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Alzheimer’s Disease (AD) is a neurodegenerative disease that results in loss of cognitive functioning in numerous neurological
areas. Imperative functions that are impacted by AD include basic motor and locomotor functions, thinking, memory,
problem-solving skills, and more. The risk of AD increases with age, as seniors aged 60 and older are at the highest risk.
Using Drosophila melanogaster as a model for AD, the neuroprotective peptide ACTH g_g) PGP was tested in four different
concentrations, 5, 10, 20, and 25 mg/mL, to examine its effect on the locomotor capability of diseased-AD flies. Using a
climbing assay, the locomotor function of flies with AD was assessed to detect locomotor capability in the flies. The average
climbing assay pass rate of disease control flies was 50%, with most concentrations of ACTH 5_o) PGP unable to surpass this in
the Drosophila model, reflecting that the peptide could not significantly improve the locomotor capability of AD flies. However,
flies exposed to 20 mg/mL of ACTH _o) PGP were shown to have an average pass rate of 61%, exceeding that of the disease
control’s 49% pass rate, highlighting the potential for more studies to be done with ACTH(s_g) PGP in Alzheimer’s research.
While ACTH_9) PGP may not have been a statistically significant treatment in lower dosages, higher dosages show slight
potential for locomotor improvement in diseased fly models, but further studies are warranted to confirm the neuroprotective
peptide’s viability. With further research, effective treatments can be developed to combat the effects of AD.
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Introduction

Alzheimer’s Disease (AD) is a neurodegenerative disease
characterized by loss of cognitive functioning in areas such
as problem-solving, thinking, memory, and other neurological
aspects important for day-to-day function in human beings.
AD is a multifactorial disease with many biological pathways
paving the way for the disease’s pathogenesis. These include,
but are not limited to: amyloid plaque accumulation (via the
aggregation of amyloid-beta (Af3) peptides), Tau protein ag-
gregation, oxidative stress, neuroinflammation, and more.
Regarding the amyloid plaque pathway, the breakdown of
the amyloid precursor protein (APP) results in the release and
aggregation of A3 peptides in the brain, amongst other com-
ponents from different hallmarks and pathways of Alzheimer’s
development, such as Tau proteins and more''. These Af pep-
tides come in two forms: AB40 and AB42. While both are
important in the amyloid pathway of AD pathogenesis, A342
is a more prominent factor. On a molecular level, AB42 dif-
fers from the former in amino acid structure as Af342 has two
extra hydrophobic residues on the C-terminus. This makes
A42 more insoluble and hydrophobic than A40, while also
supporting that Af42 aggregates and forms amyloid plaques

more readily than A$40. Upon aggregation, these A pep-
tides accumulate to form the amyloid plaques, which directly
cause damage to the brain. This is done through accelera-
tion of apoptosis in neurons, disruption of synapses and crit-
ical cognitive functions in the brain, blockages or ruptures of
blood vessels, and more’?. Typically, AB42 proteotoxicity is
studied more frequently in Drosophila models than AB40, as
the expression of secreted Af42 directly contributes to neu-
ronal death more so than Af40, as previously mentioned, mo-
tivating researchers focusing on this pathway of Alzheimer’s
pathogenesis to focus on mediating the intrinsic and external
factors of AB42 neurotoxicity=.

Oxidative stress, an imbalance of antioxidants and oxidants,
is another prominent pathway of Alzheimer’s pathogenesis.
Resulting from a sudden increase or decrease in the amount of
antioxidants within the brain, oxidative stress reduces hydro-
gen peroxide and the oxygen molecules of water, leading to
the formation of reactive oxygen species (ROS) that can react
with other substances in the brain, impairing crucial cognitive

functions, as is seen in Alzheimer’s disease™.

Inflammation (also known and referred to as neuroinflam-
mation) is another major pathway in the development of
Alzheimer’s, serving as a core pathology of the disease. In
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previous studies, neuroinflammation has been observed as the
activation of macrophages known as microglia and other cells
native to the brain that exacerbate the progression of both
amyloid-beta and Tau proteins, further contributing to the
pathogenesis of Alzheimer’s”.

