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A B S T R A C T

We have recently demonstrated that the hydroethanolic extracts of Impatiens glandulifera Royle (Balsaminaceae)
have antianxiety effect in mice. The present study was aimed to investigate an antidepressant activity of hy-
peroside (HYP) and protocatechuic acid (PCA), two polyphenols isolated from the aerial parts of this plant, using
the forced swimming test (FST) and tail suspension test (TST) in mice. The implication of the monoaminergic
system in this effect was assessed and brain-derived neurotrophic factor (BDNF) expression was measured. At doses
1.875, 3.75 and 7.5 mg/kg, HYP and PCA significantly reduced immobility in the FST and TST, without affecting
locomotor activity of mice. Pretreatment with p-chlorophenylalanine (PCPA 100mg/kg, a serotonin synthesis
inhibitor) or α-methyl-DL-tyrosine (AMPT 100mg/kg, a catecholamine synthesis inhibitor) was able to prevent
antidepressant-like effect of HYP and PCA (3.75mg/kg). Sub-effective doses of fluoxetine (5mg/kg) or rebox-
etine (2mg/kg) were capable of potentiating the effect of a sub-effective dose of HYP (0.94mg/kg) in the FST.
Co-administration of sub-effective dose of PCA (0.94mg/kg) and reboxetine (2mg/kg) resulted in reducing
immobility in the FST. The antidepressant-like effect of HYP and PCA was also prevented by the administration
of sulpiride (50mg/kg), a D2 antagonist. In addition, HYP (3.75 and 7.5 mg/kg) and PCA (7.5 mg/kg) improved
the expression of hippocampal BDNF of mice subjected to TST. Altogether, our findings suggest that HYP and
PCA exert antidepressant-like effects in mice, which was possibly mediated by monoaminergic system and the
upregulation of BDNF level.

1. Introduction

Depression is estimated to affect around 322 million people across
the world making it a major prevalent neuropsychiatric problem. The
current therapies have many limitations. Approximately half of all pa-
tients with major depressive disorder are non-responders to first-line
therapy, and more than 65% do not achieve complete remission despite
intensive management (Hamon and Blier, 2013). As a consequence,
there is a clear need to develop more efficient and safer drugs as al-
ternative and/or complimentary therapy for depression (Knight and
Baune, 2017). In this context, herbal products seem to be a crucial
source of new antidepressant agents. Over the past two decades, a lot of
natural plants and their constituents that improve depression symptoms
have been extensively explored. For example, Hypericum perforatum,

Hypericum androsaemum, Nelumbo nucifera, Rosmarinus officinalis,
Ginkgo biloba and Aniba riparia have been suggested to have anti-
depressant activity (de Sousa et al., 2014; Kwon et al., 2010; Nabavi
et al., 2018). Due to the fact that numerous preclinical and clinical
studies have revealed the therapeutic potential of extracts and isolated
compounds of medicinal plants against depression (Lee and Bae, 2017;
Nabavi et al., 2015), it is important to search and identify new phyto-
chemicals for treatment of psychiatric disorders, including depression,
as an alternative for conventional drugs.

Impatiens glandulifera Royle (Himalayan Balsam), belonging to the
Balsaminaceae, is an annual invasive species in Europe (Beerling and
Perrins, 1993; Hejda and Pyšek, 2006; Pyšek and Prach, 1995), North
America and New Zealand (Weber, 2003). Decoction of the leaves of
this plant is commonly used in stress and mental tension in India
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(Kumar et al., 2009). I. glandulifera is also one of the Bach flower re-
medies that is recommended as a treatment for acute anxiety and which
is supposed to be protective in stressful situations (Thaler et al., 2009).
Furthermore, recent studies, carried out with the different extracts and
fractions of this species, show that I. glandulifera exerts several biolo-
gical effects, such as antimicrobial (Szewczyk et al., 2016), antioxidant
antimicrobial (Szewczyk et al., 2016; Szewczyk and Olech, 2017), cy-
tostatic (Cimmino et al., 2016), and cytotoxic activities (Szewczyk
et al., 2018a). We have recently demonstrated that the hydroethanolic
extracts of I. glandulifera have antianxiety effect in the elevated plus-
maze test (Szewczyk et al., 2018c). Phytochemical studies have showed
presence of the biologically active compounds in this species, such as
flavonoids (Szewczyk et al., 2016, 2018b; Vieira et al., 2016), phenolic
acids (Szewczyk and Olech, 2017; Szewczyk et al., 2018b), coumarins
(Tříska et al., 2013), fatty acids (Szewczyk et al., 2018a), quinones
(Cimmino et al., 2016), and glucosylated steroids (Cimmino et al.,
2016), and some of these compounds have proven antidepressant effect
(Machado et al., 2013; Szafrański, 2014).

Two polyphenols – hyperoside (HYP) and protocatechuic acid (PCA)
– also found in I. glandulifera were previously shown to exert anti-
depressant activity in rodents (Butterweck and Schmidt, 2007; Haas
et al., 2011; Thakare et al., 2017). Antidepressant effect of HYP was
reported to be mediated, at least in part, by the dopaminergic system
through the activation of dopamine D2 receptors (Haas et al., 2011).

