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ABSTRACT
To examine the effect of consuming polyphenol-rich Oriental plum (Prunus salicina Lindl) on the cognitive performance and the expressions of cerebral neurodegeneration-related proteins in diabetic rats, Wistar rats were assigned into 4
groups: control (C, n = 14), nicotinamide/streptozotocin-induced DM rats (DM, n = 13), DM rats fed metformin (0.05%
w/w in the diet, MT, n = 18), and DM rats fed freeze-dried oriental plum powder (2% w/w in the diet, OP, n = 16) for 2
months. The cognitive performance was evaluated by testing in a Morris water maze. The insulin resistance, serum lipid
peroxidation, expressions of pathological proteins of AD, beta-amyloid (Aβ) and phosphorylated tau protein were also
measured. Consumption of plums significantly improved the spatial learning ability, reduced the insulin resistance, lipid
peroxidation, Aβ and phosphorylated tau protein expressions in the cerebral cortex (all P < 0.05), and decreased Aβ
deposition in the hippocampus of diabetic rats. In conclusion, polyphenol-rich Oriental plums ameliorated the cognitive
decline and reduced the expressions of pathological proteins of AD by possibly reducing hyperglycemia, insulin resistance, and oxidative stress in diabetic rats.
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1. Introduction
Alzheimer’s disease (AD) is the most common form of
dementia among older people and the most-prevalent
neurodegenerative disease, a disease with progressive
impairment of the structures and functions of neurons
[1-3]. The major features of AD are progressive memory
loss, cognitive impairment, and abnormal expressions of
proteins in the brain, such as accumulation of β-amyloid
(Aβ) and hyperphosphorylation of tau proteins [3]. As
the aging population increases, the prevalence of AD is
increasing year by year in the US [4]. In addition, more
than 95% of AD patients have sporadic AD (sAD) [5].
Evidence demonstrated that type 2 diabetes is one of the
main risk factors for sAD [2]. One study suggested that
over 80% of cases of AD had either type 2 diabetes or
impaired fasting glucose [6]. Furthermore, diabetes patients have a 50% - 75% increased risk of developing AD
Open Access

compared to non-diabetes patients [7].
Currently, the most prevailing hypothesis proposes
that insulin resistance and impaired glucose metabolism
in the brain play important roles in diabetes-caused AD
[8]. Review studies suggested that systemic insulin resistance is accompanied by central insulin resistance, and
such impaired insulin signaling results in abnormal protein expressions in the brain and cognitive decline [2,9].
However, the pathogenesis of diabetes-caused AD is still
not yet fully understood. Only a few studies were reported in a review using animal models with type 2 diabetes to investigate the possible pathogenesis of AD [1].
Pharmacological treatments can only presently slow
down the symptoms, but cannot cure or stop the progression of AD [8]. Thus, prevention of AD has become very
important. Polyphenols, such as flavonoids, are widely
distributed in fruits and vegetables. One review study
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suggested a role of polyphenols in preventing diabetes
and neurodegenerative diseases [10]. In addition, previous animal and human studies indicated the beneficial
effects of flavonoid-rich fruits, such as berries, on agerelated cognitive decline and neurodegeneration [11-14].
In addition to berries, plums are also rich in flavonoids,
especially in anthocyanins, and may be a good source of
natural antioxidants [15]. One study reported that plum
juice is effective in mitigating cognitive deficits in aged
rats [16]. However, studies related to preventing diabetes-caused cognitive declines, including learning and memory, with flavonoid-rich fruits are still limited. Therefore, we investigated whether supplementation with the
anthocyanin-rich Oriental plum (Prunus salicina Lindl),
which is abundant in central and northern Taiwan, could
ameliorate cognitive declines cerebral neurodegeneration-related protein expressions in rats with nicotinamide/streptozotocin-induced type 2 diabetes.

