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Abstract. The Drosophila Climbing Assay (DCA) is often used when
Drosophila is positioned as a model organism to study the effects of disease
or environmental conditions. The purpose of this study was to analyze the
consistency of the relationship between the two variables of climbing ability
in fly imago, both under normal conditions and under stress conditions. The
predictor variable of this study was the duration of climbing, while the
criterion variable was climbing success. A total of 72 experimental units
were prepared and divided into 3 conditions, i.e., 24 fly bottles cultured on
normal medium, 24 fly bottles cultured for one generation on lead-
containing medium, and 24 others cultured for two generations on lead-
containing medium. The results of the Spearman's Rho correlation test
indicated that the duration of climbing duration was always significantly
negatively correlated with climbing success in all three conditions: natural
conditions (rs=-0.438, p=0.032), stress over a generation (rs=-0.864,
p<0.001), as well as stress for two generations (rs=-0.436, p=0.033).
Furthermore, the results of the parallelism test report that the three lines were
not parallel (p<0.05). The slope of the regression line on the normal
condition data was clearly different from the stress condition data for two
generations. Through the scatter plot, the two regression lines intersect. Both
variables are consistently proven to have a significant relationship and can
show different levels of influence when implemented under certain stress
conditions.

1 Introduction

The fruit fly (Drosophila melanogaster) is a popular model organism used in the field of
biology [1]. This small, cosmopolitan insect is able to adapt well to laboratory conditions,
making it easier for researchers to involve it in various laboratory expressions [2]. Apart from
that, fruit flies also have complex physiological responses to various artificial conditions so
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that they can be positioned as research subjects to study various environmental conditions
[3—12]. Various assays involving fruit flies have also been developed and researchers can
study the effect of certain conditions or treatments on the organism's response [13—14]. One
assay that is usually included in research using fruit flies is the Drosophila Climbing Assay
(DCA) [15-16].

DCA is part of the behavioral assay. This assay aims to measure the ability of fruit flies
to climb a vertical plane using certain parameters, such as speed [17—19], height [20-21], and
the number of flies that successfully climb to a certain point [6—18—19-21-23]. This assay is
capable of providing important data but is known as a simple and cheap assay [24]. The
assay's ability to gauge locomotor activity and the flies' responsiveness to various stimuli
complements Drosophila's innate genetic variability. In line with the advantages of this assay,
DCA has ultimately become a procedure that is often used to evaluate various compounds
that are predicted to be toxic [20-25-29]. In addition, by taking advantage of the short
generation time of fruit flies [2], researchers can practically design fast research to reveal the
effect of toxicity of various compounds on changes in fruit fly behavior.

Discussing of toxicity studies, the superior characteristics of fruit flies also position these
insects as ideal model organisms for studying the complexities of toxicology [30-31]. In
general, toxicity studies are aimed at evaluating the potential danger of certain compounds to
human health [32-33]. In line with this, fruit flies have genetic similarities and molecular
pathways with humans [34]. Various health conditions and disease-related metabolism can
also be studied through fruit flies [35]. In addition, because fruit flies are able to produce
large numbers of offspring quickly [36], it will make it easier for researchers to screen for
various potentially toxic compounds more efficiently. By involving DCA, researchers can
reveal the toxicity of various substances from a behavioral change perspective.

One group of toxic compounds that is often studied by researchers is the heavy metal
group. Even though it is often studied [17-20-21-23-37—-41], research related to this group
of compounds is still continuing today in order to address the impact of heavy metal pollution
that continues to threaten human and environmental life. The presence of heavy metals such
as lead, mercury, cadmium, and others in the environment still raises global concerns
considering the level of exposure which is currently still high in various locations [42—45].
Apart from that, there are still many aspects that have not been fully revealed from the various
studies that have been reported. Studies that examine the impact of exposure in the long term
and across generations are also rarely conducted. Therefore, research related to the impact of
heavy metals remains an important research focus in order to comprehensively reveal its
impact, support better policy development, and maintain ecosystem balance and human
welfare.

In this study, an in-depth exploration of the untapped potential of the DCA as a tool
capable of revealing the toxicity of certain compounds is proposed. An approach will be
adopted by measuring two key parameters, namely climbing duration [46] and number of
flies that successfully climb [6—18-19-21-23]. These two parameters will be observed in
three groups of flies that receive different conditions, including control conditions, acute
exposure, and chronic exposure The main objective is to perform a Spearman-based
correlation analysis on the relationship between these two variables. In addition, we will use
statistical methods to form regression lines in each condition and test the parallelism between
these regression lines. The results of the parallelism test are expected to provide an overview
of whether the regression lines in toxic exposure conditions have a significant intersection
with the regression lines in control conditions. This can be interpreted as the potency of DCA
data to detect changes due to exposure to toxic compounds. The findings from this study will
make an important contribution to a deeper understanding of the potential and informative
power of DCA as a tool that can reveal the toxicity effects of a compound more accurately
and efficiently within the framework of toxicological research.
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2 Method

