
Abstract
!

Diene valepotriates obtained from Valeriana gle-
chomifolia present antidepressant-like activity,
mediated by dopaminergic and noradrenergic
neurotransmissions. Also, previous studies have
shown inhibitory activity of diene valepotriates
towards Na+/K+-ATPase from the rat brain in vitro.
Nevertheless, in vivo studies regarding the action
of diene valepotriates on this enzyme are still
lacking. Considering that Na+/K+-ATPase cerebral
activity is involved in depressive disorders, the
aim of this study was to investigate the effects of
acute (5mg/kg, p.o.) and repeated (5mg/kg, p.o.,
once a day for three days) diene valepotriate ad-
ministration on Na+/K+-ATPase activity in the cor-
tex and hippocampus of mice submitted or not
submitted to the forced swimming test. In addi-
tion, the protein expression of Na+/K+-ATPase α1,
α2, and α3 isoforms in the cortex of mice repeat-
edly treated with diene valepotriates (and sub-
mitted or not submitted to the forced swimming
test) was investigated. Diene valepotriates signifi-
cantly decreased mice immobility time in the
forced swimming test when compared to the con-
trol group. Only the animals repeatedly treated
with diene valepotriates presented increased Na
+/K+-ATPase activity in the cerebral cortex, and
the exposure to the forced swimming test coun-
teracted the effects of the diene valepotriates. No
alterations in the hippocampal Na+/K+-ATPase ac-
tivity were observed. Repeated diene valepotriate
administration increased the cortical content of

the α2 isoform, but the α3 isoform protein expres-
sion was augmented only in mice repeatedly
treated with diene valepotriates and forced to
swim. Mice treated with the vehicle and submit-
ted to the forced swimming test also presented
an increase in the content of the α2 isoform, but
no alterations in Na+/K+-ATPase activity. These re-
sults suggest that cortical Na+/K+-ATPasemay rep-
resent a molecular target of the diene valepotri-
ates in vivo and long-term regulatory mecha-
nisms are involved in this effect. Also, the forced
swimming test per se influences the protein ex-
pression of Na+/K+-ATPase isoforms and counter-
acts the effects of the diene valepotriates on corti-
cal Na+/K+-ATPase.
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Introduction
!

The Valeriana genus (Valerianaceae) comprises
about 300–400 species [1] having a worldwide
distribution. Species from this genus are widely
recognized by their mild sedative, antispasmodic,
and relaxing properties and represent the most
lanta Med 2015; 81: 200–207
popular herbal supplement for the treatment of
anxiety and mild sleep disorders [2,3]. In fact, Va-
leriana officinalis is proposed by theWorld Health
Organization as an alternative or a possible sub-
stitute to benzodiazepines [4]. Along with its sed-
ative and antianxiety properties, some preclinical
studies have focused on the antidepressant-like



Table 1 Diene valepotriates content (mg/g extract, expressed as mean ± SD)
of the supercritical CO2 V. glechomifolia extract determined through HPLC.

Valepotriate Concentration (mg/g extract)

Valtrate 643 ± 56

Acevaltrate 172 ± 33

1-β-Acevaltrate 87 ± 9

1-β-Aceacevaltrate 39 ± 5

Isovaltrate 37 ± 6

Fig. 1 Diene valepotri-
ates from V. glechomi-
folia.

