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Abstract 
Background: The field of organoid ethics is complex and 
multifaceted, and the need for flexibility and adaptability in the face of 
its moral complexity is of great importance. Certain kinds of organoids 
may be deemed morally controversial due to their intrinsic 
characteristics (e.g., brain organoids, embryoids, or organoid 
intelligence models) and debates are underway over their possible 
moral standing. Furthermore, different domains of organoid 
applications, such as transplantation, precision medicine, or disease 
modeling have fundamentally different moral concerns. 
Methods: In this paper, we argue that it is a mistake and near 
impossible to develop an overarching, all-in-one ethical framework 
that can sufficiently cover the myriad of organoid moral contexts. We 
first identify different ontological categories of organoid technologies 
along with morally problematic properties. We then present different 
moral contexts in which the organoid technologies are applied. 
Results: Constructing an organoid ethics framework that can both 
consider all the relevant moral properties and contexts, and be a 
useful ethical lens for moral examination may lead to a paradox; the 
more relevant moral contexts the framework tries to incorporate, the 
more abstract and less useful the framework becomes. 
Conclusions: It may be more useful for bioethicists to take on more 
collaborative and contextual approaches for organoids ethics.
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Introduction
Organoid ethics is a field of study that deals with the philosophi-
cal, ethical, legal, and social implications of sourcing, creat-
ing, possessing, using, and distributing organoids—which are  
three-dimensional (3D) cellular structures that mimic the fea-
tures and functions of in vivo organ counterparts1. The creation 
of organoids in vitro raises a number of ethical questions, such as 
the moral status of brain organoids, embryoids, and assembloids. 
In addition, organoids can now incorporate computer and silicon 
technology to create yet another class of organoid—organoids  
cum silico. The proposition and creation of Organoid Intel-
ligence (OI) (brain organoids integrated with artificial intel-
ligence [AI] computer systems) is only one example of this  
new organoid class2,3. It is unclear exactly what the moral  
standing of these new organoid-entities are. Furthermore, ethi-
cal considerations of organoids extends to their implications  
for animal and chimera models, appropriate consent models,  
and data privacy concerns to name a few1,4–7.

Developing a comprehensive, overarching framework for 
addressing these questions is complex, as it requires taking into  
account a wide range of factors, including scientific, legal, and 
stakeholder perspectives. Additionally, the field of organoid  
research is rapidly advancing, which means that any ethical 
framework developed today will need to be updated when new  
information and organoid technologies emerge. Framework 
flexibility and contextual adaptability may initially be of use  
to certain classes of organoids or applications. However, these 
framework attributes can only extend so far. This paper first  
presents an overview of organoid categories, a number of 
their applications, and unique moral contexts found in each.  
Next, we argue that constructing an organoid ethics framework  
that can consider all the relevant moral contexts and be use-
ful for moral examination may lead to a paradox; the more  
relevant moral contexts the framework tries to incorporate, the 
more abstract and less useful the framework becomes. It is a  
mistake and near impossible to develop an overarching,  
all-in-one ethical framework that can sufficiently cover the 
myriad of organoid moral contexts. Instead, it may be more  
useful for bioethicists to take on more collaborative and  
contextual approaches for organoid ethics.

Method: Argument overview
The overall structure of this argument is similar to a reductio  
ad absurdum. We argue that given the set of propositions  
relating the variety of organoids, applications, and moral 
contexts, it would be absurd to construct an overall ethical  
framework for entirety of organoid ethics. In order to do this, 
we first lay out a new way to ontologically classify organoids 
in addition highlighting often considered morally problematic  
properties. We chose specific and recent examples that high-
light these ontological distinctions. Next, we point to the vari-
ety of applications of organoid models and highlight some  
of the more recent applications. The last stage of this paper 
brings the contradiction, as we show that constructing a 
moral framework for all organoid classifications and applica-
tions brings about a paradox of abstraction and rendering the  
framework useless. Thus, to avoid this absurdity and paradox,  

it may be argued bioethicists ought to take on more  
collaborative and contextual approaches for organoid ethics.

Organoid ontology and morally problematic 
properties
To say there is a variety of organoids is an understatement. 
For nearly every single organ and biological structure, there 
exists an organoid model and with it, possible ranges of  
complexity8–10. This immense diversity of organoids has given 
rise to projects such as the Organoids Cell Atlas and attempts 
to standardize organoid nomenclature11,12. We propose that  
organoids be broadly classified into at least three ontological  
classes: organoids in vitro, organoids cum silico, and orga-
noids in vivo. Figure 1 below presents a top-down tree diagram 
depicting the broad distinctions along with examples found  
within the classification. This ontological classification serves 
as a practical means for reflecting on morally problematic or  
controversial properties of specific organoid models and to 
showcase the immense diversity of organoids any overarching  
moral framework would have to consider.

