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Abstract. The purpose of this study was to investigate the effect of drug incorporation methods on the
partitioning behavior of lipophilic drugs in parenteral lipid emulsions. Four lipophilic benzodiazepines,
alprazolam, clonazepam, diazepam, and lorazepam, were used as model drugs. Two methods were used
to incorporate drugs into an emulsion: dissolving the compound in the oil phase prior to emulsification
(de novo emulsification), and directly adding a concentrated solution of drug in a solubilizer to the
emulsion base (extemporaneous addition). Based on the molecular structures and determination of the oil
and aqueous solubilities and the partition coefficients of the drugs, the lipophilicity was ranked as
diazepam > clonazepam > lorazepam > alprazolam. Ultracentrifugation was used to separate the emulsion
into four phases, the oil phase, the phospholipid-rich phase, the aqueous phase and the mesophase, and
the drug content in each phase was determined. Partitioning of diazepam, which has the highest
lipophilicity and oil solubility among the four drugs, was unaffected by the drug incorporation method,
with both methods giving a high proportion of drug in the inner oil phase and the phospholipid-rich phase,
compared to the aqueous phase and mesophase. Partitioning of the less lipophilic drugs (alprazolam,
clonazepam, and lorazepam) in the phases of the emulsion system was dependent on the method of
incorporation and the drug solubility properties. Emulsions of the three drugs prepared by de novo
emulsification exhibited higher drug localization in the phospholipid-rich phase compared to those made
by extemporaneous addition. With the latter method, the drugs tended to localize in the outer aqueous
phase and mesophase, with less deposition in the phospholipid-rich phase and no partitioning into the
inner oil phase.

KEY WORDS: benzodiazepine drugs; drug distribution; drug partitioning; incorporation methods; lipid
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INTRODUCTION

Intravenous lipid emulsions are heterogeneous systems
in which vegetable oil droplets in the submicron size range
are dispersed in the aqueous phase and stabilized by
phospholipids. Such emulsions have been widely used in
medicine for parenteral nutrition as a source of essential fatty
acids and calories for patients unable to ingest food. The use
of lipid emulsions as vehicles for parenteral delivery of poorly
water-soluble drugs has been extensively investigated and has
led to a number of successful products. Lipid emulsion
systems offer many appealing properties as drug carriers for
parenteral administration, including greater solubilization for
poorly water-soluble drugs, stabilization, and reduced drug
irritation or toxicity (1).

In general, lipid emulsions consist of an oil phase, an
interface or phospholipid monolayer, and an aqueous phase.
However, addition of excess phospholipids causes formation
of complex multiple phases that are capable of incorporating
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a large volume of water and acting as mechanical barrier for
emulsion stability. Several studies have proposed that the
excess phospholipids form unilamellar liposomes dispersed in
the continuous aqueous phase of the lipid emulsion: namely, a
mesophase that can be separated by ultracentrifugation (2-5).
Thus, drugs incorporated in a lipid emulsion may localize not
only in the oil droplets or interface but also in phospholipid
structures in the aqueous phase. Localization of drugs in
various phases of the emulsion may influence the physico-
chemical properties of the emulsion; for example, interactions
with the emulsifier layer may reduce the emulsion stability
and the stability of the incorporated drug (6-8).

Drug distribution in phases of lipid emulsions has not
been studied extensively, but the activity of antioxidants in
emulsion systems has been shown to depend on localization
(9-12). Hydrophobic antioxidants tend to be located in the oil
phase and at the oil-water interface, whereas hydrophilic
antioxidants remain in the aqueous phase and are less
efficient (11-12). The studies indicate that both the lip-
ophilicity of the incorporated substance and its oil or water
solubility can influence the distribution of the compound in
the emulsion system.

