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Biomaterials I
Materials and Mechanics in Medicine HS 2019

Exercise 2 - 01.10.2019
Jack Kendall
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Today

= Short run-through of last Exercise (5')
= Biomaterials |l Lecture Recap (20’)

= Exercise 2 (20°)
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Considerations for Biomaterial-Bone Interface

= Bone is living material

= “Bone adapts to the leads under which it is placed”
= Revisited: Stress Shielding!

= Removal of typical stress from the bone by an implant

= |Leads to a reduction of bone density

= Wolff’s Law — use it or lose it o) ¢ e <szag
0 . odular head = (tribology)
= Total Hip Arthroplasties (THA) \K

= Majority of joint replacements
= Acetabulum and femoral head

= Hard metal or ceramic femoral head articulating against a (vitamin-E
crosslinked) UHMWPE acetabular cup

= Can be fixed with or without bone cement (PMMA)
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Cemented vs. Cement-less Implants
= Cemented (A)

= Use bone cement to fill gaps between implant and bone
= Therefore not in direct contact with bone

= Must provide inistial axial and rotational stability, sharp corners and non-
cylindrical cross section Smooth surfaces to prevent cement abrasion

= Cement-less (B)

= |n direct contact with bone, provides primary stability by mechanical
locking (press fit!), requires sufficient osseointegration

= Rough surfaces — more contact area, friction and scaffold
= Hydroxyapatite coating

A oy
W -‘ P
Cementedl,-’ / ad Uncemented / Qqating
/7 o 2
57+ Bone = Bone
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Cemented vs. Cement-less VS. Screwed Implants

Locking screw
fixation to the
medial cortex.

Normal biomechanical

loading preserved:

. Joint forces transferred
to medial cortex

. no hoop stress
generated as with
press-fit stems.

No press fit to lateral cortex
No stress shielding

10 month follow-up x-ray

with a SCYON THR stem.
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Advantages of Drug Delivery

= Maintain therapeutic level of drug at the site
= Protection of the drug

= Protection of the person

= (preferably local and not systemic application — less side effects)

= Ease of administration
= Calibrate the drug release profile to the patients needs
= Reach otherwise difficult to reach areas (restricted, such as brain)

= |f implant is biodegradable, it does not need to be removed

Jack Kendall | 6-Oct-19 | 7



Ocular Delivery

drug-eluting
contact lenses

s,,._'\..
ol

Buccal Delivery

e

== =

_______

Routes of Drug Administration

Surgi

cal Implantation
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Hydrophobia, Hydrophilia and Polarity

Non-polar (non-ionized) drugs will cross cell membranes easily

Non-polar drugs are lipid soluble

In turn however, only polar drugs are soluble in water

Many drugs are non-polar or hydrophobic and have poor

bioavailability without drug delivery systems!
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Requirements for Drug Delivery System

Must be safe for clinical use

Degrade into non-toxic products

Tunable degradation rate (from days to months)

Biocompatible
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Partition Coefficient

= We define the partition coefficient as

amount of drug dissolved in octanol )

log(P) =1
0g(P) = log < amount of drug dissolved in water

= |log(P) =1 means 10:1 ratio of organic to aqueous compounds
= |log(P) =0 means 1:1 ratio
= Jog(P) =—1 means 1:10 ratio

= |nterpret log(P) as a measure of hydrophobicity of a certain drug

= Keep log(P) in mind deciding on strategy for drug encapsulation and

subsequent sustained release

= TAMOXIFEN (log P = 5.93) is therefore hydrophobic!
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Drug Encapsulation Methods

= Methods for fabrication of drug-releasing microspheres from polymers

= Encapsulation methods depend on many factors, such as

= Polymer, solubility and stability of molecule to be incorporated

= Organic solvents used to dissolve polymer — affects activity of molecule

Hydrophobic

Hydrophilic

Hydrophobic

Hydrophobic

Hydrophobic

Hydrophilic/
Hydrophobic Block
Co-Polymer

Single Emulsion

. ... i

Double Emulsion

PLGA capsule

Inner core

Hydrophilic
Drug

Self Asssembly
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Drug Encapsulation Methods

1. Single Emulsion

‘.. = Entrapped Drug

= drug and polymer are hydrophobic

= Use when molecule of interest can be dissolved in organic solvent or is stabile

in crystalline form when dispersed in organic solvent
= Water-Oil single emulsion method

= The organic solution is emulsified with a stabilizer, such as polyvinyl alcohol

