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1 | RACE TO APPLY ALTERNATIVES TO

Abstract

Animal-based research and drug safety studies are essential to understanding the
mysteries of nature and the long-term survival of humans. Due to the rapid increase
in the global human population, conflict- and economically driven human migration,
tourism-related activities, densely populated metropolitan areas, and local policies,
humans will be affected by a multitude of novel disease-causing microorganisms
and civilizational diseases. Despite disparities among countries, recent and planned
changes in regulations concerning animal research and drug safety studies could have
detrimental effects on both the animal research community and nations lacking suf-
ficient social support systems. Based on existing scientific literature, | argue that we
need animal research encompassing aspects such as animal development, behav-
ior, drug safety studies, and for the understanding of future civilizational diseases.
Depending on the nature of the research questions and local challenges, a suitable

animal model organism should be made mandatory.
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to identify novel drugs and vaccines against drug-resistant plas-

ANIMAL RESEARCH AND DRUG SAFETY
STUDIES

Historical texts have several variations on the parable of the blind
men and an elephant.? The issue with the story is that every
blind man’s perception and description of the elephant was true.
What was lacking was the completeness of the truth. We are all
alive today because of tremendous technological progress and
advancements.® This includes the drugs available for treating
diseases and vaccines for disease prevention.*> One could argue
that early Chinese physicians and Peruvian shamans recognized
the value of wormwood plants and cinchona trees as treatments

for symptoms of malaria.®? Yet animal research was necessary

modium that causes malaria.'®*? Developing countries whose in-
frastructure, local habitat, and weather were well suited for the
spread of the disease benefited the most from antimalarial drugs.
However, despite the imbalance of problems faced due to lack of
adequate social and infrastructure support, there are discussions
in the European Union parliament and actions undertaken by the
United States Food and Drug Administration (FDA) for stricter
rules for animal research, drug safety studies, or steps to abol-
ish animal-based drug safety tests.'®> While many researchers
have expressed concerns about the risks and limitations, sev-
eral other countries (Canada, India, and South Korea) have al-
ready introduced or amended their existing laws.**® Therefore,

there is a need to stress the importance of animal research and
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animal-based drug safety studies over alternative systems and its

implications for our future.

2 | FEW EXAMPLES OF ANIMAL
RESEARCH-BASED DRUGS

Animal research has led to the identification of numerous drugs,
including levodopa for treating Parkinson's disease patients,lg'21
Pitocin administered to millions of pregnant women to induce

2224 2526 3nd lithium to treat

labor, insulin to treat diabetes mellitus,
mania.?” Animal research has also identified the cause of mysterious
Parkinson-like symptoms in relatively young adults who consumed
illicit heroin-like drugs manufactured using sloppy practices.?®3!
Moreover, animal research has identified bench-to-bedside drugs. A
recent example relates to the treatment of children with Dravet syn-
drome, a genetic condition in which affected children experience fe-
ver-associated seizures.®? Researchers have used behavioral assays
on larval zebrafish models of Dravet syndrome to identify several
drugs that could potentially be used to treat affected children, with
one such drug being lorcaserin.>® However, lorcaserin, a weight-loss
drug previously approved by the FDA, has been withdrawn from the
U.S. market due to increased risks of developing cancer, so it is likely

that we still need better and safer drugs for the affected children.®*

3 | ANIMAL RESEARCH IS REQUIRED TO
UNDERSTAND CIVILIZATIONAL DISEASES

We are now aware of the risks of fast-food consumption in increas-
ing cholesterol levels and the associated risks of developing diseases
such as atherosclerosis that can lead to stroke or heart attack.®®
Without basic research on animal model organisms, we will be una-
ware of the role of cholesterol in atherosclerosis.®*%” Similarly, even
though we are aware of common practices of bullying in schools and
workplaces, and the associated risks of developing mental health is-
sues, 840 technological advances have led to an unprecedented in-
crease in the use of social media irrespective of the age of the users
despite imbalances in resilience to handle buIIying.41 With the in-
vention of easily accessible graphic design and artificial intelligence
tools, we already see the adverse effects of deepfake-based fake
information on naive individuals and on the society permitted by un-
controlled social media use.*>*3 The invincibility of certain groups
of professional Internet users has resulted in a lack of clarity regard-
ing policies, systemic solutions to tackle cyberbullying and to help
the affected individuals and their families.***> But only using animal
models, we are understanding the role of genetics and environment
in resilience and susceptibility to stress.*® If we have still not com-
pletely understood the factors that make an animal susceptible to
stress, how can one trust drugs based on research using alternate
model systems to treat cyberbullying victims?

