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Abstract
Trazodone is a clinically available anti-depressant that exhibits affinity for serotonin 1A and 2A receptors, as well as for 
alpha-adrenoceptors, suggesting that it may be useful to treat l-3,4-dihydroxyphenylalanine (l-DOPA)-induced dyskinesia 
and psychosis that are encountered in advanced Parkinson’s disease (PD). Here, we investigated the anti-dyskinetic and 
anti-psychotic effects of trazodone in the parkinsonian non-human primate. 6 common marmosets were rendered parkin-
sonian by administration of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Following repeated administration of 
l-DOPA to induce stable dyskinesia and psychosis-like behaviours (PLBs), trazodone (0.1, 1 and 10 mg/kg) or vehicle was 
administered in combination with l-DOPA and its effects on dyskinesia, PLBs and parkinsonism were determined. The addi-
tion of trazodone 10 mg/kg to l-DOPA reduced peak dose dyskinesia by ≈ 39% (P < 0.01) and peak dose PLBs by ≈ 17% 
(P < 0.01). However, parkinsonian disability was significantly worsened by trazodone 10 mg/kg (P < 0.05) and duration 
of anti-parkinsonian action was diminished by ≈ 21% (P < 0.05). Our results suggest that trazodone may be effective in 
alleviating l-DOPA-induced dyskinesia and psychosis in PD, but its deleterious effect on motor function is a concern and 
may limit its tolerability and usefulness in clinical settings.
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Introduction

Psychosis and dyskinesia hinder the quality of life of as 
many as 50–95% of patients with Parkinson’s disease (PD) 
15 years after treatment with l-3,4-dihydroxyphenylala-
nine (l-DOPA) has been commenced (Hely et al. 2005). 

Treatment options for both conditions are few; in fact, only 
clozapine was shown to alleviate each of psychosis (French 
Clozapine Parkinson Study Group 1999; Parkinson Study 
Group 1999) and dyskinesia (Durif et  al. 2004) in ran-
domised, double-blind, placebo-controlled clinical trials. 
Despite its effectiveness in clinical studies, clinicians are 
often reluctant to prescribe clozapine, because of the risk of 
agranulocytosis associated with its use (Alvir et al. 1993).

However, looking at the pharmacological profile of clo-
zapine may be informative when it comes to selecting drugs 
with potential anti-dyskinetic and anti-psychotic action in PD. 
Clozapine is not selective and binds to a wealth of receptors, 
including dopamine D4, serotonin (5-HT) 1A, 2A receptors, 
as well as alpha (α)-adrenoceptors (Ashby and Wang 1996), 
which are considered, individually, as potential targets for 
l-DOPA-induced dyskinesia (Huot et al. 2012b; Lewitt et al. 
2012; Svenningsson et al. 2015; Vanover et al. 2008) and PD 
psychosis (Cummings et al. 2014). Clozapine lack of selec-
tivity makes it virtually impossible to pinpoint a specific 
mechanism by which it alleviates dyskinesia and psychosis, 
but it raises the interesting possibility that drugs with affin-
ity for several targets, including those cited above with which 
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clozapine interact, could potentially be beneficial in alleviating 
l-DOPA-induced dyskinesia and PD psychosis.

Trazodone is a clinically available anti-depressant which, 
as clozapine, displays high affinity for 5-HT1A, 5-HT2A and 
α-adrenoceptors (Owens et al. 1997). Because of its affinity 
for each of these targets, we hypothesised that trazodone 
would effectively alleviate both dyskinesia and psychosis in 
PD. Here, we have tested our hypothesis in the gold-standard 
animal model of PD, the 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP)-lesioned non-human primate. We also 
assessed the effect of trazodone on l-DOPA anti-parkinso-
nian action.

Materials and methods

Induction of parkinsonism, dyskinesia 
and psychosis‑like behaviours in the common 
marmoset

Six common marmosets (Callithrix jacchus; WorldWide Pri-
mates, USA; 3 females and 3 males), weighing 300–450 g, 
were housed in pairs under conditions of controlled tem-
perature (24 ± 1 °C), humidity (50%) and a 12-h light/dark 
cycle (07:15 lights on). Animals were cared for in accord-
ance with a protocol approved by McGill University Ani-
mal Care Committee in accordance with the regulations 
defined by the Canadian Council on Animal Care. Marmo-
sets had unrestricted access to water, food, nuts and fresh 
fruits. Home cages were enriched with primate toys, nest 
boxes and perches. Prior to the start of studies, animals were 
acclimatised to handling, administration of subcutaneous 
(s.c.) treatments, as well as transfer to observation cages for 
behavioural assessment.

