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Green and sustainable chemistry

* |nvolves understanding and reacting to complex
chemical-biological interactions

 The biological endpoint relates to toxicity (or
safety) and assessment of risk:
— Impact on the environment
— unintentional human exposure
— purposeful human exposure

 Requires creating quantitative toxicity data that
can be applicable to broad modeling and analysis



Content of Presentation

Toxicological process — assays for
endpoint

Example: carcinogenicity mechanisms

Environmental risk assessment by
computational methods

Adverse drug reactions in humans

Computational programs
— Methods
— Models freely available on web
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Toxicity:

Conseguence of the physical/chemical
interaction of the active form of the drug
(D)* with a molecular target, MT, and the
resulting downstream events
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The magnitude of the toxic effect will be a functia of the concentration of
altered molecular targets MT*, which in turn is related to the concentration
of the active form of the drug (D)* at the site whee molecular targets are
located — and the unique susceptibility of the orgaam




Some Principles of Reactive Species
and Toxicity

Basic reactions are governed by simple chemistry:
Xd+ + Yd- X=Y
electrophile nucleophile
—Free radical propagation

Stability of reactive products
— A*shorttime (t,, = 1 s) may be considerable

— Some reactive molecules are long-lived (t,,, min to h)
In vitro systems are models

— Good for elucidating details

— Some results, not all, apply in vivo
The dose is an (the) issue (Paracelsus): correlating in vitro to in vivo

Covalent binding can be an index of toxicity
— Exceptions exist, even after considerations of dose
Other issues:

— Receptor-mediated events (signaling)
— Cell proliferation

— Immune responses

— Ability to repair damage



Hepatotoxicity: diverse mechanisms

* In cholestatic disease, endogenously generated bile acids
produce hepatocellular apoptosis by stimulating Fas
translocation from the cytoplasm to the plasma membrane
where self-aggregation occurs to trigger apoptosis

« Kupffer cell activation and neutrophil infiltration extend toxic
Injury. Kupffer cells release reactive oxygen species (ROS),
cytokines, and chemokines, which induce neutrophil
extravasation and activation.

* The liver expresses many cytochrome P450 isoforms,
Including ethanol-induced CYP2E1. CYP2E1 generates
ROS, activates many toxicologically important substrates,
and may be the central pathway by which ethanol causes
oxidative stress.



Hepatotoxicity: diverse mechanisms

* In acetaminophen toxicity, nitric oxide (NO) scavenges
superoxide to produce peroxynitrite, which then causes
protein nitration and tissue injury. In inducible nitric oxide
synthase (INOS) knockout mice, nitration is prevented, but
unscavenged superoxide production then causes toxic lipid
peroxidation to occur instead.

* Microvesicular steatosis, nonalcoholic steatohepatitis
(NASH), and cytolytic hepatltls iInvolve mitochondrial
dysfunction, including impairment of mitochondrial fatty acid
b-oxidation, inhibition of mitochondrial respiration, and
damage to mitochondrial DNA.

 Induction of the mitochondrial permeability transition (MPT)
IS another mechanism causing mitochondrial failure, which
can lead to necrosis from ATP depletion or caspase-
dependent apoptosis if ATP depletion does not occur fully.
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Cancer Molecular
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TOXIC PATHWAYS (tend to be seen with high doses in humans)
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Toxicity:

Conseguence of the physical/chemical
interaction of the active form of the drug
(D)* with a molecular target, MT, and the

Drug (D) resulting downstream events
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The magnitude of the toxic effect will be a functia of the concentration of
altered molecular targets MT*, which in turn is related to the concentration
of the active form of the drug (D)* at the site whee molecular targets are
located — and the unique susceptibility of the orgaam




Oxygen radicals Cellular stress
lonizing radiation Hormonal factors
Genotoxic chemicals Non-genotoxic chemicals

)

GENETIC (D:E/LIEION INCREASED
DNA CHANGE flocks in CELL CANCER
[mutation(s)] mutation(s)] DIVISION

