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ABSTRACT: Self-emulsifying drug delivery systems (SEDDS) are lipid-based isotropic mixtures
that enhance the bioavailability of poorly water-soluble drugs and reduce the possible side effects,
offering a wide variety of treatments for several pathologies. The aim of this review is to discuss the
state of the art of patents for this drug delivery system by studying recent patent applications (2011 to
2020). We performed a thorough screening using the European Patent Office’s Espacenet database,
from which 37 inventions were selected and fully studied. China had more patent applications, and
the articles published about SEDDS exceeds both in number and technological advance the submitted
inventions. Nevertheless, the patents presented herein are innovative to address known issues to tra-
ditional SEDDS, including storage and formulation stability, solid formulations, acute gastrointestinal
toxicity from surfactants, and drug delivery through alternative routes of administration. This study
also revealed that release behavior for SEDDS and associated pharmacokinetics were not completely
disclosed by the inventors of the patents and that further studies are required.
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I. INTRODUCTION

New drug delivery systems are important in drug development as they may solve cur-
rent formulation challenges. This challenges arise due to the physicochemical nature
of the drug and the biological barriers of the body, and are conceived generally as
poor drug solubility and permeability, delivery of biological and biotechnological
drugs, drug irregular distribution in the body, and lack of targeting properties, among
others.!

Self-emulsifying drug delivery systems (SEDDS) are isotropic mixtures of drug,
lipid, surfactant, and co-surfactant (Fig. 1) that are able to form an oil-in-water emulsion
in the gastrointestinal tract under minimum agitation.? They are classified as lipid-based
drug delivery systems (LBDDSs), and they depend on the droplet size, emulsification
properties, dispersion rate, and drug solubilizing properties.> These systems work by
producing a large interfacial area that allows efficient partitioning of the drug between
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FIG. 1: Representation of a self-emulsifying drug delivery system. The pharmaceutical dosage
form could be a soft or hard capsule depending on the patent, a liquid, or may include solid ma-
terials as absorbents to develop tablets. Created by Biorender.com.

the oil droplets and the aqueous medium where absorption takes place.* Thus, the dis-
solution step natural to conventional solid forms is absent. As a result, SEDDSs increase
bioavailability of poorly soluble drugs.

This type of system is not regarded as new, but interest in developing them for clini-
cal applications has been increasing in recent years.” The growing interest in SEDDSs
development is due to its capability of increasing the dissolution rate of drugs in Classes
IT and IV of the Biopharmaceutics Classification System (BCS), and the ease for devel-
oping an oral formulation for improved patient treatment and compliance. Moreover,
ongoing research is exploring the delivery of therapeutic peptides® and genes’ as SEDDS
is able to protect macromolecules from the biological environment. Hence, the applica-
tions of this system for several pathologies is not limited.

Once a new drug delivery system is developed, it needs to reach the market and
become available as a medical product. This can be done through a technology transfer
process from laboratory research to industrial production. Once this is achieved, the
company or inventor may apply for a patent. Patents are legal acts issued by a country
to protect intellectual property and profit since they also emerge from the increasing
need of external funding to perform high-tech and trending research. Furthermore, the
patent publication has to sufficiently describe the product for evaluation of its novelty
by the readers, since innovation is the principal requirement to obtain a patent. This
process promotes advances in research and technology, and may ultimately contribute
to improve society.®

The aim of this study is to critically evaluate the current state of patents of self-
emulsifying drug delivery systems. For this, a systematic review was carried out using
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the European Patent Office official database Espacenet. The innovations disclosed fo-
cus on surpassing SEDDS limitations regarding their drug solubilizing power, stability,
compatibility, metabolism, and toxicity.

Il. METHODOLOGY

The Espacenet database was used to conduct our review. The patent selection was based
in several inclusion criteria; the first was to include recent patents available in English
with the keywords self-emulsifying, delivery, and systems present in the title, abstract,
or full description.

A total of 176 patents were identified from Espacenet for primary examination and
filtering using the keywords, as shown in Fig. 2. The next step was to identify patents
published in 2011 to 2020. Patents published in previous years (n = 120) were not in-
cluded, because they were considered too old. For further revision, duplicated docu-
ments (n = 11) and patents whose description was not readable in English (n = 22) were
sorted out. In this stage, 43 patents were selected, but 6 were excluded because they did
not relate to a therapeutic drug delivery system and were considered out of the scope
intended for this review. The final selection was narrowed to 37 patents, which is a
representative sample and offers a suitable perspective about the technology currently
employed in SEDDSs.

Identified studies from the database

using the keywords “Self- ;};‘;‘: N =176
PPP “Tyalivam™ o b 3
Emulsifying” and “Delivery” and 2011- 120=56

“Systems”: WIPO, Espacenet patent 2020
search

n=176

Reading titles and
abstracts

Yes

)

Reading full Definitive _-
n=37 m document selection n= 37 m

FIG. 2: Flowchart of patent searching filtering and selection. DDS, drug delivery system.
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lll. RESULTS AND DISCUSSION

A. SEDDS Patents and Publications

The country of origin of the 37 SEDDS patents was identified (Fig. 3). China has the
greater number of inventions published, surpassing other countries, such as South Korea,
India, and the United States.

Additionally, the number of patents published by year was also considered, along
with the number of articles published in PubMed for the same period (2011-2018),
found with the same search criteria. As shown in Fig. 4a and 4b, it is possible to say that
the research done outnumbers the inventions output for SEDDS, and, in general, the
research of SEDDS is experiencing an increase in the number of publications per year.

Of the 37 patents reviewed, the vast majority belong to class A61 of the interna-
tional patent classification system, established in the Strasbourg Agreement in 1971
and available from the World Intellectual Property Organization (WIPO). Class A61
accounts for inventions in the section entitled Medical or Veterinary Science; Hygiene

NUMBER OF PATENTS
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FIG. 3: Number of SEDDs patents published by country between 2011 and 2020. AT, Austria;
AU, Australia; CA, Canada; CN, China; FR, France; GR, Greece; IN, India; KR, Korea (south);
NO, Norway; US, United States of America; JP, Japan.
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FIG. 4: (a) Number of SEDDS patents published by year between 2011 and 2020. (b) Number of
articles published in PubMed between 2011 and 2020 concerning SEDDS.
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Field. Almost all patents in this class were also part of subclass A61K: Preparation for
Medical, Dental, or Toilet Purposes. Only one document belongs to A61J subclass:
Devices or Methods Specially Adapted for Bringing Pharmaceutical Products into
Particular Physical or Administering Forms; and only one document was categorized
as class A23: Food or Foodstuff; Their Treatment; subclass A23L: Foods, Foodstuff
and Nonalcoholic Beverages Not Covered by Subclasses A21D or A23B-A23J; Their
Preparation and Treatment.

As shown in Fig. 3, 28% of the inventions come from China, 19% from South
Korea, and 22% from both India and the USA. Normally, it is not expected for
the USA to have so few inventions, considering its strong pharmaceutical market
and regulatory status. However, this can be explained by the investment made by
the country. As reported in 2016, the USA primary inversion goes to the research
and development of new drugs and biologics, and the budgetary contribution for
drug delivery technology for the former and the latter is minimal.” Additionally,
when searching the scientific literature for SEDDSs, recent research seems to be
concentrated in Europe, Asia, and the Middle East, as if this kind of drug delivery
system currently had no relevance in the USA. On the other hand, China, as the
country with a greater number of published patents, arises no suspicion since both
the government and the private institutions have provided a strong investment in
biopharmaceutical research and development (R&D). This may be linked to the fact
that most Chinese patents in this study consist of a naturally derived compound or
mixture whose bioavailability is enhanced by the used of SEDDSs. China supports
the development and integration of its traditional medicine within its pharmaceuti-
cal industry.'°

The number of patents published by year has significantly increased recently. This
is also supported by the increasing trend on research published (see Fig. 4b) as the
number of inventions concerning SEDDSs have increased since 2016 (see Fig. 4a).
However, there are far more scientific publications than patent filings. This misalign-
ment may be due to the sources of patent filings and published articles. Although most
of the articles are published by universities, the patent filings are submitted by formal
companies. The goal of the universities and research institutes is the production and
dissemination of new findings, and conversely to what one may expect, this does not
always translate into financially exploitable inventions. Quick publication of articles
may provide renown to the authors, giving them access to productivity grants and
funding. Meanwhile, patent filing can be considered a time-consuming process with
long-term financial gratification.!" This should not be the case, as there are studies
showing that universities are institutions capable of accelerating technical progress by
prompting established firms to commercialize an invention.'? This means that univer-
sities have the upper hand as they introduce new knowledge into the market. While
industry adopts this knowledge, nevertheless, patenting of academic research is still a
challenge because many universities and companies in developing countries receive
little to no investment in R&D.!" Hence, there are no meaningful incentives to seek
patents for these processes.
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B. SEDDS Types

All the SEDDSs published in the patents are presented in Table 1, which reveals that
the oral administration route is still the most targeted, since it offers a higher patient
compliance and fewer problems associated with microbiological quality of the formula-
tion. Many of the inventions aimed for a SEDDS formulation in semisolid or solid state
to be packaged in soft capsules or to be granulated for delivery in hard capsules. There
were many patents where the SEDDS could be adsorbed in a solid, then granulated
and compressed to form a tablet, or even coated to develop a modified release system.
However, administration of SEDDSs through ophthalmic, topic, enteral, and inhalation
routes have also been reported in several of the documents.

Up-to-date research on SEDDSs, as reviewed by Mahmood and Bernkop-Schniirch, '*
explores the delivery of hydrophilic macromolecular active substances, such as peptides,
proteins, polysaccharides, and DNA, by implementing hydrophobic ion pairing (HIP).
The research also introduces new forms of SEDDSs that are resistant to enzymatic deg-
radation, having mucoadhesive and mucus-permeating properties, and cell-penetrating
properties.

HIP works by the association of a hydrophobic counter ion to the drug, improving its
lipophilicity as a result.' This way, a formulation may contain a water-soluble drug in a
completely lipophilic drug carrier. Although none of the aforementioned macromolecular
substances is among the active pharmaceutical ingredient (API) chosen in any of the re-
viewed inventions and none may be considered as using HIP, there is an interesting asso-
ciation in patent number 9 and number 27 (see Table 1). The former presents a chlorogenic
acid SEDDS, in which the molecule has to be associated with phospholipids in order to be
added into the formulation, and the latter presents a complex between cyclosporin A and
cyclodextrins to form a solid powdered SEDDS with little to no need for surfactant. The
SEDDS presented in patent 9 for the oral delivery of chlorogenic acid can be considered
innovative, because it could be used to deliver an API through an administration route not
possible before for a specific substance. Since it is highly metabolized through the oral
route, it is therefore possible to predict this will be true for other drugs. It also opens the
possibility of loading hydrophilic compounds into a SEDDS, which often concerns itself
only with the loading of hydrophobic compounds. The principle is the same as that for
HIP, although in this case, chlorogenic acid is considered a small molecule, not a large one.