Parkinsonism was induced by s.c. injections of MPTP 
hydrochloride (2 mg/kg daily or every other day, for 5 days, 
tailored to the animals’ reaction to MPTP; Sigma-Aldrich, 
Canada). MPTP administration was followed by a 6-week 
recovery period to allow parkinsonian symptoms to develop 
and stabilise. Treatment-related complications, i.e. dyski-
nesia and psychosis-like behaviours (PLBs), were elicited 
by treatment with oral l-DOPA/benserazide (henceforth 
referred to as l-DOPA, 15/3.75 mg/kg; Sigma-Aldrich, Can-
ada) once daily for at least 30 days. This treatment paradigm 
has been previously demonstrated to produce a stable model 
of l-DOPA-induced dyskinesia and PLBs (Hamadjida et al. 
2017, 2018; Huot et al. 2012a, 2014; Johnston et al. 2013).

Administration of trazodone, in combination 
with l‑DOPA, to parkinsonian marmosets

On experimental days, at 08:00, marmosets were injected 
with l-DOPA 15/3.75 mg/kg s.c. (Sigma-Aldrich, Canada) 
in combination with either vehicle (0.9% NaCl) or trazodone 

(0.1, 1 and 10 mg/kg s.c.; Cedarlane Laboratories, Canada). 
Doses of trazodone were selected based on rat studies (Criss-
man and O’Donnell 2002; Mason et al. 1987; Rudissaar 
et al. 2001).

Drug administration schedule was randomised according 
to a Latin square design in which all treatments were admin-
istered to each animal, in a random order. After treatment 
administration, each marmoset was placed individually into 
an observation cage (36 × 33 × 22 in) containing food, water 
and a wooden perch, and left undisturbed for the 6 h dura-
tion of the experiment. Behaviour was recorded via webcam 
and analysed post hoc by a movement disorder neurologist 
blinded to the treatment. At least 48 h were left between each 
experiment in any animal.

Behavioural analysis

The scales used for assessment of behaviour were detailed 
previously (Fox et al. 2010; Huot et al. 2011; Johnston et al. 
2012). Parkinsonian disability was rated for 5 min every 
10 min using a parkinsonian disability scale encompass-
ing measures of range of movement, bradykinesia, posture, 
and attention/alertness. Range of movement was rated on 
a 0–9 scale: 0 = running, jumping between roof, walls, 
perch, using limbs through a wide range of activity; 9 = no 
movement. Bradykinesia was rated from 0 to 3: 0 = normal 
initiation and speed of movement; 3 = prolonged freezing, 
akinesia, inability to move. Postural abnormalities were 
rated 0 or 1: 0 = normal balance, upright posture, head held 
up; 1 = impaired balance, crouched posture, head down. 
Attention/alertness was rated 0 or 1; 0 = normal head check-
ing movements, movement of neck in variable directions, 
smooth, small movements; 1 =  reduced or absent head 
checking, head in one position for more than 50% of obser-
vation period. The score attributed to each of the behaviours 
assessed was the most prevalent during the 5-min obser-
vation period. A global parkinsonian disability score was 
calculated as a combination of the aforementioned behav-
iours, equally weighted, according to the following formula: 
(range of movement × 1) + (bradykinesia × 3) + (pos-
ture × 9) + (alertness × 9). The maximal parkinsonian dis-
ability score per 5 min observation period was 36.

l-DOPA-induced dyskinesia and PLBs were also 
assessed. Both dyskinesia and PLBs were rated from 0 to 
4. For dyskinesia, 0 = absent, while 4 = severe, continu-
ous, replacing normal activity, present more than 70% of 
the observation period. In each 5-min period of assessment, 
choreiform and dystonic dyskinesias were graded separately 
and the dyskinesia score given reflected the most disabling 
dyskinesia observed. The following PLBs were assessed: 
hyperkinesia, response to non-apparent stimuli (hallucina-
tory-like behaviour), repetitive grooming and stereotypies. 
Each of these was rated from 0 to 4: 0 = absent; 4 = severe, 
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at times interfering with normal activity, present more than 
30% of the observation period. For every 5-min period of 
assessment, the PLBs score attributed was the most disa-
bling of any of the four sub-scores observed. Several articles 
assessing PLBs in the MPTP-lesioned marmoset have been 
published (Fox et al. 2006, 2010; Hamadjida et al. 2017, 
2018; Huot et al. 2011, 2012a; Visanji et al. 2006) and the 
scale used here to rate behaviours was detailed and validated 
in Fox et al. (2010). Peak dose dyskinesia/PLBs correspond 
to 60–150 min after treatment administration.