2.1 Research design

This study involved a total of 72 experimental units that were prepared and divided into three
different conditions. In the first condition, 24 fly bottles were cultured in normal medium. In
the second condition, 24 fly bottles were cultured for one generation in a medium containing
heavy metal. In the third condition, 24 fly bottles were cultured for two generations in a
medium containing heavy metal. The design of this study aims to observe the effects of heavy
metal exposure on Drosophila flies under various conditions. This grouping compares the
impact of lead exposure under different exposure conditions, namely exposure to high
concentrations but only for one generation and exposure to low concentrations but for two
generations. In addition, this arrangement allows for analysis of changes in fly behavioral
responses in response to heavy metal exposure. Thus, this study design provides a solid
experimental basis for identifying the potential impact of heavy metal exposure on
Drosophila flies.

2.2 Research variable

The variables measured in this study involve the Drosophila Climbing Assay under three
different conditions: normal conditions without heavy metal exposure, conditions exposed to
heavy metals for one generation, and conditions exposed to heavy metals for two generations.
This study evaluates two main variables of the climbing assay: climbing duration and
climbing success. The predictor variable in this study is the movement duration (climbing
duration) of Drosophila flies. This movement duration reflects how long the flies are able to
climb within a certain period of time. This serves as an indicator of the fly's motor response
and physical activity in response to various treatment conditions. The criterion variable is
success in climbing (climbing success). These variables measure whether the flies are able to
reach the top of the climbing assay apparatus. This serves as an indicator of the fly's overall
fitness and ability to cope with environmental challenges.

2.3 Data collection procedures

The procedure for measuring climbing duration was carried out based on a method adapted
from Fauzi et al. (2020). First, a special climbing tube for D. melanogaster was prepared.
Then, 5 adult D. melanogaster from each treatment to be tested were placed in the climbing
tube. Each climbing tube had been marked at a height of 8 cm from the bottom of the tube.
Before testing, adult D. melanogaster were allowed to stay in the climbing tube for a few
minutes to reduce stress levels. After the condition of adult D. melanogaster stabilized, the
test tube was tapped and shaken gently to ensure that all flies were at the bottom of the tube.
Observations were made on the behavior of adult D. melanogaster in their efforts to climb to
reach the set climbing limit, which is a height of 8 cm. Observations were made by giving
flies the opportunity to climb for a certain period. Recording was done for 60 seconds, and
during that time, recording was made of the duration of movement for each individual fly. If
the fly failed to climb or had not reached the predetermined height limit until the recording
time ran out, then the duration of movement for that fly was recorded as 60 seconds. Next,
the climbing time of the five flies in each tube was calculated and recorded. This approach
allows for observing variations in fly ability in responding to different environmental
conditions, especially in the context of heavy metal exposure.
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The procedure for collecting data on the climbing success variable also refers to the
methodology adopted from Fauzi et al. (2020). First, a special climbing tube for D.
melanogaster was prepared. Then, 10 adult D. melanogaster from each treatment to be tested
were placed in the climbing tube. Each climbing tube had been marked at a height of 8 cm
from the bottom of the tube. Before testing, adult D. melanogaster were allowed to stay in
the climbing tube for a few minutes to reduce any stress that may occur. After the condition
of adult D. melanogaster was deemed stable, the test tube was tapped and shaken gently so
that all flies were at the bottom of the bottle. Observations were made on the behavior of
adult D. melanogaster who were given the opportunity to climb to reach the set climbing
limit, which is a height of 8 cm, with an observation duration of 10 seconds. During this time,
data collection was carried out to record the number of flies that successfully reached the
predetermined height limit (8 cm). This approach allows researchers to observe the
proportion of flies that can overcome physical obstacles and reach vertical movement goals
in the context of different treatment conditions, including heavy metal exposure.

2.4 Data analysis

The data generated from measuring movement duration and climbing success in each
condition was processed using a series of statistical analysis techniques. First, Spearman's
rho correlation analysis was performed to evaluate the relationship between movement
duration and climbing success in each treatment condition. If there is a significant correlation,
a simple linear regression test is run for each condition. Next, to assess the parallelism of the
regression lines in the three different conditions, a regression line parallelism test is
performed. This test provides insight into whether the regression lines from the three
conditions run parallel or intersect. The results of this test provide important information
about whether fly responses to heavy metal exposure are uniformly reflected in movement
duration and climbing success. Finally, visualization of the alignment of the three regression
lines is done through a scatter plot graph. This graph provides a clear visual representation
of the relationship pattern between movement duration and climbing success variables in
three different conditions. All analyses in this study were conducted using RStudio software.

