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ABSTRACT

Obijective: Novel investigations have confirmed that hyperglycemia is strictly associated with the development of cognitive impairment and
dementia. Sodium-dependent glucose transporter (SGLT) inhibitors, which are oral antidiabetic drugs, are currently being investigated as the
medication in Alzheimer’s disease (AD). In our study, Camellia sinensis (green tea), which inhibits sodium-dependent glucose transporter-1
(SGLT-1), was used in the treatment of type 2 diabetes mellitus (T2DM)-induced AD-like alterations via its antidiabetic effects.

Methods: High-fat diet/streptozotocin-treated rat model was chosen to provide T2DM-induced AD-like alterations. Antidiabetic effects were
evaluated with the measurement of blood glucose level (BGL), oral glucose tolerance test (OGTT), and insulin tolerance test (ITT). On the other
hand, novel object recognition test (NORT), open field test (OFT), passive avoidance test (PAT), and Morris’s water maze (MWM) test were
performed to investigate the anti-Alzheimer’s effects of C. Sinensis.

Results: C. sinensis tolerated BGL for a short time but metformin, the first medication prescribed for T2DM, tolerated BGL during the test for
120 min. C. sinensis increased the number of square crosses and the frequency of grooming activity in a similar manner to metformin in OFT.
C. sinensis treatment improved exploratory behavior and memory retention components in NORT. The step-through latency decreased in HFD/
STZ-treated rat model but it improved with metformin and C. sinensis treatment in PAT. According to the results obtained by the MWM test, C.
sinensis treatment slightly improved learning.

Conclusion: C. sinensis improved short-term memory and increased the locomotor activity in rats according to the results obtained by NORT,
OFT, and PA.
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1. INTRODUCTION

neurons. Actually this differances that occurs with damaging
and destroying of neuron cells in the brain are thought to
began 20 years or more before symptoms arise with small
changes that are unnoticeable to the person affected. (3, 5-8)

Alzheimer’s disease (AD), a progressive brain disorder, is the
most common form of dementia among older adults. (1) An
estimated 6 million Americans of all ages are living with AD
in 2019. Out of the total USA population, one in 10 people

at the age of 65 and older has AD. This disease is becoming When the first stage of the onset of Alzheimer’s appearance,

a menace to aging population all over the world and it is
expected to has 13—20 million AD cases in the next three
decades. (2-4)

According to studies, AD is characterized with the occurrence
of loss of synapses, changes in neurotransmitter expression,
reduced neutrophil numbers, synaptotoxicity, extracellular
amyloid-B (AB) plaques and neurofibrillary tangles in the
intracellular environment, neuronal death and neural
atrophy in the final phase. Beta-amyloid plaques may
contribute to cell death by interfering with neuron-to-neuron
communication at synapses, while tau tangles block the
transport of nutrients and other essential molecules inside

the brain can initially compensate it, but as the damage to
nerve cells continues, the brain can no longer compensate
for the changes and AD causes to loss intellectual and social
skills of people by affecting their ability such as thinking,
speaking, learning, memory, walking, swallowing, resuming
daily activities, planning family events or participating in
sports. When patients reach the final stages of Alzheimer’s
disease, they become bed-bound and require 24-hour care.
Alzheimer’s disease is ultimately fatal.(3, 9)

In some studies AD is found to be associated with
multiple risk factors such as aging, psychosocial (e.g., low
educational level, lack of social engagement, and poor social
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networking), genetic (family history), genetic mutations
(the extra copy of chromosome 21 that characterizes Down
syndrome), traumatic brain injury, carrying the e4 form of
the apolipoprotein E (APOE) gene, vascular parameters (e.g.,
obesity, tobacco use, and blood cholesterol) and vascular
diseases (e.g., diabetes mellitus, hypertension, and stroke).
(5, 8,10, 11)

Type 2 Diabetes Mellitus (T2DM), characterized by
hyperglycemia, insulin resistance, and impaired insulin
sensitivity. T2DM accounts for 90-95% of all diabetes by
affecting over 300 million people worldwide. T2DM causes
various serious complications of heart, eyes, nerves, liver
and kidneys and is associated with decrements in cognitive
function and changes in brain structure. Normal brain
function is further compromised by the decreased ability of
the brain to metabolize glucose that is main fuel of brain. (12-
14)

