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ABSTRACT

There are several reports that stress causes memory impairment. On the other hand, research has shown that
Cyperus Rotundus (C. rotundus) extract improves memory and enhances information retrieval. In the current
study, the possible ameliorating impacts of C. rotundus hydroalcoholic extract on stress-induced memory
retrieval impairment were investigated. In this study, adult male laboratory mice were divided into two groups:
stressed and non-stressed, and each of these groups was further divided into two subgroups: control groups
receiving saline and those treated with C. rotundus extract. First, the mice received the substances by gavage for
21 or 7 days. One day after the last gavage, the animals were trained using a passive avoidance memory test
device, and 24 hours after teaching, they were subjected to acute stress and immediately underwent a memory
test. The latency to enter the dark room and the time spent in the darkroom of the device were recorded as a
measure of passive avoidance memory retrieval. According to the findings obtained, pre-test stress significantly
decreased the latency to enter the dark room and increased the time spent in the dark room. Pre-training gavage
of the extract reversed the latency to enter and also significantly decreased the time spent in the dark room. It
seems that the hydroalcoholic extract of C. rotundus improves the ability to retrieve information from long-term
memory and reduces the destructive impact of acute stress on memory retrieval, depending on the time of

consumption.
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INTRODUCTION

Learning is a neuronal mechanism by which an individual
changes his or her knowledge or behavior as a result of
acquiring information or skills, while memory refers to the
storage mechanism for what has been learned [1-3].

Neurobiological studies on memory in invertebrates and
mammals have shown that synaptic changes in different
areas of the brain play a major role in memory formation
and synapses are the most important storage sites for
information [4, 5]. Neuroimaging findings have shown that
the amygdala, prefrontal cortex, and temporal lobe
cooperate in memory formation. The amygdala is a
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memory modulator, the prefrontal cortex mediates
memory encoding and formation, and the cerebellum is
effective in successful learning and long-term memory
retention [6, 7]. Information processing in memory and
learning processes is the result of the interaction of
neurotransmitter systems in different areas of the brain,
especially the hippocampus and amygdala [8, 9].

Stress is one of the mental disorders that is known as the
disease of the century due to its prevalence and spread in
various forms among all ages [10]. Emotional memories
are encoded, consolidated, and retrieved better than neutral
memories, and stress, as a negative emotional state [3, 11],
typically impairs memory retrieval by increasing cortisol,
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and these negative impacts of stress on information
retrieval occur at the peak of cortisol (approximately 20
minutes after the stressor) [12, 13].

Cyperus rotundus (C. rotundus) is a medicinal plant with a
wide variety of therapeutic uses that has been used since
ancient times. The rhizomes of this plant are considered
one of the best medicines in Ayurveda (ancient and ancient
science) and its Ayurvedic name is Nagamotha [14]. This
plant is used to treat stomach and intestinal disorders,
inflammatory diseases, menstrual irregularities, cancer,
aging, atherosclerosis,  pain,  cystitis  (bladder
inflammation),  prostatitis  (prostate inflammation),
arthritis, malaria, seizures, obesity, diarrhea, diabetes
mellitus, and allergies [15, 16].

Since stress is one of the undesirable characteristics of
current societies and the use of medicinal plants has
increased due to their safety and effectiveness in
preventing and treating chronic diseases, and due to the
effect of C. rotundus on memory in traditional medicine
and the lack of reports of side effects, the current study was
conducted to investigate the impacts of hydroalcoholic
extract of C. rotundus rhizome on memory impairment
caused by elevated platform.

MATERIALS AND METHODS

Laboratory animals

To carry out this research work, adult male mice weighing
25-30 grams were used. The mice were provided from the
Laboratory Animal Breeding and Breeding Center of the
Faculty of Veterinary Medicine and, after grouping, were
kept in the animal house of the Biology Department under
appropriate conditions with a temperature range of 23 + 2
°C and a 12-hour light-dark cycle from 7 am to 7 pm.
Except for the time of the experiment, they had sufficient
water and food at all times.

Ingredients used

In this study, the rhizome of the C. rotundus plant
identified by the Botany Department of the Faculty of this
university, 96% ethanol, saline, and plate was used as food.
C. rotundus extraction was performed by maceration
method [17] and to increase the contact surface of the plant
rhizomes with 70% ethanol (solvent), the rhizomes dried
in the shade had to be powdered with an electric grinder.
Finally, by dissolving the resulting extract in saline,
different concentrations were prepared.