3 Results and Discussion

The analysis using Spearman's Rho correlation test revealed compelling findings. It revealed
a consistent and statistically significant negative correlation between climbing duration and
climbing success across all three conditions under investigation. In the natural conditions,
the duration of climbing was found to be negatively correlated with climbing success (r=-
0.438, p=0.032). Similarly, the same trend was observed in the conditions of stress exposure
for one generation (r=-0.864, p<0.001) and stress exposure for two generations (7,=-0.436,
p=0.033). These results suggest a robust association between the time taken to climb and the
success achieved, emphasizing the potential influence of varying stressors on Drosophila's
climbing behavior. The correlations, as summarized in Table 1, provide a foundational
understanding for the subsequent analyses and discussions in this study.

These findings suggest that as the duration of climbing increases, the likelihood of
achieving successful climbs decreases. The correlation pattern revealed in this research could
be attributed to the physiological and behavioral adjustments that naturally undergo when
facing environmental challenges. This correlation results can be interpreted as an adaptive
response of Drosophila to stressors. Longer climbing duration might indicate a higher level
of physical strain or fatigue, which subsequently leads to reduced climbing success. This
finding is in line with other research which reports the evolutionary adaptive response of fruit
flies in the form of changes in sleep patterns to starvation stress [47]. Other studies also report
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that stressful conditions due to inbreeding also give rise to adaptive responses in these insects
[48]. Regarding physical strain on climbing success, muscle fatigue resistance is an important
factor in climbing [49]. In humans, climbing involves intermittent and continuous
contractions of the arm muscles. In conditions of difficulty climbing and the climbing
duration is too long, the muscles use anaerobic pathways and cause fatigue which ultimately
reduces climbing success [50].

Table 1. Summary of Spearman's Rank Correlation test results.

Statistic Zero generation One generation Two generation
Coefficient (rs) -0.4382 -0.8634 -0.4357
p-value 0.03223 <0.001 0.03334
Covariance -19.5217 -42.5109 -20.6087
Sample size (n) 24 24 24

The emergence of the impact of consuming media containing heavy metals on fly
locomotors in this study also strengthens the impact of this substance on other variables, such
as egg laying and feeding behavior [51] reproductive fitness [52], as well as reducing fly
survival [53]. Stressors, such as exposure to heavy metals, can disrupt the insects'
physiological processes, affecting their overall mobility and motor performance [52-54].
Furthermore, the consistent correlation across varying exposure conditions implies that the
observed relationship is not limited to a specific stressor intensity or duration.

These findings may have revealed new information regarding potential stress response
biomarkers of fruit flies. The negative correlation resulting from the results of this research
analysis indicates that the level of climbing success is a sensitive indicator of the organism's
overall health and resilience. The consistent direction of the correlation between the three
conditions examined in this study can be attributed to the link between the physiological
responses of fruit flies and their behavioral adaptations when exposed to toxic substances.
Apart from that, this correlation is also in line with the concept that stress-induced alterations
in energy allocation [55-56] and physiological trade-offs could manifest as observable
changes in behavior [57-58]. The stressors, potentially including heavy metal exposure,
could disrupt neural pathways [59], muscle function [60], or even energy metabolism,
thereby influencing the insects' motor skills and, consequently, their climbing performance.

Table 2. Summary of Simple Linear Regression test results.

Conditions Coefficients ANOVA
Unstandardized SE t P F P
<
| Intercept 9.948 0.227 | 43.884 0.001 7528 0012
Duration -0.111 0.040 | -2.744 | 0.012
<
Intercept 9.239 0.536 17/243 0.001 -
2 > 44.586 0.001
Duration -0.181 0.027 -6.677 0.001
<
3 Intercept 9.306 0.269 | 34.605 0.001 5220 0032
Duration -0.054 0.024 | -2.285 | 0.032

Furthermore, the results of the linear regression analyses, as presented in Table 2, provide
valuable insights into the relationship between climbing duration and climbing success within
each exposure condition. In the natural condition, the regression equation §=9.948 - 0.111X
indicates that for every unit increase in climbing duration (X), the predicted climbing success
(¥) decreases by 0.111. This suggests that longer climbing durations are associated with
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reduced chances of achieving successful climbs in the absence of stressors. Similarly, under
stress exposure for one generation, the regression equation ¥=9.239 - 0.181X illustrates a
more pronounced negative relationship. In this case, an increment in climbing duration
corresponds to a larger reduction in predicted climbing success, reflecting the intensified
impact of stress on Drosophila's climbing behavior. In line with these two regression lines,
the regression equation for the group of flies exposed to low concentrations after two
generations is §=9.306 - 0.054X.

