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Olfactory loss impairs the patient’s quality of life. In individualized therapies, olfactory drug effects
gain clinical importance. Molecular evidence suggests that among drugs with potential olfactory
effects is A>-tetrahydrocannabinol (THC), which is approved for several indications, including
neuropathic pain or analgesia in cancer patients. The present study aimed at assessing the
olfactory effects of THC to be expected during analgesic treatment.

The effects of 20 mg oral THC on olfaction were assessed in a placebo-controlled, randomized
cross-over study in healthy volunteers. Using an established olfactory test (Sniffin’ Sticks), olfactory
thresholds, odour discrimination and odour identification were assessed in 15 subjects at baseline

A°-Tetrahydrocannabinol impaired the performance of subjects (n = 15) in the olfactory test.
Specifically, olfactory thresholds were increased and odour discrimination performance was
reduced. This resulted in a significant drop in composite threshold, discrimination, identification

(TDI) olfactory score by 5.5 points (from 37.7 £ 4.2 to 32.2 + 5.6, 95% confidence interval for
differences THC vs. placebo, 7.8 to —2.0, P = 0.003), which is known to be a subjectively

perceptible impairment of olfactory function.

CONCLUSIONS

Considering the resurgence of THC in medical use for several pathological conditions, the present
results indicate that THC-based analgesics may be accompanied by subjectively noticeable
reductions in olfactory acuity. In particular, for patients relying on their sense of smell, this might
be relevant information for personalized therapy strategies.
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Introduction

In the current activities in drug research and development
directed toward individualized therapies in increasingly
preselected patient subpopulations, treatment effects on
the quality of life gain importance. In this context, drug
effects on the olfactory system, which have been the
subject of several reviews [1-5] and are based on various
established or likely pharmacodynamics mechanisms [6],
are given greater attention. This is because depressed
olfactory function impairs the patient’s quality of life [7-9].
Although human life seems dominated by the visual sense,
smells trigger deep emotional responses [10]. Olfactory
loss in otherwise healthy people is a likely cause for suffer-
ing, because this is associated with a loss of the enjoyment
of foods [11]. Moreover, in certain professionals who rely
on the sense of smell, such as enologists, chefs, perfumers
and chemists, olfactory loss can lead to professional dis-
ability. The assessment of olfactory drug effects is facili-
tated by the advances in our understanding of the sense of
smell [12, 13] and the broader accessibility of such effects
in humans with validated and well-established tools to test
olfactory function [14].

Among drugs with potential olfactory effects are
cannabinoids, which display several lines of molecular evi-
dence, including the expression of cannabinoid CB; recep-
tors in olfactory neurons [15] and the olfactory bulb [16,
17], the production of endocannabinoids in olfactory
neurons and the decrease in olfactory thresholds as
an effect of cannabinoid signalling [15]. In particular,
A°-tetrahydrocannabinol (THC), the major active ingredi-
ent of Cannabis sativa, is approved or considered for
approval for several indications, including neuropathic
pain or analgesia in cancer patients. Given that anecdotal
reports support an action of cannabis on olfaction, olfac-
tory side-effects of THC are likely. Therefore, the present
study aimed at assessing the effects of THC on olfaction to
be expected during analgesic treatment.

Methods

Subjects, design and medication

The study followed the Declaration of Helsinki and
was approved by the Ethics Committee of the Goethe
University, Frankfurt am Main, Germany. Informed written
consent was obtained from every participant. Their health
was assessed by medical history, physical examination,
including vital signs, and routine clinical laboratory test
results.

The cohort for olfactory testing consisted of seven men
and eight women (aged 26.6 + 2.9 years, mean + SD; all
within £10% of their ideal body weight). According to a
randomized, placebo-controlled, double-blind, two-way
cross-over design, they received either an oral dose of
20 mg of THC (two capsules of 10 mg THC dissolved in
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Adeps solidus manufactured by the Hospital Pharmacy of
the University of Heidelberg, Germany) or placebo (two
capsules of Adeps solidus only). It has to be mentioned,
however, that in a placebo-controlled design with psycho-
active drugs, unblinding of the subjects due to side-effects
is possible and has to be considered in the interpretation
of the results of psychophysical assessments, although the
consequences of unblinding in cannabis studies have
been judged to be modest [18]. A washout interval of at
least 4 weeks was observed. Any medication, alcohol and
food were prohibited for 30 days, 24 h and 6 h before the
experiments, respectively.

