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ARTICLE INFO ABSTRACT

Keywords: Intravenous lipid emulsions (ILEs) are used for parenteral nutrition, providing a vital source of essential fatty
Intravenous lipid emulsions acids and concentrated energy for patients who are unable to absorb nutrients via the digestive track. They are
UHPLG commonly used to treat local and non-local anesthetic toxicity, and lipophilic drug overdose. ILE are composed of
LCMS o s . . . -

Phospholipids natural lipids, and the composition of these natural lipids can be varied based on their source. The lipids are
Triacylglycerides susceptible to hydrolytic degradation with time, resulting various lipid degradation products such as Lyso-

phosphatidylcholines (LPs), affecting the actual composition of nutrients in the formulation. As a result, the
identification and quantification of lipid components, including degradation products, in ILEs are crucial in
quality control. In this study, lipids from different batches of ILE Intralipid® 20%, were separated and identified
using a UHPLC-ESI-QTOF system and SimLipid® high throughput lipid identification software. Out of 47 lipids
identified, 34 were phospholipids (PLs) and the others were triacylglycerols (TAGs). Most of the phospholipids
detected were phosphatidylcholines (PC) and Lysophosphatidylcholines (LPC). A total of 9 LPCs, 18 PCs, 6
phosphoethanolamines (PEs), and 1 sphingomyelin (SM) were identified. The LPCs concentration changed with
the manufacturing date and storage time. This UHPLC method enabled the identification and quantification of
lipids and their decomposition products in complex ILE emulsion mixtures on a single 20-minute chromato-

graphic run.

1. Introduction

Lipids have multiple physiological roles and are biologically vital for
an individual’s growth, especially in neonates [1]. A well-balanced fatty
acid supply during the neonatal period is vital for body growth and brain
development [2]. Lipids are major constituents of cellular membranes,
essential for the immune system, and provide a substrate for de novo
biosynthesis of cholesterol and endogenous steroids [3-7]. These
essential lipids are provided to our body through diet. However, for
individuals who cannot get nutrition via the diet, these lipids are given
through parenteral nutrition [1].

Intravenous lipid emulsions (ILEs) are one key type of parenteral
nutrition, that provide essential fatty acids (FA) and concentrated en-
ergy [6,7]. ILEs are also used to treat local and non-local anesthetic
toxicity, since lipid emulsions can absorb toxic hydrophobic drugs
reducing bioavailability [1,8,9]. Lipomul LV.® was the first ILE
approved in the USA and was manufactured using cotton seed oil as the
lipid source [10,11]. Since then, various types of plants and fish-based
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lipid sources have been used to develop ILEs [3,11]. Intralipid®
(Baxter Healthcare Corp.) is one of the most commonly used ILEs which
uses soybean oil as the lipid source [12]. This soybean oil-based ILE
contains soybean oil triacylglycerols (TAG), enveloped by a phospho-
lipid emulsifier that allows the TAG core to remain soluble in an aqueous
parenteral nutrition mixture [3]. A typical soybean oil-based ILE con-
tains 10-30% soybean oil, 1.2% egg yolk phospholipids, 2.25% glycerin,
and water [3]. However, the specific components of ILEs might change
based on their lipid source. In addition, lipids in ILEs are susceptible to
spontaneous hydrolytic degradation to primarily free fatty acids and
lysolipids during manufacturing process and storage [13]. These
changes in the lipid composition might well affect the actual composi-
tion of nutrients in these ILE formulation, resulting possibly in adverse
effects.

ILE use is known to provide many advantages to the patient; how-
ever, some adverse side effects have been observed in patients treated
with ILEs [14,15]. The long term use of ILE has been shown to be linked
with the liver disease development [3,16] and liver failure in children
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[17,18]. Furthermore, excessive use of ILEs has resulted in plaque
accumulation in heart veins, lungs, cerebrum and kidney, leading to
many adverse outcomes [19,20]. In some cases, patients treated with
lipid emulsions reported to be vulnerable to bacterial and fungal in-
fections due to interactions of some poly unsaturated fatty acids leading
to immune system suppression [21]. Although it is currently unclear if
the degradation products of these lipids cause adverse effects, a better
understanding of ILE composition including the degradation products,
may help in the identification of components that lead to adverse out-
comes following ILE use.

