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Abstract
Introduction: Cannabis impairs cognitive and psychomotor performance, which can negatively affect driving skills. The main
psychoactive ingredient in cannabis is ∆9-tetrahydrocannabinol (THC). Due to the recent legalization of cannabis in Canada,
there is an urgent need for a roadside test to identify THC impaired drivers. The legal limit while driving is calculated based on
blood THC concentration, but saliva samples are the most convenient to collect roadside. Thus, the objectives of this study are to
(1) determine the relationship between salivary and serum THC concentration and (2) develop a suitable roadside method to
determine salivary THC concentration.
Methods: THC doses between 0.2 mg/Kg to 100 mg/Kg will be orally administered to 36 mice (18 female, 18 male) in a repeatedmeasures design. Saliva and blood samples will be collected in 15 min intervals from 0 to 6 hours after administration. Gas
chromatography (GC) and liquid chromatography (LC) coupled to mass spectrometry (MS) will be used to determine THC
concentration in the saliva and blood samples. The relationship between salivary and serum THC concentration will be modelled.
In addition, a series of azo dyes will be applied to the saliva samples to determine salivary THC concentrations in a simple and
rapid manner. The samples will be dissolved in NaOH, and various dyes will be added. An acid-base reaction will create a
phenolate anion from the phenolic group of the ∆9-THC molecule, which will then attack the diazo group of the azo dye to
produce a coloured end-product.
Expected Results: We expect a positive linear relationship between the logged salivary and blood serum THC concentrations.
We predict that each azo dye will produce a single colour within a specific and different range of THC concentration, so a distinct
set of colours produced from many dyes can be associated with a narrow range of salivary THC concentration.
Discussion: The colours produced from the azo dye reactions can be associated with salivary THC concentrations, which can
then be correlated to serum THC concentrations. We use a mouse model in this study to have a more controlled investigation of
the relationship between salivary and serum THC concentration, but future investigations should apply the results to humans.
Conclusion: This study aims to determine salivary THC concentration in a suitable roadside method and correlate the results to
serum THC concentration. The implications of this study are to be able to detect THC impaired drivers in a simple and rapid manner.
Keywords: azo dyes; impaired driving; roadside testing; salivary THC concentration; serum THC concentration
Introduction
Cannabis impairs cognitive and psychomotor
performance, which can negatively affect driving skills [1].
Cannabis use is associated with an increased risk of being
involved in traffic accidents [2]. The main psychoactive
ingredient in cannabis is ∆9-tetrahydrocannabinol (THC)
[3]. The recent legalization of cannabis in Canada will likely
increase the number of people who will drive under the
influence of cannabis. Thus, it is critical to have a reliable
roadside test to identify THC impaired drivers. Police
officers currently identify THC impaired drivers using visual
diagnostics, like red eyes and muscle tremors, as well as
standardized field sobriety tests [4, 5]. However, these tests
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are highly subjective, as they rely on the officers’ qualitative
judgments. There is a device, the Draeger DrugTest 5000,
that has been approved by the Canadian government for
roadside testing of THC in saliva samples [6]. The Draeger
DrugTest 5000 uses immunological assay technology to
determine THC concentration in oral fluids [7]. This test has
many reported limitations. A study that analyzed this device
concluded it has a high rate of false positives (13.4%) and
false negatives (14.5%) [7]. Additionally, temperature
restrictions on the machine limit its use to between 4°C and
40°C, which is impractical for Canadian winters [6]. Lastly,
the device has a low sensitivity for THC concentrations
below 5 ng/mL [7]. Therefore, there is a need to develop a
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test that is more suitable for roadside use to identify THC
impaired drivers.
The current legal limit for blood THC concentration
while driving is 2 ng/mL [8]. Blood THC concentrations
above 2 ng/mL are fined, while concentrations above
5 ng/mL are charged as a criminal offense [8]. Although the
limit is in terms of blood THC concentration, saliva samples
are the most convenient to collect roadside. Previous studies
have reported a positive linear correlation between salivary
log[THC] and serum log[THC] levels in humans, but reports
on the strength of the relationship are inconsistent [2, 9].
Thus, it would be useful to have a better understanding of the
relationship between salivary and serum THC concentration.
