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Abstract

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
of a group of emulsifying agents on the stability of the 10% of seal oil emulsion was examined. The emulsifying agents studied were hydrogenated
castor 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
of 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
were 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
aresult of the hydrolysis of triacylglycerides into free fatty acids in the emulsion. The effect of various amounts of Crodasinic LS-30, a negatively
charged surfactant, and Incroqal Behenyl TMS, a positively charged surfactant, on the emulsion was investigated. It was shown that Crodasinic
LS-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

upon the concentration of the surfactant used.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Emulsions are mixtures consisting of one (or more) immis-
cible liquid phase(s) dispersed in another. The size range for the
dispersed droplets can be from 0.1 to 20 wm (Lance et al., 1995;
Koh et al., 2000; Collins-Gold et al., 2000). Oil-in-water (O/W)
emulsions have been widely used in pharmaceutical formula-
tions such as total parenteral nutrition (TPN). They are also
used as carriers for the delivery of water insoluble drugs. In
addition, emulsions have the potential to achieve sustained drug
release, and for site-specific drug delivery by binding ligands for
various cell surface receptors to the particle surface (Prankerd
and Stella, 1990; Kang et al., 2003). Oils used in most of the
O/W emulsions are derived from plant sources such as soybean
oil. In recent years, marine oils have attracted a lot of atten-
tion because of the beneficial health effects reported. Marine
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oils contain large quantities of long chain omega-3 polyunsatu-
rated fatty acids (PUFAs). The interest in marine oils stemmed
from the epidemiological studies of the diet of Greenland Eski-
mos, in which fish and seal meat were the important sources
of dietary lipid. The incidence of cardiovascular disease (CVD)
in Eskimos was found to be significantly lower than that of the
Danish population, despite their high fat intakes (Dyerberg et
al., 1978; Nobmann et al., 2005). It has been demonstrated that
omega-3 PUFAs can lower serum triacylglycerides (de Lorgeril
et al., 2005) and reduce cardiovascular risk factors (Conquer et
al., 1999). In addition, omega-3 PUFAs are essential for the
normal growth and development of brain and retina. Inade-
quate amounts of docosahexaenoic acid (DHA), one of the main
PUFAs found in marine oils, have been linked to a wide variety
of abnormalities ranging from reduced visual acuity and learn-
ing irregularities to depression and suicide (Alessandri et al.,
2004; Stillwell et al., 2005). PUFAs also play an important role
in the prevention and treatment of hypertension, arthritis, and
inflammatory and autoimmune diseases (Morlion et al., 1996;
Roulet et al., 1997; Mayser et al., 1998; Gadek et al., 1999;
Lanza-Jacoby et al., 2001; Calder, 2004).
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Fish oil emulsions have been developed and marketed in
some parts of the world and they are believed to be better in
some patient populations due to the presence of the omega-3
PUFAs. Although fish oil contains eicosapentaenoic acid (EPA)
and DHA, it has a very small quantity of docosapentaenoic acid
(DPA).

The harp seal (Phoca groenlandica), a marine mammal found
abundantly in the waters off the North Atlantic Ocean, is another
source of omega-3 PUFAs. Seal oil is believed to be better
than fish oil because of: more consistent contents of omega-3
PUFA, especially DPA; lower levels of contaminants; reduced
susceptibility to chemical degradation. Furthermore, the omega-
3 PUFAs in seal oil are found to be at the sn-1 and sn-3 positions
of the triacyglycerides (Ikeda et al., 1998) which are believed to
be better substrates for human pancreatic lipase and lipoprotein
lipase since the lipases in human preferably hydrolyze triacyg-
lycerides at sn-1 and sn-3 positions. On the other hand, the
omega-3 PUFAs in fish oil are primarily at the sn-2 position
of triacylglycerides. Therefore, the plasma clearance of fish oil
made emulsions was shown to be slower compared to soybean
oil made emulsions. Earlier data showed that omega-3 triacyl-
glycerides from fish oil are poorly hydrolyzed in extracellular
media and therefore are delivered to tissues as part of the core
of emulsion remnants (Treskova et al., 1999). Unfortunately, the
majority of currently processed seal oil has been used as lubri-
cants in the auto and aerospace industries. Only a small portion
of seal oil (about 10-15%) has been marketed as nutraceutical
supplements for omega-3 fatty acids. Our group has investigated
the use of seal oil emulsions as potential drug carriers. In pre-
vious studies, it was found that seal oil could serve as a vehicle
to dissolve certain hydrophobic compounds (Xiao et al., 1999;
Kang et al., 2003). In this report, we prepared a 10% seal oil
emulsion and studied the effect of a group of hydrogenated cas-
tor oil (HCO) derivatives as emulsifying agents on the physical
stability of the seal oil emulsion. In addition, the effect of Cro-
dasinic LS-30, an example of negatively charged surfactants, and
Incroqal Behenyl TMS, an example of positively charged sur-
factants, on the physical stability of the seal oil emulsion using
HCO-40 as the emulsifying agent was also studied.

