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INTRODUCTION

Although monoolein is a well-known molecule com-
monly used as an emulsifying agent and as a food addi-
tive since the 1950s, its potential applicability in the phar-
maceutical industry has not been considered in great
detail. Recently, there has been a flurry of activity con-
cerned with the possibility of using monoolein as a mate-
rial for different pharmaceutical applications. The explo-
sion of interest in this field is evidenced by an increase
in the number of publications in the area (1).

Figure 1 shows the percentage of consulted references
of monoolein versus publication year. It is important to
point out that only articles falling in the pharmaceutical
area were considered when creating this graphic. Be-
tween 1978 and 1987, monoolein was used mainly as an
absorption enhancer in combination with bile salts and
as an emulsifier. It was in 1984 that monoolein was first

proposed as a biocompatible encapsulating and con-
trolled-release material; since then, there have been many
diverse applications, and new uses have been proposed,
particularly in the last seven years. It should be noted
that these applications have been possible because of the
increased understanding of the physicochemical proper-
ties of monoolein.

In this report, we focus on the application of mono-
olein in the pharmaceutical area. The ability of monool-
ein to serve as an emulsifier and permeation enhancer is
reviewed. We are al so particularly interested in the poten-
tial use of monoolein asadrug delivery system for differ-
ent administration routes.

DEFINITIONS AND PROPERTIES

Monoolein, or glyceryl monooleate, isamixture of the
glycerides of oleic acid and other fatty acids, consisting
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Figure 1. Monoolein publications related to the pharmaceutical field (n = 93).

mainly of the monooleate. The acyl chain (oleic acid) is
attached to the glycerol backbone by an ester bond (Fig.
2). Thetwo remaining carbons of the glycerol have active
hydroxy! groups, giving polar characteristics to this por-
tion of the molecule. The glycerol moiety may form hy-
drogen bonds with water in an agueous environment and
iscommonly referred to as the head group. The hydrocar-
bon chain gives hydrophobic characteristics to monoolein
and is often termed the tail (2-7).

Monoolein can be produced by the direct esterification
of fatty acids, chiefly oleic acid and glyceral, or by the
glycerolysis (transesterification) of refined vegetable oils,
such as erucic canola oil or sunflower oil (8). Commer-
cially available, monoolein may be obtained in two
forms, a mixed glyceride form (referred to simply as
monoolein) or as distilled monoolein; the latter is pre-
ferred for pharmaceutical applications because of its high

Head Tail

Figure 2. Structural formula of monoolein (for pure mate-
rial).

purity. Monoolein can be mixed with 5% of an anionic
surfactant; this mixture is called self-emulsifying grade
monoolein. This form is generally used as a primary
emulsifier for oil-in-water systems.

Monoolein occurs as awaxy yellow paste with a char-
acteristic odor. It swells in water, giving rise to severa
lyotropic liquid crystalline structures. From a pharmaceu-
tical standpoint, the phase behavior of the system shows
anumber of interesting properties. Some phases may be
in equilibrium with excess water solutions, and tempera-
ture-induced transitions occur between phases of differ-
ent rheology. Monoolein is a nontoxic, biodegradable,
and biocompatible material classified as GRAS (gener-
ally recognized as safe), and it is included in the FDA
Inactive Ingredients Guide and in nonparenteral medi-
cines licensed in the United Kingdom. Its biodegradabil-
ity comes from the fact that monoolein is subject to lipol-
ysis due to diverse kinds of esterase activity in different
tissues (5—10). Other typical properties of monoolein are
summarized in Table 1.

MONOOLEIN PHASE BEHAVIOR

In this section, we briefly describe the mesomorphic
phases observed with monoolein. We consider this aspect
important in making more comprehensible the potential
pharmaceutical applications of this lipid.

