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number of A allcles of =123 C/A SNP. 1 alleles of =88 G/'T'
SNP. and A alleles of +20 C/A SNP carried by HBE cells
according to a simple regression analysis (p=0.013, p=
0.0035, and p<0.0001, respectively) (Fig. 4b). Multiple re-
gression analysis showed that the association of 20 C/A SNP
remained signiticant (»=0.016). whereas the association of
=123 C/A and —88 G/1 SNPs was insignificant (p=0.67 and
p—0.78, respectively). In contrast, bascline expression of the
10 transcript was slightly higher in proportion to the number
of C alleles of =77 C/G SNP; however, this increcasc was not
statistical ly signiticant (p=0.086) (Fig. 4a).

When the relative expression of the total Mx A transeripts
was compared with cxpression of the T1 and TO transcripts
under the unstimulated condition. the overall expression of
MxA strongly correlated with expression of the 'l tran-
script (Spearman’s rank correlation coefficient; rs=0.739),
whereas it weakly correlated with cxpression of the 10
transcript (1s=0.388). The total cxpression of MxA was
significantly higher in proportion to the number of —123
A, —88 T, and =20 A alleles (p=0.0004, p=0.0001, and p=
0.0001, respectively), which was similar to the lincar rela-
tionship between the T transcript and number of alleles
shown above.

When immortalized HBL cell line BI:AS-2B was stimu-
lated with poly(1:C), time-coursc analysis revealed that cx-
pression of the 10 transcript was the highest after 24 h,
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whereas that of the T1 transctipt was the highest after 6—
12 h of incubation (Online Resource 3). We therefore inves-
tigated the expression of TO and T1 transeripts in HBIL: cells
(7=29) stimulated with poly(1:C) for 24 h. The cxpression
of the 10 transcript increased eightfold, whereas that of the
11 transcript increased 870-told. Poly(L:C)-induced expres-
sion of both transcripts was not associated with either allele
of the four SNPs (Fig. Sa. b). When HB1: cells (#—9) were
stimulated with IFN-3 for 12 h, the TO transcript was
induced eightfold, and the T1 transcript was induced 640-
fold. TFN-B-induced cxpression of the transeripts did not
vary among genotypes (data not shown).

Discussion

In this study. we investigated the cxpression profile of MxA
by analyzing expression of the original transcript 11 and the
transeript variant 10 in primary cultured HBI: cells. Accord-
ing to our absolute quantification method using real-time
R1-PCR, the amount of the 10 transcript was approximately
half of that of the ‘I'l transcript at the baseline level. Al-
though cxpression of the T transcript was also induced by
type 1 TFNs and poly(I:C) and its 5' proximal region has a
potential ISR1: motif, TKN-Z and poly(L:C) inducibility of
the T1 transeript was at least 100-fold higher than that of the
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Fig. 4 Diilerences i the baseline expression of’ franscript varants
among the genotypes of'the promoter and exon 1 SNI's in HBL cells
Lixpression of a 10 and b 1l transcrpls under the unstimulated
condition m HBI¢ cells with each genotype of 77 €/G SNP [or the
T transenpl (CAC, =8 C/G, n—18; G/G, n—12), of" 123 /A SNP
(AVA, n=2; A/C, n—18, C/C, n—18), o' 88 G/T SNP{TVT, n-3; G/T.
n=19: G/G, a=16), and of +20 C/A SNP{A/A, #=5: A/C, n=22. C/C,
a—11) for the T1 transcript 1s shown. The relative amounts of mRNA
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ol each transeript compared with that of the (0 ranscript m GG oeells
without poly(L:C) stimulation are shown as mean=SIM . Possible
associations beiween the number of alleles and the amount ol he
corresponding lranscrpls were assessed by a simple regression model
respectively {(p—0.086 lor the number of° 77 € alleles, p—0.012 for

123 A alleles, p—0.0035 for 88 | alleles, and p<0.0001 ior 120 A
alleles)
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Fig. 5 Dillerences in the poly{l:C)-induced expression of ranscrpl
varlanls among the genotypes of’ the promoter and exon 1 SNIP's in

HBI: cells. Expression of' s 10 and b Il transcrpts m the presence of

poly(L:CY in HBI cells with each genotype ol 77 C/G SNP (or the 110
transeript {CAC, 11=5; C/G, n=13, G/G, n=11), 0" 123 CFASNP{A/A,
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G/G, n=14), and ol +20 C/A SNP(A/A, n=3: A/C, n=16, C/C, n=10)

T0 transcript. This observation implies that MxA response
to viral infection of respiratory cells is mostly controlled by
the cxpression of the 'I'l transcript.

