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bstract

Emulsions often contain vegetable oils such as soybean oil. In this study, a 10% (w/w) of marine mammal oil emulsion was prepared. The effect
f a group of emulsifying agents on the stability of the 10% of seal oil emulsion was examined. The emulsifying agents studied were hydrogenated
astor oil coated with various polyoxyethylene derivatives. It was found that 2.5% of HCO-40 resulted in the most stable seal oil emulsion. The size
f the emulsified droplets defined by their diameters was found to be around 240–270 nm. The initial zeta-potential and pH value of the emulsion
ere found to be around −27 mV and 3.5, respectively, which decreased over time, to about −31 mV and 2.4, respectively. This is believed to be
result of the hydrolysis of triacylglycerides into free fatty acids in the emulsion. The effect of various amounts of Crodasinic LS-30, a negatively

harged surfactant, and Incroqal Behenyl TMS, a positively charged surfactant, on the emulsion was investigated. It was shown that Crodasinic
S-30 had very little effect on the particle size, zeta-potential and pH, while the effect of Incroquat Benhenyl TMS was found to be dependent
pon the concentration of the surfactant used.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Emulsions are mixtures consisting of one (or more) immis-
ible liquid phase(s) dispersed in another. The size range for the
ispersed droplets can be from 0.1 to 20 �m (Lance et al., 1995;
oh et al., 2000; Collins-Gold et al., 2000). Oil-in-water (O/W)
mulsions have been widely used in pharmaceutical formula-
ions such as total parenteral nutrition (TPN). They are also
sed as carriers for the delivery of water insoluble drugs. In
ddition, emulsions have the potential to achieve sustained drug
elease, and for site-specific drug delivery by binding ligands for

arious cell surface receptors to the particle surface (Prankerd
nd Stella, 1990; Kang et al., 2003). Oils used in most of the
/W emulsions are derived from plant sources such as soybean
il. In recent years, marine oils have attracted a lot of atten-
ion because of the beneficial health effects reported. Marine
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ils contain large quantities of long chain omega-3 polyunsatu-
ated fatty acids (PUFAs). The interest in marine oils stemmed
rom the epidemiological studies of the diet of Greenland Eski-
os, in which fish and seal meat were the important sources

f dietary lipid. The incidence of cardiovascular disease (CVD)
n Eskimos was found to be significantly lower than that of the
anish population, despite their high fat intakes (Dyerberg et

l., 1978; Nobmann et al., 2005). It has been demonstrated that
mega-3 PUFAs can lower serum triacylglycerides (de Lorgeril
t al., 2005) and reduce cardiovascular risk factors (Conquer et
l., 1999). In addition, omega-3 PUFAs are essential for the
ormal growth and development of brain and retina. Inade-
uate amounts of docosahexaenoic acid (DHA), one of the main
UFAs found in marine oils, have been linked to a wide variety
f abnormalities ranging from reduced visual acuity and learn-
ng irregularities to depression and suicide (Alessandri et al.,
004; Stillwell et al., 2005). PUFAs also play an important role

n the prevention and treatment of hypertension, arthritis, and
nflammatory and autoimmune diseases (Morlion et al., 1996;
oulet et al., 1997; Mayser et al., 1998; Gadek et al., 1999;
anza-Jacoby et al., 2001; Calder, 2004).

mailto:hliu@mun.ca
dx.doi.org/10.1016/j.ijpharm.2006.06.033
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HCO-100, or a combination of 2.5% of HCO-40 and Crodasinic
LS-30 or Incroqal Behenyl TMS (0.1%, 0.25% or 0.5%), respec-
tively, were prepared. The emulsions were prepared using a
high pressure homogenizer (also known as a microfluidizer) at

Table 1
Compositional analysis of fatty acids in seal oil

Fatty acids Common names Percentage

14:0 Myristatic acid 5.70 ± 2.57
14:1 Myristoleic acid 1.33 ± 0.44
16:0 Palmitic acid 7.89 ± 1.54
16:1 �7 Palmitoleic acid 16.18 ± 1.67
18:0 Steric acid 1.05 ± 0.20
18:1 �9 Oleic acid 19.76 ± 2.63
18:1 �7 3.91 ± 0.79
18:2 �6 Linoleic acid 1.63 ± 0.33
18:3 �6 Gamma-linolenic acid <1.0
18:3 �3 Alpha-linolenic acid <1.0
18:4 �3 <1.0
20:1 �9 12.65 ± 0.90
20:4 �6 Arachidonic acid (AA) <1.0
20:5 �3 Eicosapentaenoic acid (EPA) 7.54 ± 0.54
22:1 �11 3.83 ± 1.63
22:1 �9 <1.0
G. Cui et al. / International Journa

Fish oil emulsions have been developed and marketed in
ome parts of the world and they are believed to be better in
ome patient populations due to the presence of the omega-3
UFAs. Although fish oil contains eicosapentaenoic acid (EPA)
nd DHA, it has a very small quantity of docosapentaenoic acid
DPA).