Depression is a complex emotional disorder with symptoms not only
manifested at the behavioral, but also at the physiological level.
Insufficient amounts of monoamine neurotransmitters serotonin (5-
HT), noradrenaline (NE), and/or dopamine (DA) have been long related
to pathogenesis of depression. This hypothesis grew out of observations
that antidepressant therapies raise neurotransmission tone depending
on one or more of these neurotransmitters (Hamon and Blier, 2013). In
addition, many studies have suggested that there is a reduction in brain-
derived neurotrophic factor (BDNF) levels in depressive individuals and
that BDNF is required for the normal action of antidepressant drugs
(Kozisek et al., 2008).

Based on the above presented data, the aim of the study was to
clarify the mechanisms underlying antidepressants-like effects of HYP
and PCA. The implication of the monoaminergic system in this action
was assessed and BDNF expression was measured.

2. Materials and methods

2.1. Isolation of hyperoside and protocatechuic acid

Hyperoside (HYP) and protocatechuic acid (PCA) were extracted
and purified from the aerial parts of Impatiens glandulifera as previously
described with slight modifications (Szewczyk et al., 2018b). Air-dried
and powdered aerial parts (3.0 kg) of I. glandulifera were extracted with
50% ethanol (3 x 3L, reflux, 3h), and then were sonicated with mixture
of ethanol-acetone-water (3:1:1, v/v/v) (3 x 3L) at a controlled tem-
perature (40 ± 2 °C) for 30min. Extractants were evaporated under
reduced pressure to afford a residue (493.8 g), which was re-dissolved
in hot distilled water (1000mL) and partitioned between chloroform
(2× 300mL, 8× 200mL), ethyl acetate (1× 300mL, 8× 250mL)
and n-buthanol (6× 300mL), yielded 61.3, 123.5, and 176.0 g of each
dried fraction, respectively.

A dried ethyl acetate fraction (123.5 g) was successively subjected
to polyamide column with MeOH–H2O (0:100 to 100:0, v/v, in 6 steps)
as eluent to afford each component. The methanol-water (40:60, v/v)
fraction (5.79 g) was re-chromatographed on Sephadex LH-20 column
eluting with mixtures of MeOH–H2O (60:40 to 100:0, v/v in 4 steps).
The methanol-water (50:50, v/v) fraction (3.08 g) was subjected to the
preparative HPLC (A: 0.1% HCOOH in H2O, B: 0.1% HCOOH in MeCN,
flow 20ml/min, column temperature 25 °C, detection 280 nm, gradient
0min–6%B, 50min−23%B) to yield protocatechuic acid (127.2 mg,
tr= 7.0–7.6) and hyperoside (519.4 mg, tr= 32.2–32.6). PCA (3,4-

dihydroxybenzoic acid): ESI-MS (negative) m/z: 153 [M-H]-, MS/MS m/
z: 109 [M-H-CO2]-; 1H-NMR (300MHz, DMSO‑d6) δ (ppm): 7.45 (1H, d,
J=1.5 Hz, H-2), 7.33 (1H, dd, J=8.0, 1.5 Hz, H-6), 6.78 (1H, d,
J=8.0 Hz, H-5); 13C-NMR (75MHz, DMSO‑d6) δ (ppm): 167.34 (C-7),
150.13 (C-4), 141.97 (C-3), 120.67 (C-6), 122.67 (C-1), 116.15 (C-2),
114.58 (C-5); HYP: ESI-MS (negative) m/z: 463 [M-H]-; 1H-NMR
(300MHz, DMSO‑d6) δ (ppm): 12.63 (s, 1H, 5-OH), 10.53 (s, 1H, 7-OH),
9.40 (s,1H, 4′-OH), 7.68–7.65 (dd, 1H, J=5.9 Hz, 6′-H), 7.53 (s, 1H, 2′-
H), 6.84 (d, 1H, J=8.5 Hz, 5′-H), 6.20 (s, 1H, 6-H), 5.38 (d, 1H,
J=7.6 Hz, H-1″), 5.13 (br s, 1H, galactosyl OH), 4.86 (br s, 1H, ga-
lactosyl OH), 4.39 (br s, 2H, galactosyl OH), 3.82 (s, 1H, galactosyl H),
3.86–3.26 (m, 6H, H-2″-6″); 13C-NMR (75MHz, DMSO‑d6) δ (ppm):
177.60 (C-4), 164.01 (C-7), 161.46 (C-5), 156.17 (C-2, C-9), 148.56 (C-
4′), 144.78 (C-3′), 132.08 (C-3), 121.92 (C-6′), 119.96 (C-1′), 115.90
(C-5′), 114.98 (C-2′), 103.22 (C-10), 101.84 (C-1″), 98.19 (C-6), 93.39
(C-8), 75.53 (C-5″), 73.18 (C-3″), 70.63 (C-2″), 67.57 (C-4″), 59.67 (C-
6″).