Table 1. Composition of the diets (%).
Ingredienta

C

DM

MT

OP

Corn starch

46.57

46.57

46.57

44.57

Dextrinized corn starch

15.50

15.50

15.50

15.50

Casein

14.00

14.00

14.00

14.00

Sucrose

10.00

10.00

10.00

10.00

Cellulose

5.00

5.00

5.00

5.00

Soybean oil

4.00

4.00

4.00

4.00

b

Mineral mixture

3.50

3.50

3.50

3.50

Vitamin mixturec

1.00

1.00

1.00

1.00

Choline bitartrate

0.25

0.25

0.25

0.25

L-cystine

0.18

0.18

0.18

0.18

0.0008

0.0008

0.0008

0.0008

Tert-butylhydroquinone

2. Materials and Methods

Metformind

-

-

0.05

-

2.1. Diet Preparation

Oriental plum powder

-

-

-

2.00

Fresh mature Oriental plums (P. salicina) were purchased from a local market in Taipei, Taiwan. Plums
were carefully cut and pitted. Pitted plums were lyophilized and ground to a powder. Plum powder was then
combined (at 2% w/w) with the basal diet, the AIN-93M
diet. This volume of plum powder in the plum diet is
similar to that used in previous studies in which beneficial effects on cognitive decline were found [16,17]. The
amount of corn starch in the basal diet was accordingly
adjusted when plum powder was added (Table 1). The
diabetes medication, metformin hydrochloride (Sigma, St.
Louis, MO, USA), was additionally added and combined
with the basal diet (0.05% w/w; Table 1). This volume
of metformin powder in the metformin diet was the same
as that used in a previous study in which beneficial effects on peripheral nerve function in rats with streptozotocin-induced diabetes were found [18].
First, confirm that you have the correct template for
your paper size. This template has been tailored for output on the custom paper size (21 cm * 28.5 cm).

2.2. Extraction of Polyphenols
Polyphenols in the plums were extracted by an ultrasound-assisted method [19]. Briefly, a mixture of 10 g of
lyophilized plum powder and 100 mL of 80% aqueous
methanol with 0.01% (v/v) HCl was sonicated for 20 min,
and then filtered through Whatman no. 2 filter paper
(Whatman International, Kent, UK). Extraction of the
residue was repeated using the same conditions. The two
filtrates were combined, and the solvent was removed
using a rotary evaporator at 40˚C. The remaining phenolic
Open Access

concentrate was dissolved in 100 mL of distilled deionized water (ddH2O) with 0.01% (v/v) HCl and stored
at −30˚C until being analyzed.

2.3. Determination of Total Polyphenols
Total polyphenols were evaluated using the microplateadapted colorimetric method with Folin-Ciocalteu’s reagent [20]. Briefly, 100 μL of each diluted extract, a gallic acid standard solution (0 - 0.2 mg/mL), and a blank
were added to 2-mL microtubes. Folin-Ciocalteu’s phenol reagent (200 μL of 10% (v/v)) was added to each
mixture and thoroughly mixed. Then 800 μL of 700 mM
Na2CO3 was added to each tube with mixing, and this
was incubated at room temperature for 2 h. The absorbance was read against a prepared blank in a 96-well microplate at 765 nm. Total polyphenols in plums were
expressed as milligrams of gallic acid equivalents (GAE)
per 100 g of the fresh edible portion.

2.4. Determination of Total Anthocyanins
Total anthocyanins were measured according to the pHdifferential method [21]. Briefly, 50 μL of diluted extracts were each diluted to a final volume of 5 mL by
0.025 M potassium chloride buffer at pH 1.0 and 0.4 M
sodium acetate buffer at pH 4.5. After allowing the mixture to sit for 15 min to equilibrate, the absorbance of the
two dilutions of each sample was measured against the
ddH2O blank at 520 and 700 nm. Cyanidin-3-glucoside
was used as a standard compound to quantify total anthocyanins; the amount which plums contained was exFNS

Consumption of Oriental Plums Improved the Cognitive Performance and Modulated the Cerebral
Neurodegeneration-Related Protein Expressions in Rats with Nicotinamide/Streptozotocin-Induced Diabetes

pressed as milligrams of cyanidin-3-glucoside equivalents (CGE) per 100 g of the fresh edible portion.

