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Abstract
Background and Objective: Memory loss and cognitive impairment are two of the most common age-related changes and the
exploration of possible interventions has attracted significant attention. Metformin (MET), the most widely used antidiabetic drug and
aspirin (AS), the most widely used anti-thrombotic drug, have both been shown to exert neuroprotective effects. This study explored the
possible  effects  of  MET  and  AS  in  attenuating  memory  loss  in  an  aging  model  established  by  the  administration  of  D-galactose
(200  mg/kg).  Materials  and  Methods:  Forty  adult  mice  were  separated  into 5  groups  at  random  (n  =  8  each):  Control,  aging,
MET (aging model injected with 100 mg/kg MET), AS (aging model injected with 10 mg/kg AS) and MET+AS (aging model injected with
100 mg/kg MET and 10 mg/kg AS). Anxiety-like behaviour was evaluated using the elevated plus maze test; two memory tests spatial
working and spatial recognition were evaluated using Y-maze. Haematoxylin and Eosin (H&E) staining was used for histological
assessment of hippocampal tissue. Results: The MET attenuated anxiety-like behaviours and markedly ameliorated hippocampal damage
in aging mice. Moreover, MET-mice group showed considerably improved spatial working memory in the Y-maze compared with the
aging group. The AS did not significantly affect spatial working memory or spatial recognition memory  performance  and  MET  and AS
co-treatment did not have any favourable additive effects on memory deterioration. Conclusion: These results suggested that MET
treatment improved spatial working memory by reducing hippocampal tissue damage in this model of aging and that there was no
significant effect of AS or combination treatment.
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INTRODUCTION

The physiological process of aging is complex and
unavoidable and is characterised by the progressive structural
and molecular deterioration of various tissues and cells in the
body1. Moreover, several pathological disorders can result
from the gradual alterations in physiological functions that
occur with aging2. Cognitive deterioration is a critical effect of
aging, particularly when it affects learning and memory, as this
can be a significant driver of various disabilities that can
reduce quality of life3,4. Therefore, there has been an
increasing interest in research on extending lifespan in animal
models of aging using different nutritional and therapeutic
interventions5.

The Metformin (MET) has been the most widely used
antidiabetic drug for more than 60 years. It controls blood
glucose levels by improving glucose utilisation and by
reducing  gluconeogenesis6.  Studies  have  established  the
high safety profile of long-term MET use and also its efficacy in
attenuating the aging process via several physiological
pathways5,7.  Consequently,  its  anti-aging  benefits  are
receiving increasing attention8. The MET administration was
reported to ameliorate aging-related diseases, including
cancer and cardiovascular diseases, as well as cognitive
impairments9,10. Moreover, MET could increase life expectancy
in the D-galactose-induced aging model in mice11,12. The MET
administration can lower intracellular reactive oxygen species
(ROS) levels by enhancing antioxidant enzyme activity and
acting as an anti-inflammatory agent13. It can easily pass
through the blood-brain barrier and disperse throughout
several brain regions and has been demonstrated to have
neuroprotective effects against several neurodegenerative
conditions, such as Alzheimer’s disease14.

The aspirin (AS) acts as an effective anti-inflammatory
agent  in  many  tissues  and  has  been  shown  to  act  on  a
variety  of  therapeutic  targets15.  Over  the  past  three
decades, AS at doses of 75-300 mg/day has been extensively
used to reduce the risk of thrombotic cardiovascular and
cerebrovascular disorders15. Significant biological effects, such
as anti-inflammatory and anti-thrombotic actions have been
reported in several neurological conditions as well16. The AS
also acts as an antioxidant by reducing the generation of
several ROS and by elevating the activity of antioxidant
enzymes17. Long-term treatment with AS was demonstrated
to reduce the learning and memory impairments associated
with diabetes and these effects were shown to be related to
the strength of its anti-inflammatory efficacy16. The low-dose
AS treatment could improve learning and memory in an aging

rat model, although a high dose aggravated the mental
symptoms in aging animals16,18,19.

The aging-related memory disorders have gained
widespread research interest exploring possible therapeutic
interventions. Numerous studies have investigated MET and
AS  as  prophylactic  and  therapeutic  agents  for  the
treatment  of  cognitive  disorders.  The  MET  and  AS  have
been found to share some underlying mechanisms of
neuroprotective effects, including antioxidant and anti-
inflammatory properties. However, the synergistic or additive
effects of their combination on deteriorating learning and
memory in D-galactose aging model have not been explored.
Current work aimed to explore the effects of MET and AS alone
and in combination on short-term spatial working memory
and spatial recognition memory in aging mice as well as their
impact on the hippocampus, which is the main memory-
related area of the brain.

MATERIALS AND METHODS

Study area: This study was conducted in the Pharmacy
College,   King   Abdulaziz,  University,  Saudi  Arabia,  from
2022 to 2023.

Animals: A total of 40 male SWR/J mice were used in this
study (age: 6-8 weeks, corresponding to 14-20 years in
humans, body weight, 18-22 g). The animals were purchased
from the Laboratory Animal Center of King Abdul-Aziz
University Pharmacy College, Jeddah, Saudi Arabia and
housed in five plastic cages (8 mice/cage) at an average room
temperature of 23±2EC and with ad libitum access to a
standard diet and water and a standard feed.

Ethical consideration: The Pharmacy College Animal Unit
Committee’s  Recommendations  were  followed  when
handling and caring for the mice. The King Abdul-Aziz
University  Biomedical  Ethics  Research  Committee  approved
all experiments (Reference No. PH-1443-40).