The harp seal (Phoca groenlandica), a marine mammal found
bundantly in the waters off the North Atlantic Ocean, is another
ource of omega-3 PUFAs. Seal oil is believed to be better
han fish oil because of: more consistent contents of omega-3
UFA, especially DPA; lower levels of contaminants; reduced
usceptibility to chemical degradation. Furthermore, the omega-
PUFAs in seal oil are found to be at the sn-1 and sn-3 positions
f the triacyglycerides (Ikeda et al., 1998) which are believed to
e better substrates for human pancreatic lipase and lipoprotein
ipase since the lipases in human preferably hydrolyze triacyg-
ycerides at sn-1 and sn-3 positions. On the other hand, the
mega-3 PUFAs in fish oil are primarily at the sn-2 position
f triacylglycerides. Therefore, the plasma clearance of fish oil
ade emulsions was shown to be slower compared to soybean

il made emulsions. Earlier data showed that omega-3 triacyl-
lycerides from fish oil are poorly hydrolyzed in extracellular
edia and therefore are delivered to tissues as part of the core

f emulsion remnants (Treskova et al., 1999). Unfortunately, the
ajority of currently processed seal oil has been used as lubri-

ants in the auto and aerospace industries. Only a small portion
f seal oil (about 10–15%) has been marketed as nutraceutical
upplements for omega-3 fatty acids. Our group has investigated
he use of seal oil emulsions as potential drug carriers. In pre-
ious studies, it was found that seal oil could serve as a vehicle
o dissolve certain hydrophobic compounds (Xiao et al., 1999;
ang et al., 2003). In this report, we prepared a 10% seal oil

mulsion and studied the effect of a group of hydrogenated cas-
or oil (HCO) derivatives as emulsifying agents on the physical
tability of the seal oil emulsion. In addition, the effect of Cro-
asinic LS-30, an example of negatively charged surfactants, and
ncroqal Behenyl TMS, an example of positively charged sur-
actants, on the physical stability of the seal oil emulsion using
CO-40 as the emulsifying agent was also studied.

. Materials and methods

Seal oil was provided as a gift from Caboto Sea Food Ltd.,
aie Verte, Nfld, Canada. The composition of the fatty acids

n the seal oil was analyzed using an HP-5890 capillary gas
hromatograph (GC) equipped with a SupelcoWax10 capillary
olumn. The seal oil triglycerides were converted to fatty acid
ethyl esters by transmethylation in methanol–sulfuric acid

94/6 v/v) in the presence of hydroquinone at 70 ◦C for 5 h. The
ethyl esters were extracted in hexane, dried and dissolved in

arbon disulfide. Chromatograms were obtained using a helium
arrier gas and detected by flame ionization. Identification and
uantitation were done using fatty acid methyl ester standards

btained from Sigma–Aldrich Ltd., Burlington, Ont., Canada.
CO derivatives (hydrogenated caster oil coated with poly-
xyethylene of various lengths), HCO-5, HCO-20, HCO-30,
CO-40, HCO-60, HCO-80 and HCO-100, were gifts from

2
2
2

N
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ikko Chemicals Co. Ltd., Tokyo, Japan. Incroqal Behenyl
MS and Crodasinic LS-30 were kindly provided by Croda

nc., Cedex, France. All other chemicals were purchased from
igma–Aldrich Canada Ltd., Burlington, Ont., Canada.

