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Abstract : The physicochemical properties of manufactured nanomaterials can vary depending upon the methods of manufacture,
although the utilized raw materials are same. Hence, the toxicity can also vary based on the methods of nanomaterials manu-
facture. In this study, we compared the toxicity effect of two types of CNTs (MWCNT, multi-walled carbon nanotube; SWCNT,
single-walled carbon nanotube) that differ in length and wall number. In case of MWCNTs, inflammatory responses were more
strongly induced in longer groups, whereas body weights more clearly decreased in shorter groups. SWCNT significantly
decreased the relative weights of brain and kidney, and the inflow of immune cells and the hematological changes were observed
significantly on day 1 and day 7 after exposure, respectively. Our results showed that the length and wall number of CNTs can
serve as critical factors in the exhibited inflammation and toxicity.

Keywords : Carbon nanotube, Inflammation, Manufactured nanomaterials, Toxicity

Bol71& o WA Hge] HRe B ot wZe 7]

=
* To whom correspondence should be addressed. 37} wislof whet 1 faf/gdol ik Bl EEF AR E AL
E-mail: sangdunchoi@ajou ac.kr, pejtoxic@daum.net gt ARY-ERAo Aor 83t o F shto|H, 2147]
o] =2 AT A FHAFL, ot BAns]e = - o
aAd Sdez rumgaud. s AxunBAe Be WA, E, A%7IK Bt

273



274 HA7)%, A1TE ABE, 20119 9Y

5 & =53 2935y EAo = Q| A7|/AAL, T4l
BAZx, g5/8EEE, /YA, 2, FF5 5 2
U FEER F7ok0 YgolE Bpakn 4o B
bgs e oA A9Ea goha],
A7l 7]H(OECD, Organization for Economic Co-

s olo 2

operatlon and Development) o] A= 2007 H g & ENE
5 H(SWCNT, single-walled carbon nanotube), E}itﬂ =
L}L:TFE(MWCNT, multi-walled carbon nanotube), =¥, E]

eHr, d 5 BT ST B 1452 44
53l ZF &2 & lead sponsor, co-sponsor, contributors<
Agstol EA4Aze] 3, AL 5 FEs s glow,
20085 E EAZ o2 A% ¢l= GHS (Globally Harmo-
nized System of Classification and Labeling of Chemicals)o]] A]
£ A AEO) AnBAT o] HFAEe] PeE A
S L L R L (B ESER=2-
5 Jlel A SRR B AR B0l BUscih
Azupo] uet A% A he B0 Belsjata S4L
u S ol 4 glons ArBAo] FU EetE A4
2o B4 AT FAsthn Foohe s we BA o
2 Iuno] 7|E9] BEAER HAlS Hes HolS

0

21. NS E3E
=2

=
710](240, 394, 3,088, 6,261 nm)2] T}

R 39 s
U Rl oSl SEYBRE ol FF w5 AHA

oM AFWLh BRI} HEA HEOE o] Fod Ey
S FHRRE A4S o] §3to] WA JRue 2els
L oage Fedst SR 4GE wh AFAA
st ov ey ET MEa JHe) B3 Sk
B Ppgolt zz 760 1,000 nmiek.

Ento] 9(371% AR

B Fgitol 25 7F &3t & B Agol| AMgStath AdE
B ARSIIAL &% 2343 T, ATSE 55+ 10%, 317|315

10~203)/hr, 22 F7] 12/\]7P(08 00~20:00), &%= 150~300 Lux
2 2AEgoH, &3} 4, Fof B W7 ok 2EQ)
| AA FARS PX}(zss W x 465 L x 200 H mm)o]] 4=8-3}0]

AFSsETE Aldlo) AleE BE EE20 HAbA 2AME AE
S22 DHAFEPML)S &40t BFAAD)E 28 FA
St & SFYith E3 & /A AIE-S tail tattoo A O

2 ANt 2 Ao 48 EE BE See ERANS
2] 9] 3] (Institutional Animal Care and Use Committee, IACUC)

o ofsf HEH HAIE A

AlpieE B Zojo] BhE 4 vwsts] 95t
of SuljtRT W A 27240, 394, 3,088, 6,261 nm) B 7}
7} sule4 1597k 5 mgkg?] FEE 19 13] A3 £}
pow, Al Ui S4= HIJJ-OV] f15ko] 3,088 nme|
1.25, 2.5, 5 mg/kgo] th&d S$AUREE /4 717+ 7uf
2 15U 19) 19 Al s
58 BA U5 H 9] A2+ GLP (Good Laboratory Prac-
tice) A| A8 Slof| A 1/d 5 7HAE 4 2] SOP (Standard Operat-
ing Procedure)o] we} 100 pgkgd ©@&H BtAYyL-EHE
A7 pA R s meisglon, Hel F 1,7, 14 9 2820
25 Agel WaT ARE 5skr

