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Medical Devices and Nano-Scaled Products
A principle question to be answered

The leaner, the meaner?
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Biostability

„.....the ability of a substance to
remain unchanged in a given

biological environment.“

Consensus Conference on Biocompatibility (CCB)
Königswinter, Germany, March 1993

Nephrol Dial Transplant, 9 (Suppl 2): 1-186 (1994)
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„Blood, a very peculiar liquid“*
…and a perfect medium for extraction!

Plasma
> 900 different compounds

1. Proteins
Albumin                     (60%)
Immunoglobulins (35%)
Fibrinogen ( 5%)

2. Water
3  Anorganic salts

4. Transport entities
Hormons
Fats
Carbohydrates
Enzyms

*Johann Wolfgang von Goethe
Faust I (1806)

Blood Cells

1. Erythrocytes 4 - 5 x 10   /l

2. Platelets 200-300 x 10   /l

3. Leukocytes 6-8 x 10  /l

> 17 different Types
e.g., Th -, Ts -cells

B-cells

Monocytes
Killer cells

12

9

9

Granulocytes



Extraction: 
Media and procedures

The solvents selected 
as extractants shall

a) be suitable for use in the 
specific biological test systems.

b) simulate the extraction which 
occurs during clinical use of the 
device and/or

c) maximize the amount of extract
Extraction media: 

1. Polar solutions: Water, saline (0.9%) culture media without serum

2. Unpolar solutions: Vegetable oil (e.g. Sesamoil)

3. Additionally: Ethanol/water (17,5% w/w), PEG 400, DMSO, 
culture media & serum



Nano-scaled Biomaterials 
Radius     Surface Volume

Sphere

r : 8 nm           A : 804 nm² V : 2.144 nm³

r : 6 nm          A : 452 nm² V : 904 nm³

r : 2 nm         A :  50 nm² V :   35 nm³
(25%)                (6.2%)            (1.6%)

With decreasing radius 
magnitudes for Volume
drop faster than 
for areas!
Radius dependence: 
rr33 vsvs rr2 2 
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Nanoeffects
always 

Surface effects



Re:  A Nel et al., 
Science, 311:622 (2006)

Particle Size and Number of Molecules 
Expressed at Surface
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ECHA – Model Calculation 
for Substances 

of Very High Concern (SVHC)
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Interaction of Nanoparticles with biological cells - 
- determined by protein-coating -

Re: I Lynch
Nature Nanotechn, 4:546-547 (2009)
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D Basmadjian et al.,

Biomaterials, 18: 1511-1522 (1997)

Protein Deposition on Biomaterials 
Sequence under Flow-Conditions



Agglomeration Behaviour of WC and TiN Particles 
- at a concentration of 10 µg/ml -
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Re: A Potthoff et al., 
Solid State Phenomena, 15:183-189 (2009)9680



C3b Complement Binding to Microorganisms

Re: T Kinoshita,
Immunol Today, 12:291-294 (1991)

Alternative complement pathway
is part of innate immunity!

C3            C3a   C3b          C3b

OH

Microorganism

S—C=O
SH  C=O

O



C3b Complement Binding 
to Biomaterials with OH-Groups

Re: R Johnson et al., 
Blood Purif, 8:318-328 (1990)

OH OH



Complement Activation by Polysaccharides (PS) 
- PS linked to microtiter plates (solid phase) -

PS linked to microtiter plates precoated with 
activated human serum albumin (mHSA).

