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Neurodegenerative diseases are neurological disorders classified by the progressive loss of selectively vulnerable neuron
populations and are the leading cause of physical and cognitive disability. Planaria is a genus of flatworms famous for biological
immortality and their extraordinary regenerative capacities, and surprisingly developed nervous system. Yerba Mate is a herbal
infusion beverage native to Southern South American countries. This study aims to provide a proof of concept for the potential of
Yerba Mate in treating neurodegenerative diseases. 1.0% Ethanol was used to induce neurodegeneration. The planaria were
separated into four groups of 10: Control (CO), Ethanol only (EO), Yerba Mate only (YM), and Ethanol and Yerba Mate (EY).
Center of Mass (COM) tracking was used to analyze planarian motility as it has been linked to planarian CNS integrity. The means
the COM results in pixels(p) were YM: 9357.58p, CO: 6526.76p, EY: 4223.57p, and EO: 1650.68p. To determine statistical
significance, a One-Way ANOVA followed by a Tukey-HSD Test with an alpha value of 0.05 was used. The p-value for the
difference between the Yerba Mate and Ethanol group and Ethanol only group was 0.002, indicating a significantly higher
CNS integrity for the EY group. Further research should be conducted to determine whether Yerba Mate’s neuroprotective or
regenerative properties were responsible for this result. Although these conclusions still do not have any clinical application they

demonstrate the potential for Yerba Mate in treating neurodegenerative diseases and as such warrant further investigation.

Keywords: Neurodegenerative Disease, Planaria, Yerba Mate, Ethanol

Introduction

Neurodegenerative diseases are the leading cause of physical and
cognitive disability, with about 15% of the population currently
affected by Alzheimer’s Disease (AD), Parkinson’s Disease
(PD), and Amyotrophic Lateral Sclerosis (ALS)Y. Neurode-
generative diseases are neurological disorders classified by the
progressive loss of selectively vulnerable neuron populations.
These diseases are severely debilitating and can cause memory
loss, loss of motor function, and speech disability. As such, there
is a large incentive to develop treatments and preemptive thera-
pies, especially as reported cases of these diseases are expected
to grow'..

This paper does not aim to develop a treatment for these
diseases, however, it does highlight a potential subject of study
in advancing treatment research. This study serves as a proof of
concept for the potential use of Yerba Mate (Ilex Paraguariensis)
in the treatment or prevention of these neurological disorders.
Yerba Mate is a drink common in South America, commonly
hailed for its reported health benefits. Recent research has
conjured evidence to support this notion, especially as daily
mate consumption has been correlated with lowered rates of
PD".

To serve as a proof of concept, this study must be as simple

as possible; as such, the biological subject for this study was
Planaria. Planaria is a genus of flatworms commonly used
in toxicology and stem cell research due to their developed
Central Nervous System (CNS) and vast amount of pluripotent
cells in adults. Due to the presence of these stem cells, this
study also investigates the potential of stem cells to be used
in treatments for neurodegenerative diseases. This is merely a
consequential analysis, not the primary experiment. In order
to induce the effects of neurodegenerative disease, the Planaria
will be exposed to 1.0% EtOH. This study aims to identify the
effects of these compounds by recording the average distance
moved and average velocity of the Planaria through a process
known as Center of Mass (COM) Tracking; then applying it
to four groups, Control (CO), Ethanol Only (EO), Yerba Mate
Only (YM), and Yerba Mate and Ethanol (EY). COM tracking
has been used to study the effects of Various Compounds on
Planarian behavior and locomotion effectively acting as a proxy
for CNS integrity.

For this study, the Null Hypothesis (H) states there would be
no statistically significant difference between the Ethanol Only
group and the Yerba Mate and Ethanol Group, that is to say
EO,; = EY,. The alternative hypothesis Hy, states that planaria
in the EY group had a higher average distance than those in
EO: EY; > EO4. The same principle applies to the average
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velocity of the Planaria: H,g : EO, = EY, and H,,, : EO, > EY,,.
Although this paper is unable to draw a conclusion as to the
exact mechanisms by which Yerba Mate may prove beneficial
against Ethanol, it is likely Yerba Mate may increase the rate
of neuroregeneration thereby decreasing the toxic effects of
ethanol. Some chemical components of Yerba mate may also
react synergistically with the Ethanol and neutralize the toxin
rather than increase the regeneration of neural cells. Due to
the fact that Yerba Mate is a known antioxidant the Yerba Mate
likely reduced the oxidative stress generated by the Ethanol, thus
decreasing its long term negative effects®. This study, however,
is unable to determine what chemical or biochemical effect the
Yerba Mate has on the ethanol or planaria and further research
should be done to elucidate these effects.

