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Recap: NGRA and New Approach Unilover-
Methodologies (NAMs)

NAMs - Approaches that do not rely on generating
new experimental animal data (though including
those which use historical animal data) and

comprising: { 1 (

Protein safety bl sy ™ ™
In vitro, in silico, in chemico and ex vivo human models | | —T -
Such approaches may be used to provide G — N
. o . Long standing Innovative NAMs (hazard or Innovative approaches to
information on hazard or exposure or used in e g s ey e
combination. R J

Some NAMs are long-standing (history of use),
others are more-recent (transcriptomics).

Their use in risk assessment is considered the next
generation of risk assessment (NGRA)

Wood et al., (2025). Regulatory Toxicology and Pharmacology, Volume 162, November 2025

S E RS Many NAMs of relevance to food supplement safety exist. Many could find
Safety, Environmental use across multiple types of food supplement ingredients (e.g. botanicals,
& Regulatory Science proteins etc)



Part1» Part 2: The Need for New Uniloner-

Food and Chemical Toxicology 108 (2017) 1701893

Approaches

Outside of risk assessment based on substance specific
data, other assessment methods include:

Thresholc
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A 10-step framework for use of read-across (RAX) in next generation risk
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A Multi-Criteria Decision Analysis Model to Assess the Safety of
Botanicals Utilizing Data on History of Use

T. Neely, B. Walsh-Mason, P. Russell, A. Van Der Horst, S. O'Hagan, P. Lahorkar?
Safety and Environmental Assurance Center, Unilever, Colworth Science Park, Sharnbrook, Bedfordshire ME44 10L0, UK,
"Unilever R&D, 64 Main Road, Whitefield, Bangalore 560066, India

ABSTRACT

Botanicals (herbal materials and extracts) are widely used in traditional medicines throughout the world. Many have
an extensive history of safe use over several hundreds of years. There is now a growing consumer interest in food
and cosmetic products, which contain botanicals. There are many publications describing the safety assessment
approaches for botanicals, based on the history of safe use. However, they do not define what constitutes a history
of safe use, a decision that is ultimately a subjective one. The multi-criteria decision analysis (MCDA), is a model

SERS
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proach. The
parator, the
r a botanical

ch has been

For ‘significant’ exposures to a novel ingredient a new non- |
animal paradigm is needed...

& Regulatory Science
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Scientific Progress — Opening Unilover-
Possibilities to Replace Animal Testing
at Scale

Recent scientific advancements in e.g. high-throughput screening (HTS) and computational sciences have
opened new possibilities that have collectively shifted the dial in terms of our ability to demonstrate safety
using non-animal methods

LR
g <&

g

BER = Lowest bioactivity POD .

Internal in vivo exposure (Cmax)\

SERS
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Building blocks of a hon-animal Uniever-
systemic toxicity risk assessment —
tiered frameworks

TIER O: Prosiem

FORMULATION & COLLECTION -
OF EXISTING DATA ” 21 A Exir
\ . IDENTIFY MOLECULAR STRUCTURE AND COLLECT EXISTING DATA l # e s )

1

(] oo s |

lmmw.ﬂ’c

1. IDENTIFY USE SCENARIO ”

| 4 T7C NOT APPLICABLE

4. IDENTIFY ANALOGUES, SUITABILITY ASSESSMENT AND EXISTING 5. READ ACROSS BASED ON
g DATA ON ANALOGUES | RELEVANT POINT(S) OF DEPARTURE

| l NO ANALOGUES*
. v INSUFFICIENT CERTAINTY

7 L)
— B AR 7A. DEVELOP AND TEST SYSTEMIC EXPOSURE h 4
‘ HYPOTHESIS/HYPOTHESES 6. DEVELOP AND TEST NAM-

ENHANCED READ ACROSS BASED ON:

TIER 1: FurtHer A. SYSTEMIC EXPOSURE, INCL. METABOLISM
HYPOTHESIS AND DATA HANISTIC-BASED - B. Moot or Action

LCMMTS e o Q..‘_. AN,
GENERATION

4

P
\ IF SUFFICIENT DATA y/

JERTAINTY

“ 9A. TARGETED TESTING | ,',ll 98.ExPOSURE REFINEMENT J

TIER 2: Rerinement

3 |

ASSESSMENT l SUFFICIENT CERTAINTY IF SUFFICIENT DATA

v

“ 11. SUMMARY ON INSUFFICIENT INFORMATION U

” 10. ASSESSMENT BASED ON RELEVANT POINT(S) OF DEPARTURE, INCL. UNCERTAINTY

* WITH RELEVANT EXISTING DATA

SERS
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Draft International Collaboration on Cosme
Safety/Cosmetics Europe NGRA workflow — Not
for reproduction (submission in progress)