201Original Papers

D
ow

nl
oa

de
d 

by
: D

ot
. L

ib
 In

fo
rm

at
io

n.
 C

op
yr

ig
ht

ed
 m

at
er

ia
l.
activity of species from the Valeriana genus, like Valeriana offici-
nalis [2], Valeriana wallichii [5,6], Valeriana prionophylla [7], and
Valeriana fauriei [8].
The pharmacological properties of plants belonging to the Valeri-
ana genus are attributed to different constituents, including
monoterpene valerenic acid [9], flavonoids [10], and epoxy iri-
doid esters known as valepotriates [1,11–13], which are re-
stricted to the Valerianaceae family [14].
In line with these findings, our research group has been studying
the pharmacological properties of one species of Valeriana gen-
era native to south of Brazil, Valeriana glechomifoliaMeyer, which
is especially enriched in valepotriates [14,15]. Recently, we have
shown that a VAL obtained from the aerial and subterranean
parts of V. glechomifolia by SCCO2 extraction presents an antide-
pressant-like effect, which is mediated by noradrenergic and do-
paminergic neurotransmission [16]. Additionally, Maurman and
colleagues demonstrated that a valepotriate fraction from
V. glechomifolia displays anxiolytic and sedative effects and im-
pairs behavioral parameters related to recognitionmemory in ro-
dents [13]. Moreover, we have shown that diene valepotriates
isolated from V. glechomifolia (valtrate, acevaltrate, 1-β-aceval-
trate, and 1-β-aceacevaltrate) inhibit Na+/K+-ATPase from the rat
brain in vitro [17].
Na+/K+-ATPase is a membrane-bound enzyme made up of a cata-
lytic α subunit and a regulatory β subunit [18]. Na+/K+-ATPase
pumps maintain electrochemical gradients in neurons and astro-
cytes by the active exchange of intracellular Na+ and extracellular
K+ and are necessary for neuronal excitability and regulation of
neuronal cell volume [19]. Clinical studies have associated altera-
tions in cerebral Na+/K+-ATPase activity with depression and oth-
er psychiatric disorders [20,21]. In this sense, some authors dem-
onstrated that animal models of depression involving stress are
related to decreased Na+/K+-ATPase activity in the brain of ro-
dents [22–24], and that repeated treatment with antidepressants
[20] and mood stabilizers [23] is able to restore the Na+/K+-ATP-
ase activity in the hippocampus of rats subjected to experimental
models of depression.
Three Na+/K+-ATPase α isoforms are abundant in the brain. Both
neurons and glia express the ubiquitous α1 isoform; α2 is primar-
ily expressed in glial cells and α3 is only neuronal [25,26]. Of
note, mutations in Na+/K+-ATPase isoforms have been related to
the etiology of some neurological disorders [27,28]. Familial
hemiplegic migraine type II, an autosomal dominant disorder, is
related to mutations in the ATP1A2 gene, encoding the α2 iso-
form of the enzyme [29]. Also, mutations in the ATP1A3 gene,
which encodes the Na+/K+-ATPase α3 isoform, were identified as
the primary cause of some neurological disorders, such as rapid-
onset dystonia-parkinsonism, which is associatedwith decreased
α3 isoform expression [30], and alternating hemiplegia of child-
hood, which is related to decreased Na+/K+-ATPase activity [31].
Recently, Demos and colleagues found that an allelic mutation of
ATP1A3 is also related to CAPOS syndrome, a rare neurological
disorder [32]. Interestingly, some clinical and preclinical studies
have related alterations in the protein expression of the α3 iso-
form as well as in its activity with the neurobiology of psychiatric
disorders, including depression [33,34].
Considering this background, the present study was undertaken
with the aim of investigating the effects of acute and repeated ad-
ministration of VAL on Na+/K+-ATPase activity and protein ex-
pression of the Na+/K+-ATPase α1, α2, and α3 isoforms in the ce-
rebral cortex and hippocampus of mice submitted or not submit-
ted to a forced swimming session. These brain regions are consid-
ered to be closely related to the neurobiology of depression [35,
36].
Results
!

