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Abstract Currently available anxiolytics cause numerous ad-
verse effects and show craving and tolerance during long term
treatment. Currently traditional medicines have been re-
evaluated widely through work on various plant species.
Numerous plants in traditional system show pharmacological
activity with unlimited prospective for therapeutic use. Hence
we planned to evaluate the effect of methanol extract of
T foenum-graecum L. seeds on anxiety, sedation and motor
coordination in mice at different doses following 15 days of
oral feeding. Effect on anxiety was assessed by Hole board
test and Light and Dark transition models.

Phenobarbitone induced sleeping time and Rota rod test
were performed to assess effect on sedation and motor coor-
dination. In Hole board test, T foenum-graecum L. seeds de-
creased the number of head dips in mice at all the three doses.
In Light and Dark transition model, 7. foenum-graecum L.
seeds increased the period spent in the light box and the num-
ber of moves among the two compartments at 100 and
200 mg/kg as compared to control animals. In phenobarbitone
induced sleeping time, 7. foenum-graecum L. seeds did not
reveal any sedative effect. In Rota rod test, extract exhibited
significant skeletal muscle relaxant effect at 200 mg/kg (at
90 min) as compared to the control animals. Results of our
study shows significant antianxiety effects of 7. foenum-
graecum L. seeds and may also recommend improved adverse
effect profile as compared to diazepam.
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Introduction

Anxiety is a condition of deep nervousness, doubt and fear
subsequent to the expectancy of a hostile episode or state, up
to a level that disrupts usual physical and emotional functions
(AHMD 2007). Anxiety is one of important area of research in
neuropharmacology, since almost one eighth of the world pop-
ulation during this decade is affected by it (Cha et al. 2005).
Anxiolytic medicines generally belong to the benzodiazepine
class, occupying a conspicuous position in the status of the
maximum used drugs by man (Uhlenhuth et al. 1999). These
drugs act via benzodiazepine receptors at Gamma amino butyr-
ic acid (GABA) pentameric complex (Prut and Belzung 2003).
Currently used anxiolytic medicines cause several adverse ef-
fects and show dependency and tolerance during long term
treatment (Manavi et al. 2013). Numerous plants in traditional
system shows pharmacological effects with unlimited prospec-
tive for therapeutic use in the management of anxiety disorders
(Carlini 2003; Faustino et al. 2010). Natural products have fun-
damental role in drug discovery (Harvey 2008; Hong et al.
2009; Gyawali 2010) and aided significantly towards the devel-
opment of present day therapeutics. Hence there is a need to
explore drugs which have better efficacy, reduced unwanted
effects with least or no tolerance and addiction (Pal et al. 2010).
T foenum-graecum L. (Fenugreek) is a regular crop that
belongs to the family Fabaceae, plant was first defined about
1500 BC in Egyptian literature for several curative and nutri-
tive uses. It is innate to Western Asia enclosing Europe,
Mediterranean region, and rest of Asia (Petropoulos 2002).
Fenugreek seeds contain a wide variety of compounds with
biological activity e.g. saponins (4.63 %), alkaloids
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(trigonelline, gentianine, carpaine), amino acids and flavonoids
(Wani and Kumar 2016). Seeds are also abundant in protein,
starch, natural fiber, gum, lipids and ash, while also possess
ample (3-carotene and vitamins (thiamine, choline). Fenugreek
seeds have more proportions of minerals including Ca, P, Mg,
Fe, Zn and Mn (Kan et al. 2005; Al-Jasass and Al-Jasser 2012).

Various studies have reported hypoglycemic effect of
T foenum-graecum in seeds in animals (Vats et al. 2002;
Kumar et al. 2012) and humans (Madar et al. 1988; Sharma
et al. 1990). Bin-Hafeez et al. (2003) reported effects of
T foenum-graecum on immune system in mice, while other
reported effects in literature are hepatoprotective (Das 2014;
Zargar 2014), antiallergic (Bae et al. 2012) and anticancer
(Khoja et al. 2011), however no study was carried out on
methanol extract of T. foenum-graecum L. seeds (METFGS)
to assess its effects on anxiety, sedation and motor coordina-
tion. Hence this study was carried out precisely to evaluate the
biological activity of METFGS on anxiety, sedation and mo-
tor coordination in mice considering the presence of phyto-
chemicals (flavonoids, saponins and alkaloids) in 7. foenum-
graecum L. which were reported to have sedative and anxio-
lytic activity (Li et al. 2011; Martinez-Vazquez et al. 2012;
Ibibia and Kuponiyi 2013).

