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Abstract
Depression and anxiety are psychiatric diseases that commonly occur together, and the patient burden
and complexity increase when both are present. Comorbid anxiety and depression are often more
resistant to common drug treatments such as antidepressants. Combination therapy is a suggested
approach in treating these patients, where a decline of doses could reduce undesirable outcomes and still
achieve optimal effects. We, therefore, conducted a preclinical study to assess the effect of two-drug
combinations of citalopram, bupropion, and scopolamine on anxiety- and antidepressive-like behaviors in
male NMRI mice and aimed to determine the nature of the interaction between components. Anxiety- or
antidepressive-like activity of mice was assessed by the hole-board or forced swim test (FST),
respectively. Our results revealed that citalopram (0.01- 0.25 mg/kg; i.p.), bupropion (1-9 mg/kg; i.p.) or
scopolamine (0.01-0.1 mg/kg; i.p.) diminished immobility time in the FST, suggesting an antidepressive-
like effect. Citalopram decreased dead-dip counts in the hole-board, indicating an anxiogenic-like activity.
All two-drug combinations, at inactive doses, exerted an antidepressive-like behavior. Only
bupropion/scopolamine combination increased head-dip counts compared to the bupropion/saline
group. Isobolographic analysis revealed an antidepressive synergy effect between citalopram plus
bupropion, and an antidepressive additive impact between scopolamine plus citalopram or bupropion. It
should be noted that the higher dose of each drug alone declined locomotor activity, while two-drug
combinations did not affect this parameter. These results suggest a stronger antidepressive effect for
citalopram/bupropion combination than other two-drug combinations.

1. Introduction
Depression and anxiety disorders are the major causes of morbidity that affect more than 16% of adults
over their lifetime. Today, there is a wide array of antidepressants with robust e�cacy to treat both mood
and anxiety disorders (Ballenger 2000). The drugs most frequently prescribed for the treatment of these
conditions are selective serotonin reuptake inhibitors (SSRIs) that bind serotonin (5-HT) transporters,
leading to the accumulation of 5-HT and improvement of depression (Owens and Nemeroff 1994; Jin et
al. 2017). However, in some patients, SSRIs are ineffective or only partially effective (Zimmerman et al.
2016). Citalopram, as an antidepressant agent within the SSRI class, has proven to be effective in
treating major depression, other depressive disorders, and panic disorder. It may be effective in treating of
other anxiety disorders, substance use disorders, and a few medical conditions (Bezchlibnyk-Butler et al.
2000). However, it has been reported that only about 30% of patients were recovering after 12 weeks of
citalopram treatment (Trivedi et al. 2006).

Bupropion is an atypical antidepressant because its mechanisms of action differs from all other
antidepressants (Piacentini et al. 2003). It acts through dual inhibition of norepinephrine and dopamine
reuptake without altering serotonergic neurotransmission (Kavoussi et al. 1997). However, bupropion is
as effective as other antidepressants, including SSRIs and tricyclic antidepressants (Huecker et al. 2021),
without causing the adverse effects of common antidepressants. Therefore, bupropion is considered an
antidepressant with unique pharmacologic properties with speci�c tolerability (Stahl et al. 2004).
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However, the exact mechanism as to how bupropion elicits antidepressant activity is still unclear
(Kotagale et al. 2013).

Scopolamine is a nonselective muscarinic antagonist that produces relatively rapid antidepressant
effects. The rapid antidepressant effect of scopolamine is thought to be linked to neuroplasticity within
glutamatergic synapses (Drevets et al. 2020). Scopolamine also produces mixed effects in the anxiety-
like behavior of rodents. Extensive evidence has shown that scopolamine impairs attention, learning, and
memory at the doses used to produce antidepressant effects (Klinkenberg and Blokland 2010).

In order to limit the potentially harmful effects of antidepressants and make them more effective, we
hypothesized that a combination of low-dose medications could be a good option for treating depression.
Therefore, we selected three drugs from different classes of antidepressants, including citalopram,
bupropion, and scopolamine, and examined their effects on anxiety- and antidepressive-like behaviors of
mice. Then, the interaction between inactive doses of two-drug combinations was investigated. Finally,
the type of interaction was determined using the isobolographic analysis.