l" Table 1 depicts the diene valepotriates constitution of VAL, and
the chemical structure of each compound is presented inl" Fig. 1.
The valepotriate found in a larger quantity was valtrate, followed
by acevaltrate, 1-β-acevaltrate, 1-β-aceacevaltrate, and isoval-
trate.
The effects of acute and repeated administration of VAL and IMI
in the FST are shown in l" Fig. 2A,C, respectively. One-way
ANOVA revealed a significant main effect of both schedules of
treatment on the FST [acute treatment F(2, 27) = 17.39, p <
0.001; repeated treatment F(2, 31) = 17.11, p < 0.001]. Post hoc
analysis indicated a significant decrease in mice immobility time
caused by the acute or repeated administration of the positive
control imipramine or VALwhen compared to the vehicle-treated
group. The immobility time of the vehicle-treated mice is in ac-
cordance to previous studies published elsewhere by our group
[16,37,38] and others [39], which have used the same mouse
strain.
The acute treatment with VAL (l" Fig. 2B) did not affect mice lo-
comotor activity assessed by the OFT [acute treatment – cross-
ings: t(18) = 0.1853, p = 0.8550; rearings: t(18) = 0.8519, p =
0.4055; groomings: t(18) = 1.061, p = 0.3029]. On the other hand,
repeated treatment with VAL decreased the number of rearings,
but not crossings and groomings, in the OFT (l" Fig. 2D) [repeated
treatment – crossings: t(18) = − 0.886, p = 0.338; rearings: t(18) =
− 2.240, p < 0.05; groomings: t(18) = 0.136, p = 0.894].
l" Fig. 3 depicts the activity of Na+/K+-ATPase in the hippocampus
and cortex of mice acutely or repeatedly treated with VAL (or ve-
Müller LG et al. Effects of Diene… Planta Med 2015; 81: 200–207



Fig. 2 Effects of acute and repeated administra-
tion of diene valepotriates from V. glechomifolia ob-
tained by supercritical CO2 extraction (diene vale-
potriates fraction) in the mice FST and OFT. The an-
imals were acutely (5mg/kg, p.o.) or repeatedly
(5mg/kg, p.o.; once a day, during three days)
treated with VAL and submitted to the tests 1 h
(acute treatment: A and B, for the FST and OFT, re-
spectively) or 24 h after (repeated treatment: C and
D for the FST and OFT, respectively) the adminis-
tration. The antidepressant imipramine (IMI) was
used as a positive control for the FST (acute treat-
ment: 20mg/kg, p.o.; repeated treatment 20mg/
kg, p.o., once a day, during 3 days). Each column
represents the mean ± SEM. One-way ANOVA fol-
lowed by Student-Newman-Keuls: * p < 0.05,
** p < 0.01 and *** p < 0.001 when compared to
the respective vehicle-treated group; # p < 0.05,
## p < 0.01 when compared to the IMI-treated
group.

Fig. 3 Effects of acute and repeated administra-
tion of diene valepotriates from V. glechomifolia ob-
tained by supercritical CO2 extraction (diene vale-
potriates fraction) on Na+/K+-ATPase activity from
the hippocampus (A and C) and cortex (B and D) of
the mice. The animals were acutely (5mg/kg, p.o.)
(A and B) or repeatedly (5mg/kg, p.o., once a day,
during three days) (C and D) treated with VAL and
submitted (or not) to the FST 1 h or 24 h after VAL
administration. Each column represents the mean ±
SEM. Two-way ANOVA followed by Student-New-
man-Keuls; *** p < 0.001.
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hicle) and submitted or not to the FST. Two-way ANOVA did not
reveal any effect of VAL acute treatment, FST exposition, or VAL
acute treatment x FST interaction, neither in the hippocampus
(l" Fig. 3A) [FVAL(1,8) = 3.232, p = 0.110; FFST (1,8) = 0.157, p =
0.703; FVALxFST(1,8) = 0.550, p = 0.480] nor in the cortex
(l" Fig. 3B) [FVAL (1,44) = 0.326, p = 0.571; FFST(1,44) = 0.610, p =
0.439; FFSTxVAL(1,44) = 0.688, p = 0.934] of mice. No alterations
on Na+/K+-ATPase activity were detected in the hippocampus of
mice repeatedly treated with VAL and submitted or not to the
FST (l" Fig. 3C). Indeed, the two-way ANOVA did not reveal an ef-
fect of VAL repeated treatment [F(1,20) = 0.00279, p = 0.958], FST
exposure [F(1,20) = 0.0828, p = 0.777], or a VAL x FST interaction
Müller LG et al. Effects of Diene… Planta Med 2015; 81: 200–207
[F(1,20) = 0.140, p = 0.712]. In contrast, the repeated administra-
tion of VAL significantly increased Na+/K+-ATPase activity in the
cortex of naïve mice but not in mice repeatedly treated with VAL
and submitted to the FST (l" Fig. 3D). Two-way ANOVA revealed a
significant main effect of VAL repeated treatment [F(1,44) =
17.317; p < 0.001], FST exposure [F(1,44) = 5.521, p < 0.05], and a
VAL x FST interaction [F(1,44) = 7.065, p < 0.05].
The protein expression of different Na+/K+-ATPase isoforms in the
cortex of the experimental groups repeatedly treated with VAL
(or vehicle) by gavage and submitted or not to the FST is shown
in l" Fig. 4. With respect to the α1 isoform, two-way ANOVA re-
vealed a global significant effect of VAL repeated treatment [F