While it can occur in numerous different age groups, AD is
most common in the senior population of those aged 65 and
older, as the risk of acquiring the disease increases with age.
The disease is also one of the top ten leading causes of death
in the United States, according to the Centers for Disease Con-
trol. In the U.S. alone, 6.9 million people live with the disease,
45% of whom are seniors aged 75-84 years and 36% of whom
are seniors aged 84+ years®. As of a 2025 study, Alzheimer’s
is currently the seventh leading cause of death (in terms of
disease), with 2023 data suggesting it could rise to the sixth”.
Furthermore, the population of those with Alzheimer’s in the
U.S. is expected to drastically increase in the coming decades,
reaching as high as 14 million by the year 2050%.

The purpose of this research experiment is to determine
whether or not the neuroprotective peptide ACTH(¢_o) PGP
can improve locomotor capability in a model of Drosophila
melanogaster (common fruit flies) with the neurodegen-
erative disorder Alzheimer’s Disease. It is hypothesized
that ACTH(s_9) PGP can mitigate locomotor damage in
Drosophila melanogaster models of Alzheimer’s disease and
even improve the locomotor/flying capability of these fruit
flies. Proponents of this hypothesis include the peptide’s neu-
roprotective properties and its ability to improve memory con-
solidation in a model of rats in previous research®. Further-
more, ACTH(s_o) PGP protects neurons from cell death as
well as oxidative stress and has proliferative activity, allowing
it to rapidly increase and grow in number!"!l, Additionally,
in this research, Drosophila melanogaster is used as the main
organism model as its nervous system is widely similar to that
of humans, and it can express many genes and diseases also
expressed by human beings, making it an ideal in vivo model
to study neurodegenerative diseases such as Alzheimer’s12,
From improvement of memory and neuroprotective properties
to mitigating cell death and oxidative stress, ACTHs_o) PGP
would be an ideal treatment to combat the locomotor dam-
age caused by Alzheimer’s disease. These past findings in
research suggest ACTH_g) PGP may be an ideal candidate
for developing a treatment that can help combat Alzheimer’s.

To best address the established hypothesis, two strains of
flies were acquired: one healthy, normal strain of flies from
Carolina Biological, and one strain of flies with Alzheimer’s
Disease, specifically expressing the Af1-42 gene, from
Bloomington Drosophila Stock Center. Before organizing
them in their variable/control groups, the flies were age-
matched and gender sorted to ensure that only female flies
were used for the research. These flies were divided amongst
three different fly groups: a wildtype (+) control of healthy

flies that would not receive any treatment, a disease (—) control
of Alzheimer’s flies that would not receive any treatment, and
an experimental group of Alzheimer’s flies that would receive
treatment. The experimental group was divided into four sub-
sets of groups that would receive four different concentrations
of the ACTH(¢_g) PGP treatment, one group per concentra-
tion, with the different concentrations: 5 mg/mL, 10 mg/mL,
20 mg/mL, and 25 mg/mL. Concentrations of the peptide were
mixed in their respective batch of fly food, which the differ-
ent groups of experimental flies would consume. Climbing
assays would be conducted on the groups of flies to record the
flies’ pass rates, therefore testing their motor capability. The
varying concentrations of the ACTHs_g) PGP served as the
independent variable (IV) while the climbing assay pass rates
were the dependent variable (DV).

Methodology & Materials

Different Drosophila Strains

To best address the established hypothesis, two strains of
Drosophila melanogaster were acquired: one healthy, nor-
mal strain from Carolina Biological and one strain with AD,
specifically expressing aggregated levels of the AfB42 pep-
tides, from Bloomington Drosophila Stock Center. Stock
#33769 from the AB42 model of Drosophila was acquired
from Bloomington, while the wildtype (healthy and normal)
model of Drosophila acquired from Carolina Biological was
from item #172100. Pertinent information regarding the ac-
quisition and details of the acquired fly strains may be found
in the table below.

Regarding important driver information for the Af42
Drosophila line from Bloomington, Stock No. 33769 was
a UAS responder line designed to be used and crossed with
GALA4 driver stock for the expression of the amyloid beta
gene. Prior to its arrival in the experimental lab setting, the
stock was crossed with an elav-GAL4 stock for pan-neuronal
expression of the amyloid beta gene in all (or nearly all) of
the neurons in the Drosophila nervous system. This was done
to prepare an accurate Drosophila model of Alzheimer’s dis-
ease and its progression. Furthermore, this would ensure that
any effects of the tested independent variable (IV) drugs are
identified.

