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Abstract
The recent advancements of virtual reality (VR) technologies have paved the way for exciting new avenues in medical research.
To date, VR technologies have been used as a training tool for behavioral interventions and for clinical diagnoses. I argue that VR
technologies can serve to increase our understanding of disease progression and act as a means to design and test new treatments.
To illustrate how virtual reality can aid in the development of drug delivery, I describe eBrain, a virtual reality platform that
models drug administration to the brain. eBrain helps to study drug diffusion, uptake, and efficacy in silico. Also, eBrain has
identified optimal treatments from a multitude of treatment protocols. I suggest to term the use of virtual reality technologies in
the field of drug discovery VRID for Virtual Reality Inspired Drugs. The meaning of the word “VRID” in the Hebrew language is
a “vein” , highlighting the potential of the VRID concept to become a vein for novel drug discoveries. eBrain thus serves as a
proof of concept for the VRID doctrine and its potential to revolutionize the drug design industry in the long term.
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Virtual reality technologies aim to simulate the physical presence
in an imaginary computational space. These technologies are
being rapidly developed and have been a focus in the video game
industry. Often, VR is used to mimic a hypothetical reality in
which users confront scenarios driven by interactions between
them and the environment. One example is the video game series
“Unreal,” a first-person shooter video game (www.epicgames.
com), which is centered around weapon-based combat in which
the player controls a single character on a battlefield. VR is also
extensively utilized in the aerospace industry and the military. In
these fields, it is used for training and education purposes, such as
training with flight simulators that mimic the experience in a
virtual world. In some cases, training centers incorporate such
simulations as a mandatory part of their curriculum [1, 2].

VR in medical and healthcare research is gaining increased
attention, especially in the areas of imaging, training, and di-
agnostic tools. In the field of imaging, VR technologies have
been used to improve performance and user experience in

the correction of MRI segmentation errors [3], by the way
of VR-based software that interactively guides the user. The
VR-aided tool provided a more efficient, intuitive, and engag-
ing alternative to the existing methods in the field. In surgical
training, VR-based simulations have been incorporated in sev-
eral programs as part of their stem education. To improve
surgical planning skills, novices are trained onVR simulations
that mimic the surgical procedure and receive feedback on
their performance [1, 4–6]. As alternative treatment and
diagnosis methods, VR has been employed to expose patients
to relevant virtual environments. This has been successfully
utilized for stress release and pain reduction for patients suf-
fering from chronic pain. Also, VR has been used to help
rehabilitate motor function in patients with motor impairments
[7]. In this case, VR simulation instructs patients in navigation
scenarios with multimodal stimuli and provides feedback to
better achieve the motor task-driven goals. The researchers
reported an increase of 10% in performance for patients using
the system. In mental health disorders, VR was used for ex-
posure therapy for anxiety, depression, or phobias (in some
cases by mimicking visual effects caused by LSD). VR
simulations are used to monitor, diagnose, and aid the patient
in an alternative virtual world created to address their condi-
tion [8]. Similarly, VR technologies has been employed for
gait training in subacute stroke survivors [9] and in patients
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who suffer from central nervous system disorders [10]. The
VR simulations give stroke patients a platform to practice
physical activities and motor function and were found to im-
prove various functional parameters (e.g., increase walking
speed by over than 25%) [9–11].

VR can be further utilized to accelerate drug development
by providing an innovative technological framework in which
to develop ideas for highly engineered drug products [12–14]
(Fig. 1). Developing VR simulations from known experimen-
tal knowledge can enhance the process of reverse engineering,
a biological system that is necessary for gaining insight into its
function. This task requires exploration of biological-driven
mechanisms that explain observations and concur with the
current state of the field of the research in question. The VR
simulation development process, on its own, serves as a gap
analysis to delve deeper into areas that are not yet fully under-
stood. This development forces formulation of a system-level
understanding of the particular system being modeled. This
process highlights interactions between parallel mechanisms
and suggests new targets for drug development. Once com-
pleted, VR simulations can serve as a hypothesis generator.
The simulation serves as a platform to study functionality and
better understand the underlying mechanisms. Furthermore,
potential drugs and their physicochemical properties can be
tested to predict interactions between drugs and their target
pathways. VR simulations are excellent platforms for drug
repurposing analyses by testing their potential application on
the target mechanisms. Ultimately, VR simulations can help in
the course of designing new treatments and shortening the
drug discovery period. Specifically, VR simulations can ac-
celerate target identifications at the preclinical research stage,
by providing a theoretical framework to generate novel ideas
by scanning over multiple potential drugs and their impact on
relevant pathways, mechanisms, and proteins. VR simulations
can thus assist to explore system dynamics, test strategies,
what-if scenarios, refute unsound hypothesis, and guide the
design of novel experiments.

