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ABSTRACT

[XE Alzheimer’s disease is one of the most common dementias, which is initially characterized
by synaptic damage and subsequently accompanied by neuronal loss and cognitive impairments,
such as anxiety and depression. Urolithins are natural phenolic compounds found abundantly in

Available Online: 05 Mar 2024 the human diet and are catabolized from the hydrolysis of ellagitannins by the gut microbiota.
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They possess anti-inflammatory and antioxidant properties and have been found to be effective
in brain disorders, particularly memory dysfunction. This study aimed to investigate the effect of
Urolithin A and B administration on learning and memory impairments as well as anxiety-like
behaviors in adult male rat models of Alzheimer’s disease.

In this experimental study, 70 adult male Wistar rats were randomly divided
into 10 groups of seven, including the healthy control group, the Sham group: received
streptozotocin solvent (ascorbic acid 0.1% in saline) as intracerebroventricular (ICV) injection and
urolithins solvent (DMSO) as intraperitoneal (IP) injection, Positive control group: received
streptozotocin as ICV injection and memantine as IP injection, Negative control group: received
streptozotocin as ICV injection, Treatment groups 1 to 6: received streptozotocin as ICV injection
and urolithin A and urolithin B as IP injection for 14 days. After the treatment period, the
learning and memory of the rats were measured by the passive avoidance test, and the elevated
plus maze test measured anxiety-like behaviors.

m The results of statistical analysis using one-way variance test (ANOVA) and Tukey's post
hoc test, performed in R software, showed that in the passive avoidance test, streptozotocin
caused a significant impairment in learning and memory in the negative control group (P<0.01),
while the treatment with urolithin A and B significantly improved memory performance, much
better than the standard treatment (memantine) (P<0.05). Furthermore, the results of the
elevated plus maze test also indicated a significant increase in anxiety-like behaviors in the
negative control group compared to the control group (P<0.001), while the treatment with
urolithin A and B significantly reduced these behaviors (P<0.01).

m The results of this study indicated that urolithin A and B, probably due to their
antioxidant and anti-inflammatory properties, protected the brain against the effects of
streptozotocin injection, and consequently, improved learning and memory performance and
reduced anxiety-like behaviors.
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Introduction

Izheimer’s disease is one of the most
common  neurodegenerative  dementia
diseases [1]. Dementia syndrome is
characterized by various symptoms, such as
problems with memory, speech, problem-solving, and
other cognitive skills, that affect a person's ability to
perform daily activities. These problems occur due to
the damage to or destruction of the nerve cells in the
brain regions that are involved in cognitive function.
Studies show that the prevalence of Alzheimer’s disease
grows steadily with increasing age and imposes a lot of
financial and psychological costs on societies [2].

Pathophysiological changes in this disease include
beta-amyloid  accumulation,  the  creation  of
neurofibrillary tangles, and neurodegeneration resulting
from uncontrolled activation of microglia, leading to the
release of neurotoxins and inflammatory agents.
Individuals with such changes may be asymptomatic or
may exhibit clinical symptoms ranging from memory
deficits to severe and disabling loss of memory and
cognitive function. As the disease progresses, additional
symptoms may manifest, including confusion,
disorientation, mood changes, aggression, and
eventually hallucinations [3]. In 2020, there were
approximately 50 million Alzheimer’s patients
worldwide, and this number is predicted to double every
5 years, reaching 152 million by 2050 [4].

Currently, only four drugs are approved by the Food
and Drug Administration to treat Alzheimer’s. Three of
these medications are acetylcholinesterase inhibitors
(donepezil, galantamine, and rivastigmine), and the
other one is an N-methyl-D-aspartate (NMDA) receptor
antagonist (memantine). However, these drugs help to
improve the symptoms to a limited extent as they fail to
prevent brain atrophy, the loss of neurons, and as a
result, the gradual deterioration of cognitive function.
Therefore, the development of disease-modifying
therapies to control the progression of Alzheimer’s
disease has taken priority throughout the world [5].
Consequently, this disease has become one of the
significant challenges in the field of medical care in the
present century. Despite all the research efforts, no
accurate and effective treatment option has been
provided for this disease, and research is still ongoing to
find a suitable and compatible treatment [6].

