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ARTICLE INFO  ABSTRACT 
 

Entre Anxiety disorders and post-traumatic stress disorder affect a considerable part of the 
population and can cause manifestations of fear and anxiety. Pharmacological treatment is based 
on the use of benzodiazepines and antidepressants and has limitations. In this sense, the search for 
effective and safer treatments is necessary. Valeriana officinalis is a plant widely used to treat 
stress, insomnia and anxiety states. Valerenic acid is a compound that have demonstrated a 
sedative effect through GABA-like activity.This study aimed to evaluate the behavioral effects of 
the acute administration of V. officinalis extract in male Wistar rats submitted to the modified 
forced swimming model. The animals were divided into 4 groups (n = 8), treated via gavage, as 
follows: G1 and G2 – treated with saline; G3 and G4 – treated respectively with extract of V. 
officinalis at doses of 22 and 66 mg/Kg. For stress induction, groups G2, G3 and G4 were 
submitted to swimming. All groups had their behavior evaluated in the elevated plus maze model. 
Behavior evaluation showed that swimming was adequate to induce anxiety in animals. However, 
at the doses used, the administration of V. officinalis extract was not able to attenuate the levels of 
anxiety. 
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INTRODUCTION 
 
Stress is an increasingly frequent problem in modern society, being 
present in approximately 90% of the world population (Kurebayashi 
et al; 2016). It consists of a nonspecific response, in which the 
organism, when faced with a stressor, produces a physiological 
reaction accompanied by a concomitant emotional response 
(Chrousos, 2009; Koolhaas, 2011). This emotional response is 
determined in part by the perception of the imminence of the threat, 
or even by the anticipation of a future threat, expressed as fear and 
anxiety (Anderson and Adolphs, 2014; Hide et al., 2019). Over the 
past 50 years, the concept of stress has evolved significantly, along 
with a better understanding of the underlying neurobiology. Instead of 
only considering its biology relevant under unusual and threatening 
conditions, it is currently understood as a continuous and adaptive 
process of assessing the environment, and enabling the individual to 
anticipate and deal with future challenges (McEwen & Akil, 2020).  

 
 
 

Anxiety is an emotional state associated with the perception of threat, 
characterized by feelings of apprehension, due to the expectation of 
potential threat (Kraeuter, Guest and Sarnay, 2019) or in response to 
acute or chronic exposure to stressors (Ray, Gulati and Rai, 2017) 
and, according to the American Psychiatric Association (APA, 2013), 
it is present in disorders related to stressors, including post-traumatic 
stress disorder (PTSD). PTSD affects 1-14% of the population, being 
more prevalent in adult women, and may vary according to the stage 
of development, occupation, risk of exposure to triggering factors 
(Martins-Monteverde et al, 2017). Symptomatic pharmacological 
treatment of this condition can be done with the use of selective 
serotonin reuptake inhibitors. However, these drugs, in addition to not 
being as effective, are implicated in some undesirable effects that can 
compromise treatment adherence (Akinnusi and El Solh, 2019; 
Steardo Jr, 2021). In this sense, complementary therapies, especially 
the use of medicinal plants in the treatment of anxiety disorders and 
PTSD, have been increasing in recent years (Dantas et al., 2017; Hou, 
2020; Sarris, 2018), with emphasis on species of the genus Valeriana 
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(Schafer et al., 2021; Shinjyo, Waddell and Green, 2020). The genus 
Valeriana includes several widely used species, among which 
Valeriana officinalis (V. officinalis) stands out (Schafer et al., 2021; 
Shinjyo, Waddell and Green, 2020; Thomas et al., 2016). This plant 
has been used since ancient times for various health problems. There 
is evidence of antispasmodic, hypnotic, sedative, anticonvulsant, 
anxiolytic and antidepressant effects. It has currently been used 
primarily for sleep and anxiety disorders (Das et al., 2021; Guadagna 
et al., 2020; Lans, 2019), and is potentially useful in the treatment of 
anxiety present in PTSD. For the above mentioned reasons, this study 
aimed to evaluate the effects of the acute administration of the dry 
extract of V. officinalis is used in the control of anxiety, being 
important its evaluation in animal models such as forced swimming 
and ECL.  

