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Working from home,
Online meetings and

teaching
courserg Learning Without Limits
. Weekly Course Digest
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Fig. 1: Kuhn's
Scientific
Revolution Cycle
(adapted from
Science Kerry et al., 2008)
/ \ and where

the authors
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2008 and now
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This study

Food for Thought ... ALTEX 2021
The State of the Scientific Revolution in Toxicology

Thomas Hartung 1.2 and Aristides M. Tsatsakis?

Toxicity testing in the 21st century: progress in the past decade

and future perspectives Arch Toxicol 2019

D. Krewski'** - M. E. Andersen? - M. G. Tyshenko?* - K. Krishnan?” - T. Hartung®'? - K. Boekelheide’ - .
J.F.Wambaugh®- D, Jones? - M. Whelan'? - R. Thomas®- C, Yauk'' - T. Barton-Maclaren' - I. Cote'?



~50% of America
~60% of Europea

) 1 Picture removed
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Eﬁt:;s;ﬁ;ﬁ‘i:sons 2006 Goal of EU REACH
2016 Goal for US TSCA
2019 Deadline 2035 by US EPA
2021 Deadline 2027 by EFSA
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Bad Science

messaging

It is still good to be on the right side

of ethics and history! Economic consequences and

opportunities



Food for Thought ... ALTEX 2018, 35:275-305

Animal Testing and its Alternatives - the Most
Important Omics is Economics

Lucy Meigs 1.2, Lena Smirnova 2, Costanza Rovida 3, Marcel Leist3 and Thomas Hartung 23

Picture removed OECH:
for copyright reasons Economic considerations are

underestimated

They promote and hinder
implementation of NAM




nimal tests is
stimated

* For the 9 most c Miss some human effects
OECD tox tests ( Too long, too expensive, too
topical, eco—n much substance need
reproducibility i New hazards not covered
for toxic substa New products not
Wi .

A applicable

Mice and rat predic
each other ~60%
for systemic tox




Food for Thought... ALTEX 2015, 32:79-100

The Human Whole Blood Pyrogen Test -
Lessons Learned in Twenty Years ElgiiEl

Thomas Hartung ":H.r"' =2
- .LH.H.I.
ErEC
Invented 1995, Validated 2006 PyroDetect (Merck-Millipore)
: | Accepted FDA 2009, European Pharmacopoeia 2010, USP 2017,
i | . SeS IS0 2018
‘*w-.._h_-ﬂ_. = S _ N

Food for Thought ... ALTEX 2021, 38:3-19

Pyrogen Testing Revisited on Occasion of
the 25th Anniversary of the Whole Blood Monocyte

Activation Test

Thomas Hartung!.?



Food for Thought ... ALTEX 2020, 37167-186

New European Union Statistics on Laboratory [Bl7%;
Anlmul Use - What Really Counts' -

Francois Busquet!.?% Andre Kleensang3¥, Costanza Rovidal-#%, Kathrin Herrmann3, Marcel Leist! i
und.-"hm  Ha z'ngf-? E

Pyrogen testing

: ~160,000 rabb

: ~170,000 rabb
e — GOAL

139,434 1N, X}
- 35,4725N B | X L,.. News 2021: PharmEur will

phase out rabbits within 5a!




Immunotoxicity - to
good thing...
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* Immunosuppression
* Developmental ImmunoTox



lly lacking in vitro

Food for Thought ...
Immunotoxicology: Challenges in the
215 Century and In Vitro Opportunities

Thomas Hartung ' and Emanuela Corsini*

volvement of immune cells likely activated by translocation of
2010) in the effects of classic hepatotoxicants (Laskin and
1998; Luster et al., 2001):

galactosamine, lead withd

dithiocabarmate, phalloidin, CCl4, cyproterone acetate,

1,2-dichlorobenzene, cadmium, allyl alcohol, heliotrine, Picture removed
ischemia-reperfusion, microcystine for copyright reasons




ATLA 30, 581-505, 2002 E

Evaluation and Prevalidation of an Immunotoxicity Test ;'
Based on Human Whole-blood Cytokine Release =

Ingrid Langezaal,1.2:3 Sebastian Hoffmann,2 Thomas Hartung?4 & Sandra Coecke’

120 % Immunotoxic disturbance of

reaction to bacterial stimulation
Simple, robust test

Human primary cells
Lymphocyte and monocyte
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Whole blood cytokine response as a measure of immunotoxicity