Passive avoidance memory measurement

Passive avoidance learning is a suitable method for
examining the learning and memory process in laboratory
animals. In this study, a step-through or shuttle box device
was used to evaluate this type of memory in small
laboratory mice (squirrels). This device is a Plexiglas box
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consisting of two light and dark sections that are connected
by a guillotine door located at the bottom of the wall
between the two sections. The stimulator device passes an
electric current (shock agent) of 1 mA intensity for 3
seconds at a frequency of 50 Hz through a communication
cable through steel rods embedded in the floor of the dark
section.

When the mouse is placed in the light section, it
immediately goes to the dark section based on its innate
desire for darkness; however, if the animal has previously
been shocked in this place, it avoids going into the dark
section during the test phase, contrary to its innate desire;
therefore, passive avoidance learning has been formed.
This learning can be short-term or long-term and can be
strengthened or weakened by drugs. In connection with this
behavioral test, 3 specific stages were considered: the
adaptation stage, the learning acquisition stage (training),
and the retrieval stage (test). To measure long-term
memory, the test stage was done 24 hours after the training
stage.

Adaptation and training stages

In the adaptation stage, to familiarize the mouse with the
device, we gently placed it into the light section of the
device without causing stress to the mouse. After 10
seconds, the guillotine door was opened so that the animal
could enter the dark section of the device based on its
inherent desire. As soon as the animal entered the dark
section of the device, the door was closed. Then the animal
was removed from the dark section and returned to its cage.
In this way, the animal was familiarized with the device.
Mice whose entry delay time was more than 100 seconds
were removed from the experimental group. After 30
minutes, the animal's training stage took place. This phase
was similar to the adaptation phase, except that
immediately after the animal entered the dark
compartment, the valve was closed and an electric shock
was given to the animal's hands and feet. 20 seconds after
receiving the shock, the animal was removed from the
apparatus and transferred to its cage. After 2 minutes, the
animal was placed in the light compartment for the second
time, and after 10 seconds, the valve was opened. If the
animal did not enter the dark compartment after 100
seconds, its training was complete. In other words,
successful learning was recorded for the animal. Then, the
animal was immediately removed from the apparatus.
Otherwise, the training and training assessment were
performed two more times.

Stress induction phase

Twenty-four hours after training, to induce stress before
the test, the rats were placed on an elevated platform and
stressed for 15 or 20 minutes.
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Memory test

Immediately after stress, to measure the ability to retrieve
a memory, the animal was placed in a lighted house with
its back to the guillotine door, the guillotine door was
opened, and the delay time of the animal entering the dark
section and the time spent in the darkroom were recorded
as test data. The test completion time was set to 300
seconds. An increase in the animal's delay in entering the
long-term  memory test phase indicated memory
enhancement.

Animal grouping

The animals were divided into the following groups: 7 days
of gavage without stress, including saline recipients, C.
rotundus 2.5, 5, and 10 mg/kg; 7 days of gavage with
elevated platform stress, including saline recipients, C.
rotundus 2.5, 5, 10, 20, and 50 mg/kg; 21 days of gavage
without stress, including saline recipients, C. rotundus 1.25
and 2.5 mg/kg; 21 days of gavage with elevated platform
stress, including saline recipients, C. rotundus 1.25 and 2.5
mg/kg. The number of mice in each group was 7.

Statistical analysis

All results of the passive avoidance test and locomotor
activity were described with the mean + standard deviation
from the mean, and one-way analysis of variance and
Tukey's post hoc test were used. In all calculations, the
significance level of the difference was considered to be p
< 0.05. These tests were done in SPSS version 23 and
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Instant 3 software. The graphs were drawn using Excel
software.

RESULTS AND DISCUSSION

Study of the effect of 7 days of gavage of different
concentrations of C. rotundus rhizome extract alone and
combined with 15 minutes of stress before training on
memory recall and motor activity

Figure 1 shows that in the 7-day gavage without stress
group, only in the group receiving C. rotundus rhizome
extract at a concentration of 10 mg/kg compared to the
group receiving saline, an increase in the latency time to
enter the dark section of the step-through apparatus (P <
0.05, F3.24 = 3.383) and a reduce in the time spent in it were
observed (P < 0.05, F324 = 4.321) (Figures 1a and 1b).
Figures 1c and 1d show that stress 15 minutes and 20
minutes before the test in the group that received saline by
gavage for 7 days caused a decrease in the latency to enter
the dark compartment of the step-through (P < 0.001, P <
0.01, and Fygs = 11.857, respectively) and an increase in
the time spent in this compartment (P < 0.01, P < 0.05, and
Fog8 = 0.796, respectively) compared to the unstressed
group. In the groups receiving 10, 20, and 50 mg/kg of the
extract, compared to the saline group, an increase in the
latency to enter the dark compartment of the shuttle box
apparatus (P <0.001, P <0.01, P <0.05, and Fs 2= 4.109,
respectively) and a reduce in the time spent in it (P <0.001,
P <0.01, P <0.05, and Fs 35 = 5.265, respectively) (Figures
1c and 1d).
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Figure 1. The effect of seven days of gavage of different concentrations of hydroalcoholic extract of C. rotundus
rhizome alone and in combination with stress on memory recall. * P < 0.05, ** P < 0.01, and *** P < 0.001
significant difference compared to the no-stress + saline group. + P < 0.05, ++ P < 0.01, and +++ P < 0.001

significant difference compared to the 15-minute stress + saline group. Columns indicate the mean + standard
deviation from the mean.

