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ABSTRACT

Objective: The aim of the study was to evaluate the anti-stress activity of ethanolic extract of Terminalia catappa L. in Swiss albino mice.

Methods: The extract used in this study was prepared by Soxhlet extraction of fresh dried leaves of T. catappa L. using ethanol as an extraction solvent. 
Stress is involved in the pathogenesis of a variety of diseases including hypertension, peptic ulcer, immunodepression, reproductive dysfunction, and 
behavior disorder. Overload of stress increases free radicals, produces damage to neuronal receptors and a variety of tissues. In this experimental 
research study two models, namely, forced swim test (FST) and tail suspension test (TST) were used for the screening of anti-stress activity. 50, 100, 
and 200 mg/kg ethanolic extracts of T. catappa L. were given orally, while 2mg/kg of Diazepam which acts as a standard was given intraperitoneally. 
The data obtained were analyzed by one-way ANOVA, followed by Dunnett’s test. p<0.05 was considered to be significant.

Result: The entire three test groups of the ethanolic extract of leaves of T. catappa L. showed decrease in immobility time in both FST (immobility 
for 42.5±3.5 s and mobility at 197.5±3.5 s) against diazepam (immobility 82.6±4.17 s and mobility at 157.3±4.17 s) and TST (92±2.28 s and mobility 
at 148±2.28) when compared against control as well as against diazepam (116.3±2.73 s and mobility at 123.6±2.73) which was used as a standard.

Conclusion: There is substantial evidence that flavonoids play an active role in providing anti-stress activity. This study is an attempt to find out the 
alternative medication for treating chronic stress with single medication which was shown a beneficial effect in animal models, may be useful for 
curing symptoms of stress.

Keywords: Anti-stress, Terminalia catappa L., Forced swim test, Tail suspension test.

INTRODUCTION

Anxiety and depression are the most frequent psychiatric conditions 
commonly found in today’s day-to-day life. A number of the population 
suffers from these conditions sometimes during their life  [1]. 
Homeostasis regulates the physiological actions in the body and 
depends on the stress and antioxidant levels in the cells. Stress is 
involved in the major portion of alterations of physiological actions, 
leading to pathogenesis [2]. Stress is a common phenomenon that is 
experienced by every individual. When stress becomes extreme, it is 
harmful for the body, and hence, needs to be treated. Stress is involved 
in the pathogenesis of a variety of diseases including hypertension, 
peptic ulcer, immunodepression, reproductive dysfunction, and 
behavior disorder [3]. Overload of stress increases free radicals, 
produces damage to neuronal receptors and a variety of tissues. Free 
radical scavenging agents may have a great potential in ameliorating 
these disease/disorders. Stress basically is a reaction of mind and 
body against change in the homeostasis. The productive stress is called 
eustress while harmful stress is called distress. Stress triggers a wide 
range of body changes called general adaptation syndrome (GAS). 
The stimuli, which produce GAS, are called stressors and range from 
physical to psychological factors including cold, heat, infection, toxins, 
and major personal disappointment [4].

Anti-stress agents decrease stress. Considering the debut of 
adaptogens, many plants have been explored due to their anti-stress 
and renovating properties in conventional medicines [5]. Drugs 
having anti-stress properties induce a state of non-specific resistance 
against the stressful condition. Drugs like benzodiazepines certain 
central nervous system (CNS) stimulants such as amphetamines 
and caffeine as well as some anabolic steroids are routinely used by 

people to combat stress. The incidence of toxicity and dependence 
has limited the therapeutic usefulness of these drugs [6]. Alternative 
is clearly needed because of the inability of the current therapies 
to manage the condition of disease [7]. The first drug used to treat 
pathologic condition of the CNS was based on natural resources [8]. 
Peoples from different areas of world use herbal medicine to alleviate 
affective disorders [9]. In Mexico, several medicinal plants are 
used to alleviate insomnia, depressed mood, and anxiety [10]. The 
herbal formulations claimed to enhance physical endurance; mental 
functions and non-specific resistance of the body have been termed 
as adaptogens [11].