Literature Review

Planaria is a genus of flatworms famous for biological immor-
tality and their extraordinary regenerative capacities, even being
able to regenerate entire bodies from minute remnants®. This re-
generative capacity is due to the high concentration of neoblasts,
pluripotent cells capable of differentiating into any cell type,
in adults®. Planaria also contain a surprisingly developed ner-
vous system, illustrated in Figure 1, consisting of two parallel
nerve chords down the length of the worm, connected through
parallel, branching nerves through the central line of the worm.
The nerve chords originate from an equally complex Central
Nervous System, a two-lobed brain that has been shown to re-
tain memories even after complete regeneration. This complex
nervous system allows for the study of how toxins affect the
nervous system of different animals and the extent to which
those nervous systems are affected. When combined with its
innate regenerative capacities, planaria become ideal models for
pharmacological, neurotoxicological, and teratological studies,
as they provide an in vivo model for neuroregeneration, some-
thing not present in most other animals®12 This in vivo model
for neuroregeneration allows us to observe how the effects of
a toxin, in this case ethanol, are counteracted by a regenerat-
ing nervous system. It also allows us to observe the effect, if
any, of Yerba Mate’s on the regenerative properties in in vivo
neoblasts. While it is not a vertebrae, a planarian’s simple yet
nervous system combined with its regenerative abilities are ideal
for studying the combined effects of a known neurotoxin with a
strong antioxidant.

Yerba Mate is a herbal infusion beverage native to South-
ern South American countries (Argentina, Brazil, Uruguay,
and Paraguay), becoming increasingly popular in the United
States'3., Traditionally, it is an infusion of dried Mate leaves,
usually from Ilex Paraguariensis, and drunk out of a dried gourd
using a metal filtering straw called a “bombilla”. An example
of the leaves, gourd, and filtered straw are seen in Figure 2.
Mate leaves can be prepared in several different ways, the most
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Fig. 1 A diagram of a planaria central nervous system. This figure was
adapted from Colsoul 2016.

common method is toasting to minimize the amount of toxic
smoke absorbed in the leaves™®. The drink itself also varies
depending on the country or region. In Brazil, Argentina, and
Uruguay, Mate or Chimarro is prepared by pouring the dried
leaves into a gourd called a matero and then pouring hot water,
60-80°C, over the leaves. After the drink is consumed, the water
can be repoured between six to seven times™®. Another common
method, mate cocido, is to place the mate leaves into a tea bag
and prepare it as you would a tea. In Paraguay, mate is usu-
ally consumed as terere, prepared using cold water, and usually
served with lemon or some other citrus. Due to its popularity in
South American countries and increasing popularity in the U.S.,
research into the stimulant and health effects of mate has grown
in recent years.

In South American countries, mate is frequently hailed for
its numerous health benefits, however, recent studies have high-
lighted potential safety concerns®. Recent studies have high-
lighted the correlation between high consumption of Yerba Mate
and increased risk of Oral, Esophageal, and Bladder Cancer,
probably due to the consumption temperature. Other studies
have shown that Yerba Mate’s high concentrations of Saponins,
antioxidants, and other Phenolithic compounds can inhibit can-
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Fig. 2 Yerba Mate and the Traditional Gourd

cer cell proliferation and even kill cancer cells by inhibiting

Topoisomerase II or inducing apoptosis #1017,

Despite its high level of Caffeine, the literature indicated
Mate is cardioprotective due to its hypocholesterolemic proper-
ties and other Methylxanthines; furthermore, the concentration
of Caffeine does not significantly impact regeneration in pla-
naria31819 Mate has also been shown to have significant neu-
roprotective effects, especially in association with Dopaminergic
Neurons and Parkinson’s Disease®20, These neuroprotective
properties are of research interest as Yerba Mate consumption
has been correlated with lower rates of Parkinson’s Disease in
South American countries, advancing research for a potential

cure.

These properties, along with their increased regeneration, are
of special interest as they provide a logical basis for Yerba
Mate’s capacity to reduce the neurodegenerative effects of
Ethanol exposure in planaria. Due to the lack of research on
the potential toxic effects of Yerba Mate the concentration of
Yerba Mate in this study was chosen arbitrarily to be 1.0% of
a “traditional brew”, the procedure for which is described in
the methodology. The 1.0% concentration also allowed easy
observation of the Planaria as the medium water was not cloudy.
Due to the high concentration of Methylxanthines in Yerba Mate
a low concentration was chosen to minimize the risk of Planaria
death from Methylxanthine poisoning. Further research should
be done with different concentrations of Yerba Mate to discover
its toxicity and the potential variation in effects due to different
concentrations.

