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Depressive behavior in the forced swim test can be induced by
TRPV1 receptor activity and is dependent on NMDA receptors
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Abstract

Blocking, desensitizing, or knocking out transient receptor potential vanilloid type 1 (TRPV1)
receptors decreases immobility in the forced swim test, a measure of depressive behavior. We
questioned whether enhancing TRPV1 activity promotes immobility in a fashion that is prevented
by antidepressants. To test this we activated heat-sensitive TRPV1 receptors in mice by water that
is warmer than body temperature (41°C) or a low dose of resiniferatoxin (RTX). Water at 41°C
elicited less immobility than cooler water (26°C), indicating that thermoregulatory sites do not
contribute to immobility. Although a desensitizing regimen of RTX (3-5 injections of 0.1 mg/kg
s.c.) decreased immobility during swims at 26°C, it did not during swims at 41°C. In contrast, low
dose of RTX (0.02 mg/kg s.c.) enhanced immobility, but only during swims at 41°C. Thus,
activation of TRPV1 receptors, endogenously or exogenously, enhances immobility and these sites
are activated by cold rather than warmth. Two distinct types of antidepressants, amitriptyline (10
mg/kg i.p.) and ketamine (50 mg/kg i.p.), each inhibited the increase in immobility induced by the
low dose of RTX, verifying its mediation by TRPV1 sites. When desensitization was limited to
central populations using intrathecal injections of RTX (0.25 pg/kg i.t.), immobility was
attenuated at both temperatures and the increase in immaobility produced by the low dose of RTX
was inhibited. This demonstrates a role for central TRPV1 receptors in depressive behavior,
activated by conditions (cold stress) distinct from those that activate TRPV1 receptors along
thermosensory afferents (heat).
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1. Introduction

Transient receptor potential vanilloid type 1 (TRPV1) receptors are non-selective calcium-
permeable cation channels. They are ubiquitous in the brain, spinal cord and periphery [1-4]
where they participate in thermoregulation and pain [5-9], specifically models of thermal
[10-15], inflammatory [16-19], neuropathic [20-23] and cancer nociception [24-28].
Several lines of evidence suggest that TRPV1 receptors also contribute to depressive
behavior as removing TRPV1 receptor activity produces an antidepressant like effect in
rodents [29-32]. For instance, TRPV1 knock out (KO) mice exhibit less immobility than
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their wild type littermates when tested in the forced swim test [29]. TRPV1 receptor knock
out mice also have decreased latency times in the novelty-suppressed feeding paradigm
compared to wild type mice demonstrating a decreased depressive response [29].
Furthermore, intracerebrovascular injection of capsazepine, a TRPV1 antagonist, decreases
immobility time in mice during the forced swim test in a dose-dependent manner [32].
Capsazepine also enhances the antidepressant activity of a sub-threshold dose of fluoxetine
in the forced swim test in mice [32]. Activating the TRPV1 receptor at doses that cause it to
desensitize also produces an antidepressant effect. For example, olvanil, a TRPV1 receptor
agonist, reduces immobility times of rats in the forced swim test in a dose-dependent manner
when injected i.p. [30]. Similarly, an intracerebrovascular injection of a desensitizing dose
of capsaicin decreases immobility of mice in the forced swim test [32]. Finally, capsaicin
and olvanil each prevent the increase in immobility produced by nicotine in mice when
tested in either the forced swim or tail suspension tests [30,33].

TRPV1 receptors are involved in thermoregulation where their activation leads to
hypothermia and their desensitization leads to hyperthermia [8,9,34,35]. Using this, we
monitored the degree of receptor activity verses desensitization produced by various doses
of RTX by their effect on body temperature. Using these doses, we then queried whether
activation or desensitization of TRPV1 sites alters depressive behavior in the forced swim
test and whether increases in immobility are sensitive to antidepressants.

It is of interest that body temperature has been identified as a major factor influencing
behavioral responses in the forced swim test. Rodents tend to float more in cold than in
warmer water [36—-39] and the cold swim causes a precipitous drop in body temperature
[36,38,39]. Since TRPV1 receptors are involved in thermoregulation in the defense against
hyperthermia [6,8,9,35], we also explored whether the activation of TRPV1 receptors along
thermosensitive primary afferent fibers by a temperature that is warmer than the normal
body temperature of mice (41°C) contributes to the difference in floating times produced
during forced swims at two different water temperatures (26°C and 41°C).

