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Anxiolytic effects of Equisetum arvense Linn. extracts in mice
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The petroleum ether (PE), chloroform (CH), ethanol (ETH) and water extracts of E. arvense stems were evaluated for
anti-anxiety activity in mice using elevated plus maze model. Ketamine induced hypnosis and actophotometer was used to
evaluate sedative effect with various extracts in mice. The results were compared with standard drug diazepam. The
ethanolic extract of E. arvense (50 and 100 mg/kg) significantly increased the time-spent and the percentage of the open arm
entries in the elevated plus-maze model which was comparable to diazepam. Ethanolic extract (100 mg/kg) prolonged the
ketamine-induced total sleeping time and decreased the locomotor activity in mice. The results suggest that the ethanolic
extract of E. arvense seems to possess anxiolytic effect with lower sedative activity than that of diazepam. The results could
be attributed to the flavonoid content of the ethanolic extract.
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Anxiety disorders are the most common mental illness
in the world and became a very important
area of research interest in psychopharmacology.
Interest in alternative medicine and plant-derived
medications that affect the ‘mind’ is growing1.
Anxiety affects one-eighth of the total population
worldwide and has become an important area of
research in psychopharmacology during this decade2.
Benzodiazepines (BZDs) are the major class of
compounds that are used in anxiety and they remain
the most commonly prescribed treatment for anxiety.
However, the realization that BZD have a narrow
safety margin has prompted many researchers to
evaluate new compounds in the hope of identifying
other anxiolytic drugs with fewer unwanted side
effects3. The use of herbal medications by physicians
in Europe and Asia is becoming very common and
researchers are exploring the traditional remedies to
find a suitable cure for these ‘mind affecting diseases4.
Equisetum arvense Linn. (Equisetaceae) commonly
known as field horsetail is a plant showing aerial
stems, branched with regular verticilies 2–23 mm
in diameter, terminal strobile in the branches and
the main stem is 10 mm long and 4 mm in diameter.
It grows in several regions of Europe and North,
Central and South America5. Hypoglycemic6 and
diuretic activity7 of horsetail have been reported.
——————
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The plant presents a popular use as an antiinflammatory agent in bathing for skin disease in
Europe, Asia and America, as well as antiseptic
in Turkey and America8,9. Water and ethanolic extract
of E. arvense extract possess free radical scavenging
activity so it is used as antioxidant10. Despite the
widespread traditional use of E. arvense for treating
various disorders there are no reports of scientific
evaluation of its anxiolytic activity, therefore the
present study has been undertaken to explore
anxiolytic potential of the plant in three different
models in mice.
Materials and Methods
Plant material—E. arvense dried sterile stems
were brought from Himalaya Herb Store, Saharanpur,
U.P, India. The taxonomic identity of the plant
was confirmed by Department of Botanical and
Environmental Sciences, Guru Nanak Dev University,
Amritsar. A voucher specimen no S.R.BotSci/0349
herb has been deposited in department herbarium.
Animals—Male swiss albino mice weighing 20-25 g
were procured from the Central Research Institute
(CRI), Kasauli, Himachal Pradesh. The animals were
given standard laboratory feed and water. Groups
of six mice (20-25 g) were used in all sets of
experiments. The experiments were conducted in
a semi-sound proof laboratory. The animal studies
were carried out as per the guidelines of institutional
animal ethical committee (IAEC).
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Chemicals—Solvents viz., petroleum ether
(60º-80º Merck), chloroform (Merck) and Ethanol
(S.D. Fine-Chem. Ltd, Mumbai), all of LR grade
were employed for the extraction of the plant
material. Diazepam hydrochloride I.P (2 mg/kg) was
procured from Ranbaxy Laboratories Ltd, Mumbai.
Preparation of extracts and doses—Stems of
E. arvense were dried in oven at 37°C and reduced to
moderately coarse powder by passing through sieve
no. 22. The powdered stems (500 g each), were
extracted separately with petroleum ether, chloroform
and ethanol successively using soxhlet apparatus11.
The ultimate dried marc of stems was macerated with
distilled water for 24 h and filtered. The extractives
were obtained on evaporation of solvents using
Rotary vacuum evaporator and dried extracts were
preserved in vacuum dessicator. Simple syrup I.P. +
carboxy methyl cellulose (0.5% w/v) was used as a
vehicle for preparation of suspensions of various test
doses of different extracts. The animals are divided
into 5 groups of 6 mice each and given following
treatment—Group I: vehicle treated animals served
as control; Group II: animals received diazepam
(2 mg/kg, ip), Group III, IV V were treated with
different extracts of E. arvense at a dose of 25, 50 and
100 mg/ kg respectively.
Elevated plus maze (EPM)—Anxiolytic activity
was measured using the elevated plus- maze test12.
The maze consisted of two open (30 × 5 × 0.2 cm)
and two closed (30 × 5 × 15 cm) arms, extending
from a central platform (5 × 5 cm) and elevated to a
height of 45 cm above the floor. Mice were
individually placed on the center of the maze facing
an open arm, and the number of entries and the time
spent in closed and open arms were recorded during a
5 min observation period. The percentage of open
arm entries (100 × open/total entries) was calculated
for each animal. The experimental animals were
intraperitoneally treated with diazepam (2mg/kg,)
and the extracts (25, 50 or 100 mg/kg), 30 min
respectively, before evaluation in the maze. The
E.arvense extract at doses higher than 100mg/kg
caused a marked decrease in motor activity that
interfered with an accurate evaluation of anxiolytic
effect. Therefore, higher doses of the extract were not
included in the plus-maze test. Similar observations
were recorded for the standard group (diazepam 2
mg/kg) as well as the control group (vehicle).
Locomotor activity—The most active extract
(ethanolic) in anxiolytic models was further evaluated
for sedative action by measuring its locomotor
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activity in mice using actophotometer. The breaking
of infrared beams by mice13 after 30 min of injecting
them with control, standard drug and ethanolic extract
was measured for 5 min.
Ketamine-induced sleeping time—The effect of the
ethanolic extract on ketamine-induced sleeping time
was measured14. After 30 min pre-treatment with
the extract (25, 50 and 100 mg/kg, ip) or vehicle,
animal (6 in each group) were injected with
ketamine (100 mg/kg, ip). The interval between the
administration of ketamine until the loss of the
righting reflex was recorded as onset of sleep. The
time from the loss to regaining of the righting reflex
was considered as duration of sleep15. Diazepam
(2 mg/kg) was used as standard drug.
Phytochemical screening—The various extracts of
E. arvense were subjected to screening for the
presence of various phytoconstituents like alkaloids,
glycosides, flavonoids and saponins in accordance
with the standard procedures16,17.
Statistical analysis—The anxiolytic activities of the
extracts, diazepam and control were analyzed by one
way ANOVA. The test groups were compared with
standard/control by Tukey’s Multiple Range Test.
The groups treated with extracts were compared
with the vehicle group. Difference were considered
significant at P<0.05. A SIGMA STAT® version
2.3 software program was used.
Results and Discussion
Anxiety and depressive disorders are common in
all regions of the world18. They constitute a substantial
proportion of the global burden of disease, and
are projected to form the second most common cause
of disability by 202019. This increased importance
of non-communicable diseases such as anxiety
and depressive disorders. Such diseases present a
particular challenge for low income countries, where
infectious diseases and malnutrition are still high and
only a low percentage of gross domestic products
is allocated to health services20. The role of herbal
medicine in the treatment of various psychological
disorders has become well established over the
past two decades. Many herbal products used to
treat anxiety, cognitive disorders, and insomnia
contain chemicals that influence the function of
ionotropic receptors for the brain's major inhibitory
neurotransmitters GABA, serotonin and BZD21.
Despite the widespread traditional use of E. arvense
for treating various disorders there are no reports of
scientific evaluation of its anxiolytic activity,
therefore the present study was undertaken to explore
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anxiolytic potential of the plant. The elevated
plus-maze test has been in use as a rodent
model of anxiety for a decade, and is representative
of those tests that are based upon the study of
spontaneous behaviour patterns and which have high
ecological validity. The fear due to height induces
anxiety in mice when placed on the elevated plusmaze. The ultimate manifestation of anxiety and fear
then is exhibited by decrease in motor activity, which
is measured by the time spent by mice in the open
arms. Anxiolytic compounds, by decreasing anxiety,
increase the open arm exploration22. The ethanol extract
at dose levels of 50 and 100 mg/kg showed significant
increase in time spent in open arm and percentage of

