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The need for non-animal safety assessments (非
动物安全评估的需求)  

Societal 
Attitudes/Consumer 
Preference (社会和消

费者的态度)

Human Relevance (人
体相关性) Regulatory Changes 

(e.g. Cosmetics 
Regulation) (法规变化)

Resource/time constraints 
(时间资源的限制)
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Shift towards next generation risk assessment (向下
一代风险评估的转变)
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NGRA and New Approach Methodologies (NAMs)

NGRA uses a combination of NAMs that are directly relevant to 
humans (和人体直接相关的新途径方法)

Experiments 
with human cells 
or tissues (人源
细胞和组织)

Experiments based 
on computer models 

(计算机模型)
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NGRA in practice

https://youtu.be/5Z2S8MnKp7g

Bioactivity Exposure Ratio (BER)

https://youtu.be/5Z2S8MnKp7g
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From Principles to Application

Baltazar, et al. Tox.Sci 2020
 

QSARs

PBK 
modelling

Dose response 
analysis and POD 

estimation
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Example exposure scenarios

Use Scenario Exposure route Risk classification

Dietary intake, 4.1 mg/day Oral Low risk

Coumarin (flavouring and fragrance, naturally present in e.g. cinnamon)

香豆素
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Collation of existing information: in silico predictions

In silico tools (ToxTree, MIE ATLAS, OECD toolbox, 
Meteor) predicted

o Protein binding- MIE for induction of skin 
sensitisation

o DNA binding alert – MIE for genotoxicity

o Reactive metabolites (e.g. epoxide formation)-
alerts both genotoxicity and skin sensitisation

o No binding alerts for the 39 targets in MIE atlas 
(e.g. nuclear receptors, enzymes, transporters) 

Allen, Timothy EH, et al. "Using 2D structural alerts to define chemical categories for molecular initiating events." Toxicol. Sci. 165.1 (2018): 213-223.
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• Route of exposure
• Consumer use (Habits 

&Practices)
• Applied dose (external 

concentration)

Absorption
Distribution
Metabolism
Elimination

Physiologically-based kinetic 
(PBK) modelling

– Internal concentration 
(plasma, urine, organ-level)

• Oral absorption
• Phys-chem properties
• Hepatic clearance
• Fraction unbound
• Blood:plasma ratio

ADME parametersExternal dose Kinetic profile of chemical

Images from: AFSA training module
“Dosimetry (Internal Exposure)”,2022

From applied dose to internal concentrations (从外暴露到内
暴露) 



14Safety, Environmental & Regulatory Science (SERS) | Unilever

Exposure estimation: PBK modelling (基于药代动力学的建模)

Physiologically based kinetic (PBK) models are used to simulate the behaviour of a chemical in the body for a given 
exposure scenario. 

Inhalation

Dermal

Intravenous

o Different regions of the body (e.g. organs) 
are divided into separate compartments 

o Connection between compartments 
reflects physiology

o Distribution of substances between 
compartments are governed by 
biophysical processes such as diffusion, 
perfusion, active transport etc

o Different exposure routes (dermal, oral, 
inhalation, intravenous) can be captured 
within the model. 

Oral
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Exposure estimation: PBK modelling outcome (模型结果)

Time (hrs)

Lo
g 1

0
 c

o
n

ce
n

tr
at

io
n

 (
µ

M
)

PBK-model predicted 
maximum 

concentration (Cmax)



16Safety, Environmental & Regulatory Science (SERS) | Unilever

In vitro bioactivity characterization: defining in vitro PODs

• POD definition: “The point on a dose–response curve 
established from experimental data used to derive a safe level” 
[source: EFSA]

• PODs can be estimated using mathematical models that fit 
data from concentration or dose response data.

• NGRA involves generating potentially 10,000s of concentration 
response data sets. 

• In addition to the POD, an important metric when looking across 
multiple datasets is the confidence score on e.g., whether a 
response is truly a chemical dependent effect.

Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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Example: exposure to coumarin through oral dietary 
intake (BER>1)  

In vitro pharmacological profiling (MAO-A)

High throughput transcriptomics (HepG2)

High throughput transcriptomics (MCF-7)
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PODs:

Points of Departure from in vitro 
cell assays, measured in µM



PBK-model predicted concentration 
of coumarin in venous blood plasma 

over time

PBK-model predicted maximum 
concentration (Cmax)
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Acceptable BER?

Conceptually, with the following assumptions a BER>1 indicates a low 

risk of adverse effects in consumers following use of the product:

a) The in vitro measures of bioactivity provide appropriate biological 

coverage

b) There is confidence that the test systems are at least as sensitive 

to perturbation as human cells in vivo

c) The exposure estimate is conservative for the exposed population
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What about a larger subset of chemicals? (Part 1): 

Middleton AM et al (2022). Are Non-animal Systemic Safety Assessments Protective? A Toolbox and Workflow. Toxicological Sciences, 189:124-147. 

Selection of chemicals and exposure scenario

• Chemicals with well-defined human exposures

• Traditional safety assessment available

BER=lowest POD/Plasma Cmax
Blue: low risk chemical-exposure scenario
Yellow: high risk chemical-exposure scenario

Blue shaded region BER> 11
10 chemicals – 25 exposure scenarios
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NAM Systemic toolbox remains protective (>90%) when 38 additional chemicals and 
70 exposure scenarios were tested (Part 2):

Cable et al (2024) – in preparation

• Toolbox not protective for 3/46 of the 
high-risk exposure scenarios  

• Chemical- Exposure scenarios not 
protective for: 
o Warfarin therapeutic oral dose
o Trimellitic anhydride inhalation 

exposure

• Further research is being performed 
to explore additional relevant in 
vitro assays to be added the toolbox. 
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The NEW Gold Standard (新的金标准)

Was:
• Rodents
• Pathology
• High-dose apical endpoints
• No adverse effect level
• Uncertainty factors

Is Now:
• Human focused
• Broad-based NAMs
• Bespoke new NAMs
• Exposure led (PBK)
• Bioactivity not pathology
• Protection not prediction
• Underpinned by 

Computational modelling
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• Use of tiered, exposure-led approaches allows safety decisions to 
be made for systemic effects without animal test data

• An application of the approaches in food safety risk assessment is 
demonstrated here

• More work is needed for the development and acceptance of the 
NAMs in food safety risk assessment

Conclusions
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Important to collaborate and form stakeholder partnerships

ACADEMIA 
(学术界) 

GOVERNMENT /REGULATORS 
(政府和法规部门）

INDUSTRY 
(工业界) 

CONSUMER 
TRUST (消费者的信

任)
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Thank you

seac.unilever.com

Dawei.tang@unilever.com

https://seac.unilever.com/
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