Regarding enzymatic resistance, Leonaviciute et al.* reported that a SEDDS for-
mulation may be inert against lipases by containing an oil carrier without ester linkages,
since it offers no cleavage site for the enzyme to act on. Resistance against proteases
is given by the inherent hydrophobic nature of the SEDDS, which prevents the proteo-
lytic enzymes from entering the oil droplets. The resistance against nucleases could be
achieved by coupling the genetic material to cationic surfactants for delivery, because
positive charges may protect the negatively charged DNA chain. Enzymatic resistance
was evidenced as a recurring claim in each patent, and this is part of the reason why
drugs that are highly metabolized through the oral route can be taken orally if formu-
lated in a SEDDS. Patent 11 (see Table 1) discloses a SEDDS for the oral delivery of a
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docetaxel—cyclosporin A complex in which the system can avoid acid hydrolysis of the
active substances. This is achieved by the second mechanism previously discussed, the
hydrophobicity of the oil droplets hinders the activity of some enzymes by preventing
the interaction between the enzyme and API.

On the other hand, a study previously reported by Bernkop-Schniirch!® focused on
the development of mucoadhesive SEDDS by the addition of hydrophobic mucoadhesive
polymers generating covalent bond to the mucus. This can be achieved with thiomers,
which are polymers that have thiol groups, and it depends on the cross-linking rate of the
polymer chains. Furthermore, the mucus permeation abilities of SEDDSs have also been
studied. Mucus permeation is reported to be better if the mean droplet size is less than
100 nm'” and if the SEDDS is pegylated. The presence of polyethylene glycol (PEG)
groups covering the oil droplets protects the SEDDS from mucolytic enzymes, thus ren-
dering the formulation inert to the mucosal microenvironment.'® Furthermore, the use of
thiobutylamidine-dodecylamine (TBA-D), thioglycolic-acid-octylamine (TGA-O) and
papain, has been registered to develop a mucolytic SEDDS. These substances break
disulfide bonds on the mucus and facilitate SEDDS dispersion. Only patent § (see Table
1), which disclosed a SEDDS for the delivery of cannabidiol, claimed the possible use
of thickening and adhesive polymers to develop a mucoadhesive formulation, which in
turn would allow for a delayed drug release. This is uncommon, since most of the pat-
ents aimed for immediate release rather than modified or controlled release.

Only two patents described a SEDDS with modified and controlled release features.
The first one is patent 19 (see Table 1), for the controlled release of cyclosporin A. The
inventors presented a hybrid system with the inclusion of nanoparticles to increase poor
drug loading. Since the common loading of a regular SEDDS is determined by the lipid-
surfactant-cosolvent trio, and this is specific to the identity of the API, the document
stated the need to develop a uniform method to enhance drug loading independent of the
physicochemical nature of the active substance, hence, the addition of the nanoparticles.
In this system, the drug may be loaded in the nanoparticles, the oil phase, or both, and
the nanoparticles will be dispersed in the oil. Once the formulation contacts water or an
aqueous medium, the emulsion is formed, and the nanoparticles will be present in the
oil droplets. Here, the free drug present in the oil will be immediately released, while
the drug encapsulated in the nanoparticles will have an extended release. It takes more
time for the aqueous medium to penetrate the nanoparticle. Major advantages of this
method may be that the nanoparticles may be core—shell type or homogeneous, they may
possess imaging and targeting properties through functionalization, and they may allow
the loading of two different APIs if a combined therapy is needed. On the other hand,
one of the major drawbacks identified is the use of organic solvents to disperse and load
the nanoparticles. The inventors satisfactorily observed that this system increased drug
loading and did not interfere with the emulsification process.

Patent 35, on its regard, presents the development of a solid SEDDS with an ad-
ditional coating process form sustained release tablets. The inventors use a mixture of a
water-soluble polymer such as PEG, sodium carboxymethyl cellulose, and polyacrylate,
and a water-insoluble polymer such as polyvinyl chloride, and polyvinyl acetate as a first
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coating, and then just the water insoluble-polymer as a second coating. The general prin-
ciple as described by Efentakis and Politis' is simple. Once in contact with the release me-
dium, the water-soluble polymer will swell, preventing immediate release of the SEDDS.
However, broad swelling is not desirable because it may completely prevent the release,
so a water-insoluble polymer is added to control the swelling. This yields a constant flux
of matter from the interior of the tablet to the exterior, creating a sustained release device.
A second coating of a water-insoluble polymer is added to protect the tablet from aqueous
medium and delay the onset of drug release until the polymer starts breaking down.

There was one additional tactic implemented to develop a modified release SEDDS,
although not as notorious as the previous two. In patent 22 (see Table 1) for the oral de-
livery of cannabinoids, the inventors aimed to solve the problems common to cannabis-
based SEDDS, which are rapid gastric emptying while the SEDDS is in colloidal state,
and irregular high peak plasma concentrations. For this, they would add amphiphilic and
nonamphiphilic solutes to the formulation to induce the formation of a semisolid. This
would delay the entry of water to the SEDDS, making it resistant to acid catalysis in the
stomach and resulting in sustained release of the cannabinoids. The solute was ascorbyl
palmitate, and once it was added in excess, it would turn the SEDDS preconcentrate
from liquid to semisolid.

Another approach currently explored in the literature is formulating in sifu zeta po-
tential changing SEDDS, as shown by Sharifi et al.?* The surface charge can be switched
by loading the SEDDS with a compound containing an ester group susceptible to en-
zymatic degradation. Mucus permeation can be enhanced by changing a negatively
charged droplet into a positively charged one. However, this type of technology is not
yet present in the patents, as most of them characterized the formulations, identifying
the value of = 30 mV as the ideal zeta potential, but there were no references to a formu-
lation with the ability to change this parameter on its own.

Finally, cell-penetrating SEDDS for oral gene delivery, as described by Haupstein et
al.,! can be achieved by incorporating lipids such as lipofectin, hexylamine, dodecyltri-
methylammonium ion, cetylpyridinium chloride monohydrate, stearalkonium chloride,
cetrimide (using HIP), and cell-penetrating peptide HIV-1 Tat-protein 49-57 (conjugated
to oleic acid) that induces clathrin- and caveolae-mediated endocytosis. None of the
patents reviewed used this technology because none were concerned with the delivery
of genetic material. This may suggest that research in this area is still incipient and that
there may be many challenges to develop an effective manufacturing method.

Many of the patents presented a solid dosage form for the SEDDSs developed,
mainly because liquid SEDDSs may present issues with precipitation of the API after
long storage periods or when they are dispersed in vivo. Solid SEDDS can be made by
adding adsorbent agents, such as cross-linked porous silicon dioxide, magnesium alumi-
num silicate, and microporous calcium silicate, to the formulation.!* As reported by Joyce
et al.,? the design of a hybrid drug delivery system by solidifying SEDDS may result in
prolonged gastric residence, which in turn extends the absorption and dissolution time by
incorporation of polymers such as hydroxypropyl methylcellulose and microcrystalline
cellulose. Solid SEDDSs also improve intestinal solubility by inhibiting the precipitation
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using polymeric precipitator inhibitors (polymeric nanoparticles) and modulating lipoly-
sis of the solid carrier. They also improve drug permeability by incorporating the SEDDS
preconcentrate in known permeation enhancers solid carriers such as chitosan. Of the
patents reviewed, many used solid adsorbent agents, such as dextrin, mesoporous silica,
silicon dioxide, magnesium stearate, dextran, and hydroxylpropyl-beta-cyclodextrin to
carry the SEDDS preconcentrate. A few others use binding agents to form tablets by
direct compression over the lipids in solid state. Nonetheless, liquid SEDDS was still
present among the inventions. Other strategies implemented to deal with the precipitation
issues include the addition of crystal growth inhibitors and cellulosic polymers to induce
supersaturable SEDDS, as well as the use of several co-solvents in the formulation. The
use and selection of new excipients to form solid SEDDS formulations is trending in the
literature, since it offers better product stability and increased patient compliance.?

This supersaturable SEDDS (S-SEDDS) was specially disclosed in patents 7 and 26
(see Table 1) for the delivery of ulipristal acetate and diacerein, respectively. Here, the
inventors produced a SEDDS with a lower concentration of surfactant by adding crystal
growth inhibitors (CGI), such as HPMC and other cellulosic polymers, to the formula-
tion. In this system, the drug is in amorphous form in the solid carrier, forming a hydro-
gen bond with the CGI to delay crystallization. When the SEDDS leaves the adsorbent,
it forms an oil-in-water (O/W) emulsion once in contact with the aqueous medium, and
drug molecules are further solubilized in the milk droplets. The drug then dissolves to
exceed its equilibrium solubility, forming a supersaturated solution, which may increase
residence time and absorption in the gastrointestinal tract.

SEDDSs may comprehend self-microemulsifying drug delivery systems
(SMEDDSSs) and self-nanoemulsifying drug delivery systems (SNEDDSs). Each type
of SEDDS has advantages and disadvantages. Nevertheless, SNEDDSs seem to gener-
ate more interest than SMEDDS, as the majority of the inventions were the SNEDDS
type of systems. This is further supported by trending research focused on SNEDDSs,
as shown by Laffleur and Keckeis,** who present a SNEDDS as a suitable system for the
delivery of talinolol and rosuvastatin calcium, which manages to improve drug payload,
drug dissolution, intestinal permeation, and oral bioavailability while decreasing toxic-
ity. Differences between each type of SEDDS are shown in Table 2.

The major representative of SNEDDSs was in patent 6 (see Table 1). This docu-
ment discloses a SNEDDS formulation for the oral administration of cannabinoids.
The inventors found that loading cannabis resin or a cannabinoid isolate in a SNEDDS
increases drug solubility while enhancing permeation across the intestinal membrane
through a wide distribution in the gastrointestinal tract. In addition, this showed a sig-
nificant decrease in the food effect, associated with poor cannabinoid bioavailability.
This is mainly due to the decrease in droplet size, which allowed a greater extent of
absorption for the formulation created.

Another aspect relevant to the emulsion droplet size is the clarity of the emulsion
formed. This becomes significant when developing an ocular formulation, as in patent
15, in which the inventors disclosed an SMEDDS formulation for ophthalmic release of
lipophilic drugs. The need for the formulation to have ocular clarity while enhancing the
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TABLE 2: Comparison between traditional self-emulsifying drug delivery systems (SEDDS),
self-microemulsifying drug delivery systems (SMEDDS), and self-nanoemulsifying drug
delivery systems (SNEDDS)

Parameter Conventional SMEDDS SNEDDS
SEDDS
Droplet size (nm) ~ 300 100-250 <100
Appearance Murky Clear Clear
HLB <12 >12 >12
Oil proportion (%) 40-80 >20 >20
Surfactant proportion (%) 30-40 40-80 40-80

Adapted from Laffleur and Keckeis.*

bioavailability, permeation and ocular residence time was considered as a critical qual-
ity parameter achievable only by SNEDDS and SMEDDS. On this regard, the inventors
stated that, while common and SNEDDS derived emulsions are kinetically stable sys-
tems, microemulsions derived from SMEDDSs are thermodynamically stable due to a
higher concentration of water-soluble components, which in turn may provide constant
ocular clarity and a desirable emulsion droplet size for ophthalmic administration.” The
higher stability of SMEDDSs was also demonstrated in patent 10 (see Table 1) for the
delivery of ospemifene, since this type of SEDDS attained the ideal zeta potential of =
30 mV, as discussed previously.

