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ÖZET
Amaç: Araştırmamız deferasirox etken maddesinin çözünürlüğünü artırmak için
deferasirox`un (DFX) kendinden emulsifiye olan ilaç taşıyıcı sistemler (SNEDDS)
formülasyonu hazırlamaktır. Bu uygulama güvenli olup ve biyoyararlanımı
geliştirme potansiyeline sahip olacaktır.
Gereç ve yöntem: DFX'in farklı bileşenlerdeki çözünürlük çalışmalarına göre
SNEDDS bileşenleri seçilmiş ve Pseudo-terner faz diyagramları oluşturulmuştur.
DFX yüklü SNEDDS hazırlanmış ve karakterize edilmiştir. Optimum DFX
SNEDDS

formülasyonları

geliştirilmiştir.

Optimize

edilmiş

SNEDDS

formülasyonunun güvenliği, MTT hücre canlılık testi ve in vitro ilaç salım
çalışmaları kullanılarak bir insanın ölümsüzleştirilmiş miyelojenöz lösemi hücre
hattında, K562 hücrelerinde incelenmiştir.
Bulgular ve sonuçlar: SNEDDS formülasyonunun bileşenleri olarak Peceol,
Kolliphor EL ve Transcutol seçildi ve karakterizasyon iyi stabil formülasyonun
hazırlandığını gösterdi. Sitotoksisite çalışmaları, 40 μM'de saf DFX'e (% 3,99)
kıyasla DFX yüklü SNEDDS'nin daha fazla hücre canlılığını (% 71,44) ortaya
çıkardığı görülmüştür. Seçilen DFX-SNEDDS formülasyonu, gözenekli taşıyıcılara
adsorbe edilerek S-SNEDDS'e dönüştürüldü ve in vitro ilaç salım çalışmaları,
Neusilin UFL2 ile katılaşan S SNEDDS'den DFX salımının (% Q5)pazarlanan ürünle
karşılaştırıldığında önemli ölçüde daha yüksek olduğunu (5 dakika içinde% 93.6 ±
0.7 ) (% 81,65 ± 2,10) gösterdi. Genel sonuçlar, DFX'in S-SNEDDS
formülasyonunun DFX'in çözünürlüğünü artırma potansiyeline sahip olabileceğini
gösterdi.
Anahtar

kelimeler:

deferasirox;

SNEDDS;
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SUMMARY
Aim: The research work was designed to develop a solid self-nanoemulsifying drug
delivery system (S-SNEDDS) of deferasirox (DFX) in order to enhance the solubility
of DFX which would in turn have the potential to improve its oral bioavailability as a
safe novel delivery system.
Material and Method: According to the solubility studies of DFX in different
components, the SNEDDSs components were selected and PTPD were constructed.
DFX loaded SNEDDS were prepared and characterized. The optimum DFXSNEDDS formulations were developed. The relative safety of the optimized
SNEDDS formulation was examined in a human immortalized myelogenous
leukemia cell line, K562 cells, using the MTT cell viability test and in vitro drug
release studies.
Findings and Results: optimum DFX-SNEDDS formulation was prepared by
Peceol, Kolliphor EL, and Transcutol showed good stable formulation and has
droplet size of14.72±1.50 nm. Cytotoxicity studies revealed more cell viability
(71.44%) of DFX loaded SNEDDS compared to pure DFX (3.99%) at 40 μM , DFXSNEDDS formulation was successfully converted into S-SNEDDS by adsorbing into
Neusilin UFL2 DFX release (Q5%) from S-SNEDDS solidified with Neusilin UFL2
was significantly higher (93.6±0.7% within 5 min) compared with the marketed
product (81.65 ± 2.10%).
The overall results indicated that the S-SNEDDS formulation of DFX could have the
potential to enhance the solubility of DFX.
Keywords: deferasirox; SNEDDS; solid SNEDDS; solid carriers; enhancement
solubility; oral delivery
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CHAPTER ONE
INTRODUCTION AND AIM
1.1 Self Nano-Emulsifying Drug Delivery Systems
Recently, drug discovery programs are finding new chemical entities where 40%
are either insoluble or PWSD (Rohrer, 2018). Many strategies and formulation
technologies were came out to increase and elevate the bioavailability of drugs which
are PWSD; one efficient method known as formulation into lipid based formulations
(LBFs) like liposomes, microemulsion, nanoemulsion, and SEDDSs (Shrestha,
2014).
LBFs approach is a big umbrella contains a broad group of formulations that
defined as a lipophilic drug dissolved in a mixture of excipients up to 5 classes; these
excipients vary by their physicochemical characteristics fluctuate from triglyceride
oils as pure, mono- and diglycerides, and extensive percentage of hydrophilic or
lipophilic surfactants and cosolvents/cosurfactants. Pouton introduced a model which
classifies the LBFs according to the type and amount of excipients used called LFCS.
(Pouton C. W., 2000). LFCS classification established to select the most proper
formulation constituents according to the specific physiochemical properties for each
molecule (Pouton C. W., 2008).
Summarily, Type I lipid formulations compromise drug dissolved in digestable
oils that considered by agencies of regulatory as GRAS which means as Generally
Regarded as Safe. Type I LBFs have poor drug capacity but can be efficient
compounds of logp>4 and highly potent drugs. Type II LBFs are water insoluble
SEDDSs which consist of oils and water insoluble surfactants (HLB<12). Type III
LBFs consist of oils and water soluble surfactants (HLB>12) and hydrophilic
cosurfactants, Type III formulations spitted into IIIB and IIIA based on percentage of
surfactants and/or co-solvents/cosurfactnts which are soluble in water; where type
IIIB includes extra percentage of the soluble surfactants and/or co-solvents than type
IIIA. LBFs of type III involve SMEDDSs SNEDDSs where both differ by the size of
the oil in water emulsion created upon dilution. type IV LBFs regarded the most
hydrophilic formulations and contain only hydrophilic surfactants (HLB>12) and
cosufractants. (Pouton C. W., 2000) (Pouton C. W., 2006).
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Among the LBFs, SNEDDSs have gained great attention, as an approach to
improve oral bioavailability of drug substances which have low aqueous solubility,
SNEDDS are isotropic mixtures of drug, oil and hydrophilic surfactants and cosurfactant/co-solvent. Instantaneously, under dilution and mild agitation provided by
the peristaltic motility in gastrointestinal tract, SNEDDs can form fine oil in water
emulsion which has globule size less than 50 nm (Shakeel, 2014
In addition, SNEDDS are unique DDS that are characterized by thermodynamic
stability of the nanoemulsion formed, rapid onset of action, ease of preparation
process, and scale-up, in comparison with other LBDDS (Khan A. W.,2012) which
make them attractive for industrial manufacturing.
In the last few decades SNEDDs gained attention in enhancing and increasing
the solubility of PWSD thus improving their bioavailability through increasing
solubility and keeping up these drugs dissolved as droplets of nano size within the
gastrointestinal fluid (Gupta, 2013) therefore skip the dissolution step for the oral
dosage form (Mobarak, 2019), and also by promoting lymphatic transportation
through gastrointestinal walls for highly lipophilic drugs that results into by passing
first pass metabolism. (Rehman, 2017)
Conventional L-SNEDDS are incorporated into a soft gelatin capsule; however,
on long term storage, they could face some limitations, like precipitation at lower
temperatures, drug leakages, excipient-capsule incompatibility, and handling and
stability issues (Tang, 2008)In order to overcome these limitations, combining the
advantages of traditional SNEDDS formulations and the solid dosage form by
incorporating liquid SNEDDSs formulations into solid carrier and converting to solid
SNEDDS(S-SNEDDS) formulations by using different techniques, like spray drying
or by adsorbing into porous carriers, result in free-flowing powder which can be
formulated as powders, granules, pellets, and tablets, or filled into capsules
1.2 Deferasirox Overview
Deferasirox is an orally a tridentate iron chelator agent that is approved by the
United States FDA in 2005 and EMA in 2006 for chronic iron overload treatment as
a result of blood transfusion in patients 2 years of age and older (Tanaka, 2014).
(Cappellini, 2007). DFX is moderately lipophilic molecule (log P value of 3.52) and
categorized as class II according to BCS which means that it has low water solubility
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and high permeability through intestine (Al Durdunji, 2016). DFX bioavailability
after oral administration compared to intravenous administration is 70% (90%
confidence interval, 62%-80%) (Stumpf, 2007) mainly due to first pass effect
(Waldmeier, 2010).
The importance need for DFX comes from the fact that excess iron which enters
the body during blood transfusion has no physiological mechanism to be excreted
therefore it forms insoluble complex with ferritin. Iron-Ferritin complex can deposit
in the spleen, liver, and myocardium and ending with organ damage (Lindsey, 2007).
The dosage reduction to diminish its side effects and improvement of patient
compliance particularly for pediatrics is important. Therefore, to enhance its oral
bioavailability, increasing its aqueous solubility is crucial. So far, few studies were
performed to improve the solubility of DFX, such as encapsulated imidazolemodified DFX into polymeric micelles as a nano carrier (Theerasilp, 2017)or to
increase the solubility of DFX by decreasing its particle size and using sodium lauryl
sulfate or Pluronic F127 as surfactants (Gulsun, 2019).
The dissolution of active drug substances is the rate limiting step for the
absorption of BCS Class II compounds such as DFX. Therefore, increasing the
solubility of DFX has a great importance, to improve its oral bioavailability. In the
case of Exjade®, the commercial preparation of deferasirox, this step is overcome by
the formulation of a tablet for oral suspension in which sodium lauryl sulphate is
used as a solubilizing agent to improve the dissolution of DFX.
1.3 Aim and Scope
1.3.1 Research objective
The aim of this research study is to develop and characterize a novel SNEDDS
loaded with DFX in order to increase its solubility and to improve its oral
bioavailability and evaluating in vitro cytotoxicity effects of the optimized DFXSNEDDS formulation. Furthermore, the optimum DFX-SNEDDS would be
incorporated into a solid carrier, by adsorbing into different porous carriers to
compare their dissolution behavior with marketed tablet of DFX.
To the extent of our knowledge, there has been no research study conducted to
formulate DFX intoa SNEDDS formulation for increasing the solubility or
bioavailability.
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1.3.2 Work plan
1. Preliminary studies to select the components of SNEDDS formulation which
comprise
1.1. Investigation solubility of deferasirox in different excipients
1.2. Pseudo-ternary diagram construction
1.3. Nanoemulsion formation assessment
2. Measuring deferasirox equilibrium solubility in SNEDDS formulation
3. Formulation and optimization DFX-L-SNEDDS
4. Characterization of L-SNEDDS of deferasirox regarding droplet size,
polydispersity index (PDI), thermodynamic stability, self-emulsification
efficiency, robustness of dilution, effect of pH on droplet size and
polydispersity index (PDI) and Transmission electron microscopy
5. In vitro cytotoxicity study of L-SNEDDS by MTT assay
6. Development of S-SNEDDS of deferasirox by adsorption into different
porous carriers
7. Characterization of DFX-S-SNEDDS regarding Fourier transformed infrared
spectroscopy and scanning electron microscopy.
8. Studies of In vitro dissolution release and compares with the market product

6

CHAPTER TWO
GENERAL INFORMATION
2.1 Oral Dosage Forms
Oral route believed as the main, most preferable routes for administration of
drugs, where it comprises 80% of the commercially available dosage forms
(Morishita, 2012).It is well known that administration of drugs orally is the most
conventional and desirable route both patients and pharmaceutical companies
compared to other alternative administration routes. Regarding pharmaceutical
industry view, oral dosage forms are the most cost effective, need the least sterile
manufacturing conditions and offer wide range of dosage forms designs while for the
patients especially for chronic condition diseases and elderly patients, oral route
administration improves patient adherence and provides better patient compliance.
Moreover, oral route administration is comfortable for patients as it could help them
in avoid hospitalization (Krishnaiah, 2010).
The major challenge for the pharmaceutical manufactures is the low
bioavailability especially for the drug molecules that have been synthesized by
secreening and drug discovery tools, where 70% exhibit low aqueous solubility (Ku,
2012).
2.1.1 Biopharmaceutics classification system (BCS)
BCS is a tool for development of drugs that permits evaluation of the effects of
the three major factors solubility, dissolution, and intestinal permeability on the drug
absorption from immediate release solid dosage forms as orally. BCS presents a
categorization of drug substances based on solubility of the maximum dose and
permeability. As stated by USFDA guidelines, API is regarded as highly soluble if
the highest dose strength is soluble in aqueous medium that has pH range of 1-7.5 at
temperature of 37 °C in 250 ml or less volume. where High dissolution stands for
that 85 % of the administered dose as a minimum value is released as maximum of
30 minutes while highly permeable drug substance means that 90 % of the given
dose as a minimum is absorbed through GIT walls based on a mass balance
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determination or as a alternative way comparing to an intravenous reference dosage
(FDA, 2000)
BCS classifies drug substances into four categories, as represented in table
2.1(Amidon, 1995)
Table 2.1 BCS characteristics
BCS class

Solubility

Permeability

Example

I

highly

highly

Metroplol

II

low

highly

Ibuprofen

III

highly

low

Metformin

IV

low

low

Hydrochlorothiazide

Drugs that belong to BCS class I are absorbed highly drugs and the rate limiting
step or absorption is dissolution, in case of rapid dissolution then the rate limiting
step regarded as gastric emptying, normally are formulated as immediate release
dosage forms. The rate limiting step for Class II BCS drugs is absorption is
considered to be the In vivo dissolution except the case of very high dose number.
The low solubility of class II directly affects the bioavailability and formulation into
LBFs and micro-sized formulations etc. would be an option for this type of drugs.
Formulation designs in general have a little effect on Class III drugs which
characterized by poor permeability especially through GIT membrane while in the
case of class IV drugs which characterize by poor solubility and poor membrane
permeability, the recommendation to increase the bioavailability is go back to lead
optimization phase of ‘chemical discovery’ and find competitor with better
physiochemical properties as displayed in Figure 2.1. (Pouton, 2006)
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Figure 2.1 BCS classification (Pouton C. W.,2006)
United States FDA, WHO, and EMEA enclose using the BCS classification for
authorizing using in vitro release data for establishing the in vivo bioequivalence
studies. Also, the agencies permit a” BCS-based” biowaiver for drug products
including BCS class I due to rapid dissolution (Amidon, 1995)
This classification provides guidance for waivers of in vivo clinical trials related
to BA and BE clinical studies for immediate released (IR) solid dosage forms as
orally by replacing clinical studies with an precise , exact in vitro dissolution release
studies (Yu, 2002)
2.1.2 Physicochemical properties of drug molecules
2.1.2.1 Solubility
The solubility of API is the concentration of the drug particles in dissolved form,
where the dissolved particles are in thermodynamic equilibrium and balance with the
solid drug particles at a given specified temperature. solubilizing of the drug particles
is an essential step for absorption step of any orally drug and for achieving the
required concentration of the drug in systemic circulation which exerts
pharmacological effect. The solubility of API should be performed accurately, where
the solubility plays a key function in understanding quality control of the final
formulation and choosing the appropriate drug delivery system.
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The solubility depends on numerous determinants consisting of physicochemical properties of the API (for instance effective SA, particle size of drug
particles and the crystal form), solvent properties (for instance pH, polarity, surface
tension, added surfactants, co-solvents, salts), and controlling solubility measurement
parameters (such as temperature, time, agitation method).
According to USA Pharmacopeia solubility of API is defined as the parts of solvent
required for solubilizing one part solute of drug, therefore, solubility of drugs can be
categorized as illustrated in table2.2.(The United States Pharmacopeia, 2007).
Solubility may be stated in any other analytical unit and also concentration units such
as molality(m), weight/volume(w/v,%) …etc.

