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Characterization of lipid nanoparticle (LNP) composition
using UHPLC-CAD
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Introduction

Lipid nanoparticles (LNPs) have proven to be a preferred drug delivery system with the
successful roll out of the mRNA vaccines during the COVID-19 pandemic. LNP-based
therapies include antisense oligonucleotides (ASOs), siRNA therapies, and mRNA
vaccines, all of which are growing in popularity. There are over 20 LNP-based
therapeutics on the market with a rapidly growing number in development. At least four
different lipid types are used in the LNP formulations, the exact composition of which is
usually kept as proprietary information. Common constituents are as follows: cholesterol,
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which keeps fluidity in the lipid bilayer; phospholipids, which

are also normal constituents of cell membranes; PEGylated
lipids, which generate a hydrophilic nature to the outer surface
of the LNP; and an ionizable lipid, which is usually cationic and
interacts with the negatively charged phosphate backbone of the
encapsulated nucleic acid to aid stability. These cationic lipids
are crucial components and are usually under patent protection.
The composition of the LNP is an important aspect for function
and so must be characterized in the formulation. As such, the
identification, ratio, and purity of the lipids in the formulation are
regarded as critical quality attributes for safety and efficacy.
Lipids have no chromophore, so UV detection is not possible
during the QC analysis of LNP.

Here we describe a UHPLC-based chromatography method for
the lipid component analysis, utilizing the universal detection
capabilities of the charged aerosol detector (CAD). This
detection mechanism is applicable for virtually any non- or
semi-volatile compound. The signal response is uniform for
nonvolatile compounds, which makes this detection system

ideal for compositional analysis, and the sensitivity is superior

to alternative lipid detection systems such as refractive index or
evaporative light scattering detectors (ELSD). The column used
is a Thermo Scientific™ Accucore™ C30 column, which provides
higher shape selectivity for long chain hydrophobic compounds
such as lipids. The Thermo Scientific™ Vanquish™ Flex UHPLC
system is totally biocompatible and has a metal-free flow path,
which will not interact with the metal-chelating phosphate groups
present on some of the lipids in the formulation. This ensures the
sensitivity and recovery required for robust analysis.

Experimental

Chemicals Part number

Lipid H, Cayman Chemical 33474

mPEG-DTA-2K, SINOPEG 1849616-42-7

DHA, SINOPEG 20386272-55-4
Cholesterol, Sigma-Aldrich C1231
DOPE, Avanti polar lipids 850725P
PEG 5000, Avanti polar lipids 880210P
DSPC, Sigma-Aldrich 816944
Trifluoroacetic agd (TFA), Olptlrga A11650
LC/MS grade, Fisher Chemical
Florm|c acid (.FA):MOptlma LC/MS grade, A1710XIAMP
Fisher Chemical

(o)
Ethyl aloohgl (E'tIOTI;D, 200 proof, 99.5+%, 61519-0010
Thermo Scientific
Water, Optma E;C/MS grade, W64
Fisher Chemical
Igopropanol (.IPAT)M, Optima™ LC/MS grade, AABH-4
Fisher Chemical
Apetorn’mle (ACNM) Optima™ LC/MS grade, A955-4
Fisher Chemical
Methanol, Opt|mf LC/MS grade, A456-4
Fisher Chemical
Autosampler inert vials and inserts,
Thermo Scientific™ Chromacol™ 13-622-351

GOLD-grade

Instrumentation Part number

Vanquish Flex Binary system consisting of:

Vanquish System Base VH-S01-A
Vanquish Binary Pump F VF-P10-A-01
Vanquish Sampler F VF-A10-A
Vanquish Column Compartment H VH-C10-A-02
Vanquish Charged Aerosol Detector H VH-D20-A



https://www.fishersci.com/shop/products/trifluoroacetic-acid-optima-lc-ms-grade-fisher-chemical/A11650
https://www.fishersci.com/shop/products/formic-acid-99-0-optima-lc-ms-grade-fisher-chemical/A11710X1AMP
https://www.fishersci.com/shop/products/ethanol-99-5-acs-reagent-absolute-200-proof-thermo-scientific/AC615095000
https://www.fishersci.com/shop/products/water-optima-lc-ms-grade-fisher-chemical/W64
https://www.fishersci.com/shop/products/isopropanol-optima-lc-ms-grade-fisher-chemical/A4614
https://www.fishersci.com/shop/products/acetonitrile-optima-lc-ms-grade-fisher-chemical/A9554
https://www.fishersci.com/shop/products/methanol-optima-lc-ms-grade-thermo-scientific/A4564
https://www.fishersci.com/shop/products/chromacol-gold-grade-inert-vials-inserts/13622351

Sample preparation

e |tis recommended to use glass pipets to transfer lipids/LNPs

in organic solvents.

e |tis recommended to use glass inserts, vials, and bottles to

store lipids and LNP samples.

o Alllipids/LNPs were dissolved in 100% ethanol.