Table 1 shows that there was no significant difference in  minute stress (P < 0.05, Fs35 = 0.4689) as well as the 15-
locomotor activity between the groups receiving different  and 20-minute stress groups combined with 7-day saline
concentrations of C. rotundus rhizome extract for seven  gavage compared to the control group (P < 0.05, F215 =
days alone (P < 0.05, F324 = 1.183) and combined with 15-  0.5430).

Table 1. Motor activity in the open field test.

Mean + Standard Error of Mean (Number

Groups of times the animal crossed the lines)

No stress 38+6.8
Saline (10 ml/kg) 15-minute stress 30.6 £0.8

20-minute stress 33.1+57

7-day gavage

5.2 326+17

C. rotundus (mg/kg) 5 35+1.6

10 37.1+23

No stress 32+2

Saline (10 ml/kg) 15-minute stress 36.9+3

21-day gavage 20-minute stress 327+15

25.1 33+1.7

C. rotundus (mg/kg)

5.2 35.3+3.3
5.2 89.9+35.7

5 66 +22.1

7 days + 15 minutes stress 10 3.7+22

C. rotundus gavage 20 154+7

(mg/kg)

50 36.4+14.9

25.1 341+21

21 days + 20 minutes stress
5.2 329+15

s’gls\
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Study of the effect of 21 days of gavage of different
concentrations of C. rotundus rhizome extract alone and
with 20-minute stress before training on memory recall
and motor activity

Figure 2 shows that although in the 21-day gavage without
stress groups, none of the concentrations of hydroalcoholic
extract of C. rotundus rhizome (1.25 and 2.5 mg/kg) alone
could improve memory recall (latency time to enter the
dark compartment (P < 0.05, F;,15 = 1.883) and time to stay
in the dark compartment (P < 0.05, F,15 = 1.262), (Figures
la and 1b).

Figures 2c and 2d show that in the groups that received
saline by gavage for 21 days, 20 minutes of stress before
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the test significantly reduced the latency to enter the dark
compartment of the shuttle box apparatus (P < 0.001, F21s
=14.787) and increased the time spent in this compartment
(P <0.001, F215 = 16.797); therefore, 20 minutes of stress
before the test was considered to impair the memory of
these groups.

In the 21-day gavage group with 20-minute stress,
administration of C. rotundus rhizome extract at a
concentration of 2.5 mg significantly increased the latency
to enter the dark compartment (P < 0.01, F215 = 49.228)
(Figure 2c) and reduced the time spent in this compartment
(P <0.01, Fp18=22.752) (Figure 2d).
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Figure 2. Effect of 21 days of gavage of different concentrations of hydroalcoholic extract of C. rotundus rhizome
alone and in combination with stress on memory recall. *** P < 0.001 significant difference compared to the no-
stress + saline group. +++ P < 0.001 significant difference compared to the 20-minute stress + saline group. Columns
show mean + standard deviation from the mean.

Table 1 shows that there was no significant difference in
locomotor activity between groups receiving different
concentrations of C. rotundus rhizome extract for 21 days
alone (P < 0.05, F215 = 0.3008) and combined with 20-
minute stress (P < 0.05, F15= 0.2090), as well as the 15-
and 20-minute stress groups combined with 21-day saline
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gavage, compared to the control group (P < 0.05, Fy15 =
1.057).