I. Langezaal®®, S. Coecke®, T. Hartung**




ALTERNATIVES TO DE
IMMUNOTOXICITY TE
WORKING GROUP

er, Medical University

Canada - regulatory)

anada — Method

)

Opinion article
Scoping review
May 4-5, 2021: Virtual mini-workshop #1:
“Identification of Key Molecular and

Biological events in Developmental
Immunotoxicity”

March 26-30, 2022: SOT (San Diego):
Workshop Session “Current Status and
Future Outlook on Developmental




We have thet
ell Culture - _
siness opportunity

Marx et al., Biology-inspired
micro-physiological system
approaches to solve the
prediction dilemma of
substance testing using

animals. ALTEX 2016,
33:272-321. [=]#=3[x]
)

ﬁ "

Marx et al., Biology-inspired
microphysiological systems
to advance medicines for

PERSPECTIVES

MEDICINE

Human microphysiological 2020

systems for drug development x

Organs-on-chips could be used to assess drug efficacy
and support personalized medicine

Current Opinion in Biotechnology




MPS WORLD SUMMIT

CONNECT, EXCHANGE, EDUCATE

izations plus

S450k from NCATS

Forming an International Society
and Conference Series

Virtual 24 Jun & 9 Dec ‘21

New Orleans 30 May-3 Jun ‘22
Hosts:

Don Ingber, Harvard




N Gccp 2.0
= ]‘ Draft published
J '{ : 350 stakeholder

* ALTEX 1'2022

0 ] 4
At ESTIV 2018 CAAT/ESTIV symposium
EEETL U &

Letter ALTEX 2020, 37: 490-492
Good Cell and Tissue Culture Practice 2.0
(GCCP 2.0) - Draft for Stakeholder Discussion
and Call for Action

David Pamies!, Marcel Leist23, Sandra Coecked, Gerard Bowe?, Dave Allen>, Gerhard Gstraunthaler®,
Anna Bal-Price4, Francesca Pistollato?4, Rob deVries?8, Thomas Hartung29 and Glyn Stacey!10.11.12

1| s Funding bodies

comments integrated

 Editor workshop 2022

CAAT@jhu.edu
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ISTNET Workshop

TESTSMART
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Expert Group on DNT
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Guidance Document

2020
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BrainSpheres: iPSC-derived human

organotypic brain cultures

Insti tute of

-1 National Genter
rﬁr I I I 1. M ssssssss r ——— Iransiaton:; IeNCes
Technology National Institute of
Environmen tal Health Sciences

All cell types but micro-glia

350 um diameter

Reproducible in size and
composition OFL |E|
Myelination "'!’E':q'l
Genetic background Ein.tEI"'
from patient iPSC
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Myelination
* 40% axons myelin

* Allows studying de¢
re-myelination

& oo Int. J. Mol. Sci. 2021, 22, 9473 fbey

E‘ ?.g-.? AT . . : R =
& i k fy - ‘-.:' Article
Lo < & . L £

R i S : 15

Human IPSC-Derived Model to Study Myelin Disruption
== o pox 4 : Megan Chesnut !, Héléne Paschoud ?, Cendrine Repond 27, Lena Smirnova !, Thomas Hartung 1%,
' P Marie-Gabrielle Zurich 24, Helena T. Hogberg 1% and David Pamies 1-2-4-*

Bl s Int. ). Mol Sci. 2021, 22, 7929 e

Rewview
Human Oligodendrocytes and Myelin In Vitro to Evaluate
Developmental Neurotoxicity

Megan Chesnut !, Thomas Hartung 1.2 Helena Hogberg 1.# and David Pamies 134+




DNT in human

brain organoids

Tox Appl Pharmacol 2018

Combents lists mmils
. o Toxicology and Applied Pharmacology - ’l
.""'JL-. ‘:IJ
journal homepage: " y i

Rotenone exerts developmental neurotoxicity in a human brain spheroid n
model =

lavid Pamies®, Katharina Block®, Pierre Lau®, Laura Gribaldo", Carlos A. Pardo®, Paula Barreras®,
Smirmova”, Daphne Wiersma®, Liang Zhao™”, Georgina Harris®, Thomas Hartung™®,

