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Abstract

To assess the effect Passiflora incarnata mother tincture 
on ethanol withdrawal-induced anxiety and depression in 
mice. The mice were divided into six different groups. Each 
group contains six animals. They were treated with 10% 
ethanol (2000mg/kg; p.o) from day 1 to 6 days, later 24hrs, 
ethanol withdrawal reactions were evaluated using differ-
ent behavioural models like Elevated Plus Maze (EPM), Light 
And Dark Test (LDT), Hole Board Test (HBT), Marble Bury-
ing Test (MBT), Tail Suspension Test (TST). On last day, mice 
treated orally with P. incarnata were tested for anxiety and 
depression. The P. incarnata shows the protective effect 
against ethanol withdrawal anxiety and depression in mice. 
All the doses of P. incarnata employed in this study showed 
significantly (p<0.05) increased time spent in open arm in 
EPM, time spent in light area in LDT, head dips in HBT. Also, 
there was significant (p<0.05) decreased marbles buried 
and reduced immobility duration in TST as compared to eth-
anol withdrawal group. In conclusion P. incarnata showed 
anxiolytic and anti-depressant activity in mice with ethanol 
withdrawal.Keywords: Anxiety; Depression; Ethanol withdrawal; Passiflora 

incarnate; Elevated plus maze test; Light and dark test; Hole 
board test; Marble burying test; Tail suspension test.
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Introduction

Alcohol (Ethanol) is a psychoactive substance with depen-
dence liability. It ranks among the most widely abused drugs 
around the globe and its consumption contributes to 3 million 
deaths each year globally. Millions of people suffer from impair-
ments and poor health as a result of alcohol misuse. 5.1% of all 
disease burden worldwide is attributable to alcoholism [1]. Al-
cohol consumption and abuse have been relevant to structural, 
functional, and neurochemical neuroadaptive alterations along 
with its two chief components i.e., dependence and withdrawal 
[2]. Alcohol withdrawal is the physiological alteration that oc-
curs upon cessation of alcohol consumption after chronic al-
cohol intake [3]. Alcohol withdrawal is a cluster of symptoms 

following long-term alcohol intake result in anxiety, depression, 
sleep disturbance, irritability, agitation [4].

Prolonged alcohol consumption disrupts a variety of excit-
atory and inhibitory neurotransmitters in the brain [5,6]. The ef-
fect of alcohol on inhibitory gamma amino butyric acid (GABA) 
receptors was highlighted by alcohol withdrawal. Frequent 
alcohol consumption depletes the formation of GABA and el-
evates the production of excitatory neurotransmitters, promi-
nently glutamate, dopamine, adrenaline, and serotonin, all of 
which raise the drinker’s tolerance to alcohol [4,7].

The U.S. Food and Drug Administration has currently ap-
proved three drugs for the treatment of alcoholism: disulfiram, 
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naltrexone, and acamprosate. However, they have various side 
effects. To overcome this, the use of herbs provides an opportu-
nity to discover new compounds that can be used in alleviating 
alcohol withdrawal induced anxiety and depression. Most anti-
addictive compounds include anti-anxiety, anticonvulsant, and 
antidepressant actions. Many studies reported that herbaceous 
plants can be used in the treatment of various neuropsychiat-
ric disorders including alcohol abstinence [8,9,10].  Passiflora 
Incarnata  (Passifloraceae), often called May-Pop, Maracuja, 
or Passionflower has been used as an anxiolytic [11]. Patel et.
al has shown that different actions of P. incarnata on CNS were 
attributed to the benzoflavone present in the study extract [12]. 
The primary chemical components of the plant explored in this 
study include flavonoids and alkaloids possessing neuroprotec-
tive effects [13,14].

Here, we report that P. incarnata may prevent alcohol with-
drawal induced anxiety and depression in mice and possesses 
anti-addictive properties.

