
Introduction to lipidomics:
biological sample preparation 

and LC-MS/MS analysis

Mikhail Y. Golovko
Department of Biomedical Sciences
School of Medicine and Health Sciences



http://upload.wikimedia.org/wikipedia/commons/1/13/TraillCountyND.jpeg
http://upload.wikimedia.org/wikipedia/commons/1/13/TraillCountyND.jpeg


Outlines

Part one: Introduction to LC-MS in lipidomics: 
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Chromatography or direct infusion?

Analyst (2010) 135:2970-8

J Biol Chem. (1994) 269:4317-26

Anal. Chem. (2018), 90:4249−57

J of Proteome Research (2011) 10:3303-8 

Lipids (2014) 49:347-56 

Isobaric ions 
Time
Fast vs comprehensive analysis
Noise
Ion suppression
Signal to noise



Plasma lipids, long run for FA, MSE

A1: H2O (60%), ACN (40%), AmAc (10 
mM), AcAc (0.025%)

B1: IP (90%), ACN (10%), AmAc
(10mM), AcAc (0.02%); Heat, 
Sonicate

Column: ACQUITY UPLC HSS T3 
C18 1.8um 2.1x150mm

After each 20-25 samples, wash 
with B1 gradient three times 

10 mg or µL of sample in 100 uL
of injection solvent

10 µL injected

1x and 100x dilution samples
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Plasma TG targeted analysis



Plasma TG targeted analysis

Data acquisition: DDA or DIA (MSE)
DDA MS filter (Q) has low resolution

J of Proteome Research (2011) 10:3303-8



J of Proteome Research (2011) 10:3303-8

TG analysis after MSE data acquisition



J of Proteome Research (2011) 10:3303-8

TG analysis after MSE data acquisition



Lipidome MS data analysis: targeted vs untargeted

Targeted UntargetedUntargeted
• Lipidsearch (Thermo, need to 

convert raw files from other 
vendors)

• SimLipid
• LipidVew (AB Sciex)
• Progenesis QI (Waters) with 

LipidMaps or Metlin database

Quantitative analysis
• RRT vs IS
• RPA (IS)
• response factors
• matric effect
• ion suppression



Extraction

Folch Bligh and Dyer
Single phaseTwo phase

HIP Methanol (labeled standards)

Specific lipid extraction 
PIP – low pH
Eicosanoids – acetone
FAMEs – ether or hexane 
Oxysterols – SPE
Silica columns 

For omics (MS) should consider a 
matrix effect (SPE gave 20 fold higher 
background noise compared to acetone/hexane 
for PG analysis)

Lipid extraction

Encyclopedia of lipids (2016)

J Lipid Res (2008) 49:893-902

J Lipid Res (2011) 52:850-859

Acetone/hexane

SPE - purification



Outlines

Part one: Introduction to LC-MS in lipidomics: 
1. general approach for lipid LC/MS analysis
2. data acquisition (DDA vs DIA, MSE)
3. lipid extraction

Part two: Sample preparation and advanced analysis
4. challenges in sample preparation. MW
5. advanced LC-MS in lipidomics with 

research examples for eicosanoids

Introduction to lipidomics:



Brain metabolome is significantly altered upon 30 sec of brain
ischemia-injury

Brain prostanoid levels at basal conditions and 30 sec after brain ischemia

J Lipid Res (2008) 49:893-902

Microwaved:
− tissue was fixed with 

head-focused microwave  
irradiation;

− protein are heat 
denatured by 80 - 90oC in 
1.2s

Not Microwaved:
− 20 - 30 s was required to 

extract and freeze brain in 
liquid nitrogen

6kW
2450 MHz



Brain prostanoids are significantly increased upon 30 sec of brain
ischemia-injury

Brain prostanoid levels at basal conditions and 30 sec after brain ischemia
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Prostanoids are not destroyed or trapped in denatured proteins upon MW

J Lipid Res (2008) 49:893-902
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A dramatic increase in PG levels in not-MW kidney

PLEFA (2013) 313-318
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MW is required to measure PG kidneys levels and PG are not 
destroyed or trapped by MW