Antidepressant Paroxetine exerts
developmental neurotoxicity in an
iPSC-derived 3D human brain model

Xiali Thong'- %, Georgina Marris', Lena Smirnova', Valentin Zuffarey”, Rita Sa%, Fabisle Balding
Ruzso”, Patricia €. Balesiro Belirao Braga®, Megan Chesnut', Marie-Gabriglle Zurich?, Helena
Hogberg', Themas Hartung® ", David Pamies™ "

Archives of Toxicology °
https://dol.org/10.1007 /<00204-020-02903-2 ArCh TOXICOI 202 1

ORGAN TOXICITY AND MECHANISMS

Organophosphorus flame retardants are developmental o , | NNT”P .
- . - - s - = ationa OX|coogy rogram
neurotoxicants in a rat primary brainsphere in vitro model |[m] %3




0s functional synergy

ALTERNATIVES
RESEARCH & DEVELOPMENT

FOUNDATION

CHLORPYRIFOS

133 Network genes Cl cl
s
8 ASD-risk genes | W _O
P=0.003 AR x
c”” N O \O
50 CHDS targets \
CHs

CHLORPYRIFOS-OXON

Functional and Molecular
signatures




ut BrainSpheres

g) as disease model
Modafferi et al.,

Gene-Environment Interactions in Developmental Neurotoxicity: a Case Study of
Synergy between Chlorpyrifos and CHD8 Knockout in Human BrainSpheres

Sergio Modafferi,’** Xiali Zhong,'”* Andre Kleensang,! Yohei Murata,’* Francesca Fagiani,’>° David Pamies,””
Helena T. Hogberg,! Vittorio Calabrese,” Herbert Lachman,®® Thomas Hartung,”'° and Lena Smirnova’

CHD8/CPF synergy in perturbation of energy metabolism, one

carbon metabolism, L-a-Hydroxyglutaric acid and tryptophan

synthesis ASD patients BrainSpheres

“biood |~ urne | oran |
| |

Dopamine

f‘ saH 1

L-a-Hydroxyglutaric acid

- =
-

Choline .', lv 'v l"'
Tryptophan ',' '
Kynurenic acid I, ' "
. Lactic acid 'l. '
g o L-Alanine t
"“ :




NEWS A ARTS & LIFE 4 MUSIC [V SHOWS & PODCASTS Q SEARCH

&, SIGH IN i NPR SHOP W DONATE

QY
~4 Shots HEALTH MEWS FROM MPR

September 2019

POLICY-I1SH

EPA Chief Pledges To Severely Cut
Back On Animal Testing Of Chemicals

e Linked Stajes
ﬁ-m Ervdironmaninl Protection
Agancy

Environmental Topics Laws & Regulations About EPA

[ SearchEPAgov [
News Releases = 07 7 ALEAD

News Releases from Region 03

EPA Awards Nearly $850,000 to Johns Hopkins
University to Advance Research on Alternative
Methods to Animal Testing

Smirnova,

Hartung,
Berlinicke,
Gracias

LY <>

Sep 2021 ICERSll

Johns Hopkina University

CAAT receives $300k grant from
FDA for DNT-MPS (already funded
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Food for Thought ...

COVID-19 - Prime Time for Microphysiological
Systems, as lllustrated for the Brain

fan Kang!, Lena Smirnoval, Jens H. Kuhn?, Helena 1. Hogberg!, Nicole C. Kleinstreuer? and Thomas Hartung!.4

ALTEX preprint
published June 26, 2020
doi:10.1457 3/altex.2006111

Short communication
Infectability of Human BrainSphere Neurons Suggests
Neurotropism of SARS-CoV-2

¥ - . g 3 # . . . e ! Fa s . g e
. Korin Bullen* Helena Therese Hogberg=", Asli Bahadirli-Talboir’, William R. Bishai', Thomas
i ] , . . | . \ ] a '
Harting™ T asey Keuthan’, Monika M. Looney', Andrew I ‘ekosz’ July Carolina Romero~, Fenna C. M.
T 3 T r ¥ . ? I
Sille=® Peter Um' and Lena Smirnova
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COROMAVIRLUS BUSINESS UPDATE
Get 30 days’ complimentary access 1o our Coronavirus Business
Update newsletter