Difficulty in forming and maintaining new event
memories is usually the first and most prominent
clinical symptom of Alzheimer’s disease [7]. Learning
and memory in Alzheimer’s disease are affected due to
the gradual decline of cognitive abilities, impairing short
and long-term memory early in the course of the disease
[8]. The presence of amyloid plaques and neurofibrillary
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tangles causes neurodegeneration, and the extent of
these neurological changes in the cortex and
hippocampus, which are key areas related to learning
and memory, is associated with cognitive deficits in
Alzheimer’s disease [9].

Anxiety is the third most common symptom of
Alzheimer’s disease, with a prevalence of about 40%.
Anxiety can be especially present among patients with
mild cognitive impairment, mild dementia, or early-
stage Alzheimer’s disease and can cause progression or
conversion to clinical Alzheimer’s syndrome [10]. From
a pathological perspective, anxiety is considered
equivalent to natural fear and manifests with abnormal
activities and disorders in mood, thinking, and behavior
[11]. Several interconnected neural circuits, including
the hippocampus, prefrontal cortex, and amygdala, are
involved in this mental disorder [12].

According to researchers, anxiety behaviors present in
several stages. In the pre-dementia stage, the patient
shows very mild cognitive impairment, but can
independently do his daily tasks. In the mild dementia
stage, impairment in learning and memory are evident
as clinical features in most patients. In some affected
people, there can be aphasia and vision defects, partial
indifference, and also mild depression. In the stage of
moderate dementia, in addition to severe memory and
cognitive function disorders, the patient may lose his
emotional control. At this stage, affected individuals
face significant difficulties in logical reasoning,
planning, organization, reading, and writing. In the
severe dementia stage, the patient's memory and
cognitive function are seriously affected. Aggression,
movement disorders, excessive fatigue, and indifference
to the surrounding environment are also observed [13].

Three methods are adopted to induce experimental
Alzheimer’s disease in mouse models, which include
intraventricular-cerebral injection of streptozotocin,
bilateral carotid artery occlusion, and inhibition of brain
mitochondrial cytochrome oxidase by sodium azide. In
rats, intraventricular-cerebral injection of streptozotocin
disrupts insulin signal transmission pathways in the
brain by desensitizing the insulin receptors of nerve
cells [14]. This substance, in a dose-dependent and
progressive manner, leads to the development of
pathologies similar to Alzheimer’s disease, including
brain glucose metabolism disorders, decreased brain
insulin resistance, deposition of amyloid plaques, tau
protein hyperphosphorylation, synaptic dysfunction,
oxidative stress, and neuronal destruction [15].

Flavonoids are the largest group of phenolic
compounds that are widely present in plants and are part
of the diet [16]. These secondary metabolites exhibit a
range of biological effects, including anti-inflammatory,

Khani L, et al. Investigating the Effect of Administration of Urolithin A and B on Learning and Memory Impairments
and Anxiety-like Behaviors Caused by Alzheimer’s Induced by Intracerebroventricular Injection of Streptozotocin in Male Wistar Rat. 2023; 29(2): 87-97.



Internal MedicineToday

antioxidant [17], antibacterial, antiviral [18], anti-
allergic, and anti-cancer [19]. Ellagitannins, as one of
the main groups of hydrolyzable tannins, are a group of
flavonoids found in berries, including strawberries,
raspberries, and blackberries, as well as in
pomegranates, tea, walnuts, and grapes [20, 21]. Foods
rich in ellagitannins are a good source of antioxidant
polyphenols that have beneficial effects on health,
including free radical scavenging [22]. Ellagitannins are
hydrolyzed in the intestine and lactonized to ellagic
acid. Although both of these substances are poorly
absorbed in the intestine, they are catabolized in the end
part of the digestive tract by the intestinal microbiota to
urolithin, which has a higher absorption rate and better
biocompatibility [23].