Unilever Tiered NGRA Framework

Tier 0:

Problem Formulation

[ Characterise the
il chemical

* First, it should be determined
whether experimental data
generation is required at all - A safety

consumer exposure
scenario

information (literature
mining)

)i

H
J i

{ [ collateall available )|

decision could be reached through
e.q. TTC or read-across without new
studies being performed (part 1)

Exit

if safety
decision can be
made

‘ Use of in silico tools

- If data generation is needed, NAMs ||

Exposure-based
waiving (TTC)

3 |

are used in a tiered way: | T

Exit

if safety decision
can be made

Broad coverage (protective) NAMs

J
Specific (predictive) NAMs

SERS

Safety, Environmental
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Tier 1:
Systemic-safety toolbox

'3 - \

Use of PBK models to estimate
internal exposure levels (C,,.)

‘ Plasma C,,,

L

Time

Concentration (um)

7
Generation of bioactivity data:

*  Cell Stress Panel
*  HTTr (MCF7, HepaRG, HepG2)
* IPP (63 targets)

Point of departure
L]
o~
]

s
RERIIOIN 1 T Aae—

4

Concentration (uM)
4

[

Calculate BER and compare to BER
thresholds

+

"
Weight of evidence assessment with

Tier 0 and Tier 1 information

Exit

if safety decision
can be made

Tier 2:

Refine Assessment

[

Bespoke assays to cover
remaining uncertainties
identified a Tier 0 or Tier 1

]

Decisi

Further exposure

cannot
be made

!

fi t, e.g.
consideration of
transporters,
metabolism.

Exit
Safety decision
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Advancing systemic toxicity risk assessment: Evaluation
of a NAM-based toolbox approach
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The Importance of Problem Formulation (. ouer

eCmax or AUC?
Exposure e Population group?
* Exposure scenario?

existing data for
Report e of interest?

* Biological coverage of systems?

Hazard ID * Phys-chem properties of substance?
v . * Metabolically activatede
v N Hazard * Protection goale
P — PR characterisation * Biological/toxicological significance?

Information sufficient? [ perform workflow } I plicable?
for (NAM-ba: d}reld-ﬂnmss ap| L Risk ] . ]
\ J/ o 2
N characterisation { What BER is sufficients

Non-exhaustive issues to consider prior to in vitro testing

ASPA workflow
(https://doi.org/10.5281/zen0do.18682569)

5 » The availability of a ‘default’ toolbox does not waive the need for a
solid problem formulation before testing.

An Alternative Safety Profiling Algorithm (ASPA)
to Transform Next Generation Risk Assessment

into a Structured and Transparent Process * Issues to consider can be split into those influencing the 4 pillars of risk

Marcel Leisz 1.2, Siivia Tanglanu 1.2, Fen Mafdjﬁm 13, Heawig Braakhuiss, ol Collouraes, Ehl’:n’k
'Vm.fuu.[k reser, Syfvia E. Escher I l."mi war}ﬁ.\l‘r &n— H u\ h’ J:.wvH« |’ B Hum

o S o i assessment process.
SE RS * Emerging workflows can help work through the problem formulation
Safety, Environmental to gLIIde approprlate StUdy deSIQn- .

& Regulatory Science



Case study - Cyclamate

Sodium cyclamate, also called E?52 (ii), is
used as an artificial sweetener.

Has been reviewed by JECFA (1982) and
the SCF (2000) with ADIs established as 0-
Nmg/kg (JECFA) and 0-7 mg/kg (SCF).
Re-evaluation currently underway by

ADl is based on a NOAEL of 100 mg/kg
(90-day rats - administered
cyclohexylamine (CHA: the major
metabolite of cyclamate).

