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v Amnesia determined using standard protocol while its oral median lethal dose
. (LD50) in mice was estimated. The effect of E. tremula extract (125, 250
v Eragrostis tremula . L .
. and 500 mg/kg) on learning and memory was evaluated in mice using

v EXp|0I.’atI0n behavioural paradigms: elevated plus maze (EPM), novel object

v Learning recognition and Barnes maze. Open field and hole-board tests were also

v~ Memory carried out to evaluate locomotion.
Results: The phytochemical constituents of E. tremula were alkaloids,
cardiac glycosides, flavonoids, tannins, saponins, steroids and triterpenes.
Oral LD50 was estimated to be >5000 mg/kg. E. tremula extract
significantly (P<0.05) decreased the transfer latency of mice during the
retention phase of EPM test. In the novel object recognition test, it
significantly (P<0.05) increased the discrimination index. In Barnes maze
test, the extract significantly (P<0.05) decreased the mean primary errors
during the acquisition trials. It also significantly (P<0.05) decreased the
primary latency, primary error and increased the time spent in the target
quadrant during the probe trial. E. tremula extract significantly (P<0.05)
decreased the immobility time of mice in an open field at 250 mg/kg, while
in the hole-board test, it significantly (P<0.05) increased the mean head-dip
of mice at 125 mg/kg when compared to the negative control.
Recommended applications/industries: The ethanol extract of E. tremula
possesses memory enhancing properties which can be utilized in the
management of amnesia and cognitive deficit.

1. Introduction Cognitive impairment is thus a distressing comorbid

Cognitive function is susceptible to a variety of outcome of neurodegenerative diseases that often

pathological state including many neuropsychiatric and negatively impact on daily activities and quality of life

neurodegenerative diseases (Bhattacharjee et al., 2015). (Sandry, 2015). Alzheimer's disease is the most
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common neurodegenerative disorder that shows
cognitive  deficit  (disorientation, impairmentsin
learning and memory functions) as the primary
symptom (Silva et al., 2014). It is estimated that
currently 50 million victims of Alzheimer's disease
exist worldwide and that number is expected to grow
up to more than 80 million by 2050 as a result of life
expectancy increase over the next decades (Thies and
Bleiler, 2013; Patterson et al., 2018). Notwithstanding
the extensive research in Alzheimer’s disease drug
development, limited number of approved drugs are
available for the symptomatic treatment of the disease
and such drugs are frequently associated with adverse
effects (Anand et al., 2014). Thus, there remains an
insistent need for the development of safer alternatives
to treat cognitive deficits (Cummings et al., 2017; Vyas
etal., 2019).

Research on medicinal plants has led to the discovery
of bioactive compounds which serve as lead
compounds for the development of drugs acting on new
or known therapeutic targets (Uddin et al., 2018).
Indeed, there has been a focus on the search for new
drugs from medicinal plants that will be useful in the
management of cognitive dysfunction (Tewari et al.,
2018; Srivastava et al., 2019; Vyas et al., 2019). The
genus Eragrostiscontains about 350 species which are
important medicinal plants widely distributed in
tropical, subtropical and warm temperate regions
(Peterson and Vega, 2007). Some of the specieshave
been used in ethnomedicine against various disease
conditions including learning and memory related
problems (Odugbemi, 2008; Soladoye et al., 2010).
Eragrostis ferruginea has been reported to possess
important compounds with neuroprotective activities
against amyloid beta peptide (Na et al., 2010).
Isoorientin, isovitexin, and caffeic acid isolated from
Eragrostis japonica have also been reported to possess
neuroprotective activities (Na et al., 2018).

Eragrostis tremula Hochst. ex Steud. (Family:
Poaceae), is a loosely-tufted annual to short-lived
perennial grass that culms 30-100 cm high with
attractive trembling panicles (Burkill, 1985). It is
commonly known in English as “love grass” and in
local languages as “Burburwa” (in Hausa), “Ariranor
Agbado-eshin” (in Yoruba), “Dutaleho” (in Fulfulde)
and “Berberinoa” (in Nupe). E. tremula is used in
ethnomedicine as lactation stimulant, aphrodisiac
(Burkill, 1985), and as antidote to snake bites
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(Akobundu and Agyakwa, 1998; Poilecot et al., 2007).
Reports by Soladoye et al. (2010) showed that E.
tremula is used traditionally in Nigeria to improve
memory. Traditional medical practitioners from
Northern part of Nigeria also utilize the whole plant
extract of E. tremula as a “brain cleanser” to treat many
central nervous system (CNS) disorders including
learning and memory deficit (Malam Rabiu Salihu,
Personal Communication, 2016). To our knowledge,
reports on the memory enhancing activity of E. tremula
are scarce in spite of its well commended efficacy and
acceptability in the management of learning and
memory deficit. This research therefore, aimed at
evaluating the memory-enhancing potential of the
whole plant extract of E. tremula in mice.

2. Materials and Methods

2.1. Experimental animals

Swiss Albino mice (20-24 g) of either sex were
obtained from the Animal House Facility of the
Department of Pharmacology and Therapeutics,
Ahmadu Bello University, Zaria. The mice were
housed in standard propylene cages under natural day
and light cycle, and were given free access to standard
laboratory rodent feed and water ad libitum. The
experimental protocols were approved by the Ahmadu
Bello University Committee on Animal Use and Care
(Approval number: ABUCAUC/2020/68).

