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บทคัดย่อ
หลกัการและวัตถุประสงค์: การลดลงของความจ�าเป็นพยาธิสภาพหนึง่ทีพ่บได้มากในผูส้งูอาย ุการเสือ่มสภาพของสมองขณะทีอ่ายมุากขึน้สมัพนัธ์กับภาวะเครยีดออกซเิดชนัซึง่เหนีย่วน�า
อนมุลูอสิระทีเ่พิม่ขึน้ การท่ีเซลล์ถกูท�าลายและการตายของเซลล์ประสาท การศกึษาในสตัว์ทดลองพบว่าดกีาแลคโทส (D-galactose; D-gal) มผีลท�าให้เกดิการลดลงของวงจรประสาท
และการสร้างเซลล์ประสาทในชั้น SGZ ของ DG ในสมองส่วนฮิปโปแคมปัส ส่งผลให้สูญเสียความจ�า Prunus domestica L. (PD) หรือลูกไหนเป็นผลไม้ที่มีสารประกอบประเภท 
ฟีโนลิกและฟลาโวนอยด์ การศึกษาก่อนหน้านี้ได้รายงานผลของสารสกัดลูกไหนมีประโยชน์ต่อการเรียนรู้และความจ�า ดังนั้นการศึกษาครั้งนี้มีวัตถุประสงค์เพ่ือศึกษาผลของสารสกัด 
ลูกไหนต่อภาวะความจ�าบกพร่องในหนูที่ถูกเหนี่ยวน�าให้เกิดภาวะความชราด้วย D-gal
วธิกีารศกึษา: หนแูรทเพศผูส้ายพนัธุ ์Sprague Dawley ถกูแบ่งออกเป็น 8 กลุม่ ได้แก่ vehicle, D-gal, PD 75, PD 100, PD 150, D-gal + PD 75, D-gal + PD 100 และ D-gal + PD 150 
โดย D-gal (50 มก/กก.) ให้โดยการฉีดเข้าช่องท้อง และ PD (75, 100 และ 150 มก/กก.) ให้โดยการป้อนทางปาก วนัละคร้ัง เป็นเวลา 8 สปัดาห์ ในระหว่างการให้สารหนถูกูชัง่น�า้หนัก   
หลังจากนั้นหนูถูกทดสอบความจ�าด้วยการทดสอบ novel object location (NOL) และ novel object recognition (NOR) 
ผลการศกึษา: ไม่มคีวามแตกต่างกนัอย่างมนียัส�าคญัทางสถิต ิ(p>0.05) ของน�า้หนักและการเคลือ่นไหวของหนูทกุกลุม่ ส่วนการทดสอบความจ�า NOL และ NOR  กลุม่ vehicle, PD 75, 
PD 100, PD 150, D-gal + PD 75, D-gal + PD 100 และ D-gal + PD 150 สามารถแยกความแตกต่างอย่างมีนัยส�าคัญทางสถิติ (p<0.05) ระหว่างวัตถุวางในต�าแหน่งเก่าและใหม่ 
หรือวัตถุเก่าและวัตถุใหม่ ในทางตรงข้ามกลุ่ม D-gal ไม่สามารถแยกได้ในทั้งสองการทดสอบ
สรุป: การศึกษาในครั้งนี้แสดงว่า สารสกัดลูกไหน (75, 100 และ 150 มก/กก.) มีผลที่เป็นประโยชน์ดีต่อการลดภาวะความจ�าบกพร่องที่เกิดจากการเหนี่ยวน�าโดย D-gal ได้