Fig. 4 Effects of repeated administration of diene
valepotriates from V. glechomifolia obtained by
supercritical CO2 extraction (diene valepotriates
fraction) on Na+/K+-ATPase α1 (A), α2 (B), and α3
(C) isoform protein expression in the cortex of the
mice. The animals were repeatedly (5mg/kg, p.o.,
once a day, during three days) treated with VAL and
submitted (or not) to the FST 24 h after VAL admin-
istration. Each column represents the mean ± SEM.
of n animals. Representative Western blot signals of
each group are shown. β-actin was used as a loading
control. Two-way ANOVA followed by Student-
Newman-Keuls; * p < 0.05; ** p < 0.01; ** p <
0.001. (Color figure available online only.)
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(1,16) = 5.357, p < 0.05] and FST exposure [F(1,16) = 5.088, p <
0.05], but not a VAL x FST interaction [F(1,16) = 0.0617, p =
0.807] (l" Fig. 4A). The repeated treatment with VAL as well as
the exposure to the FST significantly increased the content of Na+/
K+-ATPase α2 isoform in the cortex of mice (l" Fig. 4B). Two-way
ANOVA revealed a significant main effect of VAL repeated treat-
ment [F(1,16) = 5.357, p < 0.05] and FST exposure [F(1,16) =
23.084, p < 0.001], but no significant VAL x FST interaction
[F(1,16) = 0.466, p = 0.505]. The content of the α3 isoformwas in-
creased only in the cortex of mice both repeatedly treated with
VAL and submitted to the FST (l" Fig. 4C). Two-way ANOVA re-
vealed a significant main effect of VAL repeated treatment
[F(1,16) = 11.959; p < 0.05], FST exposure [F(1,16) = 10.077; p <
0.01], and a VAL x FST interaction [F(1,16) = 17.143, p < 0.001].
D
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Discussion
!