Remarkably increased levels of the T1 transcript after
stimulation with type 1 [FNs or an [FN-inducing agent,
poly(1:C), were consistent with the general consensus that
the induction of MxA reguires type 1 or type 11 TFN signal-
ing (Haller and Kochs 2011). However, levels of the T1
transcript were also elevated in HBL cells by other physio-
logical stimuli. Moderate elevation of levels of the 'l tran-
script in the presence of IFN-y and 'I'NF-a may be mediated
by the sccondary induction ot type | or type LI [FNs.
Although Mahanonda et al. (2012) demonstrated the induc-
tion of MxA by o-defensin in primary human gingival
cpithelial cells, the mechanism by which the T1 transeript
was upregulated by a-defensin remains unknown. These
cbservations support the idea that the T transcript plays a
major role in airway diseases.

We also analyzed the expression of 10 transcript with
alternative 5' untranslated cxons. Alternative promoter us-
age is now recognized as a common mechanism in the
transcriptional regulation of mammalian genes (Davulurd et
al. 2008). Among IFN-stimulated genes, ADART was
shown to have aliernative promoters (George and Samuel
1999): one promoter contributes to constitutive expression
and the other to inducible expression. Lo our knowledge, no
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for the T'1 transenpt 18 shown. The relative amounts o' mRNA ol cach
transeript compared with that of’ the TO transeript m GG cells without
poly(L:C) simulation are shown as mean=S1M. Possible associations
were assessed by 2 simple regression model {(p—0.647 (or the number
ol 77 € alleles, p=0.662 lor 123 A alleles, p=0.33¢ [or KR T
alleles, and p—0.331 Lor 120 A alleles)

IFN-stimulated genes other than MxA. whose antiviral fime-
tion is well known (Sadler and Williams 2008), have becen
reported to possess two IFN-mducible transcripts with distinet
tirst exons. The molceular mechanism for tissue specificity of
these transeripts is unknown; however, of note, the promoter of
the ‘10 transcript containg the putative steroidogenic factor-1
binding site (position =636 to —644) thought to be important to
testis- and adrenal gland-specific gene expression (Schimmer
and White 2010). A study of the expression profiles of MxA in
varous organs would be interesting.

Although 1FN-mediated npregulation of the 10 transcript
was moderate in contrast to that of the 'I'l transcript, baseline
levels of the 1’0 transcript were not negligible in HBL: cclls, Tt
is thus conceivable that the TO transeript plays a minor but
indcpendent role in the human airway. Furthermore, consid-
ering the ditference between the time course of mRNA ex-
pression of the 10 and T'1 transcripts after poly(1:C)
stimulation, it is likely that other factors further modulate their
induction levels. Because some reports (Aebi et al. 1989;
Goetschy et al. 1989; Prescott et al. 2005) indicate the pres-
cnce of IFN-independent induction of MxA 1n contrast to the
results of Holzinger et al. (2007), it would be worth investi-
gating whether the TO transcript can be induced through an
IFN-independent signaling system in viral infection.