All seal oil emulsions consisted of 10% of seal oil (w/w)
nd 2.5% of the respective HCO derivatives or a combination
f 2.5% of HCO-40 and Crodasinic LS-30 or Incroqal Behenyl
MS (0.1%, 0.25% or 0.5%). To prepare the respective seal
il emulsions, seal oil and the emulsifying agent or a mixture
f emulsifying agents were thoroughly mixed with water. The
ixture was passed in a high pressured homogenizer (C5-model,
vestin Inc., Ottawa, Ont., Canada) four times at 25,000 psi to

orm an emulsion. To examine the particle size, zeta-potential
nd pH value changes, the emulsion prepared was placed in a
5 ± 0.2 ◦C water bath and samples were removed at different
ime intervals. Particle size and zeta-potential were analyzed
sing a Beckman Coulter Delsa 440SX zeta-potential analyzer
Beckman Coulter Co., Fullerton, CA, USA). The pH value of
he samples was determined using a pH meter. In addition, a
0% of mineral oil in water emulsion using 2.5% of HCO-
0 as the emulsifying agent was prepared. The particle size,
H and zeta-potential changes were monitored as described
bove.

. Results

The composition results of the fatty acids in the seal oil ana-
yzed by GC are shown in Table 1. It was found that the amount
f omega-3 fatty acids was about 25%.

Ten percent (10%, w/w) of seal oil emulsions containing 2.5%
f HCO-5, HCO-20, HCO-30, HCO-40, HCO-60, HCO-80 or
2:4 �6 <0.1
2:5 �3 Docosapentaenoic acid (DPA) 4.62 ± 0.96
2:6 �3 Docosahexaenoic acid (DHA) 10.29 ± 2.53

ote: values reported are mean ± S.D. (n = 3).
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Fig. 1. The particle sizes of 10% (w/w) of seal oil emulsions prepared using
2.5% of HCO-5, HCO-20, HCO-30, HCO-40, HCO-60, HCO-80 and HCO-100,
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Fig. 2. The pH and zeta-potential changes in the 10% (w/w) seal oil emulsion
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Zeta-potentials of the emulsions were found to have changed
to about −14, +16 and +30, respectively, when 0.1%, 0.25%
and 0.5% of Incroquat Benhenyl TMS was used. It was also
found that the respective zeta-potentials decreased over time to

Fig. 3. The particle sizes of 10% (w/w) of seal oil emulsions prepared using 2.5%
espectively, as the emulsifying agent. Samples were incubated at 55 ± 0.2 ◦C in
constantly shaking water bath. The particle size of the emulsions was analyzed
aily for 32 days.

5,000 psi. After four passes, the mean diameters of the emul-
ion particles were found to be in the range of 240–270 nm.

It should be noted that the chain length of the polyoxyethylene
n the HCO derivatives increases in the following order: HCO-5,
CO-20, HCO-30, HCO-40, HCO-60, HCO-80 and HCO-100.
s a result, their corresponding HLB values are as follows: 6

HCO-5), 10.5 (HCO-20), 11 (HCO-30), 12.5 (HCO-40), 14
HCO-60), 15 (HCO-80) and 16.5 (HCO-100).

The particle size of the 10% of seal oil emulsions prepared
sing different emulsifying agents was monitored for 32 days
ollowing their preparation and the results are shown in Fig. 1.

ean particle sizes of 400 nm or higher were considered unde-
irable and used as an indication for physical instability. It is clear
rom Fig. 1 that HCO-5 (HLB = 6) was not an effective emulsi-
ying agent as the particle size of the emulsion was found to be
arger than 400 nm upon preparation and continued to increase
ver time. As the chain length of polyoxyethylene in the HCO
erivatives increases (from HCO-5 to HCO-40), the stability
f the emulsion produced was found to improve. However, as
he chain length of polyoxyethylene further increases (HCO-
0, HCO-80 and HCO-80), the stability of the emulsion was
ound to decrease. Consequently, HCO-40 was found to be the
ost effective emulsifying agent for the 10% of seal oil in water

mulsion.
The zeta-potential and pH value of the 10% of seal oil emul-

ion using 2.5% of HCO-40 as the emulsifying agent were
onitored for 11 days following preparation. The results are

hown in Fig. 2. It was found that the initial zeta-potential was
round −27 mV which decreased to about −31 mV over the
ourse of 11 days. The initial pH value was 3.5 which gradually
ecreased to about 2.4 over the same time period. These changes
re believed to be due to the hydrolysis of the triacylglycerides in
he seal oil, which results in the production of negatively charged
ree fatty acids.

