Some aspects of
Nanodiamond application



|. Medicine aspect



Virus Particle Absorption(or
attenuation virulency?)

* Medical usage
— Mask
— hand scrub agent
— surgical gloves & operating coat

— Medical instrument disinfectant
(eg.endoscope, surgical or dental instruments)




« Commercial products
— hand cleaning gel
— Environment sterilization agent
— Mouth gargle agent & tooth paste
— Condom for protect HIV, HPV,HSV
— Water filtration membrane
— Alir conditioner filter (prevant disease outbreak)



About swine flu HIN1:

nanodiamond
&
Influenza Virus
sterilization mechanism?
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Possible mechanisms of ND with different
functional groups

* Protein Capsid destruction

(as EAPI—ITF

5 AAH TR AR )

« 8 pieces (-)RNA genome:
— 11 proteins: hemagglutinin (HA), neuraminidase (NA),

nucleoprotein (NP), M1, M2, NS1, NS2(NEP), PA,
PB1, PB1-F2 and PB2
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http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Hemagglutinin
http://en.wikipedia.org/wiki/Viral_neuraminidase
http://en.wikipedia.org/wiki/M1_protein
http://en.wikipedia.org/wiki/M2_protein
http://en.wikipedia.org/wiki/NS1_Influenza_Protein

Mapping the sequence mutations of
the 2009 H1N1 influenza A virus
neuraminidase relative to
drug and antibody binding sites
Biology Direct 2009, 4:18

sequence variations of the “2009 H1N1”
Influenza A virus strain neuraminidase

Homology-based
reveals that the novel mutations
3 currently used neuraminidase inhibitors:

oseltamivir (Tamiflu®), zanamivir (Relenza®)
and peramivir

the of the neuramidase
relevant for vaccine development, serological
typing and passive antibody treatment



100 200 300 4?2!

IN1_Califomia_04_2009 52

IN1_swine_bwa_ 1945 52
1 HongHMong 516 97 52
2 chicken_Pennsylvania_1370_1983 KP | 56

spfll &1
SND 51

Tlﬂg
el as

Cysteine C49—anchor?? Intermolecular disulfide bond??

2N3 swine_Missoun_4296424_ 2006
INd_grayteal Australia_2 79

5 mallad_Albarta_203 92 43
'?‘"J]'.LE _duck_Ukraine_1_1963 42 N




Dimer tetramer




N Calfomia 4 08 B3
A1 Vetnan_ 0004 JHUFA B3
4ol B 98 B4 B
Drig ) New @) Fex ) : TR

AHuunhut[ﬁrﬂ)Antignniaf') RN O R RN RRNRRRRRRRRRERE

J!

i
]




ND application for HIN1

* neuraminidase destruction (protein level)

— Cysteine 497? Destruct disulfur bond or lipid
anchor

— Destruct N104 & N146 for protein
polymerization

« Enhance the NA inhibitor efficiency



ND application for immune

 Vaccine:
— Traditional: carrier of antigen into human body

— Gene vaccine: carry the antigenic genes into
human genomes

* Artificial antibody:
— epitope peptide chain synthesis
— Carry genes into B cells?



ND application for medical examination
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ND application for medical examination

 Viral serology test
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— AT adAE R s, W HEHE
- BRI = YU E L I E 2

— Nanodiamond a] ¥R 59 ha%glycoprotein—
(ie. JmEIER 2 Rhdh)




using Detonation Nanodiamond
for the Specific
Capture of Glycoproteins
Anal. Chem. 2008, 80, 4659—-4665

« the functionalization of detonation nanodiamond (ND)
with aminophenylboronic acid (APBA)

for the purpose of targeting the selective capture of
glycoproteins from unfractionated protein mixtures

 Aloading capacity of ~350 mg of glycoprotein of ND
could be attained on ND

* functionalized ND as a high-efficiency
extraction and analysis platform for

proteomics research



Nanodiamond:

Biocompatiblity
&
non-cytotoxic

For implant coating, local drug
delivery and in vivo usage?



Protein-mediated assembly of nanodiamond hydrogels
Into a biocompatible and biofunctional multilayer

nanofilm ACS Nano. 2008 Feb;2(2):203-12

 diameter of 2-8 nm

* assembled into a closely packed ND
multilayer nanofilm

with positively charged poly-L-lysine
via the layer-by-layer deposition technique
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Figure 2. Schematic drawing of nanodiamond nanofilm for-

mation and drug incorporation into the film. Poly-L-lysine is
used to attract NDs onto the glass surface.



