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Abstract
Organoids are three-dimensional biological structures 
grown in vitro from different kinds of stem cells that self-
organise mimicking real organs with organ-specific cell 
types. Recently, researchers have managed to produce 
human organoids which have structural and functional 
properties very similar to those of different organs, such 
as the retina, the intestines, the kidneys, the pancreas, 
the liver and the inner ear. Organoids are considered a 
great resource for biomedical research, as they allow for 
a detailed study of the development and pathologies 
of human cells; they also make it possible to test new 
molecules on human tissue. Furthermore, organoids 
have helped research take a step forward in the field of 
personalised medicine and transplants. However, some 
ethical issues have arisen concerning the origin of the 
cells that are used to produce organoids (ie, human 
embryos) and their properties. In particular, there are 
new, relevant and so-far overlooked ethical questions 
concerning cerebral organoids. Scientists have created 
so-called mini-brains as developed as a few-months-
old fetus, albeit smaller and with many structural and 
functional differences. However, cerebral organoids 
exhibit neural connections and electrical activity, raising 
the question whether they are or (which is more likely) 
will one day be somewhat sentient. In principle, this 
can be measured with some techniques that are already 
available (the Perturbational Complexity Index, a metric 
that is directly inspired by the main postulate of the 
Integrated Information Theory of consciousness), which 
are used for brain-injured non-communicating patients. 
If brain organoids were to show a glimpse of sensibility, 
an ethical discussion on their use in clinical research and 
practice would be necessary.

Introduction: from thought to lab 
experiments
In a famous mental experiment, philosopher Hilary 
Putnam imagined a cruel scientist able to dislodge 
the brain from one's body and immerse it in a vat of 
nutrient fluid to keep it alive.1 The nerve terminals 
are then connected to a supercomputer, so that the 
brain's owner is under the illusion that everything is 
perfectly normal. The person will think that there 
are objects and people in an environment and will 
have feelings and perceptions that correspond to 
the actions that he or she will conceive. But all that 
the person (the brain) feels is the result of the pulses 
transmitted by the computer to the nerve terminals.

This scenario was of course constructed by 
a philosopher, under no claim of being real-
istic, in order to theoretically discuss the themes 

of scepticism and knowledge. For some years, 
however, the idea of a brain in a vat has no longer 
been just a mental experiment, but also a labora-
tory experiment. For a decade now, scientists have 
been trying to build mammal and human organs 
starting from single cells: the so-called organoids.2 
Recently, scientists have also tried to produce cere-
bral organoids.3

The latter are by no means similar to adult brains, 
nor is technology able, for now, to simulate an 
external reality and a body, transmitting it to the 
brain with the relative perceptions and feelings. 
However, the rapid progress that is being made 
suggests that one should begin to reason on the 
ethical aspects of organoids in general, and cere-
bral organoids in particular.4–6 After a discussion of 
what cerebral organoids are, in this paper we will 
address some new, relevant ethical issues related 
to the (today still remote) possibility of creating a 
sentient system in a dish. Then we will discuss the 
need to find shared criteria (which is not easy) and 
to establish a threshold beyond which simple biolog-
ical material becomes something that should not 
be manipulated or destroyed, at least not without 
having a serious ethical discussion on the matter. 
Specifically, we want to focus on the developmental 
states in which a cerebral organoid may begin to 
be capable of experience, potentially including pain 
sensations.

To do this, we need a general theory of conscious-
ness that attempts to explain what experience is and 
what type of physical systems can have it.7 The Inte-
grated Information Theory (IIT) does so starting 
from phenomenological axioms to derive postulates 
about the properties required of physical mecha-
nisms to support consciousness. The fundamental 
phenomenological axioms are (i) that conscious 
experience is informative (each conscious experi-
ence differs in its own specific way from countless 
other possible experiences) and (ii) that conscious 
experience is integrated (each conscious experience 
cannot be split). The corresponding fundamental 
postulate is that a system has subjective experi-
ence to the extent that it is capable of integrating 
information.