2. Methods

2.1. Animals

Adult male Swiss Webster mice weighing 20-25 g (Harlan Sprague Dawley, INC;
Indianapolis, IN) were housed four per cage and allowed to acclimate for at least one week
prior to use. Mice were allowed free access to food and water, and housed in a room with a
constant temperature of 23°C on a 12-h light—dark cycle. All procedures were performed
according to the guidelines of the International Association for the Study of Pain (IASP), the
University of Minnesota Animal Care and Use Committee, and the Committee on Care and
Use of Laboratory Animals of the Institute of Laboratory Animal Resources, National
Research Council (DHEW Publication NIH 78-23, revised 1995). All efforts were made to
minimize animal suffering, to reduce the number of animals used, and to utilize alternatives
to in vivo techniques, if available.

2.2. Drugs and chemicals

Resiniferatoxin (RTX), a TRPV1 ligand and desensitizer, was obtained from LC
Laboratories, Inc. (Woburn, MA), dissolved in 5% ethanol, 5% Tween and 90% saline
solution (pH 5.5-6.0), and delivered intrathecally (i.t.) at a dose of 0.250 pg in a 5 pl volume
or diluted in sesame oil (pH 4.5-5.0) and given subcutaneously (s.c.) at doses of 0.1 mg/kg
or 0.02 mg/kg. Intrathecal injections were delivered at the L5-L6 intravertebral space using
a 30-gauge, 0.5 inch disposable needle on a 50 pL Luer tip Hamilton syringe in lightly
restrained, unanaesthetized mice [40].
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Desensitization of TRPV1 receptors to the higher s.c. dose of RTX (0.1 mg/kg) was
validated by its inability to decrease body temperature after 4 or 5 injections when delivered
at a dose that initially produced a profound decrease in body temperature. The intrathecal
dose of RTX achieves an even greater degree of desensitization as it resulted in a persistent
hyperthermia; a common side effect associated with the potential use of many TRPV1
antagonists as analgesics [8,9,35].

2.3. Forced swim test

The forced swim test was used, as this is one of the most commonly used assays of
depressant-like activity in rodents, originally described by Porsolt [41- 43]. Each mouse was
put individually into a large, 2.5-liter beaker (diameter: 15 cm, height: 20 cm) containing
water maintained at 26°C or 41°C. Mice were forced to swim for 15 min on one or two
consecutive days. The water level was deep enough (18 cm) so the tail of the mouse never
touched the bottom. The first 5 min of the 15-min swim was recorded using a Flip (Cisco) or
Handycam (Sony) video camera. After the swim, mice were removed from the water, their
body temperature measured, and then mice were toweled dry and returned to their home
cage. The amount of time spent immobile, including times during which small paw
movements helped the mouse stay afloat rather than propel it forward, was evaluated by
observers unaware of the treatment of each mouse.

2.4. Body temperature measurement

Body temperature measurement took place in a room with an ambient temperature of 25°C.
The animal was removed from its cage, cupped on the counter under an open hand, and its
colonic temperature measured using a rectal thermometer [44] (ETI Microtherma 2K
Thermometer connected to a RET-3 rectal probe).

2.5. Behavioral data analysis

3. Results

Mean values (+ S.E.M.) are presented throughout the figures. Statistical analysis of the
results was performed using a Student's paired t test between two groups or one-way
ANOVA followed by post hoc Tukey’s test for comparison between multiple groups tested
at the same time, as indicated. A difference was considered significant if the probability that
it occurred because of chance alone was less than 5% (P<0.05).

3.1. Validation of the effect of RTX by changes in body temperature

To determine the contribution of TRPV1 sites to depressive behavior, we injected RTX at a
low dose that activated receptors but did not lead to desensitization, as indicated by its effect
on body temperature. We then compared that to a higher dose that was delivered several
times to produce a widespread desensitization of TRPV1 sites. A low dose of RTX (0.02
mg/kg s.c.) was deemed to produce a persistent activation of TRPV1 sites as it dramatically
decreased body temperatures compared to their own pre-injection control values. The effect
was maximal 1 h after injection but still present 24 h later (Fig. 1A). The high dose of RTX
(0.1 mg/kg s.c.) was selected as it also produced hypothermia at 1 h after its injection, but
hypothermia was no longer present 24 h later (Fig. 1A). A high degree of desensitization
was confirmed by the smaller responses to subsequent injections delivered at 3—4 day
intervals indicating that mice were completely tolerant to the hypothermic effect of the high
dose of RTX after the third injection (Fig. 1B). When injected centrally via an intrathecal
(i.t.) injection, RTX (0.25 pg) produced an initial decrease in body temperature 1 h after
injection, after which the body temperature of mice was elevated compared to vehicle-
injected controls when measured the next day (Fig. 1A). The persistent hyperthermia is
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consistent with complete desensitization of these pathways [8,9,34,35]. Subsequent
injections of RTX (0.1 mg/kg s.c.) given 24 h after the central injection produced no
decrease in body temperature, indicating that that the single intrathecal injection of RTX
desensitized mice to the low dose of parenterally administered RTX (Fig. 1C).