Without animal research, patients with peptic ulcers will continue
to receive treatment with antacids and proton-pump blockers.*”

Despite the ridicule of the scientific community, the unwavering
persistence and work of Australian researchers - Barry Marshall and
Robin Warren challenged decades of medical dogma and proved that
bacterium Helicobacter pylori was the causative agent of peptic ul-
cers using animal models.*® Convincing the medical community to
prescribe antibiotics capable of eliminating the bacterium still took
time. Helicobacter pylori is one of the bacteria in uncooked vegeta-
bles, which are quite common in street foods.*’ If atherosclerosis,
mental health issues, and peptic ulcer are considered civilizational
diseases, we still do not know what other civilizational diseases hu-
mans are yet to face and which alternate model systems will be suf-
ficient and reliable enough to understand them and to identify safe

and affordable drugs in a timely manner.

4 | LIMITATIONS OF ANIMAL RESEARCH

To some extent, animal research has its limitations. For instance,
the genetic background of mice can influence whether morphine
is addictive or not.”° Similarly, the rat park experiments challenged
conventional beliefs on animal-based drug addiction studies.’>*?
Fialuridine, a drug considered safe through both cell culture studies
and animal studies, led to the death of 5 of 15 patients in clinical tri-
als due to liver injury.53 To a certain extent, the researchers in these
studies and their data interpretations are like the parable of the
blind men and an elephant. According to their data, they were right.
But they lacked complete truth at the beginning of their research,
which is how science evolves. But that doesn't mean we should stop
animal research, we actually need to understand why that particular
model and questions asked were not sufficient. We need to ask the
bigger questions about the origin of diseases and if the model we
use can allow to address such questions with minimal limitations.
We need to ask how to address those limitations that will render our
answers closer to the true interpretation of the elephant. By asking
such questions, as in the history of science, we may have the op-
portunity to make gigantic leap, at least in our imaginations if not in
practice. It is usually imagination, followed by persistent and well-
controlled scientific experiments using the appropriate model or-
ganisms, that will change scientific dogmas and help find new drugs

that can improve the lives of millions of people.

5 | LIMITATIONS OF ANIMAL MODELS
USED BY PHARMACEUTICAL COMPANIES

Although animal-based studies are important, the craze of pharma-
ceutical companies to use imperfect animal models for drug discov-
ery should also not be left unrestricted. The use of personalized mice
models of cancer in hope of finding drugs to delay or cure cancer
in certain group of patients is also an injustice to the animals.>*>’
Typically, these animals are immunocompromised to accept human
cancer cells, and this immune makeup does not accurately represent

the immune response in humans or the tumor microenvironment.*®
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Despite 20years of drug screening using animal research for
Alzheimer's disease, an affordable cure has not yet been found.>%¢°
Therefore, despite awareness of the limitations of these animal mod-
els, the reasons why pharmaceutical companies continue to use such
models for drug screening need to be reinvestigated.®!

By switching to non-animal model systems, we are not solving
the problem; we are only diverting our attention. Instead of in-
creasing the cooperation among blind men and/or bringing more
blind men who can interpret the elephant differently from others,
the change in policies seems to indicate that we put our trust in
a handful of blind men, who believe and are able to lobby that
their interpretation of the elephant is the only correct interpre-
tation and that interpretation is sufficient to make safe drugs
and to treat human diseases. If we are led to beleive that with
artificial intelligence-based tools, we are ready to tackle all the
human diseases, one of the first Al-designed drug EXS-21546 re-
cently failed in clinical trials.???12% Whether it failed because of
the tool or the incomplete data that was used to built the tool
is still unclear. The identity of the data used to model Al tools is
derived solely from the knowledge of basic research, which is also
dependent on advancements in technology. With such tools, we
are merely combining and extrapolating the interpretations of the
blind men. However, without seeing the elephant, these interpre-
tations will probably never be perfect. Moreover, majority of the
western pharmaceutical companies largely ignore the knowledge
from indigenous medicines that were in practical application even
before the first patented drug.us'“é Only 4 years ago, serotonin, a
neurotransmitter - well known for its role in depression, was iden-
tified to be a new player in epigenetics.'?* It is still unclear what
are the implications of this finding on the 80+ years of research