The three regression equations, just like the correlation results, have the same pattern.
These three regression equations will produce a decreasing line as an indication of the
direction of the relationship between the duration of climbing and the number of flies that
successfully climb. Based on the similarities between the two analysis results, the two
measured DCA parameters show consistent findings. Both the long duration and the failure
to climb indicate the unhealthy condition experienced by the fly. Healthy flies will be able to
climb quickly [61]. However, if the body condition is not perfect, the fly's ability to climb
will be disrupted or lost, rather, the regression equation for the condition of stress exposure
for two generations portrays a relatively milder negative relationship between climbing
duration and climbing success. This result could mean that the prolonged stress exposure
might lead to an attenuated reduction in climbing success as climbing duration increases.

To ensure that there are differences in the slopes of the three regressions, a parallelism
test was carried out. The assessment of parallelism among the three regression lines, yielded
significant results with a p-value<0.05. This outcome underscores that not all the lines are
parallel. The significance of this result suggests that the impact of stressors, particularly
exposure to heavy metals over one or two generations, introduces distinct variations in the
relationship between climbing duration and climbing success compared to the natural
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Fig. 1. Scatterplot that visualizes the regression line of the three conditions.

To clarify the non-parallelism of the three regression lines, Figure 1 presents a scatter plot
of the three conditions examined in this study. Based on the figure, it is clear that the
regression line on the exposure data for one generation intersects with the other two
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regression lines. The collision of these regression lines indicates that the influence of
exposure to heavy metals over two generations changed the predicted relationship between
climbing duration and climbing success rate of flies and resulted in a deviation from the
pattern observed under natural conditions. This deviation could be caused by a stronger
decline in the health condition of flies exposed to stress over a longer exposure duration.

In biology and toxicology research, conditions of shorter exposure but with higher doses
are called acute exposure [62]. On the other hand, conditions of low exposure but over a long
period of time are called chronic exposure [62]. Acute exposure is usually able to produce
radiation effects quickly, while chronic exposure allows the effects to accumulate over time
[63—65]. These two types of exposure can impact different health conditions due to
differences in dose, duration, and mechanisms of action for both [66—67].

Acute exposure can cause severe effects on biological tissue [68—69]. With high doses,
the substance that enters the body is also high so that it can directly damage cellular
components, causing cell death or genetic mutations [70]. This condition will lead to tissue
damage and even death [71]. On the other hand, chronic exposure usually has milder impacts
in the early stages of exposure [64—72]. The health impacts will increase the longer the
exposure is received [64—73].

In addition, the body's repair mechanisms when exposed to acute and chronic exposure
are also different. Acute exposure may overwhelm cellular repair processes, resulting in
immediate harm [65—-74]. In contrast, in chronic exposure, cells still have the opportunity to
adapt and repair the damage they receive, thereby potentially reducing tissue damage [72—
75]. In typical DCA data, acute exposure can lead to severe damage to nerve tissue [76—77].
High concentrations of heavy metals can damage neural circuits and muscle function. This
exposure will cause a rapid decline in climbing ability because the flies have difficulty
coordinating their movements effectively. On the other hand, when exposed to chronicity,
the neural circuits and muscles still can adapt. This adaptation may involve compensatory
mechanisms that help mitigate the initial damage and maintain climbing ability to a certain
degree.

4 Conclusion

Overall, this study explores the behavioral responses of D. melanogaster to varying
environmental exposures, focusing on the relationship between climbing duration and
climbing success in three different conditions. The results of the Spearman correlation
analysis show that in all tested conditions, there is a significant negative correlation between
climbing duration and climbing success. These findings indicate the presence of complex
adaptive responses in climbing behavior, especially when Drosophila faces exposure to
environmental stressors. Furthermore, linear regression analysis presents interesting results.
In natural conditions and under conditions of acute and chronic exposure, regression shows
a negative relationship between climbing duration and climbing success. The significance of
the regression line parallelism test reveals variations in this relationship among the three
conditions. Moreover, scatterplots depict that the regression line of the condition exposed to
heavy metals for two generations intersects with the regression line of natural conditions.
These findings indicate more complex changes in climbing behavior when Drosophila
experiences longer-term exposure to heavy metals.

In conclusion, this study permeates understanding of Drosophila behavioral adaptation to
environmental changes and underlines the importance of a holistic approach in analyzing
behavioral responses. These results have relevant implications in the fields of toxicology and
ecology, showing that the climbing assay is a sensitive evaluation tool for environmental
impacts on organism behavior. Therefore, this study not only provides new insights into
understanding organism interactions with environmental stressors but also provides a
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foothold for further research into exploring the complexity of adaptation at the behavioral
and physiological levels.
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