Latest on Coromnavira Traarment

| ] Germany to fake eieis in Coweld19 World ecoramy'y chalengs isid
| ! wnccirn hepaful Cureiées

bare by =W Sain

%

Coronavinas traatesent + Add e myFT

Coronavirus could infect human brain and
replicate, US study shows

Johns Hopkins University research adds ta concern about poory understood neurological
symploms

e of ACE2 receptor
; of mini-brain

‘Some neural cells infected
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Data produced
« 5000% between 2010 and 2020
(Source: Forbes)

151 84% of data in the
world were created
in the last 6 years

150 147

120

n zetabytes

v 100

ata vo

)
copied, and
consumed

50

worldwide from
2010 to 2025 (in
zettabytes)

2 5
0

n\rﬁ o~ u{b

© Statista 2021




Machine Learning i

9,000

8,000~

7,000 -

6,000 -

5,000 -

4,000

Publications

3,000-
2,000- Picture removed
1.000- for copyright reasons
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Fig. 1| Exponential increase of ML publications in biology. The number of ML publications per year
is based on Web of Science from 1996 onwards using the topic category for “machine learning” in
I*", “post

w0on

combination with each of the following terms: “biolog*”, “medicine”, “genom™*", “prote*”, “cel
translational”, “metabolic” and “clinical”.
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...Is more than a large EXCEL sheet!
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- * Deep y
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* Image
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OPTIMIZATION * Machine

Vision
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» Classification
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» Data Extraction

A.l. use cases




IMAGE RECOG
High-content |
especially in pa

think tank for
toxicology

ia transatlantic ALTEX 2014, 31:479-493

t4 Workshop Report*

Current Approaches and Future Role of
High Content Imaging in Safety Sciences and
Drug Discovery

Erwin van Vliet!, Mardas Daneshian?, Mario Beilmann?, Anthony Davies*,
Eugenio Fava > Roland Fleck®, Yvon Julé’, Manfred Kansy‘?, Stefan Kustermann 8
Peter Macko?, William R. Mundy*°, Adrian Roth®, Imran Shah*, Marianne Uteng 2,
Bob van de Water ™, Thomas Hartung 21 and Marcel Leist*”

Picture removed
for copyright reasons
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» Data Extraction,

A.l. use cases




Mining publica

Sysrev.co
TOXTRHCK Semi-automated systematic review:

e  Auto-extract from e.g. PubMed
Auto-annotate papers

Auto-analyze clustering of papers

 Learn from manual inclusion / exclusion
Automated inclusion / exclusion suggestions

Article Sources

h *“medical

Systematic Review

Search "“implant”

ch ""orthopeadic

g
8

datasource Similarity
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Research Article

Evaluation of the Global Performance

of Eight In Silico Skin

Sensitization Models Using Human Data
Bty Goldew!. Denne 5 Moo, Greg Doweran!, Peteg Kern?, Thoors Barinog L4 and

Alsraniaa Marteis

Yoy o byt i Aol Mmmnmmmumwum:mnun-‘ IF, TR “Lbes L, Licds, UK.
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Chemical
Researchin
Toxicology

Mapping Chemical Respiratory Sensitization: How Useful Are Our
Current Computational Tools?
Esaidly Goldis, Mikhail Maeens, Thomas Histung, and Akesandrs Mastens®

H.l Thiz: Fpict'de dolorp 1 0o emrwriton DDA Ellli el

At Tokeet
O 10 | - S Crom bk

Metabolomic network analysis of estrogen-stimuolated MCF-7

cells: a comparison of overrepresentation analysis, quantitative
enrichment analysis and pathway analysis versus metabolite

network analysis

lenmimden Martem - Mosnis Boabifd' - Lissig Ehae’ - Shelly Db DaCasta’ -
shinliee: Kirerssng” - Jumees D, Vigger' - Thomias Hartumng'™

Sustalnable

Chemistry: Engineering

Avoiding Regrettable Substitutions: Green Toxicology for
Sustainable Chemistry
Mlemandra Maertens, Emily Golden, and Thomas Hamung*

Eum Drdine

ﬂl!'l\l:hl.:l kol gy WL 1 D0 1w saschereng BoFai 1R

CHEIRLL FESEARCH

in Ceanathics

1]
=

Weighted Gene Correlation Network
Analysis (WGCMNA) Reveals Novel
Transcription Factors Associated
With Bisphenol A Dose-Response