2.2. Animals

The experiments were performed on male Albino Swiss mice
(20–25 g), where 4 animals were kept in a cage, at room temperature of
22 ± 1 °C, with free access to food and water. All manipulations were
conducted in the light phase, between 9:00 a.m. and 5:00 p.m. Each
experimental group consisted of 8 animals. All behavioral experiments
were carried out according to the European Community Council
Directive for Care and Use of Laboratory Animals (2010/63/EU), and
approved by the Local Ethics Committee for Animal Experimentation.

2.3. Drugs

All substances were administered intraperitoneally (i.p.) in a con-
stant volume of 10ml/kg body weight. HYP and PCA dissolved in
DMSO (its final concentration of 0.1%), suspended in 0.5% Tween-80
(1–2 drops) and then diluted with saline solution (0.9% NaCl). HYP and
PCA were administered 60min before tests. Bupropion (BUP), p-
chlorophenylalanine methyl ester (PCPA) and α-methyl-DL-tyrosine
(AMPT) were purchased from Sigma-Aldrich Co. (MO, USA). Fluoxetine
(Flx; Lilly, USA), reboxetine (Rbx; Tocris, USA), sulpiride (SUL; RBI,
USA), PCPA and BUP were dissolved in 0.9% NaCl, and AMPT was
suspended in saline with 10% (v/v) Tween-80 (poly-
oxyethylenesorbitanmonooleate, Sigma-Aldrich Co.). The control ani-
mals received the vehicle (0.9% NaCl).

2.4. Experimental design

In order to investigate a possible contribution of the 5-HT system to
the effect of HYP or PCA in reducing the immobility time in the FST,
animals were pretreated with PCPA (100mg/kg, i.p., an inhibitor of
serotonin synthesis) or vehicle, once a day, for four consecutive days.
Then, 24 h after the last PCPA or saline injection, animals were treated
with PCA (3.75mg/kg, i.p.), HYP (3.75mg/kg, i.p.) or Flx (15mg/kg,
i.p., a serotonin reuptake inhibitor, a positive control) or vehicle and
were tested in the FST and in an actometers 60min later (Colla et al.,
2014).

In the experiments designed to study a possible role of the nora-
drenergic/dopaminergic system in the antidepressant-like effect of HYP
or PCA, mice were pretreated with AMPT (100mg/kg, i.p., an inhibitor
of tyrosine hydroxylase, a critical enzyme for the synthesis of nora-
drenaline (NE) and DA), or vehicle 4 h before HYP or PCA adminis-
tration (3.75 mg/kg, i.p.). After 60min, the behavioral tests were car-
ried out (FST and the mobility measurement).

In another two sets of experiments, the effect of the administration
of a sub-effective dose of HYP or PCA (0.94mg/kg, i.p.), followed by
the administration of a sub-effective dose of Flx (5mg/kg; ip.) or Rbx
(2mg/kg, i.p., a selective noradrenaline reuptake inhibitor), was
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investigated after 60min in the behavioral tests.
To assess the possible involvement of the dopaminergic system in

the antidepressant activity of HYP or PCA in the FST, animals were
treated with SUL (50mg/kg, i.p., a DA receptor antagonist), and after
30min they received HYP or PCA (3.75mg/kg, i.p.), BUP (a DA re-
uptake inhibitor, 30mg/kg, i.p.) or saline. Subsequently, animals were
evaluated in the FST and actometer 1 h later (de Sousa et al., 2014).

2.5. Behavioral tests

2.5.1. Spontaneous locomotor activity
Spontaneous locomotor activity was measured using an animal ac-

tivity meter Opto-Varimex-4 Auto-Track (Columbus Instruments, OH,
USA), as was described in details previously. A distance travelled (in
cm) by a tested mouse was measured after 6min (corresponded with
the time duration of the FST). The cages were cleaned up with 70%
ethanol after each mouse (Fiorino et al., 2017).

2.5.2. Forced swimming test (FST)
The experiment was carried out according to the method of Porsolt

et al. (1977). Mice were individually placed in a glass cylinder (25 cm
high; 10 cm in diameter) containing 10 cm of water maintained at
23–25 °C, and were left there for 6min. A mouse was regarded as im-
mobile when it remained floating on the water, making only small
movements to keep its head above it. The total duration of immobility
was recorded during the last 4 min of a 6-min test session.

2.5.3. Tail suspension test (TST)
Mice were individually suspended 50 cm above the floor by ad-

hesive tape placed approximately 1 cm from the tip of the tail. The
duration of immobility was recorded during the final 4min interval of
the 6-min test. Mice were considered immobile only when they hung
passively and completely motionless. The immobility time was re-
corded by observers blind to the drug treatment (Steru et al., 1985).