A common feature of lipids is the existence of atem-
perature-dependent phase transition. Below the transition



Pharmaceutical Applications of Monoolein

Table 1

Typical Properties of Monoolein

Chemical name 9-Octadecenoic acid  (Z)-monoester
with 1,2,3-propanetriol

Glycerol-1-oleate, glycerol oleate,
glyceryl monooleate, monolein, a-
monoolein glycerol

Aldo MO, Arlacel 186, Atlas G-695,
Cithrol GMO N/E, Hodag GMO,

Myverol 18-99, Priolube 1408, Rylo

Synonyms

Commercial names

NG15, Tegin

Empirical formula CxHO, (M, = 356.55 for pure
material)

Acid vaue <20

Boailing point 238°C-240°C

Density 0.94 g/cm?®

Flash point 216°C

Free glycerin =5.0% (=1% for distilled)

HLB 3-4

lodine number 90-100

Melting point 35°C-37°C (36°C for the pure form)

Monoester content >90% (for the distilled)

Refractive index 1.4626

Saponification value  160-170

Soap content J0.5%

Solubility Practically insoluble in water ((110°°
M), soluble in chloroform, ethanol,
ether, minerd oil, and vegetable oils

Water content =1%

Source: From Refs. 9, 11, and 12.

temperature, lipidsexist ina‘‘gel’’ state. An increase in
temperature results in the transition to a fluidlike state
(liquid crystalline state) similar to the fusion of a crystal-
line solid; however, when a given lipid molecule is
heated, instead of melting directly into an isotropic lig-
uid, it may pass through intermediate states called meso-
phases or liquid crystals. Such molecules undergo ther-
motropic mesomorphism. In addition, certain molecules
may be induced to form liquid crystals by the addition
of a second chemical component, for instance, a solvent
such as water (lyotropic mesomorphism) (13).

The ability to exist in severa different phases is an
important property of pure lipids and lipid mixtures; it
depends on temperature, hydration, and lipid class. In
general, monoglycerides exhibit different phase behav-
iors when they are exposed to water (see Fig. 3) (14).

Of these, the most commonly encountered is the
spherical micelle; however, thisis only one of many ag-
gregate types formed. One also finds reverse micelles,
with water intheinterior (L), aswell asliquid crystalline

e f

Figure 3. Polymorphic phases available to hydrated liquid
crystalline lipids: (a) micellar; (b) inverted miellar; (c) lamellar
(La); (d) cubic; (€) hexagonal (H,); (f) inverted hexagonal (H,,).

structures such as the hexagonal phases (H, and H,). The
lamellar phase structure (L), the originator of liposomes,
is also commonly found in polar lipid systems. A less
well known liquid crystalline phase is the cubic phase (G
and D) (12).

When placed in awater solution, monoolein givesrise
to severa of these phases, with one-, two-, and three-
dimensional periodicity, such as the lamellar, inverted
hexagonal, and bicontinuous cubic phases, under rather
easily accessible temperature and pressure conditions
(6,15—-18). Each of these phases can have different phar-
maceutical importance.

The phase diagram (Fig. 4) shows that, at 37°C (pure
monoolein melts at 36°C) and in the presence of a small
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Figure4. Binary phase diagram of the monoolein-water sys-
tem. (From Refs. 3, 7, 12, 16, and 20.)
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amount of water, monoolein forms reversed micelles(L,)
characterized by an oily texture. Adding more water, a
mucouslike system is formed that corresponds to the la-
mellar phase (L,) (7,12,19). A large isotropic phase re-
gion dominates when more water is added (~20—-40%).
This phase, known as the cubic phase, is characterized
by a high viscosity and, in fact, consists primarily of two
cubic phases with similar structures, the cubic phase of
the type G, aso known as Q*° (gyroid), and the cubic
phase D or Q#* (diamond), although the structural simi-
larity of these phases is such that in practice the two are
usually considered to be equivalent (3,16,20—31). At high
water content (>40 %), the cubic phase D is in equilib-
rium with essentially pure water (5,12,25,30).

