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ABSTRACT

Alysicarpus ovalifolius (fabaceae) is an herb used as ingredient of tea that is consumed as a tonic in Northern Nigeria. This study evaluated effects of aqueous extract of the aerial parts of Alysicarpus ovalifolius (AO) on physical performance in
Swiss albino mice. Phytoconstituents were identified by HPLC. Performance was
assessed by exhaustive swim, rotarod, four limb-hanging and hypoxia test. Effects
on diazepam-induced sleep was also evaluated. HPLC detected presence of caffeic (60.34%) and chlorogenic acids (3.44%) and rutin (0.19%). The extract (100
– 400mg/kg) produced significant (p<0.05) dose-dependent increase in swimming
time; increased time spent on the rotarod and also increased duration in the fourlimb hanging test. No significant effect was observed in endurance to hypoxic condition. Diazepam-induced sleeping time was significantly decreased in AO-treated
animals. These observations were comparable to caffeine (15mg/kg). The aqueous
extract of Alysicarpus ovalifolius increased physical performance in mice by enhancing endurance, muscle strength and co-ordination.
Keywords: Alysicarpus ovalifolius, endurance, swim, muscle strength

INTRODUCTION
Psychotropic drugs have been defined as substances used mainly to relieve
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symptoms of mental or emotional origin without impairing consciousness1 and
psychoactive stimulants are psychotropic substances that can stimulate the
central nervous system to cause excitation, increased alertness and elevated
moods2. They are used clinically for the management of neurological conditions1. These agents are used in clinical settings for the management of mood
and attention disorders such as depression and attention deficit hyperactivity
disorders (ADHD), as well as for relieve of nasal congestion and also in orthostatic hypotension and postural orthostatic tachycardia syndrome3,4,5.
The use of these substance in healthy individuals is an increasingly alarming
global phenomenon. An earlier study showed the category of users cutting
across the different strata of society6. Stimulant use has been reported globally
amongst students as well as the adult population irrespective of gender, educational, financial or employment status7,8,9,10.
Non-medical reasons that have been given for use of psychoactive stimulants by
healthy individuals include enhanced physical and mental alertness, improved
memory and attention, increased sociability, euphoria, increased arousal, to
loosen inhibitions, improve moods, motivation, relief of pain, inhibition of fatigue thus improving endurance and productivity. They have also been applied
to cosmetics and for weight loss due to the ability to suppress appetite. These
effects have been demonstrated in studies involving animal and human subjects2,11,12,13. As a result of these attributes of the CNS stimulants, there is high
propensity for misuse of these substances for recreational purposes with resultant deleterious effects on the normal functions on the individuals that use them.
Identified harmful effects may include headache, decreased appetite, psychological and physical dependence and addiction9,14,15.
A wide range of substances can be included in this category ranging from substances with mild effects such as caffeine in coffee and energy drinks, methylxanthines as occurring in tea, nicotine which is present in tobacco and kolanut;
to prescription analgesics and other substances like cocaine and amphetamines
that have profound activities on the physiological processes of the organism10.
Many plants containing phytochemical compounds have been reported to have
stimulant effects and have been demonstrated to improve stamina5. ‘Gadagi’ is
a type of herbal tea made using Alysicarpus ovalifolius alone or in combination
with other plant parts. This is consumed by persons engaged in labour demanding activities to improve alertness, cognition and gain strength for enhanced
performance especially at physically demanding tasks16.
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Alysicarpus ovalifolius (Schumach. & Thonn.) J. Leónard is an annual herb
that is wide spread in West and East Africa as well as Asia and the United States.
The weed is a protein-rich fodder for live-stock and has been reportedly used as
wound medicine17 (t’mannetje, 2002). The CNS stimulant action for this plant
has been reported18 as well as its use as stimulant for child birth19. This study
was designed to evaluate the effects of the aqueous extract of Alysicarpus ovalifolius on physical performance and endurance using mice.
