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Using Zebrafish to Combat
Cognitive Decline:

how a biopharmaceutical company leveraged
a zebrafish model to characterize a compound
for neurodegenerative disease therapeutics
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Overview:

A Massachusetts biopharma company developing therapeutics for neurodegenerative diseases
such as Alzheimer's and Parkinson's disease was able to accelerate their pre-clinical
development by partnering with InVivo Biosystems to generate in vivo data in zebrafish. By
using zebrafish, they were able to fast track the data generation needed for patent filings, grant
applications, and follow on investments.

Challenge:

A Massachusetts biopharmaceutical company approached InVivo Biosystems wanting to know
how they could use zebrafish as a model organism to comprehensively test the effects of their
neurodegenerative therapeutics. They needed to gather robust data to validate their
compound’s neuroprotective potential, with the ultimate goal of using it as a therapeutic for
neurodegenerative disorders.

Solution:
Partnering with InVivo Biosystems, the “
Massachusetts biopharma took a multistep

approach to their project. First, InVivo This gives us a hint of how
Biosystems utilized a chemical model in order effective the compound
to mimic the effects of neurodegeneration is...and very impressive

targeted by the Massachusetts biopharma’s
therapeutic, Compound X. We then carried out
an experiment in the zebrafish model to test
the neuroprotective effects of Compound X. -Director of the
Using this paradigm, InVivo Biosystems was .
able to rapidly examine the molecular effects Massachusetts blopharma

of the Massachusetts's compound and company ’,
generate robust data within weeks.

results were gained

The Director of the biopharma company shared their excitement about the zebrafish model’s
contribution to their drug development: “Based on [this] information, we will seek more
investment and grant funding. With our strengthened case [thanks to the new data], we are
confident in our ability to get more capital which, in turn, will allow us to do further experiments
and studies. Ultimately, we believe this compound could act as a therapeutic to slow the
progressive cognitive decline in the neurodegenerative diseases.”
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Benefits:

By collaborating with InVivo Biosystems, the Massachusetts biopharma successfully assessed
the effects of their drug candidate on oxidative stress and neurodegeneration using zebrafish
as a model organism. This breakthrough allowed them to continue their testing in a faster,
more cost effective way.

Further, the partnership with InVivo Biosystems provided the Massachusetts biopharma with
critical data on the neuroprotective effects of their therapeutic. This data strengthened their
grant and patent applications by demonstrating the compound’s efficacy.

Since InVivo Biosystems used a chemical induction of disease states, the Massachusetts
biopharma avoided any licensing issues associated with using models created by an academic
institution.

Background:

Historically, drug development has been performed in mouse and rat models. But there has
been a recent push for researchers and drug companies to move to alternative animal models
due to time and cost constraints. For example, by using these mammalian models, developing
a new drug can cost between 1 and 2 billion USD (Congressional Budget Office , 2021). In
December 2022, the FDA signaled their support of the move to alternative animal models by
instating the Modernization Act 2.0, which announced that therapeutic interventions no longer
need to be tested in two specific animal models (typically one rodent and one large animal
such as dog or ape) before moving to human clinical trials.

Due to this act, companies are now able to cost-effectively capitalize on our expertise in
developing human disease models in zebrafish and C. elegans with CRISPR/Cas9. In turn, we
have seen a shift of clientele as we have begun partnering with more pharmaceutical
companies who are interested in leveraging our alternative animals to act as a fast, practical
first step to test their compounds.

“ We were interested in partnering with InVivo Biosystems because
people [that have the neurodegenerative diseases we are looking to
treat] don’t have all the time on the planet to wait for these things

-Director of the Massachusetts biopharma company ,’
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The Massachusetts biopharma was one of these companies; they had no prior experience
using a zebrafish model to test their compounds, so their first question was - can we use fish?
One of the benefits they saw in a zebrafish model, was that as a small vertebrate, the zebrafish
enables a whole animal examination of a compound’s effect, unlike a cell culture which can
only test the effect on a single aspect of an organism's system. This was particularly important
to The Massachusetts biopharma as their compound is looking to mitigate the effects of
oxidative stress on the brain, and thus, act as a therapeutic for neurodegenerative disorders
such as Parkinson’s and Alzheimer’s disease.

