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Lipid Extraction from Plasma and Serum Using an MTBE-Based (Matyash) Method

1.	Purpose
This SOP describes a standardized MTBE-based lipid extraction procedure for human plasma and serum samples for LC–MS lipidomics analysis. The method is designed to enable broad lipid class coverage with consistent recovery, reproducibility, and comparability across targeted and untargeted workflows. 
2.	Scope
This SOP applies to the extraction of lipids from human or animal plasma and serum using a biphasic MTBE/methanol/water system modified from Matyash et al. (2008). The method is compatible with LC–MS-based targeted and untargeted lipidomics workflows, including sphingolipid analysis and global lipid profiling. This procedure is optimized for plasma and serum matrices. Application to other biological fluids or tissues may require additional optimization and validation. Process blanks and pooled QC samples must be included with each batch of samples to monitor background contamination, carryover, and analytical performance.
3.	Responsibility
· Laboratory personnel are responsible for performing this procedure as written. The laboratory manager or designated supervisor is responsible for personnel training, ensuring compliance, and maintaining periodic review and updates of this SOP.
[bookmark: _Hlk205469065]4.	Safety Considerations
· Perform all procedures involving organic solvents in a certified chemical fume hood. Wear appropriate personal protective equipment (PPE), including lab coat, safety glasses, and chemically resistant gloves. MTBE, methanol, acetonitrile, and isopropanol are flammable and toxic; refer to Safety Data Sheets (SDS) prior to use. Handle all biological samples as potentially hazardous. Dispose of organic solvents and biological waste in accordance with institutional and regulatory guidelines.
5.	Materials and Reagents
	Item
	Details

	Methanol (MeOH)
	LC-MS grade (e.g. Honeywell B&J LC-230-4)

	Water
	LC-MS grade (18.2 MΩ·cm or equivalent higher-purity) 

	Methy-tert butyl ether (MTBE)  
	LC-MS grade (e.g. Fisher E127-4)

	Isopropanol (IPA)
	LC-MS grade

	Internal standards
	See Section 7.1

	Tubes
	Solvent-resistant, glass or polypropylene, 1.5–5 mL

	Centrifuge
	Capable of ≥14,000 × g

	Vortexer
	For mixing and solubilizing

	Nitrogen evaporator/SpeedVac
	For drying pellets

	LC-MS vials
	e.g., Agilent 5182-0554


6.	Sample Requirements
· Recommended sample volume: 5–100 µL of plasma or serum. Record exact sample volume prior to extraction. Thaw samples on ice and mix gently by inversion before aliquoting. Avoid hemolysis and repeated freeze–thaw cycles.
7.	Reagent Preparation
7.1 Extraction Solvent with Internal Standards

Prepare a bulk extraction solvent consisting of MTBE/methanol (10:3, v/v). Internal standards should be added directly to this solvent mixture to create a working extraction solution.
The Avanti SPLASH® LIPIDOMIX® Mass Spec Standard (Avanti Polar Lipids, PN 330707) is recommended as a broad-coverage internal standard mixture. A typical addition is 5 µL of SPLASH per 20 µL of plasma or serum, scaled proportionally based on sample volume.
Additional class-specific internal standards (e.g., ceramides, fatty acids, acylcarnitines) may be included in the extraction solvent as needed depending on the analytical workflow.
Prepare the extraction solvent in bulk to ensure consistency across samples within a batch.
• Store extraction solvent at −20 °C if not used immediately. Bring to room temperature before use.
• Mix thoroughly before use to ensure homogeneity of internal standards.
• Internal standard composition and concentrations must be consistent across all samples within a study.

7.2 Second Extraction Solution

Prepare a second extraction solution consisting of MTBE/methanol/water (10:3:2.5, v/v/v) for re-extraction of the residual aqueous phase. This solution is used for the second extraction step to recover lipids remaining after the initial MTBE/MeOH extraction. No internal standards are added to this solution unless specifically required for a validated workflow.
• Prepare in bulk as needed to ensure consistency across samples within a batch. Mix thoroughly before use. Use freshly prepared solution when possible.
• A minor aqueous layer may form upon storage; when aliquoting, withdraw solvent from the upper organic phase and avoid disturbing any lower aqueous layer.

8.	Procedure 
8.1 Extraction and Phase Separation
1. Aliquot 5–100 µL of plasma into a 1.5 mL microcentrifuge tube.
2. Add 975 µL MTBE/methanol (10:3, v/v) containing internal standards and vortex briefly.
3. Incubate on ice for 60 minutes with intermittent vortexing (every 15 minutes).
4. Add LC-MS grade water to induce phase separation (e.g., 188 µL for standard extraction conditions).
5. Centrifuge at 14,000 × g for 10 minutes at 4 °C.
6. Carefully collect the upper organic phase into a new tube without disturbing the interphase or aqueous layer.
7. Evaporate the collected organic phase under nitrogen or in a vacuum concentrator. Proceed to re-extraction.
8.2 Re-extraction and Sample Reconstitution
8. Add 1.0 mL of second extraction solution (MTBE/methanol/water, 10:3:2.5, v/v/v) to the residual aqueous phase.
9. Vortex for 15 seconds and incubate on ice for 15 minutes.
10. Centrifuge at 14,000 × g for 10 minutes at 4 °C.
11. Collect only the upper organic phase (MTBE-rich layer) without disturbing the interphase or aqueous layer and combine with first extract.
12. Evaporate combined organic phases to dryness.
13. Reconstitute the dried lipid extract in isopropanol (IPA) (e.g., ~100 µL per 10 µL plasma/serum, adjusted as needed based on analytical requirements.)
14. Centrifuge the reconstituted extracts (14,000 × g, 10 minutes, 4 °C).
15. Transfer the clear supernatant to LC-MS vials with inserts for analysis.
9.	Pooled Technical Quality Control (QC) 
· Prepare pooled QC samples by combining equal aliquots (e.g., 10–25 µL) from each extracted sample. Mix thoroughly and aliquot as needed for repeated injections.
10.	Process Blank (Extraction Blank) and Double Blank 
· Prepare at least one extraction blank per batch using extraction solvent in place of sample. Process blanks identically to samples through all extraction and preparation steps. Prepare a double blank consisting of reconstitution solvent only (no extraction), and process identically from the reconstitution step onward. Use blanks to assess background contamination, solvent-derived artifacts, and carryover.
11.	Documentation
· Record the following for each batch: Sample ID and volume, any deviations from the SOP or sample-specific issues (e.g., hemolysis, low volume), Reagents and lot numbers used.
12.	Notes 
· Randomize extraction order.
· Short-term storage 4 to -20 °C, long term storage -20 to -80 °C.
· If particulates are observed or disrupted after centrifugation then re-centrifuge sample.
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