(PVA), which prevents the organic droplets from coalescing

A)
Single emulsion process

mechanical

stirring device
evaporate solvent
— —p collect, wash, and

lyophilize microspheres
aqueous solution of
emulsion stabilizer
(e.g. PVA) dispersion of polymer

droplets containing MOI JackKendall | 6-Oct-19 | 13

organic polymer solution with
dissolved or crystallized MOI


Presenter
Presentation Notes
Water/oil single emulsion for encapsulation of organic-soluble or crystallized molecule of interest (MOI). MOI is either dissolved or dispersed (if in crystallized form) in an organic polymer solution. The organic solution is emulsified with a stabilizer, such as polyvinyl alcohol (PVA), which prevents the organic droplets from coalescing. The speed and duration of agitation with a mechanical stirring device will dictate the size of the droplets formed, with stronger agitation breaking up the polymer into smaller droplets. Solvent evaporation yields MOI-loaded microspheres dispersed in the PVA solution, which are collected and washed by centrifugation or filtration, and lyophilized. 


https://www.sciencedirect.com/topics/medicine-and-dentistry/stabilizing-agent
https://www.sciencedirect.com/topics/medicine-and-dentistry/polyvinyl-alcohol
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Drug Encapsulation Methods

PLGA capsule

Inner core
2. Double Emulsion

Hydrophilic
Drug

= drug is hydrophilic and polymer is hydrophobic
= Use when dealing with water-soluble molecules: may become inactivated

by direct exposure to solvent — Water-Oil-Water double emulsion

= More technically challenging, but diversifies the range of bioactive

molecules in drug delivery system

Double emulsion process

A) Form primary (water/oil) emulsion B) Form secondary (water/oil/water) emulsion

mechanical Z?nmf’sr-’én
stirring device o

—e

aqueous solution of d sion of polymer droplet
aqueous droplets of MOI emulsion stabilizer c(l)sr‘,p[:?n;ng gqﬁgguse,{ﬂof)p =
in polymer solution (e.g. PVA)

aqueous solution
of MOI

P

MOI solution (aqueous)

polymer solution (organic)
PVA solution (aqueous)

evaporate solvent
= collect, wash, and
lyophilize microspheres

organic polymer
solution

Jack Kendall | 6-Oct-19 | 14


Presenter
Presentation Notes
Water-soluble molecules may be inactivated by direct exposure to the solvent and are processed with a water–oil–water double emulsion method While the double emulsion method is more technically challenging and requires careful optimization, it significantly diversifies the range of bioactive molecules that can be incorporated into polymer delivery systems. A significant challenge to the emulsion method lies in the encapsulation efficiency. Solution concentrations, loading ratio, and the method and extent of emulsification must be optimized; otherwise, a large percentage of the molecule to be encapsulated can be lost to the emulsion stabilizer solution.

PLGA:
Synthetic degradable polymers, such as the polyester PLGA, have release profiles that are dependent upon diffusion and pore structure, as well as degradation of the material itself, providing an additional level of control over the rate of release of the incorporated molecule of interest.
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Drug Encapsulation Methods

PLGA capsule

Inner core

Hydrophilic
Drug

Degradation of PLGA

;ﬁ« 100% PLA

100% PGA "‘

| Hydrolysis!

l LJ

000 025 050 075 100

Half Life ln" months

Lactic Acid Copolymer Ratio
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Presenter
Presentation Notes
Water-soluble molecules may be inactivated by direct exposure to the solvent and are processed with a water–oil–water double emulsion method While the double emulsion method is more technically challenging and requires careful optimization, it significantly diversifies the range of bioactive molecules that can be incorporated into polymer delivery systems. A significant challenge to the emulsion method lies in the encapsulation efficiency. Solution concentrations, loading ratio, and the method and extent of emulsification must be optimized; otherwise, a large percentage of the molecule to be encapsulated can be lost to the emulsion stabilizer solution.

PLGA:
Synthetic degradable polymers, such as the polyester PLGA, have release profiles that are dependent upon diffusion and pore structure, as well as degradation of the material itself, providing an additional level of control over the rate of release of the incorporated molecule of interest.


 



Drug Encapsulation Methods
3. Self-Assembly

= drug is hydrophobic and polymer is hydrophilic/hydrophobic block co-polymer

= Spontaneous organization of molecular units into well defined, dynamic

structures — most often driven by non-covalent interactions

seff-assembly in water/
-Er'u:Ep-'SI_ILEI[-E carngo

release
argu

NI

double hydrophilic
block copolymer

PLGA : hydrophobic
PEG : hydrophilic
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Biocompatibility Testing Protocols

= Three categories of tests are proposed for assessing the cytotoxicity of
potentially released materials in I1SO 10993-5

1. Extract Tests

. Normally based on a so-called extract obtained by exposing cell culture
medium to the test material or compound of interest for 24 h at 37 °C.
Subconfluent cell cultures are treated by measuring effects on cell functionality
typically after 24 h, or low-density cultures are revealed by measuring effects
after a prolonged time period of six days.