* The innate biocompatiblility of the NDs:
(free-floating and thin-film forms)

(1)cellular gene expression examination by
real-time polymerase chain reaction

(2)MTT and DNA fragmentation assays

« Knockdown of lipopolysaccharide-
mediated inflammation
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Figure 7. (Top) Genetic analysis (from RT-PCR) of ND innate
biocompatibility, performed to monitor inflammation of
RAW 264.7 murine macrophage grown for 24 h without and
with addition of free-floating nanodiamonds (30 pg/mL).
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Figure 8. Genetic analysis (from RT-PCR) was performed to
monitor the inflammation of RAW 264.7 murine macroph-
age grown for 24 h on ND films, ND films with lipopolysac-
charide (LPS)-mediated inflammation (4 h), and
ND—-dexamethasone (Dex) films with LPS-mediated imflam-
mation (24 h). Glass slides coated with PLL were used as a
control. From top to bottom are gene expression profiles for
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Flgure 14, (&) Call viabllity assay. Murine macrophage cells (RAW
264.7, ATCCY wiare grown In the absence (—) or presence of 25
pa'mil nancdiamands (MDY or 2.5 padml dossrublcin (Do) for
24 b and were subjactad to an MTT-basad call vability assay
iSlgrna-Aldrichi. (B) DNA fragmentation assay. Murdne macroph-
age cells (RAW 264.7, ATCC) were grown In the absence (-] or
presence of 25 pa'ml nanodiamonds (MDY or 2.5 padml doeoi-
blcin (Cow) for 24 h and were harvested. DMNA was purlfied and
loadad on an agarose gel for analysis.



Are Diamond Nanoparticles Cytotoxic?
J. Phys. Chem. B, Vol. 111, No. 1, 2007

e nanodiamonds size from 2 to 10 nm
« Assays of cell viability

(1)mitochondrial function(MTT)
(2)luminescent ATP production

* not produce significant reactive oxygen
species

» Cells can grow on nanodiamond-coated
substrates without morphological changes



ND-raw ND-COOH  CB() CdO(+)

Figure 1. Incubation of cells with various nanoparticle concentrations after 24 h viewed with light microscopy: (A) contrel: (B) 100 ug/mL
ND-raw: (C) 100 ug/mL. ND—COOH: (D) 100 ug/mL CB:; (E) 2.5 ug/mL CdO. Note that nanoparticles are seen surrounding the cell borders and
attached to neurite extensions whereas cell morphology 1s unaffected by the presence of nanodiamonds. Scale bars are 20 pm.

ND-raw CB CdO

NO Mitochondrial membrane & cytoskeleton change




(1)| nternalized nanodiamonds aer exposure to 25

ig/mMLND-COOH for 24 h.
(2) cells grown on a ND-COOH coated collagen substrate after 96 h



ROS production test
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* Implant coating
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ll.Biochemical molecule
absorption & excretion?

Health food or pharmacy
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 Lipid
— Fatty acid
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Macrophage cell

Cholesterol deposits

Red blood cell

Macrophage foam cell

. Fat deposits



 Diabetes
— Type | : insulin gene therapy carrier

— Type II:

 Enhance blood sugar into cell ,reduce blood
sugar conc.

« Absorption and excretion excess insulin

« HEE?? (GG EE—active charcoal only)

— % creatinine,blood urea nitrogen,uric acid
— FF:ammonia, bilirubin




Keloid or hypertrophic scar

Type |, Il collageni4:
Surgery: 50%7{& %

7 HEE S 3~6months{g 2%
Laser, cryotherapy: {5

ND o] {77 collagenasenirifss i1 2
alfa-interferon, 5-FU, bleomycin#t A JEJE
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l1l.Aesthetic & cosmetics
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* (B2
— Octyl salicylate(UVB)
— Parsol 1789(UVAl &UVB)
— Mexoryl SX(UVA & UVB)
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Bipolar Fractional Radiofrequency
Treatment Induces

Neoelastogenesis and Neocollagenesis
Lasers in Surgery and Medicine 41:1-9 (2009)

 The FRF system delivered RF energy

directly within the dermis via 5 micro-
needle electrode pairs

* Tissue temperature was held at 72C for 4
seconds

« marked induction of tropoelastin, fibrillin,

procollagens 1 and 3 by 28 days post-
treatment
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