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In vitro Toxicology

The 3Rs principles

After grading the suffering experienced by animals in experimentation in British laboratories,
W.M.S. Russell and R.L. Burch developed, in 1959, a program for the establishment and

development of "humane" guidelines, called the "3Rs rule," which includes the following
points:

'Reduce the number of animals used.
’Refine experimental procedures to reduce animal stress and pain.

’Replace animal testing as soon as validated alternative methods are available.

©

The 3R principles

el

Replace
An animal experiment is only
approved if no suitable alternative
method exists, such as computer
simulations or cell culture
experiments,

e

Reduce
Only the smallest number of animals
necessary for an experiment may be
uged. A clever study design provides a
statistically significant result with a
minimum number of animals,

Refine
Housing and experimental conditions are being
constantly optimized in order to subject
laboratory animals to us little stress as possible
This includes always choosing the most
animal-friendly experimental method, promoting
non-invasive procedures, and treating any pain
the animal may be in,

MDCO
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e Cell culture is a laboratory technique that allows the multiplication of cells outside
their original organism, under controlled conditions.

* It is widely used in biology, medicine, and toxicology to study cell behavior, test
drugs, produce biomolecules, and more.
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Primary cells

A primary cell is a cell that is directly isolated from a tissue or an organism and cultured

in the laboratory.

Cell isolation

Circulating cells Cells organized into tissues

¥ ¥

Blood sampling, Lumbar puncture Biopsy, Dissection, Mechanical and/or

(cerebrospinal fluid (CSF) puncture) chemical cell dissociation




Primary cells

Cell isolation

Circulating cells Cells organized into tissues

Isolation des PBMC (Peripheral Blood
Mononuclear Cells) par gradient de Ficoll

' b Plgas
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Sieod = Primary cell culture
~p— PBMCs & are
Ficoll-Pague + Ficoll-Paque
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| E
Before centrifugation After centrifugation
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culture

Sub-culture

Isolation de cellules par dissection de tissus
animal
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Primary cells

A primary cell is a cell that is directly isolated from a tissue or an organism and cultured

in the laboratory.

Cell isolation

Circulating cells Cells organized into tissues

Blood sampling, Lumbar puncture Biopsy, Dissection, Mechanical and/or
(cerebrospinal fluid (CSF) puncture) chemical cell dissociation

Primary cells in culture A

Limited number of

Cell passage passdgc
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Cell subculturing

(l'
4-5 days depending of the cells type, [ Subculture . L
number of cell seeded ‘ -

> .

—» < 8
<8

Main Cell culture flask Cell counting!

—— ~ Subculture
Number of cells A

lul Sample
Cellular Hemocytometer: Cell

suspension counting chamber

Confluence about 80%
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Cell line

A cell line is a group of cells derived from a tissue or an organism that has the ability to

divide indefinitely in culture.

These cells have often undergone genetic modification or selection, allowing them to

escape cell death (senescence).
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Cell line

Cell isolation

Circulating cells Cells organized into tissues

¥ ¥

Blood sampling, Lumbar puncture Biopsy, Dissection, Mechanical and/or

(cerebrospinal fluid (CSF) puncture) chemical cell dissociation j

Primary cells in culture

Cell passage
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BEAS-2B: Normal Human Bronchial epithelial cells

o Immortalized via the expression of T-antigen of the virus SV40

o Mechanism of action of SV40-T :

- Inhibition of p53: p53 is a tumor suppressor protein that controls
apoptosis and prevents the division of damaged cells.

- Inhibition of the Rb protein (retinoblastoma protein): which regulates
the transition from the G1 phase to the S phase of the cell cycle.




In vitro Toxicology

2D vs 3D models

2D: Classical culture — Submerged cells

Monoculture de
cellules épithéliales

Monoculture

Monoculture
de macrophages

Culture
medium
Epithelial cells Macrophages
CO -CU |t ure Co-culture sur plaque Co-culture sur insert
Partie
~apicale
Milieu de
culture Membrane
microporeuse
Cellules Partie
épithéliales basale
Macrophages Cellules endothéliales
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2D vs 3D models

3D model
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2D vs 3D models

3D model

Table 1

Comparison of 2D and 3D culture systems. Despite the higher complexity of 3D systems,
the benefit provided by 3D culture is overwhelming and promising.

2D culture 3D culture

+  Easier to prepare Complex protocols -
+  High reproducibility Risk of low reproducibility -
4+  Easy use of a microscope Imaging techniques require -

Two-dimensional cell-cell contact,
monolayer

Very low cell density

Physical limitation for growing
Prevailing contact with plastics
Static medium

Gradient of oxygen and other
nutrients

Lower in vivo like functionality
Limited co-culture opportunity

optimisation

Three-dimensional cell-cell
contact, multilayer

Cell density more similar to in vivo
Expanded possibility of grow
Contact with plastics minimized
Possibility of flowing medium
Constant supply of oxygen and
other nutrients

Similar in vivo like functionality
Easier co-culture systems

+ + + + +

-
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Reproducibility and Physiological Relevance.