In in vitro, in vivo and human clinical studies, after the
appearance of T2DM, T2DM has been found to be effective
in the initiation and progression of AD with common
biological mechanisms directly or as cofactor. These
biological mechanisms are insulin resistance, impaired
glucose metabolism, B-amyloid formation, oxidative stress
and the presence of advanced glycation and products. (15)
It is thought that AD occurs when a similar cellular insulin
resistance and insulin deficiency process occurs in the brain.
(16)

In literature, it has been shown that high-fat diet (HFD) is
a common risk factor for T2DM and AD. Therefore, HFD/
streptozotocin (STZ)-treated rat models were used to provide
T2DM-induced AD-like alterations in some studies and also in
our study. (17-19)

AD treatment is divided into pharmacological and non-
pharmacological, but both treatments do not slow or stop the
damage and destruction of neurons that cause AD symptoms.
The pharmacological treatment of rivastigmine, galantamine,
donepezil, memantine, donepezil and tacrin combined with
memantine treatment is approved by the US Food and Drug
Administration (FDA) and this treatment includes vitamins
C, D and E, omega-3 fatty acids and ginkgo biloba for use as
complementary therapy. Also, some plant extracts are used
and found effective in the treatment of AD. (20-23) Non-
pharmacological treatment includes computerized memory
training, listening to your favorite music and special lighting
to reduce sleep disturbances. (11, 24)

Moreover, a sufficient medical treatment targeting AD in
T2DM patients has not yet been proved. To use antidiabetic
drugs such as metformin in order to treat AD is an alternative
treatment strategy and has been given more importance in
the last decade. (25) The possible mechanisms of green tea
for decreasing blood glucose level are including the inhibition
of a-glucosidase activity, intestinal sodium-glucose co-
transporter-1 (SGLT-1) and glucose transport-2. In our study,
a plant extract prepared by Camellia sinensis (green tea) was

used in the treatment of T2DM-induced AD-like alterations
via its SGLT-1 inhibitor effects. (26, 27, 28)

Camellia sinensis that is a member of the Theaceae family,
is the second most consumed beverage in the world, after
water. This plant native to China and Southeast Asia. (29)
The leaves of C. sinensis are dark green, alternate and oval,
with serrated edges, and the blossoms are white, fragrant,
and appear in clusters or singly. This plant can reach to the
heights of 30 feet, but they are usually pruned to 2-5 feet
for growing. (30) It has 3 different varieties: Green tea, black
tea, and oolong tea. These are made from the same plant
but are processed differently, depending on their degree of
fermentation. (31)

Chemical components of 70% ethanol extract of C. sinensis
are polyphenols, caffeine, flavonoids, catechins such as
catechin, gallocatechin, epigallocatechin, epicatechin,
epigallocatechin gallate, gallocatechin gallate, epicatechin
gallate, and catechin gallate. (32)

These chemical compounds show some medicinal effects
such as hepatoprotective, cardioprotective, neuroprotective,
anticancer, antiobesity, antidiabetic, antibacterial, and
antiviral. (33) Furthermore in some studies, C. sinensis is
thought to be effective in the treatment of AD with its anti-
neurodegenerative effects. (31, 34-36)

In this study, we aimed to investigate anti-Alzheimer’s
effect of C. sinensis in T2DM-induced AD model via its
antidiabetic effects. Antidiabetic effects were evaluated with
the measurement of blood glucose level (BGL), oral glucose
tolerance test (OGTT), and insulin tolerance test (ITT). On the
other hand, novel object recognition test (NORT), open field
test (OFT), passive avoidance test (PAT), and Morris’s water
maze (MWM) test were performed to investigate the anti-
Alzheimer’s effects of C. Sinensis.

2. MATERIALS AND METHOD

2.1. Materials

Streptozotocin (STZ) and glucose were purchased from
Santa Cruz Biotechnology, Inc (Dallas, TX, USA). High-fat diet
(HFD) was obtained from MFD Company and it contains as
percentage of calories 58% fat. Insulin glarjin (Lantus®) was
bought from Sanofi Aventis.