Treatments: The D-galactose solution was prepared by
dissolving extra pure D-galactose (Sigma-Aldrich, USA) in
normal  saline  and  given  daily   by   subcutaneous  injection
at   the   dose   of   200   mg/kg.   Metformin   (Glucophage™,
500  mg)  was  dissolved  in  normal  saline  and  given  daily by
intraperitoneal (i.p.) injection at the dose of 100 mg/kg20.
Aspirin (Bayer, Germany,100 mg) was dissolved in normal
saline  and  given  daily  by i.p.  at  the  dose  of  10  mg/kg.
Weekly  dose  adjustments  were  made  based  on  mouse
weight.
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Fig. 1: Experimental timeline with an overview of the treatments and behavioural tasks
Total study duration was 8 weeks. The MET and AS were administered from week 0, whereas D-gala was administered from week 1. Behavioural assessments
were conducted in week 9. On  the  4th  day  of  week  9,  mice  were  sacrificed  and  the  brains  were  removed  for  histological  analysis.  D-gala:  D-galactose,
MET: Metformin, AS: Aspirin, EPM: Elevated plus maze and created using BioRender.com

Experimental design: A schematic of the experimental
schedule  followed  in  this  study  was   shown   in   Fig.   1.
After  5  days  of  acclimatization,  the  40  mice  were
separated into five groups at random (n = 8 each): The control
group, aging group, aging group treated with MET, aging
group treated with AS and aging group treated with a
combination of both MET and AS. Mice in the control group
were  given  0.2  mL  of  normal  saline  intraperitoneally  and
0.2 mL subcutaneously once daily. All treatments were
administered  for  8  weeks  (six  consecutive  days  per  week).
The  MET  and  AS  were  administered  from  week  0,  whereas
D-galactose  was  administered  from  week  1.  Behavioural
tasks were  initiated  at  week  9.  On  the  4th  day  of  week  9,
brain tissues of sacrificed animals were extracted for
histopathological analysis.

Body weight assessment: During the experiment, the mice’s
weight was noted weekly and the percentage of weight gain
was calculated using the following formula:

Recent weight of  animal
Initial weight of  animalWeight gain (%) = ×100
Initial weight of  animal



Behavioural tests
Anxiety-like behaviour assessment: To measure anxiety-like
behaviour in experimental mice, the elevated plus maze task
(EPM) d maze made up of two closed arms (25×5×16 cm),
two  open  arms  (25×5×0.5  cm)   and  a  central  platform
(5×5   cm).   Each   animal  was  placed  on  the  maze’s  central

platform, facing the closed arm and given 5 min to freely
explore the maze which is known as a test period. The
experiment was performed in a quiet room and the maze was
cleaned with 70% ethanol to get rid of any lingering animal
smells or residues before each session.

The  following  equation  was  used  to  calculate  the
anxiety index21,22:

Open arm time Open arm entries
Total time in maze Total entriesAnxiety index = 1

2

            

The anxiety index has scores ranging from 0 to 1, the
scores close to 1 indicating a high level of anxiety23.

Spatial working memory: The spatial working memory of the
mice has been assessed by several behavioural tasks including
the assessment of spontaneous alterations in the Y-maze24.
The Y-maze apparatus used in this experiment consisted of
three arms of the same length (60 cm), width (10 cm) and
height  (15  cm)  and  labelled  A,  B  and  C.  The  mouse  is
allowed  5  min  to  explore  the  maze25.  During  the  5  min  of
the test, if the mouse visited the ABC, BAC or CBA arms
consecutively without repetition, it was given an alternation
score. An alteration score was assigned using the following
equation:

Number of  alternationsSpontaneous alterations (%) = ×100
Total arm entries 2
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Additionally, the number of total arm entries was
recorded to assess the locomotor activity of mice.

Spatial recognition memory assessment: Spatial recognition
memory of mice is a type of memory that was measured by
the   novel   arm   recognition   test   in   a   previous   by
Alzahrani et al.26. The procedure included two trials: A sample
and a test trial. In the sample trail, one arm of Y-maze was
closed  named  as  novel  arm  (N)  and  the  mice  freely
explored the other maze arms for 3 min. A sample trial was
implemented after 10 min, in which the N was unlocked and
again the mouse was free to explore the maze arms for 3 min.
Spatial recognition memory was measured by calculating of
time spent in the N, as animal with normal recognition
memory was spending more time investigating the N.

Histological assessment: The mice were sacrificed after being
anaesthetised using isoflurane. The brain was extracted, fixed
in 10% formalin for 24 hrs. The sagittal cut of the brain was
embedded in paraffin wax and sectioned (section thickness,
4-5 µm). After fixing the brain section on the glass slide,
Hematoxylin and Eosin (H&E) was used to stain it according to
the manufacturer’s protocol.

Statistical analysis: All values are presented as the
Mean±Standard    error    of   mean.   GraphPad    Prism   (9.0.2)

software was used for statistical analyses. One-way Analysis of
Variance (ANOVA) followed by the appropriate post-hoc  test
was used for comparisons among groups. If the p<0.05,
differences between groups were considered statistically
significant.

RESULTS

Effect of MET and AS on body weight: The percentage weight
change  was  measured  over  the  entire  8-week  period  that
MET  and  AS  were  administered.  The  weight  change
between  the  control  group  and  the  other  treated  groups
did not differ significantly (two-way repeated-measures
ANOVA (F (28, 224) = 0.3367, p = 0.9994) Fig. 2.

