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1. Introduction 
The World Health Organization global burden of disease study places depression disorders among the ten 

leading medical causes of disability worldwide, and second only to ischemic heart disease [1]. Depression is a 

highly prevalent psychiatric disorder with a life time risk close to 20%, and is associated with high levels of 

morbidity and mortality [2]. Depressed patients are at higher risk of serious physical health problems such as 

coronary artery disease and diabetes, and worsening prognosis of other medical conditions [3]. In addition, a series 
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Abstract 
Background: Previous studies carried out in our laboratories have shown that Valeriana prionophylla 

displays central effects in mice. The antidepressant effect of the Valeriana prionophylla was the most 

prominent effect. The goal of this study was to evaluate the mechanism of action of the antidepressant 

property of HEVp, and its effect when used chronically.  

Methods: Experiments were performed using the forced swimming test and the open field test. Female 

Swiss mice (25-30 g, 3 months) were divided into groups (N=8-10): negative control (saline), antagonist 

systems evaluated, HEVp and antagonist/HEVp. The treatments with NAN-190 (0.5 mg/kg, i.p.), 

ketanserin (5 mg/kg, i.p.), prazosin (1 mg/kg, i.p.), yohimbine (1 mg/kg, i.p.), haloperidol (0.2 mg/kg, i.p.), 

pimozide (0.2 mg/kg, i.p.), SCH-23390 (0.05 mg/kg, i.p.), L-arginine (750 mg/kg, i.p.), bicuculline (1 

mg/kg, i.p.) and phaclofen (1 mg/kg, i.p.) were administered 30 min before HEVp. The treatments with 

reserpine (2 mg/kg, i.p.) and PCPA (100 mg/kg, i.p.) were administered 4 hours and 4 days before the test, 

respectively. Sub-chronic treatment was administered for 15 days, and the test was performed on days 1, 7 

and 15 of the treatment.  

Results: The anti-immobility effect caused by HEVp was significantly attenuated by treatment of the 

reserpine, PCPA, NAN-190, ketanserin, prazosin, yohimbine, L-arginine, bicuculline and phaclofen, but 

was not affected by haloperidol, pimozide and SCH-23390.  

Conclusion: The mechanisms involved in their effects indicate that HEVp produces antidepressant effects 

through pathways that involve interaction with L-arginine-nitric oxide, serotonergic and GABAergic 

systems, as well as interaction with the α-adrenoceptors. 

Keywords: Valeriana prianophylla, antidepressant effect, forced swimming, mechanism of action. 
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of evidence has also suggested that changes occur in the perception and response to pain processes, which are more 

intense in depressed patients [4]. Besides causing peripheral and central neuroplastic changes by altering the 

physiology of important processes such as hunger, sleep, and pain, depression is a disease that is still poorly 

understood in social terms, and is often viewed with prejudice by many. 

Although the underlying pathophysiological mechanisms of depression are not completely established, 

novel targets have been identified for the development of new pharmacological treatments [5]. Conventional 

treatment of depression involves the use of monoamine oxidase inhibitors, tricyclics antidepressants, selective 

serotonin reuptake inhibitors or selective noradrenaline reuptake inhibitors. These drugs provide complete remission 

in only 50% of the patients, and produce side effects that can lower patient adhesion to the treatment [1,5]. 

Alternative therapies are highly sought after by patients with depression, especially the use of herbal medicines [6]. 

Thus, developing safe and effective agents from traditional herbs may provide a good way to lessen the side effects, 

as well as to improve the efficacy of conventional treatment [7]. In this context, Valeriana prionophylla (Vp) may 

be a treatment option. 

Previous studies have shown that Vp displays hypnotic, anxiolytic and antidepressant effects, validating, in 

part, its use in folk medicine [8]. The antidepressant effect of hydroethanolic extract of Valeriana prionophylla 

(HEVp) was similar to the reference drugs such as fluoxetine and imipramine. Antidepressant activity of plants from 

the Valeriana genus are already known in the literature, and many of them are used in folk medicine [9-11]. The 

biological underpinnings of depression and the precise mechanism of effectiveness of antidepressants have not yet 

been clarified. Current therapy based on depression monoamine theory, which attributes the cause of the disease to a 

deficit in transmission of neurotransmitters such as dopamine, norepinephrine and serotonin [12]. However, it is 

known that other neurotransmitter systems, such as glutamatergic and oxidonitrergic, are also involved in the 

genesis of depression [13,14]. That said, the search for new therapeutic agents that can serve as alternatives to the 

current agents is required, not only to minimize the adverse effects of the medicines in this class but also decrease 

the latency period for obtaining therapeutic effects. The results obtained earlier with HEVp [8] have prompted the 

continuation of studies with this plant, evaluating the mechanism of action by which the antidepressant effect 

occurs. 