The Study:

Oxidative stress occurs when the body’s production of reactive oxygen species (ROS)
overpowers its ability to neutralize these reactive molecules. ROS are damaging to cells,
proteins, lipids, and DNA. In particular, oxidative stress is a key contributor to the
neurodegenerative diseases that The Massachusetts biopharma is looking to treat, such as
Parkinson’s and Alzheiemer’s diseases (Kim, Kim, Rhie & Yoon, 2015). The herbicide paraquat
(PQT) is often used to induce oxidative stress. The Massachusetts biopharma approached
InVivo Biosystems asking whether our experts could design an experiment using a chemical
zebrafish model. First, our scientists needed to determine the correct dosage of the chemical
toxin as PQT can be lethal at high concentrations.
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Figure 1. Two tests (1 & 3) measuring the EC50 of PQT at 5 dpf after two days of treatment.

After establishing the effective concentration of paraquat (EC50) that causes 50% mortality in
larval zebrafish [Figure 1], we wanted to assess the effect of the Massachusetts biopharma’s
Compound X on rescuing zebrafish’ survival and locomotive abilities.
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After establishing the effective concentration of paraquat (EC50) that causes 50% mortality in
larval zebrafish [Figure 1], we wanted to assess the effect of the Massachusetts biopharma’s
Compound X on rescuing zebrafish’ survival and locomotive abilities.

Within a week of our initial meeting with Massachusetts biopharma, we administered
Compound X to a subset of zebrafish - the control was untreated, and the positive control
group received a serotonin reuptake inhibitor. Then, all of the zebrafish were exposed to the
PQT toxin. Morphological improvements were observed in the fish treated with Compound X
and the positive control, such as decreased spinal curvature [Image 1]. Data also showed
increased survival for the treated fish [Figure 2].

Image 1. Images showing spinal curvature in 7 dpf fish exposed to (A) 0.1% DMSO only, (B) 0.1% DMSO and 3
mM PQT, (C) 3 pM Compound X and 3 mM PQT, or (D) 0.3 pM positive control, a serotonin reuptake inhibitor,
and 3 mM PQT (Test 5). Scale bar is 500 pm.
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Figure 2. Compound X modestly increased survival by 7dpf in fish exposed to PQT.
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To understand the molecular effect of Compound X on the response to PQT toxin-induced
stress, our expert team performed RNA extraction and submitted samples for RNA-seq. RNA-
seq analysis allows us to reveal global gene expression. In whole animal models such as
zebrafish, this analysis gives us valuable insight into the mechanisms of action behind
processes such as oxidative stress. One of the Massachusetts biopharma’ goals with this
project was to identify the pathways involved in oxidative stress. This information allowed them
to identify target genes for further therapeutic interventions.

InVivo Biosystems was able to provide the Massachusetts biopharma with the data they
needed, showing that their compound triggered a response in inflammatory pathways and
produced a change in expression of 109 genes [Figure 3]. In our report, we identified and listed
the top 22 genes that could act as targets for future drug therapies to help them narrow their
search.
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Figure 3. Volcano plot of all differentially expressed genes for Compound X, high and low
concentration comparison groups.

The Massachusetts biopharma has already been able to benefit from the data on their
compound and secured more investment to continue the drug development process. Thanks to
our collaboration, the team at the Massachusetts biopharma feels confident in the choice to
utilize a zebrafish model. They credit the fast turnaround time to their ability to quickly move
through the grant application process and focus on what they see as the most important part of
their company: the science of drug development.
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We think that [using a] multi-model approach is the way to do it.
And now, with these findings, the door is open to further studying
our compound as a drug candidate, as well as better
understanding the role of oxidative stress in neurodegeneration.

-Director of the Massachusetts biopharma company
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About InVivo Biosystems

Founded in Eugene, Oregon in 2011, InVivo Biosystems is working to accelerate deep
in-vivo insights into human biology and enable researchers to develop and deliver
solutions that improve human health. An expert in CRISPR genome editing, InVivo
Biosystems provides a unique capability for creating custom genome edited zebrafish
and C. elegans that enable therapeutic research on genetic models of aging,
developmental, and neurodegenerative disease, uncovering potential cures. The
company’s in vivo analytical testing platforms and technologies provide faster, cost-
effective investigations that focus on proof-of-principle experiments for rapid go/no go
decision making so that biopharma and nutraceutical companies around the world can
better understand aging and aging related diseases and explore potential treatments.

All our projects include on-call project status updates, as well as regularly scheduled
communication. We also provide on-call consulting and interpretation with our Ph.D.
level, subject-matter experts.

What we do:

Deliver scientific data on test results in less than 5 months.
Produce the best outcome measures for anti-aging products.
Provide information about mechanisms of action (MoA).
Support your Marketing and IP claims with real science.

Contact us to start a conversation about how our services can support your innovation.

‘ 1-844-663-8749

@3 invivobiosystems.com/longevity

support@invivobiosystems.com
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