 Two different formulations are tested.

FA method

Column

Accucore C30, 3.0 x 100 mm,
2.6 um, P/N 27826-103030

Mobile phase A

0.1% FA in 50% ACN, 50% water

Mobile phase B

0.1% FA in 60% IPA, 30% ACN,

10% water

TFA method

Mobile phase A 0.1% TFA in 50% ACN, 50% water

, 0.1% TFA in 70% IPA, 25% ACN,
Mobile phase B

5% water

Time (min) A B

0.0 35 65

1.0 35 65
Gradient 12.0 0 100
13.0 0 100

1341 35 65

16 35 65

Other conditions are the same as the FA method.

Time (min) A B
00 o5 25 Chromatography Data System
i The Thermo Scientific™ Chromeleon™ Chromatography Data
1.0 25 75 System (CDS) software 7.2.10 ES was used for data acquisition
Gradient 9.0 0 100 and analysis.
10.0 0 100 . .
Results and discussion
101 25 75 The individual lipid components of the LNP are quite different
12 25 75 in their composition. They all still need to be separated in the
Flow rate 0.9 mL/min chromatography.
Autosampler 15 °C A cationic lipid is required to interact with the phosphate
temperature backbone of the oligonucleotide to be encapsulated. An example
Col ; ; 50 °C of the structure of 4-hydroxybutyl)azanediyl)bis(hexane-6,1-diyl)
olumn temperature bis(2-hexyldecanoate (DHA), which is used in LNP formulations.
Post column cooler 40 °C W\E)“ H/{{/W
Injection volume 1L ON\}N\N\O

Injection wash solvent

CAD settings

Mobile phase B

Power function 1.0
Evaporator temperature 35 °C
Gas resolution mode Analytical
Data rate 2Hz
Filter 3.6

A phospholipid, such as 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPCQ), is a naturally occurring phosphatidylcholine found in cell
membranes. o Q o . CH
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Cholesterol is also naturally occurring and found in cell membranes
to add fluidity.

A synthetic PEGylated lipid is used to give the LNP surface
hydrophilicity and low immunogenicity. Methoxypoly(ethylene
glycol) ditetradecylacetamide (MPEG-DTA-2K) has been used in
LNP formulations.
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https://www.thermofisher.com/order/catalog/product/27826-103030

Long chain lipids are well separated on columns with a C30
functional group. The long hydrocarbon C30 chain lines up
better with longer lipids to give good shape selectivity and
impurity detection of these lipids. The Accucore columns are
packed with solid core silica particles that give high separation
power without high backpressures; this is important when using
the more viscous eluents such as IPA. The Accucore columns
have also been found to give extremely good recoveries for
hydrophobic lipids. For these reasons, the Accucore C30 column
was selected for this work.

The CAD detector gives close to a universal response for each
lipid type in this formulation. This attribute makes the CAD ideal
for compositional analysis of lipid formulations. The sensitivity is
also greater than found with ELSD or refractive index detectors.
This is an attribute which aids in the detection of any low-level
impurities in the formulation, which could come from any of the

lipid components used in the LNP. Figure 1 shows the
separation and compositional analysis of selected LNP lipids
from formulation #1 injected at the same concentration. Baseline
separation and detection of each lipid is obtained within

10 minutes.