2. Materials and methods

Seal oil was provided as a gift from Caboto Sea Food Ltd.,
Baie Verte, Nfld, Canada. The composition of the fatty acids
in the seal oil was analyzed using an HP-5890 capillary gas
chromatograph (GC) equipped with a SupelcoWax10 capillary
column. The seal oil triglycerides were converted to fatty acid
methyl esters by transmethylation in methanol-sulfuric acid
(94/6 v/v) in the presence of hydroquinone at 70 °C for 5 h. The
methyl esters were extracted in hexane, dried and dissolved in
carbon disulfide. Chromatograms were obtained using a helium
carrier gas and detected by flame ionization. Identification and
quantitation were done using fatty acid methyl ester standards
obtained from Sigma—Aldrich Ltd., Burlington, Ont., Canada.
HCO derivatives (hydrogenated caster oil coated with poly-
oxyethylene of various lengths), HCO-5, HCO-20, HCO-30,
HCO-40, HCO-60, HCO-80 and HCO-100, were gifts from

Nikko Chemicals Co. Ltd., Tokyo, Japan. Incroqal Behenyl
TMS and Crodasinic LS-30 were kindly provided by Croda
Inc., Cedex, France. All other chemicals were purchased from
Sigma—Aldrich Canada Ltd., Burlington, Ont., Canada.

All seal oil emulsions consisted of 10% of seal oil (w/w)
and 2.5% of the respective HCO derivatives or a combination
of 2.5% of HCO-40 and Crodasinic LS-30 or Incroqal Behenyl
TMS (0.1%, 0.25% or 0.5%). To prepare the respective seal
oil emulsions, seal oil and the emulsifying agent or a mixture
of emulsifying agents were thoroughly mixed with water. The
mixture was passed in a high pressured homogenizer (C5-model,
Avestin Inc., Ottawa, Ont., Canada) four times at 25,000 psi to
form an emulsion. To examine the particle size, zeta-potential
and pH value changes, the emulsion prepared was placed in a
55 £0.2°C water bath and samples were removed at different
time intervals. Particle size and zeta-potential were analyzed
using a Beckman Coulter Delsa 440SX zeta-potential analyzer
(Beckman Coulter Co., Fullerton, CA, USA). The pH value of
the samples was determined using a pH meter. In addition, a
10% of mineral oil in water emulsion using 2.5% of HCO-
40 as the emulsifying agent was prepared. The particle size,
pH and zeta-potential changes were monitored as described
above.

3. Results

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

Ten percent (10%, w/w) of seal oil emulsions containing 2.5%
of HCO-5, HCO-20, HCO-30, HCO-40, HCO-60, HCO-80 or
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 w7 Palmitoleic acid 16.18 +1.67
18:0 Steric acid 1.05+£0.20
18:1 w9 Oleic acid 19.76 £2.63
18:1 w7 391+£0.79
18:2 w6 Linoleic acid 1.634+0.33
18:3 w6 Gamma-linolenic acid <1.0

18:3 w3 Alpha-linolenic acid <1.0

18:4 3 <1.0

20:1 @9 12.65 £ 0.90
20:4 w6 Arachidonic acid (AA) <1.0

20:5 w3 Eicosapentaenoic acid (EPA) 7.54+0.54
22:1 wl1 3.83+1.63
22:1 @9 <1.0

22:4 w6 <0.1

22:5 »3 Docosapentaenoic acid (DPA) 4.624+0.96
22:6 w3 Docosahexaenoic acid (DHA) 10.29 +2.53

Note: 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,
respectively, as the emulsifying agent. Samples were incubated at 55 £ 0.2 °C in
a constantly shaking water bath. The particle size of the emulsions was analyzed
daily for 32 days.

