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Abstract

OPEN ACCESS
Ethanol, commonly known as drinking alcohol, is a psychoactive drug that gives the ds:
stimulative effect of alcoholic intoxication. Addiction to ethanol is difficult to overcome due Keywords:
to the withdrawal symptoms present after discontinuing exposure. Planaria, scientifically, ggﬁ;%t(')?n

Dugesia dorotocephala, is a species of flatworm, commonly used as a model organism for
humans planaria show withdrawal symptoms such as low dopamine levels and changes in
movement from addictive drugs, making them a suitable organism to test the effectiveness
of white mulberry on withdrawal. Given that previous studies show that white mulberries
can revert the movements of planarians after addictive substances, it is hypothesized that
white mulberries can help planarians recover from alcohol withdrawal. This study
investigates how white mulberry extract may affect the behavior and locomotion of ethanol-
withdrawn planarians. Planaria were put in a 1% ethanol solution for 60 minutes and given
either post or pretreated with 0%, 3%, 6%, and 9% mulberry in beef for 15 minutes. A vehicle
group that received no ethanol exposure or mulberry treatment was also observed. After
the treatment, the number of gridlines crossed, head bops, and C-shapes were counted for
20 minutes, followed by a Conditional Preference Test (CPT) for 10 minutes. It was observed
that the 6% and 9% white mulberry pre-treatments were able to completely reverse the
ethanol’s impacts on light preference and motility slightly. The post-treatment on the other
hand was shown to worsen ethanol's impact, significantly decreasing motility from the
control.

mild to extreme, such as causing seizures and hallucinations [6].
Experiencing such symptoms makes it extremely hard for many
to recover from AUD and leads them to relapse and continue
consuming alcohol [7].

Introduction

Purpose and Importance

White mulberry is demonstrated to help regulate dopamine
levels [8] and protect neurons against ROS, improving motor
coordination and locomotor activity, which are impacted
because of the withdrawal of ethanol [9]. Previous research
suggests that white mulberries have increased the movements
of planarians after their locomotion was decreased due to
exposure to an addictive substance. As mulberry was tested on
decreased locomotor activity before, it can also be used to help
planarians recover from withdrawal, which occurs due to

The experiment aimed to investigate how white mulberry
extract affects the behavioral and locomotor activity of ethanol-
withdrawn planarians. It was hypothesized that planarians
placed in the ethanol solution that received the mulberry
treatment would experience less severe withdrawal effects than
those who did not.

Alcohol Use Disorder (AUD) is a chronic, relapsing disease
characterized by compulsive alcohol consumption and is

detrimental to global health [1]. In the 5th edition of the
Diagnostic and Statistical Manual of Mental Disorders, alcoholic
dependence and withdrawal are included as mental disorders
[2]. In the United States, around 19.7 million adults lived with a
substance use disorder in 2017, and 74% of them specifically
lived with AUD. The World Health Organization also identifies
alcohol dependence as a global burden that causes alcohol-
related violence and road injury [3]. These symptoms are
hindrances to one’s daily life as these withdrawal symptoms can
make one feel miserable and face pain, debilitating the
individual.

Unfortunately, alcohol addiction is challenging to overcome due
to the withdrawal one may experience after discontinuing
exposure [4]. Withdrawal is defined as the physical and mental
symptoms that one experiences when they suddenly stop or cut
back the use of an addictive substance, and alcohol withdrawal
is associated with symptoms such as insomnia, nausea,
hallucinations, and anxiety [5]. Symptoms can also range from

addiction.

This study intends to:

= highlight alcohol consumption as a serious issue that
must be addressed

s propose the use of white
addiction and decrease
withdrawal

* develop a method of effectively reducing withdrawal
symptoms in planaria

mulberry to mitigate
the effects of ethanol

» understand of potential treatments for humans
@ aid in the global battle against alcohol addiction

Ethanol

Ethanol, commonly referred to as drinking alcohol, is a
psychoactive drug present in alcoholic drinks, including wine,
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beer, and distilled spirits. Alcohol is demonstrated to induce
euphoria, relaxation, and disinhibition while reducing stress and
anxiety [10]. Alcohol produces pleasurable effects by increasing
activity areas in the brain related to reward processing such as
the ventral tegmental area which begins to send dopamine
signals to the nucleus accumbens after alcohol consumption.
Dopamine is critical for learning to associate alcohol with a
rewarding feeling. When one continues to drink, the brain shifts
control over the actions involved with drinking from conscious
control through the prefrontal cortex to habit formation
through the basal ganglia. This transition causes changes in
brain circuitry, which can make it harder for someone to put an
end to their drinking [11].