 

2. Materials and Methods 

2.1 Collection and preparation of extracts 

  Vp was collected from cultivation in Tierra Blanca, Concepción Tutuapa, San Marcos (15°14.808’N, 

91°55.430’W), Guatemala. Botanical samples were determined by Mario Veliz at the Herbarium BIGU, School of 

Biology, USAC, and a voucher sample was deposited (No. 49183). Dry extract, HEVp, was prepared by percolation 

in 50% ethanol, concentrated in a rotavapor and desiccated in a vacuum dryer with silica. The average yield of the 

extractable solids was 28.5%.  

2.2 Animals 

 For the experiments, female Swiss mice were used (25 to 30g). The animals were obtained from 

pharmacology department of UNIVALI, and were kept in a controlled-temperature environment (22 ± 3°C), 

illuminated by daylight and supplemented with electric light from 7:00 a.m. to 7:00 p.m., with free access to food 

and water. The experiments were performed after approval of the protocol by the Institutional Ethics Committee of 

UNIVALI 3008/2013, and were carried out in accordance with the current guidelines for the care of laboratory 

animals, and the ethical guidelines for investigations in Brazil, COBEA (Brazilian College of Animal 

Experimentation). The number of animals and intensity of the noxious stimuli used were the minimum necessary to 

demonstrate the consistent effects of the drug treatments. 

2.3 Drugs and treatments  

The following drugs were used: Reserpine, 4-Chloro-L-phenylalanine (PCPA), 1-(2-methoxyphenyl)-4-[4-

(2-phthalimido)butyl] piperazine-hydrobromide (NAN-190), ketanserin tartarate, prazosin hydrochloride, yohimbine 

hydrochloride, (R)-(+)-7-chloro-8-hydroxy-3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrochloride 

(SCH23390), 4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-1-butanone, 4-[4-(4-

chlorophenyl)-4-hydroxypiperidino]-4′-fluorobutyrophenone, 4-[4-(p-hlorophenyl)-4-hydroxypiperidino]-4′-

fluorobutyrophenone (haloperidol), 1-[1-[4,4-bis (4-Fluorophenyl)butyl]-4-piperidinyl]-1,3-dihydro-2H-

benzimidazol-2-one (pimozide), (S)-(+)-2-Amino-5-[(aminoiminomethyl) amino] pentanoic acid 
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monohydrochloride (L-Arginine) and imipramine (Sigma, USA). All compounds were dissolved in saline 0.9% at 

the time of testing. All drugs (except HEVp) were administered by the intraperitoneal (i.p.) route, at a constant 

volume of 10 mL/kg body weight. 

 

3. Behavioural procedures 

3.1 Forced swimming test (FST) 

The FST was conducted using the method described by Porsolt et al [15] with minor modifications. Mice 

were individually forced to swim in open plexiglass cylinders (diameter 10 cm, height 25 cm), containing 19 cm of 

water at 25±1°C. The total time of immobility during a 6 min test was scored live. This test procedure was carried 

out according to the previously standardized and validated experiments performed in our and other laboratories. 

Animals exposed to a situation of forced swimming became passive and immobile after a period of vigorous activity 

(struggling) and produced just enough movements to keep their heads above the water. The absence of hind leg 

movement was recorded as immobility using a stopwatch, by a single observer during the exposures [16]. 

3.2 Open field test (OFT) 

The open field test (OFT) is a model that evaluates motor coordination in mice [17]. The apparatus consists 

of a wooden box measuring 40 x 60 x 50 cm (length/width/height), the surface of which is divided into 12 

quadrants. The main objective is rule out the possibility that the possible antidepressant-like effect that occurs is due 

to a change in locomotor activity caused by the substances tested. Animals were subjected to OFT one hour after 

administration of the HEPV; the number of quadrants crossed by animals was recorded over a 6-minute period. 

3.3 Mechanism of action 

Considering that HEVp (150 mg/kg, p.o.) was the most effective dose in reducing the immobility time in 

the FST in previous studies performed in our laboratories [8], this dose was chosen for all subsequent experiments to 

investigate the mechanisms involved in the antidepressant-like effect of HEVp. The doses of the drugs and protocols 

were selected on the basis of literature data for in vivo treatments [18-21].  

