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Recently, the United States Pharmacopeia (USP) has established Chapter (729) with GSD limits for all lipid
emulsions where the mean droplet size (MDS) must be <500 nm and the percent of fat larger than 5 pum
(PFATs) must be <0.05%, irrespective of the final lipid concentration. As well, the European Pharmacopeia
(EP) Monograph no. 1352 specifies n3-fatty acid (FA) limits (EPA + DHA > 45%; total n3 or T-n3 > 60%) for
fish oil. We assessed compliance with USP physical and EP chemical limits of two fish oil-containing lipid
emulsion mixtures. All lipid emulsions passed USP (729) limits. No samples tested had an MDS >302 nm
or a PFATs value >0.011%. Only one product met EP limits while the other failed. All emulsions tested were
extremely fine dispersions and easily met USP (729) GSD limits. The n3-FAs profiles were lower in one,
despite being labeled to contain 50% more fish oil than the other product. This latter finding suggests
the n3-FA content of the fish oil source and/or the applied manufacturing processes in these products is
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1. Introduction

In modern times, pharmacopeias around the world have
variably functioned as a liaison between government regulatory
authorities and the pharmaceutical industry. In America, for exam-
ple, the United States Pharmacopeia (USP) works directly with
industry, and in particular drug innovators to assist in the creation
of new drug monographs, usually within five years of its approval
by the Food and Drug Administration (FDA) (Driscoll, 2006) The
USP also works closely with the European Pharmacopeia (EP) and
Japanese Pharmacopeias (JP) in a concerted effort to harmonize its
standards (www.usp.org/USPNF/pharmacoepialHarmonization/).
Drug monographs contain essential information about the phar-
maceutical product, such as the active ingredient(s), acceptable
concentration range and limits, packaging and storage require-
ments, labeling, assay requirements, etc. Thus, this system works
well, since industry, as the drug innovator, has the greatest insights
into the important physical and chemical issues of the newly
developed product. Ultimately, in the U.S. such information will
apply to future drug applications to the FDA to ensure generically
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equivalent products that are both pharmaceutically equivalent
and bioequivalent. For the USP, the development of pharmacopeial
monographs, as well as relevant chapters (usually detailing impor-
tant assay methods of monographs), can be used at the discretion
of the FDA for drug enforcement purposes.

In the clinical setting, pharmacopeias have generally had lit-
tle to no impact on practitioners (i.e., physician, nurse) who
uses (prepares, administers) the pharmaceutical dosage form to
treat the patient. Recently, however, there have been attempts
to link pharmacopeial specifications to compatibility and stabil-
ity issues involving parenteral nutrition admixtures as a patient
safety goal (Driscoll, 2005). Practitioners, for their part, assume
the dosage form contains the active ingredient(s) and that the
labeled amount(s) will provide the correct dose when prepared
as directed and administered to the patient. Recently, certain lipid
emulsions from one manufacturer have been shown to fail the
globule size limits (mean droplet size: <500nm; percent of fat
globules >5 pm: <0.05%) of USP Chapter (729) (Globule Size Dis-
tribution in Lipid Injectable Emulsions, 2008) coincident with a
change in their packaging containers from glass bottles to plas-
tic bags (Driscoll, 2007a). The abnormal globule size distribution
(GSD) of the lipid emulsion has been shown to produce less
stable all-in-one (AIO) admixture (Driscoll et al., 2007b, 2009)
and less stable lipids when pre-packaged in a syringe (Driscoll
et al., 2007c), as applied in neonatal use, compared to simi-
lar lipids that pass the globule size limits of (729). In addition,
these abnormal fat globule profiles have also been associated
with poorer plasma clearance and significantly higher incidence
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Table 1
Fish oil-mixed lipid emulsions studied.?

0il Lipoplus/lipidem 20% SMOFlipid 20%
Soy 40% 30%
MCT 50% 30%
Olive 0% 25%
Fish 10% 15%

2 Qil ratios for each product came from the manufacturer’s label
and package insert for each product.

of hypertriglyceridemia in critically ill premature infants, than
those receiving the same emulsion product, but in formula-
tions which meet (729) limits (Martin et al., 2008). Thus, it
appears that failure to comply with pharmacopeial specifications
of intravenous lipid emulsions may have clinically important con-
sequences.

