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Abstract

Trihexyphenidyl is an antimuscarinic agent used for managing motor symptoms in Parkinson’s disease
(PD). Despite its therapeutic use, trihexyphenidyl misuse and addiction have been reported. Its anti-
muscarinic effect alone does not explain this abuse potential. This study investigated if trihexyphenidyl
produces psychostimulant-like behavioural effects in mice related to dopamine signalling. Male and
female mice received 1 or 2 mg/kg trihexyphenidyl orally before open field and forced swim tests. Tri-
hexyphenidyl at 2 mg/kg increased locomotor activity, prevented by olanzapine pre-treatment. It also
decreased forced swim test immobility time. These findings suggest trihexyphenidyl has dopamine-
mediated psycho-stimulant properties, providing preclinical evidence for its abuse liability. Further stud-
ies on trihexyphenidyl’'s impact on dopamine neurotransmission and addiction risk are warranted.
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Trihexyphenidyl is an anticholinergic agent be-
longing to the anti-Parkinsonian medication class.
It is primarily used for managing extrapyramidal
motor symptoms associated with neuroleptic drug
treatment and symptoms of idiopathic Parkinson's

disease (PD) including tremors [1-5]. Trihex-
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yphenidyl exerts its therapeutic effects by block-
ing muscarinic acetylcholine receptors, particular-
ly the M1 subtype [6-10]. This antagonizes cho-
linergic transmission in the basal ganglia, lower-
ing inhibitory output and improving motor function
[11-13]. The standard trihexyphenidyl dose for
adults is 2-5 mg two to three times per day, up to
a maximum of 15 mg daily [14-20].

While effective for PD motor symptoms, trihex-
yphenidyl's anticholinergic activity can produce
peripheral and central side effects. Reduced sali-
vary secretion, constipation, blurred vision, uri-
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nary retention, cognitive impairment, and memory
dysfunction are common antimuscarinic effects
[14,21]. Trihexyphenidyl may also lower seizure
threshold and elicit neuropsychiatric symptoms
like confusion, hallucinations, and mood changes
[22,24].

In recent years, clinical reports have described
trihexyphenidyl misuse and addiction among pa-
tients prescribed it for PD or off-label uses [25-
27]. Documented features of trihexyphenidyl ad-
diction include craving, compulsive intake, with-
drawal effects, and dose escalation [25,26,28].
This indicates trihexyphenidyl may possess re-
warding psychoactive properties beyond its ther-
apeutic antimuscarinic effects. However, its anti-
cholinergic action alone does not explain its
abuse liability and addiction risk [28].

Some evidence suggests trihexyphenidyl may
also act on dopamine signalling to elicit psychost-
imulant-like effects contributing to misuse poten-
tial [25,29,30]. However, its dopaminergic mecha-
nisms and abuse liability have not been thorough-
ly characterized. This study aimed to determine if
trihexyphenidyl produces locomotor stimulant and
antidepressant-like effects in mice resembling
known psychostimulants that increase dopamine
transmission [31,32]. We administered trihex-
yphenidyl to mice at previously reported psycho-
active doses before open field and forced swim
tests. We also examined if the dopamine D2 an-
tagonist olanzapine could prevent trihex-
yphenidyl's effects.

2. MATERIALS AND METHODS

Animals: Adult male and female Swiss Albino
mice (25-30 g) aged 3-4 months were obtained
from the institutional animal facility. They were
group housed at 22 + 2°C and 55 * 5% humidity
under a 12:12 h light/dark cycle. Mice had free
access to food and water. The study registered
and approved by College of Pharmacy-University
of Mosul (approval letter DPT03 on 29.11.2023).
Drugs and chemicals: Trihexyphenidyl hydro-
chloride and olanzapine (Sigma-Aldrich, St.
Louis, MO, USA) were freshly prepared before
intraperitoneal injection by dissolving in 0.9%
saline at a volume of 10 ml/kg body weight. Con-
trol animals received equivalent saline volumes.
Open field test. The open field test evaluated
trihexyphenidyl's effects on general locomotor ac-
tivity in mice [33]. The apparatus was a clear Plex-
iglas box (40 x 40 x 30 cm) with the floor split into
16 squares (10 x 10 cm each) by lines. It was lit to
350 lux. Mice were given trihexyphenidyl (1 or 2
mg/kg IP), olanzapine (0.5 mg/kg IP), saline, or
trihexyphenidyl plus olanzapine combinations.
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Olanzapine was administered 30 minutes before
trihexyphenidyl. Afterwards, mice were placed in
the box center and activity was video recorded for
60 minutes. Total distance travelled (cm) and mo-
bility time (s) were analyzed using AnyMaze soft-
ware (Stoelting Co., Wood Dale, IL, USA). The
apparatus was cleaned with diluted bleach be-
tween ftrials.