2.5.4. Determination of BDNF concentration
The non-TST group (a group of mice with saline treatment only), the

TST group (a group of mice exposed to the TST procedure with saline
treatment only) and mice administered with Flx (15mg/kg), HYP or
PCA (1.875, 3.75 and 7.5 mg/kg) exposed to TST were sacrificed im-
mediately after the test by decapitation. The hippocampus was dis-
sected from each animal, and then stored at −80 °C for later analysis of
BDNF level. The concentration of above factor was measured by a
ready-to-use sandwich enzyme immunoassay (ELISA) diagnostic kit
dedicated to mouse fluids and tissues (Enzyme-linked Immunosorbent
Assay Kit For BDNF). All the procedures were performed according to
the instructions supplied by the manufacturer (Cloud-Clone Corp., Katy,
USA). The tissue homogenate was prepared from each mouse hippo-
campus by sonication in fresh lysis buffer (w:v=1:50, 1ml buffer/
50mg tissue sample) (Cloud-Clone Corp., Katy, USA) with addition of
2mM phenylmethylsulfonyl fluoride (PMSF) (Sigma-Aldrich Co., MO,
USA) to avoid protein degradation. Then, the homogenates were cen-
trifuged for 5min at 10,000×g and the supernatants were collected to
assay.

2.6. Statistical analysis

The results were calculated by the one- or two-way analysis of
variance (ANOVA), followed by Bonferroni's post hoc test as appro-
priate. The results are presented as means ± standard errors of means
(S.E.M). The level of p < 0.05 was considered statistically significant.
All figures were prepared by the GraphPad Prism version 5.00 for
Windows, GraphPad Software (San Diego, California, USA), www.
graphpad.com.

3. Results

3.1. Effects of HYP and PCA on the immobility time in the FST

One-way ANOVA revealed that the acute i.p. doses of PCA (1.875,
3.75 and 7.5mg/kg), HYP (1.875, 3.75 and 7.5 mg/kg) and Flx (15mg/
kg) exerted a statistically significant effect on immobility time values
[F(9,81)= 6,036; p < 0.0001; Fig. 1A]. The applied post hoc Bonferro-
ni's test showed PCA (1.875, 3.75 and 7.5mg/kg), HYP (1.875, 3.75
and 7.5 mg/kg) and Flx (15mg/kg) to have significantly decreased
immobility time, as compared with the saline-treated control group
[p < 0.05, p < 0.01 and p < 0.05; p < 0.01, p < 0.001 and
p < 0.05; p < 0.01 respectively], indicating that these constituents
and Flx exert an antidepressant-like effect. The lowest dose of PCA and
HYP (0.94mg/kg) did not affect the immobility time.

3.2. Effects of treatments on the locomotor activity of mice

One-way ANOVA revealed that a treatment with PCA or HYP af-
fected the distance travelled [F(17,126)= 68,32; p < 0.0001; Fig. 1B].
The post hoc Bonferroni's test showed that PCA and HYP at doses 15, 30,
60 and 120mg/kg significantly shortened the distance travelled com-
pared to saline group (p < 0.001). There were no substantial altera-
tions in the locomotor activity of mice after PCA and HYP administra-
tion at dose: 0.94, 1.875, 3.75 and 7.5mg/kg (p > 0.05).

Fig. 1. Effects of administration of PCA and HYP at doses 0.94, 1.875, 3.75 and
7.5 mg/kg on the immobility time in the FST (A). Effects of administration of
PCA and HYP at doses 0.94, 1.875, 3.75, 7.5, 15, 30, 60 and 120 mg/kg on the
distance travelled (B). Each column represents the mean ± SEM. *p < 0.05,
**p < 0.01 and ***p < 0.001 vs. control group (one-way ANOVA followed by
Bonferroni's test).
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3.3. Effects of PCA and HYP on the immobility time in the TST

One-way ANOVA revealed that the acute i.p. doses of PCA (1.875,
3.75 and 7.5 mg/kg), HYP (1.875, 3.75 and 7.5 mg/kg) and Flx (15mg/
kg) exerted a statistically significant effect on immobility time values
[F(7,45) = 3,999; p=0.0018; Fig. 2]. The applied post hoc Bonferroni's
test showed PCA (1.875, 3.75 and 7.5 mg/kg), HYP (1.875, 3.75 and
7.5 mg/kg) and Flx (15mg/kg) to have significantly decreased im-
mobility time, as compared with the saline-treated control group
[p < 0.05, p < 0.001 and p < 0.05; p < 0.05, p < 0.01 and
p < 0.01; p < 0.01 respectively], indicating that these constituents
and Flx exert an antidepressant-like effect.

3.4. Involvement of the serotonergic system in the antidepressant-like effect
of HYP and PCA in the FST

Two-way ANOVA revealed that there was a statistically significant
effect caused by PCPA (100mg/kg) pretreatment [F(1,62) = 15.93;
p=0.0002] and interaction between PCPA (100mg/kg) and PCA
(3.75 mg/kg), HYP (3.75mg/kg) or Flx (15mg/kg) treatment
[F(3,62) = 9.81; p < 0.0002].