The first ontological class of organoids in vitro retains the 
common definition of an organoid. It holds both “simple”  
organoids (e.g., enteroids, liver organoids, and cardiac orga-
noids) to the more “complex” organoids (e.g., brain organoids,  
embryoids, and assembloids)10,13. Simple organoids may not be 
morally controversial in-and-of-themselves as they typically  
do not possess morally controversial properties. But this  
does not exclude them from moral consideration in other  
contexts, such as the stem cell sources or material needed to 
generate them (e.g., adults, children, animals, or embryos).  
Complex organoids may be deemed more morally contro-
versial either because of properties they possess (e.g., human 
embryoid models possessing properties very similar to human 
embryos), or for the possibility to gain problematic prop-
erties (e.g., the possibility of brain organoids developing a  
form of consciousness)14,15.

Another classification of organoid models is organoids cum  
silico. This may be defined as organoids that are deeply inte-
grated with computer or silicon technology. It is not enough  
for an organoid to grow within a Petri dish for it to be classi-
fied as an organoid cum silico; some other form of technology 
must be integrated into the entity itself. Researchers integrate  
computer or silicon technology with organoids for a variety 
of reasons such as mitigating necrosis of the organoid core, 
providing better organoid structure and homeostasis, better 
measurement methods for early-stage organoid development  
and modeling, or to use as a form of biocomputing2,16,17.  
One example of organoids cum silico is cyborg organoids, 
stretchable mesh nanoelectronics are integrated with human 
induced pluripotent stem cells (hiPSCs), cells then undergo  
differentiation, creating a 3D spherical structure with the 
nanoelectronic mesh16. This has been done with both cardiac  
organoids and human brain organoids16,18.

Another recent example of organoids cum silico is the recent  
proposal for developing an OI system. OI is a novel field  
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“aiming to expand the definition of biocomputing towards  
brain-directed OI computing”2. Researchers want to utilize brain  
organoids for biocomputing purposes by embedding them with 
microelectrode arrays connected to an AI computer system,  
allowing for certain informational inputs and outputs to the 
brain organoid. One experiment from Cortical Labs successfully  
trained an OI system to play the classic video game, Pong.  
By giving brain organoids input and output mechanisms, and 
thus the ability to control the Pong paddle in the game, the 
researchers who created DishBrain claim they made a sentient  
being3. Should this be the case, then the moral standing of 
such an entity is in question and requires examination as  
suggested by Smirnova et al., and Kagan et al., from Cortical  
Labs2,3.

Finally, the ontological class of organoids in vivo contains 
organoid models that have been transplanted into other living  
entities such as animals and human beings. Organoids are 
transplanted into animal models for various reasons. For one,  
organoids have limitations as in vitro models. Their inner core 
lacks sufficient sources of nutrients, given their lack of vascu-
larization, and thus often the organoid demonstrates necrosis  
at the core19. Evidence suggests that transplantation can aid 
in vascularization and nutrient delivery to the organoid20–22.  
Furthermore, there is hope that transplanting organoids into  
animal models could yield new treatments and techniques 
within clinical medicine4,20,23. The creation of chimeras via 
transplanting organoids of one species into a different species  
has given rise to some areas of moral discussion. Already  

comparisons and serious ethical thought is given to the lessons  
from the literary classic Frankenstein24. Ethicists are also  
giving consideration to risks and patient perspectives associated 
with transplanting organoids into human beings25–27. However,  
such issues are not related to the change in moral standing or 
morally problematic properties of a person or organoid. Rather, 
they relate more towards the ethical application of organoids,  
which is covered in more detail in the following section.

Diverse applications and diverse contexts
To say there is a variety of organoid applications is also an 
understatement. Corrò et al., identify an extensive list of  
biomedical domains in which organoid models could be imple-
mented: toxicology, drug discovery, host-microbe interac-
tions, gene editing, multiomic studies, phylogenetic studies, 
developmental biology, disease modeling, precision medicine,  
and regenerative medicine9. In addition, there are social appli-
cations for consideration such as commercialization5,28. Each 
domain of organoid application has unique ethical consid-
erations and within each applicable domain of organoids is  
further diversity of moral contexts.