2. Material And Methods

2.1. Experimental subjects
Male adult NMRI mice (25- 30 g) were obtained from the ICSS (Institute of Cognitive Sciences Studies,
Tehran, Iran) breeding colony. Mice were housed in cages of eight at 22 ± 2℃ in a 12-h light/dark cycle
(light on at 7:00 a.m.). Tap water and standard food pellets were available ad libitum. The study was
conducted under experimental protocols approved by the Animal Care and Research Ethics Committee of
Tehran University of Medical Sciences, Tehran, Iran. Housing and experimental procedures were
conducted under the Guide for the Care and Use of Laboratory Animals (National Institutes of Health
Publication No. 85-23, revised 2010).

2.2. Drug solutions and administration
Citalopram hydrobromide (Daroupakhsh, Tehran, Iran), bupropion hydrochloride (Sigma–Aldrich, St.
Louis, MO, USA), and scopolamine hydrobromide (Tocris Bioscience; Bristol, UK) were dissolved in 0.9%
saline and injected via intraperitoneal (i.p.) route. Control animals received saline (10 ml/kg). All solutions
were freshly prepared before use and administered at a volume of 10 ml/kg. To determinate the effect of
co-administration of two components, they were administered i.p.; one immediately after the other, but
not in the same solution. This was done to avoid a possible chemical interaction of two compounds in
the same solution. Doses employed in the protocols were based upon our preliminary experiments and
literature search.

2.3. Hole-board test
A hole-board test was conducted to evaluate locomotion and exploratory
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behavior of the mice (Nasehi et al. 2019; Ebrahimi-Ghiri et al. 2020b). Brie�y, the testing apparatus was
conducted using an opaque white acrylic board with 16 spaced holes located at equal distances from
one another (3 cm diameter). The apparatus was elevated to a height of 15 cm. Each mouse was placed
in the middle of the �oor to explore the holes on the device. The number of head dipping into the hole was
recorded by photocells arranged below the holes. Head dipping behavior is sensitive to changes in the
emotional state of the animal, and suggested that enhanced head-dipping behavior may indicate an
anxiolytic state in animals (Kaur et al. 2021). To evaluate the locomotor activity, the ground area of the
device was divided into four equal size squares. The number of crossings from one square to another
was considered an index of locomotion and recorded by an experimenter.

2.4. Forced swim test (FST)
The cylindrical glass container (25 cm height × 10 cm diameter) was �lled with 19 cm high water (25 ±
1°C), and the mice were individually dropped into the

water for 6 min. The time of immobility was recorded during the last 4 min of the 6-min testing period,
thus after 2 min of latency. Each mouse was judged to be immobile when it remained �oating passively,
except those movements needed to hold its head beyond the water. A decrease in the duration of
immobility is indicative of an antidepressant-like effect (Nasehi et al. 2019; Ebrahimi-Ghiri et al. 2020b).

2.5. Experimental design
The animals were randomly assigned to experimental groups containing eight mice each. Each animal
was used only once. Behavioral tests were performed 30 min after the last administration. The interval
between the two tests was one h.

2.5.1. Determination of dose-response curve of citalopram,
bupropion, and scopolamine in the hole-board and FST
Ninety-six animals were randomly divided into three sets which each set consisting of four groups (n = 8
per each group). Four groups of the �rst set received different doses of citalopram (0, 0.01, 0.05 and 0.25
mg/kg). Four groups of the second set were administered by different doses of bupropion (0, 1, 3 and 9
mg/kg). Four groups of third set received scopolamine (0, 0.01, 0.05 and 0.1 mg/kg).

2.5.2. Interaction of two-drug components of citalopram,
bupropion and scopolamine in the hole-board and FST
Ninety-six animals were randomly divided into three sets which each set consisting of four groups (n = 8
per each group). Four groups of the �rst set received saline/saline, bupropion (1 mg/kg)/saline,
saline/citalopram (0.01 mg/kg), and bupropion/citalopram, respectively. Four groups of the second set
received saline/saline, scopolamine (0.01 mg/kg)/saline, saline/citalopram (0.01 mg/kg), or
scopolamine/citalopram, respectively. Four groups of the third set received saline/saline, scopolamine
(0.01 mg/kg)/saline, saline/bupropion (1 mg/kg) or scopolamine/bupropion, respectively.



