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Abstract:

Background and purpose: Animal model helps researchers to evaluate new treatment plan for human
and understand pathological mechanism involved in a development of disease. The use of rats as an animal
model for Alzheimer's research has become a favorite among researchers. Rats are capable in mimicking
Alzheimer disease due to their intelligence and quick adaptation to nature. At present there are several
methods that can be used to induce Alzheimer's animals, but each method has advantages and disadvantages.
We need to learn other methods that can provide many advantages and few disadvantages. The Amyloid-beta
42 (AB-42) and Reactive Oxygen Species (ROS) are thought to play an important role in the pathology of
Alzheimer’s disease. This study aims to investigate whether ovariectomy and D-galactose can be an effective
method for inducing Alzheimer's animal models. This was an experimental study with control group design.
Twelve female Sprague Dawley rats were involved and grouped into two groups. Control group who did not
undergo ovariectomy and the experiment group underwent ovariectomy and was given intraperitoneal D-
galactose 500 mg/kg.bw. Amyloid beta-42 plasma and Y-Maze test were conducted after 6 weeks. The
results showed that the experiment group has lower mean Y-Maze score (42,79 + 6,97) compared with
control group (74,27 + 4,01) and the Amyloid-beta 42 plasma was higher in the control group. In conclusion
ovariectomy and D-galactose are proven to induce cognitive decline and higher plasma Amyloid-beta 42 in
the Alzheimer’s animal model.
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Introduction:

Higher life expectancy worldwide leads to
higher elderly population. High population of
elderly brings various health issues such as
neurodegenerative disease, Alzheimer’s *. There is
no medical therapy available to cure Alzheimer.
The current therapy works on slowing down
Alzheimer’s progressivity and its risk factors. The
pathology of Alzheimer’s is not yet fully
understood so thus more study needs to be done to
understand this disease more thoroughly 2. Animal
model helps researchers to evaluate new treatment
plan for human and understand pathological
mechanism involved in a development of disease.
Due to limited knowledge regarding the cause of
Alzheimer, every available model shows limitation
so thus its application must be considered carefully.

At present, no animal model is able to mimic
Alzheimer's disease in a natural way, therefore the
majority of studies are carried out using phenotype
simulations in animal models, or using transgenic
animals as the most advanced techniques 2.
Although transgenic animals show many
advantages in research, they still show some
weaknesses. Besides there may be a high mortality
rate and might show deleterious effects, transgenic
animals are also very expensive and will further
burden research funding. In some studies that do not
provide transgenic animals, rats are the animal of
choice in Alzheimer study. Due to their intelligence
and quick adaptation, rat are capable of mimicking
Alzheimer disease in human. Rats have memory
and cognitive abilities that can be measured using
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behavioral tests which are very important features
in choosing an Alzheimer's animal model °.
Previous study showed rat capable in future
decision making based on their current knowledge.
This ability is called metacognitive which
Egeviously considered one of primate unique feature

At present there are several methods that
can be used to induce Alzheimer's animals, but each
method has advantages and disadvantages, so we
need to learn other methods that can provide many
advantages and few disadvantages. Increased
Amyloid-beta 42 (AB-42) production and Reactive
Oxygen Species (ROS) are widely believed to be
the main causes in Alzheimer's pathology ®’.D-
galactose is a reducing sugar that is easy to react
with amino acids in peptides, to form Advanced
Glycation End Products (AGEs). Chronic
administration of D-galactose at low doses has
shown to induce changes that mimic natural aging
processes in animals, includes cognitive decline,
oxidative stress, and metabolic disorders. Premature
aging in animals which induced by chronic
exposure to D-galactose is commonly used as a
model for studying the neurodegenerative disease ®.

This study aims to investigate whether
ovariectomy and D-galactose can be an effective
method for inducing  Alzheimer's animal
models.The combination of ovarectomy and D-
galactose as a ROS stimulator is thought to support
each other to induce Alzheimer's by disrupting the
amyloid-beta cascade pathway and damaging the
mitochondria by increasing ROS . This method is
based on principle that estrogen is endogen Af
regulator. Ovariectomy diminishes the negative
feedback to Luteal Hormone (LH), this process
leads to increased LH level that supports AP
production through amyloidogenic pathway °.

