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Abstract. Among many, the oral route of delivery is considered to be the most favorable
route with the highest patient compliance. The main issue with oral delivery is the
environmental vulnerability of gastro intestinal tract (G.I.T). The bioavailability could
further decrease when drug has poor aqueous solubility and permeability through biological
membrane. This drawback could be resolved by employing drug-phospholipid complex
strategy, as they utilize mechanism which is similar to the absorption mechanism of
nutritional constituents form G.I.T. The drug-phospholipid complexes are considered ideal
for oral delivery as they are biodegradable and non-toxic, which enable them to be employed
as solubilizer, emulsifier, and as a matrix forming excipient for dugs with poor solubility and/
or permeability. The present review compiles the basic know how about the phospholipids
and the mechanism through which it improves the bioavailability of drugs. Further, it also
compiles the crucial formulation aspects and methods of preparations of drug-phospholipid
complex along with its physical and in silico characterization techniques. The increase in
number of recent reports involving the utilization of drug-phospholipid complex to improve
oral bioavailability of drugs thus explains how vital the strategy is for a successful oral
delivery.
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INTRODUCTION

In the present scenario, there are several drugs either
from the synthetic or natural origin which suffers from low
oral bioavailability. This might be attributed either due to the
limited solubility and/or due to permeability of drug across
the biological membrane (1). Several approaches have been
applied to increase bioavailability of drugs which are well
reported in the literature (2–6). Out of this lipid-based
approaches, i.e., liposomes, solid lipid nanoparticles (SLNs),
phytosomes etc., have gained more attention as they can
resolve major drawbacks related to drug delivery. However,
there are some drawbacks, like in case of liposome problems

like drug leakage, low drug loading capacity, and poor
stability that remain to be a major concern. Similarly, low
inherent incorporation rate, high tendency for drug expulsion,
and unpredictable gelation tendency of SLNs restrict their
overall utilization (7). Among these, the drug-phospholipid
complexes serve to resolve major drawbacks of the existing
methodology. For instance, entrapment efficiency is not a
major concern because drug itself forms a complex with the
lipids via covalent or non-covalent interactions. Since the
drug is complexed with lipids, possibility of drug leakage is
not common; also, physicochemical stability of formed
complex depends upon the strength of drug lipid interaction.
Such interactions can be screened in silico prior to the
development of a stable delivery system (8,9).

Although many reviews already exist in literature which
embark on several lipid delivery systems, reports focusing on
drug-phospholipids are scarcely found (10). Thus, the current
review emphasizes on mechanism of absorption, pre-
formulation aspects, method of preparation, characterization,
and current trends involved in drug-phospholipid complex
formation. The manuscript also expounds on advance strat-
egies to overcome the lacuna’s associated with drug-
phospholipid complexes.
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PHOSPHOLIPIDS: A BRIEF DISCUSSION ON ITS
STRUCTURAL AND PHYSIOLOGICAL ATTRIBUTES

The phospholipids are amphiphilic and zwitterionic mole-
cules and are considered to be an important component of cell
plasma membrane (11). It gains its amphiphilic nature due to the
presence of hydrophilic (head region) region composed of
phosphate group which is negatively charged and a hydrophobic
region (tail region) composed of long chain fatty acids. These
head and tail regions are connected by glycerol or alcohol group,
thereby allowing them to form a lipid bilayer in biological
systems. Broadly, the phospholipids can be bifurcated in two
types, i.e., glycerophospholipids and sphingophospholipids based
on the alcohol it possesses. Glycerophospholipids possess glycerol
in the neck regionwhereas sphingomyelins possess sphingosine as
their alcoholic moiety (12). Glycerophospholipids can be further
classified based on to the length and saturation of hydrophobic
group, head group, type of bond present, and upon the number of
fatty acid chains attached as depicted under the Fig. 1.

Considering the physiological actions of phospholipids,
they are widely spread in mammals and plants as they are
among the essential components of cellular membrane (13).
Among the essential activities which phospholipid play is
assembling the formation of circulating lipoproteins, which
functions to transport the triglycerides and cholesterols
through the blood (13). Phospholipids along with cholesterol
and bile salts can act as emulsifiers and can form mixed
micelles which in turn enhance the absorption of lipophilic
substances (14,15). This emulsifying properties of phospho-
lipids are being utilized in the pleural layers and alveoli of
lung, pericardium, joints, etc. (16). However, each phospho-
lipid has its unique physiological implications which can be
employed depending on the required morphology and
physical attributes.

Discussing the physical aspects of phospholipids, they
show different types of the assembly which is characteristic of
their molecular conformation and shape (17). For instance,
the lysophospholipids have single long chain fatty acid and a
bulky head group which provides it an inverted cone like
molecular shape. The glycerol-phospholipids (Fig. 1b) show
cylindrical molecular contour which allows them to attain a
suitable geometry to form lipid bilayers. Similarly, other
phospholipids like unsaturated phosphatidylcholine, phospha-
tidic acid, and phosphatidylserine below pH 3 tend to show
cone-shaped molecular geometry (18). Thus, a thorough
understanding of crucial geometry and morphology of
involved lipids is essential in developing desired lipid-based
delivery system.