Terminalia catappa L. family Combretaceae also known as Indian 
almond is a large tree that grows in tropical countries with a 
maximum height of 35 m, being upright, with horizontal branches and 
symmetrical crown  [12]. Its trunk is 1–1.5  m in diameter, frequently 
buttressed at the base, the leaves were obovate and alternate between 
one another, petioles are short, spirally gathered at the branch tips, the 
leaves are dark green above, paler underneath, glossy, and or leathery. 
Sometimes change to bright scarlet, yellow, dark red, and/or dark 
purple. These trees are distributed throughout the tropics in costal 
environments in India. The dried leaves are used for fish pathogen 
treatment, as a substitute to antibiotics. The leaves of the plant 
contain ellagic acid, corilagin, Gallic acid, and flavonoids (kaempferol 
and quercetin) compound in rich quantity antioxidant as well as 
anticlastogenic properties [13,17-19]. The antioxidant properties of 
flavones allow them to demonstrate potential application as protective 
and attenuating agents in oxidative stress. Hence, the present study was 
undertaken to inspect the anti-stress potential of flavonoids from the 
leaves of T. catappa L.
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METHODS

Collection and authentication of plant materials
Fresh leaves of T. catappa L. were collected from the Botanical Garden of 
Oriental College of Pharmacy Sanpada, Navi-Mumbai, Maharashtra, and 
were authenticated by Dr. Praveen Kale, Botanist at St. Xavier’s College, 
Mumbai - 400001.

Extraction and phytochemical evaluation
The authenticated leaves were dried under shade and then powdered 
with a mechanical grinder to obtain a coarse powder. Equal quantity of 
powder was passed through 40 mesh sieve and extracted with ethanol 
(90%  v/v) in Soxhlet apparatus at 60°C. The solvent was completely 
evaporated in the hot air oven. The presences of phytochemical 
constituents in the ethanolic extract of leaves of T. catappa L. was tested 
using the standard methods. Therefore, these methods revealed the 
presences of flavonoids.

Experimental animals
The animals used for the experiments were healthy either sex Swiss-
Albino mice aged 3–5  weeks (20–30  g) were procured from Bombay 
Veterinary College, Mumbai. The animals were group-housed in standard 
polypropylene cages (6 mice per cage) under good hygienic conditions 
in the registered animal house and maintained under controlled room 
temperature (22±2°C) and humidity (55±5%) with 12-h light-dark 
cycle with food and water available ad libitum. All animal experiments 
were conducted in accordance with the CPCSEA guidelines. Efforts 
were made to minimize animal suffering and to use only the number of 
animals necessary to produce reliable scientific data. The Institutional 
Animal Ethics Committee of Oriental College of Pharmacy approved the 
experimental protocol no. OCP/IAEC/2016-2017/03.

Phytochemical analysis
Shinoda test and Lead acetate solution test are part of Test for 
Flavonoids.

Shinoda test
To test extracts, 5 ml 95% ethanol was added. Then, few drops of conc. 
HCl and 0.5 g magnesium turnings were added. Formation of pink color 
indicates the presence of flavonoids.

Lead acetate solution test
To a small quantity of test extract, lead acetate solution was added and 
mixture shaken. Yellow colored precipitate indicates the presences of 
flavonoids.

Acute oral toxicity (AOT)
The method followed to perform the AOT was the Acute Toxic Class method, 
i.e., OECD – 423. Three doses were chosen from the Annex-II of OECD 423, 
i.e., medium, minimum, and maximum, i.e. 300 mg/kg, 500 mg, and 2000 mg 
after sighting study. A  total of 9 animals were chosen, i.e.  ,3 animals per 
group and three groups were taken, namely, T. catappa L. extract −300 mg, 
500 mg, and 2000 mg. A single dose was administered, and animals were 
observed for a period of 14 days for clinical signs and mortality.

Selection of dose
It was observed that at the dose of 2000 mg of T. catappa L. Leaf extract 
caused death in mice. Therefore, the dose was then decreased, and 
further observation was carried out at the dose of 1000 mg. At this dose 
of administration, there was no mortality observed.

Drugs
•	 Drug extracts (50 mg, 100 mg, and 200 mg)
•	 Diazepam
•	 Distilled water.

Dose selection
Doses are selected as shown in Table 1.

SCREENING FOR ANTI-STRESS ACTIVITY

Forced swim test (FST)
A total number of mice were randomly divided into five groups (n=6 
per group), namely, the normal control (Group  1), positive control 
(Group 2), and 3 test groups (50 mg/kg, 100 mg/kg, and 200 mg/kg), 
which were administered. Distilled water (5  mg/kg), diazepam (i.p.) 
2  mg/kg body weight, and estimated doses 200, 100, and 50  mg/kg 
of ethanolic extract of T. catappa L. leaves, respectively, per os (p.o.) 
for a total of 7  days. On day 6, all the mice were allowed to swim 
individually for 6 min for adaptation. On day 7, the mice were allowed 
to swim individually for 6 min and the duration of immobility (period 
during which the mice only float in the upright position with minimum 
movement to keep their heads above water) was scored 4  min after 
placement into the water [15].