METHODS 

Ethics: Our study only started after the approval by the Animal Use 
Ethics Committee of the University of Marilia (UNIMAR) – Marilia 
– Sao Paulo - Brazil - protocol number 019/2019. 
 

Plant material and clonazepan: Valeriana dry extract and 
clonazepam was obtained from the local markets in the city of Marília 
- Sao Paulo - Brazil. The intra-gastric administration of the dry 
extract was prepared in concentrations of 22mg/mL and 66mg/mL, 
diluted in saline solution 0.9%. As a reference of anxiolytic drug, 
clonazepam was used. This drug was prepared in saline solution 0.9% 
at a concentration of 5mg/mL. 
 

Animals and modified forced swimming model: Male albino Wistar 
rats (n = 40), weighing around 180 - 220g were included. During all 
the experimental protocol, all the animals received rat food and water 
ad libitum. The rats were randomly separated into five groups (G1-
G5) with eight animals each group. They were placed in plastic boxes 
(40x30x17cm; 4 animals per box) and were acclimated for ten days to 
the laboratory conditions with controlled temperature (20°C - 22°C), 
and light / dark cycle of 12/12 hours. The forced swimming test was 
performed according to the modified Model of Porsolt(PORSOLT et 
al., 1978). In a pre-test the animals were submitted to swimming in a 
cylindrical container (50 cm high by 30 cm in diameter / 15 minutes). 
The water in this container (25-27ºC) reached height of 30 cm. This 
pre-test was the first contact of animals with the stressful situation. 
Twenty-three hours later, the animals were treated according to the 
protocol explained below. After 60 minutes, animals were submitted 
to swimming in the same conditions as before, but only for 5 minutes. 
The second swimming phase was filmed to evaluate the behavioral 
parameters such as swimming (circular and horizontal movements), 
climbing (escape attempts and vertical movements), and immobility 
(absence of other movement to those necessary to the maintenance of 
the animal's head out of the water). 
 
Behavioral test and Elevated Plus Maze: After the second swimming 
phase, the behavior was evaluated with the Elevated Plus Maze 
(EPM) (BOERNGEN-LACERDA e SOUZA-FORMIGONI, 2000; 
BLANCHARD et al., 2001). This apparatus is constructed of wood, 
and is located 100 cm from the ground. It presents two open and 
opposed arms, and two enclosed arms. Stands with the same size of 
the open arms across them perpendicularly, delimiting a central area 
of 10 cm2. The rats were placed in the EPM for 5 minutes with the 
intention of analysing the time spent and the frequency in the central 
area, and in the open and closed arms. The tests were performed in a 
separate room with no sound, and controlled temperature, light, and 
air exhaustion. The experimental protocol was performed during the 
day. The rats were filmed for 5 minutes to evaluate the frequency of 
entrances and the time spent in the center, and in the open and closed 
arms of the EPM. With these parameters, we calculated the anxiety 
index according to [(open arm time/300) + (open arm entries / total 
entries/2)], as described by Huynth et al. (HUYNH et al., 2011). 

 
Experimental protocol 
 
The experimental groups treated via gavage were: 

-  G1 (Saline): treated with saline solution, 1mL/kg; 
-  G2 (Saline + swimming): treated with saline solution, 1mL/kg; 
-  G3 (Treated + swimming): treated with V. officinalis at a dose of 

22mg/kg; 
-  G4 (Treated + swimming): treated with V. officinalis at a dose of 

66mg/kg and 
 

The animals in groups G2, G3 and G4 were subjected to stress 
through the forced swimming test described above, as follows: 

 

-  Swimming for 15 minutes (pre-test); 
-  Treatment (depending on the groups), 23 hours after the pre-

test and 
-  Swimming for 5 minutes, 60 minutes after treatment. 