Consider the application of brain organoids in the context of 
autism research for example. Such research often incorporates  
the medical model of disability (a concept of disability where 
disability originates within the individual and is a state of 
affairs that ought to be medically treated or cured) with the  
hope that precision medicines, treatments, and etiologi-
cal understandings can be found29. This is in contrast with the  

Figure 1. A top-down tree diagram portraying broad ontological classifications of organoid models with examples found within 
each class. The three ontological classifications explored are organoids in vitro, organoids cum silico, and organoids in vivo. Made with 
MindMup.
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ideas, values, and goals of disability found within the neuro-
diversity and neurodivergent movements. Such movements  
incorporate a social model of disability into their framework, 
and they consider autism as a form of human difference that 
is worthy of value and preservation, not treatment or cure30.  
Such value conflicts ought to be reconciled if brain orga-
noid research on autism is to move forward. But the broader 
point here is that the moral context of this organoid in vitro  
application is one of a wide variety within brain organoids  
alone.

Organoids cum silico further compound ethical issues relating  
to use or application. OI systems have the added moral con-
text of integrating brain organoids cum silico with artificial  
intelligence and machine learning systems. AI ethics is still 
a blooming field; the issues and concerns within it are far 
from settled. Ethical issues related to AI include transparency,  
data security and privacy, accountability, automation and job 
replacement, accessibility, the black box problem, algorithm  
discrimination, ownership, competition, inequality, democracy, 
and human rights and dignity31,32. There are also separate issues  
pertaining to the impacts that AI has on human psychology,  
the legal system, and on the environment and planet32.

But in addition to these ethical issues associated with AI on 
its own, OI adds further ethical issues given its integration  
of brain organoids with AI systems. The diverse applica-
tions of brain organoids in vitro for biomedical purposes can  
also apply to OI systems. Many of the ethical issues associ-
ated with the application of OI and AI will overlap, nevertheless,  
the existing diversity of ethical contexts is already becoming 
too cumbersome to generate an overarching ethical framework  
that can act adequately to address all appropriate contexts.

A paradox of plural moral contexts
Given the diversity in both morally problematic properties 
(e.g., possible consciousness, sensations of pain, naturalness) 
and applications of organoid models (e.g., commercialization,  
precision medicine, regenerative medicine), the challenge of 
making an overarching ethical framework that can cover all  
these relevant moral contexts becomes much more cumber-
some. Attempts to generate an overarching moral framework  
may lead to a kind of paradox: the more relevant moral con-
texts the framework tries to incorporate, the more abstract 
and less useful the framework becomes. To use the recent OI  
proposal as an example, Smirnova et al., identified a wide 
variety of domains where potential ethical issues can occur  
(e.g., cell donation, bioculturing, organoid-machine inter-
face, learning and computation, and applications)2. Within the  
“learning and computation” domain, Smirnova et al., identified  
issues relating to AI algorithms, data sharing, sharing code 
and protocols, and the emergence of neurobiological fea-
tures that contribute to human capacities as areas of concern.  
Constructing a novel ethical framework that can be applied  
to these potential issues would be challenging enough, given 
the current blooming of the AI ethics field in addition to a 
need for establishing a moral relevancy of neurobiological  
features correlating to human capacities. Should a novel  
framework genuinely overcome these challenges, it would 

then need to contend with other potential issues in the domains,  
as mentioned by Smirnova et al.

Certainly, advocates of pre-existing top-down frameworks  
(e.g., consequentialists or deontologists) will continue to cham-
pion their application. To some extent, these top-down frame-
works are already given some consideration within organoid 
ethics literature33–37. However, a possible drawback of using  
top-down heavy frameworks is that organoid ethics would be 
yet another battle ground for these theories, reducing delib-
erations and arguments among ethicists to principally over the  
philosophical strengths and weaknesses of the ethical frame-
works. Ethicists may also find themselves trapped in long-
standing, unsettled metaphysical debates. For example, some  
ethicists may want to begin with the task of either establish-
ing or rejecting a moral status for organoid-entities with  
controversial moral properties. While this task is an important  
undertaking, the overall ethical deliberations may become too 
exclusively rooted in moral status, potentially overshadowing  
difficult moral contexts that need addressing (e.g., brain  
organoids for autism research)38.

Furthermore, a constructed top-down framework for an orga-
noid cum silico like OI would have an intrinsic concep-
tual problem, in that it would not be applicable to other  
organoid-entities beyond its ontological category. Researchers  
with organoid in vitro and in vivo categories would not be  
able to make use of such a framework as relevant moral con-
texts would be ignored or missing. An OI framework with  
a heavy emphasis on AI contexts would certainly not be suit-
able for human-animal chimeric xenotransplantation experi-
ments with organoids, nor would it be the most suitable for 
addressing concerns relating to gastruloid development. A 
further synthesis of these contexts into the framework could 
demand further abstraction of principles, values, or rules to  
such a degree that they may become useless moral truisms for 
researchers or regulators on the ground. Moreover, the novel 
framework could become like, or be an iteration of, exist-
ing top-down ethics frameworks (e.g., consequentialism,  
deontology), at which point there would be no need to con-
sider organoid ethical issues, specifically when constructing  
the framework itself.