Page 5/24

2.5.3. Analysis of the type of interaction between a two-drug
combination of citalopram, bupropion and scopolamine
Interactions between two-drug components were assessed using an isobolographic analysis method [22].
At �rst, the ED50 value of each drug was calculated by linear regression analysis. In the next step, a
combination of the two drugs was administered at �xed-dose fractions of the ED50 values (�rst drug
ED50/2 + second drug ED50/2 mg/kg; �rst drug ED50/4 + second drug ED50/4 mg/kg and �rst drug
ED50/8 + second drug ED50/8 mg/kg). For drug combinations, the theoretic ED50 is �rst drug ED50/2 +
second drug ED50/2. Experimental values of drugs combination from �xed-ratio-designed studies were
also analyzed using the regression analysis, after which the experimental ED50 value of the drug
combination was calculated (50 % immobility time). The statistical signi�cance between the theoretical
ED50 and experimental ED50 of the drug combination was evaluated using the one-sample student’s t-
test. When the experimental ED50 was

signi�cantly lower than the theoretical ED50, a supra-additive (synergistic) interaction between the �rst
drug and the second drug could be inferred. At the same time, if there were no difference between them,
this would indicate additive interaction rather than synergistic effect (Ebrahimi-Ghiri et al. 2020b).
Therefore, seventy-two animals were randomly divided into three sets of three groups (n = 8 per each
group). All groups were included as described below:

Three groups of the �rst set: bupropion (0.37 mg/kg)/citalopram (0.006 mg/kg), bupropion (0.74
mg/kg)/citalopram (0.012 mg/kg), and bupropion (1.48 mg/kg)/citalopram (0.024 mg/kg).

Three groups of the second set: scopolamine (0.012 mg/kg)/citalopram (0.006 mg/kg), scopolamine
(0.024 mg/kg)/citalopram (0.012 mg/kg), and scopolamine (0.048 mg/kg)/citalopram (0.024 mg/kg).

Three groups of the third set: scopolamine (0.012 mg/kg)/bupropion (0.37 mg/kg), scopolamine (0.024
mg/kg)/bupropion (0.74 mg/kg), and scopolamine (0.048 mg/kg)/bupropion (1.48 mg/kg).

2.6. Statistical calculations
Data are presented as mean ± standard error of the mean (SEM). The statistical analyses were performed
using one-way Analysis of Variance (ANOVA) followed by the Tukey test (when one drug was given), or
two-way ANOVA with a comparison between individual groups by Tukey post hoc test (when two drugs
were used). The difference between theoretical ED50 and experimental ED50 was examined by Student's
t-test. Two regression lines were compared by test for comparing (slopes and intercepts) of two
regression lines. Results were considered signi�cant when the probability values were less than 0.05 (P <
0.05).

3. Results
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3.1 The effects of citalopram, bupropion or scopolamine on
the performance of mice in the hole-board and FST
Citalopram at the doses of 0.05 and 0.25 mg/kg signi�cantly decreased immobility time in the FST [F (3,
28) = 10.017, P < .001; Fig. 1. A]. Citalopram at the dose of 0.25 mg/kg decreased head-dip counts [F (3,
28) = 5.710, P = .004; Fig. 1. B], and locomotor activity [F (3, 28) = 14.581, P < 0.001; Fig. 1. C] in the hole-
board apparatus.

----------- [Insert Fig. 1 here] and [Raw data in supplemental data] -----------

Bupropion at the dose of 9 mg/kg signi�cantly decreased immobility time in the FST [F (3, 28) = 6.327, P
= .002; Fig. 2A]. Bupropion at the doses of 3 and 9 mg/kg decreased locomotor activity [F (3, 28) =
13.638, P < .001; Fig. 2C], while it did not alter head-dip counts [F (3, 28) = 0.544, P = 0.656; Fig. 2B] in the
hole-board apparatus.

----------- [Insert Fig. 2 here] and [Raw data in supplemental data] -----------

Scopolamine at the dose of 0.1 mg/kg signi�cantly decreased immobility time in the FST [F (3, 28) =
24.442, P < .001; Fig. 3A]. Scopolamine at the doses of 0.05 and 0.1 mg/kg decreased locomotor activity
[F (3, 28) = 8.919, P < .001; Fig. 3C], while it did not alter head-dip counts [F (3, 28) = 1.823, P = 0.166; Fig.
3B] in the hole-board apparatus.

----------- [Insert Fig. 3 here] and [Raw data in supplemental data] -----------

In summary, citalopram, bupropion, and scopolamine induced an antidepressant-like activity in the FST.
Only citalopram exerted an anxiogenic-like behavior in the hole-board apparatus. All agents decreased
locomotor activity.