We observed the regulatory eftects of =123, =88, and —20
SNPs on mRNA levels of the T1 transcript in HBI: cells
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under the unstimulated condition. When we evaluated the
overall expression of the MxA transcripts by real-time R1-
PCR, it was found to be closcly correlated with levels of the
Tl transcript, suggesting that individual variation of the
total expression of MxA is mainly explained by the 11
transcript. Indeed overall levels of MxA as well as expression
of the 'I'l transcript were strongly associated with these three
SNPs at bascline levcls. It has been repeatedly reported that
the minor A allele of =123 SNP and the minor ' allele of =88
SNP. which are in strong LD, were associated with the overall
transcriptional activity of the gene (Hijikata ctal. 2001 ; Torisu
etal. 2004). lixpression of MxA was associated with =88 G/T
SNP when PBMC cells were stimulated with IFN-o2 for 12 h
(Fernandez- Arcas et al. 2004). In one study (Furuyama et al,
2006), the results ot a luciferase reporter assay suggested that
—123 SNP contributed to basal expression levels of MxA,
whereas =88 SNP contributed to the induction of expression
by [FNs. Ching et al. (2010) fiuther showed that the —123A
allele had a stronger binding affimity to nuclear proteins from
unstimulated cells and that the —88 'I' allcle preferentially
bound to the protein after IFN-3 stimulation. In our study
using HBLE cells, =123, =88, and —20 SNPs were all associat-
ed with baseline expression of the L'l transcript. and according
to a multiple regression analysis, among the three SNPs, +20
/A SNP was still associated with bascline expression of the
11 transeript. This tinding may be attributed to the difference
in ccll type; however, extensive investigation is required to
determine the possible effect of +20 SNP or other unknown
functional polymorphisms in strong LD. Recently, ‘Tran ‘Thi
Duce ct al. (2012) reported that three SNPs (=309 C/G, —101
/A, and +20 C/A) also contributed to the prometer activity in
combination with well-known effects of =123 and ~88 SNPs,
We could not examine =309 and —101 SNPs in our samples
because =309 C/G and —101 G/ A SNPs were detected only in
the Afiican population and their minor allele frequencics were
relatively low (Due et al 2012).

Under the poly(L:C)-stimulated condition, the —20 SNP
also tended to be associated with expression of the ‘Il tran-
script in our study; however, this tendency was not statistically
significant. When HBL cells were stimulated with [FN-(3 for
12 h, the same three SNPs were not associated with the
expression level. These findings may conflict with the in vitro
effects of these 5° SNPs on the IFN-inducible promoter
activity previously asscssed by a Inciferase reporter system
(Hijikata ct al. 2001; Torisu ct al. 2004; Ivan Thi Duc ct al
2012). In our study, however, the mRNA induced by poly
(L), the dsRNA analog to mimic viral infection, was dirvectly
assessed in primary cultured HBU cclls, which implics that
individual variance of relevant factors such as toll-like recep-
tor 3 and subsequent IFN signaling pathways might have
atfected the mRNA levels in the TFN-stimulated condition
and have masked the independent cftects of these promoter
SNPs of the MxA gene,
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We previously reported that the promoter —88 SNP was
associated with scverity of SARS in the Victnamese popu-
lation (Hamano et al. 2003), and the promoter —123 SNP
was associated with SARS in the Chinese population (Ching
et al. 2010). According to Chen and Subbarao (2007), IFN
induction is completely suppressed in SARS coronavirus-
infected cells. Our ex vive findings that these regulatory
SNPs were mainly involved in baseline cxpression of the 11
transcript support the results of these disease association
studies. However, we could not show significant difference
in the regulatory effects between —88 and —123 SNPs,
possibly because of strong LD between these two SNPs in
the Japanese population (**=0.83) compared with moderate
LD in the Chinese population (*=0.39) (Ching et al. 2010).

In conclusion, we characterized the expression profile of
the previously known transcript and the transcript variant of
MxA and demonstrated a significant effect of its 5 SNPs on
basal cxpression of the overall transcripts in HBLZ cells. Our
findings may lead to an improved understanding of the
association of MxA SNPs with susceptibility to respiratory
viral infections.
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ABSTRACT — A multi-wall carbon nanotube (MWCNT) product Mitsui MWNT-7 is a mixture of dis-
persed single fibers and their agglomerates/aggregates. In rodents, installation of such mixture induc-
es inflammatory lesions triggered predominantly by the aggregatesi/agglomerates at the level of terminal
bronchiole of the lungs. In human, however, pulmonary toxicity induced by dispersed single fibers that
reached the lung alveoli is most important to asscss. Therefore, a method to generate acrosol predomi-
nantly consisting of dispersed single fibers without changing their length and width is needed for inhala-
tion studies. Here, we report a method (designated as Tagquann method) to effectively remove the aggre-
gate/agglomerates and enrich the well-dispersed singler fibers in dry state without dispersant and without
changing the length and width distribution of the single fibers. This méthod is base on two major concept;
liquid-phase fine filtration and critical point drying to aveid re-aggregation by surface tension. MWNT-
7 was suspended in Tert-butyl alcobol, freeze-and-thawed, filtered by a vibrating 25 um mesh Metal-
lic Sieve, snap-frozen by liquid nitrogen, and vacuum-sublimated (an alternative method to carbon diox-
ide critical point drying). A newly designed direct injection system generated well-dispersed aerosol in an
inhalation chamber. The lung of mice exposed to the aerosol contained single fibers with a length distri-
bution similar to the original and the Taquann-treated sample. Taquann method utilizes inexpensive mate-
rials and equipments mostly found in common biological laboratories. and prepares dry powder ready to
make well-dispersed aerosol. This method and the chamber with direct injection system would facilitate
the inhalation toxicity studies more relevant to human exposure.