2.2. Plant material and extraction

The methanolic extract of C. sinensis leaves were given to
the rats in this study. C. sinensis was obtained from local
market and identified by Assist. Prof. Dr. ismail Senkardes,
Marmara University, Faculty of Pharmacy, Pharmaceutical
Botany Department. The leaves of C. sinensis was extracted
using methanol: water (70:30, v/v) solvent by maceration for
7 days. After extraction, the sample was filtered using filter
paper, then solvent was evaporated using rotary evaporator.
The crude extract was stored in 4 °C to use in the experiment.
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2.2. In vivo animal test

In vivo animal test were perfomed with the permission
of Marmara University Animal Experiments Local Ethics
Committee (permission number: 77.2018.mar). Adult female
and male Sprague dawley rats at the age of 3-4 month
and weighting 250 to 300 g were obtained from Marmara
University Experimental Animal Implementation and
Research Center (DEHAMER). The rats were maintained in
controlled temperature (202 °C), humidity (40-60 %) and
12 h dark/light cycle)-regulated rooms. All experiments were
performed at the fixed hours between 09:00-12:00. Water
were provided ad libitum to all groups. However, HFD was
given to all groups except of control group. All necessary
precautions were taken before the experiment and the
factors that would adversely affect the parameters were
minimized during the study. All rats were kept in their cages
for a week to adapt conditions before starting the behavioral
tests.

2.2.1. Experimental scheme

There are 4 groups in the animal test and 12 animals in each
test group. 1%t group is control group (C) and distilled water
(5 ml/kg) was given intragastrically to healty rats. 2™ group is
Alzheimer’s disease group (AD) and T2DM-induced AD model
was applied to the rats such as 3“and 4™ groups. However,
only distilled water was given to 2™ group but C. Sinensis (625
mg/kg) (37) and metformin (400 mg/kg) (13) treatments
were given intragastrically for 22 days to the 3™ (AD+CS)
and 4™ groups (AD+M, positive control group), respectively.
Metformin and C. Sinensis were given in distilled water (5 ml/
kg).

2.2.2. Induction of T2DM-induced AD

Rats were administered a HFD (58% kcal fat) for 8 weeks. Rats
fed HFD were injected once at week 4 with a low dose of STZ
(40 mg/kg, solved in 0.1 M citrate buffer, pH:4.5) to shorten
the time taken for the animal model to be established
by inducing partial insulin deficiency. One week after the
injection, BGLs were measured using a glucometer (Contour
Plus, Bayer Diagnostics) and the rats with BGL over 200 mg/
dL were classified as T2DM (13). All treatments were started
after STZ injection.

2.3. Determination of body weight and BGL

Body weight (b.w.) and BGL of all groups were measured
weekly and blood samples were taken from the tail vein to
monitore BGL using a glucometer.

2.4. Oral glucose tolerance test (OGTT)

Glucose tolerance test is a commonly used clinical test
to diagnose glucose intolerance and T2DM. After 12 h of
fasting, treatments were applied and a single dose of glucose
(2g/kg, b.w.) was given by gavage 30 minutes later. Glucose

concentrations were monitored in the blood collected from
the tail vein at 0, 30, 60, and 120 min following the glucose
injection. (14)

2.5. Insulin tolerance test (ITT)

Rats were fasted for 12 h before the test and they were
injected with insulin (1 U/kg, i.p.). BGLs from blood samples
taken from the tail vein using glucometer at 0, 30, 60, and
120 min following the insulin injection. (38)

2.6. Behavioral tests

2.6.1. Open field test (OFT)

OFT is carried out to evaluate animal locomotor activity and
anxiety. (39) The rats were taken inside the apparatus of OFT
on the 13* day of the study. OFT apparatus in which rats
have previously unknown, was constructed of square based
Plexiglas box (50 x 50 cm with 25 cm walls). The ground is
divided into twenty-five evenly spaced squares, each 10
x 10 cm and consisted of two parts: the peripheral part
(10 cm from each wall in the area) and central part. Each
animal was separetly placed in the bottom right corner of
the OFT apparatus and evaluated. The behavior of animals
was recorded for 10 minutes using a video camera. Some
parameters were evaluated such as the time spent in
the central area, the number of squares passed, and the
number of grooming and rearing of rats by two researchers
as double-blind. The number of squares crossed by rats was
considered as a measure of locomotor activity. The frequency
of rearing was used to indicate discovery behavior. The time
spent in the central area and the number of grooming was
used to indicate the anxiety behavior of rats. The surface
of apparatus were cleaned with 70% alcohol in consecutive
trials to eliminate any bias that might have occurred due to
odor of the previous rat.(40)

