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a b s t r a c t

The aims of the present study were to elucidate the potential mechanism of propofol emulsion destabi-
lization following the addition of lidocaine, and to evaluate the effects of various electrokinetic stabilizers
on the physicochemical properties of lidocaine–propofol emulsions. The assessments included pH obser-
vations and determination of the maximum globule diameter (MGD) and zeta potential (ZP). The MGD
of propofol emulsions increased up to several tens �m following the addition of 50 mg of lidocaine to
200 mg of propofol, and the proposed destabilization mechanism involves localization of protonated
lidocaine molecules between lecithin molecules in propofol emulsions, which consequently leads to
increased ZP. The ZP of propofol emulsions containing acidic amino acid or neutral amino acid increased
hysical stability

ropofol
idocaine
mulsion
eta potential

following the addition of lidocaine, and a charge reversal occurred. Therefore, the MGD of emulsions
increased to several tens (m. However, the MGD of emulsions that contained basic amino acids or basic
compounds remained below 5 (m, despite the addition of large amounts lidocaine (50 mg), and the ZP
did not pass through the point of zero charge. In conclusion, our results provide not only further insight
into the physical stability of propofol emulsions containing lidocaine, but also a better understanding of

pofol
the administration of pro

. Introduction

Propofol (2,6-diisopropylphenol) is a parenteral anesthetic that
as hypnotic properties and can be used to induce and maintain
eneral anesthesia and sedation. Its onset time for reaction and
ecovery from anesthesia is fast, since it can pass through the
lood brain barrier easily and acts quickly on the central nervous
ystem due to its high lipophilicity. Propofol is poorly water-
oluble, and is therefore generally formulated as a lipid emulsion
Cockshott et al., 1992, 1990; Gepts et al., 1985). The commercial
ropofol emulsion consists of 10 mg/mL propofol, 100 mg/mL soy-
ean oil, 22.5 mg/mL glycerin, 12.0 mg/mL egg lecithin, water and
odium hydroxide to adjust the pH 6.0–8.5 (Lilley et al., 1996).
ts mean globule diameter is 100–300 nm, and its zeta poten-

ial is −40 mV to −50 mV at pH 8 (Han et al., 2001). It has been
eported that more than 70% of patients experienced pain with
he injection of propofol emulsion in clinical trials (Klement and
rndt, 1991; Picard and Tramer, 2000). Propofol causes injection
ain because free propofol released from emulsion system irritates

∗ Corresponding author. Tel.: +82 31 290 7715; fax: +82 31 290 7729.
E-mail address: espark@skku.edu (E.-S. Park).
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in existing applications.
© 2010 Elsevier B.V. All rights reserved.

free nerve endings in vascular endothelium. Propofol-induced pain
was not mediated by plasma bradykinin (Sim et al., 2009). The usual
method to prevent propofol-induced pain is to inject lidocaine
20–40 mg intravenously, immediately prior to the administration
of propofol. The main effect of lidocine on the injection pain
caused by propofol may be attributed to local analgesia (Fujii and
Nakayama, 2004; King et al., 1992). In the field of anesthesiology,
pre-mixing of lidocaine with propofol emulsion before the induc-
tion of anesthesia is seldom used. Further, continuous infusion of
propofol–lidocaine mixture is also rarely used in clinical settings.
However, it has been reported that the addition of lidocaine or
other drugs to the propofol emulsion for alleviating pain on propo-
fol injection (Bano et al., 2007; Doenicke et al., 1996; Gajraj and
Nathanson, 1996; Kwak et al., 2007a, 2008; Picard and Tramer,
2000; Tan and Onsiong, 1998). Especially, after the addition of
lidocaine, a significant amount of propofol is dissociated into a col-
orless, immiscible surface layer on emulsions (Lilley et al., 1996;
Masaki et al., 2000) and the globule diameters of the emulsions
increases to >5 �m (Masaki et al., 2000, 2003; Park et al., 2003).