Table 2.2 Descriptive terms of solubility according to USA Pharmacopeia

PWSD exhibit low solubility and low dissolution rate in the gastrointestinal
fluids that cause deficient bioavailability in particular for BCS classes especially
class II, method for enhancing solubility will be discussed in section 2.6
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2.1.2.2 Permeability
Intestinal permeability termed as the flow of API across the organ and how can a
drug substance penetrate into the intestinal wall per time unit.For understanding the
permeability concept first let’s sees the mechanism and how molecules transportation
across GI wall is happening
Drug transport mechanisms via gastrointestinal epithelium are divided into the
following as shown in Figure 2.2: (Löbenberg, 2013)
1.

Transcellular transportation where drug molecules pass across the

cells and it has to pass the brush border membrane to enter the cell and
crossing the basolateral membrane to leave the cell. The penetration
mechanism through both membranes can be either by :
a.

Simple passive diffusion where API particles pass across membrane

via passive diffusion where particlesare moving toward blood where it has
low concentration of drug from high concentration in the GIT lumen
b.

Transportation via Carrier-mediated entails the passage of a molecule

through the enterocyte of the gut using transporters. It comprises active
transport and facilitated diffusion
2.

Paracellular transportation which is passing through the spaces

between the cells.

Physiochemical properties of API molecule specifically the lyphophilicity and
hydrophilicity influence the transportation way for each molecule. The molecules
transported via transcellular route have the ability to diffuse through the membrane
are low molecular weight hydrophobic molecules where the hydrophilic small
molecules are transported paracellularily. (Homayun, 2019).
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Figure 2.2 Mechanisms of API absorption across intestinal epithelium
(Löbenberg, 2013)
Several methods are available for permeability measurement
1.

In situ methods

In situ experiments involve studies on whole animals. It directly give an idea
about absorption in situ, therefore, they are universally employed to learn
drug kinetics regarding absorption and penetration
It includes intestinal perfusion, intestinal vascular and intestinal loops
2.

In vitro methods
In vitro methods compromise dialysis bag, Using chamber and cell
culture model
In vitro methods characterized by being simple, easy to perform and

simple to control conditions of the experimental. on the other hand, In vitro
methods facing some problems in estimating actual absorption of particle in
nanosize in vivo.
Models based on cell culture are for studying the drug absorption at the
cellular and molecular levels. One of the well-known models used is Caco2cell model and used for intestinal epidermal cellular drug transport and
metabolism where Caco-2 cell line is derived from human colon
adenocarcinoma and provides a good model for simulation purposes and
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distinguishing different absorption pathways in the intestinal cavity and to
determine the drug absorptions’ mechanisms and kinetics. One of the
drawbacks of using Caco-2 cell is that it’s a model of only epithelial cells in
the intestinal epithelium while many other cell types like mucosal cells and M
cells are present in the intestine but not in Caco-2 cell. And, also the lack of
the mucous layer found in the intestinal wall. (Liu W. P., 2016)
Co-cultures of Caco-2 cells and mucus-producing goblet cells can
provide a drug absorption model that incorporates the drug absorption to the
mucus barrier. Incorporating goblet cells yield a mucus gel that covers the
whole cell surface Therefore, co-cultures of Caco-2 cells with goblet cell
lines such as HT29-MTX cell line have been proposed as an alternative of
using Caco-2 cell monolayer alone. (Béduneau, 2014)
3. In vivo methods
In vivo evaluation always be required to confirm the true performance of
an oral drug delivery system however the in vitro models were sophisticated.
The most significant information is the drug release kinetics information
either in blood or in urine. (Liu W. P., 2016)
2.1.2.3 Dissolution
It is described as process where solid particles transformed into solubilized
particle and to a solution, in other words it’s the mass transfer to liquid phase as
solubilized from solid state (Viswanathan, 2017). Solid oral dosage form’s
dissolution is the process where drug particles are likely to dissolve in
gastrointestinal fluids. While dissolution rate is the quantity of drug going in the
solution in defined time unit in specific circumstances like temperature and solvent
composition. Figure 2.3 represents the dissolution process either in vitro media or in
gastrointestinal tract fluids.
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Figure 2.3 Dissolution processes of solid oral dosage forms either in GIT fluids or in
vitro media (Kapoor, 2020)
2.1.2.3.1 In vitro dissolution testing
This test is used for determining the amount of API released into dissolution
medium from a solid dosage form under managed circumstances of temperature and
agitation speed using precise dissolution medium volume within a pre-verified
duration of time. In vitro dissolution test is one of the important quality control (QC)
tests which have a big role in different steps in drug formulation such as selecting a
candidate for formulation, identifying critical manufacturing process parameters, and
simulating the effect of food on bioavailability by using SGF or SIF as a dissolution
media. also this test plays a major role in the “in vivo” prediction and evaluation of
in vivo performance of the dosage form into the body and it specifically gives
important idea on how active pharmaceutical ingredient (API) will be release into the
GIT fluids from the orally intended dosage form for oral dosage forms so it finds the
way for successful IVIVCs of a final drug dosage form. It also supports waivers for
bioequivalence requirement and in addition, moreover this test is used as a
requirement in case of changes in formulations components or formulating process as
illustrated in SUPAC guidance. (Kapoor, 2020)
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2.1.3 Physicochemical properties of lipophilic drugs
Upon oral administration of lipophilic drugs, only a portion of the dose is
presented in systemic circulation, this is due to physiochemical properties of
lipohpilic drugs. “Lipophilic drugs” term in general describes a diverse set of
molecules that exhibits poor/low solubility in water and, these molecules are
frequently soluble in a range of organic solvents according to the solubility
categorization by United State Pharmacopeia illustrated in section 2.3.1. The
descriptive terms: practically insoluble, very slightly soluble and slightly soluble are
utilized to classify lipophilic API (Commission BP, 2001).
Lipophilic drugs are also characterized by their partition coefficient value, P,
which is the ratio of the concentrations of a compound in a mixture of two
immiscible phases of water and 1-octanol at equilibrium (Sangster, 1997). The
partition coefficient is expressed as logP, normally.If logP is more than 3 it is
considered as lipophilic compound (Mannhold, 2009).
The PWSD candidates exist in two forms of molecule arrangement, “grease
ball” and “brick dust”. “Grease ball” molecules are molecules which are characterize
by low melting point and high logP value by reason of no interactions with water.
“Brick dust” molecules have melting point of 200 and more, low to moderate logP
value. Their poor water-solubility is a reason of tough intermolecular-bonding and
elevated crystal lattice energy in solid-state which is a mark of high melting point
(Ditzinger, 2019).
2.1.4 Challenges facing oral drug delivery
In spite of countless benefits of oral delivery route, the development of orally
administered dosage forms stills a big challenge due to the physicochemical
characteristics

of

lipophilic

API

candidates,

physiological

barriers

and

pharmacological barriers that face the dug molecule in GIT.
These challenges which counter orally drug molecules result in low
bioavailability and subsequently can cause an ineffective concentration of API
molecule in the blood.
Bioavailability is termed as “the rate and extent to which the active ingredient or
active moiety is absorbed from a drug product and becomes available at the site of
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action.” It illustrates the process of API release from dosage form until reaching the
site of action
Lipinski et al. have set up the “role of 5” for identifying the possible poorly
bioavailable orally API candidates by identifying the incomplete absorption or
permeation properties. The following properties of drugs which are in the discovery
stage anticipated in poor bioavailability:
1. High molecular weight of more than 500 D
2. High lipophilicity; calculated Log P > 5 or MLogP1 > 4.15
3. 5 H-bond donors and more (like NH or OH functional groups)
4. 10 H-bond acceptors and more (like functional groups contain N or O atoms)).
“Role of 5” is applicable only for drug candidates that are not classified as
substrates for active transporters and/or efflux mechanisms (Lipinski, 1997).
Incomplete bioavailability is the biggest challenge which faces the procedure for
formulating oral dosage forms; Figure 2.4 shows the absorption steps for an oral
dosage form and possibilities of incomplete absorption that lead to incomplete
bioavailability.

Figure 2.4 Source of incomplete bioavailability in drug absorbance steps
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2.1.4.1 Challenges associated with physicochemical properties of drugs
2.1.4.1.1 Solubility
Solubility of the API is considered as one of the essential parameters for
accomplishing the goal of therapeutic concentration of API in systemic circulation
after absorption from GIT for reaching therapeutic plasma concentrations that leads
to achieve the required pharmacological response. For absorption, the drug be
required to be existing in solubilized form of in aqueous solution at absorption site,
regarding poorly water soluble drugs; high doses are required in order to achieve
MEC in systemic circulation. (Savjani, 2012)
The limiting step for absorption rate for API of BCS class II is the release of
API from the dosage form and solubilization in the GIT fluid not the permeability,
accordingly, the poor solubility and low dissolution rate of class II in the aqueous
GIT fluids often leads to inadequate bioavailability. (Sharma, 2009)
Enhancing solubility and subsequently dissolution rate of this drug in GIT
fluids is the main key for bioavailability enhancement of class II.
2.1.4.1.2 Permeability
Low permeability is a character of Class III and Class IV of BCS where
the oral bioavailability is influenced barely by the solubility of the API in
gastrointestinal lumen but as well with percentage of drug that can permit the
gastrointestinal mucosa and reach circulation system. For drug to be highly
permeable; more than 90% of an administered dose stand on either a massbalance determination or in association to an intravenous dose (Amidon,
1995). Percentage reached the systemic circulation depending on the
physiochemical characteristics of the drug molecule regarding lipophilicity
and hydrophilicity of API molecule.
Many techniques are inverted to increase the permeability hence increase
the bioavailability like :Cyclodextrin inclusion complex, Spray freeze dying,
Chitosan derivatives and “SEDDS”. (MS, 2012)
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2.1.4.1.3 Drug stability
For drug to have optimum bioavailability it should be chemically stable and
resist the pH changes and enzymatic degradation in the gastrointestinal tract
(Kumari, 2019)
Tests for measuring drug stability must include the sensitivity of drug in
dissolved form to alkalis, oxidation, acids, photo and thermal-degradation which
are very beneficial properties while designing drug delivery system.
2.1.4.2 Challenges resulted from physiological and pharmacological barriers
Many chemical and enzymatic barriers are present in GIT which have an
effect on drugs delivery. Through the drug journey to reach final absorption
site in the intestine, GI tract’s pH changes from pH around 1.0 in stomach to
the pH around 7.0 in the small intestine. In this case, drug candidates have to
pass the different pH variation without any degradation.
In addition, the GIT transit time is an important feature that extensively
influences bioavailability of many drugs. a lot of hacks were done to improve
the absorption window by increasing the time that formulations spend in the
gastrointestinal tract, like mucoadhesive dosage that can amplify the local
drug concentrations available for oral absorption and advance the efficiency
for extending drug effect. (Bravo-Osuna, 2007)
Also, a variety of enzymes such as lipases and proteases which are
functioning in food digestion could have harm effect on drug molecules.

2.1.4.2.1 Intestinal efflux transporters
The carrier-mediated transports employ membrane-associated transporters
which aid in the transfer of solutes. Subfamily ATP-binding cassette (ABC)
transporters include drug resistance-associated proteins (MRPs which contain 9
members) and P -glycoprotein (P-gp, MDR1, and ABCB1), “ABC” transporters’
role suppresses the accumulation of their substrates intracellularlly by
facilitating efflux out of cells and preventing the influx. (Murakami, 2008)
P-glycoprotein is one of counter transport efflux proteins that is widely
distributed and expressed in intestinal epithelia particularly on brush-border
membrane of the distal intestine, drug-eliminating organs, and capillary
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endothelial cells like blood-brain and pumps specific drugs back into the lumen
of the gastrointestinal tract after absorption process.
Drugs under the umbrella of class I BCS which are substrates of P-gp can
run off P-gp-mediated efflux where these compounds are highly soluble and can
be absorbed rapidly prior to reach distal intestine while class II and IV P-gp
substrates would be transferred into the distal intestine because of the low
solubility in the proximal intestine as a result the distal intestinal absorption of
class II and IV which are P-gp substrates is believed to be restricted by P-gp. In
case of class II P-gp drug substrates water solubility can be improved and
proximalintestine absorption would be increased hence the intestinal oral
bioavailability would increase as a result of escaping the P-gpeffect(Varma,
2006)
The anticancer drugs like Vinblastine, Paclitaxel, Docetaxel, Etoposide, and
Doxorubicin are substrates for P-gp which can clarify the low bioavailability of
these drugs. (Murakami, 2008).

2.1.4.2.2 Drug metabolism
Until recent years drug metabolism processes were associated mainly with
the activity of metabolic isoenzymes in the liver. Lately, a new hypothesis was
raised by many research groups that for many drugs, poor oral bioavailability
could be a reason of the action of intestinal enzymes.
Drug metabolism is known as first pass effect where biochemical
transformation of pharmaceutical substances or xenobiotics through specialized
enzymatic systems either in the gastrointestinal mucosa or in the liver.
(Robertson, 2017). The difference between intestinal and hepatic is that the
intestinal metabolism happens directly during absorption process in the Intestinal
membrane and before reaching systemic circulation while the hepatic
metabolism happens in a different way where the drug is absorbed by the small
intestine into the “hepatic portal vein” to the liver where the process of
biotransformationof fraction of absorbed dose begins by metabolism
enzymes.(Robertson, 2017)
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The systemic availability of API is largely diminished after being
metabolized which affects the percentage of the API reaching site of action; the
rate of metabolism determines the drug's pharmacological action intensity and
duration.
Cytochrome P450 enzymes are the enzymes responsible for metabolizing a
lot of medicines and endogenous molecules. The “CYP3A” family is the most
plentiful subfamily of the CYP isoforms in the liver and intestine which has four
isoforms: 3A7, 3A5, 3A4, and 3A43. CYP 3A4 is mainly the significant drugmetabolizing enzyme and extremely expressed in liver and small intestine.
(Thummel, 1997)
Extensive intestinal metabolism was reported for many drug molecules
which share the property that they are absorbed transcellularily like nisoldipine,
tacrolimus and cyclosporine. Remarkably, a great number of Class 2 compounds
are substrates for CYP3A. (Custodio, 2008)