Dyskinesia, PLBs and parkinsonian disability scores were 
cumulated for each hour across the entire 6 h of observation. 
Duration of anti-parkinsonian benefit, on-time, was defined 
as the number of minutes for which bradykinesia score was 
0.

Statistical analysis

Categorical, discontinuous scores for parkinsonian dis-
ability, dyskinesia and PLBs severity are presented as the 
median with individual values and were analysed using non-
parametric Friedman followed by Dunn’s post hoc tests. On-
time data are presented as the mean ± standard error (SEM) 
and were analysed by one-way repeated measures analysis 
of variance (RM ANOVA) followed by Tukey’s post hoc 
tests. Statistical significance was assigned when P < 0.05. 
Statistical analyses were computed using GraphPad Prism 
6.0 h (GraphPad Software Inc, La Jolla, USA).

Results

Trazodone appeared to be poorly tolerated by animals, espe-
cially at 10 mg/kg, where it seemed to have a sedative effect 
on marmosets. Female and male animals showed similar 
reactions to the effects of trazodone.

Trazodone reduces the severity of l‑DOPA‑induced 
dyskinesia

As illustrated in Fig.  1a, adding trazodone to l-DOPA 
resulted in a significant reduction of dyskinesia severity in 
the first 2 h following treatment administration [Friedman 
statistic (FS) = 17.00, P < 0.001]. Thus, when trazodone 
10 mg/kg was added to l-DOPA, dyskinesia was reduced 
by ≈ 48% (P < 0.001, Dunn’s post hoc test), when compared 
to l-DOPA/vehicle. The addition of trazodone 0.1 or 1 mg/
kg to l-DOPA did not diminish dyskinesia severity, when 
compared to l-DOPA/vehicle.

As shown in Fig. 1b, trazodone significantly decreased 
the severity of peak dose dyskinesia (FS = 12.56, P < 0.01). 
Thus, when trazodone 10 mg/kg was added to l-DOPA, peak 
dose dyskinesia was reduced by ≈ 39% (P < 0.01, Dunn’s 
post hoc test), when compared to l-DOPA/vehicle. The addi-
tion of trazodone 0.1 or 1 mg/kg to l-DOPA did not diminish 
peak dose dyskinesia severity, when compared to l-DOPA 
alone.
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Fig. 1   a Dyskinesia severity in the first 2 h following administration 
of l-DOPA in combination with trazodone (0.1, 1 and 10 mg/kg) or 
vehicle. b Peak dose dyskinesia severity in MPTP-lesioned marmo-

sets treated with l-DOPA in combination with trazodone (0.1, 1 and 
10 mg/kg) or vehicle. Data are presented as the median with individ-
ual values. **P < 0.01; ***P < 0.001
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Trazodone reduces the severity of l‑DOPA‑induced 
psychosis‑like behaviours

As illustrated in Fig.  2a, adding trazodone to l-DOPA 
resulted in a significant reduction of PLBs severity in the 
first 2 h following treatment administration (FS = 14.53, 
P < 0.001). Thus, when trazodone 10 mg/kg was added to 
l-DOPA, PLBs were reduced by ≈ 30% (P < 0.01, Dunn’s 
post hoc test), when compared to l-DOPA/vehicle. The addi-
tion of trazodone 0.1 or 1 mg/kg to l-DOPA did not reduce 
PLBs, when compared to l-DOPA/vehicle.

As shown in Fig. 2b, trazodone significantly decreased 
the severity of peak dose PLBs (FS = 8.38, P < 0.05). Thus, 
when trazodone 10 mg/kg was added to l-DOPA, peak dose 
PLBs were reduced by ≈ 17% (P < 0.05, Dunn’s post hoc 
test), when compared to l-DOPA/vehicle. The addition of 
trazodone 0.1 or 1 mg/kg to l-DOPA had no effect on peak 
dose PLBs, when compared to l-DOPA/vehicle.

Trazodone hinders l‑DOPA anti‑parkinsonian action

As illustrated in Fig.  3a, adding trazodone to l-DOPA 
resulted in a significant increase of parkinsonian disability 
in the first 2 h after treatment administration (FS = 11.58, 
P < 0.01). Thus, when trazodone 10 mg/kg was added to 
l-DOPA, parkinsonism severity was increased by ≈ five-
fold (P < 0.05, Dunn’s post hoc test), when compared to 
l-DOPA/vehicle, while it was increased by  ≈  fourfold 
(P < 0.05, Dunn’s post hoc test), when l-DOPA/trazodone 
10 mg/kg was compared to l-DOPA/trazodone 0.1 mg/kg. 
The addition of trazodone 0.1 or 1 mg/kg to l-DOPA did not 
worsen parkinsonian disability, when compared to l-DOPA/
vehicle.

