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Introduction

Medium-chain triglycerides (MCTs) are a fat
that has a medium carbon chain length between C,
and C,,. Metabolically, MCT has its own uniqueness,
that is, MCT does not enter the lymphatic system and
peripheral circulation but is directly transported to the
liver through the portal circulation, thus affecting the
speed of metabolism to energy [1]. MCT metabolism in
some ways is similar to carbohydrate metabolism and
produces energy quickly through ketones production.
Ketone is the compounds other than glucose that can
be used by the brain to produce large and fast energy
so it is very beneficial for the aging brain [2].

Ketone bodies can provide alternative energy
in Alzheimer’s disease. Ketone bodies are usually
produced from fat deposits as glucose substitutes in
conditions of chronic hypoglycemia, such as during
fasting, or when carbohydrate consumption is very low.
In humans, ketone infusion can reduce the hormonal
response to acute hypoglycemia and can improve

Abstract

BACKGROUND: At present, there is no pharmacological therapy that can cure Alzheimer’s disease. Treatment is
only limited to preventing progression and controlling risk factors that worsen Alzheimer’s. Medium-chain triglycerides
(MCT) are nutritional therapies that are being studied to prevent the progression of Alzheimer’s disease.

AIM: This study aims to see the effect of giving MCT to the value of percentage alternation Y-maze test and serum
AB-42 levels as a marker of Alzheimer’s disease.

MATERIALS AND METHODS: This study is an experimental study using postp-test control group design. Samples
from this study were 30 Sprague Dawley rats which were divided into positive control groups, negative controls,
and three treatment groups. Positive control group and treatment were induced by Alzheimer’s by ovariectomy and
d-galactose. After induction, MCT were given to the treatment group for 6 weeks. After treatment, the levels of AB-42
serum were examined by ELISA and cognitive function was examined by Y-maze. After that, the data were analyzed
by ANOVA. p < 0.05 was said to be statistically significant.

RESULTS: The results showed that this study was found a moderate relationship with a positive pattern. This means
that the higher the percentage alternation value, the higher the level of AB-42 in serum which indicates that the higher
the percentage alternation value, the higher the clearance of AB-42.

CONCLUSION: This study concluded that the group of rats given MCT has a serum AB-42 level higher than the
group of rats that were not given MCT.

cognitive function [3]. The mechanism of mediating
ketone effects on cognitive functions is unclear.
Rapid increases in some areas of cognitive function
indicate that ketones can function as alternative fuels
for brain neuron cells in MCI or Alzheimer’s patients.
Alzheimer’s sufferers show defects in brain glucose
metabolism that may arise from many factors, such
as Ap toxicity or from disorders of lipid homeostasis.
Although acetyl-CoAis generally provided for the Krebs
cycle of glycolysis, when glucose is not available,
B-hydroxybutyrate can function as an alternative fuel
for the brain [3].

Other findings in a study with Alzheimer’s
induction rats revealed that beta-hydroxybutyrate
maintains neuronal integrity and stability in rat
hippocampus. Case reports in patients with chronic
hypoglycemia due to insulin use who have impaired
cognitive function, with beta-hydroxybutyrate infusion
improved cognitive function in the control group and
improved cognitive function related to hyperketonemia
in a group of patients who experienced memory
disorders. Brain imaging studies also show an
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increase in cerebral blood flow by administering beta-
hydroxybutyrate in healthy subjects [4].

The pathophysiology of Alzheimer’s disease
is not fully understood, but the cascade amyloid
hypothesis is the most trusted hypothesis as the
main cause. Senile plaques formed from amyloid-
beta (AB) deposits in tissue fluid around neurons. A
is a fraction of amyloid precursor protein (APP) which
normally functions for growth and maintains neuron
stability [5]. Amyloid protein precursor (APP) is a
transmembrane glycoprotein found in neurons. APP in
normal conditions will be described in the cell and cut
by three enzymes, namely, a-secretase, 3-secretase,
and y-secretase. APP described by the a-secretase will
produce a non-toxic amyloid-beta (AB) fragment. APP
which is described by [3- secretase will be continued by
cutting by y-secretase so as to produce a soluble and
neurotoxic AB. This toxic AB fragment called AB-42 is
the most toxic form because its ability to form oligomers
is faster than other fragments [6-8].