In our literature review, it was observed that researchers
have majorly employed phosphatidylcholine to form drug
complex. The probable reason apart from the abundance of
choline phospholipids in eukaryotic cells and its ability to from
covalent or ionic drug complex is the morphology of phosphati-
dylcholine. As the presence of choline increases the volume of the
head group which enables it to attain truncated cone (critical
packing factor lies between½ to 1) like shape. Thus, possession of
such truncated geometry assists them to form flexible bilayer like
structures. Also, due to the fact that phosphatidylcholine being a
zero curvature lipid, this helps it in forming a stable bilayer vesicle
in GIT, thereby enhancing the solubility and permeation of
complexed drug (19). In case of ethanolamine phospholipids, they

have a small head group which enables it to be a non-bilayer
prone lipid with a negative curvature. Such conformational
characteristics restrict it to form stable micelles alone in GIT
(20,21). Although other phospholipids like phosphatidylserine
and phosphatidylinositol show similar morphology as that of
phosphatidylcholine, seldom reports using these phospholipids
are found.

A COMPARISON-LIPOSOME/PHYTOSOMES/
PHARMACOSOMES

Whenever phospholipids as a delivery vehicle are talked
about, there is a general misunderstanding about liposomes,
phytosomes, and pharmacosomes. Thus, in order to avoid such
foul conception, a brief comparison between the three is
mentioned in this section. Broadly, phytosomes are considered
to be a herbal drug-based delivery vehicle in which the
phytoconstituent extracted from the crude drug is chemically
bonded to the phosphatidylcholine (head region) part. This
bonding enables the phytoconstituent to show better absorption
than its conventional form (22). In case of pharmacosomes which
also fall under the category of phospholipid complexes in which
the drug (having –COOH, –NH2, and –OH as active groups) is
covalently linked to lipidmolecules, which then assembles to form
vesicles (8,23). The main concept of pharmacosomes to form lies
on the surface and bulk interaction of phospholipids with water
(24). Thus, in pharmacosomes, the attached drug moiety itself
behaves as a polar head and the lipid moiety as a lipophilic region
which enables them to formmicelles and enhance dissolution and
permeation profile of drugs (25). Although the liposomes,
phytosomes, and pharmcosomes are technically similar, the
crucial parameters on which they differ are listed in Table I.

ORAL BIOAVAILABILITY ENHANCEMENT USING A
PHOSPHOLIPID COMPLEX: A MECHANISTIC
OUTLOOK

Generally, drugs with poor solubility (BCS class II) or
with poor permeability (BCS classes III and IV), when given
orally, show relatively low bioavailability (26). Additionally,
other reasons for low bioavailability are presence of P-gp
pump which causes the efflux of naked drugs, the presence of
metabolizing enzymes, and the environmental pH-mediated
degradation (27). Thus, delivery vehicles are essential for
drugs so as to attain a desired level in the systemic circulation
(28). Phospholipid-drug complex could be used for the same,
in which the absorption process is similar to the process
through which the triglycerides and essential phospholipids
are absorbed. The mechanism for absorption of the
phospholipid-drug complex is similar to that of the endoge-
nous absorption of phospholipids through enterocytes (29).
Structurally, the phospholipid comprises two fatty acid chain
attached to the glycerol (diacyl glycerol) moiety, which
undergoes hydrolysis to release fatty acid, which triggers its
absorption. Similarly, the drug-diacyl glycerol complex when
taken via oral route undergoes hydrolysis. Minor hydrolysis
occurs in the stomach at pH of ~ 1.5, and majority of it occurs
in the intestine starting from duodenum in which secretions
from the liver, bile bladder, and pancreas in the form of juice
are secreted (30,31).
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In the intestine, the hydrolysis of drug-diacyl glycerol occurs
due to the presence of phospholipases (particularly phospholipase
A2) which leads to release of fatty acid and form drug-monoacyl
glycerol. The former drug-monoacyl glycerol along with the bile
salts then forms micellar vehicles. For these micelles to form,
excretion of bile into the duodenum is crucial which is regulated
by a hormone called cholecystokinin (CCK) which is released
when a higher concentration of fatty acids are formed by
hydrolysis of diacyl-glycerophospholipids and triglycerides
(30,32). However, the minor hydrolysis which occurs in the
stomach tends to release the fatty acid which initially triggers the
CCK release which further regulates the release of bile acids and
salts. Once the hydrolysis is done, the drug-monoacyl phospho-
lipid vesicles are then taken up by passive diffusion by
enterocytes. The enzymes in smooth endoplasmic reticulum of
enterocytes, i.e., acyl-CoA convert drug-monoacyl phospholipids
and endogenous diglycerides to diacyl phospholipids and triglyc-
erides, respectively. Further, in golgi apparatus, apoportein B-48

is integrated into the phospholipid vesicle to form nascent
chylomicron (33). The chylomicron exits enterocyte via exocyto-
sis through the basal membrane and enters lacteal (lymph
capillary) which then transports it away from the intestine and
bypasses the first pass metabolism. The chylomicrons deliver the
drug complex into systemic circulation at thoracic duct connection
with a left subclavian vein (34). Once nascent chylomicron enters
the systemic circulation, it is converted to mature chylomicron
when high density lipoprotein transfers apolipoprotein C-II and
apolipoprotien E to the nascent one (33–35).

