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Carboxylated nanodiamonds can be used as
5 negative reference in in vitro nanogenotoxicity
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NANODIAMONDS FOR BIO-APPLICATIONS

Tunable surface charge
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NANODIAMOND MATERIALS
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« Tunable diameter (10 nm > 5 pm) * Diameter (2-8 nm)
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Imaging

Cell tracking
MRI contrast agent

Whole Body ND-NV In Vivo Imaging
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BIO-APPLICATIONS OF NANODIAMONDS

Drug delivery

Cocktail of drugs

First clinical trials
Induced tumor leakiness

Implants

Canal therapy
Bone engineering Doxofubicin
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BIO-APPLICATIONS OF NANODIAMONDS

Imaging

Cell tracking
MRI contrast agent

First clinical trials

Whole Body ND-NV /n Vivo Imaging Induced tumor leakiness
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- Nanodiamonds
- fluorescent beads
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Wee et al, DRM 18 (2009)

spatial resolution 12 nm
temporal resolution 50 ms
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Biocompatibility
Surface chemistry

IN VIVO SINGLE PARTICLE TRACKING Size

Color centers

Intercellular transport of single yolk-protein-conjugated FND in C. elegans.

Kuo et al, Biomaterials 2013

Long term in vivo imaging
FND-containing oocytes could be fertilized and developed into embryos
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MRI CONTRAST AGENT
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T2 contrast  Spin-spin

Ferromagnetic
metal impurities
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BIO-APPLICATIONS OF NANODIAMONDS

Implants

Canal therapy
Bone engineering
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X-ray Micro CT
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Biocompatibility
Surface chemistry

ANTIBACTERIAL PROPERTIES Mechanical prop.
. . F ] 5 _ Addition of fetal bovine serum (%)
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Biocompatibility
Surface chemistry

ROOT CANAL THERAPY Mechanical prop.
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clinically approved
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BONE TISSUE ENGINEERING

perfusion

of ND
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Wu et al., J. Mater. Chem. B, 2017
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better vascularization and
bone formation in vivo
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BIO-APPLICATIONS OF NANODIAMONDS

Imaging Drug delivery
Cell tracking Cocktail of drugs
MRI contrast agent
First clinical trials
Induced tumor leakiness

Whole Body ND-NV /n Vivo Imaging
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Genetic
Material

/
Polymer

* microRNA,
protamine sulfate
and cyanine(1)

* siRNA(2)

|

Mouse: esophageal

IN VIVO DRUG DELIVERY

drugs

embedding

* morphogenetic
proteinson DND in
polymer scaffold(3)

* antibiotic(4)

|

Mouse: bone

tumors, regeneration
Human: tooth canal
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Small molecule

* Doxorubicin (5)

* Paclitaxel (6)
DOX+folic acid(7)
Epirubicin(8)

* Alendronate(9)
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Mouse: liver, mammary
cancer, lung metastasis
Rat: brain tumor, bone

:
|14 S




Biocompatibility
Surface chemistry

DRUG DELIVERY Size

doxorubicin bleomycin mitoxantrone paclitaxel
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combinations of drugs in
different concentrations  gjpal optimum of
ND-drug cocktail ratios
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CONCLUSIONS

Combination of physical & chemical properties

Biocompatibility, tunable size, surface chemistry, color centers, mechanical prop.
‘ broad field of bioapplications

Imaging

photostable FND

in vitro and in vivo tracking Implants

long term tracking _
root canal tooth implant

MRI contrast agents (clinical studies in progress) Delivery
bone tissue engineering genetic materials
molecule drugs
drug combination
-:5&'. E.E. EuroNanoForum mINSTITUT

o R

¥ ' 2019 ..

- CARNOT NINVETEIIE:
116 o e B Al



-
ﬁ.: } EuroNanoForum
./ 2019

PERSPECTIVES

Imaging

size down to 10 nm

deep tissue imaging
magnetic modulation
NIR (SiV, EuV/ dyes)
photoacoustic imaging

coupling with hyperthermia
MRI contrast agents (T1 and T2)

Implants

results of clinical studies

mixtures of growth factors

Delivery

use for humans

adapt targeting
limit aggregation (coating)

Translation to clinics

biodistribution/pharmacokinetics
more interdisciplinary research
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Surface modifications

Radicals & electrons
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