2.5. Animals
Male Wistar rats (BioLasco Taiwan, Taipei, Taiwan)
aged 16 weeks were housed in an air-conditioned room
(23˚C ± 2˚C; 50% - 60% relatively humidity) with a 12-h
light/dark cycle and ad libitum access to food and water.
Food intake and weights were recorded during the course
of the study. All animal experimental procedures followed published guidelines, Guide for the Care and Use
of Laboratory Animals, and were approved by the Institutional Animal Care and Use Committee of Taipei
Medical University, Taipei, Taiwan.

2.6. Experimental Procedures
Rats were matched by body weight (BW) and then randomly assigned to a control or diabetic group. Diabetes
was induced by an intraperitoneal (i.p.) injection of
streptozotocin (STZ; 45 mg/kg BW; Sigma, St. Louis,
MO, USA) followed 15 min later by an i.p. injection of
nicotinamide (200 mg/kg BW; Acros Organics, Geel,
Belgium). The control group received an injection of an
equivalent volume of normal saline. After 2 days, this
step was repeated as with a previously reported method
[22]. A rat was considered to be diabetic by the presence
of hyperglycemia (a fasting blood glucose level of >180
mg/dL), polyphagia, polydipsia, and polyuria 14 days
after the last induction date. Baseline blood samples were
collected 1 month after the day diabetes was confirmed.
Diabetic rats were then divided into three groups: an untreated group, a metformin group, and an Oriental plum
group. The control and untreated groups were maintained
on the basal diet. The metformin and Oriental plum
groups were respectively given metformin or the plum
diet. Rats in the four groups consumed the experimental
diets for 2 months. Rats were starved for 12 h and sacrificed under anesthesia by an i.p. injection of a Zoletil 50
(Virbac, Carros cedex, France) and 2% Rompun (Bayer,
Leverkusen, Germany) solution (1:1 ratio, 1 mL/kg BW)
after behavioral tests had been performed at 0 and 2
month of treatments. Blood was collected via cardiac
puncture. Following transcardial perfusion with ice-cold
0.1 M phosphate-buffered saline (PBS, pH 7.4), the
brains were quickly removed. Some brains were fixed
with 4% paraformaldehyde in PBS for a histological
analysis, and others were dissected, snap-frozen in liquid
nitrogen, and stored at −80˚C until being analyzed.

2.7. Blood Analysis
Fasting blood glucose (FBG) levels were measured using
a blood glucose meter (Easicheck, Pharmaco Industries
Open Access
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Limited, Trinidad & Tobago, WI, USA). The fasting
plasma insulin (FPI) concentration was measured using a
rat insulin enzyme-linked immunosorbent assay (ELISA)
kit (Mercodia, Uppsala, Sweden). The homeostasis model
assessment-insulin resistance (HOMA-IR) level, a marker
of insulin resistance, was calculated as previously described [23]. The serum thiobarbituric acid-reactive substance (TBARS) level, a marker of oxidative stress, was
measured using a fluorometric assay as previously reported [24].

2.8. Morris Water Maze (MWM)
The MWM was used according to previously described
procedures for assessing spatial learning and memory
[25]. Briefly, the apparatus (TSE Systems, Bad Homburg
vor der Höhe, Germany) consisted of a circular, 1.5-mdiameter, 30-cm-deep water pool (23˚C ± 1˚C) and a
2-cm submerged and hidden 14-cm-diameter platform in
one quadrant. The walls of the test room were marked
with distal cues, and the position of the platform remained unchanged throughout the testing. Rats were allowed to habituate in the test room for 1 h prior to the
experiments. An acquisition session was performed by
gently immersing a rat in the water starting at four locations randomly assigned for 3 consecutive days with four
trials per day (2 min/trial). A probe trial was performed
once (30 s) on day 4 with the platform removed. Performances were evaluated and analyzed with image
tracking software (FG34PATH, HaSoTec, Rostock, Germany) which allowed measurements of the latency time
and path length to find the platform.