2.6.2. Novel object recognition test (NORT)

NORT is a widely used, relatively simple, and straightforward
behavioral test for the examination of various aspects of
learning and memory in rats. NORT is on the strength of
spontaneous behavior of rodents to explore novelty with a
naturally stimulating stimulus. When spontaneous behavior is
examined, artificial stimulus, food deprivation, reinforcement
and/or prior training are not required. NORT apparatus was
constructed of black plexiglass open area (50 x 50 cm with
40 cm walls) in the dim light on day 14 (habituation) and 15
(test) of the study. Rats were habituated to an empty test
area for 30 minutes to acclimate to the environment 24
hours before testing. NORT consisted of two three-minute
test stage separated by an intertrial interval of one hour.
Two identical objects were located in opposite corners for
the first stage and these objects are now called familiar (F).
During the second stage, one of the objects was replaced
with a novel one (N). The objects used in NORT differed by
color, texture, and shape. NORT apparatus was cleaned after
each rat with 70% alcohol to remove any urine or scent cues.
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Object placement was randomized for each test. Exploration
of identical and novel objects was defined if rats licked,
sniffed or touched the object. Based on the exploration time
of each object, the discrimination index [(N-F)/(N+F)] and
preferential index [N/(N+F)] was calculated. Exploration time
was scored by the treatments blind researcher. (41)

2.6.3. Passive avoidance test (PAT)

PAT is a classic fear-motivated test to examine long and short-
term memories in a relational manner. The test requires the
animals to act opposite to their natural tendencies for the
preference of dark areas and avoidance of bright ones. The
test was carried out using an apparatus that comprises two
compartments isolated with a retractable lid. One of the
compartments is illuminated by a bright light, the other
compartment is covered by dark opaque walls. Dark and light
chambers are seperated by a guillotine door. The ground
in both compartments is made of metal shocking grids. On
the dark compartment, the ground is wired for 3 second to
receive an electric shock of 0.5 mA.

The acquisition and test stages of PAT were applied on day
16 and 17. On acquisition day, rats were placed in the bright
compartment when the guillotine door was closed. At the
end of 10-second period, the door was opened. After the
rats moved into the dark compartment, the door was closed
and electric shock of 0.5 mA was delivered via metal shocking
grids. The first passage time of rat to the dark compartment
was recorded. On day 17, the test stage was performed 24 h
after the acquisition stage and it was similar to the previous
stage with an exception that no electric shock was applied.
The time spent for moving into the dark compartment was
measured. In the test, a cut-off time was determined as 300
seconds if the animal did not enter the dark compartment. The
experiment is terminated in this stiuation. Both compartments
were cleaned with 70% ethanol after each rat tested.(40)

2.6.4. Morris’s water maze (MWM) test

MWM was carried out to evaluate the spatial performance of
the rats. MWM is consisting of two stages. MWM training was
performed between day 18 and 21 and MWM prob test was
performed on day 22. MWM apparatus comprised a round
stainless steel tank (160 cm in diameter) with 40 cm walls
filled with water (23+1°C). The tank is divided into 4 quarters
with 4 fixed points around it and there are different shapes
and color 4 cues attached to the opposite of each direction.
During all escape platform trials, a platform was submerged
1~1.5 cm under the water surface and this platform is the
same color as the rest of the maze (to eliminate any false
positives due to vision) in the middle of one of quarters of
the area. Each trial commenced with the rats being released
in the pool at one of the four main compass positions around
the perimeter of the pool according to a pseudo-random
sequence and allowed 75 s for finding the platform. If the
rat could not find the escape platform within 75 seconds, it
was gently directed to the platform and allowed to stay on it

for 20 seconds. After a minute rats were placed in water to
another direction. Thus, all rats were trained 16 times in 4
days, 4 different directions each day. The direction order was
changed every day. Rats were subjected to learning, which
was evaluated for reaching the platform. On day 5, 24 hours
after the previous training session, the probe test in which
the platform was removed from the tank and the rats were
allowed to swim freely for 60 seconds was performed. The
time to reach the target quadrant in the probe trial and the
time spent in the target quadrant in both training and prob
trials were recorded. Behaviors in the maze were monitored
by a digital camera and the parameters were evaluated by
two separate researchers.(42)

2.7. Statistical Analysis

All data were expressed as mean + standard error of mean
(SEM). The results of the tests were analyzed with ANOVA
followed by Tukey post-hoc test and represented as mean
+ S.E.M. P values <0.05 were considered significant. Data
analysis was performed using GraphPad Prism 6.5 software
(San Diego, USA).