To evaluate the effect of charged surfactants on the stability
f the 10% of seal oil emulsion prepared using 2.5% of HCO-

0 as the emulsifying agent, various amounts (0.1%, 0.25% or
.5%) of Crodasinic LS-30 or Incroquat Benhenyl TMS were
dded. The results are shown in Fig. 3. It was found that the
egatively charged Crodasinic LS-30 had very little effect on the

o
3
w
e

repared using 2.5% of HCO-40 as the emulsifying agent. The seal oil emulsion
as incubated at 55 ± 0.2 ◦C in a constantly shaking water bath. The pH and

eta-potential of the emulsion samples were analyzed every other day for 11 days.

article size of the emulsion. However, the effect of Incroquat
enhenyl TMS is shown to be dependent on its concentration.
here was little effect demonstrated when 0.1% of Incroquat
enhenyl TMS was used, while higher concentrations (0.25%
nd 0.5%) had an adverse effect on the stability of the emulsion.

The zeta-potential and pH value of the 10% of seal oil
mulsion using a combination of 2.5% of HCO-40 and vari-
us concentrations (0.1%, 0.25% or 0.5%) of Crodasinic LS-30
r Incroquat Benhenyl TMS were monitored for 23 days fol-
owing preparation. The results are shown in Figs. 4 and 5. It
as demonstrated that the negatively charged Crodasinic LS-
0 had very little effect on the zeta-potential (∼−30 mV) while
he positively charged Incroquat Benhenyl TMS showed sig-
ificant impact on the zeta-potential of the emulsion produced.
f HCO-40 with varying amounts of Incroquat Benhenyl TMS or Crodasinic LS-
0. The seal oil emulsions were incubated at 55 ± 0.2 ◦C in a constantly shaking
ater bath. The pH and zeta-potential of the emulsion samples were analyzed

very other day for 23 days.
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Fig. 4. The zeta-potential changes of the 10% (w/w) seal oil emulsion prepared
using 2.5% of HCO-40 in combination with varying amounts (0.1%, 0.25%
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nd 0.5%) of Incroquat Benhenyl TMS or Crodasinic LS-30. The emulsion
amples were incubated at 55 ± 0.2 ◦C in a constantly shaking water bath. The
eta-potential value of each sample was analyzed every other day for 23 days.

bout ∼30 mV (Fig. 4). The addition of Crodasinic LS-30 was
ound to have very little effect on the pH value of the emulsion.
owever, Incroquat Benhenyl TMS was found to affect the pH
f the emulsion and the effect was concentration dependent.
he pH values of the emulsions were found to be 4.7, 5.4, and
.2, respectively, when the amounts of Incroquat Benhenyl TMS
ere 0.1%, 0.25% and 0.5%, respectively. It was noted that the
H values of the respective emulsions gradually decreased over
he period monitored (Fig. 5).

To study the possible causes of the decreased pH and zeta-
otentials over time observed above with the seal oil emulsions,
n emulsion containing 10% light mineral oil (a non-ionizable)
mulsion was prepared using 2.5% HCO-40 as the emulsify-
ng agent. The particle size, pH value and zeta-potential of the
reparation were monitored for 20 days following preparation.
s shown in Fig. 6, the particle size, pH and zeta-potential of

he mineral oil emulsion remained unchanged, suggesting that

he observed changes with the seal oil emulsions were likely due
o the hydrolysis of triacylglycerides in the seal oil to free fatty
cids.

ig. 5. The pH changes of the 10% (w/w) seal oil emulsion prepared using 2.5%
f HCO-40 in combination with varying amounts (0.1%, 0.25% and 0.5%) of
ncroquat Benhenyl TMS or Crodasinic LS-30. The emulsion samples were
ncubated at 55 ± 0.2 ◦C in a constantly shaking water bath. The pH of the
mulsion samples was analyzed every other day for 23 days.

Fig. 6. The particle size, pH and zeta-potential changes of 10% light mineral
o
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il emulsion prepared using 2.5% of HCO-40. The emulsion was incubated at
5 ± 0.2 ◦C in a constantly shaking water bath. The analysis was performed
very other day for 20 days.

. Discussion

Emulsions are of pharmaceutical importance including their
se as drug carriers. Seal oil is believed to possess many
ealth benefits over vegetable oils and fish oils. Therefore, a
eal oil emulsion was prepared. It is known that emulsifying
gent(s) could affect the characteristics of the emulsions. Seven
CO derivatives, HCO-5, HCO-20, HCO-30, HCO-40, HCO-
0, HCO-80 and HCO-100, were studied as emulsifying agents
n the preparation of the 10% of seal oil emulsion and the HLB

alues of the emulsifying agents are 6, 10.5, 11, 12.5, 14, 15
nd 16.5, respectively. Hydrogenated castor oil derivatives were
hosen because they are found in some important lipid soluble
rug formulations such as cyclosporin (Thomas et al., 2005). In