This study was undertaken to investigate two novel lipid
emulsion oil mixtures containing fish oil, rich in the “bioactive”
omega-3 (or n3) fatty acids, in meeting existing pharmacopeial
specifications. With respect to the USP, physical compliance
with Chapter (729) was assessed, while chemical compliance
with the n3-fatty acid requirements of EP Monograph no. 1352
(Omega-3-Sduren-Triglyceride, 2005), were evaluated between
these emulsions.

2. Materials and methods
2.1. Lipid emulsions studied

Two novel 20% (w/v) lipid emulsion mixtures containing fish
oil were evaluated and the various oil fractions contained in the
dispersed phase appears in Table 1. In one product, 10% of the oil
phase was fish oil (Lipidem™ or Lipoplus™ 20%2-4) or “LPLUS”
and in the other, 15% of the oil phase was fish oil (SMOFlipid™
20%ef) or “SMOF”. Four lots of each product and three bottles per lot
were evaluated for pharmacopeial compliance. The order in which
the samples were analyzed was randomized by the individual bot-
tle (12/product or n=24). Three different analytical methods were
applied in this study for the physical measurements of (1) mean
droplet size or MDS; and (2) large-diameter tail expressed as per-
cent fat >5 pwm or PFATs; and (3) chemical measurements of the
fatty acid profiles of each emulsion, with particular attention to the
concentrations of the n3-fatty acids, EPA and DHA, and in this latter
analysis, the technician was blinded as to the identity of final sam-
ple. For each of the three methods applied in this study, all samples
were run in duplicate (24 samples per product per method). Sam-
ple preparation for each method was standardized in every step
for both 20% emulsions immediately prior to formal instrumental
analysis, and hence, treatment of samples from both emulsions was
identical.

2.2. USP (729) Method I: mean droplet size (nm)

For the qualitative determination of MDS, a Nicomp™ 370 Sub-
micron Particle Analyzer instrument with Autodilution (Particle
Sizing Systems, Santa Barbara, CA) was used (range: 5-2000 nm).
It applies the principle of dynamic light scattering, based on
the temporal fluctuations in light intensity due to the Brownian
motion or diffusion of the particles or droplets in the optical path,
using the intensity autocorrelation function to semi-quantitatively
determine the average or mean droplet size (MDS) for each sam-
ple in duplicate. From these intensity fluctuations and resulting
autocorrelation function, the intensity-weighted distribution of
diffusion coefficients is calculated. From the latter, the intensity-
weighted distribution of droplet radii, or diameters, is obtained,
using the Stokes-Einstein relation. The DLS instrument, using a

scattering angle of 90 degrees, was calibrated with polystyrene
calibrator nanospheres of known diameters (54-993 nm). Approx-
imately 50 uL of each lipid emulsion sample was added to
20 mL of double-filtered (0.22 wm) water in clean glass scintil-
lation vials. The sample was gently swirled, producing a final
suspension that was slightly turbid, but translucent. From this
mixture, approximately 3 mL was injected into the DLS instru-
ment, whereby it underwent further dilution by a proprietary
Autodilution procedure to optimize the final concentration of
the sample for analysis. During this time, there was an approx-
imate 100-fold increase in the mean scattering intensity (i.e.,
photopulse rate) above baseline (no sample) light intensity of
between 5 and 10kHz. Once a stable light scattering photopulse
rate was achieved (250-350kHz), and the sample temperature
equilibrated to 23°C, collection of the scattered intensity data
began over 5-10-min intervals. Emulsion samples passed the lim-
its of Method I if the average intensity-weighted MDS result was
<500 nm.