3. RESULTS

3.1. Body weight

There was no significant difference in b.w. between test
groups for the first 4 weeks. After the injection of STZ, the
difference in b.w. between the groups began to change
significantly. However, the b.w. of AD and AD+CS group
decreased significantly (p<0.05) compared to the control
group after 6 weeks. There was no significant difference
between C and AD+M groups for 9 weeks.

= . AD

= AD+CS B AD+M

.%‘-,.I '7—‘#‘

Body weight (g)

Figure 1. Body weight of rats in the period of 9 weeks. Each group
(n = 12) represents Mean + SEM. ANOVA was performed followed
by Tukey post hoc test. Values are represented statistically when *p
< 0.05, ¥*p < 0.01, ***p < 0.001 in comparison with eachother. (C:
Control group, AD: Alzheimer’s disease group, AD+CS: C. Sinensis
treatment group, AD+M: Metformin treatment group)

3.2. Blood Glucose Level

The glucose level of the control group was almost 100 mg/dl
for the last 5 weeks of the experiment. Metformin treatment
started to decrease BGL (p <0.05) before C. Sinensis treatment
compared to the control group as shown in Figure 2 on week
5. The blood glucose lowering effect of metformin continued
until the end of the experiment. C. Sinensis treatment started
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significantly lowering BGL (p < 0.01) compared to the control
group on week 8 and similar results were observed also on
week 9. Metformin treatment tolerated BGL better than C.
Sinensis treatment (p < 0.05) according to the results shown
on weeks 8 and 9.

HWC @ AD @B ADCS W ADHM

Blood glucose (mg/dl)

L2888 HEEREEY2ES

Time fweeks)

Figure 2. Blood glucose level of rats after starting the treatment.
Each group (n = 12) represents Mean + SEM. ANOVA was
performed followed by Tukey post hoc test. Values are represented
statistically when *p < 0.05, **p <0.01, ***p <0.001 in comparison
with eachother. (C: Control group, AD: Alzheimer’s disease group,
AD+CS: C. Sinensis treatment group, AD+M: Metformin treatment

group)

3.3. Oral glucose tolerance test (OGTT)

To determine the effect of C. Sinensis on glucose tolerance
in rats, OGTT was applied (Figure 3). The slope of the curve
of blood glucose was significantly higher in the non-treated
rats than treated rats during the first 30 min. The slope of the
curve was lower in the AD+M group than the AD+CS group
due to the ability of Metformin to better tolerate glucose. As
shown in Figure 3, metformin better tolerated blood glucose
levels from 30 min to 90 min compared to C. Sinensis (p <
0.01) and control group (p < 0.001). Whereas, C. Sinensis
treatment demonstrated better glucose tolerance only at 60
min compared to the control group (p < 0.05).

oOGTT
B0~
—— Contred —— Alrheirmer+C. Sisnsis
= Alzheimer = Alzheirrer+hetformin
00

Bload glucose (mg/dl)

a0 120

Time (min)

Figure 3. Oral glucose tolerance test in rats. Each group (n = 12)
represents Mean + SEM. ANOVA was performed followed by Tukey
post hoc test. *p <0.05, **p <0.01, ***p < 0.001 represent statistical
differences of metformin and C. Sinensis groups compared to
Alzheimer group and #p < 0.05, ##p < 0.01, ###p < 0.001 represent
statistical differences of metformin group compared to C. Sinensis

group.