ค�าส�าคัญ: ความจ�า, ลูกไหน, ดีกาแลคโทส, ชราภาพ

Abstract
Background and Objective: A decline in memory is the most common pathology of aging. Brain degeneration during aging is related to upregulating 
the reactive oxygen species (ROS) levels, which induce oxidative stress, neuronal damage, and neuronal apoptosis. In animal studies, D-galactose caused 
down-regulation of neuronal circuitry and neurogenesis in the subgranular zone (SGZ) of the hippocampal dentate gyrus (DG) resulting in memory impairment.  
Prunus domestica L. (PD) or look-nai is a fruit that contains phenolic compounds and flavonoids. Previous studies have reported the beneficial effects of 
PD extract on learning and memory. Therefore, this study aimed to study the effect of PD extract on memory impairment in aging rats induced by D-gal.
Methods: Male Sprague Dawley rats were divided into 8 groups: Vehicle, D-gal, PD 75, PD 100, PD 150, D-gal + PD 75, D-gal + PD 100, and D-gal + PD 150. 
D-gal (50 mg/kg) and PD (75, 100 and 150 mg/kg) were given by intraperitoneal injection and digestive gavage once a day for 8 weeks, respectively. Rats was 
weighed during the experiment. Then, memory was tested using the novel object location (NOL) and novel object recognition (NOR) tests. 
Result: There were no statistically significant differences (p>0.05) in body weight and locomotor activity among the groups. For the NOL and NOR memory 
tests, the vehicle, PD 75, PD 100, PD 150, D-gal + PD 75, D-gal + PD 100, and D-gal + PD 150 groups were able to discriminate between the objects placed 
at the familiar and novel locations or the familiar and novel objects (p<0.05). On the other hand, the D-gal group was unable to distinguish in both tests.
Conclusion: This study demonstrates that PD (75, 100 and 150 mg/kg) had a beneficial effect to ameliorate D-gal-induced memory impairment.

Keywords: memory, Prunus domestica L., D-galactose, aging
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Introduction
 Brain degeneration during aging is related to 
upregulating reactive oxygen species (ROS) levels, 
which induce oxidative stress, stimulating neuronal 
damages, and apoptosis of neurons. These alterations 
eventually lead to neuronal loss, dysfunction of 
neuronal plasticity, and decreasing neurogenesis in 
the brain1,2. Neurogenesis in the brain is found in two 
important neurogenic regions: the subgranular zone 
(SGZ) of the dentate gyrus in the hippocampus and 
the subventricular zone (SVZ) in the lateral ventricle. 
The hippocampal function is associated with working 
memory such as spatial memory. Navigational  
performance declines have been found in elderly 
people3.   
 D-galactose (D-gal) is an uncomplicated  
monosaccharide sugar and found in several fruits and 
vegetables4. It is well-known about D-galactose that 
can induce aging in adult rats by increasing the  
production of ROS, oxidative stress, dysfunctional 
mitochondria, and neural degeneration in the  
hippocampus5,6. Moreover, D-gal-induced aging in rats 
revealed impairments of recognition and spatial 
memory associated with a decline of cell proliferation, 
neuronal cell survival and immature neurons. Thus, 
aging rats exhibited a reduction of hippocampal  
neurogenesis related to memory impairment7.
 Prunus domestica L. (PD) is one of plum  
species. It is also a member of Rosacea family and 
prunus genus. Plums have been demonstrated to 
have several pharmacological capacities and utilized 
as anti-inflammatory and anxiolytic effects. Plums is 
also used as sedatives for neurasthenia and  
prevention of aging in folk Iranian medicine to prevent 
Alzheimer's disease8,9. According to many researchers, 
plums contain phenol and flavonoid compounds 
higher than other fruits10. 
 Therefore, this study aims to investigate  
neuroprotective effects of PD against memory deficits 
in aging rats induced by D-gal. Memory was assessed 
using the novel object location (NOL) and novel  
object recognition (NOR) tests, which are spatial and 
recognition memories, respectively11-13. 

Materials and Methods
Animals 
 Ninety-six adult male Sprague-Dawley rats  
(age: 8 weeks old, body weight: 280-300 g) were  
obtained from Nomura Siam International Co., Ltd. 
Pathumwan, Bangkok. This experimental protocol was 
performed in concordance with ethical guidelines and 
approved by Khon Kaen University Ethics Committee 
in Animal Research (IACUC-KKU-49/64). Animals were 
assigned 4 animals per a plastic cage with wood 
shaving bedding in a well-ventilated room preserved 
at 23-250C. All animals were given a 12-hour light/dark 
cycle, a standard balanced diet, and free access to 
food and tap water ad libitum. Animals will be raised 
without any drug administration for a 4-week period 
for acclimatization.

