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Abstract
Backeround and Objective: Methotrexate (MTX) is a chemotherapy drug used to treat various cancers. MTX is

toxic to neural progenitor cells in the hippocampus and affects hippocampus dependent behavior. Prunus
domestica L. (PD), a species of plum belonging to the Rosaceae family and Prunus genus, is rich in phenolic
compounds. These phenolic-rich fruits contain a mixture of polyphenolic compounds that can exert several
biological effects, including antibacterial, antioxidant, and anti-inflammatory properties.

Methods: Male Spraque-Dawley rats were divided into eight groups: vehicle, MTX (75 mg/kg), PD (75, 100 and
150 mg/kg), and MTX + PD (75 meg/ke plus 75, 100 and 150 mg/kg). After drug administration, spatial and
recognition memories were investigated using the novel object location (NOL) and the novel object recognition
(NOR) tests, respectively.

Result: The NOL and NOR tests analysis indicated that neither PD extract nor MTX adversely affected body
weight or locomotor activity. Following drug administration, the discrimination index (DI) of all experimental
groups differed significantly from zero, except for the MTX group. This suggests that MTX induced impairments
in spatial and recognition memory, and PD extract was shown to miticate the memory deficits caused by MTX.
Conclusion: These results showed that MTX treatment caused learning and memory deficits. These impairments

were alleviated by co-treatment with PD.

Keywords: Prunus domestica L., Methotrexate, memory
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Introduction

Adult neurogenesis is a process of neural stem/
progenitor cells (NSCs) that occurs in two regions of
the brain: the subgranular zone (SGZ) of the dentate
gyrus in the hippocampus and the subventricular zone
(SVZ) of the lateral ventricle'. The production rate of
neurogenesis is regulated and affected by various
factors such as physical activities, stress, aging and
treatment with certain drugs”.

Methotrexate (MTX), a chemotherapeutic drug,
is widely used in the treatment of various cancers’ .
MTX acts as a folic acid antagonist, inhibiting the
activity of dihydrofolate reductase (DHFR), an enzyme
responsible for converting folic acid into tetrahydrofolate
(THF). THF is a crucial coenzyme in the synthesis of
purine nucleotides®. As the levels of THF decrease,
the synthesis of purine and thymidylate, which are
essential for DNA and RNA synthesis is disrupted’.
Additionally, MTX can induce neurotoxic effects that
affect learning and memory within the brain system.

Prunus domestica L., (PD) is a valuable fruit
belonging to the Rosaceae family. P. domestica
possesses bioactive properties, including antioxidant,
anticancer, anti-inflammatory and neuroprotection
effects®®. However, there are a few reports on the
effect of PD extract on cognition and its impact
remains largely unclear.

Therefore, the aim of this study is to determine
the protective effect of PD extract against memory
impairments induced by MTX in adult rats MTX. The
novel object location (NOL) and the novel object
recognition (NOR) tests were used to investigate

spatial and recognition memory, respectively.

Methods

Plant material and extraction
Fresh PD fruits were harvested in late February
2021 from Mae Chan District, Chiang Rai province,
Thailand, located at latitude/longitude coordinates
20° 11’ 57”7 N/99° 53’ 5”7 E. The crude extract was
prepared at the Medical Plants Innovation Center,

Mae Fah Luang University, Thailand. Each fruit was

carefully selected, washed with distilled water, and
then soaked in 95% ethanol for 7 days. The extract
was then filtered using filter paper, and the supernatant
was concentrated with rotary evaporator. The final

extract was stored at -20° C until use.

Animals

Sixty-four adult male Sprague-Dawley rats (age:
4-6 weeks, body weight: 180-200 g) were obtained
from the Nomura Siam International Co., Ltd. Pathumwan,
Bangkok. The experimental animal model used in this
study complied with ethical guidelines and was
approved by the Institutional Animal Care and Use
Committee of Khon Kaen University (Record No.
IACUC-KKU-80/64).

Rats were housed in 4 animals per plastic cage
at a controlled temperature (23 + 2 °C) with a 12-hour
ligsht-dark cycle. Each rat had free access to standard

food and water ad libitum.

Drugs administration and experimental design

The rats were acclimated for 7 days before the
procedures began and divided into 8 groups (n=8/
group). All rats were treated for 15 days.

The vehicle group, rats received 0.9% normal
saline solution via intraperitoneal (i.p.) injection and
distilled water by oral gavage.

The MTX group, rats were administered MTX at
75 mg/kg body weight (BW) via intravenous (i.v.)
injection on day 8 and 15.

