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Solid Phase Extraction

• Solid Phase Extraction (SPE)
– Reversed Phase
– Mixed Mode Ion Exchange

• Reduce matrix effects
• Reduce complexity of chromatography
• Concentrate sample



SPE Sample Prep
Hydrophobic

• Spike sample with 
internal Standard (IS) 
& dilute 

• Load sample onto 
equilibrated column

• Wash away 
interferences

• Elute analyte

Mixed Mode Ion Exchange
• Spike sample with 

internal Standard (IS), 
dilute and ionize analyte

• Load sample onto 
equilibrated column

• Wash away neutral 
interferences

• Deionize & Elute 
analyte(s)



Evolute vs. Oasis

• Both are polystyrene divinylbenzene 
polymers

• ABN and HLB have a hydrophobic surface 
with polar character.

• CX and MCX are both functionalized with 
sulfonic acid



Types of Molecules
• Neutral
• Hydrophilic
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Dyphylline

• Broncodilator
• Originally approved in 1951
• Related to caffeine
• Neutral compound
• Hydrophilic compound
• Log P = -1.9
• Range = 0.2-200 ng/mL
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7-(β-hydroxyethyl)theophylline



Dyphylline
Extraction Optimization
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Recovery of Dyphylline
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Dyphylline Calibration Curves

0.99550.99170.9967Correlation 
Coefficient

0.06550.05380.048Slope

0.009120.006740.00126Intercept

HLBABNRecovery



Fenofibric Acid

• Antilipemic drug
• Approved in 1993 (Abbott)
• Hydrolyzed by esterases  

to fenofibric acid, the  
active metabolite

• Acidic compound
• Lipophilic compound
• Range = 10 -10,000 ng/mL
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Fenofibric Acid 
Extraction Development
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Recovery of Fenofibric Acid

86%88%83%89%83%90%%Recov
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Fenofibric Acid Calibration Curves

0.99950.99970.9998Correlation 
Coefficient

0.001230.001210.00117Slope

0.002520.003650.0000417Intercept

HLBABNRecovery



Midodrine and Desglymidodrine
• Adrenergic alpha agonist used as a 

vasoconstrictor for the treatment of 
hypotension

• Approved in 1996 (Shire)
• Desglymidodrine is the active metabolite
• Basic compounds
• Lipophilic compounds
• Range = 0.1 – 50 ng/mL



Midodrine and Desglymidodrine
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Midodrine and Desglymidodrine 
Method Development Strategy

• Reversed Phase Mechanism
– ABN or HLB 
– Acidic or Basic loading conditions

• Mixed Mode Cation Exchange
– CX or MCX
– Acidic loading
– Basic elution



Midodrine & Desglymidodrine 
Extraction Development: ABN & HLB

50% MeOH0% MeOHHLB
40% MeOH0% MeOHABN
EluteWash

Elution Solvent: 1% FA in MeOH/H2O
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Midodrine & Desglymidodrine 
Extraction Development: ABN & HLB

Elution Solvent: 5% NH4OH in MeOH/H2O
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Recovery Midodrine:
ABN vs. HLB
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Recovery of Desglymidodrine: 
ABN vs. HLB
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Midodrine and Desglymidodrine 
Extraction Development: CX & MCX
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Recovery of Midodrine: 
CX vs. MCX
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Recovery of Desglymidodrine: 
CX vs. MCX

60%63%56%63%51%58%%Recov

1%2%1%3%4%3%2%4%5%%RSD

88542324327327350745546287162367807StDev

1159307121770719299851126811269722004018325950316472Average

1156600122435019485801058881309662109438482.099905.9217944.1

11697401206070197028011400312329620297880489125.116160.1

1169390121374019299301121141295411984298327.649323.5915728.8

1151050119308018965801138501316511997988295.839953.0916501.1

1160020120866019045201149651261121919668495.619569.0216661.8

1149040126034019300201152681202631982948301.999142.8515834.4

HLB QC 
High

ABN QC 
High

High 
Recovery

HLB QC 
Mid

ABN QC 
Mid

Mid 
Recovery

HLB QC 
Low

ABN QC 
Low

Low 
Recovery



Midodrine and Desglymidodrine 
Calibration Curves
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Evolute CX vs. Oasis MCX 
Chromatograms
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Fluticasone Propionate
• Synthetic corticosteroid for the treatment of dermatitis, psoriasis, 

rhinitis, and asthma
• Approved in:

– Cutivate – 1990 (Altana)
– Flovent – 1996 (GSK)
– Advair – 2000 (GSK)
– Flonase - 1994 (GSK)

• Neutral compound
• Lipophilic compound
• Range = 3 - 300 pg/mL
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Fluticasone Method
Development Strategy

• Reversed Phase Mechanism
– ABN or HLB 
– Acidic loading conditions
– Basic loading conditions

• Reduce endogenous acidic compounds
• Cleaner chromatography



Fluticasone 
Extraction Development
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Recovery of Fluticasone
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Fluticasone 
Comparison of Calibration Curves
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Conclusions
• Optimization of SPE methods based on an 

understanding of the properties of the analyte 
improve recoveries and reduce endogenous 
interferences.

• The Evolute ABN phase is slightly more polar 
than the Oasis HLB phase.

• Recoveries are typically higher with the Evolute 
ABN and CX SPE phases.

• Precision of the Evolute phases is similar to that 
of the Oasis phases.
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For conditions for any of the assays in this 
presentation, please contact me at 

jacqueline.killmer@mpiresearch.com