In the present study, we have replicated previous findings of our
laboratory, which have shown that the diene valepotriates ob-
tained from V. glechomifolia present an antidepressant-like effect
[16] in the mouse FST, a test predictive of antidepressant activity
[40]. This effect was not related to a nonspecific behavioral stim-
ulation once the animals acutely treatedwith VAL did not present
locomotor alterations in the OFT. These results are in accordance
to the proposal by Porsolt and colleagues who postulated that a
potential antidepressant must reduce immobility in the FST at
doses that do not stimulate locomotion [41].
Most important, this study further supports the hypothesis that
the enzyme Na+/K+-ATPase may constitute one of the valepotri-
atesʼ molecular targets. In a previous work, we have demonstrat-
ed that diene valepotriates (valtrate, acevaltrate, and 1-β-aceval-
trate) isolated from V. glechomifolia presented inhibitory activity
towards rat cerebral Na+/K+-ATPase in vitro [17]. Herein, we show
for the first time that VAL increases the activity of Na+/K+-ATPase
and protein expression of the α2 isoform in the cerebral cortex of
mice after a repeated treatment. The effects of VAL on the global
activity of the enzyme are similar to those found with fluoxetine
by Zanatta and colleagues [42]. These authors showed that rats
chronically treated with fluoxetine presented an increase in the
cortical Na+/K+-ATPase global activity, which may contribute to
its antidepressant effects, whereas the Na+/K+-ATPase activity in
vitro was reduced by this drug [42]. Effects on cortical Na+/K+-
ATPase could be particularly relevant, since this brain structure
is involved in depression neurobiology [36] and post mortem
studies have demonstrated alterations on Na+/K+-ATPase activity
in the cortex of depressed patients [20]. On the other hand, none
of the VAL treatment schedules altered the enzyme activity in the
hippocampus. As Na+/K+-ATPase activity varies in different brain
regions [43], these data suggest that VAL could cause region-spe-
cific changes in this enzyme activity.
The pathophysiology of depression has been associated with de-
creased Na+/K+-ATPase activity [44]. Moreover, clinical evidence
is in agreement with observations in animals, since the submis-
sion of rats to the unpredictable chronic mild stress, an experi-
mental model of depression [45], results in decreased Na+/K+-
ATPase activity in the hippocampus [22,23]. What is noteworthy
is that repeated treatment with fluoxetine [20] and lithium [23]
prevents the inhibition of Na+/K+-ATPase activity in depressed
animals. In the present study, the animals were not submitted to
that experimental model of depression, but our results demon-
strate that VAL per se was able to increase the cortical activity of
the enzyme as well as the protein expression of the α2 isoform.
Thus, we suggest that these effects of VAL on Na+/K+-ATPase could
contribute to its antidepressant-like properties.
The association of repeated VAL treatment with the FST exposure
affected the total enzyme activity and the protein expression of
Na+/K+-ATPase α1, α2, and α3 isoforms in cerebral cortex differ-
ently. Repeated VAL administration to naivemice significantly in-
creased cortical Na+/K+-ATPase activity and protein expression of
the α2 isoform. Surprisingly, the mice treated with the vehicle
and who were submitted to the FST also presented an increase
in the content of the α2 isoform, but did not present any altera-
tion on Na+/K+-ATPase activity. Furthermore, the mice treated
with VAL and submitted to the FST displayed a higher content of
the α2 isoform when compared to naive mice treated with VAL.
On the other hand, α3 isoform protein expression increased only
when the mice were submitted to both conditions: VAL treat-
Müller LG et al. Effects of Diene… Planta Med 2015; 81: 200–207
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ment and forced swimming. Of note, the content of the cortical
α1 isoform was not affected in any experimental group. In fact,
some authors have demonstrated that the housekeeping α1 iso-
form appears to be less sensitive to different types of insults than
the other ones [46,47]. Altogether, these data strongly suggest
that the FST affects the functioning of α2 and α3 Na+/K+-ATPase
isoforms by itself, which in turn influences the effects of VAL on
the expression and activity of this enzyme.
Goto and colleagues already suggested the influence of forced
swimming on Na+/K+-ATPase activity [48]. These authors demon-
strated that rats submitted to a short forced swimming session
(10min) presented increased corticosterone plasma levels and
ouabain-like compound levels in plasma and adrenal, which had
inhibitory effects towards Na+/K+-ATPase. In line with that, Viana
and colleagues demonstrated, in experimental conditions quite
