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Nano - Bio – Medicine - Technology 
What is realistic?

Nano-Louse

Nano-Hoover
against fat

Stern 1999
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Drug delivery Drug delivery -- 
TransportTransport

ImplantsImplants

In In vitrovitro 
DDiagnosticsiagnostics

In vivoIn vivo 
DiagnosticsDiagnostics

Drug delivery & Drug delivery & TherapiesTherapies 
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17%
7%

MedTech & Nanotechnology - Activities 
- World 2005 -

Re: VDI Technologiezentrum GmbH 
20057024



Nanotechnology in Medical Application 
2007

Re: N Dunzweiler, Ernest & Young 
CHEManager, 18/2007, p.3
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To be kept in mind:
The nanoscale – A biological scale

Dimension [µm]

Atom
Molecule

Polymer

EnzymeEnzyme
VirusVirus

BacteriaBacteria

Sand
Pigment

CellCell

Hair

0,0001 0,001 
1 nm1 nm

0,01 0,1 10 100 1.000 
1 mm

1
1.000nm1.000nm

Nano-Objects

IncreasingIncreasing
FunctionalityFunctionality

10-9 m 10-6 m 10-3 m



Nanoparticles and Dimensions
Radius     Radius     SurfaceSurface VolumeVolume
SphereSphere SphereSphere SphereSphere

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

With decreasing radius 
volume values 
drop faster than 
area values!
Radius dependency: 
rr33 vsvs rr2 2 

7039

Nanoeffects are
Surface-associated effects



Nanoscaled Products in MedTech
Does it hold true that…

The leaner the meaner?

(Je kleiner, je gemeiner?)

8015



vom 22.10.2009

http://www.fr-online.de/


Re: Nature Nanotechnology, 2:732-734 (2007)

Expectations and Risk Assessement 
of Nanotechnology not in Line!



7557 Re: Science, 319:271 (2008)



A Badami et al., 
Biomaterials, 27:596-606 (2006)

Electric Field: 15 kV
PolymerPolymer--DispensionDispension: 1,5 ml / h: 1,5 ml / h

Nanocages Nanofibres, - tubes Surfaces, particles 
Nanopores Cantilever Nanomachines

Fulleren cages 
B. Fuller (1895-1983) 

2nm

Cantilever 
Nascatec, 

Stuttgart, Germany 2007 

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

(2007)

Membrane pores 
Fresenius Medical Care, 

Bad Homburg, Germany 2007 

Size exclusion for toxins

Nanomachines 
Science, 290:1555-58 (2000)

Toys or Tools?
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How to produce Nanofibres? 
- Elektrospinning – Technology -

Modifiziert nach: A Badami et al.,
Biomaterials, 27:596-606 (2006)

Elektrical Field: 15 kV
PolymerPolymer--DispensionDispension: 1,5 ml / h: 1,5 ml / h

The tools
Nanofibres



.

Wearable Electrospinning Device
for wound-healing therapies

J Wendorf,
Uni Marburg 20057018



Degradation of Chitinfibres and Chitinnanofibers

in vitro degradation after 
0, 3, 15, 25 days HK Noh et al.,

Biomaterials, 27:3934-3944 (2006)

Commercial Chitinfibres NanofibersNanofibers

Bar: 50 µm Bar: 1 µm

Bar: 1 µmBar: 1oo µm
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CdSe Ø: 5nm

B Roszek et al,
RIVM Report 2650001001/2005

CdSe

ZnS
SiO22

6999

Application and tools
Quantum dots



MK So et al.,
Nature Biotech, 24:339-343 (2006)

Imaging of BRET-QD´s in Nude Mice 
- after Injection of Gliomacells with BRET-QDs -

7000



Nature Materials 7: 172-174 (2008)

Applications
Nanoparticles for controlled drug release
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Blood, the perfect Extraktionmedium
5 - 6 l in humans

Plasma
> 1.300 Components
1. 8% Proteins
Albumin 60%
Immunglobulins 35%
Fibrinogen 5%
2. Water
3  Anorganic Salts

4. Transport compounds
Hormon
Fat
Carbohydrates
Enzymes

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
u. a.Th-, Ts-Cells

B-Cells
Monocytes
Killercells

and: The cellular Internet 
(Cytokines for communication)

12

9

9
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CCB
Consensus Conference on Biocompatibility

Königswinter, März 1993

Biostability

Property of a substance
to remain unchanged

in a given biological environment.