Key words: Multi-wall carbon nanotube, Dispersion, Metallic sicve, Tert-buty] alcohol, Sublimation,
Critical point drying

INTRODUCTION a surrpgate for inhalation studies, pharyngeal aspiration
and infratracheal spray methods are often used. Howev-

We previcusly reported that a certain make of multi-  er, in both methods, the suspension medium may modi-

wall carbon nanotube (MWUONT) contained particles sim-
ilar to asbestos fibers in size and shape, and was posi-
tive for mesotheliomagenesis in intraperitoneal injection
studies using p33-heterozygous mice (Takagi ef al,, 2008,
2012). The intraperitoneal injection study is a specialized
method for the detection of mesotheliomagenic poten-
tial of inhaled fibrous materials (Pott ef af., 1994; Roller
et al., 1997; Poland er al.. 2008), For the assessment of
general respiratory toxicity including non-cancerous end-
points, the inhalation studies are considered essential. As

fy the distribution and/or the toxicity of the test particles
(Morimoto er af, 2011; Oyabu er al., 2011; Gasser ef al,
2012; Wang er o, 2012). Dispersion methods without
suspension media are reported. However, those are usu-
ally using, at least in part of the processes, rigorous soni-
cation or mechanical milling resulting in certain degree of
physiclogical changes in sample characteristics, such as
shortening in length distribution of MWNCT (Muller &7
al., 2005; Mitchell er al. 2007; Ahn er ol 2011). Chang-
cs in particle size and/or shape will also affect the nature
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and strength of toxicity of the test substances. Therefore,
development of a dispersion method to gencrate the acro-
sol of concern without addition of chemicals and changes
in particle dimensions is considered to be essential for the
assessment of inhalation toxicity in humans.

Fibrous nanomaterial such as Mitsui MWNT-7 is a
mixture of dispersed single fibers of various length and
width, and their agglomerates and aggregates. When giv-
en as a mixture, the lung lesions were mainly seen as
inflammatory and/or granulomatous lesions with vari-
ous degree of fibrosis at the level of terminal bronchiole
accompanying the aggregates and agglomerates: These
lesions were considered to block and/or mask the chang-
es induced by the single fibers that should have reached
the alveolar ducts and alveoli (Warheit ef of., 2004;
Muller ef af., 2005; Shvedova ef af, 2008; Porterefal,
2009; Mercer er al,, 2011; Wang ez al., 2011). Therefore,
assessment of the toxicity of single fibers needs well-dis-
persed sample without aggregate/agglomerate. In practi-
cal inhalation testing, the animal chamber air is rigorous-
Iy agitated in order to ensure the homogeneity of acrosol
in the chamber. Therefore, if the MWNT-7 as a mixture
is used, the Iikelihood of aggregates/agglomerates reach-
ing the nose of the animals is high. In contrast, human
ambient air is less agitated; the aggregates/agglomerates
may sediment away fast and dispersed single fibers may
stay longer in the air to be inhaled by humans (Han ef
al., 2008). In addition, humans have longer respiratory
tract compared to rodents and may effectively filtered out
aggregates/agglomerates before the air reaches the alveo-
lar region.