Fig. 1(A)—Effects of E. arvense extracts on the percentage of open
arm entries of the elevated plus-maze (EPM). Values are mean ± SE
from 6 mice each. *P<0.05 compared with vehicle-treated control.
CT- Control; DZ- Diazepam; PEE- Petroleum ether extract; CHEChloroform extract; ETE- Ethanol extract; AE- Aqueous extract.

Fig. 1(B)—Effects of E. arvense extracts on the time spent in the
open arm (sec). Values are mean ± SE from 6 mice each. *P<0.05
compared with vehicle-treated control. CT- Control; DZDiazepam; PEE- Petroleum ether extract; CHE- Chloroform
extract; ETE- Ethanol extract; AE- Aqueous extract.

open arm entries (P < 0.05; Fig. 1 A and B). Since
the petroleum ether, chloroform and water extracts
(25, 50 and 100 mg/kg) of the plant did not produce
meaningful effects on EPM, it was eliminated from
further pharmacological investigation in this study.
The anti-anxiety response was partially reverted when
doses were increased from 100 mg/kg due to the
presence of sedative effects (data not shown) and were
not considered suitable for further evaluation. It is
generally believed that locomotor activation results
from brain activation, which manifests as an excitation
of central neurons and as an increase in cerebral
metabolism. While different neurochemical metabolisms
are involved in brain activation, dopamine (DA) appears
to play an essential role23. Locomotor activity is
considered as an index of alertness and a decrease
leads to sedation as a result of reduced excitability of
the central nervous system24. Locomotor activity in
actophotometer was significantly decreased in animals
injected with E. arvense ethanol extract at the dose of
100 mg/kg, compared with vehicle treated controls
(P < 0.05, Fig. 2). The reduction in locomotor activity
was evident during activity measurement.
Administration of diazepam at 2 mg/kg suppressed
the locomotor activity to greater extent (P< 0.05, Fig. 2)
The anxiolytic effect of the plant extract was
accompanied by a decrease in locomotor activity
producing sedation at a higher dose (100 mg/kg). It is
well known that drugs such as benzodiazepines
and phenobarbital possess anxiolytic and sedative

