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A: A meta-analysis of the average water intake across 241 male rats. B: presents the 
stratification of animals into high- and low-drinking groups, along with the stability of 
these classifications over time. C: Effect of Citalopram (CIT), Atomoxetine (ATX), and 
Bupropion (BUP) on water intake following acute administration in the SIP model, 
assessed across all animals as well as within high- and low-drinking subgroups.

Treatments administered in a counterbalanced sequence. Citalopram expt. N=30 rats; 
ATX expt. N=34 rats; BUP expt. N=30 rats. Lower panel: Rats from each study were sub-
grouped into high and low tertile groups (N=10 rats per tertile) based on water intake post 
vehicle pretreatment. The middle tertile data is omitted for clarity. Data are presented as 
mean ± SEM. Statistical significance was set at p < 0.05. 

The effect of CIT on PREM responses and PSVs after correct and incorrect (PSV C/I) 
responses in total animals (N=59) as well as in high and low sub-groups (N=14 rats per 
quartile). Data presented as mean ± SEM. *P < 0.05 vs vehicle (Veh); #P < 0.05 vs 5sITI as a 
control baseline (standard 5-CSRTT prior to long ITI challenge).

The effect of ATX on PREM responses and PSVs after correct and incorrect (PSV C/I) 
responses in total animals (N=60) as well as in high and low sub-groups (N=15 rats per 
quartile). Data presented as mean ± SEM. *P < 0.05 vs vehicle (Veh); #P < 0.05 vs 5sITI as a 
control baseline (standard 5-CSRTT prior to long ITI challenge).

Intrusive thoughts and urges are common experiences, but 
when they become persistent and disruptive—manifesting as 
obsessions and compulsions—they may indicate obsessive–
compulsive disorder (OCD), a condition affecting ~2.5–3% of 
the population and associated with significant functional 
impairment. Compulsive behaviors are also observed across a 
range of psychiatric disorders, highlighting their value as a 
transdiagnostic endophenotype for translational research. 
Preclinical models such as schedule-induced polydipsia (SIP) 
and compulsive responding (measured as perseverative 
responses) in the 5-choice serial reaction time task (5-CSRTT) 
capture key features of compulsive action and reveal 
substantial individual variability, enabling investigation of 
high-compulsivity phenotypes. Both models are widely used 
to evaluate pharmacological interventions. However, a key 
question is whether these models show consistent drug 
effects or diverge in their sensitivity, and consequently, which 
paradigm provides the more predictive and translationally 
relevant measure of compulsive behavior. The present studies 
therefore compared the effects of 3 monoamine reuptake 
inhibitors—Citalopram (selective 5-HT; SSRI), Atomoxetine 
(selective NA; SNRI), and Bupropion (mixed DA/NA reuptake 
inhibitor)—on compulsive action measured using SIP and 
5-CSRTT paradigms. The effect of these treatments on 
impulsive action was also assessed in the 5-CSRTT.
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SIP task: Male Wistar rats were trained on a fixed-interval 60-s 
food reinforcement schedule with concurrent access to water, 
and both food and water intake were recorded during 1-hour 
daily sessions. Once drinking stabilized, animals underwent 
repeated drug testing under the same conditions, measuring 
pellet intake and water consumption. 

5CSRT task: Male Long–Evans rats were trained to nose-poke 
in response to brief, randomly presented visual stimuli for 
food rewards, with performance shaped by reducing stimulus 
duration over time until stable accuracy criteria were reached. 
On reaching stable performance under standard conditions 
(0.75s SD, 5s ITI, 100 trials), on test days the rats were tested 
on a long ITI test condition (0.3s SD, 10s ITI, 100 trials) to tax 
their response control. Compulsive action was measured by 
perseverative nose-pokes (PSV) following a correct & incorrect 
responses (PSV C/I) and impulsive action was measured by 
premature responses (PREM) made prior to stimulus 
presentation. 

Drug testing used a repeated-measures design so analysed by 
Repeated Measure ANOVA. Animals were also sub-grouped 
into low- and high-compulsive phenotypes based on the 
lowest and highest tertile or quartile of PSV responding 
(5-CSRTT) or water intake (SIP). Citalopram (1-10 mg/kg IP), 
Bupropion (5-20 mg/kg IP) and Atomoxetine (0.1-2 mg/kg IP) 
were each administrated 30 min pretest. 

METHODS

RESULTS: 5-CHOICE SERIAL REACTION TIME TASK

CIT, a first-line treatment for OCD, reliably reduced both 
measures of compulsive-like behavior in the SIP and 5-CSRTT 
paradigms while also decreasing impulsive behaviors at 
comparable doses. These findings were particularly evident in 
the high compulsive/impulsive sub-groups and are consistent 
with  the established clinical efficacy of CIT (and other SSRIs) 
in OCD. Therefore, 5-HT via citalopram may be affecting 
different sets of 5HT receptors or perhaps of the same type 
but in different neural locations. 