Materials and methods
Preparation of extract

The T. foenum-graecum L seeds (5 kg) were purchased in
August 2015 from local herbal store in Karachi, identified
by Department of Pharmacognosy, University of Karachi
and voucher specimen (FGS-01-14/16) was submitted to the
Department of Pharmacognosy. The crude extract of methanol
was prepared through cold extraction process (Hossain et al.
2010). Impurities from seeds were removed manually and
ground to coarse powder, then powdered 5 kg seeds were
soaked in 2500 ml of 80 % methanol for 10 days through
intermittent shaking and stirring until medium brown color
was developed. The solvent was filtered initially by cotton
plug and then through filter paper (What-mann No.1). After
filtration, solvent was vaporized under condensed pressure in
a rotary evaporator at 45 °C, followed by freeze drying at
—30 °C. The methanol extract so obtained was saved in petri
dishes at —20 °C till further use. The resultant yield of extract
was 1120 mg of dry weight.

Animals
This study was in accordance to the consent of Board of
Advance Study and Research (BASR) University of

Karachi, carried out at Department of Pharmacology, Faculty
of Pharmacy and Pharmaceutical Sciences, University of
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Karachi on 35 albino mice both male and female with a weight
from 18 to 24 g, were kept in plastic cages, under precise
condition of temperature (22 + 2 °C) and humidity (50 to
60 %) in al2-h light/dark cycle. Mice were provided standard
diet and water frequently. The use of animals was according to
guidelines of the National Institute of Health (NIH) for Care
and Use of Laboratory Animals (Washington 1996).

Grouping and dosing

35 albino mice were uniformly distributed into five groups, each
comprising 7 animals. Group I was labeled as control and ad-
ministered distilled water 1 ml/kg body weight through oral
route once daily. Group II was taken as the standard and given
diazepam manufactured by Karachi Pharmaceutical
Laboratories by suspending in distilled water in a dose of
1 mg/kg with the help of oro-gastric tube. Three groups were
preserved as test animals and given methanol extract of
T. foenum-graecum L seeds in the doses of 50, 100 and
200 mg/kg dissolved in 1 ml distill water orally once daily.
Drug and extract was administered continuously for 15 days
and readings for were taken during 16th — 18th day. Hole board
and Light and Dark transition model tests were performed on
16th day, phenobarbitone stimulated sleeping time was assessed
on day 17th and Rota rod test was performed on 18th day.

Tests for anxiety

Effect on anxiety was evaluated through Hole Board Test and
Light and Dark Transition Model.

Hole board test/head dip test

The Hole-Board test measures head dip activity of experimen-
tal animals; decrease in head dip activity reflects anxiolytic
behavior (Takeda et al. 1998). The device consists of an
enclosed plastic rectangular box (40 cm x 40 cm % 25 cm)
with 3 holes in each side of the wall (diameter 3 c¢m) distrib-
uted at equal space all around the four sides of the walls. The
roof is made up of transparent plastic fixed in the center
(Hossain and Uma Devi 2001).

Procedure

Half an hour before the start of experiment animals were fa-
miliarized with the environment in where Hole Board device
was placed. The temperature was kept constant (same as in
animal house). All animals were positioned in the middle of
the perforated box and permitted to travel spontaneously
for 5 min. The number of times mouse stuck out its
snout was noted. The device was cleaned with 70 %
alcohol to clear whiff of previous animal after each
observation (Sandra and Ann 1975).
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Light and dark transition test

The equipment consisted of two (20 cm x 10 cm x 14 cm) plas-
tic boxes, one transparent white box well-lit with a 100 W white
bulb sited 17 cm above the box and another box painted black
weakly lightened by red light. The animals were permitted to
travel from one box to another by an open door (door shaped
hole) among two boxes. Number of crossings of animals
among the two boxes and time consumed in the light box was
noted. Increase in number of crossings and time consumed in
the light box reflects anxiolytic behavior (Doukkali et al. 2015).

Procedure

Half an hour before the start of experiment animals were given
the treatments and placed in the environment in which the Light
and Dark Transition apparatus was kept to familiarize them
with the environment. Each mouse was placed individually in
the light box facing the open door. The moves between light
and dark boxes (total number of crossings) and time consumed
in the light box were noted for 5 min. The apparatus was
cleaned thoroughly by ethanol swab between the experiments.