In previous studies, various methods have been used to determine
the composition of lipid components in ILEs. Férézou and coworkers
analyzed the lipid composition of Intralipid® using a physical frac-
tionation method followed by NMR (nuclear magnetic resonance)
analysis and studied the influence of the phospholipid/triacylglycerol
(PL/TG) ratio of parenteral emulsions on physico-chemical properties. A
gas chromatographic (GC) technique followed by derivatization and 3!P
NMR analyses of these fractions indicated that at least two types of fat
particles coexist in parenteral emulsions however, this technique was
unable to identify and quantify the individual lipid components [22]. GC
techniques have been employed by other scientists, enabling resolution
and detection of most of the lipids in ILE samples; however, GC analysis
of lipids requires considerable time in sample preparation and instru-
ment time, leading to a marked reduction in throughput [23,24]. Sub-
sequently, mass spectrometry (MS) methods using MALDI-TOF
(matrix-assisted laser desorption ionization-time of flight) and ESI
(electrospray ionization) detectors were coupled with GC and emerged
as powerful tools for the determination of lipids in ILE. These techniques
were successful since the fundamental studies of fatty acid esters proved
that MS could reveal detailed structural information from known com-
pounds, which was highly useful in structural elucidation of unknown
lipids molecules using the basic mechanisms of ion fragmentation
following electron spray ionization [25]. The high sensitivity and high
specificity provided by mass spectrometry have accounted for the suc-
cess of MS techniques in lipid analysis. The use of liquid chromatog-
raphy (LC) separation techniques along with high-resolution MS
(HRMS) or tandem mass spectrometry (MS/MS) have facilitated the
analysis of many different classes of lipids in complex mixtures, and
enabled the determination of countless previously uncharacterized and
undetected lipids [26,27].

In this study, an ultra-high-performance liquid chromatography
(UHPLC) technique coupled with HRMS (QTOF) was developed as a
single LC method to separate, identify and quantify the phospholipids
(PLs) and triacylglycerols (TAGs) in an ILE. For this analysis, one of the
commonly used soybean oil-based lipid emulsions (Intralipid® 20%)
was used, and the PLs and TAG were separated into different lipid classes
and quantified. Lipids were separated using reverse phased UHPLC and
detected using ESI/QTOF mass spectrometer. SimLipid® software
(Premier Biosoft International, San Francisco, CA USA) was used to
identify the detected lipids. PLs and TAGs of several samples from two
different batches of Intralipid® 20% were analyzed and reported in this
manuscript.

2. Experimental
2.1. Materials and chemicals

The solvents used were either LCMS or HPLC grade. Acetonitrile
(ACN), ammonium formate (AF), chloroform, isopropanol (IPA), and
methanol were purchased from Fisher Chemical Co. (Fair Lawn, NJ,
USA). Formic acid (LCMS grade) was purchased from Sigma-Aldrich (St.
Louis, MO, USA). All the phospholipid standards, including deuterated
phospholipids which were used as internal standards to quantify lipids,
were purchased from Avanti Polar Lipids Inc. (Alabaster, AL, USA). TAG
standards were purchased from either Avanti Polar Lipids Inc. or Lar-
odan (Monroe, MI, USA). One deuterated standard from each class was
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used as surrogate internal standard for each lipid class. This was
acceptable since the lipids in each class showed close retention times. All
the PL and TAG standards are listed in Supplemental Figs. S1 and S2,
respectively. The internal standards used in this study, are shown in
Supplemental Fig. S3. Stock solution of standards and samples were
prepared and diluted using a methanol:chloroform (1:1) solution.
Intralipid® 20% emulsion was purchased from WEP Clinical (Morris-
ville, NC, USA) and stored at room temperature and protected from
ambient light.