Plant collection and extraction
 PD fresh fruits were collected at the end of 
February 2021 at latitude/ longitude: 20° 11' 57" N / 
99° 53' 5" E from Mae Chan District, Chiang Rai  
Province, Thailand. The voucher specimen was  
authenticated and deposited at Medicinal Plants  
Innovation Center, Mae Fah Luang University,  
Thailand. The mature undamaged fruits were selected 
and washed thoroughly with distilled water. After that, 
it was macerated with 95% (v/v) ethanol for a week. 
The combined extract was filtered through filter  
paper. Then, we used the rotary to do solvent extraction. 
The yield of the crude extracts was 4.84 %. Finally, it 
was dissolved in a proper amount of distilled water 
to prepare the dose of extract as needed.

Drugs and administration schedules
 D-gal were purchased from Sigma Aldrich, Inc., 
St. Louis, USA, while PD crude extract was  
obtained from Medicinal Plant Innovation Center of 
Mae Fah Luang University, Muang, Chiang Rai,  
Thailand. The other chemicals employed were  
scientific standard. D-gal was dissolved in 0.9%  
normal saline for intraperitoneal (i.p.) administration, 
whereas PD extract was dissolved in distilled water 
for oral administration. All animals were randomly 
divided into 8 groups, with each group comprising of 
12 animals as follows:
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 Group I: Vehicle group received 0.9% normal 
saline by i.p. injection and distilled water by  
intra-gastric gavage.
 Group II: D-galactose group received D-gal 50 
(mg/kg/day, i.p.).
 Group III, IV, V: PD 75, 100, 150 groups received 
orally PD 75, 100, 150 mg/kg/day, respectively.
 Group VI, VII, VIII: D-gal + PD 75, D-gal + PD 100, 
D-gal + PD 150 groups received co-administration of 
D-gal 50 (mg/kg/day, i.p.) and PD orally 75, 100, 150 
mg/kg/day, respectively.
 The D-gal and PD doses were chosen based on 
published literatures research7,14.
 All animals were treated for 8 weeks. Three 
days after the drug administration, all animals were 
evaluated behavioral tests using the NOL and NOR 
tests (Fig 1).

Figure 1 Timeline of drug administration and behavioral 
testing

Behavioral tests
 The behavioral tests were performed before 
and after drug administration using the NOL and NOR 
tests. The equipment includes a 50-cm-square arena 
and water-filled plastic bottles. For data collection, 
the arena was placed under a digital camera attached 
to a computer recording method (EthoVision®, XT 
Version 12, Noldus, Wageningen, Netherlands).

NOL and NOR tests
 The NOL test includes three parts of trials: 
habituation, familiarization, and choice. For the  
habituation, the animals were able to explore an 
open-field arena for 30 minutes without stimulations 
a day foregoing testing. One day later, the animals 
were given 3 minutes to explore the arena without 
stimulations. Two similar objects were deposited in 
different locations in the arena for the animals to 

explore for 3 minutes in the familiarization trial.  
After exploring, animals were caged for 15 minutes  
(inter-trial interval; ITI). To remove odors, the arena 
and two objects were wiped with 20% alcohol.  
The choice trial was performed by placing one object 
at a familiar location (FL) and the other at a new  
location (novel location; NL) and then the animals 
explored the objects for 3 minutes.
 The NOR test employed the same procedure 
as the NOL test both the habituation and familiarization 
trials. During the choice trial, one of the duplicates or 
familiar objects (FO) and a novel object (NO) were set 
at the same location in the arena and the animals 
were allowed to explore the objects for 3 minutes. 
When the animals actively explored the objects by 
smelling, licking, or pointing the nose towards the 
object at a range less than 2 cm, the exploration time 
of the NOL and NOR tests was recorded. Results were 
expressed the locomotor activity of the animals and 
discrimination index (DI) (the capacity to distinguish 
between novel and familiar locations or objects). 
Animals typically spend more time exploring a new 
location or object than a familiar one in both tests. 
Consequently, the DIs must be significantly greater 
than zero.

