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PhysioEx 10.0™

Laboratory Simulations in Physiology

ZAO | STABLER | SMITH | LOKUTA | GRIFF

PhysicEx™ 10,0 provides newly formatted axercises
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Home
ChaSte Cardiac Chaste
Chaste (Cancer, Heart and Soft Tissue Environment) is a general purpose simulation package aimed at multi-scale, Cell-based Chaste
computationally demanding problems arising in biology and physiology. Current functionality includes tissue and cell level Getting started
electrophysiology, discrete tissue modelling, and soft tissue modelling. The package is being developed by a team mainly
based in the Computational Biology Group at the Department of Computer Science, University of Oxford, and development Developer wiki
draws on expertise from software engineering, high performance computing, mathematical modelling and scientific
While Chaste is a generic extensible library, software development to date has focused primarily on two distinct application Download

areas: continuum modelling of cardiac electrophysiology (Cardiac Chaste); and individual-based modelling of cell
populations, with specific application to tissue homeostasis and carcinogenesis (Cell-based Chaste) A more recent focus
has been on reduced dimensional modelling of ventilation in lungs (Lung_Chaste). This website contains information on all The team
aspects of Chaste, with details of the applications given on their own pages, accessible via the links above or on the right.

Methodology and aims

Publications

Cardiac Cell-based Getting ~ Googles
Simulations Simulations Started

. Chaste
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CompBioMed Software — Insigneo Bone Tissue Suit

Software Project

This is a collection of modelling tocls developed by the teams of Prof Marco Viceconti, Dr Shannon Li, and Dr Enrico Dall'Ara, at the Insigneo Institute at the university of Sheffield (UK), with the
collabaration of Dr Francesc Levrero Florencio (Oxford), Prof Pankaj Pankaj (Edinburgh) and Prof Lee Margetts (Manchester). Starting from microCT or ManoCT datasets of bone tissue, the suit provides
tools for: — MicroMesh: Automatic generation of Cartesian 8-node hexahedral finite element meshes from micraCT data, using both hemogenous, or density-based heterogeneous material mapping; -
MicroFE: large-scale micro finite element solver, based on the ParaFEM library for large displacement, large strain, simulations of bone tissue micromechanics; - BoneDVC: Digital Volume Correlation code
that computes the displacernent figld induced in bone tissue specimens subjected to staged compression. The Insigneo Bone Tissue Suit will enable a complete modelling and validation cycle on very
largescale datasets generated with Sn-microCT with resclutions of up to 400023 voxels. The code is installed, optimised, and is accessible to any user with a valid account and CPU-time on the ShARC and

Archer HPC systems.

Offered By Insigneo Bone Tissue Suit 33/ o
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Case Studies

Virtual Assay: Drug safety and efficacy prediction software.

Case studi

)

-

(T

The software Awards

The Virtual Assay software provides a framework to run in silico drug trials in » Virtual assay was the winner of the 2017 Y

populations of human cardiac cell models for predictions of drug safety and I t presented "Virtual Assay:

efficacy. a User-Friendly Framework for In Silico Drug Trials in Populations of
Human Cardiomyocyte Models” and received the prize at Safety

Everyone is different Pharmacology Society meeting 2017.

No two individuals respond to a drug in exactly the same way. Due to
sometimes subtle variability at a physiological level, what works for one
person may not work for another, even before taking into account any
additional complicating factors. This is one of the most significant challenges
faced by the pharmaceutical industry; clearly it is neither practical nor
desirable to test a new drug on the entire population to ensure it is both safe
and effective.

Drug Safety

Ensuring a druag does not have potentially harmful or unexpected side-

received the MPLS Impact award for the commercial

impact on the research of the Computational Cardiovascular Science
group on Pharmaceutical companies.

was awarded the ! by The National
Centre for the Replacement Refinement & Reduction of Animals in
Research.
Oliver Britton was one of the four finalist in the

for his research in Population of Models. Find below the video of

the competition.