25,000 psi. After four passes, the mean diameters of the emul-
sion particles were found to be in the range of 240-270 nm.

It should be noted that the chain length of the polyoxyethylene
in the HCO derivatives increases in the following order: HCO-5,
HCO-20, HCO-30, HCO-40, HCO-60, HCO-80 and HCO-100.
As 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
using different emulsifying agents was monitored for 32 days
following their preparation and the results are shown in Fig. 1.
Mean particle sizes of 400 nm or higher were considered unde-
sirable and used as an indication for physical instability. Itis clear
from Fig. 1 that HCO-5 (HLB = 6) was not an effective emulsi-
fying agent as the particle size of the emulsion was found to be
larger than 400 nm upon preparation and continued to increase
over time. As the chain length of polyoxyethylene in the HCO
derivatives increases (from HCO-5 to HCO-40), the stability
of the emulsion produced was found to improve. However, as
the chain length of polyoxyethylene further increases (HCO-
60, HCO-80 and HCO-80), the stability of the emulsion was
found to decrease. Consequently, HCO-40 was found to be the
most effective emulsifying agent for the 10% of seal oil in water
emulsion.

The zeta-potential and pH value of the 10% of seal oil emul-
sion using 2.5% of HCO-40 as the emulsifying agent were
monitored for 11 days following preparation. The results are
shown in Fig. 2. It was found that the initial zeta-potential was
around —27mV which decreased to about —31 mV over the
course of 11 days. The initial pH value was 3.5 which gradually
decreased to about 2.4 over the same time period. These changes
are believed to be due to the hydrolysis of the triacylglycerides in
the seal oil, which results in the production of negatively charged
free fatty acids.

To evaluate the effect of charged surfactants on the stability
of the 10% of seal oil emulsion prepared using 2.5% of HCO-
40 as the emulsifying agent, various amounts (0.1%, 0.25% or
0.5%) of Crodasinic LS-30 or Incroquat Benhenyl TMS were
added. The results are shown in Fig. 3. It was found that the
negatively charged Crodasinic LS-30 had very little effect on the

. pH
——Zeta-P

Zeta Potential (mV)

0 1 3 5 7 9 11
Time (days)

Fig. 2. The pH and zeta-potential changes in the 10% (w/w) seal oil emulsion
prepared using 2.5% of HCO-40 as the emulsifying agent. The seal oil emulsion
was incubated at 5540.2°C in a constantly shaking water bath. The pH and
zeta-potential of the emulsion samples were analyzed every other day for 11 days.

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

The zeta-potential and pH value of the 10% of seal oil
emulsion using a combination of 2.5% of HCO-40 and vari-
ous concentrations (0.1%, 0.25% or 0.5%) of Crodasinic LS-30
or Incroquat Benhenyl TMS were monitored for 23 days fol-
lowing preparation. The results are shown in Figs. 4 and 5. It
was demonstrated that the negatively charged Crodasinic LS-
30 had very little effect on the zeta-potential (~—30 mV) while
the positively charged Incroquat Benhenyl TMS showed sig-
nificant impact on the zeta-potential of the emulsion produced.
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

900 -
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—m— HCO-40+TMS 5%
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—+— HCO-40+LS.5%

Partical Size/nm
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Time/Days
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Fig. 3. The particle sizes of 10% (w/w) of seal oil emulsions prepared using 2.5%
of HCO-40 with varying amounts of Incroquat Benhenyl TMS or Crodasinic LS-
30. The seal oil emulsions were incubated at 55 + 0.2 °C in a constantly shaking
water bath. The pH and zeta-potential of the emulsion samples were analyzed
every 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%
and 0.5%) of Incroquat Benhenyl TMS or Crodasinic LS-30. The emulsion
samples were incubated at 55 £ 0.2 °C in a constantly shaking water bath. The
zeta-potential value of each sample was analyzed every other day for 23 days.