The method of drug incorporation into an emulsion
system also has to be considered. Two approaches are
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generally used to incorporate drugs into parenteral lipid
emulsions: de novo emulsification, in which the drug is
dissolved in the oil phase prior to emulsification; and
extemporaneous addition, in which a concentrated solution
of drug in an appropriate solvent is added directly to a
formulated emulsion base (13). Both methods differ in terms
of the primary phase of the emulsion that contacts the drug
and this may influence the partitioning of the drug into
various phases of the system. Therefore, the purpose of this
study was to examine the effect of incorporation methods on
partitioning behavior into phases of a parenteral lipid
emulsion, using the benzodiazepines alprazolam, clonazepam,
diazepam, and lorazepam as model drugs.

MATERIALS AND METHODS
Materials

Parenteral grade soybean oil (Fluka, Buchs, Switzerland)
was used in the study. A phospholipid mixture (Epikuron®
200) was obtained from Lucas Meyer GmbH and Co.,
Germany; glycerol was purchased from Sigma Chemical, St.
Louis, USA; alprazolam, clonazepam, diazepam and loraze-
pam were kindly supplied by Siam Pharmaceutical Ltd.,
Bangkok, Thailand; and dimethyl isosorbide (Arlasolve®
DMI) was supplied by the East Asiatic Co. (Thailand),
Bangkok, Thailand. All solvents for drug analysis were HPLC
grade (supplied by Lab Scan Ltd., Bangkok, Thailand).

Methods
Drug Solubility Determination

The solubilities of the drugs were determined in oil and
aqueous media. An excess of each drug was added to each
medium and the mixture was shaken in a control temperature
water bath shaker at 25+1°C. During shaking the samples
were withdrawn at various time intervals, and the time to
reach equilibrium was found to be 7 days. The mixture was
filtered through a 0.45-um membrane before analysis. The
concentrations of lorazepam and diazepam in the aqueous
medium were assayed spectrophotometrically at a wavelength
of 254 nm after appropriate dilution with distilled water,
which was also used as a blank.

The concentrations of alprazolam and clonazepam in
aqueous solution were determined using HPLC (SCL-10 A
VP system controller, LC-10 AD VP pump, SPD-10 A VP
UV-VIS detector, SIL-10 AP VP auto-injector, Shimadzu,
Tokyo, Japan) with a C18 column (3.9x300 mm, Bondclone
10 C18, Phenomenex, USA) and a detection wavelength of
254 nm. Diazepam was used as an internal standard. The
mobile phase consisted of methanol and ultra-pure water
(70:30% v/v), with a flow rate of 1.0 ml/min and an injection
volume of 20 pl.

Determination of the concentration of drugs in an oil
medium was performed in two steps: sample preparation and
quantification. Solid phase extraction (3 ml and 200 mg,
Extra-Sep™ H.L C18, USA) was used to extract the
benzodiazepine drugs from the oil phase prior to HPLC
analysis. This procedure was modified from that described
previously for extraction of preservative substances in emul-
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sions (14). A cartridge was conditioned by consecutive
treatment with 5x1.0 ml of methanol and 5x1.0 ml of double
distilled water. Both solvents were filtered through a 0.45-um
membrane filter and degassed before use. The oil solution
(0.5 ml) was then applied to the cartridge. The solvent was
pulled through the cartridge and the drug and impurities were
retained in the adsorbent. The cartridge was washed with
1.0 ml of hexane to remove the unwanted compounds, and
finally the drug was eluted from the adsorbent with 5x1.0 ml
of ethanol. The eluate from the sample preparation step was
analyzed by HPLC using the parameters given above.
Diazepam was used as the internal standard for lorazepam,
alprazolam and clonazepam analysis, and lorazepam was used
as the internal standard for diazepam analysis. Solubility
determinations were carried out in triplicate.

Oil-Water Partition Coefficient Determination

Each drug was dissolved in soybean oil at a concentra-
tion of 50 pg/ml. Aliquots of 5 ml of drug solution and
distilled water were transferred to a 25-ml Erlenmeyer flask
and shaken at 25+1°C. To determine the equilibration time,
samples from the aqueous phase were withdrawn at various
time intervals up to 10 days. Analysis of these samples
indicated that 7 days were required to reach equilibrium. The
drug concentration in each phase was assayed using HPLC as
described above, and determinations were performed in
triplicate.