3.2. Interaction of two-drug components of citalopram,
bupropion, or scopolamine in the hole-board and FST
Binary compound of citalopram and bupropion signi�cantly decreased immobility time in the FST
(citalopram effect: F (1, 28) = 16.374, P < 0.001; bupropion effect: F (1, 28) = 19.739, P < 0.001;
citalopram/bupropion interaction effect: F (1, 28) = 6.571, P = 0.016]; Fig. 4A) compared to the
saline/saline, saline/citalopram or bupropion/saline group. there was no signi�cant interaction between
citalopram and bupropion on head-dip counts (citalopram effect: F (1, 28) = 0.856, P = 0.363; bupropion
effect: F (1, 28) = 0.856, P = 0.363; citalopram/bupropion interaction effect: F (1, 28) = 1.773, P = 0.194];
Fig. 4B) and locomotor activity (citalopram effect: F (1, 28) = 1.315, P = 0.261; bupropion effect: F (1, 28)
= 0.584, P = 0.451; citalopram/bupropion interaction effect: F (1, 28) = 0.016, P = 0.900]; Fig. 4C).

----------- [Insert Fig. 4 here] and [Raw data in supplemental data] -----------
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Binary compound of citalopram and scopolamine signi�cantly decreased immobility time in the FST
(citalopram effect: F (1, 28) = 17.342, P < 0.001; scopolamine effect: F (1, 28) = 31.892, P < 0.001;
citalopram/scopolamine interaction effect: F (1, 28) = 13.992, P = 0.001]; Fig. 5A) compared to the
saline/saline, saline/citalopram or scopolamine/saline group. There was no signi�cant interaction
between citalopram and scopolamine on head-dip counts (citalopram effect: F (1, 28) = 1.342, P = 0.257;
scopolamine effect: F (1, 28) = 0.010, P = 0.922; citalopram/scopolamine interaction effect: F (1, 28) =
2.523, P = 0.123]; Fig. 5B) and locomotor activity (citalopram effect: F (1, 28) = 4.483, P = 0.043;
scopolamine effect: F (1, 28) = 1.684, P = 0.205; citalopram/scopolamine interaction effect: F (1, 28) =
0.467, P = 0.500]; Fig. 5C).

----------- [Insert Fig. 5 here] and [Raw data in supplemental data] -----------

Binary compound of bupropion and scopolamine signi�cantly decreased immobility time in the FST
(bupropion effect: F (1, 28) = 15.471, P = 0.001; scopolamine effect: F (1, 28) = 18.455, P < 0.001;
bupropion/scopolamine interaction effect: F (1, 28) = 4.873, P = 0.036]; Fig. 6A) compared to the
saline/saline, saline/citalopram or scopolamine/saline group. Binary compound of bupropion and
scopolamine signi�cantly increased head-dip counts (bupropion effect: F (1, 28) = 0.323, P = 0.574;
scopolamine effect: F (1, 28) = 2.160, P = 0.153; bupropion/scopolamine interaction effect: F (1, 28) =
10.203, P = 0.003]; Fig. 6B) compared to the bupropion/saline group. In addition, there was a signi�cant
interaction between bupropion and scopolamine on locomotor activity (bupropion effect: F (1, 28) =
0.387, P = 0.539; scopolamine effect: F (1, 28) = 2.106, P = 0.158; bupropion/scopolamine interaction
effect: F (1, 28) = 5.202, P = 0.030]; Fig. 6C).

----------- [Insert Fig. 6 here] and [Raw data in supplemental data] -----------

In summary, binary compounds of citalopram, bupropion, or scopolamine exerted an antidepressant-like
activity. Only the bupropion/scopolamine group induced an anxiolytic-like behavior compared to the
bupropion/saline group.

3.3 Synergistic antidepressant effect of
citalopram/bupropion combination against the additive
antidepressant effect of citalopram/scopolamine and
bupropion/scopolamine combinations
The theoretical and experimental ED50 of citalopram and bupropion, when co-injected, were compared by
isobolographic analysis. The t-test revealed a signi�cant difference among the experimental and
theoretical ED50 in the FST [t (31) = 16.098, P < 0.001]; thus, citalopram/bupropion combination presents
a synergistic interaction.

----------- [Insert Fig. 7 here] and [Raw data in supplemental data] -----------
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Similarly, isobologram analysis showed an additive antidepressant effect for citalopram/scopolamine
combination [t (31) = 0.269, P = 0.789].