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

To study the possible causes of the decreased pH and zeta-
potentials over time observed above with the seal oil emulsions,
an emulsion containing 10% light mineral oil (a non-ionizable)
emulsion was prepared using 2.5% HCO-40 as the emulsify-
ing agent. The particle size, pH value and zeta-potential of the
preparation were monitored for 20 days following preparation.
As shown in Fig. 6, the particle size, pH and zeta-potential of
the mineral oil emulsion remained unchanged, suggesting that
the observed changes with the seal oil emulsions were likely due
to the hydrolysis of triacylglycerides in the seal oil to free fatty
acids.

7
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Fig. 5. The pH 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% and 0.5%) of
Incroquat Benhenyl TMS or Crodasinic LS-30. The emulsion samples were
incubated at 55+0.2°C in a constantly shaking water bath. The pH of the
emulsion samples was analyzed every other day for 23 days.
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Fig. 6. The particle size, pH and zeta-potential changes of 10% light mineral
oil emulsion prepared using 2.5% of HCO-40. The emulsion was incubated at
55+£0.2°C in a constantly shaking water bath. The analysis was performed
every other day for 20 days.

4. Discussion

Emulsions are of pharmaceutical importance including their
use as drug carriers. Seal oil is believed to possess many
health benefits over vegetable oils and fish oils. Therefore, a
seal oil emulsion was prepared. It is known that emulsifying
agent(s) could affect the characteristics of the emulsions. Seven
HCO derivatives, HCO-5, HCO-20, HCO-30, HCO-40, HCO-
60, HCO-80 and HCO-100, were studied as emulsifying agents
in the preparation of the 10% of seal oil emulsion and the HLB
values of the emulsifying agents are 6, 10.5, 11, 12.5, 14, 15
and 16.5, respectively. Hydrogenated castor oil derivatives were
chosen because they are found in some important lipid soluble
drug formulations such as cyclosporin (Thomas et al., 2005). In
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this study it was found that HCO-40 resulted in the most sta-
ble seal oil emulsion. The particle sizes of the emulsion were
found to remain largely unchanged during the experiment period
(32 days) while the particle sizes of the emulsions using other
emulsifying agents have increased. The results suggested that
the HCO-40 possessed the required HLB for forming a stable
seal oil emulsion.

Itis generally understood that increased surface charge on the
emulsion particles leads to increased repulsion between particles
which would subsequently lead to increased physical stability
of the emulsion. It was found that the zeta-potential of the emul-
sion where HCO-40 was used as the emulsifying agent was about
—30mV although HCO-40 is considered as a non-ionizable sur-
factant. The negative charge shown by the emulsion is believed
to be the result of the ionization of the free fatty acids derived
from the hydrolysis of triacylglycerides in the seal oil.

The current studies demonstrated that the surface charge
or zeta-potential of the seal oil emulsion was affected by the
presence of positively charged surfactant, Incroquat Benhenyl
TMS, while it was not influenced by negatively charged sur-
factant, Crodasinic LS-30. Although both Incroquat Benhenyl
TMS and Crodainic LS-30 are not commonly used in pharma-
ceutical industry for making emulsion formulations, they were
chosen as example surfactants in this study purely because of
their unique characteristics of charge. The zeta-potential of the
seal oil emulsion was shown to increase in the presence of
Incroquat Benhenyl TMS, which is likely the result of neutral-
ization of the negative charge on the surface by the positive
charge of the surfactant. The increase was shown to be depen-
dent upon the concentration of Incroquat Benhenyl TMS. The
zeta-potential changed from —14 mV to +30 mV when the con-
centration of Incroquat Benhenyl TMS changed from 0.1% to
0.5%. As time increased, the zeta-potentials of those emulsions
decreased gradually, which is likely due to the gradual hydrol-
ysis of triacylglycerides in the seal oil to free fatty acids which
are associated with a negative charge. It was also shown that the
pH of the emulsions decreased over time and reached to about
2.2 which was likely due to the production of free fatty acids
following the hydrolysis of triacylglycerides. It would be diffi-
cult to prove the hydrolysis of triacylglycerides in our systems.
The change in pH observed could be due to the hydrolysis of
an infinitesimal amount of the triacylglycerides, the major lipid
component in the emulsion. This small change in fatty acid com-
position would not be easily detected by GC. For this reason, we
used an indirect approach in which a non-hydrolyzable lipid was
used to demonstrate that the drop in pH in the seal oil emulsions
was likely due to a slight hydrolysis of the triacylglycerides.

