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ABSTRACT
Background: Anxiety and depression are the most important troubling symptoms of continuous alcoholism. 
Objective: The present study was designed to examine the protective effects of ferulic acid in alcohol 
withdrawal-induced anxiety and depression in experimental mice.
Methods: Male albino mice were divided into different groups. They were received 10% ethanol (2 g/kg; 
p.o.) twice on the first day and once on successive days for total six days, after 24 hrs. Withdrawal symptoms 
were observed using the different model for anxiety and depression such as elevated plus maze, open field 
test, hole board test, marble burying test and tail suspension test. Ferulic acid was tested as 10 and 20 mg/
kg, orally.
Results: Treatment with ferulic acid (10 and 20 mg/kg, p.o) showed significant reduction of alcohol withdrawal 
syndromes in different models. Taken together our result showed a protective effect in alcohol withdrawal 
anxiety and depression as tested in well-established animal models.
Conclusion: The present study showed that ferulic acid dose-dependently prevents alcohol withdrawal-
induced anxiety and depression in mice.
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IntroductIon

Alcohol is the most frequently abused drug in our society. Those who stop suddenly or reduced its consumption 
may experience withdrawal symptoms such as irritability, anxiety, depression, agitation or seizures (Robert and 
Koob, 1997). Withdrawal from chronic ethanol exposure is associated with heightened anxiety, depression and severe 
physical symptoms (Heilig et al. 2010). Research outcome has demonstrated that acute administration of alcohol can 
alter the release of neurotransmitters from neurons thereby disrupt the function of proteins in neuronal membranes. 
Following repeated administration of alcohol, the brain attempts to restore normal functioning through adaptations 
(tolerance) that reduce alcohol’s initial perturbing effects.
Chronic exposure to alcohol can lead to physical dependence, in which neuronal adaptations to alcohol become 
sufficiently pronounced that the brain requires to the continued presence of alcohol to function normally. Termination 
of a prolonged drinking session, the adaptations that developed to offset, alcohol’s initial inhibitory actions are 
unopposed, resulting in a rebound hyperexcitability or withdrawal syndrome (Kalant, 1993).
Ferulic acid is a derivative of cinnamic acid with molecular formula C10H10O4. It is isolated as the 3-methoxy-4-
hydroxycinnamic acid from the genus Ferula for structure determination. Ferulic acid possesses a wide range of 
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pharmacological activities includes anti-depressant (Ying-jin Zhang et al. 2011), anxiolytic (Yoon et al. 2005) and 
antioxidant (Hundson et al. 2002). There is no scientific report available regarding the effect of ferulic acid in alcohol 
withdrawal-induced anxiety and depression. Considering these facts the present study was carried out. 

MaterIals and Methods

Animals
Male albino mice weighing (20-25 g) were procured from Lachmi Biotech, Pune. They were kept at the temperature 
(25 ± 2° C) and relative humidity of 45-55% and 12/12 h light/dark cycle. They had free access to standard pellet chow 
and water at labium. Food and water were withdrawn two hr prior to administrations of the drug. The complete 
experiment was carried out at 10:00 a.m. to 4:00 p.m. The study protocol was approved by the Institutional Animal 
Ethics Committee (IAEC) of the college (Approval number: SSDJ/IAEC/2012/023).

Drugs and chemicals
Ferulic acid was purchased from Spectrachem, Pvt. Ltd, Aurangabad, Maharashtra, India. Ethanol was purchased 
from Loba Chem, Mumbai Maharashtra, India. 10% ethanol solution was prepared by diluting with distilled 
water.

Study design
Acute study: Mice received 10 % ethanol 2 g/kg, intragastrically, after 30 min, its effect on different models of anxiety 
and depression was assessed.
Chronic study: Mice received 10% ethanol, 2 g/kg, intragastrically, twice a day on the 1st day and once a daily for a 
total six days. On the 7th day, mice were tested for withdrawal reactions. On the 7th day, the treatments were changed, 
the group chronically treated with ethanol received saline only. The animals that received ferulic acid (10 & 20 mg/kg, 
p.o) for longer period were challenged with normal saline only. The animals that received ferulic acid (10 & 20 mg/kg, 
p.o) alone with ethanol on day 1 through 6, were received only ferulic acid (10 & 20 mg/kg, p.o) on 7th day. Another 
group that received ethanol chronically was treated with ferulic acid (10 & 20 mg/kg, p.o).