----------- [Insert Fig. 8 here] and [Raw data in supplemental data] -----------

T-test also showed an additive antidepressant effect for bupropion/scopolamine combination [t (31) =
0.077, P = 0.939].

----------- [Insert Fig. 9 here] and [Raw data in supplemental data] -----------In summary, isobologtaphic analysis
revealed a synergistic effect between citalopram and bupropion, and an additive effect between
scopolamine and citalopram or bupropion in the FST.

4. Discussion
The presented research aimed to evaluate the anxiety- and antidepressive-like e�cacies of two-drug
combinations of citalopram, bupropion, and scopolamine in mice.

Our results provide evidence that citalopram, an SSIR antidepressant medication, signi�cantly decreased
immobility time in the FST, indicating an antidepressive-like e�cacy. The higher dose of citalopram
decreased head-dip counts in the hole-board apparatus, proposing an anxiogenic-like activity. Because
the same dose of citalopram reduced locomotor activity, it is likely to affected anxiety-like behavior.
Citalopram is the most frequently used antidepressant in clinical practice for the treatment of depression.
It is effective in the treatment of depression related to Parkinson disease (Menza et al. 2004), poststroke
depression (Karaiskos et al. 2012), depression in dementia (Nyth and Gottfries 1990), and
perimenopausal and postmenopausal women with depression (Soares et al. 2003). In addition,
prescribing citalopram to treat depression in patients with Parkinson disease or poststroke depression
improves anxiety (Menza et al. 2004; Karaiskos et al. 2012). Lenz et al. proposed that citalopram is
e�cacious in managing acute anxiety disorders in elderly persons, as they had a signi�cant amelioration
in anxiety symptoms over eight weeks of treatment (Lenze et al. 2005). Acute administration of
citalopram precipitated anxiety in the fear-potentiated startle, while its repeated administration decreases
aversive states in healthy participants (Grillon et al. 2007; Grillon et al. 2009). Clinical evidence suggests
a biphasic response of citalopram on antidepressive behaviors. One study demonstrated anxiogenic and
anxiolytic effects of citalopram in rodents (Mombereau et al. 2010). Overall, the type of task used, the
genetic difference of the studied subjects, and acute or repeated administration are essential factors in
rodent anxiety response to SSRIs (Pollier et al. 2000). For example, Matto and coworkers demonstrated
that acute citalopram administration in the open �eld test and repeated citalopram administration in the
exploration box test attenuate rat exploratory behavior. However, these effects may not be implicated with
increased anxiety or altered dopamine D2 receptor characteristics (Matto and Allikmets 1999).
Citalopram inhibits the reuptake of 5-HT in the brain and relatively limited effects on the neuronal
reuptake of norepinephrine and dopamine (Misrani et al. 2019).



Page 9/24

We observed an antidepressant-like activity for acute administration of bupropion in mice, while it did not
alter anxiety-like property compared to the saline control group. Meanwhile, two higher doses of
bupropion decreased locomotor activity compared to the saline control group. Antidepressant e�cacy of
bupropion in clinical studies was reviewed by Patel and colleagues (Patel et al. 2016). A review study
provided evidence for anxiolytic property of bupropion in human studies (Hernández-Lozano et al. 2010).
Bupropion has been shown to reduce immobility in behavioral despair (Martin et al. 1990), and tail-
suspension tests (Ripoll et al. 2003), and to attenuate behavioral impairments in a chronic-stress
paradigm (Katz and Sibel 1982). Some studies have highlighted the importance of genetic factors in
assessing the antidepressant effects of bupropion in animal models of depression (Ripoll et al. 2003).
The effect of bupropion on anxiety is complex and depends on a variety of factors. Preclinical research
has documented anxiogenic, anxiolytic, or ineffective responses by bupropion (Carrasco et al. 2004;
Redolat et al. 2005; Dwoskin et al. 2006). Its antidepressant actions may engage nonselective reuptake of
dopamine and noradrenaline in brain regions that modulate emotions. In addition, bupropion can affect
the serotonergic system and also act as a cholinergic nicotine receptor antagonist (Hernández-Lozano et
al. 2010).