2.9. Westerm Bolt Analysis
Tissue homogenates were lysed in RIPA buffer (50 mM
Tris-HCl, pH 7.6; 150 mM NaCl; 0.1% sodium dodecylsulfate; 0.5% sodium deoxycholate; and 1% Triton X100) with protease and a phosphatase inhibitor cocktail
(Thermo Fisher Scientific, Hanover Park, IL, USA). The
protein yield was quantified and then processed for
Western blotting. Primary antibodies against Aβ 1-40/42
(rabbit, 1:1000, Millipore), pS396-tau (rabbit, 1:1,000,
Millipore), tau (mouse, 1:500, Millipore), and β-actin
(mouse, 1:5000, Sigma) were used.

2.10. Immunohistochemistry
Brains were fixed and embedded in paraffin. Coronal
sections of 6 μm were obtained and dewaxed in xylene,
hydrated through graded alcohol and ddH2O, and washed
with 1× PBS (pH 7.4). An immunohistochemical staining
method was modified according to a previously described procedure [26]. Briefly, slides were treated with
0.5% H2O2 in methanol to inhibit endogenous peroxidase
FNS

1148

Consumption of Oriental Plums Improved the Cognitive Performance and Modulated the Cerebral
Neurodegeneration-Related Protein Expressions in Rats with Nicotinamide/Streptozotocin-Induced Diabetes

activity, followed by blocking with 5% non-fat milk in
PBS. Sections were incubated overnight with a primary
antibody against Aβ 1-40/42 (rabbit, 1:100) or pS396-tau
(rabbit, 1:300) at 4˚C. After washing with PBS, sections
were incubated with a biotinylated goat anti-rabbit secondary antibody at 37˚C for 1 h and horseradish peroxidase (HRP)-conjugated streptavidin at room temperature
for 1 h, and developed with a 5% 3,3’-diaminobenzidine
DAB solution. For pS396-tau staining, sections were
washed in water and counterstained with hematoxylin
(Muto Pure Chemicals, Tokyo, Japan) before being dehydrated and mounted.

2.11. Statistical Analysis
Data are presented as the percent or mean ± standard
error of the mean (SEM). Mean values obtained for more
than two groups were compared by a one-way analysis of
variance (ANOVA). Dunnett’s t-test was used to determine p values, and p < 0.05 was considered statistically
significant.

3. Results
Total polyphenol and anthocyanin contents in Oriental
plums are shown in Table 2. Total polyphenol and anthocyanin contents of the plum powder were 24.09 ±
0.11 mg GAE/g and 2.28 ± 0.01 mg CGE/g, respectively.
Total polyphenol and anthocyanin contents of the edible
portion of fresh plums were 238.51 ± 1.09 mg GAE/100
g and 22.53 ± 0.14 mg CGE/100 g, respectively.
Figure 1 shows changes in rat BWs before (−1 - 0
month) and after (1 - 2 months) treatment. There were no
significant differences in BWs between the control and
diabetic rats on the day (−1 month) diabetes was initially
confirmed. BWs of diabetic rats significantly decreased
compared to control rats at 0, 1, and 2 months (p < 0.001).
Treatment of diabetic rats with metformin or Oriental
plum for 1 month significantly increased BWs (p < 0.001
and 0.05, respectively) relative to the untreated diabetes
(DM) group. At 2 months, the BW of the metformin (MT)
group had significantly increased (p < 0.05), and that of
the Oriental plum (OP) group had increased but not sigTable 2. Total phenolic and anthocyanin contents in the
oriental plumc.
Total phenolicsa