Olfactory function was assessed at baseline, i.e. prior to
medication, and 2 h afterwards, when maximal THC effects
were expected [19]. In addition, subjects rated ‘tiredness’,
‘drowsiness’, ‘nausea’ and ‘euphoria’ by means of visual
analog scales (VAS; length, 100 mm), ranging from ‘very
weak’ to ‘very strong’.

Clinical olfactory testing

The validated ‘Sniffin” Sticks’ test (Burghart Messtechnik
GmbH, Wedel, Germany) [20, 21] was used to assess the
three main components of olfactory function (threshold,
discrimination and indentification, TDI) birhinally.

Odour thresholds were obtained for the rose-like
odour phenylethylalcohol presented in 16 successive 1:2
dilution steps starting from a 4% solution. Using a three-
alternative forced-choice task and a staircase protocol
starting at low phenylethylalcohol concentrations, one
pen with the odorant and two blanks were presented at
each dilution step. Two successive correct identifications
or one incorrect identification triggered a reversal of the
staircase. Odour threshold was estimated using the mean
of the last four out of seven staircase reversals (normal
values, >6.0 and >6.5 for men and women, respectively
[20, 22]).

Odour discrimination was determined with 16 triplets
of pens, two of each triplet containing the same odorant
and the third a different, ‘target’ one (for names of
odorants see [21, 23]). The discrimination performance
was assessed employing a three-alternative forced-choice
task (normal score, >10 correct discriminations for both
sexes).

Odour identification was determined with 16 odours
(for names of odorants see [21, 23]) using a four-alternative
forced-choice task with presentation of a list of four
descriptors for each pen (normal score, >11 correct identi-
fications for males and females) using different stimulus
sequences for every measurement. In addition to this
scoring, the intensities and pleasantness of the 16 odours
were rated on visual analog scales (length, 100 mm)
ranging from ‘no odour perception’ to ‘odour perceived at
maximal intensity’ or from ‘very unpleasant’ to ‘very pleas-
ant’, respectively.

The evaluation of olfactory performance followed
the clinically established procedure consisting of the cal-



culation of a composite ‘TDI score’ (‘threshold, discrimina-
tion, identification’) as the sum of the scores from
the three subtests [24]. Pathological olfactory function
is indicated by TDI values of <29.5 and <30.5 for men and
women, respectively, with the separation of hyposmia
(30.5 > TDI > 15.5) from functional anosmia at TDI
<15.5[20].

Statistics

The study followed a 2 x 2 design, with two baseline meas-
urements and two measurements after administration of
the medication. To accommodate this design, the data
were submitted to analyses of variance for repeated-
measures ANOVA, with ‘drug’ (i.e. THC or placebo; degrees
of freedom, d.f. = 1) and ‘measurement’ (i.e. at baseline or
subsequent to the administration of medication; d.f.=1) as
within-subject factors. Gender was further included as a
between-subject factor (SPSS 21 for Linux; IBM SPSS Sta-
tistics, Chicago, IL, USA). This was done separately for each
target parameter. In addition, differences from baseline
were compared between the THC and placebo conditions
by means of Student’s paired t tests, and 95% confidence
intervals of the differences (95% Cls) were calculated. In
addition, changes in olfactory parameters and side-effects
were explored for intercorrelations (rank correlation calcu-
lating Spearman’s p [25]) following calculation of the
placebo-corrected THC effects as E = Emic — Esaslinerc —
(Epiacebo — Epaselineplacebo). The o level was set at 0.05, and a

Table 1

Effects of A’-tetrahydrocannabinol on olfaction BJCP

correction of the statistics for multiple testing was per-
formed by using the relatively strict Bonferroni procedure
[26].