2.1.5 Technologies to improve the solubility of PWSD
Increasing solubility of PWSD especially talking about class II BCS which had
very good permeability will increase the bioavailability in a direct effect. Many
technologies and approaches were used which can be divided as the followings:
2.1.5.1 Crystal modification
2.1.5.1.2 Metastable polymorphs
When the solids are in crystalline state, Polymorphism is important phenomena
characterized as structures which have similar chemical composition, but dissimilar
lattice structures and/or molecular conformations, polymorphs have unlike
physicochemical characteristics, such as stability, density, m.p and solubility.
The majority of API can crystallize into numerous polymorphs. Every
polymorph possesses dissimilar energy; in general, metastable polymorphic
solubility is kinetically elevated than a thermodynamically more stable polymorph,
where the variation of the solubility was accounted to be on average less than 2.0fold.
This method is regarded as a very efficient method to increase API solubility
hence the dissolution rate of a drug but one of the disadvantages is that the
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metastable forms in time convert to the thermodynamically stable form. To maintain
bioavailability after oral administration, polymorphic’s transformation should be
controlled throughout both the manufacture and final dosage form storage.
(Kawabata, 2011)
2.1.5.1.2 Salt formation
In pharmaceutically industry field, an approach of salt formation is widely used
as a tool for developing solubility and dissolution rate of an ionizable drug. Salts
fomtaionare developed via proton transfer.
“salt-containing” counter ion modifies pH of dissolving surface of the salt
particule in the diffusion layer, resultant in superior dissolving rate of the salts
comparable to the corresponding free forms, and the change in pH has a considerable
effect on the aqueous solubility of the ionizable drug. (Serajuddin A. 2., 2007)
Celecoxib, which is categorized as poorly “water-soluble” weak acid drug, once
combined with Na and using of “precipitation inhibitor” an improvement of
dissolution and bioavailability was noticed. (Guzmán, 2007).
2.1.5.1.3 Cocrystal formation
A lot of concentration was paid to co-crystal formation in recent years for
increasing the rate of dissolution of PWSD. Cocrystal is generally termed as
materials which are crystalline and involve minimum two separate components.
“Pharmaceutical cocrystal” is usually involves stoichiometric ratio of an API and a
“cocrystal former” which is non-toxic. usually, the API and “cocrystal former” need
hydrogen bond for a stable complex. (Schultheiss, 2009)
The cocrystal approach may be an alternative good choice instead of other
techniques for advancing rate of dissolution of PWSD, in particular for API
candidates who are physiologically not ionised.
2.1.5.2 Particle size reduction
This concept is broadly employed to enlarge and enhance dissolution rate. As the
SA of particles increase in a consequence of particle size reduction, rate of
dissolution of a substance proportionally increases.
In line with the “Prandtl boundary layer” equation, by minimizing particle size,
particularly down to <5 µm, a decline in diffusion layer’s thickness will result, which
consequently speeding up dissolution (Mosharraf, 1995)
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2.1.5.2.1 Micronization
“Dry milling” is normally obtained by using different techniques mainly ball
milling and high pressure homogenizatin for acquire drug particles that micronized.
In case of solid powders, the minimum particle size that can be attained by is around
2µm.
Milling processes doesn't constantly increase drug's dissolution rate greatly, also
it could increase drug particle agglomeration which may decrease “effective SA” for
dissolution. In these situations, raising the “effective SA” by using wetting agents
will play beneficial.
Micornization by these techniques results in evading conventional micronization
shortcomings like poor flowability, agglomeration, insignificant or no dissolution
improvement, and small bulk density
2.1.5.2.2 Jet milling
“Fluid jet mill” employs energy of air of high pressure to obtain ultra fine crush
of powders. Jet milling has many profits of being a dry operation, micron particle
size reduction with narrow PDI, lack of impurities and is ideal for heat-sensitive
drugs (Midoux, 1999)
Example of a “class II BCS” is ibuprofen which was processed to coincident
micronization by “fluid energy milling”, resulting in micronized ibuprofen powders
of particle size around 5 μm and enhancement of dissolution rate. (Han, 2011)
2.1.5.2.3 Ball milling
A pharmaceutical “ball mill” is typically crushing device of cylinder shape
which is utilized by rotation about an axis to grind pharmaceutical powders. The tool
is partially loaded with ground material plus medium normally ceramic balls, or
stainless steel-balls (Khadka, 2014)
2.1.5.2.4 High pressure homogenization(HPH)
This method is known as top to down technology which is broadly used
technique for developing nanosuspensions for PWSD. Using HPH was stated as a
method

for

advancing

dissolution

rate

and

bioavailability

of

PWSD

like budesonide by reducing size to nano-size (Savjani K. T., 2012.)
Also HPH was reported to overcome the weakness of conventional size reducing
methods like; polymorph transformation and amorphization which are associated
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with high mechanical energy. Accordingly, high pressure homogenization is valuable
for milling of drug particles. In HPH, API particles are firstly distributed in an
appropriate fluid, then pressurized by a nanosized aperture valve of a HPH, which is
basically a bottleneck where the suspension travels at high speed, then instantly
practice a sudden (Khadka, 2014).
2.2 Lipid Based Formulations (LBFs)
Recently, LBFs has gained more attention in “pharmaceutical research” area for
enhance gastrointestinal absorption of PWSD.
“LBFs” consist of a homogenous mixture of PWSD dissolved in a mix of
different excipients that characterize of an extensive diversity of physicochemical
features mainly known as oil, surfactants and cosolvents/cosurfactant where different
mixtures resulted with different resulted properties in (Pouton, 2000).
Drug formulation in a “LBFs” would be in many final dosage forms including: a
simple solution, suspension, emulsion, nanoemulsion, SEDDS or dry emulsion.
Effectiveness of a “LBF” is centered on the selection of appropriate excipients and a
proper design of the delivery system.
Concerning the predicting of which classes of drugs is fitting and appropriate for
“LBFs”; grease ball molecules are considered advantageous for LBFs that could be
rationalized to their lipophilic naature and quite their crystal lattice energy which is
weak, but it’s not the case for “brick dust” type drugs which they have strong solidstate forces that is the most limiting to absorption (Williams, 2019).
2.2.1 Absorption enhancement mechanisms
Enhanced absorption of lipophilic API released from “LBFs” can be attributed to
several different factors:
1. Lipid presence in the GI tract encourages and increase biliary secretions,
including phospholipids, cholesterol and bile salts that can form emulsions
along with gastric movement subsequently enhance PWSD solubilization,
also surfactants inclusion into these delivery systems may contribute to
lipophilic drug solubilization.it was evidenced lately that gallbladder
secretions can be triggered by small lipid amount. (TSO, 1985)
2. The exogenous lipid part of “LBFs” is subject to enzymatic digestion. Esters
are rapidly hydrolyzed in the presence of pancreatic lipase, and after contact
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with bile salts and phospholipids, the lipolytic products form various micellar
species that prevent precipitation of the incorporated poorly water soluble
drug. (Dahan, 2008)
3. Delay and extension of gastric residence time: ingestion of Lipids cause
postpone in gastric emptying, in other words gastric transit time is increased.
As a result, the residence time of the incorporated poorly water soluble drug
in the small intestine increases. Thereby improves absorption.
4. Stimulation of “lymphatic transport pathway”: Bioavailability of lipophilic
drugs could be enhanced also by the stimulation of the intestinal lymphatic
transport pathway
Intestinal lymphatic transport is the way for highly lipophilic compounds to
reach the systemic blood circulation and known as an intra-enterocyte process
where intracellular association of the drug with the lipidic core of the
chylomicron is developed, chylomicron is a lipoprotein that is synthesized
insitu inside the enterocyte cells. Following this association, the chylomicron
travels with the lipophilic molecule along the lymphatics until it drains into
the systemic blood circulation as represented in Figure 2.5. (Porter, 2001)

Figure
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Drug that absorbed by intestinal lymphatic transport will avoid the first-pass
metabolism indeed increase bioavailability.
5. Intestinal permeability enhancement: Different lipids were evidenced that it
has effect in altering the physical barrier structure of gastrointestinal wall.
This mechanism is not beneficial for enhancement of oral absorption of
“Class II BCS” drugs which are highly permeable but have an effect for
“class IV BCS” drugs (Dahan, 2008)
6. Reduce efflux activity and metabolism: specific lipid excipients like
CremophorEL and Polysorbate80 were issued of reducing the efflux
transporters activity in GI wall so increasing the percentage of drug reached
systemic circulation (Nerurkar, 1996) and it could have effect on CYP3A4
enzyme activity as a reason of the interaction between “P-gp” and “CYP3A4”
enzyme.
2.2.2 Lipid formulation classification system
Due to the big diversity in the excipients used, their physiochemical properties
and the need for predicting the most proper formulation type for specific API in
accordance with their physiochemical features, Pouton introduced LFCS in 2000
basing on:
1. type of lipid excipients
2. quantity of lipid excipients
3. morphology of lipid aggregates formulated while dilution in aqueous
medium during dilution (Pouton, 2000)
And further updated in 2006 by dividing “type III LFCS” into “IIIA LFCS”
and “IIIB LFCS”, basis on ratio of lipophilic and hydrophilic constituents and type of
dispersion formulated once diluted.(Pouton, 2006).
“LFCS “consists of four classes, as illustrated in table 2.3
Type I characterized as non dispensing and contain only oil as the excipient
which is classified as Generally Regarded as Safe (GRAS) according to FDA. low
capacity for API loading is the main drawback of type I. API that is fitting for
merging into “Type I LFCS” and forming stable formulation should be highly
lipophilic, and has more than 4 value for logP, and API should have an adequate
solubility in specified lipid components.
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Table 2.3 Characteristics of lipid formulation classification system

“Type II LFCS” self-dispersing carriers which is known as “SEDDS” are
comprise of mixture of active substance, lipids, and surfactants which under mild
agitation and also upon dilution in GIT will form fine O/W emulsion spontaneously.
Presence of a surfactant which have HLB of less than 11 that known to be
“lipophilic”, dramatically increases solubility rate of PWSD which they have logP
value of 2-4. “SEDDS” of this type are opalescent, and have droplet size in range of
100-250 nm.
“Type III LFCS” self-dispersing carriers which is known as SMEDDS or
SNEDDS are characterized by inclusion of hydrophilic surfactants which have
HLB>12 and cosolvents in addition of oil.
Adding hydrophilic excipients other than oil into “LBF” have a positive effect
on API dissolution and formulation dispersibility upon aqueous medium dilution
either in GIT or in vitro. Throughout dilution, API dissolves in oil component where
as the surfactant forms a film between active substances dissolved in oil component.
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resulting in forming a film between oil and water phase where this film has large SA,
the rate of dissolution of PWSD is increased, in that way supporting the active
substance and oily component to stay dissolved, the disadvantage of this system is
the loss of solvent capacity due to that hydrophilic components have the tendency to
disunite from the oil component throughout dispersion, and dissolved in the aqueous
phase as a result precipitation could happen.
Alot of ‘LBFs” marketed products belongs to “Type III LFCS”, this class is
widely used as an effect of broad diversity in the fractions of hydrophobic and
hydrophilic excipients.
“Type IV LFCS” is made of mixture of active substance dissolved or solubilized
in surfactants and cosolvents or just surfactants. The interesting in this type doesn’t
contain any lipid component and it’s the most hydrophilic type of LFCS. Micellar
solution is formed during dissolution with water that permits rapid release of API and
sequentially a higher absorption. The disadvantages including probability of API
precipitation while travelling in GIT, poor GIT tolerance, and possible irritation of
GIT mucosa by reason of high conc. of surfactants.
2.2.3 Formulations approach of lipid based drug delivery system(LBDDS)
Various “LBDDS” were developed and investigated; “LBFs” possibly will be
developed in various ways to accomplish the objectives of the favoured formulation.
The development process should start from the selection of the most suitable lipid
excipients taking into account their stability, fatty acid content, compatibility, HLB
value and digestibility (Kalepu, 2013).
Lipid based formulations can be classified to different types:
2.2.3.1 Lipid solutions
The best way to increase the bioavailability is to dissolve a poorly soluble
product in lipids. Due to the broad variability in physicochemical properties and the
digestibility of lipids which may affect the solubilization of the product, careful
selection of the correct lipid excipient is essential for this formulation (Mu, 2013).
Additionally, oral administration of both seocalcitol lipid solutions in rats
outcome in increase in the drug's bioavailability of 2 folds, in comparasopn to just 10
percent bioavailability obtained from a reference propylene glycol solution. This
enhancement in solubility was for the reason that ability of lipid formulations to hold
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the drug solubilized in the GIT until full absorption. No major variations between the
medium and long chain triglycerides were observed. (Grove, 2005)
2.2.3.2 Lipid suspensions
Lipid-based suspensions can be helpful when lipid solubility is very low. A
research showed that the oral bioavailability of danazol from various lipid-based
suspensions did not differ from that achieved when a lipid solution was given orally
in rats.(Larsen, 2008). on the other hand, suspension physical stability and the critical
need for sedimentation control can limit the formulation of lipid suspensions
2.2.3.3 Liposomes
“LPs” are vesicles which are enclosed and made up of phospholipid as two
bilayers which surround a central aqueous cavity. liposomes have the capability to
incorporate both lipophilic and hydrophilic drugs due to their biphasic property
(Krishnaiah, 2010).
Such liposomal formulations based on lipids were evidenced as a method for
oral absorption enhancement of various types of API such as insulin (Hu, 2013).
Improved oral absorption by liposomal formulations was due to the potential
increase in drug solubility, protection against digestive degradation and enhanced
intestinal permeation; liposomal phospholipids can also combine with bile salts in the
gastrointestinal tract to produce mixed micelles which increase oral PWSD
absorption (Hu, 2013)
Various liposomal modifications were investigated to evaluate stability of
liposomes such as interaction of bile salts with phospholipid and polymer coating of
the vesicles, Accurate prediction of the stability of liposomes in human GIT from in
vitro stability assays depends, in addition to the type of animal model selected for the
assays, on the degree of simulation of the physiological conditions(Parmentier, 2012)
2.2.3.4 Solid lipid nanoparticles (SLNs)
“SLNs” are nano-sized colloidal carriers consisted of melted solid lipids like
triglycerides highly purified, monoglycerides, and complex glyceride mixtures in
suitable ratios and they are highly stable matrix systems that utilize non-toxic solid
lipids for drug delivery. “SLNs” can be produced by different technologies such as
HPH and microemulsion techniques, HPH methods may produce particle size of an
average of 500 nm. (Mehnert, 2012)
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Enhanced oral bioavailability of several drugs such as cyclosporine has been
reported when these drugs were loaded into solid lipid nanoparticles. Improved oral
absorption from SLN was attributed to API solubilization into micelles that form
upon degradation for lipids in the gut wall (Müller, 2008)
While solid lipid nanoparticles are safe and tolerable, they have a relatively low
capacity for drug loading and possible displacement of the embedded drug from the
shaped SLN during storage may occur. Expulsion of the drug from the SLN may be
due to the potential crystallization of the lipids during storage and subsequent
production of a more tightly populated crystalline structure with a low drug content
affinity(Müller, 2008)
2.2.3.5 Lipid nanocapsules (LNCs)
“LNCs” present a new oral nano-technology. “LNCs” are an additional type of
LBFs, consisting of core that consist of either semi-liquid or liquid oil and also a
external core shell that made of solid lipid layer , “LNCs” represent a promising
biocompatible drug delivery system, which provides ananometer range with narrow
size distribution and provides unique properties such as high bioavailability and
controlled release profiles. (Battaglia L, 2012)
Lately, many lipophilic drugs were introduced as “LNCs” dosage form for
example, “LNCs” loaded with ibuprofen as pain killer and various hydrophobic
anticancer agents (Thakkar, 2015). As a result, “LNCs” is an excellent method for
oral delivery fir highly lipophillic API.
2.2.3.6 Self-emulsifying drug delivery systems (SEDDSs)
Defined as a type of “LBFs”, the next sections will discuss SEDDS and
SNEDDS in details
2.2.4 Lipid based formulations in the market
LBFs have proven enhancing the bioavailability for a variety of PWSD. Even
though, conforming to a study carried out in Japan, UK and USA, commercial
“LBFs” drug products account for just 4 per cent of pharmaceutical market. (Hauss,
2007) According to Savla R. et. al, the number of oral lipid based formulations
approved by the FDA is 36 formulations for different drugs molecules (Savla, 2017)
The reason of few drug products which are “LBFs” in market, regardless of the
potentially great benefits as oral systems, owing to a number of aspects:
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1. Manufacturing processes for LBFs can utilize costly and complex instruments
2. Not all active ingredients are suitable for LBF formulation because of
stability issues or low solubility in the formulation excipients (Gupta, 2013)
3. “LBFs” can cause API precipitation when the formulation diluted in GI
fluids, thereby failing in the purpose of retaining the API solubilized in
solution (Mohsin, 2009)
4. No full understanding of the ability to expect “LBFs” function upon entering
in GI tract. (Gupta, 2013)
5. Effect of lipids on the total absorption of drugs is still not full predictable
attributable to many simultaneous complex processes effects by lipids orally.
Commercial products in pharmaceutical market are represented in table 2.4, and first
lipid based formulation on the market will be discussed in section 5.1
Table 2.4 The commercial products present in pharmaceutical market which were
manufactured
as
SEDDS
formulation
(Rajesh,
2010)
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2.2.5 Selection of Suitable LBFs
Goal of utilizing any drug into “LBFs” is to increase the absorption of API from
GI mucosa which directly improves the bioavailability but of course there are criteria
on choosing the suitable type of lipid formulation for specific drug to achieve this
goal:
1. Physicochemical considerations
The choice of the most appropriate lipid-based formulation for specific drugs
is primarily determined by their physicochemical properties. The followings are
the conditions which were set by Pouton and Porter of how to choose the right
formulation according to physiochemical properties and keeping in mind the
stability as physical and chemical concepts of API in the formulation components
must be essentially considered before selection of a suitable excipients:
•