Total anthocyaninsb

Dry powder (g)

24.09 ± 0.11

2.28 ± 0.01

Fresh edible portion (100 g)

238.51 ± 1.09

22.53 ± 0.14

Oriental plum samples

a

Total phenolic contents are expressed as milligrams of gallic acid equivalents. bTotal anthocyanin contents are expressed as milligrams of cyanidin-3-glucoside equivalents. cValues are the mean ± SEM of triplicate
samples.
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Figure 1. Rat body weights before (−1 - 0 month) and after
(1 - 2 month) treatment. Values are the mean ± SEM (n = 5
for groups with 2 months of treatment; n = 10 for other
groups). C, control; DM, untreated diabetes; MT, metformin; OP, Oriental plum. All data were analyzed by a
one-way ANOVA, followed by Dunnett’s t-test. **p < 0.001
vs. the C group. †p < 0.05; ††p < 0.001 vs. the DM group.

nificantly (p = 0.079) compared to the DM group. Average food intake levels of rats for 2 months are shown in
Table 3. Food intake levels of diabetic rats significantly
increased compared to control rats (p < 0.001); however,
there were no significant differences in food intake levels
between treated and untreated diabetic rats.
Changes in FBG, FPI, and HOMA-IR levels of rats at
0 and 2 month are shown in Table 3. FBG levels of diabetic rats were significantly higher than those of control
rats at 0 and 2 months (p < 0.001). After 2 months of
treatment, FBG levels in the MT and OP groups were
significantly lower relative to those of the DM group (p <
0.001). FPI levels of diabetic rats were significantly
lower than those of control rats at 0 and 2 months (p <
0.001 and 0.05, respectively). There were no significant
differences in FPI levels between treated and untreated
diabetic rats at 2 months. HOMA-IR levels of diabetic
rats were significantly higher than those of control rats at
0 and 2 months (p < 0.001). After 2 months of treatment,
HOMA-IR levels in the MT and OP groups were significantly lower compared to those of the DM group (p <
0.001).
Changes in TBARS levels of rats at 0 and 2 month are
shown in Table 3. The TBARS level of diabetic rats was
slightly higher than that of control rats at 0 month. In
addition, TBARS levels of the DM and MT group were
significantly higher than that of control rats at 2 month (p
< 0.001).Meanwhile, the TBARS level of the OP group
significantly decreased (p < 0.001), but there was no significant difference in the MT group compared to the DM
group.
Figure 2 shows the performances of rats in the MWM
at 0 and 2 months, in which spatial learning and memory
FNS
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Table 3. Effects of treatments on food intake, fasting blood glucose (FBG), insulin, homeostasis model assessment-insulin resistance (HOMA-IR) and thiobarbituric acid-substance (TBARS) levels at 0 and 2 months.
Month

C

DM

MT

OP

23.8 ± 0.6

33.4 ± 0.4**

34.4 ± 0.2**

34.5 ± 0.1**

0

126.4 ± 3.2

392.4 ± 5.7**

392.4 ± 5.7**

392.4 ± 5.7**

2

126.2 ± 6.2

540.8 ± 22.1**

300.0 ± 25.1**††

310.3 ± 27.9**††

0

0.49 ± 0.02

0.34 ± 0.01**

0.34 ± 0.01**

0.34 ± 0.01**

2

0.59 ± 0.04

0.44 ± 0.01*

0.47 ± 0.02

0.43 ± 0.01**

0

3.75 ± 0.10

8.30 ± 0.09**

8.30 ± 0.09**

8.30 ± 0.09**

2

4.49 ± 0.17

14.64 ± 0.39**

8.66 ± 0.49**††

8.35 ± 0.60**††

0

0.96 ± 0.10

1.16 ± 0.07

1.16 ± 0.07

1.16 ± 0.07

2

0.85 ± 0.02

1.54 ± 0.09**

1.40 ± 0.10**

0.93 ± 0.06††

Food intake (g)
FBG (mg/dL)