Our results con�rmed that scopolamine has an antidepressive-like pro�le. Although scopolamine did not
signi�cantly alter the performance of mice in the hole-board apparatus compared to the saline control
group, it showed a slight tendency to develop anxiolytic behavior. It also reduced the locomotor activity of
mice. Despite the ample clinical and preclinical evidence of the antidepressant property of scopolamine
(Drevets and Furey 2010; Nasehi et al. 2019), there is limited evidence available for its effect on anxiety
behaviors. The anxiogenic, anxiolytic, or no effects for scopolamine in different tasks have been reported
(Klinkenberg and Blokland 2010). Our previous studies demonstrated that scopolamine produced an
anxiogenic-like response in the EPM (Ebrahimi-Ghiri et al. 2020a), while it did not affect the anxiety-
related parameter in the hole-board apparatus (Nasehi et al. 2019). It seems that the dose of
scopolamine, administration route, type of used task, or the strain of subject affect the response of drug
on anxiety-related behaviors. The mechanisms associated with the antidepressant e�cacy of
scopolamine have been suggested to involve a-Amino-3-hydroxy- 5-methyl-4-isoxazolepropionic acid
(AMPA) receptor and mammalian target of rapamycin (mTOR) signaling (Martin et al. 2017).

In the next step, we observed that co-administration of inactive doses of citalopram and bupropion
signi�cantly decreased immobility time in the FST, while it did not alter hole-board parameters compared
to the saline control group or each drug alone. The few studies that have evaluated the use of bupropion
and citalopram are generally positive. One review showed that the combination of the bupropion and
SSRI drugs are well tolerated, can improve the overall antidepressant response and, perhaps most
importantly, can reduce or negate the side effects of SSRI drugs (e.g., weight gain and sexual side
effects) (Patel et al. 2016). Bupropion, arguably, has had a more signi�cant role in clinical practice as a
co-prescribed antidepressant. It has been suggested that bupropion augments the serotonergic drug
(es)citalopram effect (Patel et al. 2016). Another study that speci�cally looked at the combination of
bupropion and citalopram had similar results. The combination was more effective than either drug alone
and there was no increased incidence of side effects (Lam et al. 2004). Due to the mechanisms of
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citalopram and bupropion, they seem to potentiate each other through common pathways and create a
more substantial antidepressant effect.

In the present study, co-administration of low doses of citalopram and scopolamine produced an
antidepressive-like property. Incongruent with our �nding, one study reported that scopolamine augments
the citalopram effect to reduce immobility time in the forced swim assay (Martin et al. 2017). In the clinic,
orally administered scopolamine has shown e�cacy as an augmenting agent to the citalopram in major
depression disorder patients (Khajavi et al. 2012). The researchers found that the combination of
scopolamine and citalopram was effective in patients with depression, and that citalopram exerted no
signi�cant difference regarding the onset time of the antidepressant effects (Furey et al. 2013).

Results from our experiment indicated that a binary combination of bupropion and scopolamine has an
antidepressive-like activity. Meanwhile, the combination increased head-dip counts compared to the
bupropion/saline group in the hole-board apparatus. A search of scienti�c sites found no evidence of a
combined effect of bupropion and scopolamine on anxiety- and antidepressive-like behaviors. Due to
their mechanisms of action on different neurotransmitter systems, bupropion and scopolamine are likely
to interact at the level of a downstream molecule and produce a more enormous antidepressant
response.

Finally, we observed an antidepressant synergistic effect between citalopram and bupropion
combination. However, isobologram analysis indicated an additive antidepressant effect between
citalopram and scopolamine combination, and bupropion and scopolamine combination. In line with our
observation, citalopram in combination with scopolamine exhibited addictive effect compared to
scopolamine per se and citalopram per se (Singh and Singh 2015).

5. Conclusion
Citalopram, bupropion or scopolamine (antidepressant medications in three different classes) exerted an
antidepressive-like activity. Binary combinations of the above drugs, at an inactive dose, had an
antidepressive property. Isobolographic analysis indicated synergy between citalopram and bupropion on
antidepressive-like behavior. Scopolamine in combination with citalopram or bupropion showed an
additive antidepressive-like pro�le. Citalopram and bupropion combination, due to greater antidepressant
e�cacy, is a better choice for treating depressive disorders than the other two combinations.
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Figure 1

Effect of citalopram on mice performance in the FST and hole-board apparatus. Citalopram (0.01, 0.05
and 0.25 mg/kg; i.p.) was administered i.p. 30 min before the behavioral tests. Control animals received
saline (10 ml/kg, i.p.). (A) immobility time in the FST, (B) head-dip counts and (C) locomotor activity in the
hole-board apparatus. Bars represented means ± SEM of eight mice. ***P < 0.001, **P < 0.01, and *P < 0.5
versus saline group according to one-ANOVA followed by Tukey post-hoc test. 
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Figure 2