The ability to experience depends on an optimal 
balance between diversity (information) and unity 
(integration), a non-trivial condition for a phys-
ical systems.8 9 Importantly, the theory proposes 
a theoretical measure (PHI), as well as related 
empirical metrics, to quantify a system’s capacity 
for integrating information. Although there is 
general consensus on the idea that consciousness 
is tied to the capacity of different cortical areas to 
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share information, IIT seems to be specifically relevant in the 
case of cerebral organoids for at least two reasons.10 11 First, 
because it explicitly predicts that consciousness can be graded 
among biological organisms.12 Second, because it postulates 
that consciousness can be generated independently of sensory 
processing, executive functions or motor behaviour, if the 
internal architecture of the system is intrinsically optimised for 
integrating information.13

Organoids, cerebral organoids and ethical issues
Thanks to pluripotent stem cells (embryonic stem cells and 
induced pluripotent stem cells) and organ-restricted adult stem 
cells, research on so-called organoids is guided by the desire to 
obtain three-dimensional (3D) models of tissues and organs for 
basic research. Another goal is to get closer to the so-called Holy 
Grail of Medical Science, that is, making it possible to transplant 
organs while overcoming problems of scarcity, compatibility and 
rejection.14

Organoids are biological entities produced in vitro from stem 
cells whose differentiation can be oriented towards the typical 
organisation (architecture and physiology) of a human adult 
organ within a specially prepared environment: usually Matrigel 
(a mixture of protein from mouse sarcomas) and an adequate 
scaffolding (made by 3D support matrices). The denomina-
tion of ‘organoid’ comes from the fact that one can currently 
only obtain miniaturised and simplified versions of an organ, 
although often endowed with many of its desired structural and 
functional features.

It could be said that an organoid in a 3D in vitro culture has 
to 'replicate not only the complexity of the cell types present in 
the organ, and the processes of self-organization of the tissue, 
but also the main organization of the whole organ; in the case of 
brain organoids, "the appearance of different brain regions"’.15 
The key aspects are self-assembly and differentiation.16 17 Today 
we have organoids of the retina, intestine, kidney, pancreas, liver, 
inner ear, thyroid and so forth. However, the main ethical issues 
seem to be related to brain organoids. ‘Human brain organoids 
are stem cell-derived 3D tissues that self-assemble into organized 
structures that resemble the developing human brain’.18 They 
include cerebral organoids and region-specific organoids. The 
seminal study in this field is due to Lancaster et al, who started 
with human adult skin cells reprogrammed as induced pluripo-
tent stem cells so as to create a brain organoid as a model for the 
study of microcephaly.3

Two-dimensional cultures had already produced neurons 
capable of producing action potentials and synapses, as well as of 
integrating among cortical neurons of mice. Recently, great steps 
forward have been made in 3D self-organising cultures, thanks 
to extracellular matrices. The study by Lancaster et al has shown 
distinct and interdependent brain regions with connections via 
interneurons and a high level of similarity on a cellular level.3 
Organoids of about 4 mm replicated in vitro the in vivo devel-
opment at least up to the late mid-fetal period (19–24 weeks of 
gestation), with differences in gene expression.19 Qian et al have 
obtained neurons corresponding to all six layers of the cerebral 
cortex,20 but they still have not fully developed stable synapses 
or circuitry. And in general, organoids have a nucleus of cells 
that tend to rot in a short time due to lack of vascularity, and are 
devoid of surrounding embryonic tissues, glial cells, meninges 
and immune cells. Organoid models are also limited by the great 
variability among organoids and the absence of predefined axis.

Lancaster and Knoblich have described a protocol for 'gener-
ating 3D brain tissue (…) which closely mimics the endogenous 

developmental program. This method can easily be implemented 
in a standard tissue culture room, and can give rise to devel-
oping cerebral cortex, ventral telencephalon, choroid plexus and 
retinal identities, among others, within 1–2 months’.21 But there 
are also layers of the cortex, the hippocampus (a crucial area for 
memory) and the spinal cord. And organoids, according to the 
authors, can be maintained for more than a year in long-term 
cultures.

Kelava and Lancaster claim that human pluripotent stem cells 
can be used to produce ‘organoids which faithfully recapitulate, 
on a cell-biological and gene expression level, the early period of 
human embryonic and fetal brain development’.15 In this vein, 
Birey et al produced 'three-dimensional spheroids from human 
pluripotent stem cells that resemble either the dorsal or ventral 
forebrain and contain cortical glutamatergic or GABAergic 
neurons’, thus recapitulating the saltatory migration of inter-
neurons in the fetal forebrain.22 They also showed that after 
migration, interneurons functionally integrate with glutama-
tergic neurons to form a microphysiological system. And ‘spher-
oids cells were remarkably similar to those from corresponding 
regions of humans fetal brain’, with ‘both excitatory and inhibi-
tory neuronal activity’.23

Brain organoids are still unable to reproduce an in vivo brain, 
but attempts are being made to solve so-called plumbing and 
scaffolding problems, that is, how to bring oxygen and nutri-
ents (so as to keep the cells alive) and grow organoids beyond 
the current millimetre scale. However, the so-called mini-brains 
that grow in vitro, isolated from a complete embryo and without 
interaction with the environment, may not be able to fully 
develop as happens in vivo.