METHODOLOGY
Plant material
The aerial parts of Alysicarpus ovalifolius were collected from Suleja, Niger
State, Nigeria, in the month of August 2017 by Mal Ibrahim Muazzam. The plant
was identified and authenticated by the curator of the Department of Medicinal
Plant Research and Traditional Medicine, National Institute for Pharmaceutical Research and Development (NIPRD) Idu, Abuja, Nigeria, where a voucher
specimen (NIPRD/H/6920) was prepared and deposited for future reference.
Collection and extract preparation
The aerial parts of the plant were collected by cutting with a pair of scissors
about 2cm off the ground. Sand particles and other debris were shaken off. The
plant material was then washed and air-dried under a shade until a constant
weight was obtained. This was further cut with a pair of scissors and subsequently pulverized using a pestle and mortar to obtain a coarse material.
A decoction of the plant material was prepared by boiling one hundred and fifty
grams (150 g) of the crushed plant material in water for 20 min. This was then
allowed to cool overnight after which it was filtered using a muslin cloth and the
marc pressed to strain out as much liquid as possible. The filtrate was further
filtered using a Whatman filter paper No 1. This was then evaporated to dryness
on a water bath to afford a dark-brown solid (the extract) with a yield of 11.65 %
w
/w and stored in a refrigerator in an air-tight container.
Phytochemical Test
High Performance Liquid Chromatography (HPLC) Analysis
The bioactive constituents of the extract were analyzed by high performance
liquid chromatography. The HPLC consisted of Ultra-Fast LC-20AB equipped
with SIL-20AC auto-sampler; DGU-20A3 degasser; SPD-M20A UV-diode array detector; column oven CTO-20AC, system controller CBM-20Alite and
Windows LC solution software (Shimadzu Corporation, Kyoto Japan); column,
5µm VP-ODS C18 and dimensions (4.6 x 150 mm). The chromatographic con-
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ditions included mobile phase: 0.2% v/v formic acid and acetonitrile (20:80);
isocratic mode; flow rate 0.6 ml/min; injection volume 10 µl of 50 mg/ml solution extract in the mobile phase; detection UV 254 nm. Reference standards
rutin, caffeic acid, ferulic acid and chlorogenic acid respectively were analyzed
under the same condition as the extract. The HPLC operating conditions were
programmed to give the following: solvent A: 80%, solvent B: 20%, column
oven temperature was 40 oC and total run time of 20 minutes20.
Animals
Swiss male albino mice (25 – 29 g), obtained from the Animal Facility Centre (AFC) of the National Institute for Pharmaceutical Research and Development, Abuja, Nigeria were used for the studies. All animals were housed under
ambient conditions and fed on standard rodent diet and clean drinking water
ad libitum. Animals were approved for this study based on the experimental
and animal handling conditions which were in compliance with the ethical requirements of the Institutional Animal Care and Ethics (ACE) Committee (NIPRD/05.03.05-08).
Swim Test
Mice were weighed and randomly placed into five groups of 6 mice each. Group
1 was administered distilled water (negative control), group 2 served as the positive control and received caffeine 15 mg/kg (standard drug), while groups 3 – 5
test groups were given graded doses of the extract at 100, 200 and 400 mg/
kg (respectively). Extract/drug were administered orally by means of an orogastric cannula. Plastic containers with measurements of 32 x 50 x 35 cm were
filled with water maintained at temperature of 33 ± 1oC to a marked level of a
depth of 25 cm. Sixty minutes after treatment a weight equivalent to 10% of the
body weight was attached to the tail of each mouse. The mice were then placed
individually into the water with a stopwatch started simultaneously. The mice
were allowed to swim to exhaustion (when the animals sank below the level of
the water and could not come back up within 7 sec) after which the mice were
removed, toweled and placed under a lamb to dry21.
Rota-rod test
A rotarod device (Ugo Basile, 7560, Milano, Italy) was used for this study. Mice
were pre-trained to remain on moving rods of 3 cm diameter. Mice that fell
off the rod were immediately placed back on the rod. However, animals that
fell up to three times during the trial period were removed. The animals were
subsequently grouped into five groups (n = 6) and treated with distilled water,
caffeine 15 mg/kg (o.p) or extract (100, 200 and 400 mg/kg). Sixty minutes