In this study, the effect of 7 days of continuous gavage of
different amounts of hydroalcoholic extract of C. rotundus
on memory and the improvement of impaired memory
caused by 15-minute elevated platform stress was
investigated. It was found that gavage of C. rotundus
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rhizome extract before training in non-stressed and
stressed groups was able to improve memory recall in non-
stressed conditions and with acute stress before the test
(Figure 1). Next, the ineffective concentrations in the 7
days were examined over 21 days. The results showed that
although these amounts did not show a significant effect on
improving memory retrieval in non-stressed conditions,
they significantly reduced the destructive effect of acute
stress before the test on information retrieval (Figure 2).
C. rotundus contains phytochemicals with various and
diverse therapeutic properties [15]. In the Ayurvedic
medical system, C. rotundus was used as a nootropic and
nerve tonic [18]. C. rotundus rhizomes have nootropic
effects [19]. The rhizomes of C. rotundus have medicinal
properties and simple chemical analysis of the rhizomes
has shown the presence of compounds that are active in the
central nervous system [20, 21]. In traditional Indian
medicine, the rhizomes of C. rotundus were recommended
for increasing intelligence [22]. Therefore, the extract of
this plant can be used as a memory and learning enhancer.
When an individual experiences acute stress, the
autonomic system is activated, causing the release of
adrenaline and symptoms such as increased heart rate,
sweating, and blood pressure. In addition to stimulating the
autonomic system, stress also activates the hypothalamic-
pituitary-adrenal axis. This activation causes the release of
glucocorticoids [23, 24]. On the one hand, the increase in
these hormones causes oxidative damage to brain tissue,
including the hippocampus, and on the other hand,
oxidative stress occurs due to an imbalance between the
formation and destruction of prooxidants and a decrease in
protective mechanisms and cellular antioxidants, which
may lead to increased cellular damage and apoptosis,
resulting in memory loss [22]. Therefore, the prevalence of
oxidative stress in the environment around neurons not
only induces neuronal apoptosis, but it also seems that the
cerebral  hippocampus and cortex, which are
interconnected to control cognitive and motor functions,
are sensitive to oxidative stress and require antioxidants
[25, 26].

Antioxidant compounds play an important role in
maintaining health. Antioxidants such as ascorbic acid,
phenolic acid, polyphenols, and flavonoids can prevent
oxidative damage that leads to high-risk diseases by
scavenging peroxide and hydroperoxide radicals [27, 28].
C. rotundus rhizome extract is rich in natural antioxidants
that can be of great importance in the treatment of free
radical-related diseases, including neurodegenerative
diseases, and this plant can improve memory and learning
[15, 27, 28]. Several phytochemical studies on C. rotundus
root extracts have reported the presence of alkaloids,
tannins, phenols, glycosides, steroids, polyphenols,
sesquiterpenoids, flavonoids, b-sitosterol, cyprien, cyprol,
and ascorbic acid [15], which alkaloids, terpenes, and
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flavonoids have antioxidant properties, and flavonoids can
enhance the activity of antioxidant enzymes and increase
antioxidants in the body [17]. Treatment with oligomeric
flavonoids from the rhizome extract of C. rotundus has
been shown to significantly reduce brain damage in
ischemic rats by reducing malondialdehyde (the end
product of lipid peroxidation) and increasing brain
superoxide dismutase and glutathione [29]. Superoxide
dismutase has been shown to play a key role in cellular
defense against oxidative damage. The enzyme superoxide
dismutase catalyzes the dismutation of O, to H,0,. H,0;
can be converted to O, and H,O by the glutathione
peroxidase and enzyme catalase.

The rhizome extract of C. rotundus affects and protects
against the pathogenic pathways of oxido-nitrosative
stress. This extract has anti-apoptotic effects; therefore, it
can prevent nerve damage [15]. On the other hand, C.
rotundus contains a potent acetylcholinesterase inhibitor.
Cholinesterase inhibitors are the main drugs for the
treatment of Alzheimer's. Preventing the breakdown of
acetylcholine by inhibiting the enzyme cholinesterase can
likely be of great importance in stabilizing memory and
thinking power [30, 31].

It seems that C. rotundus can prevent stress-induced
memory impairment due to its properties such as
antioxidant effects, scavenging of free radicals in the
nervous system, and interference in  various
neurotransmitter systems, especially cholinergic. It also
seems that the use of smaller amounts of this extract over
a longer period can have greater improvement effects. The
notable point in the present study is that in addition to
preventing the impairment in memory recall caused by
stress, the hydroalcoholic extract of C. rotundus also
significantly prevented the impairment in memory recall
caused by a longer duration of stress by increasing the
duration of gavage (Figure 2).

Although in the acute toxicity assessment of C. rotundus
ethanolic extract, no mortality was observed after oral
administration of up to 2000 mg/kg for 5 hours after
administration, and no signs of delayed toxicity or
mortality were observed for 14 days [32]; however,
considering that the use of high doses of medicinal plants
can cause drug poisoning and subsequent problems [27,
33] and also that many plants require long-term use for
therapeutic response, and this is due to their slow effect.
Therefore, it seems that reducing the dose by increasing the
duration of use can improve memory damaged by acute
stress, and also prevent toxic effects.

CONCLUSION

In the current study, the possible ameliorating effects of C.
rotundus hydroalcoholic extract on stress-induced memory
retrieval impairment were investigated. According to the
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results of this study, it appears that C. rotundus
consumption increases the ability to retrieve information
and reduces the destructive effect of stress on memory.
Also, doses that are ineffective in the short term become
effective if consumed over a long period.
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