Taking all into account, we concluded that it is essen-
tial to prepare a dispersed single fiber aerosol with-
out aggregate/agglomerates, without additional chemi-

cal components, and without changes in size and shape of

the single fiber component for the rodent inhalation stud-
ies in order to predict human inhalation toxicity. To dafe,

one dispersion method is reported. i.e. the filtration sys-
tem. Filtration by a sieve with its pore size smaller than
the size of aggregates/agglomerate will not affect the size
distribution of the single fibers (Kasai e/ af., 2013). How-
ever, filtration m gaseous phase turns out to be meffective
in terms of vield of the filtrate. Filtration in liquid phase
is much efficient (Mercer e/ al., 2008; Tsuda, personal
communication). However, in our expenence the diffi-
culty is found in avoiding re-aggregation during the proc-
ess of drying; the surface tension. To solve this problem,

here we repoit a new improved dispersion method con-

sisting of a combination of aqueous filtering and the con-
cept of a drying method used for scanning elsctron micro-
scopic (SEM) samples; the critical point drying:

Vol. 38 No. 4

MATERIALS AND METHODS

MWCNT, reagent and equipments

MWONT (Mitsui MWNT-7) was kindly donated by
Mitsui & Co., Ltd., Tokvo, Japan for use in toxicity stud-
ies (Takagi er o/, 2008). Tert-butanol (TB) of guaranteed
reagent grade was used (CAS: 75-65-0, Kanto Chemical
Co., Inc., Tokyo, Japan). Metallic Sieve (pore size 25 um
mesh, Seishin Enterprise Co., LTD., Tokyvo, Japan) was
used for filtration. Miniature coin type vibration motors
used in cellular phones (Model FM34F, T.C.P. Co, Tokyo
Japan; 13,000 rpm 1.8m?sec) are attached to the extend-

ed filler tim (5c¢m in depth, custom-made, Seishin Enter-

prise Lo LTD Jof the metallic sieve (cf. Fig. lc) to
gain }ngh ylelé of filtrate. Chemistry diaphragm pumps
and pumping systems (Model; MD4C NT+AK+EK,
Vacuubrand, Wertheim, Germany) was used for subli-
mation of the frozen TB suspension and recovery of TB.
Glass wares such as funnel, filtering bottle, trap bottle
and silicon stoppers (Sansvo Co., Lid., Tokyo, Japan),
laboratory bottles {Pyrex®, Asahi Glass Co. Ltd., Tokyo,
Japan), were used.

Dispersion method (“Taquann” method)

An outline flowchart is shown in Fig. 1. TB {melting
point 25,690(3) was heated up to 60°C by a mantle heat-
er (Sibata Scientific Technology Ltd., Saitama, Japan). It
is advised not to use water bath; TB is highly hygroscop-
ic and becomes difficult to freeze and sublimate, A vol-
ume of 200 m! of TB and 0.2 g of MWCNT were trans-
ferred to a 500 ml laboratory bottle and agltatcd to make
crude suspension. The bottle was put inte an ice bath,
occasionally shaken by hand, until the suspension starts
to freeze and becomes sherbet-like half frozen state and
koneaded by a stainless steel spatula until it becomes even-
ly gray without clear crystals of TB (Fig. 1a), and then
kept overnight at -25°C. To the frozen suspension, 500 ml
of TB pre-heated to 60°C, was added, capped and shaken
hard until the liquefied suspension becomes evenly dark
brown to gray in color (Fig. 1b). The bottle was further
heated up to 60°C by a mantle heater and the suspension
was immediately applied to vibrating metal sieve for fil-
tration (Fig. lc). The filirate was collected through a fun-
nel into a 1,000 ml laboratory bottle. Immediately after
the filtration, approximately 1,500 ml of Higuid nitrogen
was pourcd ontothe filtrate in the bottle to snap freeze
the suspension (Fig. 1d). Then, the bottle was connected
to the pumping system and vacuumed until TB was total-
ly sublimated; leaving dispersed MWONT (T-CNT for
Tagquann-treated MWONT) in the bottle, The MWCNT
was colleeted by 4 cyclone-suction-bottle using conduc-
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Freeze

and thaw

/

- = Filter =+| Snap-freeze =»| Seblimate |=»| T-CNT |

Filterate to Collecting Bottle

Fig. 1.

Qutline flowchart of the Taquann method. a) Half-frozen sherbet-like suspension of MWNT-7 kneaded (beaker was used for dem-

onstration). b) Well-shaken liquefied suspension after adding 60°C TB (beaker was used for demonstration), ¢), Photograph of the
sieve on a backlight box with a scale underneath (left inset), vibration motor (right inset), and a diagram of the filter unit with a

filler extension and vibration motors. d) Snap-frozen filtrate.

tive silicon and aluminum tubing. In order to make a pre-
cise aliquot, a measured amount the collected T-CNT was
resuspended to TB, and the suspension was aliquoted into
proper containers, in this study into the newly designed
cylindrical cartridge case (cf. Fig. 3). snap-frozen, and
sublimated.