3.2. Effects of RTX on immobility in the forced swim test

Because TRPV1 sites are activated by exposure to heat, we tested mice in water that is
warmer (41°C) than the normal resting body temperature of mice (37-38°C) as well as
cooler water (26°C) to determine whether TRPV1 populations that are activated by
cutaneous heat sensors contribute to immobility. We found that saline-injected control mice
were immobile longer in water maintained at 26°C (Fig. 2A, 168.7 +/- 15.07 s, n=13), than
identical mice in 41°C water (Fig. 2C, 82.39 +/- 7.37 s, n=34, P=6.75¢ analyzed using a
Student’s unpaired t-test).

Compared to saline-injected controls, pretreatment with the desensitizing regimen of RTX
(3-5 injections of 0.1 mg/kg s.c. at 3-5 day intervals) decreased the time that mice spent
floating on day 1 of the 26°C swim (Fig. 2A) but had no effect on the time spent immobile
in the 41°C bath (Fig. 2C). In contrast, activation of the TRPV1 receptors by pretreatment
(24 h) with the low dose of RTX (0.02 mg/kg) increased immobility of mice in 41°C water
(Fig. 2C) but had no effect on immobility in 26°C water when compared to vehicle-injected
controls (Fig. 2A). We then determined whether the potentiative effect of the low dose of
RTX was greater at 3 h, when the effect on body temperature peaked and the degree of
desensitization minimal, than at 24 h. The same magnitude of a potentiative effect was
observed when mice were tested in 41°C water at 3 h as at 24 h after the injection of a low
dose of RTX (data not shown). These data document that it is the activation of TRPV1 sites
rather than their desensitization that enhances immobility. At both water temperatures, mice
were more immobile after the low dose of RTX than after the higher desensitizing dose of
RTX (Fig. 2A,C).

When these groups of mice were tested again 24 h later at their respective temperatures, but
with no additional injections of RTX, floating times increased in vehicle-injected control
mice, consistent with the potentiative effect of a conditioning swim on immaobility [45].
Although desensitization of TRPV1 sites is reported to persist for long periods of time in
most studies, mice injected several times with the high dose RTX prior to day 1 also floated
more on day 2 than on day 1 (Fig. 2B,D), in spite of the antidepressant effect of RTX on day
1. The immobility of mice injected with a low dose RTX (0.02 mg/kg) did not increase
further on day 2 than on day 1 (Fig. 2B,D), a time when responses were already near
maximal. Immobility times on day 2 did not differ between treatment groups when
compared at either temperature.

3.3. Desensitization of central TRPV1 receptors

To determine whether the potentiative effect of the low dose of RTX (0.02 mg/kg s.c.) on
depressive behavior was brought about by an action in the central nervous system (CNS), we
compared the effect of the low dose in mice injected with vehicle to those whose TRPV1
sites in the spinal cord and lower brainstem were desensitized by pretreatment with RTX
(0.25 pg i.t.). Twenty-four h later, mice were subjected to forced swims at either 26 or 41°C.

Compared to vehicle-injected mice, the central injection of RTX (0.25 ug i.t.) decreased
immobility of mice when measured using baths at either water temperature (Fig. 3 A,C).
Pretreatment with RTX injected i.t. also attenuated the increased immobility caused by
pretreatment (24 h) with the low dose RTX (0.02 mg/kg s.c.) in 41°C water (Fig. 3C),
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confirming that centrally located TRPV1 receptors are responsible for the enhanced
depressive behavior produced by the low dose of RTX.

3.4. Effect of antidepressants on RTX-induced increase in immobility

We questioned whether the enhanced immobility of mice after injection with a low dose of
RTX (0.02 mg/kg s.c.) was sensitive to traditional antidepressants. We examined the effect
of pretreatment with amitriptyline (2 x 10 mg/kg i.p.), a tricyclic antidepressant, on the
increased immobility produced by the low dose of RTX in the 41°C swim. Mice were
injected twice with amitriptyline or vehicle 1 h before the injection of RTX (0.02 mg/kg)
and 1 h before the swim. We found that amitriptyline inhibited immobility of mice and
prevented the increased immobility produced by the low dose of RTX (Fig. 4A).

