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A B S T R A C T

Lipid-based formulations are a viable option to address modern drug delivery challenges such as
increasing the oral bioavailability of poorly water-soluble active pharmaceutical ingredients (APIs), or
sustaining the drug release of molecules intended for chronic diseases. Esters of fatty acids and glycerol
(glycerides) and polyethylene-glycols (polyoxylglycerides) are two main classes of lipid-based excipients
used by oral, dermal, rectal, vaginal or parenteral routes. These lipid-based materials are more and more
commonly used in pharmaceutical drug products but there is still a lack of understanding of how the
manufacturing processes, processing aids, or additives can impact the chemical stability of APIs within
the drug product.
In that regard, this review summarizes the key parameters to look at when formulating with lipid-based
excipients in order to anticipate a possible impact on drug stability or variation of excipient functionality.
The introduction presents the chemistry of natural lipids, fatty acids and their properties in relation to the
extraction and refinement processes. Then, the key parameters during the manufacturing process
influencing the quality of lipid-based excipients are provided. Finally, their critical characteristics are
discussed in relation with their intended functionality and ability to interact with APIs and others
excipients within the formulation.
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1. Introduction

Lipid excipients have a wide range of applications in
pharmaceuticals, food and consumer products. Liquid glycerides
are commonly used as solubilizers for lipophilic active pharma-
ceutical ingredients (API) whereas semi-solid and solid glycerides
serve as matrix formers in sustained release tablets and capsules
(Barthélémy et al., 1999; Jannin et al., 2006); as processing aids in
the formation of dispersions or multi particulate systems (Jannin
et al., 2003; N0Diaye et al., 2003); and as coatings for taste masking,
prolonged release or lubrication (Jannin and Cuppok, 2013; Patil
et al., 2011). Polyoxylglycerides on the other hand are utilized as
solubility and bioavailability enhancers in self emulsifying systems
(Chambin et al., 2009; Fernandez et al., 2009; Porter et al., 2007;
Williams et al., 2013). These examples help demonstrate a
physical-chemical versatility which is inherently linked to the
nature of the lipid moieties which constitute these excipients.

Lipids (fats and oils) are generally defined by their polarity and
ability to interact with aqueous media, properties conditioned by
their composition. Fatty acids are the single common denominator
in all lipids. The functionality of lipids is linked to their structural
moieties, notably the type of fatty acids and their esters present.
Fatty acids are abundant in nature, found notably in dietary lipids
in the form of glycerides (fatty acid esters of glycerol). Glycerides
and their fatty acid components serve as building blocks for the
manufacture of lipid excipients. Depending on the intended
characteristics of the final excipient, manufacturing may involve
a complex series of processes such as fractionation, esterification,
inter-esterification, alcoholysis, and multiple purification steps.
The functionality of the end product in the pharmaceutical dosage
form is therefore inherently linked to the source of the raw
materials and the manufacturing processes. Precise control of
composition and characteristics of lipid based excipient is essential
for their subsequent use as a pharmaceutical excipient. However,
these excipients can contain impurities that often contribute
significantly to the degradation of API, as recently reviewed by Pr.
V. Stella (Stella, 2013).

The purpose of the review is to explain the impact of the
manufacturing processes of lipid-based excipients on the stability
of pharmaceutical dosage forms manufactured. Variations of
composition of these excipients deriving from natural products,
the potential presence of process aids, additives, and/or stabilizers
added during their extraction, refining, and processing can
profoundly impact the stability of the API in dosage forms made
using one or more of such excipients. In addition, different ‘grades’
of these lipid-based excipients have been introduced to provide

enhanced product differentiation or functionality while at the
same time being classified within the same general Pharmacopoe-
ial monograph. Even if, lipid-based excipients are more and more
routinely used there is still a lack of understanding of how
excipient manufacturing processes – either directly or indirectly –

can impact the drug product stability.
Hence, this review aims to elucidate the key parameters

influencing two groups of lipid excipients: glycerides, being fatty
acids esters of glycerol and polyoxylglycerides being fatty acid
esters polyethylene glycol (PEG) and glycerol – presented in two
separate sections. The first section starts by an introduction to the
chemistry of natural lipids (fats and oils), fatty acids and their
properties in relation to the extraction and refinement processes
used. In addition, the critical characteristics of these excipients on
their functionality and ability to interact with other materials and
drug substances will be discussed.

2. Nature of lipids/excipients

2.1. Glycerides – definition

Glycerides are the primary components of dietary lipids (fats and
oils). Lipids are fattyacidsand theirderivatives, and substances related
biosynthetically or functionally to these compounds (Christie, 1987).
Lipids are amphiphilic due to their dual molecular structure i.e. the
lipophilic portion consisting of fatty acid(s) and the hydrophilic
portion to which the fatty acid(s) are esterified (glycerol in the case of
glycerides) (Jannin et al., 2008). They can be divided in two groups
depending on their interaction with water (Larsson et al., 2006).

The first group relates to non-polar lipids that are non-miscible
with water. Oils and fats are mainly composed of triacylglycerols
(also known as triglycerides) and are the main components of this
group. Triacylglycerols are composed of three fatty acids (acyl
groups) esterified to glycerol (see Fig. 1). Their partial glycerides
derivatives: diacylglycerols (diglycerides) are also non-polar.
Diacylglycerols are composed of two fatty acids esterified to
glycerol. Each diacylglycerol molecule exists as two different
isomers: 1,2- and 1,3-position. The migration of fatty acid from one
position to another is favored by temperature (even at room
temperature for liquids) and the equilibrium mixture is reached.

The second group consists of polar lipids that can interact with
water to form aqueous phases. Monoacylglycerols (monoglycer-
ides) is one example of polar lipids. They can exist as two isomers
as 1- (which is equivalent to the 3-) and 2-position. The 1-isomer is
largely predominant in the equilibrium mixture reached after acyl
migration.

Fig. 1. Structures of acylglycerols: a. triacylglycerol; b. 1,2-diacylglycerol; c. 1-monoacylglycerol. The fatty acid used for this figure is stearic acid.
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