The concentration of urolithins in plasma, urine, and
feces varies significantly from individual to individual,
which is probably due to the presence of different
microbial flora in the gut microbiota. Urolithins are of
increasing interest due to various biological activities,
such as cardiovascular protection, anti-inflammatory
activity, anti-cancer properties, anti-diabetic activity,
and anti-aging and antimicrobial properties [24]. The
main isomers found in human biological fluids and
tissues after consuming ellagitannin-rich foods are
urolithin A and urolithin B [25], which reach plasma
and systemic tissues within 3 to 4 days after
consumption, exert their biological function, and finally,
enter the liver and are excreted through urine [26].

Considering the antioxidant and anti-inflammatory
effects of urolithin compounds (urolithin A and B) and
their neuroprotective role in brain disorders, especially
memory [12], the present study aimed to investigate the
protective effects of urolithin A and B on improving
learning and memory impairments as well as anxiety-
like behaviors following the induction of Alzheimer’s
disease in male Wistar rats through intraventricular-
cerebral injection of streptozotocin.

Materials and Methods

The statistical population consisted of 70 adult male
Wistar rats weighing 250 g. These rats were kept in
laboratory conditions with a 12-hour light/dark cycle
and a temperature of 24°C, and they had access to
sufficient food and water during the experiment. In
order to habituate the rats to the environment, the
experiments were initiated one week after their transfer
to the animal facility. All experiments were carried out
according to the code of ethics of the Bioethics
Committee of Ferdowsi University of Mashhad
(IR.UM.REC.1402.058).

The rats were randomly divided into 10 groups of
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seven as follows: 1) healthy control group, 2) sham
group: streptozotocin solvent (0.1% ascorbic acid in
saline) injected intracerebroventricularly and urolithin
drug solvent (dimethyl sulfoxide [DMSO]) injected
intraperitoneally, 3) positive control group (memantine):
injected 3 mg/kg body weight of streptozotocin
intracerebroventricularly and 100 pl of memantine with
a concentration of 05 mg/kg body weight
intraperitoneally, 4)  negative  control  group
(experimental Alzheimer’s): injected 3 mg/kg body
weight of streptozotocin intracerebroventricularly, 5)
treatment groups 1 to 3: after the induction of
Alzheimer’s disease with intraventricular-cerebral
injection of 3 mg/kg of body weight of streptozotocin,
intraperitoneally injected urolitin A with a concentration
of 10, 20, and 40 mg/kg of body weight, respectively,
and 6) treatment groups 4 to 6: after the induction of
Alzheimer’s disease with an intraventricular-cerebral
injection of 3 mg/kg of streptozotocin, intraperitoneally
injected urolitin B with a concentration of 5, 10, and 20
mg/kg of body weight, intraperitoneally.

For the purpose of intraventricular-cerebral injection,
initially, stereotaxic surgery and lateral intraventricular
cannulation (right side) were performed, and then the
injection was administered. Drug treatments in the
memantine group, experimental Alzheimer’s group, and
treatment groups 1 to 6 were performed one day after
streptozotocin injection daily for 2 weeks.

Stereotaxic device consists of three calipers in three
spatial axes. Ear bars are two pointed bars that are
placed inside the animal's ears and should be the same
size on both sides. The middle bar, in which the animal's
front tooth is placed, is set at 3.3 mm for rats. There is
also a section for the guide cannula which is placed on
the vertical bar. The rat's head is fixed in such a way
that the skull becomes upright and straight.

The animals were anesthetized by intraperitoneal
injection of ketamine and xylazine solution (5:2 mg/kg).
Upon cutting the hair of the head, the rats were fixed in
the stereotaxic device. The skin of the head was cut by a
scalpel from the eyes to the ears at a one-centimeter
length. A few drops of epinephrine were administered in
the area to stop the bleeding. Following that, the skull
surface was cleaned with an alcohol swab, and bregma
and lambda were determined based on the Paxinos
Watson rat brain atlas [27].