Results

All subjects completed the study without serious side-
effects that would have required medical intervention.
Normal baseline olfactory function was established in all
participants (TDI scores 38.8 = 3.6 and 37.7 = 4.2 for the
placebo and active drug study day, respectively).
Detailed results of the statistical analysis of the
THC effects on main olfactory parameters are shown in
Table 1. A significant effect of THC on odour threshold
was observed, in comparison to placebo. Specifically,
THC administration increased the odour threshold from
phenylethylalcohol dilution step 10.1 + 1.6 to dilution step
7.5 = 3 (Figure 1). Likewise, a significant effect of THC on
odour discrimination was observed, in comparison to
placebo. Specifically, THC reduced the number of correct
odour discriminations from 13.3 + 1.9 to 10.1 + 2.8. The
only subtest not affected by THC was odour identification,
which changed only from 14.3 + 1.8 to 14.6 = 1.4 correctly
identified odours. The overall effects on olfactory dimen-
sions resulted in a reduction of the TDI score from 37.7 £
4.21032.2+5.6. The subject’s gender played no role in the
results of the olfactory tests (always P > 0.5). Finally, THC

Results of the olfactory test (‘Sniffin’ Sticks’ test [21]), including the results of the separate olfactory subtests (threshold, discrimination and identification)
and the TDI sum score, acquired before administration of the medication (‘Baseline’) and 2 h after drug administration (‘Post’)

Repeated-measures ANOVA effects in a 2 x 2 design

Differences from baseline, THC vs. placebo
95% Cl, 95% Cl, Student’s

‘Drug’ by lower upper paired t test,
Measure (units) Measurement Mean ‘Drug’ ‘Measurement’ ‘measurement’ ‘Gender’* limit limit P value
Olfactory Placebo Baseline 10.8 24 df. =113, df.=1,13, df. =1,13, df.=1,13, -24 -4.4 -0.3 0.028
threshold Post 106 1.7 F=16218 F=25704, F = 6.467, F=0.117,
(dilution THC Baseline 101 17 P=0001t P<0.001t P=0.025 P=0.738
) Post 75 30
Odour Placebo  Baseline 135 1.6 df.=1,13, df =1,13, df. =1,13, df. =113, =27 -4.6 -0.9 0.006
discrimination Post 12.9 1.8 F=8.651, F=14.378, F=9.935, F=0.388,
(number THC Baseline 133 1.9 P=0.011t P=0.0021 P =0.008t P=0.544
correct) Post 10.1 2.8
Odour Placebo  Baseline 14.5 1.6 df.=1,13, df. =113, df.=1,13, df.=1,13, 0.2 -0.5 0.9 0.55
identification Post 14.7 16 F=0.58, F=1.122, F=0.47, F=0.151,
(number THC Besline 14.3 18 P=046 P =0.309 P =0.505 P=0.704
i) Post 146 14
TDI score Placebo Baseline 38.8 36 df.=1,13, df.=1,13, df.=1,13, df.=1,13, -49 -7.8 -2.0 0.003
Post 38.2 3.7 F=16.285F=21.542, F=13.065, F=0.315,
THC Baseline 37.7 42 P=0.001t P<0.001t P =0.0031 P=0.584
Post 32.2 5.6

Abbreviations are as follows: Cl, confidence interval; TDI, threshold, discrimination, identification; THC, A%-tetrahydrocannabinol. Results of statistical analysis are shown for the
repeated-measures ANOVA in a 2 x 2 design (two measurements per day, two medications) and, in addition, as comparisons between the THC and placebo conditions for the
respective differences from baseline. *Given that no effects of ‘gender’ were identified, the interactions including this factor, all having resulted in nonsignificant effects, are omitted
from this table. tSignificant effect (P < 0.05).
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did not significantly modulate the ratings of intensity or
pleasantness of any of the 16 odours from the identifica-
tion test (interactions ‘drug’ by ‘measurement’ or effects
‘drug’ always P > 0.05; Figure 2).

Detailed results of the statistical analysis of
selected THC side-effects are shown in Table2. A°-
Tetrahydrocannabinol, in comparison to placebo, induced
significant increases mainly in drowsiness and tiredness
from baseline to 2 h after drug administration, respec-
tively, as rated on a 100 mm VAS, whereas euphoria
showed only a trend towards significance. Further side-
effects occurring after THC administration were vomiting
(n=2), paranoid reaction (n = 1) and dizziness (n = 1), while
none was reported for the placebo condition. Of note, the
observed changes in olfactory functions following THC
administration were not correlated with changes in the
ratings of tiredness and drowsiness (Figure 3), nausea or
euphoria (Spearman’s rank correlation, P > 0.05).