Unlike Yerba Mate, the effects of Ethanol and other neurotox-
ins are present in the literature, as such Ethanol was used to in-
duce neurodegenerative symptomatology in this study. Ethanol
(EtOH) is the most common psychoactive and recreational drug
commonly consumed by humans and has become part of our
culture and laws2!. Despite this, EtOH can severely affect the
mature and developing Central Nervous System (CNS), clas-
sifying it as a teratogen. Exposure often causes retardation in
Planaria head regeneration, function acquisition, and, in extreme
cases, complete head regression, especially when exposure oc-
curs during the first 36-120 hours after amputation.

These teratogenic effects have been recorded in high con-
centrations (>5.0%) for short periods, and low-concentration
(<1.0%) for long-term exposure. Long-term exposure is defined
as 20-30 days. Short term incubation of Planaria in a 1%
v/v EtOH solution impaired gliding locomotion and induced
a muscle based gait in the planariam. Further, incubating the
planaria in 3.0% v/v EtOH solution induces Paralysis over the
course of an hour. Exposure to ethanol also slows regeneration
in Planaria?,

A similar effect was observed in another study where Ethanol
delayed the reacquisition of negative phototaxic behavior in
regenerating Planaria2. In sufficient concentrations Planaria
also exhibit various morphological and behavioral changes such
as head regression, regression of photoreceptors, contraction,
screw-like movement, gut-sliding, and assuming a C—shape.
These studies show Ethanol has a negative effect on a Planaria’s
CNS. However, the literature lacks research on concentrations
in that range, especially long-term exposure to 1.0% EtOH, a
concentration comparable to “physiologically relevant” blood
alcohol concentrations (BAC)m.

While it is true that equating the BAC of humans to the
medium concentration of Planaria is unsound it demonstrates
that 1.0% EtOH concentration, while not acutely toxic, has
pronounced physiological effects on Planaria making it a study-
worthy concentration. This gap in the neurological effects of
long-term exposure to 1.0% EtOH is so significant that Colsoul
concludes with a call for research on those effects.

Since llex Paraguariensis may be neuroprotective and can
increase the regeneration of damaged cells, its interaction with
degenerative neurotoxins should be investigated. This synergism
between the neuroprotective effects of llex Paraguariensis and
the neurotoxic properties of EtOH is completely absent from
the literature. The potential for llex Paraguariensis to coun-
teract neurodegenerative compounds may be extrapolated into
neurodegenerative diseases with further research. As such it is
necessary to investigate this potential for the advancement of
potential treatment research.
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Methodology

Overview and Ethics

This study is a true experiment as it aimed to establish causality
between ethanol, Yerba Mate, and neurodegeneration. This
study complies with standard ethical practices and treatment of
animals and was approved by my school’s IRB.

Culture and Maintenance

As mentioned before Planaria were chosen for this study as the
literature indicates that Planaria are excellent model organisms
for in vivo behavioral, neurotoxicology, and tetralogy studies
due to their capacity to regenerate almost all cell types through
neoblasts®1%"12 The Planaria’s Central Nervous System (CNS)
also possesses many similarities to the human CNS, providing
an excellent model for in vivo neuroregeneration studies>*. The
subspecies Dugesia Tigrina was chosen for this study due to
its availability and vast presence in the literature’ 2%, The indi-
viduals were ordered from Carolina Biological Supply, Brown
Planaria Living.

The planaria were cultured for approximately three months
before the start of the experiment. They were maintained in
darkness inside 8” culture plates bought from Carolina Biolog-
ical Supply and in spring water bought from Poland Spring
or Zephyrhills per Carolina Biological Supply’s Planaria Care
Guide?9?Z, During the culturing period, they were fed once a
week with boiled egg yolks and, sparingly, boiled egg whites>”.
The medium was also changed approximately twice a week
unless there was visible debris, in which case it was changed
immediately. The Planaria were starved for a week before begin-
ning the experiment to reset their metabolic processes in order to
reset their metabolisms and to conform with previous research

practices<%.

Materials

Ethanol was bought from Amazon, DA Ethyl alcohol 95%, and
diluted to 1.0% in Zephyrhills spring water. Yerba Mate was
bought from Publix under the brand name Cruz de Malta, as
it is very popular and widely consumed and available. This
brand of mate contains no additives and is roasted not smoked,
decreasing the concentration of potentially toxic PAHs13. It is
possible that Yerba Mate leaves prepared by different methods
such as smoking will have different physiological effects on the
planaria. While this study does not investigate those differences,
future research should focus on the different concentrations
of PAHs and other compounds found in different Yerba Mate
preparations and their corresponding effects on Planaria.

Experimental Setup

The planaria were separated into four groups, each containing
10 planaria: Control (CO), Ethanol only (EO), Yerba Mate only
(YM), and Ethanol and Yerba Mate (EY). The groups were
identical save the addition of compounds to the medium.