PGE2 PGD2 6-ketoPGF1α PGF2α TXB2

0

25

50

75

100

ng
/g

w
w

* MW

MW Indo

Not MW

Indo

* * * *N/D N/DN/D

Not MW Frozen

* * * **
PGD2 6-ketoPGF1α PGF2α TXB2

0.0

2.5

5.0

7.5
ng

/g
w

w

*

*

*
*

N/D N/DN/D

*

*
*

Whole Kidney

PLEFA (2013) 313-318



A dramatic postmortem 2AG increase is prevented by MW but not by 
fast freezing of intact head in liquid nitrogen

P o s tm o r te m  2 A G  in c re a s e
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Fast Frozen:
− animals was frozen in 

liquid nitrogen;
− brain samples kept cold 

during extraction

Microwaved:
− tissue was fixed with 

head-focused microwave  
irradiation;

− protein are heat denatured 
in 1.2s by 80 - 90oC

Lipids (2016) 51:487-495



MW does not destroy endogenous or exogenous 2AG

2AGd8 recovery
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MW is required to measure 2AG alterations under ischemia/injury
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MW is required to measure many other key metabolites

Prostanoids
•PGE2, PGD2, PGF2α, 6ketoF1α, TxB2

Lipoxynase products 
•HETEs

Endocannabinoids
•2-AG and other MG, anandamides 

Other lipids
•PL, PIs, FFA, Acyl-CoA

Nucleotide phosphates
•ATP, ADP, AMP

Nucleosides
• Adenosine

Carbohydrates
•Glucose, Glycogen

Carboxylic acids
•Lactate



Brain prostanoids are significantly increased upon 30 sec of brain
ischemia-injury

Brain prostanoid levels at basal conditions and 30 sec after brain ischemia
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• Products of polyunsaturated fatty acid enzymatic COX1/2 
oxygenation.

• Short lived. 

• Local hormones.

• Regulate many functions:
− neurotransmission,
− promotion of sleep, 
− pain, inflammation, resolving inflammation, transplant rejection, 

allergic reaction,
− PGD2 synthase is second most abundant protein in CSF,
− platelet aggregation, vasoconstriction,
− cell adhesion (cancer).

• Anti-inflammatory and pain relief drugs such as aspirin act by 
downregulating eicosanoid synthesis. 

• There are three families of prostanoids (20"C" prostanoids):
− prostaglandins,
− prostacyclins,
− thromboxanes.

Prostanoids



Eicosanoid  Biosynthesis 

• Two major pathways:
– COX mediated
– LOX mediated

Prostanoids

COX1/2



Selected Eicosanoids

Prostanoids



Are prostanoids stored in phospholipids are isoprostanes?

RF HPLC method used for the 
analysis does not separate PG from all 

isoprostanes 
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J Lipid Res (2008) 49:893-902



J Biol Chem. (1994) 269:4317-26

isoPGE2 formation
Are prostanoids stored in phospholipids are isoprostanes?
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Are prostanoids stored in phospholipids are isoprostanes?

J Lipid Res (2011) 52:850-859
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Are prostanoids stored in phospholipids are isoprostanes?
Specificity of a new MS/MS method

300 µg of 20:4n-6 
standard
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Stereochemistry of PGE2 formation

Non-enzymatic 
oxidation:  50% 
PGE2 + 50% ent-
PGE2

Enzymatic oxidation:  
100% PGE2 + 0% 
ent-PGE2

PGE2 Ent-PGE2

JBC (1999) 274: 22903-6

Are prostanoids stored in phospholipids are isoprostanes?
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Chiral separation for PGE2 and ent-PGE2
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PGE2 and ent-PGE2 standards

PGE2 and ent-PGE2 upon 5 min of brain global ischemia
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Are prostanoids stored in phospholipids are isoprostanes?

J Lipid Res (2011) 52:850-859



Prostanoids stored in phospholipids are NOT COX derived PG
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PGE2 and ent-PGE2 released from PL

PGE2 like molecules under basal conditions
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 LC-MS is invaluable tool for comprehensive lipidomics
analysis 

 Tissue fixation is required for metabolome analysis under 
basal conditions

 Tissue fixation is required for measuring metabolome 
alterations under different conditions

 MW irradiation is an efficient method to tissue fixation 
without destroying endogenous bioactive lipid metabolites

 351/189 MS/MS transition combined with chiral 
chromatography allows for better specificity for PGE2
series quantification 

Summary



Thanks…
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