K1: no poly-saccharide (PS)
K2: no PS, serum with complement and activator
K3: blank (no PS, no serum)
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Source for C3: human serum (A113) 
K4: no sugar, control for spontaneous complement activation

Complement Activation by Polysaccharides 
- PS exposed to serum in solution -
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Synergistic Effects of C5a and Endotoxins (ET)
Need to avoid the simultaneous presence of both stimuli

S. Okusawa et al,
J Immunol, 139:2635-2640 (1987)0699

Stimulus
C5a  ET

ng/ml

50 10

50 1

50 0

25 10

25 1
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Complement C5a Endotoxins
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Blood Pressure Regulation 
through negatively charged surfaces 

and subsequent contact-phase activation
Endotoxins,
neg. charged

surfaces
Prekallikrein

Kallikrein

(Angiotensin converting enzyme, 
ACE from lungs and tissue,
Short half-life of bradykinin)

ACE

HMW KininogenFactor XIIa

ACE-Inhibitors
StopX

Bradykinin

Phospholipids

Prostaglandins 
PgE2 , Pgl2

Blood Pressure Regulation
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Bradykinin Generation in Plasma 
by negatively charged surfaces

Cellulose DEAE 
-Cellulose

PAN (AN69) Polysulfone
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Krieter et al, 

Kidney Int, 53: 1026-35 (1998)

ACE-Inhibitors and Anaphylactoid Reactions 
Sheep Model
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ACE-Inhibitor Arelix

3815

WarningWarning

(negatively charged 
surfaces)

no PAN-methallylsulfonate 
no dextransulfate



Y Ikada,
Proc. 5. PIMS-Meeting, pp. 6/1-6/8 (1986)
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- Optimization of Surfaces with Nanoparticl
- Attachment of Osteoblasts

T Kunzler et al.,
Biomaterials, 28:5000-5006 (2007)

Cell seading with 3.500 RCO-cells/cm², cultivation: 7 days
Red: Vinculin, green: Actin, blue: cell nuclei



Re: T Xia et al.,
Nature Materials, 7:519-520 (2008) 7963



Cell- 
nucleus

Phagocytosis and 
uptake of Nano-
particles by the cell

Oxidative Stress
through Nanoparticles 
attached to cell surface

Signaling via
Mitogen-activated 
proteinkinases (MAPK)
and NF-κB

Inflammation

8446

Mechanisms of Cell-Activation by Nanoparticles



Postulated Mechanism for Inflammatory Reactions 
after cell exposition to Nanoparticles

Oberdörster et al.,
Environ Health Perspect, 113:823-839 (2005)7336

II

IIII

via via 
MAPKsMAPKs

IIIIII

Rise of [Ca2+]
in Cytosol and 
oxidative Stress
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Phagocytosis and Contact Angles
Cell type: Macrophages

Ph
ag

oc
yt

oz
ed

m
ic

ro
sp

he
re

s
no

/C
el

l

Modification of
Microspheres:
1. none
2. Methylamine
3. Ethylamine
4. n-Propylamine
5. n-Butylamine
6. n-Hexylamine
7. n-Octylamine
8. n-Decylamine
9. n-Dodecylamine
10. n-Hexadecylamine
11. n-Octadecylamine
12. Anilin
13. Cyclohexylamin

Y Ikada,
Biomaterials, 15: 725-36 (1994)
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Untreated 
control

TEM (48 h Nanoparticle Exposition)

TiO2 Particles

Co  - Particles

HDMEC*

*Human mckrovascular skin-endothelial cells 
„Human dermal microvascular endothelial cells“

Re: Peters et al.,
JMS MIM 15:319-323 (2004) 

Nanoparticles and Endothelial Cells

7957



HDMEC and Nanoparticles

Re: Peters et al.,
JMS MIM (2004) 15: 319-3237959

Nanoparticle
Polymeres

PVC (130 nm)
TiO2 (20-160nm)
SiO2 (4 – 40 nm)
Co (50 -200nm)
Ni (40- 420nm)

Pro-inflammatory Cytokines (IL-8 release)
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H Yin et al.,
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Phagocytosis of TiO2 - Nanoparticles

Gliacell

Re: FAZ-Sonntagszeitung
25.06.20066979

TiO2 -Particles
∅: 30 nm

-



Viability of WC particles exposed to rat brain cells 
- short term viability, 2 days exposure -
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Re: A Potthoff et al., 
Solid State Phen, 15:183-189 (2009)

Astrocytes
Oligodentrocytes (OLN 93)
neurons
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Gliacell and Uptake of Tungsten carbide 
Nanoparticles, 

Synergistic effects between W and Co

Magnification: x 12.500

Tungsten carbide particles without acute toxicity 
when present alone. 
Toxicity observed, however, if Cobalt nanoparticles present.