As shown in Fig. 3b, trazodone significantly decreased the 
duration of on-time (F(3,15) = 4.09, P < 0.05, one-way RM 
ANOVA). Thus, after administration of l-DOPA/vehicle, 
duration of on-time was ≈ 195 min, while it was ≈ 170 min 
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Fig. 2   a PLBs severity in the first 2  h following administration of 
l-DOPA in combination with trazodone (0.1, 1 and 10  mg/kg) or 
vehicle. b Peak dose PLBs severity in MPTP-lesioned marmosets 

treated with l-DOPA in combination with trazodone (0.1, 1 and 
10 mg/kg) or vehicle. Data are presented as the median with individ-
ual values. *P < 0.05; **P < 0.01

Fig. 3   a Parkinsonism sever-
ity in the first 2 h following 
administration of l-DOPA in 
combination with trazodone 
(0.1, 1 and 10 mg/kg) or 
vehicle. b On-time, in MPTP-
lesioned marmosets treated with 
l-DOPA in combination with 
trazodone (0.1, 1 and 10 mg/
kg) or vehicle. In a data are 
presented as the median with 
the individual values, while in b 
they are displayed as the mean 
with standard error. *P < 0.05
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after l-DOPA/trazodone 0.1 mg/kg (P > 0.05, Tukey’s 
post hoc test), ≈ 188 min after l-DOPA/trazodone 1 mg/
kg (P > 0.05, Tukey’s post hoc test), and ≈ 155 min after 
l-DOPA/trazodone 10 mg/kg (≈ 21% reduction, P < 0.05, 
Tukey’s post hoc test).

Discussion

In this study, we have demonstrated that trazodone effec-
tively reduces both dyskinesia and PLBs, in the MPTP-
lesioned marmoset. However, at effective dose, trazodone 
appeared to sedate the animals and to hamper l-DOPA 
anti-parkinsonian action, which may limit its use in the PD 
population. The extent to which this sedative effect of tra-
zodone contributed to the reduction of dyskinesia and PLBs 
encountered here remains to be determined.

To the best of our knowledge, this is the first study that 
assesses the potential effect of trazodone on both l-DOPA-
induced dyskinesia and dopaminergic psychosis, although a 
case-report had previously suggested that trazodone could 
have a beneficial effect on dyskinesia (El-Awar et al. 1987). 
Case-series, open-label and uncontrolled studies suggested 
that trazodone might alleviate parkinsonian disability, 
mostly tremor, in PD subjects, but many patients experi-
enced sedation in these trials (Cerone et al. 1977a, b; Mas-
trosimone et al. 1980; Piccinin et al. 1981; Ruggieri et al. 
1977; Werneck et al. 2009). In contrast, trazodone did not 
alleviate parkinsonian tremor in a double-blind trial (Sanson 
et al. 1986), somewhat shedding doubt on its potential effect 
against parkinsonian tremor.

Because trazodone is a non-selective drug, as mentioned 
in the “Introduction”, its anti-dyskinetic and anti-psychotic 
actions likely stem from an interaction with several tar-
gets, notably 5-HT1A and 5-HT2A receptors, as well as 
α-adrenoceptors. Its affinity for 5-HT1A receptors could 
explain its deleterious effect on l-DOPA anti-parkinsonian 
action, as a reduction of l-DOPA therapeutic benefit has 
often been encountered when 5-HT1A receptors are acti-
vated, in both primate studies (Iravani et al. 2006) and clini-
cal trials (Goetz et al. 2007). Trazodone also exhibits high 
affinity for histamine 1 receptors (Owens et al. 1997), which 
could underlie the sedative effect encountered here (Yanai 
et al. 2017). Trazodone has little affinity for dopamine recep-
tors (Richelson and Nelson 1984); for that reason, dopamine 
receptor blockade is unlikely to be a major contributor to 
the reduction of anti-parkinsonian action encountered here.

In summary, trazodone was effective in alleviating both 
l-DOPA-induced dyskinesia and PLBs in our study. How-
ever, it was impossible to separate these therapeutic effects 
of trazodone from sedation and a reduction of the benefit 
conferred by l-DOPA on parkinsonian disability. This 
suggests that, at beneficial dose, trazodone may be poorly 

tolerated by PD subjects, which may limit its potential 
usefulness in PD.
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