The medium for CO was 380ml of Zephyrhills Spring water.
For EO, the medium was prepared by adding 4 ml of 95%
Ethanol (EtOH) to 376 ml of spring water. This concentration
was chosen as it is comparative to “physiologically relevant”
concentrations of blood alcohol in humans and has not been
studied in planaria for long-term exposure (1 week or more)22,

Due to the variety of Yerba Mate types and brewing methods,
and the regional and individual variations within those meth-
ods there is no “ideal” method for the brewing of Yerba Mate.
Therefore the brewing method used is based on the author’s
familial experience with Mate but does not in any way represent
the vast array of regional and individual differences in Yerba
Mate brews. The YM medium was prepared by brewing 500ml
mate cocido in the traditional method as follows. 500ml of
water was placed in a beater and heated to 100 °C on a hot
plate, the water was then removed from the hot plate and 20ml
(11 grams) of Cruz de Malta brand Yerba Mate was placed in
a stainless steel tea strainer of 3.81 cm diameter (1.5 inches),
the tea strainer was shaken over a sink repeatedly until no fine
powder was observed falling from the strainer. The strainer
with Yerba Mate was placed in the hot water. The mate leaves
were allowed to steep for up to 5. The water temperature was
then allowed to drop to 22 °C as extreme water temperature
would have caused severe damage and potentially killed the
Planaria?’. The brewing method, mate cocido, was chosen to
minimize the amount of physical debris in the medium. While
not the traditional method, mate cocido produces a drink similar
to traditional brewing methods and is still widely consumed#.
Once the mate cocido was prepared, 3.8ml of the drink was
added to 376.2ml of Zephyrhills Spring water and added to a
culture dish to serve as the medium. The medium for the EY
group was prepared in the same way as above and 3.8 ml of YM
was combined with 4.0 ml of EtOH before being added to 372.2
ml of spring water, resulting in 380 ml of medium with a 1.0%
concentration of both Yerba Mate and EtOH. As mentioned, the
Planaria were starved for a week before beginning the experi-
ment®. After each medium was poured into a new and clean 8”
glass petri dish ten Planaria were placed in each dish.

The planaria were fed once a week on the fourth day of every
week, after data was recorded that day, with egg yolk and egg
whites in a small petri dish containing 20 ml of their medium.
During their feeding, their culture dishes were washed, and the
medium was replaced.
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Fig. 3 Diagram of COM setup. A planarian is placed on a petri dish
containing the medium of its group. The petri dish containing the
planarian in placed in a dark box and illuminated with and Ultraviolet
light. The planaria are recorded by a camera placed above the petri
dish for five minutes at five frames per second.

COM Tracking

This study aims to establish a causal relationship between the
presence of Yerba Mate and increased CNS integrity in Planaria
exposed to 1.0% Ethanol. As such a method is needed to pro-
vide a measurement of CNS integrity. Behavioral assays such
as those used by Hagstrom et al. were considered but ultimately
discarded due to timing constraints and the lack of a strong
connection to CNS integrity. Rather, the method chosen is a
variation on Planarian Locomotor Velocity (pLMV) method.
The pLMV method has long been used to determine toxicity and
the impact of toxins on the Planarian CNS1L, The COM tracking
system is an improvement on this pPLMV system which allows
for more accurate analysis of planarian locomotion, velocity and
behavior 28, The pLMV system has been used to study the
effects of stimulants like methylxanthines on planarian locomo-
tion and behavior=?. Planaria locomotion has been linked to the
integrity of Planaria brain and CNSTSU3L This link between
COM tracking and locomotion and COM tracking and CNS
integrity implies the use of COM tracking as a proxy for CNS
integrity. COM tracking was then further developed by Liu and
Ella 2024, whose Automated Video monitoring system accu-
rately quantized the effects of neurotoxins on planaria acting as
a proxy for CNS integrity=2. This system provides a quantitative
link between the movement and the neurotoxic effects of the
medium, thus providing a proxy of CNS integrity in the planaria.

This study does not attempt to classify and analyze broader
aspects of Planarian behavior, nor does it analyze alternative
effects the toxin may have had on the planarian metabolism. As
the planaria were recorded individually an analysis of possible
group behaviors exhibited by planaria exposed to Yerba Mate
and Ethanol is impossible. This could be addressed in future
studies by the implementation of a COM system capable of
handling multiple planaria (something not easily feasible with

this implementation). Future studies can also combine this
COM system with various behavioral assays, such as those by
Hagstrom et al in order to create a complete picture of the effect
of these toxins on Planarian behavior.

The experimental setup for the COM tracking system was
similar to that of Liu and Ella and can be seen in Figure 3. A
singular planaria was placed in a petri dish containing its own
medium and then placed under a box in total darkness. The
inside of the box was then illuminated with an Ultraviolet light
and the planaria were recorded four at a time using four Trausi
HD webcams connected via USB hub to a laptop running a
custom python script found in Appendix B.2.