Aowanies Migviaos’, Wy Tran', Asde Kaaosmng ' asd Thoss Harlng ==

SCIENTIFIC
REPORTS

resuneresearch

VPN Functionally Enigmatic Genes in
Cancer: Using TCGA Data to Map
the Limitations of Annotations

Alavandia H.uumlu'-‘ 'ﬁ-H.Tl-“ m Ilunuu' .i.ndrl Itlunluga'-'-

L Artifi

Tharmas H. L

11, Thomas Hartung* & Ch

il Iritellbganoe

Similarities and Differences in Gene
Expression Networks Between the
Breast Cancer Cell Line Michigan
Cancer Foundation-7 and Invasive
Human Breast Cancer Tissues

Wy Tran ', Achen Kice!, Miched! Masrians: |, Thomas Hadkng "7 and sdemndes Masrans
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s and making sense of it

A LT E X 2 0 2 O 3 7 3 2 3 “Progress is impossible without change, and those
) ) - who cannot change their minds cannot change anvthing.”
George Bernard Shaw (1856-1950)

“If yvou change the way vou look
at things, the things you look at change.”
Wayne Dyer (1940-2015)

Food for Thought ...

The Exposome - a New Approach
for Risk Assessment

Fenna Sillé!, Spyros Karakitsios?, Andre Kleensang!, Kirsten Koehler!, Alexandra Maertens!,
Gary W. Miller3, Carsten Prasse!, Lesliam Quiros-Alcalal, Gurumurthy Ramachandran!, Stephen M. Rappapori?,
Ana M. Rule!, Denis Sarigiannis23, Lena Smirnoval and Thomas Hartung!.6
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Picture removed 9 most common toxicity tests
for copyright reasons 190,000 chemical’s hazard
cross-validation:

19-wipo-u-s-and- 8 7 % c O r re Ct

ACCEPTED MANUSCRIPT

Machine learning of toxicological big data enables ——
read-across structure activity relationships )

(RASAR) outperforming animal test reproducibility Science, 12 Feb 2016

3 A crystal ball for chemical safety

Thomas Luechtefeld, Dan Marsh, Craig Rowlands, Thomas Hartung & By comparing new chemicals to known compounds, toxicologists seek early hazard wamings

Toxicological Sclences, kfyl52, https://dol.org/10.1093/toxscl/kfy152
Published: 11 July 2018

nature

namre

Legal tussie delays launch of huge toxicity = 4 . e L
databass Software beats animal tests at predicting toxicity New digital chemical screening tool

of chemicals o : .
il it iy PO e e ke i ity o il T e e could help eliminate animal testing

ks b Tt

Fe Viarina [ niHage [l § 1 Al



Pictures removed
for copyright reasons Combining read-across

with machine-learning

Very large database
Uses chemical sim Nine OECD test predicted
(network effect) 87% accuracy for 190,000

Uses transfer learning (74
labels)

Boosted accuracy by ~10%



The implementation: Version
released 2020 - deep learning
applicability domains, certain

dustrial

@ Offerings Industries Insights Mews Events About UL Resources ' Search o

TOOL

UL Cheminformatics Tool Kit

With a curated database of 70 million structures and BO,%08 chemicals with 833,844 labeled hazard
endpaints, cur digital solution utilizes an advanced algorithm, machine learning, and analysis of
millions of chemical combinations to predict chemical hazards.




R developments

=375) accuracy in predicting
LN PN ES P41 (Golden et al., ALTEX, 2020)

,729

u et al., submitted)

d et al., unpublished):

Reproductive Tox
Carcinogenicit )
g o Picture removed

Androgen _
Estrogen 80% accurate (n=1660 for copyright reasons

liver, kidney and developing brain

sky-limit.html
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ts of green chemistry

Another use of

Picture removed alternatives methods
for copyright reasons

TOXICOLOGICAL SCIENCES, 161(2), 2018, 285-289

Soci of H doi: 10,1093, toxsci/kfx243
o ﬂxTScl _
www.toxsci.oxfordjournals.org

ﬂg}" p Advance Access Publication Date: December 18, 2017
90 Years  Editorial

OXFORD

EDITORIAL
Green Toxicology—Know Early About and Avoid Toxic
Product Liabilities

Alexandra Maertens* and Thomas Hartung* !