2.2. Reagent, drug and equipment

Ethanol (Sigma-Aldrich, U.S.A.), Piracetam tablets
(Nootropil, UCB Pharma Ltd, U.K.), Digital camcorder
(JVC Everio 32G HDD, Japan), Open field paradigm,
hole-board and Barnes maze.

2.3. Collection, identification and extraction of plant
material

The whole plant of Eragrostis tremula was collected
in October, 2017 from Batagarawa, Katsina State. It
was identified and authenticated in the Herbarium
Section of Department of Botany, Ahmadu Bello
University, Zaria, by comparing with existing reference
voucher specimen previously deposited in the
herbarium (900729). The whole plant was air-dried
under shade with intermittent weighing until constant
weight was obtained and then pulverized. The
powdered plant material (1840 g) was extracted with
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10 liters of 70% v/v aqueous ethanol (70% absolute
ethanol and 30% water) by cold maceration with
occasional shaking for 2 weeks. The mixture was
filtered and the filtrate was concentrated using a rotary
evaporator to obtain a dark brown mass subsequently
referred to as ethanolic extract of Eragrostis tremula
(EEET). Thereafter, the percentage vyield was
calculated and the extract was stored in a desiccator
until required for further studies. Fresh solution of the
extract was prepared with distilled water for each
study.

2.4. Preliminary phytochemical screening

Preliminary phytochemical screening of EEET was
carried out using standard procedures described by
Evans (2009). The extract was screened for the
presence or absence of phyto-constituents such as
alkaloids, flavonoids, cardiac glycosides, tannins,
anthraquinones, saponins, steroids and triterpenes.

2.5. Acute toxicity study

Acute toxicity study as described by Lorke (1983)
was employed in the estimation of oral median lethal
dose (LDsy) of EEET in mice. The test was in two
phases; in phase one, three groups of mice (n=3) were
administered widely differing doses of the extract (10,
100 and 1000 mg/kg, p.o) and observed for signs of
toxicity and mortality for 24 h. In the second phase, 3
mice were administered 1600, 2900 and 5000 mg/kg of
the extract orally and then observed for signs of
toxicity and mortality for 24 h. The LDsy was then
calculated as the geometric mean of the highest non-
lethal dose and the lowest lethal dose.

2.6. Experimental design

In each experiment, five groups of seven mice each
(n = 7) were used. The mice were assigned into
negative control, positive control and test groups as
shown below:

Group | Negative control (Distilled water, 10
ml/kg)
Group 11 Positive control  (Piracetam, 400
mag/kg)
Group 111 Test group (125 mg/kg of EEET)
Group 1V Test group (250 mg/kg of EEET)
Group V Test group (500 mg/kg of EEET)

All treatments were by oral gavage.
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2.7. Exteroceptive behavioural studies
2.7.1. Elevated plus mazetest

Elevated plus maze (EPM) serves as an exteroceptive
behavioral model (where in the stimulus existed outside
the body) to evaluate learning and memory in mice
(Itoh et al., 1990). The test was conducted as described
by (Komada et al., 2008). The paradigm consisted of
two open arms (35x5 c¢cm) and two enclosed arms of the
same size with 15 cm high wooden walls. The arms are
extended from central platform (5 cm x 5 cm) and
elevated 60 cm above the floor. An hour after the
administrations, each mouse was subjected to the EPM
test. The EPM was conducted for 2 days. On the first
day (acquisition test), each animal was placed at the
end of one open arm, facing away from the central
platform. The transfer latency (time taken for the
mouse to move from the open to the enclosed arms)
was recorded within 60 sec. A mouse is said to have
entered an arm, when it has placed all four paws over
the line separating the area and the center. Following
entry into the arm, each mouse was allowed to explore
the apparatus for 20 sec and then returned to the home
cage. Twenty-four hours later (on the second day), the
second trial (retention test) was performed and each
mouse was observed for 60 sec. After each trial, the
maze was wiped with a cotton wool dipped in 70%
ethanol and allowed to dry to remove any olfactory
Cue.

2.7.2. Novel object recognitiontest (NORT)

The methods described by Ennaceur (2010) and
Lueptow (2017) were adopted to assess learning and
recognition memory. The apparatus consisted of a
plexiglas box of 40 cm x 40 cm x 40 cm in dimension.
The NORT consist of three phases: the habituation,
training and testing phases. In the habituation phase
(day 1), each mouse was allowed to explore the open
arena without object for 2 minutes on the first day and
returned to the home cage. In the training phase (day
2), two identical objects were placed in opposite
quadrants of the arena 20 cm apart from each other and
5 cm away from the walls of the apparatus. Each mouse
was allowed to explore the identical objects for 10 min
and then returned to the holding cage. In the testing
phase (24 h after training), one of the objects was
replaced with another (a novel object) of different size
and colour. One hour after treatment, each mouse was
introduced into the arena and allowed to explore for 5
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minutes. The behaviour of mice was recorded with the
aid of a video camera placed above the apparatus. The
exploration time (time taken for the animal’s
orientation towards the object) for novel and familiar
objectswere taken and the discrimination and
recognition indices were calculated as using the
relationship below:

Discrimination index (DI) = d1/e2; Recognition
index (RI) = (b/e2) x 100

Where d1 = difference between the time spent
exploring the novel object and the time spent exploring
the familiar object; e2 = total exploration time during
testing of the familiar and the novel object; b = time
spent exploring novel object

2.7.3. Barnes maze test

The method described by Attar et al., (2013) was
adopted in this study. The Barnes maze consisted of a
circular platform (95 cm in diameter) with 40 equally
spaced holes (5 ¢cm in diameter and 5 cm between
holes) along the perimeter in whichrecessed goal box
(10 cm x 20 cm) is located underneath one of the holes
and the mazeelevated to 105 cm above the floor. A
circular start box (15 cm in height and 20 cm
indiameter) usually placed at the center of the maze
containing the animal for 10 sec before each trial was
used. The procedure consisted of three phases viz:
habituation, acquisition and probe trials.