2.3. USP (729) Method II: PFATs (%)

For the quantitative large-diameter tail assessments, an
AccuSizer™ 780/APS™ with Autodilution (Particle Sizing Systems,
Santa Barbara, CA), applying the principle of light obscuration, or
light extinction, and employing a single-particle (globule) optical
sensing (LE/SPOS) technique, was used to determine the popula-
tion of large-diameter fat globules (> 5um) for each sample in
duplicate. As a large-diameter fat globule passes through a defined
optical sensing zone, a portion of the incident light beam is effec-
tively blocked, causing a momentary decrease in the light intensity
reaching the extinction detector (baseline 10V). The magnitude
of the change (reduction) in the resulting signal pulse height is,
ideally, proportional to the cross-sectional area of the globule,
i.e.,, to the square of its diameter (for globule diameters smaller
than the thin, ribbon-like beam of light that crosses the optical
flow cell), thereby defining the optical sensing zone of the sen-
sor). The resulting individual pulse heights are converted to droplet
diameters from a previously determined standard calibration curve
constructed by using a series of polystyrene calibrator microspheres
of known diameters (1.33-200 wm), recognizing interference from
(light) extinction efficiency issues between sizes of 1.33-4.9 um
(Driscoll, 2004). In order to avoid coincidence errors (appearance
of more than one droplet at a time in the optical sensing zone)
during measurement, the final droplet concentration of the sample
for analysis was optimized by applying an Autodilution procedure
for each emulsion. Using a Teflon sample-capture loop tared to
1.0 mL, each concentrated emulsion sample was first injected into a
first-stage diluter, consisting of a 28.5 mL mixing vessel (magneti-
cally stirred) containing double 0.22 pm-filtered water. The sample
was further automatically diluted by a second-stage in the instru-
ment using a static mixer with fixed dilution (preset), performed
by a computer-controlled syringe pump with micro-stepping (1 mL
glass syringe). Data collection by the LE/SPOS instrument was
carried out using a size detection range of 1.8-50 wm. The final
sample for analysis of the 20% lipid emulsions resulted in dilu-
tions of 1710:1 and 3420:1 (water:sample) for each replicate,
respectively. The sample flow rate was set at 1 mL/s and the res-
olution of the globule size distribution was reported using 128
individual size channels. Once the count rate stabilized following
a 45-60s equilibration period, particle counting and data collec-
tion commenced over a period of 120 s for each sample. Data on fat
globules sizes above 5 um were extracted by summing the volume
of the globules sized from each size channel (i.e., X(#/mL/channel)
(mwD3/6). The sample passed the limits of Method II if the volume-
weighted percentage of fat residing in globules >5 wm, or PFATs,
was <0.05%.
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2.4. EP Monograph no. 1352: n3-fatty acid profile (wt%)

For the quantitative determination of the fatty acid composi-
tion of the emulsions, and in particular the bioactive n3-fatty acids,
eicosapentaenoic acid or EPA (20:5n3) and docosahexaenoic acid or
DHA (22:6n3), a gas chromatography-mass spectroscopy (GC/MS)
technique was applied. Emulsion samples, aseptically taken from
freshly opened manufacturer’s bottles, were prepared beforehand
as fatty acid methyl esters (FAME). Lipids from diluted fat emulsion
(9 uL of fat emulsion plus 491 pL of phosphate buffered saline or
PBS) solution were extracted by liquid-liquid extraction method
with 6 volumes of chloroform-methanol (2:1, v/v). Before the
extraction, 30 pL of a 1mg/mL of heptadecanoic acid (Sigma, St.
Louis, MO) in chloroform/methanol (1:1, v/v) were added into each
sample as an internal standard. The mixtures were vortexed for
5min (min), and then centrifuged at 800 g for 10 min. The lower
phase was aspirated into a new tube. The chloroform-methanol
extracts were evaporated to dryness under nitrogen. Samples were
reconstituted by adding 0.5 mL of sodium methoxide (Sigma Chem-
ical, St. Louis, MO) and mixed well. Samples were then placed in
a heating block at 100°C for 3 min and removed to cool down to
room temperature. Then, 0.5 mL of methanol base-Boron trifluo-
ride reagent (Acros Organics USA, Morris Plains, NJ) was added,
mixed well and incubated at 100°C for 1 min. After cooling down
the tubes to room temperature, 0.5 mL of hexane was added and
mixed, then 6.5mL of a saturated NaCl solution was added and
mixed well. The mixture was centrifuged at 800¢g for 3 min. The
upper hexane layer was aspirated. The FAME mixture was ready for
gas chromatography-mass spectrometry. The fatty acid analyses
were performed with a Hewlett-Packard 6890N gas chromatograph
(GC) coupled to an HP-5875B mass spectrometer (MS) equipped
with a Supelcowax SP-10 capillary column (Hewlett-Packard, Palo
Alto, CA). The oven temperature was maintained at 110 °C for 5 min,
ramped at 10°C/min to 200°C and held for 4 min, ramped again
at 5°C/min. to 240 °C and held for 3 min, and then finally ramped
to 270°C at 10°C/min. and maintained for 5 min. The injector and
detector were maintained at 260 °C and 280 °C, respectively. Carrier
gas flow rate was maintained at a constant 0.8 mL/min throughout.
Total ion monitoring was performed, encompassing mass ranges
from 50 to 550 atomic mass units (amus). Peak identification was
based upon comparison of both retention time and mass spectra of
the unknown peak to that of known standards within the GC-MS
database library. FAME mass was determined by comparing areas
of unknown FAMEs to that of a fixed concentration of 17:0 inter-
nal standard. Response factors were determined for each individual
FAME to correct for GC-MS total ion chromatograph discrepancies
in quantification. These factors were determined through the use
of a gas-liquid chromatography or GLC reference standard which
contained known masses of FAMEs ranging from 14 to 24 carbons.
The response ratio of each FAME was corrected to a fixed amount
ratio for each FAME relative to 17:0.