When a large quantity of positively charged surfactant, Incro-
quat Benhenyl TMS, was used in the seal oil emulsion, the
overall system became positively charged, which would promote
the hydrolysis of triacylglycerides producing free fatty acids.
The fatty acids produced would subsequently be ionized. As
more negatively charged R-COO™ accumulated on the surface,
the zeta-potential of the system started to drop. To confirm that
the change in zeta-potential and pH was a result of the hydrol-
ysis of triacylglycerides in the seal 0il, a mineral oil emulsion
was prepared. It was found that both zeta-potential and pH of

the mineral oil emulsion did not change over time, which con-
firmed our speculation that the change in zeta-potential and pH
in the seal oil emulsion was due to the hydrolysis of triacyl-
glycerides in the seal oil. It should be noted that the emulsion
systems studied in this report were not buffered. In addition,
readers should be reminded that the fatty acids in the emulsion
systems may not behave the same as if they are dissolved in
water.

The current study demonstrated that harp seal oil can be for-
mulated as stable oil-in-water emulsions. Because of its unique
content of omega-3 fatty acids, especially DHA, DPA and EPA,
and its superior chemical and biological characteristics com-
pared with fish oil, it is conceivable that the currently under-
utilized seal oil may provide an excellent vehicle for dissolving
lipid soluble drugs.

Acknowledgements

The authors wish to express their sincere appreciation to the
Canadian Institutes of Health Research (CIHR) for the oper-
ating grants awarded to Hu Liu and Lili Wang. Hu Liu was a
recipient of the Rx&D-HRF/CIHR Career Award in Health Sci-
ences funded by the Health Research Foundation of Canada’s
Research Based Pharmaceutical Companies (Rx&D) and CIHR
(1999-2004).

References

Alessandri, J.M., Guesnet, P., Vancassel, S., Astorg, P., Denis, I., Langelier, B.,
Aid, S., Poumes-Ballihaut, C., Champeil-Potokar, G., Lavialle, M., 2004.
Polyunsaturated fatty acids in the central nervous system: evolution of con-
cepts and nutritional implications throughout life. Reprod. Nutr. Dev. 44,
509-538.

Calder, P.C., 2004. n — 3 fatty acids, inflammation, and immunity-relevance to
postsurgical and critically ill patients. Lipids 39, 1147-1161.

Collins-Gold, L., Feichtinger, N., Wiarnheim, T., 2000. Are lipid emulsions the
drug delivery solution? Lipophilic compounds have great potential in the
discovery process. Modern Drug Discov. 3, 4446, 48.

Congquer, J.A., Cheryk, L.A., Chan, E., Gentry, P.A., Holub, B.J., 1999. Effect
of supplementation with dietary seal oil on selected cardiovascular risk fac-
tors and hemostatic variables in healthy male subjects. Thromb. Res. 96,
239-250.

de Lorgeril, M., Salen, P., Guiraud, A., Zeghichi, S., Boucher, F., de Leiris, J.,
2005. Lipid-lowering drugs and essential omega-6 and omega-3 fatty acids
in patients with coronary heart disease. Nutr. Metabol. Cardiovasc. Dis. 15,
36-41.

Dyerberg, J., Bang, H.O., Stoffersen, E., Moncada, S., Vane, J.R., 1978. Eicos-
apentaenoic acid and prevention of thrombosis and atherosclerosis? Lancet
2, 117-119.

Gadek, J.E., DeMichele, S.J., Karlstad, M.D., Pacht, E.R., Donahoe, M., Albert-
son, T.E., Van Hoozen, C., Wennberg, A.K., Nelson, J.L., Noursalehi, M.,
1999. Effect of enteral feeding with eicosapentaenoic acid, gamma-linolenic
acid, and antioxidants in patients with acute respiratory distress syndrome.
Crit. Care Med. 27, 1409-1420.