Moreover, the addition of even very small amounts of lidocaine
decreases the absolute value of the zeta potential, which is an elec-
trostatic repulsive force required to maintain emulsion stability
(Lilley et al., 1996). Therefore the addition of 20–40 mg of lidocaine
to 200 mg of propofol results in coalescence of oil droplets, which

dx.doi.org/10.1016/j.ijpharm.2010.07.011
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
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nally become a separate visible layer, indicating physicochemical
ncompatibility of the lidocaine–propofol mixture (Masaki et al.,
003). However, the overall process of destabilization is not clear,
nd there are few published articles concerning the mechanism
f lidocaine–propofol destabilization. Large oil globules (over 5 (m
n the emulsion) can cause pulmonary embolism, which can have
atal results (Driscoll et al., 1995; Koster et al., 1996). The United
tates Pharmacopeia (USP) has proposed specific globule size lim-
ts to ensure the physical stability of lipid injectable emulsions. In
he globule size standards identified in USP Chapter <729> enti-
led “Globule Size Distribution in Lipid Injectable Emulsions,” there
re two separate droplet/globule size populations wherein limits
re proposed. The intensity-weighted mean droplet diameter for
ipid injectable emulsions must be less than 500 nm or 0.5 �m, and
he volume-weighted, large-diameter fat globule limits of the dis-
ersed phase, expressed as the percentage of fat residing in globules

arger than 5 �m for a given lipid injectable emulsion, must be less
han 0.05% (USP, 2009).

In our previous study (Park et al., 2003), 100% of volume-based
iameter (maximum globule diameter) of the propofol emulsion

ncreased to several tens �m after the addition of a large amount
f lidocaine to the emulsion. However, there are few reports on
limination of the unfavorable effects of lidocaine on the physic-
chemical stability of propofol emulsions. Thus, the aims of this
ork were to elucidate the potential destabilization mechanism of
ropofol emulsions containing lidocaine and to evaluate the effects
f various electrokinetic stabilizers on the physicochemical prop-
rties of lidocaine–propofol emulsions.

. Materials and methods

.1. Materials

Propofol emulsion (DIPRIVAN® 1%) and lidocaine injection
LITAINE 4%) were purchased from Zeneca (Macclesfield, Cheshire,

K) and Dai Han Pharm. Co. Ltd. (Ansan, Korea), respectively. l-
ysine, diethanolamine, sodium carbonate and sodium citrate were
urchased from Sigma (St. Louis, MO, USA). l-Arginine, l-histidine,
-aspartic acid, l-glutamic acid, and l-isoleucine were supplied by
jinomoto Co., Inc. (Tokyo, Japan). Other chemicals were reagent
rade and were used as supplied.

Fig. 1. Effect of l-lysine concentration on pH (A) and the zeta potential (B
Pharmaceutics 398 (2010) 21–27

2.2. Methods

2.2.1. Preparation of propofol emulsions containing electrokinetic
stabilizers

Propofol emulsions containing electrokinetic stabilizers were
prepared by the addition of electrokinetic stabilizer to commercial
propofol emulsions. The electrokinetic stabilizers were: l-aspartic
acid and l-glutamic acid (acidic amino acids); l-isoleucine (neu-
tral amino acids); l-lysine, l-arginine, and l-histidine (basic amino
acids); diethanolamine, sodium carbonate, and sodium citrate
(basic compounds). An appropriate amount of electrokinetic sta-
bilizer was added to a propofol emulsion and then dissolved
thoroughly. The emulsion was aseptically subdivided into glass
vials and sealed under a nitrogen atmosphere. The concentrations
of electrokinetic stabilizer used in this study were 0.01, 0.05, 0.1 and
0.2% (w/v) for l-lysine and 0.2% (w/v) for other stabilizers. The pre-
pared formulations were stored at room temperature and protected
from light until used for experiments.