4197-3
S Nakai et al.,

Ther Apher Dial, 14:505- 540 (2010)

Cave with Extractables and Leachables, why? 
Example: Chronic Dialysis Patients in Japan

Total number of Dialysis Patients 
in Japan 2008 :             273.237273.237

Therapy duration 
Dialysis patients

Total %

Shorter than 5 years 133.627 49,0

5 - 9 years 66.617 25.1

10  - 14 years 33.696 12.3

15  - 19 years 17.265 6.3

20  - 24 years 9.815 3.6

25 years and longer 10.017 3.7

Rate per Million population 2.219 Patients

Longest Dialysis treatment 40 years, 8 Months

>50%



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





1509
Dolezel et al., 

Biomaterials, 10: 387- 392 (1989)

In vivo Polymer degradation 
Isolation material from Silicone 

for the longterm use in Pacemakers
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200 µm

Capillary- 
Membrane 
Fresenius Polysulfone®

Inner diameter

Filtration,
Backfiltration

200 µm

Current dialysis treatment 
based on the removal of water and matter!



Re:
Nature Nanotechnology, 
5:42- 47 (2010)



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

Particle size and number expressed molecules
at a surface
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Interaction of Nanoparticles with biological cells
determined by protein adsorption

Re: I Lynch
Nature Nanotechn, 4:546-547 (2009)



18  18  260,0260,0PlateletsPlatelets

868,0             HMWK

8140,0            Factor XII

13  7,4             Fibrinogen

990,0500,050AlbuminAlbumin

Timefactor for 
formation of boundary 

layer [s]

Deposition time [s]
a=50%

1020
D Basmadjian et al.,

Biomaterials, 18: 1511-1522 (1997)

Protein deposition on Biomaterials 
Sequence under Flow conditions
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Family Tree of Blood Cells

T-dth

T-cytotoxic

T-helper

T-suppressor

B cell

Plasma 
cellThird 

population
cells

Monocyte
Macrophage

Mast cell

Eosinophil

Platelets

Neutrophil

Basophil

Hemopoietic
stem cell

Common
lymphoid

progenitor

from: I Roitt,
Immunology 1985

Common 
myeloid 

progenitor

Mega-
karyocyte
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The Cellular Internet
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Monocyte

Cell-activation

Cytokine-excretion

Cytokine-synthesis

IL-1   TNF   IL-6

Target cells and -tissue

Signal

Production of Cytokines Follows Cell-
Activation after an Appropriate Signal 

Inflammatory Mediators:

Interleukin - 1 (IL-1)
Interleukin - 6 (IL-6)
Tumor Necrosis Factor (TNF)





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



Inflammatory Reactions after Cellexposition
of Nanoparticles: Postulated Mechanism

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

II

IIII

IIIIII

via 
MAPKs
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The Asbestos Case 
-- Frustrated phagocytosis followed by inflammation --

Re: L O´Neill
Science, 320:619-620 (2008)
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Transplantation of 
Cornea - Epithel

Use of temperature-sensitive 
PIPAAM – Polymers
(PIPAAM – poly-N-isopropylacrylamide)

NEJM, 351:1187 – 1196 (2004)

Hydratation and Swelling of PIPAAM
by reducing the temperature (37° - 20°C),
thereby cell-detachment from surface 
due to a change of surface properties 
(hydrophobic to hydrophilic).

6947

+
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OptimizationOptimization of of SurfacesSurfaces withwith NanoparticlesNanoparticles
-- AttachmentAttachment of of OsteoblastsOsteoblasts --

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

+



Michael DeBakey produces the first artificial artery 
with the sewing machine of his wife.

Once upon a time...........