3.4 Influence of the monoaminergic system on the antidepressant-like effect of HEVp 

In order to investigate the possible contribution of monoaminergic system to the anti-immobility effect of 

HEVp in the FST, animals were pre-treated with reserpine (2 mg/kg, i.p., catecholamine depletor of the synaptic 

vesicles) and after 4 hours of treatment, the animals received HEVp (150 mg/kg, p.o.) and/or vehicle. One hour after 

treatment, mice were analyzed in the FST and OFT. 

3.5 Influence of serotonergic system in the antidepressant-like effect of HEVp 

To assess the possible involvement of the serotonergic system on the mechanism of action of 

antidepressant-like effect of HEVp, animals were pretreated for 4 consecutive days with PCPA (100 mg/kg, i.p., 

tryptophan hydroxylase inhibitor responsible for synthesis of 5-HT and depletor stocks 5-HT in the CNS). After 24 

h the last injection of PCPA and/or vehicle, animals received the HEVp (150 mg/kg, p.o.) and were subjected to the 

FST and OFT. In order to investigate the possible involvement of serotonergic receptor subtypes (5-HT1A and 5-

HT2A receptor) on the antidepressant-like effect of HEVp, the mice were pretreated  with NAN-190 (0,5 mg/kg, 

i.p.) and ketanserin (5 mg/kg, i.p.), or vehicle, respectively. After 30 minutes of treatment with antagonists, the 

animals received the HEVp (150 mg/kg, p.o.) and after 60 min, were subjected to the FST and OFT. 

3.6 Influence of the noradrenergic system on the antidepressant-like effect of HEVp 

To investigate the possible involvement of the noradrenergic system in the antidepressant-like effect of 

HEVp, the animals were pretreated with prazosin (1 mg/kg, i.p., α1 antagonist), yohimbine (1 mg/kg, i.p., α2 

antagonist), 30 min before receiving the HEVp and/or vehicle. After 60 min, the animals were analyzed in the FST 

and OFT.  

3.7 Influence of the dopaminergic system on the antidepressant-like effect of HEVp 

To test the possible involvement of the dopaminergic system in the antidepressant-like effect of HEVp, the 

animals were pretreated with haloperidol (0.2 mg/kg, i.p., non- selective dopamine receptor antagonist), pimozide 

(0.2 mg/kg, i.p., a dopamine D2 receptor antagonist), SCH23390 (0.05 mg/kg, i.p., dopamine D1 receptor 

antagonist) and/or vehicle, 30 min before receiving the HEVp. After 60 min of treatment, the animals were 

evaluated in the FST and OFT. 
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3.8 Influence of the nitric oxide system on the antidepressant-like effect of HEVp 

To evaluate the possible involvement of the nitric oxide system on the antidepressant-like effect of HEVp, 

L-arginine (750 mg/kg, i.p., precursor of nitric oxide) was administered 30 min before the animals received 

treatment with HEVp and/or vehicle. After 60 min, the animals were evaluated in the FST and OFT. 

 3.9 Influence of the GABAergic system on the antidepressant-like effect of HEVp 

In order to check the influence of the GABAergic system on the mechanism of action of HEVp, animals 

were pretreated with GABAA (bicuculline, 1 mg/kg, i.p.) or GABAB (phaclofen, 1 mg/kg, i.p.) receptor antagonists 

and/or vehicle. After 30 minutes, the mice received HEVp (150 mg/kg, p.o.) and 60 minutes later, were evaluated in 

FST and OFT. 

3.10 Antidepressant-like effect of sub-chronic treatment with HEVp 

To investigate the antidepressant-like effect of chronic administration of HEVp, animals received for 15 

consecutive days, daily treatments of vehicle (negative control), HEVp (150 mg/kg, p.o.) and imipramine (10 mg/kg, 

p.o., positive control). The experiments were conducted on the 1st, 7th and 15th days of treatment, when the mice 

were submitted to the FST and OFT  

3.11 Statistical analysis 

The results were analyzed using one- or two-way analysis of variance (ANOVA), depending on the 

experimental protocol, followed by post-hoc Tukey test where appropriate. Differences between groups were 

considered significant when P<0.05. 