Discussion

The present results establish a significant effect of THC on
the human sense of smell. At the dosage used in the treat-
ment of pain, the effects are directed toward reduced
olfactory acuity associated with a reduction of the ability
to distinguish odours. The change by 5.5 points in the
composite olfactory TDI score identifies a subjectively
noticeable change in olfactory function [27].

Table 2

Effects of A’-tetrahydrocannabinol on olfaction BJCP

A°-Tetrahydrocannabinol probably modulated olfaction
by altering both the perception and the evaluation of olfac-
tory stimuli. An upstream olfactory functional involvement is
suggested by the significant change in odour thresholds
that have been reported to be unrelated to higher cognitive
factors [28]. However, the same report [28] also established
that executive functioning and semantic memory contribute
significantly to the performance of odour discrimination and
identification. As odour discrimination was also reduced fol-
lowing THC administration, these higher cognitive processes
were probably affected by THC. Further support for a cogni-
tive component of the effects can be derived from the
absence of changes in odour intensity relations, which indi-
cates that the reduced odour discrimination was not simply
due to reduced perception. In contrast, the changes were
not correlated with the ratings of tiredness or drowsiness,
which emphasizes the specificity of the olfactory effects of
THC as opposed to a mere nonspecific influence via altered
arousal.

The decrease in the average TDI score by 5.5 points cor-
responds to the subjectively perceived change in olfactory
function found in a longitudinal assessment. As established
in 83 patients with impaired olfactory sensitivity of various
aetiologies, who performed the ‘Sniffin’ Stick’ test battery on
two occasions (mean interval 136 days), an increase of at
least 5.5 points in TDI was required to be considered by
the patients as improved olfactory function [27]. Thus, a
decrease of 5.5 TDI as observed in this study represents a
subjectively noticeable reduction in olfactory function and

Results of the ratings of selected THC side-effects acquired by means of visual analog scales (range, 0-100) before administration of the medication

(‘Baseline’) and 2 h after drug administration (‘Post’)

Repeated-measures ANOVA effects in a 2 x 2 design

Differences from baseline, THC vs. placebo
95% Cl, 95% Cl, Student's

Measure ‘Drug’ by lower upper paired t test,
(mm VAS) Measurement SD ‘Drug’ ‘Measurement’ ‘measurement’ ‘Gender'* limit limit P value
Drowsiness Placebo Baseline 5.8 14.7 df.=1,13, d.f =113, df. =1,13, df.=1,13, 573 36.0 78.7 0
Post 23 47 F=47.239, F=19.269, F=55.14, F=0.05,
THC Baseline 60 131 P<0001t P=0001t P=0.001t P=0.826
Post 59.5 28.2
Tiredness Placebo  Baseline 51.5 233 df.=1,13, df =1,13, df.=1,13, df.=1,13, 249 7.6 42.2 0.008
Post 43.5 251 F=7.787, F=1.978, F=19.809, F=0.636,
THC Baseline 51.3 19.1 P=0.015t P=0.183 P =0.008t P=0.44
Post 68.3 17.5
Nausea Placebo  Baseline 1.8 51 df.=1,13, df =1,13, df. =113, df.=1,13, 137 0.2 27.3 0.047
Post 05 09 F=4958  F=2.04, F=4.326, F=0.83,
THC Bl 19 49 P=0044t P=0.118 P=0.058 P=0777
Post 14.3 241
Euphoria Placebo  Baseline 16.7 264 df.=1,13, df.=1,13, df. =1,13, df.=1,13, 16.3 -1.7 34.3 0.072
Post 13.0 214  F=1.259, F=2.116, F=3.507, F=0.668,
THC Baseline 12.9 19.2 P=0.282 P=0.169 P=0.084 P=0.428
Post 256 23.1

Abbreviations are as follows: Cl, confidence interval; TDI, threshold, discrimination, identification; THC, A>-tetrahydrocannabinol; VAS, visual analog scale. Statistical analysis results
are shown for the repeated-measures ANOVA in a 2 x 2 design (two measurements per day, two medications) and, in addition, as comparisons between the THC and placebo
conditions for the respective differences from baseline. *Given that no effects of ‘gender’ were identified, the interactions including this factor, all having resulted in nonsignificant
effects, are omitted from this table. tSignificant effect (P < 0.05).
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Figure 2