After the triglycerides are stored, the matured chylo-
micron returns back the apolipoprotein C-II, and then, they
are termed as chylomicron remnant, which is generally
present in the liver for endocytosis and breakdown (35).
Hence, through the chylomicron, the drug phospholipid
complex enters the systemic circulation and bypasses the
first pass metabolism. This mechanism of the drug-
phospholipid complex allows the absorption of drugs which

Fig. 1. Structural aspects of glycerophospholipids. a The polar head and hydrophobic tail groups attached via glycerol to
form glycerophospholipid. b The types of phospholipids based on the polar head groups. c-I, II, III and IV The types of
phospholipids based on the type of bond present in glycerophsopholipids
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are either not soluble or has shown extensive first pass
metabolism. The schematic illustration of the same is
depicted in Fig. 2.

FORMULATION ASPECTS

Drug

For an active moiety (drug) to form phospholipid
complex, it should have active hydrogens like COOH, NH2,
OH, and NH bonds to form ester bond with the lipid.
However, reports are also found for hydrophobic interaction
between the drug and phospholipid to form complex.

Experimental studies have revealed the fact that molecules
possessing conjugated systems of π electrons are capable of
forming different type of complexes with phospholipids. For
example, Afanaseva et al. have studied the interactions of
different flavonoid derivatives with phospholipids using 13C
NMR and quantum calculations. They suggested that
flavonoids tend to interact with phospholipids through π
electron systems (36–39).

Drug/Phospholipid Ratio

The ratios in which the drug and phospholipid are mixed
sometimes depend on the interacting groups or functional

Table I. Parameters Based on Which the Liposomes Phytosomes and Pharmacosomes Are Differentiated

Parameter Liposomes Phytosomes Pharmacosomes

Chemical bonding Not present Covalent bonding with
the head group

Strong hydrogen or
a covalent bond

Formation time Time consuming Time consuming Less time consuming
Drug leakage Yes No No
Entrapment efficiency Low High High
Stability Less High High
Drug release Diffusion Hydrolysis Hydrolysis and/or diffusion
Mode of administration Topical or oral Topical or oral Topical, oral or intravascular
Components for formualtion Phospholipids (natural or synthetic)

+ cholesterol
Phospholipids + phytoconstituent Phospholipid (natural or synthetic)

Fig. 2. The general mechanism of drug phospholipid complex to enhance bioavailability. This is the brief illustration of phospholipid-drug
complex absorption through which it enhances the oral bioavailability of drugs
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groups involved in complex formation. The stoichiometric
ratios of drug/phospholipid should be selected appropriately
in order to achieve higher drug loading. An ideal ratio of 1:1
has been reported almost in all cases (40). However, different
stoichiometric ratios of drug-phospholipid have been tried in
order to achieve stability and the highest drug loading of the
complex (41,42).

Solvents

Selection of solvent is one of the critical parameters
while preparing drug and phospholipid complex. The solvent
should be selected based on the solubility of both drug and
phospholipid. Moreover, sometimes, it is difficult to dissolve
the drug and the phospholipid in the same solvent; in that
case, the mixture of solvents should be used to prepare the
complex. It has been reported that the solvents which have
high dielectric constant may actuate a greater change in
electric potential and can lower the interactions between the
molecules. However, phospholipid complexes can be pre-
pared by using methanol and ethanol as solvents (which have
dielectric constants of 24.5 and 32.7, respectively) (43).

Method of Preparation

The following section contains widely used preparation
methods for drug and phospholipid complexes. A brief
information about their advantages and limitations is men-
tioned in the Table II.

Solvent Evaporation Method

Widely used preparation method for drug phospholipid
complex is solvent evaporation method. In this method, the
compound of interest and phospholipid are dissolved in
solvent or mixture of solvents which are then refluxed for a
certain period of time and then evaporated by using rota
evaporator (47). The solvent evaporation by rota evaporator
works on the principle of boiling point reduction by
application of vacuum, followed by rotation to increase the
heating surface area to the solution. Its speed and ability to

handle a large volume of solvents make rota evaporator a
suitable method to cause complex formation. However, for
evaporating high boiling point solvents like DMSO and DMF
etc., high pressure vacuum system is required to get desired
boiling point depression.

Co-grinding

This method mainly involves external mechanical force
to knead the drug and phospholipid together for complex
formation. An elucidation for this is probucol phospholipid
complex which was prepared by co-grinding method and
was compared with solvent evaporation method. It was
observed that solvent evaporation gave a high degree of
drug complexation as compared to co-grinding method.
Nevertheless, this method was found suitable for scale-up
production (44).

Mechanical Dispersion Method

In mechanical dispersion method, the phospholipid is
dissolved in solvent and is subjected for sonication for few to
several minutes. Then, the drug solution is added drop wise
into the solution continuously while sonication. The example
illustrating the application of mechanical dispersion to form
drug-phosphoipid is well depicted in an investigation done by
Sikarwar et al. (45). The authors developed marsupin
phospholipid complex using mechanical dispersion which
proved to be stable and efficient in improving the
bioavailability.