Data Collection

The neurotoxic effects of the experimental mediums on the Pla-
naria were measured by assessing the motility of the planaria
on a near-daily basis'?228 Due to the ease of data collec-
tion, data organization, statistical analysis, and the nature of
the experiment, Center of Mass (COM) tracking was chosen
to analyze planarian motility over qualitative methods, such as
those described by Hagstrom et al. or Wu and Li. Furthermore,
COM was used over other quantitative methods, such as pLMV,
due to its rapid data collection and increased accuracy®>.

Data collection began 24 hours after the planaria were intro-
duced into their mediums to allow them to acclimate to their
new environment and allow the experimental mediums to take
effect. The implementation of COM tracking was very similar
to those described by Talbot and Schotz, with the setup slightly
adapted due to financial and time constraints. The Planaria’s
motility was analyzed five days a week for four weeks, resulting
in 21 days for each worm. Each Planaria was removed from its
culture and placed into an individual glass petri dish contain-
ing its respective medium in a dark box illuminated with a UV
light=2. This setup is summarized in Figure 3. Glass was used
as it is easy to clean and commonly used in the literature, once
the planaria was placed in the dish it was given a 30 seconds
to acclimate before beginning the trial as all planaria exhibited
a spike in activity after exiting the transfer pipette. The trial
consisted of recording the individual for five minutes at 5 frames
per second and running the recording through a COM program
written by Liu and Ella in Python and OpenCV, which traces
Planaria’s path and returns the total distance and average veloc-
ity®2. A custom Python script was written to cycle over every
saved video file (total of 820), run the COM algorithm, and
then export the values to a .csv file. Once data collection was
finished, the script was executed, and the data was compiled into
the aforementioned .csv file.

© The National High School Journal of Science 2025

NHSJS Reports | 5



Results

During the recording phase, the planaria were also monitored
qualitatively. Although mortality was not recorded none was
observed as 10 planaria were present in each group throughout
the study even in groups with no reproduction. In groups that
did exhibit budding (CO, YM, and EY) the buds were easy to
identify and remove, ensuring the original 10 planaria remained
throughout the entire experiment. This lack of mortality indi-
cated that the concentration of YM used is safe for study with
Planaria and the concentration of EtOH was not lethal over the
observed time period of 21 days. Although they were never
recorded, casual observation seemed to indicate the YM group
produced the largest number of offspring, followed by CO and
then by EY. No reproduction was observed in EO. After the
planaria were recorded, they were processed with the programs
shown in Appendix B. The process lasted about five hours, and
the data, shown in Appendix C, was transferred from the CSV
file to an Excel workbook for data analysis. Twenty-five outliers
were detected and removed from the data set. Outliers were
observed by graphing the data for each group individually, if a
sudden large spike was detected which did not seem to fit the
surrounding data the corresponding video was analyzed man-
ually. If the data gathered by the video was inaccurate (due
to a bug in the program), that data point was removed. This
same analysis was done for every zero value, if the data was
inaccurate then the data point was removed. All planaria were
confirmed dead/alive both before and after the recording by the
brief moment of activity observed after the planaria exited the
pipette but before recording began. The total distances, in pixels,
and average velocities, in pixels per second, for every day were
averaged together and plotted on a line graph (Figure 4).

Average of Distance

Day

——CO0 a0  —emiY  —e=WM

Fig. 4 .1 Graph showing the daily averages of distance travelled of all
planaria across all four groups

From these figures, it is evident that the worms exposed to
Yerba Mate (YM group) moved the most, even more than the
control. This is most likely due to the high level of Caffeine and
other methylxanthines present in the drinkl3. It is also apparent
that the Planaria exposed only to Ethanol (EO group) moved the
least, consistent with previous research in the literature. These
two conclusions are supported by the means of the groups;

Average of Average Velocity

Pixels per sec

Fig 4.2 Graph showing the daily averages of the average
velocity of all planaria across all four groups.

YM had a mean of 9357.58 pixels(p) while EO had a mean of
1650.68; CO was the second highest with a mean of 6526.76p,
and EY was third with a mean of 4223.57p. This difference in
means indicates that Yerba Mate was possibly neuroprotective,
decreasing the negative impact of EtOH as a neurotoxin.

To determine statistical significance, the data was then ana-
lyzed using a One-Way ANOVA followed by a Tukey-HSD Test
with an alpha value of 0.05%!, The results are summarized in
Figure 5, and the complete statistics and data can be found in
Appendix A.

Qualitative observations showed no significant morphological
changes to the planaria, the only changes observed qualitatively
were lethargy in those groups exposed to EtOH, a lowered bud-
ding or reproduction rate in the planaria exposed to Ethanol.
This budding rate was not recorded as the researcher did not
expect reproduction to occur in any group other than the Control.