 

4. Results 

4.1 Monoaminergic system  

The results shown in Fig. 1A indicate that the pretreatment of mice with reserpine (2 mg/kg, i.p.) prevented 

the antidepressant-like effect elicited by HEVp (150 mg/kg, p.o.) in the FST. This effect was observed when the 

reserpine+HEPv group was compared with the antidepressant-like effect of HEPv shown in the vehicle+HEPv 

group. Two-way ANOVA revealed significant differences for reserpine [F(1,36)=25.92, P<0.001], HEPv 

[F(1,36)=35.48, P<0.001] and reserpine×HEPv interaction [F(1,36)=4.53, P<0.01]. Treatment with reserpine alone 

or in combination with HEVp (Fig. 1B) was not able to alter the locomotor activity of mice in the OFT (P>0.05). 

4.2 Serotonergic system 

The pre-treatment of animals with PCPA (100 mg/kg, i.p.), reverted the antidepressant-like effect of HEVp 

(150 mg/kg, p.o.) since it significantly increased the immobility of the animals, when compared to the group that 

received only HEVp (Fig. 1C). The two-way ANOVA revealed significant differences of PCPA [F(1,30)=5.14, 

P<0.05] and PCPA×HEPv interaction [F(1,30)=5.41, P<0.05]. The treatment of mice with PCPA, alone or in 

combination with HEVp (Fig. 1D), did not alter the locomotor activity in the OFT (P>0.05). It was also noted that 

the NAN-190 promoted the reversal of the antidepressant-like effect of HEVp (Fig. 2A), suggesting that this 

receptor may be involved in the antidepressant-like effect of HEVp. Two-way ANOVA revealed significant 

differences in NAN-190 [F(1,36)=8.29, P<0.01], HEPv [F(1,36)=4.28, P<0.05] and NAN-190×HEPv interaction 

[F(1,36)=21.56, P<0.001]. The treatment with NAN-190 alone or in combination with HEVp (Fig. 2B) was not able 

to alter the locomotor activity of mice in the OFT (P>0.05). The serotonergic (5HT2A) receptor subtype was also 

assessed using ketanserin as the antagonist, where it was noted that it promoted a reversal of the antidepressant-like 

effect of HEVp (Fig. 2C). The two-way ANOVA revealed significant differences for the ketanserin [F(1,36)=43.73, 

P<0.001], HEPv [F(1,36)=50.05, P<0.001] and ketanserin×HEPv interaction [F(1,36)=7.49, P<0.01]. Treatment 

with ketanserin alone and/or associated with HEVp (Fig. 2D) did not change the locomotor coordination of mice in 

the OFT (P>0.05). 

4.3 Noradrenergic system 

The results shown in Fig. 3A indicate that pretreatment of mice with prazosin (1 mg/kg, i.p.) prevented the 

antidepressant-like effect caused by HEPv (150 mg/kg, p.o.) in the FST. Two-way ANOVA revealed significant 

differences for prazosin [F(1,36)=14.38, P<0.001], HEPv [F(1,36)=29.43, P<0.001] and prazosin×HEPv interaction 

[F(1,36)=8.08, P<0.01]. Treatment of mice with prazosin, alone or in combination with HEVp (Fig. 3B), did not 

alter locomotor activity in OFT (P>0.05). The results illustrated in Fig. 3C show that administration of yohimbine (1 

mg/kg, i.p.), reverted the antidepressant-like effect of HEVp (150 mg/kg, p.o.) in the FST. Two-way ANOVA 

revealed significant differences for yohimbine [F(1,36)=17.73, P<0.001], HEPv [F(1,36)=18.16, P<0.001] and 
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yohimbine×HEPv interaction [F(1,36)=8.40, P<0.01]. Treatment with yohimbine alone and/or in association with 

HEVp (Fig. 3D) did not change the locomotor coordination of mice in the OFT (P>0.05). 

4.4 Dopaminergic system 

Fig. 4A shows that pretreatment of animals with haloperidol (0.2 mg/kg, i.p.) did not revert the 

antidepressant-like effect of HEVp, since it did not interfere significantly in immobility. Two-way ANOVA did not 

show significant differences for haloperidol [F(1,36)=2.31, P=0.13] and for haloperidol×HEPv interaction 

[F(1,36)=2.69, P=0.10]. Treatment with haloperidol alone or in combination with HEVp (Fig. 4B) was not able to 

alter the locomotor activity of mice in the OFT (P>0.05). Treatment with pimozide also did not promote the 

antidepressant-like effect rollback so statistically significant of HEVp (Fig. 4C). The two-way ANOVA did not 

revealed significant differences for pimozide [F(1,36)=0.07, P=0.79] and for pimozide×HEPv interaction 

[F(1,36)=0.01, P=0.92]. Treatment with pimozide, alone and/or in association with HEVp (Fig. 4D), did not change 

the locomotor coordination of mice in the OFT (P>0.05). Selective receptors D1 were also evaluated. Fig. 5A shows 

that pretreatment of animals with SCH23390 (0.05 mg/kg, i.p.) did not alter the antidepressant-like effect of HEVp. 