Assessment of ferulic acid on anxiety and depression
Elevated plus maze: This model of anxiety has been used extensively for evaluation of novel anxiolytic agents. The 
model has been validated pharmacologically (Pellow and File, 1986) and currently considered the gold standard test 
of anxiety-related behavior (Kliethermes, 2005). The instrument used in the present study consisted of two open arms 
(25 x 5 cm) crossed with two closed arms (25 x 5 x 20). The arms were connected with a central square of 5 x 5 cm. The 
apparatus elevated to a height of 25 cm (Lister, 1987). Mice were placed on the central platform of the plus-maze facing 
an open arm. Time spent and the number of entries in the open and close arms and % preference to closed arm were 
monitored.
Hole board test: Head dipping behavior in rodents has been recorded as a measure of anxiety. The instrument consists 
of metal plate floor (40 X 40 cm), placed 3.5 cm above the base of the apparatus include 16 holes with an equivalent 
distance of 1.5 cm. The apparatus was elevated to a height of 25 cm (Lister, 1987). Treated mice were kept in one corner 
and observed for next 5 min for the number of head dips.
Open field test: The withdrawal-induced changes in the locomotor activity of mice were measured using an open 
field apparatus (Crawley and Goodwin, 2002). The apparatus consist of the wooden box (96 x 96 x 5 cm). The floor 
of the box was divided into 16 (6 x 6 cm) squares. Mice were placed individually at one corner of the apparatus and 
observed for next 5 min. The parameters noted were ambulation (number of squares travelled) and reared.
Marble burying test: This test used to record the number of marbles buried by mice placed in a novel environment. 
Marble burying test is sensitive to the effects of selective serotonin reuptake inhibitors (Broekkamp et al.1986). In this, 
a propylene cage (28 x 16 x 12 cm) was used containing 24 clean glass marbles placed equidistance 5 cm deep sawdust. 
Mice were treated with respective drug 30 minutes before the test. Then mice were placed in the novel cage containing 
24 marbles. The number of marbles covered (at least 2/3 of the area) were counted.
Tail Suspension Test: Mice suspended by the tail initially struggles, followed by periods of immobility that increases 
in duration across the 6 min test. The total duration of immobility induced by tail suspension was measured according 
to the method facial means of evaluating potential anti-depressants (Steru et al.1985). Each mouse was suspended by 
the tail on the edge of a hook 58 cm above the floor using adhesive tape placed approximately 1cm from the tip of the 
tail.

Statistics
The data is reported as mean ± S.E.M. from six animals in each group. Analysis was performed by one-way ANOVA 
using statistical Graph-pad Prism version 5.0 software. A value P<0.05 was considered statistically significant.
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results

Effect of Ferulic acid in Elevated plus maze test
Treatment with Ferulic acid (10 and 20 mg/kg) alone and during ethanol withdrawal reversed ethanol withdrawal-
induced anxiety behaviors (Fig.1). The vehicle-treated mice spent 42.80 ± 12.03 seconds in open arm. The animals 
treated chronically with FA (10 and 20 mg/kg) spent 133.4 ± 15.53 and 125.6 ± 11.43 significantly more time in the open 
arm when compared with vehicle-treated and ethanol withdrawn groups.

Figure 1: Exploratory behavior of animals in Elevated plus maze after treatment with ferulic acid
n = 6, Values are mean ± SEM, calculated by one-way ANOVA followed by Dunnett’s test. * p< 0.05 significant 
compared with vehicle-treated # p< 0.05 significant compared with the ethanol withdrawal group.

Effect of ferulic acid in Hole board test
The vehicle-treated mice showed 40.6 ± 8.05 head dips. FA (10 and 20 mg/kg) significantly 60.6 ± 4.60 and 67.2 ± 5.30 
increased the number of head dips, whereas mice treated with FA (10 mg/kg) alone with ethanol also increased 43.4 
± 6.74 number of head dips (Table 1).