504

Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021

post-treatment, animals were simultaneously placed in separate lanes on the
stationary rod. The motor was then turned on and the rod allowed to accelerate
up to 20 rpm and held at that rate. The mice were allowed to remain until they
fell off the rotating bars. Tests began when acceleration was started and ended
when an animal fell off the rod. The procedure was repeated three times at 15min interval. The latency to fall was recorded. Endurance was interpreted as
increased duration of stay on the rotarod22,23.
Four-limb hanging test
Treated mice were individually made to hang on all four limbs from the underside of a wire mesh such that the limb tension opposed their body weight. The
mesh was held at a height of 30 cm and the table top lined with soft padding
so as to cushion any mouse that fell off the grid. The timer was started when
the mice held onto the mesh and stopped when the animals fell off or reached
a maximum holding time of 20 min. Test was repeated three times for each
mouse with an interval of 2 min24. Prior to the test, mice were trained to hang
on the wire mesh. Mice that fell off were immediately placed back on the wire.
Animals that fell up to three times during the trial period or jumped off were
removed from the study.
Hypoxia Endurance test
Treated mice were placed individually in airtight containers with capacity of
300 ml. A timer was started immediately and then stopped at the onset of convulsion in the mice. The animals were subsequently exposed to air and allowed
to recover. The latency to onset of convulsion was taken as the endurance to
hypoxia25.
Diazepam induced sleeping time
The test subjects were randomly placed into 5 groups of 7 animals each. The
mice were treated with distilled water, caffeine 15 mg/kg (o.p) or extract (100,
200 and 400 mg/kg). Sixty min later, each animal received diazepam 25 mg/
kg (i.p.). The time taken for loss of the righting reflex indicated the onset of
sleep, while the time between the loss and recovery of the righting reflex for
each mouse was taken as the duration of sleep. The period of onset and duration of sleep were calculated for each mouse26.
Statistical analysis
Group data were presented as Mean ± SEM. The data on exhaustive swim, diazepam induced sleep and hypoxia endurance tests were analyzed by one-way
ANOVA followed by a post hoc Dunnet’s test and two-way ANOVA followed by
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a post hoc Bonferroni test was used to compare the data in the rotarod and four
limb hanging tests. Graphpad PRISM® 6.0 was used. The level for statistical
significance was set at p<0.05.
RESULTS and DISCUSSION
The study was designed to investigate the effects of the aqueous extract of the
aerial part of Alysicapus ovalifolius (AO) on physical activity using mice which
had been subjected to exercise and identify the bioactive compounds that may
be involved in the activity. The HPLC chromatogram (Figure 1) showed that
nine peaks were detected with retention times in minutes of 3.67, 4.56, 6.44,
9.52, 10.54, 11.35, 14.12, 15.55 and 16.60. Identification of the phytoconstituents
of the extract was achieved by comparing their retention times with those of
the reference standards analyzed under the same experimental condition as the
extract. Compound with retention time of 3.67, 4.56 and 6.44 minutes corresponded
to chlorogenic
caffeic acid
and rutin acid,
(Figure
1) which
was
equiva3.67,
4.56 and
6.44 minutesacid,
corresponded
to chlorogenic
caffeic
acid and
rutin
(Figure 1)
lent to 3.44 %, 60.34% and 0.19 % respectively of the contents of the extract.
which was equivalent to 3.44 %, 60.34% and 0.19 % respectively of the contents of the extract.
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Table 1: Effect of aqueous extract of Alysicarpus ovalifolius (AO) on exhaustive swim test.
Treatment