In normal condition, estrogen in the brain
plays role in maintaining synapses plasticity and
hippocampal neuronal growth that are involved in
periodical memory formation °. Estrogen also
preserves the nerve from beta amyloid toxicity,
lowers brain inflammation, and prevents
hyperphosphorylation of tau protein ™. Estrogen
regulation on AP has not been fully understood, but
the mechanism might involve indirect action of
estradiol aromatization pathway, and gonadotropin
and gonad hypothalamus-hypophyses pathway. In
cell culture experiment, estradiol directly reduce the
AP oligomer level and indirectly increases AP
clearance ',

There are two estrogen receptors in the
brain, alpha and beta. Each of these receptors has a
different role. Alpha receptor acts as a stimulator
meanwhile beta receptor acts as an inhibitor. A

study shows that estrogen level in the plasma is
decreased significantly after ovariectomy and
correlated with risk factor of age-related Alzheimer
disease. Decreased estrogen level after ovariectomy
causes lower neural cell viability and leads to cell
death (apoptosis). Furthermore, ovariectomy also
decreases alpha receptor in hippocampus that leads
to excessive tau protein expression. Based on a
previous animal study, estrogen has a protective
effect in the rats neuronal hippocampal that
underwent AP toxicity and this protective effect is
related with increased mitochondria respiration
function. This phenomenon shows estrogen-induced
neuronal induction mechanism in degenerative
process is estrogen activation function of cellular
mechanism and the end result is improvement of
mitochondria viability. Therefore mitochondria is
an ideal targeted therapy in neurodegenerative
disease '**°.

Materials and Methods:
Chemicals and reagent Kits

D-galactose were purchased from PUDAK
Scientific and Rats Ap-42 ELISA Kit was
purchased from Elabscience.
Animal grouping and treatment

The study design was approved by the
Ethics Committee of Faculty of Medicine Andalas
University, Indonesia. This was an experimental
study with 12 female Sprague Dawley rats (12
weeks old, 150-200 gram) and kept in SysLab
Laboratory, Bogor. The rats were fed with standard
pelleted and distilled water ad libitum. The room
temperature was maintained at 24°-25°C with
constant dark-light cycle. They were divided into
two groups consisted of 6 rats. The control group,
which did not undergo ovariectomy and the
experimental group which undergo ovariectomy and
given intraperitoneal D-galactose 500 mg/kg.bwt.
Ovactomized and D-galactose Group

Intra-muscular anesthesia was performed on
rats using ketamine (50 mg / KgBW) with a 1 cc
syringe. The anesthesia will take about 45 minutes.
Shave the lateral sides of the rats then disinfect with
70% alcohol and iodine solution. Make a 2 cm
incision following the spine at a distance of 1.5 cm.
Find the ovaries and tie them with the catgut
chromic. Then, sew the muscles back with catgut
chromic followed by the skin with silk chromic
using a simple interupted technique. Observed
wound recovery every day. 7 days post-
ovariectomy, start administration of D-galactose
500mg/kg.bwt intraperitoneally daily for 6 weeks.
Behavioural experiments and blood collection

After 6 weeks cognitive function was
assessed using Y-Maze and blood sample was
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collected for AB-42 test. Y-Maze test is defined as
spontaneous switch percentage if the score is
greater than 50%, which indicated normal cognitive
function. Spontaneous switch percentage score was
tested with T test to investigate mean difference
between groups. Y-Maze Spontaneous alternation
test is a behavior test to assess rats instinct in
exploring new environment. Rats tend to explore
the new labyrinth arm compared with going back to
the previous arm. Various brain structures including
hippocampus, septum, base of forebrain, and
prefrontal cortex are involved in this process . Up
to this day, Y-Maze is often used as a method to
investigate learning ability and behavior evaluation
among animal model so this is a good method in
reflecting animal memory ability *'.

Y-Maze consists of three arms, rats tend to
enter the different arm as their natural instinct for
searching food. Counting the mistakes in entering
the arm may reflect spatial memory and learning
ability in animal model. In other word, Y-maze test
is practical to investigate memory function and
capable to assess cognitive impairment in rats ",
The method of inducing cognitive impairment by
ovariectomy has a principle that estrogen is an
endogenous regulator of AP °.This study involved
female rats that underwent ovariectomy when they
reached 3 months old because at this age rats are
prone to hormonal change. The previous study,
using 3 months old rats showed that serum estrogen
level was higher compared with 6 months old
female rats. High dose D-galactose administration
aims to trigger metabolic disturbance that leads to
excessive ROS production. ROS and mitochondria
function are two contributing variables. High levels
of ROS in the mitochondria cause cell damage and
thus contribute to the pathological process in the
brains of rats undergoing ovariectomy which can be
assessed from AB-42 levels %,

At the end, the rats were sacrificed for
blood collections. Blood is collected by cardiac
puncture to investigate plasm AB-42.

Statistical analysis

Data obtained were presented as mean +
SEM. The statistical significance was determined
using T-Test Comparisons producing a p value <
0.05 were considered significant. The analysis was
performed using SPSS software (version 16).

Results:

Subjects including 12 female rats aged 12
weeks with body weights ranging from 150-200
grams. The weighing of rats aimed to ensure that
the rats body weight meets the inclusion criteria.
The analysis of Y-maze was conducted at the
Syslab Bogor and ELISA quantitative measurement

for plasma AB-42 was perform at the Biomedical
Laboratory of Andalas University and all research
was conducted between October 2018 — June 2019.
To find out the differences in rat weight, parametric
analysis was performed using the T-test. The
analysis showed that the p value was 0.27 (p> 0.05),
which means that there was no significant
difference in sample weight between groups and all
the rats were included into the inclusion criteria.