Experimental controllability and reproducibility

>

Microfluidic
sg’ ’ ‘Wﬂ Orga'ntonfja:-(llhip
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3D cell culture ' ~ Animal models

>

Physiological relevance and complexity
Trends in Pharmacological Sciences|
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Cell Culture in Practice




In vitro Toxicology

Suspension
Cell Culture

Plastic surface

Adherent

Cell Culture Collagen: Mimics the

Extracellular Matrix (ECM)

48 Well

Cell culture flasks: cell growth Cell culture plate:
and multiplication experimental analysis
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Cell culture medium

eMineral salts: sodium, potassium, calcium, magnesium, phosphate, e

carbonate, chloride. Osmotic pressure, membrane transport, metabolism.
eSugars: usually D-glucose (1 g/L).

eAmino acids: L-glutamine and other essential amino acids. Protein
synthesis, regulation of enzymatic systems, maintenance of the cell cycle.
eVitamins

epH: between 7.2 and 7.4.

Change today /check  Change within  Leave Change or re-gas with
; ; for contamination 24-48h CO,/ check incubator /
*PH indicator: Phenol Red CO, supply

pH indicator for visual monitoring of pH changeg

T
pH 6.5
. Add Acid
» Buffer systems: bicarbonate/phosphate: fincrease H'}
4— I’ pH can be stabilised
H.CO. «» HCO. + H* L owverarange of % CO,
z 3 3 using an appropriate
— l bicarbonate
concentration
Remaove Acid )
(decrease H*) “Le Chatelier’s Principle”

* FBS (Fetal Bovine Serum) is a common supplement added to cell culture media to provide essential
nutrients, growth factors, and hormones necessary for cell survival and proliferation.
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Incubators: controlled atmosphere

Atmosphere de
14 culture : 37°C, 5%

de CO,, saturee en
/' vapeur d’eau.
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Cell culture : experimental conditions

* Cell type

e product solubilization medium,

* Concentration(s) of exposure (low or no toxic
concentration to study cellular mechanisms)

* Exposure times
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Experimental conditions: Concentrations and time of exposure

Cytotoxicity assays
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Cytotoxicity assays
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Cytotoxicity assays

Trypan Blue Neutral red
pu. ) ®.® %u, T ‘ '

Dead cells

Normal cells

MTT assay

 The MTT assay measures cell viability based on the reduction
of MTT to purple formazan crystals by metabolically active
cells: mitochondrial enzymes

e The amount of formazan formed is proportional to the

number of viable cells and is quantified by measuring
absorbance.

Increased number of cells
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Texieclogy and Apglied Mumacolegy 259 (2012] 177-186

Contents lists avallable at SclVerss ScenceDirect

Toxicology and Applied Pharmacology

journal homepage: www . alsevier.com/locate/ytaap

Nickel (11)-induced cytotoxicity and apoptosis in human proximal tubule cells
through a ROS- and mitochondria-mediated pathway

Yi-Fen Wang *, Huey-Wen Shyu *, Yi-Chuang Chang ”, Wei-Chang Tseng *, Yeou-Lih Huang ©, Kuan-Hua Lin #,
Miao-Chen Chou *, Heng-Ling Liu *, Chang-Yu Chen **
* Deparnoas of Medhnl Coboegeary Scheeres and Blstaenbgy, Foopie Usvvury, Kaabsing, 7amis

¥ Ivportmese of Nursisg Foayin i £y, Koolsimg, Towas
Deparzstont of Medicod Lodoverany Scemoe end Slooscimolagy, Keobsivng Meshood Litiverany, Ko shng, Tatwen

ARTICLE INFO

ABSTRACT

Araixle by

Recovsed 30 August 2011
Reveed 7 December 2018
Accepted 13 Decembaer 2011
Availatie coline O Jeuay 2012

Keywands

Nicked (II)

Reactive axygen specios
Cyro0assciry

Apoptesis
Mitochonddia

HE-2 ¢ells

Nickel compounds are known to be toxic and carcinogenic in sodney and king In this present study, we in
vestigated the roles of reactive axygen speaes [ROS ) and mitochotdria in nickel {11} acetate-induced cyto-
tnxicaty and apoptosis in the HK-2 human renal cell kine. The results showed that the cytotoxic effects of
nickel (11) mvalved sigrnsficant cell death and DNA damage. Nideel {11} increased the generation of R0OS and
mduced a noticeable reduction of mitochondrial membeane potential [MMP L Analysis of the sub-(1 phase
showed a ,’.n_g:uﬁc:.m Increase in apoprosis n HK-2 cedls after nickel (M) treatment. Pretreatment with N
acetylcysteine {NAC) not only inhiited mickel |1} induced cell death and DNA damage, but also sagnificantly
prevented nicked (Il -enduced loss of MM and apoptosss. Cell apoptosis triggered by nickel (8) was charac
terized by the reduced protein expression of #cl.2 and 8¢cl-xL and the indured the protein expression of Bad
Bel-Xs, Bax, cytochrome ¢ and caspases 9, 3 and 6 The regulation of the expression of Bcl-2-fanuly proteins
the release of cytochrome ¢ and the activation of caspases 9, 3 and 6 were inhibated in the presence of NAC
These results suggest that nickel (1) induces oytotoscity and apoptosis in HK-2 cells vio ROS generation and
that the mitechondna mediated apoptotic signaling patbway may be invalved in the positive regulation of
nickel (U} induced renal cytotaxiity

0 2012 Exener oo All nights reserved

Why Nickel? Why HK-2 cells
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Study of cell viability

= Cell viability (%) . Cell viability (%)

% 100 - i é 100}

5 B = < S0}

% 40 | ‘— __i é‘ .u’ | . .

