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Abstract

Background and purpose: Cyclosporine (Cyc) is a calcineurin inhibitor used in immunosuppressive therapy
that may cause psychological problems such as depression. Previous investigations have shown the positive
antidepressant effects of dextromethorphan (Dxt). Therefore, the aim of this study was the evaluation of the
Dxt effect on Cyc-induced depression in an animal model of despair in two separate cohorts.

Experimental approach: Male albino mice were used, first total activity was evaluated by the locomotor test,
and then after that, the immobility time during the forced swimming test was measured as an indicator of
depression. Cyc, Dxt, and fluoxetine (the reference antidepressant drug) were all administered IP. Tests were
performed either 4 h after injection (cohort 4 h) or in separate groups 24 h after injection (cohort 24 h).
Findings/Results: Cyc reduced total activity measured after 4 h in the locomotor test and it was normalized
after 24 h. Immobility time dose-dependently increased during the forced swimming test and remained so after
24 h (cohort 24 h; Cyc 10, 20, and 40 mg/kg, 157 + 22, 180 + 8, and 228 + 4 s, respectively; Cyc 40 mg/kg P
< 0.001 vs control 142 + 13 s) that indicated Cyc induced depressive-like behavior. Dxt (30 mg/kg) like
fluoxetine reduced the immobility time when co-administered with Cyc compared with Cyc and remained
effective after 24 h (cohort 24 h; 120 + 30, P < 0.001 vs Cyc 40 mg/kg alone).

Conclusion and implications: Dxt was a useful drug for preventing Cyc-induced depression that remained
effective for 24 h in mice. Since interpretation from animal studies to humans must be done with caution
further clinical studies on the effect of Dxt in patients suffering from psychological side effects of Cyc may be
reasonable.
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INTRODUCTION

Cyclosporine (Cyc) is a calcineurin inhibitor
that is widely used in immunosuppressive
therapy for organ transplantation and
autoimmune diseases. These medications may
cause neuropsychological problems such as
tremor, confusion, anxiety, and depression in
patients (1). Calcineurin, the Ca?"-dependent
protein phosphatase, has been reported to
participate in neurotransmission, memory, and
neuronal plasticity (2). In mice it was shown
that a high dose of Cyc (60 mg/kg, IP)
decreased the release of serotonin and
dopamine, thus as a result of dysfunction of the
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prefrontal cortex, anxiety increased and social
behavior was disturbed (3).

The mammalian target of rapamycin
(mTOR) is a serine/threonine protein kinase
that regulates protein synthesis in synapses (4).
On the other hand, the mTOR function is
regulated by glutamate receptors, mainly the N-
methyl-D-asparate (NMDA) receptor activity
(5). It has been revealed that mTOR is involved
in the rapid antidepressant effects of ketamine
that is an NMDA antagonist (4).
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Findings show that depressive-like behavior
induced by calcineurin inhibitors is mediated by
blockade of the mTOR signaling pathway.
Therefore, stimulation of specific brain mTOR
could be useful to decrease the risk of
depressive disorders in patients treated with
calcineurin inhibitors (4). In addition, studies
have shown a link between dysregulation of
mTOR signaling and deficiency in synaptic
proteins in major depressive disorder (6).

Dextromethorphan (Dxt) is a commonly
used antitussive with various pharmacologic
actions in the central nervous system and a good
margin of safety. Numerous preclinical and
clinical investigations have discovered its
positive effects on a variety of psychiatric
disorders (7).

Dxt shows pharmacological properties
similar with antidepressants and particularly,
ketamine. Dxt and ketamine also share
pharmacodynamic similarities including the
effect on NMDA, p opiate, sigma-1 receptors,
serotonin transporter, and calcium channel (8).
They can also both activate mTOR that could
be responsible for their  rapid-acting
antidepressant property. Dxt may activate
mTOR through p, sigma-1 receptors, and the
serotonin transporter (8). Recent animal studies
reported that the fast antidepressant response of
NMDA receptor antagonists is through
activation of the mTOR pathway leading to a
surge in synaptic signaling proteins and an
increased number and function of new synapses
in rats’ prefrontal cortex (9).