Tail suspension test (TST)
After Weighing and numbering the animals were divided into five groups 
each containing 6 mice. First group was of normal control, second group 
of positive control, and third groups of test substances. Animals were 
suspended individually by the end of tail with micropore adhesive tape 
(approximately 1 cm) with the head 50 cm from the bottom. Mice were 
suspended for a total of 6 min. During the final 4 min interval of the test, 
duration of immobility was recorded. Mice were considered immobile 
only when they will be hung passively and completely motionless [16]. 
There are also differences between the FST and the TST in their ability 
to differentiate classes of anti-stress. Traditionally, it was presumed 
that selective serotonin reuptake inhibitors (SSRIs) do not have anti-
stress-like effects in the FST, but SSRIs have been shown to be effective 
in TST. Anti-stress decreases the immobility of mice in these tests. 
Furthermore, stressors such as immobilization, foot shock, and social 
defeat increases the depression-like behavior in the FST.

Statistical analysis
All values are expressed as mean±SD. Statistical significance was 
determined using one-way ANOVA, followed by Dunnett’s test. p<0.05 
was considered to be significant.

RESULTS

Phytochemical analysis
The phytochemical analysis of extract revealed the presence of 
flavonoids in the leaves of T. catappa L.

AOT study
The results of these studies are as follows.

Mortality
The extracts were found to be unsafe at a dose of 2000  mg/kg since 
mortality was observed. Therefore, the dose was decreased to 
1000 mg/kg and the mortality was not observed.

Signs and symptoms of toxicity
Signs of intoxication were not observed 24 h post-treatment as dose 
did not produce any significant changes in behavioral pattern and failed 
to elicit any clinical abnormality. LD50 was considered as more than 
1000 mg/kg. Results of AOT are shown in Table 2.

FST
The entire three test groups of the ethanolic extract of leaves of 
T.  catappa L. showed dose-dependent decrease in immobility time 
when compared against control as well as against diazepam which was 
used as a standard. Results of FST are shown in Table 3 and Fig. 1.

TST
All the three test doses of the ethanolic extract of leaves of T. catappa L. 
showed dose-dependent decrease in immobility time when it was 
compared against control as well as against diazepam which was used 
as a standard. Results of TST are shown in Table 4 and Fig. 2.



255

Asian J Pharm Clin Res, Vol 11, Issue 6, 2018, 253-257
	 Ansari and Shashikantsorte	

DISCUSSION

Medicinal plants are widely used by the population of developing 
countries as alternative therapy because they are the potential sources 
of bioactive agents. In India, hundreds of plants are used traditionally 

Fig. 1: Effect of Terminalia catappa L. on mobility and immobility time of forced swim test in mice

Fig. 2: Effect of Terminalia catappa L. on mobility and immobility time of tail suspension test in mice

Table 1: Grouping of animals and dose selection

Treatment Dose
Normal control (distilled water) 5 mg/kg (p.o.)
Standard control (diazepam) 2 mg/kg (i.p.)
Test 1: T. catappa L. (TC) 50 mg/kg (p.o.)
Test 2: T. catappa L. (TC). 100 mg/kg (p.o.)
Test 3: T. catappa L. (TC). 200 mg/kg (p.o.)
T. catappa: Terminalia catappa

Table 2: Acute toxicity testing of ethanolic extract of T. catappa 
L. in mice

Parameter Ethanolic extract of T. catappa L.
1.Loss of reflex

Righting reflex −
Pinna reflex −
Corneal reflex −

2. �Changes in the bw, skin, 
and fur

−

3. Any clinical abnormalities
Tremors −
Convulsions −
Salivation −
Diarrhea −
Lethargy −
Sleep −
Coma −

4. Death within
24 h +
1–14 days +

Bw: Body weight, T. catappa: Terminalia catappa

Table 3: Effect of T. catappa L. on mobility and immobility time 
of FST in mice

Treatment Dose Immobility (s) Mobility (s)
Normal control 
(distilled water)

5 mg/kg (p.o.) 119±2.36 121±2.36

Standard control 
(diazepam)

2 mg/kg (i.p.) 82.6±4.17 157.3±4.17

Test 1: T. catappa L. 50 mg/kg (p.o.) 43±5.40 197±5.40
Test 2: T. catappa L. 100 mg/kg (p.o.) 36.5±4.03 203.5±4.03
Test 3: T. catappa L. 200 mg/kg (p.o.) 42.5±3.50 197.5±3.50
FST: Forced swim test, T. catappa: Terminalia catappa

Table 4: Effect of T. catappa L. on mobility and immobility time 
of TST in mice

Treatment Dose Immobility (s) Mobility (s)
Normal control 
(distilled water)

5 mg/kg (p.o.) 114.6±2.87 125.3±2.87

Standard control  
(diazepam)

2 mg/kg (i.p.) 116.3±2.73 123.6±2.73

Test 1 T. catappa L. 50 mg/kg (p.o.) 116±4.42 124±4.42
Test 2 T. catappa L. 100 mg/kg (p.o.) 103±3.40 137±3.40
Test 3 T. catappa L. 200 mg/kg (p.o.) 92±2.28 148±2.28
TST: Tail suspension test, T. catappa: Terminalia catappa
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for the management of various chronic diseases, but unfortunately, 
only a few of such medicinal plants have been made to evaluate the 
role of medicinal plants for their potential pharmacological activities in 
experimental mice and rats.