Some chemicals increase cancer incidences in animal
studies by non-genotoxic mechanisms

Such mechanisms are likely to show thresholds in their
dose-response relationships

Non-genotoxic chemicals could be allocated an ADI
based on the NOAEL for the effect leading to cancer
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Example of kinases in 140+ cell lines

HMEC cell line
HMVECd cell line
HNS5 cell line
HOP-62 cell line
HP75 cell line
HPBM cells

HT29 cell line
HUVEC cell line
IMR-90 cell line
INS-1E beta-cell line
ITD-BaF3 cell line
Jurkat cell line
Jurkat T cell line
Jurkat T-cell

K-562 cell line
KARPAS-299 cell line
KB tumour cell line
KM12L4A cell line
KU812 cell line

ABL CDC2-Cyclin I CDK1-Cyclin E CDK2-Cyclin  CDK2-Cyclin E CDK4-Cyclin [ CDK4-Cyclin [
CDC2-Cyclin I CDK2-Cyclin 4 CDK4-Cyclin [ CHK1 CHK2 Cytochrome P Cytochrome P
AKT1 AKT2 AKT3 CDK1 CDK2 Deoxycytidine EGFR
CDC2-Cyclin ECDK1-Cyclin E CDK2 CDK2-Cyclin / CDK2-Cyclin E CDK2-Cyclin E CDK5
CDC2-Cyclin CDK2-Cyclin # CDK4-Cyclin [ CHK1 CHK2 Cytochrome P Cytochrome P
p38 p38 alpha

ABL AKT AKT1 AMPK ATM Aurora 2 Aurora A

ABL AKT ALK5 Albumin C-FMS CDC2 CDK-Cyclin
ABL CDC2-Cyclin E CDK2-Cyclin  CDK2-Cyclin E CDK4-Cyclin [ CDK4-Cyclin [ CDK6-Cyclin [
Glucokinase

BCR-AbI FLT3 RET TEK VEGFR1 VEGFR2 c-ABL

ABL AKT AMPK Aurora A Autophosphor BIK BLK

AMPK Aurora A BLK BMX CAMK I CAMK IV CDC Kinase
Interleukin 2 JNK-2 JNK-3

ABL AKT AKT1 Aurora A Aurora kinase BCR-ADI BMX

ABL ALK BCR-AbI FGFR3 FLT3 FLT3-ITD Focal adhesio
1,3-Beta-gluce 5"-inosine moi Aspartate tran CDC2-Cyclin t Carbamoyl ph DNA DNA polymere
CDC2-Cyclin ECDK2-Cyclin / CDK4-Cyclin [ CHK1 CHK2 CSF1R Cytochrome P

ABL AMPK B lymphoid tyr CDC2-Cyclin ECDK CDK1 CDK2



Challenges in Understanding and
guantifying the right toxicologic
endpoint

Delineating Initiating events in toxicity pathways

Determining minimal concentrations at which
niological events occur

Understanding relevant metabolic transformations of
compounds and the proximal toxicant

Discovering biomarkers of key events
Determining susceptibility indicators




Toxicity Data, mostly transformed

Continuous

—Any number between fixed points or limits
Discrete

—Number of responders from subset tested
Ordinal

—Ranked or graded information

Quantal

—Assigning attributes (present / absent or
positive / negative)



Computational Toxicology Definition

» The application of computer technology and
mathematical / computational models to analyze,

model and/or predict potential toxicological effects
from:

— Chemical structure (parent compound or metabolites)

— EXxposure (eg. plasma concentration or internal dose)

— Differential expression patterns related to exposure

— Networks of biological pathways affected by the chemical
e To further understand mechanisms of toxicity

* To explain why certain individuals are more
susceptible



Environmental Risk
Assessment by Computational
Methods



~87,000 chemicals to screen:
need to set priorities

900 pesticide "active ingredients”
2,500 pesticide "Inert ingredients”
75,500 industrial chemicals