2.2. Instrumentation

All MS and MS/MS analysis were performed using an Agilent 6550
Q-TOF MS (Agilent Corp., Santa Clara, CA, USA) coupled to an Agilent
1290 UHPLC. The LC system consisted of a binary pump, a degasser, an
autosampler, and a column heater-compartment. A Kinetex® C18 col-
umn (Phenomenex® Inc., Torrance CA USA; Part #00D-4475-AN; ID
2.1 mmxlength 100 mm, particle size 1.7 um) was used at a flow rate of
400 pL/min for LC separation with methanol:water (1:1), 0.1% formic
acid, and 20 mM ammonium formate as the mobile phase A and ACN:
isopropanol (1:9), 0.1% formic acid, and 20 mM ammonium formate as
mobile phase B. This higher concentration of ammonium formate buffer
than typically used in LC was used to reduce peak broadening through
ion-pair formation [28].

2.3. Method development

The UHPLC_QTOF based method was developed to separate and
identify the lipids in the formulation. Since the formulation consists of
lipids components having different number of fatty acids which de-
termines the bulkiness of the lipids, e.g. Lysophospholipid (LPs) with
one fatty acid, Phospholipids (PLs) with two fatty acids and Tri-
acylglycerols (TAGs) with 3 fatty acids, a gradient eluent method was
designed to separate the lipid classes according to their retention time.
The lipids’ retention time within a class depends on the length of fatty
acid groups and the nature of unsaturation. Therefore, the gradient and
flow rate were modified to get the maximum separation of the lipids
within each class and same time method was developed to analyze all
the lipid components in a single run. The mobile phase started at 25% B
in A and was isocratic until 1.5 min, then linearly increased to 60% B in
A between 1.5 min and 3.0 min. The mobile phase was kept isocratic at
60% B in A from 3.0 mins to 4.0 mins, and then linearly increased to
70% B in A at 5.0 mins. The mobile phase was isocratic at 70% B in A
until 6.5 mins, and then increased linearly to 80% B in A at 8.0 mins. The
mobile phase was isocratic at 80% B in A until 15 mins. Between 15.0
min and 15.1 min the mobile phase was increased to 100% Band
maintained at 100% B until 16.5 min. The system was reequilibrated by
changing the mobile phase to 25% B in A in 0.1 min, and maintained
isocratic at 25% B in A for 5 min Supplemental Table S1 shows the
details of the UHPLC gradient. The column’s eluent was directly con-
nected to the MS source, where eluents were ionized using an ESI source.
Data were acquired in positive mode with sheath gas temperature of
350 °C, sheath gas flow at 11 L/min, nebulizer pressure at 60 psi,
capillary voltage at 3500 V, and the fragmentor voltage at 175 V. The
MS/MS data were collected in positive ion mode in the range of m/z
100-3200 at a collision energy of 30 V. Two reference ions at m/z
121.050873 and m/z 922.009798 [Agilent P/N G1969-85001] were
used to calibrate the mass spectrometer, ensuring the mass error of less
than five ppm during analysis. SimLipd® software was used to identify
lipids based on their m/z values and fragmentation patterns. Finally, the
lipid contents were quantitatively or semiquantitatively quantified.

The ILE fomulation was mixed gently and two samples were pre-
pared by diluting the original sample 1:100 and 1:1000 in chloroform:
methanol (50:50). After determining the approximate concentration of
each analyte, the calibration ranges were determined for the respective
standards. The detailed information for the standards and internal
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standards used for each lipid component are listed in Supplemental
Table S3. The intraday method validation data for all the standards are
summarized in Supplemental Table S4. As shown in Supplemental
Table 54, the intra-day method validation was carried out in 3 consec-
utive days for all the calibration standards using the optimized method
for interday validation. Three different quality control concentrations
were chosen for each standard depending on the calibration range (LQC,
low concentration; MQC, middle concentration; HQC, high concentra-
tion) and averaged and compared among the days. Further, continuing
calibration verification (CCV) standards were used to determine pre-
cisions and %-accuracy of the sample analysis. Even though the limits of
quantitation were lower than the concentration of lowest calibrant for
each lipid component, the concentration of lowest calibrant was used as
limit of detection, and lipid samples were diluted accordingly to achieve
the detected concentration within the calibration range.