Materials and Methods

Animals

Male albino mice (20-25 g) were purchased from Lacsmi 
Biofarms, Pune, India. Animals were kept in cage at a normal 
laboratory temperature of 25±2°C, with a relative humidity of 
45–55% and a 12–12 h light/dark cycle. Food and water were 
restricted 2 hours prior drug administration till, completion of 
experiment on the day. All the experiments were carried out 
between 10:00 to and 16:00. The animals were maintained 
according to the CCSEA guidelines for the use and care of ex-
perimental animal. The Institutional Animal Ethical Committee 
(IAEC) approved the protocol of this study.

Drugs and Chemicals

P. incarnata was purchased from SBL, Pvt. Ltd, India. Ethanol 
was purchased from Changshu Hong sheng Fine chemical Co. 
Ltd China. Diazepam was purchased from Neon laboratory lim-
ited Palghar, Thane, India.

Preparation of doses of P. incarnata mother tincture

P. incarnata (PI) mother tincture was prepared in double dis-
tilled water (DDW) in a three different dilutions as follows:

PI-1 (1ml of P. incarnata was diluted in 20ml DDW).

PI-2 (1ml of P. incarnata was diluted in 10ml DDW).

PI-3 (1ml of P. incarnata was diluted in 5ml DDW).

All the above dilutions were administered orally to the ani-
mals in the respective group at a dose of 0.3 ml/animal.

Study Design

The mice (n=6 per group) were divided into 6 groups. Group 
I: Saline, Group II: Ethanol (2 g/kg, i.p. 10% v/v) till day 6 
and saline on day 7 [15], Group III: Ethanol (2 g/kg, i.p. 10% 
v/v) till day 6 followed by PI 1 (0.3 ml/animal, p.o.) on day 7. 
Group IV: Ethanol (2 g/kg, i.p. 10% v/v) till day 6 followed by PI 
2 (0.3 ml/animal, p.o.) on day 7. Group V: Ethanol (2 g/kg, i.p. 
10% v/v) till day 6 followed by PI 3 (0.3 ml/animal, p.o.) on day 
7. Group VI: Animals administered Ethanol + diazepam (1mg/
kg, i.p.) [16].

Assessment of P. incarnata for anti-anxiety and anti-depres-
sion effects

Elevated plus maze

EPM is widely used for behavioral tests for research on anxi-
ety initially developed for mice and rats [17]. The EPM is the 
form of a plus with two open arms and two closed arms facing 
opposite to each other and separated by a central square with 
two arms of the same dimension and enclosed by walls. The 
maze was made of a wood and was located 25 cm above the 
floor[17]. After 30 min. of drug treatment, mice were individu-
ally placed at center of plus maze. During the 5 min test period, 
the number of entries and time spent on the open arm were 
recorded [18].

Light and Dark Test

The light/dark test is employed to test the anxiogenic and 
anxiolytic behavior in rodents [19]. The apparatus consists of 
two 25x25x25 cm boxes that were linked together. One box had 
plywood over the top, making it dark serving as dark box. The 
other box i.e., light box, is open and painted white [18].The time 
spent in the light box and the transitions from the light to the 
dark box both were recorded for five minutes [20].

Hole board test 

The apparatus made up of a wooden sheet (40 X 40 cm), 
placed 3.5 cm above the apparatus’s base and has 16 holes 
spaced at an equal distance 1.5 cm apart. The apparatus was 
raised to a 25 cm height (Lister, 1987). The number of head dips 
was counted over the period of five minutes while treated mice 
were placed in a corner [21]. 

Marble Burying Test

This test refers to the inhibition of the natural behaviour of 
burying novel objects in rodents as a measure of anxiolytic ac-
tivity of the test compounds [22]. Marble burying test was car-
ried using a propylene cage with 12 clean glass marbles placed 
equidistance i.e. 4 cm apart on the husk. Mice were adminis-
tered test drug 30 minutes prior to the test. Then mice were 
placed in the cage containing marbles. The numbers of marble 
buried at least two-third of the area were counted.

Tail Suspension test

The tail suspension test is widely used method to evaluate 
antidepressant-like effects in mice. The test is based on the du-
ration of immobility after the short-term, unavoidable stress of 
being suspended by their tail [23]. Animal were suspended 50 
cm away from the ground and placed 1cm apart from the tip of 
the tail. During a test period of 6 minutes, the amount of time 
the mice were immobile was measured [24].