PWSD that characterized by poor solubility in glycerides, bile salts
mixed micelles and lecithin are not suitable of being formulated in
“Type I LFCs”, “Type II LFCs”, or “Type IIIA LFCs”,

•

Drugs with log P value approximately 2; limited solubility in both
lipid and water are not likely to have improved absorption by
formulating into lipid formulations

•

If the value of log P is higher than 5, the bioavailability may be
greater from lipid formulations due to incorporation into mixed
micelles and enhancement of their dissolution in the gut lumen for
more efficient absorption

2. Dose of the drug
The optimum formulation should be able to solubilize unit dose of the
preparation and maintain in a solubilized state until GI absorption and also
keeping the solvent capacity. Solvent capacity could happen by different
ways:
•

Inclusion of surfactants and co-solvents into lipid formulations should be
assessed carefully to prevent drug precipitation on dilution. The loss of
the solvent potential of lipid formulations after dilution has been reported
to be more prevalent if a co-solvent is incorporated rather than those
containing non-ionic surfactant
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•

Solvent capacity for Type III and Type IV formulations could be vanished
upon dilution as a reason of having surfactant which are water-soluble
and partitioning into continuous part. for that reason, for predicting the
precipitation that could happen in the intestinal lumen these types of
formulations must be tested first for in vitro dispersion (O'Dwyer, 2019)

3. susceptibility of lipid formulations to degradation in intestine
Lipid components undergo digestion in GIT by lipolysis and
consequently, their digestion products may interact with biliary secretion
like bile salts present in the intestinal lumen to form micellar structures to
solubilize drugs. This activity was reported to result in loss of solvent
ability and subsequent reduction of the API solubility in GIT, which
would result in precipitation of the active substance and reduction of the
absorption rate. For inhibition and minimizing this, incorporating of
surfactants in Types “Type II LFCs”, “Type III LFCs”, or “Type IV
LFCs”,may stabilize oil component and inhibit the digestion of the oil
within these formulations(Pouton, 2006)
2.2.6 Self-Emulsifying Drug Delivery Systems(SEDDS)
The following sections of this thesis will shine the spotlight on “SEDDS” as part
of the proposed thesis.
2.2.6.1 Definition and general properties
“SEDDS” are emulsion or emulsion pre-concentrates in anhydrous forms,
compose of mixtures of oils with hydrophilic or lipophilic surfactant, co-solvents,
and the solubilized lipophilic drug substance (Kohli, 2010). SEDDS classified under
the “Type II LFCs” and “Type III LFCs”, and can form fine O/W emulsion very fast;
microemulsions or nanoemulsions once dispersed in the gastrointestinal fluids under
mild disturbance mvemnts in digestive motility in GI system either produced by the
stomach or the intestines.
Advantages of SEDDS over other LBDDS: (Khedekar, 2013)
1. SEDDS have the potential to rapidly self-emulsify when a fine O/W
emulsion is produced once contacted with GIF, by the effect of gentle
churning induced by peristaltic and other gastrointestinal movements.
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2. Drugs formulated by using SEDDS approach selectively target site by
heading towards specific GIT absorption sites.
3. SEDDS result in increased solubility by making lipophilic drugs more
soluble in aqueous media.
4. Drugs formulated in SEDDS are protected from the intestinal hostile
environment. Sensitive drugs may be formulated into SEDDS
formulation for protection reasons
5. Food has the effect of increasing variation on drug action. SEDDS has
the ability to reduce the variability of the drug action
6. Hydrophobic or Hydrophilic drugs can be effectively integrated into
an oil-surfactant mixture.
7. SEDDS yield interfacial SA for partitioning API between water and
oil which is big compared with oily formulations.
8. SEDDS can be formulated in liquid dosage forms and also in solid
dosage forms.
9. Drugs developed as SEDDS are administered in lower dosages
relative to “conventional dosage forms”
10. The oil droplets of SEDDS are very fine and quickly facilitate the
wide distribution of API all over the stomach and support the broad
distribution of the drug incorporated into SEDDS formulation
throughout the GI tract, reducing the irritation often experienced
during the prolonged contact between API and intestine wall.
11. For manufacturing either in small or large scale, SEDDS have many
advantages that make it special when compared with other DDS such
as liposomes, nanoparticles, and others, like easiness of manufacture
because they need easy manufacturing equiments such as simple
agitator mixer.
General limitations and disadvantages of SEDDS: (Shukla, 2010)
(Kumar, 2012)
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1. One of important barriers for formulation of “LBFs” and
particularly SEDDS is the lack in vitro models for adequate
predicative for formulation’s estimation.
2. Dissolution studies in traditional methods will not work
beneficially, since “SEDDS” can rely on digestion before
releasing the drug.
3. Supplementary research based on IVIVC is needed and therefore
in an appropriate animal model so diverse prototype “LBFs”
should be building up and checked for in vivo.
4. One of the limitations of SEDDS includes chemical instability and
degradation of drugs as a result of high amounts of surfactants and
cosurfactants.
5. High concentrations of surfactants in formulations (30-60 %) that
could irritate the GIT. Using the minimum amount of surfactants
while formulating stable “SNEDDS” would solve the problem.
6. For traditional self-emulsifying formulations, volatile co-solvents
are reported to migrate to capsule shell, so precipitation of
lipophilic drug out from formulation would happen.
7. Because of using hydrophilic solvent and dilution effect in the
fluids, the precipitation tendency of the drug may be higher.
8. SEDDSs formulations which contain several components are
becoming more challenging to validate.
9. For controlled release dosage forms, SEDDSs formulations are not
satisfactory.
10. Expensive production cost

2.2.6.2 Self emulsification mechanism
Reiss has stated that “self-emulsification” occurs when entropy toward
dispersion is superior on energy required to raise the dispersion SA. (Reiss, 1975)
Free energy”G” needed for formation of normal emulsion is directly related to
interfacial energy needed to build a new interface among oil and water phases. Free
energy “G” represented by following mathematical equation:
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∆𝐺 = ∑Nπr2σ
Where
G: free energy related to “emulsification process”
N : number of droplets with radius and ‘σ’ as the interfacial energy.
r: is radius of resulted droplets
σ: interfacial energy of resulted droplets
It is noticeable that spontaneous creation of interface between oil/water phases is
not privileged regarding energy value and normally an emulsion is an unstable
system since the two phases be inclined for splitting to minimize the system’s high
free energy at the interface, normally the conventional emulsifying agents provide
stability for the emulsions droplets by settling a monolayer on the surface so
interfacial energy is reduced and a barrier would be developed for preventing
coalescence.
Interestingly, “G” needed for emulsion formation resulted from self-emulsifying
formulations is small and emulsification process occurs spontaneously.
It was suggested that the ease of emulsification is linked to how water penetrate
easily into the different phases of LC or gel shaped on droplet surface (Rang, 1999)
Upon water addition to binary mixture (oil/non-ionic surfactant), the interface
between two phases will form then as the first step water penetration throughout the
interface then solubilization of water within the oil phase to reach the limit of
solubilization. Then water dispersion could result in construction of dispersed liquid
crystal phase. In the end, LC will be formed. As a consequence, as gentle agitation of
“SEDDS” water quickly penetrate the core and cause interruption and formation of
droplet. As a result of creation of LC interface around droplets, SEDDS would be
very stable and no very less chances for coalescence (Wakerly, 1987) (Gursoy,
2004).
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2.2.7 SEDDS, SMEDDS and SNEDDS terms
Upon taking a look to the literature data base, uncountable SEDDS, SMEDDS
and SNEDDS formulation were formulated, some researches were clearly defined as
either “SMEDDS” or “SNEDDS”, though some studies used both “SEDDS” and
“SMEDDS” as a wide-ranging term.
SNEDDS and SMEDDS are modified types of SEDDS formulation that they are
self emulsified to dispersion of less than 100 nm in case of SNEDDS and 100 to 250
nm in case of SMEDDS (Chatterjee, 2016).
The following points illustrate how the researches differentiate between SEDDS,
SMEDDS and SNEDDS:
•

The composition of “SMEDDS” and “SNEDDS” include co-solvent(s) that
is not present in SEDDS.

•

Droplet size of emulsion resulted from dilution of SMEDDS is lower than
that resulting from dilution of SEDDS which is the reason for transparent or
translucent emulsion (Oh, 2011)

•

SMEDDS and SNEDDS classified as type “IIIA LFCS” or “IIIB LFCS”, that
contain extra amount of hydrophilic excipients while “SEDDS” could
classify under type II or IIIA so it maybe it will not have any hydrophilic
components. (Čerpnjak, 2013)

•

Dispersion systems developed from SEDDS and SMEDDS formulations are
thermodynamically stable while dispersion resulted from SNEDDS is
kinetically stable. (Čerpnjak, 2013)

•

Kohliet. al. differentiated SNEDDS and SMEDDS formulation c according
to the droplet size of the resulted emulsion upon dispersion in aqueous
media, SMEDDS form droplet size of minimum 100 nm but oil droplet
resulted from “SNEDDS” is maximum of 100 nm. (Kohli, 2010)

•

Dispersion resulted from SNEDDS is optically clear appearance while from
SMEDDS is optically clear to translucent appearance.

2.2.8 General Components of SNEDDS
SNEDDS comprises three major components other than API; oil or lipids,
hydrophilic surfactants and co-surfactants are represented in Figure 2.6.
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Figure 2.6 Components of SNEDDS (Mohammad Mahmoudian, 2020)
2.2.8.1 Lipid/Oil
Choosing the oil process is always balanced between the oil's strength to
solubilize API and its capacity to promote nanoemulsion along desirable
properties.
2.2.8.1.1 Triglycerides
Vegetable oils Triglycerides of are glyceride esters of mixed LCT.
Triglyceride vegetable oils have many advantages where they are considered as
the most natural lipid vehicles and recognized as “GRAS” status by FDA and
they are normally found in food, and being fully digested and therefore absorbed
easily, which means no concern about safety concerns (Gibson, 2007) Although
their use in SEDDDS formulations is less so because of insufficient capability of
LCT to dissolve big quantities of API. Examples of different oils originated from
vegetable sources are represented in table 2.5 with their fatty acids composition.
Favorable outcome of “SNEDDS” comes from using MCT that have fluctuating
saturation degrees and hydrolysis Good examples is the oil resulted from distillation
of Coconut oil for generating MCT known as glyceryl tricaprylate/caprate commonly
consist of glyceryl esters with mostly saturated C8 and C10 fatty acids.
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MCTs show a good solubilizing capacity even higher than LCT for less
lipophilic drugs with good self-dispersing ability. Also MCT Are not susceptible to
oxidation (Stuchlík, 2001)
2.2.8.1.2 Semi-synthetic and synthetic lipid
Chemical interaction of either medium chain triglycerides or the glycerides
derivative from natural oils, which posses hydrophilic entities has developed large
variety of liquids or semi-solids (thermo softening) excipients that found broad use in
lipid formulations due to its solubilizing, surfactant, and wetting properties.
Excipients of mixed glyceride may be produced by partial hydrolysis of
triglycerides resulted of variety content of mono- , di- and triglycerides. Mixed
glycerides resulted in different properties including the chemical composition,
melting behavior, physical appearance, and HLB values, which are affected by the
original source of triglycerides and the degree of hydrolysis generated during the
production process are affected (Gibson, 2007)
Common

excipients

of

this

type

include:Capmul®

MCM

(glyceryl

monocaprylocaprate), Geleol®, Imwitor® (191glyceryl monostearate), Peceol™
(glyceryl monooleate) and Maisine™ 35-1(glyceryl monolinoleate) (Kalepu, 2013).
Another example of oil pharmaceutical excipients which is used efficiently in
lipid based formulations are , polyoxylglycerides or macrogolglycerides, which are
produced by polyglycolysis of vegetable oils with polyoxyethyleneglycols (PEG) of
molecular weight as a limit, PEG aid vegetable oils for dispersion in water.
Depending on their composition of different glycerides and different esters, the
physical appearance of these excipients may range from liquids of high viscosity to
solids structure at r.t.
Examples of this type of excipients that have unsaturated “LCT” which include
Labrafil®M1944CS

(oleylpolyoxylglycerides)

labrafil®M2125CS

(linoleylpolyoxylglycerides), saturated medium chain fatty acid esters such as
Gelucire®44/14 (lauroylpolyoxylglycerides) or saturated long chain fatty acid esters
such as Gelucire®50/13 (steroylpolyoxylglycerides) ( (Kalepu, 2013)
Mixed monoglycerides and diglycerides that have long-chain fatty acids are
appropriate for formulating liquids when technical difficulties occur with waxy
content. Mixed long-chain glycerides are more beneficial for solubilizing drugs

38

compared to triglycerides, but highly lipophilic drugs are an exception to this rule,
especially in “Type II LFCS” and “Type III LFCS” (Pouton,2000)
Mixed glycerides of medium-chain fatty acids have gained considerable
attention compared to conventional MCTs due to their higher solvent capacity, lower
oxidation susceptibility and additional surfactant properties which improve their
emulsification power However, digestion of medium chain glycerides should be
tested for lipid-based formulations prior to their selection (Porter C. J., 2008)
Oily excipients which considered more polar such as sorbitan fatty acid esters
(Spans) are similar to mixed glycerides in their physical features and their ability to
improve solvent capacity and formulation dispersion.. Examples of polar oils include
the more lipophilic Span 85 (sorbitantrioleate), Span 80 (sorbitanmonooleate) and
free fatty acids such as oleic acid (Strickley, 2007, Gibson, 2007).
Using the oil phase as a mixture may was used to assemble the optimal
characteristics of oily phase. Example when Kassem et al. prepared SNEDDS loaded
formulation wit clotrimazole (CT) and used a mixture of ratio of 7.5:2.5 and 6.7:3.3
of oleic acid and coconut oil respectively. (Kassem, 2010)
Also Basalious et al. prepared SNEDDSs formulation of lacidipinee for
improving dissolution and oral absorption by using oil mixture of ratio of 2:1 w/w
Labrafil/Capmul (Basalious, 2010)
Oils which are semi-synthetically could form systems of good emulsification
properties once used with solubility enhancers known as surfactant that are
acclaimed for oral use.
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Table 2.5 Oils originated as vegetable sources and their fatty acid composition
(Rahman, 2013).

