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Introduction 
Oral fluid represents a complex, heterogeneous biological fluid 
primarily produced by the parotid, submandibular, and sublingual 
salivary glands. Together, these glands make up the majority of 
saliva, which excretes into the oral cavity through a collective 
network of striated ducts. Although only the major glands possess a 
collective secretive orifice, all salivary glands produce a secrete that 
vary in complexity.  With the resurgence of oral fluids (OF) as testing 
matrix for drugs of abuse (DOA), the need to provide larger and 
more comprehensive panels for drugs is required. However, to reach 
the lower limits of quantitation necessary for basal analyte 
detection in OF, both biological matrix and the storage buffers 
present obstacles for DOA detection. Specifically, the use of 
excipients or emulsifying agents in OF storage buffer, e.g. 
polyethylene glycol (PEG), are generally disruptive to the 
purification process of oral fluids because they act as a chemical 
bridge between the biphasic layers under liquid-liquid and solid 
phase extractions (LLE and SPE, respectively). Herein, we describe 
the relationship between 85 DOA’s and their subsequent response 
to the recovery and matrix effects of Immunalysis’ Quantisal buffer 
as used with water as a surrogate oral fluid, synthetic oral fluid from 
UTAK, and the Quantisal device. Moreover, we examine the impact 
upon recovery and matrix effects upon modulating solvent polarity 
of the organic wash to improve analyte detection and SPE method 
ruggedness upon a large and diverse panel of analytes.  
 

Experimental 
Reagents & Materials 
Standards  
All standards were purchased from Cerilliant (Round Rock, TX). HPLC 
grade water, methanol (MeOH), and acetonitrile (MeCN) were 
purchased from Sigma Aldrich (St. Louis, MO) in addition to reagent 
grade isopropyl alcohol (IPA), dichloromethane (DCM), formic acid, 
dimethyl sulfoxide (DMSO), dimethylformamide (DMF), methyl tert-
butyl ether (MTBE), tetrahydrofuran (THF), acetone, and ammonium 
hydroxide (NH4OH). Synthetic oral fluid (P/N: 43409) and Quantisal 
extraction devices (P/N: QS-0025) were generously supplied from 
UTAK and Immunalysis, respectively. EVOLUTE® EXPRESS CX (60 mg 
bed) cartridges (611-0006-BXG), Biotage® PRESSURE+ 48 position 
positive pressure manifold (PPM-48), and Biotage® TurboVap® LV 
(415000) were supplied by Biotage. 

Sample Preparation 
Water as Surrogate Oral Fluid 
For water as a surrogate oral fluid, each sample analyzed comprised 
of at 1:3 mixture of water to Quantisal to simulate manufactures 
OF:Buffer ratio. The buffer was spiked with all 85 standards for a 
final concentration of 100 ng/mL and then adjusted to 4% formic 
acid. All samples were loaded (1.0 mL) post column conditioning and 
equilibration. 
Synthetic Oral Fluid from UTAK & Immunalysis Quantisal Device 
For synthetic oral fluid, each sample analyzed comprised of 200 L 
of Quantisal buffer with 100 L of synthetic oral fluid. Quantisal 
extraction devices were used per manufactures instructions with a 
total of 300 L (~100 L oral fluid) was used for analysis. Each was 
subsequently spiked 100 L of standards at 20 ng/mL followed by 
100 L of 4% formic acid. All samples were loaded post column 
conditioning and equilibration. 

EVOLUTE® EXPRESS CX SPE Procedure 
Solvent 

ID 
Solvent % Aqueous 

(a) 
%Aqueous 

(b) 
S1 MeOH 50 0
S2 MeCN 50 0
S3 Acetone 50 0 
S4 IPA 50 0
S5 MTBE 5 0
S6 DMSO 50 N/A
S7 DMF 50 N/A
S8 THF 50 N/A

Table 1. Wash #2 solvent parameters.

Step Volume 
(L) Solvent Time 

(min) 
Pressure 

(psi) 
Condition 1000 MeOH ≤ 0.2 ≤ 0.5 

Equilibration 1000 4% Formic Acid ≤ 0.2 ≤ 0.5 
Sample Load 500 Sample 1-2.0 ≤ 0.5 

Wash #1 2000 4% Formic Acid ≤ 0.5 0.5 
Wash #2 2000 Solvents S1-8 (a & b) 0.5-1.5 0.5 
Plate Dry N/A N/A 5.0 40

‡Elution #1 2000 DCM/MeOH/NH4OH 
[78:20:2] ~2-3.0 Grav. 

Plate Dry N/A Quick Pulse x2 40
Table 2. Biotage 48 Position Positive Pressure Processing Parameters.

Dry Down and Sample Reconstitution: Elution solvent was collected 
into 100 L of 50 mM methanolic HCl and evaporated in 10 minutes 
at 40 °C with 2.0 L/min of nitrogen using a Biotage® TurboVap LV. 
Extracts were subsequently reconstituted with 100 L of 20% 
methanol (aq) in 0.1% formic acid and immediately analyzed via 
LC/MS-MS.  

Post-Column Infusion (PIC) Parameters 
All PIC analyses were performed using the chromatographic 
parameters noted below without the use of the column. A Harvard 
apparatus pump delivered all 85 analytes (20 ng/mL) directly into 
the LC flow path at 20 L/min. 

Chromatography Parameters 

Table 3. Agilent 1100 Series HLC Parameters.            

