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Transformed Rat cell
@1 day 5RP7 (HSRRB, Japan).
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SWNHox-BSA-Alexafluor488 W

Confocal microscopy Flow cytometry

Incubation condition: 37°C, 5 % CO,

Zhang et al. ACSNano 2007 *BSA labeled by Alexa-Fluo-488.



Confocal microscope images of SWNHox-BSA-AF

(excitation 488 nm, emission detected at 510 nm)
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Zhang et al. ACSNano 2007



AR A~ELY A E N F-SWNHox-BSA-Fluoro488.,
L—H—HE S EMRICKHER

Confocal microscope images.

fluorescence image | DIC image su'berposed mage

Zhang et al. ACSNano 2007 Cell: HR460(Human lung cancer cell)

SWNH-Alexa Fluor 488

Differential interference contrast
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Amino nanohorns: Preparation, dispersion, and internalization into cells.
Isobe et al. Angew. Chem. Int. Ed. 45,6676 (2006).
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Viability/%
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Isobe et al. Angew. Chem. Int. Ed. 45,6676 (2006)
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Carbon nanotubes degraded by neutrophil

myeloperoxidase induce less pulmonary inflammation
Kagan et al. Nature Nanotech. 2010

Myeloperoxidase: #FHEk
DHIHFET HER, B
Bk (H202) EEFRA A
(Cl-) >R ERIE R ER
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oite D TCTHELT-HOCIZ., FL>
T REDRELD,

WErhE: B MRV LT, RN,
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hMP: human myeloperoxidase



Kagan et al. Nature Nanotech. 2010
Dynamic light scattering showing multiple smaller

peaks corresponding to biodegraded nanotubes.
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Vis-NIR spectra showing loss of M1 and S2
bands as nanotubes are degraded in the
presence of hMPO and H202.
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Kagan et al. Nature Nanotech. 2010

Raman spectra (excitation, 633 nm) of
ethanol-dried nanotubes (black) and
(hMPO and H202)-treated nanotubes,
showing loss of the characteristic G-band,
followed by appearance and decay of the
D-band over time
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TEM observation: SWNTs were degraded. 24h

Nanotubes
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Kagan et al. Nature Nanotech. 2010



Kagan et al. Nature Nanotech. 2010
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Kagan et al. Nature Nanotech. 2010 £[— .\ &7
a 0.050 — {gG-nanotubes, O min — lgG—nanotubes, 6h t I‘&? K i*"é:%)SWNTo) 7] ﬁfF
0.045 - —-manotuges, g{lwin INzénotubes, 2,7h o
. i~ Nanotubes, 6h - lgG—nanotubes, 12h
~ 0.040 - IgG-SWNT, Oh
e ” SWNT, Oh
S (CelllFBE R THE
(e 4
S g/(\;/'SWNhT’ 6h LT. ZDFEFvis-NIR
o NT, 6 RURR ARSI ILEITE)
0008 e e = SWINT, 6h

600 800 1,000 1,200
Wavelength (nm)

2 h

Raman intensity (a.u) ©

£ 12,000

§ 10,0007 & AL .

£ 80007 Neutrophils

£ 6,000 o fw

E 4,000 W

= 2,000 2h
0 : . :
600 1,700 1,600 2,100

(473 nmEhiEE) Raman shift (cm")

2,300+ B

1,800 | B

e

3001 |

800 -

300

(NSHRILLATZILTEREELTS

TUARTEIVEIGE)

MMA gh

600 1,100 1,600 2,100

Raman shift (cm™)



24 Nanariitboc A0 valaniraal 30
NaNotubesS 44U pg/antmai
10U
= 1601 ET 3 25
S gm SWNTOZSTLVSE
3 | N E s :
< 1207 RIE =K DEESNTZSWNT (&,
= 4 N,
2 w0 REBL
w0 |
(3] :
: 60 | - -10
B o ; =
Phosphate Nanotubes Nanotubes/ Nanotubes/ Nanotubes/ Nanotubes/sodium
buffered saline hMPO H,0, hMPO/H,0, hypochlorite

3“} I‘ /)_ﬁ' ﬁE: ?QIH—_ . HI-.I.-] o) %Hﬁ?ﬁﬁ;ﬁﬁ Kagan et al. Nature Nanotech

7 days -

 20um

Nanotubes Nanotubes/hMPO/H,0, Phosphate buffered saline

20

. 2010

o-iN1

(-w 3d) 9-7) .



