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ABSTRACT: Cannabinoids including, but not limited to Δ9-tetrahydrocannabinol, 11-hydroxytetrahydrocannabinol, 
and (–)-11-nor-Δ9-tetrahydrocannabinol-9-carboxylic acid are known to toxicologists and synthetic chemists as 
diffi cult compounds because they are subject to numerous degradative pathways. It is the purpose of this short 
review article to discuss common pathways that result in the disappearance of cannabinoids — such as conjugate 
formation, adsorption to surfaces, chemical reactions, microbial action, thermal decomposition, chemical bonding, 
photosensitivity, sample handling, analytical methodology, and micelle trapping — and to point out possible ways 
to avoid such degradation.
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carboxylic acid glucuronide, Oracol, oral fl uid, Quantisal, Salicule, saliva, Salivette, silanization, siliconization, 
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INTRODUCTION

General
In urine toxicology, the analysis of 11-nor-Δ9-

tetrahydrocannabinol-9-carboxylic acid (THCCOOH), the 
major metabolite of Δ9-tetrahydrocannabinol (Δ9-THC, 
THC), is recognized as moderately challenging because 
the total amount in urine most often is in low ng/mL 
concentrations and moderately unstable. THCCOOH may 
be found as the free substance, the glucuronide conjugate, 
or a combination of both [79,100]. The parent drug, Δ9-THC 
(or THC), may be detected in urine [75], but usually is not 
reported. To complicate the analysis and interpretation of 
urine THCCOOH results even further, THCCOOH may 
adhere to the walls of the container in which the urine or 
other biofl uid is stored either by adsorption (“stickiness”) 
or absorption (inclusion into materials such as polyethylene 
without a specifi c physicochemical interaction). Almost 
all carboxylic acids may be decarboxylated if heated to a 
suffi ciently high temperature [9], giving THCCOOH the 
same potential. Since THCCOOH contains a six-membered 
ring with a single carbon-carbon double bond, THCCOOH 
also has the potential to be dehydrogenated to an aromatic 
ring in a fashion similar to the dehydrogenation of THC 
to cannabinol [89]. Temperature and pH generally play 
major roles in in vitro degradation processes [59]. In 

addition, THCCOOH is known to be structurally altered 
by microbial action [72]. Thus, in vitro, THCCOOH, a 
Phase I end product of the metabolism of THC, also is 
subject to multiple further chemical modifi cations.

In oral fl uid, the parent THC appears to be a more useful 
analyte than the metabolite THCCOOH; especially when 
cannabis use is questioned. However, due to low levels of 
THC in oral fl uid and THC’s instability (photosensitivity, 
propensity for adsorption/absorption, and ease of oxidation 
[22,58]), which appears to be even greater than that of 
THCCOOH, the analysis of THC presents its own set of 
analytical challenges. Like the metabolite THCCOOH, 
the parent drug THC may interact with the containers in 
which biofl uids are stored. The combination of THC and, 
when present, THCCOOH in oral fl uid presents analytical 
and interpretative challenges beyond the relatively simple 
analysis of THCCOOH in urine.

Although the analysis of cannabinoids other than 
THC and THCCOOH in biological matrices such as blood 
and blood products may be required under a number of 
circumstances, the most commonly encountered analytes 
— THC and THCCOOH in urine, oral fl uid, and hair, 
which are the matrices currently of interest to the National 
Laboratory Certifi cation Program (NLCP) — are the 
primary cannabinoids addressed in this limited review.

Structure 1.  (–)-trans-Δ9-Tetrahydrocannabinol (Δ9-THC or 
THC).
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 aOpinions expressed in this paper are not necessarily those of 
the Substance Abuse and Mental Health Services Administration 
(SAMHSA), the Department of Health and Human Services 
(DHHS), or the National Laboratory Certifi cation Program 
(NLCP).
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