The production of a cerebral organoid with a degree of devel-
opment comparable to a few-months-old embryo is probably 
one of the greatest breakthroughs in biology: together with cell 
reprogramming technology and gene editing methods it allows 
to reach frontiers that were unthought-of even just a few years 
ago. Therefore, it is hard to underestimate the importance of 
organoids in general and brain organoids in particular. The 
latter have already allowed for a study of microcephaly related 
to the Zika virus, but they will also be used for autism, Parkin-
son’s  disease, multiple sclerosis, Alzheimer’s  disease, epilepsy, 
traumatic brain injuries and also in neuro-oncology.24

So, it is likely that investments and researches on the topic 
will increase, leading to knowledge and techniques able to create 
more ‘evolved’ mini-brains. In particular, the direction will prob-
ably be that of bigger organoids to hopefully achieve organ-level 
functionality. In any case, the use of brain organoids is starting to 
find commercial applications. Indeed, Hubrecht Organoid Tech-
nology (HUB) and the health insurance companies CZ, Zilveren 
Kruis and Menzis have recently started a €3 million validation 
trial for use of HUB Organoid Technology to test if it can be used 
to determine the response of patients with cystic fibrosis to new 
drug therapies.25–27

Therefore, from the ethical point of view, the probable 
scenario is the following. Prima facie, brain organoids can be 
considered a more acceptable form of experimentation than 
that on human fetuses (weeks 9 and beyond after fertilisation), 
animals and voluntary human adults. In fact, no living being is 
destroyed, damaged or put at risk in tests involving artificial 
mini-brains, and their level of scientific reliability might soon 
be equivalent to that of traditional methods. So, there is no effi-
ciency loss to the detriment of the ill awaiting a cure. Also, cere-
bral organoids can be cheaper— both in terms of material and 
in terms of working hours—than other forms of experimenta-
tion, and therefore their use may make resources available for 
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other relevant uses in the medical sector. All of this may lead 
one to think that the creation and use of brain organoids are 
non-problematic.

However, there are a number of critical issues that need to 
be addressed. The ‘classical ethical issues’ include the use of 
embryonic stem cells; 'the type of donor consent and ethics 
review needed for long-term storage and use and for feedback 
of clinically relevant findings to the patient’6; the possibility 
that brain organoids are transferred to chimeric animal models, 
or connected with other organoids in complexes whose status 
is unclear and finally the question of patentability of organ-
oids. Here we will focus on a novel ethical quandary, namely 
consciousness assessment and its potential consequences.

Sentient cerebral organoids? A way to assess new 
ethical quandaries
As mentioned, research on cerebral organoids seems to be 
making rapid progress both for medical applications and for 
probe human brain evolution and development.28 Bigger and 
more developed mini-brains, with a greater degree of differenti-
ation and internal organisation, could therefore raise the ethical 
problems associated with the creation of life and/or acquisition 
of human qualities in research involving human organoids.29

It is said that without input and output, the mini-brains' neural 
networks cannot reach maturity, but the issue is open because 
'transcriptional analysis and comparison to the developing 
human brain revealed that hCSs after 2.5 months resembled 
the mid-fetal prenatal brain (19–24 post-conception weeks). 
Cortical neurons were accompanied by a network of nonreactive 
astrocytes and were synaptically connected’.19

Today, lab-made cerebral organoids already ‘acquire struc-
tural traits of mature neurons, including dendritic spine-like 
structures’ and organoids as old as 8 months showed spikes and 
excitatory monosynaptic connection with high-density silicon 
microelectrodes.30  ‘These results suggest that brain organoids 
establish neuronal networks that can support self-organized 
patterns of activity’.30 Also, mini-brains show the differenti-
ation of photoreceptor-like cells endowed with proteins for 
light responsiveness. These photosensitive cells ‘can respond to 
non-invasive, light based sensory stimulation’.30 These advance-
ments indicate that it is possible to transmit to cerebral organ-
oids afferent stimulations that might trigger simple sensations.

Although these studies seem to show rapid and important 
progress, it may be useful to point out that it will probably take 
time before it is possible to produce a fully developed human 
mini-brain in a dish. The claimed similarity between the fore-
brain neurons of an embryo at a particular developmental stage 
and the cells of organoids is based on the similarity between 
transcription factors and other marker genes characteristic for 
specific cell types. So far, not even the most elementary synaptic 
circuits—for instance, thalamic relay cells projecting onto 
cortical glutamatergic neurons to excite them—have been shown 
to form. And none of the known organoids displays any of the 
complex electrical signature characteristic of a functioning—and 
conscious—cortexi.