2.4. Data analysis

Initial data processing was completed by Agilent MassHunter soft-
ware. Premier Biosoft SimLipid® software was used for database
searching to identify lipids based on MS/MS data. The mass quantitation
software was then used to build calibration curves and determine the
concentration of PLs and TAGs in the sample. For the lipids which the
standards were not available, PLs and TAGs concentrations were semi-
quantitatively determined from the sample by comparing the instru-
mental response to internal standards (deuterium labeled lipid internal
standard) under the conditions of analysis. Application of surrogate
labeled lipid internal standard in lipid analysis is a well-accepted prac-
tice in lipid quantitation in the absence of standards for all the analytes
[29]. It is noteworthy to mention that the software gives the potential
lipd identification according to its molecular ion and fragmentation
pattern, but it cannot distinguish regiochemistry between sn-1 and sn-2
positions of a particular lipid if the isomers molecular ions and frag-
mentation patterns are identical. Analyte concentrations were based on
six-point calibration curves, obtained from standard solutions of PLs and
TAG. Each sample was spiked with an internal standard mixture. The
internal standard mixture consisted of five lipid standards with different
concentrations, one from each class of lipids analyzed.

2.5. Statistical analysis

The weighted least square model was used for generating calibration
plots for all the standards. Limit of detection (LOD) and limit of quan-
tification (LOQ) values were calculated using gradient (m) and standard
deviation of response (Sy) from the calibration curves for each PL and
TAG standard. Calibration ranges for each lipid components are listed in
the Supplementary Table S3. The standard mixtures were run on 3
consecutive days (intraday method validation) to account for the vari-
ation of instrument performance. Intraday method validation data are
summarized in Supplemental Table S4.

3. Results and discussion

As described in the product label, Intralipid® 20% is an aqueous
emulsion composed of 20% of soybean oil, 1.2% egg yolk phospholipid,
and 2.25% glycerin. The final product pH is adjusted to 8 with sodium
hydroxide by the manufacturer. The soybean oil is a refined natural
product, consisting of a mixture of neutral triglycerides, predominantly
unsaturated fatty acids. The major fatty acid composition is given as
follows: linoleic (44-62%), oleic (19-30%), palmitic (7-14%), linolenic
(4-11%) and stearic (1.4-5.5%). These fatty acids can be available as
phospholipids or triglycerides in the formulation.

In our study, to determine lipids present in Intralipid® 20%, the lipid
classes were separated using an optimized UHPLC method and quanti-
fied with ESI QTOF/mass spectrometry. Fig. 1 shows the total ion
chromatogram (TIC) of a 100-fold diluted Intralipid® 20% sample. As
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Fig. 1. Total ion chromatogram of Intralipid® 20% from UHPLC-MS analysis

and peaks represent lysophosphatidylcholines (LPC), phosphatidylcholines (PC)
phosphoethanolamines (PE), sphingomyelin (SM) and triacylglycerols (TAG).

shown in the figure, three different clusters of peaks corresponding to 5
major lipid classes were observed. The retention time of lipids in
reverse-phased liquid chromatography depends on hydrophobic inter-
action between lipid and the C;g nonpolar stationary phase, lipid mo-
lecular structure, and lipid solubility in the mobile phase [27]. The lipids
retention time within a class depends on the length of fatty acid groups
and the location of double bonds within the group. Lysophospholipid
(LPs) with one fatty acid group were eluting earliest between three and
four minutes. LPs are degradation products of phospholipids. The
phospholipids (PLs) have two fatty acids groups and eluted between five
and seven minutes (Fig. 1). The cluster of high-intensity peaks eluting
between approximately 9 and 14 min is from TAGs which accounts for
20% of the emulsion mixture. This method could separate isomeric
species of phospholipids such as PC (16:0/20:4) and PC (18:1/18:3), but
TAG isomers were not separated. Previously published data along with
the fragmentation pattens were used resolve the structures of isomeric
PL species [30].