Super Critical Fluid Process

SCF technologies are a promising technique as they can
be used to produce particles of controlled size and distribu-
tion. This process can be performed at mild conditions of
temperature and pressure. Apart from this, it is also
environment friendly as compared to the process involving
organic solvents. Carbon dioxide is the most widely used
supercritical fluid because it has critical temperature of 31°C
and critical pressure of 74 bar, allowing it to be used at mild

Table II. Methods to Prepare Drug Phospholipid Complex

Technique used Methodology Remarks Ref

Solvent evaporation Drug and phospholipids are mixed in
solvent/mixture of solvents in different
ratios followed by solvent evaporation
by rota evaporator

Simple technique and high yield (42)
Selection of solvent is difficult

Super critical fluid (SCF) process Using Supercritical fluids Green technique, super critical fluid CO2

causes plasticization of lipid structures;
thermodynamically stable dispersion
and costly

(44)

Co-solvent lyophilization Solvent evaporation by freeze drying High yield and costly (45)
Anti-solvent precipitation Use of anti-solvent to precipitate drug

phospholipid complex
Low yield (46)

Mechanical dispersion/sonication Sonicator/High shear homogenizer Low yield and energy consuming (47)
Co-grinding Drug and phospholipid are simply

grinded in motar
Lower degree of complexation than

other methods
(43)
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temperature conditions (40–60°C). However, this technology
has certain limitations like limited solubility of polar com-
pounds in supercritical CO2. Li et al. (46) reported puerarin
phospholipid complex by this method and compared it with
conventional methods like solvent evaporation, freeze drying,
and gas anti-solvent crystallization. They claimed that the
phospholipid complex formed by supercritical fluid technol-
ogy showed more dissolution efficiency as compared to the
other three methods due to their higher ability to cause
amorphization of the drug.

Co-solvent Lyophilization

The principle involved in the lyophilization method is
sublimation (removal of water from the frozen state without
liquid phase). Lyophilization performed at temperature and
pressure conditions below triple point, which enables subli-
mation of ice. Three steps involved in lyophilization process
include freezing stage, primary drying, and secondary drying.
An example describing the use of co-solvent lyophilization to
form drug-phospholipid complex is explained in a study
conducted by Cui et al. (48). In their investigation, authors
developed insulin phospholipid complex which was then
characterized by solubilization, IR, and X-ray diffraction.
These mentioned characterization studies cumulatively
helped in confirming the formation of drug-phospholipid
complex.

Anti-solvent Precipitation

In anti-solvent method, the drug and the phospholipid
are dissolved in solvent and refluxed for particular time
followed by precipitation using anti-solvent, which has limited
solubility for the formed complex. Anti-solvent precipitation
method can be performed at ambient temperature and
pressure without using expensive equipment. This process is
well elaborated in a study reported by Murugan et al. (49).
The authors reported ellagic acid phospholipid complex by
anti-solvent precipitation method using DCM as solvent and
n-hexane as anti-solvent to precipitate complex. Both DSC
and TEM analysis collectively confirmed the formation of
drug-phospholipid complex.

Characterization

There are several characterization tools available for
characterizing drug-phospholipid complexes. Few of them are
enlisted in Fig. 3 and discussed below.

Morphology

Electron microscopy techniques, scanning electron mi-
croscopy, and transmission electron microscopy (SEM and
TEM) provide qualitative information about size and shape
of self-assembled drug phospholipid complex. For example in
a study conducted by our group to develop gemicitabine-
phospholipid complex (50), SEM and TEM were used as an
analyzing tool to confirm the morphology of prepared
complex (Fig. 4). The SEM analysis revealed rough and
porous images of the formed complex when compared to the
images obtained for pure crystalline drug and lipid (Fig. 4a (i-

iv)). Similarly, the TEM images revealed the formation of
uniform micellar shape vesicles with an inner dark core
surrounded by lighter striations which were composed of
phospholipids (Fig. 4b (i and ii)).

Interaction Between Drug and Phospholipid Complex

Infrared Spectroscopy. IR is the primary tool to predict
any interactions between the drug and phospholipid on the
basis of functional groups (52). While comparing the change
in functional groups, the spectra of individual components
and physical mixture are superimposed to predict the
complex formation. Generally, the drug phospholipid com-
plex formation is indicated by broadening and shifting of
characteristic peaks. Such shifting of peaks suggests that there
are typical interactions between them while such type of
interactions will not be possible in case of physical mixture.
For better understanding, consider a case wherein rifampicin-
phospholipid complex formation was confirmed using FTIR
spectroscopy. The intensity of characteristic absorption peaks
of drug at 1655 cm−1, 1566 cm−1, 1252 cm−1, and 1430 cm−1

were shifted, whereas such changes were absent in case of
physical mixture (53). This assured the presence of physical
interactions between rifampicin and phospholipid to form a
stable complex.