In habituation phase, each mouse underwent three
habituation trials with an inter-trial interval of fifteen
minutes. In the first trial, each mouse was placed
directly into the recessed goal box and allowed to
remainthere undisturbed for 2 min, and then returned to
their home cages. In the second trial, each mouse was
placed on the maze surface adjacent to the goal hole,
then gently guided into thegoal box and allowed to
remain there undisturbed for 1 min. Finally, each
mouse wasplaced at the maze center containing a start
box for 10 seconds after which the start box was lifted
away, the mouse was then gently guided into the goal
box and allowed to remain undisturbed for a final 1
minute.

In the acquisition trial (which began 24 h after the
habituation), mice were placed in the start boxlocated
at the center of the maze. After 10 seconds, the start
box was lifted away and a buzzer (fan) was switched
on. The mice were allowed to explore the paradigm for
2 min in order to locate and enter the recess box. Upon
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entering the box, the fan was switched off and the mice
were allowed to stay undisturbed for 20 sec before
returning them to their home cage. This testing process
wascarried out three timesto conclude testing day 1
with an inter-trial interval of 15 min. On testing day 2,
mice were randomly selected into treatment groups (as
described in the research design) for spatial learning
assessment. An hour after drug administration, each
mouse underwent two trials as in testing day 1 with a
maximum latency of 2 min. Primary latency and total
latency,primary error and total error were taken for
each animal as indices of learning and working
memory, respectively. Primary latency is the time
taking to locate the target hole butno entering into the
recessed box. Primary error is the number of head dip
before firstlocating the escape hole. Total latency is
time taken to locate and enter the goal box, while
totalerror is the total number of head dip before
entering the goal box. Animals that failed to findthe
goal location within the 2 minutes trial were gently
guided into it, and allowed to remainfor 20 sec then
assigned a total latency and total error. The maze was
cleaned after each trial with 70 % ethanol toremove
olfactory cue.

The probe trial was carried out 24 hours after day 2
trials. The goal box was closed and the maze platform
was divided into four quadrants viz: target quadrant,
opposite quadrant, positive and negative quadranteach
containing ten holes. Each mouse was placed in the
start box for 10 sec after which it was lifted the mouse
was allowed to explore the paradigm for 90 sec. The
behaviour of the mice was recorded withthe aid of a
video recorder placed above the center of the maze.
The time spent in the target quadrant was taken as an
index of memory. The maze was also cleaned after each
trial with 70% ethanol to remove olfactory cue.

2.8. Exploratory studies
2.8.1. Open field test

Open field test (OFT) is commonly used to assess the
exploratory behavior and general locomotor activity of
rodents (Chen et al., 2002). Gross behavioral activity
was utilized to rule out any interference in locomotor
activity by drugs which may affect the process of
learning and memory.The open field consisted of a
square arena measuring 72cmx72cmx36 cm (lengthx
breadth x height). The floor was divided into 16
(18cmx18 cm) squares with central square (18cmx18
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cm) drawn in the middleof the open field (Brown et al.,
1999). An hour post administrations, the mice were
subjected to the open field test. Each mouse was placed
at the center of the open field arena and allowed to
freely move while its behaviour was observed for 5
min. After each trial, the open field arena was cleaned
with 70% ethanol to remove any olfactory cue. The
behaviors scored were duration of immobility (time
spent in central square), centric line crossing (number
of entries into the center square) and square crossings
(crossing the square boundaries with both paws).

2.8.2. Hole-board test

The effect of the EEETon exploratory activity of
mice was also evaluated using hole-board test. The
method described by File and Wardill (1975) was
adopted. The apparatus used was a wooden board
(60cm x30cm) with sixteen evenly spaced holes (2 cm
diameter x 2 cm depth) and elevated 105 cm above the
floor. An hour post administrations, each mouse was
placed singly at one corner of the board and was
allowed to move about. The number of head dips
(poking of the hole to the level of the eye) was counted
during a five minutes period. The apparatus was
cleaned after each test with 70% ethanol to remove
olfactory cue.

2.9. Statistical analysis

Data analysis was carried out using SPSS software
(Version 20). Differences between means were
analyzed by One-Way Analysis of Variance (ANOVA)
followed by Bonferroni post hoc test. Variables taken
over time were analyzed using repeated measures
ANOVA and Bonferroni post hoc tests. Values of
P<0.05 were considered as significant in all the
statistical tests. Data obtained were expressed as mean
+ standard error (S.E) and presented as charts and
tables.