The lipids identification was accomplished using Premier Biosoft
SimLipid® Software, which used MS/MS fragmentation patterns to
identify lipids. A total of 47 different lipids were identified in each
mixture. Phospholipids were detected as [M+H] " ions while TAGs were
detected as [M+NH4]" ions [31,32]. TAGs are difficult to ionize by
protonation; however, the presence of ammonium salts helped to ionize
TAGs as ammonium adducts. Fig. 2 shows the extracted ion chromato-
gram of the identified lipids. Out of 47 lipids identified, 34 were phos-
pholipids and the others were triacylglycerols. Most of the PLs detected
were phosphatidylcholines (PC) and lysophosphatidylcholines (LPC). In
this method a total of 9 LPCs, 18 PCs, 6 phosphoethanolamines (PEs),
and one sphingomyelin (SM) were detected. The list of all the lipids
detected along with their retention time, theoretical mass, analyzed
mass, and mass error is shown in Supplemental Table S3. The identified
lipid masses were further verified using mass extraction from Mass-
Hunter software and it was confirmed that majority were within 5 ppm
of the actual mass [33]. Three of the LPCs (20:5, 20:4 and 20:3) had a
mass differential of greater than 5 ppm, which could be due to their very
low concentrations in the sample.

Supplemental Fig. S1 shows the fifteen PL standards that were used
for the quantification of phospholipids while Supplemental Fig. S2
shows the seven TAG standards that were used for the quantification of
TAGs. Analyte responses were referenced to six-point calibration curves
obtained from standard solutions of PLs and TAGs for the quantification.
Lipids for which the standards were not available, a corresponding in-
ternal standard was spiked to quantify each lipid class, which is a well-
accepted practice in semiquantitative lipid analysis [29]. A total of five
different internal standards were used for semiquantitative analysis, one
for each class of lipids. The list of internal standards used for
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Fig. 2. Ion chromatogram of the identified lipids and lipid standards belong to lipid classes of lysophosphatidylcholines (LPC), phosphatidylcholine (PC) phos-
phoethanolamines (PEs), sphingomyelin (SM) and triacylglycerols (TAG). Retention time for each lipid is provided within the parentheses. (All the lipids identified

are listed in Supplemental Table S2).

semiquantitative analysis is shown in Supplemental Fig. S3. In this case,
PLs and TAGs concentrations were calculated from the sample by
comparing response of the analyte to an internal standard. The experi-
mental flow for lipid identification and quntitation is shown in Fig. 3.

Supplemental Table S2 shows the linear range, limit of detection
(LOD), limit of quantitation (LOQ), and linear regression (R?) for cali-
bration of each standard. The LOD and LOQ for each compound were
calculated based on (3 SD)/b or (10 SD)/b formulation, respectively.
The SD is the standard deviation of y-intercept, and b is the slope of the
regression line in the calibration curve. Precision and %-accuracy of the
method were examined by running continuing calibration verification
(CCV) standards at three different concentrations covering the calibra-
tion range, over three consecutive days. Standard deviations for intra-
day precisions were less than 10% for all analytes with accuracy
values in the range of 85-115%.

Two different batches of Intralipid® 20% were analyzed using the
validated method. Three samples from each batch were selected
randomly and each sample was analyzed three times. A total of nine
injections for each batch was used to calculate the average concentration
of the lipids in the sample, and Table 1 shows the concentration of lipids
present in each sample. When the two batches were compared, the

Lipid componentidentification
(MS/MS, SimLipid)

Method validation for selected standards
(MS only)

Fully quantitative analysis lipid component of selected standards
(MS only)

1

Semiquantitative analysis remaining lipid component
(MS only, SimLipid)

Fig. 3. Experimental flow for lipid identification and quantitation.

concentration of each lipid were found to be within + 5% difference,
with the exception of the LPCs. The concentrations were higher for LPCs
in batch 1 compared to batch 2, with differences ranging from 6% to
23%. One possible reason for the higher LPC concentrations in batchl
could be due the age of the sample. Batch 1 was manufactured 7 months
earlier than batch 2, and the data suggests that the phospholipids such as
PCs can be hydrolyzed to lysophospholipids and further to free fatty
acids during the storage as the result of exposure to moisture, light, or
heat [13]. Though there was a significant difference in LPCs concen-
tration in the emulsion mixtures, the difference in concentration of PCs
between two batches was very low (Table 1). We could observe that a
total of 13 out of 19 PCs had lower concentration in batch 1 compared to
batch 2.