Ikeda, I., Yoshida, H., Tomooka, M., Yosef, A., Imaizumi, K., Tsuji, H., Seto,
A., 1998. Effects of long-term feeding of marine oils with different posi-
tional distribution of eicosapentaenoic and docosahexaenoic acids on lipid
metabolism, eicosanoid production, and platelet aggregation in hypercholes-
terolemic rats. Lipids 33, 897-904.

Kang, Z., Scott, T.M., Wesolowski, C., Feng, L., Wang, J., Wang, L., Liu, H.,
2003. Ex vivo evaluation of a novel polyiodinated compound for early detec-
tion of atherosclerosis. Radiat. Res. 160, 460—466.



G. Cui et al. / International Journal of Pharmaceutics 325 (2006) 180-185 185

Koh, A., Gillies, G., Gore, J., Saunders, B.R., 2000. Flocculation and coalescence
of oil-in-water poly(dimethylsiloxane) emulsions. J. Colloid Interf. Sci. 227,
390-397.

Lance, M.R., Washington, C., Davis, S.S., 1995. Structure and toxicity of ampho-
tericin B/triglyceride emulsion formulations. J. Antimicrob. Chemother. 36,
119-128.

Lanza-Jacoby, S., Flynn, J.T., Miller, S., 2001. Parenteral supplementation with
a fish-oil emulsion prolongs survival and improves rat lymphocyte function
during sepsis. Nutrition 17, 112-116.

Mayser, P., Mrowietz, U., Arenberger, P., Bartak, P., Buchvald, J., Christophers,
E., Jablonska, S., Salmhofer, W., Schill, W.B., Kramer, H.J., Schlotzer, E.,
Mayer, K., Seeger, W., Grimminger, F., 1998. Omega-3 fatty acid-based lipid
infusion in patients with chronic plaque psoriasis: results of a double-blind,
randomized, placebo-controlled, multicenter trial. J. Am. Acad. Dermatol.
38, 539-547.

Morlion, B.J., Torwesten, E., Lessire, H., Sturm, G., Peskar, B.M., Furst, P.,
Puchstein, C., 1996. The effect of parenteral fish oil on leukocyte membrane
fatty acid composition and leukotriene-synthesizing capacity in patients with
postoperative trauma. Metabolism 45, 1208-1213.

Nobmann, E.D., Ponce, R., Mattil, C., Devereux, R., Dyke, B., Ebbesson, S.O.,
Laston, S., MacCluer, J., Robbins, D., Romenesko, T., Ruotolo, G., Wenger,

C.R., Howard, B.V.,, 2005. Dietary intakes vary with age among Eskimo
adults of Northwest Alaska in the GOCADAN study, 2000-2003. J. Nutr.
135, 856-862.

Prankerd, R.J., Stella, V.J., 1990. The use of oil-in-water emulsions as a vehicle
for parenteral drug administration. Parenter. Sci. Technol. 44, 139-149.
Roulet, M., Frascarolo, P., Pilet, M., Chapuis, G., 1997. Effects of intravenously
infused fish oil on platelet fatty acid phospholipid composition and on platelet

function in postoperative trauma. J. Parenter. Enteral. Nutr. 21, 296-330.

Stillwell, W., Shaikh, S.R., Zerouga, M., Siddiqui, R., Wassall, S.R., 2005.
Docosahexaenoic acid affects cell signaling by altering lipid rafts. Reprod.
Nutr. Dev. 45, 559-579.

Thomas, K., Koelwel, C., Machei, U., Farber, L., Gopferich, A., 2005. Three
generations of cyclosporine a formulations: an in vitro comparison. Drug
Deyv. Ind. Pharm. 31, 357-366.

Treskova, E., Carpentier, Y.A., Ramakrishnan, R., Al-Haideri, M., Seo, T., Deck-
elbaum, R.J., 1999. Blood clearance and tissue uptake of intravenous lipid
emulsions containing long-chain and medium-chain triglycerides and fish
oil in a mouse model. J. Parenter. Enteral. Nutr. 23, 253-259.

Xiao, W., Wang, L., Davis, PJ., Liu, H., 1999. Seal oil markedly enhances the
transfer of a hydrophobic radiopharmaceutical into acetylated low density
lipoprotein. Lipids 34, 503-509.



	Preparation and physical characterization of a novel marine oil emulsion as a potential new formulation vehicle for lipid soluble drugs
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


