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Why ALI?

In vitro barrier model “bridges” in vivo -> in vitro

inhalable
compounds
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Why ALI?

Depending on the physicochemical properties, some chemicals/particles
cannot be tested in submerse setting

Challenges for submerse testing:

« Particle suspensions may be unstable (corona formation)

« Chemicals may be hydrophobic

« Volatility of the test chemical may cause dosing uncertainty

« @Gases my be reactive
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Basic ALl exposure conditions and considerations

u

ALl ,microclimate

@® mass transport
(nutrition,
humidification)

@ fluid transport
(evaporation, flow,
stress)

Controlled by ...cell-specific characteristics
(cell-cell contact),...pore size and
density,...culture media (osmolarity,

(eXPOS“re at'I;‘OSphefe viscosity),... pressures (liquid / air),... flow
gas, aeroso T .
AL rate,... humidification of exposure
cell culture
culture medium atmosphere,
IN control

equilibrium, kinetics

Q=0

* high exposure efficiency
* good cellular viability
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Basic ALI exposure conditions and considerations

ALl ,microclimate” Exposure to ozone
human lung fibroblasts
120
Coverage of
100 cells
— xe\\\“- < PN by culture
?\E 80 - media
= TTTe— .
B = 0 O  high
.'% O 60 4 — 8 medium
X 40
20
@® mass transport .
(nutrition, v ' ' ' ' ' '
humnidification) 0 1000 2000 3000 4000 5000 6000
@ fluid transport chsa?)exch;( t
(evaporation, flow, PP
stress) Ritter et al. (2001)
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Basic ALl exposure conditions and considerations

ALl ,microclimate”

IN control
equilibrium, kinetics

O =00

* high exposure efficiency
e good cellular viability

OUT OF CONTROL

\ 4 \ 4
@ >> @ O << Q
© mass transport LACK of sensitivity Cell death

(nutrition,
humidification)

@ fluid transport Systems need to be defined
(evaporation, flow, for cell-/setup- specific conditions
stress)
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The solution

The P.R.L.T.® ExpoCube® as an optimized approach in inhalation testing in vitro

"FRITExpoCube’
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METHOD: In vitro Exposure

( Particle Deposition

(35-37°C)

\ Thermophoresis

Cellular surface

Qrevention of irrelevant seconda

C

Exposure Efficiency )

S

\tagnation point flow

o PR[T‘ExpO C u be®Ritter etal., (2014)

9
\

Unrelevant secondary

____ route of exposure via
culture-media

(prevented by design)

route of exposure
|

/

Relevant route of
exposure from -------------- -
the gasphase

ALl culture- - - - -

Culture medium -

Design

. J

Device

("Smart work”, read-out)

-

Consumable Plate
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METHOD: In vitro Exposure Device
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Experimental setup for gases/vapors

P.R.I.T.® ExpoCube® (6)

Generation by evaporation (1-4), Online analysis by
clean air control (5) FT-IR spectrometry (7)
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Relevance - in vitro-in vivo correlations for gases/vapors

Acute inhalation toxicity

140 - 100 1
®
120 s A
2 y = 0,2249x0.4615 A
= 100 4 3 R? = 0,9207
g > E 10 4
v 80 - %- pa—
k] =%
3 E
= s
£ %] g<
3 © L A
S 40 | 3
=
E
20 +
0 0,1
T T g e oI
0,1 1 10 100 1000 10000 100000 1000000 ’ 10 100 1000 10000 100000 1000000
dusagel 1 Cell based in vitro Toxicity EDg,
[ppm xh x ml/minx cm?) [ppm x h x ml/minx cm1]
+ (BH —fit tbh ==== UCL/LCLtBH
+ i-butanol —— fit i-butanol - === UCL / LCL i-butanol Atert butylhydroperoxide @®isobutanol
+ styrene fit styrene = === UPL / LCL styrene n Atol
+ toluene fit toluene - === UCL / LCL toluene styrene oluene
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Basic dosing considerations for ALI experiments with aerosols/particles