Linearity was determined using 10 samples each of EPA and DHA
concentrations ranging from 0 to 4000 M. EPA and DHA recover-
ies were determined at 50, 200, 400 and 800 wM. EPA recoveries
ranged from 91.5 to 107.1% (mean: 101.3%) and for DHA, the range
was 90.9-108.1% (mean: 99.7%). Functional sensitivity was the low-
est fatty acid concentration at which the coefficient of variation
(CV) was less than 15%, and was 10 uM for EPA and 20 uM for
DHA.

The fatty acid profile of each emulsion covered a range of 8-24
carbons, and the method was modeled from previous method
(Moser and Moser, 1991). Data on selected fatty acids, particularly
eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids, and oth-
ers within detection limits were expressed as a weight-in-volume
percentage (g/100 mL) or wt%, as a fraction of the total lipids present
of each emulsion formulation (20 g/L) were evaluated. The sample

passed the EP limits if the sum of EPA+DHA was >45%, and total
omega-3 fatty acids or T-n3 was >60%.

2.5. Statistical analysis

All data are presented as the mean 4 SD. If any product failed
pharmacopeial specifications, then a formal statistical analysis was
performed between formulations that included a one-way analy-
sis of variance (ANOVA) assessment with lipid product, LPLUS and
SMOF, as the independent variable, and physical assessments (MDS,
PFATs5) and/or chemical assessments (selected long-chain fatty
acids) as the dependent variable(s). Additional statistical assess-
ments, such as comparing n3/n6 ratios between products were also
performed. An a priori level of statistical significance was set at a
p-value of <0.05.

3. Results
3.1. Mean droplet size

The intensity-weighted mean droplet sizes of the dispersions
are shown in Table 2. The SMOF products had a higher MDS
(298 +£2 nm) than the LPLUS products (279 + 7 nm). Nonetheless,
both products passed the globule size limit of Method I of USP (729)
(<500 nm). No sample tested (n=24/lipid emulsion) had an MDS
>302 nm.

3.2. Percent fat >5 um

The volume-weighted percent of fat greater than 5 pum or PFAT5
levels are also shown in Table 2. The number of fat globules sized per
sample run for the SMOF replicates (range: 229,836-524,254) and
LPLUS (range: 110,767-472,793) were similar. The SMOF and LPLUS
products were comparable (0.006 4 0.001% vs. 0.008 + 0.002%), and
both products passed the globule size limit of Method II of USP
(729) (PFAT5 <0.05%). No sample tested (n =24/lipid emulsion) had
a PFATs value >0.011%.

3.3. Wt¥% of selected fatty acids

The weight-in-volume percentages (g/100 mL) or wt% of 8-23
carbon fatty acids measured are shown in Table 3. Most notably,
the EPA and DHA levels were higher in the LPLUS formulation com-
pared to those measured in the SMOF emulsion (EPA: 3.69 & 0.14%
vs. 3.03 £0.14%; DHA: 2.53+0.14% vs. 2.00 £+ 0.15%, respectively),
despite the latter product containing 50% more fish oil in the
oil phase of the emulsion (15% vs. 10%). In terms of meeting EP
requirements, Table 4 shows the results for the various lots of
emulsion studied for each product and the percentage of EPA
and DHA present in the fish fraction of the oil phase. Clearly,
the SMOF product failed EP specifications for EPA and DHA con-
tents in fish oil (minimum: 45%) for each batch studied, averaging

Table 2

Globule size analyses of lipids studied.