Fig. 2—Effects of E. arvense ethanolic extract on locomotor activity
in mice. Values are mean ± SE from 6 mice each. *P<0.05 compared
with vehicle-treated control. [a = control, b = diazepam (2 mg/kg),
c = ETE (25 mg/kg), d = ETE (50 mg/kg), e = ETE (100 mg/kg)].
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effects25. In the present study, the sedative effect of
the plant was much lower than those produced by
diazepam, thus showing a better profile as anxiolytic
mrdicine. It is generally well accepted that the
sedative effect of drugs can be evaluated by
measurement of ketamine induced sleeping time in
laboratory animals26. Injection of plant extract (30 min
prior to ketamine) at doses of 25, 50 and 100 mg/kg,
significantly suppressed the latency to sleep by 8, 26
and 37%, respectively (P< 0.05, Fig. 3). Injection of
the diazepam (2 mg/kg) 30 min prior to ketamine
reduced the latency to sleep by 56% (P< 0.05, Fig. 3).
In animals pretreated with E. arvense ethanolic
extract, only 100 mg/kg dose significantly prolonged
the duration of sleep by 32% (P< 0.05). In a similar
fashion, but much more pronounced, diazepam
pretreatment increased (by 112 %) the total sleep time
induced by ketamine (P<0.05, Fig. 4). Administration

Fig.3—Effect of E. arvense ethanol extract on the latency to loss
of righting reflex. The interval between the administration of
ketamine until the loss of the righting reflex was recorded as onset
of sleep. Values are mean±SEM from 6 mice. *P<0.05, compared
with vehicle-treated control. [a = control, b = diazepam (2 mg/kg),
c = ETE (25 mg/kg), d = ETE (50 mg/kg), e = ETE (100 mg/kg)].

Fig.4—Effect of E. arvense ethanol extract on duration of sleeping
time. Values are mean ± S.E.M from 6 mice. *P<0.05, compared
with vehicle-treated control. [a = control, b = diazepam (2 mg/kg), c
= ETE (25 mg/kg), d = ETE (50 mg/kg), e = ETE (100 mg/kg)].
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Table 1—Results of phytochemical screening
Test
PEE
CHE ETE
AE
Alkaloids
─
─
+
+
Carbohydrates
+
+
+
+
Proteins and amino acids
─
─
+
+
Phytosterols
─
+
+
─
Saponins
─
─
+
─
Flavonoids
─
─
+
─
Triterpenoids
─
+
─
+ Positive test; ― Negative test
PEE- Petroleum ether extract; CHE- Chloroform extract; ETEEthanol extract; AE- Aqueous extract.

of ethanol extract of E. arvense (100 mg/kg)
prolonged the duration of sleep and shortened the
latency to loss of righting reflex. Similar results were
obtained with diazepam, however in case of diazepam
the time required for loosing the righting reflex was
much shorter than that of plant extract, thus exhibiting
lesser sedative properties by E. arvense.
The results of this study showed that the ethanolic
extract of E. arvense, possess anxiolytic effects at
therapeutically acceptable doses. This effect may be
due to the interaction of the extract with
the neural substrates or chemical mediators like
noradrenaline, serotonin, GABA and BZD which
are implicated to be responsible for anxiety-like
condition. The mechanism of its anxiolytic action
may be by interacting with some of the natural
endogenous mediators in the body27,28. Also, there
could be a linkage in the interaction of the
extract with serotonergic pathway since serotonin
had been widely implicated in aggressive behavior29.
Phytochemical screening showed the presence of
flavonoids, saponins and triterpenoids in ethanolic
extract (Table 1). Earlier reports available stated
the presence of several flavonoids, the major one
being apigenin30-33 in the plant. It has been observed
that flavones like apigenin specifically recognise the
central BDZ receptors and it has been found that
flavones bind with high affinity BZD site of the
GABAA receptor34,35. All these reports support the
fact that apigenin act as ligand for the central
benzodiazepine receptors exerting anxiolytic and
slight sedative effects. Therefore the anxiolytic effects
of ethanolic extract of E. arvense could be related at
least in part to flavonoids or specifically to apigenin.
In summary, the present results demonstrated an
anxiolytic effect from E. arvense ethanolic extract
with a mild sedative action. Further pharmacological
investigations are underway to identify the active
constituents of the plant extract responsible for the
reported activities.
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