Effects of MET and AS on anxiety-like behaviour: The anxiety
index  in  the  EPM  task  was  used  to  evaluate  the  effects  of
MET and AS on anxiety. The anxiety index was considerably
higher in the aging group compared to control group
(p<0.0001) (Fig. 3) and considerably lower in the MET group
compared to aging group (p<0.0001). Anxiety was not
significantly ameliorated in the AS and MET+AS groups
compared to aging group (p = 0.9582 and 0.5921,
respectively).

Effects of MET and AS on spatial working memory: The
impacts of  MET  and  AS  on  mouse  spatial  working  memory

Fig. 2: Effects of MET and AS on percentage weight change
No statistically significant differences were seen in body weight between the groups, values represent as Means±SEM. Two-way repeated-measures ANOVA
was used followed by the Bonferroni multiple-comparisons test. MET: Metformin, AS: Aspirin, SEM: Standard error of the mean, ANOVA: Analysis of Variance,
ns: Non-significant, *p<0.05 and ****p<0.0001
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Fig. 3: Effects of MET and AS on anxiety index
A highly significant increase was showed in the anxiety index of the aging group compared to the control group. A highly significant decreases was showed
in the anxiety index of the MET group compared to the again group. Values represent as Means±SEM and two-way repeated-measures ANOVA was used
followed by Tukey’s post-hoc test. MET: Metformin, AS: Aspirin, SEM: Standard error of the mean, ANOVA: Analysis of Variance, ns: Non-significant, *p<0.05
and ****p<0.0001

were assessed based on the SAP in the Y-maze test. Compared
with the control, the SAP was considerably reduced in the
aging  group (p  =  0.0108)  (Fig.  4a).  Compared  with  the
aging group, the SAP was considerably improved in the MET
group (p = 0.0420). Whereas, in the AS group and MET and AS
group, the spatial working memory was not significantly
ameliorated (p = 0.2396 and p = 0.4631). The locomotor
activity of mice groups was determined by recording the
number of arm entries in Y-maze. Among mouse groups, there
was no considerable difference in the number of arm entries.
The (F (4, 35) = 0.557 and p = 0.6949)). Between the aging
group and the control, there was not a significant variance in
the number of arm entries (p = 0.7988) (Fig. 4b). Moreover, no
significant change was detected in the total number of arm
entries in MET group (p = 0.9843), AS group (p = 0.9994) and
MET+AS (p = 0.9990) compared to the control group.

Effects of MET and AS on spatial recognition memory: In the
novel arm (N) recognition task, the aging group spent less
time in the N comparing with the control group (p = 0.0166)
(Fig.  5).  No  significant  variance  was  observed  in  the  time
spent in the N between the aging and the MET (p = 0.3446),
AS (p = 0.2574) and MET+AS (p = 0.1830) groups.

Histological examination of the effects of MET and AS on
the hippocampus: The hippocampus was examined
histologically to identify the histopathological alterations in

the different groups. The dentate gyrus (DG), cornu ammonis
1 (CA1) and CA3 are the principal hippocampal regions
involved in memory function. The H&E staining of the control
group samples revealed that the shape and structure of the
hippocampus, including the DG, CA1 and CA3 were normal.

In the control group, three distinct layers could be
observed in both the CA1 and CA3 Fig. 6(a-b): The outer
molecular layer (ML), middle pyramidal cells (PC) layer (PCL)
and inner polymorphic layer (PML). The PCL was composed of
several layers of PC, which appeared larger and loosely packed
in the CA3 and smaller and densely packed in the CA1. The PC
had a triangular shape, with pale basophilic cytoplasm and
large, rounded vesicular nuclei. Both the ML and PML
consisted of a pinkish neuropil that contained axons and
dendrites, scattered neuroglial cells (NGs) and some blood
capillaries.

Three layers could also be observed in the DG (Fig. 6c):
Outermost   PML,   middle   granular   layer   (GL)   and
innermost ML. The GL was composed of small, compact
granular cells (GCs) with rounded nuclei. The ML and PML
contained the axons of the GCs and a few NGs and capillaries.
In the aging group, the PCL of the CA1 and CA3 had the most
significant alterations and  appeared  disorganised  compared
to that in the control group. Many PC showed degenerative
changes  and  appeared  shrunken,  with  condensed  nuclei
and a dark cytoplasm with scattered vacuoles Fig. 6(d-e). 
Regarding  the  DG  (Fig.  6f),  the  most  significant  alterations
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Fig. 4(a-b): (a) Effects of MET and AS on anxiety index and (b) Effects of MET and AS on the total number of arm entries
(a) SAP was significant reduced in the aging group compared to the control group. The SAP was significant improved in the MET group compared to
the again group, (b) There was no significant variance in  the  number  of  arm  entries  among  the  group,  Values  are  presented  as  Means±SEM  and
one-way ANOVA was used, followed by Tukey’s post-hoc  test. MET: Metformin, AS: Aspirin, SEM: Standard error of the mean, ANOVA: Analysis of
Variance, ns: Non-significant, *p<0.05 and ****p<0.0001

Fig. 5: Effects of MET and AS on time spent in the N
There was a significant reduction in the time spent in the N in the aging group compared to the control group. There was no significant elevation in the spent
in the N arm in the other treatment group compared with the again group, Values are presented as the Means±SEM, one-way ANOVA was used, followed
by Tukey’s post-hoc  test. MET: Metformin, AS: Aspirin, N arm: Novel arm, SEM: Standard error of the mean, ANOVA: Analysis of Variance, ns: Non-significant,
*p<0.05 and ****p<0.0001