The acute injection of PCA (3.75 mg/kg), HYP (3.75 mg/kg) and Flx
(15mg/kg) caused antidepressant-like effect, reducing the immobility
time in the FST (p < 0.001, p < 0.001 and p < 0.01, respectively;
the post hoc Bonferroni's test; Fig. 3A). Pretreatment with PCPA
(100mg/kg) significantly prevented anti-immobility actions induced by
Flx (15mg/kg) and HYP (3.75mg/kg) (p < 0.05 and p < 0.001, re-
spectively, the post hoc Bonferroni's test; Fig. 3A).

Two-way ANOVA revealed that there was a statistically significant
effect caused by Flx (5mg/kg) pretreatment [F(1,41)= 5.84;
p=0.0202] and interaction between Flx (5mg/kg) and HYP (0.94 mg/
kg) treatment [F(2,41) = 3.97; p=0.0266]. Co-administration of sub-
effective doses of Flx (5 mg/kg) and HYP (0.94 mg/kg) significantly
reduced the immobility time in the FST in comparison with the control
group (p < 0.05, the post hoc Bonferroni's test; Fig. 4A).

None of the treatments caused significant changes on locomotor
activity (Figs. 3B and 4B).

3.5. Involvement of the noradrenergic/dopaminergic system in the
antidepressant-like effect of HYP and PCA in the FST

Two-way ANOVA revealed that there was a statistically significant
effect caused by AMPT (100mg/kg) pretreatment [F(1,53) = 20.90;
p < 0.0001], treatment with PCA (3.75mg/kg) or HYP (3.75 mg/kg)
[F(2,53) = 87.20; p < 0.0001] and interaction between AMPT
(100mg/kg) pretreatment and PCA (3.75mg/kg) or HYP (3.75 mg/kg)

treatment [F(2,53) = 31.13; p < 0.0001].
The acute injection of HYP (3.75mg/kg) and PCA (3.75mg/kg)

caused antidepressant-like effect, reducing the immobility time in the
FST (p < 0.001 and p < 0.01, respectively; the post hoc Bonferroni's
test; Fig. 5A). Pretreatment with AMPT (100mg/kg) significantly pre-
vented anti-immobility actions induced by HYP (3.75mg/kg) or PCA
(3.75 mg/kg) (p < 0.05, the post hoc Bonferroni's test; Fig. 5A).

Two-way ANOVA revealed that there was a statistically significant
effect caused by Rbx (2mg/kg) pretreatment [F(1,31) = 87.62;
p < 0.0001], treatment with PCA (0.94 mg/kg) or HYP (0.94mg/kg)
[F(2,31)= 6.78; p=0.0036] and interaction between Rbx (2mg/kg)
pretreatment and HYP (0.94mg/kg) or PCA (0.94 mg/kg) treatment
[F(2,31)= 14.25; p < 0.0001]. Co-administration of sub-effective doses
of Rbx (2mg/kg) and HYP (0.94mg/kg) or PCA (0.94mg/kg) sig-
nificantly reduced the immobility time in the FST in comparison with
control group (p < 0.05, the post hoc Bonferroni's test; Fig. 6A).

Two-way ANOVA revealed that there was a statistically significant
effect caused by SUL (50mg/kg) pretreatment [F(1,57) = 197.97;
p < 0.0001], treatment with HYP (3.75mg/kg), PCA (3.75 mg/kg) or
BUP (30mg/kg) [F(3,57) = 65.84; p < 0.0001] and interaction be-
tween SUL (50mg/kg) pretreatment and HYP (3.75mg/kg), PCA
(3.75 mg/kg) or BUP (30mg/kg) [F(3,57) = 14.63; p < 0.0001].

The acute injection of HYP (3.75 mg/kg), PCA (3.75 mg/kg) and
BUP (30mg/kg) caused antidepressant-like effect, reducing the im-
mobility time in the FST (p < 0.01, p < 0.01 and p < 0.001,

Fig. 2. Effects of administration of PCA and HYP at doses 1.875, 3.75 and
7.5 mg/kg on the immobility time in the TST. Each column represents the
mean ± SEM. *p < 0.05, **p < 0.01 and ***p < 0.001 vs. control group
(one-way ANOVA followed by Bonferroni's test).

Fig. 3. Effect of pretreatment of mice with PCPA (100 mg/kg, i.p.) and treat-
ment with PCA (3.75 mg/kg, i.p.) or HYP (3.75 mg/kg, i.p.) on the immobility
time in the FST (A) and on the distance travelled (B). Each column represents
the mean ± SEM. **p < 0.01, ***p < 0.001 vs. control group; ∧ p < 0.05,
∧∧∧ p < 0.001 vs. the same group pretreated with vehicle (two-way ANOVA
followed by Bonferroni's test).
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respectively; the post hoc Bonferroni's test; Fig. 7A). Pretreatment with
SUL (50mg/kg) significantly prevented anti-immobility actions in-
duced by BUP (30mg/kg), PCA (3.75mg/kg) and HYP (3.75 mg/kg)
(p < 0.05, p < 0.01 and p < 0.05, respectively, the post hoc Bon-
ferroni's test; Fig. 7A).