Egg phospholipids are the main source of phospholipids in this lipid
emulsion, containing 1.2 g/dL of total egg phospholipids. In Table 2, we
compared the published data [31] with our results, accounting for the
concentration of egg phospholipids in Intralipid® 20%. Consistent with
published reports, we determined PC was the most predominant lipid
species present in egg yolk phospholipid and our quantitative analysis of
Intralipid® 20% proved to be accurate and accounted for approximately
95% of PC mass listed in literature.

There are two possible reasons there was about 6.8% lower PC levels
in the Intralipid® 20% we analyzed, compared to literature values for PC
in egg phospholipids. First, only the major PC species were detected and
semiquantified in our method. Second, there is a possibility that some of
the PC species were hydrolyzed to LPC or free fatty acids during
manufacturing and storage. Higher concentrations of PE and SM should
be present in the egg phospholipid contribution to the Intralipid® 20%
according to the literature; however, only six PE species and one SM
species were detected with this method. No phosphatidylinositol and
lysoPE species were detected. Negative mode ionization was carried out
seeking for potential free fatty acids (FFA); however, no mass signal
corresponds to free fatty acids were observed. In our study, PE and PI
species were barely detected in negative mode, but positive mode peaks
were used for quantification due to better sensitivity under the acid
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Table 1 Table 1 (continued)
L - . o
Lipid concentration in two separate batches of Intralipid® 20%. Lipid Batch 1, mg/dL Batch 2, mg/dL Average, mg/dL (%
Lipid Batch 1, mg/dL Batch 2, mg/dL Average, mg/dL (% + (SD) +SD difference)”
+ D) +SD difference) LnLnP 17.32 ( + 0.26) 18,55 (+0.42)  17.93 (6.86)
LPC (16:0) 22.27 (+ 0.56) 16.91 (+ 0.64) 19.59 (27.36) LLnP 462.15 (£ 14.54)  479.47 470.81 (—3.68)
LPC (18:1) 14.66 ( £ 0.70) 9.13 (£ 0.42) 11.89 (46.5) (+£10.64)
LPC (18:0) 10.25 ( + 0.33) 8.42 (4 0.31) 9.34 (19.6) PLO/PLnS 1239.64 1194.50 1217.07 (3.71)
LPC (16:1) 1.48 (£ 0.04) 1.28 (+ 0.03) 1.38 (14.5) (£ 24.06) (+26.35)
LPC (22:6) 1.46 (£ 0.05) 1.27 ( 4+ 0.04) 1.37 (13.92) OOP/PLS 570.77 (£ 10.54)  547.56 (+8.88)  559.16 (4.15)
LPC (18:2) 7.95 (£ 0.31) 5.42 (£ 0.22) 6.68 (37.85) LOS/LnSS/ 780.18 (+17.16)  745.64 762.91 (4.53)
LPC (20:5) 1.55 (+ 0.04) 1.32 (+ 0.05) 1.43 (16.03) 000 (£15.38)
LPC (20:4) 2.48 (£ 0.07) 1.71 (+ 0.06) 2.10 (36.75) 00S/SSL 291.36 (+11.03)  291.37 291.37 (0.00)
LPC (20:3) 1.83 (+ 0.06) 1.62 (£ 0.05) 1.72 (12.17) (+£11.17)
Pczél.g):O/ 20.97 (£072) 22.28 (£ 089 21.63 (-6.06) L = Linoleic acid, Ln = Linolenic acid, O = Oleic acid, P = Palmitic acid, S
PC(16:0/  27.67(+199)  27.25(+143)  27.46(1.53) = Stearic acid (n = 9).
20:4)  The ‘% difference’ is calculated as difference between batch 1 and 2 results
PC (16:0/ 154.93 (£ 8.15) 172.55 (+8.02)  163.74 (-10.76) divided by the mean. A negative value indicates batch 2 had a higher value.
18:2)
PC (16:0/ 3.74 (£ 0.15) 3.83 (£ 0.15) 3.79 (—2.38)
16:0) Table 2
pC (16:0/ 250.38 (+ 4.82) 25251 (+7.84)  251.45(-0.85) Phospholipids in Intralipid® 20% (this study) and egg phospholipids indicated
18:1) in literature [36].
PC (18:0/ 7.77 (£ 0.11) 8.47 (4 0.16) 8.12 (-8.62)
22:6) Phospholipids Intralipid® 20% (mg/ dL) Egg phospholipid (mg/ dL)
PC (18:0/ 36.74 (+ 0.81) 37.85 (+ 0.63) 37.30 (~2.98) (this study) [31]
20:4)
8 3 LPC 55.5 (5.8%) 39.6 (3.3%)
Pc1 g;s).O/ 78.58 (+ 1.66) 83.19 (+ 0.88) 80.89 (~5.70) pC 796 (82.7%) 853 (71.1%)