Emulsion Preparation

Drug-containing emulsions were prepared using either de
novo emulsification or extemporaneous addition. For de novo
emulsification, lipid emulsions composed of 10% w/w soybean
oil (oil phase), 1.2% w/w phospholipids (emulsifier), 2.25%
w/w glycerol (osmotic agent) were prepared in sufficient
distilled water to make a 100% w/w product. The drug was
incorporated by being dissolved in soybean oil at 70% w/w of
its oil solubility, and the phospholipids were dispersed in the
glycerol aqueous phase. Both phases were separately heated
up to 80°C and the aqueous phase was then added to the oil
phase. The mixture was passed through a high pressure
homogenizer (Emulsiflex™-C5, Avestin, Canada) at a pres-
sure of 1000 psi for 1 cycle to form a coarse emulsion.
Subsequently, this emulsion was passed through the high
pressure homogenizer at 15,000 psi for 6 cycles.

In the extemporaneous addition approach, the emulsion
base was prepared using a similar method to that for de novo
emulsification. The same amount of each model drug was
dissolved in dimethyl isosorbide (0.45% w/w of formulation)
and then mixed with the submicron emulsion base with
stirring using a magnetic stirrer at 25°C for 2 h.

Characterization of the Emulsion Base and Drug-containing
Emulsions

The droplet size of emulsions was determined using
photon correlation spectroscopy, which covers a size range of
20 to 1000 nm (Zetaplus™, Brookhaven Instruments Corp.,
Holtsville, New York, USA.). Each sample was determined in
triplicate at 25°C. Data are shown in terms of effective mean
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diameter and the polydispersity index (PI), which reflects the
width of the particle size distribution. The charge on the
emulsion droplets was measured at 25°C using the moving
boundary electrophoresis technique (Zetaplus™). Electro-
phoretic mobility was converted into zeta potential using the
Helmholtz—Smoluchowski equation. Measurements were per-
formed in a 1 mM KCI aqueous solution with a conductivity
of 50 uS/cm and a pH of 5.5-6. Five readings were recorded
for each sample. The pH value of all submicron emulsions
was determined at 25°C (Thermo Orion™, Boston, USA).
The droplet size, charge on dispersed droplets, and pH of the
emulsions were measured after preparation and after storage
for 7 days.

Phase Separation by Ultracentrifugation

After storage for 7 days at ambient condition (25-29°C),
the drug-containing emulsions were fractionated using ul-
tracentrifugation. Each emulsion preparation was accurately
weighed into polycarbonate tubes and centrifuged at 25°C
using a fixed angle rotor (90 Ti type, Beckman, USA) at
60,000 rpm for 6 h. After centrifugation, the supernatant (a
clear yellowish oil phase) was collected with a needle and
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syringe. The lower layer, a creamy interface and the aqueous
phase, was gently poured into a container and then the
aqueous phase was withdrawn using a needle and syringe.
The mesophase remained at the bottom of tube. The amount
of drug in the oil phase was assayed using solid phase
extraction for sample preparation prior to HPLC analysis.
For drug analysis in the other three phases, each phase was
dissolved in an appropriate volume of isopropanol before
dilution with mobile phase and injection into the HPLC
apparatus.

RESULTS AND DISCUSSION

The oil solubility, aqueous solubility, and partition
coefficient of the drugs are shown in Table I. The oil solubility
of diazepam was approximately 13, 20, and 35 times higher
than that of lorazepam, alprazolam and clonazepam, respec-
tively. The aqueous solubilities of the drugs were very low,
but those of lorazepam and alprazolam were about 2 and 13
times higher than diazepam and clonazepam, respectively.
The chemical structures of the benzodiazepines (Table I)
indicate that substitution of a pyrazole moiety in the 14
benzodiazepine of alprazolam gives a more polar molecule