None of the treatments caused significant changes on locomotor
activity (Figs. 5B, 6B and 7B).

3.6. Effects of PCA and HYP on BDNF concentration in the hippocampus

A significant decrease in concentration of BDNF (F[2.18] = 4.061,
p < 0.01; Fig. 8) in the hippocampus of mice exposed to TST (TST
group) compared to the non-TST group was recorded. In the group of
TST rodents receiving Flx (15mg/kg, i.p.), the significant rise of BDNF
level (F[2.18]= 4.061, p < 0.01; Fig. 8) was noted in comparison to
TST group. PCA (7.5 mg/kg i.p.) administered to mice exposed to TST
significantly increased the BDNF concentration (F[2.18]= 4.061,
p < 0.01; Fig. 8) when compared with the TST group. BDNF levels
were also recovered in a dose-depend manner by administration of HYP
at a dose of 3.75mg/kg i.p. (F[2.18]= 4.061, p < 0.01; Figs. 8) and
7.5 mg/kg i.p. (F[2.18]= 4.061, p < 0.001; Fig. 8) in comparison to the
TST group.

4. Discussion

In the present study, we aimed to investigate the potential

antidepressant-like effect of two polyphenols, isolated from I. glanduli-
fera, in FST and TST, frequently used as screening models for new an-
tidepressant agents. Both tests are sensitive to all major classes of an-
tidepressants and are leading tools to assess the neurobiological
mechanisms involved in the antidepressant response. In these tests,
mice are placed in an inescapable situation which leads to the devel-
opment of immobile posture and substances that have antidepressant-
like effect promote the occurrence of escape-related behavior de-
creasing the immobility time duration (Kara et al., 2018; Porsolt et al.,
1977; Steru et al., 1985).

To verify that the changes in immobility time in the FST and TST
were not attributed to non-specific effects, locomotor activity of mice
was measured. The first stage of experiment consisted of assessing the
impact of different doses of HYP and PCA on the mobility of animals. In
the further treatments, HYP and PCA were used at doses (0.94, 1.875,
3.75 and 7.5mg/kg) which did not affect spontaneous locomotion of
mice.

It was demonstrated that an acute treatment with HYP and PCA,
administered i.p., produced a significant antidepressant-like response,
evidenced by a decrease in the immobility duration in the FST and TST.
These effects were observed in three used doses of HYP and PCA –
1.875, 3.75 and 7.5mg/kg. Antidepressant activity of HYP and PCA at a
dose of 3.75mg/kg was comparable with that of Flx (15mg/kg).

Extensive studies showed that monoaminergic neurotransmission
that involves 5-HT, NE and DA exerts major influence on brain circuits
concerned by the regulation of mood, reactivity to psychological stress,

Fig. 4. Effect of the treatment with sub-effective doses of PCA (0.94 mg/kg,
i.p.) and HYP (0.94 mg/kg, i.p.) in combination with sub-effective dose of
fluoxetine (Flx, 5 mg/kg, i.p.) on the immobility time in the FST (A) and on the
distance travelled (B). Each column represents the mean ± SEM. *p < 0.05
vs. control group (two-way ANOVA followed by Bonferroni's test).

Fig. 5. Effect of pretreatment of mice with AMPT (100 mg/kg, i.p.) and treat-
ment with PCA (3.75 mg/kg, i.p.) or HYP (3.75 mg/kg, i.p.) on the immobility
time in the FST (A) and on the distance travelled (B). Each column represents
the mean ± SEM. **p < 0.01, ***p < 0.001 vs. control group; ∧ p < 0.05
vs. the same group pretreated with vehicle (two-way ANOVA followed by
Bonferroni's test).
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motivation and drive. Indeed, the therapeutic efficacy of available an-
tidepressants is dependent on the increase in the level of monoamines
in the brain caused by the therapy with these drugs (Hamon and Blier,
2013).

In order to verify the involvement of serotonergic system in the
antidepressant-like effect of HYP and PCA, serotonergic lesion was
performed. PCPA, an inhibitor of the enzyme tryptophan hydroxylase
(an enzyme that plays a pivotal role in biosynthesis of 5-HT in CNS
neurons), was reported to produce a significant depletion of cortical 5-
HT content in mice (O'Leary et al., 2007). In our experiment, PCPA
(100mg/kg) was able to abolish antidepressant-like effect of HYP
(3.75 mg/kg) and Flx (15mg/kg), a positive control in the FST. This
effect suggests that anti-immobility action of HYP is dependent on the
bioavailability of 5-HT in the synaptic cleft, similar to Flx. Reinforcing
this hypothesis, the co-administration of sub-effective dose of HYP
(0.875mg/kg) in combination with Flx (5 mg/kg) produced a sy-
nergistic antidepressant-like response in the FST. Flx belongs to SSRIs
which mechanism of antidepressant action is associated with selective
activity at the rise of the serotonergic system in the CNS by inhibiting
the reuptake of 5-HT (Hamon and Blier, 2013). PCPA, when given
alone, had no impact on the FST behavior. The administration of PCPA
at the same dose did not prevent the antidepressant-like effect of PCA in
the FST. The combination of subthreshold doses of PCA (0.94 mg/kg)
an Flx (5 mg/kg) does not imply a convincing interaction.