New Vascular Prostheses
with the help of the “BARBAPAPA” Technique

JA Mathews et al.,
Biomacromolecules, 3:232-238 (2002)

15-30 kV

+



PDS GRAFTS PDS GRAFTS Mixed Mixed withwith SlowlySlowly DegradableDegradable PLAPLA 
n=3, 3 weeks after implantation (Rat model)

Endothelial cells, special
CD31 Staining (x 200)

Re.: B Walpoth, 
HUG Genf 2007

+



Applications
Polymers with Shape-Memory Effects



Inhomogeneous 
Field

Twist
Friction 
Heat formation

Twist and 
Movement

Homogeneous 
Field

7050

N
        S

N
        S

Applictions
Particles and magnetic fields





A. Jordan, Charité, Berlin

Magnetic Hyperthermy System 
Clinical trials since 2003

+



Re: OZ BioSciences, Marseille 2008

Magnetofection for the cellular 
uptake of DNA, Genes or Viruses

7968
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Separation of Plasma and Bloodcells
Microfluidic chamber for the analysis of pathological Peptids/Proteins

+



7745
Re: A Kane, A Hurt

Nature Nanotech, 3:378-379 (2008)

The Asbestos Case 
Lessons learnt from frustrated phagocytosis

-



Rat Lung Cell Attempts 
to ingest a carbon nanotube

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

-
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Re: CA Poland et al

Nature Nanotech, 3: 423-428 (2008)

Lessons learnt from Asbestos?
Frustrated Phagocytosis of Carbon Nanotubes

-



Internalisation of Nanofibres
by living cells

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

-



7746
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

+



Phagocytosis of TiO2 - Nanoparticles 
- Formation of free Oxygen radicals -

Gliacell

Re: FAZ-Sonntagszeitung
25.06.20066979

TiO2 -Particles
: 30 nm

-



G Oberdörster et al.,
Environm Health Perspect, 115: 823-839 (2005)

Lung-Retention of Micro- and Nanoparticles 
- after in vivo inhalation by alveolar Macrophages -

after 24 h

-

At start



Gold-Dendrimer Particles and Their Biodistribution

Re: R Minchin
Nature Nanotech, 3:12-13 (2008)

+

-

Positively 
charged
dendrimers

Negatively
charged
dendrimers
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Blockage of Axon-Generation in Nervecells 
by Magnetic Nanoparticles - in vitro -

TR Pisanic et al.,
Biomaterials, 28:2572-2581 (2007)

• Coating of anionic Fe-Nanoparticles with di-mercapto-succinic acid
• No cytotoxicity of the individual compounds

Control

-



Untreated 
Control

TEM (48 h Nanoparticle Exposition)

TiO2 Particles

Co Particles

HDMEC*

*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: 319-323

Nanoparticles
Polymers/Types

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

Pro-inflammatory Cytokine (IL-8 Release)

µg/ml Cellculture medium

0

500

1000

1500

2000

2500
C

on
tr

ol

P
V

C
 5

0

P
V

C
 5

Ti
O

2 
50

Ti
O

2 
5

S
iO

2 
50

S
iO

2 
5

C
o 

50

C
o 

5

N
i 5

0

N
i 5

IL
-8

 R
el

ea
se

 [%
]

7959

-



Nano-compounds in medical devices
General observations

Possible mechanisms of cellular interaction

Observed effects of nano-compounds 
at the cellular level

Conclusion

Nanoproducts in Medical Application
Risks at the Cellular Level



7301 Re: Nature, 14. September 200





Detection of Nanoparticles in Biological Cells

7764
Re: L Tetard et al.,

Nature Nanotechn, 3:505-505 (2008)



Possible Pathological Risks of Nanoparticles

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



Questions still open

Standardisation of test procedures
and assays for risk analysis?
Dose – Response principles?

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

7005

Criteria for approval of med-products:
case-related or general approach?



A Riskfactor is not a disease!

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



Exogeneous Toxins with fatal Consequences 
2001 - 2005

JASN 2005

NDT  2002

CMJ  2001

4470

III



Dialyser - Repair 
- with the help of Perfluorocarbon (PF5070) solutions -

Dialyser

PF5070
Air Bubbles

Air pressureLeaky capillary

Clamp

Transparent Reservoir 

4628

Sensitive 
Makro-Camera Injection of glue with a syringe 

to block leaky fibres

III



Dialyser - Repair in 2001 
Coverage and blockage of leaky fibers with PUR

Q  IV / 2001
3909

III



Heart of a Rabbit (after Autopsy)
Consequence of an Injection of 160 µl/kg PF5070

4365
B Canaud et al., 

J Am Soc Nephrol, 16:1819-1823 (2005)

III
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V



K Boven et al., 
Kidney Int, 67:2346 - 2353 (2005)6543
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Aplasia (PRCA) in Dialysis patients 
-- Analysis of leachables 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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