2.2.2. Characterization of the physicochemical properties of
propofol emulsions containing electrokinetic stabilizers

After the addition of 0, 10, 20, 30, 40, and 50 mg lidocaine
to 200 mg of propofol (equivalent to 20 mL of propofol emul-
sion), changes in the physicochemical properties of the propofol
emulsions were assessed. The pH of the propofol emulsions was
determined using a pH meter (420A, Thermo Orion, USA) combined
with a Sure-Flow electrode (91–72, Thermo Orion, USA). The zeta
potentials of the propofol emulsions were measured according to
the method of Lilley et al. (1996) using AcoustoSizer IIs (Colloidal
Dynamic Inc., Eveleigh, Australia). The maximum globule diame-
ter of each propofol emulsion was measured with Mastersizer X
(Malvern Instruments, UK). The prepared samples were added to
the dispersant in the system at suitable concentration, which gen-
erated 10–30% obscuration. The maximum globule diameter was
calculated in polydisperse analysis mode. All measurements were
performed in triplicate at room temperature.
3. Results

Changes in pH and zeta potential of the emulsion after the
addition of 0–50 mg of lidocaine to propofol emulsions contain-
ing different l-lysine concentrations (0%, 0.01%, 0.05%, 0.1%, and

) of propofol emulsion (1% propofol) after the addition of lidocaine.
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ig. 2. Changes in pH of propofol emulsions (1% propofol) with 0.2% (w/v) elec-
rokinetic stabilizers after the addition of lidocaine: �, l-lysine; �, l-arginine; �,
-histidine; �, l-isoleucine; ♦, l-glutamic acid; �, l-aspartic acid; �, sodium carbon-
te; �, diethanolamine; �, sodium citrate; ©, no addition.

.2%) are shown in Fig. 1A and B, respectively. Both the pH and
he absolute value of zeta potential of the emulsions gradually
ecreased when lidocaine was mixed with propofol emulsion con-
aining l-lysine. However, the zeta potential of emulsions did not
ass through the point of zero charge (PZC), except with 0.01% (w/v)
-lysine (Fig. 1B).

Changes in the pH of the propofol emulsions containing var-
ous electrokinetic stabilizers after the addition of lidocaine are
hown in Fig. 2. The pH decreased from 9.8 to 8.5 in the emul-
ion containing 0.2% (w/v) l-arginine. Similar changes occurred in
ther formulations, except in the emulsion containing acidic amino
cids. There was little change in the pH of the emulsion containing
cidic amino acid, even though the concentration of lidocaine was
ncreased.

The influence of the amount of lidocaine on the zeta poten-
ial of emulsions containing various electrokinetic stabilizers is
hown in Fig. 3. The zeta potentials of the emulsions containing
.2% (w/v) l-aspartic acid and l-glutamic acid were −9.7 mV and
13.7 mV, respectively. These emulsions had higher zeta potentials
han commercial propofol emulsion, which had a value of −40.0 to
50 mV (Han et al., 2001). After adding 20–30 mg of lidocaine to
ropofol emulsion containing acidic amino acids, the zeta poten-
ial values passed through PZC, and reversal of the charge occurred.
he zeta potential of emulsion containing 0.2% (w/v) neutral amino
cid was very similar to that of commercial propofol emulsion
ithout electrokinetic stabilizer. The absolute value of the zeta
otential of the emulsion containing 0.2% (w/v) basic compounds
lso decreased with increasing concentration of lidocaine. After the
ddition of 0–50 mg of lidocaine to propofol emulsions contain-
ng basic compounds, the zeta potential of the emulsion increased
rom −71.7 mV to −47.4 mV (diethanolamine), from −43.7 mV to

38.7 mV (sodium carbonate), and from −24.0 mV to −0.6 mV

sodium citrate).
The effects of lidocaine concentration on the maximum globule

iameters of emulsions containing various electrokinetic stabiliz-
rs are shown in Fig. 4. Immediately after addition of lidocaine to
Fig. 3. Effect of 0.2% (w/v) electrokinetic stabilizer on the zeta potential of propofol
emulsions (1% propofol) after the addition of lidocaine: �, l-lysine; �, l-arginine;
�, l-histidine; �, l-isoleucine; ♦, l-glutamic acid; �, l-aspartic acid; �, sodium car-
bonate; �, diethanolamine; �, sodium citrate; ©, no addition.