Kaganis &k ASWNTD A (KR 5 g EER

EHfTE(IFhEkEER HAHULE 1gGER) TOSWNTHE,
DR IX R EER TUMESEL TULVALY,

HRATIE, vo/O77—VICKYEREIND,
<oO77—oM)))—LTIEH,OIZ KD M ER,
H,O,l&. HOCHZ ERRULMER LG,

FOT ERICERANTHEI H5NEINIL, HEREDLE,




H—RF/Fa—TDN\NAA

MRd & DHE B F A - #ifka &= 1% - 1
H’ﬂl*lllélﬂ: SRR S HE

2. IMANTOEE (FiE. #iH)
3 Ej.]q:%f&lf_n_t%%
4. INAFIGFF




Ly

R DCNTA T EESD ESIEHRIT B0 2

o« SNLZETI

— ET TR

. 13C

— HIAEYE

— MRI
« SWNTDIBE

— SWNTDH H

— SWNTD S ELELYL
e Fa—TRHIZSRNILEZANE




OO~ NH,* CF
N

N o B

N
O~ NH;" CF O~ NH;" CI
4 Tissue biodistribUtion and blood clearance
@N/\ rates of intravenously administered carbon

#\ & /"‘/\Ifd‘r nanotube radiotracers
- & n ©  ["MnDTPA :
F S Singh et al. PNAS 2006




Percent Injected Dose per Gram Tissue

10+

20+

154

[111In]DTPA-SWNT 3

Singh et al. PNAS 2006
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Singh et al. PNAS 2006
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Cherukuri et al PNAS 2006
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Near-IR SWNT fluorescence images in liver tissue

rabbits
24 h afteri.v.

| PNAS 2006



Circulation and long-term fate of functionalized, biocompatible
single-walled carbon nanotubes in mice probed by Raman

spectroscopy Zhuang Liu* PNAS 2008
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Raman Counts in Blood
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Zhuang Liu* PNAS 2008
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Zhuang Liu* PNAS 2008

After 1 day 0.1 mg/ml

B SWNT-/-2kPEG
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Zhuang Liu* PNAS 2008

Raman mapping images of liver slices
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Zhuang Liu PNAS 2008
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Zhuang Liu PNAS 2008
400000

b Intestine C Feces 24h
5000 £ ; Dose:
lysate §200000- gy 0.5 mg/ml
| , § | W 200 ul
0- et . Biliary excretion
1400 1600 1800 1400 1600 1800 EES
Raman Shift (cm”) Raman Shift (cm™)
d Kidney e Bladder
5000- £ 5000
3 Kidney-urine —
g WM pathway
0 = . excretion
1400 1600 1800 1400 1600 18!00

Raman Shift (cm™) Raman Shift (cm™)



MRI: Deposition of Fe;O, in SWNHox

SWNHox
|
Gd acetate  [Frea i
deposition A XM
In
Ethanol

Miyawaki et al. Adv. Mater. 2006.



In vivo MRI imaging of magnetite-attached SWNHox

T,*-weighted images
Conc. =0.5 mg cm3in PBS
Dose amount = 0.5 cm?3

Miyawaki et al. Adv. Mater. 2006.
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New Label:Gd,0; Nanoparticles Embedded in SWNHs
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Bio distribution of Gd,O,@SWNH

Method: Internal organs - Dry - Combustion
- Ash in HCI -2 ICP-AES elemental analysis
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Quantity of Gdox@SWNH (%)

Bio distribution of Gd,O,@SWNH

Miyawaki, Matsumura, et al. ACS Nano 2009
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i Histological observation of |

Mouse:

BALB/cAnNCrlCr]y

Dose: Gdox(@SWNH

~ 0.2 mg/mouse

(~10mg/kg)

