a coat forming
material which induces a higher electronegativity to emul-
somal surface providing greater stability to the system than
the uncoated (Zakaria et al. 2022b). All surface modifica-
tions that have been developed are illustrated in Fig. 3.

Lymphatic targeting ability of emulsomal
formulations

The lymphatic pathway is essential for the delivery of
drugs with decreased bioavailability, and it can circum-
vent first-pass metabolism by serving as a bypass route
for those undergoing extensive hepatic metabolism (Khan
et al. 2013). In addition to enhancing bioavailability, lym-
phatic delivery contributes to targeting drugs to lymphatic
organs. Lipid-based nanoparticles are considered one
of the most promising methods to enhance drug perme-
ability, solubility, and bioavailability through the lymphatic
system. Lymphatic drug transport depends on many fac-
tors, the most important of which are the size of nano-
particles (10:100 nm), triglyceride solubility>50 mg/ml,
log p>5, surface charge (negative > positive > neutral), and
lipid type (long-chain fatty acid has the highest lymphatic
uptake) (Khan et al. 2013; Vishwakarma et al. 2019). The
similarity in behavior is due to the structural resemblance
between EMLs and endogenous chylomicrons. Meth-
otrexate-EMLs showed higher fold drug uptake in the
lymphatic region than the free drug (Paliwal et al. 2009a).
A 33% decrease in baicalin absorption by the chylomi-
cron flow blockage assay confirmed that baicalin-EMLSs
have potential lymphatic targeting properties (Rizk and
Elsheikh 2021).

Recent applications of EMLs in infectious

and cancerous diseases

The widespread use of EMLs in medical applications
can be attributed to their ease of fabrication and versa-
tility. Since EMLs are considered LBDDS, which have
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Fig. 3 Different surface modification of EMLs. a EMLs coated with O-Palmitoyl manne (OPM), b S-layer coated-EMLs, ¢ EMLs coated polymers, d

Chitosan coated-EMLs. Created with BioRender.com

properties close to natural biological components, they
can interact easily with cells and tissues, are non-toxic
and biodegradable and can be administrated orally
(Pinilla et al. 2021). Due to these characteristics, they
are highly desirable for anti-microbial delivery. In con-
trast to the anti-leishmaniasis drugs loaded into poly-
meric nanoparticles, which were less able to interact
with macrophages, EMLs of lipidic based origin were
able to easily penetrate the macrophages and accumu-
late inside the RES in a way that exceeded the polymeric
nanoparticles (Islek et al. 2022). Moreover, Sparfloxacin
as anti-bacterial agent suffers from poor solubility, short
residence time, drug drainage, multiple administra-
tion, and poor corneal permeability (Gupta et al. 2010).
Loading Sparfloxacin into EMLs in situ gel provided
slower diffusion of drug from solid core and prolonged
its release with higher corneal permeation (Sawant et al.
2016). They have also been extensively studied in cancer
therapy, both in vitro and in vivo, with promising out-
comes in clinical trials (Garc et al. 2019). Tables 3 and
4 summarize all anti-infectious and anti-cancer chemo-
therapy loaded into EMLs with their characterizations
and benefits.

Potential of EMLs in loading anti-microbial

and anti-cancer phytomedicinal compounds
Phytomedicines have proven to have many therapeutic
utilities in various diseases, especially infectious diseases
and cancers, due to the diversity of their structures.
However, herbal compounds are characterized by their
insolubility, low absorption, and toxicity in large quanti-
ties, resulting in low bioavailability and activity (Kaplan
2022). Loading phytomedicines into EMLs showed effi-
cacy in the treatment of microbial and cancerous dis-
eases and may be a promising alternative to traditional
therapies.

Phyto-emulsomal potential in microbial diseases

Morin hydrate (MH) is a bioflavonoid that exhibits anti-
bacterial and anti-viral activities (Rajput et al. 2021).
The low solubility and bioavailability of MH rendered its
pharmacological use (Karamchedu et al. 2020). Plaque
assay for infected lung demonstrated 51% and 82% viral
inhibition for MH-loaded EMLs, while 27.1% and 44.8%
inhibition for MH suspension after 3 and 6 days, respec-
tively (Zakaria et al. 2022a). Moreover, MH-EMLs sig-
nificantly suppressed protein expression of MERS-CoV
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infection and bronchial alveolar lavage fluid levels than
free MH (Zakaria et al. 2022a).