Table1. Effect of Ferulic acid on number of head dips in hole board test

Sr. No. Treatment No. of head dips

1 Vehicle 40.6 ± 8.05

2 10% EtOH day 1-6 W/D 24 ± 6.10

3 F.A.(10) day 1-6 W/D 60.6 ± 4.60 *

4 F.A.(20) day 1-6 W/D 67.2 ± 5.30 *#

5 F.A.(10) + 10% EtOH day 1-6; F.A.(10) day 7 43.4 ± 6.74 *#

6 F.A.(20) + 10% EtOH day 1-6; F.A.(20) day 7 35.2 ± 3.85

7 10% EtOH day 1-6; F.A. (10) day 7 38.3 ± 2.14 #

8 10% EtOH day 1-6; F.A. (20) day 7 21.23 ± 2.21

n = 6, Values are mean ± SEM, calculated by one-way ANOVA followed by Dunnett’s test. * p< 0.05 significant 
compared with vehicle-treated # p< 0.05 significant compared with the ethanol withdrawal group.

Effect of ferulic acid in Open field test
Figure 2 illustrates the behavioral performance of mice in the open field. The ethanol withdrawal groups exhibited 
a decreased (41.4 ± 7.7) in distance travelled in the open field test as compared with control group (61.4 ± 9.0). Mice 
treated chronically with FA (10 mg/kg) exhibited increased 52.8 ± 10.11 in square travelled in open field. Mice treated 
chronically with FA (10 mg/kg) alone with ethanol exhibited increased 48.2 ± 4.8 in square passed in an open field as 
compared with ethanol withdrawal group.
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Figure 2: Effect of Ferulic acid on the number of squares travelled in open field apparatus
n = 6, Values are mean ± SEM, calculated by one-way ANOVA followed by Dunnett’s test. * p< 0.05 significant 
compared with vehicle-treated # p< 0.05 significant compared with the ethanol withdrawal group.

Effect of ferulic acid in Marble burying test
Mice treated chronically with FA (10 and 20 mg/kg) significantly decreased number of marbles buried (11.80 ± 
1.24 and 12.40 ± 1.36) as compared with vehicle-treated and ethanol withdrawal group. Mice treated with chronic 
administration of FA (20 mg/kg) alone with 10% ethanol and challenged with FA (20 mg/kg) showed significant 
decrease in burying behavior (15.60 ± 1.32) as compared with vehicle-treated group (Table 2).

Table 2: Effect of Ferulic acid on the numbers of marble buried in Marble burying test

Sr.No. Treatment group (mg/kg) No. of Marbles buried

1. Vehicle 21.40 ± 1.77

2. 10% EtOH day 1-6 13.20 ± 0.95

3. F.A.(10) day 1-6 11.80 ± 0.24 *

4. F.A.(20) day 1-6 12.40 ± 0.36 *#

5. F.A.(10) + 10% EtOH day 1-6; F.A.(10) day 7 17.60 ± 0.97

6. F.A.(20) + 10% EtOH day 1-6; F.A.(20) day 7 15.60 ± 1.32

7. 10% EtOH day 1-6; F.A. (10) day 7 15.0 ± 1.09

8. 10% EtOH day 1-6; F.A. (20) day 7 17.40 ± 1.20

n = 6, Values are mean ± SEM, calculated by one-way ANOVA followed by Dunnett’s test. * p< 0.05 significant 
compared with vehicle-treated # p< 0.05 significant compared with the ethanol withdrawal group.

Effect of Ferulic acid in Tail suspension test
Figure 3 illustrates that mice treated with 10% ethanol showed increased in the duration of immobility (116.2 ± 5.75). 
Mice treated with FA (10 and 20 mg/kg) produced significantly decreased in duration of immobility (68.2 ± 7.99 and 
58.6 ± 6.28) showed significant effect as compared with vehicle-treated and ethanol withdrawal.
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Figure 3: Effect of Ferulic acid on the duration of immobility in tail suspension test
n = 6, Values are mean ± SEM, calculated by one-way ANOVA followed by Dunnett’s test. * p< 0.05 significant 
compared with vehicle-treated # p< 0.05 significant compared with the ethanol withdrawal group.