1 l of P

t
b
f
(
e
t
s

e
w
o
s
−
f
t
f

o
p
T
f
T
c
c
t
s
I
i
c
d
z
c
0
d
y
a
p
2
f
c
T
a
c
p
u
u
w

q
o
t
T
m
t
t
y
w

t
fi
i
g
s
r
s
w

m
c
a
p
u
l

A

C
a
r
e
R
(

R

A

C

C

C

d

D

G

I

84 G. Cui et al. / International Journa

his study it was found that HCO-40 resulted in the most sta-
le seal oil emulsion. The particle sizes of the emulsion were
ound to remain largely unchanged during the experiment period
32 days) while the particle sizes of the emulsions using other
mulsifying agents have increased. The results suggested that
he HCO-40 possessed the required HLB for forming a stable
eal oil emulsion.

It is generally understood that increased surface charge on the
mulsion particles leads to increased repulsion between particles
hich would subsequently lead to increased physical stability
f the emulsion. It was found that the zeta-potential of the emul-
ion where HCO-40 was used as the emulsifying agent was about
30 mV although HCO-40 is considered as a non-ionizable sur-

actant. The negative charge shown by the emulsion is believed
o be the result of the ionization of the free fatty acids derived
rom the hydrolysis of triacylglycerides in the seal oil.

The current studies demonstrated that the surface charge
r zeta-potential of the seal oil emulsion was affected by the
resence of positively charged surfactant, Incroquat Benhenyl
MS, while it was not influenced by negatively charged sur-

actant, Crodasinic LS-30. Although both Incroquat Benhenyl
MS and Crodainic LS-30 are not commonly used in pharma-
eutical industry for making emulsion formulations, they were
hosen as example surfactants in this study purely because of
heir unique characteristics of charge. The zeta-potential of the
eal oil emulsion was shown to increase in the presence of
ncroquat Benhenyl TMS, which is likely the result of neutral-
zation of the negative charge on the surface by the positive
harge of the surfactant. The increase was shown to be depen-
ent upon the concentration of Incroquat Benhenyl TMS. The
eta-potential changed from −14 mV to +30 mV when the con-
entration of Incroquat Benhenyl TMS changed from 0.1% to
.5%. As time increased, the zeta-potentials of those emulsions
ecreased gradually, which is likely due to the gradual hydrol-
sis of triacylglycerides in the seal oil to free fatty acids which
re associated with a negative charge. It was also shown that the
H of the emulsions decreased over time and reached to about
.2 which was likely due to the production of free fatty acids
ollowing the hydrolysis of triacylglycerides. It would be diffi-
ult to prove the hydrolysis of triacylglycerides in our systems.
he change in pH observed could be due to the hydrolysis of
n infinitesimal amount of the triacylglycerides, the major lipid
omponent in the emulsion. This small change in fatty acid com-
osition would not be easily detected by GC. For this reason, we
sed an indirect approach in which a non-hydrolyzable lipid was
sed to demonstrate that the drop in pH in the seal oil emulsions
as likely due to a slight hydrolysis of the triacylglycerides.
When a large quantity of positively charged surfactant, Incro-

uat Benhenyl TMS, was used in the seal oil emulsion, the
verall system became positively charged, which would promote
he hydrolysis of triacylglycerides producing free fatty acids.
he fatty acids produced would subsequently be ionized. As
ore negatively charged R–COO− accumulated on the surface,
he zeta-potential of the system started to drop. To confirm that
he change in zeta-potential and pH was a result of the hydrol-
sis of triacylglycerides in the seal oil, a mineral oil emulsion
as prepared. It was found that both zeta-potential and pH of

K

harmaceutics 325 (2006) 180–185

he mineral oil emulsion did not change over time, which con-
rmed our speculation that the change in zeta-potential and pH

n the seal oil emulsion was due to the hydrolysis of triacyl-
lycerides in the seal oil. It should be noted that the emulsion
ystems studied in this report were not buffered. In addition,
eaders should be reminded that the fatty acids in the emulsion
ystems may not behave the same as if they are dissolved in
ater.
The current study demonstrated that harp seal oil can be for-

ulated as stable oil-in-water emulsions. Because of its unique
ontent of omega-3 fatty acids, especially DHA, DPA and EPA,
nd its superior chemical and biological characteristics com-
ared with fish oil, it is conceivable that the currently under-
tilized seal oil may provide an excellent vehicle for dissolving
ipid soluble drugs.
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