C. Lipids in SEDDS

The structures of the lipids most used in the studied inventions are presented in Table
3, alongside their classification according to the length of the carbon chain, origin, and
required hydrophilic-lipophilic balance (HLB). It is important to note that the HLB is
a specific value to each surfactant that predicts the capacity of the molecule to form
an emulsion by considering the number and nature of both its hydrophobic and hydro-
philic functional groups. On the other hand, the required hydrophilic—lipophilic balance
(RHLB) of a surfactant is the optimal value required to completely emulsify an oil
phase. This value is often determined experimentally and is generally obtained by the
mixture of two or more surfactants.?

The composition of SEDDS owes some of its success to the ability of the lipid to
solubilize the API, given that it is the medium that is going to carry the poorly water-
soluble drug through all the administration process until the emulsification in the gastro-
intestinal tract and subsequent release and absorption of the drug.

There were many oil phases claimed for each of the patents reviewed (see Table 1).
The substances more commonly used, or those presenting a better formulation stability
are presented in Table 3, and they can be classified as natural, semisynthetic, and synthetic.
The amount and type of oil are definitive to the formulation; several of the patents strug-
gled with this aspect. Many of the inventions revealed that the lipid has to be in the correct
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quantity. If it is too low, it can induce poor emulsification (10%), and if it is too high
(80%), may affect the organoleptic properties, producing unpleasant odor or taste (see
patent 8 in Table 1).

The study by Pandey et al.?® presents the definition of natural oils as lipids with
a varying chain length and degree of unsaturation, which makes them susceptible to
oxidation. This can be prevented by hydrogenation or by fractioning the oil into its
constituent glycerides, thus enhancing its physical and drug absorptive properties while
decreasing vulnerability to oxidation. As shown in Table 3, the hydrogenation solution
against the oxidation phenomena is only approached by the inventors for a few lipids
employed in the patents, such as hydrogenated corn oil, Miglyol 810, and hydrogenated
castor oil (Cremophor RH 40). Most of the other inventions added antioxidants to the
oil phase, such as tocopherols, butylated hydroxytoluene, and butylated hydroxyanisole,
to deal with this issue. The antioxidants may even be added for both the oil and aqueous
phase once the self-emulsification has taken place.

Research by Ghazani and Marangoni®’ established two principal categories for
oils used in SEDDS, medium-chain triglycerides (MCTs), and long-chain triglycerides
(LCTs). MCTs are small, only six to ten carbon atoms, highly soluble, mainly trans-
ported via portal circulation, and metabolized in the liver. They are considered neutral
on low density lipoprotein, high density lipoprotein-cholesterol, and triacylglycerol se-
rum concentration levels; whereas LCTs are absorbed via the lymphatic system after
micellar transport at the intestinal wall and may increase plasma cholesterol. At first
view, this may yield a beneficial health effect for MCTs but not for LCTs.

Triglyceride vegetable oils are often used as a base in SEDDSs, as they are con-
sidered edible and safe. One issue to consider, though, is that vegetable oils are mostly
LCTs, but there are some, such as coconut oil, that are considered to be MCTs. Coconut
oil is the source of glyceryl tricaprylate/caprate, a well-known and commonly used syn-
thetic MCT for SEDDSs. The presence of numerous ester groups in triglycerides in-
creases lipophilicity and solvent capacity to drugs. Hence, if compared by molecular
weight, MCTs would have a better solvent capacity than LCT, according to the Pandey
and Kohli study,?® further supporting the beneficial effects of MCTs over LCTs. This is
directly corroborated by the patents presented in this study, as a majority of them use co-
conut oil derivatives as the main lipid carrier, with excellent results reported. These may
include Capmul MCM, Capryol 90, caprylic/capric triglyceride (Captex), and Miglyol
810.

Similarly, Nardin and Ko6llner®® recently reported that edible oils, even though con-
sidered safe, have a limited capacity to dissolve drugs and a poorly efficient self-emul-
sification. Thus, modified and hydrolyzed vegetable oils are preferred, because they
improve drug solubility and may produce an efficient self-emulsification system when
combined with nonionic surfactants. Their degradation products may even resemble
those obtained after normal intestinal digestion. At present, natural vegetable oils have
been replaced increasingly by novel semisynthetic lipids, because they are amphiphi-
lic, which provides an additional surfactant activity for the SEDDS and makes them
attractive to researchers.’® This is true for this review because most of the inventions
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presented the use of semisynthetic lipids, as shown in Table 3. Sometimes it was hard to
tell whether the formulation in the patent was constituted only by surfactants and when
these structures stopped acting just as carrier lipids and started having actual active
surface properties to participate in the solubilization of the drug and the emulsification
process. Nardin and Kollner® also stated that for a given drug, LCTs such as Labrasol
and castor oil may maintain drug supersaturation levels after dilution.’! However, MCTs
such as Capryol 90 and Lauroglycol have been shown to induce drug precipitation,'’
which seems to contradict the general view of these lipids presented by Pandey and
Kohli.”® This may be due to the interaction between drug and lipid, so it is necessary to
choose the optimal system according to the needs of the active substance. Not all for-
mulations are going to work for the same drug. For example, one of the patents reported
Capryol 90 as the best oil phase for diferuloylmethane, a curcumin derived compound,
given that it acted as an additional emulsifier or co-emulsifier.

Lipids have a major impact in increasing the oral bioavailability of drugs, altering
their biopharmaceutical properties. It has been widely reported that low chain fatty acid
and monoglycerides may increase drug transport by the lymphatic system, because they
are re-esterified in the small intestine and taken into chylomicrons and transported into the
lymph vessel via exocytosis, thus evading first pass metabolism and increasing bioavail-
ability.*> On the contrary, Medium chain fatty acid are transported directly to the liver and
metabolized with little to no inclusion in chylomicrons. However, enzymatic lipolysis of
MCTs has also been shown to keep the drug solubilized as interaction with endogenous
bile salts and phospholipids may increase the solubilization of the API, resulting in an
increase in its bioavailability.* The lymphatic route was targeted by several of the patents,
especially those reporting innovative SEDDS for the oral delivery of vegetable bioactive
derivatives, such as patent 21 (cinnamic acid derivatives) and patent 22 (cannabinoids).

The form in which the molecule of lipid is formulated is going to influence SEDDS
metabolism as well. Patent 29 (see Table 1) describes that fatty acids in free carboxylic
acid form may target binding to specific sites, but it also may prevent the molecule from
crossing the cell membranes because of its susceptibility to ionization. To solve this
problem, the inventors often protect the carboxylic acid groups by by converting them
to esters, reducing the molecule polarity and easing its passage through lipophilic cell
membranes. Once in the bloodstream, fatty acid esters can be hydrolyzed by an enterase
to free carboxylic acid, regaining the target properties, or they may be metabolized in the
liver.** This approach was common in many patents, as the inventors claimed the use of
a specific fatty acid molecule and its possible derivatives as a monoglyceride, diglycer-
ide, or triglyceride, then they would proceed to observe which one presented the best in
vivo performance in the SEDDS.

Nevertheless, as reported by the study of Leonaviciute et al.,' triglycerides undergo
its own kind of metabolism. They showed that the lipid phase in triglyceride form is
readily degraded by the lipases, but that metabolism of the oil phase was significantly
lower when there were diglycerides and monoglycerides. As a result, there needs to be
a careful design of the SEDDS since this aspect may prove vital to the performance of
this delivery system.
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Regarding the safety profile of the lipids, recent studies performed by Desai et al.®
show that long-chain (LC) lipids provide less cytotoxic effect over intestinal cells than
medium-chain (MC) lipids. The cytotoxic effect was observed using the Caco-2 cell
line, in which they measured the tolerance of the cell membrane to lipids, lipid—sur-
factant association, and the end products of lipid digestion. LC SEDDSs were toler-
ated at tenfold higher concentration than their MC counterparts. This was a recurring
concern reported by the authors of the patents, because the high concentrations of lipids
in SEDDSs may irritate the gastrointestinal mucosa and induce serious toxicological
effects. Furthermore, it is necessary to identify whether the permeation of the drug is
increasing as a function of the SEDDS formulation or as function of intestinal epithe-
lium degradation, possibly caused by the lipids or surfactants. In the specific case of the
SEDDS for ophthalmic delivery disclosed in patent 15, the inventors carried out toler-
ability studies in a rabbit model, where they found that castor oil and Captex 355 had the
best tolerability profile for the formulation.

On the other hand, the inventors of patents 29, 31, and 33 (see Table 1) presented a
lipid phase composed of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
(see Table 3), for the oral delivery of atorvastatin, acetylsalicylic acid, and the very same
EPA and DHA as active principles. These lipids are omega-3 fatty acids, so the oil phase
in the SEDDS is deemed safe from the beginning. The aim of the inventors was to add
the therapeutic effects attributed to EPA and DHA to a SEDDS formulation containing
an active principle. They claimed that these fatty acids could help prevent lipid disorders
and heart disease, and so they presented patent 33 as a SEDDS for the delivery of the
fatty acids alone, while submitting two more later patents that include the exact same
formulation but with the addition of a statin (in patent 29) and acetylsalicylic acid (in
patent 31). This is an interesting solution since trending research regarding EPA and
DHA is exploring the anticancer®® and the anti-inflammatory?” activity these fatty acids
may have. Nonetheless, studies are still needed to further assess the emulsification ef-
ficiency and performance of these types of lipids.

Additionally, Table 3 includes terpenes and essential oils as a lipid phase. This was
mainly observed in patent 30 (see Table 1) for the solubilization of the chemotherapeutic
drug paclitaxel, because it belongs to the terpene family. The use of this type of terpe-
noid lipids showed an increased solubility for paclitaxel. This can be also appreciated
by the study conducted by Saneja et al.,*® which reported the use of squalene and lemon
oil in the preparation of oral delivery of cancer chemotherapeutics, such as paclitaxel
and docetaxel.

