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Recreational marijuana use is currently legal in 
eleven U.S. states. Fourteen additional states have 
decriminalized marijuana, but have not legalized it.1 
It is increasingly important for laboratories to develop 
accurate testing methods for THC, and its related 
compounds, in biological matrices of those that may 
be driving or committing crimes under the influence 
of marijuana. Biotage provides simple and effective 
sample prep protocols for cleanup of blood, urine, 
and oral fluid samples that produce reliable results, 
and are automation compatible.

THC Analyses by LC/MS and GC/MS
Whole Blood, Urine, Oral Fluid, Hair, Serum/Plasma
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Common Matrices and Analytes
When testing for impairment of THC, it is important to determine 
the appropriate matrix to test. Testing of whole blood will 
indicate more recent use while testing of urine will indicate 
long-term use and/or use that was not as recent. However, it is 
important to know which metabolites to test for as well.

Download These Technical Guides from www.biotage.com

   
Compound pKa logP When to Analyze

THC (parent) -4.9, 9.34 5.94 Detectable in whole blood/plasma

THC-OH -2.7, 9.34 5.78 Minor metabolite of THC detectable in plasma 
and urine

THC-COOH 4.2, 9.3 5.14 Major metabolite of THC detectable in plasma 
and urine

CBD 9.13 6.33 Medical marijuana

CBG 9.16 7.05 Indicates use of marijuana

CBN 9.32 6.41 Degraded product of THC-COOH
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Avoiding cross contamination 
during evaporation of 96-well plates.
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Current Methodologies for  
Drugs of Abuse Urine Testing 
A White Paper from Biotage

Abstract
Analysis of drug panels in urine samples can be challenging, 
and the trend towards larger panels including multiple 
drug classes compounds the issues faced during method 
development. 

This white paper examines a number of aspects of sample 
preparation, and their impact on the success of subsequent 
LC-MS/MS analysis of broad urine panels. 

Section 1 examines the applicability of various sample 
preparation techniques: supported liquid extraction, reverse 
phase SPE and mixed-mode SPE, to the various classes of drugs 
extracted. In addition, hydrolysis approaches: enzyme type and 
protocol used (time, temperature), are compared.

Mixed-mode (reverse phase/cation exchange) SPE is widely 
used for extraction of basic drug classes from urine, but the 
inclusion of drugs and metabolites that exhibit ‘non-typical’ 
functionality within urine panels can be problematic.  
Section 2 examines the impact of various parameters 
(interference wash strength, elution solvent composition) on 
analyte retention, elution and extract cleanliness with particular 
focus on zwitterionic (gabapentin, pregabalin) and non-ionic 
(carisoprodol, meprobamate) drugs.
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Practical Considerations Using Quantisal® 

Oral Fluid Collection Devices and SPE 
Method Development by Polymeric 
Mixed-Mode Cation Exchange 
A White Paper from Biotage 

Dan Menasco, Ph.D., Candice Summit, Ph.D., Jillian Neifeld, Stephanie Marin, Ph.D., and Elena Gairloch

Abstract
Oral fluid is of increasing importance as a biological 
matrix in drugs of abuse and related analyte testing 
because of the ease of sample collection, and 
difficulty in adulteration of samples, particularly 
when compared with urine. 

Oral fluid for drug testing is usually collected using proprietary 
collection devices such as the Quantisal® device (Immunalysis), 
which allow oral fluid to be collected and stored without 
degradation before analysis. Collection devices contain 
various components such as buffer salts and surfactants which 
along with typical endogenous oral fluid constituents present 
particular challenges in sample preparation for LC-MS/MS.

In this white paper we examine recovery and matrix effects 
for 85 common DOAs, when collected using the Quantisal 
device.  Utilizing water, synthetic oral fluid and patient samples 
as matrixes, the impact of various wash solvents on analyte 
recovery and matrix effects from the Quantisal buffer, in 
polymeric mixed-mode cation exchange SPE is investigated.
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Introduction
Oral Fluid Background
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 is excreted 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.  Healthy adults can 
produce up to 0.5 to 1.5 liters of saliva per day or between 
0 to 6 mL/min.1 The volume and composition vary, either due to 
stimulation or attenuation, or because of the circadian rhythm, 
which also alters its ionic concentration throughout the day and 
night. Regardless of an individual’s wellbeing, when salivating, 
their oral fluid is primarily composed of water, which is rendered 
hypotonic (compared to serum) once it enters the oral cavity.2 

The remaining contents include mucins for lubrication, along 
with amylases, proteases, and lipases for digestion and various 
antimicrobial functioning proteins (IgA, lysozyme, etc.).   
The electrolytic content of saliva is greatest with sodium, 
potassium, chloride, and bicarbonate, with calcium, magnesium, 
and phosphate to a lesser extent – all of which originate 
from serum and are actively transported across networks of 
capillaries into salivary ducts.3 It is at this excretion interface 
where new frontiers in diagnostic applications have focused. 
Assays designed to monitor both nucleic acid and protein 
biomarkers for the prophylactic detection of breast, pancreatic, 
and ovarian cancers have recently been examined. 4-6 However, 
the past decade has seen a pronounced rise in monitoring drugs 
of abuse (DOA) using oral fluids.7-10

Oral Fluid – White Paper.
Literature part no. PPS476
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Options for Extraction
Based on your method needs, both cartridges and 
plates are available to accommodate supported 
liquid extraction and solid phase extraction. 
The proven methodology for THC testing on each 
technique is outlined below.