Ratings of the sensory intensity (top) and the pleasantness (bottom) of the 16 odours belonging to the identification subtest of the ‘Sniffin’Stick’ test (listed

at the left side of the heat plot). Left panels show means and 95% confidence intervals of the ratings obtained at baseline and at 2 h following administration

of the medication (THC or placebo), averaged across all 16 odorants and 15 subjects. Right panels are heat plots of the ratings of single odorants of the

identification subtest. The colour coding from green, unpleasant or low intensity, via black, middle intensity of hedonically inert, to red, pleasant or high

intensity, indicates the visual analog scale (VAS) ratings. None of the intensity ratings were changed by THC, and no pattern shift was observed in this cohort.
M, placebo; " M, THC
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Ratings of the drowsiness and association of THC-induced changes in drowsiness and tiredness with THC-induced changes in olfactory test parameters. Left
panel shows means and 95% confidence intervals of the ratings of drowsiness, obtained at baseline and at 2 h following administration of the medication
(THC or placebo), averaged across the 15 subjects. Right panel is a scatterplot matrix of the THC-induced changes in selected parameters and olfactory test
outcomes, calculated as differences of the ratings in the presence of THC from the baseline ratings, corrected for the respective changes in the presence of
placebo. The asterisks indicate significances (P =< 0.001) according to post hoc paired t-test following significant ANOVA effects. M, placebo; | M, THC; ***

P=<0.001

contradicts anecdotal information about cannabis-induced
positive perceptual changes in olfaction [29].

The present findings of reduced olfactory function as
a drug effect of THC reflect the oral dosage of 20 mg,
which is recommended for pain treatment [30]. For com-
parison, cannabis joints have a reported THC content of
13 mg [31]; however, the inhalational route of administra-
tion achieves mean peak plasma concentrations of
77 ng mI™' THC [31], which are 10 times higher than after
oral administration [19, 32], including the concentrations
observed during the present study of 4.8 £ 2.8 ngml™ in
men and 8.1 + 43 ngml™ in women observed 2 h after
THC administration [33]. In contrast, as approved initial
THC dosages for appetite stimulation and relief of nausea
are 2.5 and 5 mg THC [34], respectively, the present find-
ings might not apply to these lower doses. Moreover, it
cannot be excluded that the observed effects are limited
to the time window assessed in the present study, i.e.
close to the time of occurrence of maximal THC plasma
concentrations (see also [33]).

However, the observation also disagrees with expec-
tations from research results obtained in animals, which
have implicated cannabinoids in increased sensitivity
to odorants [15, 35]. In Xenopus laevis, 2-arachidonoyl-
glycerol produced, depending on the hunger state of the
animal, lowered odorant detection thresholds via can-
nabinoid CB; receptor activation [15]. Blockade of CB;
receptors at olfactory receptor neurons resulted in dimin-
ished responses to odorants [35]. Moreover, cannabinoid
signalling plays a role in the regulation of neuronal activ-
ity and signalling in mouse olfactory bulb glomeruli, with
the consequence that activation of CB; receptors may
increase the overall sensitivity of the glomerulus to
sensory inputs [36]. Indeed, CB; receptor signalling in the
olfactory bulb, triggered by both exogenous and endog-
enous cannabinoids, increased odour detection and pro-
moted food intake in fasted mice [37]. The present
observations may hint at a fundamental difference in the
effects of cannabis on olfaction between humans and
animals, which receives some support from different

Br ) Clin Pharmacol / 78:5 / 967
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species expression patterns of CB, receptors. Specifically,
while CB; receptors are expressed in the olfactory bulb of
animals [16, 17], they were not in human olfactory bulbs
at either the mRNA [38] or the proteomic level [39].
Moreover, cognitive factors may have contributed, such
as effects of THC on cerebral information processing [40,
41], which might have included executive functioning
and semantic memory [42] that are important for odour
discrimination and identification [28]. However, the
effects were also observed on odour thresholds reported
to be unrelated to higher cognitive factors [28].

The present data establish a subjectively noticeable
change of the olfactory performance induced by an oral
dose of 20 mg THC in humans. Considering the resurgence
of THC in medical use for pathological conditions, THC-
based analgesics [43] may be accompanied by subjectively
noticeable reductions in olfactory acuity that might be rel-
evant for personalized therapy strategies. The sense of
smell will be reduced to an extent that is known to be
subjectively perceptible, therefore being a noticeable
deterioration of olfactory function.
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