The cubic phase (Fig. 3d) is said to be bicontinuous
since it consists of a curved bilayer extending in three
dimensions, separating two congruent water channel net-
works. The water pore diameter is about 5 nm when the
cubic phase is fully swollen. The presence of alipid and
an agueous domain gives special properties to the cubic
phase, such as the ability to solubilize both water- and
lipid-soluble compounds, as well as amphiphilic sub-
stances (12,32,33). If one intends to use the monoolein-
water system for drug delivery, itiscrucial to gaininsight
into how a third substance (e.g., a drug) influences the
phase behavior of the system (34). Many drugs can be
incorporated, up to 10—15%, in the cubic phase, but that
depends, of course, on the type of drug (2). Monoolein
also forms a liquid sponge phase, a bicontinuous lipid-
water system, when solvents like propylene glycol or
poly(ethylene glycol) are added to the monoolein-water
system (35).

PHARMACEUTICAL USES OF
MONOOLEIN

The applications of monoolein in the pharmaceutical
areahave mainly centered on the design of drug products.
The special behavior of this lipid can either represent a
solution for the development of new drug delivery sys-
tems or be an interesting alternative to those aready in
use. The growing interest in this monoglyceride results
in the commercialization of different products using
monoolein as a drug carrier material.

In the pharmaceutical field, the applications of mono-
olein can be classified asfollows: (a) emulsifier, (b) solu-
bilizer, (c) absorption enhancer, (d) oral drug delivery
system, (€) parenteral drug delivery system, (f) vagina
drug delivery system, (g) periodontal drug delivery sys-
tem, (h) colloidal carrier system, (i) storage system for
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the protection of macromolecules susceptible to degrada-
tion, (j) bioadhesive, and (k) others, such as amembrane
and polymorphic lipid model for the determination of
lipid bilayer/water partition coefficient and electrochemi-
cal biosensors.

Emulsifier

Due to its amphiphilic character, monoolein has been
classified as a nonionic surfactant. It has been used as an
emulsifying agent for water-in-oil emulsions and micro-
emulsions and in cosmetic and pharmaceutical topical
formulations. The self-emulsifying gradeis used as a pri-
mary emulsifier for oil-in-water systems (9,36—39).
When used in hydrocarbon ointment bases, it has shown
water-absorbing and water-retaining capacities, as well
asthe ability to change the rheological properties of oint-
ments (40,41). Furthermore, monoolein could be attrac-
tive for formulating dermical preparations because of
their release properties and substantivity (39). Recently,
monoolein has been proposed as a cosurfactant for the
development of an injectable oil-in-water emulsion con-
taining lipophilic antioxidants (42).

Solubilizer

In studies of fat digestion, it has been well established
that monoolein mixed with bile salts forms a mixed mi-
cellar phase, which improves fat solubilization (43,44).
The molecular arrangement of the particles present in the
isotropic part of the monoolein/bile salt map is qualita-
tively the same as that in phosphatidylcholine/bile salt
systems (45). Thus, both monoolein and lecithin enhance
solubilization of solutes in bile salt solutions, having
physicochemical effects principally on solubility, wet-
ting, and dissolution of drugs. Luner et al. (46) showed
that the addition of increasing amounts of monoolein to
glycocholate solutions resulted in a linear increase in the
solubility of gemfibrozil. Another interesting study using
the solubilizer properties of monoolein/bile salt solutions
was carried out by Kararli and Gupta (47). These authors
stated that it is possible to increase the solubilization of
aleucotriene-D, in mixed micellar solutions of taurocho-
late plus monoolein. The effect of monoolein on the sur-
factant solution was to increase the size of the mixed
micelles. These data of enhanced solubility from
monoolein/bile salts can be of use in the formulation of
physiologically relevant dissolution media. In an interest-
ing recent study, Barauskas et al. (48) studied the solubi-
lization of ubiquinone-10, showing that a content below
0.5 wt% has no effect on the monoolein bilayer thickness
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and the swelling behavior of phases, and then the coen-
zyme seems to be totally dissolved in the monoolein.