Table I. Aqueous Solubility, Oil Solubility, and Oil-Water Partition Coefficient of the Drugs (n=3)

Oil-water
Aqueous solubility Oil solubility Partition
) Molecular .
Compound Chemical structure b (mg/ml) (mg/g) Coefficient
weight

MeantSD MeantSD (Log Poy)

MeantSD
alprazolam 308.77 0.116 £0.002 0.669 £ 0.005 0.54 £0.02
lorazepam 321.17 0.117 £0.001 1.035+0.030 | 0.99 £0.02
clonazepam 315.72 0.008 £ 0.173 0.377+0.010 | 1.46+0.07
diazepam 284.75 0.051 £ 0.000 13.718 £0.046 | 2.23+£0.03
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than the hydroxyl, nitro and methyl substituents in loraze-
pam, clonazepam and diazepam, respectively, resulting in
increased aqueous solubility but decreased oil solubility of
alprazolam. The partition coefficient (P,) of the drugs in a
soybean oil and distilled water mixture (50% w/w) were in
the order diazepam > clonazepam > lorazepam > alprazolam.
The data indicate that diazepam is more lipophilic than
clonazepam, lorazepam and alprazolam, which is consistent
with the molecular structures. However, the oil solubility and
aqueous solubility of clonazepam were not correlated with its
partition coefficient. This may be due to the resonance
structure at the nitro group of clonazepam leading to an
altered distribution of electrons and strong intramolecular
interactions. In turn, this may weaken the interaction between
clonazepam and solvent molecules, giving aqueous and oil
solubilities of clonazepam that are lower than the expected
respective values (15).

Oil droplet sizes and polydispersity indices of emulsions
containing alprazolam, lorazepam, clonazepam, and diaze-
pam prepared by the two incorporation methods are shown in
Fig. 1. Data are shown at beginning and after storage at room
temperature for 7 days. The effective mean diameter of the
oil droplets in all preparations ranged from 200-300 nm. The
difference in the droplet sizes of emulsion bases employed for
extemporaneous addition of each compound is due to the
different lots of preparation. The particle size of drug-
containing emulsions prepared by de novo emulsification
was smaller than that of the emulsion base without drugs,
whereas those of drug-containing emulsions prepared by
extemporaneous addition appeared to be in the same size
range as that of the emulsion base. In the de novo method,
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the whole drug-containing emulsion is passed through the
homogenizer together with other components, and the drug is
likely to be located at the oil-water interface with the
phospholipid monolayer, thus causing a reduction of interfa-
cial tension and resulting in a smaller oil droplet size.
Pongcharoenkiat (1999) reported that methylparaben reduces
interfacial tension between the aqueous and oil phases, based
on the assumption that this compound is localized at the
interface (16). This is supported by the drug distribution data
presented later in the paper, which indicates that emulsions
prepared by de novo emulsification have greater drug
localization in the phospholipid-rich phase, compared to
those prepared by the extemporaneous method. In contrast,
in extemporaneous addition a concentrated drug solution is
added and stirred without intensive mixing and less drug
molecules may reside at the oil/water interface.

After storage for 7 days, the effective mean diameter of
the droplets slightly increased in all preparations, compared
with the size soon after preparation. The polydispersity
indices of all preparations indicated that the width of the size
distributions were within the acceptable range (a value of
0.100 indicates a relatively narrow size distribution, and the
value for a parenteral fat emulsion should not be > 0.25) (17).
The results indicate that emulsions prepared by both methods
had a consistent size distribution.