3.4. Insulin tolerance test (ITT)

As shown in Figure 4, an ideal insulin tolerance was observed
in the control group. BGL decreased significantly for 60 min
in healthy rats in a similar manner to other groups but BGL
was well tolerated by the healthy body. Whereas, BGL was
not tolerated by the non-treated Alzheimer group and was
not well tolerated with the AD+CS group. The slope of the
curve belongs to control and AD+CS groups were similar until
90 min and the slope decreased for the AD+CS group after
90 min but there is no significant difference between AD and
AD+CS group in 120 min. When we compared the AD+CS
group with the AD+M group, it is clearly seen that Metformin
tolerated BGL significantly better than C. Sinensis according
to 120 min (p < 0.05).

ITT
5004
= Control -« Alzheimer+C, simensis

g a00] -= Alzheimear -2 Alzheimer+Metfomin
o
E ““-Exﬁ
@ 3004 .

- e
o 200 T = —
g ik _-
@ 0o - —_—

o r r - "

o 30 60 80 120

Time (min)

Figure 4. Insulin tolerance test in rats. Each group (n = 12) represents
Mean + SEM. ANOVA was performed followed by Tukey post hoc test.
*p<0.05, **p<0.01, ***p <0.001 represent statistical differences of
metformin and C. Sinensis groups compared to Alzheimer group and
#p < 0.05, ##p < 0.01, ###p < 0.001 represent statistical differences
of metformin group compared to C. Sinensis group.

3.6. Behavioral tests
3.6.1. Open field test

3.6.1.1. Crossing activity

As shown in Figure 5A, the number of square crosses of
rats were measured to evaluate locomotor activity. There
is no significant difference between treatment groups on
squares crossed in OFT. The number of square crosses
significantly decreased in the AD group compared to the
control group (p < 0.05) and increased in the treatment
groups compared to the AD group but there is no
significant difference.

3.6.1.2. Rearing activity

The number of rearings of rats were measured to evaluate
exploratory behavior. The number of rearings significantly
decreased in the AD, AD+CS, and AD+M groups compared

Clin. Exp. Health Sci. 2020; 10: 93-103

97

DOI: 10.33808/clinexphealthsci.685280



Anti-Alzheimer’s Effect of Camellia Sinensis

| Original Article |

to the control group (p < 0.05) and there is no significant
difference between treatment gorups and the AD group
(Figure 5B).

3.6.1.3. Latency to enter center

The latency to enter center was measured in OFT. Latency
to enter the center zone of the open-field was not found
to be altered significantly between treatment groups. It
considerably decreased in AD and AD+CS groups compared
to the control group (p < 0.05) but it was similar to the control
group in the AD+M group (Figure 5C).

L

8

Mumber of sguare crosses s

o

c AD  AD+CS AD+M

o]

OFT
300

Latency to enter center [s)

AD+CS  ADeM

[
5

-]

Time spent in
the central zone |s)
: 7

9

=

3.6.1.4. Grooming activity

The number of grooming of rats was counted as a measure
of anxiety (Figure 5D). The number of rearings significantly
decreased in the non-treated Alzheimer group compared to the
control group (p < 0.05) and increased in the treatment groups
compared to the AD group but there is no significant difference.

3.6.1.5. Time spent in the central zone

The time spent in the central zone was also evaluated as
a measure of anxiety. There is no significant difference
between groups (Figure 5E).

B
=
g
4
=
c AD AD+CS A0+M
D OFT

.I
_|

Y

Humber of grooming
w

ADsCS  AD+M

Figure 5. (A) The numer of square crosses, (B) the number of rearings, (C) latency to enter center, (D) the number of grooming, and (E) time
spent in the central zone of rats in OFT. Each group (n = 12) represents Mean + SEM. ANOVA was performed followed by Tukey post hoc test. *p
<0.05, **p <0.01, ***p < 0.001 in comparison with eachother. (C: Control group, AD: Alzheimer’s disease group, AD+CS: C. Sinensis treatment

group, AD+M: Metformin treatment group)

3.6.2. Novel object recognition test

NORT was used for evaluating short-term memory. In
NORT, the object recognition was performed between the
training phase and the test phase at 1-hour intervals. There
are significant differences between the exploration time of

familiar and novel object in control (p < 0.001), AD+CS (p <
0.05), and AD+M groups (p < 0.05) but there is no significant
difference in AD group (Figure 6).