Particle size distribution of the aerosols has to
be known

Deposition is dependent on particle size
(MMAD)

Physical forces: sedimentation + impaction
n(3-10 pym),
sedimentation + diffusion (< 3 pm)

In vitro deposition rates for particles < Tpm
are in the range of 1-2 %

= Long exposure times needed to deposit
a certain dose

Thermophoresis effect for
efficient particle deposition
from aerosols

O elose @lisle
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METHOD: In vitro dosimetry

deposition rate

[%]

Test materials:

Dry particle aerosols from droplet aerosol generation
Engine exhausts
Dry particle aerosols from dust aerosol generation

100 -

A SDS / fluo

[ MNaCl / fluo y
90 1 o lactose / fluo ," ﬁ
80 o (o] copper Il sulfate ;" .

b 4 Engine emission, two conditions ,'I ’
70 - = = Fit ; :

------- UCL/ LCL (95%) s
60 '.'.p "a
A
50 A
A B
10 A — ,,',I".’
. < -/
““““ X s T Tas T o -0
30 i >
- =)
20
10
0 T T T L L L L | L L L b b b LE |
50 500 5000
particle size

[nm]

B Methods:
CFD-Simulations
Fluorescence methods (tracing)
Analytical chemistry
Piezo balance

Characterization of size dependent
particle deposition in ExpoCube® using
thermophoresis conditions

“Deposition Rate”

DR [%] mass deposited on cells[ug] 100
= k
1~ mass conducted over cells[pug]
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Aim of the study: Acute Inhalation Toxicity of Chemicals

M Acute inhalation toxicity (OECD Test Guideline 403)
Group of materials: crop protection agents
Highly, poorly or non-solvable in water
Small amounts of testing material available (< 1g)
Short testing periods
Relevant exposure scenario for inhalation

Characterization of the relevance of results

B “Alternative” (3R-principle) testing approach to animal in vivo inhalation experimentation
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METHOD: Dry-particle aerosol generation from powders

® Disaggregation of powder material by application of high
pressure

B Highly concentrated aerosol generation (up to 25 mg/l)

Aerosol generation in “shots” during 100s periods
Particle size distributions by impactor

Dosages were analyzed by light scattering photometer / filter

B Definition of exposure dose by

Aerosol concentration (mass per “shot”)
Number of shots

=» Discontinuous aerosol exposure
(air -> aerosol -> air -> aerosol ...)

Preciselnhale®
(Inhalation Sciences AB, Novum, SE)

concentration =

Gerde, P. 1999a. Dust gun—Aerosol generator and generation.
U.S. Patent 6,003,512.
www.preciseinhale.com

time -

N\
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RESULTS: In vitro testing of test materials — Crop Agents

viability
[% of exposure control]

B Mancozeb

100
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viability
[% of exposure control]

¢ Mancozeb
—_—Fit

= =UCL/LCL

+ outlier

0,1

dosage
[ug/cm?]

ED¢,: 45.02 pg/cm? (545 mg consumption)

® Chlorothalonil

100
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80
70
60
50
40
30
20
10

Results

¢ Chlorothalonil
—Fit
- —UCL/LCL

0,1

1 10
dosage
[ug/cm?]

EDs,: 6.76 pg/cm?

100 1000

(256 mg consumption)
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In vitro testing of test materials — Crop Agents

Results

B Fosetyl-AL ® Ethiprole
120 120
100 100
80 S 80
3 *g
£ 60 Zg 60
% 3 40 'S % 40
o O ()]
> % ¢ FOSETYL-ALTC LMI q6 ¢ Ethiprole
L oo | —Fit w 20 —
o - —UCL/LCL = ‘
X + outlier - =ucL/LCL
= O T . . —— T T . ——— T . O T T LR T T LI | LA | T T LI |
0.1 1 10 100 0,1 1 10 100 1000
’ dosage dosage
[ng/cm?] [ug/cm?]
ED.,: 106.56 pg/cm? (235 mg consumption) EDgy: 71.02 pg/cm?