The zeta potential of emulsion bases and drug-containing
emulsions prepared using different incorporation methods
were all negative (Fig. 2). The initial average zeta potentials
of emulsion bases before drug incorporation by extempora-
neous addition ranged from —14 to —25 mV. The variation of
the zeta potential among the different lots of emulsion bases
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Fig. 1. The droplet sizes and polydispersity indices (PI) of drug containing emulsions prepared by different methods in comparison with
emulsion base without drug determined at initial (+=0) and after keeping for 7 days(1=7)
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Fig. 4. Phase separation of an emulsion after ultracentrifugation, a:
oil phase, b: phospholipid-rich phase, c: aqueous phase, d: mesophase

might be attributable to different degrees of hydrolysis of
phospholipids and/or contamination of metal ions due to
corrosion of the contact surface during several passages of the
emulsion through the high pressure homogenizer. A signifi-
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cant difference in zeta potential has also been reported for
commercial intravenous lipid emulsions with the same
components and content (18). The zeta potential of drug-
containing emulsions prepared by both methods also ranged
from —14 to —25 mV. The zeta potential of all preparations
became more negative with storage for 7 days except for the
emulsion base used for extemporaneous addition of diaze-
pam, and this change corresponded with the decrease in pH
(Fig. 3). This also suggests that the oil component and/or
phospholipids were hydrolyzed, leading to formation of free
fatty acids. Such fatty acids may interfere with electrical
conductivity, causing an increased (more negative) zeta
potential and a reduced pH of the emulsions (7,19,20).
However, all preparations remained stable without marked
changes in physical properties in the 7-day storage period.
The pH values of emulsions made by extemporaneous
addition were lower than those of emulsion bases and those
prepared by de novo emulsification. This may be due to the
acidity of dimethyl isosorbide used for drug solubilization,
even though only a small amount was used.

After 7 days, the drug-containing emulsions were fraction-
ated by ultracentrifugation to separate the oil and aqueous
phases. Several authors described this technique as the
method for separation of oil droplets and most of the
aqueous phases (4,21,22). It was in agreement with those
previous reports, after prolonged centrifugation, an emul-
sion was found to separate into four phases: an oil phase, a
phospholipid-rich phase, an aqueous phase and a meso-
phase (Fig. 4). The yellowish oil phase floated to the top of
the centrifuge tube, while the creamy layer (phospholipid-
rich phase) was in the middle between the oily and
aqueous phases. The separated creamy layer may contain
both phospholipids that formed a layer at the interface
between the oil droplets and aqueous phase and excess
phospholipids vesicles dispersed in the emulsion system.
Wabel (1998) reported that either multivesicular or, more
likely, small vesicles were evident in the creamy layer after
centrifugation of a model lipid emulsion in a transmission
electron micrograph and polarized light microscopy (22).
In this present study, it was also found the presence of intact
vesicles in separated creamy layer when observed under
polarized-light microscope.

At the bottom of the centrifuge tube, a sedimentary mass
(referred to as a pellet) was present (23), and this had a
multilamellar structure when examined by cross-polarized-
light microscopy as also reported by Wabel (1998) (22). With
time, separation of a yellow layer from the creamy layer was
observed, with settling on the bottom of the centrifuge tube to
form a pellet. This may be due to concentration of liposomes
from the aqueous supernatant by high speed centrifugation,
and the vesicle structures in the pellet appeared to be formed
from excess phospholipids (21). The structure of the pellets
indicated that excess phospholipids are present in the
emulsion system, and this phase is referred to as a mesophase
(24). This observation is in agreement with previous descrip-
tions of the infrastructure of phospholipid-stabilized emul-
sions (2-5,20,25), in which an excess of phospholipids were
found to have formed unilamellar liposomes in the infrana-
tant or aqueous phase of the emulsion and could be separated
by high speed centrifugation. Formation of small unilamellar
vesicles instead of liquid crystalline phases occurs because the
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Fig. 5. Schematic illustration of emulsion infrastructure showing the different structures originated from the excess phospholipids and drug
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energy input during homogenization is high enough to disrupt
and separate large phospholipid bilayers in the aqueous phase
(25). Therefore, drugs in a lipid emulsion may distribute
through various phases of the system, as described above. A
schematic illustration of the structure of a drug-containing
lipid emulsion showing the localization of incorporated drug
could be proposed as depicted in Fig. 5.