Expanding Stocks

The two stocks of flies, healthy/normal flies and the flies
with Alzheimer’s disease (acquired from Carolina Biologi-
cal and Bloomington Drosophila Stock Center, respectively),
were expanded for 2-3 months to provide a sufficient amount
for the research. This involved tapping the flies from different
vials every 4-6 days, allowing the flies to reproduce quickly
and repeatedly. As Drosophila are known to quickly repro-
duce, this allowed the two stocks of flies to be expanded fairly
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Fly Strain Source Catalog/Identifier Genotype URLSs (Necessary for
Type No. Sourcing)
Wildtype (WT)  Carolina Biological 172100 (Item No.)  Female: X /X, 2/2,37/3%, [Link
Identifier: N/A 4T/4+
Male: X*/Y, 2+/2%,31/3%,
4% /47F
AB42 Bloomington 33769 (Stock No.) ~ w[1118]; P{w[+mc]=UAS- Link
Drosophila Stock Identifier: APP.Abetad42.B}m26a
Center RRID:BDSC_33769

Table 1 Outline of acquisition and sourcing details regarding the different fly strains acquired for research. Inclusion of URLs to each fly

strain was necessary to cite sources of such materials.

quickly, supplying the experiment with a sufficient amount for
data collection. The flies were held in vials sealed with cotton
flugs at the top and with 0.5 — 1 in of fly food at the bottom of
the vial.

Regarding rearing conditions, both strains of flies were
reared at room temperature (~ 25 degrees Celsius) under a
12-hour light/12-hour dark (LD 12:12) cycle at 40-50% rela-
tive humidity (RH). To ensure the consistency of fly growth
and reproduction, these settings were kept consistent through-
out the entirety of the experiment. Both female and male flies
were initially provided in the vials and kept together to repro-
duce, providing more female and male flies. Upon eclosion,
flies would typically age up to one week (seven days) before
being disposed of via freezing in a —80 °C refrigerator, ensur-
ing all flies were aged seven days or less (< 7 days).

Age Matching & Gender Sorting

Before organizing them in their variable/control groups,
the Drosophila melanogaster were age-matched and gender
sorted to ensure that only female flies were used for the re-
search. Age matching ensured that the collected data would
be consistent across all flies, as AD is a neurodegenerative
disease with risk and effects that worsen with age. In other
words, different age groups will reflect different symptoms of
the disease, asserting the need for the Drosophila to be age-
matched.

Gender sorting was done to ensure a viable collection of
data from the flies, as vials with both male and female flies
would likely result in the reproduction of offspring, interfer-
ing with the reliability and consistency of any data collected.
A vial of only male Drosophila could potentially result in ag-
gression and violence with each other in a male-only environ-
ment. A vial consisting only of female Drosophila promotes
the most viable and appropriate environment for data collec-
tion. To ensure randomization and avoid bias, multiple vials
of age-matched flies mixed with males and females were used
when sorting female flies into their respective vials.

A total of ten flies were assigned per vial, with multiple

vials utilized per variable group. Flies were gender sorted us-
ing anesthetization via freezing by tapping them into empty
vials, pausing for two minutes (120 seconds) to allow them
to adjust to their environment, and placing the vial in an ice
bucket for five minutes. After freezing-induced anesthetiza-
tion, flies were placed on a glass plate chilled on ice and were
sorted appropriately.

This methodology was unofficially nicknamed cold sorting
in the research setting. While CO, sorting, a sorting method
using CO, from CO; tanks for anesthesia of flies, was avail-
able, this was not used as repeated CO, exposure can cause
changes in fruit fly neurology'l®. Anesthetization via freezing
avoids any such changes in neurology and is more compatible
with behavioral studies with fruit flies, such as this one, than
CO; sorting.

Variable Grouping

After expanding, age matching, and gender sorting, the
Drosophila melanogaster were divided amongst three differ-
ent fly groups: a wildtype (+) control of healthy flies that
would not receive any treatment, a disease (—) control of
Alzheimer’s flies that would not receive any treatment, and
an experimental group of Alzheimer’s flies that would receive
treatment. The experimental group was divided into four sub-
sets of groups that would receive four different concentra-
tions of the ACTH5_o) PGP treatment, one group per con-
centration, with the different concentrations being 5 mg/mL,
10 mg/mL, 20 mg/mL, and 25 mg/mL.

To follow and be consistent with appropriate binding pro-
cedures, appropriate labels (e.g, “A1”, “A2”, “B1”, “B2”, etc.)
were assigned to the necessary vials after variable grouping to
ensure that the different fly groups would not be mixed when
performing the necessary assays.

