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Following infection and/or injury, the acute inflammatory response is a protective 
mechanism initiated by the host. Ideally, complete resolution of inflammation 
allows a return to homeostasis.1 Lipid mediators have crucial roles in both 
initiation of inflammation and its timely resolution. The cardinal signs of 
inflammation are initiated by specific eicosanoids, e.g., prostaglandins and 
leukotrienes (Figure 1), stimulating responses such as neutrophil recruitment. 
As a reflection of the neutrophil-monocyte sequence, a lipid mediator class 
switching occurs with the biosynthesis of specialized pro-resolving mediators 
(SPMs).2 These SPMs include arachidonic acid (AA)-derived lipoxins (LX), 
eicosapentaenoic acid (EPA)-derived E-series resolvins (RvE), and 
docosahexaenoic acid (DHA)-derived D-series resolvins (RvD), protectins (PD), 
and maresins (MaR) that each limit neutrophil tissue infiltration and stimulate 
non-phlogistic monocyte recruitment, allowing complete resolution of 
inflammation and a return to homeostasis (Figure 1).2,3 These potent mediators 
of resolution represent a challenge for quantitative extraction, notably due to 
their fragile physical properties and their picogram to nanogram bioactive 
concentration ranges in tissues.2,3 



 



Figure 1. Inflammation-resolution time course: lipid mediator class switching 
during inflammatory processes. Pro-inflammatory prostaglandins and 

leukotrienes are biosynthesized from arachidonic acid during initiation of 
inflammation. Later, pro- resolving mediators (lipoxins, E-series resolvins, D-
series resolvins, protectins, and maresins) are actively biosynthesized during 

the resolution phase. 

Liquid-liquid extraction (LLE), one of the most widely used lipid extraction 
strategies, involves the use of immiscible organic solvents to extract 
phospholipids, fatty acids, triacylglycerols, etc.4,5 An often-used method using a 
mix of chloroform, methanol, and water was introduced by Folch et al.6,7 and 
modified by Bligh and Dyer (Figure 2).8 

 

 



Figure 2. Liquid-Liquid Extraction 

Although effective for phospholipids and fatty acid extraction, this method does 
not achieve selective extraction of eicosanoids and SPMs. Selective retention of 
eicosanoids and SPMs can be done by their different interactions between a solid 
phase and a liquid mobile phase during solid-phase extraction (SPE) (see outline 
of the current procedures used by our laboratory, Figure 3). Moreover, SPE is 
preferred over traditional LLE because it is a rapid procedure that uses less 
solvent and is more selective.9 



 



Figure 3. Steps to extract SPMs effectively from a tissue or a biological fluid. As 
a precaution, tissues and/or biological fluids should either be directly prepared 

for the extraction after harvesting or rapidly snap frozen before storage at -
80°C to reduce potential autoxidation and hydrolysis. Samples should always be 

kept on ice to prevent isomerization of the lipid mediators. 

Steps for Maximal Recovery 
(Note this procedure is tissue-dependent and routinely gives >85-95% recovery 
for IS that are ideally deuterium-labeled.) 

1. Add IS-containing ice-cold methanol to sample. Methanol enables the 
separation of lipids from proteins after homogenization, and appropriate 
IS are used for the identification and the quantification of SPMs and 
eicosanoids (see Lipid Mediator Metabololipidomics LC-MS-MS Spectra 
Book 2019 (PDF)).10 

2. Keep tissues or biological fluids at -20°C for 45 min to allow protein 
precipitation. 

3. After centrifugation (1,000 x g, 10 min, 4°C), if necessary, bring the 
sample volume down to ~1 ml with a gentle stream of nitrogen. 

4. Extract lipid mediators by automatic SPE (ExtraheraTM, Biotage®): 
o Condition the C18 columns (Isolute® SPE 100 mg, Biotage®) used for 

SPE with 5-10 ml* methanol and 5-10 ml* water. Other C18 
columns such as Bond Elut C18 (Agilent) or Sep-Pak C18 (Waters) 
can be used. 

o Load the samples (water pH 3.5/methanol 9:1). 
o Rapidly (<30 sec) wash the column with 5-10 ml* water to return 

to an apparent neutral pH ~7.0 (to be tested before extraction). 
This step reduces acid induced isomerization, loss of analytes, and 
lactone formation, e.g., 5-HETE, etc. 

o Wash with hexane to elute more polar lipids. 
o Elute SPMs and eicosanoids with 5-10 ml* of methyl formate. 

*Optimized for 30 mg of tissue. 
5. Remove the solvent with a gentle stream of nitrogen. 
6. Resuspend in methanol/water (50:50) prior to LC-MS/MS injection. 

Good handling and appropriate conditions for the sample extractions are as 
important as the LC-MS/MS settings used for lipid mediator analysis. Detailed 
information can be found in these references.4,5,10-13 
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