Nuclear Magnetic Resonance Spectroscopy. NMR is an
important tool to confirm the complex formation by studying
the magnetic properties of various nuclei like hydrogen,
carbon, and phosphorous. Changes in the chemical shift of
the important protons which involved in interactions can be
observed in 1H-NMR. The 31P NMR chemical shifts are
measured relative to phosphoric acid. The chemical shift of
phosphorus group indicated interactions between the
molecules. Apart from these, 31P-NMR also reveals about

Fig. 3. Characterization of drug and phospholipid complex
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the bilayer conformations which can differentiate the lipid
system with phospholipid complex (54). For example, a study
reported by our lab in which we employed 1H-NMR and 31P-
NMR to confirm the formation of gemcitabine-phospholipid
complex (50). The chemical shift of protons of methylene
group attached to N-atom P–O–group (–P–O–CH2–) and –C
(=O) –C group showed shift values of 3.45 δ (ppm), 3.62 δ
(ppm), and 2.33 δ (ppm), respectively. Also, the aromatic
pyrimidine protons of drug (gemcitabine) revealed chemical
shift of δ 3.47 and 3.74 ppm, which were deshielded to show
shifts at 3.79 δ and 3.82 δ (ppm), respectively, upon complex
formation. This downfield shift ensured the possibility of
interaction between gemcitabine and phospholipid. To fur-
ther support the 1H-NMR data, 31P-NMR also revealed a
phosphorous chemical shift from 0.5856 to 0.5976 upon the
complex formation.

Crystallinity of Complex

In DSC, interaction is determined by elimination of
endothermic peak, appearance of new peak, and change in
peak onset, change in the melting point, and relative peak

area or enthalpy (55). The crystalline drugs exhibit charac-
teristic intense peaks in X-ray diffraction pattern while
phospholipids, being amorphous, show wide peaks. The
physical mixtures exhibit both sharp and wide peaks due to
presence of both free drug and phospholipids. The disap-
pearance or reduction in intensity of sharp peaks indicates the
formed complex and reduction in crystallinity. For an instance
take, an account of a report published by our group that was
an attempt to prepare elrotinib-phospholipid complex was
made (47). The complex formation resulted in reduced
crystallinity and was confirmed using DSC and PXRD. The
disappearance of sharp melting peaks of drug and character-
istic lowering of Tg for phospholipid in DSC thermograph
suggested the formation of amorphous state. Similarly, the
PXRD data for drug phospholipid complex revealed the
absence of sharp characteristic crystalline peaks of drug,
thereby confirming the amorphization of drug upon
complexation.

In Silico Estimation of Drug and Phospholipid Complexation

There are very few reports which showcase in silico
estimation for phospholipid complex formation to get an
insight of the mechanism involved in complex formation. In

Fig. 4. SEM/TEM characterization images of gemcitabine drug-phospholipid complex. a
The SEM images of (i) crystalline form of gemcitabine, (ii) phospholipid, (iii) physical
mixture of drug and phospholipid, and (iv) is the drug-phospholipid complex. b (i, ii) The
TEM images of inverted micelles of drug-phospholipid complex dispersed in aqueous
solution (Reproduce with permission from (51) © Elsevier 2017)
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an attempt to do so, our lab has reported in silico method to
identify the molecular stability of the complex by using
Molecular Mechanics Energy Relationship (MMER) along
with Static Lattice Atomistic Simulations (SLAS). Molecular
Mechanics Energy Relationship (MMER), a method for
analytico-mathematical representation, provides energy rela-
tionships. Energy relationships can indicate about the contri-
bution of valence terms, non-covalent columbic terms, and
non-covalent van der Waals interaction between molecules
which accounts from ideal bond angles and distances (56).
The MMER model for potential energy factor in various
molecular complexes can be written as

Emolecular=complex ¼ V∑ ¼ Vb þVθ þVφ þVij þVhb þVel

V∑ is related to total steric energy, Vb corresponds to the
bond stretching contributions, Vθ denotes the bond angle
contributions, Vφ represents the torsional contribution arising
from deviations from optimum dihedral angles, Vij incorpo-
rates van der Waals interactions due to non-bonded inter-
atomic distances, Vhb symbolizes the hydrogen-bond energy
function, and Vel stands for electrostatic energy.

In addition, the total potential energy deviation, ΔEtotal,
can be calculated as the difference between the total potential
energy of the complex system and the sum of the potential
energies of isolated individual molecules, as follows:

ΔEtotal A=Bð Þ ¼ Etotal A=Bð Þ− Etotal Að Þ þ Etotal Bð Þð Þ

The molecular stability can then be estimated by comparing
the total potential energies of the isolated and complexed systems.
If the total potential energy of the complex is smaller than the sum
of the potential energies of individual molecules in the same
conformation, then the complex is said to be more stable and
formation is favored (51,57).

CURRENT TRENDS IN PHOSPHOLIPID-DRUG
COMPLEXES

As there are several therapeutic moieties which have low
bioavailability due to several reasons, the phospholipid
complex is among the widely opted route to enhance the
oral bioavailability. The statement is well justified by the
number of research papers which have been published using
the same concept for different applications. The approaches
can be briefly divided in three categories depending on the
mechanism through which it improves the oral bioavailability.