Mass Spectrometry Parameters 

Instrument: SCIEX 4000QTRAP triple quadrupole Mass Spectrometer 
with Turbo Ionspray® Ion interface (Foster City, CA). Optimized 
source parameters shown in table 3 (sMRM transition parameters 
not shown, but available upon request). Retention window for sMRM 
set at 45 seconds with target scan time at 2.85 seconds. 

Ionization Spray Voltage +1500(V) CAD Medium 
Source Temp 600 °C GS1 50 

Curtain 30 (V) GS2 70 
Table 4. SCIEX 4000QTRAP ESI (+) Turbo Ionspray® Source Parameters.

Results 
Using water as a surrogate oral fluid, a frequency distribution 
analysis revealed 44% of the 85 analytes yieled > 20% disparity in 
peak area among all solvents used in wash step #2. Further analysis 
showed S1a/b-S4a/b were superior wash systems for all analytes 
(data not shown) and were examined under PIC for matrix effects.  

Figure 1. Frequency distribution analysis of all 85-analytes extracted with water as 
a surrogate oral fluid (n=3). 

Matrix Effects by Post-Column Infusion  

Figure 2. (2a) PIC of full scan TIC for Quantisal (blue) and 20% aqueous MPB 
(orange). (2b) Full scan mass spectra 350-1350 m/z extracted from TIC in 2a (Grey 
box). 

Recovery and Matrix Effects  
Drug Class 50% MeOH 50% MeCN 50% Ace 50% IPA 

R M R M R M R M 
TCA’s (6) 77 -63 122 -43 99 -68 79 -84 

Stimulants (13) 95 -33 99 -27 102 -26 101 -31 
Anticonv. (4) 86 -31 76 -20 79 -13 79 79 

SSRI (4) 136 -33 101 -17 112 -31 109 -47
SARI/NDRI (2) 110 42 111 47 119 45 101 38 

Cannabinoid (1) 96 † 71 † 66 † 73 † 
Anesthetics (2) 85 -9 108 -9 109 7 102 16 

Syn/Opioids (26) 92 -46 98 -46 105 -32 105 -35
Carbamates (2) 16 -24 1 -24 1 5 2 -17

Benzo’s (13) 100 -21 81 -23 82 -20 84 -18 
Antipsych. (6) 97 -6 103 -12 109 -7 95 -8 

SNRI (2) 84 15 106 25 101 20 85 16 
Z-Drugs (2) 77 -24 91 -12 58 -31 54 -49

Alkaloids (2) 87 35 91 47 123 56 107 47 
Table 5. Average % Recovery and Matrix effects for Listed Drug Classes extracted 
from UTAK synthetic oral fluid (n=3). † Denotes > 100%. R = % Recovery, M = % 
Matrix Effect(s). 

Drug Class 50% MeOH 50% MeCN 50% Ace 50% IPA 
R M R M R M R M 

TCA’s (6) 111 2 113 -11 122 3 100 -39 
Stimulants (13) 101 -22 100 -31 101 -28 105 -21

Anticonv. (4) 88 -39 75 -45 76 -43 85 -29
SSRI (4) 104 5 117 -2 103 -6 117 -15

SARI/NDRI (2) 109 36 97 33 112 42 110 38 
Cannabinoid (1) 107 † 64 † 61 † 66 † 
Anesthetics (2) 98 -11 100 -16 102 -18 114 8 

Syn/Opioids (26) 98 -29 98 -37 101 -35 104 -23
Carbamates (2) 18 -81 1 -72 1 -67 4 -44

Benzo’s (13) 97 -19 87 -26 82 -30 84 -24
Antipsych. (6) 121 16 121 2 112 3 116 -4

SNRI (2) 121 19 109 8 119 24 87 -5
Z-Drugs (2) 103 2 54 -11 66 -5 64 -25

Alkaloids (2) 102 4 95 28 103 35 105 24 
Table 6. Average % Recovery and Matrix effects for Listed Drug Classes extracted 
from Immunalysis device (n=3). † Denotes > 100%. R = % Recovery, M = % Matrix 
Effect(s). 

Conclusions 
» EVOLUTE® EXPRESS CX produced excellent recoveries for analytes 

with disparate non-covalent and columbic profiles among the 85-
analyte DOA panel. 

» Frequency distribution analysis of the water surrogate SPE 
extraction demonstrated that 44% of the 85-member panel 
responded best when organic wash systems S1 (a&b) through S4 
(a&b) were used. The remaining 54% were indifferent to all wash 
systems.  

» Sample matrix effects were generally high; however, 50% MeOH, 
50% MeCN, 50% Acetone, 50% IPA, and neat MeOH showed 
enhanced removal of suspected polyglycol/detergent. 

» Sample recovery using EVOLUTE® EXPRESS CX did not 
discriminate between synthetic (UTAK) oral fluids or user 
submitted oral fluids when using Quantisal buffer. 

» Regardless of matrix or buffer, carbamate based analytes 
responded poorly to mixed-mode system when moderate to high 
levels of organic washes were employed. 

HPLC Metric(s) Parameter 
Column Restek Raptor Biphenyl 2.7 m, 50 x 3.0 mm 

MPA 0.1% Formic Acid (aq) 
MPB 0.1% Formic Acid in MeOH 

Flow Rate 0.5 mL min-1 
Column Temp. 40 °C 
Sample Temp. 20 °C 

Injection Volume 10 L 

Figure 3. (3a) PIC TIC from SPE-CX extraction using S1a-S4a. (3b) Full scan MS 
extracted from 3a (Grey box). (3c) PIC TIC from SPE-CX extraction using S1b-S4b. 
(3d) Full scan MS extracted from 3c (Grey box). 



<<
  /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 [612.000 792.000]
>> setpagedevice