Cyc depression is a result of irregular mTOR
signaling and synaptic plasticity (2), Dxt
antidepressant effect is related to its NMDA
receptor antagonist property and activation of
the mTOR pathway (10). Therefore, observing
the effect of Dxt on Cyc depressant effect
would be a useful and logical aspect. First, mice
depressive behavior was evaluated after the
administration of Cyc, by a despair model of
depression. Then, the effect of Dxt was
evaluated following Cyc induced depression.
Finally, as Cyc and Dxt both can influence
MTOR and synaptic proteins the study
was conducted in two independent
cohorts of animals evaluating depressive
behavior after 4 and 24 h to see if the effects
remain after 24 h.
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MATERIALS AND METHODS

Animals

Male albino mice weighed 25 £ 3 g were
used. They had free access to standard mice
chow and tap-water, six animals were
maintained in each cage at room temperature
(21+£2°C), ina 12-12-h dark/light cycle (lights
on at 6 AM). Animals were placed in the
experimental room 24 h before the test for
acclimatization. All the experiments were
performed between 8 AM and 1 PM in the
pharmacology laboratory. All animal procedures
were performed in accordance with guidelines for
the Care and Use of Laboratory Animals issued
by The National Ethical Committee of Iran
(Ethical No: IR.MUIL.REC.1398.377). All the
efforts in the experiments were made to minimize
animal suffering and to reduce the number of
animals used in the experiments.

Drug administrations

The following drugs were applied: Cyc
(Sandimmun, 50 mg/mL; Novartis,
Switzerland) 10, 20, 40 mg/kg (presented as
Cycl0, Cyc20, and Cyc40) (3,11); Dxt
hydrobromide (Gift from Amin Industry,
Isfahan, I.R. Iran) 15, and 30 mg/kg (presented
as Dxtl15, and Dxt30) (10); fluoxetine (FIx)
hydrochloride (Sigma-Aldrich, India) 20 mg/kg
was used as the reference antidepressant drug
(12,13), the volume for all injections were 10
mL/kg. All of the drugs were prepared daily by
dissolving in normal saline and they were all
injected IP only once.

Sixteen groups comprising at least six
animals were evaluated as follow: two control
groups that received normal saline, one group
was tested after 4 h the other one after 24 h;
three groups received Cyc10, Cyc20, or Cyc40
and behavior tests were performed after 4 h;
three groups received similar treatments but
were tested after 24 h; two groups received
Dxt15 or Dxt30, they were tested after 4 h; two
groups received the same treatments but were
tested after 24 h; one group that was injected
with Dxt30 following Cyc40 examined after 4
h, another group received the same drugs but
were examined after 24 h; two groups that
received FIx following Cyc40 injection, one
group was tested after 4 h and the other group
after 24 h.
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Locomotor test

The motor activity of mice was assessed
before the forced swimming test in an open
arena (Borj Sanat, I.R. Iran), which was divided
into 15 zones by red beams. Mice were placed
in the corner of the arena and allowed to explore
it for 3 min, the number of zone entries was
counted automatically by passing through the
red beams while rears on hind-legs were
recorded manually. The total activity was
considered for each animal, which was the sum
of zone entries (horizontal exploration) and
rears (vertical exploration).

Forced swimming test

This test was performed as an animal model
of despair behavior. Mice were forced to swim
in 25 °C water in a glass 2-L beaker (diameter
125 cm, depth 12 cm) for 6 min. The
immobility time defined when no additional
activity was observed other than that required
to keep the animals’ head above the water was
measured during the last 4 min of the trial after
habituation was considered in the first 2 min.
Swimming behavior, defined as horizontal
movement throughout the beaker which
involved at least two limbs; and climbing
behavior, defined as upward movements of the
forepaws along the side of the beaker were also
recorded (14). The whole experiment was
recorded by a camera and analyzed later. After
6 min, the mice were dried carefully to avoid
hypothermia and returned to their home cage.

Statistical analysis

Results are conveyed as group mean + SEM.
All results were analyzed by one-way analysis
of variance (ANOVA), followed by Tukey’s
multiple comparison tests. P values less than
0.05 were considered significant. The software
programs that were used for data analyzing and
making graphs were GraphPad Prizm 6 and
Excel 2010.