1156

*

Control Aging MET AS MET and AS

*

ns

ns

100

80

60

40

20

0

S
(%

)
p

o
n

ta
n

eo
u

s 
al

te
ra

ti
o

n
s

(a)

Control Aging MET AS MET and AS

ns

ns

40

30

20

10

0

N
u

m
b

er
 o

f 
ar

m
 e

n
tr

ie
s

ns

ns

(b)

*

Control Aging MET AS MET and AS

ns

ns

150

100

50

0

D
u
ra

ti
o
n
 i

n
 t

h
e 

n
o
v
el

 a
rm

 (
s)

ns



Int. J. Pharmacol., 20 (7): 1151-1162, 2024

Fig. 6(a-f): Histological analysis of control and aging groups hippocampal tissue, (a) CA1 is composed of three layers, (b) CA3 was
composed of three layers, (c) Three layers were observed in both the upper and lower limbs of the DG, (d) The CA1
had disorganised PCL cells compared to the control group, (e) CA3 also had a disorganised PCL compared to the
control group and (f) DG had a dense GCL that contained many dark condensed GCs that separated by V (inset)
(a) Outer ML, middle PCL and inner PML. The PCL was composed of well-organized PCs with pale basophilic cytoplasm and large rounded vesicular
nuclei. Both the ML and PML contained NGs and a few bc, (b) ML, PCL and PML. The NGs and a few bc were observed in the ML and PML, (c) ML, GCL
and PML. GCL in the upper limb of the DG was composed of densely packed small, rounded to oval Gcs, (d) Several PCs appeared shrunken, with
condensed nuclei and dark cytoplasm with scattered V (inset). There were more NGs and dilated bc in the ML and PML and (e) Several PCs appeared
shrunken, with condensed nuclei and dark cytoplasm with scattered V. Both the ML and PML contained more NGs, V and dilated bc. Scale bar: 50 µm,
CA1: Cornu ammonis 1, PCL: Pyramidal cell layer, PC: Pyramidal cell, V: Vacuoles, NG: Neuroglial cell, bc: Blood capillaries, ML: Molecular layer, PML:
Polymorphic layer, CA3: Cornu ammonis 3, PCL: Pyramidal cell layer, DG: Dentate gyrus and GCL: Granular cell layer

were observed in the GCL, which contained several
disorganised, condensed and shrunken GCs. Additionally, the
ML and PML of the DG had increased numbers of dilated bc
and NGs.

In the MET group, there was a marked improvement in
the histopathological changes in the CA1 and CA3 in
comparison  with  the  aging  group  and  the  PCs  were
preserved  in  shape  and  showed  vesicular,   rounded  nuclei
Fig. 7(a-b). The architecture of the DG was also improved, with
a few changes in the GCL (dark, condensed GCs) (Fig. 7c).

In the AS group, the hippocampus examination revealed
relative improvements in histopathological changes
compared to those in the aging group, most PCs in the CA1
and CA3 were preserved in shape, but a few cells appeared
shrunken with a dark cytoplasm. In addition, the ML and PML
had more dilated capillaries and NGs compared to those in the
control group Fig. 7(d-e). In the DG (Fig. 7f), some GCs
appeared shrunken and condensed.

In the MET and AS groups, some cells appeared shrunken
with  a  dark   cytoplasm   in   the   CA1   and   CA3   Fig.   7(g-h).
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Fig. 7(a-i): Histological analysis of MET, AS and MET+AS groups hippocampal tissues, (a-b) In the CA1 and CA3 of MET, there was
a marked improvement in the histopathological changes compared to those in the aging group. PCs were preserved
in shape and showed vesicular, rounded nuclei, (c) There were few changes in the GCL of the DG (black arrow) in
comparison with aging group, (d-e) In the CA1 and CA3 of the AS group, there were a few PCs in PCL that appeared
shrunken and had a dark cytoplasm (black arrow). In the ML and PML, there were more NGs and some dilated bc than
in the control group, (f) In the DG, GCL (inset) contained normal rounded GCs, except some cells that appeared
condensed (black arrow), (g) In the CA1 PCL of the MET+AS group, some cells appeared shrunken and had dark
condensed nuclei (black arrow). In the ML and PML, there were more NGs and bc, (h) In the CA3, the presence of some
shrunken cells with dark condensed nuclei (black arrow) was observed in the PCL. There were some NGs and dilated
bc in the ML and PML and (i) In the DG, GCL (inset) mainly had normal GCs, with some cells that appeared condensed
(black arrow)
Scale bar: 50 µm, CA1: Cornu ammonis 1, PCL: Pyramidal  cell  layer,  PC:  Pyramidal  cell,  NG:  Neuroglial  cell,  bc:  Blood  capillaries,  ML:  Molecular  layer,
PML: Polymorphic layer, CA3: Cornu ammonis 3, PCL: Pyramidal cell layer, DG: Dentate gyrus, GCL: Granular cell layer and GC: Granular cell

There was a moderate improvement in architecture, with
the main changes occurring in the GCL of the DG in
comparison with aging group (Fig. 7i).