Absor ption Enhancer

The mixed micellar phases formed between mono-
olein and bile salt solutions have also been proposed as
potential modifiers of the intestinal absorption of lipo-
philic, hydrophilic, and macromolecular drugs (49).
Work at the University of Kyoto has shown that the intes-
tinal absorption of poorly absorbed drugs such as genta-
micin or streptomycin (50,51), heparin (52,53), and a
macromolecular bleomycin dextran sulfate complex (55)
was greatly enhanced in the presence of monoolein/bile
salt mixed micelles. These studies suggested that the
most important component responsible for the marked
enhancement across the intestinal membrane is appar-
ently not the bile salt, but monoolein. Thus, monoolein
is considered a low-melting fusogenic lipid that might
produce a reversible increase in the fluidity of the lipid
bilayer (55-58).

The increase in large intestinal absorption was found
to be much greater than that in the small intestine. Fur-
thermore, the administration of drugs in mixed micelle
powder form is, in practical terms, more convenient by
rectal administration, for which mixed micelles are not
expected to be diluted extensively. Consequently, it was
found that colorectal administration with mixed micelles
was more advantageous for the absorption of poorly ab-
sorbable drugs than oral administration (49,50,52,59).
This has been confirmed recently for the absorption of
human calcitonin across the rat colon in vivo (60).

Monool ein—bile salt aqueous solutions have also been
shown to be capable of promoting the intestinal absorp-
tion of poorly absorbed drugs incorporated in aily, lipo-
somal (56), and emulsion (58) formulations. In this sense,
Balandraud et al. (61) have shown that the oral bioavail-
ability of cyclosporin A in rats was improved signifi-
cantly (with low variability) using an aqueous micellar
solution containing tauroursodeoxycholate and mono-
olein. Improved nasal absorption has also been observed
when monooleinisused as an adjuvant. Kararli et a. (62)
showed that emulsion formulations containing oleic acid,
monoolein, and sodium taurocholate (or Tween 80) en-
hanced the nasal absorption of a renin inhibitor. The
mechanism of drug transport was related to an increase
in membrane fluidity brought about by the interaction of
oleic acid and monoolein with the nasal membrane. Fur-
thermore, it was shown that the use of lipids in mixed
micellar solutions may reduce the mucosal damage
caused by bile salt micelles alone.
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Monoolein was aso shown to be effective as a trans-
dermal enhancer (63). In enhancing the flux of nitrendi-
pine across human skin, the authors found that monoolein
was the most effective enhancer among a series of en-
hancers, such as oleic acid, lauryl acohol, L-menthal,
Transcutol”, Labrasol”, Tween 80, Tween 20, and N-
methyl-2-pyrrolidone. Monoolein appears to act via the
same mechanism as oleic acid, causing a temporary and
reversible disruption of the lamellar structure of lipid bi-
layers in the stratum corneum and in this way increasing
intercellular lipid fluidity.

Oral Drug Delivery System

Since the appearance of the first patent in 1984 (64)
proposing amphiphilic substances as interesting candi-
dates for matrices or barriers in controlled-release prepa-
rations, monoolein has been considered an attractive ba-
sis for the development of these systems. A matrix
device, as the name implies, consists of a drug dispersed
homogeneously throughout a material that generaly is
polymeric in nature. Carboxymethylcellulose, hydroxy-
propylmethylcellulose, ethylcellulose, methylcellulose,
polyvinyl acohal, polyvinylpyrrolidone and polyethyl-
ene glycols are some of the more commonly used con-
trolled-release polymers (65). Monoolein behaves in a
manner similar to certain polymers in that, as mentioned
above, in excess water it swells and forms a physicaly
stable viscous gel (the highly ordered cubic phase) that
will release a dissolved or dispersed drug by slow diffu-
sion (4,8). Thus, monoolein can be an interesting alterna-
tive to polymer systems. The drug/monoolein mixture
could be melt filled into hard capsules and then cooled.
Once in contact with gastrointestinal fluids at body tem-
perature, the monoglyceride transforms into the cubic
phase after dissolution of the gelatin capsule (66,67).