Statistical Analysis

Each group data is presented as the mean ±S.E.M. Statistical 
analyses was performed by One-way ANOVA followed by Dun-
net ‘t’s test using Graph-pad Prism version 5.0 software. p value 
at < 0.05 was considered as statistically significant. 

Results

Effect of P. incarnata on behavior of Ethanol withdrawal mice 
in Elevated plus maze test.

As Shown figure 1, chronic ethanol consumption led to sig-
nificant (p< 0.05) decreased in time spent in open arm of EPM in 
mice due to anxiogenic action of ethanol. In contrast, adminis-
tration of P. incarnata was found to relieve ethanol abstinence-
induced anxiety in mice as indicated by significantly (p< 0.05) 
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increased open arm time in EMP in comparison to the group II.

Values expressed mean ± SEM (n=6), analyses by one-way 
ANOVA followed by Dunnett’s test. ap< 0.05 compared to group 
I (vehicle-treated) and bp< 0.05 compared to group II (ethanol 
treated) group.

Effect of P. incarnata on behavior of Ethanol withdrawal mice 
in Light and Dark test

Figure 2 shows the effect of P. incarnata on parameters 
tested in light-dark apparatus. The vehicle treated and ethanol 
withdrawal mice showed significant (p< 0.05) increase in time 
spent in dark compartment than the light compartment indicat-
ing anxiogenic behavior due to abstinence. Mice treated with P. 
incarnata showed significant (p< 0.05) rise in the time spent in 
light compartment pointing anxiolytic activity of the tincture. 
More significant effect was shown in group IV that received PI 
2 when compared to vehicle treated and ethanol withdrawal 
groups.

Figure 1: Effect of P. incarnata on behavior of Ethanol with-
drawal mice in Elevated plus maze test.

Figure 2: Effect of P. incarnata on light-dark exploration in 
Ethanol withdrawal mice.

Values expressed mean ± SEM (n=6), analyses by one-way 
ANOVA followed by Dunnett’s test. ap< 0.05 compared to group 
I (vehicle-treated) and bp< 0.05 compared to group II (ethanol 
treated) group.

Effect of P. incarnata on behaviour of Ethanol withdrawal 
mice in Hole board test.

Chronic ethanol administration resulted in decreased no. of 
head dips in HBT in mice in comparison to the group I. Animals 
dosed with P. incarnata (Groups III, IV and V) shown significant 
(p< 0.05) increase in head dips in comparison to the group II. 
More significant effect was obtained with mice treated with PI 
2 indicating anti-anxiety activity of the P. Incarnata in ethanol 
withdrawal mice (Figure 3).

Figure 3: Effect of P. incarnata on behaviour of Ethanol with-
drawal mice in Hole board test.

Values expressed mean ± SEM (n=6), analyses by one-way 
ANOVA followed by Dunnett’s test. ap< 0.05 compared to group 
I (vehicle-treated) and bp< 0.05 compared to group II (ethanol 
treated) group.

Effect of P. incarnata on behaviour of Ethanol withdrawal 
mice in Marble burying test.

Figure 4 shows the effect of P. incarnata on parameters test-
ed in marble burying apparatus. The vehicle treated and etha-
nol withdrawal mice showed significant (p< 0.05) increase mar-
ble burying indicating anxiogenic behavior due to abstinence. 
Mice treated with P. incarnata showed significant (p< 0.05) 
decreased marble burying in mice shows anxiolytic activity of 
the tincture. More significant effect was shown in group IV that 
received PI 2 when compared to vehicle treated and ethanol 
withdrawal groups.

Figure 4: Effect of P. incarnata on Marble burying behavior in 
Ethanol withdrawal.

Mice

Values expressed mean±SEM (n=6), analyses by one-way 
ANOVA followed by Dunnett’s test. ap< 0.05 compared to group 
I (vehicle-treated) and bp< 0.05 compared to group II (ethanol 
treated) group.

Effect of P. incarnata on behavior of Ethanol withdrawal mice 
in Tail suspension test.