24. 315 2 712 5

Eob717r) A1 13 QUFHVIL AN o0, F
oi712tellt 19 282, %of 4 4
Foi A Aol 18], Foj 717t
Fuz 245

=
off efstel 7 F 20, o, ], BAL A, AR, 9, 018,
AT R TWE, ) 5o A PrIFFS S, 24
A ANE AT e A 3FFE AEstan
25. SoUSE ZAl
A Aol 2& YEFE Aol TP Y

fr AR &5
&}o] White blood cell count (WBC), Red blood cell count
(RBC), Hemoglobin concentration (HGB), Hematocrit (HCT),
Mean corpuscular volume (MCV), Mean corpuscular hemoglobin
(MCH), Mean corpuscular hemoglobin concentration (MCHC),
Platelet (PLT), Neutrophils, Lymphocytes, Monocytes, Eosino-
phils, Basophils, Large unstained cells, Reticulocyteo]] tjaf &
TA5 A ZA2|(ADVIA120 Hematology system, Bayer, USA)
2 olgstel AAHLh

2.6. Broncho-alveolar lavage (BAL) fluid X{ F|

B AdS 1 mLe 7| BAE Eoto] 13] $Ese] A
sk R e 23] A 3 U7t e 23] o A Fst
e A 23] AT A RS H422(3,000 rpm, 104)5}o]
ol FEHE APlEZR] A4S ff8l Hustilon, Al
=222 348 B33 £36)o] Cell Viability Analyzer
(Vi-CELL™, Beckman Coulter)® % A% 45 =43}
7ot qEZE5S YRGAA Wright-Giemsai o5}
Shandon Cytospin 4 (Thermo)E ©]-&35}¢] HIAAE =&

e,

I o M



2.7. g ] AOIEFIRI E=F

Foll Y Alo]E7}Ql Hx = A3 9] ELISA kit (eBio-
science, San Diego, CA, USA)S ©o]-&35}o] A23JALS] n+<d
of wpa} AlsYstgirt. 7+ 7] =261H, 96 well plateo] assay
dilution©. 2 3] 43} capture antibodyS 100 uL& E33F &,
4 Tl A overnight3} it} Well plate-S A 23}l assay dilu-
tion® 2 1A]7F F9F A0 A blockingdt & o Z w3} Y=
A AE|F o2 RE F=v)E A3 standardE 2 wello]] Wil
2A17F ZoF AleofA] W5ttt thA] A& &, biotin-con-
jugated detecting mouse antibodyS 21 1A]7F 59F HEE-A]7]
% avidin-HRPE 1L 308 F<k A-2o)A Wx]sgct. TMB
|HS Y 1550 ARt &, 1 M H:POE ¥of vh3-&
Z 3 A]Zt). ELISA reader”] (Molecular Devices, Sunnyvale,
CA, USA)E ol&3d}o] 450 nmojlA FFE=E S5l on,
ALO| B7FQIO] & TS A§sto] Al4bE QUTH11,12].

2.8. EA|X 2|
BE AgATe] AN 7 A
2 ehfglen], 7t 29 Hlas p<005 9
one-way ANOVA testS 5HL,  7+9] Hjolo] djat 4
Q2 A
[e] =

o] AAL Dunnett's testES 0|

42

40

38

36

34

Body weight (g)

32

30

0

394 nm

Control 240 nm 3088 nm 6261 nm

Figure 1. A comparison of growth rates with the length of MWCNTS.
Mice (5/group) were orally treated to a concentration of 5
mg/kg with MWCNTs of different lengths (240, 394,
3,088, 6,261 nm) for 15 days. Control was replaced by
vehicle control. Error of weight between groups on experi-
ment starting day was £0.5 g. *; P<0.05, **; P<0.01.
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Figure 2. A comparison of relative organ weight with the length of
MWCNTs. Relative weight of each tissue was computed
from the formula (tissue weight/body weight). *; P<0.05.
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Figure 3. A comparison of cytokine concentration in blood stream
with the length of MWCNTs. Blood was harvested at 24
hours after final treatment and was pooled by group after
centrifuge. The measured cytokines were significantly
detected in all treated groups relative to vehicle control.
** P<0.01.
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Figure 4. Comparison of body weight according to sex differences
after MWCNT exposure. Mice (7/group) were orally treated
to concentrations of 1.25, 2.5, 5 mg/kg with MWCNTs
(3088 nm) for 15 days. Control was replaced to vehicle
control. Error of weight between groups on experiment
starting day was £0.4g. *; P<0.05.
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Figure 5. Change of relative organ weight after MWCNT exposure
(female). Relative weight of each organ was computed
from the formula (tissue weight/body weight). (a) Female,
(b) Male, *; P<0.05.
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Figure 6. Change of body weight after SWCNT exposure. Mice
(15/group) were given a single intratracheal dose of 100

ng/ke.
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Table 1. Hematological changes after SWCNT exposures
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3.3.4. BAL fluidL} SMZE4 L 2 MH|E