Some typical advantages and disadvantages of the use
of monoolein instead of polymers, which are applicable
to other systems reviewed in this report, are summarized
next (4,6,8,66—71). Monoolein has the following advan-
tages: (a) it iswell characterized; (b) it is easy to design
and formulate; (c) it is biocompatible and biodegradable;
(d) thereis an absence of toxic impurities such asresidual
monomers, catalysts, and initiators; (€) the melts have,
in contrast to polymer melts, a low melt viscosity, thus
obviating the need for organic solventsfor solubilization;
(f) because of its amphiphilic nature, both hydrophilic
and lipophilic drugs can be incorporated and released;
(g) the drug can be dissolved in the cubic phase, or if
the amount exceeds its solubility in the cubic phase, it
often forms a dispersion in the cubic phase; (h) theionic
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strength and pH of the buffer media do not affect mono-
glyceride swelling considerably; (i) the drug release
could be controlled by varying the surface-to-volume ra-
tio, the drug loading, and the water content of the lipid
and by the addition of salt, glycerol, propylene glycoal,
or any similar amphiphilic substance of low molecular
weight.

The disadvantages of monoolein are the following: (a)
it is necessary (especially for amphiphilic drugs) to build
drug(s)/monoolein/solvent phase diagrams to know the
influence of the drug(s) on the phase behavior and the
regions of greatest physical stability; (b) it could be sensi-
tive to interactions with food components or gastrointes-
tinal fluids, and bile salts particularly can provoke the
micellization or emulsification of monoolein; (c) the
presence of surface-active molecules can affect the integ-
rity of the matrix; (d) there is incomplete release of cer-
tain hydrophilic drugs by binding of the drug molecules
with the cubic phase; (€) there is a potential for sedimen-
tation of drug crystals during preparation; and (f) the
stiffness of the cubic phase makes it difficult to handle.

It should be noted that the release mechanism from
monool ein-based systems is associated closely with the
diffusional exchange of water from the external media of
the matrix and drug and water from the interior phase,
being second-order swelling kinetics. This exchange ex-
hibits typical square-root dependent drug release, at least
during the initial release phase (4,66,72,73).

Parenteral Drug Delivery System

The cubic phase reveals great flexibility since drugs
of very different polarity and size may be incorporated.
Of special interest isits ability to solubilize peptides and
proteins. The reason for the flexibility of the system is
its amphiphilic nature since the cubic phase roughly con-
sists of equal amounts of lipid and water. The bilayer
structure gives rise to alarge interfacial area (~400 m?/g
as the cubic phase), which should promote the incorpo-
ration of amphiphilic substances. Considering these ad-
vantages, the cubic phase may be used as a parenteral
delivery system, as has been proposed by Ericsson et al.
(5,74). These authors showed that the intramuscular and
subcutaneous administration to rabbits of desmopressin
or somatostatin encapsulated in a cubic phase produced
a constant desmopressinlike and somatostatinlike immu-
noreactivity over 6 hr.

A serious drawback to using a monoolein system
based in the phase cubic is its stiffness, which makes it
amost impossible to inject. Two proposals have been
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made to overcome this problem (75-78). The first is the
addition of a third component (a drug or an injectable
solvent); after a portion of the drug is released or the
solvent is diffused out under physiological conditions,
the high viscosity cubic phase is formed. The second is
the formation of an L, phase by adding a vegetable or
anima oil to the hydrated monoolein (64). Both ap-
proaches have been successful for the encapsulation and
sustained release of biologically active materials such as
lysozyme, hydrocortisone, benzylpenicillin, some en-
zymes, and the like.