DISCUSSION

The physiological process of aging is associated with the
impairment of several memory-related abilities, which is
known as age-associated memory impairment. The decline  in

both short and long-term memory associated with aging has
been indicated in a number of human and animal studies26,27.
Nevertheless, some of the intrinsic biological changes
associated with aging can be targeted using therapeutic
interventions5. The MET and AS have been in clinical use for
many years, have been studied extensively, have good safety
profiles and possess unique properties that can regulate
several important pathways involved in aging and age-related
conditions5,15. However, the neuroprotective potential of the
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combination of the two against age-related memory
impairment has not yet been investigated. Thus, this study,
aimed to explore the potential neuroprotective impacts of
MET and AS, alone and in combination, against memory
decline in a D-galactose-induced senescence animal model,
focusing on how these drugs can affect short-term memory.

Several studies investigating the impacts of MET and AS
on aging have used natural aging animal models. However,
we conducted our study on a D-galactose-induced aging
model, which suitably mimics memory decline during
aging28,29. The ability to analyze the progression of aging in
isolation is one of the advantages of the senescence model
induced by D-galactose. However, in natural aging animal
models, comorbidities such as, malignancy, hypertension and
diabetes are additional confounding factors11.

Our results indicate that the administration of D-galactose
(200 mg/kg for 6 weeks) leads to several age-related
alterations, including short-term memory impairment,
increased anxiety-like behaviour and histological alterations
in the brain.

The percentage of weight gain to assess the general
health of the mice was evaluated for the first time. Current
findings indicated that there was no remarkable weight loss in
the aging model and other treatment groups in comparison
with the control. Thus, current data reported the good health
of animals and the lack of possible toxicity. However, these
results were inconsistent with those of a previous study, which
demonstrated that the body weight of the D-gala-induced
model was noticeably lower than the control30. The possible
reason for this difference in results could be the differences in
the models used and the duration of aging induction.

The locomotor activity of the mice was evaluated to
ensure normal functioning and that there was no interference
with memory. In this study, the result of Y-maze task indicated
that the total number of arm entries, which is indicative of
motor activity, did not differ among the groups. This result was
consistent with the results of other investigations that
revealed no considerable difference between the control and
the aging group in terms of locomotor activity11,30.

Working memory is commonly affected by aging owing
to neuronal damage31,32. In our study, the Y-maze tests
revealed a considerable decline in spatial working memory in
aged mice compared to that of the control mice. Thus, the
results found that the spatial working memory of aging mice
was impacted as reported in previous studies33,34.

Another type of spatial memory, spatial recognition
memory, was also assessed in this study. The hippocampus-

dependent “novel arm recognition task” is frequently used to
assess spatial memory in rodents35-37. Current findings showed
that the aging group significantly spent less time in the N than
the control group, which was indicative of a decline in spatial
recognition memory.

The aging process is commonly associated with memory
impairment, but it is also associated with emotional
dysfunctions such as anxiety. About 15-28% of older adults
show anxiety symptom that affect their life quality35,38,39.
Several previous studies reported that chronic administration
of D-galactose elevates anxiety-like behaviour in rodents,
mainly due to increasing ROS production40,41. Consistent with
these investigations, current study EPM results demonstrated
an increase in anxiety-like behavior in the D-galactose group.

Histological examination was performed using H&E
staining to assess hippocampal neurodegeneration associated
with cognitive decline. Examination of H&E-stained sections of
the aging group showed the existence of degenerative
alterations in CA1 and CA3 areas of the hippocampus
compared to the control group. Similarly, several studies have
also reported that D-galactose administration alters the typical
hippocampal cells in several regions, indicating hippocampal
degeneration29,36,42. As hippocampal damage often induces
spatial memory impairments, these results link our
behavioural observations with the histological findings43-45.

Several studies have reported that MET improves the
cognitive deterioration associated with aging37-39. In current
study, the behavioural analyses showed that MET treatment
considerably improved spatial working memory in the aging
mice, similar to previous studies finding4,11,46. Results found
that MET treatment, ameliorated anxiety-like behaviour in the
aging mice which was consistent with several previous studies
reported the anxiolytic effect of MET47-49.

To our knowledge, no study has investigated the effects
of MET on spatial recognition memory using novel arm-
recognition. The novel arm recognition task results indicated
that MET administration could not prevent the deterioration
of spatial recognition memory in the aging group. However,
according to the histological examination, MET treatment did
result in a marked reduction in the histopathological changes
in the hippocampus compared to those in the aging group,
with a nearly normal appearance of the PCL in the CA1 and
CA3 regions, which confirmed the neuroprotective effect of
MET.

Neuroprotective effects of AS have been reported in
several studies on aging, suggesting beneficial effects of AS on
cognitive   function42,43.   However,   few   animal  studies  have
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investigated the effects of AS on spatial working and spatial
recognition memory in aging models. Current findings
indicated no significant effect of low-dose AS treatment on
spatial memory performance, which does not agree with a
previous study that reported that chronic AS administration
improved spatial learning in aged rats47. However, current
findings  agreed  with  those  of  several  clinical  studies
indicating that low-dose AS does not improve cognitive
function in older individuals45,46. Furthermore, histological
examination of the hippocampus in the AS group revealed
very mild improvements in histopathological changes.

The MET and AS have been found to share some
underlying mechanisms of neuroprotective effects, including
anti-oxidant and anti-inflammatory properties47,48. Several
studies have investigated the possible synergistic effects of
MET and AS on diabetes48,49 and certain cancer types48,50.
Interestingly, no previous study has investigated the
combined effects of MET and AS on memory deterioration
associated with aging. The present study indicated that MET
does not potentiate the effects of AS on spatial working or
spatial recognition memory, as indicated by the Y-maze test
results.   Furthermore,   histological   examination   did   not
show a considerable difference between the histological
improvements  in  the  MET  and  combination  groups.
Consequently, no additive or synergistic effect was observed
when MET and AS were combined, which may be attributable
to several factors. The dose of MET (100 mg/kg) used in this
study may have a maximal effect on enhancing spatial
memory and alleviating anxiety in an aging model. Moreover,
both MET and AS could have a competitor or drug interaction
on the same receptor sites, which could have an impact on the
potential synergistic or additive effects of administrating these
drugs in combination.