Group 1 g Group 2 gmean @ p-value -

co ET 4876.071874 3.4686E-09
co EY 2303.158771 0.00710892
co Y™ 2830.829292 0.000581252
ET EY 2572.913103 0.002067316
ET Y™ 7706.901165 -8.06022E-14
EY YM 5133988062 6.60727E-10,

Fig. 5 .1 A chart of the average difference of distance and p-values
between each of the groups. The mean difference between each group
is provided along with the p-value of that difference.

Group 1 m Group 2 g mean g p-value

co EQ 16.25357291 3.4686E-09
co EY 7.677195902 0.00710892
co YM 9.438097639 0.000581252
EO EY B.57637701 0.0020673186
EO YM 2568967055 -8.06022E-14
EY YM 17.11329354 B.60727E-10,

Fig. 5.2 A chart of the average difference of velocity and
p-values between each of the groups. The mean difference
between each group is provided along with the p-value of that
difference.
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Analysis

Figure 5 shows the difference between the groups in columns 1
and 2, comparing every group to every other group. As seen in
Figure 5.1 and 5.2, Yerba Mate causes a statistically significant
increase in the Average Distance and Average Velocity of the
Planaria as the average of YM is higher than CO with a p-value
less than the alpha value (0.00058 < 0.05). This confirms Yerba
Mate as a powerful stimulant for Planaria and is consistent with
Yerba Mate’s high concentration of Caffeine and other Methylx-
anthines. The second statistic of note is the difference between
CO and EO; here, the Average Distance and Velocity of CO
are higher than EO with a p-value lower than the alpha value.
This means long-term exposure to 1.0% Ethanol significantly
reduced the movement in Planaria, consistent with previous re-
search on similar concentrations and establishing the long-term
effects of EtOH, something absent from the literature?!. This
confirms EtOH as a neurotoxic, neurodegenerative, and terato-
genic agent in Planaria. Figure 5 also shows that the average for
EY was higher than that of EO with a p-value lower than the
alpha (0.002 < 0.05). This indicates a significantly higher CNS
integrity for the EY group, as previous research has established
COM as a method to measure relative CNS integrity”®. This
represents a rejection of the null hypothesis, and while previous
research has indicated Yerba Mate’s neuroprotective and regen-
erative properties, it shows it is effective both in vivo and over
long-term exposure.

Discussion

This finding demonstrates the effectiveness of Yerba Mate as
a whole, rather than its chemical components as in past re-
search, in protecting neural cells or stimulating their regener-
ation. Based on previous research demonstrating the effects
of individual Yerba Mate components, it is most likely a com-
bination of both of these effects®=3. This serves as a proof
of concept for the potential clinical application of Yerba Mate
and Ilex Paraguariensis in treating and preventing neurological
disorders as it strongly suggests causality between Yerba Mate
exposure and the reduced effect of neurotoxins.

As such, further research should be conducted to determine
whether Yerba Mate’s neuroprotective or regenerative properties
were responsible for this result. These results also show that the
potential negative and toxic components of Yerba Mate do not
have significant negative effects on regeneration. One concern
was the potential for the Saponins in Yerba Mate to kill the
rapidly differentiating and reproductive cells in the Planaria as
they have been shown to induce apoptosis in tumor-like cells'Z.
Another was the lethality of the Caffeine and methylxanthines
in Yerba Mate; this study demonstrates that the methods used to
prepare the Yerba Mate medium and the concentration are safe
for research on planaria. There is, however, still a large gap in

the literature; further research should, therefore, be conducted
to determine the exact concentration of constituent components,
the safe concentration range of the Yerba Mate brew described
in the methods as well as other brews, and on variable concen-
trations of each brew to determine the optimal concentration
for neuroprotection and regeneration. The correlative effects be-
tween feeding time and starvation and Yerba Mate and Ethanol
should be investigated. The planaria were starved to conform
with previous research practices but it is likely that feeding time
is correlated with locomotion and metabolic activity. As such
the relationship between feeding and metabolism should be in-
vestigated, as should the resulting effect of feeding time and
Yerba Mate on planaria locomotion.

Based on correlations between Yerba Mate consumption and
lowered rates of Parkinson’s disease, this experiment should be
repeated with 6-hydroxydopamine, a toxin commonly used to
induce Parkinsonian pathology in Planaria=#. This would pro-
vide experimental evidence to support or refute the correlation
and advance the potential clinical uses of Yerba Mate.

The study also provides a foundation for future research on
the in vivo use of neoblasts and stem cells for treating neurode-
generative diseases. The results in the EtOH group show the
ineffectiveness of neoblasts for neuroregeneration in this experi-
ment, this result may not apply to neurodegenerative diseases
as it is possible the EtOH inhibited the neoblasts’ ability to
differentiate and migrate into new neural cells. This is merely
speculation, however, and further research should be conducted
on isolated neoblast cells to explore the impact of EtOH on
their differentiation and migration. Then, follow-up research
should be conducted to determine the effect of Yerba Mate, if
any, on neoblast differentiation and migration into neural cells,
especially in synergy with EtOH.