RESULTS

The effect of drugs on locomotor activity

As it is presented in Table 1, Dxt did not
cause any noticeable change in the locomotor
activity after 4 or 24 h compared with the
control group. Cyc20 and Cyc40 unlike Cyc10
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significantly reduced the locomotor activity
compared to the control group after 4 h (P <
0.001), but this change was not observed
following 24 h. Dxt30 administration prevented
the change in the locomotor activity caused by
Cyc40, however by adding FIx to cyc40 the
locomotor activity remained lower than control
after 4 h.

The effects of drugs on mice behavior during
forced swimming test in cohort 4 h

In this cohort, animals were tested 4 h after
different treatments were applied (Fig. 1).
Dxt15 and Dxt30 reduced the immobility time
during the forced swimming test (FST;
P <0.001 vs the control), Dxt30 reduction in the
immobility time (26 + 11 s) was more than
Dxt15 (87 + 13 s) (P < 0.01). The immobility
time during FST in Cyc20 and Cyc40 groups
was higher than the control but only in a
significant manner for Cyc40 (224 + 8 s,
P <0.001). The depressant-like effect of Cyc20
and Cyc40 were significantly higher than
Cyc10 (138 = 11 s). Dxt30 in a similar manner
as Flx significantly reduced the immobility time
when they were co-administered with Cyc40
compared with Cyc40 alone (122 + 20 s,
P <0.001).

Table 1. Total activity during the locomotor test in two
independent cohorts of mice. Total activity was
considered as a sum of the horizontal exploration and
vertical exploration. Data express the mean £ SEM.
*** P < 0.001 vs the control group.

Total activity count

Groups

After 4 h After 24 h
Control 178 £10 183+ 10
Dxt (15 mg/kg) 211+10 173+7
Dxt (30 mg/kg) 191+14 208 +5
Cyc (10 mg/kg) 136 + 17 193+7
Cyc (20 mg/kg) 118 + 14%** 161 + 15
Cyc (40 mg/kg) 114 + Gx** 183+9
gﬁ’(‘t: ((gg nr:‘g//'k‘g)) * 134+ 10 162414
o C((Z‘Bonr%%';%) T goagem 145+7
Dxt, Dextromethorphan; Cyc, cyclosporine; FIx,
fluoxetine.
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Fig. 1. The immobility time during FST in cohorts 4 h of
mice. Dxt (15 and 30 mg/kg), Cyc (10-40 mg/kg), and
FIx (20 mg/kg) were injected IP; the control group
received normal saline. Number of animals in each group
was 6. Data are mean = SEM. *** P < 0.001 indicates
significant differences compared with the control group;
AN P < 0.001 vs Cyc40 alone group; and #P < 0.05,
#p < 0.01 for specified comparisons. Dxt,
Dextromethorphan; Cyc, cyclosporine; Flx, fluoxetine.
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Fig. 2. The immobility time during FST in cohorts 4 h of
mice. Dxt (15 and 30 mg/kg), Cyc (10-40 mg/kg), and
FIx (20 mg/kg) were injected IP; the control group
received normal saline. Number of animals in each group
was 6. Data are mean = SEM. *** P < 0.001 indicates
significant differences compared with the control group;
AA P < 0.001 vs Cyc40 alone group; and #P < 0.05,
#p < 0.01 for specified comparisons. Dxt,
Dextromethorphan; Cyc, cyclosporine; Flx, fluoxetine.

Table 2. Different activities during FST in two independent cohorts of mice. Results are expressed as mean + SEM.
**P < 0.01, ***P < 0.001 compared with the control group, P < 0.05 vs Cyc10 group, P < 0.01 and **P < 0.001

compared with Cyc40 group.

After 4 h After 24 h
Groups

Swimming (s) Climbing (s) Swimming (s) Climbing (s)
Dxt (15 mg/kg) 57 13+4 76+8 15+6
Dxt (30 mg/kg) 124 + 14** 30+14 100 + 16 12+5
Cyc (10 mg/kg) 159 + grx* 56 + 5** 128 + 13** 79 + 14%*
Cyc (20 mg/kg) 98 + 10 4+2 72417 11+7
Cyc (40 mg/kg) 40 + 5% 7+3 59 +7 13+1.1
Cyc (40 mg/kg) + Dxt (30 mg/kg) 16 + 7%%$ 0.5+0.5 12 + 4**$ 0.3+0.2
Cyc (40 mg/kg) + FlIx (20 mg/kg) 95 + 10%## 23+13 103 + 23## 10+6
Dxt (15 mg/kg) 119 +20%##  17+53 91 + 16" 51 & Gt

Dxt, Dextromethorphan; Cyc, cyclosporine; Flx, fluoxetine.