Making Fly Food with and without ACTHs_o) PGP

Two different types of fly food were made for the research.
The first was regular fly food, which was fed to the wildtype
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(+) and disease (—) controls with no altered change of any kind
to their normal diet. The second was fly food containing the
peptide ACTH 4_g) PGP in the four different concentrations:
5 mg/mL, 10 mg/mL, 20 mg/mL, and 25 mg/mL. ACTH s _o)
PGP was acquired as a lyophilized (freeze-dried) powder at
(97.0% purity from the vendor Prospec Protein Specialists
(catalogue number: HOR-033). As a lyophilized powder, it
was stored at —18 °C until necessary use, as, according to the
acquired safety data sheet, it can remain stable at room tem-
perature for only three weeks or less. To appropriately dis-
solve the ACTHs_o) PGP in fly food, it would have to be
dissolved into liquid form via reconstitution. The reconstitu-
tion process was as follows. As an appropriate solvent, dis-
tilled water was used to dissolve the ACTH 4 _g) PGP powder
in its vial. Distilled water was micropipetted to the sides of the
vial containing the lyophilized powder; this was done to avoid
dropping the distilled water directly onto the powder, because
this prevents the powder from properly diluting. After the dis-
tilled water was added, the vial was closed and swirled for 1-2
minutes to ensure the lyophilized powder would fully dilute
with the distilled water. Following reconstitution, the liquid
ACTHs_9) PGP was stored in a refrigerator at 4 °C until fur-
ther use.

A separate batch of fly food was made for each concen-
tration of the peptide. The experimental group of flies, as
mentioned previously, was split into four groups, with each
respective group receiving one of the four concentrations of
ACTH(s_9) PGP in their fly food as part of their diet. In
each case, regarding the batches of fly food that received the
treatment, ACTH_g) PGP, in liquid form, was added to the
freshly made fly food after preparation. The final volume of
each batch of fly food was 500 mL, which was appropriately
measured with a negligible margin of error within a 1000 mL
beaker. Calculated values of liquid ACTH_g) PGP were
added to each batch of fly food to achieve the following con-
centrations of the treatment within the fly food: 5 mg/mL, 10
mg/mL, 20 mg/mL, and 25 mg/mL. Each vial containing fly
food was filled up to a height of 0.5 inches. Each of the two
control groups (wildtype and disease) and four experimental
groups consisted of ten vials of flies per group, with ten flies
per vial. The different fly groups were given their respective
fly food. The four experimental groups of flies were given
48 hours (2 days) in their vials of the altered fly food with
ACTHs_9) PGP to allow for proper consumption and diges-
tion of the peptide. This time frame was used as, in the case of
standard methodological processes that test for locomotor ca-
pability and utilize locomotor-based assays, 48 hours is a suf-
ficient time period for a stable physiological state in response
to a new treatment fed to Drosophila in their fly food'. Fur-
thermore, this limit was decided as, due to feasibility reasons
regarding available equipment in the lab setting, the individual
intake of each fly or vial of flies could not be directly mea-

sured. The 48-hour period was just long enough to ensure all
the flies in each vial (that was fed the treatment) consumed the
treatment, while being short enough to be within the bounds of
the flies’ lifespan and the experimental procedure’s timeline.

Regarding variables, appropriate experimental, wild-type,
and disease controls were developed and readied (as previ-
ously established). A vehicle control was inapplicable in this
experiment, as the solvent the ACTHs_g) PGP was dissolved
in was distilled water, which is part of the recipe for fly food.
For these reasons, there was no vehicle control used in the ex-
periment.