similar to ours, that the acute swim stress (6min) increases cor-
ticosterone levels, both in plasma and the cortex of mice [37].
Therefore, considering the regulatory role of corticosteroids on
Na+/K+-ATPase activity [49], it is plausible that the corticosterone
increase induced by FST counteracts, at least in part, the effects of
VAL on the global activity of Na+/K+-ATPase.
In addition, we speculate that the acute swim stress may disrupt
Na+/K+-ATPase isoforms, causing a loss of function of the en-
zymes, so that the increase in the protein expression could repre-
sent a compensatory upregulation of these isoforms and, there-
fore, the global activity of the enzyme would remain unchanged
[50,51]. Jamme and colleagues reported a decrease in the cortical
Na+/K+-ATPase activity 30min after inducing focal cerebral ische-
mia in mice. Interestingly, they observed a tendency towards an
increase of α2 and, mainly, α3 isoform mRNA expression in the
same animals [52], and an augment of α protein expression can
also be observed by Western blot [53]. The authors suggested
that these changes could be due to adaptive responses to stress,
which is in line with our proposition. Furthermore, studies per-
formed with a non-mammalian species demonstrated that envi-
ronmental stressors, such as salinity, pH, and temperature, stim-
ulate Na+/K+-ATPase α [54] and β [55] subunits.
Mutations in Na+/K+-ATPase α1, α2, and α3 isoforms have been
identified in the cortex of patients with bipolar depression, and
these polymorphisms may involve a broad spectrum of changes
in enzymatic activity, which remain not completely elucidated
[21,56,57]. Kirshenbaum and colleagues demonstrated that Na+/
K+-ATPase α3 heterozygous mice [Atp1a3(±)] have reduced neu-
ronal Na+/K+-ATPase activity and are more vulnerable to present
depression-like behavior when submitted to chronic variable
stress compared to wild-type littermates [33]. The expression of
the α3 isoform gene is decreased in the prefrontal cortex of pa-
tients with major and bipolar depression [34]. These data suggest
that the Na+/K+-ATPase α3 isoform plays an important role in the
susceptibility to the development of the depression-like endo-
phenotypes. Therefore, this isoform may become a novel target
for antidepressants and a putative new player in the pathophysi-
ology of depression. From this perspective, our results about the
combined effect of VAL plus FST on Na+/K+-ATPase α3 isoform
protein expression are exciting and deserve further investigation.
The regulation of Na+/K+-ATPase activity is very complex and can
be divided into short-term and long-term mechanisms, which
are controlled by diverse factors, including hormones and neuro-
transmitters [49,58,59]. The long-term regulatory mechanisms
involve alterations in protein synthesis and/or the degradation
rate, and take some hours or days to occur [49]. Considering that
the acute treatment of mice with VAL did not alter Na+/K+-ATPase
Müller LG et al. Effects of Diene… Planta Med 2015; 81: 200–207
neither in the cortex nor in the hippocampus of mice, we suggest
that VAL might affect the long-term regulatory mechanisms of
this enzyme and, therefore, only the repeated treatment is able
to affect mice cortical Na+/K+-ATPase. In addition, we cannot rule
out the hypothesis that the lack of an acute effect of VAL on Na+/
K+-ATPase activity might be due to the need of the repetitive
doses to reach the VAL steady state concentration associatedwith
this specific activity. Noteworthy, the reduction in the immobility
time of mice in the FST after the acute administration of VAL is
probably not associated to an effect on Na+/K+-ATPase activity,
since the acute administration of VAL did not alter this enzyme
activity. In a previous study, we have demonstrated that the acute
antidepressant-like effect of VAL in the mice FST is mediated by
dopaminergic and noradrenergic neurotransmissions [16]. Thus,
we may suggest that the acute anti-immobility effect of VAL ob-
served in the present studymay be associated to the action of VAL
on the monoaminergic system.
In conclusion, the results discussed so far confirm the antidepres-
sant-like potential of diene valepotriates from V. glechomifolia,
which could represent a new chemical scaffold with antidepres-
sant properties. These compounds increased cortical Na+/
K+-ATPase activity, as well as the cortical protein expression of
the α2 isoform, which may contribute to its antidepressant-like
activity, since decreased Na+/K+-ATPase activity has been associ-
atedwith depression. Also, the FST counteracted the effects of the
diene valepotriates on cortical Na+/K+-ATPase activity and aug-
mented α3 isoform protein expression. The mechanisms where-
by the FST affects enzyme expression deserve further studies.
Materials and Methods
!