emulsions, the maximum globule diameters of emulsion admix-
tures were slightly increased; however, the maximum globule
diameters were no larger than 5.0 �m at all lidocaine concentra-
tions (Fig. 4A, C, and E). At 6 h after addition of lidocaine to emulsion
containing basic amino acids/basic compounds (except sodium cit-
rate), the maximum globule diameters had slightly increased, but
the MGDs were less than 3.0 �m at all lidocaine concentrations
(Fig. 4B and F). The maximum globule diameter of emulsions con-
taining sodium citrate drastically increased up to the maximal
detection limit (79.98 �m) at 6 h after addition of lidocaine. For
acidic amino acids, the changes in the maximum globule diame-
ters of the emulsion were very different from those of emulsions
containing basic amino acids. At 6 h after addition of lidocaine, the
maximum globule diameters of emulsions containing acidic amino
acids increased to above 50 �m with 20–40 mg of lidocaine, while
with 50 mg of lidocaine, the maximum globule diameters decreased
to below 50 �m. Changes in maximum globule diameters of emul-
sions containing neutral amino acids were similar to those of
emulsion that had no electrokinetic stabilizer. The maximum glob-
ule diameter of the emulsion increased to the maximal detection
limit (79.78 �m) at 6 h after addition of 50 mg of lidocaine (Fig. 4D).

Thus, the physicochemical properties of the propofol emulsions
were retained with basic amino acids, such as l-lysine, l-histidine,
or l-arginine, and basic compounds, such as diethanolamine and
sodium carbonate, even when a large amount of lidocaine (50 mg)
was added.

4. Discussion

In this study, the propofol emulsion alone had a pH of 7.6 and
zeta potential of −54.5 mV, but the pH and zeta potential of propofol

emulsion (200 mg propofol) following the addition of 50 mg of lido-
caine were 5.7 mV and 2.5 mV, respectively. The change in pH after
addition of lidocaine was in agreement with the study by Eriksson
et al. (1997), who documented a similar pH change after mixing
1% propofol emulsion with 1% lidocaine solution at a ratio of 10:1.
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ig. 4. Effect of 0.2% (w/v) electrokinetic stabilizer on the maximum globule diame
fter admixture; (B), (D), (F) at 6 h after admixture.

he pH of the 1% propofol emulsion varied between 7.97 and 8.02,
hile the pH values of 1% lidocaine and lidocaine–propofol mixture
ere 6.75 and 6.32, respectively. Lidocaine solution is a weak free

ase-cation solution that, when exposed to lipids, liberates protons
s the free base dissolves in the lipids, thereby decreasing the pH
f the mixture (Eriksson et al., 1997).

Generally the most important factor that affects zeta poten-
ial is pH, but pH is not the main origin of instability in the
idocaine–propofol mixture. Addition of acids can cause a build-
p of positive charge in the emulsion system. Therefore the zeta
otential of emulsion will be higher at low pH and lower at high
H. However, as shown in Figs. 2 and 3, even though the pHs of
ropofol emulsions containing 0.2% aspartic acid (pH 2.9) and 0.2%
lutamic acid (pH 3.1) were lower than that of propofol emulsion
ontaining 50 mg of lidocaine (pH 5.7), the zeta potential of propofol
mulsion containing 50 mg of lidocaine (2.5 mV) was higher than

hat of propofol emulsions containing 0.2% acidic amino acids with-
ut lidocaine (−13.7 mV to −9.7 mV). This indicates that lidocaine
oncentration, as well as hydrogen ion concentration, in the emul-
ion can strongly influence the zeta potential. In aqueous solution,
idocaine molecules (pKa = 7.92) exist as a mixture of uncharged and
propofol emulsions (1% propofol) after the addition of lidocaine: (A), (C), (E) at 0 h

positively charged (protonated) species depending on the pH of the
solution (Matsuki et al., 2005). At pH 6.8, more than 90% of lidocaine
molecules exist in the protonated form (MarvinSketch version 5.2,
ChemAxon Ltd., Budapest, Hungary). Therefore, after mixing the
propofol emulsion with lidocaine (pH < 6.8), protonated lidocaine
is a major species (>90%).