Solubility Enhancement

In this approach, drug-phospholipid complex is used to
improve the solubility of drugs which thereby assists in
enhancing its oral bioavailability. For example, pranlukast
solubility was enhanced by ~ 20-fold in comparison to its raw
crystalline form by preparing a nano suspension (58),
whereas, in case of pranlukast phospholipid complex, the
solubility was enhanced by ~ 150-fold which leads to 20-fold
increase in its bioavailability as compared to its natural
crystalline form (59). Another report published by Singh
et al., (53) wherein the poor bioavailability of rifampicin due

to its poor aqueous solubility was resolved by forming a
complex with phosphatidinyl choline. The complex formed
was confirmed by FTIR, DSC, and XRD and the formed
complex showed 319% of relative bioavailability. This
enhancement was mostly due to the enhanced solubility
followed by enhanced absorption of rifampicin. Also, it is
reported that rifampicin induces its own metabolism which
leads to its low bioavailability (60). Thus, the complex
enhances its absorption thereby decreasing its metabolism
eventually, helping to enhance its oral bioavailability. An-
other observation done by Qin et al., (61) wherein the low
solubility of atorvastatin (which was the limiting factor for its
bioavailability) was resolved by forming phospholipid com-
plex. The atorvastatin phospholipid complex (ATR-PLC) was
developed to form a submicron emulsion for oral delivery.
The oral adsorption of ATR-PLC oral emulsion revealed
2.58-fold increment in plasma concentration with better
pharmacodynamics activity in comparison to Lipitor
(marketed product). A similar examination conducted by
our group in which Erlotinib phospholipid complex was
prepared to overcome its solubility related limitation for
enhanced bioavailability (47). Erlotinib is an epidermal
growth-factor receptor (EGFR) tyrosine kinase inhibitor
which is orally active, but due to its low solubility, it is
administered at a higher dose which leads to dose-dependent
toxicity. Thus, prepared Erlotinib phospholipid complex
(ERL-PC) in the form of nano structures revealed higher
release of ERL-PC due to amorphization and enhanced
solubility. This led to 1.7-fold higher bioavailability and
superior efficacy of ERL-PC when compared to free ERL.
Hence, explaining the role of phospholipid complex in
enhancing the solubility and thereby promoting its
bioavailability.

Increased Metabolic Stability

In this approach, the drug phospholipid complex enhances
the bioavailability by providing the metabolic stability which
assists in maintaining the desired therapeutic level. To investigate
this approach, an investigation was conducted by our group (50),
in which gemcitabine (GEM) phospholipid complex was formed,
which was confirmed using FTIR, DSC, XRD, 1H NMR, and 31P
NMR. As gemcitabine gets metabolized to form 2′-deoxy-2′, 2′-
diflurouridine (dFdU) when given I.V. which leads to its poor
bioavailability (62). Hence, in vitro plasma stability studies for
GEM-phospholipid complex (GEM-PC) were performed, and it
revealed that the GEM-PC was capable enough to protect GEM
from metabolism and this substantiated the in vivo pharmacoki-
netics data which revealed 2-fold enhanced oral bioavailability in
comparison to that of free GEM. Thus, the study reveals the
capability of phospholipid to protect the metabolic conversion of
drug and assisting to increase its bioavailability. A similar study
was reported by Elnaggar et al., (63) wherein daidzein, an
anticancer drug for breast and prostate cancer, was complex with
phosphatidylcholine. This complexation improved its solubility
and permeation into the lymphatic system and thereby preventing
it from undergoing hepatic metabolism which was the major
reason for its low bioavailability. The oral bioavailability was
enhanced by 2.38 times with minimum drug-induced intestinal
irritation compared to free drug suspension. Thus, low bioavail-
ability of drugs due to metabolism either in plasma or by first pass
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metabolism could be well manipulated by forming phospholipid
drug complexes.

Permeability Enhancement

This approach is generally utilized for the drugs which
are not capable of showing required permeability across the
biological membrane leading to their low bioavailability. This
approach can be well explained through an investigation done
by Ma et al., (64) wherein mangiferin was complexed with
lipoid E80 (egg source phosphatidylcholine 80%). Mangiferin
has antitumor, antiviral, antidiabetic, anti-inflammatory, and
immunomodulatory activities; thus, several approaches to
enhance its bioavailability are already made, like
mangiferin-HP-β-CD which showed 1.9-fold enhancement in
bioavailability (65). But it only focused on increasing its
solubility, and no manipulation for its permeability was done.
Thus, the mangiferin phospholipid complex manipulated both
the solubility and permeation which lead to 2.3-fold enhance-
ment in oral bioavailability. Similar studies to improve the
permeability of chlorogenic acid (CGA) (which is a qunic
acid and caffeic acid ester) were explored by Li et al. (66). In
their published report, the CGA was complexed with
phosphatidylcholine (CGA-PC) so as to manipulate its
permeation ability through GIT. The investigation showed a
significant increment in the Tmax and Cmax of CGA and
CGA-PC. The oral bioavailability enhancement of up to 3.8-
fold was achieved by using this CGA-PC complex when
compared to free CGA. Thus, concluding that the phospho-
lipid complex not only manipulates the solubility but also the

permeability of the drug which eventually helps in enhancing
its oral bioavailability.