The oils in each patent were selected specifically for an API based on its physico-
chemical properties and its highest solubility, which improved drug loading in many
cases. Nonetheless, lipids play a key role in the formulation stability on the long run.
Being the most abundant component in a conventional SEDDS formulation (see Table
2), they are identified as responsible for the shelf or storage stability. One of the main
problems faced by the inventors in the patents was that the dissolution rate for an en-
capsulated or liquid SEDDS would change over time, rendering the formulation un-
stable after long-term storage. In patent 20 (see Table 1), they realized that the degree of
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substitution of the oil phase could influence storage stability. The inventors describe the
stability studies performed using PEG hydrogenated castor oil as the oil phase, where
they would change the degree of substitution (PEG-10, PEG-20, PEG-30, PEG-40,
PEG-50, and PEG-60), and evaluate the dissolution of the dosage form after 6 months
of storage. The inventors found that PEG-40 hydrogenated castor oil (Cremophor RH
40) presented the same dissolution rate before and after 6 months of storage. They also
found that a low degree of PEG substitution (PEG-10 to PEG-30) would not produce a
desirable droplet size once the emulsion was formed, and that a high degree of substitu-
tion (PEG-50, PEG-60) would delay the dissolution rate because it promoted gelatin
bridging on the capsules where the SEDDS was filled.

The shelf stability problem was also solved by inventors of patent 32. Here, the
invention discloses a polar lipid SEDDS in which the oil phase contains Capmul MCM
(see Table 1). The addition of 30% to 45% polar lipid coupled to triglycerides in a
proportion of 5% significantly helped to maintain the stability after long shelf periods.
This is due to the action of Capmul MCM as surfactant or cosurfactant, which eases the
solubilization process of the active principle. As can be seen in Table 3, Capmul MCM
possess a highly bulky hydrophilic group and a medium (C8) carbon chain, which allow
for this compound to help the formation of the main surfactant micelles (Cremophor RH
40) and to form micelles of its own.

D. Surfactants and Cosurfactants in SEDDS

The surfactants are the keystone of SEDDS solubilizing capacities. They work by pro-
viding a flexible film between the aqueous and oil phases ready to distort the droplets
and lower the interfacial tension. They must be of optimal lipophilic character to exert
their action on the system, and thus it is important to consider a surfactant’s safety, con-
centration, and HLB.? Table 4 lists the structure, HLB, and classification of the most
commonly used surfactants and cosurfactants in the patents.

As shown in Table 2, SEDDSs require a high concentration of surfactant in the for-
mulation. This causes concerns about their safety and is a limiting aspect to their use in
administration routes other than oral. As reported by Psimadas et al.,** Cremophor EL
and Cremophor RH 40 are not suitable for parenteral administration because of their
toxicity. They caused dose- and time-dependent damage in endothelial and epithelial
cells, being the former more sensitive to barrier disruption damage. Furthermore, inven-
tors of patent 6 discussed the hemolysis that may occur in patients who are administered
an IV dose of docetaxel without previous dexamethasone treatment, because of the high
concentration of polysorbate 80 in the formulation. In this regard, concerning parenteral
administration route, natural surfactants such as lecithin and phospholipids are still pre-
ferred even though they are not as efficient as synthetic surfactants in their emulsifica-
tion process. This is further evidenced in patent 30, which concerns the development of
an oral SEDDS for the delivery of paclitaxel, as the conventional parenteral route may
cause adverse reactions in patients and prove to be inconvenient. The inventors stated
that problems to be overcome by the SEDDS included the fact that direct administration
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of a regular paclitaxel formulation into the bloodstream causes severe allergic reactions,
because the formulation may contain Cremophor EL, which releases histamine once it is
degraded in the body. This is further supported by the study of Chowdhury et al.* which
states that nanotechnology-based oral formulations may offer the best way to increase
taxane’s safety and efficacy profile.

In the current literature, safety is prioritized over emulsification efficiency. This was
reported by Buyukozturk et al.,*! who compared the toxicity between the polyethoxyl-
ated sorbitan esters (Tween) and Labrasol. They found that the presence of the sorbitan
group and the low degree of esterification contributes to disruption of the intestinal wall,
making the Tween surfactants highly irritable to intestinal mucosa and more toxic than
Labrasol, even though they presented a higher emulsification efficiency. Thus, the use of
water-soluble ester surfactants is limited by their safety profile rather than their emulsifi-
cation performance. This is further supported by Mazzeti et al.,* as they tested the cyto-
toxicity of Capryol 90, Tween 80, Cremophor EL, and Labrasol for a proposed SEDDS
of benznidazole. They chose Labrasol because it was less cytotoxic, even though Tween
80 was slightly more efficient at solubilizing the drug. On the other hand, even though
safety cannot be neglected, a high emulsification efficiency is important and often de-
sired by inventors. According to patent 6, adding polysorbate 80 increased the rate of
self-emulsification, which in turn increased oral bioavailability, leading to reproducible
plasma concentrations. They also registered disintegration times lower than 20 minutes,
which is preferred over higher disintegration times that may delay the onset of drug
activity. This can be one reason why Tween 80 is still one of the most frequently used
surfactants in many of the patents studied, as can be seen in Table 1. It also increased
compatibility with other formulation components and enhanced solubility of drugs with
low water solubility.*

The safety issue can be resolved by decreasing the droplet size within the emulsion.
As reported by Charman et al.,* the exposure to high local surfactant concentrations
may be reduced if the droplet size is small, given that a small size encourages rapid
stomach emptying and wide dispersion through the gastrointestinal tract. This remains
true to the inventions, since most of them preferred the formulation with lowest drop-
let size achievable among a variety of options. Droplet size reduction in the patents
is mainly attained by the use of the optimal lipid—surfactant—cosurfactant proportion.
Nonetheless, inventors of patent 13 (see Table 1) used a high-pressure homogenization
technique to diminish droplet size. They determined a pressure of 12,000 psi for the
ideal droplet size and obtained a SEDDS capable of producing an emulsion with a zeta
potential of —30 mV, which is considered the desirable stability.

The inventions described other ways to deal with the safety issue regarding the
gastrointestinal irritation produced by the surfactants. One way is to reduce drastically
the use of surfactant. In patent 7, discussed earlier, they managed to reduce surfactant
concentration to 12% to 25%, which is a significant decrease relative to typical sur-
factant amounts (see Table 1). The inventors in patent 6 opted to use a relatively safe
surfactant (PEG-32 stearate) while decreasing the concentration of polysorbate 80 to 1%
to 4%, which is more prone to cause irritation in higher concentrations. This increased
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the safety profile for chronic use while still attaining a SMEDDS type system. On the
other hand, inventors of patent 28 (see Table 1), which presented the SEDDS for a
pyrrolidine-substituted flavone, decided to use a vitamin E—derived surfactant (vitamin
E polyethylene glycol succinate) in concentrations of 10% to 30% and increase the con-
centration of cosurfactant (PEG 100) to 20% to 40% to reduce direct toxicity.

Another approach was the development of a surfactant-free SEDDS. This type of
SEDDS with no surfactant added was described in patent 27, where the inventors pre-
sented a lipid-based delivery system associated with cyclodextrins. The aim was to de-
velop a new system allowing better encapsulation of lipophilic API by an increased
solubilization in the oil phase, preventing recrystallization and eliminating the need for
a surfactant. This systems works because of the structure of cyclodextrins, which are
cylindrical carbohydrates with an hydrophobic cavity and an hydrophilic exterior.* The
carbohydrate traps the active substance in its hydrophobic cavity, aiding its solubiliza-
tion on the oil phase, and it further adsorbs this oil phase, forming a dry powder. The
presence of the hydrophobic cavity prevents the growth of crystals and the precipitation
of the drug, and once it contacts the aqueous medium, it form an emulsion. Even though
no surfactant is needed to form the emulsion, the inventors claim that surfactants such
as Cremophor EL may be used as permeation enhancers in a proportion no greater than
10%. This system is suitable for API sensible to light, enzymes, and oxidation, and may
also incorporate hydrophilic active substances. Furthermore, this type of formulation
prevents common instability phenomena normal to surfactant-based emulsions, such as
creaming and coalescence.

Other of the parameters to consider is the hydrophilic—lipophilic balance (HLB),
since surfactants with a high HLB value are going to be more hydrophilic and soluble in
water, forming O/W emulsions, whereas surfactants with low HLB values are going to
be more hydrophobic forming W/O emulsions. In the case of ethoxylated and pegylated
surfactants, their solubility in water is going to increase with the degree of ethoxylation
and pegylation, respectively.*®

It is important to highlight that almost all the surfactants used for the patents and
presented in Table 4 are nonionic and water soluble, with an HLB of 12 or higher. There
are many patents that included only one surfactant to the SEDDS, but a combination of
surfactants may also be used. Some of the inventions described the use of two surfac-
tants, one with a low HLB (< 12) and one with a high HLB (> 12). The former would
allow for a better solubilization of the hydrophobic active substance, whereas the latter
would provide the desired rapid self-emulsification in water.

The type of surfactant is also vital to the behavior of the SEDDS. Nonionic surfac-
tants are preferred because they are more stable at wider pH ranges and ionic strength
than ionic ones.!” Thus, they are more likely to be compatible with the many excipi-
ents used in a SEDDS. They are also of great interest to study the self-emulsification
phenomena, given that depending on the surfactant used and the co-emulsifiers added,
it is possible to obtain a self-microemulsifying formulation or a self-nanoemulsifying
formulation. The work by Shakeel et al.’ reported that for a lipid system containing
Capryol-90, Capryol-PGMC, and glibenclamide, the use of Labrasol and Gelucire 44/14

Volume 39, Issue 2, 2022



62 Ruiz et al.

produced a self-emulsifying system, and Tween 80, HCO-60, and Cremophor EL were
able to produce self-microemulsifying and self-nanoemulsifying systems. In addition, a
high HLB value is important because it induces spontaneous formation of O/W droplets
and fast spreading of the formulation in the aqueous GI fluid.* This is evidenced in pat-
ent 24 (see Table 1) for the SEDDS formulation of atorvastatin calcium. While screening
for the best surfactant performance and characterizing the emulsion, the inventors found
that Labrasol was not able to form the desirable nanoemulsion, whereas polysorbate 20
formed the nanoemulsion with the desired quality. This may be due to the fact that poly-
sorbate 20 has a higher HLB than Labrasol (see Table 4) and that it consists of a lone
molecule, whereas Labrasol may contain monoglycerides, diglycerides, and triglycer-
ides. The presence of many molecules may render the Labrasol micelles bulkier and less
sorted than the ones formed by polysorbate 20. It may also pose some steric impediment
for a cosurfactant to aid the formation of micelles, thus resulting in a larger droplet size.
The capacity to form a nanoemulsion is thought to be one of the most important features
to increase drug solubility and permeability.*®

Nonionic surfactants are also of great interest to study the mucus permeation ability
of a SEDDS. As stated by Rohrer et al.,* mucus is a complex structure containing little
to no aqueous dispersion media for the SEDDS. Hence, it is important for the formula-
tion to possess high emulsifying properties. This study proposed the use of Labrasol,
Kolliphor HP, Transcutol, and PEG400 because they showed high emulsifying prop-
erties suitable for the delivery across mucosal membranes with low aqueous content.
The concentration of surfactant is also important for mucus permeation. Ujhelyi et al.,*
reported that concentrations of Cremophor RH40, Tween 80, and Labrasol of about 30%
to 40% showed an increase in mucus permeation for paracellular transport in Caco-2
cell layers.

