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= Determination of biocompatibility by
using in vitro and in vivo methods (cont.)

— Toxicity tests: Types, Procedures, Results

— Response tests: Types, Procedures,
Results
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In vitro Tests — Test and Effects W o
= Tests for cell-type unspecific functions (basal functions):
— Disorder of membrane integrity, metabolism (mitochondria, lysosomes)
— synthesis of cell-type unspecific cell components like DNA and RNA

= Tests for cell-type specific functions:

— Existence and activity of the alkaline phosphatase, which occurs in high
amounts only in active osteoblasts

= Effects

— General cytotoxic substance: almost all cells react at similar concentrations
— cell-type specific reaction: only a certain cell-type or a class of cells reacts
more sensitive than other cells
= can refer to basal functions as well as one or more cell-type specific properties

= can lead to cell death, but also contain a change in the development of special
cell components
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In vitro Tests
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Toxicity Tests
(screening tests)

Reactivity Tests
(response tests)

Resul

result: cells live or die

result; cells survive with different
reactions

Cytotoxicity
Histotoxicity
Haemotoxicity

Cell reaction
Blood reaction
Tissue reaction
Immune reaction
Carcinogenesis

= Short-time or acute tests: registration of influences on cell structures,
that are direct accessible for the test substance

= Long-time tests: registration of

— Effects at the end of a test cascade (delayed toxicity, progressive

toxicity) or

— Effects that are forming after accumulation of the test substance in a

special cell (chronic toxicity)
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Criteria for In Vitro Biocompatibility
In Cell and Tissue Cultures
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o Increasing Biocompatibility
Criterion

(cell behaviour) - +
growth/cell density die proliferate
morphology spherical extended
adhesion low strong
wetting bad good
metabolic activity changed unchanged
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Coulter™-Counter
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Indirect determination of the cell =
number

Among others the following methods can be applied:

= DNA content of the cells — fluorescence
measurement

http://www.uni-greifswald.de/~immuteach/methods/cell division/cell division.html#

= Absolute protein content — colorimetrical method

= Marking with radioactive substances
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Determination of Cell Morphology

= Analysis by microscopy

— Confocal laser scanning microscopy (CLSM)
— Scanning electron microscopy (SEM)
= Control of the integrity of diverse cell

structures or functions by different staining
procedures
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Toxicity Tests (screening tests)

The tests are classified with respect to the
contact between the cells and the sample:

- Direct test: Settlement test
- Indirect test: Agar diffusion test
- Test with extracts: Extraction test
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Direct Tests

There are two methods to bring the cells in direct
contact with the material:

1. Material is directly settled with the cells

XX

2. Petri dish is settled with cells, the material is applied on the
cell layer
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inactive cells

viable cells

Cell monolayer

24 hours
incubation _4

Increase in toxicity

Fixation and staining

Medium replacement and sample
addition

24 hours
incubation

Cell culture medium Powder sample
with 2 % agar in PTFE cylinder
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Graded scale for agar diffusion

-

and direct contact tests Lewienacat

Grade Type of reactivity Comments on reactivity zone

0 None No detectable reactivity zone

1 Minimal Very few degenerated or malformed cells next to
sample

2 Mild Reactive zone limited to area adjacent to sample

3 Moderate Zone may extended to 1 cm beyond sample

4 Severe Zone extends beyond 1 cm around the sample

(S.A. Guelcher et al., 2006)
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Aim: Determination of the dilution concentration that leads to 5 % or
50 % change in comparison with standard values
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Graded scale for extract e
dilution (Elution) test e
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Grade Type of cell

Comments on cellular response

response

0 None No detectable adverse cellular response

1 Minimal < 20 % of the cells display adverse response
2 Mild < 50 9% of the cells display adverse response
3 Moderate < 70 % of the cells display adverse response
4 Severe Cells display near complete adverse response

(S.A. Guelcher et al., 2006)
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Reactivity Tests (Response Tests) &

= Blood reactions — haemocompatibility
— Blood coagulation test

— Adhesion of blood platelets and proteins
— Thrombogenicity

* |[mmune reactions
= Carcinogenicity (Ames Test)
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Thrombogenicity
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MS ... medical steel
PDMS ... polydimethylsiloxane
LDPE ... low density polyethylene
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Reactivity Tests (Response Tests)

» Blood reactions — haemocompatibility

— Blood coagulation test
— Adhesion of blood platelets and proteins
— Thrombogenicity

= |[mmune reactions
= Carcinogenicity (Ames Test)
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Carcinogenicity (Ames test)

Division behaviour of cells

Contact inhibition during contact Uncontrolled
between immediate cells cell proliferation

IR ECrr Ty
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Culture
Normal cells medium Transformed (tumor) cells
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Biochemical Methods

= Neutral red assay

= MTT (MTS) assay

Absorption

o

= Lactate Dehydrogenase (LDH) assay
= Marking with radioactive chromium (Na,>CrO, )
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Evaluation of restorative dental materials %55

= Dentin barrier tests

— slices of dentin are incorporated between a test sample and
the cells in culture

1 test §ample
4 I ——dentin slice

«+— cell culture
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Biocompatiblility tests with cell i,
cultures, Why? L cuwienzcat

= |[nvestigation of the toxic potential

= Evaluation of the release of potential
harmful substances

= |[nvestigation of the Iinteractions between
Implant surface and surrounding tissue

= Quality control
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Advantages of cell and tissue cultures

= The wvitality of individual cells can be
guantified

= A controlled environment

= |[nvestigation of the influence of
biocompatible materials on specific cell

types
= Reproducible results are obtained very fast

= Cell and tissue techniques allow
experiments with human tissue
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Disadvantages of cell and tissue
cultures

= In vitro environments reflect only a
simplified part of the complex In vivo
mechanism

= Cell and tissue cultures have not
detoxification and excretion possibilities

= |t Is iImpossible to reproduce all in vivo
effects in cell cultures

= Implant Induced tissue reactions are
complex
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In vivo tests — animal experimentation #552
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= Determination of in vivo compatibility of biomaterials or
medical devices prior to human testing

= Should be only performed after appropriate in vitro tests
have been carried out with already evaluated results

= The selection and design of animal tests has to be
appropriate to address the specific scientific objectives of
the study

= Require appropriate animal care before, during and after the
experiments -> minimising pain, suffering, distress or lasting
harm that might be inflicted

= The results are complex and sometimes difficult to interpret,
and require experienced personnel -> Tests are expensive

= Alternatives to animal experimentation -> working with
multiple cell types (e.g., human skin equivalent EpiDerm™
or EpiSkin™)
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_essons learned

= Toxicity tests: types, procedures, results

= Response tests: types, procedures,
results

Biochemical methods
Pros & cons of cell and tissue cultures
Pros & cons of animal experimentations
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