The PD extract groups (75, 100 and 150 mg/ke/
day): Rat received P. domestica 75, 100, 150 mg/ke/
day dissolved in distilled water by oral gavage.

The MTX + PD extract (75, 100 and 150 mg/ke/
day): Rat received MTX (75mg/kg, i.v. injection) and
were co-administered PD extract at doses of 75, 100
and 150 me/ke/day via oral gavage, respectively.

Rats that received MTX were also administered
with leucovorin (LCV) 6 mg/kg BW 18 hours post-MTX
and at 3 mg/ke BW at 26, 42, and 50 hours via i.p.
injection. LCV enters cells via the reduced folate

carrier (RFQ), similar to MTX, and subsequently
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competes with MTX during its transformation into
polyglutamate. As a result, LCV can mitigate the
toxic effects of MTX.

At the end of the treatment, the rats were
evaluated using the novel object location (NOL) and

novel object recognition (NOR) tests over 4 days.

Behavioral tests

Behavioral tests were employed to assess
cognitive function, spatial memory, and recognition
memory using the NOL and NOR tests, both conducted
before and after drug administration. The experimental
setup consisted of an open arena with dimensions of
50 x 50 x 50 cm and plastic bottles filled with water.
Data recording was conducted using video tracking
software (EthoVision®, XT version 12, Noldus,
Wageningen, Netherlands) for both tests.

The protocol for both the NOL and NOR tests
consisted of three phases: habituation, familiarization,
and choice trials. Prior to testing, rats were habituated
by being allowed to freely explore an empty arena
for 30 minutes. On a subsequent day, they underwent
a second habituation session, exploring the arena
without any objects for 3 minutes. During the
familiarization phase of both tests, two identical
objects were placed in different locations within the
arena, and each rat was allowed 3 minutes to explore
them. Afterward, the rats were returned to their
cages. In the NOL test, following a 15-minute interval,
one object was left in its original position (familiar
location; FL), while the other was moved to a new
location (novel location; NL). Each rat was then placed
back in the arena for 3 minutes to explore the objects.

In the choice phase of the NOR test, one familiar
object (FO) and one novel object (NO) was placed at
the same location as during the familiarization trial.
The rats were then allowed to explore objects in the
arena for 3 minutes.

The exploration time for each object or location
was meticulously recorded and calculated for each
trial of both behavioral tests. The difference in

exploration time between the novel and familiar

objects or locations were used to compute the
discrimination index (DI). The DI, regarded as a measure
of memory sensitivity, is crucial in assessing object
recognition in rats, as it can be evaluated based on
the difference in exploration time between novel and
familiar objects. To eliminate potential olfactory cues,
the arena and objects were thoroughly cleaned with

20% ethanol after each trial.

Statistical analysis

Total exploration time in both NOL and NOR
tests was analyzed using one way ANOVA followed
by Bonferroni’s post hoc test. The discrimination index
was analyzed using a one-sample t-test. Two-way
repeated measures ANOVA was used to evaluate
differences in body weight between a group.

All statistical analyses were performed using
GraphPad Prism (Version 9.0; Graphpad Software Inc.,
San Diego, CA, USA). All data were presented as mean
+ SEM, and the comparison was made using the
student’s t-test and ANOVA, A p-value of less than
0.05 (p < 0.05) was considered statistically significant.

Results
Effects of MTX and PD on weight gain
Throughout the experiment, the daily body
weight of the ratss was recorded. No significant
differences in body weight were observed among the
groups (p>0.05). These results suggest that neither
MTX nor PD had any adverse effects on body weight
(Figure 1).

f MTX+PDI00
% MTX+PD150

Body weight (gram)

400

Time (days)

Fig. 1 Body weight of rats throughout the drug

administration.
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Effects of MTX and PD crude extract on locomotor
activities

Total exploration time refers to the cumulative
time that rats spent exploring objects during both the
familiarization and choice trials. The findings showed
no significant differences in total exploration time in
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either the NOL or NOR tests, both before and after
drug administration (p > 0.05 Figure 2 and 3). These
results indicate that the drug administration did not
have a detrimental effect on locomotor activity.
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Fig. 2 Total exploration time of all rats in the NOL (A) and NOR (B) tests before drug administration.
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Fig. 3 Total exploration time of all rats in the NOL (A) and NOR (B) tests after drug administration.

Effects of MTX and PD crude extract on discrimination
Index (DI)

The DI measures the time spent by animals
exploring novel versus familiar objects during the
choice trial in both the NOL and NOR tests. Before
drug administration, there were significant differences
in DI between groups in either the NOL or NOR tests
(p<0.05, according to one-way ANOVA, as shown in
Figure 3A and 3B), indicating that all groups were able

to discriminate between novel and familiar objects.