2.2.8.2 Surfactants
Surfactants are essential component in SEDDS and critical for the selfemulsifying properties, choosing of surfactant with the appropriate properties is also
critical for the formulation of SEDDS, They have important outcome on
emulsification process and the droplet size obtained of diluted nanoemulsion. (Date,
2010)
Due to their nature surfactants characterized to be amphiphilic, surfactants can
enclose elevated proportions of hydrophobic drug in formulation also; they facilitate
the dispersion process through diminishing the interfacial tension between water/oil
phases with concomitant creation of a flexible film around droplets of oil and
hydrophobic drug (Nielsen, 2008).
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The mainly suggested surfactants are non-ionic surfactants which have elevated
HLB of more than12 in case of SNEDDS optimization for promoting rapid
dispersion in the aqueous GI fluids and instant configuration of fine o/w droplets also
other properties should be considered while choosing the surfactant like oily phase
affinity, viscosity and cloud point and in case of oral administration the GRAS status
should be taken into consideration. (Pandey, 2018)
Surfactants as medium chain monoglycerides (MCM) and lecithin which are of
natural origin are considered safer than synthetic surfactants, but they showed limited
capacity for self-emulsification (Constantinides, 1995).
Non-ionic surfactants are less toxic than ionic surfactants and is the preferred
for type for self emulsifiedsystems (Pouton, 2000)
Water-soluble surfactants of HLB more than 12 are used for optimization class
IIIA and IIIB LFCS. According to the method of production, the lipophilic part of
water-soluble surfactants may contain fatty acids either in saturated or unsaturated
form such as the polyalcohol esters fatty acids which are generated by esterification
of vegetable oils, based on the process of synthesis the HLB can be ranged from
medium to high (Rajebahadur, 2006). Examples of this group include
Plurol™Oleique

CC497,

Tween®80,

Lauroglycol™90,

Mirj®52,

Mirj®45,

Solutol®HS15 and Capryol™90,.
Most of the orally accepted surfactants interact with efflux transporters like Pgp
transporter and inhibitory effects were often experienced with such surfactants, table
2.6 shows surfactants which were proved for their Pgp and MRPs inhibitions
(Kuentz, 2011)
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Table 2.6 Inhibition of efflux transporters effect by surfactants

2.2.8.3 Co-surfactants
A significant decrease of the interfacial tension for getting the goal of ensuring a
spontaneous dispersion which is thermodynamically stable can be achieved with a
high surfactant concentration as 30%-50%. However, surfactants usually results in
irritation in GI mucosa along with toxicity at such elevated concentrations. This
difficulty could be solved by addition of another excipient called co-surfactant that
can help sustain an optimal degree of surfactant quantity while not causing safety
issues and at the same time decrease the interfacial tension to optimum values. Many
co-surfactants which are alcohols of medium chain length, as PEG 400, carbitol,
isopropyl alcohol and n-butanol, give a hand in further reducing interfacial tesnsion
and improve interface fluidity, thereby enhance system entropy (Djekic, 2008)On
the other side, volatile cosolvents like alcohols have limitation of fade away to soft
gelatin or hard capsule shells in traditional L-SNEDDS associated with further drug
precipitation (Rahman, 2013)
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2.2.8.4 Excipients selection
The method of self-emulsification was proven to be specific to nature of
excipients used and their concentration also ration of oil phase to surfactant phase
and also temperature when emulsification process occurred. Accordingly, it was
observed that few particular blends of excipients would generate effective selfemulsification systems (Charman, 1992). Once an index of appropriate components
has been recognized, a binary drug-excipient test for compatibility, stability and
solubility must be followed to spot the most fitting excipients for specific API in
progress.
The components are selected for the following objectives: (Rahman, 2013)
•

Achieving maximal drug loading

•

Achieving minimal time for emulsification which has the least droplet size in
gastric lumen

•

Reducing dissimilarity in size of the resulted droplets once changing pH of
media used

•

Prohibit or diminish API degradation in the physiological environment.

2.2.9 Approaches for oral delivery of SEDDS
Development of “SEDDS” in an appropriate final oral dosage form must be
considered. In general, SEDDSs formulations final dosage form is the liquid form.
But, some drawbacks associated with these liquid formulations have resulted in the
development of “S-SEDDSs” as an substitute method for “SEDDS” formulations.
2.2.9.1 Capsule filling of L-SEDDS
Capsule filling considered to be the easiest and simplest method for
encapsulating liquid SEDDSs formulations for oral drug delivery. It involves two
steps, first filling the SEDDS formulation into the capsule body which will then be
sealed with the capsule cap either by using liquid encapsulation micro-spray sealing
(LEMS) or banding with a gelatin band technology.
Many reasons, consists of restricted stability and transportability of L-SEDDS ,
the solubility of different ingredients including the drug in the final product may be
affected by the storage temperature which was reported that API and excipients
could precipitate at low storage temperatures, low drug loading, tendency for API
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crystallisation and, poor IVIVC, the need for large dosage volumes for
administration, costly manufacturing, difficult handling and transportation, in
addition to limited choices of dosage forms were attributed to the incapability for the
commercial success of SEDDS to completely give full idea about their therapeutic
potential (Tang, 2008).
2.2.9.2 Solid self-emulsifying drug delivery systems (S-SEDDSs)
As a substitute solution to “L-SEDDS” formulations, “S-SEDDS” were used.
These systems are developed by solidifying liquid SEDDSs into powders that could
be formulated as a diverse solid dosage forms types for oral route of administration
such as tablets, beads, pellets and of course capsules. Conversion of “L-SEDDS” to
“S-SEDDS” should not change release characteristics of API or the selfemulsification process that will take place in the GI tract. Therefore, S-SEDDSs
possess the rewards of both “L-SEDDS” formulations and solid dosage forms
(Feeney, 2016).
“S-SEDDS” systems are distinguished by high formulation stability and
reproducibility, better drug solubility and bioavailability, ease of handling and
transport, as well as better patient compliance (Gupta, 2013)
a huge amount of benefits were achieved by utilizing S-SEDDS compared to the
normal “L-SEDDS” (Joyce, 2019)
•

Extending absorption time by increasing gastric residence which means
extending the total transit time, this could be achieved by many ways like
solidifying with polymers that reveal favorable interaction with epithelial
cells in stomach such as hydroxypropyl methylcellulose (HPMC) and
microcrystalline cellulose (MCC) and including excipients that are floating
which enable it to stay in floating state within the gastric media

•

Enhance solubility of API in intestine: S-SEDDS can afford increasing of
intestinal solubility by different mechanisms; modulating lipolysis of
digestible lipids and stabilizing supersaturated drug states. While the function
of digestive enzymes is also altered by changing in chemistry’s surface of
solid carrier, extent and rate of release of lipid products is regulated for
controlling accordingly inhibitory effect of precipitation and lipolysis
products solubilizing process increase the intestinal solubility of API.
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•

Enhanced API permeability: using intestinal permeation enhancers in
SNEDDS as mucoadhesive polymers and chitosan for encouraging API
permeability crosswise intestinal epithelium which is promising way for
using SEDDS for class IV.

2.2.10 Techniques for SEDDS Solidification
2.2.10.1 Adsorption to solid carriers
Simple adsorption engages adding “L-SEDDS: to a solid carrier by
combining in a mixer to obtain a free-flowing particles as powder that can be
directly packed in capsules or pressed as tablets after mixing with suitable
excipients.
In this technique, good content uniformity can be obtained and up to 70%
of lipid formulation may be adsorbed onto a selected carrier (high lipid
exposure). However, as a result of subsequent dilutions of LBFs throughout
mixing with solid carriers and then during mixing with other excipients
required for compression into tablets a decreased of drug loading capacity
may be encountered during adsorption process (Jannin, 2008)
Solid carriers that are capable to adsorb large quantities of L-SEDDS
hould be selected to ensure increased drug loading capacity as well as lipid
exposure.
Solid carriers types can be divided into many types as the followings :
1.

Inorganic microporous substances

2. Inorganic colloidal adsorbent substances of high SA
3. Nanoparticle adsorbents or polymers which are cross-linked.
Polymers which are cross-linked produce favorable environment for
sustaining drug dissolution consist of porous silicon dioxide and carbon
nanotubes. (Gupta, 2013)
For example silicates, silica, different grades of Neusilin®, magnesium
trisilicate, different grades of Florite® TM RE, crospovidone, talcum, and
microcrystalline cellulose (MCC) as Avicel® were used successfully as
adsorbents to transform liquid SEDDS into solid SEDDS.
Examples of SEDDSs formulation used Neusilin®US2 as a solid carrier
when Beg et al. formulated solid SNEDDS of olmesartanmedoxomil from an
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optimized liquid SNEDDS and this produce an improvement in release rate of
drugs compared to other adsorbents tested, such as Aerosil ® 200. (Beg,
2016)
Different grades of Florite® (calcium silicate) were used to formulate
solid SEDDS of gentamicin where a positive impact on dissolution and
consequently on bioavailability of API was achieved (Ito, 2005).
2.2.10.2 Spray drying
The L-SEDDS is inserted into a solution which contain solid carrier and
keep stirring unti emulsion of oil in water is formed. After that in a hot dry
chamber the prepared mixture atomized into a spray of droplets, and the
volatile parts evaporates and dry particles formed under controlled airflow
conditions and temperature. Such solid powder would be more filled into
capsules or pressed into tablets.
Parameters like drying chamber design, atomizer, most fitting airflow
prototype and temperature are chosen according to specifications of powder
and drying nature of final product.
Balakrishnan et al. utilized spray drying to formulating loaded “SSEDDS” of dexibuprofen using Aerosil® 200 as a solid carrier, two fold
higher bioavailability of dexibuprofen following oral administration to rats
when compared to dexibuprofen powder. These findings suggested that even
after solidification, the self-emulsification properties of the liquid SEDDS
were conserved. (Balakrishnan, 2009)
2.2.10.3 Lyophilization
Freeze drying or lyophilization or involves transmit of mass and heat
from the product under preparation. Lyophilization was known as mixing
technique in a molecular stage; both API and carrier are codissolved in
solvent. The possible utilization of lyophilization in SEDDS manufacturing
have successfully been studied, Jain et al. developed S-SNEDDS combination
of tamoxifen and quercetin formulation with the lyophilization technique, the
formulations showed improved therapeutic efficacy and reduced toxicity of
tamoxifen citrate in comparison to free tamoxifen citrate (Jain, 2014)
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During lyophilization, strong stabilising effects was related to cooling
rate slow and adding up cryoprotectants. In case of formulating tablets,
maltodextrins are considered to be an important matrix-forming agent (Gupta,
2013)
2.2.10.4 Melt granulation (MG)
MG is a technique where the agglomeration of powder is attained
through adding binder which is lipid that softens or melts at low temperature
degrees. It has many profits above traditional granulation, where liquid
addition and following drying process is not there.
Main parameters which control granulation process are mixing time
impeller speed, and the viscosity and particle size of binder.
Broad variety lipids which are solids or semi-solid can be used as
meltable binders. For example, Gelucires are capable to amplify the
dissolution rate once compared with polyethylene glycol, probably because of
its self emulsified property (Verreck, 2004). An important stat for lipids to be
used that it must be semisolid at r.t; examples of other lipid based excipients
used for solidification of formulations by met granulatin are lecithin, partial
glycerides, or polysorbates.
2.2.10.5 Extrusion Spheronization(ES)
ES is a method of transforming a plastic-property raw material into a
uniformed shape product through pushing it into die in specific conditions
conditions; pressure, temperature and liquid flow.
ES is a process that characterized by being free of solvent and allows
drug loading of 60%, and frequently employed in pharmaceutical industry to
create pellets of uniform sized. Size of the resulting spheroids depends on
extruder aperture size.
ES process involves the subsequent steps: dry mixing of the formulation
ingredient to attain a powder which is homogenous; first wetting the mixture
with binder; then extrusion into rope-like extrudate; cut extrudate to uniformsized spheroids then drying process.(Gupta, 2013).
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2.2.11Solid Self-Emulsifying dosage forms
2.2.11.1 Self-Emulsifying capsules
In addition to liquid filling, liquid self emulsified ingredients in solid or
semi-solid state may also be filled into capsules; self emulsified capsules
were orally administered to improve patient compliance
After administration of capsules including either traditional L-SEDDS or
filled with the “S-SEDDS”, droplets subsequently spread in GIT to enter
absorption sites.
2.2.11.2 Self-Emulsifying Sustained/Controlled-Release Tablets.
For significantly reducing solidifying excipients amounts needed to turn
L-SEDDS into S-SEDDS, a gelled “SEDDS” had build up, Where Aerosil
200 as gelling agent was used, which has give out

double function of

dropping excipients amount required and helping to slow the release of drugs.
(Yetukuri, 2012)
The resultant self emulsified tablets every time preserve an elevated API
conc. in plasma compared to the same profile of conventional tablet.
2.2.11.3 Self-Emulsifying Beads
One of the solid dosage forms of self-emulsifying system that utilizing
solidifying excipients of minimum amounts is formulating into selfemulsifying beads. Patil and Paradkar explored uploading the solid self
emulsified into the microchannels of PPB by using a method called solvent
evaporation. (Patil, 2006)
PPB is an inert structure that has stability in a broad pH range, humidity
and temperature.
PPB has been identified as potential carriers for solid emulsified systems,
with low PPB amount required to solidify high amount of L-SEDDS. The
pore structure of PPB and bead size has been shown to influence loading
effectiveness and in vitro release of the drug from of solid emulsified systems
-loaded PPB drugs. (Patil, 2006)
2.2.11.4 Self-Emulsifying solid dispersions
Solid dispersion is a formulation involving the dispersion of one or more
drugs into self-emulsifying solid excipients. The dispersed drug may be found
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as dissolved molecules or as amorphous or crystalline particles where as
carriers are present in amorphous or crystalline states. solid dispersion
formulation has been identified as a concept for developing solubility and
dissolution process of PWSD by different mechanisms including reducing the
particle size to molecular level, enhancing porosity, wettability and changing
drug state from crystalline to an amorphous state. (Vo, 2013)
As a concept targeting enhancing bioavailability of PWSD, solid
dispersion technology has many advantages over other techniques that can be
used for the same purposes, such as salt forming, nanosizing, micronisation,
solubilization by co-solvents and others, these conventional techniques for
size reduction produce particles minimum of 2 μm that can easily produce
agglomerate in the formulation either during dissolution studies or storage
while solid dispersions technique result in particle size decreasing to
molecular level. (Vo, 2013), the interesting that solid despersions will not
form agglomerates as a result of their interaction with the carrier. So upon
contact with GI fluids the drug is released or dissolved rapidly to form a state
of supersaturation that facilitates rapid drug absorption. And even though if
the drug particles precipitated from solid dispersions, the precipitated
particles still will show higher in vitro dissolution due to their preserved
submicron size (< 1 μm) And their higher energy state can also contribute to
faster in vivo dissolution (Serajuddin, 1999)
Self emulsified excipients were used intensively as carriers for solid
dispersants like Labrasol, Transcutol1, Gelucire150/02 and Gelucire44/14.
(Rahman, 2013)
2.2.12 in Vitro Characterizations of SNEDDS
2.2.12.1 Pseudo-ternary phase diagram
Construction of PTPD is typically applied in evolution of SNEDDS. PTPD
allows assessment of various surfactants and the combining result of incorporating
the co-surfactant. PTPD facilitate define the optimal conc. levels of diverse
components of SNEDDS formulation and regions for self-emulsification.
The limits of the phase regions is assessed by visually.
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2.2.12.2 Dispersibility Test
SNEDDS dispersibility test performed for evaluate SNEDDS ability to be
dispersed into the emulsion, define the size of the resulted droplets. This test
performed by employing paddle dissolution apparatus.
Once titrated in purified water, SNEDDS formula develop a mixture of diverse
types depending on formulation output in vitro could be evaluated using the grading
system illustrated in table 2.7 (Rajeshwar, 2018)
Table 2.7 Grading system

Grade A and B formulations are dispersed as nanoemulsion. Where as Grade C
formulation may be recommended for formulating SEDDS.
In according to the visual appearance, formulation types can be categorized as
illustrated in table 2.8
Table 2.8 formulation category according to visual observation
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2.2.12.3 Thermodynamic stability studies
A formulation’s physical stability is significant for its efficiency, because
stability has an effect on drug precipitation out from the excipients. Poor formulation
and physical instability causes phase separation of API from excipients (Rajinikanth
PS, 2012). The following cycles were performed to address the thermodynamic
stability:
1. Formulations are subjected to 6 cycles of heating and cooling among elevated
temperature (45°C±2) and refrigerator temperature (4°C±2) and at individual
temperature exposure formulations are kept for 48 h. minimum.
2. Formulations which are succeed previous phase are subjected to
centrifugation for 30 min at 3000 rpm. To pass this phase formulations
shouldn’t show any precipitation or separation.
3. Three freezing cycles between -21°C and 25°C with minimum of 48 hours of
storage at indiviual temperature, To pass this phase formulations shouldnt
show phase separation or creaming and are called to be thermodynamically
stable.
2.2.12.4 Robustness to dilution
Emulsions resulted from dilution with various dissolution media should not
reveal any phase separations or precipitation of drug even after 12 hours of storage.
Such formulation is considered to be robust for dilution
2.2.12.5 Droplet size and particle size distribution
The precise estimation of the droplet size is extremely significant as it can affect
the in vivo performance of “LBFs”. Droplet size can be measured by using a number
of methods: photon correlation spectroscopy (PCS) also known as dynamic light
scattering, laser diffraction (LD), transmission electron microscopy (TEM) and
scanning electron microscopy (SEM). PCS and LD are the most widely used for
droplet size assessment of dispersion systems. By this technique droplet size is
measured on the basis of the fluctuation of the intensity of the scattered light caused
by the movement of the droplets. LD measures the droplet size by the diffraction
angle of the droplet radius when the more intense scattering is caused by smaller
particles. (Khan, 2012)
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2.2.12.6 Drug release studies
Released mechanism of drugs incorporated into SNEDDS is usually by erosion
of surface’s particle and biodegradation or diffusion through the matrix.
Release studies could be conducted for release kinetics. But, it must be put
emphasis on that release kinetics rely on the parameters of release, like Sink
conditions, release media and others.
Using of simple aqueous media to test lipophilic drug dissolution profiles is
restricted by the drug's low intrinsic aqueous solubility, which leads to difficulties in
maintaining sink conditions, this can result in irreproductive and unreliable
dissolution data and dissolution profile assessment.
Thus, a modified dissolution media was developed to develop IVIVC, which
more precisely express solubilizing capacity of GI fluids. In general, dissolution
media which has bile salts and phospholipids, imitating fasted and fed GI conditions.
2.2.12.7 Zeta potential
Zeta capacity is used to characterize “SNEDDS” oil droplet charges.