Longer-term consumption of alcohol is related to more than 60
different medical conditions such as breast cancer, coronary
heart disease, liver cancer, and esophageal cancer [12].
Although alcohol suppresses activity in the extended amygdala
which releases stress-related neurotransmitters and reduces
stress responses at first, repeated consumption of alcohol can
lead to tolerance which means one has to drink more to feel
pleasure. After the drinking stops, there may also be physical
dependence which is displayed as alcohol withdrawal. During
withdrawal, the amygdala circuits become hyperactive leading
to heightened negative emotional states, such as irritability,
anxiety, dysphoria, and emotional pain [13]. Symptoms also
include autonomic hyperactivity, hand tremors, insomnia,
nausea or vomiting, hallucinations, psychomotor agitation,
anxiety, and grand mal seizures [5]. Due to these mental and
physical withdrawal symptoms experienced after discontinued
exposure, it is difficult to recover from an alcohol addiction [14].

Dopamine

Dopamine is a neurotransmitter and hormone that plays an
important role in animal psychology. Dopamine works by
binding onto dopaminergic receptors, which then release a
series of chemicals. It is best linked to the behaviors of
locomotor activity, learning, motivation, food intake, and most
importantly, reward [15]. This link with reward is what induces
addiction and substance abuse; when a stimulant such as
ethanol is used, it creates a surge of dopamine.

The chronic use of a substance causes the brain's circuits to
adapt and become less sensitive to dopamine over time. This
means that achieving a pleasurable sensation requires more
and more of that substance [16]. A stop in the use of addictive
substances results in a sharp decline in dopamine levels. This is
because the increase in dopamine release leads to higher levels
of dopamine than normal and when the substance is removed,
the brain experiences a sudden deficit. This contributes to many
of the negative symptoms of withdrawal since the brain's
reward system must adjust to the change in dopamine levels
without the substance [17].

Morus alba

White mulberries, scientifically known as Morus alba, are small
berries native to East Asia. These berries are beneficial to
neuroactive protection, sensitivity, and antidopaminergic
activity [18]. One of these components, stilbenoids, is
responsible for neuroprotection. Specifically, resveratrol is a
type of stilbenoid found in white mulberries, which can improve
motor coordination, which can get disrupted due to the
influence of alcohol in the brain. It can also protect the brain
against ROS, which can decrease cognitive function [19].
Similarly, oxyresveratrol, another stilbenoid found in white
mulberries, can decrease ROS levels. Both stilbenoids help ward
off toxins that can decrease locomotor coordination and
activity.
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Mulberries also have various flavonoids that are helpful for the
brain and neuroprotection. For instance, the flavonoid
kaempferol can improve motor stimulation [20]. White
mulberries also have anthocyanins, which can aid with cognitive
motor function and memory. Anthocyanins also possess high
antioxidant properties [21]. Additionally, another flavonoid,
rutin, also contains antioxidant properties. Rutin can also
decrease dopamine turnover. In addition to these other
beneficial factors, rutin demonstrated antimotility reactions in a
previous study conducted with rats [22]. Mulberries also have
quercetin, another flavonoid that helps with neuroprotection
and can also act as a neuromodulator [23]. During alcohol
addiction, the brain goes through oxidative stress, which
disrupts the brain’s ability to function. Hence, with white
mulberries having components such as anthocyanins and rutin,
these flavonoids can aid in the protection of the oxidants [24].

White mulberries also contain chlorogenic acid, which is a type
of polyphenolic compound. Chlorogenic acid results in
neuroprotection of the brain and antioxidant activity [25].
Additionally, white mulberries contain malic acid, which can
protect the liver. As alcohol abuse can destroy and toxicate
one’s liver, malic acid is beneficial as it does the opposite, and
can protect the liver instead [26]. Moreover, white mulberries
have oxalic acid, which can stabilize dopamine [27].