 

After swimming, the animals were dried and transferred to an isolated 
room for behavior evaluation using the LCE test. 
 

Statistical analysis: Statistical analysis was performed using the 
GraphPad Prim 5.0 software. The results were expressed as Mean ± 
Standard Error of the Mean (SEM) and were submitted to the 
normality test and later submitted to analysis of variance 
complemented by Tukey's test. The significancelevelconsideredwas 
5% (p<0.05). 

RESULTS 

Behavior evaluation in the modified forced swimming model. Figure 
1 shows the immobility time of the animals submitted to the 
swimming test. No significant differences were observed between the 
groups. 
 

 
 

Figure 1. Effect of acute administration of V. officinalis extract on 
immobility time in the modified forced swimming model. Results 
expressed as Mean ± SEM. There was no statistically significant 

difference according to the Tukey test (p>0.05) 
 

Figure 2 demonstrates the time spent by the animals in the open and 
closed arms. The results obtained show that the time spent in the open 
arms of group G1 (saline, without swimming) was significantly 
longer when compared to groups G2 (saline + swimming), G3 (V. 
officinalis 22mg/kg + swimming) and G4 (V. officinalis 66mg/kg + 
swimming), indicating a less anxious behavior in relation to the 
others. This fact is corroborated by the longer time spent by groups 
G2, G3 and G4 in the closed arms (p<0.05) in relation to G1. 
 

 
 

Figure 2. Effects of swimming and acute administration of V. 
officinalis extract on length of stay in open and closed arms in the 
elevated plus maze model. Results expressed as Mean ± SEM. 
Different letters for statistically different groups according to the 
Tukey test (p<0.05) 
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The number of times the animal passes through the center of the plus 
maze, as well as the total number of entries in the open and closed 
arms may be related to exploratory capacity, which in turn may be an 
indicator of locomotor activity, but also of anxiety. Figure 3 
demonstrates that the animals that were not submitted to swimming 
moved more and with a greater number of entrances in the open arms. 
 

 
 

Figure 3. Effects of swimming and acute administration of V. 
officinalis extract on locomotion in the elevated plus maze model, 
assessed through the number of passes through the center and the 
total number of entries in the open and closed arms. Results 
expressed as Mean ± SEM. Different letters for statistically 
different groups according to the Tukey test (p<0.05). 
 
It can be seen in Figure 4 that the anxiety index was statistically 
higher (p<0.05) for groups G2 and G3 in relation to G1, the same not 
being observed for G4. 
 

 
Figure 4. Effects of swimming and acute administration of V. officinalis 
extract on anxiety index. Results expressed as Mean ± SEM. Different 
letters for statistically different groups according to the Tukey test 
(p<0.05) 

DISCUSSION 

Animal models have been extremely important for the study of the 
pathophysiology of neuropsychiatric diseases as well as for the 
discovery of new pharmacological therapies used for these diseases 
(Harro, 2018). In this sense, behavioral models will not necessarily 
assess a specific psychiatric illness but must be able to reproduce the 
biological and behavioral symptoms present in them (Kraueter, Guest 
and Sarnyai, 2019). For the induction of fear and anxiety, symptoms 
present in post-traumatic stress disorders (PTSD), models can be used 
in which the animal is exposed to stressful or traumatic situations 
such as psychological (exposure to the predator or its odor), physical ( 
underwater trauma, electric shock and physical restraint), social as 
“housing instability or early maternal withdrawal (Campos et al., 
2013; Whitaker, Gilpin and Edwards, 2014).The model used for stress 
induction in this work was a modification of the swimming model 
described by Porsolt (1978), which originally exposed the animal to a 
15 cm column of water. In the present study, the water column was 
increased to 30 cm, not allowing the animal's tail to rest on the bottom 
of the container. This makes swimming a stressor agent since the 
physical exercise performed by the animal as a result of the height of 
the water column, associated with a new environment with 
impossibility of escape, will provoke a set of simultaneous behavioral 
responses that induce the a conflicting situation (Kraueter, Guest and 
Sarnyai, 2019).Calil et al. (2002) described that movement time and 
immobility are related to the level of anxiety, since immobility would 