This study simply provides a viable proof of concept for the
use of Yerba Mate in vivo for treating neurological disorders and
in regenerative medicine. Its results, while encouraging, are not
definitive, and more research is required to verify and understand
the underlying mechanisms of Yerba Mate’s neuroprotective
effects.

Limitations

As the result was conclusive, it is important to highlight the
limitations of this experiment. Although significant effort was
put into ensuring a controlled environment, there were many
issues maintaining it. Due to the lack of resources in High
School, the Lab was not temperature-controlled after 5 PM
and before 6 AM. This did not severely impact the results as
the temperature change was minimal and equally affected all
groups. Another limitation is the lack of unfasted control. This
was not foreseen during the experiment but it is possible that
fasting the planaria before the study could impact the effect of
Yerba Mate or ethanol on the planaria. As such the relationship

© The National High School Journal of Science 2025

NHSJS Reports |7



between feeding time and behavior, with and without EtOH and
Yerba Mate, should also be studied in future research. A third
limitation was the fact that EtOH may have evaporated from
the medium when it was not changed. This could have caused
decreased EtOH exposure before the medium was changed every
week.

One other major limitation was the arbitrarily chosen Yerba
Mate concentration, a low concentration was picked to minimize
the chance of death from Methylxanthine poisoning. Further
research should be conducted with variable Yerba Mate concen-
trations and the concentrations of specific components found
in Yerba Mate. Furthermore the brewing method for the mate
cocido is based on the author’s personal and familial experience
with Yerba Mate. This makes the exact brew rather arbitrary
and unrepresentative of the tremendous variety found through-
out South America. As such different brewing methods should
be studied and formalized in order to determine which is most
effective for neuroprotection. Furthermore, a positive control
for a neuroprotective effect was not included in this study due
to resource constraints. As such this study only serves to com-
pare the effects of Yerba Mate and Ethanol against a negative
control (EO), and a blank control (Water). The relative effect of
Yerba Mate as a neuroprotective agent should be compared to
known neuroprotective drugs such as Riluzole in order to better
understand its potential as a neuroprotective agent.

Although the code used was modified from previous research,
there were several bugs during testing. While most bugs were
patched and avoided, a few dormant bugs could have caused
inaccurate readings during data collection. These bugs, however,
should not severely impact the result as the outliers caused by
the errors were removed before the data analysis.

Currently, the results do not apply to clinical research. Pla-
naria are not mammals; as such, the results of this study cannot
be applied to humans. This study is also specific only to the
neurotoxic effects caused by EtOH. While this is a good proof
of concept, this study cannot be generalized to other organisms
or even other toxins, it is possible that a compound in the Mate
reacted with EtOH and neutralized it rather than protecting the
Planarian CNS, because of these limitations, further research
should be done to confirm these results.

Conclusion

This study demonstrates the effectiveness of Yerba Mate (Ilex
Paraguariensis), a drink traditional in South America, in increas-
ing Central Nervous System (CNS) integrity and decreasing
the neurodegenerative effects of long-term exposure to 1.0%
Ethanol (EtOH). Using the Center Of Mass Tracking, this study
showed Planaria exposed to a brew of 1.0% mate cocido and
1.0% EtOH had significantly higher CNS integrity than those
exposed only to 1.0% EtOH. The results of this study are en-
couraging and spawn a new field of questions on the effects of

Yerba Mate and the biochemical mechanisms of its apparent
neuroprotective qualities. The effect of Mate on neoblasts in
Planaria should also be investigated as Mate may have increased
the regenerative capacity of the Planaria rather than simply re-
duced the negative effect of EtOH on the nervous system. This
distinction is important as it is the difference between a clinically
useful result, a result that simply advances our understanding of
stem cell differentiation. If Yerba Mate is indeed neuroprotec-
tive, then research should be done to extrapolate these results
to humans and develop Yerba Mate as a potential treatment for
neurological diseases. If it simply increases the regenerative
capacity of Planaria Mate may still be applicable to stem cell
research, but it cannot be studied clinically for disease treat-
ment, at least immediately, as adult human stem cells are rare 3l
To better understand these results, this experiment should be
repeated with other compounds, such as 6-Hydroxidomanie,
along with further studies on isolated neoblasts. Although more
research is required, these results provide hope for and insight
into the use of Stem Cells and the potential future treatment of
neurodegenerative diseases.
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Appendix A.