Dose (mg/kg)

Duration of Swimming (min)

Distilled water

10 ml/kg

35.75 ± 16.87

Caffeine

15

119.20 ± 8.46a

A. ovalifolius

100

91.75 ± 24.30

A. ovalifolius

200

110.00 ± 19.65a

A. ovalifolius

400

138.90 ± 20.61b

Results are presented as mean ± SEM (n=6). ap<0.05, bp<0.01 significant difference between distilled water and treated groups.
In the rotarod test, all animals successfully completed 3 successive tests on the
horizontal rotarod. Pre-treatment with the extract at 100 and 200 mg/kg prolonged the time animals stayed on the rotating rods, however time spent on the
rods at 400 mg/kg group was observed to be lower compared to the 100 and
200 mg/kg groups. The increase in time spent on the rotating rod was significant (p<0.05) for the extract at 100 and 200 mg/kg and caffeine when compared to the distilled water group. The endurance period was highest in the 200
mg/kg treated group (Figure 2).
This test has been used to assess balance and coordination in motor performance and endurance in rodents31. The accelerating rotarod eliminates the
need for extensive training or the introduction of maximal time limit for performance32. This model measures an animal’s ability to maintain itself on a rod being turned at accelerating speed, thus it is used to test drugs that may interfere
with skeletal muscle co-ordination and cause motor impairment33,34. Fatigue
may impair muscle co-ordination thereby hampering performance at tasks that
require motor skill30. The increase in the duration of the task performed by the
mice on the rotarod may suggest an enhancement of motor co-ordination in animals after extract treatment or improvement of resistance to physical stress35.
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motor co-ordination in animals after extract treatment or improvement of resistance to physical
stress35.
80

T im e (m in )

60

C o n tr o l
a

a

b

a

a

C a f 1 5 m g /k k g
a

A O 1 0 0 m g /k g
A O 2 0 0 m g /k g

40

A O 4 0 0 m g /k g

20

3

2

1

0

b
a
DW
water,
CAF =CAF
Caffeine.
Values areValues
mean ± SEM
(n = 6);±ap<0.05,
p<0.01
DW= =Distilled
Distilled
water,
= Caffeine.
are mean
SEM (n
= 6);significant
p<0.05,vs control

p<0.01 significant vs(Two-way
control (Two-way
ANOVA
followed
by Dunnet’s
post hoc test).
ANOVA followed
by Dunnet's
post hoc
test).

b

Figure 2: Effect of aqueous extract of Alysicarpus ovalifolius (AO) on rotarod endurance test.
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Figure 3:

Effect of Alysicarpus ovalifolius extract (AO) on Four-Limb Hanging test.

In the hypoxia endurance test the time spent by mice in hypoxic condition was not significantly
increased by treatment of animals with extract of Alysicarpus ovalifolius or caffeine. The results
508 Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021
obtained in the hypoxia endurance study showed that administration of caffeine was devoid of
significant effects on oxygen utilization as the latency to onset of convulsion was not significantly

Figure 3: Effect of Alysicarpus ovalifolius extract (AO) on Four-Limb Hanging test.

In the hypoxia endurance test the time spent by mice in hypoxic condition was not
significantly increased by treatment of animals with extract of Alysicarpus ovalifolius or caffeine. The results obtained in the hypoxia endurance study showed
that administration of caffeine was devoid of significant effects on oxygen utilization as the latency to onset of convulsion was not significantly (p<0.05) different
from the untreated control group (Table 2). The extract treated animals did not
show significant resistance and endurance to hypoxic conditions on comparison
to untreated control group. This suggested that the extract may not produce observable influence on oxygen uptake during physical activity or physical stress37.
Table 2: Effect of aqueous extract of Alysicarpus ovalifolius (AO) on Hypoxia endurance test.
Treatment

Dose (mg/kg)

Latency to onset of convulsion (min)