Statistical analysis
 The data of the total exploration time in the 
NOL and NOR tests were analyzed using One-way 
analysis of variance (ANOVA), while the DI was  
analyzed using One-sample t-test followed by  
Bonferroni’s post hoc test. Two-way repeated measures 
ANOVA was used to determine the body weight  
(in gram) of animals among groups. Comparative  
significance was determined using p<0.05 as the  
cut-off point for statistical tests. Results were then 
demonstrated as mean standard error of the mean 
(SEM). The analysis was performed using GraphPad Prism 
(Version 9.0; GraphPad Software Inc., San Diego, CA, USA).

Results
1. Effects of D-gal and PD on weight gain
 Weighing the animals every day was a routine 
part of the experiment as shown in Figure 2. No  
significant differences of the body weight were  
detected among groups (p>0.05). Based on these 
findings, it appears that D-gal and PD did not have a 
negative effect on body weight.

-- 

Group III, IV, V: PD 75, 100, 150 groups received orally PD 75, 100, 150 mg/kg/day, 
respectively. 
Group VI, VII, VIII: Dgal + PD 75, Dgal + PD 100, Dgal + PD 150 groups received co
administration of Dgal 50 (mg/kg/day, i.p.) and PD orally 75, 100, 150 mg/kg/day, 
respectively. 
 The Dgal and PD doses were chosen based on published literatures research7,14. 
 All animals were treated for 8 weeks. Three days after the drug administration, all 
animals were evaluated behavioral tests using the novel object location (NOL) and novel 
object recognition (NOR) tests (Fig 1). 

 
Figure 1  Timeline of drug administration and behavioral testing 

 
Behavioral tests 

The behavioral tests were performed before and after drug administration using the 
NOL and NOR tests. The equipment includes a 50cmsquare arena and waterfilled plastic 
bottles. For data collection, the arena was placed under a digital camera attached to a 
computer recording method (EthoVision ®, XT version 12, Noldus, Wageningen, Netherlands). 
NOL and NOR tests 

The NOL test includes three parts of trials: habituation, familiarization, and choice. 
For the habituation, the animals were able to explore an openfield arena for 30 minutes 
without stimulations a day foregoing testing. One day later, the animals were given 3 
minutes to explore the arena without stimulations. Two similar objects were deposited in 
different locations in the arena for the animals to explore for 3 minutes in the familiarization 
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Figure 2 Body weight of animals throughout the drug 
administration.

2. Behavioral tests 
 2.1 Effects of D-gal and PD crude extract on 
locomotor activities
 The animal locomotor activity was evaluated 
using the total exploration time recorded during the 
tests. One-way ANOVA revealed that statistically  
significant differences were not revealed in both the 
NOL and NOR tests in all animal groups (p>0.05 Fig. 
3 and 4). As a result of evidence suggests that the 
drug administration does not impair motor integration.

Figure 3 Total exploration time of all objects explored by the animals in the NOL (A) and NOR (B) tests before drug 
administration.  All groups revealed no significant difference.

Figure 4 Total exploration time of all objects explored by the animal in the NOL (A) and NOR (B) tests after drug admin-
istration. All groups revealed no significant difference.

-- 
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Figure 4 Total exploration time of all objects explored by the animal in the NOL (A) and 
NOR (B) tests after drug administration. All groups revealed no significant difference. 
          2.2 Effects of Dgal and PD crude extract on discrimination index (DI)  

As part of the choice trail, the DI was calculated for the NOL and NOR tests. Before 
treatment, there were significant differences in DI among groups (<0.05, Fig. 5A and 5B). A 
pvalue less than 0.05 indicates the ability of all rats to distinguish between an object that 
had been relocated to a novel location and a novel object. The DI analysis performed after 
treatment revealed that there were significant differences in the DI in comparison with 0 in 
the vehicle, PD, and cotreatment with the PD groups. On the other hand, the Dgal group 
did not show any significant differences in the DI when compared to 0 (<0.05, Fig. 6A and 
6B). According to these findings, PD may help to improve memory impairments related to 
spatial navigation and recognition. 
 

