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Introduction 
Miniaturisation within various fields of analytical chemistry is not a 
new phenomenon. Early phase small animal drug trials have largely 
been the driver due to limited sample sizes available. However, this 
trend is gaining popularity in forensic/clinical toxicology with 
respect to alleviating patient discomfort, particularly in paediatrics. 
Increased LC-MS/MS sensitivity has reignited this focus area. This 
poster will evaluate a novel low-volume 96-well solid phase 
extraction (SPE) format and potential application to forensic and 
clinical toxicology. Emphasis on matrix load volumes, wash and 
elution volume minimisation and processing will be investigated for: 
target analyte recoveries, RSDs, matrix effects and overall signal. 
Comparison of the novel low-volume plate and traditional SPE plate 
formats will be presented. 

Experimental 
Reagents 
Drug standards were purchased from LGC Standards (Teddington, 
UK). Steroids, catecholamine standards, ammonium fluoride, 
ammonium formate, ammonium acetate and formic acid were 
purchased from Sigma-Aldrich Company ltd. (Gillingham, UK). HPLC 
and LC/MS grade solvents were from Honeywell Research Chemicals 
(Bucharest, Romania). Water (18.2 MΩ.cm) was drawn fresh daily 
from a Direct-Q 5 water purifier (Merck Millipore, Watford, UK). Urine 
samples were kindly donated by healthy human volunteers. Plasma 
was purchased from Welsh Blood Service (Pontyclun, UK). Serum 
was purchased from Golden West Biologicals, Inc. (Temecula CA). 

Sample Preparation 
SPE Information 
DoA: Biotage® Mikro CX Plate, 2 mg (601-0002-LVP) 
Plasma cats/mets: Biotage® Mikro WCX Plate, 2 mg (602-0002-LVP) 
Steroids: Biotage® Mikro ABN Plate, 2 mg (600-0002-LVP) 

All methods follow a typical SPE procedure incorporating additional 
wash steps (Figure 1). 

Figure 1. Schematic of a Typical 
SPE Procedure. 

Matrix Preparation:  
Drugs of Abuse Panel: 
Urine was spiked with standards at 100 pg/mL. Urine hydrolysis was 
performed 1:1 with buffered enzyme 95/5 100 mM ammonium 
acetate pH 5 and β-glucuronidase at 60 °C for 2 hrs. 

Plasma catecholamine Panel: 
Plasma was spiked with standards at 100 pg/mL and pre-treated 1:1 
with 0.05% formic acid (aq) prior to extraction. 
Steroid Panel: 
Serum was spiked with standards at 100 pg/mL and pre-treated with 
1% formic acid (aq) prior to extraction. 

Final extraction protocols for each are shown in Table 1.  

Table 1. Optimized Extraction Protocols.

LC/MS Conditions 

Steroids & DoA 
Instrument: Shimadzu Nexera X2 UHPLC and 8060  
(Shimadzu Europa GmbH, Duisburg, Germany) 
Steroid Column: ACE C18 1.7 μm 100 x 2.1 mm + guard (ACT, UK) 
Mobile phase: A, 0.2 mM NH4F (aq); B, MeOH     Flow rate: 0.4 mL/min  
Column temp: 40 °C               Injection volume: 10 μL 

DoA Column: Restek Raptor™ Biphenyl 2.7 μm (100 x 2.1 mm) 
Mobile phase: 2 mM ammonium formate; 0.1% formic acid (aq), 
MeOH 
Column temp: 30 °C    Flow rate: 0.4 mL/min   Injection volume: 10 μL 

Catecholamines 
Instrument: Shimadzu Nexera UHPLC (Shimadzu Europa GmbH, 
Duisburg, Germany): 5500 AB Sciex (Framingham, USA) 
Column: ACE Excel C18-PFP 1.7 um (3.0 x 100 m) 
Mobile phase: A, 0.05 mM NH4F (aq); B, MeOH   Flow rate: 0.4 mL/min   
Column temp: 40 °C               Injection volume: 10 μL 
 
 

For details on MS conditions and MRM transitions for each analyte 
panel visit Biotage.com 

Results 
Drugs of Abuse Analysis 
Due to the presence of an EVOLUTE® EXPRESS CX SPE method initial 
work simply involved scaling the 10 mg method to the 2 mg format. 
Method scalability is demonstrated in Figure 2. 

Figure 2. DoA recovery profiles 
comparing 10 mg and 2 mg CX 
plates. 

Subsequent evaluation involved determining the maximum load for 
the low-volume plate. Figure 3. demonstrates that up to 600 μL total 
pre-treated urine can be loaded 
without deterioration. 

Figure 3. DoA recovery profiles 
loading 200-600 µL of pre-treaded 
urine.  

Investigation of processing volumes for conditioning/equilibration 
and washing are demonstrated in Figure 4. Wash steps work well at 
100 μL but can be tailored for individual assay.  

Figure 4. DoA recovery profiles 
processing with 50-200 µL steps.  