OVERCOMING THE LACUNA’S ASSOCIATED WITH
DRUG PHOSPHOLIPID COMPLEX

Although phospholipid complex technology has broad
potential, there are few limitations associated with this
technology. The major issues related to them are their
stability (e.g., risk of aggregation and chemical degradation)
and the drug leakage which can then lead to irregular
pharmacokinetics. Research groups across the globe have
explored various novel formulations loaded with phospho-
lipid complex in order to overcome all these challenges
associated with this system. Few examples of drug phospho-
lipid complex loaded novel formulations are mentioned in
Table III and Fig. 5.

Phospholipid Complex-Based Micro/Nanoemulsion

Micro/nanoemulsion-based systems are considered to be
a superior type of micellar system in terms of its solubilization
potential and thermodynamic stability (71). Hence, its ability
to resolve the solubility and permeability-related issues of
several class of drugs are well reported in literature (74).
Thus, a combined technology of phospholipid complex and
micro emulsion strategy came in to picture to overcome the
formulation-related issues like drug leakage from emulsion
system, pH-dependent solubility issues of drug and provide
efficient bioavailability of drugs. This approach is well

Table III. Novel Formulation Approaches Involving Drug Phospholipid Complex

Drug Phospholipid Dosage form Remarks Ref

Micro/nanoemulsion
Puerarin Lecithin W/O micro emulsion Improved bioavailability (62)
Dabigatran etexilate Lipoid S75 Nanoemulsion Sorts out pH dependent solubility issues (63)
Urso deoxycholic acid Phosphotidylcholine

(60% w/w)
Submicro emulsion Improved the hydrophilicity and

lipophilic property
(67)

Self emulsifying drug
delivery systems
(SEDDS)

Matrine Soya phosphotidyl choline SNEDDS Improved lipophilicity for incorpaoration
in to SEDDS

(64)

Baicalin Phospholipids
(Lipoid S-75)

Self-emulsifying
micro emulsion

Enhanced oral bioavailability (65)

Etoposide Phospholipid SEDDS Enhanced oral bioavailability (68)
Morin Soya phospholipids SNEDDS Enhanced oral bioavailability (69)
Scutellarin Lipoid S75 Supersaturated SEDDS Improved solubility and antitumor activity (70)
Micelle
20(S)-protopanaxadiol Soyabean phospholipids Micelle Enhanced oral bioavailability (66)
Apigenin L-α-phosphotidylcholine Micelle Improved oral bioavailability (71)
Bahuoside I Phospholipids Micelle Enhanced oral bioavailability (72)
Repaglinde L-α-phosphotidylcholine Micelle Promoted anti diabetic effect (73)
Other novel formulations
Baohuoside Phospholipids Nanoscale complex Improved oral bioavailability (74)
Salvianolic acid Soyabean phospholipid Phospholipid complex

in to nanoparticles
Improved oral bioavailability (75)

Baicalein Soyabean phospholipid Matrix dispersion Improved oral bioavailability (76)
Rosuvastatin calcium Phospholipon 90G Nanolipospheres Improved intestinal lymph targeting (77)

Page 9 of 13 43AAPS PharmSciTech (2019) 20: 43



elaborated in a study conducted using puerarin. Puerarin, a
phytochemical, has solubility and bioavailability issues
(67,77). In order to overcome these issues, Wu et al. (68)
formulated puerarin phospholipid complex-based W/O emul-
sion utilizing both advantages of phospholipid complex and
multiple emulsion system. They claimed that phospholipid
complex increases the absorption of puerarin by preventing
Pgp efflux while the microemulsion acts as an intestinal
permeability enhancer. Pharmacokinetics data revealed that
puerarin phospholipid complex-based microemulsion shows
improved AUC0→∞ and Cmax compared to simple multiple
emulsion and puerarin phospholipid complex alone. Another
benefit of drug-phospholipid complex-based nanoemulsion is
that the problems of pH-dependent solubility issues are
resolved. Dabigatran etexilate has limitation of pH-
dependent solubility, which is soluble in low pH and insoluble
at neutral pH. Simple nanoemulsion-based formulation
results in drug leakage through the oil phase in gastric fluids
followed by precipitation once it reaches to intestinal phase.
In order to overcome this, lipophilicity of drug is increased by
phospholipid complex to prevent the drug leakage through
the nanoemulsion in gastric fluids and thereby increases the
dissolution efficiency in intestinal fluids (69).

Phospholipid Complex-Based SEDDS

In an investigation conducted (LBDD) system generally are
composed of surfactant, lipid, and co-solvents. In this field,
Pouton et al. (70,72) introduced a lipid formulation classification
system (LFCS) which classifies the LBDD into four classes.
According to this classification, self-emulsifying drug delivery
system (SEDDS) falls under class II as they require a hydropho-
bic surfactant along with their oil component to attain greater

stability, whereas self-microemulsifying (SMEDDS) or self-
nanoemulsifying drug delivery systems (SNEDDS) composed of
additional hydrophilic surfactants classify them to be under class
III system.