Dugesia dorotocephala

Planaria, or scientifically, Dugesia dorotocephala, is a species of
flatworm commonly used as a model organism. A flatworm'’s
brain consists of the orthogon, which contains nerves. The main
nerve cords are directly connected to the brain and are usually
multi-fibrillar. It is usually more developed on the ventral side. A
flatworm'’s brain also consists of an anterior brain with two lobes
connected via multiple commissures. The lobes are also either
loosely or encapsulated by an extracellular matrix. Lastly, the
plexus is held together by either a connection of sub infra-
epidermal, or submuscular nerves which can get extended
through the movement of the worms [28].

Planaria are known for their nervous system, like a human'’s,
consisting of a central nervous system connected to a bi-lobed
brain [29]. The planarian central nervous system also contains
ventral nerve cords. The brain has two lobes, which form an
inverted U-shape. Each of the lobes comprises 9 branches,
which form sensory organs. Although the number of brain
neurons can vary depending on the specific size of the
planarian, an average estimate of neurons in a planarian is
around 8,000. Planarian neurons have an egg-shaped nucleus
attached to an agglomerated chromatin and a large body. The
planarian brain also has neurons that can express homologs of
genes seen in mammalian-like neurons. For instance, planarians
also contain GABA, which is a neurotransmitter that is important
for slowing down and reducing signals the brain receives [30].
Planarians also have neurotransmitters such as dopamine,
glutamate, and serotonin [31].

Previously Published Studies

Previous research found that a common withdrawal symptom
in planaria is a decrease in locomotor activity, as a study
investigating sucrose withdrawal in planaria found that
discontinuing exposure for sucrose-withdrawn planarians
lowers their dopamine levels, resulting in a reduction of their
locomotor activity [32]. Discontinued exposure to a 1% ethanol
solution also resulted in lower locomotor activity, such as
motility. Planarians put in an ethanol solution showed a
preferential shift to lighter environments, which is known as
conditioned place preference, which is a common occurrence in
withdrawal [33]. Another study that used probiotics to combat
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ethanol withdrawal in planaria found that probiotics
significantly increased the ethanol-withdrawn planaria’s motility
when compared to the ethanol-withdrawn group that did not
receive probiotics [34]. This suggests that there is potential for a
treatment that can reduce the effect of planaria in not just
planaria but also humans.

Past research also found that administering the water extract of
white mulberry promotes alcohol dehydrogenase in rats, which
contributes to the rate of ethanol elimination from the blood
[35]. This suggests that white mulberry can protect from
ethanol exposure and help with digestion. Another study
suggests that mulberry extract can resist alcohol damage
because it reduces the oxidative stress of GES-1 cells and
regulates apoptosis-related genes of the MAPK pathway [36].
Despite many studies, there has not been research on the
usage of white mulberry to diminish or prevent the symptoms
of ethanol-induced withdrawal. Ethanol and sugar withdrawal
have a similar pathway, making this a promising investigation.
Moreover, this study aims to understand how white mulberry
affects withdrawal in ethanol-induced planarians.

Methods and Materials

Planaria & Treatment Preparation

Planarians, Dugesia dorotocephala, were ordered from Carolina
Biological in quantities of 100, with 10 per group. Ground beef
was stored in the freezer to ensure an environment with dim
lighting and cold temperatures (-17°C). 24 hours before any
feeding, the beef was placed into the refrigerator, where there
was minimal lighting and moderate temperatures (-6°C) to
defrost the beef. Before the experiment, the planarians were
fed 1g of untreated beef. All procedures were conducted in the
annex lab of Francis Lewis High School, and both lab and safety
protocols were followed. 5 beakers were used in the
experiment, with beaker 1 given no ethanol but given 100mL of
distilled water and labeled 'Group 1'. All beakers 2, 3, 4, and 5
were also given 100mL of Poland Spring water with 100ul
(0.TmL) ethanol. After doing so, they were labeled ‘Group 2,
‘Group 3, ‘Group 4, and ‘Group 5, respectively. Beef was
separated into 20g for each of the groups the treatments in
Table 1 were used, mixing the white mulberry in.