 
 
 
 
 
 
 
 

Figure 5  Before drug administration, the DI of the animals in the NOL (A) and NOR (B) tests. 
(*p<0.05, ** p<0.01, and ***p<0.001 significant differences compared to zero) 

4A. Total exploration time of NOL test 4B. Total exploration time of NOR test 

5A. Discrimination index of NOL test 5B. Discrimination index of NOR test 
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 2.2 Effects of D-gal and PD crude extract on 
discrimination index (DI) 
 As part of the choice trail, the DI was calculated 
for the NOL and NOR tests. Before treatment, there 
were significant differences in DI among groups 
(p<0.05, Fig. 5A and 5B). A p-value less than 0.05  
indicates the ability of all animals to distinguish between 
an object that had been relocated to a novel location 
and a novel object. The DI analysis performed after  

treatment revealed that there were significant  
differences in the DI in comparison with 0 in the  
vehicle, PD, and co-treatment with the PD groups. On 
the other hand, the D-gal group did not show any 
significant differences in the DI when compared to 0 
(p<0.05, Fig. 6A and 6B). According to these findings, 
PD may help to improve memory impairments  
related to spatial navigation and recognition.
 

Figure 5 Before drug administration, the DI of the animals in the NOL (A) and NOR (B) tests. (*p<0.05, ** p<0.01, and *** 
p<0.001 significant differences compared to zero)

  

Figure 6 After drug administration, the DI of the animals in the NOL (A) and NOR (B) tests. (*p<0.05 and ** p<0.01  
significant differences compared to zero)

Discussion
 Numerous research have shown that  
accumulation of D-gal stimulates brain aging by  
initiating oxidative stress and inflammation, leading 
to loss of neuronal cells and memory. In this study, 
we used a D-gal-induced aging model to evaluate the 
protective effect of PD crude extract on the memory  

 
impairment caused by aging. In addition, co-treatment 
with PD in this study has a beneficial role in decreasing 
impairment induced by D-gal in rats15. Previous  
studies revealed no toxicity of PD in an in vivo study 
at 75,100,150 mg/kg doses and an in vitro study using 
MTT assay14,16.

-- 

 
 
 
 
 
 
 
 
 

Figure 4 Total exploration time of all objects explored by the animal in the NOL (A) and 
NOR (B) tests after drug administration. All groups revealed no significant difference. 
          2.2 Effects of Dgal and PD crude extract on discrimination index (DI)  

As part of the choice trail, the DI was calculated for the NOL and NOR tests. Before 
treatment, there were significant differences in DI among groups (<0.05, Fig. 5A and 5B). A 
pvalue less than 0.05 indicates the ability of all rats to distinguish between an object that 
had been relocated to a novel location and a novel object. The DI analysis performed after 
treatment revealed that there were significant differences in the DI in comparison with 0 in 
the vehicle, PD, and cotreatment with the PD groups. On the other hand, the Dgal group 
did not show any significant differences in the DI when compared to 0 (<0.05, Fig. 6A and 
6B). According to these findings, PD may help to improve memory impairments related to 
spatial navigation and recognition. 
 