Climbing Assays

After being given 48 hours in their respective vials with their
respective type of fly food, a climbing assay was conducted
for data collection to assess the effect of ACTHs_g) PGP on
the locomotor capability of diseased flies that consumed the
altered fly food with the treatment. Climbing assays have
been shown in previous studies to serve as strong indicators
of locomotor behavior and capability. A 2011 study was able
to model neurodegeneration as well as locomotor and learn-
ing capability in Drosophila using a type of climbing assay
known as negative geotaxis'>. For each vial of flies (ten vials
per group, ten flies per vial), the flies were tapped out of their
respective vial and into an empty, sealed vial. The ten flies
were given approximately two minutes (120 seconds) to ad-
just to their new environment, while the 5 cm (approx. 2 in)
mark from the bottom of the vial was marked using a marker
and ruler. A 5 cm mark was used as the threshold for de-
termining the pass/fail status of each of the flies because a
climbing capability of 5 cm within three seconds (time frame
can be altered for different experiments, especially when us-
ing different strains of flies) is well within the capabilities of
healthy, wildtype Drosophila'®. Since this research aims to
determine whether the climbing capabilities of AS-expressing
flies treated with ACTH_g) PGP can be restored to that of
healthy, regular flies, this cutoff and the use of a pass/fail sys-
tem are most appropriate for the climbing assay. The use
of a climbing assay is most appropriate as the approach, in
addition to assessing the motor capability of diseased flies,
provides insights into early detection of Alzheimer’s in fly
models through progressive locomotor deficits; furthermore,
it provides insights into the phenotypic severity of fly models
with Alzheimer’s-associated genes (which may be applied to
Alzheimer’s research with alternative angles) and can be ap-
plied to a breadth of disease models in model organisms-Z,
The ability of climbing assays to provide fine-scale behavioral
data as well as gauge locomotor phenotypes of Drosophila
makes this method ideal for assessing flies in the context of
neurodegenerative diseases such as Alzheimer’s5.

Next, in the climbing assay procedure, the empty vial, con-
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taining the flies, was then tapped on a surface such that all the
flies fell to the bottom before the vial was placed still. As soon
as all the flies reached the bottom of the vial, a timer of 10 sec-
onds was started, while the flies would try to climb the inside
of the vial towards the top, where the light source was shin-
ing. After ten seconds, the number of flies, out of the ten in
the vial, that passed the 5-cm mark was counted. A single trial
of this process consisted of doing this for one vial from the
wildtype (+) control, disease (—) control, and each of the four
experimental groups (5 mg/mL, 10 mg/mL, 20 mg/mL, and 25
mg/mL of ACTHs_g) PGP). Per trial, each vial is tested once.
Each vial is the statistical unit for analysis. A total of ten trials
were completed across the research, with a two-day (48 hours)
rest interval for the flies between trials. Per previous research
in this field, the minimum rest interval between trials is three
minutes1’?. However, due to time constraints in the research
environment where the experiment was conducted, trials were
conducted on a 48-hour interval.

To ensure the integrity and reliability of data, as well as
minimize any potential for random and/or systematic error, the
following were kept constant throughout the experiment: time
of day, temperature of the research setting, the dimensions of
the vial, and the wall texture of the vials. Regarding the time
of day, all research was completed between the hours of nine
and eleven in the morning, ensuring the flies’ behaviors based
on daytime were consistent. The research environment was
maintained at room temperature with an exact temperature of
25 degrees Celsius. All vials used had the same glass-like
wall texture and dimensions of 10 centimeters in height and
roughly 2 centimeters in diameter. Cotton flugs were used as
caps for the vials.

Pass Rate — (# of flies that passed climbing assay mark) « 100

total # of flies

ey
Equation 1: Formula for calculating the pass rate of flies in a
single climbing assay trial (by percentage).
An example calculation where 4 out of 10 flies passed the
climbing assay mark provides a 40 percent pass rate, as can
be calculated below. Ex:

4
Pass Rate = | — 100
ass Kate (10) X

Pass Rate = (0.4) x 100
Pass Rate = 40%

After this was done for all the vials across all the control
and experimental groups, the collected data was analyzed for
a statistical analysis test to be conducted. To ensure reliable
consistency of data and account for any potential phototaxis-
based stimulus, the illumination of the research setting where

the experiment took place was kept constant. This was done
to avoid any potential discrepancies or inconsistencies in the
data that could have been due to phototaxis stimulus, should
the research environment’s room illumination have been in-
consistent. The room was kept illuminated at a constant level
across the entirety of the research project and its trials.

Statistical Analysis

Following the collection of data on the different fly groups’
motor capability in the climbing assay, a Kruskal-Wallis sta-
tistical test was run on the compiled data using the DataClass-
room software, with a Post-Hoc test being used to compare
the p-values of the experimental groups of flies to those of
the wildtype (+) and disease (-) controls. This would help
determine, from a statistical standpoint, if the concentrations
of ACTHs_9) PGP were able to improve climbing capability
in the Drosophila melanogaster. Should this be supported, it
would strongly support that ACTH _¢) PGP can improve the
locomotor capabilities of Drosophila melanogaster models of
Alzheimer’s Disease, paving the way for treatments that mit-
igate the motor-related impairments that human patients with
Alzheimer’s disease face.