All of this very important for ophthalmic delivery. Patent 15 (see Table 1), as previ-
ously discussed, presents a SEDDS composition for the ophthalmic delivery of lipo-
philic drugs. The inventors stated that because of physiological conditions in the eye,
such as tear drainage and poor permeability of the cornea, the bioavailability of drugs is
not expected to be above 5%. Thus, rapid self-emulsification in small volumes of water
and high permeation of surfactant is needed for the development of the SEDDS. For
this, they stablished the need to use a surfactant with an HLB value higher than 12 and a
cosurfactant with an HLB value lower than 10 (see Table 1). This would promote rapid
self-emulsification while still being able to fully dissolve a lipophilic active substance.

Permeation is also definitive for the invention in patent 18 (see Table 1). The inven-
tors disclosed a SEDDS for the delivery of coenzyme Q across the blood—brain barrier.
In order to prevent a wide array of brain diseases (see Table 1), they needed the emulsion
to be able to pass through the blood—brain barrier. They accomplished this by develop-
ing a SMEDDS type of system and by using Gelucire 44/14. The small droplet size and
the surfactant’s permeation capacity allowed for good permeation to the brain. This was
subsequently confirmed in an animal model, where they measured the concentration of
coenzyme Q in rat brain tissue and found it to be significantly higher than in the control
group. The SMEDDS described also enhanced the brain absorption of the drug.
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The metabolism of the surfactant is also an important feature. The work of Cuiné et
al.’! compared Cremophor RH40 with Cremophor EL while studying the surfactant di-
gestion in dogs for a danazol SEDDS. They found that polyethylene glycol (PEG) units
hinder lipase access to the molecule. Increase in the number of PEG units is correlated
with resistance to hydrolysis. Therefore, it provides higher bioavailability. On addition,
surfactants have also been found to act as modulators of P-glycoprotein (P-gp),?’ an
efflux transporter responsible for poor intestinal drug uptake, because it delivers com-
pounds back into the intestinal lumen. da Silva Junior et al.*> demonstrated that cre-
mophors and polyethoxylated sorbitan esters may inhibit P-glycoprotein, thus favoring
drug passage through the intestinal wall and increasing its bioavailability. This problem
proved significant to the inventors of patent 30 (see Table 1), because paclitaxel is a sub-
strate of P-gp, and the use of surfactants alone was not enough to hinder P-gp activity.
Therefore, they added phytosterols to inhibit the enzyme.

Another prominent feature of the SEDDS patents is the inclusion of co-emulsi-
fiers and cosolvents in many of them. Addition of co-solvent further contributes to
decrease interfacial tension without presenting toxicity issues. This increases flex-
ibility of the interfacial film over a wider range of compositions, and in the case
of medium chain alcohols (C3-C8), like those listed in Table 4, they may further
reduce interfacial tension by amplifying the interface fluidity and enhancing system
entropy.®® This way, a high concentration of surfactants may not be necessary, and
the emulsion formed acquires superior stability. One of the many positive effects
observed in the patents whenever a cosurfactant or co-solvent was added to the for-
mulation was the reduction in droplet size, which was often a definitive parameter
to develop the best formulation. Patent 6 demonstrated that the addition of PEG 400
as a co-surfactant would yield smaller and more uniform droplets and a more stable
formulation when tested in different dissolution media, so the emulsion droplet size
did not change. This remained true for all the inventions when tested in different
release media. Overall, there were no significant changes in particle size and emul-
sification efficiency.

The co-solvents are also hydrophilic components, and they may be incorporated
into the formulation when the SEDDS contains large amounts of drug and surfactant.?
They may also be used depending on the type of drug or the form employed for its solu-
bilization. The study by Griesser et al.,'* shows that Transcutol HP and propylene glycol
are important for the solubilization of drug complexes, as in HIP, since protic cosolvents
with dielectric constants between 8§ and 32 (Transcutol HP, Tetraglycol, and propylene
glycol) are better solubilizers than aprotic solvents with dielectric constants less than 4
(Labrafil MS1944 CS). This can be further supported by the cosolvents and co-emulsi-
fiers presented in Table 4. The co-solvents most used in the patents were Transcutol HP
and various forms of PEG.

The cosolvent concentration depends on the dissolution studies designed specifi-
cally for each invention. The inventors would build a ternary phase diagram, often fixing
the amount of cosolvent and varying the amount of lipid and surfactant (or varying all
three) until an ideal solubilization system was identified. This identification step was
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often accomplished by the use of analytical software, and the concentration of cosolvent
ranged from 10% (patent 8) to 40% (patent 28), demonstrating significant variations.
Nevertheless, this was an important step as SEDDS stability fully depends on the com-
bination of the lipid—surfactant—cosurfactant trio.

The ternary phase diagram is a useful tool to identify the concentration of surfactant,
co-surfactant, and oil phase that forms the desirable stable emulsion based on the solu-
bility studies. It can be a microemulsion or nanoemulsion, depending on the formulation
and the selected excipients. To build a ternary phase diagram, a fixed ratio of surfactant
to co-surfactant needs to be established, and the selected surfactant and co-surfactant
must have demonstrated solubilizing capabilities for the drug of interest. The next step is
to add a varying amount of oil phase and observe the characteristics of the mixture that
is being formed, such as droplet size and concentration or percentage of each compo-
nent. On addition, this diagram shows if the addition of the API to the mixture changes
the size of the emulsion. To build ternary phase diagrams there are several analytic
chemical software available, such as Chemix software.>

The use of other hydrophilic substances that may further contribute to the emul-
sification process is present as a particular case in patent 32 for the oral delivery of
apogossypolone, a relatively new chemotherapeutic. The inventors described the addi-
tion of a short chain (C3-C5) polycarboxylate acid such as lactic, malic, glucic, adipic,
succinic, citric, and fumaric acid. This would further stabilize the API, aiding in the
solubilization process by providing flexibility to the droplets.*!

E. Drugs in SEDDS

The drugs included in the inventions are presented in Table 5, and they belong mainly
to Class II and IV of the BCS. This system was first proposed by Gordon Amidon in
1994,% and it comprises the grouping of all known API into four drug types or classes
according to molecular solubility in water and permeation across biological membranes.
Classes I and III include all drugs that are highly soluble in water, with the difference
that drugs in BCS Class I are highly permeating as well, wherea those in Class III have
low permeation. Class II and I'V, on the contrary, cluster all those drugs that are insoluble
in water, but as is the case with Classes I and III, Class II drugs have higher permeability
than those in Class IV.

One of the main objectives of new drug delivery systems is to safely deliver in-
soluble drugs to the patient with the best possible efficacy. Thus, the development of
new delivery systems, as is the case of SEDDSs, concerns itself with drugs in Classes
IT and IV of the BCS. Being part of Classes Il and IV means that the dissolution rate is
the limiting step in the absorption process. Hence, the inventors designed the SEDDS to
increase dissolution rate of every compound present in Table 5. This review has already
discussed the impact of the lipid—surfactant—cosurfactant trio in facilitating the solubi-
lization and dissolution rate of poorly soluble drugs presented in the patents. However,
it remains to be seen whether the nature of the drug itself can affect the performance of
SEDDSs.
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TABLE 5: Drugs used for the SEDDS patents classified according to their drug class
Drug class Drug

Cannabinoids Tetrahydrocannabinol, cannabidiol,
tetrahydrocannabivarin, cannabigerol, cannabidiolic
acid, tetrahydrocannabinolic acid, cannabinol

Chemotherapy agents Docetaxel, paclitaxel, pyrrolidine substituted
flavone, apogossypolone

Hypoglycemic agents Chlorogenic acid

Immunosuppressants Cyclosporin A

Nonsteroidal anti-inflammatory drugs | Ketoprofen, flurbiprofen, aspirin

Non-nucleoside reverse transcriptase | Efavirenz

inhibitors

Phosphodiesterase inhibitors Tadalafil

Selective estrogen receptor modulator | Ospemifene

Selective progesterone receptor Ulipristal acetate

modulator

HMG-CoA reductase inhibitors Atorvastatin calcium, cerivastatin, fluvastatin

5-alpha-reductase inhibitors Dutasteride

Others Indirubin, diferuloylmethane, cinnamic
amide derivatives, coenzyme Q, tocotrienols,
Ziyuglicosides

The inventors of patent 23 (see Table 1) presented a SEDDS for the delivery of both
pH-dependent and pH-independent drugs. For this, the developed formulation stud-
ies using danazol, indomethacin, and haloperidol as model drugs, which are a neutral
molecule, cationic molecule, and anionic molecule, respectively. They found that while
neutral drugs tend to dissolve in the core of the lipid drop, weakly acidic and weakly
basic drugs migrate to the interface and dissolve in the surface of the droplets, affect-
ing the size and shape. The droplets formed by indomethacin and haloperidol SEDDSs
were smaller and more uniform than in the danazol SEDDS, which may indicate surface
active properties and a possible action of the drug as a co-surfactant. However, both
SEDDS containing the pH-dependent drugs showed to be affected by pH, as a change
in the pH of the release medium would affect the drug solubility. This was especially
true for the weakly acidic drug, for the release study they used a medium with a fixed
pH of 6.4, and then they added the indomethacin SEDDS observing a great increase in
its solubility. The next step was to increase the SEDDS concentration in the medium,
but the caprylic acid in the oil phase slightly lowered the pH, causing the indomethacin
to decrease its solubility, which means that the pH effect is stronger than the SEDDS
solubilizing effect. Nonetheless, because they were using a buffer and the caprylic acid
presents polymerization, this effect was neglected. Once this study was carried out for
the haloperidol SEDDS, they did not observe a change in the solubility, because the
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weakly basic drug was not affected by the same pH changes, because its pKa is 8.2,
whereas the pKa of the indomethacin is 4.5. Thus, it is expected that acidic drugs will
be much more sensitive to pH changes close to their pKa. The inventors also found that
indomethacin and haloperidol solubility was enhanced by the formation of hydrogen
bonds with caprylic acid. Therefore, the interaction between the oil phase and the drug
of interest is vital to solubilization.