3. Results and discussion

The present study investigated the effect of EEET on
learning and memory in mice. The learning and
memory was evaluated using EPM, NORT and Barnes
maze. The outcome of this study showed that EEET
enhances learning and memory and thus lent credence
to the use of the plant in ethnomedicine as memory
enhancer.
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Preliminary phytochemical screening of EEET
showed the presence of alkaloids, cardiac glycosides,
flavonoids, tannins, saponins, steroids and triterpenes
(Table 1). Secondary metabolites from medicinal plants
have been reported to play important roles in averting
many diseases including cognitive deficits (Srivastava
et al, 2019). Some potent inhibitors of
acetylcholinesterase were derived from natural sources
and some of them belong to the chemical class of
alkaloids, including galantamine, obtained from
Amaryllidaceae  species, and huperzine A, a
lycopodium alkaloid (Konrath et al., 2012). Phenolic
compounds are also known to possess good nutritional,
antioxidant and nootropic properties (George et al.,
2014; You et al., 2018). Flavonoids isolated from
Eragrostis ferruginea and Eragrostis japonica have
also been reported to possess neuroprotective activities
(Na et al., 2010; 2018). Eclalbasaponin Il is an
oleanane-type triterpenoidsaponin  (isolated from
Ecliptaprostrata) reported to ameliorate cholinergic
blockade-induced memory impairment (Jung, 2018).
Furthermore, asiatic acid, a triterpenoid present in
Centella asiatica has been shown to possess
neuroprotective activities and modulates various
pathological features of Alzheimer’s disease (Rather,
2019). Thus, the observed learning and memory
enhancing activity of EEET may be attributed to its
phyto-constituents.

Table 1: Phytochemical constituents of hydroalcoholic
extract of Eragrostis tremula

Constituents Tests Inference
Alkaloids Wagners +
Mayers +
Dragendorrf +
Anthraquinones Bontragers -
Cardiac glycosides Salkwoski +
Flavonoids Shinoda +
Sulfuric acid +
Saponins Frothing +
Haemolysis +
Steroids and Lieberman-Bucchard +

triterpenes

Tannins Ferric chloride +

Key: + (Present), — (Absent)

Determination of LDs, value of medicinal plants is of
utmost importance because it provides evidence
regarding their margin of safety. It also serves as a
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guide in dosage selection for long term toxicity studies
as well as other studies that involve the use of animals
(Colerangle, 2017). In the acute toxicity study,
administration of varying doses of EEET did not
present visible signs of toxicity and there was no
mortality in the two phases of the study. The oral LDg,
of EEET in mice was thus estimated to be >5000
mg/kg body weight. This shows that EEET is
practically non-toxic in mice following acute
administration (Loomis and Hayes, 1996).

In the EPM test, the mean transfer latencies of mice
into the closed arms were observed during the
acquisition and retention phases. In the acquisition
phase, the administration of EEET (125, 250 and 500
mg/kg) and the standard drug (Piracetam, 400 mg/kg)
did not produce significant (P>0.05) changes in the
mean transfer latencies of mice into the enclosed arms
when compared to the negative control. However, in
the retention phase, the extract at all the tested doses as
well as piracetam significantly (P<0.05) reduced the
mean transfer latencies when compared to the negative
control (Figure 1).

% 1oml kg
BPEA 4 mg kg
DEEET |75 mgle
BEEET 23 mg kg
BEEET ) mg kg

&

Tiaiisfer lntemcies | See )

HKelemtion

RTCTTT

Figure 1: Effect of hydroalcoholic extract of
Eragrostis tremula on transfer latency of mice in
elevated plus maze test. Values are Mean + S.E.M; * =
P<0.05, ** = P<0.01 as compared to D/W group — One
way ANOVA followed by Bonferroni post hoc test,
n=7, D/W = Distilled water, PIRA = Piracetam, EEEG
= Ethanolic extract of Eragrostis tremula

The transfer latency into the closed arms of EPM has
been utilized as a parameter to assess learning and
retention memory (Dhingra et al., 2004). It has been
demonstrated to be shorter if the animal had previously
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experienced entering the closed arm (learning of escape
behavior) (Bhanumathy et al., 2010). The significant
reduction in the transfer latencies byEEET during the
retention phase suggests an improvement in learning
and memory. The enhancement of learning and
memory by medicinal plants have also been attributed
to their ability to preferentially enhance cognitive
processing of information over the natural anxiety that
disrupts cognitive function in EPM test (Mahmud et
al., 2019).

NORT is a popular method for evaluating
compounds as potential pro-cognitive agents in
preclinical drug discovery programs. It is used to assess
recognition memory in rodents based on their proclivity
for exploring novelty (inherent exploratory behaviour
to distinguish a non-familiar object from a familiar
object in the absence of externally applied rules or
reinforcement (Lueptow, 2017). In the NORT, EEET
produced a significant (P<0.05) increase in object
discrimination at all the tested doses when compared to
the negative control. Similarly, the standard drug used
(Piracetam, 400 mg/kg) produced a significant
(P<0.05) increase in object discrimination when
compared to the negative control (Table 2).

Recognition memory is one of the domains of
cognition that is often impaired in aged (non-demented)
humans and Alzheimer’s disease patients. Different
brain regions make different contributions to
recognition memory processing, including the
perirhinal cortex, the medial prefrontal cortex and the
hippocampus (Barker et al., 2017). Lesions in these
areas have been shown to produce deficits in
recognitionmemory (Warburton, 2018). The significant
increase in the discrimination index produced by EEET
suggests it improves recognition memory of the
animals. It is also possible that the extract exerted its
effect on the aforementioned brain regions.