However, after drug administration, the DI of
the vehicle group, all PD groups, and the co-treatment
group remained significantly higher than zero (p<0.05,
Figure 4A and 4B). In contrast, the DI of the MTX group
did not differ from zero (p>0.05, Figure 5A and 5B),
suggesting that MTX led to cognitive impairment.
Notably, in the PD-treated groups, the time spent
investigating novel objects increased, indicating that
PD has the potential to prevent and alleviate

MTX-induced cognitive impairment.
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(A) Discrimination index of NOL test
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Fig. 4 Before drug administration, the DI of the rats in the NOL (A) and NOR (B) tests. (*p<0.05, ** p<0.01, and

*** 1<0.001 significant differences compared to zero)
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Fig. 5 The DIs of the rats in the NOL (A) and NOR (B) tests after drug administration (*p<0.05, ** p<0.01, and ***

p<0.001 significant differences compared to zero)

Discussion

The present study, PD crude extract demonstrated
positive effects in the MTX-induced rat model,
effectively preventing cognitive impairment. This
consistent with previous research, which has shown
that PD play a beneficial role in supporting learning
and memory®’.

There was no significant difference in body
weight among all groups. In this study, the body
weight of rats in the MTX group and the co-treatment
group did not differ significantly from those in other

groups. This contrasts with previous studies, which
reported a decrease in body weight in MTX-treated
rats. Additionally, prior research has shown that
treatment with PD did not result in significant changes
in the rats’ body weight between the beginning and
end of the experiment®.

MTX is a folate antagonist widely used in the
treatment of various cancers. Numerous studies have
shown that high dose of MTX can induce cognitive
deficits' following a single intravenous injection of
MTX (37.5-300 mg/kg. MTX promotes the formation

of reactive oxidative species (ROS), leading to

90 AT UATUNT AT 2568;40(1) @ Srinagarind Med J 2025; 40(1)



miﬁﬂymﬁmmﬁﬁﬁﬁﬂMﬂgﬂ"qu APATINUNTDIVBIAIINTT @ The Impact of Prunus domestica L. Crude Extract

oxidative stress. Additionally, MTX disrupts DNA and
RNA synthesis by inhibiting the Dihydrofolate
reductase (DHFR) reaction, which ultimately leads to
cell apoptosis, contributing to negative effects on
memory and cognition. In this study, behavioral tests
were used to evaluate changes in memory related
mechanisms, allowing for the assessment of behavior
linked to specific brain regions. Animals with memory
impairment typically showed a lack of interest and
an inability to discriminate between objects or
locations'”. The NOL and NOR tests were selected
because they do not involve external stimuli, rewards,
or emotional stress, allowing to naturally explore
based on their innate preference for novelty'™".

In this study, behavioral testing revealed that
total exploration time did not differ significantly
among groups in either test, indicating that the drug
treatment did not negatively impact the rats” mobility
or locomotion ability. The rats co-treated with PD
extract demonstrated the ability to discriminate
between objects and locations in the NOL and NOR
tests. This finding aligns with earlier reports suggesting
that PD extract treatment can alleviate MTX-induced
memory deficits"'*. Furthermore, the DI in the NOL
and NOR tests was significantly different from zero in
the MTX-treated group, indicating that the rats
experienced spatial and recognition memory
impairments following MTX administration. These
results reinforce previous findings that chemotherapy
can lead to spatial memory deficits in rat
models.""" These studies are limited as they only
assess the acute or extremely short-term effects of
chemotherapy on cognition (e.g. within 1 month of
treatment. MTX has been shown to cause abnormality
of cell division and increase cell apoptosis by
inducing toxicity in neural stem cells within the
subgranular zone (SGZ) of the dentate gynes (DG)
in hippocampus, leading to memory system
impairment'. In contrast, rats treated with both MTX
and PD crude extract were able to discriminate
between the objects in both NOL and NOR tests, as

indicated by positive discrimination index values

significantly higher than zero. This is consistent with
previous research, which has demonstrated that the
antioxidant effects of phenolic phytochemicals in
plums inhibit enzymes responsible for superoxide
production, contribute to their positive effects on
learning and memory®”. These findings support the
conclusion that PD can prevent and ameliorate

memory deficit caused by MTX.

Conclusion
This study demonstrates that MTX can adversely
impact spatial and recognition memory in adult rats.
However, the administration of PD extract, either
alone or in combination with MTX, can help mitigate
memory deterioration. These findings suggest that PD
extract holds potential as a therapeutic agent to

alleviate MTX-induced memory impairment in rats.
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