Oil

droplets charge is negative in conventional SNEDDS as a reason of free fatty acids
presence.
When zeta potential is high, means that the system is stabile and extended shelf
life ofthe droplets in SNEDDS emulsion. Once zeta potential is low, attractive forces
would surpass this repulsion and can split and accumulate the emulsion.
Many investigators consider zeta potential as an auxiliary parameter for
“SNEDDS”, since “SNEDDS” is just a preconcentrate drug mixed in oil and
surfactant and only emulsified in vivo. (Gupta, 2013)
The zeta potential of SNEDDSs resulted emulsion is usually explored by
ZetaSizer
2.2.12.8 Morphology
Morphology of droplets resulted from dispersion into nanoemulsion would be
assessed by TEM. In addition, PDI can be additionally validated by using TEM.
Scattering by small-angle X-ray is utilized to find out if the structure of the droplet is
in micro or nano scale in terms of such parameters as shapes, average droplet size,
and PDI (Kohli, 2010)
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2.3 Deferasirox Overview
Deferasirox was chosen to be the model dug for performing, optimizing and
characterization of “S-SNEDDS” formulation. This chapter will discuss Deferasirox
as a physiochemical properties, pharmacological and pharmacokinetics of the
molecule.
Deferasirox (ICL670, Exjade; Novartis Pharma AG, Basel, Switzerlandis) is iron
chelator agent characterized by being tridentate that is approved by the United States
FDA in 2005 and EMA in 2006 for chronic iron overload treatment because of blood
transfusion in patients 2 years of age and older, specifically indicated for βThalassemia, Sickle Cell disease, Myelodysplastic syndrome and any hereditary
diseases whose patients receiving blood transfusion. (Tanaka, 2014)
Specifically DFX is used for getting rid of excess chronic iron in patients who
are of minimum age of 6 years and they have anemia depending on blood
transfusion, also DFX could be prescribe for patients aged less than 6 years old who
are treated by deferoxamine and not sufficiently treated, and also DFX is effective in
case of patients who are more than 10 years old and have thalassemia syndromes and
treated with non-transfusion blood.
2.3.1 Physiochemical Properties
Deferasirox chemical name is “4-[3,5-bis-(2-hydroxyphenyl)-[1,2,4]-triazol 1yl] benzoic acid” (Figure 2.7), DFX molecular weight is 373.4 , DFX have pH of 4.1
in water at around 22 °C Deferasirox is powder of a white to slightly yellowish color
and has m.p around 264 °C (Tanaka, 2014).
Deferasirox shows pH dependent solubility; insoluble at low pH and DFX
solubility equal to 0.4 mg/mL at a physiological pH of 7.4 at 25°C (Nick,
2003)deferasirox’spka value is 4.57 (Nick H. W., 2002)
Deferasirox is categorized as “class II BCS” according to BCS system which has
low solubility and high permeability(Al Durdunji, 2016)Deferasirox has high logP
value of 3.52.
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Figure 2.7 Chemical structure of deferasirox (Nick H. W., 2002)
2.3.2 Mechanism of action
DFX is an orally tridentate iron chelator greatly selective for iron and form a
stable complex, each stable complex compose of 1 molecule Fe+3 and 2 molecules
Deferasirox (Cappellini, 2007), excretion of this complex will be into feces.
(Lindsey, 2007).
Iron is a required element in many body’s physiological processes including
energy production etc. (Lindsey, 2007)Normally iron is maintained in a homeostasis
situation, where the iron input into the circulation system from both the absorption of
iron from gastrointestinal and the release of iron from hepatocytes and macrophages
is equilibrium with the physiological processes’ requirements (Lindsey, 2007), in this
circumstances the circulating iron is bound to transferrin, which is a protein with a
high affinity for iron as ferric form (Fe3+) (Cappellini, 2007). However, in case of
blood transfusion where each unit of blood transfused encloses 180 to 200 mg iron
(Poggiali, 2012),the transferrin’s capacity exceeded and no physiological mechanism
to excrete the excess iron , excess iron form complex which are insoluble with Fe+3
that can deposit in liver, and myocardium and ending with organ damage and here
comes the importance of deferasirox to bind to excess iron and excrete out of the
body so will not make a complex with transferrin and deposit in the organs.

2.3.3 Pharmacokinetics
Deferasirox bioavailability of Exjade® after oral administration compared to
intravenous administration is 70% (90% confidence interval, 62%-80%) The results
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of an open label study performed by using DFX tablet of 375 mg strength and DFX
intravenous infusion of 130 mg DFX are represented by Figure (2.8). (Sechaud,
2008)
Deferasirox is 99% plasma protein bounded mainly to serum albumin, Vdss is
almost 14 Liter a sign of low tissue distribution and also it has a low clearance(Cl) of
about 4 Liter per hour (Sechaud, 2008).
DFX and its metabolites are mainly excreted by feces and minimal by kidneys,
its elimination half life is between 8-16 hours, and the long half life makes
Deferasirox superior on the other chelator agents that allowing once daily dosing
regimen which can sustain the plasma levels within the therapeutic range over a 24hour period (Nisbet-Brown, 2003).

Figure 2.8 Mean plasma conc. of DFX after a single oral dose DFX tablets and IV
infusion DFX; •: DFX tablet, ▲: DFX IV infusion(Sechaud, 2008)
The plasma concentration reached its maximum upon oral administration of
20mg/kg/day value after 1-2 hour and Tmax was independent on the dose
administered. Regarding the Cmax and AUC over the dose concentration range of
2.5–80 mg/kg, it showed dose dependent pattern (Shirley, 2014).
2.3.4 Deferasirox products in market
Deferasirox was first produced by Novartis as Exjade® as a tablet for oral
suspension with three dosage strengths of 125, 250, and 500 mg
Then as a tablet dosage form with the name Jadenu® again in three different
dosage strength of 90, 180, and 360 mg, and Jadenu® Sprinkle Granules with the
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same dosage strength like Jadenu® tablet of 90, 180, and 360 mg. In the latter two
commercial products of DFX, its dosage strength has been reduced by approximately
30% with a Pluronic-containing formulation.
Different attempts were performed to enhance the solubility of deferasirox had
been discussed in section 5.2
2.4 Literature Review
2.4.1 Literature review of SNEDDS
Neoral® was introduced in the market in 1995 is the first IIIA LFCS and many
more formulations were also approved as LBFs before Neoral® as “Class I LFCS”
and some as “Class II LFCS” formulations.
Neoral® as a commercial product represented how a self-emulsifying system
can deal with clinical worries and establish a final product that administer a better
results for patients, the formulations consists of Corn oil mono-ditriglycerides as the
oil component, “Polyoxyl 40 hydrogenated castor oil” as surfactant and Ethanol
11.9%, glycerol, propylene glycol as the cosolvents.(Savla, 2017)
Kang et al., 2012 formulated flurbiprofen loaded Liquid SNEDDS and prepared
S-SNEDDS by using spray dryer mechanism with different carrier and examined the
effects of using different solid carriers many properties like crystalline properties,
dissolution profile and bioavailability. The optimum liquid SNEDDS formulation
contained LabrafilM 1944 CS, Labrasol, TranscutolHP and flurbiprofen. S-SNEDDS
formulated with hydrophobic carriers of silicon dioxide produced droplets which
their size is around 10 nm while magnesium stearate showed larger droplet size and
with improved oral bioavailability and dissolution rate. Hydrophilic carriers; such as
sodium carboxy methyl cellulose (NA-CMC), polyvinyl alcohol ( PVA) have almost
improved the dissolution rate, but have been found to be comparatively lower than SSNEDDS produced by the use of silicon dioxide. (Kang, 2012)

Nasr et al., 2016 prepared solid SNEDDS of olmesartan for enhancing the
solubility as well as dissolution rate. Optimized formulation was optimized by
Capryol90, CremophorRH40 and TranscutolHPas the SNEDDS components. Where
Aerosil® was used as carrier. Optimization and evaluation results revealed that the
size of droplets was within the range of nanometer size and that the polydispersity
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value was also within the acceptable range. Prepared batches displayed high stability,
good optical clarity, fast emulsification time and high drug content. In vitro release
be evidence for 90 percent of the olmesartan was released in less than 90 minutes
and, based on the results obtained, an optimized batch was chosen for solidification
by spray drying technique. The prepared “S-SNEDDS” was examined and the
obtained results showed a powder had good-flow properties and high drug content.
(Nasr, 2016)

Beg and others, 2012 prepared solid SNEDDS of valsartan, by using
CapmulMCM, Tween20 and Labrasol. Where Box Behnken principle used for
optimizing SNEDDS using surface response methodology. Different carriers like
Neusilin® US2 and Sylysia® (350, 550 and 730) were used to form free flowing
granules for the optimum L-SNEDDS. In vitro dissolution studies showed 3.5 folds
increased in dissolution rate of valsartan. alsoin-vivo test performed for S-SNEDDS
resulted in systolic blood pressure decrease in Wistar rats. (Beg, 2012)
Ameeduzzafar et al., 2019 developed “SNEDDS” formulation as an oral dosage
form of dapagliflozin by using eucalyptus oil, tween80 and PEG400 as the
components and then using adsorbent avicel PH-101 for converting to S-SNEDDS.
The droplet size of “SNEDDS” and reconstituted “S-SNEDDS” was found to be
around 65.2 nm and 74.3 nm respectively. The in vitro dissolution studies disclosed
that release percentage of API from “S-SNEDDS” in one hour was three times more
than the pure API with zero order release kinetics (El-Bagory, 2019)

Kumar et al. 2019 Prepared Fisetin loaded SNEDDS which was composed of
castor oil, LauroglycolFCC, tween80 and TranscutolP and the formulation was
formulated by using Box Behnken Design, the release of Fisetin from “SNEDDS”
formulation was increased about 7.9 folds HCL buffer of pH 1.2 in the first 5 min as
compared to pure Fisetin .Also toxicity studies results exhibited more cell viability of
“fisetin- SNEDDS” (89.05%) as compared to pure Fisetin (10.8%) (Kumar, 2019).
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Al-Nimry and others 2019, Formulated “SNEDDS” formulation of omeprazol
by using Capryol 90, Cremophor RH40 and ethanol as the components and solidified
by using Neusilin US2 as a solid carrieras a result the dissolution rate enhanced if
compared with unprocessed omeprazol and products in market. (Al-Nimry, 2020)
2.4.2 Literature review of deferasirox
Deferasirox classified as “class II BCS” which it has low solubility and high
permeability so most of the studies were performed to boost DFX solubility but
neither of these studies was formulating deferasirox as self emulsification
formulation as this will be the first study.
Gulsun et al 2019, used Ball milling method to produce small particle size of
deferasirox and stabilized by adding surfactants like Pluronic F127 or sodium lauril
sulfate (SLS) were selected at different concentrations. The dissolution studies
showed that the time needed for 85% released of deferasirox was significantly
deceased. (Gulsun, 2019)

Theerasilp et al. 2017, encapsulated deferasirox in polymeric micelles and
showed good chelating efficiency and cytotoxicity against cancer cells also the
outcomes showed that DFX release from polymeric micelles was lower at pH 4.5
compared to pH 7.4 (Theerasilp, 2017)

Khatamifar et al. 2015, successfully prepared deferasirox particles in the nano
size by using bath ultrasound radiation (Khatamifar, 2015)

Patel et al. 2017, improved the solubility of deferasirox by pressing tablets in
direct compression method, deferasirox was in micro size and was complexed to
resin by drug dispersion technique. (Patel, 2017)

Akdag et al. 2020, prepared fast disintegration tablets formulations of
deferasirox by direct compression and lyophilization methods which showed fast
disintegration time and the very rapid dissolution (Akdag, 2020)
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials
DFX

was

kindly

gifted

from

Sanovel

Drug

Company,

Turkey.

Labrafac,Lipophile WL1349, Labrafac PG, Peceol, Transcutol HP, Labrasol ALF,
Labrafil M2125, Maisine, Gelucire 44/14 and Gelucire 48/16 wereakindgift from
Gatteffosse (France). Kolliphor PS20, Kolliphor PS60, Kolliphor PS80, Kolliphor
CS12 and Kolliphor HS15, Kolliphor EL, Kolliphor ELP, Kollisov PEG 400 and
were kindlygifted from BASF (Germany).Syloid XDP 3150 was gifted fromGrace
GmbH & Co.KG(Germany).Neusilin UFL2 and Neusilin US2 were gifted from Fuji
chemical (Japan) The acetonitrile and methanol of analytical reagent grade were
purchased from Merck (Germany).Purified water was used during the whole study
3.2 Chemical and Physical Properties of Excipients Used in SNEDDSs
Formulations
Oils, surfactants and cosurfacant used in this research with their properties are
listed in table 3.1, 3.2 and 3.3 respectively
Table 3.1 Trade name, chemical name, chemical description, Source, Physical
properties and HLB of the Oils used. (Data supported by manufacturers).
Trade name

Chemical

Chemical description

Physical properties

HLB

1

name
Peceol

Oleic acid

Labrafac PG

Glyceryl

Mono-, di- and triglycerides

Liquid viscosity =

monooleate

of oleic (C18:1) acid

220 mPa.s at 20°C

Octadec-9-

Monounsaturated omega-9

Colorless to pale

enoic acid

fatty acid with lipid number of

yellow liquid with a

18:1

mild odor.