It should be underlined that antidepressants acting selectively on
only one monoamine, such as selective inhibitors of 5-HT or NE re-
uptake, alleviate depression symptoms in a limited percentage of pa-
tients, and are poorly effective to prevent recurrence. Thorough in-
vestigations for the last 30 years allowed the demonstration of the
existence of functional interactions between 5-HT, NE and DA systems
(Hamon and Blier, 2013). Therefore, in the subsequent stages of re-
search, the effect of AMPT – a selective inhibitor of tyrosine hydro-
xylase – on the antidepressant-like activity of HYP and PCA was ex-
plored. Tyrosine hydroxylase is a rate-limiting enzyme in the synthesis
of NE and DA and the administration of AMPT reduced NE and DA
levels in mice, whereas it does not affect 5-HT levels (Mayorga et al.,
2001). In the present study, it was found that a pre-treatment with
AMPT caused a significant inhibition of the antidepressant effect in the
FST when co-administered with HYP or PCA at a dose of 3.75mg/kg. To
better address this issue, we also evaluated the effect of combined ad-
ministration of subeffective doses of HYP and PCA (0.94 mg/kg) with
Rbx, a selective NE reuptake inhibitor. Its mechanism of action leads to
an increased availability of NE around synaptic cleft (Eyding et al.,
2010). The synergism of the antidepressant action, observed in the
experimental scheme, suggests that the NE system can be implicated in
the antidepressant-like response of HYP and PCA. It was also shown
that the anti-immobility effect of HYP and PCA (3.75 mg/kg) was
prevented by SUL (50 mg/kg) – a dopamine D2 receptor antagonist.
The result was comparable to the antagonist interaction between SUL

Fig. 6. Effect of the treatment with sub-effective doses of PCA (0.94 mg/kg,
i.p.) and HYP (0.94 mg/kg, i.p.) in combination with sub-effective dose of re-
boxetine (Rbx, 2 mg/kg, i.p.) on the immobility time in the FST (A) and on the
distance travelled (B). Each column represents the mean ± SEM. *p < 0.05
vs. control group (two-way ANOVA followed by Bonferroni's test).

Fig. 7. Effect of pretreatment of mice with SUL (50 mg/kg, i.p.) on PCA
(3.75 mg/kg)-, HYP (3.75 mg/kg)- or BUP (30 mg/kg)-induced reduction in
immobility time in the FST (A). Effects of administration of SUL (50 mg/kg,
i.p.), PCA (3.75 mg/kg) and HYP (3.75 mg/kg) or BUP (30 mg/kg) on the
distance travelled (B). Each column represents the mean ± SEM. **p < 0.01,
***p < 0.001 vs. control group; ∧ p < 0.05 or ∧∧ p < 0.01 vs. the same group
pretreated with vehicle (two-way ANOVA followed by Bonferroni's test).
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and BUP (30 mg/kg), used as a positive control. However, we cannot
exclude that the interaction between SUL and BUP in the FST was af-
fected by increased locomotion. Locomotor activity seems to be en-
hanced in the SUL + BUP group, however, statistical comparisons are
not significant. BUP is suggested to selectively inhibit the neuronal
reuptake of DA and is significantly more potent than either imipramine
or amitriptyline in this regard. Obtained result seems to support that DA
system could be implicated in the antidepressant effects of studied
polyphenols (de Sousa et al., 2014).

Our results regarding to antidepressant activity of HYP are con-
sistent with previous research. It was shown that HYP (0.6 and 1.3 mg/
kg) exerted antidepressant activity in rats assessed in the FST. The
duration of immobility was not changed in animals which received HYP
at higher doses – 2.61, 5.22 and 7.61mg/kg. HYP was administered
orally 24h, 5h and 1 h before the test (Butterweck and Schmidt, 2007).
Haas et al. (2011) presented that HYP (10 and 20mg/kg) reduced the
immobility time in rats measured in the FST. At our experiments, we
did not use so high doses of HYP because of the mobility impairment
caused by these doses. In addition, these authors reported that the ac-
tivation of D2-like receptors accounted for the anti-immobility effect of
HYP which is in agreement with our results. HYP was also able to re-
verse depressive symptoms in the FST and sucrose preference test in
rats exposed to chronic mild stress (CMS). Simultaneously, HYP in-
creased the expression of BDNF in hippocampus of CMS rats (Gong
et al., 2017).

PCA - the other phenolic compound isolated from Impatiens tested in
the present study – previously have been demonstrated to show anti-
depressant activity in FST in mice (Thakare et al., 2017). Treatment
with PCA, at much higher doses than in our experiment – 100 and
200mg/kg, was able to prevent stress induced immobility time in the
FST without altering locomotor activity.