Solvent: Glucose solution

ACS Nano 2009




Ultrastructural observation: Gd,0,@SWNH in liver

Hepati‘c‘. e Miyawaki et al.
‘sinusoid v R ACS Nano 2009
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H—ARoF/Fa—TDEMH

Kostarelos ,Nature Bio 2008

tﬁf&sﬁg g | ! ' lymphatic
' system
y I‘
Q Mutagenesis
o caused
Longand &% by MWNT
rigid MWNT accumulatior
: g?fv' may cause
cancer

"

Incomplete phagocytosis



MWNT

L: 1-20 um, d: 50-150 nm, Dose 3 mg, 1.p.
Tween-80 in methylcelulose

WER - PEE (p53+/-¥X)

(Takagi et al, Toxicol Sci. 2008)

MWNT

L: 15-20 um or tangled, d: 50-150 nm, Dose 50 nug, 1.p.
BSA coated in saline

Long MWNT: R4E. A&

Short (<10um) MWNT: R [ZE2E4L

(Poland, et al, Nature Nanotech, 2008)




Functionalized MWNTSs
€ L<5um,D: 20-30 nm, Dose: 50-400 pug. i.v.
& RIELERISTITEPHIIZKREES

Kostarelos Nature Bio 2008
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“Peritoneal Macrophages”
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Peritoneal Macrophages SFA, foreign body giant cells (FBGC:

long-fiber amosite
(LFA)

Short-fiber
5 pum amosite (SFA)

FBGC:RHO 77— R IR
IR CTRELTTES,
5 um Poland, ,,Donaldson

(Nature Nanotech 2008)



Peritoneal Macrophages NTlong2 in FBGC

NTlong2 - < Polymorphonucle:
(dlameter165 nm, length r <56 pum) ' leukocyte

NTtangl
(diameter 15 nm, length 1-5 um)

Poland, ,,Donaldson (Nature Nanotech 2008)



SWNTDEH

Zhuang Liu* PNAS 2008

(o4
d 00 Q,|50¢Ng_/polyethylene glycol (PEG)
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I-5kPEG: n=115 ~-Of~oJ-Os .‘:'
I-7KPEG: n=160 o
I-12kPEG: n=230 51
H 0
N o
br-7kPEG: Yoy B"(" ‘)?Oéf ohi2
O

i.v., Dose: 0.1 mg/ml (200 ul, ~0.1 mg/kg), 3 months, 30 mice

No toxic side effects were found:
>Necropsy (f2EIRE)
>Histology (#B#i=Z IR E)
> Blood chemistry measurements (&1L FHRE—RTIEDER)
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Biih—hoFH/Hm— FYMEBRIMNEEILRE DN OTLVAELY

¢ YOXR EFIkKE. ¥%5=6 mg/kg. #ifE2, 4, 2658,

® REZFTEELGH,IOT::
1. #HEFNERE
2. IMEK#RE (EIk, 1FdhEBk, SFEEBk. 12/ \Bk, T D1th)
3. YA +HAVHIE (IL6, TNF-a, 73&)
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Drug Delivery with Carbon Nanotubes for In vivo

Cancer Treatment
Zhuang Liu, Cancer Research 2008

SWNT-PEG-succinic anhydride-PTX

20-300 nm

Dispersion in PBS

sonication of SWNTs in a water
solution of phospholipid-PEG



Zhuang Liu, Cancer Research 2008
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Blood circulation of SWNTs and PTX.
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PTX biodistribution measured by scintillation counter.
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SWNT biodistribution measured by Raman spectroscopy

FFlg AR ZT-FE > F=-SWNTHSPTXM RIS
T.MHPDOPTXEIR=NTLVS, N T, SWNT-

PTXDEVMREBIENE TS 5L0Y,
380
24 h p.i. BEH-PTX
60 - B SWNT
40 +
20 +
0 -+l —— e il .
a S O N < \ 4
Qg?‘ VQCF \'5\0 ,bo‘z’* QQ'Q &o" £ Q&o 09\
| o4 2 ° \6& - S

Raman G/ ﬁ‘/ Fd) <Y |:°‘/7 Zhuang Liu, Cancer Research 2008