Aerosol generation system

An originally designed 105 L main exposure cham-
ber (capacity of 16 mice per chamber), with a disposa-
ble electrostatic-free plastic bag inside, was prepared
(Fig. 2, patent pending, manufactured by Sibata Scientific
Technology Ltd.). Onto the plastic disposable top plate,
a 20 L subchamber was connected with a 5 em-diame-
ter 10 ecm long connecting pipe. To the subchamber, an
injection port was connected, to which a newly designed
cylindrical cartridge (manufactured by Sibata Scientif-
ic Technology Ltd.) containing dispersed T-CNT is load-
ed. The cartridge has a slide-valve air inlet at its basc and
four ejection holes at its top opening towards the sub-
chamber lumen. The compressed air (0.8 M pascal) was
injected five times with 0.2 sce duration and 10 scc inter-
val to empty the T-CNT into the subchamber (Fig. 3). The
carrier air flow from the subcamber to the main chamber
was |5 L/min, Twenty-one cartridges were prepared for
a two-hr exposure experiment, loading first two in | min
for an initial boost and then one in every 6 min, resulting
in generation of saw-tooth concentration wave with an
average of 1.3 mg/m3 (250 pg/cartridge) and 2.8 mg/m?

(500 pg/cartridge).

Twelve C57BL/6NCrSic male mice (SLC, Inc.,
Shizuoka, Japan), 10~11 weeks old, body weight of
23.8~30.8 g were placed in the cage suspended from the
top plate of the inhalation chamber and exposed to 1 mg/
m? of T-CNT for 2 hr a day for 5 days, lungs (excluding
primary bronchi) were sampled and subjected to charac-
terization of deposited fibers (see below).

The animal study was conducted in accordance with
the Guidance for Animal Studies of the National Institute
of Health Sciences under Institutional approval.

Real time particle counting and weight
measurement

An optical particle counter (OPC) with a nomi-
nal detection limit of 300 nm (OPC-110GT, Sibata
Scientific Technology Ltd.) and a condensation par-
ticle counter (CPC) with a nominal detection limit of
2.5 nm (ultrafinc condensation particle counter 3776,
Trust Science Innovation, MN, USA) were connect-
cd to the main chamber with a sample flow of 2.83 L
(0.1¢f) /min and 0.3 L/min respectively. The mass con-
centration of the chamber acrosol was calculated from the
weight increase of polytetrafluorocthylenc-glass fiber fil-
ter (Maodcel T60A20, ¢pS5mm, Tokyo Dylee Corp, Tokyo,
Japan) after filtering the chamber acrosol by an Asbestos
sampling pump (AIP-105, Sibata Scicntific Technology
Ltd.) at a ratc of 1.5 L/min for 120 min (total of 180 L).
Filter weight was measurcd by a microbalance (XP26V,
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Fig. 2. Newly designed original inhalation chamber. a) Outer
chamber and inner bag before top plate is in place. Dur-
ing operation, the space between the outer chamber and
inner bag is negatively pressured to inflate the inner bag.
B) Disposable top plate with tubing holes are placed on
the chamber. The animal cages for 16 mice (asterisk) are
suspended from the top place by a pair of hanger arms
(arrows) (photo was taken without inner bag for better
demonstration).

Mettler Toledo).

Characterization of the dispersed MWCNT

The T-CNT in TB suspension was mounted on a slide
glass and observed under a light microscope using a pair
of polarizing filters. Untreated MWONT (U-CNT) from
the bulk, 200 mg, was dispersed in to 500 ml of TB and
sonicated for 30 min at 40W, 3.4 kHz (SU-3TH, Sibata
Scientific Technology Ltd.) and observed.

A weight-measured aliguot of T-CNT was re-sus-
pended, blotted on a Anopore™ Inorganic Aluminum
Oxide Membrance Filters (Whatman GmbH, Dassel GE
Healthcare, Hahnestrasse, Germany, pore size; 0.02 pm,
¢13 mm, Anodisc 13) or a cellulosc acctate/nitrocellu-
losc membrance filter (MFTM- Millipore Membranc fil-

Vol. 38 No. 4

Fig. 3.