Part A: Pre-treating the Planarians

‘Part A’ planarians were placed in Petri dishes over grid paper
and given 1g of their designated beef as per Table 1. After 15
minutes, the Petri dishes were cleaned and the beef was
removed. A1 was given 30mL of Poland Spring water and A2, A3,
A4, and A5 were given 30mL of the 1% ethanol solution. After 60
minutes in the liquid bath, the planarians were transferred to
clean Poland Spring Petri dishes. After 5 minutes in the clean
water bath, a recording device was set up and the planarians
were recorded for 20 minutes.

Part B: Post-treating the Planarians

‘Part B’ planarians were placed in Petri dishes over grid paper
and given their prospective solutions in 30mL; B1 had Poland
Spring water and B2, B3, B4, and B5 were given the 1% ethanol
solution. After 60 minutes in the liquid bath, the planarians
were transferred to clean Poland Spring Petri dishes. After 5
minutes in the clean water bath, the planarians were fed 1g of
their designated beef as per Table 1. After 15 minutes, the Petri
dishes were cleaned, the beef was removed, a recording device
was set up and the planarians were recorded for 20 minutes.

Measurements

The recordings were reviewed and a mobility test was
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conducted by counting the number of gridlines crossed, the
number of gridlines crossed, the number of head bops, and C-
shapes were also counted. The video was taken using a phone
camera, and zoomed in so that the frame had all five petri
dishes being recorded at the same time.

After the 20-minute recording, a Conditional Preference Test
was conducted. The Petri dishes were divided equally, with
white paper underneath one half and black paper underneath
the other half. Then, the planarians were gently moved to the
center of the Petri dish with a pipette, and a light source was
angled 45° toward the white paper. The black paper simulated a
dark environment, and the white paper with light simulated a
light environment. The movement of the planarians was then
recorded for 10 minutes.

After the test, the planarians were assessed for recovery time,
and the planarians returned to their normal conditions.

Table 1: Experimental setup.

Gro |The conce |Concentra|Mass [Ma |Plana |Feedin |Food
up |ntration [tion of of mul |ss |ria g frequ|perg
of ethanol|mulberry |berry |of B{pergr|ency |roup
solution |in food in beef|eef |oup |[per per fe
(% means |(mass per ((9) (9) week |eding
mL/100 |centage sessi
mL) %) on(g)
1(Ve |0% 0% 0g 20g(10 |3 19
hicle
)
2(Co |1.5% 0% 0g 20g|10 3 19
ntro
)
3 1.5% 3% 0.6g 19. (10 3 19
49
4 1.5% 6% 1.2g [18. |10 3 19
89
5 1.5% 9% 1.89 18. [10 3 19
29
Data Analysis

The data was collected by measuring the movements of the
planarians throughout the

experiment. The data was calculated by analyzing the videos
taken of the planarian in the

solutions. The average and standard deviation of mobility, C-
shapes, and head bops of each group

Planaria was calculated using the Microsoft Excel functions. A
Conditional Preference Test was performed to measure the
amount of time that a planarian spends in the dark region. The
average was recorded using a data table and plotted in multiple
bar graphs. Bar graphs showing average mobility per group,
average number of C-shapes per group, and average number of
head bops per group for 3 trials. The statistical method ANOVA
was used to find the statistical significance between the control
group 1 and the experimental groups 2, 3, 4, and 5 for both Part
A and Part B. One-way ANOVA with post-hoc Tukey HSD Test
Calculator was used from the website
https://astatsa.com/OneWay_Anova_with_TukeyHSD/.

Results
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Figure 1. Average motility for the mulberry pre-treatment
groups. Values represent means + SEM. Each bar is
representative of differing trials, and significance is relative to
trials. Letters denote statistical differences (ANOVA, Tukey
HSD; *p* < 0.05). Groups sharing a letter are not significantly
different. This figure shows a comparison of gridlines crossed
for planarians pre-treated with varying concentrations of white
mulberry (0% [control], 3%, 6%, 9%) and exposed to 1%
ethanol. The vehicle group received no ethanol or mulberry. In
trial 1, the control, 3% pre-treatment, and 9% pre-treatment
groups crossed significantly fewer lines than the vehicle group
(p < 0.05); the 6% pre-treatment group is not significantly
different from either the vehicle or control. In trial 2, the
control, 3% pre-treatment, and 6% pre-treatment groups
crossed significantly fewer lines than the vehicle group (p <
0.05); the 9% pre-treatment group is not significantly different
from either the vehicle or control. In trial 3, the control and 3%
pre-treatment groups crossed significantly fewer lines than the
vehicle group (p < 0.05); the 6% pre-treatment and 9% pre-
treatment groups are not significantly different from either the
vehicle or control.