Increasing the dissolution rate of an API will in turn increase its bioavailability. As
more of the drug is dissolved, a higher concentration can reach the site of action and
add to the therapeutic response. Many of the inventors in the patents considered that an
increase in bioavailability would permit a reduction of the surfactant concentration and
API dose. This is specifically the case of patents 24 and 25 (see Table 1). The first pres-
ents a SEDDS for the delivery of atorvastatin calcium. The inventors point out that if
bioavailability is increased, optimization of the SEDDS could reduce the dose and there-
fore the amount of surfactant needed to solubilize it, because it directly depends on the
amount of the drug to be loaded. This way, the surfactant toxicity issue discussed previ-
ously could be solved. In addition, patent 25 presents a SEDDS for the oral delivery of
efavirenz, an antiretroviral drug commonly used to treat AIDS. The inventors of this
SEDDS were concerned with the high risk of significant adverse effects of efavirenz, so
they aimed for a dose reduction that would still yield efficacious plasma concentrations.
Up-to-date research on efavirenz published by Chaivichacharn et al.*® has shown that
the safety profile of the drug is not acceptable and that it presents high interindividual
variability in plasma concentrations, leading to unpredictable efficacy and toxicity. The
approach taken with efavirenz by formulating it into a SEDDS opens the possibility to
do the same with other drugs that may present the same problems.

The solubilization performance of a SEDDS also depends on the loading of the
drug. As discussed in patent 36 (see Table 1), it is common to measure the solubility of
the drug in every component of the formulation and then calculate the amount of drug
to be added to the SEDDS. Nevertheless, the method’s biggest disadvantage, as can be
appreciated in the study by Narang et al.,%” is that part of the drug may be precipitated
once the SEDDS contacts the aqueous medium in vivo. This is because surfactants and
cosurfactants undergo molecular rearrangement after contact with water and momen-
tarily lose their ability to solubilize the drug. The problem was solved in the patents by
measuring the drug solubility on the blank emulsion formed by the SEDDS and then
calculating the amount of drug to be incorporated in the system, since measuring only
the solubility of the drug on the SEDDS beforehand would often present higher solubil-
ity values compared to the solubility observed once the emulsion was formed in aqueous
medium.

Many of the inventions reviewed only load the SEDDS with one drug. Nonetheless,
there are others with two active principles. Using two drugs in the same SEDDS would
possibly increase the bioavailability of one of them, or it could deliver a combined ther-
apy for a specific pathology. The first is the case of patent 11, which adds cyclosporin A
to a docetaxel SEDDS to increase the bioavailability of the latter drug. As determined by
Mei et al.,*® this is due to activity of cyclosporin A as an inhibitor of efflux pumps in the
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gastrointestinal drug barrier, the most common of them being P-gp, as previously dis-
cussed. However, cyclosporin A also depresses the immune system, and this may cause
clinical complications for the patients. To reduce adverse effects, the addition of other
efflux pump inhibitors is preferable even though they are not considered an API per se,
and this can be seen in other patents (see Table 1). Additionally, patent 14 discloses the
delivery of dutasteride and tadalafil to treat prostate hyperplasia, since the combination
of both a 5-alpha-reductase inhibitor and a 5-phosphodiesterase inhibitor have a higher
treatment efficacy than monotherapy. This way, SEDDS with two active principles may
increase patient compliance, since there is no need to take different dosage forms.

There may also be SEDDS for natural extract delivery, as is the case of patent 16,
which discloses the delivery of ziyuglycosides. The inventors described the alcoholic
extraction of glycosides from Sanguis sylvestris, a plant regularly used in Chinese tra-
ditional medicine. Once extracted, the glycosides were ready to be incorporated into a
SEDDS, and no additional steps compared to the other patent were taken. This invention
is reported to be the first to develop a SEDDS for a natural extract of S. sylvestris, and
it invites more research into the delivery of natural extracts through SEDDS. Literature
of this topic in general is very limited at the moment. Work by Echeverry et al.*? be-
longs to this type of research into SEDDS. The publication deals with the delivery of
a Passiflora ligularis extract through a self-emulsifying drug delivery system in which
particular characteristics of natural extracts are highlighted. The main issues addressed
in this study are how to enhance mucus permeation with suitable excipients, and how
the solubility studies may affect the excipient selection based on the major constituents
of the extract. For the scope of this study in particular, a flavonoid rich natural extract
showed better solubility and stability when dissolved in castor oil, Cremophor EL, and
propylene glycol. Thus, they were selected as the oil phase, surfactant, and co-surfac-
tant, respectively.

F. Pharmacokinetics and Animal Models

A minority of the patents studied in this review reported pharmacokinetic data on the
formulations. Pharmacokinetic parameters of the drugs orally administered as SEDDS
were compared to the conventional dosage form commercially available, more com-
monly a tablet or an emulsion. Table 6 presents the differences between the parameters
measured for each formulation of the same pharmaceutically active principle.

The studies in each case were carried out by comparison to the regular dosage form
available in the market, and they comprise only the SEDDS that exhibit an immediate
drug release. Pharmacokinetic studies for those SEDDS that can be considered to have
a modified or controlled release were not published in the patents reviewed, and specific
information of the pharmacokinetic parameters is not available for all the inventions.

The results shown in Table 6 satisfactorily confirm that bioavailability is increased
for each drug in the table. The pharmacokinetic parameters that account for this increase
in bioavailability are AUC, C_ ,and T _. The area under the curve (AUC) is a param-
eter to estimate the extent of a product bioavailability. It is calculated by mathematical
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models once the concentration versus time curve is established. A larger AUC means that
the drug achieves higher concentrations or that it stays longer in the organism; hence, its
absorption is enhanced. Different types of AUC can be observed, such as AUC,, AUC,
and AUC . They may present different values, and this is due to the different mathemati-
cal models used to calculate them. This way, statistical analysis yields a better quality of
data. On addition, C__ is the maximum concentration reached in plasma, and T__ is the
time it takes for the drug to reach this maximum concentration. These two parameters
can also be considered involved in the absorption process and are vital to determine the
absorption rate of a drug if needed.®® As can be seen in Table 6, all SEDDSs present a
significantly greater AUC and C__, and a lower T _compared to regular dosage forms.
This means that SEDDS manages to deliver the drug faster to its maximum concentra-
tion and further confirms the solubilizing power of the SEDDS as more drug is available
for absorption. However, careful attention needs to be paid to the therapeutic window of
the drug. The aim is to reach a C__who falls in it, since a C__above the minimal toxic
concentration threshold is not desired for the risk of adverse effects, and a C__below
the minimum effective concentration threshold, even if it is superior to the conventional
dosage form, is not enough to meet therapeutic requirements. As a result, once an in-
crease in bioavailability is observed for a SEDDS, the dosage should be optimized.

There is also the estimation of the area under the moment curve (AUMC), which is
defined as the total area under the curve of the plot of concentration/time versus time,
which is regarded as the first moment. This parameter helps to determine other drug
characteristics, such as the mean residence time (MRT), the apparent elimination rate
constant, and the apparent volume of distribution at the steady state.®! The MRT is the
mean time a drug spends in the body after entering the circulation. It includes the time
spent in the blood and in peripheral tissues, and it may be used to determine the elimina-
tion rate and clearance.®> These two parameters can be regarded as a method to estimate
drugs distribution prior to the elimination phase.

Other pharmacokinetic parameters included are the half-life of the drug, elimination
rate, and clearance. The half-life of a drug is defined as the time it takes for the concen-
tration of the drug in the bloodstream to be reduced to half, and it is closely related to the
elimination rate, which is the speed at which the drug is metabolized and excreted from
the body.® In addition, clearance is a measure of the quantity of drug eliminated from
a given volume of fluid per unit of time. These three parameters define the elimination
phase of the drug and are also relevant to the bioavailability. A rapid elimination of the
SEDDS expressed by high values of the elimination rate and low values of MRT are not
desired if optimal concentrations are not reached beforehand, since this would mean that
the formulation is being metabolized without sufficient amount of drug reaching the ac-
tion site. On the contrary, if better bioavailability is achieved, inferior MRT values and
higher elimination rate values could prove beneficial, as the drug would exert its effect
and then leave the system without accumulation. This is the case for the atorvastatin
calcium and the cinnamide derivative SEDDS, as they have lower values of MRT com-
pared to the common dosage form while still attaining higher bioavailability. This could
probe very useful if the SEDDS is to be administered to a patient with polymedication.
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The half-life may also be used to estimate the spacing between numerous adminis-
trations of a dosage form and for the design of a dosing regimen.** As shown in Table 6,
this was the pharmacokinetic parameter less affected by the SEDDS, as can be seen for
the delivery of cannabidiol and the cinnamic acid derivative. As reported by Delavenne
and Dargaud et al.,* this parameter depends on the clearance and volume of distribu-
tion, and its estimation is complicated because it depends on many factors inherent to
the pharmaceutical composition, the nature of the drug, and interindividual variability.
The half-life is one of the parameters especially affected by the limit of quantification of
the instrumentation used. Any information below this limit is going to be missing, but
this can be resolved by integrating a null value, imputing the missing values using fixed
values, or developing specific statistical analysis to account for the missing information.

Only two of the patents directly reported the value of the bioavailability, F. The first
of them is patent 8 for the delivery of cannabidiol. In this document the inventors estab-
lished the value of F by the traditional method considering the AUC of IV administration
and reporting the value as a percentage. On the other hand, inventors of patent 24 for the
delivery of atorvastatin calcium determined the bioavailability of the SEDDS relative
to the established bioavailability of the conventional dosage form, reporting that it was
345.17% higher.

The administration of SEDDS can reduce interindividual variability on the bioavail-
ability of poorly water-soluble drugs that is directly related to food intake or dietary
status. Drugs in BCS Class Il are often taken with food to increase the residence time
and because some of the fatty components in the food may aid their absorption. This was
especially true for diacerein (see Table 6). Nonetheless, as described in patent 26 (see
Table 1), when formulated into a SEDDS this food effect was neglected. As confirmed
by AboulFotouh et al.,% the presence of food would help solubilize the drug, so the ab-
sorption depended on the amount of fat a meal could contain. Thus the bioavailability
was not constant for different individuals. Nonetheless, the use of SEDDSs overcomes
the dissolution step in the stomach, rendering the drug ready to be absorbed in uniform
quantities.

Most of the pharmacokinetic studies were carried out in rat models, and even though
there were some inventors who used dog or guinea pig models, the specific data was only
reported for rats. However, the inventors did not describe whether they used a compart-
mental or noncompartmental approach to determine the pharmacokinetic parameters.

As reported by Araya et al.,®® the main differences between animal models is
the way the SEDDS is administered and the sampling blood volume available for
analysis. In this study, they demonstrated the formation of an O/W microemulsion
in the gastrointestinal tract in both animals, and they observed an increase in intes-
tinal absorption and bioavailability. However, the full evaluation for a more com-
plex dosage form could only be carried out in the dog model. Although rats were
administered a powder SEDDS, dogs could be administered a soft gelatin capsule
filled with the SEDDS. This way, the disintegration of the capsule and the liberation
behavior could also be examined. Moreover, the study on animal models allows for
direct comparison to in vitro dissolution tests. The study revealed that the drug’s
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dissolution was higher in the in vitro test than in the gastrointestinal tract of the ani-
mal, even though the SEDDS clearly showed increased absorption and bioavailabil-
ity. This may indicate that for the studies reported in Table 6, the in vivo liberation
of the complete dosage form remains to be tested, as the inventor did not elaborate
on this aspect.