A scheme of direct injection aerosol generation system.
a) Upper inset shows the cut section of the injection
cartridge (capacity; 23.5 ml). A slide valve opens when
the cartridge is loaded to the subchamber, A measured
amount of dispersed MWONT is preloaded inside the car-
tridge shown in asterisk. b) Compressed air (Blue arrow
1) blows out the MWOCNT through four small outlets of
the cartridge into the subchamber (red arrows 3), where
main flow air from the HEPA filiered inlet (blue arrow 2)
mixes in. The air with the acrosol goes down the connec-
tion pipe to the main chamber (red arrow 4).

ters, 0.025 um, @13 mm, Merck Millipore, Billerica, MA,
USA) and cbserved with a scanning electron microscope
(SEM).

From the main chamber, the aerosol was collected at
a rate of 5 L/min for 3 min on a Anopore™ Inorganic
Aluminum Oxide Membrane Filters (Whatman GmbH,
pore size; 0.1 um. Anodisc 25) joined to asbestos sam-
pling pump (AIP-105. Sibata. Scientific Technology
Ltd.). A scanning electron microscope (SEM) (VE-9800,
Keyense Co., LTD., Osaka, Japan) was used for monitor-
ing the details of the samples on the slide glasses and on
the Anodiscs after osmium coating (HPC-1SW, Vacuum
Device Inc., Ibaraki, Japan).

From the exposed mouse, lung lobes are collected and
treated with lysis solution composed of 5 w/v% potassi-
um hydroxide (Super Special Grade. Wako Pure Chemical
Industries. Ltd., Osaka, Japan), 0.1w/v% Sodium dodecyl
sulfate (SDS, for Biochemistry, Wako Pure Chemical
Industries, Ltd.), 0.1 w/v% Ethylenediamine-N.N,N",N’-
tetraacetic acid disodium salt dehydrate (EDTA 2Na,
Dojindo laboratories, Kumamoto, Japan) and 2w/v%
ascorbic acid (Super Special Grade, Wako Pure Chemical
Industries, Ltd.) in ultra-pure water. dissolved at 80°C
(Fig. 10b). Lung samples (approx. 200 mg) and 1.8 ml of
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Fig. 4.

laquann-treated carbon nanotube (T-CNT) and untreated bulk carbon nanotube (U-CNT). a) final fine and dry powder of Taquann-

treated MWCNT. b) Resuspended T-CNT to TB and placed for 5 min and 2 hr; T-CNT suspension is stable, compared to U-CNT,
¢) light microscopic view of the resuspended T-CNT on a slide glass. and d) under polarized light. e) course powder of U-CNTT, f)
Resuspended U-CNT to TB and placed for 5 min and 2 hr. g) light microscopic view of the resuspended U-CNT on a slide glass,
and d) under polarized light. (diameter of the vials in a), b), €} and 1) is 2.3 cm)

lysis solution in a centrifuge tube (DNA LoBindid tube
2.0 ml, Eppendorf, Hamburg, Germany) was incubated
at 80°C for approx. 24 hr in an oven (HV-100, Funako-
shi Co.. Ltd.., Tokyo, Japan), centrifuged at 20,000 g for
1 hr at 25°C (MX-207, Tomy Seiko Co., Ltd., Tokyo,
Japan). and the pellet containing MWCNTs and SDS
crystals was recovered. 1.8 ml of 70% ethancl was add-
ed to the tube and incubated at 80°C for 30 min to dis-
solve SDS crystals and centrifuged at 20,000 g for
1 hr at 25°C. 100 pul of lw/w% Triton®X-100 (MP
Biomedicals, Inc.. Solon, OH, USA) was added to the
pellet and dispersed by pipetting. One microliter of the
suspension was placed on an inorganic aluminum oxide
membrane filter (Anodisc 13. 0.02 pm ¢13mm. Whatman
GmbH) or the cellulose acetate/nitrocellulose membrane
filter and filtrated on a funnel shape glass filter (SANSYO
Co.. LTD., Tokyo, Japan). The filter was dried at room
temperature and osmium coated for SEM. For a refer-
ence of extraction efficiency. lung sample from untreated
mouse was spiked with 1 pg T-CNT and measured aleng-
side.