- PE 93.3 (9.7%) 220 (18.3%)
pc14(31-f50/ 78.41 (+ 1.54) 78.13 (+ 1.16) 78.27 (0.36) LPE D 13.2 (11%)
Y PI ND 46.8 (4.0%)
Pcl(él.f).l/ 1.22 (+0.03) 1.25 (£ 0.02) 1.23 (-2.43) M 17.3 (1.8%) Not listed
PC (16:0/ 6.17 (+0.17) 6.39 (+0.14) 6.28 (~3.50) Total mass (mg) 962 mg 1200 mg
18:3) Number in parentheses indicated percent of total lipid mass.
PC (16:0/ 7.40 ( £ 0.35) 7.15( £ 0.37) 7.27 (3.44)
16:1)
PC (16:1/ 4.68 (+0.22) 4.41 (+0.23) 4.55 (5.94) mobile phase conditions. In addition, the fatty acid composition of egg
22:6) yolk can vary depending on animal feed composition and these varia-
PC (18:1/ 38.28 (£ 1.39) 38.79 (£ 1.69) 38.53 (-1.32) tions are well documented in recent literature [34,35].
18:3) Soybean oil is the source of triacylglycerol in the emulsion mixture
PC (16:0/ 35.93 (+ 1.48) 39.42 (+2.14) 37.67 (~9.26) o .
20:5) and 20 g of soybean oil is used per 100 mL of Intralipid® 20%. A total of
PC (18:1/ 15.76 ( + 0.33) 15.93 (+ 0.53) 15.9 (~1.07) eight different TAG masses were detected accounting for 19.4 g (97%) of
18:2) the expected TAG. Hence the chromatographic retention of triglycerides
PCZ(;:):O/ 3.10 (£0.09) 3.06 (£0.13) 3.08 (1.30) is based on number of carbons in the three fatty acid chains of TAGs the
PC (18:1/ 6.41 (+1.33) 6.51 (+1.34) 6.46 (~1.55) stru.ct.ural 1som(?rs c.anno.t be separ:elted .as they elut.e s1multane(.)usly. .In
22:6) addition to having identical retention times, those isomers are isobaric,
PC (18:1/ 1.97 (+ 0.05) 1.95 ( £ 0.06) 1.96 (1.02) thus making the differentiation by mass impossible. Furthermore, the
22:5) standards are not available for each isomer. Since the isomeric triglyc-
PElgf;O/ 13.37 (+0.39) 1362 (+0.30) 13:50 (~1.85) eride species could not be separated in this study, we separately
PE (18:0/ 12,65 ( + 0.43) 1271 ( + 0.36) 12.68 (_0.47) measured total isomeric mixture to individual triglycerides based on
18:1) composition of soybean oil reported in the literature [30]. The con-
PE (18:1/ 6.45 (+0.19) 6.29 (£0.17) 6.37 (2.51) centration of each TAG was then used to determine the fatty acid
PE181:Z)0 45,90 ( £ 114 1507 (£ 069 5.5 (248 composition in each mixture. The percentage of fatty acid obtained in
2;. 4i / 90 (£1.14) 07 (£0.69) 5 (2:48) this study was compared with the fatty acids percentage listed in the
PE (18:0/ 18.22 (+ 0.46) 19.85(£0.65)  19.03 (-8.56) product information and fatty acids (%) in soybean oil in literature as
18:2) shown in Table 3[37]. The composition of TAG in this study was very
PE (16:0/ 7.77 (£ 0.24) 8.68 (+0.21) 8.23 (-11.06) similar to the product label and the published data for soybean oil.
18:2) However, our analysis showed the percentage composition of linolenic
SM (16:0) 11.64 (£ 0.41) 11.48 (+ 0.28) 11.56 (1.38)
LnLnLn 17.40 ( £ 0.68) 19.68 (£ 0.79) 18.54 (~12.30)
LnLnL 145.41 (£ 12.41) 215.110589) 150.27 (—6.48) Table 3
LLLn, LnlnO  1097.69 1143.62 1121.65 — 4.10 Comparison of fatty acid composition in Intralipid® and soybean oils.
(+ 56.06) (+43.09) Fatty Fatty Acids (%) in Experimental Fatty Acids Fatty acids (%) in
LLL 7596.21 7654.00 7625.10 (—0.76) acid Intralipid® 20%" (%) in Intralipid® 20% (this  soybean oil in
(£ 446.43) (+583.97) (based on the study) literature
LLP, PLnO 2173.83 2163.64 2168.73 (0.47) product label) [371
(+ 89.00) (+103.60) 183 11 2 13
LLO, OOLn,  3216.99 3167.89 3192.44 1.54 182 4; 2 5 s
LnLS (+ 166.48) (+168.21) 181 19’30 23 18
OOL, LnOS,  1838.06 1768.41 1803.23 (3.86) 18:0 1 4‘ 55 p 4
LLS (£95.02) (£102.78) : e
16:0 7-14 9 10