8225
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Rat Lung Cell 
Attempts to ingest a carbon nanotube

Re: R Service
Science,321:1036-37 (2008)7965

-



Internalisation of Nanofibres
by living cells

Re: A Prina-Mello et al.,
J Nanobiotechnol, 4:9 (2006)

-
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Re: CA Poland et al

Nature Nanotech, 3: 423-428 (2008)

Fibre-length and -diameter of Nanotubes: 
Determinants for inflammatory processes

NTtang1 NTtang2 NTlong1 NTlong2

-

*   Carbon nanotubes inserted in the abdominal cavity of rats
** NT nanotubes

+
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K Boven et al., 
Kidney Int, 67:2346 - 2353 (2005)6543



Aplasia (PRCA) in Dialysis Patients 
-- Analysis of Extractables by „Reverse Phase HPLC“ -

K Boven et al.,
Kidney Int, 67:2346-2353 (2005)

PRCA:PRCA: - acute severe isolated Anaemia
- no red precursor cells in bone marrow
- Reticulocyte number < 10x109 / L

HPLC – Elution profile of EPREX from syringes prefilled with
Polysorbate 80 Stabilisers and untreated rubber stoppers

6545
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Possible Pathological Risks of Nanoparticles

A Nel et al. 
Science, 311:622-627 (2006)7004



Questions to be answered

How to standardise test-procedures
and assays for risk analysis?
Are there dose-response principles?

- Individual particles / Agglomerates? 
- MassMass or particlenumbernumber? 
- Limits for cell activation? 
-In vitro / in vivo differences 
- Biokinetiks? Bioburden?

7005

Criteria for approval of medical devices:
Should they refer to case-related situation
or be defined by a general approach?



Approval:
Harmonisation of approval procedures and shortening of 
approval time

Safety: Acute vs chronic effects

Definitions:
A nanoparticle must have been engineered 
vs
A nanoparticle can be a leachable

Funding Spin-off companies / SMEs 
Exclusivity reasonable? 
or: model to be envisaged that involves large multinational 
companies

Impact factors for market success of nanoscaled 
medical devices

9687



Challenges for NanoMed-Tech Companies 
Strategy and Operations, an enquiry.

R&D Productivity and Efficiency

Recruiting of management personel

Recruiting of scientists

Finding optimal cooperation-partners

Efficient management of alliances

Precise patent evaluation of partners

Management of regulatory affairs

Patent Protection

Management of clinical trials

Cost/Price pressure

Development of  marketing strategies

Capital recruitment at stock market

Exit preparation

Integration management after fusion

Tax optimization

Global tax optimization

Regulatory affairs & Sales

Investor relations

VC capital recruitment

Partnering management
Expansion in global markets

Management of global affairs
Product and patient safety

Management of regulatory affairs
in regard to financial reporting

Re: Nanotechnology in Medicine
Report Ernst & Young 2007 

Today 
In the future
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The Experts´ Opinion 
“Who measures is right!”

Lord Kelvin, physicist (1824 – 1907)

“When you can measure what you are 
speaking about, and express it into 
numbers, you know something about it! 

When you cannot express it in numbers 
your knowledge is of meager and 
unsatisfactory kind.“

Tom deMarco, modern software-guru, (*1940)

"You cannot control what you cannot measure."

9312



Detection of Nanoparticles in Biological Cells

7764
Re: L Tetard et al.,

Nature Nanotechn, 3:505-505 (2008)



A Riskfactor is not a disease!

R Glassock & C Winearls
Nephron Clin Pract, 110:c39-c47 (2008)7777
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