Chronic ethanol administration resulted in increased immo-
bility time in TST in mice in comparison to the group I. Animals 
dosed with P. incarnata (Groups , IV and V) shown significant 
(p< 0.05) decrease in duration of immobility as compared to 
the group II. More significant (p< 0.05) effect was obtained with 
mice treated with PI 2 indicating anti-depressant potential of 
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the P. incarnata in ethanol withdrawal mice (Figure 5).

Figure 5: Effect of P. incarnata on behavior of Ethanol with-
drawal mice in Tail suspension test.

Values expressed mean ± SEM (n=6), analyses by one-way 
ANOVA followed by Dunnett’s test. ap< 0.05 compared to group 
I (vehicle-treated) and bp< 0.05 compared to group II (ethanol 
treated) group.

Discussion

In present study, we assessed the effect of P. incarnata in 
ethanol withdrawal induced anxiety and depression in mice. 
After the cessation of excessive or prolonged alcohol use, a set 
of symptoms known as ethanol withdrawal occur in alcohol-
dependent people [25]. Ethanol withdrawal is characterized 
by the development of anxiety, the most significant negative 
motivational factor to revert to alcohol use. It has been re-
ported that, anxiety following ethanol withdrawal is due to the 
malfunction of array of neurotransmitters and their receptors. 
These include GABA, 5-hydroxytrptamine (5-HT), and adrener-
gic receptors [26]. Alcohol interferes with a neurotransmitter 
systems, which affects brain function by disturbing the balance 
between inhibitory and excitatory (N-methyl-D-Aspartate) neu-
rotransmitters [27]. Excitatory (NMDA) receptors are upregulat-
ed during ethanol withdrawal, while inhibitory GABAA receptors 
are downregulated [7,28]. Thus, the drugs either modulating 
the GABA or inhibiting glutamate activity may be effective in 
ethanol withdrawal-induced anxiety.

Passiflora have been well known and widely used species to 
treat anxiety since earlier times and P. incarnata is the exten-
sively studied species of the genus Passiflora. Also, it is widely 
used as a natural anxiolytic [29].

The elevated plus maze is the most validated test for assess-
ing anxiety-like behavior in rodents. Ethanol withdrawal-in-
duced anxiety is regarded as the measure of psychologic depen-
dence to ethanol. In the EPM test, typical anxiolytic drugs show 
increased number of entries and time spent in the open arms 
[30]. In the study undertaken, P. incarnata showed increased 
entries and time spent in the open arms in EPM test thus, revel-
ing ethanol withdrawal induced anxiety. 

The light-dark test is the exploration-driven test that rely on 
the voluntary locomotion of rodents. In general, rodents pres-
ent a tendency to stay in a relatively safe area (the dark cham-
ber of the box) versus a more aversive area (the light chamber 
of the box) Ethanol withdrawal mice showed decreased explo-
ration time in the light chamber, indicating anxiogenic-like be-
havior. These results are consistent with others showing that 
after 2 weeks of 14 days ethanol binge-drinking increase anx-
iety-like behavior in mice following ethanol withdrawal across 

various paradigms including the light-dark test [31]. P. incarnata 
treatment showed increased entries and time spent in the open 
chamber in light-dark test thus, attenuating the ethanol with-
drawal induced anxiety in mice.

Upon facing an unfamiliar environment or object as in case of 
hole board test and marble burying test, animals can exhibit the 
exploration like locomoting around the environment, orientat-
ing towards novelty, and touching or sniffing novel objects [32]. 
In the study envisaged, treatment with P. incarnata increased 
the nose poking of mice as an indication of enhanced curios-
ity whereas, the burying behavior is reduced pointing towards 
anxiolytic activity in ethanol withdrawal mice.

Ethanol-induced depression occurs during and at the time 
of ethanol intoxication or abstinence and is usually associated 
with distress and impairment. The model of depression chosen 
for the present study was tail suspension test which highlights 
anhedonia [33]. It was observed that mice treated with P. incar-
nata after chronic ethanol administration showed reduction in 
immobility in tail suspension test in contrast to animals those 
received ethanol only. This indicated the anti-depressive activ-
ity of P. incarnata for overcoming withdrawal induced depres-
sion.