In the Barnes maze test, EEET at all tested doses did
not produce significant (P>0.05) changes in the
primary latencies of the mice during the 2-days
acquisition trials. However, the extract at all tested
doses as well as the standard drug produced significant
(P<0.05) decrease in the primary errors when
compared to the negative control. On comparison of the
errors over time, there was significant decrease
(P<0.05) in the primary errors of all the groups during
the 5™ trial as compared to the first trial (Table 3).
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Table 2: Effect of hydroalcoholic extract of Eragrostis tremula on object discrimination of mice in novel object
recognition test

Treatment (mg/kg) ETN (Sec) ETF (Sec) DI RI

D/W 10 mi/kg 12.50+0.56 19.33+2.80 -0.18+0.08 40.92+3.90
PIRA 400 28.33+0.53* 19.50+3.91 0.20+0.07* 59.55+3.25*
EEET 125 20.29+4.57 13.29+2.07 0.17+0.08* 58.24+3.83*
EEET 250 28.14+3.81* 17.57£1.96 0.21+0.06** 60.88+3.02**
EEET 500 16.29+2.32 10.43£1.29 0.19+0.11* 58.94+5.70*

Values are Mean + S.E.M; *= p<0.05, **= p<0.01 as compared to D/W group — One way ANOVA followed by Bonferroni post
hoc test, n=7, ETN = Exploration time on novel object, ETF = Exploration time on familiar object, DI = Discrimination index, RI
= Recognition index, D/W = Distilled water, PIRA = Piracetam, EEEG = Ethanolic extract of Eragrostis tremula

Table 3: Effect of hydroalcoholic extract of Eragrostis tremula on spatial learning in mice during acquisition trial in
Barnes maze

Latency (Sec.)
Treatment (mg/kg) 1 7 3 i 5
D/W 10 mi/kg 98.43+11.87 96.86+13.80 103.14+10.90 94.57+11.61 88.00+12.00
PIRA 400 78.50+17.00 91.14+17.16 79.29+17.22 81.14+15.39 71.86+16.28
EEET 125 74.86+13.29 74.71+17.52 81.57+16.79 66.86+15.83 68.29+17.38
EEET 250 92.00+18.31 89.50+16.80 86.00+17.21 75.00+20.78 57.33+19.18
EEET 500 84.29+14.75 81.29+14.51 63.43+15.82 72.71+16.71 90.14+16.17
Errors

t1 2 t3 t4 t5
D/W 10 mi/kg 18.00+1.31 9.00+1.63 10.50+1.84 9.14+2.04 5.57+1.46°
PIRA 400 11.29+2.26 13.2547.02 10.00+1.87 5.00+0.58 2.50+0.34*
EEET 125 11.14+1.77 12.57+2.34 11.33+3.01 7.86+1.92 2.29+0.57*
EEET 250 11.33+1.91 6.40+1.69 6.60+1.86 5.00+1.63 1.83+0.31*
EEET 500 11.00£3.40 10.43+1.96 5.71+1.57 6.57+1.49 2.00+0.49*

Values are Mean + S.E.M; * = P<0.05 as compared to D/W group; a = P<0.05, b = P<0.01 as compared to first trial (t1) —
Repeated measure ANOVA followed by Bonferroni post hoc test, n=7, t = trial, D/W = Distilled water, PIRA = Piracetam, EEEG
= Ethanolic extract of Eragrostis tremula

During the one-day probe trial, the extract and the
standard drug used (Piracetam, 400 mg/kg)
significantly (P<0.05) decreased the primary latencies
when compared to the negative control. However, there
were no significant (P>0.05) changes in the primary
and total errors. Furthermore, the extract and standard
drug significantly (P<0.05) increased the time spent in
the target quadrant when compared to the negative

control (Table 4). The Barnes mazeis a non-invasive
task that measures the ability of rodents to learn and
remember the location of a target zone using a
configuration of distal visual cues located around the
testing area, and is a measure of spatial learning and
memory (Harrison et al., 2009). Different phases of the
task allow to measure spatial learning, memory
retrieval and cognitive flexibility (Gawel et al., 2019).

Table 4: Effect of hydroalcoholic extract of Eragrostis tremula on spatial learning and memory in mice during one-

day probe trial in Barnes maze

Treatment (mg/kg) PL (Sec.) PIE TE TSTQ (Sec.)
D/W 10 ml/kg 38.40+3.93 6.71+1.17 8.14+1.92 39.86+7.86
PIRA 400 17.25+6.79* 5.00+1.00 8.17+1.64 65.17+4.84*
EEET 125 17.80+4.32* 3.67+1.33 8.29+2.13 69.33+6.17*
EEET 250 16.40+4.52* 5.00+1.35 6.60+0.87 73.29+6.03**
EEET 500 19.5042.47* 2.20+0.20* 3.60£0.24 71.67+8.60*

Values are Mean + S.E.M; *= p<0.05, **= p<0.01 as compared to D/W group — One way ANOVA followed by Bonferroni post
hoc test, n=7, PL = Primary latency, PE = Primary error, TE = Total error, TSTQ = Time spent in target quadrant, D/W =
Distilled water, PIRA = Piracetam, EEEG = Ethanolic extract of Eragrostis tremula
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The first part of the task, i.e., the acquisition phase
allows evaluates spatial learning, whilethe acquisition
probe trial evaluatesspatial memory. This part is
believed to be associated with hippocampus function
(Barnes 1979; Gawel et al., 2019). In the Barnes maze,
the escape latency has been widely used as a measure
for the assessment of spatial learning with the primary
latency being more sensitive than the total latency for
detecting differences in learning (O’Leary and Brown,
2013). Still, studies have shown that the number of
primary errors, the hole deviation score and the
distance traveled are the most sensitive measure of the
animal performance (O’Leary and Brown, 2013; Gawel
et al., 2019). The ability of EEET to significantly
decrease the mean primary errors during the acquisition
trials signifies an improvement in spatial learning.In
addition, the extract improved working and reference
memory as indicated by the significant decrease in the
primary latency, primary error and an increase in time
spent in the target quadrant during the probe trial.