2. Direct Contact Test

. A test sample covering about 10% of the subconfluent cell layer is placed on
top of that layer, while in the agar diffusion test an agar layer covers the cells
instead of cell culture medium and the test samples are placed on top of the
agar layer. In both tests, the sample is removed after 24—72 h exposure time
and the cells are qualitatively and quantitatively assessed below and adjacent
to the test samples.

3. Indirect Contact Test

= For this cells are cultured until confluency on one side of the filter, which is then
placed with the cell side on top of an agar layer. Subsequently, the test material
is placed on the other side of the filter. Effects on cells are qualitatively
assessed after 2 h exposure time. JackKendall | 6.0ct49 | 17


Presenter
Presentation Notes
The in vitro biocompatibility of novel materials has to be proven before a material can be used as component of a medical device. This must be done in cell culture tests according to internationally recognized standard protocols. Subse- quently, preclinical and clinical tests must be performed to verify the safety of the new material and device. The present chapter focuses on the first step, the in vitro testing according to ISO 10993-5, and critically discusses its limited significance. Alternative strategies and a brief overview of activities to improve the current in vitro tests are presented in the concluding section. 



Biocompatibility Testing Protocols

= Extract Test : Colony Forming Assay

Cytotoxicity of leachable substances released from test item is assessed

Measure ability of colony formation after treatment (plating efficiency)

If cell activity is reduced by > 30% — toxic!

Standard Conditions

= Extraction Vehicle (6 cm?/ml)

a) Culture medium with serum
b) Physiological saline buffer
c) Pure water or dimethyl sulfoxide

Possible Extraction conditions

i. 24+2hours at 371 °C
i. 72+*2hours at 50+2 °C
iii. 24 +2hours at 70+1 °C
iv. 1+0.2hours at 12142 °C

Al:Extract test: Acute cytotoxicity

Replacement

of medium by
I extract >24h
incubation
 Sem——————
Subconfluent cell culture
9 N
i
Testsample

' Quantitative evaluation
(e.g., MTT, NR, MTS)
Qualitative evaluation
Extract preparation (e.g., in
culture medium, 24h at 37°C)

A2: Extract test: Colony formation
Replacement

of medium by
| | extract 6 days
incubation
Low dense cell culture | |
9 N
7

' — Quantitative evaluation

. (colony formation)

Extract preparation (e.g., in
culture medium, 24h at 37°C)




Biocompatibility Testing Protocols

= Direct Contact Test

= Material must cover 10% of area

= Piece of test material is placed directly onto cells growing on culture medium

— the cells are then incubated.

= During incubation, leachable chemicals in the test material can diffuse into the

culture medium and contact the cell layer.

= Malformation, degeneration and lysis of cells around test material indicate

reactivity of test sample

B: Direct contact test

Placement of
sample on cell
layer covering 10% >24h
incubation

N .
@ | ———

[ ] | Qualitative and/or

Testsample quantitative evaluation

Subconfluent cell culture
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Biocompatibility Testing Protocols
* Indirect Contact Test: Agar and Filter Diffusion Test

= Often used for high density materials. Thin layer of nutrient-supplemented

agar is placed over the cultured cells.

= Test material or an extract dried on filter paper is then placed on top of the

agar layer, and the cells are incubated.

= Zone of malformed, degenerative or lysed cells under and around the test

material indicates cytotoxicity.

. . . C2: Indirect contact test: Filter diffusion test
C1: Indirect contact test: Agar diffusion test

Pla ent filt
Placement of agar acement filter on

agarand of sample
layeron cell layer I on filter oh
| and sample on agar incubation
layer covering 10% . 24'72h
incubation
Agar layer |
Subconfluent cell culture | | | M E m
| Qualitative evaluation
s - Qualitative and/or _Am
Testsample quantitative evaluation ConfTuent .
Filter
celllayer
s —

Testsample
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Limitations of Discussed Protocols

= Most striking limitation of all tests is the short test period

2 hours for filter diffusion
24 hours for extract acute cytotoxicity
24-72 hours for agar diffusion

Very limiting regarding the informative value and the kind of effects that

can be assessed

Effects based on accumulation and delayed/progressive effects will not be

detected!

Second limitation is use of cell lines that may not be relevant for the

proposed use of the biomaterial
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Questions?
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