Lipid Lot MDS (nm) PFAT; (%)
Lipidem 20% 7062A182 268 + 2 0.005 + 0.001
Lipoplus 20% 7243A182 285 +3 0.008 + 0.001
Lipidem 20% 7364A182 285+3 0.010 £ 0.001
Lipidem 20% 7484A182 277 £ 1 0.010 + 0.001
Mean £ SD 279 £ 7 0.008 + 0.002
SMOFlipid 20% WF1578 298 £ 2 0.005+0.001
SMOFlipid 20% WG1526 299 + 1 0.006 + 0.001
SMOFlipid 20% 16AK0106 296 + 2 0.007 £ 0.001
SMOFlipid 20% 16AL0040 300 £+ 1 0.005 + 0.001
Mean + SD 298 £ 2 0.006 + 0.001
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Table 3
Medium- and long-chain fatty acid profiles expressed as weight percent (wt%) from
total lipids (20 g/100 mL).

Fatty acid Carbon# Notation LPLUS 20% SMOF 20%

Caprylic 8 8:0 24.18 + 0.86 13.85 + 0.59
Capric 10 10:0 16.13 + 0.48 9.85 + 0.31
Lauric 12 12:0 0.15 £ 0.02 0.20 £+ 0.05
Myristic 14 14:0 0.13 + 0.01 1.15 + 0.04
Pentadecanoic 15 15:0 0.01 + 0.00 0.08 + 0.00
Palmitic 16 16:0 6.56 &+ 0.10 9.83 £ 0.19
Palmitoleic 16 16:1 0.20 + 0.02 1.58 + 0.01
Stearic 18 18:0 1.29 + 0.08 1.50 + 0.21
Oleic 18 18:1n9 13.44 + 0.31 30.77 +£ 0.72
Linoleic 18 18:2n6 25.72 £ 0.71 2142 £ 0.19
a-Linolenic 18 18:3n3 3.41 + 0.46 2.50 + 0.10
Stearidonic 18 18:4n3 0.14 + 0.06 0.42 + 0.03
Arachidic 20 20:0 0.22 £+ 0.01 0.28 + 0.02
Eicosenoic 20 20:1n9 0.25 + 0.01 0.28 + 0.03
Dihomo-vy-linolenic 20 20:3n6 0.05 + 0.00 0.03 + 0.00
Arachidonic 20 20:4n6 0.52 £+ 0.03 0.43 £ 0.02
Eicosapentaenoic 20 20:5n3 3.69 + 0.14 3.03 + 0.12
Behenic 22 22:0 0.31 + 0.17 0.17 &+ 0.03
Erucic 22 22:1n9 0.17 £ 0.01 0.10 & 0.03
Adrenic 22 22:4n6 0.02 + 0.01 0.02 £+ 0.01
Docosapentaenoic 22 22:5n3 0.70 + 0.06 0.36 + 0.02
Osbond 22 22:5n6 0.14 + 0.00 0.11 £ 0.01
Docosahexaenoic 22 22:6n3 2.53 + 0.14 2.00 + 0.15
Tricosanoic 23 23:0 0.03 + 0.01 0.02 + 0.01

Boldface: Major marine n3-fatty acids in fish oil.

33.4% (range: 31.5-36.2%), where all batches of LPLUS passed
averaging 62.1% (range: 60.6-63.4%). These differences were also
statistically significant (p <0.001). As well, there were also higher
amounts of docosapentaenoic acid or DPA in LPLUS than SMOF
(DPA: 0.70+£0.06% vs. 0.36+0.02%, respectively). Although not
shown, adding the remaining omega-3 fatty acid DPA to assess com-
pliance with the EP specifications for total n3-fatty acids in fish
oil (minimum: 60%) showed similar results between formulations
(SMOF: 35.8%; LPLUS: 69.1%).