In the open field test, the administration of EEET
(125, 250 and 500 mg/kg) decreased the mean
immobility time in a non-dose-dependent manner. The
decrease was significant (P<0.05) at 250 mg/kg when
compared to the negative control group. The extract at
all the tested doses as well as the standard drug
(Piracetam, 400 mg/kg) increased the number of center
square entry and the number of square entry of the
mice. The increase was however not statistically
(P>0.05) significant when compared to the negative
control group (Figure 2). The open field test is useful in
assessing exploratory behavior, spontaneous locomotor
activity and anxiety levels (Szentes et al., 2019).
Locomotor activity has been shown to influence
cognitive performances and in most cases, a decrease in
activity is associated with impaired motor function and
vice versa (Liu et al., 2014). The hippocampus has
been shown to play a critical role in the cognitive
performances in the open field (Liu et al., 2014). In this
study, EEET significantly decreased the immobility
time which signifies anxiolytic-like activity. However,
the insignificant changes in other variables like center
square crossings, peripheral line crossing or rearing
shows that the extract may not have CNS stimulating or
depressant effect.
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Figure 2: Effect of hydroalcoholic extract of
Eragrostis tremula on exploratory behavior of mice in
Open field test. Values are Mean = S.E.M; * = p<0.05
as compared to D/W Group — One way ANOVA
followed by Bonferroni post hoc test, n=7, D/W =
Distilled water, EEEG = Ethanolic extract of
Eragrostis tremula

The hole-board testis used to assess exploratory
behaviour of rodents (File and Wardill, 1975). The
head-dipping behaviour is a sensitive measure of
emotional changes; an increase in head dipping
behaviour has been described as anxiolysis, while a
decrease in this parameter signifies sedation (Yaro et
al., 2015). EEET produced a significant (P<0.05)
increase in the exploratory behaviour as indicated by
the increase in the mean number of head-dips (Figure
3).
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Figure 3: Effect of hydroalcoholic extract of
Eragrostis tremula on head-dip exploratory behavior of
mice in Hole-board test. Values are Mean £ S.E.M; * =
p<0.05 as compared to D/W group — One way ANOVA
followed by Bonferroni post hoc test, n=7, D/W =
Distilled water, PIRA = Piracetam, EEEG = Ethanolic
extract of Eragrostis tremula
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This supports the anxiolytic-like effect of the extract
as observed in the open field test. Anxiety is a serious
and common neuropsychiatric symptom in dementia
which has been shown to impact negatively on not only
the demented patients but also to their caregivers
(Kwak et al., 2017). Anxiety has been shown to disrupt
cognitive performance including working memory
(Lukasik et al., 2019); and according to Gulpers et al.
(2017), anxiety is associated with higher risk for
incident cognitive impairment and most likely for
dementia. Therefore, the anxiolytic-like actions of
EEET could serve as a synergy towards preventing
cognitive deficits and anxiety related dementia.

4. Conclusion

The ethanol extract of Eragrostis tremula possesses
learning and memory-enhancing activities. This could
lend scientific rationale to the ethnomedical use of the
plant extract as memory enhancer.

5. Acknowledgement

The authors appreciate the technical assistance of
Aliyu Ahmad and Salihu Abdullahi. Sincere gratitude
to the Department of Pharmacology and Therapeutics,
Ahmadu Bello University, for providing the
Neurobehavioral Facility for the conduct of the study.

6. References

Akobundu, 1.0. and Agyakwa, C.W. 1998. A handbook
of West African Weeds. International Institute of
Tropical Agriculture, Ibadan, Nigeria. p. 486.

Anand, R., Gill, K.D. and Mahdi, A.A. 2014.
Therapeutics of Alzheimer’s disease: past, present
and future. Neuropharmacology, 76: 27-50.

Attar, A., Liu, T., Chan, W.T.C., Hayes, J., Nejad, M.,
Lei, K. and Bitan, G. 2013. A shortened Barnes maze
protocol reveals memory deficits at 4-months of age
in the triple-transgenic mouse model of Alzheimer’s
disease. PLoS ONE, 8(11): 1-9.

Barker, G.R.l., Banks, P.J., Scott, H., Ralph, G.S,
Mitrophanous, K.A., Wong, L.F., Bashir, Z.I., Uney,
J.B. and Warburton, E.C. 2017. Separate elements of
episodic memory subserved by distinct hippocampal-
prefrontal connections. Nature Neuroscience. 20:
242-250.

19

Bhanumathy, M., Harish, M.S., Shivaprasad, H.N. and
Sushma, G. 2010. Nootropic activity of Celastrus
paniculatus seed. Pharmaceutical Biology, 48(3):
324-327.

Bhattacharjee, A., Shashidhara, S.C. and Saha, S. 2015.
Nootropic activity of Crataeva nurvala Buch-Ham
against scopolamine induced cognitive impairment.
EXCLI Journal, 14: 335-345.

Brown, R.E., Corey, S.C. and Moore, A.K. 1999.
Differences in measure of exploration and fear in
mhc-congenic C57BL/6J and B6-H-2K Mice.
Behaviour Genetics, 26: 263-271.

Chen, Z., Xu, A.J., Li, R. and Wei, E.Q. 2002. Reversal
of scopolamine-induced spatial memory deficits in
rats by TAK-147. Acta Pharmacologica Sinica,
23(4): 355-360.