Resveratrol (RSV) is a natural polyphenolic compound
having different anti-microbial properties (Abedini et al.
2021). Unfortunately, resveratrol’s medicinal applica-
tions are limited due to its low bioavailability, which
can be improved using nanocarriers (Talita et al. 2021).
Plaque assay revealed 57.6% and 82% viral inhibition for
resveratrol-loaded EMLs, and 30.5% and 45.6% inhibition
for resveratrol suspension after 3 and 6 days, respectively
(Zakaria et al. 2022b). Moreover, resveratrol-EMLs sig-
nificantly suppressed bronchial alveolar lavage fluid lev-
els more than free resveratrol.

Phyto-emulsomal potential in cancers
Piceatannol (PIC) is a polyphenolic stilbene present in
many herbal plants (Regulation 2020). Polyphenolic com-
pounds have poor solubility, and reduced bioavailability.
PIC exerts anti-cancer and anti-inflammatory activities
suggesting a superior cell death activity against HCT 116
colon cancer cells (Alhakamy et al. 2020).
Andrographolide (AG) is extracted from a natural herb.
Despite the fact that AG is effective against numerous
cancer cell lines, its poor solubility and low bioavailabil-
ity limit its biological applications (Li et al. 2022). EMLs
as a lipoprotein stimulating system showed a significant
enhancement in drug rate and extent of absorption by
6-folds more than free AG (Elsheikh et al. 2021).
Curcumin is a natural compound found in turmeric
plants with good anti-cancer activity against differ-
ent cell lines (Dinesh Kumar Agrawal and Pushpesh
Kumar Mishra 2009). Curcumin’s applications have been
reduced due to its low solubility, poor stability, and rapid
metabolism (Yavarpour-Bali et al. 2019). The solubil-
ity of curcumin-loaded EMLs significantly increased by
2700 times. Moreover, the S-layer fusion to curcumin’s
surface enhanced the binding affinity of IgG secreted
by human cancer cells (Ucisik et al. 2015b). Curcumin
loaded-EMLs exhibited a significant in vitro prolonged
activity and therapeutic efficacy against HepG2 human
liver cancer cell line as measured by cell viability, apop-
tosis, and cell cycle studies (Ucisik et al. 2013a). The
prolonged release of curcumin from EMLs is suggested
to be due to the solid nature of the nanocarrier (Ucisik
et al. 2013a). In cancer therapy, drug combinations have
become popular due to the fact that different mecha-
nisms are used to administer treatment. The EMLs
containing curcumin and piperine is one of these combi-
nations (Bolat et al. 2020). This combination added a lot
to cancer treatment leading to a sixfold increase in apop-
totic markers in colorectal cancer HCT116 cells (Bolat
et al. 2020).
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Baicalin is a bioactive flavone with a wide range of
applications in nutraceuticals and pharmaceuticals, and
it has demonstrated significant potential for treating and
preventing cancer without significant side effects (Gaoa
et al. 2016). Baicalein has been found to inhibit various
types of cancer by binding to multiple molecular targets
(Chen and Huang 2016). Baicalin-loaded EMLs showed a
significant lymphatic targeting activity than the free drug,
promising lymphoma treatment (Rizk and Elsheikh 2021).

Morin hydrate-loaded EMLs can be viewed as a poten-
tial delivery method for oral administration of MH, as
they induce significant improvement to the solubility,
bioavailability when taken orally, and the drug efficacy
against tumors (Kamel et al. 2022). MH-EML treatment
significantly decreased in the survival rate of cancer cells
when compared to a drug suspension and the untreated
cells at different concentrations of up to 300 pg/ml
(Kamel et al. 2022).