Distilled water

10 ml/kg

35.00 ± 1.16

Caffeine

15

37.50 ± 1.75

A. ovalifolius

100

35.67 ± 0.80

A. ovalifolius

200

38.00 ± 0.26

A. ovalifolius

400

39.17 ± 1.97

Results are presented as mean ± SEM (n=6). No significant difference between
distilled water and treated groups.
Oxidation is necessary in several living organisms for the production of energy that
is required for regular biological processes. Reactive oxygen species (ROS) are generated by contracting skeletal muscles during physical activity. Exhaustive exercise
enhances the generation of these free radicals induced by increased oxygen consumption of active muscles. Exercise or acute, intense physical activity can cause
oxidative stress which is an imbalance between ROS and the organism’s antioxidant defense systems. Excessive ROS levels can lead to stress-related tissue damage, muscle fatigue and contractile dysfunction28,38,39. Also, when mice are exposed
to a condition of hypoxia, a state of oxidative stress is induced25. Earlier studies have
shown that administration of antioxidants inhibited the increase in blood levels of
muscle injury markers and mitigated muscle fatigue40. Bashir et al (2018) had previously reported the antioxidant effects of Alysicarpus ovalifolius. It is therefore
possible that the extract’s antioxidant effects may be contributing in the reduction
of exercise induced oxidative stress with subsequent delay in the onset of fatigue41.
In the diazepam induced sleep test, the results showed that administration of
the plant extract caused delay in the onset of sleep and conversely decreased
the duration of sleep when compared to control. However, the sleep duration
increased with increasing dose of the extract (Table 3).
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Table 3: Effect of aqueous extract of Alysicarpus ovalifolius (AO) on diazepam induced sleep
in mice.
Treatment

Dose (mg/kg)

Onset of sleep (min)

Duration of sleep (min)

Distilled water

10 ml/kg

1.63 ± 0.20

245.70 ± 22.72

Caffeine

15

14.84 ± 2.50d

44.76 ± 3.53d

A.ovalifolius

100

4.74 ± 0.98

93.61 ± 13.05c

A.ovalifolius

200

3.61 ± 0.36

144.2 ± 10.01a

A.ovalifolius

400

4.49 ± 0.10

200.0 ± 41.22

Results are presented as mean ± SEM (n=7). ap<0.05, bp<0.01, cp<0.001,
d
p<0.0001significant difference between distilled water and treated groups.
The results indicate that the extract may possess CNS stimulant effect as indicated by its ability to reduce the duration of diazepam-induced sleeping time at
the doses tested42. Acute administration of psychoactive stimulants such as caffeine and amphetamine at low doses caused increased locomotion and enhanced
physical activity. However, administration at high doses produced decreased motor activity43,44. Similar pattern was observed for AO extract as decreased performance at rotarod was recorded for the extract at 400 mg/kg. The explanation for
this observation of the extract cannot be explained within the scope of this study.
Analgesics are used by athletes in order to suppress pain and inflammation
from injury thereby enhancing exercise performance and giving competitive
advantage45. Our previous study reported the pain-relieving property of the
phytoconstituents of A. ovalifolius46. This activity may also be playing a role to
increase tolerance to pain thus prolonging the duration at a physical task.
It has been proposed that phytochemicals mediate their pharmacological actions by multiple complementary mechanisms of different constituents47. HPLC
analysis detected the presence of caffeic acid, chlorogenic acid and rutin in this
plant extract. These compounds have shown antioxidant activity48. Compounds
such as caffeic and chlorogenic acids have demonstrated ergogenic actions in
other experiments49. However, further studies will be necessary to determine
the effects of the extract on biochemical markers of fatigue and muscle injury.
In conclusion, the extract of Alysicarpus ovalifolius mitigated the effects of exercise induced exhaustion thus indicating that the extract may possess constituents with the potentials to enhance physical endurance thereby delaying fatigue
and improve performance.
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