VR simulations add a novel layer to the pharmacody-
namics of drugs by analyzing their effect on the simulated
theoretical system in a three-dimensional space. The sim-
ulation can be constructed by data from any subject,
allowing the simulation to mimic precise conditions and
study specific scenarios for every individual patient. VR
provides the means to study the pharmacokinetics of drugs
by testing the drug absorption, distribution, metabolism,
and excretion, via different delivery systems. VR simula-
tions serve as an alternative and/or additional layer for the
mathematical-based pharmacokinetic/pharmacodynamic
(PK/PD) models that guide predictions of drug treatment
strategy, drug concentration, and drug efficacy [15]. Drug
testing using VR simulations can accelerate the screening
of new drugs and provide information for Investigational
New Drug (IND) applications [16]. VR simulations can
provide new possible indications, suggest changes in the
route of administration, and indicate the optimal dosage
level. Additionally, VR can aid in the stratification of pa-
tient populations for clinical trials, based on genetic muta-
tions, data classification, symptoms, or any other specified
criterion. Furthermore, VR simulations may shorten the
lead generation and screening phases in preclinical work,
by theoretically testing therapeutic efficacy and predicting
pharmacological and biological activities of lead com-
pounds. VR simulations could allow the tuning of param-
eters such as potency, selectivity, or pharmacokinetics in
order to gain a better understanding of the system. Newly
found results and outputs from biological and clinical trials
can be easily incorporated into the simulation in an itera-
tive process to ensure that they concur with the most cut-
ting edge results in a field of interest. Furthermore, VR
simulations can mimic the function of multiple delivery
systems. Thus, they can analyze the activity of a drug using
different delivery systems and screen the efficacy of treat-
ments. Moreover, VR simulations have the potential to go
beyond the “one-size-fits-all” principle in which a similar
treatment protocol is prescribed to all patients. VR simula-
tions can be built from specific patient data to tailor the
best treatment for an individual patient by incorporating
the predictions of the simulations.

I suggest to term this concept VRID for Virtual
Reality Inspired Drugs and illustrate its potential with my
team’s work in neurodegenerative research (Fig. 2). In this
project, we are developing a 3D VR simulation named
eBrain [17]. One instantiation of eBrain is inspired by real-
life clinical trials in Alzheimer’s patients treated with intrana-
sally delivered insulin [18–20]. In this module, eBrain uploads
patients’ MRIs and simulates how a potential drug is infused
into the brain through the nasal passages and diffuses into the
brain tissue. It simulates how the tissue uptakes the drug and
activates neurons in the substantia nigra. eBrain was
employed to test hundreds of doses and compounding

Fig. 1 Futuristic drug development: using eBrain with Virtual Reality
goggles to develop treatment protocols
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treatment combinations to screen for an efficacious cost-
effective approach. We used this analysis to model personal-
ized treatment in multiple scenarios. For example, eBrain
modeling indicated that a combinatorial approach would help
to reduce a single drug dose. This observation may lead to a
reduction in drug dosing and thereby reduce the likelihood of
side effects of the treatment. Currently, we are training eBrain
to support more specific molecular, physiological, and patho-
logical data. Future iterations will incorporate intracellular
mechanisms to support multiple molecular pathways. Each
neuron would be programed to recapitulate the intracellular
and intercellular mechanisms such as protein aggregation and
signal propagation. eBrain is trained to support multiple de-
livery systems to allow better theoretical analysis in the route
of administration. Currently, eBrain supports intranasal and
intracerebral delivery and we are developing simulations for
physical barrier crossing delivery systems, namely intrave-
nous, intragastric, and intrathecal. Once the physicochemical
criteria are incorporated into eBrain, it will fully comply with
VRID’s doctrine and, in the long run, will help develop im-
proved treatment protocols to optimize healthcare budgets and
improve patient quality of life.
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