The propofol emulsion contains egg lecithin (Lilley et al.,
1996) as a surfactant, and egg lecithin consists mainly of
phosphatidylcholine (PC) with a relatively small amount of
phosphatidylethanolamine (Ikeda and Foegeding, 1999). The
interactions of lidocaine with the structure of egg phosphatidyl-
choline (EPC) vesicles, which are used as model lipid membranes,
have been studied extensively to better understand the molecular
pharmacological mechanism of lidocaine (Boulanger et al., 1980;
Darke et al., 1972; de Paula et al., 2008; Depaula and Schreier,
1995; Fraceto et al., 2002, 2005; Gargiulo et al., 1973; Giotta et al.,

1974; Kelusky and Smith, 1984; Lee et al., 1972; Oda et al., 1991;
Ondrias et al., 1987; Westman et al., 1982). In addition, Hogberg et
al. (2007) have examined the behavior of charged and uncharged
lidocaine in lipid dimyristoylphosphatidylcholine (DMPC) bilayers,
which contain the same head group structures as EPC. Although the
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harged lidocaine molecules cannot pass through the lipid bilayer
Hogberg et al., 2007), protonated lidocaine can be partitioned
nto PC unilamellar vesicles from the aqueous phase (logarithm of

embrane-water partition coefficient, log P = 1.22) (Avdeef et al.,
998). Another study demonstrated that the positively charged
itrogen of lidocaine can interact with polar part of the egg lecithin
esicles (Oda et al., 1991). Hogberg et al. (2007) investigated the
rientation of lidocaine molecules in the bilayer and concluded
hat the charged lidocaine adopts an orientation parallel to the
ilayer; the aromatic ring is always oriented to the alkyl interior of
he bilayer and the protonated nitrogen is positioned in the head
roup region. Based on these studies, we propose that protonated
idocaine molecules (1) are inserted and oriented between EPC

olecules in propofol emulsions, (2) neutralize the net charge of
mulsion globules and (3) increase the zeta potential of emulsion.
herefore, even though the pH of emulsion containing lidocaine
s higher than that of emulsion containing acidic amino acids, the
eta potential of emulsion containing lidocaine is higher than that
f emulsion containing acidic amino acids without lidocaine. On
he other hand, the direct influence of the protonated nitrogen of

cidic amino acids on the egg lecithin in emulsions seems to be
egligible compared with that of lidocaine. Calculated partition
oefficients of acidic amino acids (MarvinSketch version 5.2,
hemAxon Ltd., Budapest, Hungary) gave negative log P values
−3.64 for l-aspartic acid and −3.38 for l-glutamic acid). Hence

ig. 5. The relationship between the maximum globule diameter of propofol emulsions
0 mg; (C) 20 mg; (D) 30 mg; (E) 40 mg; (F) 50 mg.
Pharmaceutics 398 (2010) 21–27 25

acidic amino acids may have less chance to partition into egg
lecithin vehicles due to their extreme hydrophilic properties.