Propylene

propylene glycol esters of

glycol

caprylic (C8) and capric (C10)

dicaprolate

acids
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1

Liquid viscosity = 9 1
– 12 mPa.s at 20°C

Lipophile WL

Medium chain

Mixture of caprylic (C8) and

Liquid viscosity

1349

Triglycerides

capric (C10)

=25 – 33 mPa.s at

1

20°C
Maisine CC

Glyceryl

Mono-, di- and triglycerides

Liquid viscosity =

monolinoleate

of mainly linoleic (C18:2) and

120 mPa.s at 20°C

1

oleic (C18:1) acids

Table 3.2 Trade name, chemical name, composition Physical properties and HLB of
the surfactants used. (Data supported by manufacturers).
Trade name

Chemical name

Composition

Physical

HLB

properties
Kolliphor

Polyoxyl

EL
castor oil

Glycerol polyethylene glycol

Pale yellow oily

ricinoleate. Together with

liquid that is

fatty acid esters of

clear at

polyethylene glycol

temperatures

12
-14

above 26 °C
Kolliphor

Polyoxyl castor oil.

Glycerol polyethylene glycol

White to

ELP

Different from

ricinoleate. Together with

yellowish paste

Kolliphor EL that

fatty acid esters of

or cloudy liquid

Kolliphor ELP

polyethylene glycol

12
-14

followed by
purification step
after preparation
Kolliphor PS
20

Polysorbate 20

Laurate ester of sorbitol and

Oily, light

its anhydrides,

yellow to

copolymerized with ethylene

brownish-

oxide

yellowish, clear
or slightly
opalescent
liquid with a
faint odour.
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16.7

Kolliphor PS

Polysorbate 60

60

Stearate and palmitate partial

Yellowish

esters of sorbitol and sorbitol

brown

anhydrides condensed with

gelatinous mass

ethylene oxide (C2H4O

which becomes

15

a clear liquid at
temperatures
above 25 °C.
Kolliphor PS

Polysorbate 80

80

Sorbitan oleic acid ester

Oily, colorless

copolymerized with ethylene

or brownish

oxide

yellow, clear or

15

slightly
opalescent
liquid.
Kolliphor

Polyoxyl 20

Mixture of mono-

White or

CS 20

cetostearyl ether

cetostearyl (mixed hexadecyl

yellowish white

and octadecyl) ethers of

waxy powder

15

mixed polyoxyethylene diols

Kolliphor

Polyoxyl 15

Polyglycol mono and diesters

Yellowish white

HS 15

Hydroxystearate

of 12-hydroxystearic acid

paste at room

and about 30% of free

temperature that

polyethylene glycol

becomes liquid

15

at approx. 30
°C.
Gelucire

Lauroylpolyoxyl/m

Small fraction of mono, di-

Semi-solid

44/14

acrogol 32

and triglycerides and mainly

excipient with a

glycerides

PEG-32 (MW 1500) mono-

melting. point of

and diesters of lauric acid

44°C

11

(C12)
Gelucire

Polyethylene glycol

PEG-32 esters of palmitic

solid at ambient

48/16

monostearate

(C16) and stearic (C18)

temperature

acids.

with melting
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12

point of 48°C
Labrasol

Caprylocaproyl

mono-, di- and triglycerides

ALF

macrogol-8

and mono- and di- fatty acid

glycerides EP

esters of polyethylene glycol

Liquid

12

Liquid

9

(PEG)-8 and free PEG-8,
Labrafil

Linoleoyl

mono-, di- and triglycerides

M2125 CS

Polyoxyl-6

and PEG-6 (MW 300) mono-

glycerides

and diesters of linoleic
(C18:2) acid

Table 3.3 Trade name, chemical name and Physical properties and HLB of the
solvents used as cosurfactants (Data supported by manufacturers).
Trade name
Transcutol HP

Chemical name
Diethylene glycol

Physical properties
Colourless liquid

monoethyl ether
Kollisolv PEG

Polyethylene glycol

400

Colourless liquids at room
temperature

3.3 Construction Of Standard Calibration Curve Of Deferasirox In Acetonitril
And Methanol (50:50, v/v)
A stock solution of deferasirox (100 mg / 100 ml) was prepared in acetonitril
and methanol (50:50, v/v). Then, serial dilutions were prepared from deferasirox
stock solution to obtain different concentrations varying from 2.5 to 45 μg/ml. The
absorbance of the different diluted concentrations was determined by using UV-VIS
spectrophotometer (UV-1800; Shimadzu, Kyoto, Japan) at λmax 245 nm, using
acetonitril and methanol (50:50, v/v) as a reference. the standard calibration curve
was prepared by ploting eachmeasured absorbance against the corresponding
concentrations.
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3.4 Optimization of DFX-L-SNEDDS
3.4.1 Equilibrium solubility of DFX in the L-SNEDDS components
Equilibrium solubility of DFX in different types of oils (Peceol,Oleic acid,
Labrafac PG, Labarafac, Lipophile WL 1349 and Maisine CC), surfactants
(Kolliphor EL, Kolliphor ELP, Kolliphor PS 20, Kolliphor PS 60, Kolliphor PS 80,
Kolliphor CS 20, Kolliphor HS 15, LabrasolALF,Labrafil M2125 CS, Gelucire
44/14, Gelucire48/16) and co-surfactants (Transcutol HP and Kollisov PEG 400)
were determined by using a shaking flask method. The samples were analysed
spectrophotometrically

at

245

nm

to

quantify

DFX

amount

in

the

samples(Mohammed, 2014).The supernatant was appropriately diluted to obtain
samples which are in the linearity range at spectrophotometer (UV-1800; Shimadzu,
Kyoto, Japan). The mixture of acetonitril and methanol (50:50, v/v) was used as a
diluent to provide sink conditions. All measurements were done in triplicate.
3.4.2. Construction of pseudo-ternary phase diagram
To recognize the phase behaviour and to observe the SNEDDS formation ratios
of the SNEDDS excipients, a pseudo-ternary diagram needed to be created by using
aqueous titration technique (Chaudhary, 2019). From the solubility studies stated
above, Peceol, Kolliphor EL, and Transcutol were selected
3.4.3 SNEDDS formation assessment
For checking nanoemulsion formation, each oil and Smix ratio previously
prepared for pseudo-ternaryphase diagram was assessed for nano emulsion formation
by diluting 50 mg of each of the mixtures to 50 ml with double distilled water and,
checked visually for the formation of nanoemulsion and subjected for droplet size
measurement and PDI by using ZetaSizer Nano ZS (Malvern, UK)(Kheawfu, 2018).
The transparent emulsions formed were visually assessed for clarity and stability for
48 hours at room conditions.
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3.5 Equilibrium Solubility of DFX in Selected SNEDDS
The goal of a SNEDDS formulation is to develop formulation that is capable to
upload maximum amount of DFX into 1 ml of the SNEDDS mixture. Thus,
equilibrium solubility of DFX was measured in the selected SNEDDSs formulations
by using shaking flask method. All measurements were done in triplicate.
3.6 Preparation of DFX-SNEDDSS Formulations
Based on the solubility data of DFX in the selected formulations; DFXSNEDDS which differ by the amount loaded were prepared by adding accurately
weighted DFX to 1mL of each of selected formulations and, mixing using a magnetic
stirrer.
3.7 Characterization of DFX-L-SNEDDSs Formulations
DFX-SNEDDS were characterized in terms of their droplet size, polydispersity
index (PDI), thermodynamic stability, transmittance percentage, dispersibility test,
robustness to dilution and Effect of pH of the dispersion media on droplet size and
PDI values as explained below.
3.7.1Droplet size and PDI determination
For measuring droplet size and PDI of SNEDDSs formulations, SNEDDS 100fold diluted were prepared and analysed through a ZetaSizer (Malvern, UK). The
formulations which have droplet size less than 50 nm and optimum PDI values
closed to zero were subjected forfurther characterization tests(Shakeel, 2014).
3.7.2 Thermodynamic stability studies
These studies comprising of centrifugation, heating–cooling cycle and freeze–
thaw cycle (Kassem, 2016).
The selected DFX- SNEDDSs formulations which passed the requirements for
droplet size and PDI were subjected to centrifugation, heating cooling cycle and
freeze thaw cycle.
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3.7.3 %T determination
Nanoemulsions resulted from 100-fold dilution of DFX-SNEDDS in purfied
water were checked for their turbidity by measuring percent transmittance (T, %).
(Abd-Elhakeem, 2019).
3.7.4 Dispersibility test
The efficiency of self-emulsification of DFX-SNEDDSs formulations were
assessed by using a standard USP-dissolution apparatus-II. (Nasr, 2016).
The time and efficacy for self- emulsifying were evaluated according to the
grading system illustrated in table 2.7 Section 2.2.12.2.
3.7.5 Robustness to dilution
In this test, 50 and 100 times dilution of DFX-SNEDDS into 0.1N HCl and
phosphate buffer of different pH values; 4.5, 6.8 and 7.4 were carried out and
checked visually for any phase separation. (Selvam, 2013).
3.7.6 Effect of pH of the dispersion media on droplet size and PDI
Stability of DFX-SNEDDSs in different pH buffer solutions was verified by 100
fold dilution in each of the buffer solutions, then subjected to droplet size and PDI
measurements by ZetaSizer and compared the values with droplet size and PDI
resulted from dispersions in double distilled water (Kumar Mantri, 2012).
3.8 In Vitro Cytotoxicity Studies
To evaluate the relative safety of the selected DFX-SNEDDS, P5-40 coded
SNEDDS formulation was selected for in vitro cytotoxicity study which had less
concentration of surfactant to avoid unexpected irritation of gastrointestinal tract
[47]. The cytotoxic effects of DFX-SNEDDS (P5-40) and the drug-free same
SNEDDS formulation (P5°) were compared to that of pure DFX itself (Pure DFX).
3.8.1 MTT assay
To quantify cell viability and proliferation of K562 cells after treatment with
selected DFX-SNEDDS (P5-40), MTT assay was applied by using Cell proliferation
Kit I (MTT) (Roche, Germany). Untreated cells were considered as experimental
control in line with the literature and the MTT protocol and similar protocol was
applied. The cytotoxic activity was stated as cell viability (%)
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Cell viability (%) =

(Absorbance of treated cells−Absorbance of blank)
(Absorbance of control−Absorbance of blank)

× 100

(1)

3.8.2 Investigating cell morphology and cell proliferation using light microscope
Morphology and proliferation of K562 cells were investigated under a light
microscope (Leica Microsystems, Germany).
3.9 Development of DFX-S-SNEDDS
The solid DFX-SNEDDS were achieved by adsorbing DFX-SNEDDS
formulation (P5-40) on solid carriers. Three different solid carriers were used;
Neusilin® US2, Neusilin® UFL2 and Syloid® XDP 3150 for preparing different
batches of solid DFX-SNEDDS for P5-40 formulation and, weremeasured OAC for
each solid carrier (Beg S. S., 2012). Specific amount of each carrier was placed
separately and the P5-40 was added drop wisely with good mixing until a free
flowing powder obtained, the weight of P5-40 formulation used was documented for
the calculation of its OAC by applying gravimetric method. (Rajesh, 2018).
3.10 Characterization of DFX-S-SNEDDS
3.10.1 Fourier transformed infrared spectroscopy (FTIR)
FTIR analysis of DFX, prepared DFX-S-SNEDDS and pure carriers were
carried out. The spectra were recorded using Fourier transform infrared
spectrophotometer (Perkin Elmer Spectrum One, USA) in the range of 4000-650 cm1. (Parmar K. P., 2015)
3.10.2 SEM Imaging
Scanning electron micrographs for DFX, DFX-S-SNEDDSs formulation and
Images with Zeiss Evo LS 10 scanning electron microscope (Germany) has been
implemented. The images were obtained under a 7 kV acceleration voltage using the
secondary electron detector . (Parmar, 2011)
3.11 In Vitro Dissolution Studies of DFX-S-SNEDDS
In vitro dissolution studies were performed for optimum DFX-S-SNEDDS
formulation (P5-40) solidified with different adsorbents mentioned above and a
market product of DFX (Exjade®, Novartis, Switzerland) using USP dissolution
apparatus II (Sotax Smart AT7, Switzerland). As specified by FDA. The blank used
for S-SNEDDS formulation was S-SNEDDS formulation without DFX to avoid
interferences from the excipients used in the formulation (Kanuganti, 2012).
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Dissolution studies were performed in phosphate buffer 6.8 without surfactants
addition. Besides, the release of DFX from P5-40-UFL2 and market product was
performed in pH 1.2±0.05 dissolution medium and the same time keeping the other
dissolution parameters constants
3.12 Kinetic Analysis of DFX Release Data
For analyzing the in vitro release data, the in vitro release profile for market
product and DFX-S-SNEDDS of different carriers were fitted in various kinetic
models. Models Zero order, First order, Higuchi model, Hixson-Crowell and
Korsemeyer-Peppaswere applied, analyzed and determination coefficients (r2) were
calculated for each model.
3.13 Statistical Analysis
The results were evaluated by using two-way ANOVA test, GraphPad Prism
8.0.1software was used. P value less than 0.05 is considered to be significant.
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CHAPTER FOUR
FINDINGS
4.1 Analytical Method for DFX Analysis
As illustrated in Figure 4.1, calibration curve for DFX in acetonitril:methanol
(50:50v/v%)showed a good linear relationship over the concentration range of 2.5–

Absorbance

12.5 μg/mL of DFX,with a high correlation coefficient (R2 = 0.9987).

1
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

y = 74,5271x - 0,0131
R² = 0,9987

absorbance
Doğrusal
(absorbance)

0

0,005
0,01
Concentration mg/mL

0,015

Figure 4.1 Calibration curve of deferasirox in acetonitrile/methanol (50:50v/v%)
4.2 Optimization of DFX-L-SNEDDS
4.2.1. Equilibrium solubility of DFX in the SNEDDSS components
The mean concentration of DFX saturated solubility is shown in Figure 4.2 A–C,
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Figure 4.2 The solubility of deferasirox (DFX)in different excipients
Accordingly Peceol, Kolliphor EL, and Transcutol HP are the promising DFXSNEDDSs components.
4.2.2. Construction of pseudo-ternary phase diagrams
The PTPD at diverse Smix (KolliphorEL :Transcutol HP) ratios (1:1, 1:2, 2:1,
2:3, 3:1, 3:2 and 4:1) are shown in figure 4.3, the area of nanoemulsion is symbolized
by colored-region.
Transparent systems formed when 10% peceol was used, as the bi-phasic system
formed from high peceol ratio (Gupta, 2013).
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Figure 4.3 PTPD of Peceol, Kolliphor EL, and Transcutol at Smix ratios
(A)1:1, (B)1:2, (C)1:3, (D)1:4, (E)2:1, (F) 2:3, (G)3:1, (H)3:2 and (I)4:1.
4.2.3 SNEDDS formation assessment
The seven mixtures dispersed into nanoemulsion dispersions have a droplet size
of less than 50 nm and PDI of less than 0.3 as shown in Table 4.1.
Table 4.1 Droplet size and PDI values of SNEDDS combinations
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4.3 Equilibrium Solubility of DFX in Selected SNEDDS
DFX solubility results in seven SNEDDS are shown in Figure 4.4, where all of them
have DFX capability more than 50 mg/mL.