Minimum elution volumes, 20-50 μL were investigated for recoveries 
and RSDs as shown in Figures 5 and 6. respectively. As observed 
elution volumes of 30 μL in a single aliquot can be used without 
recovery or RSDs deterioration. 

Figure 5. Recovery profiles 
evaluating minimum elution 
volumes of 20-50 µL. 

Figure 6. RSD profiles evaluating 
minimum elution volumes of  
20-50 µL.

Catecholamine Analysis 
Previous catecholamine methods were developed on 10 or 30 mg 
WCX plate formats. Using a scaled down process, the 2 mg plate was 
compared to larger plate sizes. Figure 7. demonstrates plate 
comparison from 2-60 mg. 

Figure 7. Recovery profiles of 
cats/mets using various WCX plate 
formats.  

Further investigation of the low-volume WCX plate involved 
evaluating minimum elution volumes as demonstrated in Figure 8. 

Figure 8. Recovery profiles of 
cats/mets evaluating minimum 
elution volumes. 

Steroid Analysis 
An existing ABN method was used to evaluate the potential of a 
novel low-volume SPE plate for steroid analysis.  10 mg plates were 
compared to the 2 mg plate, as seen in Figure 9.  

Figure 9. Recovery profiles 
comparing 2 mg and 10 mg plate 
performance for steroids.  

Maximum matrix load volumes were investigated as shown in  
Figure 10. Load volumes of 600 μL (1:1) can be used with this format 
without deterioration of performance. 

Figure 10. Recovery profiles for 
maximum load volumes.  

Figures 11. compares processing steps for the steroid assay. 
Volumes between 50-200 μL can be utilised with 100 μL being the 
optimum for a 2 mg bed. 

Figure 11. Recoveries comparing 
step volumes of 50-200 µL. 

Minimum elution volumes, 20-50 μL were investigated for recoveries 
and RSDs as shown in Figures 12 and 13. respectively. As observed 
elution volumes of 30 μL in a single aliquot can be used without 
recovery or RSDs deterioration. 

Figure 12. Recovery profiles of 
minimum elution volumes for an 
ABN steroid method. 

Figure 13. RSD profiles of minimum 
elution volumes for an ABN steroid 
method. 

Conclusion 
» This poster demonstrates the use of a new low-volume SPE 

offering for clinical and forensic toxicology. 
» We have demonstrated scalability of existing methodologies for 

drugs of abuse extraction from urine, catecholamine metabolites 
from plasma and steroid hormones from serum. 

» Polymer-based SPE combined with low dead volume components 
allows extraction of up to 600 μL loading volumes while allowing 
minimum elution volumes of 30 μL or below in a single aliquot. 

Conditions Steroids DoA Cats/Mets 
Condition MeOH

Equilibrate 0.1% formic acid aq 4% phosphoric acid aq 10 mM Ammonium 
acetate pH 6.0 aq 

Load Pre-treated Serum Pre-treated Urine Pre-treated Plasma 

Wash 1 0.1% formic acid aq 4% phosphoric acid aq 10 mM Ammonium 
acetate pH 6.0 aq 

Wash 2 60:40 water:MeOH 50:50 water:MeOH IPA 
Wash 3 / / DCM 

Elution MeOH  DCM:MeOH:NH4OH 
78:20:2 

2% formic acid  
80:20 MeOH:H2O 

Recon 50:50 water:MeOH 90:10 Water:MeOH 
0.1% formic acid - 
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Steroid Panel in Serum:
Load Volumes

100 µL serum 200 µL serum 250 µL serum 300 µL serum

0

10

20

30

40

50

60

70

80

90

100

%
 R

ec
o

ve
ry

 (
sp

ik
e 

vs
 f

or
t)

Steroid Panel:
10 mg vs 2 mg

2 mg 10 mg
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Steroid Panel:
Minimum step volumes

50µL Washes 100 µL Washes 150 µL Washes 200 µL Washes
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Steroid Panel:
Minimum Elution Volumes

20 µL 30 µL 40 µL 50 µL
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DoA Panel:
10 mg vs 2 mg

10 mg 2 mg
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DoA Panel:
Load Volumes

100 µL Urine 200 µL Urine 250 µL Urine 300 µL Urine

0

20

40

60

80

100

120

%
 R

ec
o

ve
ry

 (
sp

ik
e 

vs
 f

o
rt

)

DoA Panel:
Processing Volumes

50 µL 100 µL 150 µL 200 µL
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DoA Panel:
Elution Volumes

20 µL 30 µL 40 µL 50 µL
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Cats/Mets Panel:
Format comparison

2 mg 10 mg 30 mg 60 mg
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Plasma Cats/Mets:
Minimum Elutions

40 µL 60 µL 80 µL

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

%
 R

S
D

 (
sp

ik
e 

Elution volume optimisation

50 µL 40 µL 30 µL 10 mg
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Steroid Panel LvF minimum elution volumes

1x 20 µL 1x 30 µL 1x 40 µL 1x 50 µL

© 2020 Biotage. All rights reserved. All trademarks are the property of their respective companies. 
FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES. 
www.biotage.com 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