represent a better adaptive response of the animal to a stressful 
situation, meaning a lower degree of anxiety. The results of the 
present study showed that the administration of V. officinalis extract 
was not able to significantly modify the immobility time in animals 
exposed to swimming, suggesting that the doses used did not present 
an anxiolytic effect (Figure 1). In addition to immobility in swimming 
as an anxiety parameter, studies have shown that the elevated plus 
maze (EPM) is the gold standard for performing these assessments. 
 
This model generates a survival conflict in the animal by exposing 
two distinct behaviors, with the natural tendency to explore new 
environments contrasting with the aversive characteristics of an open 
and elevated space. This conflict results in behaviors correlated with 
anxiety, and the increase in exploration and permanence in the open 
arms are indicative of a lower level of anxiety, while a greater 
permanence and exploration of the closed arms (avoiding the open 
arms) can be interpreted as greater anxiety level (Arantes et al., 2013; 
Campos et al., 2013; Riul and Almeida, 2020). Thus, time spent in 
open arms is often used as a measure of anxiety (Cruz and Carobrez, 
2006), and this model is useful in the discovery and selection of new 
compounds with anxiolytic properties capable of minimizing this 
manifestation of PTSD (Campos, 2013). ; Kraueter, Guest and 
Sarnyai, 2019). In this work, the results obtained in the elevated plus 
maze showed that the animals that were not submitted to the stressor 
agent (G1) showed a longer stay in the open arms and less stay in the 
closed arms compared to the group submitted to swimming G2 
(Figure 2) , which demonstrates a higher level of anxiety. Sturman, 
Germain and Bohacek (2018) described that stressful experiences in 
rodents are associated with anxiety disorder, a fact that can be 
observed in animal models in which those less anxious tend to 
explore the environment more. The present study evaluated the 
exploratory capacity of the animals in the LCE model using the total 
number of entries in the arms and the number of passes through the 
center as parameters. As shown in Figure 3, the total number of 
entries in the arms and the number of passes through the center of the 
ECL of the animals submitted to swimming (G2) was significantly 
lower (p<0.05) when compared to the control group (G1), indicating 
less exploratory behavior, suggesting anxious behavior. In fact, the 
anxiety index (Figure 4) was higher in the G2 group. However, the 
groups treated with V. officinalis both at 22mg/kg and 66mg/kg did 
not show a statistically significant difference in the time spent in the 
open and closed arms in relation to the group submitted to swimming 
(G2) but significant in compared to the control group (G1), as shown 
in Figure 2. This demonstrates that, at the doses used, the 
administration of this plant extract was not able to reduce the anxiety 
behavior in the animals. The absence of anxiolytic effect is also 
demonstrated by the exploratory capacity and the anxiety index 
(Figures 3 and 47), which showed no difference between the groups 
submitted to swimming treated with saline solution (G2) and with V. 
officinalis extract (G3 and G4). However, it is important to highlight 
that there was no significant difference in the anxiety index between 
groups G2 and G4, which could be indicative of anxiolytic activity at 
higher doses. 
 