However, one might wonder whether mini-brains could 
be somewhat sentient, that is, capable of experiencing pain. 
In the future, organoids could in fact be developed to the 
point where they acquire sensory and even potential cognitive 
functions. This would not be the researchers' primary goal, 
but it may come as a byproduct of achieving the set research 

i We thank a reviewer for this very helpful remark.

goals: to study development mechanisms, to test specific treat-
ments, to produce tissues to be transplanted, etc. But since 
the organoids are devoid of the ability to communicate, we 
would have no clue about their developmental stage or their 
capacity to generate sentient internal states. For this reason, 
there should be tests to assess objectively the capacity for 
consciousness, irrespectively of sensory inputs, motor outputs 
and communication.

Although no such test has been devised for cerebral organoids, 
recent efforts to assess consciousness in brain-injured non-com-
municating patients may provide, at least, a very rudimentary 
starting point to tackle the problem.7 The challenge of detecting 
consciousness in brain-injured, comatose patients shares some 
basic similarities with the issue posed by cerebral organoids. 
Indeed, much attention has been recently devoted to the devel-
opment of objective brain-based indices of consciousness that 
are independent of sensory processing, executive functions and 
motor outputs.31 32

One promising approach lies in the Perturbational Complexity 
Index (PCI), a metric that is directly inspired by the main postu-
late of IIT, that is, that consciousness relies on the joint presence 
of integration and differentiation in neural circuits, as explained 
above in Introduction. Calculating PCI involves locally 
perturbing the cerebral cortex (with transcranial magnetic stim-
ulation) and measuring the complexity of the electrical response 
of the rest of the brain (with electroencephalography).33 The 
underlying idea is that PCI should be low if interactions among 
neural elements are reduced (loss of integration), because the 
response engaged by transcranial magnetic stimulation (TMS) 
is spatially restricted; PCI is also low if many interacting areas 
react to the perturbation in a stereotypical way (loss of differen-
tiation), because in this case the resulting response is large but 
simple. In fact, PCI should reach high values only if the initial 
perturbation is transmitted to a large set of neural elements that 
react in a differentiated way.

As such, being based on general theoretical principles, PCI is 
totally independent of sensory processing, executive functions 
or motor behaviour and can be graded. Since brain-injured, 
unresponsive patients are fully inaccessible and do not provide 
any reliable evidence about their state of consciousness, PCI had 
to be first validated and calibrated on a large benchmark popu-
lation of subjects who could confirm the presence or absence of 
conscious experience through reports. Despite some individual 
variability within this large sample, PCI was lower in all unre-
sponsive subjects who did not report any conscious experience 
on awakening from non-rapid eye movement (NREM) sleep or 
midazolam, xenon and propofol anaesthesia, and was invariably 
higher in conditions in which consciousness was present.34

An interesting perspective is that an advanced version of PCI, 
possibly using finer stimulation and recording techniques (eg, 
a combination of optogenetic stimulation and calcium imaging) 
may be developed in the future for cerebral organoids—a 
version adapted for in vitro cortical slices has been recently 
tested.35 Clearly, the problem would still be how to validate 
this new index and identify a valid operational cut-off above 
which we could establish that the cerebral organoid has some 
capacity for consciousness. As for PCI, the cut-off determination 
process would, however, have to start from some known points 
of reference, for example, the values exhibited in the brain of 
an adult human being across different states (wakefulness, sleep, 
dreaming, anaesthesia, brain injury) and then gradually move to 
more challenging cases, such as newborns, primates, rodents and 
finally, organoids. To the extent that the proposed measurement 
(say, a novel index of network complexity) is good enough to be 
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generalised across species and types of brain circuits, it could at 
least allow for a coarse comparison on a common scale.

Nevertheless, even if there were an objective measure of 
consciousness, the ethical scenario would still be unprece-
dented and complex. Therefore, one can at least sketch some 
coordinates along accepted facts. In the context of consequen-
tialist ethics, an entity that is sentient (which can feel pain/has a 
minimum degree of consciousness) may have interests.36 And if 
it has interests, it can be included in the consequentialist calcu-
lation of the consequences. Since the organoid would be at the 
first stage of sentience, it would be appropriate to adopt hedo-
nistic consequentialism, which prescribes to minimise pain as 
widely understood. However, in a consequentialist perspective 
the interests should be weighed against each other. On the one 
hand, we may have the interests of a patient with Alzheimer's 
disease who is likely to fall into total oblivion, and on the other 
hand the suffering of an entity comparable to a very simple life-
form that we would usually be willing to sacrifice in the face 
of the interests of a human being. From the consequentialist 
perspective, judgement of the rightness or wrongness of the use 
of sentient brain organoids for research, and especially of brain 
tissue transplants (when they become possible), should there-
fore be assessed on the grounds of the expected values of its 
outcomes, that is, the risk-benefit trade-off or ratio.