To evaluate the effects of electrokinetic stabilizers on the
physicochemical properties of lidocaine–propofol mixture, amino
acids and basic compounds were used as electrokinetic stabilizers.
As shown in Fig. 1, pH and zeta potential of propofol emulsion
can be affected not only by the concentration of electrokinetic
stabilizer in emulsions but also by the amount of lidocaine added
to the emulsion. The maximum globule diameter of propofol
emulsions without electrokinetic stabilizer increased to 50 �m at
6 h after addition of 50 mg of lidocaine to 200 mg of propofol (Park
et al., 2003). However, the addition of basic amino acids or basic
compounds (except sodium citrate) kept the maximum globule
diameter of the propofol emulsions below 5.0 �m at 6 h even with
50 mg lidocaine. In contrast, the addition of acidic or non-ionic
(neutral) amino acids did not keep the maximum globule diameter
of propofol emulsions within the clinically acceptable range
(<5 (m). 0.2% (w/v) sodium citrate in propofol emulsion did not
increase the electrostatic repulsive forces of the oil globule surface
because its concentration in the emulsion was too low; this was

proven by the zeta potential measurements in propofol emulsions
(Fig. 3). When basic amino acids or basic compounds are present
in propofol emulsions, the emulsion globules will tend to acquire a
more negative charge due to the hydroxide ion and the uncharged
lidocaine ratio will increase. Fig. 5 shows the relationship between

and pH at 6 h after the addition of lidocaine to 200 mg of propofol: (A) 0 mg; (B)
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ig. 6. The relationship between the maximum globule diameter of propofol emu
mg; (B) 10 mg; (C) 20 mg; (D) 30 mg; (E) 40 mg; (F) 50 mg.

he maximum globule diameter of propofol emulsions and pH with
–50 mg of lidocaine added. As shown in Fig. 5A, the maximum
lobule diameter of propofol emulsions changed little without
idocaine despite a low pH. Thus, low pH is not the main reason for
estabilization of propofol emulsion. This result is consistent with
previous report by Eriksson et al. (1997) that a decrease in pH

oes not cause the emulsion to stratify, as the mixture between 1%
ropofol and HCl 0.0064 mol/L, which has the same pH as a mixture
f 1% propofol emulsion and 1% lidocaine solution in a ratio 10:1,
s macroscopically stable for several months. At 10 mg of lidocaine,
he maximum globule diameter of propofol emulsions was slightly
ltered at low pH, but the change was not dramatic (Fig. 5B). After
ddition of 20–50 mg of lidocaine (Fig. 5C–F), the maximum glob-
le diameter of propofol emulsions increased to several tens (m
hen below pH 6.0 (neutral, acidic amino acids and without elec-

rokinetic stabilizer). The relationship between maximum globule
iameter of propofol emulsions and zeta potential according to
he concentration of lidocaine is shown in Fig. 6. The zeta potential
n propofol emulsions shifted gradually to a higher range, with
ncreasing the concentration of lidocaine from 0 mg to 50 mg. As the

eta potential was around −5 mV, the maximum globule diameter
f propofol emulsions began to increase and reached the maxi-
um detection limit when the zeta potential of propofol emulsions

assed through PZC. The maximum globule diameter subsequently
ecreased to about 7.0 (m at a zeta potential of +4.5 mV. These
and zeta potential at 6 h after the addition of lidocaine to 200 mg of propofol: (A)

results indicate that the zeta potential of −5.0 mV and pH of 6.0 are
critical points to retain the propofol emulsion globule size below
5.0 (m following the addition of 50 mg of lidocaine.

5. Conclusions

There have been many reports to reduce propofol injection pain,
and combination therapy using various drugs, such as ketamine
(Bano et al., 2007; Saadawy et al., 2007), metoprolol (Asik et al.,
2003), metoclopramide (Fujii and Nakayama, 2005), bupivacaine
(Senturk et al., 2002), dexamethasone (Kwak et al., 2008), remifen-
tanil (Kwak et al., 2007a,b; Roehm et al., 2003), ropivacaine (Xiang
and Li, 2007), alfentanil (Fang and Keyes, 2006), dexmedetomi-
dine (Turan et al., 2005) and flurbiprofen (Fujii and Nakayama,
2004) have been suggested for the prevention of propofol pain.
Consequently, our results can provide further insight into the
physicochemical stability of propofol emulsions containing other
drugs, and these data can also help clinical researchers gain a better
understanding of propofol’s administration in existing applications.
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