AB fragments can stick together and develop
into a soluble deposit. Then, the deposit mixes with
neuron cells to form plaque fibers that harden, solid,
and insoluble, which are toxic to healthy neurons. AB is
also thought to produce free radicals that interfere with
the biochemical balance in neuron cells which disrupts
neuronal metabolism [5]. In normal conditions, the amount
of AB in brain tissue is strictly controlled, starting from
the production process, secretion, and degradation of A
and cleaning of the brain parenchyma which is regulated
by a very controlled process [5]. The AR concentration in
the tissue is very important for maintaining the structure
of this peptide, and increasing its concentration in the
tissue is a possible cause of aggregation. Excessive A3
production and disruption of clearance mechanisms are
considered responsible for neuronal damage [9,10].

Materials and Methods

Experimental design

This research is a laboratory experimental
study with a post-test only control group design. The
samples from this study were 30 Sprague Dawley rats
induced by d-galactose and ovariectomy to impair
cognitive function. Furthermore, MCT was given. The
inclusion criteria were 12-week-old female Sprague
Dawley rats weighing 200-250 g who were healthy
and who had suffered cognitive impairment. Exclusion
criteria were those who experienced physical disabilities
and died during the study.

The research subjects were divided into five
groups: MCT group dose 1, dose 2, dose 3, positive
control, and negative control. Treatment is given for
6 weeks, after that, cognitive function assessment by

Y-maze performed and ELISA of AB-42 levels serum
using rat AB1-42 ELISA kit (e-EL-R 1402).

Dosage determination

The dose of MCT in human therapy is
10-45 g/day. The dose for mice is obtained by
converting a dose of 70 kg to a rat weighing 200 g. The
conversion rate of a human with a body weight of 70 kg
to a rat weighing 200 g is 0.018. In this study, MCT
doses were given, namely, dose | =0.018 x 15 g =0.27
g/day/200 g body weight and dose Il = 0.018 x 30 g
= 0.54 g/day/200 g body weight and dosage IIl 0.018 x
45 g = 0.81 g/day/200 g body weight [11,12].

Examination of ELISA kit

Add 100 pL standard or sample to each well.
Incubate for 90 min at 37°C. Remover of the liquid.
Add 100 L biotinylated detection Ab. Incubate for 1 h
at 37°C. Aspirate and wash 3 times. Add 100 yL HRP
Conjugate. Incubate for 30 min at 37°C. Aspirate and
wash 5 times. Add 90 uL of substrate reagent. Incubate
for 15 min at 37°C. Add 50 L stop solution. Read at
450 immediately. Calculation of results.

The Y-maze method

Testing is done in a Y-shaped maze with three
identical arms at a 1200 angle from each other. After the
introduction to the center of the maze, the animal is given
free access to explore the three arms. If the animal chooses
different from one it arrived from, this choice is called an
alteration. This is considered the correct response while
returning to the previous arm is considered an error. The
total number of entries and orders is used to calculate
the percentage of an alternation. This test is particularly
useful in assessing hippocampal damage, quantifying the
cognitive deficits in transgenic mice, and evaluating the
effects of drugs on cognition [13].

Research ethics

This study was already passed the ethics
clearance and has been approved by the Ethics
Committee of the Faculty of Medicine, Andalas University,
Padang with registration number: 530/KEP/FK/2018.

Results

From Figure 1, it can be seen that the positive
control group has the lowest serum AB-42 level
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compared to other groups. Low levels of AB-42 often
associated with deteriorating cognitive function.

Table 1: Serum AB-42 levels

Group n Mean+SD Minimum Maximum
Negative control (K-) 6 7168.78 + 2056.38 4798.67 9897.78
Positive control (K+) 6 2788.21 + 1832.91 1190.47 5665.97
Dose 1 6 7123.92 + 1629.40 5172.51 9419.26
Dose 2 6 6002.42 + 1561.54 3901.47 8492.16
Dose 3 6 6012.39 + 1169.93 4918.30 7535.14

From Figure 2, it can be seen that the positive control
group has the lowest percentage of alternation Y-maze
compared to other groups where the positive control
group has a percentage alternation value below 50%.
It means that the positive control group has impaired
cognitive function, while other groups have a normal

cognitive function.
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Figure 1: Graph of serum AB-42 level

Discussion

Level data AB-42 in serum was tested
statistically with ANOVA. The results showed that the
negative control group showed a significantly different
difference in AB-42 levels compared to rats in the
positive control group. The average level of AB-42 in
the negative control group was 7168.781 while in the
positive control group 2788.209. The positive control
group showed a significant difference in AB-42 levels
for the MCT 1 group, MCT 2, and MCT 3, where the
mean levels of each were 7123.925, 6002.421, and
6012.389. Between the MCT group receiving different
doses, there are no differences, and the mean results
of AB-42 are significant (Table 1).