At this point, one might wonder what sort of suffering might 
the organoids experience and whether it is somewhat compa-
rable to the suffering experienced by animal models. These 
assumptions cannot be verified for now, either behaviourally or 
instrumentally. In fact, we infer the suffering of animals from 
some physiological parameters and from their avoidance and 
signalling behaviours (sound emission, attempts to cure wounds, 
etc). We now believe that a mammal or an octopus may expe-
rience pain and suffering at least as physical discomfort, but we 
tend to think that insects do not feel pain because wounds or 
mutilations do not change their behaviour.37

Now, when it comes to organoids we do not have any of 
these parameters. However, if some future objective index 
could suggest that some human cerebral organoids have some 
(although very low) capacity for consciousness, such a primi-
tive level of consciousness could allow them to experience forms 
of suffering somewhat similar to those experienced by individ-
uals left in a behaviourally unresponsive state.38 The organoids 
would not suffer from confinement or deprivation of opportu-
nities for their typical behaviour, as is the case with animals used 
in labs, but might experience physical pain and discomfort akin 
to that reported by patients who have been in altered states of 
consciousness. Obviously, given the purpose of the studies for 
which organoids were created, they could not be anaesthetised, 
since analgesia by definition alters the normal brain activity.

These insights come from a consequentialist perspective, but 
often our moral intuitions are not in tune with consequentialism. 
From a deontological point of view, although experiments with 
sentient brain organoids bring many positive effects in terms of 
care, using brain organoids as a pure means could be a viola-
tion of a right (of the organoid), provided that the organoid is 
completely passive and has no way of communicating (a bit like 
an individual with a total locked-in syndrome, whose rights are 
generally believed to be the same as a healthy individual’s). In 
addition, an entity that has at least a potential for cognitive func-
tions, and thus is in potentia capable of thought, may aspire to be 
considered a person, since an individual capable of thought will 
be also capable of rationality—the hallmark of personhood for 
a number of theories, including the Kantian one. And persons 
have rights that objects or other forms of life do not have. 

Such rights, in particular those to life, respect, and autonomy, 
are generally considered inalienable. People also have dignity, 
‘worth beyond value’ in Kant's words, although this concept is 
controversial and its application is not often shared. If a brain 
organoid were endowed with some features, or properties in a 
philosophical sense, typical of a person or a person in potentia, 
this would not mean that it is a person in the usual sense of the 
term, but surely that it could not be treated as a commodity or a 
means in the Kantian sense.

It is difficult to imagine what kind of minimal consciousness 
a cerebral organoid may have, but it is certainly plausible to 
believe that it can make a difference between its ethical status 
and that of a mere lump of cerebral tissue. Also from a legal 
point of view, given that mini-brains are produced starting from 
donated cells, finding a glimmer of consciousness could open up 
complex scenarios and make it necessary to use caution in the 
manipulation and destruction of human organoids.

Conclusion
Human organoids are a major step forward in biomedical 
research, but they inevitably raise ethical issues about their use. 
In this sense, it would be helpful to understand the possible 
implications of the most promising developments of such tech-
niques. The latter have certainly positive purposes and are aimed 
at the advancement of knowledge and the well-being of people 
and non-human animals. Nonetheless, the ethical problems asso-
ciated with the production and use of organoids, especially cere-
bral organoids, should not be underestimated. It is important to 
focus on them and exercise an ethical imagination, so to speak, 
to foresee potential opportunities and risks, without this trans-
lating into unnecessary limits for research. The case of organ-
oids is relevant both because biomedical research on the subject, 
while being still young, is advancing very quickly, and because 
ethical reflection around it is still yet to be addressed. Indeed, 
possible future scenarios include the fusion of cerebral organoids 
to achieve biological structures that are more and more similar 
to the human brain, endowed with a continuous dorsal-ventral 
axis and able to model complex interactions between different 
brain regions.39 These are techniques and interventions that 
could have extraordinary effects on health and care but that also 
deserve a careful ethical scrutinyii.
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