As shown in Table 2, Dxt30 significantly
increased both the swimming and the climbing
time in the FST compared to the control group
(P < 0.01). While Dxt15 only significantly
increased the swimming time compared to the
control group (P <0.01). Cyc dose-dependently
reduced the swimming time, as for Cyc40 it was
considerably lower than the control and Cyc10
groups (P < 0.05), Cyc20 reduced swimming
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time that was noticeably lower than Cycl0
(P <0.05). While the climbing time for Cyc was
very short but the amounts were not noticeably
lower than the control. In a similar way to FlIx,
adding Dxt30 following Cyc40 injection,
significantly  increased swimming time
compared with Cyc40 alone (P < 0.001),
although climbing time also increased the
change was not considerable.



The effects of drugs on mice behavior during
forced swimming test in cohort 24 h

In the next cohort, animals were tested 24 h
after the treatments (Fig. 2). While the
immobility time of Dxt15 during FST was not
different from the control, it remained
considerably lower than the control for Dxt30
after 24 h (34 £ 9 s, P < 0.001 vs control 142
+13 s). The immobility time for the groups
treated with Cyc increased and it was
significantly higher than the control for Cyc40
(228 £ 4 s, P < 0.001). Like FIx, Dxt30
decreased the immobility time when it was
injected with Cyc40 evenly after 24 h compared
with Cyc40 alone (120 + 30 s, P < 0.001).
According to Table 2 Dxt30 significantly
elevated the swimming and climbing time
during FST (P < 0.01 vs control). Cyc dose-
dependent effect in reducing the swimming
time during FST was also observed after 24 h,
Cyc40 swimming time was significantly lower
than the control and Cyc10 groups (P < 0.05),
while climbing duration was not considerably
lower than the control. Adding Dxt30 following
Cyc40 injection in the same way as FIx
increased swimming time compared with
Cyc40 alone (P < 0.001). The climbing time
was higher than the control when FIx was
injected concomitantly with Cyc40 (P < 0.01).

DISCUSSION

This study for the first time proved that Cyc
could induce depression, dose-dependently,
which consistently remained after 24 h. Dxt was
a useful drug in order to prevent Cyc depressant
effects and its antidepressant benefits continued
for 24 h. In addition, Dxt antidepressant effects
were similar to the reference drug FIx.

FST is a reliable tool that has been used
globally not only in industrial settings for
screening and discovering new antidepressant
substances but also in complementary
depression medicine research. During FST by
placing mice in the water the animal gradually
loses hope to escape the stressful environment,
thus the immobility time reflects a measure of
depression-associated endophenotypes, ie.
behavioral despair (15). In addition to the
immobility time, assessing the quantity of
different movements, climbing time, and
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swimming time are useful for predicting the
possible neurotransmitters involved,
catecholaminergic (higher climbing time), and
serotonergic substances (higher swimming
time) (14).

The locomotor activity must be evaluated
prior to behavioral tasks since deviations in
locomotor activity can influence performance
in many behavioral tests. Cyc dose-dependently
reduced the locomotor activity measured after 4
h. Our findings were in agreement with Sato et
al. they evaluated mice motor activity every 30
min during the 24 h period in home cages that
were monitored by an infrared ray sensor, and
they realized that Cyc at 60 mg/kg significantly
reduced animal motor activity (3).
Nevertheless, locomotor activity increased in
forebrain-specific calcineurin knockout mice,
i.e. the gene for calcineurin is destroyed (16). It
is thus possible to speculate that the influence
of calcineurin in control of locomotor activity
is different in various brain areas but overall by
IP injecting the calcineurin inhibitor, Cyc,
locomotor activity declined (Table 1).
However, in our experiment, the locomotor
activity returned to normal values after 24 h.