Table 2: Average Y-maze value between groups

Group Mean+SD p

76.42 £5.40 0.000
41.25+7.09

71.91+£5.20

69.26 + 10.57

70.11 £4.97

Negative control (K)
Positive control (K")
Dose 1

Dose 2

Dose 3

The Y-maze test results also showed a
negative control group, MCT 1, MCT 2, and MCT 3,
having alternation percentage values above 50% and a

positive control group having an alternation percentage
value of <50%. Comparative test results show that the
higher the Y-maze value, the higher the serum AB-42
level (Table 2).

Table 3: Comparison of the mean percentage alternation
between groups

Groups p
P
K 0.000
Dose 1 0.795
Dose 2 0.408
Dose 3 0.531
K
K" 0.000
Dose 1 0.000
Dose 2 0.000
Dose 3 0.000
Dose 1
K™ 0.795
K 0.000
Dose 2 0.963
Dose 3 0.991
Dose 2
K™ 0.408
K 0.000
Dose 1 0.963
Dose 3 1.000
Dose 3
K™ 0.531
K 0.000
Dose 1 0.991
Dose 2 1.000

Animal experiments before have shown that
MCT can penetrate the blood-brain barrier and be
oxidized in astrocytes under ketogenic conditions.
Hence, MCT can provide a direct or indirect source
of energy for the brain through the production of
ketones [1]. Other data indicate the potential for an
MCT diet to treat neurological disorders, especially
Alzheimer’s disease. Animal experiments showed that
the administration of MCT reduced AP levels in frontal
dementia dog brain biopsy and increased mitochondrial
respiration [14].
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Figure 2: Graph of result Y-maze

Studies of transgenic Alzheimer’s rats given
a ketogenic diet with MCT supplementation showed
that after 1 week, there was a significant increase in
beta-hydroxybutyrate levels. The cognitive function
and cortical AB-42 levels were measured after
6 weeks of MCT,; the results showed that rats that
received MCT had significantly lower levels of AB-42
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than rats that did not receive MCT supplementation
but did not show differences in cognitive function in
the two groups [15].

Recently research has concluded, MCT
increases brain metabolism by supplying ketones
without affecting brain glucose utilization. Ketones
from MCT compensate for brain glucose deficits in
people with Alzheimer’s directly after ketones reach
plasma [16]. In this study, the effect of giving MCT
to the levels of AB-42 serum and Y-maze of Sprague
Dawley rats with neurodegenerative disorders has
been shown to be significant. This can be seen from
the comparison of the levels of AB-42 in all groups. The
results of the statistical test showed that there were
significant differences in the levels of AB-42 between
the positive control group and negative controls.
However, there were no significant differences between
the negative control groups and the three treatment
groups. However, among the three treatment groups, it
was seen that serum AB-42 levels were not significantly
different.

Conclusion

From the results, it can be concluded that the
group of rats given MCT has serum AB-42 level higher
than the group of rats that were not given MCT. Serum
AB-42 levels describe beta-amyloid clearance in the
brain, where if there is an imbalance in production and
clearance, fractions of beta-amyloid will form oligomers
that are toxic to brain neurons and buildup of beta-
amyloid oligomers can develop into senile plaques,
which further worsens cognitive function disorders. The
greater the level of AB-42 in the serum means the better
the AR clearance. This is reflected in the percentage
value of alternation. The better the clearance, the better
the cognitive function of rats.

In this research, the value of Y-maze, there
was a significant difference between the positive
control group and the negative control group and the
treatment group. While between the negative control
group and the treatment, there was no difference in the
percentage of alternation and in the AB-42 serum value,
there was also a significant difference between the
positive control group and the negative control group
and the three treatment groups.

After doing this research, it can be suggested
that MCT can be an alternative energy source for
glucose replacement in Alzheimer’s patients so that it

can slow the progression of the disease.

References

1. Dayrit FM. Lauric acid is a medium-chain fatty acid, coconut oil is
a medium-chain triglyceride. Philipp J Sci. 2010;143(2):157-66.