Virtual Assay ,l38! o
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In Silico Human drug Safety and efﬁcacy https://www.cs.ox.ac.uk/insilicocardiotox/home/

About Participants News Tools/Models Mailing List Contact Us

In Silico Human Drug Safety and Efficacy

In silico technologies for prediction of drug
safety and efficacy in human

Cardiotoxicity (adverse outcomes of the heart) is a common side effect of many drugs, and the main
reason for which a drug is withdrawn from the market. In addition to the high cost of releasing a new
drug, the preclinical stage involves a large number of animals (more than 500,000 per year), raising
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Welcome to Oxford University. Innovation's online portalifor
access to "click-to-licence” intellectual pgopeﬁy

Please select the category of product or service you wish to.request, licence or purchase from the options below

SOFTWARE STORE

https://process.innovation.ox.ac.uk/software/ Request licences to and (where available) download the code of
 E—
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MR Spectroscopy
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Figure 2. Axial semi quantitative PWI image shows glioblastoma multiform in the left parietal
lobe (white arrow) with the significantly stronger perfusion parameters in comparison with the
reference.
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FSL (Oxford)
TrackVis (MGH)

Freesurfer (Harvard)

MedInria (France)
Mrtrix (BRI, Australia)

Camino (UCL)
Python (Cambridge)

DTIStudio (Johns Hopkins)
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Neurosurgical decision points Contribution of fMRI
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Identifying risks: Assessing probability and P AT Codguxe ¢ Structural
nature of functional risks for informed consent b i

Decision process: Is this lesion operable?

Stratifying patients: Informing candidacy for ~ “*®°® GO0 OledMb| jlouws e
surgery vs least harmful treatment based on WSS s Sl wiilgl od Lol
risk / benefit ratio and potential to achieve

Risk weighting: Is it completely operable?

L Cowl piyle adgl >l L

Approach: What is the safest access route? surgical goals; Minimising need for pre- and
intra-operative invasive testing. s
Planning: Do | operate awake / w other tools? Informing treatment approach: Identifying

changes to surgical approach to reduce risk;
focussing areas of additional monitoring.
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1. Speech task
[silent word generation v rest]

2. Motor task
[ lip pursing v rest]

Awake intra-operative
stimulation

Legend
Task 1 Task 2
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MR Spectroscopy

Perfusion
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STEPS IN MRS ACQUISITION OVEeIrview

» Patient positioning

» Global shimming

» Acquisition of MR 1mages for localization

» Selection of MRS measurements and parameters
» Selection of VOI

» Local shimming

» Water suppression

» MRS data collection

» Data processing and display

» Interpretation
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decreased levels of NAA are important criteria for tumor invasion.
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Signal intensity of metabolites based on
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Virtual Biopsy

* Magnetic resonance spectroscopy (MRS) allows the

non-invasive measurement of selected biological
compounds 1n vivo.



MRI:
(anatomic changes)

MRS:
(biochemical and metabolic
changes)

MRI vs.
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Epilepsy

Temporal lobe epilepsy: Mesial temporal sclerosis

To evaluate the other apparent normal hippocampal head
To predict outcome of surgery

» Low NAA/Cr and NAA/Cho
» High Lac in post-ictal phase for 6 hours



Alzheimer’'s Dementia
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Acute stroke MRI protocal
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The 3D bioprinting process of skin tissue
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Tissue Bioprinting wbles 69y s bl oo iuls b o9,

Most common bioinks and their applications

Bioinks Cell/Tissue Type

Alginate Chondrocyte, cartilage
Collagen Hepatocytes
Fibrin Skeletal Muscle, Neural Tissues
Hyaluronic acid Fibroblasts, bone cells
Poly(ethylene glycol)-PEG Fibroblasts, cartilage

Gelatin Bone, cartilage
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Inkjet Bioprinting Laser-assisted Bioprinting Extrusion Bioprinting
Thermal Piezoelectric Laser Pulse Pneumatic I.Pjslon / Screw