? environmental pollutants

5,000 cosmetics ingredients
3,000 food additives

? nutritional supplements



Endocrine Disruption Screening
Program

Required by Food Quality Protection Act of 1996

Must screen pesticides for estrogenic effects
that may affect human health

Must use "valid" assays

Now includes all commercially produced
chemicals in addition to estrogenic effects of
pesticides on humans



Chemicals Are Considered PBTs If
They Meet EPA and/or International
PBT Criteria For:

e Environmental Persistence
AND

 Bioaccumulationn Potential
AND

e Toxicity



PBT Background:

Priority Environmental Concern

There is wide agreement that chemicals of greatest
concern are those that:

— Persist (P), and
— Bioaccumulate (B), and
— present Toxicity (T) concerns, i.e., PBTs.

Fraction of all chemicals have been tested to
determine if they are PBT.

Environmentally concerned parties are helping to
make better choices for the future, helping industry
and the public simultaneously.

PBT profiling is aimed at all raw materials, as an
Important screen.




PBTs Are a Global Concern

U.S. HPVs, TRI, TSCA PMNs
— EPA PBT Profiler for PMNs, PP (voluntary)

EU

— U.K. Chemical Stakeholders Forum — List of Chemicals
of Concern

— EC: European Chemicals Bureau Tech. Guidance Doc.
criteria and PBT list.

— OSPAR
— REACH (vPVB)

Canada
— DSL screening

Great Lakes Binational Toxics Strategy

UNEP Stockholm Convention on Persistent
Organic Pollutants

LRTAP Convention



Link for public access to the PBT Profiler:

http://www.pbtprofiler.net/



Persistence (P) Criteria

If chemical is expexted to be present in water, soil , Or sediment, the computer program
determines which environmental compartment where it 'S most prevalent based on set
criteria

Half-Life (days)
Environmental Not Highly
Compartment | Persistent| Persistent| Persistent
Water (EPA < 2 months > 6 months
NCP Program)
Sall < 2 months > 6 months
Air (TRI) < 2 days > 2 days
Sediment < 2 months > 6 months
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Bioconcentration (B) Criteria

Estimate of a numerical value for the fish biocentr

ation factor (BFC)a unit-less

value. Compounds found to bioconcentrate are typical ly found to

bioaccumulate

Bioconcentration Factor, Fish BCF

No Regulatory Highly
concern Bioaccumulative | Bioaccumulative
< 1,000 >=5.000
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Fish Chronic Toxicity (T) Criteria

Aquatic toxicity based on concentration inwater

Toxicity Concern: Fish ChV (mg/l)

Low

Moderate

High

> 10 mg/l or
no effects at saturation

< 0.1 mg/l
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Models and Methods from EPA
Sustainable Futures

http://www.epa.gov/oppt/sf/tools/methods.htm

OncolLogic™

— OncolLogic™ is a computer software program designed to predict the potential
cancer-causing effects of a chemical by applying the rules of structure activity
relationship (SAR) analysis and incorporating knowledge of how chemicals
cause cancer in animals and humans.

NonCancer Screening Protocol

— NonCancer Screening Protocol is a stepwise process (not a computerized
method) useful for screening untested chemicals for non-cancer health effects
and is described in the P2 Framework Manual June 2005 (PDF) (178 pp.,
4.5MB) and is provided here in HTM format.

Download NonCancer Screening Protocol

E-FAST
— E-FAST estimates chemical releases and dose rates to humans from these
releases.

ChemSTEER

— ChemSTEER estimates environmental releases and worker exposures resulting
from chemical manufacture, processing, and/or use in industrial and commercial
workplaces.




Models and Methods from EPA
Sustainable Futures

http://www.epa.gov/oppt/sf/tools/methods.htm

« EPI Suite™

— EPI Suite™ estimates physical / chemical properties (melting point,
water solubility, etc.) and environmental fate properties (breakdown in
water or air, etc.) which can indicate where a chemical will go in the

environment and how long it will stay there.