Other differences between animal models are the cost and time of the study. Rats
are more easily prepared for experimental observation, and dogs may consume more
time and money. The time at which the drug is evenly distributed in rat bloodstream has
been calculated to be less than 2 minutes, whereas the time for this to happen in dogs
and larger mammals could be 10 minutes or more. As a result, pharmacokinetic param-
eters on larger mammals are more difficult to establish with precision. On top of that,
subsequent administrations may be made in rats after short periods of time, whereas in
dogs the administrations may be spaced for a week or even longer.®** This could be the
main reason why the rat model is preferred, as it could ease the patent registration and
submission processes, which can be long and exhaustive.

Further aspects to consider are the differences between the values of pharmacoki-
netic parameters that can be observed for the same species. Vasconcelos et al.*” observed
that for a different strain of rat, the values of AUC were not reproducible, so the expo-
sure of a drug depends on the genetic variation and the group of animals selected. This is
important, since pharmacokinetic studies of the same drug using the same animal model
are not going to be directly comparable, and caution must be exercised. Nonetheless, the
inventors of the patents did not directly compare the SEDDS developed to other studies
but to the conventional dosage form.

G. Release Profile Test

The release profile tests reported for the inventions were only dissolution assays of
the SEDDSs. The inventors proceeded according to pharmacopeial methods avail-
able for each of the countries of origin. They measured the disintegration time, the
cumulative dissolution of the drug, and the emulsification time of the SEDDS in
aqueous medium (see Table 1). For this, the inventors would build a calibration
curve to test the dissolution of the drug, and some of them would even characterize
the emulsion formed in different dissolution media. The media most commonly used
were neutral aqueous solution, hydrochloric acid medium, and phosphate buffer me-
dium, and they did not find significant differences in the emulsification performance
for the SEDDS.

Nevertheless, detailed drug release analysis was absent in all of the patents. Even
though the majority of them were immediate release, and only a few attained controlled
release, no drug release model is proposed, and no release kinetics are discussed in the
inventions. These types of studies must be done for SEDDS because a dosage form is
bound to influence the release kinetics of a drug directly affecting the bioavailability
and effectivity of treatment.>>% Understanding the release mechanism of SEDDSs could
help increase optimization of formulation and develop new treatments.
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The release mechanism of the SEDDS is discussed by Bernkop-Schniirch et al.”
The authors suggest that drug release from SEDDS is explained by a diffusion mecha-
nism, and it is mostly controlled by the body. Because SEDDSs are not matrix systems,
release control phenomena such as swelling and hydration of the matrix, dissolution of
the drug, and erosion are not going to occur.® As a result, the underlying mechanism
is the diffusion of the drug to the surface of the droplets, where, once the interfacial
barrier is surpassed, it reaches the aqueous medium. Moreover, the parameter directly
involved in the mechanism is going to be the partition coefficient, log D, between the
oil phase of the SEDDS and the release medium. This means that once the emulsion is
formed in the gastrointestinal tract, the drug is going to move out of the droplets until
it reaches an equilibrium. Then, the biological membrane is going to absorb it, causing
further concentration of the drug to leave the droplets and reestablish this equilibrium.
Therefore, drug release from SEDDS is going to be controlled by the absorption rate
of the mucosa.

This study also proposes a method for determining the log D of the SEDDSs. The
authors proposition is to measure the drug solubility in the SEDDS, and then measure
the drug solubility in the release medium. They described the optimal value of log D
to be between 3 and 5, since values lower than 3 would present immediate release with
risk of precipitation, and values above 5 would render the drug too attached to the oil,
which may interfere with diffusion and decrease the quantity absorbed.”” However, no
information regarding the log D is disclosed in the patents, and release kinetics are still
in need of more studies.

IV. CONCLUSIONS

Self-emulsifying delivery systems are becoming more relevant because of their obvi-
ous beneficial properties, such as increasing bioavailability of drugs in BCS Classes
IT and 1V, ease of formulation, and relatively safe profile. SEDDSs are also a flexible
dosage form that may allow for dosing optimization, controlled release, and hybrid
formulation to develop new drug delivery systems. As a result, the inventions reviewed
manage to meet the novelty requirements in improving drug solubilization, enhancing
formulation stability and compatibility, improving the metabolism, and dealing with
toxicity issues. However, available technology is not at hand with current research,
since the patents undergo a long process before being published. So there may be a sig-
nificant gap in time between state-of-the-art SEDDS research and the marketed prod-
ucts. Nonetheless, there may be many more patent submissions for these systems in
the coming years since its advantages outweigh any other concern as reviewed in this

paper.
ACKNOWLEDGMENT

To National University of Colombia and Federal University of Bahia for making pos-
sible the project “Beyond Research.”

Volume 39, Issue 2, 2022



74

Ruiz et al.

REFERENCES

1.

I1.

12.

14.

15.

16.

17.

18.

19.

20.

Yun YH, Lee BK, Park K. Controlled drug delivery: Historical perspective for the next generation. J
Control Release. 2015;219(12):2—7.

Pouton CW. Formulation of self-emulsifying drug delivery systems. Adv Drug Deliv Rev. 1997;25:
47-58.

Chauhan G, Shaik AA, Kulkarni NS, Gupta V. The preparation of lipid-based drug delivery system
using melt extrusion. Drug Discov Today. 2020;25(11):1930-43.

Gershanik T, Benita S. Self-dispersing lipid formulations for improving oral absorption of lipophilic
drugs. Eur J Pharm Biopharm. 2000;50(1):179-88.

Singh S, Bajpai M, Mishra P. Self-emulsifying drug delivery system (SEDDS): An emerging dos-
age form to improve the bioavailability of poorly absorbed drugs. Crit Rev Ther Drug Carrier Syst.
2020;47(4):305-29.

Chamieh J, Doménech Tarrat A, Doudou C, Jannin V, Demarne F, Cottet H. Peptide release from
SEDDS containing hydrophobic ion pair therapeutic peptides measured by Taylor dispersion analysis.
Int J Pharm. 2019;559:228-34.

Griesser J, Hetényi G, Federer C, Steinbring C, Ellemunter H, Niedermayr K, Bernkop-Schniirch
A. Highly mucus permeating and zeta potential changing self-emulsifying drug delivery sys-
tems: A potent gene delivery model for causal treatment of cystic fibrosis. Int J Pharm. 2019;557:
124-34.

KrauB3 J, Kuttenkeuler D. When to file for a patent? The scientist’s perspective. N Biotechnol.
2021;60:124-9.

Carter PH, Berndt ER, Joseph A, DiMasi A, Trusheim M. Investigating investment in biopharmaceuti-
cal R&D. Nat Rev Drug Discov. 2016;15(10):673—4.

Qiu L, Chen ZY, Lu DY, Hu H, Wang YT. Public funding and private investment for R&D: A survey
in China’s pharmaceutical industry. Health Res Policy Syst. 2014;12(1):1-11.

de Carvalho Pereira F, Costa HG, Pereira V. Patent filings versus articles published: A review of the
literature in the context of multicriteria decision aid. World Pat Inf. 2017;50:17-26.

Mukherjee A. Licensing a new product: Fee vs. royalty licensing with unionized labor market. Labour
Econ. 2010;17(4):735-42.

Mahmood A, Bernkop-Schniirch A. SEDDS: A game changing approach for the oral administration of
hydrophilic macromolecular drugs. Adv Drug Deliv Rev. 2019;142:91-101.

Griesser J, Hetényi G, Moser M, Demarne F, Jannin V, Bernkop-Schniirch A. Hydrophobic ion
pairing: Key to highly payloaded self-emulsifying peptide drug delivery systems. Int J Pharm.
2017;520(1-2):267-74.

Leonaviciute G, Zupanci¢ O, Priifert F, Rohrer J, Bernkop-Schniirch A. Impact of lipases on the pro-
tective effect of SEDDS for incorporated peptide drugs towards intestinal peptidases. Int J Pharm.
2016;508(1-2):102-8.

Bernkop-Schniirch A. Thiomers: A new generation of mucoadhesive polymers. Adv Drug Deliv Rev.
2005;57(11):1569-82.

Friedl H, Diinnhaupt S, Hintzen F, Waldner C, Parikh S, Pearson JP, Wilcox MD, Bernkop-Schniirch
A. Development and evaluation of a novel mucus diffusion test system approved by self-nanoemulsi-
fying drug delivery systems. J Pharm Sci. 2013;102(12):4406—13.

Maisel K, Reddy M, Xu Q, Chattopadhyay S, Cone R, Ensign LM, Hanes J. Nanoparticles coated with
high molecular weight PEG penetrate mucus and provide uniform vaginal and colorectal distribution
in vivo. Nanomedicine. 2016;11(11):1337-43.

Efentakis M, Politis S. Comparative evaluation of various structures in polymer controlled drug de-
livery systems and the effect of their morphology and characteristics on drug release. Eur Polym J.
2006;42(5):1183-95.

Sharifi F, Nazir I, Asim MH, Jahangiri M, Ebrahimnejad P, Matuszczak B, Bernkop-Schniirch A. Zeta

Critical Reviews™ in Therapeutic Drug Carrier Systems



Progress in SEDDS: A Systematic Patent Review (2011-2020) 75

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

potential changing self-emulsifying drug delivery systems utilizing a novel Janus-headed surfactant:
A promising strategy for enhanced mucus permeation. J Mol Liq. 2019;291:111285.

Hauptstein S, Priifert F, Bernkop-Schniirch A. Self-nanoemulsifying drug delivery systems as novel
approach for pDNA drug delivery. Int J Pharm. 2015;487(1-2):25-31.

Joyce P, Dening TJ, Meola TR, Schultz HB, Holm R, Thomas N, Prestidge CA. Solidification to im-
prove the biopharmaceutical performance of SEDDS: Opportunities and challenges. Adv Drug Deliv
Rev. 2019;142:102—-17.

Rani ER, Radha GV. Insights into novel excipients of self-emulsifying drug delivery systems and their
significance: An updated review. Crit Rev Ther Drug Carrier Syst. 2021;38(2):27-74.

Laffleur F, Keckeis V. Advances in drug delivery systems: Work in progress still needed? Int J Pharm.
2020;590:119912

Krsti¢ M, Medarevi¢ D, Puris J, Ibri¢ S. Self-nanoemulsifying drug delivery systems (SNEDDS) and
self-microemulsifying drug delivery systems (SMEDDS) as lipid nanocarriers for improving dissolu-
tion rate and bioavailability of poorly soluble drugs. In: Grumezescu AM, editor. Lipid nanocarriers
for drug targeting. Oxford: William Andrew; 2018. p. 473-508.

Bahloul B, Lassoued MA, Sfar S. A novel approach for the development and optimization of self
emulsifying drug delivery system using HLB and response surface methodology: Application to feno-
fibrate encapsulation. Int J Pharm. 2014;466(1-2):341-8.