To determine whether the enhanced immobility of mice after injection with a low dose of
RTX was sensitive to the action of newer antidepressants [46], we examined the effect of
pretreatment with ketamine (2 x 50 mg/kg i.p.), an N-methyl-D-aspartic acid (NMDA)
antagonist, on the increased immobility time produced by RTX in the 41°C swim. Ketamine
was given twice, 45 min before the RTX injection and 45 min before the swim. When
injected alone, ketamine had no effect on immobility when compared to vehicle-injected
mice (Fig. 4B), however, ketamine attenuated the increased immobility produced by the low
dose of RTX (Fig. 4B).

4. Discussion

This study investigates the role of TRPV1 receptors on immobility in the forced swim test,
one of many screens for antidepressant activity [47]. We confirmed the antidepressant-like
effect produced by inhibition of TRPV1 receptors [29-32] by desensitizing these sites using
RTX injected s.c. at a high dose. RTX was even more effective when given i.t., indicating
that depressive behavior is enhanced by TRPV1 receptor activity located centrally. In
addition, by showing that a low, non-desensitizing dose of RTX enhances immobility, we
provide a new additional line of evidence to support the role of TRPV1 in depressive
behavior. Because the increased immobility produced by RTX is inhibited by only two
injections of amitriptyline (acute treatment), whereas chronic treatment with traditional
antidepressants is required to treat depression or models of depression, the potentiative
effect of RTX does not reflect depression per se but merely a behavioral response that is
sensitive to the acute effects of antidepressant compounds. We further document that the
effects produced by RTX differ during forced swims in water baths that are colder or
warmer than body temperature, indicating the involvement of a population of TRPV1
receptors that are unique from those along thermoregulatory pathways.

Changes in body temperature were used to validate that the low s.c. dose of RTX activates
while the higher dose and the intrathecal dose desensitize TRPV1 receptors. A decrease in
body temperature 1 h after injection of RTX reflects its agonistic effect [9,35,48,49] that
persisted for 24 h after injection of the low s.c. dose of RTX [48,49]. In contrast, the
diminished response to repeated injections of the higher s.c. dose of RTX indicates
desensitization of thermosensitive receptors [49,50]. The central injection of RTX appears to
have produced an even greater degree of desensitization of the critical receptor field than
that produced by the high s.c. dose of RTX as evidenced by the hyperthermia that developed
after the i.t. but not the s.c. injection. This suggests that the protection against hyperthermia
that TRPV1 sites tonically subserve [8,9,34,35] was not fully desensitized when RTX was
injected peripherally, but it was when injected intrathecally. The antidepressant effect of
intrathecally injected RTX inhibited immobility at both temperatures on day 2 when
compared to vehicle-injected controls. In contrast, desensitization using s.c. injected RTX
(0.1 mg/kg) was not antidepressant on day 2. Together these data reflect the greater degree

Pharmacol Res. Author manuscript; available in PMC 2015 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Abdelhamid et al.

Page 6

of desensitization produced by the i.t. than by the s.c. injections used. They also indicate a
greater contribution of TRPV1 receptors to immobility on day 1 than on day 2 as
desensitization would be expected to persist for at least 48 h after either route of injection.

Desensitizing [30,33], pharmacologically antagonizing [32], or making mice deficient in the
expression of the TRPV1 receptors [29] is antidepressant in the more traditional swims in
cooler water (22-25°C). Consistent with this, we confirmed that desensitization of TRPV1
receptors using multiple injections of a high s.c. dose of RTX decreased immobility in the
forced swim test at 26°C. Together these data provide additional evidence to support the
conclusion that depressive behavior is modulated by the activation of TRPV1 receptors by
endogenously released TRPV1 receptor ligands.

Endogenously occurring TRPV1 receptor ligands, called endovanilloids, are lipids in nature
and derived from the metabolism of arachidonic acid and unsaturated N-acyldopamines
(NADA) [51]. Endovanilloids are produced when needed through a Ca2*-dependent
mechanism and hydrolyzed by fatty acid amide hydrolase (FAAH) that co-localizes with
TRPV1 receptors [52-54]. Endovanilloids activate TRPV1 receptors in various regions of
the brain that are responsible for regulating multiple brain functions, including depression.
For instance, TRPV1 receptors modulate input to the locus coeruleus [55], a site that is
implicated in major depression [56], stress [57,58], attention [59], and memory [57,58].
Immobility in rats in a forced swim is decreased by electrical stimulation of the locus
coeruleus but increased by 6-hydroxydopamine-induced lesions of that area [60]. TRPV1
receptor activation in the locus coeruleus leads to neuronal activation and enhancement of
the release of glutamate and epinephrine/norepinephrine in that region [61].