As LPLUS contains approximately 1/3 more soybean oil than
SMOF (40% vs. 30%), it has higher levels of the essential fatty acids
linoleic and linolenic acids (18:2n6: 25.72 4+ 0.71% vs. 21.42 + 0.19%;
18:3n3: 3.41 £0.46% vs. 2.540.10%, respectively). Similarly, since
SMOF uniquely contains olive oil, the oleic acid concentration was
higher than LPLUS (30.77 & 0.72% vs. 13.44 + 0.31%, respectively) as
well as higher palmitic acid concentrations (SMOF: 9.83 +0.19%
vs. LPLUS: 6.56 £0.10%). In addition, SMOF also had notably
higher concentrations of muyristic acid (14:0: 1.1540.04% vs.
0.13 +0.01%, respectively) and palmitoleic acid (16:1: 1.58 £0.01%
vs. 0.20 +0.05%, respectively) than LPLUS formulations.

The LPLUS formulations also contain more MCTs than does SMOF
(50vs.30%, respectively), and the higher levels are shown in Table 3.
The measured concentrations of the medium-chain fatty acids for

Table 4
EPA and DHA analyses and EP specifications.

both emulsions are proportionately lower than expected (LPLUS by
9.5%; SMOF by 6.1%), and this is likely due to their higher volatility
during measurement compared to the long-chain fatty acids.

4. Discussion

The current emulsion oil mixtures that contain fish oil were
shown to be in compliance with the physical requirements for glob-
ule size limits of USP Chapter (729) for both mean droplet size and
the percent of fat >5um that represents the large-diameter tail, and
thus would be considered “fine” (vs. “coarse”) emulsions. Hence,
although these standards are only applicable in United States at
the present time, both formulations meet pharmacopeial specifi-
cations, and from a physical standpoint, these emulsions would be
considered pharmaceutically equivalent.

The results showed that SMOF did not meet EP Monograph no.
1352 chemical specifications for the minimum amounts of omega-
3 fatty acid concentrations for the fish oil fraction of the dispersed
oil phase of the emulsion whereas LPLUS did. Moreover, despite
containing 50% more fish oil than LPLUS, the omega-3 fatty acid
concentrations were almost 50% lower in the SMOF product. Put
another way, to deliver 1g (total) of the bioactive omega-3 fatty
acids EPA and DHA, 25% more SMOF lipid emulsion would be
needed than that delivered from the LPLUS product (20% emulsion:
100 mLs vs. 80 mLs, respectively).

From a clinical perspective, the purpose of prescribing fish oil-
containing emulsions is to provide a less pro-inflammatory mixture
than conventional lipid emulsions rich in omega-6 fatty acids. This
may be a particularly important issue, since the omega-3 fatty acids
from fish oil, particularly, EPA and DHA, are considered important
and favorable modulators of the inflammatory response in patients
with severe metabolic stress (Bistrian, 2003; Wanten and Calder,
2007). The other major n3-fatty acid present in fish oil is DPA. The
EP Monograph no. 1352 identifies two limits for n3-fatty acids in
fish oil. The first limit states a minimum concentration of EPA and
DHA of 45%, while the second limit is minimum “total omega-3
acids” concentration of 60%.

Some have advocated a more favorable n3/n6 ratio for parenteral
lipid emulsions (Grimm et al., 2006). The n3/n6 ratios observed
in this study, which included all of the anti-inflammatory 20 and
22-carbon n3-fatty acids found in fish oil, against the major pro-
inflammatory 18-carbon n6 fatty acid linoleic acid, the LPLUS had
a significantly better ratio than SMOF (EPA + DHA +DPA/LA: 0.27
vs. 0.25, respectively, p=0.002). If only EPA and DHA are included,
however, the favorable n3/n6 ratio for LPLUS vs. SMOF is no longer
significant (EPA+DHA/LA: 0.24 vs. 0.23, respectively, p=0.062). A
more recent assessment of the value of the overall n3/n6 ratio,
which includes the 18 carbon n3 and n6 fatty acids as well, as a
marker of its beneficial effects, concluded that the absolute intakes
of n3-fatty acids are more clinically important (Stanley et al., 2007).