dIscussIon

In the present study, Ferulic acid administered during ethanol withdrawal alleviated anxiety and depression behaviors. 
It was suggested that a drug withdrawal symptom has a neurobiological level. It is reported that it is caused by 
dysfunction of one or more neurotransmitters and their receptors like GABA receptors, serotonin receptor, adenosine 
receptor and adrenergic receptor. It was reported that acute systemic administration of ethanol activated the different 
neurotransmitter mechanism. Drug withdrawal from the chronic administration is characterized by responses 
opposite to the acute initial actions of the drug (Di Chiara and Imperato, 1988). Alcohol consumption produced 
unbalance in the neurochemical equilibrium of the brain. If the alcohol exposure continues, the brain association an 
opposing adaptation (i.e., neuroadaptation) to balance the effect of the alcohol and restore neurochemical equilibrium. 
With prolonged use of alcohol, the amount of GABA production decreases to sustain homeostasis. During ethanol 
withdrawal, ethanol is no longer available to enhance GABA-A receptor thereby the inhibitory function is reduce. 
Neurotransmitters such as norepinephrine and dopamine produce the opposite effects of alcohol. Ethanol enhances 
the inhibitory effect of dopamine. Conversely, studies have suggested that ethanol may also inhibit glutamate, which 
is the main excitatory transmitter. If this were so, excitatory neurotransmissions would increase during withdrawal 
(Landolt and Gillin, 2001).
Withdrawal symptoms may also involve enhanced serotonin activity at 5HT2 receptors. In an animal model of alcohol 
withdrawal, drugs that act as activation of this receptors prevented withdrawal increased in anxiety. Serotonin is a 
key contributor in brain dysfunction caused by alcohol and other drugs abuse. Serotonin does not act alone within the 
brain. Instead, serotonergic neurons are part of a larger circuit of interconnected neurons that transmit information 
within and among brain regions (Sellers, et. al., 1992). Chronic ethanol administration is known to produce behavioral 
and biochemical changes in humans and animals (Snell, et. al., 1996). Biochemical studies have provided evidence 
that enhancement of GABA and serotonin-mediated neuronal activity may contribute to the sedative, anxiolytic and 
antidepressant profile of ethanol. Withdrawal from chronic intake of ethanol is also known to produce withdrawal 
reactions, which are from anxiogenic and depression (Kulkarni and Verma, 1993). The present study provides valuable 
information about the therapeutic potential of FA for the treatment of alcohol withdrawal. Studies reported that FA 
is a type of hydroxy-cinnamic acid and possesses anxiolytic (Yoon, et. al., 2005), antidepressant (Ying J Z et. al., 2011), 
antidiabetic (Jung, et. al., 2007) and antioxidant (Hundson, et. al., 2000) activities.
In elevated plus maze acute administration of ethanol produced a significant increase in the time spent on open arms, 
thereby suggesting an anxiolytic profile of ethanol in mice also chronic administration of FA (10 and 20 mg/kg)spent 
more in the open arm shows anxiolytic effect in EPM (Hata, et. al., 2000). The result in Hole board apparatus showed the 
increase in number of head dips in acute administration of FA (20 mg/kg) indicates the anxiolytic effect. Result of chronic 
administration of FA shows increase in number of head dips indicates the protective anxiolytic effect FA. The marble 
burying test is based on a species-specific-burying behaviour expressed when mice are faced with novel objects such as 
marbles (Broekkamp, et. al., 1986). Anxiolytics decreases the number of marbles buried at non-sedative doses (Njung’e 
and Handley, 1991). This test has some predictive value for antidepressant and anxiolytic drugs. An animal treated 
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with FA (20 mg/kg) also reduces the marble burying behavior it indicates the anxiolytic effect of drugs (Broekkamp, 
et. al., 1986). In an open field test, an increase in the central part of the device without increasing the total locomotion 
is interpreted as an anxiolytic effect (Westerberg, 1999). In the present study, there was an increase in the number of 
squares travelled with the treatment of acute and chronic administration FA (10 and 20 mg/kg) which indicate anxiolytic 
activity. Antidepressants decrease the duration of immobility (i.e. increases the duration of active periods with escape 
attempts) (Steru, et al. 1985). The present study provides behavioural evidence for the antidepressant activity of acute as 
well as chronic treatment of FA. Our result demonstrates that FA in different doses when evaluated in classical models, 
there is significant inhibition of the duration of immobility. These results showed that FA (10 and 20 mg/kg) decreased 
in duration of immobility indicates the antidepressant activity (Gershenfeld, et. al. 2001).
In conclusion, chronic treatment of FA alone and along with ethanol exposure prevents the ethanol withdrawal, 
characterized by reduction anxiety and depression. FA can be used in the treatment of such types of disorders or 
associated diseases. There is a wide scope for the present study includes. Estimation of different neurotransmitters 
involved in the process and study of the molecular mechanism of FA in ethanol withdrawal-induced anxiety and 
depression.
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