A 0.5 mm drill created a hole in the animal's skull 0.8
mm from the bregma, 1.4 mm from the middle groove
towards the right lateral ventricle, and 3.6 mm deep
[28]. Following the insertion of the guide cannula into
the desired area, dental cement was poured around the
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cannula to keep it fixed. After the surgery,
streptozotocin at a dose of 3 pug in 10 ul of 1.0%
ascorbic acid-saline solution was injected at a rate of 5.0
pl/min into the lateral ventricle of the negative control
group and six treatment groups via a Hamilton syringe
connected to a 27-gauge cannula. The Sham group also
received streptozotocin solution (1.0% ascorbic acid in
saline) post-surgery using a Hamilton syringe via a
stereotaxic device.

The shuttle box test is a validated experimental method
used for the short-term assessment of learning and
memory. This box consists of two separate dark and
light parts. The light part has a 5-watt lamp, and the
bottom of the dark part has stainless-steel rods at 1-
centimeter distances. The dark and light boxes are
connected by a sliding door. The process of learning and
preliminary training of rats is done in 4 days. For this
purpose, on the first and second days, the rat becomes
familiar with the box and its parts and is allowed to
move freely in the device for 5 min. On the third day,
after placing the rat in the light area, it automatically
goes to the dark area, then the sliding door is closed, and
an electric shock of 5 mA is delivered for 3 sec to the rat
by stainless steel rods. On the fourth day, the recall
phase is performed and the rat is allowed to stay in the
light area for 300 sec and not enter the dark area. A
longer latency in the initial entry into the dark part, the
total time spent in the light part, and a shorter total time
spent in the dark part indicate better learning and

memory [29].

The elevated plus maze behavioral test is used to
measure the level of anxiety in rats. This maze is made
of wood and has four arms in the shape of a plus sign.
The two front arms have side protection (enclosed arms)
and the other two arms lack side protection (open arms).
There is also a central area of 10 x 10 cm. The maze is
located by means of bases at a height of 50 cm from the
ground. The approach to working with the maze
involved placing each rat in the central area 14 days
post-surgery. Their behaviors during the 5-minute test
were filmed and analyzed to determine the following
metrics: percentage of time spent in the open arm
(OAT%), percentage of open arm entry (OAE%), and
the total entries into both open and closed arms, serving
as indices of movement activity [30, 31].
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the time spent in the open arms

0AT% = . .
% the time spent in the open arms
+ the time spent in the closed arms
the number of entries into the open arms
OAE% =

the number of entries into the open arms
+ the number of entries into the closed arms

One-way ANOVA was used for statistical analysis and
comparison between experimental groups, and in case of
significance, the post hoc Tukey test was employed for
pairwise comparisons within groups. All calculations
were performed in R software (version R 4.3.0), and p-
values of less than 0.05 were considered significant. The
graphs were drawn using Graph Pad Prism software
(version 9.4.0.673). The results were shown as SEM +
Mean.

Results

Figures 1 and 2 display the latency to enter the dark
box and the duration of staying there in different groups,
respectively. Compared to the control group, the latency
to enter the dark box in the negative control group
(experimental Alzheimer’s disease) was significantly
shorter (P<0.001), while the duration of staying there
was significantly longer (P<0.001), showing memory
and learning disorders due to intraventricular-cerebral
injection of streptozotocin. Although the administration
of memantine in the positive control group and drug
treatment with urolithin A and B in the experimental
groups could improve the time variables, they had no
significant differences with the control group.