Two-way ANOVA did not show any significant differences for SCH23390 [F(1,36)=0.34, P=0.56] and for 

SCH23390×HEPv interaction [F(1,36)=0.03, P=0.86]. Treatment with SCH23390, alone or in combination with 

HEVp (Fig. 5B), was not able to alter the locomotor activity of mice in the OFT (P>0.05). 

4.5 Nitric oxide system 

Fig.5C shows that pretreatment of animals with L-arginine (750 mg/kg, i.p.) reverted the antidepressant-

like effect of HEVp, as demonstrated by the increased immobility time of the animals when compared to the group 

that received only HEVp. Two-way ANOVA revealed significant differences for L-arginine×HEPv interaction 

[F(1,36)=28.67, P<0.001]. Treatment with L-arginine, alone and/or in association with HEVp (Fig. 5D), did not 

change the locomotor coordination of mice in the OFT (P>0.05). 

4.6 Evaluation of GABAergic system  

Fig. 6A shows that pretreatment of mice with bicuculline (GABAA antagonist receptors, 1 mg/kg, i.p.) 

significantly reverted the antidepressant-like effect caused by HEPv. Two-way ANOVA revealed significant 

differences for bicuculline [F(1,36)=5.38, P<0.05], HEVp [F(1,36)=14.22, P<0.001] and bicuculline×HEPv 

interaction [F(1,36)=13.53, P<0.001]. Treatment with bicuculline alone, or in combination with HEVp (Fig. 6B), 

was not able to alter the locomotor activity of mice in the OFT (P>0.05). The administration of phaclofen (GABAB 

receptor antagonist, 1 mg/kg, i.p.) was also able to prevent the antidepressant-like effect caused by HEVp in the FST 

(Fig. 6C). Two-way ANOVA shows significant differences for phaclofen [F(1,36)=7.67, P<0.01], HEVp 

[F(1,36)=21.44, P<0.001] and phaclofen×HEPv interaction [F(1,36)=11.43, P<0.01]. Treatment with phaclofen, 

alone or in combination with HEVp (Fig. 6D), was not able to change the locomotor activity of mice in the OFT 

(P>0.05).  

4.7 Antidepressant effect of sub-chronic treatment with HEVp 

The sub-chronic effects of oral administration of HEVp (150 mg/kg. p.o.) on immobility time in the FST 

are shown in Fig. 7. HEVp decreased immobility time in the FST compared to the control group, when evaluated on 

the 1st, 7th and 15th days of treatment. One-way ANOVA revealed a significant effect of HEVp in the FST on the 

1st day [F(3,31)=17.26, P<0.001], 7th day [F(3,31)=20.34, P<0.001] and 15th day [F(3,31)=18.82, P<0.001]. 

Additionally, imipramine (a tricyclic antidepressant, 10 mg/kg p.o.) was also effective in reducing the immobility 

time of mice in the FST. Treatment with HEVp and/or imipramine (data not showed) were not able to change the 

locomotor activity of mice in the OFT (P>0.05).  
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Fig1: Effect of pretreatment of mice with reserpine (2 mg/kg, i.p.) 4 hours prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 1A) and the number of crossings in OFT (figure 1B), 

and effect of pretreatment of mice with PCPA (100 mg/kg, i.p.) during 4 days consecutive prior to administration of 

HEVp (150 mg/kg, p.o.) on the anti-immobility effect in the FST (figure 1C) and the number of crossings in the 

OFT (figure 1D). Values were expressed as mean + standard error (n=8-10). * P<0,05, *** P<0.001 compared with 

the control group treated with saline; # P<0.05, ### P<0.001 compared with the same group pretreated with saline 

(two-way ANOVA followed by Tukey’s test). 

 
Fig 2: Effect of pretreatment of mice with NAN-190 (0.5 mg/kg, i.p.), 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 2A) and the number of crossings in OFT (figure 2B) 

and effect of pretreatment of mice with ketanserin (5 mg/kg, i.p.) 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 2C) and the number of crossings in the OFT (figure 

2D). Values were expressed as mean + standard error (n=8-10). * P<0.05, *** P<0.001 compared with the control 

group treated with saline; ## P<0.01 compared with the same group pretreated with saline (two-way ANOVA 

followed by Tukey’s test). 