« ECOSAR

— ECOSAR predicts toxicity of chemicals released into water to aquatic
life (fish, algae and invertebrates).

 PBT Profiler
— PBT Profiler screens chemicals for potential to persist, bioaccumulate,

and be toxic.
(model is an online tool and cannot be downloaded)




ECHA Mission

http://ecb.jrc.ec.europa.eu/

The mission of the European Chemicals Agency is to:

Manage and carry out technical, scientific and administrative
aspects of REACH

Ensure consistency at Community level in relation to these aspects

Provide the Member States and the institutions of the Community
with the best possible scientific and technical advice on questions
relating to chemicals which fall under REACH

Manage IT based guidance documents, tools and data bases
Support national helpdesk and run a helpdesk for registrants
Make information on chemicals publicly accessible

http://echa.europa.eu/reach_en.asp



REACH

http://reach.jrc.it/

http://reach.jrc.it/docs/qguidance document/information
requirements part ¢ en.pdf?vers=30 07 08

e Contains the concise guidance on how to assess
whether or not a substance Is persistent,
bioaccumulative and toxic (PBT) or very
persistent and very bioaccumulative (VPvB). In-
depth guidance on the PBT and vPvB
assessment, including emission characterisation

e European Commission Consumer Products
Safety

— EPA Fathead minnow Acute Toxicity
— Carcinogenicity — all rodent modules
— Mutagenicity (Salmonella)

— Other QSARSs



Adverse Drug Reactions



Adverse Drug Reactions (ADRS)

Over 2 Million serious ADRs yearly
100,000 deaths yearly

ADRs 4% leading cause of death ahead of
pulmonary disease, diabetes, AlIDs, pneumonia,
accidents and automobile deaths

Nursing home patients ADR rate is 350,000
yearly

Ambulatory patient ADR rate Is essentially
unkown



Costs associated with ADRs

 Healthcare system in general
— $136 Billion yearly

— Greater than total costs of cardiovascular and diabetic
care

— ADRSs cause 1 out of 5 injuries or deaths per year to
hospitalized patients

— Mean length of stay, cost and mortality for ADR patients
are double that for control patients
* The biopharmaceutical industry
— Potential loss of late stage project or marketed product
— Potential loss of entire cost of R&D and launch
— Shareholder unrest; liabilities



Assay Development

L)

Liebler & Guengerich (2005) Nature Rev. Drug Disc. 4, 410-420



Target/lead compounds Current approach to
l drug development
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Context of Drug Toxicity

* On-target toxicity (mechanisms-based): same receptor,
wrong tissue (e.g. statins)

o Hypersensitivity & immunological reactions (e.q.,
penicillins)

o Off-target pharmacology (e.g., terfenadine & hERG
channel effects)

e Bioactivation to reactive intermediates (e.g.,
acetaminophen)

 Idiosyncratic toxicities

Liebler & Guengerich (2005) Nature Rev. Drug Disc 4, 410-420
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Hypersensitivity or immune reactions
Could be caused by the parent drug or a metabolite



Modeling Toxicology Data



In silico Modeling methods for toxicity

Homology modeling

QSAR

* Relates activity data for a set of molecules to a set of
molecular descriptors

Statistical and rule-based
« Commercially available — rely on 2D fragments

Classification methods

e Binning into classes based on functional observations
and activity thresholds

Modified from Aronov AM (2005) DDT 10: 149-155
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Relevant Predictive Models Linking
Chemistry and Toxicity

The chemical space in the data set must be valid for
the compounds for which toxicity will be predicted

Must have guantitative toxicity data that can be
assoclated with a series of “structurally-related”
chemical compounds

— Most difficult part of building databases

Most commercial or web-based models are “black-
box”

Researchers like to see what's in the model — both
chemistry and biological data including
transformations