on serotonin.*?%128

6 | IMPLICATIONS OF ANIMAL MODEL
ALTERNATIVES FOR DEVELOPING NATIONS

In 2023, we cannot imagine a world without safe transportation, as
it promotes the socioeconomic aspects of every nation. Similarly,
we cannot imagine a world without safe drugs or novel vaccines to
treat and prevent diseases. A global pandemic that disrupts normal
human activities can severely impact the socioeconomic prospects
and growth of nations.®? Developing countries are often the hardest
hit, with populations largely dependent on daily income and cash
transactions.5%%4

More than a century ago, the first animal research-based drug
discovery was carried out by Ehrlich and Hata to treat syphilis, a sex-
ually transmitted disease.®® If syphilis were a new disease in 2023,
it is true that with the technologies available now, diagnosticians
and microbiologists can quickly identify the bacterium (Treponema
pallidum) and determine the antibiotic sensitivity for individual pa-
tients, recommending the appropriate antibiotic treatment. Despite
the challenges in identifying drugs against antibiotic-resistant bac-
teria, millions of people in developing countries have limited access

to advanced diagnostic facilities and physicians due to their reliance
on daily wages.®%® Let us imagine a hypothetical situation where all
these people will have magical access to such facilities and, unsur-
prisingly, we encounter antibiotic-resistant syphilis-causing bacteria.
As we have seen recently with the COVID-19 pandemic, typically,
researchers and companies in developed countries with extensive
resources, along with access to advanced computational tools,
techniques, and non-animal-based automated drug screening tech-
nologies, have the capability to investigate the antibiotic resistance
mechanisms and provide a list of potential hits that can be tested
for toxicity in non-animal models.®””3 However, the risk will still be
present in the clinical trial stage.

In the case of either genocides or drug safety, we must remember
the lessons learned from the past.”*”> One example of drugs that did
not undergo animal testing was the drug thalidomide. Pregnant moth-
ers who consumed it gave birth to children with birth defects. With
several thousands of such children, the thalidomide scandal is still one
of the “biggest man-made medical disasters””®”” It was only after
the scandal that thalidomide was identified as a teratogenic agent
though animal research.”®8 Why was thalidomide, a drug consumed
in almost 50 countries, not approved by the U.S. FDA at that time?
It was only with the sheer determination and resistance of Frances
Oldham Kelsey, a reviewer for FDA, that the thalidomide disaster left
the United States untouched. She was determined in her requests for
scientifically reliable evidence and did not succumb to pressure.8!

Now, if animals are not used for drug safety studies, how should
researchers obtain scientific evidence on future thalidomide-like
drugs? Although alternative models, such as in silico toxicity pre-
dictions, cell cultures, organoids, and organ-on-chips, are available
for drug safety studies, these systems are not perfect.®284 |f these
alternate models were already flawless, then why do we still have
the antibiotic crisis or a lack of affordable drugs for Alzheimer's
disease?°?8°88 With such imperfect systems, untested drugs iden-
tified using them will pose a risk to patients, with pregnant pa-
tients being particularly vulnerable.®%7° Even if a child is born with
defects, in contrast to countries where social healthcare system
and infrastructure are designed to support people with disabili-
ties, the children most affected will be those in countries lacking
such resources.”*?3

Accessible infrastructure in developing countries for a person
receiving an average national salary will be a major barrier to the
proper upbringing of the affected child. Moreover, in such countries,
the average salary is a paradoxical number and does not reflect the
harsh reality of poverty.”*”> We have already required the assis-
tance of billionaire philanthropists and nongovernmental organiza-
tion-based activists to ensure high vaccination rates for children and
access to education in developing countries. Considering this reality
for vaccination and education, it is not difficult to imagine the chal-
lenges of providing accessible social support for affected children.
Therefore, in the absence of a system in place to address the conse-
quences and provide support to affected families and children, drug
approval agencies must require animal-based drug safety tests prior
to clinical trials in humans.
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Another issue is the current cost of patented organ-on-chips;
it is unclear how many countries can afford these expensive chips
for drug screening.96 If mammalian models are completely removed
in drug safety studies, then, at the very least, testing in vertebrate
model organisms like zebrafish larvae should be mandated. Such
model organisms allow for drug safety tests at an organism level
and are potentially more relevant and less resource consuming.””®
The maintenance of zebrafish for drug screening is relatively more
cost-effective than the use of expensive fetal bovine serum required
for cell culture-based alternative models, and which is commonly
extracted via cardiac puncture from bovine fetuses performed with-
out anesthesia.””1%2 Therefore, in the process of replacing animals
for drug safety, we may inadvertently increase the demand for car-
diac punctures on bovine fetuses to extract fetal bovine serum.