Data

Per-Vial Climbing Pass Rates Across Different Drosophila Groups
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Fig. 1 Scatter plot of individual data points representing pass rates
across different Drosophila groups; each group consisted of ten
flies, with the presented numbers representing how many flies in
each group passed the climbing assay mark of 5 cm (~ 2 in).
Experimental conditions are denoted by numbers: wildtype (1),
disease (2), 5 mg/mL ACTH_o) PGP (3), 10 mg/mL ACTH 4_g
PGP (4), 20 mg/mL ACTH 4_g) PGP (5), 25 mg/mL ACTH s _o)
PGP (6). Graph was generated by experimenters using
DataClassroom software. Appropriate sample sizes used were ten
flies per vial and ten vials per experimental condition.
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# of Flies out of 10 That Passed Climbing Assay Mark Per Control/Experimental Group

Trial Wildtype (+) Disease (-) 5 mg/mL 10 mg/mL 20 mg/mL 25 mg/mL
ACTH(s_g) PGP ACTH(s_o) PGP ACTH(_g) PGP ACTH(¢_o) PGP
1 7 3 2 4 0 4
2 8 7 3 5 4 8
3 7 5 2 0 1 6
4 10 5 4 4 4 6
5 8 7 6 5 6 4
6 9 7 4 3 7 4
7 9 5 7 4 6 7
8 7 5 6 7 6 7
9 10 3 7 6 5 8
10 8 2 4 5 7 7

Table 2 Data chart outlining raw data of climbing capability across different control/experimental groups of Drosophila.

Data Availability Statement

The above data was collected during experimentation by the
student researcher and author under the research mentors at
the Academies of Loudoun. The author affirms that all in-
cluded data (raw and calculated) have been included in this
paper along with any results and statistical analysis. For the di-
rect acquisition of raw data, statistically analyzed data, graphs,
and/or supplementary materials, a considerable and reason-
able request may be made directly to the corresponding author
of this paper.

Results

Table 4: Chart showing the different p-values between wild-
type and the four experimental groups as well as disease (-)
and the four experimental groups; the “<0.01” p-values repre-
sent extremely strong statistical confidence that the difference
between the groups is different while the 1.00 p-values rep-
resent that the groups are not statistically different (the 0.37
p-value between Wildtype (+) and 25 mg/mL also represents
little-to-no statistical indication the groups are different).

Discussion

Hypothesis and Experimental Research Findings

This research originally hypothesized that the neuroprotective
peptide ACTHs_g) PGP could improve the locomotor capa-
bilities of a Drosophila melanogaster model of Alzheimer’s
Disease, which was observed by measuring the climbing assay
pass rates of the Drosophila when administered with concen-
trations of the peptide. Flies were given four concentrations of
ACTH(G_g) PGP in their diet (5, 10, 20, and 25 mg/mL) and
had their overall motor capabilities observed via a climbing

assay and calculated based on their pass rate percentages. The
results reflected no statistically significant or detectable im-
provement in climbing capability via treatment of ACTH 5_g)
PGP, since there was no detectable improvement in the motor
performance of diseased flies treated with ACTH_o) PGP.
This was determined by observing how the climbing pass rates
of the treated flies continued to remain consistent with those of
the disease (—) control, rather than having values statistically
closer or similar to those of the wildtype (+) control.

Interpretations of Statistical Analysis

The Kruskal-Wallis statistical test was run with a Post-Hoc test
to analyze the data. The results revealed low p-values (<0.01
to 0.37) between the experimental groups and the wildtype
(+) control, highlighting a high statistical difference. In great
contrast to this, the results also revealed high p-values, 1.00
for all except 25 mg/mL., which resulted in 0.63, between the
experimental groups and the disease (—) control, reflecting a
low statistical difference between the 5, 10, and 20 mg/mL
values compared to the disease control, and a slightly higher
statistical difference between the 25 mg/mL pass rates and
disease control. These findings do indicate no statistically
significant improvement of climbing capability in Drosophila
treated with the ACTHs_q) PGP for the first three concentra-
tions, but also suggest that higher concentrations of the neu-
roprotective peptide could potentially show greater capabil-
ity of restoring motor function and locomotor ability in the
Alzheimer’s model of Drosophila melanogaster. Further stud-
ies and research of ACTH 5_o) PGP in the field of Alzheimer’s
research, from its effects on locomotor capability to its mecha-
nisms in the amyloid branch of Alzheimer’s development and
more, will need to be conducted to fully grasp the breadth of
the potential for ACTH(s_g) PGP and other neuroprotective
treatments.
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Note: Box and whiskers plot shows the median value (line), interquartile range [box). and the extent of the data [whiskers above

and below at min / max data points).