FPI (μg/L)

HOMA-IR

TBARS (nmole/ml)

C, control; DM, untreated diabetes; MT, metformin; OP, Oriental plums; HOMA-IR, (fasting blood glucose (mmol/L) × fasting plasma insulin (mU/L)/22.5);
N/A, not applicable. Values are the mean ± SEM (n = 7 for the diabetic rat groups at 0 month; n = 4 for all other groups). All data were analyzed by a one-way
ANOVA, followed by Dunnett’s t test. *p < 0.05; **p < 0.001 vs. the C group. †p < 0.05; ††p < 0.001 vs. the DM group.

were examined. The latency time and path length to find
a hidden platform during a 3-day acquisition session,
which were considered an index of spatial learning ability, in diabetic rats were higher than those of control rats
at 0 months (Figures 2(a) and (b)). Meanwhile, the percent time in the target quadrant in the probe trial, which
was considered an index of reference memory, in diabetic rats was significantly lower than that of control rats
(p < 0.05; Figure 2(c)). In addition, the latency time and
path length in the MT and OP groups were lower compared to those of the DM group after treatment for 2
months (Figures 2(d) and (e)). However, there were no
significant differences in the percent time between treated
and untreated diabetic rats (Figure 2(f)).
Figure 3 shows the Aβ expression and tau phosphory
lation at Ser396 in rat brains after 2 months of treatment.
The Aβ expression level in the cerebral cortex of the DM
group was significantly increased after diabetes for 3
months compared to that of the control group (p < 0.05;
Figure 3(a)), and those in the MT and OP groups were
significantly lower relative to that of the DM group (p <
0.05; Figure 3(a)). In addition, phospho-tau expression
in the cerebral cortex of the DM group was significantly
higher compared to that of the control group (p < 0.001;
Figure 3(b)), and those in the MT and OP groups were
significantly lower relative to that of the DM group (p <
0.05).
Immunohistochemical staining results of Aβ and phospho-tau in the hippocampus of rats after 2 months of
treatment are shown in Figure 4. There were Aβ depositions in the hippocampal CA1 region of DM rats, as indicated by arrows in Figure 4(a). No Aβ deposition in
control or MT rats was observed, but there was mild Aβ
Open Access

deposition in OP rats (Figure 4(a)). In addition, phospho-tau, which mainly was localized in mossy fibers, in
the hippocampal CA3 region of diabetic rats had increased compared to those of the control group (Figure
4(b)).

4. Discussion
Nicotinamide can protect pancreatic β-cells against cytotoxic effects of STZ so that diabetic syndrome can be
induced with reduced pancreatic insulin stores in adult
rats, which mimics some features of type 2 diabetes [27].
In the present study, more than 1 month of nicotinamide/
STZ-induced diabetes caused deterioration of cognitive
performance in the MWM, including spatial learning and
memory. In addition, Aβ and phospho-tau levels in the
cerebral cortex and hippocampus of diabetic rats had
increased after 3 months of diabetes compared to normal
rats. Meanwhile, 2 months of treatment with Oriental
plums improved spatial learning performance and decreased Aβ and phospho-tau levels in the cerebral cortex
of diabetic rats.
Although the pathogenesis of cognitive impairment in
diabetes is not completely understood, diabetes-caused
factors such as increased oxidative stress, impaired glucose metabolism, and insulin resistance have been linked
[1]. Animal and clinical studies found that diabetes led to
a significant increase in serum TBARS levels [28,29],
which is considered a marker of lipid peroxidation and
oxidative stress [30]. Imbalances of oxidative homeostasis leading to increased lipid peroxidation were revealed
to be important factors involved in neurodegenerative
diseases such as AD [31].
FNS
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Figure 2. Spatial learning and reference memory in control and diabetic rats before (0 months; (a)-(c)) and after treatment (2
months; (d)-(f)). Values are the mean ± SEM (n = 4 per group) of the latency time ((a) and (d)) and path length ((b) and (e)) to
find a hidden platform during a 3-day acquisition session in four-trial blocks, and of percent time ((c) and (f)) in the target
quadrant in the probe trial. All data were analyzed by a one-way ANOVA. *p < 0.05; **p < 0.001 vs. the C group. †p < 0.05; ††p
< 0.001 vs. the DM group.