 
 
 
 
 
 
 
 

Figure 5  Before drug administration, the DI of the animals in the NOL (A) and NOR (B) tests. 
(*p<0.05, ** p<0.01, and ***p<0.001 significant differences compared to zero) 

4A. Total exploration time of NOL test 4B. Total exploration time of NOR test 

5A. Discrimination index of NOL test 5B. Discrimination index of NOR test 

-- 

 
 

  
 
Figure 6 After drug administration, the DI of the animals in the NOL (A) and NOR (B) tests. 
(*<0.05 and ** <0.01 significant differences compared to zero) 
 

Discussion 
Numerous research have shown that accumulation of Dgal stimulates brain aging by 

initiating oxidative stress and inflammation, leading to loss of neuronal cells and memory. In 
this study, we used a Dgalinduced aging model to evaluate the protective effect of PD 
crude extract on the memory impairment caused by aging. In addition, cotreatment with PD 
in this study has a beneficial role in decreasing impairment induced by Dgal in rats15. 
Previous studies revealed no toxicity of PD in an   study at 70,100,150 mg/kg doses 
and an  study using MTT assay14,16. 
 After administration, the results showed that a significant difference in the body 
weight of the rats was not detected in all groups. This suggests that Dgal and PD did not 
affect to the body weight. Previous studies also revealed the body weight of animals 
received Dgal which is not altered when compared to the other groups. Even the treatment 
with hydroalcoholic extract of plum does not show significant differences in body weight of 
the animals14,17,18.  
 Under the experimental circumstances of this study, receiving Dgal or PD, as well as 
Dgal with PD, has no effect on the animal locomotor activity, as measured by the total 
exploration time in all the animal groups. Therefore, the behavioral tests carried out in this 

6A. Discrimination index of NOL test 6B. Discrimination index of NOR test 
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 After administration, the results showed that a 
significant difference in the body weight of the animals 
was not detected in all groups. This suggests that 
D-gal and PD did not affect to the body weight.  
Previous studies also revealed the body weight of 
animals received D-gal which is not altered when 
compared to the other groups. Even the treatment 
with hydro-alcoholic extract of plum does not show 
significant differences in body weight of the  
animals14,17,18. 
 Under the experimental circumstances of this 
study, receiving D-gal or PD, as well as D-gal with PD, 
has no effect on the animal locomotor activity, as 
measured by the total exploration time in all the  
animal groups. Therefore, the behavioral tests carried 
out in this investigation were not likely to be affected 
by motor impairments. D-gal has offered up  
comparable results, as reported7.
 This study is based on an animal's inherent 
preference for novelty and does not require any 
additional external reinforcement. The NOL and  
NOR are two effective behavioral tasks that are  
commonly used to determine the function and health 
of specific memory-related brain regions. The NOL 
focuses on spatial learning, which is heavily influenced 
by activity in the hippocampal brain region. A non-spatial 
learning of object identity, on the other hand, is 
evaluated by the NOR, which relies on a multiple of 
brain regions19,20. After drug administration, the D-gal 
group in this study was unable to distinguish between 
objects placed in the familiar and novel locations 
during the NOL test. In the same way as in the NOR 
test, the animals in the D-gal group were unable to 
recognize the difference between the familiar and 
novel objects. Memory and cognitive impairments are 
shown to be caused by D-gal, which is supported by 
findings that are consistent with previous studies7,18. 
Since D-gal can accelerate aging process in many 
organs by upregulating oxidative stress, ROS,  
apoptosis that can induce lipid peroxidation in the 
cell membranes and disrupt redox equilibrium,  
resulting in neuronal injury17,21. However, Positive DI 
values significantly greater than zero indicates that 
animals administered with both D-gal and PD were 
able to distinguish between an object placed in a 
novel location and a novel object. PD has the ability 
to reduce the effect of D-gal on memory impairments. 

Conversely, PD prevented the D-gal-mediated ROS 
accumulation, by regulating the antioxidant  
mechanisms through their interactions with activating 
the extracellular signal-regulated kinase (ERK) and the 
Akt signaling pathways, enhanced production of a 
transcription factor. This response induces the  
exhibition of neurotrophins that is essential for  
long-term memory and long-term potentiation (LTP) 
process22,23. However, further investigation in  
molecular testing may help to understand about 
hippocampal neurogenesis that relates to memory 
and develop PD as a memory supplement in aging.

Conclusion
 According to the findings of the current  
research, PD is able to protect against the memory 
impairment that is caused by D-gal in aged rats.  
This study suggests that PD has a beneficial effect on 
an animal model of age-related memory deficits.
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