Effect of bupropion on mice performance in the FST and hole-board apparatus. Bupropion (1, 3 and 9
mg/kg; i.p.) was administered i.p. 30 min before the behavioral tests. Control animals received saline (10
ml/kg, i.p.). (A) immobility time in the FST, (B) head-dip counts and (C) locomotor activity in the hole-
board apparatus. Bars represented means ± SEM of eight mice. ***P < 0.001, **P < 0.01, and *P < 0.5
versus saline group according to one-ANOVA followed by Tukey post-hoc test.
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Figure 3

Effect of scopolamine on mice performance in the FST and hole-board apparatus. Scopolamine (0.01,
0.05 and 0.1 mg/kg; i.p.) was administered i.p. 30 min before the behavioral tests. Control animals
received saline (10 ml/kg, i.p.). (A) immobility time in the FST, (B) head-dip counts and (C) locomotor
activity in the hole-board apparatus. Bars represented means ± SEM of eight mice. ***P < 0.001 and **P <
0.01 versus saline group according to one-ANOVA followed by Tukey post-hoc test.
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Figure 4

Interaction between citalopram and bupropion, at inactive doses, on mice performance in the FST and
hole-board apparatus. Citalopram (0.01 mg/kg; i.p.) was co-administered with bupropion (1 mg/kg, i.p.)
30 min before the behavioral tests. Control animals received saline/saline. (A) immobility time in the FST,
(B) head-dip counts and (C) locomotor activity in the hole-board apparatus. Bars represented means ±
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SEM of eight mice. ***P < 0.001 versus saline/saline group, ^^^P < 0.001 versus citalopram/saline group,
+++P < 0.001 versus bupropion/saline group according to two-ANOVA followed by Tukey post-hoc test. 

Figure 5

Interaction between citalopram and scopolamine, at inactive doses, on mice performance in the FST and
hole-board apparatus. Citalopram (0.01 mg/kg; i.p.) was co-administered with scopolamine (0.01 mg/kg,
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i.p.) 30 min before the behavioral tests. Control animals received saline/saline. (A) immobility time in the
FST, (B) head-dip counts and (C) locomotor activity in the hole-board apparatus. Bars represented means
± SEM of eight mice. ***P < 0.001 versus saline/saline group, ^^^P < 0.001 versus citalopram/saline
group, +++P < 0.001 versus scopolamine/saline group according to two-ANOVA followed by Tukey post-
hoc test.

Figure 6
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Interaction between bupropion and scopolamine, at inactive doses, on mice performance in the FST and
hole-board apparatus. Bupropion (1 mg/kg; i.p.) was co-administered with scopolamine (0.01 mg/kg, i.p.)
30 min before the behavioral tests. Control animals received saline/saline. (A) immobility time in the FST,
(B) head-dip counts and (C) locomotor activity in the hole-board apparatus. Bars represented means ±
SEM of eight mice. ***P < 0.001 versus saline/saline group, ^^^P < 0.001 versus bupropion/saline group,
++P < 0.01 versus scopolamine/saline group according to two-ANOVA followed by Tukey post-hoc test.

Figure 7

The synergistic antidepressant effect of a binary combination of citalopram and bupropion in the FST. A
signi�cant difference between experimental ED50 (focus D) and theoretical ED50 (focus D) points,
proposing a synergistic effect of the drug combination. Foci A and B display the ED50 citalopram and
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bupropion, respectively. The oblique line between A and B is the theoretical additive effect line of
citalopram and bupropion combination.

Figure 8

The additive antidepressant effect of a binary combination of citalopram and scopolamine in the FST. No
signi�cant difference between experimental ED50 (focus D) and theoretical ED50 (focus C) points,
suggesting an additive effect of the drug combination. Foci A and B display the ED50 citalopram and
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scopolamine, respectively. The oblique line between A and B is the theoretical additive effect line of
citalopram and scopolamine combination.

Figure 9

The additive antidepressant effect of a binary combination of bupropion and scopolamine in the FST. No
signi�cant difference between experimental ED50 (focus D) and theoretical ED50 (focus C) points,
suggesting an additive effect of the drug combination. Foci A and B display the ED50 bupropion and
scopolamine, respectively. The oblique line between A and B is the theoretical additive effect line of
bupropion and scopolamine combination.
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