Oneimportant aspect of the use of monoolein asasafe
parenteral material is the necessity to confirm its biologi-
cal tolerance. Although monoolein disappears after in
vivo subcutaneous and intramuscular injection, princi-
pally by lipase activity (10), its nonirritant effect on the
tissues has not been entirely confirmed and recently even
has been refuted (80). Further studies are therefore neces-
sary to clarify this issue.

Periodontal Drug Delivery System

The special swelling characteristics of monoolein, as
well as its biodegradability by the action of different
kinds of esterases, make this substance the ideal candi-
date for the administration of drugs via the periodontal
pocket. Taking advantage of the capacity of monoolein
toform different liquid crystalline phases, a*‘ dental gel’’
with a mixture of monoolein and a vegetable oil was pre-
pared for the administration of active agents (such asanti-
septics, antibiotics, antifungal agents, anti-inflammatory
drugs, antiplague agents, and anesthetics) used in the
treatment of periodontal diseases. Elyzol® is a dental gel
of this type and is manufactured and marketed by Du-
mex-Alpharma A/S in several European countries and
uses metronidazol e benzoate as the active ingredient. The
fluid gel may be administered by syringe, but then on
contact with the water of the gingival fluid, it undergoes
an in situ transformation to a semisolid system, presum-
ably a reverse hexagonal liquid crystalline matrix. The
system has been shown to adhere to the mucosa and fit
well inthe dental pocket, allowing, in addition, controlled
release of the drug. Furthermore, the gel has an advantage
over the nonbiodegradable polymer carriersin that it may
be easily degraded by the action of the body’s own li-
pases or by the enzymes liberated by the bacteria found
in periodontal pockets. The gel is then converted to oleic
acid and glycerol, which can be easily flushed out of the
pocket and disposed of via the saliva without the neces-
sity for mechanical removal (80,81).
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Vaginal Drug Delivery System

Recently, Geraghty et a. (82,83) investigated the po-
tential use of a monoolein/water liquid crystalline gel for
vagina delivery of antimuscarinic drugs. They found that
the release of the drugs in vitro was sustained over a pe-
riod of about 18 hr and followed square-root-of-time ki-
netics, indicating that the rate of release was diffusion
controlled. The release profiles have also been found to
be dependent on the solubility of the drug in the lipid
base and the extent of partitioning into the lipid bilayer.
Subsequent work (18) detailing in vivo monoolein reten-
tion assessment by gamma scintigraphy showed that the
gels were retained in the vaginal canals for a minimum
of 6 hr. The gels did not produce signs of mucosal irrita-
tion or sensitization and appeared to have been degraded
by enzymes present in the vaginal cavity after a 24-hr
period. No trace of gel or activity was found on the fur
or on thetrays of the animals. Gel retention was attributed
more to their high viscosity than to their bioadhesive
properties.

It is important to mention that an intravaginal product
commercialized as Provagin® was designed using mono-
olein as a matrix support for micronized natura proges-
terone. The aim of Provagin isto prepare the uterine mu-
cosa for implantation of an embryo after in vitro
fertilization.

Colloidal Carrier Systems: Cubosome and
Hexosome Formulations

Cubosomes®” and Hexosomes” are submicron disper-
sions of particles of acubic or reversed hexagonal lipid-
water phase prepared by the mechanical dispersion of the
lipid and the addition of amphiphilic molecules, such as
block copolymers (e.g., pluronics), that provide stearic
stabilization (particlesin the range 1-100 um are formed
by mild agitation of the cubic phase, while submicronic
particles are formed using high-pressure homogeniza-
tion). These phases have been shown to be useful in drug
delivery, particularly due to their bioadhesive properties,
their characteristics as sustained-release delivery sys-
tems, and their ability to protect peptide drugs from deg-
radation. It isimportant to mention that Cubosomes show
a structural organization identical to that found in bio-
membranes (84,85).