Iandra Holzmann et al / 2016 

Volume 6 Issue 1 [2016]                                                                                                                                            20 

 
Fig 3: Effect of pretreatment of mice with prazosin (1 mg/kg, i.p.), 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 3A) and the number of crossings in OFT (figure 3B) 

and effect of pretreatment of mice with yohimbine (1 mg/kg, i.p.) 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 3C) and the number of crossings in the OFT (figure 

3D). Values were expressed as mean + standard error (n=8-10). *** P<0.001 compared with the control group 

treated with saline; ## P<0.01 compared with the same group pretreated with saline (two-way ANOVA followed by 

Tukey’s test). 

 
Fig 4: Effect of pretreatment of mice with haloperidol (0.2 mg/kg, i.p.), 30 min prior to administration of HEVp 

(150 mg/kg, p.o.) on the anti-immobility effect in the FST (figure 4A) and the number of crossings in OFT (figure 

4B) and effect of pretreatment of mice with pimozide (0.2 mg/kg, i.p.) 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 4C) and the number of crossings in the OFT (figure 

4D). Values were expressed as mean + standard error (n=8-10). *** P<0.001 compared with the control group 

treated with saline (ANOVA two-way followed by Tukey’s test). 



Iandra Holzmann et al / 2016 

Volume 6 Issue 1 [2016]                                                                                                                                            21 

 
Fig 5: Effect of pretreatment of mice with SCH-23390 (0.05 mg/kg, i.p.), 30 min prior to administration of HEVp 

(150 mg/kg, p.o.) on the anti-immobility effect in the FST (figure 5A) and the number of crossings in the OFT 

(figure 5B) and effect of pretreatment of mice with L-arginine (750 mg/kg, i.p.) 30 min prior to administration of 

HEVp (150 mg/kg, p.o.) on the anti-immobility effect in FST (figure 5C) and the number of crossings in the OFT 

(figure 5D). Values were expressed as mean + standard error (n=8-10). *** P<0.001 compared with the control 

group treated with saline; ## P<0.01 compared with the same group pretreated with saline (ANOVA two-way 

followed by Tukey’s test). 

 
Fig 6: Effect of pretreatment of mice with bicuculline (1 mg/kg, i.p.), 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in the FST (figure 6A) and the number of crossings in OFT (figure 6B) 

and effect of pretreatment of mice with phaclopen (1 mg/kg, i.p.) 30 min prior to administration of HEVp (150 

mg/kg, p.o.) on the anti-immobility effect in FST (figure 6C) and the number of crossings in the OFT (figure 6D). 

Values were expressed as mean + standard error (n=8-10). *** P<0.001 compared with the control group treated 

with saline; # P<0.05, ## P<0.01 compared with the same group pretreated with saline (two-way ANOVA followed 

by Tukey’s test). 
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Fig 7: Effect of the sub-chronic treatment of mice with HEVp (150 mg/kg, p.o.), 1º day (figure 7A), 7º day (figure 

7B) and 15º day (figure 7C) on the immobility time in the FST. Each column represents the mean+S.E.M. of 8–10 

animals. ***P<0.001, compared with the vehicle-treated control. 

 

5. Discussion 

The increased use of medicinal plants in clinical practice reflects the increase in alternative therapies for 

depression. Phytochemicals from medicinal plants play a vital role in maintaining the brain's chemical balance, by 

influencing the function of the receptors for the major inhibitory neurotransmitters [22]. Recently, we reported that 

Vp displays central effects in mice, validating, in part, its popular use in Guatemala and Brazil for the treatment of 

psychological illnesses such as depression, insomnia and anxiety [8]. Among all the pharmacological properties 

tested, the antidepressant effect of the HEVp was the most prominent, showing superior results to antidepressants 

such as imipramine and fluoxetine, when administered to mice subjected to the FST. Therefore, in this study, we 

investigated the pharmacological mechanism of the antidepressant-like effect of HEVp in the FST in mice. This test 

is an experimental model for testing the efficacy of antidepressant drugs; the animals develop a learned helplessness 

syndrome characterized by a lowered motivation to escape, as evidenced by increased periods of immobility. 

