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Abstract
Alzheimer’s disease is a common form of dementia; in which the brain progressively deteriorates after tau protein knots are
formed. Tau protein is an important entity in the brain because its sole purpose is to stabilize the microtubules on the neurons.
Without them, the neurons would not communicate and disassemble completely. This action results in memory loss: what
Alzheimer’s disease is known for. Studies have shown that the properties of cinnamon extract have the ability to slow the
onset of this disease. Recently, a human protein called CyP40 has also shown to reverse the tau knot formation in the brain. A
study is proposed to determine the effects of the combination of two properties of cinnamon extract: cinnamaldehyde and
epicatechin, and the protein CyP40 in the inhibition of tau knots. Results could be favorable in the disease research and
treatment.

Background

Hypothesis

Alzheimer’s disease is a disease of the brain that
progressively gets worse as it kills brain cells by
degenerating the neurons. The first manifestations of
Alzheimer’s disease include loss of short-term memory,
impaired reasoning, difficulty completing tasks, poor
judgement, language and visuospatial dysfunction. The
progression gradually affects the brain until a plateau is
reached, and then behavioral disorders occur. Examples of
these behavioral disorders include wandering, agitation, and
yelling. The late-term symptoms are more demanding and
include loss of ability to respond appropriately to other
people, inability to control essential movements, and a
suppressed immune system.

The proposed study would test the hypothesis that the
properties of cinnamon extract and CyP40 can in
combination inhibit and reverse the formation of tau protein
knots, therefore preventing or slowing the onset of
Alzheimer’s disease.

Pathophysiology
Alzheimer’s disease begins when a specific protein, called
tau, in the brain becomes knotted, or in other words,
abnormally accumulated. Tau proteins are essential in the
neurons of the brain because they serve as the stabilizer to
the microtubules. When tau becomes knotted, the normal
stabilization function of tau to the microtubules is
interrupted, resulting in insoluble fibers in the neuron. The
process of tau becoming knotted involves a few different
pathways. Some of the cases are familial, but most are
sporadic. If it is hereditary, the mechanism begins with a
gene mutation that promotes the formation of clusters of
peptides in the spaces between the neurons. These clusters
are called beta-amyloid plaques. The knots contribute the
biggest impact to memory loss, but the hard plaques
between the neurons make the development of the disease
even faster. Neurofibrillary tangles are the aggregated form
of a hyperphosphorylated tau protein. Once the knots and
plaques are formed, synapse and neuron loss follow due to
the microtubule disassembly. The inflammatory process
then begins, and neuronal dysfunction follows. The result is
oxidative stress which causes dysfunction of the
mitochondria: the energy producing organelle in the body.
All of these mechanisms including tau protein knot
formation,
beta-amyloid
plaque
formation,
and
mitochondrial dysfunction work to interrupt the normal
brain processes and begin the damage to the brain. Figure 1
shows a detailed pathway of the mechanism.

Figure 2: Structures of Cinnamaldehyde (L) & Epicatechin
(R) (NIH, 2020).

Method of Effective Study

Figure 1: Pathophysiology of Alzheimer’s Disease (Sajjad,
1970).

Future Advancements & Treatment
Cinnamon extract, in recent years, has been shown to have
an impact on the prevention of Alzheimer’s disease. The
cinnamon extract contains two inhibitory compounds:
cinnamaldehyde, and epicatechin (George, et. al., 2013).
Figure 2 shows the structures of these two compounds. The
tau protein is normally regulated by its phosphorylation state
which is a combination of the kinases and phosphatase
regulation on the molecule (Kolarova, et. al., 2012).
Cinnamaldehyde and epicatechin protect tau from oxidative
stress In the early events of Alzheimer’s disease onset,
oxidative stress induces tau hyperphosphorylation, which
destabilizes microtubules by decreasing the binding affinity
of tau (Liu, et. al., 2015). Oxidative stress is prevented by
“antioxidants” such as the compound epicatechin. Another
recent advancement in the treatment of the disease involves
a human protein called cyclophilin 40, or CyP40, that can
untangle the tau tangles that have already formed. CyP40 is
a molecular chaperone in the body, which is an enzyme that
prevents aggregation and assists in folding of proteins to
their stabilized structures. Chaperones such as CyP40 are
also vital in maintaining homeostasis by removing toxic
aggregates such as tau in Alzheimer’s disease.
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1. 96-well plate with a set of wells with tau protein
(control).
2. Set of wells with tau protein exposed to cinnamaldehyde
and epicatechin.
3. Set of wells with tau protein, cinnamaldehyde,
epicatechin, and CyP40.
4. Set of wells with tau protein with just CyP40.
(All wells have equal total concentrations of additives)
5. Aggregate tau in all wells with 4.4 microliters of heparin
while using cyclic agitation.
6. Addition of 10 microliters of Thioflavin-T to test degree
of knot intensity.
7. Measure change over time with spectrofluorometer.
8. Obtain Thioflavin-T fluorescence value at the end
(endpoint intensity value) to show the amount of protein
left.
9. Formulate graph with data and compare endpoint
intensity values. Figure 3 shows a visual of the data
collection method.

Figure 3: Graph of endpoint intensity data collection and
analyzation method (Malmos, 2017). Circled is the value
that will be used to determine the abilities of each additive
in removing/inhibiting tau knot formation. Graphs will be
made for each set of wells and an endpoint intensity value
will be obtained for each. The smaller the endpoint intensity
value on each graph, or smaller the amount of tau knot left
after the experiment, the better one the additives is at
removing these knots.
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