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Introduction
The use of cannabinoids such as tetrahydrocannabinol (THC) and cannabidiol (CBD) has
become increasingly popular as an alternative treatment for the management of pain,
anxiety and to prevent seizures. There is growing interest in being able to quantify these
cannabinoids in blood and in products such as oils.

Aim
To develop and validate a new quantitative method for the detection of the cannabinoids
THC, CBD and cannabinol (CBN) that is suitable for routine clinical use.

Methods
For detection, a Waters I Class ultra-performance liquid chromatography (UPLC®) interfaced with a Waters Xevo® TQD tandem mass spectrometer
with positive electrospray ionisation was used. The column used to achieve separation was the Waters ACQUITYTM UPLC® BEH (ethylene bridged
hybrid) C18 1.7µm, 2.1 x 100mm column. A Waters ACQUITYTM UPLC® BEH C18 1.7µm VanGuard™ Pre-column was also used. Cannabinoids were
extracted from plasma using a liquid-liquid method developed locally. Validation studies used horse drug free plasma spiked with reference
standards supplied by Sigma Cerilliant®. Table 1 summarises the LC settings that were used to perform this assay and table 2 summarises the
quantitative parameters which were carried out as part of the validation in order to assess assay performance.
Table 1: A summary of LC parameters and their settings for
this method, adapted from Jamwal et al (2017).
LC Parameter

Setting

Ion mode

Positive

Flow rate

0.4ml/min

Sample volume inject

10µl

Column Temperature

45oC

Run time

6 minutes

Table 2: A summary of the
validation master plan,
showing
each
performance
characteristic required for
successful assay validation
and
the
quantitative
parameters
used
to
demonstrate these.

Results
The final UPLC®-MS/MS method was 6 minutes long and has been summarised in table 1. The
detection method includes quantifier and qualifier MRM for each cannabinoid and deuteriated THC
as an internal standard. In blood plasma the lower limit of detection LLOD was 0.2ng/ml and the
lower limit of quantification was 0.4ng/ml for THC, CBD and CBN. The coefficient of determination
was R2 >0.99 using 10-point calibration curve (0 to 100ng/ml). Matrix effects were assessed, and
the absolute matrix effects, true recovery and process efficiency were within 100±20% for THC and
CBN. Matrix effects experiments were found to be >30% for CBD however there had been a
significant delay in processing these samples.

Conclusions
This simple and rapid liquid-liquid extraction protocol in combination with a highly specific UPLC®
and tandem mass spectrometric detection method has been shown to effectively separate and
quantify the cannabinoids THC, CBD and CBN in plasma to a superior LLOQ of 0.4ng/ml. The
inclusion of CBD into this assay is particularly novel as it is not currently available as a quantitative
measurement for clinical use in human blood by any NHS laboratory in the UK and only one
known commercial laboratory. This level of LLOQ is ideal for CBD as biological levels are predicted
to be low depending on the delivery and dosage of CBD. The CBD matrix effects experiments will
be repeated prior to the implementation of this method in order to ascertain the actual process
efficiency and true recovery due to a delay in sample processing. This assay will need to undergo a
further implementation stage before it can form part of the routine laboratory service.

Further Work
To work alongside local clinicians to explore the potential utility and for testing CBD and THC in
various CBD products and in the blood of known CBD users. This aspect of the project is in the
process of being explored and an extraction method for oils has been identified which will require
further optimisation before proceeding with the pharmacokinetic and clinical application of this
method in humans.

Performance
characteristic
Trueness
Accuracy
Imprecision
Measurement
uncertainty

Analytical and
diagnostic
specificity

Analytical and
diagnostic
sensitivity
Detection and
quantitation limit

Quantitative parameter
used to assess performance
characteristic
Bias calculated from
between batch imprecision
Bias calculated from
between batch imprecision
Within batch imprecision
Between batch imprecision
True recovery
Calculated from between
batch imprecision
LLOQ
Cross talk
Carryover
Blank matrix
Dilution integrity
Absolute matrix effects
LLOD
Linearity

LLOD
LLOQ
Calibration
Measuring interval
Quality control
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