Chemical reagents
For the extract characterization, HPLC grade acetonitrile and
methanol were purchased from Merck®. For the behavioral ex-
periments, imipramine hydrochloride (purity > 99%) was pur-
chased from Henrifarma®. Materials used in ex vivo experiments
were ouabain (Sigma-Aldrich), rat polyclonal primary antibodies
anti-Na+/K+-ATPase α1 and α2 (Merck Millipore), and mouse
monoclonal antibody anti-Na+/K+-ATPase α3 (Santa Cruz Biotech-
nology). Anti-rat or anti-mouse peroxidase-conjugated antibod-
ies were purchased from Santa Cruz Biotechnology. For the be-
havioral experiments, VAL was dissolved in normal saline (NaCl
0.9%) with an additional 1% polysorbate 80 (vehicle). All the solu-
tions were freshly prepared on the day of the test and adminis-
tered via the oral route (gavage) at 10mL/kg.

Plant material
V. glechomifolia Meyer (Valerianaceae) was collected during its
flowering stage in São José dos Ausentes, Rio Grande do Sul state,
Brazil, in January 2012, and identified by Dr. M. Sobral (Universi-
dade Federal de São João del-Rei, Minas Gerais, Brazil). A voucher
specimen (Sobral, 7733) was deposited at the Herbarium of the
Universidade Federal do Rio Grande do Sul (ICN). The plant mate-
rial was freeze-dried, powdered, and kept frozen until analyzed.
Plant collection was authorized by SISBIO-IBAMA, approval
No. 29495–1.

Supercritical carbon dioxide extraction
The SCCO2 extractionwas conducted according toMüller and col-
leagues [16,60]. Powdered aerial and underground plant materi-
al (100 g dry weight) were used, and the extraction was per-
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formed using Pilot equipment [61]. SCCO2 flowed at a rate of
6.67 × 10−4 kg · s−1 through the extraction vessel, and the extrac-
tion was carried out at a constant temperature (40°C) and pres-
sure (90 bar). The SCCO2 extraction yield was 2.96 g.

Determination of diene valepotriates content
Diene valepotriates characterization and quantification in the
fractionwere performed by HPLC analysis, using an isocratic mo-
bile phase (acetonitrile: water; 50:50 v/v) and detection at
254 nm, as described elsewhere [15,16,60]. The experiments
were performed in triplicate. All diene valepotriates were quanti-
fied in mg of valtrate equivalent/g extract.

Animals
Male CF1 mice (P35–P45; 25–30 g) were purchased from Funda-
ção Estadual de Produção e Pesquisa em Saúde – RS (Brazil). The
animals were housed in plastic cages (17 × 28 × 13 cm), five mice
per cage, and kept under a 12-h light/dark cycle (lights on be-
tween 7 a.m. and 7 p.m.) at constant temperature of 23 ± 1°C
with free access to standard certified rodent diet and tap water.
All behavioral experiments were approved by The Animal Care
Local Ethical Committee (CEUA-UFRGS; project approval
No. 22648; approval date: May 3, 2012) and performed according
to Brazilian law [62–64] and the European Communities Council
Directive of November 24, 1986 (86/609/EEC).

Forced swimming test
The FST was carried out according to Porsolt and colleagues [65]
with minor modifications standardized and validated in our lab-
oratory [66]. Mice were adapted to the laboratory conditions 1 h
before being exposed to the FST. The animals were individually
forced to swim in a cylinder pool (10 cm diameter, 13 cm high;
water temperature 22 ± 1°C), and the total duration of immobil-
ity during a 6min test was scored (in seconds). Each mouse was
recorded as immobile when it remained floating motionless or
making only the movements necessary to keep its head above
water. The immobility behavior was recorded by human observ-
ers blind to the treatment.