Figure 3. Average number of C-shapes for the mulberry pre-
treatment groups. Values represent means + SEM. Each bar is
representative of differing trials, and significance is relative to
trials. Letters denote statistical differences (ANOVA, Tukey
HSD; p < 0.05). Groups sharing a letter or without letters are
not significantly different. This figure shows a comparison of
the average number of C-shapes for planarians pre-treated
with varying concentrations of white mulberry (0% [control],
3%, 6%, 9%) and exposed to 1% ethanol. The vehicle group
received no ethanol or mulberry. In trial 1, the control, 3% pre-
treatment, and 9% pre-treatment groups performed
significantly fewer C-shapes than the vehicle group (p < 0.01).
The 6% pre-treatment group was not significantly different
from either the control or vehicle.
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Figure 2. Average number of head bops for the mulberry
pre-treatment groups. Values represent means + SEM. Each
bar is representative of differing trials, and significance is
relative to trials. Letters denote statistical differences (ANOVA,
Tukey HSD; p < 0.05). Groups sharing a letter are not
significantly different. This figure shows a comparison of the
average number of headbops for planarians pre-treated with
varying concentrations of white mulberry (0% [control], 3%,
6%, 9%) and exposed to 1% ethanol. The vehicle group
received no ethanol or mulberry. In trial 1, the vehicle group
performed a significantly higher amount of head bops than the
control, the 3% pre-treatment, and 9% pre-treatment groups (p
<0.01); the 6% pre-treatment group was less significantly
different (p < 0.05). In trial 2, the vehicle group performed a
significantly higher number of head bops than the control (p <
0.05) and the 6% pre-treatment group (p < 0.01). The 3% pre-
treatment and 9% pre-treatment groups were not significantly
different from either the vehicle or control groups.
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Figure 4. Conditional Preference Test for the mulberry pre-
treatment groups. Values represent means + SEM. Each bar is
representative of differing trials, and significance is relative to
trials. Letters denote statistical differences (ANOVA, Tukey
HSD; p < 0.05). Groups sharing a letter are not significantly
different. This figure demonstrates the time spent in light by
planarians after ethanol and mulberry exposure. In trial 1, the
control and 3% pre-treatment groups spent significantly more
time in the light zone when compared to the vehicle group (p <
0.01). The 6% pre-treatment and 9% pre-treatment groups are
not significantly different from either the control group or the
vehicle group. In trial 3, the control group spent significantly
more time in the light zone when compared to the vehicle, 6%
pre-treatment, and 9% pre-treatment groups (p < 0.05). The 6%
pre-treatment and 9% pre-treatment groups are not
significantly different from the vehicle.
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Figure 5. Average motility for the mulberry post-treatment
groups. Values represent means + SEM. Each bar is
representative of differing trials, and significance is relative to
trials. Letters denote statistical differences (ANOVA, Tukey
HSD; p < 0.05). Groups sharing a letter are not significantly
different. This figure shows a comparison of gridlines crossed
for planarians post-treated with varying concentrations of
white mulberry (0% [control], 3%, 6%, 9%) and exposed to 1%
ethanol. The vehicle group received no ethanol or mulberry.
Across all trials, the control, 3% post-treatment, 6% post-
treatment, and 9% post-treatment groups crossed significantly
fewer lines compared to the vehicle (p < 0.01). In trial 2, 6%
post-treatment and 9% post-treatment groups crossed
significantly fewer lines compared to the control group (p <
0.05).