Ghazani SM, Marangoni AG. Healthy fats and oils. 2nd ed. In: Wrigley CW, Corke H, Seetharaman
K, Faubion J, editors. Encyclopedia of food grains. Oxford: Elsevier; 2015. p. 257-67.

Pandey V, Kohli S. Lipids and surfactants: The inside story of lipid-based drug delivery systems. Crit
Rev Ther Drug Carrier Syst. 2018;35(2):99-155.

Nardin I, Kollner S. Successful development of oral SEDDS: Screening of excipients from the indus-
trial point of view. Adv Drug Deliv Rev. 2019;142:128-40.

Arshad M, Pradhan RA, Zubair M, Ullah A. Lipid-derived renewable amphiphilic nanocarriers for
drug delivery, biopolymer-based formulations: Biomedical and food applications. In: Pal K, Banerjee
I, Sarkar P, Kim D, Deng WP, Dubey NK, Majumder K, editors. Biopolymer-based formulations:
Biomedical and food applications. Amsterdam: Elsevier; 2020. p. 283-310.

Raut S, Karzuon B, Atef E. Using in situ Raman spectroscopy to study the drug precipitation inhibi-
tion and supersaturation mechanism of Vitamin E TPGS from self-emulsifying drug delivery systems
(SEDDS). J Pharm Biomed Anal. 2015;109:121-7.

Nakamura MT, Yudell BE, Loor JJ. Regulation of energy metabolism by long-chain fatty acids. Prog
Lipid Res. 2014;53:124-44.

Carriére F. Impact of gastrointestinal lipolysis on oral lipid-based formulations and bioavailability of
lipophilic drugs. Biochimie. 2016;125:297-305.

Burdge GC. Adult mammals. In: Burdge GC, editor. Polyunsaturated fatty acid metabolism, vol. 9.
London: Elsevier; 2018. p. 15-30.

Desai HH, Bu P, Shah AV, Cheng X, Serajuddin ATM. Evaluation of cytotoxicity of self-emulsifying
formulations containing long-chain lipids using Caco-2 cell model: Superior safety profile compared
to medium-chain lipids. J Pharm Sci. 2020;109(5):1752—64.

Bagheri Novir S, Tirandaz A, Lotfipour H. Quantum study of DHA, DPA and EPA antican-
cer fatty acids for microscopic explanation of their biological functions. J Mol Liq. 2021;325:
114646.

So J, Wu D, Lichtenstein AH, Tai AK, Matthan NR, Maddipati KR, Lamon-Fava S. EPA and DHA
differentially modulate monocyte inflammatory response in subjects with chronic inflammation in part
via plasma specialized pro-resolving lipid mediators: A randomized, double-blind, crossover study.
Atherosclerosis. 2021;316:90-8.

Saneja A, Alam N, Dubey RD, Gupta PN. Recent advances in self-emulsifying drug-delivery systems
for oral delivery of cancer therapeutics. In: Holban AM, Grumezescu A, editors. Nanoarchitectonics
for smart delivery and drug targeting. Elsevier; 2016. p. 379-404.

Volume 39, Issue 2, 2022



76

39.
40.
41.

42.

43.

44,

45.
46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Ruiz et al.

Psimadas D, Georgoulias P, Valotassiou V, Loudos G. Molecular nanomedicine towards cancer: '"In-
labeled nanoparticles. J Pharm Sci. 2012;101(7):2271-80.

Chowdhury N, Singh M. Current development of oral taxane formulations: A review. Crit Rev Ther
Drug Carrier Syst. 2020;37(3):205-27.

Buyukozturk F, Benneyan JC, Carrier RL. Impact of emulsion-based drug delivery systems on intes-
tinal permeability and drug release kinetics. J Control Release. 2010;142(1):22-30.

Mazzeti AL, Oliveira LT, Gongalves KR, Schaun GC, Mosqueira VCF, Bahia MT. Benznidazole self-
emulsifying delivery system: A novel alternative dosage form for Chagas disease treatment. Eur J
Pharm Sci. 2020;145:105234.

Kommana N, Bharti K, Surekha DB, Thokala S, Mishra B. Development, optimization and evalua-
tion of losartan potassium loaded self emulsifying drug delivery system. J Drug Deliv Sci Technol.
2020;60:102026.

Charman SA, Charman WN, Rogge MC, Wilson TD, Dutko FJ, Pouton CW. Self-emulsifying drug
delivery systems: Formulation and biopharmaceutic evaluation of an investigational lipophilic com-
pound. Pharm Res. 1992 Jan;9(1):87-93.

Tian B, Liu Y, Liu J. Smart stimuli-responsive drug delivery systems based on cyclodextrin: A review.
Carbohydr Polym. 2021;251:116871.

Hong IK, Kim SI, Lee SB. Effects of HLB value on oil-in-water emulsions: Droplet size, rheological
behavior, zeta-potential, and creaming index. J Ind Eng Chem. 2018;67:123-31.

Shakeel F, Haq N, Alanazi FK, Alsarra IA. Impact of various nonionic surfactants on self-nano-
emulsification efficiency of two grades of Capryol (Capryol-90 and Capryol-PGMC). J Mol Ligq.
2013;182:57-63.

Anar K, Rahman M, Ray S, Karmakar S. Insights into the approach, fabrication, application, and lacu-
nae of nanoemulsions in drug delivery systems. Crit Rev Ther Drug Carrier Syst. 2020;37(6):511-51.
Rohrer J, Zupanci¢ O, Hetényi G, Kurpiers M, Bernkop-Schniirch A. Design and evaluation of SEDDS
exhibiting high emulsifying properties. J Drug Deliv Sci Technol. 2018;44:366—72.

Ujhelyi Z, Fenyvesi F, Varadi J, Fehér P, Kiss T, Veszelka S, Deli M, Vecsernyés M, Bacskay 1.
Evaluation of cytotoxicity of surfactants used in self-micro emulsifying drug delivery systems and
their effects on paracellular transport in Caco-2 cell monolayer. Eur J Pharm Sci. 2012;47(3):564-73.
Cuiné JF, McEvoy CL, Charman WN, Pouton CW, Edwards GA, Benameur H, Porter CJ. Evaluation
of the impact of surfactant digestion on the bioavailability of danazol after oral administration of
lipidic self-emulsifying formulations to dogs. J Pharm Sci. 2008;97(2):995-1012.

da Silva Junior JB, Dezani TM, Dezani AB, dos Reis Serra CH. Evaluating potential P-gp substrates:
Main aspects to choose the adequate permeability model for assessing gastrointestinal drug absorp-
tion. Mini Rev Med Chem. 2015;15(10):858-71.

Buya AB, Ucakar B, Beloqui A, Memvanga PB, Préat V. Design and evaluation of self-nanoemulsify-
ing drug delivery systems (SNEDDSs) for senicapoc. Int J Pharm. 2020;580:119180.

Kommana N, Bharti K, Surekha DB, Thokala S, Mishra B. Development, optimization and evalua-
tion of losartan potassium loaded self emulsifying drug delivery system. J Drug Deliv Sci Technol.
2020;60:102026.

Amidon GL, Lennernds H, Shah VP, Crison JR. A theoretical basis for a biopharmaceutic drug clas-
sification: The correlation of in vitro drug product dissolution and in vivo bioavailability. Pharm Res.
1995;12(3):413-20.

Chaivichacharn P, Avihingsanon A, Manosuthi W, Ubolyam S, Tongkobpetch S, Shotelersuk V,
Punyawudho B. Dosage optimization of efavirenz based on a population pharmacokinetic—pharmaco-
genetic model of HIV-infected patients in Thailand. Clin Ther. 2020;42(7):1234-45.

Narang AS, Delmarre D, Gao D. Stable drug encapsulation in micelles and microemulsions. Int J
Pharm. 2007;345(1-2):9-25.

Mei L, Zhang Z, Zhao L, Huang L, Yang XL, Tang J, Feng SS. Pharmaceutical nanotechnology for
oral delivery of anticancer drugs. Adv Drug Deliv Rev. 2013;65(6):880-90.

Critical Reviews™ in Therapeutic Drug Carrier Systems



Progress in SEDDS: A Systematic Patent Review (2011-2020) 77

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Gonzalez SM, Rey D, Valderrama IH, de Araujo BV, Aragon DM. Development of a self-emulsifying
drug delivery system (SEDDS) to improve the hypoglycemic activity of Passiflora ligularis leaves
extract. J Drug Deliv Sci Technol. 2021;64:102604.

Delavenne X, Dargaud Y. Pharmacokinetics for haemophilia treaters: Meaning of PK parameters,
interpretation pitfalls, and use in the clinic. Thromb Res. 2020;192:52-60.

SahaN. Clinical Pharmacokinetics and drug interactions. In: Vohara D, Singh G, editors. Pharmaceutical
medicine and translational clinical research. Amsterdam: Elsevier; 2017. p. 81-106.

Berezhkovskiy LM. Determination of mean residence time of drug in plasma and the influence of the
initial drug elimination and distribution on the calculation of pharmacokinetic parameters. J Pharm
Sci. 2008;98(2):748-62.

Scutt G, Allen M, Waxman D. Estimating a drug’s elimination rate-constant or half-life from a sin-
gle blood sample: A practical approach with particular benefits for critically ill/vulnerable patients.
Biosystems. 2019;184:103996.

Nagilla R, Nord M, Mcatee JJ, Jolivette LJ. Cassette dosing for pharmacokinetic screening in drug
discovery: Comparison of clearance, volume of distribution, half-life, mean residence time, and oral
bioavailability obtained by cassette and discrete dosing in rats. J Pharm Sci. 2011;100(9):3862—74.
AboulFotouh K, Allam AA, El-Badry M, El-Sayed AM. Role of self-emulsifying drug delivery sys-
tems in optimizing the oral delivery of hydrophilic macromolecules and reducing interindividual vari-
ability. Colloids Surf B Biointerfaces. 2018;167:82-92.

Araya H, Nagao S, Tomita M, Hayashi M. The novel formulation design of self-emulsifying drug deliv-
ery systems (SEDDS) type O/W microemulsion I: Enhancing effects on oral bioavailability of poorly
water soluble compounds in rats and beagle dogs. Drug Metab Pharmacokinet. 2005;20(4):244-56.
Vasconcelos T, Aratjo F, Lopes C, Loureiro A, das Neves J, Marques S, Sarmento B. Multicomponent
self nano emulsifying delivery systems of resveratrol with enhanced pharmacokinetics profile. Eur J
Pharm Sci. 2019;137:105011.

Singhvi G, Singh M. In-vitro drug release characterization models. Int J Pharm Stud Res.
2011;2(1):77-84.

Paarakh MP, Jose PANI, Setty CM, Peter G V. Release kinetics — concepts and applications. Int J
Pharm Res Technol. 2019;8(1):12-20.

Bernkop-Schniirch A, Jalil A. Do drug release studies from SEDDS make any sense? J Control
Release. 2018;271:55-9.

Volume 39, Issue 2, 2022