Even when considering organoids in vivo, there are problems  
with cross application of a constructed moral framework.  
Organoids in vivo involve transplanting an organoid-entity 
into another living host-entity, but the host-entity may differ in  
terms of moral standing. The moral standing of mice is gener-
ally accepted to be less than that of human persons (though 
there is, of course, continued argument over the exact moral  
standing criteria). Transplanting human brain organoids into 
animal models will fundamentally require different ethical  
frameworks and analyses than transplantation into human  
beings.

Multiple futures for organoid ethics
While constructing an organoid ethics framework that can  
cover all the varieties of organoids and their applications 
may be conceptually impossible or impractical, this does not 
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mean that moral deliberations will, or ought to, cease. We do  
not claim that organoid ethics are a futile endeavor, or that 
it serves no practical use. Rather, what the diversity of orga-
noids and their applications shows, and demands, is that the  
ethical approaches will also need to be diverse, adaptable, and 
grounded much more closely to relevant contexts. Indeed, 
the recent OI proposal intends to use an “embedded ethics”  
approach “whereby expert ethicists join and collaborate inte-
grally with research and development teams to consider and  
address ethical issues via an iterative and continuous process 
as the research evolves”2. In addition, other bioethicists have 
presented similar approaches for organoid models that begin 
with a much more grounded and contextual orientation,  
such as collaborative ethics and ethics parallel research39,40.

Furthermore, the current state of organoid ethics reflects the  
complex interrelations of different moral issues and contexts. 
For instance, donor consent is not only related to patients grant-
ing permission for generating organoid models for research  
but it is also entwined with commercialization1,5,6,28. However,  
bioethicists like Stoeklé et al., may not necessarily agree with 
the idea that the state of organoid ethics is truly reflecting  
the subject’s complexity. Rather it “may be a consequence 
of the history of bioethics, combined with theoretical and  
practical frameworks that are just as plural”41.

Ultimately, there is no real need for an overarching ethical  
framework for organoids. Ethicists already have multiple tools 
and frameworks at their disposal for tackling organoid moral  
dilemmas. Embracing various ethical approaches allows for 
a more tailored response to the intricate ethical issues that  
organoid research and applications present. By accounting 
for the unique characteristics and contexts of each organoid  
model and application, ethicists can provide more relevant than 
informed guidance. This adaptability is of paramount impor-
tance as organoid development continues to advance, generat-
ing novel ethical questions and challenges. While pre-existing  
ethical frameworks, such as the six principles of animal ethics,  

the capabilities approach for justice, or virtue ethics for  
researchers are still relevant in specific moral contexts, the ethics  
of organoids ought to begin with a focus on a particular moral 
domain or context, rather than building a new overarching  
framework. The embedded ethics, collaborative ethics, and 
ethics parallel research approaches are examples of possible  
starting points for novel biotechnologies like the various  
categories of organoids2,39,40.

Conclusion: context matters
The extensive array of organoid models and their applications 
undeniably presents a formidable challenge when considering  
the ethical dimensions involved. Nevertheless, it remains 
imperative to thoroughly deliberate upon the ethical, legal, and 
social implications of these novel technologies. Embracing a  
diversity of adaptive, flexible, and context-specific ethi-
cal approaches, such as embedded ethics, collaborative eth-
ics, and ethics in parallel research, ethicists can contribute to the  
responsible development and utilization of organoid technolo-
gies. This approach ensures that ethical considerations remain 
at the forefront of this rapidly advancing field while recog-
nizing and addressing the unique moral contexts associated  
with organoid research and applications.

As the field progresses, it is crucial for ethicists, scientists, 
and relevant stakeholders to collaborate in the development 
of guidelines and frameworks that are both adaptable and  
context-specific, promoting the responsible and ethical 
advancement of organoid research. As new developments and 
innovations continue to emerge, collaborative and flexible 
approaches (rather than an all-encompassing framework) will be  
essential in navigating the multifaceted and diverse ethical  
landscape of organoid research and applications.

Data availability
No data are associated with this article.
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their potential arrangements and uses should be captured under a single moral framework? I am 
not aware of anyone who actually commits themselves to this argument. This seems like a straw 
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broad frameworks? Are these envisioned as processes or approaches to moral decision making? If 
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If the authors could address the straw man concern and clean up some of their distinctions, 
particularly around the difference between ethical frameworks and the type of approaches they 
seem to recommend, this manuscript would be much improved.
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