In addition, oxidative stress is thought to play an important role in the development of cognitive impairments
in diabetes [32]. In this study, the serum TBARS level in
DM rats was higher than that in control rats at 2 months
(Table 3), suggesting that the cognitive decline in DM
Open Access

rats may have partly been caused by oxidative stress.
Furthermore, after consuming Oriental plums for 2
months, the TBARS level had decreased in diabetic rats,
suggesting that the improvement in cognitive performance may have been due to the antioxidant property of
FNS
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Figure 3. Effects of 2 months of treatment on β amyloid (Aβ) (a) and phospho-tau (Ser396) (b) expressions in the cerebral
cortex of rats. Values are the mean ± SEM (n = 3 per group) of the percent relative density (control set to 100%). All data
were analyzed by a one-way ANOVA, followed by Dunnett’s t-test. Bars with different letters indicate a significant difference
(p < 0.05).

(a)

(b)

Figure 4. Immunohistochemical staining of β amyloid (Aβ) and phosphorylated tau in the hippocampus of rats after 2 months
of treatment. (a) Photographs of the hippocampal CA1 region in rats. Arrows indicate Aβ deposition; (b) Photographs of the
hippocampal CA3 region in rats. Hyperphosphorylated tau was mainly localized in mossy fibers. All scale bars, 100 μm.
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the plums. Compared to plums, there were no significant
differences in serum TBARS levels after treatment with
metformin for 2 months, suggesting that metformin possibly ameliorated the cognitive decline through other
mechanisms. In addition, while a cognitive decline was
observed in diabetic rats at 0 months (Figure 2(a)), there
were no significant differences in serum TBARS levels
between control and diabetic rats (Table 3). This result
suggests that other factors related to cognitive impairment exist. Chronic hyperglycemia is thought to be associated with cognitive impairment in diabetes [33,34]. In
this study, hyperglycemia was observed in diabetic rats,
and the FBG level in the OP group decreased after 2
months of treatment (Table 3), suggesting that consuming Oriental plums ameliorated the cognitive decline in
diabetic rats by possibly reducing hyperglycemia. Previous studies suggested that systemic insulin resistance is
accompanied by central insulin resistance, and such impaired insulin signaling results in Aβ deposition and tau
phosphorylation in the brain leading to cognitive decline
[2,9,35,36]. In the present study, increased HOMA-IR,
Aβ, and phospho-tau levels were observed in diabetic
rats and were reduced in the OP group after 2 months of
treatment, suggesting that consuming Oriental plums
ameliorated the cognitive decline and reduced Aβ and
phospho-tau expressions in diabetic rats by possibly reducing insulin resistance. Indeed, hyperglycemia was
also associated with oxidative stress, and increased levels
of reactive oxygen species were proposed as leading to
insulin resistance [37]. In this regard, these underlying
mechanisms such as oxidative stress, hyperglycemia, and
insulin resistance linking diabetes and cognitive impairments could interact.

5. Conclusion
2 months of treatment with Oriental plums reduced the
expressions of cerebral Aβ and phospho-tau, while ameliorated cognitive impairments by possibly reducing hyperglycemia, insulin resistance, and oxidative stress in
rats with nicotinamide/STZ-induced diabetes. These
changes contributed to the beneficial effects of Oriental
plums against AD pathology in diabetes.
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