Several authors have proposed that immobility during the test could be an efficient adaptive response to this stress 

[15,16]. The OFT was the model used to evaluate a possible interference in the locomotor system of mice. We found 

that a single administration of the HEVp was able to promote a significant antidepressant-like effect in the FST, 

without altering the locomotor activity of mice. 

The monoaminergic system is one of the most important, or perhaps, the main target for the treatment of 

depression, in which the deficiency of biogenic amines, such as serotonin, norepinephrine and dopamine, is one of 

the factors responsible for the outbreak of the disease [23]. Drugs such as reserpine, used for a long time as a 

antihypertensive agent and currently only used experimentally, is able to deplete stocks of these neurotransmitters, 

by blocking vesicular monoamine [4]  In the present study, reserpine reversed the antidepressant-like effect of 

HEVp, which suggests the involvement of monoamines in the mechanism of action.  

The serotonergic system is more pronounced in relation to the antidepressant drugs [24]. In this study, the 

involvement of this system has been investigated primarily with the administration of PCPA serotonin synthesis 

inhibitor, and with selective serotonergic receptor antagonists, such as NAN-190 (a 5-HT1A selective receptor 

antagonist) and ketanserin (a 5-HT2A receptor antagonist). PCPA was previously reported to result in extensive 

(>90%) depletion of 5-HT and 5-hydroxyindoleacetic acid (5-HIAA) in the same strain of animals used in our 

current study [20]. However, there was no effect on noradrenaline or dopamine levels [25-27]. In our experiments 

the antidepressant-like effect of HEVp, characterized by a decrease in immobility of the animals, was reverted by 

pre-treatment with PCPA, indicating that an decrease in 5-HT levels in the synapse plays a critical role in the 

pharmacological effect of HEVp. These results confirm previously reported data in the literature that show that the 

PCPA reverses the effect of antidepressants selective serotonin reuptake inhibitors such as fluoxetine, and can also 

partially revert the effect of tricyclic antidepressants such as imipramine, which inhibits the reuptake of 5HT and 

noradrenaline [28].  

Among the various subtypes of serotonergic receptors as 5HT1A and 5HT2A has received attention as a 

therapeutic of the depression clinical data record low levels of these receptors in pathogenesis [29]. In the present 

study, their involvement was evidenced by the reversal of the antidepressant-like effect of HEVp in FST by selective 

antagonists of receptors 5HT1A, 5HT2A, NAN-190 and ketanserine, respectively. Norepinephrine also deserves 

mention in the pathophysiology of depression, as clinically used drugs increase the synaptic concentration of NOR 
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and also can act on noradrenergic receptors [30]. Many antidepressants, such as doxepin, amitriptyline and 

nefazodone, have significant α1-adrenoceptor affinity [31]. Moreover, α1 and α2-adrenoceptors have been shown to 

underlie some of the antidepressant-like responses of drugs in behavioral models of antidepressant activity [32]. Our 

experiments have shown that both the α1-adrenergic antagonists (prazosin) and α2-adrenergic antagonist 

(yohimbine) reverted the antidepressant-like effect of HEVp in the FST. Thus, the results obtained indicate that the 

HEVp may be involved with the noradrenergic system, and possibly exert their effect by interaction with the 

adrenergic receptors.   

The dopaminergic system has also been investigated, since biochemical studies have shown that 

metabolites of dopamine are reduced in depressive patients [33] In addition; major depression is characterized by 

diverse debilitating symptoms that include hopelessness and anhedonia. Dopamine neurons involved in reward and 

motivation are among many neural populations that have been hypothesized to be relevant, and certain 

antidepressant treatments, including medications and brain stimulation therapies, can influence the complex 

dopamine system [34].  Studies have shown that the anti-immobility effect of imipramine was reverted using D2 

antagonists, and agonists D1 increased the effects of SSRI antidepressants in the FST [20]. The results of our study 

show that the dopaminergic system is not involved in the antidepressant-like effect of Vp, since pre-treatment of 

animals with haloperidol (a nonselective dopaminergic receptor antagonist), SCH23390 (a dopamine D1 receptor 

antagonist) and pimozide (a dopamine D2 receptor antagonist) did not prevent the antidepressant-like effect caused 

by administration of  HEVp in the FST. 