In the urolithin A groups (20 and 40 mg/kg), in
comparison to the negative control group, the latency to
enter the dark box was significantly longer (P<0.001
and P<0.05, respectively) and the duration of staying
there was also significantly shorter (P<0.001 and
P<0.01, respectively). In the urolithin B groups (10 and
20 mg/kg), compared to the negative control group, the
latency to enter the dark box was significantly longer
(P<0.01), whereas the length of staying there was
significantly shorter (P<0.001 and P<0.01, respectively).
Although urolithin A (10 mg/kg) and urolithin B (5
mg/kg) could improve the latency to enter the dark box
and the length of stay there, they showed no significant
differences with the negative control group. Moreover,
no significant difference was observed between the
control and sham groups
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Figure 1. Comparison of mean latency to enter the dark box in
the second week after streptozotocin injection. Results are
shown as mean

+ SEM (n=7). ***(P<0.001) compared to the control group,
+(P<0.05), ++(P<0.01), and +++(P<0.001) compared to the
negative control group.
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Figure 2. Comparison of mean time spent in the dark box during
the second week after streptozotocin injection. Results are
shown as mean * SEM (n=7). ***(P<0.001) compared to the
control group, ++(P<0.01) and +++(P<0.001) compared to the
negative control group.

According to the results of Figure 3, the OAT% in

the negative control group decreased significantly
(P<0.001), compared to the control group.
Administration of memantine in the positive control
group, compared to the negative control group,
significantly increased the OAT% (P<0.05). In the
groups treated with urolithin A (10, 20, and 40
ma/kg), there was a significant increase (P<0.001,
P<0.001, and P<0.01, respectively) compared to the
negative control group. The OAT% in the groups
treated with urolithin B (10 and 20 mg/kg), increased
significantly (P<0.001), compared to the negative
control group, which showed that urolithin B
performed better than memantine as a standard drug.
No significant difference was observed between the
control and sham groups.

April 2023. Vol 29. Issue 2

The results of Figure 4 illustrate that the OAE% in the
negative control group (experimental Alzheimer’s
disease) decreased significantly (P<0.001), compared to
the control group. However, a significant increase was
observed in the groups treated with urolithin A (10, 20,
and 40 mg/kg) and urolithin B (10 and 20 mg/kg),
compared to the negative control group (P<0.001). The
OAE% increased in the positive control (memantine)
and urolithin B (5 mg/kg) groups; nevertheless, it was
not statistically significant.
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Figure 3. Comparison of the percentage of time spent in the open
arm in the second week after streptozotocin injection. Results are
shown as mean * SEM (n=7). ***(P<0.001) compared to the
control group, ++(P<0.01) and +++(P<0.001) compared to the
negative control group.
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Figure 4. Comparison of the percentage of the number of entries
into the open arm in the second week after streptozotocin
injection. Results are shown as mean + SEM (n=7). ***(P<0.001)
compared to the control group, +++(P<0.001) compared to the
negative control group.

According to Figure 5, the movement activity in the
negative control group decreased, compared to the
control group; however, it was not statistically
significant. Moreover, in the groups treated with
memantine and urolithin A and B, this index increased
relatively, in comparison to the negative control group,
which was not statistically significant.
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Figure 5. Comparison of motor activity in the second week after
streptozotocin injection. Results are shown as mean = SEM (n=7).
There is no statistically significant difference between the
groups.

Discussion

Alzheimer’s disease is a progressive and irreversible
neurological disorder characterized by cognitive
symptoms (e.g., memory impairment) [32] and non-
cognitive symptoms (anxiety) [33]. Currently, there is
no effective treatment for Alzheimer’s disease, and
many researchers around the world are conducting
research and investigation on patients or laboratory
animal samples in order to obtain the appropriate
medication for the treatment of disorders caused by this
disease [34]. Memantine is a drug used to treat the
symptoms of Alzheimer’s disease and is a
noncompetitive antagonist with a moderate affinity for
NMDA glutamate receptors. This drug is used in the
treatment of moderate to severe Alzheimer’s disease and
is presently the only approved option for this purpose.
Memantine improves the ability to think and remember
and slows down the process of losing these abilities in
people with Alzheimer’s [35].