Forced swim test: The forced swim test evalu-
ated trihexyphenidyl's potential antidepressant ef-
fects in mice [34]. Mice were individually placed
into a glass cylinder (15 cm diameter, 25 cm
height) filled with 15 cm deep 22-24°C water for 6
minutes. Fresh water was used for each mouse.
Immobility time was manually scored when the
mouse remained floating motionlessly except for
movements required to keep its head above water.
Mice received trihexyphenidyl (1 or 2 mg/kg IP) or
saline 15 minutes before testing.

Statistical analysis: Data were expressed as
mean + standard error of mean (SEM). Open field
parameters were analyzed by two-way analysis of
variance (ANOVA) followed by Bonferroni's post hoc
test. Forced swim test immobility times were
analyzed using one-way ANOVA and Bonferroni's
post hoc test. P < 0.05 was considered statistically
significant. Statistical analysis was performed using
GraphPad Prism version 5.0 (San Diego, CA, USA).

3. RESULTS

3.1. Trihexyphenidyl increases locomotor
activity in the open field test

In the open field test, there was an overall de-
crease in distance travelled over the 60 minute trial
duration (F1.647,29.65=9.493, p<0.01; Figure 1).
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Figure 1. Locomotor activity effect of trihexyphenidyl. The
figure demonstrates the effect of trihexyphenidyl on locomotion
at dose of 1 or 2 mg/kg IP, measured by distance travelled (m)
over 60 min measured every 10 min (10, 20, 30, 40, 50, and
60). Data expressed as mean+SD. *indicates a significantly
difference between groups using One-Way ANOVA with post-
hoc analysis in comparison to other groups at p<0.05.
Sol=control solvent or saline, THP= trihexyphenidyl.



TRIHEXYPHENIDYL HAS A PSYCHOSTIMULANT-LIKE EFFECT ON MICE 207

However, this time effect varied between the treat-
ment groups as indicated by a significant treatment
x time interaction (F6,54=2.978, p<0.05). Sidak's
test revealed mice treated with 2 mg/kg trihex-
yphenidyl travelled greater total distance compared
to saline controls during the 10-20 min (p<0.01)
and 20-30 min (p<0.05) time bins post-injection.
The 1 mg/kg trihexyphenidyl group did not differ
from saline controls. This demonstrates an acute
hyperlocomotor effect of trihexyphenidyl at the 2
mg/kg dose.

3.2. Olanzapine pretreatment attenuates
trihexyphenidyl-induced hyperlocomotion

Mice pretreated with olanzapine prior to 2 mg/kg
trihexyphenidyl showed reduced distance trav-
elled compared to saline pretreatment over 60
minutes (F1,12=5.694, p<0.05; Figure 2). Sidak's
test indicated significantly lower activity in the
olanzapine group during the 10-20 min period
after trihexyphenidyl administration (p<0.05). This
suggests dopamine receptor blockade with
olanzapine can mitigate the hyperlocomotor ef-
fects of trihexyphenidyl.
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Figure 2. Locomotor activity effects of olanzapine versus
trihexyphenidyl. The figure demonstrates the effect of
trihexyphenidyl (2mg) with or without olanzapine (1mg) on
locomotion measured by distance travelled (m) over 60 min
measured every 10 min (10, 20, 30, 40, 50, and 60). Data
expressed as mean+SD. * indicates a significantly
difference between groups using One-Way ANOVA with
post-hoc analysis in comparison to other groups at p<0.05.
ola=olanzapine, THP= trihexyphenidyl.