The major difference between SMEDDS and SNEDDS
includes the composition, droplet size in dispersion, stability
of dispersion, and formulation technique. An extensive
compilation of reported studies carried out using SEDDS/
SMEDDS/SNEDDS is well organized by Cerpnjak et al. (73).
However, loading of hydrophilic molecules in these systems
continues to be a tedious task due to its hydrophobic oil
phase. In such case, the drug can be complexed with
phospholipids in order to increase their lipophicility and
thereby improving its incorporation efficiency. This synergis-
tic utilization of drug-phospholipid complex and SEDDS
assists in improving the bioavailability of drugs with suitable
solubility but limited permeability (BCS class III). Likewise,
consider an investigation done by Ruan et al., (75) wherein
SNEDDSs containing matrine–phospholipid complex were
prepared. Matrine is hydrophilic compound and has poor
solubility in oil phase; hence, to increase its lipophilicity for
efficient incorporation in SEDDS, phospholipid complex was
developed. In similar report, Wu et al. (76) developed
phospholipid complex-based SEDDS of class IV drug,
Baicalin. The combined effect of phospholipid complex and
SMEDDS leads to increase the oral bioavailability of
baicalin. Although authors claimed that it is difficult to form
complex with BCS class IV drugs due to absence of
interacting functional groups, some BCS class IV compounds
showing phenolic hydroxyl groups can illustrate the required
interaction thereby can form the complex (76). However, this
field of application still remains to be unexplored to an in-
depth reasons for such observation.

Fig. 5. Phospholipid complexes loaded novel formulations
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Phospholipid Complex-Based Micelles

As for several drugs, the aqueous solubility is considered
to be the limiting factor for their absorption; hence,
approaches like addition of solubilizer or auxiliary solvent,
salt formation, pro-drug formation, solid dispersion and
cyclodextrin inclusions have been employed. Apart from
these strategies, mixed micelles are currently being assumed
as a vital method to resolve the bioavailability issue. Thus, in
recent approaches, the drug phospholipid complexes along
with other micelles are used to form the mixed micelles
system to improve the drug delivery of poorly soluble drugs.
This could be explained by understanding the report
submitted by Xia et al., (78) in which 20(S)-protopanaxadiol
(PPD) phospholipid complex enhriched micelles are prepared
to overcome the low solubility and poor bioavailability of
drug. The solubility of PPD in micelles increased 64 times
more than free PPD. Apart from this, the PPD-phospholipid
complex-based micelles showed improved absorption and
increased bioavailability. A similar report includes micelles of
tpgs modified with apigenin phospholipid complex. In their
findings, authors claimed that apigenin was completely
protected in micellar system which lead to its improved oral
bioavailability and decreased metabolism in GIT (79).

Other Nanoformulations

There are several other nano-approaches that can be
employed in synergy with drug phospholipid complex to
efficiently deliver the drug. A novel concept reported by Jin
et al., (80) wherein emphasis on size of baohuoside I-
phospholipid complex formed was given. The complexes
formed were subjected through multiple cycles of homogeni-
zation for reducing the size. The baohuoside I-phospholipid
complex of lower size (range of 81 ± 10 nm) obtained after
homogenization revealed better permeation/absorption
across Caco-2 monolayer than larger size range complexes.
Thus, mentioning the fact that the overall size of the formed
complex can also be cosidered as a parameter to manipulate
the drug bioavailability. Other nano formulation approch of
incorporating the drug-phospholipid complex in to
nanolipospheres was introduced by Beg et al. (81). Authors
reported rosuvastatin phospholipid complex-loaded
nanolipospheres. The authors revealed that synergititc effect
of phopsholipid complex and lipid nanospheres in improving
the physicochemical attributes of rosuvastatin. Also, improve-
ment in its pharmacodynamic performance was observed.
Thus, the phospholipid complex-loaded novel formulations
opens a new doorway to increase the physicochemical
attributes and resolve the bioavailability issues of drugs.

CONCLUSION AND FUTURE PROSPECTIVE

Despite the fact that lipid-based systems can resolve
several drug delivery issues, most of them have some
limitations. Such limitations could be countered by
employing drug-phospholipid complexes. Examining the
studies discussed in the literature, it can be presumed that
this technology can assist in improving bioavailability by
enhancing solubility, permeability, and by improving meta-
bolic stability in GIT. Being comprised with such abilities,

this nominates it to be a suitable delivery vehicle for drugs
which has limited solubility (BCS class II), limited perme-
ability (BCS class III), and/or both (BCS class IV).
Additionally, this technology enjoys the benefits of being
cost effective, simple to formulate, and easy to scale up over
other lipid-based drug delivery systems. Considering the
reports, it was evident that, to form a stable drug-lipid
complex, a thorough knowledge on pre-formulation aspect
is mandatory as this governs the overall stability of the
system. Also, in silico analysis can collectively assist in
predicting the stability of complex thereby assisting in selecting
the stable drug-phospholipid combination. In recent years,
phospholipid complex-loaded novel formulations like
SNEDDS, micelles, and lipospheres etc. have played a crucial
role in synergizing the overall efficacy of the system. Such
combinational system provides a stable platform which ensures
improved hydrophilic drug loading, reduced drug leakage, and
enhanced stability of the system. Conclusively, from the current
reports encompassing the crucial know how about drug-
phospholipid complex, it is evident that this system can still be
developed and used in numerous ways to improve the overall
bioavailability of drugs.
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