All data are available in Cable et al., Toxicological

Sciences, 2025, 204(1), 79-95

SERS

Safety, Environmental
& Regulatory Science
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Undlonver

Scientific Committee on Food

EUROPEAN COMMISSION
HEALT

Ouectoeutn B - Sciuniic Hasth Opruoes
Uit B3 - Mumagemest of scientific commitees §

SCF/CS/EDUL/92 final
13 March 2000

REVISED OPINION ON CYCLAMIC ACID
AND ITS SODIUM AND CALCIUM SALTS

(Expressed on 9 March 2000)

Pfood2 bojovisclip

finalcyclamatc2000.00C

Evaluation of cerluin food
dditives and contominanis

World Health Organization
Technical Report Series.
883

&) World Health Organization, Geneva 1962

E Number Name

E 420
E 421
E 950
E 951
E 952
E 953
E 954
E 955
E 957
E 959
E 960
E 960
E 960

Sorbitols

Mannitol

Acesulfame K

Aspartame

Cyclamates

Isomalt

Saccharins

Sucralose

Thaumatin

Neohesperidine DC
a Steviol glycosides from Stevia
c Enzymatically produced steviol glycosides
d Glucosylated steviol glycosides

EFSA's Assessment
Re-evaluation ongoing
Re-evaluation ongoing

Re-evaluation completed in 2025

Re-evaluation completed in 2013

Re-evaluation ongoing
Re-evaluation ongoing
Re-evaluation completed in 2024

Re-evaluation ongoing

Re-evaluation completed in 2021

Re-evaluation completed in 2022

First evaluated in 2010
Evaluated in 2019
Evaluated in 2022

First evaluated in 2007




Unilever Tiered NGRA Framework

SERS

Safety, Environmental
& Regulatory Science

Tier 0:

Problem Formulation

Characterise the
chemical

Characterise the
consumer exposure
scenario

information (literature

Collate all available

mining)

]
'1

v

Vi \ AR
|

Use of in silico tools

Exposure-based
waiving (TTC)

|

i
i

|

Read Across

t

)

|

Exit

if safety decision
can be made

Decision
cannot
be made

=

| \_ Concentration (uM)) j

Tier 1:
Systemic-safety toolbox

7 N,

74 N

Use of PBK models to estimate N

internal exposure levels (C_,.)
Plasma C_,,

UL

¢ Time

Concentration (um)

\

J
\

( Generation of bioactivity data:

* Cell Stress Panel

*  HTTr (MCF7, HepaRG, HepG2)
* IPP (63 targets)

Point of departure
'

>

:

Calculate BER and compare to BER
thresholds

¢

Weight of evidence assessment with
Tier 0 and Tier 1 information

> x

!

Exit
if safety decision
can be made

Decision
cannot
be made

Tier 2:

Refine Assessment

Bespoke assays to cover
remaining uncertainties
identified a Tier 0 or Tier 1

¥

Further exposure

refinement, e.g.

consideration of
transporters,
metabolism.

Undlonver

10



Step 1 - Exposure Estimation — An intro Unitever
to PBK Modelling

 Historically, risk assessments have External + chemical - kinetic
compared human and animal
external doses (i.e. in mg/kg
bw/day). )

1e+03

I Internal

dose

I dose

properties properties

« Use of in vitro models generates - In vitro PODs
points of departures (PoDs) in uM.

(uM)
o
2

|

Concentration
]

« Risk characterisation requires unit
harmonisation.

« PBK modelling is the key to either

estimate internal exposures from an PF’K predicted
external dose (forward dosimetry) fe-03 - pasma con-
centration

or vice versa (reverse dosimetry).

SERS

Safety, Environmental 0 100 200 300 - 1
& Regulatory Science Time (hOU r)




Cyclamate PBK - Inputs/Outputs

Confidence
level

1.“!!'—*

Identify use
case scenario

Level 0

Estimate consumer
habits and practices

Run PBK
model

-—

:

Generate in silico
parameter estimates

( Compare Cmax to POD —is there enough
confidence to make a safety decision?

Run PBK
model

Generate in vitro
parameter estimates

Compare Cmax to POD —is there enough
confidence to make a safety decision?

Refine PBK
model

No

Is it feasible to generate
clinical data?