Azo dyes have been used as a simple and rapid method
of determining the presence of cannabis in saliva
samples [10]. There are many azo dyes that produce a
different colour upon reacting with cannabis [11]. A previous
study developed a proposed mechanism for the reaction
between ∆9-THC and the Fast Blue Salt B (FBBBS) azo dye.
The first step is an acid-base reaction between the phenolic
group of the ∆9-THC molecule and the basic medium
(NaOH) that the sample and azo dye are dissolved in [12].
This results in a phenolate ion, which then attacks the diazo
group of the FBBBS molecule [12]. Consequently, a
tautomerization of the non-aromatic intermediate produces
the end products – a protonated ion [C38H47N3O5 + H]+ and a
sodium adduct [C38H47N3O5 + Na]+ [12]. Previous studies
that have assessed these azo dye reactions have inconsistent
conclusions about their specificity in detecting the presence
of marijuana in that some conclude it is specific enough,
while others disagree [12,[13]. Due to the simplicity, speed,
and low cost of this method, it would be beneficial to further
investigate their potential use in the detection of cannabis.
We want to see whether these different dyes will react at
distinct THC concentration ranges. We propose to
(1) investigate the relationship between salivary and serum
THC concentrations and (2) determine whether azo dyes can
be used to accurately determine salivary THC concentration
in a mouse model. This study would allow for the
development of an efficient method of determining THC
concentrations from saliva samples taken roadside and their
corresponding serum THC concentrations, which can then be
compared to the legal limit.
[

Methods
Animals
Male and female mice will be kept on a 12-hour
light/dark cycle at room temperature. Food and water will be
available ad libitum.
Drug Dose and Administration
THC will be dissolved in oil and force fed. Based on
previous studies, THC doses ranging from 0.2 mg/Kg to
100 mg/Kg will be used [3]. We will administer doses of 0.2,
1, 5, 10, 50, or 100 mg/Kg of THC to 36 mice (18 female,
18 male) in a repeated-measures design. Saliva and blood
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samples will be collected at 15 min intervals from 0 to
6 hours after THC administration [2]. Saliva samples will be
collected using cannulation of the submandibular gland after
pilocarpine stimulation [14].
Measurement of THC Concentration in Saliva and Blood
Samples
Gas chromatography (GC) and liquid chromatography
(LC) coupled with mass spectrometry (MS) will be used to
determine the salivary and serum THC concentrations [9, 15].
This method has an accuracy of 95% to 97%, with reliable
detection of THC concentrations above 1 ng/mL [16]. The
relationship between salivary and serum THC concentration
will be modelled using linear regression, similar to previous
studies [9, 15].
[

[

Determination of Salivary THC Concentrations using Azo Dyes
Although mass spectrometry has a high accuracy,
it is inconvenient for roadside testing. Applying a
series of azo dyes to saliva samples is potentially
a simple and
rapid
method
to
determine
the
THC concentration of saliva samples taken roadside.
Each azo dye produces a single colour upon reacting
with cannabis
[11].
For
instance,
the
most
common colorimetric test for the detection of cannabis uses
the fast blue B dye (FBBS), which produces a red colour
[12]. It is unclear if these dyes will react at specific and
different THC concentrations. A series of azo dyes (diazo
red RC, blue B, brown V, Corinth LB, garnet GBC, orange
GC, red FRN) will be applied to saliva samples with known
THC concentrations, as determined using GC-MS and LCMS [11]. The following protocol has been adapted from
Maunder (1969). One mL of saliva will be placed on
absorbent paper. After, 1 drop of petroleum ether will be
added. The liquid should have sufficient time to soak into
the paper and dry. The substance will be removed from the
paper. Then, 0.1 mg of diluted azo dye (1:100 dilution with
solid anhydrous sodium sulfate) will be placed on the
absorbent paper. Finally, 1 drop of water will be
added. [11]. This reaction will be repeated for many azo
dyes that produce a different colour upon reacting with
cannabis at potentially different THC concentrations. The
relationship between the distinct set of colours produced
and salivary THC concentrations will be determined. Note
the variation in colour intensity is likely not a reliable
indicator of THC concentration. We are examining the
presence or absence of specific colours at different THC
concentrations. Subsequently, the colours will be analyzed
using a spectrophotometer. The premise is similar to
determining pH using various pH indicators.