Clin. Exp. Health Sci. 2020; 10: 93-103

DOI: 10.33808/clinexphealthsci.685280



Anti-Alzheimer’s Effect of Camellia Sinensis

| Original Article |

NORT
40
-
o ]
204

FT

(ADjn  [ADICS)f (ADSCS)n (ADHMf (ADHM)n

Exploration time (s)
E

e

{Cin (ADY

Figure 6. Exploration time of rats in NORT. Each group (n = 12)
represents Mean + SEM. ANOVA was performed followed by Tukey
post hoc test. *p < 0.05, **p <0.01, ***p < 0.001 in comparison with
eachother. ((C)f: Control group with familiar object, (C)n: Control
group with familiar object, (AD)f: Alzheimer’s disease group with
famailiar object, (AD)n: Alzheimer’s disease group with novel object,
AD: Alzheimer’s disease group, AD+CS: C. Sinensis treatment group,
AD+M: Metformin treatment group)

Discrimination and preferential index were also evaluated in
NORT and it is clearly seen that all groups are significantly higher
(p < 0.05) than AD group in discrimination index (Figure 7A). C
and AD+M groups had significantly higher preferential index
compared AD group (Figure 7B). Short-term memory impairment
was improved with metformin and C. Sinensis treatments.

c AD

ADsCE A

Figure 7. (A) Discrimination index and (B) preferential index of rats
in NORT. Each group (n = 6) represents Mean + SEM. ANOVA was
performed followed by Tukey post hoc test. *p < 0.05, **p < 0.01,
***p < 0.001 in comparison with eachother. (C: Control group, AD:
Alzheimer’s disease group, AD+CS: C. Sinensis treatment group,
AD+M: Metformin treatment group)

3.6.3. Passive avoidance test

The step-through latency (STL) of rats was measured to
evaluate long and short-term memories in a relational manner.
The STL time decreased in AD group compared to C group. The
treatments increased STL time compared to AD group but
there was no significant difference between them.

PA

Figure 8. Step-through latency of rats in PA test. Each group (n = 6)
represents Mean + SEM. ANOVA was performed followed by Tukey
post hoc test. *p <0.05, **p < 0.01, ***p < 0.001 in comparison with
eachother. (C: Control group, AD: Alzheimer’s disease group, AD+CS:
C. Sinensis treatment group, AD+M: Metformin treatment group)

3.6.4. Morris’s Water Maze Test

Probe test was performed 24 hours after the last training
day. In this test, the total time spent and the time to reach
the target quadrant where the platform is located was
observed. AD group reached the target quadrant later than
control group (p < 0.05) in all days and the total time spent
in the quadrant decreased. When the treatment groups were
examined, it was observed that AD+M group significantly
improved it compared to AD+CS group on day 4 (p < 0.01).

Escape latency (s)

Days

Figure 9. Latency to platform of rats in MWM test. Each group (n
= 6) represents Mean + SEM. ANOVA was performed followed by
Tukey post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001 represent
statistical differences compared to C group and #p < 0.05, ##p <
0.01, ###p < 0.001 represent statistical differences compared to
AD group. +p < 0.05, ++p < 0.01, +++p < 0.001 represent statistical
differences compared to AD+CS group. (C: Control group, AD:
Alzheimer’s disease group, AD+CS: C. sinensis treatment group,
AD+M: Metformin treatment group)

Clin. Exp. Health Sci. 2020; 10: 93-103

99

DOI: 10.33808/clinexphealthsci.685280



Anti-Alzheimer’s Effect of Camellia Sinensis

| Original Article |

4. DISCUSSION

AD is an irreversible disorder destroys memory and thinking
skills and it is estimated that at least 50 million are living
with AD or other dementias (43). T2DM is a chronic disease
characterized by high levels of glucose in the blood and
affecting over 300 million people worldwide (44). When
diabetes is not controlled well, BGLs rise and stay high for
days to weeks. Within this period, most organs including the
brain will be damaged and researchers have found many
pieces of evidence that T2DM could link to AD, which is the
most common form of dementia. Moreover, epidemiological
studies have shown that there are pathophysiological
connections betweenT2DM and AD. Insulin resistance majorly
affects the disturbance of various biological processes and
signaling pathways according to the recent evidences (45).
Therefore, HFD/STZ-treated rat models were used to provide
T2DM-induced AD-like alterations in our study. HFD is one of
the most common risk factor for T2DM and AD, thus it has
been chosen for inducing T2DM. HFD is also mimicking a real
human diet, which causes insulin resistance and then type 2
diabetes to occur (46). It has been stated that diet-induced
diabetes models represent a more true mechanism of DM
pathogenesis rather than genetic factors (47). In literature,
this model has been used in many studies in the evaluation
of treatments for the most type of dementia (48).