Lipid Lot EPA? (%) DHA? (%) EPA + DHA/fish oil (100)-¢
Lipidem 20% 7062A182 3.69 + 0.01 2.64 + 0.06 63.3%
Lipoplus 20% 7243A182 3.59 + 0.06 2.61 + 0.02 62.0%
Lipidem 20% 7364A182 3.57 + 013 249 + 0.24 60.6%
Lipidem 20% 7484A182 4.03 + 027 2.31 £ 0.09 63.4%
Mean =+ SD 3.69 + 0.14 2.53 + 0.14 62.1%
SMOFlipid 20% WF1578 2.99 + 0.06 210 + 0.10 33.9%
SMOFlipid 20% WG1526 2.90 + 0.19 1.82 + 018 31.5%
SMOFlipid 20% 16AK0106 3.22 + 010 221 + 0.07 36.2%
SMOFlipid 20% 16AL0040 3.00 + 0.05 1.93 + 0.07 33.3%
Mean = SD 3.03 + 012 2.00 + 015 33.4%

2 As wt% of total lipids (20 g/100 mL).

b As wt% of fish oil fraction of dispersed phase (LPLUS, 10% or 2 g/100 mL; SMOF, 15% or 3 g/100 mL).

¢ Sum of EPA+DHA in fish oil as percent, EP Monograph no. 1352 limit, >45%.
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Table 5
European Pharmacopeia Monograph No. 1352: Omega-3-acid triglycerides (recog-
nized fish species).

Examples from recognized  EPA, wt% DHA, wt% DPA, wt% Sum, wt%
sources?
Carangidao family
Mackerel, Atlantic 7.4 11.6 1.7 20.7
(Jack) Mackerel, Pacific 7.4 13.6 1.8 22.8
Clupeidae family
Herring, Atlantic 8.9 10.8 0.6 20.3
Herring, Pacific 7.7 54 1.3 14.4
Engraulidae family
Anchovies, European 13.1 222 0.7 36.0
Osmeridae family
Smelt, Rainbow 13.9 21.1 0.9 35.9
Salmonidae family
Salmon, Atlantic 5.7 19.8 5.1 30.6
(Sockeye) Salmon Pacific 6.9 8.7 0.5 16.1
Scombridge family
Tuna, Bluefin 6.5 20.7 2.9 30.1
Tuna, Yellowfin 5.4 26.8 1.9 34.1
Average (SD) 8.3%(2.8) 16.1%(6.6) 1.7(1.6) 26.1%(7.8)

a Exler, 1987.

However, in any case, these formulations would not be considered
bioequivalent with respect to the delivery of the bioactive omega-3
fatty acids, EPA and DHA.

The failure of SMOF to comply with pharmacopeial specifica-
tions for the omega-3 fatty acid requirements of fish oil suggests
either the source and/or methods of processing the fish oil compo-
nent of the emulsion are responsible. According to EP Monograph
no. 1352, “the origin of the omega-3 acids is the body oil from fatty
fish species” (Omega-3 Acid Triglycerides, 2005), and identifies six
common families of fish. To assess the EPA and DHA contents in the
aforementioned native marine sources of fish oil, we tabulated data
on representative species from each family of fish in Table 5 from
a U.S. government database (Exler, 1987). The data sample shows
that the contents of omega-3 fatty acids in the various fish families
are variable, and on average, approach 30%, recognizing that there
is a high degree of inter-species variability and intra-species sea-
sonal variations (Soriguer et al., 1997). As commercial fish oil is a
mixture of fatty fish species, the amounts found in the SMOF prod-

Table 6
Fatty acid profile of fish and the oil phases of the study emulsions.

uct parallel those found in native fish. Hence, the EP minimums for
EPA and DHA (45%) and total omega-3 fatty acids (60%) can only be
achieved by additional processing of the native fish oil.