Fig. 2 Box and Whiskers (median-based) graph of climbing assay pass rates among various fly groups that include wildtype (+) normal and
healthy flies not exposed to any treatment), disease (-) group of Alzheimic flies expressing the Af1-42 gene that will not receive any
treatment of ACTH5_gy PGP), and four groups of Alzheimic flies with each exposed to a concentration of ACTH s _g) PGP in their fly food:
5 mg/mL, 10 mg/mL, 20 mg/mL, and 25 mg/mL; made with Data Classroom software by experimenters.

Compiled Data of 10 Trials on Each Group of Flies Receiving (or Not Receiving)
IV Treatment of ACTH<6,9) PGP (Units in %)

Wildtype (+) Disease (-) 5 mg/mL 10 mg/mL 20 mg/mL 25 mg/mL
ACTH_ o) PGP ACTH(_ o) PGP ACTH( o) PGP ACTH(¢_o) PGP
Average 83 49 45 43 46 61
Median 80 50 40 45 55 65

Table 3 Chart outlining the average and mean values of the pass rates from the ten (10) trials of climbing assays conducted across the different
control and experimental groups.

Kruskal-Wallis Post-Hoc’s P-Value Results Between Wildtype/Disease and Groups

5 mg/mL 10 mg/mL 20 mg/mL 25 mg/mL
ACTH o) PGP ACTH o) PGP ACTH( o) PGP ACTH(¢ o) PGP
Wildtype (+) <0.01 <0.01 <0.01 0.37
Disease (-) 1.00 1.00 1.00 0.63

Table 4 Chart showing the different p-values between wildtype and the four experimental groups as well as disease (—) and the four
experimental groups; the “<0.01” p-values represent extremely strong statistical confidence that the difference between the groups is different
while the 1.00 p-values represent that the groups are not statistically different (the 0.37 p-value between Wildtype (+) and 25 mg/mL also
represents little-to-no statistical indication the groups are different).

Limitations and Potential Improvements favorable result. Such limitations include the singular depen-
dency on the climbing assay and the relatively limited scope
to analyze locomotor capability solely on its own. These pa-
rameters limit the breadth of Alzheimer’s research as they are
unable to account for or provide insights into alternative mech-

An array of certain limitations pertaining to the lab setting, as
well as experimental parameters and procedural shortcomings,
likely contributed to the lack of a statistically significant or
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Fig. 3 Table of median and IQR (interquartile range: Q1 and Q3)
pass rates across different experimental conditions of Drosophila
melanogaster. Experimental conditions on the horizontal axis are
denoted by numerical values for graph compatibility: wildtype (1),
disease (2), 5 mg/mL ACTH s _g) PGP (3), 10 mg/mL ACTH 4 o)
PGP (4), 20 mg/mL ACTH s _g) PGP (5), 25 mg/mL ACTH s o)
PGP (6). Graph was generated by experimenters using
DataClassroom software.

anisms and pathways: amyloid-beta, Tau proteins, oxidative
stress, inflammation, and/or more.

To address these limitations, certain improvements can be
made to the structural procedure of the experiment. Incor-
porating additional assays such as survival to track lifespan,
immunostaining to track the development of pertinent pro-
teins such as amyloid-beta and Tau, and the WAFO (wall-
following) assay to track oxidative stress. These assays can
provide deeper insights into the mechanisms of Alzheimer’s
in a Drosophila melanogaster model as well as the effect dif-
ferent treatments have on these mechanisms and proteins. In-
corporating combination therapies (CT) can also provide more
favorable results, as such methods consistently improve over-
all health and performance in Drosophila with Alzheimer’s
Disease?’. Additionally, incorporating newly developed mod-
els of Drosophila melanogaster expressing the amyloid-beta
gene and utilizing built-in apoptotic sensors that emit fluores-
cence signals from the green fluorescence protein may pro-
vide deeper insights into the amyloid pathway of Alzheimer’s
disease as well as identify substances that may limit amyloid
proteotoxicity, thus mitigating the progression of Alzheimer’s
disease?!. 1In the focus of assessing locomotor activity, the
incorporation of a rapid iterative negative geotaxis (RING) as-
say could provide deeper insights into the consistency of the
effect different therapies and treatments have on impaired lo-
comotor activity. The use of a RING assay, which utilizes
digital photography to document negative geotaxis in multiple
groups of flies simultaneously, is highly favorable as it elim-
inates potential effects such as time of day, repeated testing,
and the density of flies being tested, while providing more de-

tailed insights into the locomotor capability of flies*®. Fur-
thermore, tracking locomotor activity can be improved and
done more efficiently as well as more effectively by incorpo-
rating an AnimalTracker application programming interface
(API). This method, which requires only a high-definition
camera and computer peripheral hardware integration to an-
alyze and record behavior, is an affordable and effective ap-
proach to systematically recording the locomotor performance
of both larvae and adult flies via image processing of recorded
video??.