Test for sedation

Sedation was evaluated through Phenobarbitone induced
sleeping time.

Phenobarbitone stimulated sleeping time

In Phenobarbitone stimulated sleeping time, sleep onset was
assessed by change in time of drug administration and time of
loss of righting reflex, while duration of sleep was represented by
time loss to recover from righting reflex (Nugroho et al. 2012).

Procedure

Thirty minutes after giving METFGS, animals of all groups
were given phenobarbitone sodium (40 mg/kg) manufactured
by Atco Laboratories Limited by intraperitoneal route, imme-
diately after this each animal was kept under observation in
individual cage. The time taken for the loss of righting reflex
(onset of action) and time to improve from righting reflex
(duration of action) for each animal was recorded.

Test for motor coordination
Motor coordination was assessed using Rota rod test.
Rota rod test

Rota rod apparatus is comprised of a base platform and a
horizontal iron rod of 3 cm diameter and 30 cm length, having

anon-slippery surface. Animals were tested for their ability to
hold the rod at the speed of 16 rpm for 5 minutesmin trial. The
rota rod test is a performance test based on a rotating rod with
forced motor activity being applied, usually by a rodent. The
test estimates riding time in seconds. It can also evaluate bal-
ance, grip strength and motor coordination of the animal
mainly after traumatic brain injury or to test the effect of ex-
perimental drugs (Perez et al. 1998).

Procedure

The animals were preselected through a learning period of
24 h before the test on their capacity to remain on the rod
(at16 rpm) for 2 min. Thirty minutes after the treatment with
extract and drug, all the test animals were individually allowed
to linger on to the rod at the speed of 16 rpm and were ob-
served for a period of 30, 60 and 90 min after dosing. Time
interval between the mounting of the animal on the rotating
rod and falling off were recorded as the performance time.
Time spent in the apparatus was observed for 5 min duration
(Perez et al. 1998).

Statistics Data entry and analysis was done using Superior
Performance Statistical Software (SPSS) version 23. Data is
shown as mean = SEM with 95 % confidence interval.
ANOVA trailed by post hoc was accomplished for compari-
sons of values with control. Values of p < 0.05 were consid-
ered significant and p < 0.001 as highly significant.

Results

Table 1 reveals the comparison of anxiolytic effect after fifteen
days continuous administration of the METFGS and diaze-
pam by Hole Board test. Animals of test group I which were
given 50 mg/kg of the extract revealed significant decline in
the number of head dips i.e. 9+ 4.2 in comparison to the
control animals i.e. 26 + 2.3. Animals of test group II which
were given 100 mg/kg of the extract showed highly significant
decline in the number of head dips i.e. 4 + 7.9 as compared to
control animals. Animals of test group III which were given
the extract in the dose of 200 mg/kg also revealed highly
significant decline in the number of head dips i.e. 4+ 3.8 as
compared to control animals. Animals received standard drug
diazepam also revealed highly significant decline in number
of head dips i.e. 3 £ 6.8 as compared to the control animals.
Table 2 reveals the result of continuous fifteen days admin-
istration of METFG and diazepam on the time consumed in
the light box (seconds) and number of moves in mice during
5 min period. Test Group I animals which received extract in
the dose of 50 mg/kg revealed rise in the duration of time
consumed in the light box by mice i.e.98 + 1.2 s as compared
to control animals i.e. 80 + 3 .2 s but the increase was
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Table 1  Effect of T. foenum-graecum L. seeds and diazepam in head
dip test
Group Treatment/Dose Number of head dips
(Counts/5 min)
Control Distilled water 26+1.9
1 ml/kg
Standard Diazepam 3+ 1.6%*
1 mg/kg
Test Group I METFGS 9 +3.4%
50 mg/kg
Test Group 11 METFGS 4 £2.9%*
100 mg/kg
Test Group 111 METFGS 4+ 1.8%*
200 mg/kg

n = 7, Values are mean + S.E.M.
*P < 0.05 significant as compared to control
*##*P < 0.001 highly significant as compared to control

statistically insignificant. The outcome on the number of tran-
sitions in test group I was also insignificant in comparison to
the control animals. Test Group II animals which re-
ceived extract in the dose of 100 mg/kg revealed sub-
stantial rise in the duration of time consumed in the
light box i.e. 189 + 3.3 s as compared to the control
animals i.e.80 £ 3.2 s. The effect on number of transi-
tions in test group II was also significant i.e. 16 £ 1.2 in
comparison to the control animals i.e. 8 + 4.4. Similarly ani-
mals of test group III which received extract in the dose of
200 mg/kg also revealed significant rise in the duration of time
spent in the light box i.e. 157 £ 3.2 s as compared to control
animals i.e. 80 = 3.2 s. Increase in number of transitions were
also highly significant i.e. 19 + 3.2 as compared to control
animals i.e. 8 +4.4.