25

4 a

% 20

2

g l

w 15

o

P

i

g

= 10

z

w a

Q

2 1

g 5 a b b

z b ab I T b ab

T b b b
0 | a1 o 7 Lo b2
Vehicle Contral 3% Post-Treatment 6% Post-Treatment 9% Post-Treatment

Triall Trial 2 Trial 3 TREATMENT

Figure 7. Average number of C-shapes for the mulberry
post-treatment groups. Values represent means + SEM. Each
bar is representative of differing trials, and significance is
relative to trials. Letters denote statistical differences (ANOVA,
Tukey HSD; p < 0.05). Groups sharing a letter are not
significantly different. This figure shows a comparison of the
average number of C-shapes for planarians pre-treated with
varying concentrations of white mulberry (0% [control], 3%,
6%, 9%) and exposed to 1% ethanol. The vehicle group
received no ethanol or mulberry. Trials 2 and 3 produced a
significantly higher number of C-shapes within the vehicle
group compared to the control group (p < 0.01). All trials
demonstrated a higher number of C-shapes in the vehicle
compared to the 3% post-treatment and 9% post-treatment
groups (p < 0.01).
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relative to trials. Letters denote statistical differences (ANOVA,
Tukey HSD; p < 0.05). Groups sharing a letter are not
significantly different. This figure shows a comparison of the
average number of headbops for planarians post-treated with
varying concentrations of white mulberry (0% [control], 3%,
6%, 9%) and exposed to 1% ethanol. The vehicle group
received no ethanol or mulberry. In trial 1, the vehicle group
performed a significantly higher amount of head bops than the
control, 3% post-treatment, and 9% post-treatment groups (p <
0.01). In trial 2, the control, 3% post-treatment, 6% post-
treatment, and 9% post-treatment groups perform significantly|
fewer head bops compared to the vehicle (p <0.01), and the
6% post-treatment and 9% post-treatment groups perform
significantly fewer head bops compared to the control group
(p < 0.05). In trial 3, the vehicle performs a significantly higher
number of head bops compared to the groups that receive
ethanol.
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treatment groups. There were no significant data within any

trials.
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Discussion

Overall, the data support the hypothesis that inebriated
planarians who received a pre-treatment of white mulberry may
experience less severe withdrawal effects than those who did
not. For the motility in trial 1, it was observed that the 6% pre-
treatment was not found to be significantly different from the
vehicle group. It worked against the ethanol but was not
completely able to reverse the impacts of the ethanol treatment
(Fig. 1). For trial 2, it was observed that the 9% pre-treatment
was not significantly different from the vehicle group. This
indicates that the 9% pre-treatment worked to an extent to
increase the motility of the planarians to bring it back to
motility, which is like the vehicle group. Like trial 1, the 9% pre-
treatment was also not able to completely reverse the effects of
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ethanol (Fig. 1). For the head bops, a similar trend was seen as it
was for motility. The vehicle groups had significantly higher
head bops compared to the control groups. It was observed
that for trial 2, the 6% pre-treatment was not significantly
different from the vehicle group (Fig. 2). For the C-shape test,
like both the motility and head bops, the vehicle group had
higher C-shapes compared to the control group. It was
observed that for trial 1, the 6% pre-treatment was not
significantly different from the vehicle group, but there still was
an effect from ethanol (Fig. 4). The Conditional Preference Test
was conducted to see how the ethanol would alter the
preferences of the planarians’ natural habitat. As planarians
prefer the dark to the light, in their normal environments,
exposing the planarians to ethanol made them prefer the light.
It was seen that in trial 1, the 6% pre-treatment and 9% pre-
treatment were not significantly different from the vehicle
group, but ethanol still impacted the preferences of the
planarians. In trial 3, it was seen that the 3% pre-treatment was
significantly different from the vehicle group, but ethanol still
influenced the preferences of the planarians (Fig. 4).