§ Energy-absorbing Layer
' Donor Layer
Heater Vapor Actuator N p— \
Bubble —— = Bioink
v v
L] v

Common used bioprin%ng type: (a) Inkjet bioprinting, (b) Labser-assisted bioprinting, (c) Extrusi$h bioprinting
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Tissue Bioprinting wblgws g9, sioboil o0 3l b Lo,

3,10 099 ou o lasliwl g 1SS BB« alliole;] Lal 1k

Jgoz)cwl 4> 45 5,90 3DbiOprinting ,o YU sl 5 Lasl 5l oo Giiw ol sla Jbo 5l eoliiwl b (gamdmw uae slacdl el v

()
Year Ref. Cell type Printing technique Materials Cell viability %
2020 Sharma et al.™ NPC Microfluidics-based Fibrin, alginate, chitosan, calcium ~90-95
chloride, thrombin, genipin
2019 Fantini et al.™ NSC iPSC Extrusion printing Alginate, gelatin ~100
Neuroblastoma
2019 Abelseth et al.™ NA Microfluidics-based Fibrin, alginate, chitosan, calcium ~85-95
chloride, thrombin, genipin
2019 Salaris ef al.”” Cortical neurons, Extrusion printing Matrigel, alginate ~70-80
glial cells with microfluidic
printhead
2018  Dela Vegaetal™ NPC Microfluidics-based Fibrin, alginate, chitosan, calcium ~80-95
chloride, thrombin, genipin
2018 Joung et al.”’ NPC, OPC Extrusion printing GelMA, GEL/FIB, Matrigel ~75
2018 Ho et al.™ Neural crest cells Extrusion printing Polyurethane (PU) ~65
2017 Guetal.™ iPSC Extrusion printing Alginate, carboxymethyl-chitosan, high
agarose
2016 Guetal™ NSC Extrusion printing Alginate, carboxymethyl-chitosan, ~75-90

dgarose




1.5% Agarose

FIG. 3. Selected examples of 3D bioprinted neural scaffolds. (a and b) Cross-hatch, macroporous structures containing (a) NSCs in an AVAg/CMC-based hydrogel.” (b)
Neuroblastoma cells in an Al/Gel hydrogel.” " (c) Live-dead (green/red) cell staining within a cross-hatch structure of an AVAg/ICMC-based hydrogel containing iPSCs.  (d)
Neuronal alignment within a cross-hatch scaffold of a Matrigel/Al hydrogel. ~ (e and f) A printed dome-like structure of an Al/chitosan-based hydrogel,” - with (e) showing CAD
images and (f and g) showing a printed, NPC-laden dome structure. Reproduced with requisite permissions from Gu et al. Adv Healthcare Mater. 5, 12 (2016) and Ibid. 6, 17
(2017). Copyright 2016 and 2017 Wiley-VCH, respectively, and Sharma et al. Front. Bioeng. Biotechnol 8 (2020), Fantini ef al. Cells 8, 8 (2019), and Salaris et al. J. Clin.
Med., 8, 10 (2019). Copyright 2020, licensed under a Creative Commons Aftribution (CCBY) License. Al = alginate, Ag = agarose, CMC = carboxymethylchitosan, and Gel
= gelatin.
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A 3D printed human ear with nanofibrillated cellulose/alginate
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Organ-on-a-chip and biological chip
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Cell line used in organ on chip

Organs Cells

Lungs
Liver
Kidney
Brain
Heart
Gut
Skin

human induced pluripotent stem cells

HepG2 cells

mature human podocytesderived from human induced pluripotent stem
human induced pluripotent stem cells derived neural cells

human induced pluripotent stem cells (iPSCs) - derived 3D cardiac cells
Caco 2 cells

Induced pluripotent stem cells (iPSC) or commercially available reconstructed skin
tissues (EpidermFT, Epiderm, EpiSkin, StratiCELL)
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