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Phrase 1

Due to the ongoing increase in drug overdose deaths in
the United States, it has become a greater priority to
research various methods of mitigation and find
alternatives to drugs that are less addictive.
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Phrase 2

The overall aim of this project is to utilize over-thecounter medications (OTCs) named loperamide and
ibuprofen to study the behavioral and physiological
effects on larval samples of zebrafish (Danio rerio).

Abnormal Tail Shape.
Was found only in high
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Background
67,300

Americans died from druginvolved overdose in 2018,
including illicit drugs and
prescription opioids (NIDA,
2020).

Drug overdose deaths
involving opioids. Opioidinvolved overdose deaths
rose from 21,088 in 2010
to 46,802 in 2018 (NIDA,
2020).
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Reflexive Behavior
It was found that the reflexive
behavior for loperamide groups were
elevated while ibuprofen groups were
reduced. The significance of this was
supported by p-values less than 0.05

Locomotor Behavior
It was observed that for loperamide groups for day 6 and day 7 post
fertilization showed elevated levels of activity. Both the control group and
ibuprofen groups had reduced rates of locomotion. Specifically, the locomotion
of the ibuprofen groups was dramatically decreased. This is all supported with
the p-values of the tests being less than 0.05.

46,802

Future Extensions

Results

Increase in number of
deaths involving
prescription opioids. The
deaths rose from 3,442
in 1999 to 17,029 in
2017 (NIDA, 2020).

Body Length
Distribution of All
Groups
Found significant
decrease in body length
for both loperamide and
ibuprofen groups.
Loperamide’s body
length decrease when
statistically tested
display p-values < 0.01
for the higher
concentrations. Similar
results with ibuprofen

Graphical Abstract

Applications
This project allows for impact in various fields like:
• Modifying drugs to reduce drug overdose deaths
in the years to come.
• Modifying drugs to make them more
environmentally safe.

Statistical Tests
ANOVA
Cochran’s Q Test
- Parametric
- Body Length and
Locomotor Behavior

- Binary
- Hatch Rate and Reflexive
Behavior

Hatch Rate for Days 2 and 3 Post Fertilization for All Groups
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Hatch Rate Distribution of All Groups
Hatch rate was elevated for the loperamide groups on day 2 post
fertilization. On the contrary ibuprofen groups had a dramatic
decrease in hatch rate on day 2 post fertilization. The statistical
significance of both events is high as the p-value was less than 0.05

This project allows for future extensions that include:
• Studying the specific receptors in larval zebrafish which could
explain the effects observed in this experiment
• Studying more OTCs on larval zebrafish to understand the risk of
other OTCS which are currently available.

Summary
The project can be summarized as the following:
• There is an increase in drug overdose deaths in recent years.
• D. Rerio was used as a model organism to study the adverse
effects of loperamide and ibuprofen.
• Results included reduced locomotor/reflexive activity and
delayed growth characteristics for ibuprofen groups, while
elevated locomotor/reflexive behavior and delayed growth
characteristics.
• Data collected was significant as all p-values < 0.05.
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