Current pharmacological treatment for AD with antidementia
drugs, which are cholinesterase inhibitors and memantine,
have limited properties such as temporary and symptomatic
support to cognitive functions. Substantial funding has
been dedicated to the development of new pharmaceutical
compounds with disease-modifying properties over the
past decade (49). Besides, traditional medicine presents
different plant-derived lead molecules that may be beneficial
for further medical research. Traditional medicines are
consumed as a memory enhancer for centuries and they
have been used in the treatment of memory deficits such
as dementia, amnesia, and AD (50). Green tea (C. sinensis)
is one of these traditional medicines which are used in the
treatment of neurodegenerative diseases such as Alzheimer’s
and Parkinson’s disease (51).

SGLT inhibitors are currently being investigated as the
medication in AD (52). In our study, C. sinensis was chosen
due to its SGLT-1 inhibitor effects and T2DM-induced AD
model was chosen to observe its anti-Alzheimer effects. The
antidiabetic potential of C. sinensis with OGTT and ITT; and
mainly its anti-Alzheimer effect with behavioral tests such as
open field, novel object recognition, passive avoidance, and
Morris’s water maze test was investigated.

OGTT is currently the gold standard for the diagnosis of
diabetes. Our results are in accordance with what showed
that C. sinensis hydroalcoholic extract slighlty decreased
the BGL of diabetic rats in 60 min. It is clearly seen that C.
sinensis tolerated BGL for a short time but metformin, the
first medication prescribed for T2DM, tolerated BGL during
the test for 120 min.

In the present study, HFD/STZ-treated rat model occurred
a significant memory deficit according to the learning and
memory tests, which are OFT, NORT, PAT, and MWM. The
cognition-enhancing activity of drugs is assessed by NORT
and PAT, which are a relatively high-throughput, robust, and
sensitive tests. MWM test is used to analyze spatial memory
by measuring the escape latency time to reach a hidden
platform. Locomotor activity, exploratory behavior, and
anxiety was measured by OFT (53-55).

Animal behaviors such as the number of square crosses,
frequency of rearing activity, latency to enter center,
frequency of grooming activity, and time spent in the
central zone are used as measures of locomotor activity
and exploration. An increase in these parameters indicates
a rise in locomotion and exploration (56). According to the
results, C. sinensis increased the number of square crosses
and the frequency of grooming activity in a similar manner
to metformin.

The NORT evaluates the natural propensity of a rat to
explore a novel versus a familiar object. This test provides
to gain information about two different components, which
are exploratory behavior and memory retention. Hence, the
rats should sufficiently explore the familiar object during
the pretest phase and then distinguish it with the new one
in the test phase (57). The exploration of the novel object
was reduced in HFD/STZ-treated rat model. It was also
shown in the discrimination index in the NORT and HFD/STZ-
treated rats demonstrated decreased exploratory behavior.
In contrast, metformin and C. sinensis treatments improved
these parameters.

The PAT is connected with the amygdala and evaluates
emotional memory. PAT is associated with long-term or
reference memory and it is for studying learning and memory
after a stressful stimulus (58). The step-through latency
decreased in HFD/STZ-treated rat model but it improved with
metformin and C. sinensis treatment.

MWM test was performed to rats for evaluating spatial
learning (59). There was a decrease in latency to find the
platform underwater in all groups during the training
phase. These results show that all rats learned the platform.
However, it was clearly seen that AD group needs more time
for training. These results show that there is a deterioration
in the coding and remembering of the spatial memory.
According to the results obtained by the MWM test,
metformin treatment improved learning.

5. CONCLUSIONS

C. sinensis was used in the treatment of T2DM-induced AD-
like alterations via its antidiabetic effects. OGTT and ITT were
performed to evaulate its antidiabetic effects and also OFT,
NORT, PAT, and MWM were performed to investigate its anti-
Alzheimer effects. C. sinensis improved short-term memory
and increased the locomotor activity in rats according to the
results obtained by NORT, OFT, and PAT.
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