It is possible that TRPV1 receptor populations involved in thermoregulation might be
involved in depressive behavior, as it is known that rodents tend to float more in 26°C water
than in more tepid water [36—39] but to our knowledge, baths that are above the normal
body temperature of mice (41°C), and thus likely to activate TRPV1 receptors, have not
been tested. To determine whether activation of TRPV1 sites along thermoregulatory
primary afferent fibers influences immaobility, we subjected mice to forced swims in 41°C
water, that would activate this population of TRPV1 receptors, compared to 26°C water that
should not. Mice subjected to 41°C baths did not float as much as mice subjected to a swim
at 26°C. This greater immobility in 26°C water may result from either the activation of
TRPV1 sites by warmer water inhibiting immobility or by the recruitment of additional
TRPV1 receptor activity by cooler water (26°C) that potentiates immobility. Our data
support the latter conclusion as desensitization of TRPV1 receptors (using s.c. or i.t.
injections of RTX) inhibited immaobility in the cold swim but did not potentiate immobility
in the 41°C swim. The more complete desensitization brought about by RTX injected
intrathecally even inhibited immobility in both the 41°C and 26°C swims while the partial
desensitization by s.c. RTX had no effect on 41°C swims. Together these data indicate that
endogenous activation of TRPV1 receptors plays a greater role in immobility during the
cooler than during the warmer swims. Furthermore, the antidepressant effects of
desensitizing doses of RTX indicate that endogenous TRPV1 receptor activity evoked by
cold stress promotes depressive behavior. It is somewhat paradoxical that the greater
immobility in 26°C water results from activation of pathways mediated by TRPV1 activity
as these receptors have been traditionally associated with heat perception. However, the
inability of TRPV1 receptor activity induced by a bath temperature (41°C) above the normal
body temperature (around 38°C) to potentiate immobility to the same degree as that during a
colder stress (26°C) clearly differentiates TRPV1 receptor populations during cold stress
from those involved in thermoregulation.
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In contrast to the desensitizing effect of RTX at high doses, activation of TRPV1 sites using
a low dose of RTX increased depressive behavior in the 41°C water, mimicking the effect of
the colder forced swim stress. Prior desensitization of these sites using either s.c. or i.t.
injections of RTX prevented this potentiative effect of RTX on immobility during the 41°C
swim, confirming that enhancement of depressive behavior is due to activation TRPV1 sites.
These data indicate that immobility during a 41°C swim remains subject to the same positive
modulatory effect of TRPV1 receptor activity as that during a 26°C swim stress. The
relevant receptor population involved is merely not activated by heat. In contrast to the
potentiative effect of the low dose of RTX in a 41°C swim, when mice were tested at 26°C,
there was no additional increase in depressive behavior at this temperature. This could be
due to the release of sufficient endogenous ligands during cold stress activating TRPV1
receptors maximally during the forced swim, resulting in a ceiling effect.

One possible mechanism by which TRPV1 activity might be induced by cold stress is via
activation of the TRPV1 receptors along primary afferent fibers projecting to brown adipose.
Cold and stress initiate thermogenesis in brown adipose via sympathetic activity [62].
TRPV1 receptors along primary afferent C-fibers innervating brown adipose detect the heat
generated from uncoupling protein-1 activity and feedback to inhibit sympathetic tone. One
might speculate that this or similar regulatory input to the CNS also helps shape behavioral
responses to cold stress.

Some drugs are capable of enhancing immobility in the forced swim test without inducing
depression per se. For instance, psychogenic drugs like phencyclidine (PCP), also increase
immobility in the forced swim test when given repeatedly [63], but in a manner that is
insensitive to antidepressants [64]. To determine whether the increase in immaobility
produced by RTX during the 41°C swim was depression or merely depressive behavior, we
used acute injections of the antidepressant amitriptyline [65]. Amytriptyline decreased
immobility when compared to saline-injected control mice and attenuated the depressive
behavior induced by the low dose of RTX, suggesting that the enhanced immobility induced
by the low dose of RTX was a form of depressive behavior, but not depression per se.
Newer antidepressant compounds, as typified by ketamine, CPP (3-(2-carboxypiperazin-4-
yl) propyl-1-phosphonic acid) and dizocilpine (MK-801), inhibit NMDA receptors to
produce antidepressant activity in the forced swim test [46,66-68]. When the potentiative
effect of a low dose of RTX was tested at 41°C, ketamine did not affect depressive behavior
in saline-injected mice, but did in mice injected with the low dose of RTX. This suggests
that the effect of RTX is mediated by NMDA receptor activity and is even more sensitive to
the effects of these new antidepressants than is the basal immobility.