No

Level 1

] Yes I

Level 2

Yes
=G

Level 3

(PBK model built using\

in silico parameter
estimates (phys-chem

Undever

Cmax (uM) (from a7/
mg/kg bw/day/dose
of cyclamate)

. + ADME) )

(PBK model built using\
some in vitro
parameter estimates

SERS

Safety, Environmental
& Regulatory Science

\(phys—chem + ADI\/\E)J

Taken forward to be
compared with in
vitro PoDs

12



Unilever Tiered NGRA Framework

TIER 0: Problem Formulation TIER 1: Data Generation

.

r )
Characterise the chemical /-—-\]
e -
Characterise the consumer exposure 1 rfz:::::t
scenario J including
generation of
Collate all available information relevant ADME
L (literature mining) I parameter
R S Progress if data for PEK
| safety model
L decision can't development
be made
Exit [ —
ifsafety decision H
can be made £ Concemration [WM]
¥ g

Use of predictive tools (i.e. in silicoQSAR |
models)

Flasma Cmax
platform PoD

-
Use of exposure-based waiving
approaches such as Threshold of

Progress if

decision can't

Toxicological Concern (TTC)
Read Across ]
i Calculate BER
Exit
if safety decision can be made = Exit
ifsafety decision can be made

SERS

Safety, Environmental
& Regulatory Science

safety

be made

Undever

TIER 2: Refine Assessment
to Increase Decision
Certainty

uncertaintiesidentified a TierO or
Tier1

v ——

-~ ~ '\-#“m
Bespoke assays to cover remaining me
d

.

Further exposure refinement, e.g.
consideration of transporters, '
metabolism..etc... I

Exit
{ Safety Decision }

13



Step 2 — Bioactivity Characterisation -  Unifever
== = NAMs

| Prediction ¢ p Protection Capturing

Two different but complementary «— %\ earl
approaches for using NAMs in risk biolo ?Ical
assessments: changges
1.) NAMs developed to predict (possibly | ) protective of
quantitatively) adverse effects Manoshina et al., (2021). Cell Reports Medicine. 2:3 100216 apicql_ effects

2.) NAMs developed to measure bioactivity

(quantitatively) without classification as : o Limited OV
. . approaches
adversity or not. }— g Pregiction profection ~ “FP v
) Cell 5
: : 5 based/reporter ™
Both have a place in future risk ; e S
° ° N
assessment. Unilever have invested 3 (o= E— <
° o ge ° 9 g el - B
SIg n Iflcant resou rce I nto 2 (aka Mally and Jarzina (2022). Frontiers in Toxicology approaChes ()]
<
1 4 y ]
prOteCtlve NAMS) There are 78 major human organs; let’s say Transcriptomics ks
there are five different ways in which chemicals g
could be toxic to each one (an underestimate); S
and let’s say we need five key events (including a Cell painting v
molecular initiating event) measured across
each IATA with new in vitro tests. That’s around
2000 assays conducted at just one dose and at
. one time point for complete human AOP-driven
Safety, Environmental biological coverage.

& Regulatory Science
Carmichael et al., (2022). Altex, 39:3



Step 2 — Bioactivity Characterisation —  Unilever

Unilever Approaches

Pointof Departure (PoD) determinationfrom Bioactivityassays

Non-specificeffects
Cell stress panel (C5P)

Specific effects

High-Threughput transcriptomics (HTTr) In vitro pharmacological profiling

+ TempO-seq technology - full gene

panel + 36 biomarkers covering

« 24hrexposure 10 cell stress pathways

+ 7 concentrations

+ Various cell models (e.g. HepG2,
MCF7, HepaRG)

+ Dose-response analysis using

+ HepG2
+ 24hr exposure

+ 8 concentrations

Bioactivity Exposure Ratio (BER)

BMDExpress2 and BIFROST model

+ Dose-response analysis
using BIFROST model

et al 2020. Texicel Sei 176{1k 11-33

Reynolds etal 2020.CompTox 16:100138
Baltazar et al 2020. Toxiced Sci 176(1): 236-252

Distribution

Image kindly provided by Paul Walker i i
(Cypratex) &% eurofins

/RPBKIVIV:)delliig . m \

.......

0.00 0.006

2 0.004
Crae (pgfmL)

Toxicology in Vitro (2020), 63, 104746

SERS

Safety, Environmental
& Regulatory Science

- |
.|IIIL

Bioactivity Exposure Ratio (Iog‘l'O)

Plasma
Cmax

Cax Error

— Distribution

model (CMED)

(Bayesian model)

estimate

BIOACTIVITY
EXPOSURE

The bigger the BER, the greater the
confidence that bioactivity will not
occur in exposed consumers

BIOACTIVITY EXPOSURE RATIO =

* Unilever's basic NAM toolbox uses non-specific (protective) and
specific (predictive) NAMs.