In this work, AS alone and in combination did not
considerably affect anxiety and spatial working or recognition
memory. However, this could be due to the lower dose of AS.
Further investigations, including biochemical and genetic
analyses, are required to gain further insights into the
underlying mechanisms of action of MET and AS.

CONCLUSION

The present study provides evidence indicating that
chronic MET administration has a strong protective effect
against   the   spatial   working   memory   decline   and
anxiety-like behaviours associated with aging. However,
administration of low dose AS alone  had  no  effect  on  spatial

memory impairment or anxiety and co-treatment with MET
and AS did not exert additive or synergistic effects on
cognitive impairment in the aging mouse model.

SIGNIFICANCE STATEMENT

Metformin (MET) and aspirin (AS) have been shown to
exert neuroprotective effects. The present study was to
evaluate the possible effects of MET and AS in attenuating
memory loss in an aging model. The MET administration has
a strong protective effect against the spatial memory
impairment  and  anxiety-like  behaviours  associated  with
aging. However, administration of AS had no effect on spatial
memory impairment or anxiety, this could be due to the lower
dose of AS. The evaluation of the neuroprotective potential of
these drugs and results will be helpful in future studies of
optimal doses and the underlying mechanisms of these drugs
action against memory dysfunctions.

ACKNOWLEDGMENTS

We   would   like   to   thank   the   Pharmacy   College,
King Abdul-Aziz University, Jeddah, Saudi Arabia. Special
thanks to Dr. Hani Yousuf Abdullah, Dr. Hani Al Turkistani and
Faris Al-Hulumi from King Abdul-Aziz University, Jeddah for
their help in the histological examination.

REFERENCES

1. Weinert, B.T. and P.S. Timiras, 2003. Invited review: Theories
of aging. J. Appl. Physiol., 95: 1706-1716.

2. Sharma, S., S. Nozohouri, B. Vaidya and T. Abbruscato, 2021.
Repurposing metformin to treat  age-related
neurodegenerative disorders and ischemic stroke. Life Sci.,
Vol. 274. 10.1016/j.lfs.2021.119343.

3. Wang,   J.,   D.   Gallagher,   L.M.   DeVito,   G.I.   Cancino   and
D. Tsui et al., 2012. Metformin activates an atypical PKC-CBP
pathway to promote neurogenesis and enhance spatial
memory formation. Cell Stem Cell, 11: 23-35.

4. Kuan, Y.C., K.W. Huang, C.L. Lin, C.J. Hu and C.H. Kao, 2017.
Effects of metformin exposure on neurodegenerative
diseases in elderly patients with type 2 diabetes mellitus.
Prog. Neuro-Psychopharmacol. Biol. Psychiatry, 79: 77-83.

5. Kulkarni, A.S., S. Gubbi and N. Barzilai, 2020. Benefits of
metformin in attenuating the hallmarks of aging. Cell Metab.,
32: 15-30.

6. Kothari,  V.,  J.A.  Galdo  and  S.T.  Mathews,  2016.
Hypoglycemic agents and potential anti-inflammatory
activity. J. Inflammation Res., 9: 27-38.

1160



Int. J. Pharmacol., 20 (7): 1151-1162, 2024

7. Barzilai, N.R., 2017. Targeting aging with metformin (TAME).
Innovation Aging, 1: 743-743.

8. Gorgich,  E.A.C.,  H.  Parsaie,  S.  Yarmand,  F.  Baharvand  and
M.  Sarbishegi,  2021.  Long-term  administration  of
metformin   ameliorates   age-dependent   oxidative   stress
and cognitive function in rats. Behav. Brain Res., Vol. 410.
10.1016/j.bbr.2021.113343.

9. Pintana, H., N. Apaijai, W. Pratchayasakul, N. Chattipakorn and
S.C. Chattipakorn, 2012. Effects of metformin on learning and
memory behaviors and brain mitochondrial functions in high
fat diet induced insulin resistant rats. Life Sci., 91: 409-414.

10. Griffin, S.J., J.K. Leaver and G.J. Irving, 2017. Impact of
metformin on cardiovascular disease: A meta-analysis of
randomised trials among people with type 2 diabetes.
Diabetologia, 60: 1620-1629.

11. Fatemi, I.,  A.  Khaluoi,  A.  Kaeidi,  A.  Shamsizadeh,  S.  Heydari
and  M.  Allahtavakoli,  2018.  Protective  effect  of  metformin
on D-galactose-induced aging model in mice. Iran. J. Basic
Med. Sci., 21: 19-25.

12. Cai,  H.,  B.  Han,  Y.  Hu,  X.  Zhao  and  Z.  He et  al.,  2020.
Metformin  attenuates  the  D-galactose-induced  aging
process via the UPR through the AMPK/ERK1/2 signaling
pathways. Int. J. Mol. Med., 45: 715-730.

13. Mousavi,  S.M.,  S.  Niazmand,  M.  Hosseini,  Z.  Hassanzadeh,
H.R.  Sadeghnia,  F.  Vafaee  and  Z.  Keshavarzi,  2015.
Beneficial effects of Teucrium polium and metformin on
diabetes-induced memory impairments and brain tissue
oxidative damage in rats. Int. J. Alzheimer's Dis., Vol. 2015.
10.1155/2015/493729.