We also investigated the involvement of nitric oxide in the antidepressant-like effect of HEVp. These 

studies found that the modulation of depression depends on NOS (nitric oxide synthetase) inhibition to exert 

antidepressant effects in pharmacological depression models [19,35]. In addition, other studies suggest that NOS 

inhibition can be used as a strategy to enhance the effectiveness of antidepressants that affect other systems, such as 

the serotonergic system [36]. In this study, we showed that pre-treatment of mice with L-arginine (NOS substrate) 

reversed the decrease in immobility time in the FST elicited by HEVp. These results indicate that the antidepressant-

like effect of HEVp in the FST also may be related to the inhibition of nitric oxide synthesis in the CNS. 

Although the etiology of depression is mainly related to monoaminergic system dysfunction, there is 

evidence between the dysfunction of the GABAergic system with the depressive disorders [37]. Previous studies 

have found a reduction in density of the GABAergic neurons in the prefrontal and cingulate cortex, in autopsies of 

patients with major depression and bipolar disorder, respectively [38]. In this study we investigated the involvement 

of the GABAergic system on the antidepressant-like effect of HEVp using GABAA and GABAB receptor 

antagonists. The pretreatment of bicuculline (GABAA antagonist) and phaclofen (GABAB receptor antagonist) 

were effective in abolishing the anti-immobility effect of HEVp in the FST, suggesting a possible involvement of 

this system in the antidepressant-like effect of HEVp. Corroborating with these results, several studies have 

demonstrated a link between the pharmacological effects of valerenic acid with the GABAergic system. In pre-

clinical experiments, valerenic acid and/or valerian extracts showed a tranquilizing role and/or sedative activity 

[39,40] . Valerenic acid also was able to modulate, at high concentrations, the GABAA receptors, as shown for 

recombinant receptors expressed in Xenopus oocytes [41] (or neonatal brain stem neurons [42].  Benke et al [43], 

described the existence of a specific binding site on the GABAA receptors with affinity for valerenic acid and 

valerenol, common constituents of valerian species. Both agents enhanced the response to GABA in multiple types 

of recombinant GABAA receptors. 

In this study, after detecting the possible mechanisms by which HEVp exerts its antidepressant effect, we 

sought to investigate whether the sub-chronic treatment of animals, dates back to the data on the clinical therapeutic 

effects of conventional antidepressants only occurs after at least 14 days of constant use [44]. In the treatment of 

depression, pharmacological therapy promotes long-term processes of neuronal plasticity and adaptability, and this 

explains the effect antidepressant of most therapeutic agents used, not only pharmacodynamic [45] Sub-chronic 

administration of HEVp for 15 days showed a significant reduction in the duration of the forecast total immobility, 

which corroborates the findings of Kitamura et al [46], showing that compounds with properties in mice 

administered antidepressant qualities for at least 15 days of course, reduced the length of time immobility time. 

Concerning the chemical constituents of HEVp used in our experiments, classical phytochemical methods were used 

to determine the main constituents. The gas chromatography technique showed metabolites of interest, such as 

isovaleric, 3-methylvaleric, isovalerate allyl valeric, and 3-methyl-2-oxo valerenic acids, glucuronide, and morphine 
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3-hydroxybromazepan [8]. Generally, two strands of research have attempted to indicate the chemical constituents 

responsible for the central effects of the valerian species. The first proposes that valerenic acids are responsible for 

the central effects, while the second proposes that flavonoids are responsible for these effects.  

In relation to flavonoids, several species of valerian (including Vp) present these compounds in their 

composition. Wasowski et al, [47]  through a “ligand searching  approach” using purified extracts as far as possible, 

were able to report the presence of 6-methylapigenin in  Valeriana wallichii DC and V. officinalis. They also 

reported the presence of 2S (−) hesperidin in V. wallichii and in V. officinalis. Fernandez et al. [48]reported the 

identification of the flavone glycoside linarin in V. officinalis and the discovery that it has, like hesperidin, sedative 

and sleep-enhancing properties that are potentiated by simultaneous administration of valerenic acid. 6-

methylapigenin, another flavonoid was also identified in extracts of V. officinalis. The antidepressant effect of these 

compounds in animals [49] and in humans [50] (has also been reported in the literature. 

Concluding, at present, considering that treatment of depression with conventional antidepressant produces 

various side effects that can reduce patient compliance to treatment, there is a need to develop strategies for 

antidepressant treatment with fewer side effects, but with better results in the management of depression. Current 

evidence for the efficacy of a variety of readily available herbal extracts and chemicals that may improve brain 

function has attracted research in this area. In this study, we deepened the research on the antidepressant-like effect 

of HEVp, and showed that this plant may have potential therapeutic value for the treatment of depressive disorders. 
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