Lung tissue from eight mice were fixed with buftered
10% formalin (four with and four without inflation), par-
affin embedded and processed routinely for H&E stained
histology slides. and observed under a light microscope
with or without polarizing filters (Olympus BX350 micro-

scope with DP-70 image system. Olympus Corporatien,
Tokyo, Japan).

RESULTS

Characteristics of “Taquann”-dispersed MWCNT

Macroscopic and light microscopic views of the
final produet, the dried MWCNT after sublimation, i.e.
“Taguann”-dispersed MWCNT (T-CNT) and. for com-
parison, untreated MWCNT from the bulk (U-CNT) are
shown in Fig. 4. The powder of T-CNT is finer compared
to U-CNT (Fig. 4a). The T-CNT resuspended very well to
TB (Fig. 4b) and other solvents including 0.1 w/v% Sodi-
um dodecyl sulfite and 0.1 w/v% Sodium dodecylbenzene
sulfonate (not shown). Light microscopically, the resus-
pended T-CNT consists mostly of dispersed single fibers
with smaller numbers of small aggregates corresponding
to the mesh size of the metal sieve (Figs. 4c¢. 4d), whereas
U-CNT was a mixture of large aggregates/agglomerates
and single fibers among them (Figs. 4g. 4h). The T-CNT
fibers slowly precipitated in the medium (cf. Figs. 4b and
f), and are easily resuspended by gentle agitation. The
yield of the T-CNT was approximately 5% of the U-CNT
in weight. Re-filtration of the residue on the sieve result-
ed i negligible yield. The low power SEM views of the
TB-resuspended T-CNT and U-CNT are shown in Fig. 3.
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Again, the majority of the particles of the T-ONT were
the dispersed single fibers. The length and width distri-
bution of single fibers counted on these SEM images arc
shown in Fig. 6. The length and width distribution was
similar between single fibers of T-CNT and U-CNT, indi-
cating that the mechanical shortening of the fibers is neg-
ligible for Taquann method.

The number of fibers per 10, 1 and 0.1 pg weight of
T-CNT with length distribution was counted on SEM
images (measured number of fibers are 959, 246. and 45
per designated area for calculation, respectively). The
number of fibers calculated was 2.1 x 10710 ug 4.1 x
1041 pug and 3.3 x 10%0.1 pg. The distribution of the fiber
length was similar to that shown in Fig. 6a. and the aver-
age length was 7.5 £ 4.7 um (max 34 um), 8.7 + 6.4 um
{max 42 pm), and 7.0 £ 5.4 pm (max 26 pm) respective-
ly. As a whole, T-CNT has roughly 3 x 10° fibers per | pg,
mean length of approximately 7 um with a length range up
to 50 um with a median of approximately 6.5 pm.

Fig. 5. Scanning electron microscopy of T-CNT and U-CNT re- . 4 7 - 5
suspended in TB. a) T-CNT consists mainly of dispersed ‘Taquann”-dispersed MWCNT in the inhalation
single fibers with few small aggregates/agglomerates chamber
smaller than the Imesh .SiZC of [hC sieve, SEM x 1.000. The T-CNT aecrosol gcnerated at an average concentra-
b) U-CNT showing mixture of single fibers and large 4, of | mg/m* was sampled on the Anodisc and observed
aggregates/agglomerates, SEM x 1,000. The length and b SEM (Fig. 7). The aerosol was ¢ d inlv of
width distribution of the single fibers of T-CNT were vir- 0¥ @ SEM (Fig. 7). The aerosol was composed mainly o
ally identical to those of U-CNT. Inset; Lower power view  well-dispersed single fibers and some small tangles of fib-
to demonstrate larger aggregates/agglomerates measuring  ers admixed with a relatively small amount of non-fibrous
up to 300 pm in major axis SEM x 400. (scale bars are particles.
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Fig. 6. Length and width of single fibers in T=CNT and U-CNT (mceasured by SEM on TB-resuspended samples). a) Length distribution
and b) width distribution of Taquann-treated MWNT-7. ¢) Length distribution and d) width distribution of single fibers in the
mildly sonicated suspension of the bulk MWNT-7 (mean + s.d.. n = 304 cach).
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