All limits of detection were found to be around 10 pg/mL, which
was targeted as the lower end of the calibration range. This is
especially true for cholesterol (2.6 pg/mL), which is known to
yield a diminished response with ELSD. The CAD, in contrast,
gives a similar response for each lipid class. The detection is
almost linear from 10 to 220 pug/mL. For CAD, it is possible to
use either PFV optimization or nonlinear fits. Here a nonlinear
fit (quadratic fit) was used in detection up to 220 ug/mL. The
calibration curves are shown in Figure 2. The carryover from
each injection was negligible using this workflow (not shown).
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Figure 1. Separation of LNP formulation #1 using the FA method
= 120, (A) mPEG-DTA-2K —=0.8005 (C) Cholesterol —
£ 100 — £
2 % 0.500
£ 50 e
- . @ 0.250
4 <
< W © 0.000% . ; . . . . .
0.0 125 250 375 500 625 75.0 87.5 100.0 112.5 125.0 140.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Amount (ug/mL) Amount (ug/mL)
= 3.00q (B)DHA = 1.807 (D) DSPC
g I E 150 ( ) _—
k3 2.00 < 1.00
g 1.00 S 0.50
RS == aniEN—————.— e ———
0 20 40 60 80 100 120 140 160 180 200 220 240250 0.0 125 250 375 50.0 625 75.0 87.5 100.0 1125 125.0 140.0

Amount (pg/mL)
Figure 2. Calibration curves for the individual lipid components
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All lipid components are separated well with good quadratic Figure 4 shows the separation of LNP formulation #1 using TFA.
calibration curves for accurate quantitation. The calibration The elution order of MPEG-DTA-2K and DHA has changed. The
curves for all lipids show a calibration coefficient of 0.999 (Table 1). sensitivity of the CAD allows small impurities to be observed in

) ) the baseline around the main peaks. Again, baseline separation
In the overlay of all calibration standards, all peaks show good

. . ) ) can be achieved in 10 minutes.
resolution and reproducibility using FA (Figure 3).

Table 1. Calibration results

Pea Ret. time Number Rel. std. Coeff. of Cco
no. FIRELL TS (min) Ll e of points dev. % determination (offset)
Quad,
1 DHA 0.983 WithOffset Area 6 1.3619 0.99978 0.0501 0.0119  0.0000
2 MPEG-DTA-2K  2.442 Ql_Jad, Area 6 1.8382 0.99962 0.0634 0.0918 -0.0001
WithOffset
3 Cholestrol 3.442 Quad, Area 6 2.9175 0.9991 -0.0004 0.0266 -0.0001
' WithOffset ' ' ' ' '
4 DSPC 7.008 Quad, Area 6 1.7888 0.99966 -0.0088 0.0158 0.0000
’ WithOffset ’ ' ’ ' ‘
Maximum 2.9175 0.99978
Minimum 1.3619 0.9991
40.0 ;
35.0 3 DHA
30.0 4
< 250
T 200 mPEG-DTA-2K
2 DSPC
0 15.0 4
10.0 4 Cholesterol
5.0
0.0 __Aq

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 120
Time (min)
Figure 3. Overlaid chromatograms of calibration standards using the FA method
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Figure 4. Separation of LNP formulation #1 using the TFA method



In comparing TFA and FA methods using the lowest concentration The separation of LNP formulation #2 containing four different

standard from the calibration plot, the TFA method showed lipids using the TFA method is shown in Figure 6. Some
higher sensitivity than the FA method but the FA method showed impurities are present before and after the PEG 5000 peak.
better separation (Figure 5). Baseline separation and detection of each lipid is obtained

within 5 minutes. The FA separation with LNP formulation #2
did not provide the required resolution (not shown).
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Figure 5. Comparison of separation of LNP formulation #1 using the TFA and FA methods.
Black Trace: TFA method; Blue Trace: FA method.
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Figure 6. Separation of LNP formulation #2 using the TFA method. PEG5000: 1,2-dimyristoyl-sn-
glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-5000] (@ammonium salt).
Lipid H: 8-[(2-hydroxyethyl)[6-oxo-6-(undecyloxy)hexyllamino]-octanoic acid, 1-octylnonyl ester.
Cholesterol: Plant-derived. DOPE: 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine.




Conclusion

o Two fast, robust methods for the characterization of the lipid
components in the lipid nanoparticles used in oligonucleotide
therapeutics have been described. Formulation #1 has better
separation using the FA method, whereas formulation #2 has
better separation using the TFA method.

e Separation of several components from each LNP class was
achieved on the Accucore C30 column in 10 minutes.

e The CAD has low limits of detection for all the components,
including cholesterol. The high sensitivity of the CAD allows
any trace impurities to be monitored.

e The calibration curves for all lipids show a calibration
coefficient of better than 0.999.
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