# Data provided by the manufacturer.
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acid was slightly higher than the numbers provided by the manufac-
turer. The presence of slightly higher linolenic acid could be due to the
growth conditions of soybean plants, which affects the fatty acid
composition of soybean oil, and these variations are well documented in
recent literature [38]; however, without analysis of multiple manufac-
tured lots, it is impossible to know if the value is statistically different
compared to the range indicated by the manufacturer.

In summary, two batches of Intralipid® 20% were analyzed using a
UHPLC-ESI-QTOF method and the data analyzed using Premier Biosoft
SimLipid® software. Thirty-four phospholipids were identified,
including 9 LPCs, 18 PCs, 6 PEs, and 1 SM. The detected phospholipids
accounted for 80% (962 mg) out of the 1.2 g of total expected phos-
pholipids in the tested samples. A total of 13 m/z values were observed
for TAG including 26 TAG species as most of the triglycerides are
isobaric isomers having similar retention times under the chromatic
conditions of this study. The quantified amount of total TAG was 19.4 g,
which represent 97% of expected TGA mass (20.0 g) in the emulsion
mixture. A better understanding of the lipid composition could help to
develop ILEs that provide optimal nutrition to patients [39]. For
example, a balanced emulsion ratio prepared in a recent study by mixing
soybean oil and fish oil to achieve w-6 fatty acid to -3 fatty acid ratio of
2:1 compared to the typical 7:1 ratio found in soybean-based lipid
emulsions, and resulted in better patient outcome in clinical studies
[40]. In addition, a comprehensive lipid composition profiling could
help regulatory agencies to understand the composition differences be-
tween ILE brands and generic formulations.

4. Conclusion

An UHPLC-ESI-QTOP method was developed and optimized for the
detection and the quantitation of all the lipid species in Intralipids® 20%
including lysophospholipid and triacylglycerols in a single analytical
method with a 20-minute chromatographic run time. The method was
used to analyze and compare samples from two different batches of the
lipid formulation. Out of the 47 lipids identified, 34 were phospholipids
(PLs) and the others were triacylglycerols. A total of 9 LPCs, 18 PCs, 6
phosphoethanolamines (PEs), and 1 sphingomyelin (SM) were detected
and quantified. This study is evidence that this method can be utilized to
quantify both the lipids and their degradation products in complex ILE
emulsion mixtures. This analytical method may be important in moni-
toring the quality of commercially available ILEs. Additionally, we
believe this analytical method could be useful to adopt in the evaluation
of other ILE products, to determine the degradation products and their
actual lipid composition. This would be beneficial in diverting and
implementing new methods for the development of generic ILE
manufacturing, stability and storage evaluation.
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