2. Dean W, English J. Medium chain triglyserides: Beneficial
effects on energi, atherosclerosis and aging. Nutr Rev. 2013.

3. Reger MA, Henderson ST, Hale C, Cholerton B, Baker LD,
Watson GS, et al. Effects of beta-hydroxybutyrate on cognition
in memory-impaired adults. Neurobiol Aging. 2004;25(3):311-4.
https://doi.org/10.1016/s0197-4580(03)00087-3

PMid:15123336

4. OtaM, Matsuo J, Ishida |, Hattori K, Teraishi T, Tonouchi H, et al.
Effect of a ketogenic meal on cognitive function in elderly adults:
Potential for cognitive enhancement. Psychopharmacology
(Berl). 2016;233(21-22):3797-802.  https://doi.org/10.1007/
s00213-016-4414-7

PMid:27568199

5. Zhang W, Hao J, Liu R, Zhang Z, Lei G, Su C, et al. Soluble
AB levels correlate with cognitive deficits in the 12-month-old
APPswe/PS1dE9 mouse model of Alzheimer’s disease. Behav
Brain Res. 2011;222(2):342-50. https://doi.org/10.1016/].
bbr.2011.03.072

PMid:21513747

6. Vassar R. BACE1 inhibitors drugs in clinical trials for Alzheimer’s
disease. Biomed Central. Alzheimer’s research and therapy.
Front Neuroendocrinol. 2014;29:507-9. https://doi.org/10.1186/
$13195-014-0089-7

7. Dong S, Duan Y, Hu Y, Zhao Z. Advances in the pathogenesis
of Alzheimer’s disease: A re-evaluation of amyloid cascade
hypothesis. Transl Neurodegener. 2012;1(1):18. https://doi.
org/10.1186/2047-9158-1-18

PMid:23210692

8. Steiner H. Uncovering gamma-secretase. Curr Alzheimer Res.
2004;1(3):175-81.
PMid:15975065

9. Mawuenyega KG, Sigurdson W, Ovod V, Munsell L, Kasten T,
Morris JC, et al. Decreased clearance of CNS beta-amyloid in
Alzheimer’s disease. Science. 2010;330(6012):1774. https://
doi.org/10.1126/science.1197623

PMid:21148344

10. Bertram L, Lill CM, Tanzi RE. The genetics of Alzheimer
disease: Back to the future. Neuron. 2010;68(2):270-81. https://
doi.org/10.1016/j.neuron.2010.10.013

PMid:20955934

11. Marten B, Maria P, Jurgen S. Medium-chain triglyserides. Int
Dairy J. 2006;16(11):1374-82.

12. Ngatijdan. Petunjuk Laboratorium, Metode Laboratorium dalam
Toksikologi. Yogyakarta: Pusat Antar Universitas Bioteknologi
Universitas Gajah Mada; 2006. https://doi.org/10.20886/
jpth.2010.4.3.157-165

13. Momeni S, Segerstrom L, Roman E. Supplier-dependent
differences in intermittent voluntary alcohol intake and response
to naltrexone in Wistar rats. Front Neurosci. 2015;9:424. https://
doi.org/10.3389/fnins.2015.00424
PMid:26594143

14. Studzinski CM, MacKay WA, Beckett TL, Henderson ST,
Murphy MP, Sullivan PG, et al. Induction of ketosis may
improve mitochondrial function and decrease steady-state
amyloid-beta precursor protein (APP) levels in the aged
dog. Brain Res. 2008;1226:209-17. https://doi.org/10.1016/j.
brainres.2008.06.005

PMid: 18582445

Open Access Maced J Med Sci. 2020 Apr 14; 8(A):476-480.

479



A — Basic Sciences

Pharmacology

15. Van der Auwera |, Wera S, Van Leuven F, Henderson ST.

A ketogenic diet reduces amyloid beta 40 and 42 in a mouse
model of Alzheimer’s disease. Nutr Metab (Lond). 2005;2:28.
https://doi.org/10.1016/j.jalz.2006.05.2149

PMid: 16229744

16. Croteau E, Castellano CA, Richard MA, Fortier M, Nugent S,
Lepage M, et al. Ketogenic medium chain triglycerides increase
brain energy metabolism in Alzheimer’s disease. J Alzheimers
Dis. 2018;64(2):551-61. https://doi.org/10.3233/jad-180202

PMid:29914035

480

https://www.id-press.eu/mjms/index