With respect to achieving the EP standards for omega-3 fatty
acids, there is evidence from the fatty acid profile that certain
fatty acids were removed to elevate the final concentrations of
the omega-3 fatty acids in the native fish oil. For example, the
concentrations of myristic (14:0) and palmitoleic (16:1) acids are
significantly lower in the LPLUS product compared to the SMOF
formulation (14:0: 0.13 +0.01 vs. 1.15+0.04; 16:1: 0.20 £ 0.02 vs.
1.58 £0.01, p<0.001, respectively). One possible way of fractionat-
ing the fish oil is by molecular distillation that separates the oil
components by weight grouping, and removes undesirable frac-
tions such as myristic and palmitoleic acids from those present in
its natural form, thus allowing the oil to be more concentrated in
the desirable omega-3 fatty acids. To illustrate the significance of
these fatty acids in the processing of the native fish oil, Table 6
shows the profile of selected fatty acids in fish, soybean and olive
oil (Exler, 1987; Lide, 1990). MCT oil is not included since its com-
position is virtually free of fatty acids >12 carbons (Senior, 1968).
From this table, the concentrations of myristic and palmitoleic acids
are more than 10 times higher than the residual amounts found in
either soybean or olive oils. Thus, the difference between LPLUS
and SMOF clearly involved the removal of these fatty acids, among
others from the fish oil product. Table 6 also provides data on other
fatty acids in fish (e.g., palmitic and oleic acids) that are commonly
found in the vegetable oils used in lipid emulsions.

Finally, our data confirms the omega-3 fatty acid contents in
these formulations as reported by others. Linseisen et al. (2000)
reported EPA plus DHA levels for LPLUS of 54% of the fish oil pro-
file, thus also meeting EP specifications. If the level of EPA plus DHA
in the present study are corrected for presumed volatilized MCTs,
they would be very close to previously reported concentrations
(Linseisen et al., 2007), and nonetheless still well within EP limits
(Omega-3 Acid Triglycerides, 2005; Omega-3-Sauren-Triglyceride,
2005). Meanwhile, Wanten and Calder (2007), Waitzberg et al.
(2006), Grimm et al. (1994), and DeNardi et al. (2008), all reported
the concentration of EPA plus DHA levels in SMOF of between 30 and
33%in the fish oil profile as we did, and hence, not meeting EP spec-
ifications, since they would be even lower with correction for MCT
concentrations. It should be noted, however, that all these authors
reported these levels as provided to them by the manufacturer,
whereas those presented here were measured directly.

Examples from EP-approved'? sources'® Myristic wt% Palmitic, wt% Palmitoleic, wt% Oleic, wt% Linoleic, wt% a-Linolenic, wt%
Carangidao family

Ex. Mackerel, Atl. 5.6 17.6 6.0 18.9 1.8 1.3

Ex. Mackerel, Pac./Jack 5.0 204 6.9 19.5 1.7 0.7
Clupeidae family

Ex. Herring, Atl. 7.0 171 7.9 19.2 1.6 1.3

Ex. Herring, Pac. 73 16.1 8.4 23.2 1.5 0.5
Engraulidae family

Ex. Anchovies, Eur. 7.4 17.4 9.8 15.2 24 0
Osmeridae family

Ex. Smelt, Rainbow 3.9 16.6 10.1 20.6 23 2.5
Salmonidae family

Ex. Salmon, Atl 24 11.2 4.5 24.0 3.1 52

Ex. Sockeye Salmon, Pac. 3.9 13.5 7.0 18.4 5.1 1.2
Scombridge family

Ex. Tuna, Bluefin 32 18.9 3.8 21.5 1.2 0

Ex. Tuna, Yellowfin 1.6 23.2 3.7 16.1 1.2 1.8
Average 4.7 17.2 6.8 19.7 2.2 1.5
Soybean oil 0.1 9.8 0.4 28.9 50.7 6.5
Olive oil Trace 6.9 0 84.4 4.6 0
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5. Conclusions

Two fish oil-containing lipid emulsion mixtures were compared
against recent pharmacopeial developments involving certain
physical and chemical specifications showing one formulation
meets both requirements, while the other only meets the physical
limits. Chemical requirements for the bioactive fatty acids EPA and
DHA in the fish oil used were met by the LPLUS product while the
SMOF product was more than 25% below the pharmacopeial min-
imum limits. As omega-3 fatty acids are given for reasons beyond
nutrition support indications, the products are not bioequivalent.
Although SMOF contains 50% more fish oil in its labeled amount, it
contains only about half the concentration of the important bioac-
tive omega-3 fatty acids, EPA and DHA of LPLUS.
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