(495 mg consumption)
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RESULTS: In vitro testing of test materials — Crop Agents Results

m Captan ® Captan validation
(+ 12 months)

120 120
100 100
80 80

(o))

o
(o))
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viability
[% of exposure control]
o~
(]
viability
[% of exposure control]
~
(]

20 @ Captan 2018 Ve T T 20 ¢ Captan 2019
—Fit . —Fit
S S S, S 0 e e
0,1 1 10 100 1000 0,1 1 10 100 1000
dosage dosage
[ng/cm?] [ng/cm?]
EDs,: 16.48 pg/cm? (140 mg consumption) EDgy: 17.21 pg/cm? (54 mg consumption)
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RESULTS: In vitro - in vivo correlation

6 -
5 o &% Correlation to aerosol concentration
7 =
B Clear distinction of material with /
= 4 y =2,3432In(x) - 4,9701 without concern
= R?=0,9056 o _ _
S c @ 3 “Quantitative” relationship
= I :
£ § 2 A W Chlorothalonil M “no concern” substances still differ in
< 5 ¢ Mancozeb .
= A Captan vitro
11 <aX ° ggsset‘/"“ (in vivo testing range is limited to 5 mqg/l)
- [ | @ Ethiprole I: . .
0 e e N SoIL_Jplllty does NOT interfere with
toxicity
1 10 . . 100
In vitro

("inhalation", human lung cells)
ED50 [pg/cm?]
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RESULTS: In vitro - in vivo correlation

6 -
@ G Correlation to aerosol concentration
> 9
® Clear distinction of material with /
= 4 y = 2,3432In(x) - 4,9701 without concern
= R?=0,9056 o _ _
Scg3] “Quantitative” relationship
> .4: py '..' . [ -
£382 2 - m Chlorothalonil M “no concern” substances still differ in
< 0 ¢ Mancozeb .
= A Captan vitro
11 @ ° ggsset‘/"“ (in vivo testing range is limited to 5 mqg/l)
i Ethiprol T - -
0 @ > o W Solubility does NOT interfere with
toxicity
1 10 itro 100 (O High solubility
("inhalation", human lung cells) Low solubilit
ED50 [pg/cm?] O y
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RESULTS: In vitro - in vivo correlation

100 7 .
1§ porothalon o .,zf'.o Correlation to lung surface load
v A Captan .
c O Fosetyl-AL
= X SDS B MPPD model (rat):
:g ~ ® Ethiprole o
o £ E 10 § O n-Dodecane ax whole resp. tract deposition
Ss3 °' 2.5 um MMAD
= E 8 y=0,1065x1'4835 -
c - R?=0,9174 3000 cm? inner lung surface
Q
5
< 1 - m
B Same dose range in vitro <-> in vivo
1 10 100
in vitro
("inhalation", human lung cells)
ED50 [pg/cm?]
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Summary und Conclusion Part 1

Aim

Result

Acute local toxicity

Aerosol generation and application
Relevant test system

Low amounts of test material needed

Short-term experiments

Relevance of results

Dose-response relationships

Successful by short-time exposure strategy
ALl culture of human lung cells

~ 500 mg / test item

24 h per test series,
~ 12 — 18 exposures = 3 test series per
substance

Promising in vivo (rat) in vitro correlation
“quantitative” correlation, relevant dosages

— The individual aims of this study could be realized
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Part 2: Prediction of systemic availability upon inhalation
- Aim of the study

B Investigate the transport of an inhalable version of the antibiotic
ciprofloxacin HCl monohydrate (CHM)

Pulmonary barrier models (airway and alveolar)

Calculate P, coefficients

® Simulating ADME processes in the human body using the PBPK model
with P, coefficients obtained in vitro

B Calculation of blood levels and comparison with existing human data

inhalable
ciprofloxacin

ciprofloxacin
analytics (LC-MS/MS)

|

= - Papp

,,,,,,,,,,,,

Calculation of
blood levels
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Lung structure

B Generation 0-7:

Upper tracheobronchial

region (upp)
B Generation 7-16:

Lower tracheobronchial

region (low)
M Generation 17-24:

alveolar region (alv)

‘ ‘ Trachea

SO\
/N _
| | Large bronchi -
/
=
RS Small bronchi
o T
_/! '\ b Bronchioles -

M Terminal bronchioles
Respiratory

O bronchioles

g § Ductus
X alveolaris

OO OO
gg 3 OZCB Alveolar sacs

=z

T

Air conducting airways

Aclinary airways
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Apparent permeability coefficient (P,,,)

g i P AM
'go steady state PTAPP T At x Ak g

B A coefficient specific to a substance permeating
through a specific phase or interface

concentrati

B Cell lines (human)

Immortalized cells from the epithelium of the
lung

v

Calu-3: tracheobronchial region

AT-1: alveolar region (functionally immortalized)

Membrane insert Membrane insert

Cell layer Cell layer
Permeation l Membrane Permeation l Membrane

Collection Collection

container container
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Experimental steps for P,,, determination

1. Pre-culture of Calu-3 (airway) or AT-1 (alveolar region) cells to m
ensure cellular differentiation and formation of tight

apical compartment (air)

| cilia

monolayers. epithelial cell L tight junction
monolayer | slle]lslle]lo/|=t nucleus
2. Cellular barrier integrity assessment (TEER) basolateral compartment |~ membrane filter
(medium)
3. Permeability (absorption) assessment:
« Apical exposure to ciprofloxacin
 Ciprofloxacin analytics in the basolateral media compartment
(LC-MS/MS)
 Calculation of the Papp coefficient ( EVOM™
AQ cm
Papp — current passing
At-60-A-CO\ s L ——electrodes
membraneﬁw
filter
=
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Apparent permeability coefficient - comparison

Papp [cm/sec]

2x106=
1.5x106-
1x106=-
5x10-7=
3x108 Y
2x10-8-
1x10-8-

7/

-

.

Calu-3

AT-1

Calu-3 submerse
ALl Exp.1

ALI Exp.2

AT-1 submerse
ALI Exp.1

ALI Exp.2
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Inhaled 4 MPPD Exhaled
Lung

B Pharmacokinetics based on data from Sadiqg et al. 2017 | p-—=—- L—_:——J[’L—"“l—_——*

ITEM - PBPK modelling

Aerosol dissolved in Lining Fluid (LF, white beam) | \~o(a = ——

Through cell layer (green beam) into blood

Usual blood flow through “body”

Excretion of Ciprofloxacin
fu =65%
Clearance rate 120mL/min
45% via Kidneys

55% via liver model / digestive tract

Venous blood

Lung data (lit., IV) exchanged with experimental data

B PBPK model: coding and mathematical system provided
by Norman Nowak
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ITEM - PBPK modelling

: : 5 m P___:inhalable dru
T [ TN ﬁ———u—w;;;;———j apP J
I___l ______________________

5 R = Experimental
’ L _ data

Calu-3 and At-1

Arterial blood

Venous blood

. 80 e Stass 2013
:é 60 ITEM PBPK
5 40 P

g% 20

§7 0

E 0 20 40 60
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PBPK — comparison with human data of healthy volunteers

70 o Stass2013 ® Dose Ciprofloxacin:

60 o 32.5mg (inhalable)
B invivo data
Stass 2013

Healthy human
volunteers

Ul
o

40

30

B |[n vitro data

Plasma concentration in pg/L
N
o

Experimental data ALI

Human cell models
(Calu-3, AT-1)

10

0 ¢ ¢
30 40 50 60
Time in h
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Summary and conclusion Part 2

W Successful determination of P, values
® P,,, values were comparable in Calu-3 and AT-1 cells

® PBPK model: Simulated blood levels using P,,, values obtained at ALI conditions are a near perfect fit
to human literature data
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Conclusion

M In vitro data are able to predict acute lung toxicity

B Good correlation to rat OECD 403 in vivo data

B Systemic absorption can be estimated based on PBPK modelling

M Reduction in the number of animal experiments
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