Colerangle, J.B. 2017. Preclinical development of
nononcogenic drugs (Small and large molecules).
(2nd ed). In: Fagi, A.S. (Ed). A Comprehensive
Guide to Toxicology in Nonclinical Drug
Development.Academic Press, U.K. pp. 659-683.

Cummings, J., Lee, G., Mortsdorf, T., Ritter, A. and
Zhong, K. 2018. Alzheimer’s drug
development pipeline: 2017. Alzheimer’s and
Dementia: Translational Research and Clinical
Interventions, 3: 367-384.

Dhingra, D., Parle, M. and Kulkarni, S.K. (2004).
Memory enhancing activity of Glycyrrhiza glabra in
mice. Journal of Ethnopharmacology, 91: 361-365.

Ennaceur, A. 2010. One-trial object recognition in rats
and mice: methodological and theoretical issues.
Behavioural Brain Research, 215: 244-254.

Evans, W.C. 2009. Trease and Evans’ Pharmacognosy.
(16th ed). Elsevier Health Sciences, London, U.K.

File, S. and Wardill, A.G. 1975. Validity of head-
dipping as a measure of explorating a modified hole-
board. Psychopharmacologia, 44: 53-59.

Gawel, K., Gibula, E.Marszalek-Grabska, M.,
Filarowska, J. and Kotlinska, J.H. (2019).
Assessment of spatial learning and memory in the
Barnes maze task in rodents-methodological
consideration. Naunyn-Schmiedeberg's Archives of
Pharmacology, 392, 1-18.

George, A., Ng, C.P., O’Callaghan, M., Jensen, G.S.
and Wong, H.J. 2014. In vitro and ex-vivo cellular
antioxidant protection and cognitive enhancing
effects of an extract of Polygonum minus Huds
(Lineminus) demonstrated in Barnes maze animal

disease



Nazifi et al., Journal of Herbal Drugs, Vol. 10, No. 1: 11-21, 2019

model for memory and learning. BMC
Complementary and Alternative Medicine, 14: 1-10.

Gulpers, B., Ramakers, I., Hamel, R., Kbhler, S,
Voshaar, R.O. and Verhey, F. 2017. Anxiety as a
Predictor for Cognitive Decline and Dementia: A
Systematic Review and Meta-Analysis. The
American Journal of Geriatric Psychiatry, 24(10):
823-842.

Harrison, F.E., Hosseini, A.H. and MacDonald, M.P.
2009. Endogenous anxiety and stress responses in
water maze and Barnes maze spatial memory tasks.
Behavioral Brain Research, 198: 247-251.

Itoh, J., Nabeshima, T. and Kameyama, T. 1990. Utility
of an elevated plus maze for the evaluation of
nootropics, scopolamine and electroconvulsive
shock. Psychopharmacology, 101: 27-33.

Jung, W.Y., Kim, H., Jeon, S.J., Park, H.J., Choi, H.J.,
Kim, N.J., Kim, D.H., Jang, D.S. and Ryu, J.H. 2018.
Eclalbasaponin 1l ameliorates the cognitive
impairment induced by cholinergic blockade in mice.
Neurochemical Research, 43(2): 351-362.

Komada, M., Takao, K. and Miyakawa, T. 2008.
Elevated Plus Maze for Mice. Journal of Visualized
Experiments, 22: €1088.

Konrath, E.L., Neves, B.M., Lunardi, P.S., Passos,
C.S., Simdes-Pires, A., Ortega, M.G., Goncalves,
C.A,, Cabrera, J.L., Moreira, J.C.F. and Henriques
A.T. 2012. Investigation of the in vitro and ex vivo
acetylcholinesterase and antioxidant activities of
traditionally used Lycopodium species from South
America on alkaloid extracts. Journal of
Ethnopharmacology, 139: 58-67.

Liu, X., Zhang, Y., Li, J., Wang, D., Wu, Y., Lu, Z,
Yu, S.C.T,, Li, R. and Yang, X. 2014. Cognitive
deficits and decreased locomotor activity induced by
single-walled carbon nanotubes and neuroprotective
effects of ascorbic acid. International Journal of
Nanomedicine, 9: 823-839.

Loomis, T.A. and Hayes, A.W. 1996. Loomis’s
essentials of toxicology. 4™ edition, California,
Academic press. pp. 17-32.

Lorke, D. 1983. A new approach to practical acute
toxicity testing, Archives of Toxicology. 54: 275-287.

Lueptow, L.M. 2017. Novel object recognition test for
the investigation of learning and memory in mice.
Journal of Visualized Experiments. 126: e55718.

Lukasik, K.M., Waris, O., Soveri, A., Lehtonen, M.
and Laine, M. 2019. The relationship of anxiety,
stress anddepressive symptoms with  working

20

memory per-formance in a large non-depressed

sample. Frontiers in Psychology,10(4): 1-9.

.Mahmud, B., Shehu, A., Sani, M.Y. and Magaji, M.G
2019. Methanol stem extract of
Parquetinanigrescens(Asclepiadaceae) possesses
memory-enhancing potential in acute mice models of
cognition. Journal of Herbal Drugs, 9(4): 197-205.