The results of a study in 2006 showed that the
administration of memantine to adult male rats led to a
dose-dependent increase in their long-term memory
[36]. The results of another study in 2010, which
included male and female participants under the age of
50, revealed that treatment with memantine (20 mg per
day) improved daily functions in patients with moderate
to severe Alzheimer’s disease [37].

One of the laboratory methods for inducing
Alzheimer’s disease in animal samples is the
intraventricular-cerebral injection of streptozotocin. In
this regard, it has been reported that Wistar rats exposed
to intraventricular-cerebral injection of streptozotocin
suffer from learning and memory impairments,
cognitive disorders, and anxiety [33, 38]. Another study
was dedicated to investigating the rate of learning and
spatial memory of rats by Morris water maze 14 days
after the intraventricularcerebral injection of 2, 3, 4, and
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5 mg/kg of streptozotocin. The results of this study
demonstrated that the injection of 3 mg/kg of
streptozotocin was the effective and the baseline dose
for causing memory and learning impairments in the
shortest possible time (14 days) for the development of
early symptoms of Alzheimer’s disease, including the
appearance of beta-amyloid plaques in the hippocampus
and the increase in the production of reactive species in
the mitochondria of the rats' brain [39]. Streptozotocin
in the brain causes dysfunction of cholinergic signaling,
beta-amyloid accumulation, and decreased insulin
receptor sensitivity [40].

The findings of a study showed that one week after the
intracerebroventricular injection of streptozotocin, active
microglia and astrocytes were detected in the cerebral
cortex and around the cannulation site, in the
hippocampus, corpus callosum, and medial and lateral
septum, and 3 weeks later from the injection of
streptozotocin, memory impairment was confirmed in rats
[41]. From a cognitive and non-cognitive symptoms
perspective, the results of the present study demonstrated
that intraventricular-cerebral injection of streptozotocin to
male rats induced an experimental model of Alzheimer’s
disease, and treatment with urolithin was able to
significantly halt the progression of the disease or improve
disease symptoms (Figures 1 and 2).

In the behavioral test of passive avoidance learning,
the latency in entering the dark box and the increase in
time spent there (learning or memory impairment) in the
negative control group indicated the negative effect of
intraventricular injection of streptozotocin in the process
of learning and memory (induction of experimental
Alzheimer’s). On the other hand, an increase in the
latency in entering the dark box in the experimental
groups showed the positive effects of urolithin in
improving the learning process or the memory recall
process.

The results of examining the oral administration of
ellagic acid to diabetic rats induced by intraperitoneal
injection of streptozotocin for eight weeks demonstrated
that ellagic acid reduced anxiety-like behaviors and
depression symptoms and improved exploratory/motor
activities and cognitive defects in diabetic rats. These
results were associated with the reduction of blood
glucose levels, modulation of inflammation, and
improvement of neuronal destruction in diabetic rats,
and also showed that in some aspects, treatment with
ellagic acid was even more effective than insulin [42].

The results obtained from the elevated plus maze test
were also in line with those obtained from the shuttle
box test (Figures 3 and 4). In this regard, a decrease in
the OAT% and OAE% in the negative control group,
compared to the control group, indicated anxiety-like
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behaviors, while an increase of these variables in the
experimental groups showed the positive effects of
urolithin  administration in reducing anxiety-like
behaviors in these groups. Published reports
demonstrate that the occurrence of anxiety-like
behaviors is one of the characteristics of dementia in
different  laboratory = models [43]. In rats,
intraventricular-cerebral injection of streptozotocin
causes severe disorders in the downstream metabolic
pathways of the insulin signaling cascade [44, 45]
through the reduction of insulin receptor sensitivity and
the activity of glycolytic enzymes, followed by the
occurrence of memory and learning impairments and
increased anxiety [46].