The use of Cubosome formulations for intravenous
administration of somatostatin was reported by Engstrom
et al. (85). The authors found that somatostatin remained
in the circulation much longer when administered in Cu-
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bosomes than when administered as an intravenous bolus
injection. Thus, Cubosomes may be a promising alterna-
tiveto liposomes and conventional emulsions dueto their
unique properties, such as the ability to circulate in the
bloodstream for many hours. This effect is attributed to
their behaving like *‘ stealth’’ liposomes due to their long,
protruding hydrophilic ethylene oxide chains. The Cubo-
some dispersion also offers the possibility to incorporate
agreater variety of drugsin comparison to liposomes and
emulsions. Moreover, in the Cubosome, the lipid bilayer
extends through the whole particle, in contrast to alipo-
some, which has a relatively large agueous interior
(12,85).

However, in spite of these optimistic results, further
investigations are still required (86) to elucidate the sta-
bility of Cubosomes and their use asintravenous delivery
systems.

Storage System for the Protection of
Macromolecules Susceptible to Degradation

Cubic phases are unique in their ability to accommo-
date proteins. Ericsson et a. (87) determined that the cu-
bic phase was able to incorporate globular proteins with
molecular weights between 14 and 150 kDa, and Larsson
(25) examined the ternary lipid-protein-water phase dia-
grams for awide range of globular proteins with molecu-
lar weights between 5000 and 150,000, al of which
formed cubic phases. Razumas (88) found that enzymes
with molecular weights up to 590 kDa can be entrapped
and stabilized. It was proposed that water-soluble pro-
tein molecules are located in the water channel systems
of the cubic structure (87,89), whereas lipophilic pro-
teins are integrated into the lipid bilayer (84). A remark-
able feature in the monoolein-protein-water systems is
that large amounts of protein in native conformations can
be incorporated without ionic interaction with the lipid
bilayer (88).

The particular structure of the cubic phase may func-
tion as a protector medium for proteins. For example, it
was observed that the high viscosity of monoolein gels
could render the insulin molecule immobile and thus en-
hance its stability (90,91). A similar effect was observed
for cefazolin and glucose oxidase, formulated in the
monoolein cubic phase, in which apparently the reduc-
tion of the mobility of water due to the highly structured
nature of the gel protects the drug from chemical degra-
dation (92—94). Protection against enzymatic degradation
was also observed for small peptides, such as 1-deamino-
8-d-arginine vasopressin and lysine vasopressin, when
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incorporated in the cubic phase (95). Desmopressin, ly-
sine vasopressin, somatostatin, and the renin inhibitor
were protected against enzymatic cleavage in simulated
intestinal fluid when formulated in the cubic phase (5).
In this study, it was observed that the degradation rates
were mainly dependent on the release rates of the peptide
from the phase to the surface during the experiment. In
the same way, diffusion of the enzyme (chymotrypsin)
into the cubic phase was negligible due to its large size
compared to the water pores in the cubic phase.

A rapid proteolytic degradation and a risk of inmune
response limit the use of exogenous enzymesin the treat-
ment of enzyme deficiency diseases. To overcome these
problems, model hydrophilic and transmembrane en-
zymes were formulated in a monoolein lamellar phase
that converts in situ into a cubic phase (76,77). Results
showed that the immobilized enzymes inside the matrix
were protected from proteolytic enzymes in the sur-
rounding media, and that the matrix slowly biodegraded
by circulating esterase enzymes, obviating the need for
surgical removal.

Different proteins and peptidelike drugs, such as ca-
sein (96), human calcitonin (60), heparin (52,53,59), leu-
prolide (97), insulin (90,91), leucotriene-D, (98), somato-
statin (74), and A-gliadin (99), and lysozyme (89) and
cefazolin (100) have been reported to form monoolein
cubic phases.