In conclusion, we report that acute administration of P. incar-
nata mother tincture may prevent ethanol withdrawal-induced 
anxiety and depression due to its anti-addiction potential. P. 
incarnata attenuated anxiety and depression-like behavior pro-
duced after abstinence. Further studies are needed to find the 
mechanisms underlying the P. incarnata effects following etha-
nol withdrawal.

Acknowledgment 

Authors are thankful to Dr. Gaurav Thakor, (MD), for provid-
ing Passiflora Incarnata mother tincture as well as guidance for 
the experimental work.

References

1.	 Mohebbi E, Molavi M, Mohammadzadeh M , Hosseinzadeh 
H, Amin B, et al. Clavulanic acid improves ethanol withdrawal 
symptoms in rats.Iranian Journal of Basic Medical Sciences. 
2020; 23: 730-736. 

2.	 Valcheva-Kuzmanova S, Eftimov M, Kuzmanov K. An Experimen-
tal Model Of Alcohol-induced Anxiety And Depressive Behaviour 
In Rat.Scripta Scientifica Medica. 2013; 45: 48-52. 

3.	 Ruby B, Benson M, Kumar E, Sudha S, Wilking J, et al. Evaluation 
of Ashwagandha in alcohol withdrawal syndrome.Asian Pacific 
Journal of Tropical Disease. 2012; 2: S856-S860. 

4.	 Borah A, Deka K, Bhattacharyya K. Serum Electrolytes and He-
patic Enzymes Level in Alcohol Withdrawal Patients with and 
Without Delirium Tremens – A Comparative Study.International 
Journal of Health Sciences & Research. 2017; 7: 74-83. 

5.	 Saitz R. Introduction to alcohol withdrawal. Alcohol Health Res 
World. 1998; 22: 5-12.

6.	 McKeon A, Frye A, Delanty N. The alcohol withdrawal syndrome. 
J Neurol Neurosurg Psychiatry. 2008; 79: 854-862.

7.	 Moroi I, Iancu M, Stanescu A, Stoian A, Hainarosie R, et al. Alco-
hol Withdrawal Syndrome: a Review. Modern medicine. 2018; 
25: 69-75.

8.	 Andrade C, Aswath A, Chaturvedi S, Srinivasa M, Raguram R et 
al. Double-blind, Placebo-controlled Evaluation of The Anxiolytic 
Efficacy Of An Ethanolic Extract Of Withania Somnifera. Indian 



MedDocs Publishers

5Depression and Anxiety: Open Access

Journal of Psychiatry. 2000; 42: 295-301.

9.	 Guzman-Gutierrez S,Chilpa R, Jaimea H. Medicinal plants for the 
treatment of “nervios”, anxiety, and Depression in Mexican Tra-
ditional Medicine.Rev Bras Farmacogn. 2014; 24: 591-608. 

10.	 Kenda M, Glavac N, Nagy M, Dolenc M. Medicinal Plants Used 
for Anxiety, Depression, or Stress Treatment: An Update. 2022; 
27: 6021.

11.	 Dhawan K, Kumar S, Sharma A.Anti-anxiety studies on extracts 
of Passiflora incarnata Linneaus. Journal of Ethnopharmacology. 
2001; 78: 165-170. 

12.	 Patel S, Mohamed S, Ravi V, Shrestha B, Verma N, et al. Passiflora 
incarnata Linn: A phytopharmacological Review. International 
Journal of Green Pharmacy. 2009; 3: 277-280. 

13.	 Dhawan k and Sharma A.Restoration of chronic- D9-THC-in-
duced decline in sexuality in male rats by a novel benzoflavone 
moiety from Passiflora incarnata Linn. British J Pharmacol. 2003; 
138: 117-120.

14.	 Fonseca L, Rodrigues R, Ramos A, Cruz J, Ferreira J, et al. Ama-
ral. AF, Herbal Medicinal Products from Passiflora for Anxiety:An 
Unexploited Potential. The Scientific World Journal. 2020; 1-18. 