ATX, a clinically approved treatment for ADHD had relatively 
minor effects on compulsive-like behaviors measured in the 5-
CSRTT and SIP tasks, at doses that reliably reduced 
premature responding in the 5-CSRTT. A general lack of effect 
of ATX on PSV responses in the 5-CSRTT were noted under 
both standard task conditions (data not shown) and a 10s ITI 
schedule. This suggests a degree of task-specific or domain-
selective efficacy, with a more pronounced impact of ATX on 
impulsive action relative to compulsive action, and that in 
compulsive action it might work through its effect on  engage 
stress/limbic noradrenergic systems that drive SIP.

BUP increased impulsive action, consistent with its DA-ergic 
property, the largely opposing  roles of NA and 5HT systems. 
Effects on compulsive-like behavior were assay- and 
phenotype-dependent. In the SIP model, the lowest dose of 
BUP increased compulsive-like drinking, particularly in high-
drinking animals. Conversely, in the 5-CSRTT at the same 
dose, BUP reduced compulsive responding in animals with 
high baseline compulsivity, while increasing it in those with 
lower baseline impulsivity, indicating a differential, baseline-
dependent modulation of behavior across tasks. Moreover, 
low dose (5mg/kg) clearly increases compulsive responding in 
both paradigms (for 5-CSRTT only in low compulsives)- and 
also increases PREM but over a different, higher dose-range. 

In summary these data highlights: 

 The behavioral measures reflect a difference between 
impulsivity and compulsivity measures although both 
imply a loss of behavioral control. 

 SIP and 5-CSRTT sensitivity to different aspects of 
compulsive behavior appears to diverge and SIP simply 
seems to be a more sensitive measure than 5-CSRTT.

 The effects of the 3 principal CNS monoamine systems (5-
HT, NA, DA) on the central control of impulsive and 
compulsive action are different. It would be prudent to 
extend these findings to other SNRi’s (e.g. reboxetine) and 
SSRI’s (e.g. sertraline). The clinical efficacy of triple 
reuptake inhibitors across disorders characterized by 
these endophenotypes will likely be dependent on their 
relative reuptake inhibitory properties across the 3 
monoamine systems. For example, an NCE having a 
margin of  NET selectivity, may not be particularly effective 
to treat conditions associated with compulsive disorder.

CONCLUSIONS

A

B

RESULTS: 5-CHOICE SERIAL REACTION TIME TASK

Primary monoamine transporter inhibition profiles of CIT, ATX and BUP are summarised, 
showing their relative potency at the serotonin (SERT, 5-HT), norepinephrine (NET, NA), 
and dopamine (DAT, DA) transporters based on reported in vitro affinity values (nM). 

Assay SIP 5-CSRTT (PSV)

Core behaviour

Excessive, compulsive-like consummatory 
response Repetitive responding after reward

Affective / urge-driven Cognitive / control-driven

Primary
Stress, frustration (intermittent reward) Impaired inhibitory control

Bottom-up (habit, stress reactivity) Top-down (executive dysfunction)

Neuro Stress-related systems Cortico-striatal control 

Interpretation Affective compulsion driven by internal state Cognitive compulsion driven by failure to stop 
responding

Compound SERT (5-HT) NET (NA) DAT (DA) Primary transporter profile

Citalopram
~1.8 nM ~8,800 nM ~41,000 nM

Selective SERT inhibitor
(High) (Low) (Low)

Atomoxetine
~75 nM ~5 nM ~1,450 nM

Selective NET inhibitor
(Moderate) (High) (Low)

Bupropion
>10,000 nM ~1,900 nM ~550 nM

Dual NET/DAT inhibitor
(Low) (Moderate) (Moderate)

#

BACKGROUND INFORMATION

The effect of BUP on PREM responses and PSVs after correct and incorrect (PSV C/I) 
responses in total animals (N=60) as well as in high and low sub-groups (N=15 rats per 
quartile). Data presented as mean ± SEM. *P < 0.05 vs vehicle (Veh); #P < 0.05 vs 5sITI as a 
control baseline (standard 5-CSRTT prior to long ITI challenge).

This figure compares the behavioural domains captured by two commonly used 
preclinical assays of compulsivity. SIP is characterised by excessive, repetitive 
behaviour that interpreted as an affective form of compulsivity. In contrast, PSV 
responses  in the 5-CSRTT represents a cognitive, control-deficit form of compulsivity.
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C Atomoxetine BupropionSIP Acquisition (All)

SIP Acquisition (Tertiles)

Citalopram (All; N=59)

Citalopram (N=14, 25%)

Citalopram (All; N=59)

Citalopram (N=14, 25%)

Atomoxetine (All; N=60)

Atomoxetine (N=15, 25%)

Atomoxetine (All; N=60)

Atomoxetine (N=15, 25%)

Bupropion (All; N=60)

Bupropion (N=15, 25%)

Bupropion (All; N=60)

Bupropion (N=15, 25%)

Compulsivity is not a unitary construct—its neural control is 
domain-specific and monoamine-dependent, with SIP and 
5-CSRTT might capturing partially distinct aspects of 
compulsive behaviour; accordingly, therapeutic efficacy, 
including that of triple reuptake inhibitors, is likely determined 
by the balance of 5-HT, NA, and DA modulation.
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