The post-treatment was less effective than the pre-treatment.
Similarly to the pre-treatment groups, ethanol was seen to
decrease planarian motility, headbop, and C-shapes when
compared to the vehicle in the post-treatment groups. For
motility, it was observed that the 3%, 6%, and 9% post-
treatments exacerbated ethanol's negative impact and
worsened the effects of withdrawal, showing a lower number of
lines crossed when compared to the control group in all 3 trials
(Fig. 5). In trial 2 for head bops, the mulberry post-treatments
also worsened ethanol withdrawal, showing a significantly lower
amount of head bops when compared to the control group.
Trials 1 and 3, however, show that the mulberry treatments
have no impact on ethanol withdrawal, failing to reverse or
increase the negative effect of ethanol on the number of head
bops (Fig. 6). Likewise, post-treatments did not significantly
change the number of C-shapes performed by ethanol
withdrawn  planaria. This indicated that post-mulberry
treatments are not effective in reversing the effects of ethanol
withdrawal and may even worsen ethanol's impact, making it
inferior to pretreating the planaria.

The use of a pre-treatment against alcohol may prepare the
planaria’s nervous system for the stress induced by ethanol and
adapt neurotransmitter systems or cellular signaling pathways,
which are often disrupted by ethanol, reducing the effects of
withdrawal [37]. During post-treatments, on the other hand, the
planaria’s nervous system is already dysregulated, and
additional manipulation may negatively interfere with the
Planaria’s withdrawal recovery [38]. This may be due to the
ethanol exposure inhibiting the planaria’s movement, hindering
them from feeding on the treatment, and preventing them from
receiving the positive effects of the mulberry. In contrast, a pre-
treatment would allow the planaria to feed on the treatment
while they still have full mobility.

The Conditional Preference Test (CPT) validated that exposure to
ethanol alters the preferred environment of planaria. Planarians
naturally prefer dark environments; however, with exposure to
ethanol, their preference shifted to a light environment. During
the CPT, the inebriated planarians were exposed to light during
their ethanol bath; this conditioned the planarians to reverse
their repulsion from light in place of an attraction to a lit
environment (Fig. 4; Fig. 8). The inebriated planarian’s appeal to
light would become absent as the concentrations of white
mulberry were given; this was replicated within trial 1 and 3 (Fig.
4; Fig. 8). Furthermore, the CPT suggests a heightened reversal
to the planarians’ natural state given the increased
concentration of white mulberry. The effectiveness of pre-
treatment and post-treatment can be contrasted, as the post-
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treatment sequence lacked significant data, whereas the pre-
treatment had statistically significant data. It is also important
to note that the same results were not mirrored in trial 2 (Fig. 4;
Fig. 8), as no significant difference was seen between any of the
treatments. The control group did not spend a significantly
different amount of time in the light zone than the vehicle
group, and neither did the pre- or post-mulberry treatment
groups. This inconsistency can be attributed to a non-stationary
light source used during Trial 2 compared to the stationary light
source in Trials 1 and 3. The changing position of the light may
have altered the distribution of brightness across the Petri dish,
making it difficult for planarians to distinguish between the light
and dark zones during the Conditional Preference Test. Since
planarians are highly sensitive to light, fluctuations could have
significantly impacted their locomotion patterns, leading to
inconclusive data when compared to other trials. Having a
stable overhead light source could remedy this, as it would
reduce the chance of altered light distribution and uneven light
intensity.

We hypothesized that as the ethanol concentration went from
3% to 6% and 9%, the overall lack of motility, C-shapes, and
head bops could be attributed to tolerance. There could have
been a possibility that the continuous exposure to ethanol in
Planarians could have made the Planarians tolerant to the
ethanol, and they might have needed higher concentrations of
white mulberry to reverse the effects of the white mulberry.
Similarly, seen in people who suffer from tolerance and
addiction, many people become dependent on higher
concentrations of alcohol. Over time, many people start to
increase their alcohol dosage [39]. This becomes detrimental to
their lifestyle, creating alcohol dependence. Being able to
identify a similarity of tolerance in this experiment helped
understand similarities between people who experience alcohol
withdrawal in real life and a replica of those symptoms in this
experiment through model organisms. The disparity between
pre-treatment and post-treatment results indicates that the
time white mulberry treatment is administered is also important
to its effectiveness towards ethanol withdrawal, like the
medicine that is taken by humans. Just as the planaria from the
post-treatment groups faced difficulty in feeding on the
treatment due to inhibited movement, humans also face
physical barriers that prevent them from taking medication; this
is known as physical non-adherence. For patients who have a
difficult time physically taking their medicine, an existing
solution includes liquid formulations; since a post-treatment
may have been unsuccessful due to the inability to consume the
treatment, future research could use a liquid mulberry
treatment for the planaria.