Treatments
Independent groups of mice (n = 8–12 per group) were acutely
(5mg/kg, p.o.) or repeatedly (5mg/kg, p.o., once a day, during
three days) treated with VAL by gavage. The antidepressant imip-
ramine was used as a positive control for the acute (20mg/kg,
p.o.) and repeated treatment (20mg/kg, p.o., once a day, during
three days). The doses were chosen on the basis of previous re-
sults obtained by our research group [16]. Control groups were
submitted to the same treatment schedules and orally treated
with the vehicle. One h after the acute treatment or 24 h after
the repeated one, mice were evaluated in the FST. Immediately
after the test, mice treated with VAL were sacrificed by decapita-
tion, and brain structures were removed and stored at − 80°C un-
til analysis. Separate groups of mice acutely or repeatedly treated
with VAL but not submitted to the FST were also euthanized in
order to perform enzymatic activity and Western blotting, as de-
scribed in the next sections.

Open field test
The OFT was performed in order to evaluate the possible effects
of VAL on the locomotor and exploratory activities. For this pur-
pose, mice (n = 9–12) were submitted to acute and repeated
treatments previously described before being observed in the
open field. Animals were individually placed in the open field
arena (acrylic box – 40 × 30 × 30 cm), with the floor divided into
24 equal squares. After habituation to the arena for 5min, the
number of squares crossed with the four paws (crossing) and
rearing was recorded in a 15-min session by human observers
blind to the treatment. The apparatus was cleaned with 10%
ethanol after each mouse exposition.

Tissue preparation
Crude homogenates were performed as previously described,
with a few adaptations [67]. The brain cortex (one for each prep-
aration) and hippocampus (two or three pooled for each prepara-
tion) from the control and treated animals were homogenized in
a 250mM sucrose, 10mM EGTA, 1mM EDTA, 0.5mM dithio-
threitol, 0.1mM PMSF, and 50mM Tris–HCl buffer (pH 7.4) using
a motorized Potter apparatus (Fisatom). Ultracentrifugation was
carried out at 100000 g for 60min in an Optima XE-90 ultracen-
trifuge (Beckman Coulter). The pellet was resuspended in the
same buffer without PMSF and stored at − 80°C. Protein concen-
tration was determined by the Lowry protein assay method.

Na+/K+-ATPase activity assay
ATPase activity was evaluated colorimetrically by measuring the
amount of inorganic phosphate (Pi) released from ATP hydrolysis
as reported [68]. The assay was performed at 37°C for 1 h. The re-
action was started by adding 10 µg protein of each preparation to
a medium consisting of 84mM NaCl, 3mMMgCl2, 3mM ATPNa2,
10mMNaN3, 1mM EGTA, and 20mMmaleate-Tris buffer, pH 7.4,
with 10mM KCl (total activity) or 1mM ouabain (ouabain-resist-
ant activity). Specific Na+/K+-ATPase activity was the difference
between total and ouabain-resistant ATPase activities.

Western blot
SDS-PAGE (7.5% gels) was used to run 10 µg of protein of each
preparation for 1 h and then electrotransferred to nitrocellulose
papers. After Ponceau red staining in order to check homoge-
neous protein transfer, membranes were incubated for 1 h in 5%
dry skim milk dissolved in Tris–buffered saline solution contain-
ing 0.1% Tween 20 (TTBS), followed by 1 h at room temperature
with rat polyclonal primary antibodies anti-Na+/K+-ATPase α1
and α2, and mouse monoclonal antibody anti-Na+/K+-ATPase α3.
Membranes were further incubated for 1 h with anti-rat or anti-
mouse peroxidase-conjugated antibodies [69]. Proteins were de-
tected with SuperSignal West Pico chemiluminescent substrate
(Thermo Scientific), and blots were analyzed using Image J soft-
ware (NIH). β-actin protein levels were used as a loading control.
The same membrane was stripped and reprobed with successive
anti-Na+/K+-ATPase α antibodies to ensure equal conditions.

Statistical analysis
Results obtained in the OFTwere analyzed by Studentʼs t test. Da-
ta from the FST and the biochemical and Western blot assays
were analyzed by one- or two-way ANOVA followed by Student-
Newman-Keuls test when appropriate. The level for statistical
significance was set as p < 0.05. The statistical procedures were
performed using Sigma Stat software 2.03 (Jandel Scientific Cor-
poration).
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