14. Markowicz-Piasecka, M., J. Sikora, A. Szyd»owska, A. Skupie½,
E. Mikiciuk-Olasik and K.M. Huttunen, 2017. Metformin-A
future therapy for neurodegenerative diseases. Pharm. Res.,
34: 2614-2627.

15. Khezrian,   M.,   J.M.J.   Waymont,   P.K.   Myint,   C.J.   McNeil,
L.J. Whalley, R. Staff and A.D. Murray, 2020. Aspirin moderates
the association between cardiovascular risk, brain white
matter hyperintensity total lesion volume and processing
speed in normal ageing. Maturitas, 133: 49-53.

16. Rizwan,  S.,  A.  Idrees,  M.  Ashraf  and  T.  Ahmed,  2016.
Memory-enhancing effect of aspirin is mediated through
opioid system modulation in an AlCl3-induced neurotoxicity
mouse model. Exp. Ther. Med., 11: 1961-1970.

17. Li,  H.,  W.  Li,  X.  Zhang,  X.C.  Ma  and  R.W.  Zhang,  2020.
Aspirin  use  on  incident  dementia  and  mild  cognitive
decline: A systematic review and meta-analysis. Front. Aging
Neurosci., Vol. 12. 10.3389/fnagi.2020.578071.

18. Andrews,   J.F.V.,   D.B.   Selvaraj,   A.   Kumar,    S.A.    Roshan,
M. Anusuyadevi and M. Kandasamy, 2023. A mild dose of
aspirin promotes hippocampal neurogenesis and working
memory in experimental ageing mice. Brain Sci., Vol. 13.
10.3390/brainsci13071108.

19. Xu, Y., T. Wu, Y. Jin and Z. Fu, 2009. Effects of age and jet lag
on  D-galactose  induced  aging   process.   Biogerontology,
10: 153-161.

20. Thangthaeng,   N.,   M.   Rutledge,   J.M.   Wong,   P.H.   Vann,
M.J.  Forster  and  N.  Sumien,  2017.  Metformin  impairs
spatial memory and visual acuity in old male mice. Aging Dis.,
8: 17-30.

21. Belovicova, K., E. Bogi, K. Csatlosova and M. Dubovicky, 2017.
Animal tests for anxiety-like and depression-like behavior in
rats. Interdiscip. Toxicol., 10: 40-43.

22. Serova, L.I., M. Laukova, L.G. Alaluf and E.L. Sabban, 2013.
Intranasal infusion of melanocortin receptor four (MC4R)
antagonist to rats ameliorates development of depression
and anxiety related symptoms induced by single prolonged
stress. Behav. Brain Res., 250: 139-147.

23. Dornellas, A.P.S., V.T. Boldarine, A.P. Pedroso, L.O.T. Carvalho
and I.S. de Andrade et al., 2018. High-fat feeding improves
anxiety-type behavior induced by ovariectomy in rats. Front.
Neurosci., Vol. 12. 10.3389/fnins.2018.00557.

24. Prieur,  E.A.K.  and  N.M.  Jadavji,  2019.  Assessing  spatial
working    memory    using    the    spontaneous    alternation
Y-maze test in aged male mice. Bio-Protocol, Vol. 9.
10.21769/BioProtoc.3162.

25. Xing, Z., Z. He, S. Wang, Y. Yan and H. Zhu et al., 2018.
Ameliorative  effects   and  possible  molecular  mechanisms
of  action  of  fibrauretine  from  Fibraurea  recisa   Pierre   on
D-galactose/AlCl3-mediated  Alzheimer’s  disease.  RSC  Adv.,
8: 31646-31657.

26. Alzahrani, N.A., K.A. Bahaidrah, R.A. Mansouri, H.M. Alsufiani
and   B.S.   Alghamdi,   2022.   Investigation   of   the  optima
dose  for  experimental  lipopolysaccharide-induced
recognition memory impairment: Behavioral and histological
studies. J. Integr. Neurosci., Vol. 21. 10.31083/j.jin2102049.

27. Hedden, T. and J.D.E. Gabrieli, 2004. Insights into the ageing
mind: A view from cognitive neuroscience. Nat. Rev.
Neurosci., 5: 87-96.

28. Sharma, S., S. Rakoczy and H. Brown-Borg, 2010. Assessment
of spatial memory in mice. Life Sci., 87: 521-536.

29. Kaviani,    E.,    M.    Rahmani,    A.    Kaeidi,    A.    Shamsizadeh,
M. Allahtavakoli, N. Mozafari and I. Fatemi, 2017. Protective
effect of atorvastatin on D-galactose-induced aging model in
mice. Behav. Brain Res., 334: 55-60.

30. Liu, J., D. Chen, Z. Wang, C. Chen, D. Ning and S. Zhao, 2019.
Protective effect of walnut on D-galactose-induced aging
mouse model. Food Sci. Nutr., 7: 969-976.

31. Xu,  P.,  K.  Wang,  C.  Lu,  L.  Dong  and  L.  Gao  et  al.,  2017.
The   protective  effect  of  lavender  essential  oil  and  its
main component linalool against the cognitive deficits
induced by D-galactose and aluminum trichloride in mice.
Evidence-Based Complementary Altern. Med., Vol. 2017.
10.1155/2017/7426538.