With the rise in the incidence of alcohol use disorder, there is a
growing burden on society. Advancements in alcohol addiction
research may provide relief to this burden, pursuing a goal to
address economic and social sustainability. With restrained
economic sustainability because of alcohol use, a reduction in
addiction rates can decrease costs relating to healthcare, law
enforcement, and productivity loss; this reduction may also
reduce crime rates, improve quality of life, and build familial-
societal trust. Furthermore, this research can leverage new
technology that can be applied to build more advancements in
this field, and also in other areas of healthcare and medicine
[40].

The experiment performed came with its own set of flaws; for
instance, other research has suggested that exposure to a 3%
ethanol solution for an hour immobilizes planarian movement,
inhibiting both gross and fine movement [41]. The ethanol
concentration used in this study was 1.5%; the immobilizing
factors of ethanol, such as cilia damage, may have led to
unconsidered impacts on motility. This damage could be a
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possibility that hinders their movements. Further limitations
include difficulty in recording the movements of the planarians.
The deficient camera stand within the study produced an
unstable recording; having a dedicated overhead stand would
allow for clearer video recordings. Subsequently, obscure video
recordings may expand room for human error while counting
lines crossed, head bops, and C-shapes, as this study lacked an
automated tool to do so. Blurry camera vision could have led to
issues regarding the imagery of the data. The variation in
camera stability and manual observations may have also
introduced inconsistencies in data collection. Especially for
subtle behaviors like head bops and C-shapes, which may have
been missed due to such inconsistencies.  Additionally,
headbops, C-shapes, and the number of lines crossed by the
planarians were counted once. This could have led to errors
when counting the data. Counting an average of the headbops,
C-shapes, number of lines crossed could be implemented in the
future. Future research could use automated motion tracking
tools such as ImageJ with the wrMTrck plugin, an open-source
image analysis software that can track position, speed, and
body bends of organisms such as planaria [42]. These tools are
often used in biological image analysis and would provide more
reliable  quantification of planarian ~movement. While
transferring planaria to and from the ethanol bath and distilled
water for recording, some planarians may have been trapped in
the pipette, leading to uneven group sizes and data loss. This
could lead to reduced statistical accuracy of the measured
behaviors, such as motility and head bops, since uneven group
sizes reduce statistical power and can skew averages or SEM
values. In future experiments, wide-mouthed pipettes and
recounting the planaria to confirm the number of planaria can
help reduce uneven group sizes after transferring. Additionally,
the planaria were given a 1-week break between trials to
recover from any ethanol exposure. However, this may not be
enough time, resulting in residual physiological effects from
ethanol exposure, which could influence baseline behavior in
subsequent trials. To remedy this, future research could extend
the recovery time or use a separate cohort of planaria to
prevent lingering effects of ethanol that may impact trials.
Lastly, variability in the amount of treatment consumed by each
planarian may have also led to inconsistent mulberry dosages.
Since planarians were fed from shared portions, individual
intake was not controlled, leading to uncertain consumption
amounts. This could cause planaria within the same group to
behave differently if they consumed different amounts of beef,
impacting their movements. To improve dosage consistency,
future research could pre-measure and isolate individual
feeding or administer the mulberry extract in a liquid form so
that there is uniform exposure to treatment across all subjects.

Conclusion

This study presented a more robust insight into how
vertebrates may be remedied to reverse the effects of ethanol-
induced withdrawal. Foremost, the present study suggests that
ethanol negatively affected motility and light preference. The
present findings cannot conclude with certainty that white
mulberry would return withdrawn planarians to their sober
state; however, they may conclude that white mulberry may
reverse the behavioral effects of ethanol in planarians. This
study also serves as conclusive evidence that pre-treatment is
significantly more effective than post-treatment. Given the lack
of a standard ethanol concentration, studies to evaluate
different ethanol concentrations and their impacts on planarian
movement are undoubtedly necessary. Future studies can
evaluate the effectiveness of white mulberry on other
psychoactive substances, such as Cannabis. Additionally, future
research can investigate how other planarian species, besides
Dugesia dorotocephala, could react to ethanol.
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