Finally, it is also worthy to point out the struggles for ensuring
access to antiretroviral therapies to patients. The lobbying power
of pharmaceutical companies in protecting patents prevented mil-
lions of patients from accessing antiretroviral therapies. The altru-
istic proposal from the Indian pharmaceutical giant Cipla, bearing
the motto “No one shall be denied,” and its offer of antiretroviral
treatment for less than $1 per patient per day, compared to $33 per
patient per day in developed countries, was largely ignored. It was
only after the Anthrax scare in the United States that policies were
relaxed to allow access to antiretroviral therapies.’®>1%4 The benefit
of the existing system of intellectual property rights for patients in
developing countries remains unclear, particularly when the estab-
lishment of alternative strategies, such as patent pooling, proves to

be a challenging process.19>1%¢

7 | OTHER LIMITATIONS OF CELL
CULTURE-BASED ALTERNATIVES

There are other limitations in using cell culture-based systems.
Apart from our genetic makeup, our gut microbiome plays an
important role in our health.2°”1%8 Only with recent advances in
sequencing technologies have we discovered the role of the mi-
crobiome in proper animal development, behavior, and drug re-
sistance.’07198 |t s still unclear what the mechanisms are by which
the gut microbiome can translocate to distant tissues and the
implications of drug discovery.’?? It is still unclear whether, for
effective disease treatment, we need to target only the affected
tissues or also the local tissue microbiome.1°?119 And the effect of
host genetics on the gut microbiome has been addressed only re-
cently.111 With respect to drug safety, studies using mouse models
have revealed that interpersonal variation in drug toxicity can be
due to the gut microbiome makeup.**? In cell culture-based drug
screening, the use of antibiotics and antimycotics in such systems
often leads to drug screens being performed under conditions that
ignore the toxic effects of metabolic by-products of the gut micro-
biome.™® Therefore, using such systems, our search for drugs will
be like the blind men’s interpretation of the elephant. Only that,
with such incomplete interpretation, we will be risking the health

FIGURE 1 Need for animal-based research: If animal research
is completely replaced with cell cultures- and other alternative
model systems-based research, our students may not be able

to understand the mysteries of nature (such as the gasocrine
signaling),'?’ ontogeny of diseases and may be probably uncapable
of developing safe and affordable therapeutics.

and lives of patients, and the future of our students who want to

ask big questions in science.

8 | ENDING ARGUMENTS

Drugs are a curse and a boon. For instance, without antimalarial
drugs, African colonization and enslavement would have probably
been limited.'** From the perspective of the African population
at that time, antimalarial drugs could have been seen as a curse.
However, the same drug is now a boon for them, allowing them to
move beyond malaria and address other challenges.!*>1%¢ Rather
than progressing to address other civilizational challenges,117 with-
out animal models in research and drug safety studies, we are forced
to abandon our preexisting solutions and be stuck with facing chal-
lenges of the past.

With all the scientific literature cited and arguments listed in this
article, in my personal view, we are not ready to replace animals for
drug safety studies or basic research at least for processes that are
also regulated by physiology, gasotransmitter-mediated endocrine
(gasocrine) signaling, or related to addressing other fundamental
questions. Animal research must be made a mandatory requirement
to validate and reproduce the findings in other non-animal-based sys-
tems before clinical trials. Instead of barriers against basic research
using animal models, we require more support for basic research. This
will not only help reveal the mysteries of nature but also help train
our students to become the next generation of scientists who will be
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addressing the big questions. If animals are completely replaced

with cell cultures and other systems, our students might find them-

selves in a similar scenario of blind men and an elephant (Figure 1).
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