A.1: ANOVA test and Tukey ad-hoc for Distance

ANOVA: Single Factor

DESCRIPTION Alpha 0.05
Group Count Sum Mean Variance SS Std Err Lower Upper
co 21 137061.86 6526.75534 1831817.863 36636357.26 489.3720071 5552.87401 7500.636671
ET 21 34664.353 1650.683467 2930625.231 58612504.61 489.3720071 676.8021359 2624.564797
EY 21 88695.528 4223.59657 12181220.72 243624414.4 489.3720071 3249.715239 5197.4779
YM 21 196509.28 9357.584632 3173072.94 63461458.81 489.3720071 8383.703301 10331.46596
ANOVA
Sources SS df MS F Pvalue Eta-sq RMSSE Omega Sq
Between Groups  679708325.9 3 226569442 45.05093341 3.74441E-17 0.628171235 1.464678307 0.61138602
Within Groups 402334735 80 5029184.188
Total 1082043061 83 13036663.38
TUKEY HSD/KRAMER alpha 0.05
group ‘mean n sS df q-crit
co 6526.75534 21 36636357.26
ET 1650.683467 21 58612504.61
EY 4223.59657 21 2436244144
YM 9357.584632 21 63461458.81
84 402334735 80 3711
QTEST
group 1 group2 mean std err g-stat lower upper p-value ‘mean-crit Cohend
co ET 4876.071874 489.3720071 9.963937052 3060.012355 6692.131392 3.4686E-09 1816.059518 2.174309322
co EY 2303.158771 489.3720071 4706355773 487.0992523 4119.218289 0.00710892 1816.059518 1.027011027
co YM 2830.829292 489.3720071 5.784616305 1014.769773 4646.88881 0.000581252 1816.059518 1.262306766
ET EY 2572.913103 489.3720071 5.257581279 756.8535847 4388.972621 0.002067316 1816.059518 1.147298294
ET YM 7706.901165 489.3720071 15.74855336 5890.841647 9522.960684 -8.06022E-14 1816.059518 3.436616088
EY YM 5133.988062 489.3720071 10.49097208 3317.928544 6950.047581 6.60727E-10 1816.059518 2.289317793
A.2: ANOVA test and Tukey ad-hoc for Average Velocity
ANOVA: Single Factor
DESCRIPTION Alpha 0.05
Group Count Sum Mean Variance SS Std Err Lower Upper
Cco 21 456.8729 21.75585113 20.35353181 407.0706362 1.631240024 18.50958003 25.00212224
EO 21 115.5478 5.502278222 32.56250256 651.2500512 1.631240024 2.25600712 8.748549324
EY 21 295.6518 14.07865523 135.3468969 2706.937937 1.631240024 10.83238413 17.32492633
YM 21 655.0309 31.19194877 35.256366 705.1273201 1.631240024 27.94567767 34.43821988
ANOVA
Sources SS df MS F Pvalue Eta-sq RMSSE Omega Sq
Between Groups  7552.314732 3 2517.438244 45.05093341 3.74441E-17 0.628171235 1.464678307 0.61138602
Within Groups 4470.385945 80 55.87982431
Total 12022.70068 83 144.8518154
TUKEY HSD/KRAMER alpha 0.05
group mean n sS df q-crit
co 2175585113 21 407.0706362
EO 5.502278222 21 651.2500512
EY 14.07865523 21 2706.937937
YM 31.19194877 21 705.1273201
84 4470.385945 80 3711
QTEST
group 1 group2 mean stderr g-stat lower upper p-value ‘mean-crit Cohend
co EO 16.25357291 1.631240024 9.963937052 10.20004118 22.30710464 3.4686E-09 6.053531728 2174309322
co EY 7.677195902 1.631240024 4706355773 1.623664174 13.73072763 0.00710892 6.053531728 1.027011027
co YM 9.436097639 1.631240024 5.784616305 3.382565911 15.48962937 0.000581252 6.053531728 1.262306766
EO EY 8.57637701 1.631240024 5.257581279 2.522845282 14.62990874 0.002067316 6.053531728 1.147298294
EO Y™ 25.68967055 1.631240024 15.74855336 19.63613882 31.74320228 -8.06022E-14 6.053531728 3.436616088
EY YM 17.11329354 1.631240024 10.49097208 11.05976181 23.16682527 6.60727E-10 6.053531728 2.289317793
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B.1: [createFileNames.py

This program that creates the filenames based on the camera number (group)
and time in order to aid in sorting.

B.2: record.py
This program is the recording software which records the videos from the
cameras and automatically names them using the program in B.1

B.3: distanceTracker.py

This program calculates the total distance of the planaria from a video input

B.4: processFiles.py

This is the program that was run after everything was recorded, it automatically
iterates over every video file, parses the name generated by B.1 runs the program
in B.3 and saves the data to a CSV file.
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http://createfilenames.py/
http://record.py/
http://distancetracker.py/
http://processfiles.py/