Na, C.S., Hong, S.S., Choi, Y., Lee, Y.H., Hong, S.H.,

Lim, J., Kang, B.H., Park, S. and Lee, D.
2010.Neuroprotective effects of constituents of
Eragrostis ferrugineaagainst Ap-induced toxicity in
PC12 cells. Archives of Pharmacal Research, 33(7):
999-1003. doi: 10.1007/s12272-010-0704-5

Na, C.S,, Lee, M.J.,, Hong, S.S., Choi, Y., Lee, J., Park,
S., Lee, Y.H. and Hong, S.H. (2018). Antioxidant
and neuroprotective activity of the aerial parts of
seven Eragrostis species and bioactive compounds
from E. japonica. Records of Natural Products,
12(1): 101-106.

O’Leary, T.P. and Brown, R.E. 2013. Optimization of
apparatus design and behavioral measures for the
assessment of visuo-spatial learningand memory of
mice on the Barnes maze. Learning and Memory, 20:
85-96.

Odugbemi, T. 2008. Outlines and pictures of medicinal
plants from Nigeria. University of Lagos Press,
Nigeria. pp. 73-117.

Patterson, C., Lynch, C., Bliss, A., Lefevre, M. and
Weidner, M., 2018. World AlzheimerReport 2018
the State of the Art of Dementia Research: New
Frontiers. Alzheimer’sDisease International (ADI),
London, pp. 1-42.

Peterson, P.M. and Vega, |.S. 2007. Eragrostis
(Poaceae: Chloridoideae: Eragrostideae:
Eragrostidinae) of Peru. Annals of the Missouri
Botanical Garden, 94(4): 745-790.

Poilecot, P., Timberlake, J., Drummond, R.B,
Mapaura, A. and Shava, S. 2007. Eragrostis species
of Zimbabwe. Editions Quea. pp. 193.

Rather, M.A., Justin-Thenmozhi, A., Manivasagam, T.,
Saravanababu, C., Guillemin, G.J. and Essa, M.M.
2019. Asiatic acid attenuated aluminum chloride-
induced tau pathology, oxidative stress and apoptosis
via AKT/GSK-3p Signaling Pathway in Wistar Rats.
Neurotoxicity Research, 35(4): 955-968.

Sandry, J. 2015. Working memory and memory loss in
neurodegenerative  disease.  Neurodegenerative
Disease Management, 5(1): 1-4.



Nazifi et al., Journal of Herbal Drugs, Vol. 10, No. 1: 11-21, 2019

Silva, T., Reis, J., Teixeira, J. and Borges, F. 2014.
Alzheimer's disease, enzyme targets and drug
discovery struggles: from natural products to drug
prototypes. Ageing Research Reviews, 15: 116-145.

Soladoye, M.O., Osipitan, A.A., Sonibare, M.A. and
Chukwuma, E.C. 2010. From ‘Vagabonds’ to
Ethnobotanical Relevance: Weeds of the Campus
Sites of Olabisi Onabanjo University, Ago-lwoye,
Nigeria. Ethnobotanical Leaflets, 14: 546-558.

Srivastava, A., Srivastava, P., Pandey, A., Khanna,
V.K. and Pant, A.B. 2019. Phytomedicine: A
potential alternative medicine in controlling
neurological disorders. In: Khan, M.S.A, Ahmad, |I.
and Chattopadhyay, D. (Eds.) New look to
phytomedicine, Academic press, India. pp. 625-655.

Szentes, N., Tékus, V., Mohos, V., Borbély, E. and
Helyes, Z. 2019. Exploratory and locomotor activity,
learning and memory functions in somatostatin
receptor subtype 4 gene-deficient mice in relation to
aging and sex. GeroScience, 41(5): 631-641.

Tewari, D., Stankiewicz, A.M., Mocan, A., Sah, AN,
Tzvetkov, N.T., Huminiecki, L., Horban" czuk, J.O.
and Atanasov, A.G. 2018. Ethnopharmacological
approaches for dementia therapy and significance of
natural products and herbal drugs. Frontiers in Aging
Neuroscience, 10(3): 1-24.

Thies, W. and Bleiler, L. 2013. Alzheimer’s disease:
Facts and figures. Alzheimers Dementia. 9: 208-215.
Uddin, S., Al Mamun, A., Kabir, T., Jakaria, M.,
Mathew, B., Barreto, G.E. and Ashraf, G. 2018.
Nootropic and Anti-Alzheimer’s  Actions of
Medicinal Plants: Molecular Insight into Therapeutic
Potential to Alleviate Alzheimer’s Neuropathology.
Molecular Neurobiology, 56(7): 4925-4944. doi:

10.1007/s12035-018-1420-2

Vyas, S., Kothari, S.L. and Kachhwaha, S. 2019.
Nootropic medicinal plants: Therapeutic alternatives
for Alzheimer’s disease. Journal of Herbal Medicine,
17-18: 100291.

Warburton, E.C. 2018. Using the spontaneous object
recognition memory tasks to uncover the neural
circuitry of recognition memory: The importance of
thalamic nuclei. In: Ennaceur, A. and De Souza
Silva, M.A. (Eds). Handbook of object novelty
recognition. Academic press, UK, pp. 197-203.

Yaro, A.H., Muhammad, M.A., Nazifi, A.B. and
Magaji, M.G. 2015. Butanol soluble fractions of
Cissus cornifolia methanolic leaf extract and

21

behavioral effects in mice. The Journal of
Phytopharmacology, 4(4): 202-206.

You, Y.X., Shahar S., Haron, H. and Yahya, H.M.
2018. More Ulamfor your brain: A review on the
potential role of Ulamin protecting against cognitive

Decline. SainsMalaysiana, 47(11): 2713-2729.