Finally, the accuracy of this method will be tested using
saliva and blood samples with THC concentrations that were
not previously used to determine their relationship. A series
of azo dyes will be applied to the saliva samples to estimate
the salivary THC concentrations and corresponding serum
THC concentrations based on their relationship. The
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accuracy of the azo dyes in determining salivary THC
concentration can be assessed by comparing the salivary
THC concentrations estimated by the dyes and the salivary
THC concentrations determined using GC-MS and LC-MS.
The predictive ability of the relationship between salivary
and serum THC concentration can be assessed by comparing
the serum THC concentrations correlated with the given
salivary THC concentrations identified from the azo dye test
and the serum THC concentrations determined using GC-MS
and LC-MS.
Expected Results
Relationship between Salivary and Serum THC Concentration
We anticipate that there will be a positive linear
correlation for salivary log[THC] and serum log[THC] based
on previous human studies [2, 9]. We also expect this
relationship to be independent of the time of sampling after
drug use, as a previous study found salivary THC
concentrations were consistently higher than serum
THC concentrations, but the ratio of salivary to serum THC
concentration remained relatively constant during the
elimination phase [2]. Similar correlations between THC
levels in saliva and blood have been reported in other studies
using controlled THC administration [17] and drug users [18].
Huestis and Cone gave low and high-dose cannabis cigarettes
to male subjects with a history of cannabis use [17]. Oral and
blood samples were taken over a 24 hour period and analyzed
with GC-MS [17]. Samyn and Van Haeren used roadside tests
on drivers that exhibited impaired behavior who consented to
taking part in the study [18]. Saliva and blood samples were
taken among other samples and analyzed using the Drugwipe
device and GC-MS [18].
Associating a Distinct Set of Colours with Salivary
THC Concentrations
We hypothesize that the azo dyes will react at specific
and different THC concentrations. If each azo dye produces
a single colour within a specific and different range of THC
concentration, and this reaction is repeated for many dyes,
then each narrow range of salivary THC concentration can
be associated with a distinct set of colours. The specific
colours produced associated with salivary THC
concentration can then be correlated with serum THC
concentration based on their relationship. This procedure
will likely not associate colours to a specific THC
concentration, but rather a narrow range of THC
concentration. For the purpose of roadside detection,
identifying a narrow range of THC concentration is
sufficient, as long as concentrations above and below the
legal threshold are clearly distinguishable.
Discussion
In this study, we aim to develop a simple and rapid
method suitable for roadside testing to identify THC impaired
drivers. To do this, we first confirm the correlation between
salivary and serum THC concentration. Some studies have
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reported this relationship in humans [2,[9], but here we use
mice to have controlled THC administration with limited
confounding variables to additionally determine the distinct
set of colours associated with salivary THC concentrations
produced from azo dye reactions. In human studies, there are
more confounding variables, including time of drug use and
individual variation in physiological response. The colours
produced can be associated with a narrow range of salivary
THC concentration and subsequently with serum THC
concentrations.
If the relationship between salivary and serum THC
concentration is similar in mice and humans, there will also
be a positive linear correlation between salivary log[THC]
and serum log[THC]. However, the strength of this
relationship will likely be higher in this study than it would be
in samples taken roadside. Previous studies done on samples
taken from impaired drivers show a weaker correlation
between salivary and serum THC concentration than studies
done in a controlled laboratory setting [2, 9]. This means the
results from this study may not be as clearly demonstrated in
samples obtained from impaired drivers. However, the first
steps to developing a reliable method to determine salivary
THC concentration should be done in a more controlled
setting. A future direction would be to apply this procedure to
human participants.
Conclusions
This study aims to correlate salivary and serum THC
concentration and to determine salivary THC concentration
using a suitable roadside method. It is hypothesized that
there is a positive linear correlation between salivary
log[THC] and serum log[THC]. We propose using a series
of azo dye reactions to associate a distinct set of colours
with narrow ranges of THC concentration in saliva
samples, which can then be correlated to serum THC
concentrations. This procedure can be used to determine if
a driver has reached or exceeded the legal threshold of
blood THC concentration. This study has the potential to
improve roadside detection of THC impaired driving by
developing a simple, fast, and low-cost method to
determine salivary THC concentration. Rodent studies
allow for a more controlled exploration of this method, but
ultimately, it is important to apply this procedure to
humans.
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