ISOLUTE® SLE+
Supported Liquid Extraction using ISOLUTE® SLE+ allows for 
recovery of all cannabinoids listed.

Analytes partition 
into elution solvent 
and are collected

Step 1
Load

Step 2
Wait

Step 3
Elute

Aqueous sample flows 
onto extraction bed, 

and is dispersed 
in small droplets.

Analyte

Matrix components
e.g. phospholipids, salts 
and proteins

SLE Support 
material (diatoms)

Cannabinoids:   
ISOLUTE® SLE+ Method  

	Pre-treatment

Pre-treat sample with 1% formic acid to adjust the 
pH for optimal binding.


	 Load 

Load buffered sample volume appropriate for the 
cartridge or plate chosen.


	 Wait

Let sit for 5 minutes


	 Elute 

The cannabinoids are eluted with 2 aliquots of 30:70 
Hexane/ ethyl acetate.
Evaporate and re-constitute as necessary for analysis.
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Cannabinoids:  
EVOLUTE® EXPRESS AX Method  

	Pre-treatment

Pre-treat sample with a basic buffer, like 0.1% 
ammonium hydroxide, to adjust the pH for  
optimal binding.


	 Load 

Load buffered sample volume appropriate for the 
cartridge or plate chosen.


	 Wash

Wash with a basic buffer and an organic solvent  
like methanol.


	 Elute 

The cannabinoids are eluted with an acidic elution 
solvent (78:20:2 DCM/IPA/acetic acid)
Evaporate and re-constitute as necessary for analysis.

EVOLUTE® EXPRESS AX
Solid phase extraction using EVOLUTE® EXPRESS AX can also 
be used to extract cannabinoids. This uses a mixed mode anion 
exchange to bind the cannabinoids to the sorbent bed.

Step 1
Load

Step 2
Interference 

Elution

Step 3
Analyte 
Elution

EVOLUTE® EXPRESS media

Drug analytes of interest

Proteins

Phospholipids
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Download Technical Resources to Assist 
in your Method Development
THC
P198.v.1: A Simplified Sample Preparation for Low Level 
Determination of Cannabis Use from Hair Samples Prior to 
LC-MS/MS Analysis.

P195: Automated Extraction of 12 Drugs of Abuse from 
Human Breast Milk Using EVOLUTE® EXPRESS CX Prior to 
LC-MS/MS Analysis.

Synthetic Cathinones
P109: A Novel SLE-LDTD-MS/MS Method for the Screening of 
NBOMe Designer Drugs in Oral Fluid.

AN776: Extraction of Bath Salts (substituted cathinones) 
From Human Urine Using ISOLUTE® SLE+ Columns Prior to 
GC-MS Analysis.

AN808: Extraction of Designer Stimulants from Urine Using 
ISOLUTE® SLE+ Prior to GC/MS Analysis.

Synthetic Cannabinoids
Whole Blood
A new supported liquid extraction (SLE) strategy with liquid 
chromatography mass spectrometry detection for the deter-
mination of JWH018, JWH073, CP47, 497, CP47,-C8, JWH200, 
JWH019, HU210 and JWH250 in blood

AN793: Automated Extraction of Synthetic Cannabinoids (SPICE) 
from Urine Using ISOLUTE® SLE+ Prior to LC/MS/MS.

AN780: Extraction of Synthetic Cannabinoids from Hydrolyzed 
Urine Using ISOLUTE® SLE+ Prior to GC-MS Analysis.
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GC/MS Methods
AN852 ( Opiates): Extraction of Opiates from Whole Blood Using 
ISOLUTE® SLE+ Prior to GC/MS Analysis.

P138 (DOA) Evaluation of Drugs of Abuse Extraction from 
Whole Blood Using Supported Liquid Extraction (SLE) Prior to 
GC/MS Analysis.

AN864 (DOA, Pesticides) Extraction of Illicit Drugs and 
Pesticides from Liver Tissue Using ISOLUTE® SLE+ Prior to 
GC/MS Analysis.

AN841 ( THC-COOH): Extraction of 11-nor-9-carboxy-tetrahydro-
cannabinol from Hydrolyzed Urine by ISOLUTE® SLE+ Prior to 
GC/MS Analysis.

AN827 ( Amps): Extraction of Amphetamines and Metabolites 
from Urine ( including Elimination of Sympathomimetic Amine 
Interferences) Using ISOLUTE® SLE+ Prior to GC/MS Analysis.

AN854: ( Benzodiazepines) Extraction of Benzodiazepines from 
Whole Blood using ISLOUTE® SLE+ Prior to GC/MS Analysis.

And Many More!

General Processing Tips
P151: Evaluation of Novel Automated Sample Preparation 
Compared to Manual Processing in Forensic Toxicology.

To download a copy of any of the above technical resources 
please visit www.biotage.com

References
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You don’t have to start from scratch.....
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Your Complete 
Partner for Effective 
Chemistry
 
Biotage is a worldwide supplier of 
instruments and accessories designed 
to facilitate the work of laboratory and 
process chemists. With our deep knowledge 
of the industry, academic contacts and 
in-house R&D teams, we can deliver the best 
solutions to your challenges. We take great 
pride in our flexibility and ability to meet our 
customer’s individual needs. With strong 
foundations in both analytical, organic and 
process chemistry, we can offer the widest 
range of solutions available on the market. 
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