* PoDs from these are compared with PBK model estimates of internal
exposure to enable risk characterisation (through a bioactivity

exposure ratio/BER).
15



Other tools are available Unillower-

Next Generation Risk Assessment Workflow .
... Toxicokinetics (TK) I CYechrome Paso

« Unilever basic toolbox relies on a sescenario [ i Ty emanen e
fixed set of tools and methods Comncol i ¥ o
(suitability judged case-by-case) o () [T : .

variability factor of 10* \1 -; \/ ‘ C:i"aulirlls;()ra‘:::il::;s
° Alternate methods/tools are .. Risk Characterization 30 rimary
. 7. K / BIoactlvit_y-Exposure hse;]aetm: E;z;’:r‘:i'cea}" m Transcriptomics
available that cover ‘similar’ early, Ratio(BER)
o e 7 7 BER = POD Cell viability
critical ‘key events'. “d F e

» Substituting methods/tools requires -

case-by-case consideration. - B | ’ ) e
L - - 4 3 'h i g Cy\ocr‘\rm"ng‘Pdso
. . TD & Risk characterization e SA;‘ ng:m/

Work underway to verify influence L W nuioree racion sensitty evaluation . ’

Internal Threshold of In vitro mass balance +  Performance of alternative human Cell viability

of... R — I i i e e i

risk categorization —

. . cflow Alternative workflow +  Comparison with in vivo
1 D I ff e re n t a n a lys I S b ach approach experimental animal PODs

. . UNILEVER - TOXYS COLLABORATION
methods/pipelines (genes vs - U of o NAM Joumol T (2025 10005

pathways VS Slghatures etC) it ” - — SHARED OBJECTIVE

“edl "_W:TGTW Build confidence in NAM-based

. @ e Next generation risk 4 cellular stress assessment
I e r e ' I a S S a y S I ' ‘ e O S wisia an ab initio case study to assess . o . et sy - A vt I
ext generatn risk sssessment for occupationl ch ety - A real
° -~ the systemic safety of the word cample with sodium:2 ydroxyethanc sulfon v v

T P f . l C ll l cosmetic ingredient, benzyl
s salicylate, after dermal exposure STUDY ARM 1 STUDY ARM 2
( OX ro I er VS e StreSS pane / ‘ S IQ” TP MITOTOX EXTENSION é} TP vs CSP COMPARISON

transcriptomics vs cell painting etc). e T e s
L e Qe e
o Tiered Testing (TP MAX - Mito— Dyes) N v M °‘;:’;'§"M“§':§. Egt;mpanson
2 NGRA case studies - 2 carens O\ Risk Assessment Evauation

OUTPUTS
B} TP vs CSP Results

v/ Validated TP Mitotox Protocol

v/ Performance & Comparison Report

B! Comparative Reports

different workflows.
What would happen if

Safety, Environmental the same chemical went =
& Regulatory Science through both workflows?

16



Step 3 — Risk Characterisation and Unilover-

Summary

<6 CDS = 0.66

PBK estimates of internal R B

exposure — at the ADI, Cmax = g

~68 uM

é 200

Lowest PoD from the NAMs (~ e

442 uM) came from the M e aail AL el

transcriptomics study (HepaRG et

cells) when looking for the Lowest responding single probe (HepG2s)

lOWeSt respond|ng pathway (Cable et al. 2025) BIFROST v2

NAM PoDs higher than Cmax

(BER ~6 4) Cyclamate: PoD valu K Cmax reference(updatelileROST PoDs)
Methods continue fo be refined:; FiE .
broader external consensus on £ ) i etz
data analysis (HTTr especially) is
Sﬁ” in progress' 9 ) N > S S o

& o @’D\%& \bé,v\ﬁ e ¢ (@u‘é“i‘@ \&*0\% @ef}@
& & \K\‘\* & & &

Bioactivity expostife ratio (BER) plot (BIPODE
v1) (submission in progress)

Safety, Environmental
& Regulatory Science

0.5

TMEM259_10540
.
ASTEL_19460

{LGABIM_14513)

FL27_26134
EIU_SZTUB

™~

0.0

=

P 22913

pz2913)
3 12232

-

ZBTI

[UsPys_26213
1|':3

Maximum log; fold-change (median)

GMEBpR_88431
=15

NCS1_25300]