The percentage of spontaneous alternation
was expressed as mean * standard deviation. It was
calculated by counting the number of arms
sequentially visited by the rats. The results showed
that the experimental group has a lower percentage
of spontaneous alternation compared to the control
group Fig.1. The control group had an average
percentage of spontaneous alternation 74,27+4,01
which represents a normal cognitive function while
the experimental group showed the percentage of
spontaneous  alternation  42,79+6,97  which
represents impaired cognitive function, with p value
0,01. According to the Stanford Behavioral and
Functional Neuroscience Laboratory, the percentage
of spontaneous alternation of Y-Maze Test values
of more than 50% is considered normal.

10000
E : Experiment Group
C : Control Group

8000 +

6000 —

4000

2000 4

E C

Figure 1. The result of Ap-42 levels

Plasma AB-42 level was tested statistically with ANOVA. The
control group showed a significantly different in AB-42 levels
compared to rats in the positive control group. The average
level of AB-42 in the control group was 7313,332 while in the
experiment group 2643,658 (p value 0,001)

Discussion:

Cognitive function assessment based on the
principle that rats have a natural instinct to explore
new objects. Y-Maze is used to study the ability of
rodents in environmental recognition and memory
functions so that this method is effective in
reflecting the ability of animals to function their
memory. Y-Maze consists of three arms, rats will
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tend to enter different arms as a reflection of their
instinct to survive. Calculation of the number of
arms entered by Maze and errors entering the arms
reflects the ability of spatial memory and learning
ability in animal model. In other words, the Y-Maze
experiment is practical enough to be used to study
the evaluation of memory function so this method is
very well used in research to evaluate cognitive
impairment in rats model *'.

Induction of cognitive impairment with
ovariectomy uses the principle that estrogen is an
endogenous regulator of AP. Ovariectomy causes a
loss of negative estrogen feedback on lutein
hormone (LH), causing an increase in LH levels
that support the production of AP through
amyloidogenic pathways. Hormone Replacement
Therapy (HRT) can decelerate Alzheimer's by
increasing AP clearance, a component of amyloid
plaque (10). Another study on estradiol showed that
estradiol can increase the level of dissolved AR
(sAPPa) which is a non-amyloidogenic product of
APP metabolism. Low estrogen level after
ovariectomy can affect estrogen receptors, o and f
receptors in the hypothalamus, resulting in
decreased AP clearance. This study used 3-month-
old pre-puberty female rats that were very sensitive
to the loss of ovarian hormones and were
considered the most capable to show the
characteristics of hormonal deficiency %%,

In previous studies, female rats that
underwent ovariectomy at 3 months of age showed
a higher serum estrogen level compared to 6 months
old female rats. The administration of high-dose D-
galactose aims to trigger metabolic disorders that
cause excessive ROS production (18). D-galactose
is a physiological nutrient and reducing sugars that
can react freely with amino acids in protein to form
Advanced Glycation End (AGEs) products. High
intake of D-galactose can trigger aging by
producing ROS through D-galactose metabolism.
Another study conducted in rats given D-galactose
100 mg/KgBW intravenously for 6-10 weeks were
reported to show progressive decreases in learning
abilities and memory function and an increase of
free radical production in brain %. Reactive oxygen
species (ROS) and mitochondrial function stimulate
each other. High level of ROS in mitochondria can
cause damage because mitochondrial DNA is
sensitive and double chain so that hydrogen ions are
easy to move. This process is called lipid
peroxidation. Brain is the easiest organ to
experience oxidative processes because it consists
of fat tissue %,

Damaged mitochondria cannot maintain
cell energy requirements. Decreased brain
metabolism rate often occurs before the appearance

of clinical symptoms, causing decrease in ATP level
needed for normal energy homeostasis. Reduced
energy metabolism leads to increased expression of
[B-secretage and cytoskeletal changes, including the
appearance of epitopes that trigger NFT. This
causes an increase in ROS production which
induces interference with oxidative phosphorylation
which results in a decrease of ATP level needed for
normal energy homeostasis. As a result, more and
more neurons will die. Clinically, this will be seen
in a decline in cognitive function **. This study
showed a significant difference between the control
group and the experimental group. This can occur
due to increased AP and mitochondrial disorders
caused by increased ROS.

Conclusions and Recommendations:

Animal induction in Alzheimer's models
with ovariectomy and D-galactose has been shown
to cause cognitive impairment in experimental
model. Further research is needed to understand the
mechanism in influencing cognitive function.
However, for studies with limited time and funding,
induction of Alzheimer's model rats with
ovarectomy and D-Galactosa is worth considering.
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