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Enzyme-Assisted Derivatisation 

for Sterol Analysis (EADSA) 
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•Specificity for 3β-OH 

•Enhance sensitivity 

Griffiths et al, RCM 2003 17 924  

Shackleton et al, Steroids 1997 62 523 

Smith & Brooks, J Chromatogr 1974 101 373 

Girard & Sandulesco, Helv Chim Acta 1936 19 1095 



Enzyme-Assisted Derivatisation 

for Sterol Analysis (EADSA) 
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•Enhance sensitivity 

Griffiths et al, RCM 2003 17 924  

Shackleton et al, Steroids 1997 62 523 

Smith & Brooks, J Chromatogr 1974 101 373 

Girard & Sandulesco, Helv Chim Acta 1936 19 1095 
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Brain/CSF/Plasma 

C18 SPE1 

2 x 1 mL MeOH 

SPE1-Fr-1, 

70% EtOH 

Cholesterol oxidase (in  

phosphate buffer, 37oC, 1 hr) 

GP hydrazine (in 70% 

MeOH, 5%HOAc, RT, 8 hr) 

C18 SPE2 

LC-MSn 

Dry, reconstitute in 

iPrOH 

70% MeOH 

70% MeOH, 5% HOAc Recycling 

MeOH 

70%  17% 

B 

70% MeOH 

A 

EADSA 
EtOH  70% EtOH 
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LTQ Orbitrap Operation Principle 

1. Ions are stored in the Linear Trap 

2. …. are axially ejected 

3. …. and trapped in the C-trap 

4. …. they are squeezed into a small cloud and injected into the Orbitrap 

5. …. where they are electrostatically trapped, while rotating around the central electrode 

          and performing axial oscillation  

The oscillating ions induce an image current into the two 

outer halves of the orbitrap, which can be detected using 

a differential amplifier  

Ions of only one mass generate a sine 

wave signal 
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plasma502142+24ohchd6_091027_fr1e-fr1... 01/12/2009 01:38:19 60% MeOH (1.5sample +1H20)0.1%FA

plasma502142+24ohchd6_091027_fr1e-fr1+fr2_04 #636 RT: 10.10 AV: 1 NL: 1.69E3
F: ITMS + c ESI d Full ms2 534.37@cid30.00 [135.00-545.00]
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plasma502142+24ohchd6_091027_fr1e-fr1... 01/12/2009 02:19:19 60% MeOH (1.5sample +1H20)0.1%FA

plasma502142+24ohchd6_091027_fr1e-fr1+fr2_06 #452 RT: 7.71 AV: 1 NL: 3.95E2
F: ITMS + c ESI Full ms3 534.41@cid30.00 455.36@cid35.00 [125.00-550.00]
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plasma502142+24ohchd6_091027_fr1e-fr1... 01/12/2009 02:19:19 60% MeOH (1.5sample +1H20)0.1%FA

plasma502142+24ohchd6_091027_fr1e-fr1+fr2_06 #464 RT: 7.92 AV: 1 NL: 3.64E2
F: ITMS + c ESI Full ms3 534.41@cid30.00 455.36@cid35.00 [125.00-550.00]
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plasma502142+24ohchd6_091027_fr1e-fr1... 01/12/2009 02:19:19 60% MeOH (1.5sample +1H20)0.1%FA

plasma502142+24ohchd6_091027_fr1e-fr1+fr2_06 #485 RT: 8.28 AV: 1 NL: 4.54E2
F: ITMS + c ESI Full ms3 534.41@cid30.00 455.36@cid35.00 [125.00-550.00]
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plasma502142+24ohchd6_091027_fr1e-fr1... 01/12/2009 02:19:19 60% MeOH (1.5sample +1H20)0.1%FA

plasma502142+24ohchd6_091027_fr1e-fr1+fr2_06 #629 RT: 10.58 AV: 1 NL: 1.77E2
F: ITMS + c ESI Full ms3 534.41@cid30.00 455.36@cid35.00 [125.00-550.00]
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http://sterolanalysis.org.uk/ 

 

http://sterolanalysis.org.uk/


Griffiths WJ, et al. Free Radic Biol Med. 2012 Jul 27.  



7α-Hydroxycholesterol & 
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Brain/CSF/Plasma 

C18 SPE1 

2 x 1 mL MeOH 

SPE1-Fr-1, 

70% EtOH 

Cholesterol oxidase (in  

phosphate buffer, 37oC, 1 hr) 

GP hydrazine (in 70% 

MeOH, 5%HOAc, RT, 8 hr) 

C18 SPE2 

LC-MSn 

Dry, reconstitute in 

iPrOH 

70% MeOH 

70% MeOH, 5% HOAc Recycling 

MeOH 

70%  17% 

B 

70% MeOH 

A 

EtOH  70% EtOH 

A = 3β + 3-oxo 

B = 3-oxo 

A-B = 3β 

EADSA 



Stable Isotope Label  

• Analyse A and B in 

a single LC-MS/MS 
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Brain/CSF/Plasma 

C18 SPE1 

SPE1-Fr-1, 

70% EtOH 

Cholesterol oxidase (in  

phosphate buffer, 37oC, 1 hr) 

[2H5]GP hydrazine 

C18 SPE2 
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Dry, reconstitute in 
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PC_plasma_unknown_pclayton_Fr1a_GPd5_... 11/04/2012 19:12:55

RT: 0.00 - 10.50
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A = 39.59 ng/mL 

B = 0.00 ng/mL 
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PC_Plasma_Novartis_Batch1_K083871_1of... 22/08/2013 20:23:31

PC_Plasma_Novartis_Batch1_K083871_1of90_Fr1a-GPd5_Fr1b-GPd0_130822_02 #1844 RT: 8.73 AV: 1 NL: 1.85E3
F: ITMS + c ESI Full ms3 537.42@cid30.00 435.34@cid35.00 [115.00-550.00]
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        [M+][M-Py-H2O]+
 

25-OHD3: 4 – 12 ng/mL  



Advantages & Disadvantages 

• Enhance solubility 

(RP solvent) 

• Enhance sensitivity 

(ESI) 

• Specific MS2 (-79) 

(GP-specific) 

• Informative MS3 

(differentiate isomers) 

• Quantitative 

• Enzyme catalysis 

(purity, activity) 

• Chemical derivatisation 

(remove excess) 

• Side reactions 

(epoxide hydrolysis) 

• Syn/anti conformers  

(dilute signal) 

• Laborious 

• Complementary to conventional LC-MS/MS and GC-MS  
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