Both doses of Dxt reduced the immobility
time during FST tested after 4 h, indicating
antidepressant-like effects. This was in line
with previous studies that evaluated depressive
behavior in mice 30 min after injecting Dxt
(10). In addition to former studies, we observed
that the antidepressant effects remain after 24 h
for Dxt30, while Dxt15 was no longer effective
(Fig. 1). It is speculated that rapid Dxt
antidepressant response is related to dendritic
spine amplification (17). Dxt and dextrorphan
(i.e. 25% more potent than Dxt) antidepressant
effects may also be related to the increased
dendritic spine formation, synaptogenesis, and
neuronal survival through NMDA antagonism
and sigma-1 and mTOR activation (17). Since
Dxt15 antidepressant effect faded after 24 h,
perhaps Dxtl5 did not induce synapse
formation. This assumption warrants further
investigation. Dxt30 increased swimming and
climbing time that was also high in cohort 24 h
although swimming was 62% higher than
climbing time (Table 2). It was previously
advocated that the increased swimming time
during FST in mice could be a result of
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improvement in the serotonergic system (16).
This statement is supported by previous
research that showed the pharmacodynamic
similarities between Dxt and ketamine
regarding their action on serotonin transporters
in addition to NMDA receptor antagonist
property (8).

Cyc dose-dependently increased the
immobility time during FST in cohort 4 h, since
the animals' total activity during the locomotor
test declined, therefore claiming that Cyc has
induced depression after 4 h could not be
confident (Table 1). Nevertheless, after 24 h in
the Cyc groups, total activity in the locomotor
test increased to values near the control group
while the immobility time during FST was
profoundly higher than normal and clearly
showed depressive-like behavior (Fig. 1).
Calcineurin inhibition could be responsible,
former studies notified the participation of
calcineurin in neurotransmission and neuronal
excitability (2). Findings have also shown that
depressive-like  behavior  induced by
calcineurin inhibition is performed by blockade
of the mTOR signaling pathway (4). Activation
of mTOR is practically linked with protein
synthesis in synapses that results in the creation,
maturation, and function of new synapses (18).
However, the principal neural mediators that
cause depressive-like behavior by inhibition of
calcineurin have not yet been recognized.
Swimming noticeably remained low after 24 h,
while the climbing value that could indicate a
scape tendency was near zero (Table 2). This
difference could be related to the neurotransmitter
changes induced by Cyc that deserve further
research. Interestingly, the co-administration of
Dxt30 and Cyc40 slightly increased total
activity during the locomotor test, so that
activity was not noticeably different from the
control group in cohort 4 h (Table 1). While this
effect was not observed with the co-
administration of FIX. Nevertheless, they all
became normal after 24 h. Immobility time
during FST was significantly lower when Dxt
was co-administered with Cyc and it remained
so after 24 h, similar results were achieved by
FIx (Fig. 1). Thus, we achieved our hypothesis
that Dxt could prevent the depressant effects of
Cyc, while different mechanisms may be
responsible. However, according to the earlier
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studies, the NMDA antagonist effect of Dxt
may have a critical role via activation of mMTOR
signaling pathway. Previously, activation of
mTOR signaling caused a fast and sustained
rise of synapse related proteins and dendritic
spine number in the prefrontal cortex in rats (9).
Additionally, it has been indicated that NMDA
receptor antagonist ketamine, increased
synapse related protein synthesis, and dendritic
spine formation via activation of mTOR
pathway (9), indicating that mTOR signaling is
connected to the antidepressant effect. MK-801
which is another NMDA receptor antagonist
also increased proteins in the mTOR/p70S6K
pathway in the rat frontal cortex (19).

Apart from the side effects of most current
antidepressants that appear early in therapy
another disadvantage is that their efficacy is not
obtained before 2 weeks, thus rapid-acting
antidepressants are in great demand. In addition
to the possible antidepressant effects of Dxt it
has anti-inflammatory and immunomodulatory
properties. For instance, Dxt reduced the
production of pro-inflammatory factors such as
tumor necrosis factor-alpha in the activated
microglia or macrophages in the brain and
aortic sinuses (20).

CONCLUSION

Dxt was a useful drug in preventing Cyc-induced
depression and its antidepressant benefits continued
for 24 h in mice. Dxt may be a logical choice for
the antidepressant drug in patients suffering
from psychological side effects of Cyc,
meanwhile, interpretation from animal studies to
humans must be done with caution, thus further
clinical studies are recommended.
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