Figure 4.4 Solubility of DFX in selected SNEDDS
4.4. Preparation of DFX-SNEDDS Formulations
In line with results of highest amount of DFX could be solubilized in SNEDDS,
each SNEDDS formulation was loaded with 50, 45, or 40 mg of DFX. And further
characterized.
4.5 Characterization of DFX-L-SNEDDS Formulations
4.5.1 Droplet size and PDI determination
Amongst the prepared formulations, P5-40 and P7-40 formulations have small
droplet sizes of 14.72 and 15.77 nm, and narrow PDI of 0.214 and 0.174,
respectively.
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Table 4.2 droplet size and PDI of SNEDDS loaded with DFX (n=3).
SNEDDS Formulation

Mean PDI

Code

Mean Droplet Size (nm)
(±SD)

P1-50

128±26.20

0.379±0.08

P1-45

109.1±1.70

0.498±0.09

P1-40

73.71±4.59

0.496±0.01

P2-50

670±147.95

0.885±0.16

P2-45

239.4±47.87

0.706±0.27

P2-40

189.5±2.20

0.496±0.01

P3-50

95.12±14.70

1.000±0.001

P3-45

120.5±0.32

0.444±0.01

P3-40

75.53±63.4

0.546±0.20

P4-50

165.6±2.20

0.352±0.12

P4-45

140.62±74.18

0.686±0.11

P4-40

122.3±1.82

0.348±0.04

P5-50

39.20±12.34

0.745±0.28

P5-45

27.82±0.83

0.803±0.03

P5-40

14.72±1.50

0.214±0.036

P6-50

81.56±2.12

0.544± 0.004

P6-45

41.28±0.90

1.000±0.001

P6-40

19.57±0.30

0.578±0.02

P7-50

33.79±26.68

0.486±0.12

P7-45

29.02±12.44

0.478±0.19

P7-40

15.77±3.56

0.174±0.03

(±SD)

4.5.2 Thermodynamic stability studies
DFX-SNEDDS formulations P7-40 and P5-40, demonstrate no signs of
instability like turbidity, precipitation, creaming or cracking at the end of the three
cycles.
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4.5.3 %T determination
DFX-SNEDDS formulations P7-40 and P5-40 produced a dispersion which is
clear and have %T values of 99.7% and 99.6%, correspondingly.
4.5.4 Dispersibility test results
Observations done visually confirmed both DFX-SNEDDS P7-40 and P5-40
produced a nano-emulsion which is clear in very short time and accordingly assign
that these formulations belong to A grade.
4.5.5 Robustness to dilution
As presented in Table 4.3, P7-40 and P5-40 DFX-SNEDDS formulations were
stable at 100 and 50 times dilution at pH 7.4, 6.8, 4.5, and 1.2 and no precipitation,
cloudiness or observation of phase separation for 24 hour
Table 4.3 dilution and pH effect on stability of DFX-SNEDDS

4.5.6 Effect of pH of the dispersion media on droplet size and PDI
As illustrated in Table 4.4, droplet size and PDI of the resulted nanoemulsions
did not much change once using dispersion media of different pH.
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Table 4.4 pH Effect on droplet size and PDI (n=3).

4.6 In vitro Cytotoxicity Studies
4.6.1 MTT assay
Cell viability% data shown in Figure 4.5, these data showed that DFX as pure
had low Cell viability% compared with the negative control group and DFXSNEDDS. The lowest Cell viability% is detected at 40μM of pure DFX of only
3.99%, meanwhile, Cell viability% of DFX-SNEDDS/ P5-40 was 71.44%.

Figure 4.5 K562 cell viability results.
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4.6.2 Investigating cell morphology and cell proliferation using a light
microscope
The images shown in Figure 4.6 reveal changes in the morphology of K562 cells
at both 24 and 48 h.

Figure 4.6 Light microscope images of K562 cells
4.7. Development of DFX-S-SNEDDS
The OAC for different carriers was attained to be the same for Neusilin UFL2
and NeusilinUS2, where 300 mg DFX-SNEDDS needed 150 mg carrier and less
when Syloid XDP 130 was used, where 300 mg DFX-SNEDDS needed 175 mg
Syloid XDP 130. The characteristics of different carriers used are shown in Table
4.5; among different carriers, the carrier which has biggest particle size and least
porosity is Syloid XDP 130 which is the reason of low OAC. P5-40 formulation was
solidified withNeusilinUFL2 and Neusilin US2 and three different DFX-S-SNEDDS
batches were prepared for further testing. The components DFX-S-SNEDDS batches
are showed in Table 4.6
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Table 4.5 OAC of carriers studied for the preparation of DFX-S-SNEDDS.

Table4.6 Components of DFX-S-SNEDDSs formulations

.
4.8 Characterization of DFX-S-SNEDDS
4.8.1. Fourier transformed infrared spectroscopy (FT-IR)
The FT-IR spectra for pure DFX is shown in Figure 4.7A DFX-S-SNEDDS
formulations; P5-40-US2, P5-40-SYLOID and P5-40-UFL2 are shown in Figures 4.7
B-D and carriers used are shown in Figures 4.7 E-G .
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Figure 4.7 FT-IR spectra of (A) pure DFX and (B) P5-40-UFL2 (C) P5-40-US2 (D)
P5-40-SYLOID (E) Neusilin UFL2 (F) Neusilin US2 (G) Syloid XDP 3150.
4.8.2. SEM imaging
The SEM images DFX is shown in Figure 4.8, P5-40-SYLOID formulation is
shown in Figure 4.9 B and Syloid XDP 3150 shown in Figure 4.9 A.
SEM image of formulation P5-40-UFL2 is represented in Figure 4.10 B while
SEM image of Neusilin® UFL2 is in Figure 4.10 A also SEM image of P5-40-US2
is shown in Figure 4.11 B and Neusilin® US2 in Figure 4.11 A

77

Figure 4.8 SEM image of Pure DFX

Figure 4.9 SEM image of (A) Syloid XDP 3150, (B) P5-40-SYLOID

Figure 4.10 SEM image of (A) Neusilin UFL2, (B) P5-40-UFL2
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Figure 4.11 SEM image of (A) and (C) Neusilin US2, (B) and (D) P5-40-US2
4.9 In Vitro Dissolution Studies of DFX-S-SNEDDS
The disslution profiles of DFX-S-SNEDDS formulations and Exjade® are
shown in Figure 4.12
The dissolution data signified that the release performance of DFX from SSNEDDS formulations was considerably enhanced.

Figure 4.12 Drug release % of DFX from optimized S-SNEDDS and its commercial
tablet in phosphate buffer of pH 6.8 containing 0.5% Tween 20

As shown in Figure 4. the percentage released of DFX from P5-40-UFL2 is
almost 3 times higher than that of market product Exjade.
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Figure 4.13 Drug release % of DFX from P5-40-UFL2 and its commercial tablet
in (A) phosphate buffer of pH 6.8 and (B) pH 1.2.
4.10Kinetic Analysis of DFX Release Data
Table 4.7 showed that the determination coefficients r2 values for DFX release
was the highest for the Korsemeyer–Peppas model.
Table 4.7 the determination of coefficient (R2) and release exponent (n) values

80

CHAPTER FIVE
RESULTS AND DISCUSSIONS
5.1 Analytical Method for DFX Analysis
The calibration curves used to analyze the concentration of DFX in different
excipients.
5.2 Optimization of DFX-L-SNEDDS
5.2.1. Equilibrium solubility of DFX in the SNEDDSS components
Taking into consideration the therapeutic dose strength of DFX, an elevated drug
loading capacity of SNEDDS is essential. The primary choice of oil type, surfactant,
and co-surfactant used were determined depending on maximum drug solubilizing
capacity. As it is recognized, higher drug solubility in SNEDDS components
facilitates higher DFX loading (Patil Prashant, 2016) .
The oil phase takes a part of being the major in solubilizing the obligatory doses
of API and transporting it by the intestinal lymphatic system. Peceol was selected as
the oil phase which exhibited the maximum DFX solubilization. it was stated in
literature that Peceol was

used successfully in a lot of SNEDDS due to

its

solubilizing capacity and capability to inhibit Pgp mediated efflux (Park, 2018)
(Sachs-Barrable, 2007). Kolliphor EL as the surfactant is a hydrophilic non-ionic
surfactant, which its HLB value is 12–14, has the capacity to diminish Pglycoprotein activity, therefore has a appositive effect in increasing absorption
(Hugger, 2002) and a role in suppress many types of Cytochrome enzymes, as a
result a appositive effect in bioavailability enhancement (Jakab, 2018). The cosurfactant as Transcutol HP has high DFX solubility ability, and it also has a ability
to assemble a stable interfacial film with Kolliphor EL because of its HLB value of
4.2. It was before stated that Transcutol HP has a part in the bioavailability
improvement of PWSD (Yan, 2011)
5.2.2. Construction of pseudo-ternary phase diagram
The importance of construction PTPD is to mark the self-nanoemulsifying
regions and recognize proper concentrations of excipients for the formulation of a
firm formulation, that will not allow DFX precipitation and lose solvent capacity
once diluted in body (Pouton, 2000) Increasing Kolliphor EL ratio in Smix led to a
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broad nanoemulsion region, but Transcutol HP high percentage in Smix ratios
decreased nanoemulsion region.
This could be as a result of that Kolliphor EL as a surfactant effectively
diminish surface tension by forming a stable layer all over Peceol droplet and, while
Transcutol HP have slight effect on interfacial tension in a straight way; therefore,
Transcutol HP concentration increasing will not be sufficient to diminish the surface
tension and preserve stability of formulated droplets once SNEDDS diluted (Inugala,
2015).
5.2.3 SNEDDS formation assessment
Visual observations showed seven formulations which have 10% Peceol as oil
component formed transparent nanoemulsions once diluted 100times in purified
water.
5.3. Equilibrium Solubility of DFX in Selected SNEDDS
Changing in the percentage of Kolliphor EL and Transcutol HP didn’t
significantly influence DFX solubility.
5.4 Characterization of DFX-L-SNEDDS Formulations
5.4.1 Droplet size and PDI determination
The droplet size of SNEDDS has a huge effect on amount and rate of DFX that
is absorbed GIT after oral administration. Decrease in droplet size cause an amplify
in interfacial SA, that cause dramatic enhancement in absorption (Mohd, 2015). How
droplet size distribution is homogenized can be understood by PDI value, where
highly homogenized distribution can concluded from low value of PDI.
Loading high amount of DFX into SNEDDS would result in larger droplets and
high droplet size distribution, where DFX precipitated out in short time, that means
instable nanoemulsion it was noted that droplet size and droplet size distribution
would decrease in case of higher

surfactant amount and lower DFX amount

uploaded, as a reason of reducing interfacial energy by surfactant which have the
ability to make layer around droplet and so resulted in stable system in opposition to
coalescence (Jaiswal, 2014)
P5-40 and P7-40 rewarded SNEDDS requirements as regards their droplet size
and PDI values; where droplet size is less than 50 nm and low PDI values point
toward a narrow size distribution of droplets formed.
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5.4.2 Thermodynamic stability studies
Stability of SNEDDS regarding kinetic way is examine by exposing
formulations to conditions of stress like centrifugation different cooling and heating
temperatures and freeze-thaw of temperature less than zero. The goal is to
discriminate normal emulsion nanoemulsion, therefore exclude meta-stable
formulations (Syukri, 2018).
5.4.3 %T determination
P5-40 and P7-40 formed a clear dispersion with high %T value
5.4.4 Dispersibility test results
the grading system explained before, Grade A formulation signify P5-40 and P740 formulations are self-emulsified robustly in less than sixty seconds once diluted
and they formed nanoemulsion which is clear(Usmani, 2019)
5.4.5 Robustness to dilution
Once DFX-SNEDDS formulation facing dilutions in different dilution factor in
the pH values in GIT, possibility of Precipitation of DFX could happen and
accordingly retarding drug absorption will happen (Balakumar, 2013) as a result, the
robustness of dilutions were verified through dilution P7-40 and P5-40 for 100 and
50 d.f in different media that mimic in vivo GIT at (pH 7.4, 6.8, 4.5 and 1.2).
The results are a good sign of stability of resulted emulsion. Findings give an
proof that P7-40 and P5-40 were robust to and DFX was stabile in emulsion fromed
and did not influenced with dilution.
5.4.6 Effect of pH of the dispersion media on droplet size and PDI
significant factor related to nanoemulsion stability and precipitation of drug is
the droplet size, once SNEDDS formulation subjected to dilution in different pH
ranges of GIT that have pH range of acidic to basic that will cause an amplify in size
of droplet; as a result, droplet size should not vary in a critical value once facing pH
changes in GIT (Kang, 2004)
Droplet size and PDI values of the resulted nanoemulsions give a signal that P740 and P5-40 would form a stable nanoemulsion once diluted in GIT.
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5.5 In vitro Cytotoxicity Studies
5.5.1 MTT assay
P5-40 formulation which has less surfactant f 67.5% compared to P7-40
formulation of 72% was chosen for additional in vitro cytotoxicity test. The
importance of cytotoxicity test to understand the probablity of DFX and DFXSNEDDS in prohibit test cell growth.
The MTT data represented in figure 4.7 in section 4.5.1 suggesting a minimum
toxic effect of P5-40 compared to DFX pure that is a reason of nanoemulsion
formation once P5-40 was diluted that support DFX stayed in oil globule as O/W
emulsion means minimum interaction of DFX with cells (Kumar, 2019)
5.5.2 Investigating cell morphology and cell proliferation using a light
microscope
The light microscope images shown in figure 4.8 in section 4.6.2 reveal that an
antiproliferative effect on K562 cells was noticed.
5.6 Development of DFX-S-SNEDDS
In recent times, adsorption to solid carriers has become the most intensively
studied approach to get S-SNEDDS formulations. Solid carrier Syloid XDP 3150,
Neusilin US2 and Neusilin UFL which were used are documented as GRAS status
and was reported as effective carriers in producing successful S-SNEDD. (Mandić,
2017). Maximal OAC was attained founded on the least carrier amount needed to
whole adsorption for obtaining flow free powder.
5.7 Characterization of DFX-S-SNEDDS
5.7.1 Fourier transformed infrared spectroscopy (FT-IR)
The FT-IR spectrum for DFX as pure in figure 4.9 secion 4.8.1 declared specific
absorption bonds (Thomas, 2012). it was noticed that all absorption bonds due to
DFX functional group were presented in the three SNEDDS formulations.
5.7.2 SEM imaging
SEM image of pure DFX consists of mixture of large and small crystals. While
Syloid XDP 3150 had irregular crystalline shape (Figure 4.11 A,C) SEM image of
P5-40-SYLOID, NeusilinUFL2 and NeusilinUS2 shows full adsorption of DFX-LSNEDDS into the three types that can be understood by the absence of L-SNEDDS
globules and no appearance of DFX crystalline shape.
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5.8 In Vitro Dissolution Studies of DFX-S-SNEDDS
The increase in the percentage of DFX released from S-SNEDDS formulations
is likely due to the spontaneous formation of nanoemulsion with small globules in
the nano size (Rahman, 2018) that could induce a higher absorption and higher oral
bioavailability of DFX. (Inugala, 2015)
5.9 Kinetic Analysis of DFX Release Data
The n value associated with Korsemeyer–Peppas model indicates the
characteristic of release mechanisms (Costa, 2001) An n value higher than 1.0
implies that DFX release from S-SNEDDS formulations follows the Super case-II
transport

release

mechanism
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(Eltobshi,

2018)

CHAPTER SIX
CONCLUSION
In this study, a novel DFX-SNEDDS was formulating consisting of Peceol
(10%), Kolliphor EL (67.5%), and Transcutol HP (22.5%) as the excipients. The
optimum SNEDDS formulation was further characterized. DFX-SNEDDS dispersed
into stable clear nanoemulsion with a droplet size of 14.72±1.50 nm upon dispersion
in purfied water, and even stable against dilution and pH changes. The cell viability
effect of optimum DFX-SNEDDs formulation was discovered to be relatively safe in
comparison with the pure DFX. in addition, the selected DFX-SNEDDS was
converted to DFX-S-SNEDDSs formulations through adsorbing into different
carriers.

S-SNEDDSs formulations of DFX conserved the self-emulsification

performance of the SNEDDS solidified with Neusilin UFL2 and exhibited the fastest
in vitro DFX dissolution rate than other adsorbents, and even with its commercial
product in different dissolution media. These findings signify enhanced dissolution
of DFX by S-SNEED formulations
Overall, our data support the solubility enhancement capability of DFX by
optimized S-SNEDDS formulation, and also, indicated that the optimized SSNEDDS formulation of DFX has a potential for improving its oral bioavailability.
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