= 20t <

= 2 20p

0 L
12 24 48 72 0
0 320 480
e o) Nickel (I1) acetate (uM)|

: Fig. 1.
C Cell growth (%) (A) HK-2 cells were treated with 480 pM nickel (I1) (saline,
s = as control) for 12, 24, 48 and 72 h.

.E 100 | (B) HK-2 cells were treated with 0 (saline, as control), 160,
§ 80 b 320 or 480 uM nickel (1) for 48 h. Viability was assessed
> ” with the MTT assay.
= (C) Colony formation of HK-2 cell was determined in
g 9 clonogenic assay.
5‘ 20 Data are presented as the meanzSD of 5 separate
S . - experiments.

0

160 320 480
Nickel (IT) acetate (uM)

* Significantly different from control (p<0.01).
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200 DNA damage . _
1 Fig. 2.
< The DNA damage in arbitrary units would be
=z T calculated to 100 comets of each class when
= i :
E- 100 L F; assessed visually.
',—E_ L Data are presented as the meanzSD of 5 separate
-
50 T experiments. * Significantly different from control
1
(p<0.01).
1]
0 160 320 480
Mickel (11) acetate (ubl)
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250
E S
= ol " 1 Fig. 3. HK-2 cells were treated with nickel (Il) (0480
s 2
E " ! uM) for 48 h.
- I
e 150 [ The fluorescence intensity of DCF was determined by
5 100 | the fluorescent DCF assay with a FACS-Calibur flow
%_ cytometer. Data are presented as the meanSD of 5
= st
=30 separate experiments.
0 * Significantly different from control (p<0.01).
1] 160 320 450
Mickel (11) acetate (uM)
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A .
i Production of ROS
= 250
= T
5 200 + T i
E 150 F I
= 100}
o 100 T
2
= 50
=0
C 480 uM Ni NAC Ni+NAC
Treatment
B, DNA damage
2UHd - ES
w T
= T
S 1507 .
E 100 T
=
< st I
1]
C 480 uM Ni NAC Ni+NAC
Treatment
C
=120, Cell viability
E 100 b
< 80 ¢ #
c: 60 L
= a0t
= Wt
- 0
480 puM Ni Ni+NAC
Treatment

Fig. 4.

(A): ROS production; (B): DNA damage; (C): cell viability.
Cells were pre-incubated with N-acetylcystein (NAC, 5mM)
for 1 h, followed by treatment with nickel (Il) (480 uM) for
48 h.

The fluorescence intensity of DCF was determined by the
fluorescent DCF assay.

Viability was assessed with The MTT assay.

DNA damage in arbitrary units was estimated by the comet
assay.

Data are presented as the meantSD of 5 separate
experiments. * Significantly different from

control (p<0.01). # Significantly different from nickel group
(p<0.01).
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Apoptosis

Nickel (1) acetate (uM)

cytosolic cyto, C

cleaved caspase 9

cleaved caspase 3

cleaved caspase 6

g
g
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Nickel
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ROS
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Exercice 2

Air pollution represents the contamination of the indoor or outdoor environment by
chemical, physical or biological agents that alter the natural characteristics of the atmosphere
(WHO, 2013).

It is @ major health problem, because world health organization guidelines (wHO, 2018).

In addition, this pollution is responsible of 7 millions premature deaths are related to air
pollution each year (wHO, 2018).

Air pollutants Natural sources

|
| l

Gases Particles

-{':"- Ll

L]
il {
ea iy skl

_ Anthropogenic sources
PM: Particulate Matter



In vitro Toxicology

Exercice 2
Mixture of:

*  Inorganic compounds (e.g. metals, ions)

«  QOrganics (e.g. polycyclic aromatic
hydrocarbons: PAH)

- Biological materials (e.g. bacteria, fungi,
pollen)

PM toxicity highly dependent on PM composition
N2

Varies according to the geographical location, contributing sources and several
factors (climate...)

\Z

Difficult to predict the toxic effects
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Exercice 2

: Equivalent aerodynamic diameter
PM fractions (EAD)

Coarse fraction PMjs 2.5<EAD <10 pm
Fine fraction PM, - EAD < 2.5 um
Ultrafine fraction PM,, EAD < 0.1 ym

® e
' Y . Superior airways
® e
® 0
° PMig.25

A Inferior airways

\\
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Exercice 2

Research project: Evaluate the in vitro toxicity of atmospheric
particles.