In future Alzheimer’s research utilizing Drosophila models,
it would be ideal to explore multiple pathways of Alzheimer’s
pathogenesis beyond the amyloid pathway. This would be
ideal, as in the case of Alzheimer’s, the progressive neurode-
generation and locomotor deficits that characterize this dis-
ease are the result of both amyloid-beta and non-amyloid ag-
gregates building up in the brain as observed with Drosophila
models**, Developing experimental procedures that can ad-
dress multiple pathways may allow for accurate testing of
treatment therapies against multiple pathways of Alzheimer’s
pathogenesis, potentially paving the way for more versatile
and effective treatment therapies for Alzheimer’s.

Future Work

While there does lie potential for higher concentrations of
ACTHs_9) PGP in the advancement of Alzheimer’s research,
future research should explore alternative methods, therapies,
and/or substances that highlight a greater level of success in
the improvement of locomotor and motor-based functions in
Alzheimer’s disease models such as Drosophila melanogaster
and more. This may include using other neuroprotective com-
pounds and utilizing methods such as combination therapy to
apply more than one therapy while targeting and emphasiz-
ing specific mechanisms of Alzheimer’s (e.g, the amyloid/A 3
pathway, oxidative stress, inflammation, Tau proteins, etc.).
Additionally, the addition of a survival assay alongside a
climbing assay would likely increase the efficacy and com-
prehensive reliability of assessing the effect of different drugs
and treatment therapies on Alzheimer-based Drosophila.

In the focus of the amyloid pathway, where different treat-
ments and therapies would be tested on their ability to mit-
igate amyloid formation and peptide aggregation, the use of
immunostaining and electron microscopy (EM) can help de-
termine the efficacy of different treatment therapies in the
amyloid pathway of Alzheimer’s pathogenesis®. The same
methods may be applied to studying the Tau protein pathway,
which focuses on the neurodegenerative effect of Tau proteins,
observing how different treatment therapies may mitigate the
internal and external factors of Tau proteins through scanning
electron microscopy (SEM) and light microscopy2®. Addi-
tionally, incorporating Drosophila models with different sys-
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tems can help strengthen the efficacy and accuracy of study-
ing the amyloid gene expression within Drosophila models
of Alzheimer’s, as well as the effect different treatment thera-
pies have on such gene expression. In particular, the Q-system
of Drosophila, which is a recently-developed and repressible
binary system that promotes widespread opportunities in ge-
netic manipulation and transgene expression, can be used to
study gene expression, including but not limited to amyloid
and Tau?’. In genetic manipulation, to express genes such as
amyloid and Tau that are pertinent in Alzheimer’s pathogene-
sis, CRISPR-Cas9 models of Drosophila can also be applied,
as the CRISPR system can catalyse specific genome modifica-
tion via homology-directed repair?®. With more comprehen-
sive and refined methodologies, more effective therapeutics,
and focused mechanisms and properties of the disease, more
effective and statistically significant treatments can be devel-
oped to better combat Alzheimer’s Disease.

Conclusion

The following study supported the notion that ACTH s o)
PGP did not significantly improve motor capability in
Drosophila melanogaster with Alzheimer’s disease at lower
concentrations, but may have potential to do so at higher con-
centrations within fly food, such as 25 mg/mL. Despite this
gray lining, the neuroprotective compound was best supported
to have inefficacy in this goal as shown by statistical analysis,
which confirmed that treated flies performed closer to disease
(=) control flies than wildtype (+) flies. While this particu-
lar compound failed to be a significant step for Alzheimer’s
research, expanding methodologies to include comprehensive
methods, such as a survival assay, and exploring stronger treat-
ment therapies while targeting specific mechanisms and path-
ways in the development of Alzheimer’s, could enhance future
research. This could ultimately lead to treatments that play a
crucial role and serve as the next step in developing pertinent
therapies to combat Alzheimer’s disease.
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