458 SatheREE Helat 5 197} 28e]A 7|8
g AlES] F 4 9 FANE BT A3, Table 20]4 B
Hhoh o] Ael F 199) HeRol A ol ws) A%

k7

WBC  RBC HGB HCT  MCV

MCH  MCHC
X10°uL X10°uL  g/dL % fL pg g/dL

PLT RET NEU LYM MON EOS BAS LUC
XI10°uL % % % % % % %

DAY Control 2.6+0.3 8.0£0.3 13.4+0.4 39.3+0.3 49.5+1.5 16.9+1.0 34.2+1.2 14234242 33+0.5 21.9+8.8 71.6+8.3 1.2+04 43402 04402 0.5+0.3
I SWCNT 3.4£0.8 8.1:04 14.0£0.7 39.7+1.7 493+22 17312 352£1.2 1367+123 3.4x04 26341 67.1+4.5 15409 39:1.0 040.1 0.7+0.2

DAY Control 4.9+0.5 84+0.3 134404 43.6£2.3 52.0¢1.7 16.120.1 30.7+1.0 1518421 5.6+1.3 574423 38.8+2.8 1.0£0.2 23£0.6 0.120.1 04404
T SWCNT 3307 8702 13.5:0.6 414424 47.721% 15.6:0.4 32.6£0.7% 1468+83 4.4+03 13.83.6% 81.2+5.0% 2.0£0.7 2414 0.1x0.0 0.520.1

DAY Control 4.51+1.2 8.3£0.730 13.3£1.4 40.6+4.3 49.1£1.5 16.1£0.3 32.8+1.0 1466+259 4.3+0.2 15.3+7.3 80.2+7.0 1.840.2 2.040.7 0.1x0.1 0.6+0.2
14 SWCNT 6.61£1.9 8.6+0.1 135:04 42.6£0.6 49.6£0.3 15704 31.7+0.8 16434242 5005 19.0+1.0 76212 22+02 12403 0200 1.20.3*

DAY Control 43+0.8 8.8+0.2 13.4+0.5 41.5+1.0 47.3+0.8 152+0.3 32.1+04 1442£30 3.1£0.2 15.5¢7.1 80.8¢7.0 2.0£0.7 1.1+0.2 0.0+0.1 0.5+0.2
28 SWCNT 3.0+04 8808 135804 42215 48125 155509 32.130.2 157145 3405 142427 80.9+2.9 27+09 1707 0.1£0.1 0.5:04

*; P<0.05

Table 2. Relative organ weight changes after SWCNT exposures (Unit: g)
Brain Lung Thymus Heart Kidney Spleen
DAY 1 Control 1.371+0.129 0.665+0.211 0.132+0.016 0.454+0.041 1.524+0.237 0.293+0.044
SWCNT 1.288+0.014* 0.541+0.031* 0.136+0.034 0.480+0.063 1.451+0.174 0.269+0.057
Control 1.357+0.103 0.654+0.092 0.110+£0.056 0.471+0.033 1.639+0.233 0.372+0.115
DAYT SWCNT 1.247+0.071* 0.580+0.051* 0.100+0.034 0.477+0.036 1.446+0.179* 0.443+0.281
DAY 14 Control 1.257+0.057 0.529+0.032 0.112+0.024 0.407+0.021 1.345+0.090 0.297+0.068
SWCNT 1.185+0.095 0.546+0.052 0.117+0.032 0.461+0.040* 1.484+0.162* 0.361+0.114
DAY 28 Control 1.282+0.088 0.507+0.035 0.091+0.010 0.446+0.035 1.627+0.164 0.281+0.058
SWCNT 1.247+0.084 0.533+0.046 0.106+0.029 0.467+0.026 1.435+0.073* 0.279+0.040

*; P<0.05
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Table 3. Changes in BAL cells after SWCNT exposures

(Unit: X10° cells)

Total cells (X10° uL) Macrophage (%) Neutrophils (%) Lymphocytes (%)
DAY Control 0.24+0.00 100 0+0.0 0+0.0
1 SWCNT 0.75+0.19%* 84.7+1.8%* 15.3£3.1%* 0+0.0
DAY Control 1.26+0.10 100+£3.4 0+0.00 0+0.00
28 SWCNT 1.850.20%* 99.0+2.7 2.61.1 0.7+0.2
*: P<0.05, **; P<0.01
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