15.	 Joshi D, Naidu P, Singh A, Kulkarni S. Protective effect of quer-
centin on Alcohol Abstinence-Induced Anxiety & depresion.
Journal of medicinal food. 2005; 8: 392-396.	

16.	 Doukkali Z, Taghzouti K, Bouidida E, Nadjmouddine M, Cherrah 
Y, et al. Evaluation of anxiolytic activity of methanolic extract of 
Urtica urens in a mice model. Behavioral and Brain Functions. 
2015; 11: 2-5. 

17.	 Bourin M, Hascoet M. The mouse light/dark box test. European 
Journal of Pharmacology. 2007; 463: 705-732. 

18.	 Arulmozhi S, Mazumder P, Sathiyanarayanan G, Prasad A. Anti-
anxiety and Anti-depressant Activity of Leaves of Alstonia schol-
aris. British Journal of Pharmacology. 2012; 3: 239-248. 

19.	 Bourin M. The mouse light/dark box test. European Journal of 
Pharmacology. 2003; 463: 55-65. 

20.	 Doukkali Z, Taghzouti K, Kamal R, Jemeli M, Bouidida E, et al. 
Anti-Anxiety Effects of Mercurialis annua Aqueous Extract in the 
Elevated plus maze test. Journal of Pharmacological Reports. 
2016; 1: 1-5.

21.	 Lister R. The use of a plus maze to measure anxiety in the mouse. 
Psychopharmacology (Berlin). 1987; 92: 180-185. 

22.	 Nicolas L,Kolb Y,Prinssen E. A combined marble burying–loco-
motor activity test in mice: A practical screening test with sen-
sitivity to different classes of anxiolytics and antidepressantsan-
tidepressants. European Journal of pharmacology. 2006; 547: 
106-115.

23.	 Cryan F, Athina M, Irwin L. Assessing antidepressant activity 
in rodents:recent developments and future needs. TRENDS in 
Pharmacological Sciences. 2002; 23: 253-254.

24.	 Ying X, Bao-Shan K, Hai-Yan Y, Yan-Hua L, Xing M, et al. The ef-
fects of curcumin on depressive-like behaviors in mice. Europe-
an Journal of Pharmacology. 2005; 518: 40-46. 

25.	 Sachdeva A, Choudhary M, Chandra M.Alcohol Withdrawal Syn-
drome: Benzodiazepines and Beyond. J Clin Diagn Res. 2015; 9: 
VE01–VE07. 

26.	 Kotwal S, Upaganlawar A, Mahajan M, Upasani C. Protective Ef-
fects of Ferulic Acid in Alcohol Withdrawal Induced Anxiety and 
Depression in Mice. Malaysian Journal of Medical and Biological 
Research. 2014; 4: 71-78.

27.	 Valenzuela F. Alcohol and Neurotransmitter Interactions. Alco-
hol Health Res World. 1997; 21: 144-148.

28.	 Jesse A, Brathen G, Ferrara M, Keindl M, Ben-Menachem, et al. 
Alcohol withdrawal syndrome: mechanisms, manifestations, 
and management. Acta Neurologica Scandinavica. 2016; 135: 
4-16. 

29.	 Fonseca L, Rodrigues R, Ramos A, da Cruz J, Ferreira J, et al. 
Herbal medicinal products from Passiflora for anxiety: An unex-
ploited potential. The Scientific World Journal. 2020; 2: 1-18. 

30.	 Heba M, Faraz S, Banerjee S. Effect of Shankhpushpi on Alcohol 
Addiction in Mice. Pharmacogn Mag. 2017; 13: S148-S153.

31.	 Perez E,De Biasi M. Assessment of affective and somatic signs of 
ethanol withdrawal in C57BL/6J mice using a short-term ethanol 
treatment. Alcohol (Fayetteville, N.Y.). 2015; 49: 237-243. 

32.	 Hughes R. Neotic preferences in laboratory rodents: issues, as-
sessment and substrates. Neurosci. Biobehav Rev. 2007; 31: 
441-464.

33.	 McHugh R. Weiss R. Alcohol use disorder and depressive disor-
ders. Alcohol Res. 2019; 40: arcr.v40.1.01.