In conclusion, the greater degree of depressive behavior during 26°C than during 41°C
swims appears to result from centrally located TRPV1 receptors that are activated by
endogenous ligands during forced swims in water temperatures that are lower (26°C) than
the normal body temperature (around 38°C) but less so during swims in water maintained at
a temperature that is higher (41°C). Exogenous TRPV1 ligands also enhance depressive
behavior in the forced swim test in a fashion that is sensitive to acutely administered
antidepressant compounds.
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Fig. 1.

Effect of resiniferatoxin (RTX) on body temperature. Mice were injected subcutaneously
(s.c.) with a single injection of a low dose RTX (0.02 mg/kg), a high dose of RTX (0.1 mg/
kg) or an intrathecal (i.t.) injection of RTX (0.25 i1 g). In panel A, body temperatures were
measured before and 1 h after each injection as well as immediately prior to the forced swim
(24 h after the last injection of RTX). In panel B, body temperatures were measured 1 h after
receiving each of 5 injections of RTX (0.1 mg/kg s.c.) given at a 3-4 day intervals, to reveal
the rate of desensitization to the hypothermic effect of RTX. In panel C, body temperatures
were measured 24 h after an i.t. injection of RTX and 1 h after injection of 0.1 mg/kg of
RTX s.c. The effect of RTX on body temperature was compared using a one-way analysis of
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variance (ANOVA) followed by Tukey’s post-hoc analysis, where an asterisk (*) indicates a
difference from pre-injection temperatures or from vehicle. Throughout the figures,
differences were statistically significant if the probability that it occurred because of chance
alone was less than 5% (P<0.05).
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Fig. 2.

Effect of RTX delivered s.c. on immobility in the forced swim test. Mice were injected with
vehicle or either a low dose of RTX (0.02 mg/kg) or 3-5 injections of a high dose of RTX
(0.1 mg/kg) and then subjected to 2 daily 15-min swims in baths maintained at either 26°C
(panels A and B) or 41°C (panels C and D). Immobility in the two vehicle-injected control
groups did not differ from each other, so they were pooled. The first forced swim occurred
24 h after the final injection of RTX. Comparisons between the effects of the two doses of
RTX and vehicle (on the same day and at the same swim temperature) were performed using
one-way ANOVA followed by Tukey’s post-hoc analysis and marked with an asterisk (*)
when significant (panels A and C). Comparisons between immobility during swims on day 1
and day 2 (the same treatment and water temperature) were performed using Student’s t-test
and marked with a pound sign (#) when significant (panels B and D).
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Effect of desensitization of central TRPV1 receptors on forced swims in 26°C and 41°C
water. Mice were pretreated i.t. with vehicle or RTX (0.25 pg). The next day, mice were
injected with vehicle or a low dose of RTX (0.02 mg/kg s.c.) and tested 24 and 48 h later in
a 15-min forced swims in water maintained at either 26°C or 41°C. The time spent immobile
during the first 5 min of each swim was measured. Comparisons between different
treatments were performed using one-way ANOVA followed by Tukey’s post-hoc analysis
and marked with an asterisk (*) when different from each other. Comparisons between same
treatments on different days were performed using a paired Students t-test and when
significantly different indicated with a pound sign (#) on day 2 (panels B and D).
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Effect of antidepressants on RTX-induced increases in immobility. Mice were injected with
RTX (0.02 mg/kg s.c.) and tested 24 h later in the forced swim test at 41°C. In panel A, in

addition to RTX, mice were injected with either saline or amitriptyline (AMI, 10 mg/kg i.p.)
1 h before the RTX and 1 h before the swim. In panel B, mice were injected with saline or

ketamine (KET, 50 mg/kg i.p.) 45 min before the RTX and 45 min before the swim.
Comparisons between different treatments were performed using one-way ANOVA
followed by Tukey’s post-hoc analysis and marked with an asterisk (*) when they differed.
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