Bioadhesive

Monoolein has some molecular characteristics similar
to those observed in polymeric material s used as bioadhe-
sives. It isan amphiphilic molecule with secondary bond-
forming capacity due to the presence of hydroxyl and
ester groups and with surface-active properties. It has a
flexible hydrocarbon chain and takes up water-forming
gel phases, which apparently remain in confined areas
such asthe periodontal pocket (as mention above). Based
on these assumptions, Engstrom et al. (101) studied the
adhesive force between lingual and sublingual mucosa
and the cubic and lamellar phases formed with mono-
olein. They classified the monoolein as having moderate
to excellent bioadhesive properties. Furthermore, these
authors demonstrated that monool ein-based systems ad-
hered to human gum for more than 7 hr. On the other
hand, Geraghty et a. (18) showed that monoolein gels
bind more strongly to adry Perspex surface than to moist
mucosal tissue and were weaker bioadhesives than Car-
bopol 934P and sodium alginate. It was concluded that
interpenetration was not the mechanism of bioadhesion,
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but that secondary chemical bonds, such asvan der Waals
forces, were responsible.

In a more recent work, Nielsen et al. (102) seem to
clarify some aspects on the monoolein bioadhesivity. Us-
ing a*‘‘flushing’’ bioadhesion test and an in vitro tensio-
metric method on rabbit jejunum, they demonstrated the
mucoadhesive properties of monoolein. These authors
showed that the unswollen monoglyceride has the great-
est mucoadhesion, followed by the partly swollen lamel-
lar phase and the fully swollen cubic phase. This last
phase is mucoadhesive when formed on wet mucosa. The
proposed mechanism of mucoadhesion is unspecific and
probably involves the dehydration of the mucosa.

Other Uses

Monoolein has been used for severa other applica-
tionsin different areasrelated to the pharmaceutical field.
Monoolein can be an excellent model of bilayer mem-
branes to study the passage of substances under different
conditions or to determine the transport mechanism. For
example, Sesta and D’ Aprano (103) used monoolein bi-
layers to investigate the efficiency of synthetic macrocy-
clic substances as carriers for the alkali and the akaline
earth ions by conductimetric measurements. Recently
Barth et al. (104) analyzed the change of the rate con-
stants of theion carrier valinomycin as a conseguence of
the adsorption of a dipolar substance to the membrane/
water interface of monoolein membranes. This applica-
tion can be used to study the in vitro interaction of drugs
with lipid bilayers (105) and to determine the lipid
bilayer/water partition coefficient (106) or to evaluate the
mechanism of action of skin penetration enhancers such
as Azone® (107).

The cubic phase of monoolein has been also proposed
for electroanalytical applications to construct enzyme-
based biosensors. The idea was used to construct and in-
vestigate the performance of amperometric [3-p-glucose
and L-lactate and pH-sensitive urea and creatinine bio-
electrodes based on glucose oxidase, lactate oxidase, ure-
ase, and creatinine deiminase (108).

Finally, the aqueous channels of the cubic crystalline
phase have become useful in protein crystalization (e.g.,
bacteriorhodopsin) (109).

CONCLUSIONS

A significant number of publications present mono-
olein as an attractive materia for the development of dif-
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ferent pharmaceutical systems. Its nature and physico-
chemical behavior make it an interesting alternative in
relation to other conventionally used materias such as
polymers. The most significant advantages of monoolein
are probably its solubilizing capability, rheological be-
havior, and low toxicity.

Monoolein has been shown to be a versatile material
sinceit ispossibleto include it in very different systems.
However, before its use as a pharmaceutical ingredient,
further investigations are required, focusing on its colloi-
dal stability, oral bioavailability, parenteral toxicity, and
bioadhesive properties.

The presence on the market of commercialized prod-
ucts that include monoolein as a basis of the formulation
shows the increased interest of the pharmaceutical indus-
try in investing in the development and safety testing of
commercial preparations, suggesting a promising future
for this material.
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