The treatment mainly focused in the management of stress which in a link 
to another chronic disease (stress and diabetes). Stress is associated to 
activate the hypothalamic-pituitary-adrenal axis, resulting in the release 
of corticotrophin releasing hormone (CRH) from the hypothalamic 
periventricular nucleus. CRH causes the anterior pituitary to secrete 
an adrenocorticotropic hormone, which in turn stimulates the adrenal 
cortex to secrete corticosterone, which due to its lipophilic nature 
easily enters the brain. Within the brain, the hormone acts at those sites 
where corticosteroid receptors are expressed such as in limbic areas. 
Noradrenaline and corticosterone, stress exposure also leads to enhanced 
release of neuropeptides in the brain, such as vasopressin and CRH.

Phytochemical analysis of the leaves of T. catappa L. has shown the 
presence of flavonoids. It has been seen that there is a direct relation 
between the flavonoids and their anti-stress activity. At the initiation, 
to estimate the CNS profile of the test plant extract, they were screened 
in several preliminary behavioral animal models such as FST and TST. 
Significant reduction is an indication of its stress action while excessive 
reduction may indicate neurotoxicity too. Hence, it is advisable to check 
the degree of the change in these parameters on administration of the 
drug. The FST or despair swim test and TST are most widely used for 
the evaluation of anti-stress property of novel compounds.

In FST, mice were forced to swim in a restricted space from which there 
was no escape, and will, after periods of agitation, cease attempts to 
escape and become immobile. It is accepted that immobility seen in 
rodents during swimming reflects behavior despair as seen in human 
depression and that the anti-stress drugs are able to reduce the 
immobility time in mice. In swimming endurance test, in swimming 
endurance test, animal forced to swim in water eventually assume a 
characteristic immobile posture which reflects a state of tiredness, 
fatigue reduced stamina, or depressed mood. These signs represent the 
core symptoms observed in depressed patients and an individual under 
intense stress. Drugs with anti-stress property reduce the duration of 
immobility in animals. It has been well-demonstrated that drugs with 
anti-stress activity increase swimming endurance.

Results of the swimming endurance test indicate clearly that the leaves 
have the properties, whereby, they increase the physical endurance as 
well as the overall performance in mice. All three doses showed dose-
dependent decrease in immobility time in swimming endurance test, 
and thus, further supports its anti-stress potential. This ensures that 
any increase in mobility observed in the FST, after treatments.

The TST has been described by Cryan et al. (2005) as a facile means of 
evaluating potential anti-stress. The immobility displayed by rodents 
when subjected to unavoidable and inescapable stress has been 
hypothesized to reflect behavioral despair, which in turn may reflect 
depressive disorders in humans. Clinically effective anti-stress reduce 
the immobility that mice display after active and unsuccessful attempts 
to escape when suspended by tail.

It was observed that there was a decrease in the immobility of the test 
dose compared to the test dose. Results of the swimming endurance 
test indicate clearly that the leaves have the properties, whereby, they 
increase the physical endurance as well as the overall performance in 
mice. All three doses showed dose-dependent decrease in immobility 
time in swimming endurance test, and thus, further supports its anti-
stress potential.

It was observed from the results that the leaves of T. catappa L. showed 
significant (p<0.0001) dose-dependent decrease in the immobility time 
in FST and TST when compared with the control group.

This implies that it contains active chemical constituents to elicit specific 
types of behavior in TST and FST through noradrenergic, serotonergic, 
and dopaminergic systems and thereby acting as an anti-stress agent. 
It also suggests that the activation of these systems may depend on the 
concentration of the extract. Further, there was no remarkable change 
in the ambulatory behavior on the chronic treatment of all the extracts 
at said dose levels. The ambulatory behavior decreased in comparison 
to the control group, but no significant difference was found.

CONCLUSION

There is substantial evidence that flavonoids play an active role in 
providing anti-stress activity. This study is an attempt to find out 
the alternative medication for treating chronic stress with single 
medication which was shown a beneficial effect in animal models, may 
be useful for curing symptoms of stress.
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