1161



Int. J. Pharmacol., 20 (7): 1151-1162, 2024

32. Zeng, X.J., P. Li, Y.L. Ning, Y. Zhao and Y. Peng et al., 2020. A2AR
inhibition in alleviating spatial recognition memory
impairment after TBI is associated with improvement in
autophagic flux in RSC. J. Cell. Mol. Med., 24: 7000-7014.

33. Xu, Y., Y. Yang, B. Li, Y. Xie, Y. Shi and G. Le, 2022. Dietary
methionine restriction improves gut microbiota composition
and prevents cognitive impairment in D-galactose-induced
aging mice. Food Funct., 13: 12896-12914.

34. Samad, N., I. Imran, I. Zulfiqar and K. Bilal, 2019. Ameliorative
effect of lithium chloride against D-galactose induced
behavioral and memory impairment, oxidative stress and
alteration  in  serotonin  function  in  rats.  Pharmacol.  Rep.,
71: 909-916.

35. Therrien, Z. and J. Hunsley, 2012. Assessment of anxiety in
older adults: A systematic review of commonly used
measures. Aging Mental Health, 16: 1-16.

36. Haider, S., L. Liaquat, S. Shahzad, S. Sadir and S. Madiha et al.,
2015. A high dose of short term exogenous D-galactose
administration in young male rats produces symptoms
simulating the natural aging process. Life Sci., 124: 110-119.

37. Firdaus,  Z.,  N.  Singh,  S.K.  Prajapati,  S.  Krishnamurthy  and
T.D. Singh, 2022. Centella asiatica prevents D-galactose-
induced cognitive deficits, oxidative stress and
neurodegeneration in the adult rat brain. Drug Chem.
Toxicol., 45: 1417-1426.

38. Mostafa, D.K., C.A. Ismail and D.A. Ghareeb, 2016. Differential
metformin  dose-dependent  effects  on  cognition  in  rats:
Role of Akt. Psychopharmacology, 233: 2513-2524.

39. Zhou,   W.,   A.   Kavelaars   and   C.J.   Heijnen,   2016.
Metformin   prevents   cisplatin-induced   cognitive
impairment and brain damage in mice. PloS One, Vol. 11.
10.1371/journal.pone.0151890.

40. Zhao, M., X. Cheng, X. Lin, Y. Han and Y. Zhou et al., 2019.
Metformin administration prevents memory impairment
induced  by  hypobaric  hypoxia  in  rats.  Behav.  Brain  Res.,
363: 30-37.

41. Sarkaki, A., Y. Farbood, M. Badavi, L. Khalaj, F. Khodagholi and
G. Ashabi, 2015. Metformin improves anxiety-like behaviors
through AMPK-dependent regulation of autophagy following
transient forebrain ischemia. Metab. Brain Dis., 30: 1139-1150.

42. Ashrostaghi, Z., F. Ganji and H. Sepehri, 2015. Effect of
metformin on the spatial memory in aged rats. Natl. J. Physiol.
Pharm. Pharmacol., 5: 416-420.

43. Ge, X.H., G.J. Zhu, D.Q. Geng, H.Z. Zhang and J.M. He et al.,
2017.  Metformin protects  the brain against
ischemia/reperfusion injury through PI3K/Akt1/JNK3
signaling pathways in rats. Physiol. Behav., 170: 115-123.

44. Garabadu, D. and S. Krishnamurthy, 2014. Diazepam
potentiates the antidiabetic, antistress and anxiolytic
activities of metformin in type-2 diabetes mellitus with
cooccurring stress in experimental animals. Biomed. Res. Int.,
Vol. 2014. 10.1155/2014/693074.

45. Nilsson,  S.E.,  B.  Johansson,  S.  Takkinen,  S.  Berg,  S.   Zarit,
G. McClearn and A. Melander, 2003. Does aspirin protect
against Alzheimer's dementia? A study in a Swedish
population-based sample aged >80 years. Eur. J. Clin.
Pharmacol., 59: 313-319.

46. Waldstein,   S.R.,   C.R.   Wendell,   S.L.   Seliger,   L.   Ferrucci,
E.J.   Metter   and   A.B.   Zonderman,   2010.   Nonsteroidal
anti-inflammatory drugs, aspirin, and cognitive function in
the Baltimore longitudinal study of aging. J. Am. Geriatrics
Soc., 58: 38-43.

47. Smith,   J.W.,   O.   Al-Khamees,   B.   Costall,   R.J.   Naylor   and
J.W.  Smythe,  2002.  Chronic  aspirin  ingestion  improves
spatial learning in adult and aged rats. Pharmacol. Biochem.
Behav., 71: 233-238.

48. Kang, J.H., N. Cook, J. Manson, J.E. Buring and F. Grodstein,
2007. Low dose aspirin and cognitive function in the
women's health study cognitive cohort. BMJ, Vol. 334.
10.1136/bmj.39166.597836.BE.

49. Veronese,   N.,   B.   Stubbs,   S.   Maggi,   T.   Thompson   and
P. Schofield et al., 2017. Low-dose aspirin use and cognitive
function in older age: A systematic review and meta-analysis.
J. Am. Geriatrics Soc., 65: 1763-1768.

50. Yue, W., X. Zheng, Y. Lin, C.S. Yang and Q. Xu et al., 2015.
Metformin combined with aspirin significantly inhibit
pancreatic cancer cell growth in vitro and in vivo by
suppressing anti-apoptotic proteins Mcl-1 and Bcl-2.
Oncotarget, 6: 21208-21224.

1162


	IJP.pdf
	Page 1