More than 150 constituents have been identified in Valerian, among 
which we can highlight alkaloids, flavonones, sequiterpenes such as 
valerenic acid, valepotriates (Nandhini et al., 2018; Savage et al., 
2018) and amino acids such as aminobutyric acid (GABA), tyrosine , 
arginine, glutamine and hydrocarbons (Yao et al., 2007). The sedative 
effects of Valerian species are attributed to terpene alcohols called 
valepotriates and volatile oils (which include monoterpenes and 
sesquiterpenes). The active compounds present in the aqueous extract 
of the root are amino acids (glutamate) and valerenic acid. It has been 
suggested that the bioactive compounds of this plant interfere with the 
GABA (Gamma Amino Butyric Acid) receptor in a similar way to 
benzodiazepines (Guadagna et al., 2020; Lans, 2019). You et al. 
(2012) investigated the effects of different doses of a compound 
containing the species Valerianajatamansi in mice submitted to the 
LCE test and observed significant changes in the time spent in the 
open arms and in the percentage of entries in the open arms at the 
highest doses used (2.4 and 4.8mg/Kg orally). Study conducted by 
Becker et al. (2014) demonstrated the anxiolytic effect of Valerian 
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extract at a dose of 0.5mg/kg administered orally, in the LCE model. 
The animals that received extract showed prolonged times in the open 
arm, which shows a significant anxiolytic effect. The authors also 
evaluated the effect of Valerian extract with different proportions of 
valerenic acid and observed that by including acetoxy valerenic acid 
there was abolition of the anxiolytic action, suggesting that the 
anxiolytic effect of Valerian extract is associated with its content of 
valerenic acid. Murphy et al., 2010 investigated the effects of V. 
officinalis in rats that received diazepam (1mg/kg), ethanol (1ml/kg), 
valerenic acid (3mg/kg), V. officinalis root extract (3mg/kg ), or 
valerenic acid and exogenous GABA solution (75µg/kg and 3.6µg/kg, 
respectively). All animals submitted to ECL showed a significant 
decrease in anxiety levels when treated with Valerian or valerenic 
acid compared to the control group with ethanol, suggesting that 
Valerianaofficinalis is a potential alternative to treat anxiety. V. 
officinalis actions have also been investigated in clinical trials 
involving humans. In a double-blind, randomized, placebo-controlled 
clinical trial, Roh et al. (2019) investigated the effects of Valerian 
root on resting state connectivity changes. This study was conducted 
on sixty-four volunteers who suffered from psychological stress and 
were given either the plant extract (100mg) or placebo three times a 
day. The studied groups showed significant improvement in the 
clinical scale. The treated group showed a significant increase in the 
frontal region of the brain associated with anxiolysis, indicating that 
the use of V. Officinalis root modifies the functional brain 
connectivity associated with anxiety. In another clinical trial, Farah et 
al. (2019) evaluated the effects of V. Officinalis (100mg) on anxiety 
control during third molar extraction compared to midazolam (15mg), 
a benzodiazepine commonly used in dental procedures, and observed 
that blood pressure, heart rate, and respiratory rate were significantly 
higher. lower in patients who used benzodiazepines. However, the use 
of the plant produced the necessary comfort and relaxation without 
sedation and less drowsiness when compared to midazolam. 
 
Mineo et al. (2017) investigated the effects of V. Officinalis in a 
double-blind, randomized, placebo-controlled study. Participants 
were assigned to receive 900 mg of 0.8% valerenic acid or placebo. 
The results showed that a single oral dose of valerenic acid can 
modulate intracortical facilitatory circuits. An advantage of using 
extracts or products of V. officinalis is the occurrence of few side 
effects, which are mainly related to mild and transient dizziness, 
sedation and withdrawal symptoms. One drawback is that these plant 
products need to be monitored for interactions with other sedatives, 
anesthetics, and hypnotics (Block, Gyllenhaal, and Mead, 2004; Lans, 
2019). Contrary to the studies described above, in the present study, 
an anxiolytic effect of V. Officinalis was not observed, a fact that may 
be related to the dose used, to the animals or even to the concentration 
of its constituents in the plant extract used, since a phytochemical 
analysis was not performed. the same. It is important to point out that, 
contrary to the present study, the anxiolytic effect of V. Officinalis 
was not evaluated in animal models that use swimming to induce 
stress. Due to the potential anxiolytic effect of V. officinalis and its 
compounds, already demonstrated in several works, further studies 
should be carried out in order to evaluate this effect using swimming 
to induce stress, as well as doses higher than those used. used in the 
present work.  
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