The animals in the standard group which received diaze-
pam in a dose of 1 mg/kg continuously for fifteen days also
revealed significant increase in the duration of time consumed
in the light box i.e. 204 + 1.5 s in comparison to the animals of

control group i.e. 80 £ 3.2 s. The number of transitions was
also increased significantly i.e. 18 + 7.6 in comparison to
control animals i.e. 8 £4.4.

Table 3 reveals the effect of Sixteen days continuous ad-
ministration of METFG and diazepam on phenobarbitone
stimulated sleeping period. The extract exhibited no effect
on Phenobarbitone induced sleeping time as neither the onset
of sedation nor the duration of sedation were affected at all the
three doses administered as compared to the control group.
Whereas the diazepam potentiated the result of phenobarbi-
tone in the animals of the standard group as not only the time
to onset of sleep (20 + 3.76) was decreased but also duration of
sleep (180 + 6.87) was prolonged at significant level as com-
pared to the animals of control group i.e. onset of sleep
(48 £3.62) and duration of sleep (55 + 4.98).

Table 4 reveals the effect of Sixteen days continuous ad-
ministration of seeds of METFG and diazepam on motor co-
ordination in mice using Rota rod test. In Rota rod test, the
extract exhibited significant skeletal muscle relaxant effect at
200 mg/kg after 90 min i.e. time to fall in seconds was 203 s as
compared to the animals of control group where time to fall in
seconds was 319 s. However animals given the standard drug
diazepam showed highly significant muscle relaxant activity
after 30 min i.e. time to fall in seconds was 98 as compared to
the animals of control group where time to fall in seconds was
344.

Discussion

Recently, conventional medicine has been reevaluated world-
wide by extensive research works on therapeutic principles of
different plant species (Harvey 2008). In this study, effect of
METFGS on has been evaluated on anxiety, sedation and
motor coordination.

In our study, there was significant decline in the number of
head dips in mice by METFGS at 50 mg/kg while highly

Table 2 Effect of 7. foenum-

Time spent in the light box (sec)/5 min No. of Transitions/5 min

graecum L. seeds and diazepam Group Treatment/Dose
on time spent in the light box and
number of transitions Control Distilled water
1 ml/kg
Standard Diazepam
1 mg/kg
Test Group 1 METFGS
50 mg/kg
Test Group 11 METFGS
100 mg/kg
Test Group III METFGS
200 mg/kg

80+3.2 8+4.4
204 £ 1.5% 18 £ 7.6%*
98+12 10+£9.2
189 + 3.3* 16+12%*
157 +3.2% 19 +3.2%

n =7, Values are mean + S.E.M.

*P < 0.05 significant as compared to control

@ Springer



Metab Brain Dis (2017) 32:343-349

347

Table 3 Effect of T. foenum-

graecum L. seeds and diazepam Group Treatment/ Dose Sleep Onset (min) Sleep Duration (min)
on Phenobarbitone induced
Sleeping time Control Distilled water 48 +3.6 55+£5.0
1 ml/kg
Standard Diazepam 20 +3.7* 180 + 6.9%
1 mg/kg
Test Group I METFGS 44+ 2.8 40+4.0
50 mg/kg
Test Group 11 METFGS 63+1.7 80+3.8
100 mg/kg
Test Group 111 METFGS 47+ 1.7 54+14
200 mg/kg

n =7, Values are mean + S.E.M.