Figure 6 illustrates the percentage distribution of drugs in
various phases of emulsions prepared with different drug
incorporation methods. The partitioning behavior of the
model compounds in the emulsion system apparently
depended on their relative polarities and solubilities. The
two incorporation methods differ in the direction of drug
partitioning: in de novo emulsification, drugs partition from
the oil phase to the outer aqueous phase, whereas the drug
partitions in the opposite way in extemporaneous addition.
Diazepam is more lipophilic and much more oil soluble than
the other three drugs, and the two methods of drug
incorporation gave similar drug distribution patterns for
diazepam. In extemporaneous addition, the primary phase
of the emulsion system in contact with the drug molecules is
the outer aqueous phase, and a similar percentage of
diazepam was able to partition into the inner oil phase to
that with direct addition to the oil phase prior to emulsifica-
tion. Therefore, for a drug with strong oil affinity, simple
stirring may be sufficient to facilitate drug partitioning into
various phases, without a need for high intensity agitation.

The drugs with lower lipophilicity (alprazolam, loraze-
pam and clonazepam) appeared to be localized more to the
phospholipid-rich phase when incorporated by de novo
emulsification, compared with extemporaneous addition.
The percentage distribution of clonazepam in the phospho-
lipid-rich phase was higher than those for alprazolam and
lorazepam due to its low aqueous and oil solubilities and
partition coefficient. The clonazepam-containing emulsion
was prone to destabilization by coalescence compared with
emulsions containing alprazolam and lorazepam, which might
be caused by clonazepam deposition at the interface interfer-
ing with stable formation of the phospholipids film around the
oil droplets. The three drugs with lower lipophilicity were not
detected in the oil phase of emulsions prepared by extempo-
raneous addition, indicating that they are preferentially
deposited in the aqueous phase and mesophase. This suggests
difficulty of partitioning into the inner oil phase of drugs with
low lipophilicity, and indicates that for such drugs the
preparation procedure may give different distributions of
drug in the phases of emulsion. In contrast, lipid emulsions of
a highly lipophilic drug are likely to have similar distributions
of drug when prepared by either de novo emulsification or
extemporaneous addition.

Theoretically, the final drug distribution in various
phases of a system should be identical regardless of the
method of drug incorporation. The velocity of drug partition-
ing between phases may be important when the drug is
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initially added to different phases during preparation, since
partitioning may be delayed if no further agitation force is
applied to the system after completion of preparation. The
velocity of partitioning is likely to depend on the hydro-
philicity-lipophilicity properties of the drug. For diazepam,
the fractions in each phase were similar for the two drug
incorporation methods, suggesting that partitioning of diaze-
pam may be a rapid process. In contrast, emulsions containing
the other three drug compounds had significantly different
drug distributions among the emulsion phases when prepared
using different drug incorporation methods, suggesting a slow
partitioning velocity for these drugs.

Han and Washington (2005) have recently investigated
the comparative partitioning of various antimicrobial addi-
tives in an intravenous emulsion (26). The preservative was
dissolved in a minimum volume of water, and added directly
to the emulsion and allowed to equilibrate for 24 h without
shaking. Centrifugation was used to determine the distribu-
tion of preservatives in the four phases, and the results
indicated quite different partitioning of the additives depend-
ing on hydrophilicity. In our study, the solutions of drugs were
mixed by shaking with the emulsion base for 2 h and then
kept for 7 days before phase separation by centrifugation.
Therefore, the time for partitioning in the system after
preparation and before drug determination was longer, but
different drug distributions in different phases were still

observed for drug-loaded emulsions prepared by different
processes. This indicates that a lengthy period may be
required to reach the same drug distribution using different
preparation methods.

CONCLUSIONS

This study suggests that different procedures for drug
incorporation in preparation of a medicated lipid emulsion
might give different distributions of the drug in various phases
of the system. This may have effects on the product integrity
and the clinical outcome of the administered drug (26-27).
Therefore, during the development phase of a drug-loaded
lipid emulsion, procedures for drug loading should be
considered and the resulting drug distribution behavior
should be assessed.
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