3.3. Trihexyphenidyl reduces immobility in
the forced swim test

One-way ANOVA demonstrated a significant ef-
fect of treatment on immobility time in the forced
swim test (F2,18=60.64, p<0.001; Figure 3).
Dunnett's test showed both trihexyphenidyl doses
significantly decreased immobility compared to

the saline control group (p<0.001), indicative of
antidepressant-like effects. The reduction in im-
mobility time was greater with 2 mg/kg compared
to 1 mg/kg trihexyphenidyl.
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Figure 3. Effect of trihexyphenidyl on forced swimming test
immobility. The figure demonstrates the effect of trihexyphenidyl
at doses of 1mg and 2mg per kg on mobility measured by
forced swimming test. Data expressed as meaniSD. *
indicates a significantly difference between groups using One-
Way ANOVA with post-hoc analysis in comparison to other
groups at p<0.05. Sol=solvent or saline.

4. DISCUSSION

This study provides initial evidence that trihex-
yphenidyl induces psychostimulant-like effects in
mice at doses reported to have abuse liability in
humans [25,29,35]. Mice administered 2 mg/kg
trihexyphenidyl exhibited increased locomotor
activity in the open field test, indicated by higher
distance travelled and mobility time versus saline
controls. Hyperlocomotion signals psychomotor
stimulation and augmented dopamine neuro-
transmission [10,31,36]. Further, the dopamine
D2 antagonist olanzapine prevented the hyperac-
tivity elicited by 2 mg/kg trihexyphenidyl, implicat-
ing dopamine signalling in its stimulant effect.

In the forced swim test, trihexyphenidyl dose-
dependently lowered immobility times, consistent
with antidepressant efficacy. Most antidepres-
sants similarly reduce immobility by enhancing
monoamine signalling, especially dopamine
[32,34]. Considering trihexyphenidyl's psychost-
imulant profile in the open field test, its immobility
lowering action could also involve increased do-
pamine neurotransmission. Collectively, these
findings resemble known psychostimulants and
indicate trihexyphenidyl may possess dopamine
elevating effects that could underlie psychoactive
and abuse-related properties.

While traditionally considered an antimusca-
rinic agent, trihexyphenidyl's dopaminergic inter-
actions are not well-characterized. Positron emis-
sion tomography imaging revealed trihexyphenidyl
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partly reversed dopamine cell loss in PD patients,
suggesting increased dopamine release [37,38]. In
rats, trihexyphenidyl elevated dopamine levels in
the prefrontal cortex and nucleus accumbens,
brain regions mediating its psychoactive and re-
warding effects [39-41]. The current results support
and extend these reports by demonstrating tri-
hexyphenidyl elicits behavioural effects in mice
consistent with stimulated dopamine signalling.

The precise mechanisms enabling trihex-
yphenidyl to modulate dopamine neurotransmis-
sion remain unclear. Given its structural similarity
to dopamine receptor antagonists like chlorprom-
azine, trihexyphenidyl may directly interact with
dopamine D2 receptors at higher concentrations
[30,42,43]. Alternatively, by blocking inhibitory
muscarinic M4 receptors on midbrain dopamine
neurons, it could indirectly increase their activity
and dopamine release [44-47]. Further studies
delineating trihexyphenidyl's effects on dopamine
neurochemistry and signalling pathways mediat-
ing its actions are warranted.

5. CONCLUSION

This preclinical study provides initial evidence
that trihexyphenidyl exhibits psychostimulant-like
behavioural properties in mice that appear
dopamine-dependent. At doses linked to human
misuse, trihexyphenidyl stimulated open field
locomotor activity and reduced forced swim
immobility resembling known psychostimulants
that elevate dopamine transmission. These
findings could help explain documented clinical
cases of trihexyphenidyl abuse and addiction.
Further research characterizing trihexyphenidyl's
impact on dopamine signalling and addiction-
related neurobiology is justified to elucidate its
abuse liability mechanisms. This could identify
strategies to mitigate misuse risk while retaining
therapeutic efficacy.
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