The dark si

Picture removed
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 Data and energ
* You always get a result, whether the information

is in the data or not
 Challenges: Explainable A.l., Causality, Validation,
Bias in data = bias in results



Human-in-the-|

Same approach as self-driving cars....
...but A.l. is far safer than humans!

Pictures removed
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“Al will not replace toxicologists,
but those who don’t use Al will be
replaced by those who do”

Pharmacology and Safety Sciences



Food for Thought ... '
Integrated Teshng Strategies for Safety
Assessments

Thomas Hartung "2, Tom Luechtefeld’, Alexandra Maertens ', and Andre Kleensang’

1+1>2

Picture removed
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‘% A cultural
@ sroblem in science

Nobody likes to criticize their tools

This holds especially for the regulating




CE INTEGRATION 2: Evidence-based
logy, systematic reviews, risk assessment...

Hauman & Experim

2006 Article s o 0 5.0

Toward an evidence-based toxicology

2007 Conference

* JTst International Forum towavrds

EB l .g Evidence-Based Toxicology (EBT)
October 15-18, 2007

&

L ' s gt
' .if ﬂ" . = ¢, Y
am E .

, Como, Italy

2011 Organization




systematic reviews

Estimated No. of Environmental Health SRs Published 1995-2020

2000
1800 1756

1600

* Huge progress from almost

nothing in the 90s
£ * Explosion in publications
: ‘ | * Thousands of people now

A D O ODD D> O O SIS IICIICI
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Guidance on assessing the methodological and reporting

quality of toxicologically relevant studies: A scoping review

EBTC workshop: EBT for the 21st EFSA / EBTC  efsam Zebrafish
Century: Opportunities and Challenges Colloguium o Systemati

publication e Evidence Integration f;fii'n CReview
SOT 2011 Navigation — =
! 3TC Kick-off Gu:de EPATSCA uOttawa / EBTC ) 150 o
workshops 1 & 2 Estimates are SR-based

NTP OHAT 1

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

i £ 1 f 1

NAS Wol .
US NRC recommends SR 5 Wo EBTC/GRADE workshop: Integrating
US EPA SR EU stipulates S| Mechanistic Evidence into Toxicology
Workshop o EDJ Systematic Reviews
The 1stint. forum Kick-off meeting of the Evidence-Based I | I
towards an EBT S ratofL | K] o Lautenberg EBTC/EFSA workshop:
gyt Vit decge M | SR Act "SR EB methods to construct mechanism- e
\ = E, o L .'-""".-_- = e S . i [
R . e Primer driven chemical assessment L for CRA
: frameworks

EBTC workshop: The Emergence of Systematic
Review and Related EB Approaches in Toxicology

EBTC Journal Editors Workshop



ations

A primer on systematic reviews in toxicology

Sebastian Hoffmann''? - Rob B. M. de Vries® - Martin L. Stephens' - Nancy B. Beck® - Hubert A. A. M. Dirven®* -
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The landmark publication ...toxicolo
atmosphere of departure in our fielc
and the articles following are remar
come. Most of the discussion centers on the technical opportunities to
and the financing of the program. Here, the other part of the work ahead shall be

discussed, that is, the focus is on once the technological
challenges are managed, but we are well aware that the technical aspects of what the
National Academy of Science report suggests still need to be addressed:




TESTING STRATEGIES INSTEAD OF INDIVIDUZ

STATISTICS AND MULTIPLE TESTING

Food for Thought ...

THRESHOLD SETTING Thresholds of Toxicological Concern -
Setting a Threshold for Testing
WHAT TO VALIDATE AGAINST? Below Which There Is Little Concern
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Mechanistic Valu:lahon
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HOW TO OPEN UP REGULATORS FOR CHANG

THE GLOBAL DIMENSION

MPS-WS) Thomas Hartung ', Sebastian Hoffmann*~

QUALITY ASSURANCE FOR THE NEW APPROZ

HOW TO CHANGE WITH STEP BY STEP DEVELOPMENTS
BECOMING NOW AVAILABLE?

CHALLENGES TO BE TACKLED
HOW TO ORGANIZE TRANSITION?
MAKING IT A WIN/WIN/WIN SITUATION
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Toward Good In Vitro Reporting Standards
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We have most tools but we do

not know how to change.
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l The roadblocks are not

scientific but economic & legal.
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not in the new ideas,

om the old ones.
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