Hesperidin and silybin-loaded EMLs showed enhanced
pharmacokinetic behavior compared to the free drug
(Zhou and Chen 2015; Sujitha and Muzib 2020). Hes-
peridin and silybin have phytomedicinal activity against
many diseases and expected to be boosted when loaded
into EMLs.

Future clinical potential of emulsomes

for anti-microbial and anti-cancer drugs

The emulsomal system is one of the LBDDS, making its
permeability through the skin high and expecting emul-
somal advances in other skin diseases. This system will
provide a promising solution for class II and IV drug sol-
ubility issues within 5 to 10 years. It is challenging to load
hydrophilic drugs into nanoparticles, but we predict that
they can be conjugated with fatty acids and loaded into
emulsomal nanoparticles for further encapsulation. Due
to the emulsomal tight configuration, EMLs offer more
stability than liposomes or other lipid-based carriers with
adequate drug-loading capacity. Bio-response modifiers
can also be used to achieve effective macrophage activa-
tion, which has a powerful synergistic effect on oppor-
tunistic infections and multidrug resistance diseases.
EMLs demonstrated advancements in the treatment of
numerous diseases and will soon cover our regulatory
market.

Conclusions

Emulsomes are considered a linkage between liposomes
and SLNSs features, where they can encapsulate both lipid
and water-soluble drugs. Using biocompatible, environ-
mentally friendly constituents and preparation methods
are the significant benefits of EMLs. Due to the decreased
particle size and increased drug entrapment, the formu-
lated EMLs are nano-sized with high drug entrapment of
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more than 80% and have a spheroidal shape with progres-
sive and complete in vitro release. Due to the high encap-
sulation in the lipid core and sustained release properties,
in vivo studies revealed an improvement in bioavail-
ability. Further research on EMLs is required to develop
novel and promising therapeutic methods for a wide vari-
ety of diseases. The structural similarity between EMLs
and chylomicrons demonstrates a promising method for
oral lymphatic targeting to enhance oral bioavailability.
In recent years, EMLs have piqued the interest of scien-
tists because they cover numerous important therapeutic
areas. They can improve the bioavailability and solubility
of anti-microbial agents (anti-bacterial, anti-viral, anti-
protozoal, and anti-fungal) and anti-cancer drugs. The
primary goals of such systems are to allow more selec-
tivity, targeting, or controlled drug release, resulting in
greater therapeutic efficacy with reduced drug dosage
and frequency, fewer side effects, and optimal patient
compliance.

Being a lipidic system, it achieved more excellent
absorption of poorly soluble medications by distinct
mechanisms such as prolonged stomach retention,
increased solubilization, promotion of gastrointestinal
lymphatic transport, and impact on the biochemical and
physical barrier of the gastrointestinal tract. Neverthe-
less, several investigations have demonstrated that they
are suitable for delivering hydrophilic moieties.

Emulsomes offer more stability than liposomes or other
lipid-based carriers with adequate drug-loading capacity.
Emulsomal tight configuration ensures core stabilization
and implies that drug leakage is unlikely. Furthermore,
the rise in PC content associated with higher PC: TG
ratios may create PC multilayers around the lipid core,
allowing for additional drug encapsulation through these
layers. EMLs mediated synergistic effects on the route
and mechanism of either paracellular or transcellular
with higher concentrations than the plain drug solution.

In the process of creating anti-microbial EMLs, in vivo
and in vitro tests were significantly improved. Conversely,
EMLs as pharmaceutical drug carriers, have successfully
demonstrated clinical applications in most cancer cases
with the ability to improve the cytotoxic and apoptotic
potency of drugs on cancer cells, reducing side effects
and safety problems.

In addition, targeting the blood—brain barrier (BBB) is
very restricted as it prohibits the passage of hydrophilic,
charged, or large molecules. EMLs can efficiently incor-
porate drugs into the BBB through the intranasal route,
allowing for treating brain diseases and managing epilep-
tic disorders. Additionally, emulsomal formulations dem-
onstrate a significant lack of multidrug resistance. EMLs
will be commercialized immediately since the prepara-
tion process is straightforward and inexpensive.
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