*P < 0.05 significant as compared to control

significant decrease at 100 and 200 mg /kg in comparison to
the control animals. Head-dip activity of an animal in Hole
board test represents an escape response, which declines as the
animal becomes less fearful. (Gillian and Christopher 2008).
Alkaloids (Martinez-Vazquez et al. 2012), flavonoids (Li
et al. 2011) and saponins (Nesterova Yu et al. 2015) are well
reported in literature to have anxiolytic effect. As stated earli-
er, TFG seeds are rich source of flavonoids, alkaloids and
saponins, hence it may be suggested that the anxiolytic effect
of METFGS is due to presence of these bioactive constituents.
In Light/Dark transition model, mice received METFGS at
100 and 200 mg/kg showed significant anxiolytic effect similar
to standard drug diazepam in comparison to the control group.
The Light and Dark transition model is based on the innate
aversion of rodents to well-lit areas and spontaneous explorato-
ry behavior on applying mild stressors i.e. novel environment
and light. By exploiting these natural tendencies of rodents, the
light and dark transition model can be employed to identify
drugs that alter anxiety levels. In this model, animal is exposed

to a novel environment with secure (dark compartment) and
unsecure (light compartment) areas. The inherent conflict be-
tween exploratory drive and light avoidance leads to inhibition
of exploratory activity (Crawley and Goodwin 1980).

Transitions between two boxes have been conveyed to be an
index of movement exploration and the time consumed in each
box to be a reflection of aversion. Increase in number of moves
between the two compartments and the time consumed in the
light box is used to evaluate anxiolytic effect (Graeft and
Zangrossi 2002; Lepicard et al. 2000). In our study, both the
number of moves between two boxes and duration of time con-
sumed in the light box were increased at highly significant level
as compared to the control group indicating anxiolytic effect.

Most of the anxiolytic agents exert their action by opening
of activated GABA chloride channels. Flavonoids isolated
from plants are found to be ligands for the GABA/ benzodi-
azepine (BDZ) receptors in the central nervous system
(Marder et al. 2001). Anxiolytic activity of METFGS can be
attributed to the presence of flavonoids in it.

Table 4 Effect of 7. foenum-
graecum L. seeds and diazepam Group
on motor coordination

Treatment/ Dose

Time (seconds) animals stay on rod without falling after

30 min 60 min 90 min
Control Distilled water]l ml/kg 344 £ 183 331 £122 319 +11.1
Standard Diazepam 98 +£22.1%* 199 +£18.3 223 +18.1
1 mg/kg
Test Group I METFGS 313 +£22.3 319+214 343 +17.3
50 mg/kg
Test Group 11 METFGS 317+19.2 331+164 333 +16.1
100 mg/kg
Test Group 111 METFGS 298 +43.1 303 +36.3 203 +36.2*
200 mg/kg

n =7, Values are mean + S.E.M.

*P < 0.05 significant as compared to control

*#P <0.001 highly significant as compared to control
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The effect of METFGS on sedation and motor coordination
were also assessed using Phenobarbitone induced sleeping
time and Rota rod test and compared with diazepam. The
extract did not exhibit any effect on Phenobarbitone stimulat-
ed sleeping time as neither the onset of sedation nor the dura-
tion of sedation was affected at any dose as compared to the
control group, however diazepam potentiated the effect of
phenobarbitone in the animals as not only the time onset of
sleep was decreased but duration of sleep was also prolonged
significantly as compared to the animals of control group.

Rota rod is a classical model to evaluate neuromuscular
blockade and effect on motor coordination (Dunham and
Miya 1957). In Rota rod test, the extract showed significant
decrease in hand grip strength at 200 mg/kg after 90 min as
compared to the animals of control group. While animals giv-
en the standard drug diazepam, however showed highly sig-
nificant decrease in grip strength after 30 min. Thus it may be
safe to conclude that muscle relaxant effect of the extract may
be due to presence of alkaloids in fenugreek seeds, since al-
kaloids are known to have muscle relaxant property
(Gustafson 1989; Sotnikova et al. 1997; Amirkia and
Heinrich 2014; Kaur and Arora 2015).

This study suggested highly significant dose dependent an-
xiolytic effect of METFGS testified on two models of anxiety
i.e. Hole board test and Light/Dark transition model using var-
ious doses. Anxiolytic property was almost comparable to the
standard drug diazepam. Even the lowest dose used (50 mg/kg)
indicated significant anxiolytic activity in hole board test with
almost no sedation and mild muscle relaxant effect at highest
dose. The clinical application of benzodiazepines is limited due
to their adverse effects like psychomotor impairment, sedation,
myorelaxation, ataxia and amnesia (Pal et al. 2010).

The limitation of study is its short dosing period which will
be extended in future by increasing dosing period to assess
chronic toxicity including tolerance and dependence.
However it may safely be concluded that fenugreek seeds
are better alternate to diazepam for its anxiolytic effect.
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