To stop or slow down the progress of Alzheimer’s
disease, in addition to drug therapy, various strategies,
such as gene therapy, have also been suggested [47]. At
the same time, the identification of bioactive substances
and alternative natural products with the aim of
discovering potential candidates with antioxidant and
anti-inflammatory properties is still on the agenda of
researchers in this field [48]. According to published
reports, some natural bioactive compounds, including
flavonoids, improve brain function and memory [49].
Urolitins (urolithins A and B) are among the flavonoids
that are derived from the metabolism of ellagic acid by
the gut microbiota at the end of the gastrointestinal tract.
Owing to their antioxidant and anti-inflammatory
properties [12], these substances have probably positive
effects on brain disorders, especially memory. These
compounds have a higher absorption rate and better
biocompatibility because of their specific biochemical
structure [23].

The results of a study showed that ellagic acid can
reduce the severity of neurological disorders caused by
ischemic hypoperfusion due to its antioxidant properties
and free radical inhibition [50]. The findings of
examining and investigating the effect of urolithin A on
a transgenic mouse model of Alzheimer’s disease
demonstrated that this substance reduced the
accumulation and deposition of amyloid beta [51]. The
results of a study in 2021 showed that urolithin A had
neuroprotective activity, and treatment with this
substance in a cell model of early Alzheimer’s disease
caused the transcription of several genes related to
mitochondrial biogenesis and reduced its dysfunction
[52]. The study and investigation of urolithin A
injection in a streptozotocin-induced diabetic mouse
model in 2021 showed that urolithin A reduced the
expression of amyloid beta enzymes and the formation
of amyloid plaque [53].

The results of another study in 2023 showed that
urolithin A in a transgenic mouse model of Alzheimer’s

April 2023. Vol 29. Issue 2

disease prevented spatial memory and exploratory
behavior disorders and also reduced beta-amyloid
plaques in the hippocampus [54]. The study and
examination of human nerve cells in the culture medium
treated with urolithin B showed that this substance led
to significant inhibition of the formation of the final
product of glycosylation and a reduction of mild
oxidative stress in an ex vivo experimental model [55].
A study was conducted in 2020 to investigate the
activity of monoamine oxidase type A and B enzymes in
the culture medium in the presence or absence of
urolithin A, B, C, and ellagic acid. The results of this
study demonstrated that urolithin B was a strong
inhibitor of monoamine oxidase type A, and it could
have beneficial effects in reducing depression symptoms
because urolithins can pass the blood-brain barrier [56].

The results of the present behavioral study showed
that intraperitoneal injection of urolithin A and B
could improve learning and memory and reduce
anxiety-like behaviors in the Alzheimer’s rat model.
In line with these findings, in a report published in
2019, it has been shown that the oral consumption of
urolithin A led to a decrease in the accumulation of
amyloid plaques in the cerebral cortex and
hippocampus of Alzheimer’s mouse model, as well as
a decrease in apoptosis in D-galactose-induced brain
aging in mice [57].

In addition, the results of a study in 2021 showed
that pretreatment with urolithin B in a mouse model of
D-galactose-induced age-related neurodegenerative
disease increased the survival of neurons by protecting
against oxidative stress, and ultimately, led to
improvement in neurological deficits and cognitive
function. This study suggested urolithin B as an
effective supplement to prevent memory impairment
and brain damage caused by oxidative stress [58].
Moreover, the results of in vitro experiments have
shown that the addition of urolithin A and B to the
culture medium of microglia cells decreased nitric
oxide production and mRNA levels of pro-
inflammatory cytokines, such as TNF-a and IL-6 [59].

Conclusion

The results of this study showed that intraperitoneal
administration of urolithins A and B had positive
effects on learning and memory as well as anxiety-like
behaviors in the rat model of Alzheimer’s disease
induced by streptozotocin. It seems that urolithins A
and B have the potential to be considered one of the
promising therapeutic candidates for halting or
preventing the progression of neurodegenerative
diseases.
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According to the results obtained from the
behavioral tests conducted in this research, it is
recommended to conduct further study to investigate
the effects of urolithin A and B on the gene
expression levels of TNFa and NRF2 factors,
acetylcholinesterase and nitric oxide activity, as well
as inflammatory factors in the brain tissue of the
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