The results reported herein suggest that antidepressant-like effect of
PCA and HYP in the FST in mice is due to the up-regulation of mono-
aminergic neurotransmission. It can be concluded that brain mono-
amines should be maintain at a certain level for PCA (DA and NE
concentration) and HYP (5-HT, DA and NE concentration) anti-
depressant response. Further studies are needed to make these me-
chanisms clearer. Based on the presented results and known mechan-
isms of monoaminergic antidepressants we can only speculate that
polyphenols isolated from I. glandulifera modulate the monoamines le-
vels in brain, maybe through the inhibition of neuronal reuptake, the
stimulation of monoamine-synthesizing enzymes – tryptophan

hydroxylase or/and tyrosine hydroxylase or the inhibition of mono-
amine oxidase (MAO). It can be also suggested that the anti-immobility
effects of PCA and HYP is mediated by D2 receptor activation, based on
the results showing that the anti-immobility effects of PCA and HYP
were prevented by sulpiride (D2 antagonist). In addition, it was found
through in vitro screening test that PCA exhibited significant inhibition
on MAO-B and dopamine-β hydroxylase (DBH), revealing a weak MAO-
A inhibition. PCA is expected to elevate the level of released DA ef-
fectively, by preventing DBH from converting DA to NE (Kim et al.,
2012).

Depression is a disease that is too intricate to be explained by the
monoamine hypothesis alone. Thus, other hypotheses have been sug-
gested. According to the neurotrophin theory of depression, there is a
reduction in BDNF levels in depressive individuals and the reversal of
this situation could be involved with the production of antidepressant
action (Kozisek et al., 2008). BDNF is an endogenous neurotrophic
factor that modulates neuronal plasticity and inhibits cell death cas-
cades. It has been extensively investigated in recent years as one of the
targets of antidepressants. BDNF has one effect relevant to the ther-
apeutic actions of antidepressants: the regulation of 5-HT neurons; local
infusion of BDNF into the cerebral cortex or midbrain elevates 5-HT
levels (Siuciak et al., 1994) and protects 5-HT neurons from neurotoxin-
induced damage (Mamounas et al., 1995). It was also shown that
chronic (21 d), but not acute (1 d), administration of several different
antidepressant drugs, including tranylcypromine, sertraline, desipra-
mine, or mianserin, significantly increased BDNF mRNA in hippo-
campus (Nibuya et al., 1995). Numerous studies have demonstrated
that monoaminergic antidepressants produced antidepressant-like ef-
fect through BDNF-dependent neurotrophic/neuroplastic mechanisms
(Paizanis et al., 2007). Our findings demonstrated that the exposure to
TST was accompanied by lower BDNF level, while PCA (7.5mg/kg) and
HYP (3.75 and 7.5 mg/kg) normalized BDNF level. In addition, it
should be marked that BDNF concentration in groups administered with
PCA at lower dose - 3.75mg/kg and HYP - 1.8 mg/kg also seems to
indicate a visible increase in BDNF concentration in comparison with
the group subjected to TST (the results are not statistically significant).
This effect correlated with the antidepressant action assessed in the FST
and TST. However, our behavioral approach does not allow us con-
cluding about the mechanism by which PCA and HYP may affect BDNF
level. Data mentioned above underlying that monoaminergic anti-
depressants influence BDNF concentration but after chronic, not acute
treatment. Further studies dealing with the effects of PCA and HYP on

Fig. 8. The impact of administration of PCA and HYP at
doses of 1.875, 3.75 and 7.5 mg/kg on the concentration
of BDNF in hippocampus of mice. Data is displayed as
mean ± SEM. Significance: ##p < 0.01 compared to
non-TST group; *p < 0.05, **p < 0.01, ***p < 0.001
compared to TST group (one-way ANOVA with a post-hoc
Bonferroni multiple comparison test).
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BDNF level after prolonged administration are necessary to clarify this
issue.

The data on monoamine neurocircuitry provided a rationale for the
design of new, multimodal, therapeutic strategies involving drugs af-
fecting three monoamines - 5-HT, NE, and DA to improve efficacy and
tolerability antidepressant therapy (Hamon and Blier, 2013). Con-
sidering this assumption, polyphenols isolated from I. glandulifera –PCA
and HYP seem to be useful candidates for new antidepressants. Ad-
ditionally, the obtained results suggest that the use of PCA or HYP to-
gether with currently available antidepressant e.g. Rbx (synergism with
PCA and HYP) or Flx (synergism with HYP) agents can allow lowering
the doses of these drugs and contributing to a more effective and safer
pharmacotherapy of depression.

Collectively, PCA and HYP displayed an antidepressant-like effect in
mice, and this effect may be partially mediated by regulating the central
monoamine neurotransmitter system and increasing the levels of BDNF,
which is similar to the effect of Flx. However, the results of this study
would benefit from further investigation into the antidepressant me-
chanism of this potential treatment option.
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