10t 10?
Probe-level PoD (median) (M)

Probe level PoD distribution (HepG2s) (Cable
et al. 2025) BIFROST v2

®  HepG2
5 ® HepaRG
= ® MCF-7
H | BIFROST (tick)
S 1074 W BMD (sguare)
a
i3 ®  CSPGlobal PoD
Crmax L1-L2 {~68.6 M)
13|U
T 1 T T T T T
) D & N N N
R g $ & & & &
ag'b &Q— 'L\\ ‘\\\ (’\\
& N & R & < 5
™ &) &
& & B & & & &
< & & & o W& 2
@ & R & & 3
& & ¥ ¢ ¢ &
A &

Assay f PoD

Bioactivity exposure ratio (BER) plot (Cable et

al. 2025) BIFROST v2
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i [ 4
L O O k I I I I Tier 0: Tier 1:
I g o W a Problem For -safety toolb Refine Assessmient W
‘ ch.;:‘:-’ll:lm } Use of PBK models to estimate Bespoke assays to cover
T Characterisethe | Interma) Sxpnsion 1w (Cre) um": ;'273'5."}1".'.‘.
consumer exposure

Philosophy of protective NGRA = identifying the

[ Collateall available |
information (literature |

|
J

scenario

Concentration (um)

LT

most sensitive, credible change in bioactivity =1 (= — [ o ]
from baseline. S| | | | BT ‘

Bioactivity in these NAMs may represent
adaptation, adversity or (for functional
ingredients) efficacy - differentiation therefore
needed for this approach to be useful for
functional ingredients.

Considerable progress in recent
years in advanced in silico, in vitro
and computational approaches,

Lung Toxicological Effects Liver Toxicological Effects g(o/xi:a}\ ¥y \
. Mohfull‘r)umv:ll: Surfactant ' « Molecular Level: Oxidative stress, 2 5
= proteins, Oxidative stress, Metabolic enzymes, Gene -
. . 1 \\ / Inflammatory cytokines \ expression, Inflammatory cytokines ¥ 0
W I C WI u r e r S u O r a I I « Cellular Level: Cell permeabiliy, \ 7+ Calllar Levet: Hepatocyte function, 5 <
» "X Cell junction proteins, Immune . Cytotoxicity, Hepatocyte polarity, o /&
cell activation, Cell viability Kupffer cell activity —
. . . . 1. Alveolar-capillary « Tissue Level: Barrier integrity, v « Tissue Level: Hepatic lobule Oy \
t O I S e n t a n e I o a C t I v I t > barrier Gas exchange efficiency, 1. Hepatic lobule  jnteqrity Bile canaliculus formation, 2\ <
2. Airway function Mechanical function, Fibrosis 2. Hepatic sinus Bile secretion, Fibrosis . 4
. . . skin Toxicological Effects Heart Toxicological Effects ) " -
adaptation > benefit > adversit =) . o, i AP
\ s | differentiation, Oxidative stress, Eléetropmsiologion proteins
N\ b7 inflammatorycytokines \\ "+ Galllar Love: Seatng functon, Metabolism, Excretion
B Tt Lave- Cob Newciion Calcium dynamics, Electrical v
proteins, Stratification observation, <7~ conduction, Cardiomyocyte viability,
Cell viability Energy metabolism
1. Epidermis « Tissue Level: Epidermal-dermal e + Tissue Level: Contractile function,
2. Dermis junction integrity, Skin permeability 1- Cardiac tissue Conduction function, Structural
3. Full-thickness  test, Inflammation & Fibrosis. Integrity

Gut Toxicological Effects Kidney
vl « Molecular Level: Barrier proteins,
\ Oxidative stress, inflammatory \
\ vl cytokines \
© S« Cellular Level: Cell junction
proteins, Cell Differentiation,
Enterocyte and goblet cell ratio
1. Intestinal epithelium o Tissue Level: Villimorphology,  1- Glomerulus
2. Crypt-villous Intestinal barrier integrity, Mucus 2. Renal Tubules
3. Microbial co-culture |ayer thickness 3. Filtration Barrier
Drugs
a 9
a

Exposed organ
Nanoparticles « Inhalation exposure

YL « Dermal exposure
Radiation « Ingestion exposure

93O —i1 o

e

Microbe |
Safety, Environmental LA '
& Regulatory Science

« Skin- liver- intestine
« Liver-kidney
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