Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

el Oladd gl § Culilung 0ulils dlxo
YY-£8 axao doslod () +0)90

23 (Fohe Caow ol 3 BB 3 7 9 el (5 (ol e BB ALY (e
9l Dige 4 Ol 4y Jllkial by Joke

Ot 08 O (S ke ol (bl 0dSCas (51 46 Colitgy 05,8 iyl Byl 655 (6 il 1L MRS g

) ek 5 —01a) OLE 0L Saj ple oKl (Lilg oISl (gl ilig o3 8 bl (G Py Rl Sl A
shahtaheri@tums.ac.ir

1l 01 0l (S e o8l (bl sdSCails ¢ ot g 5 41085 03,5 skl 1 Bl ygmo W1 e

Ol O 8 08 (S psbe ol by 0dSCiils (51 46 Ctligr 05,8 okl 1 2 95T Cppu>

Ol 015 (01 (S ke ol&sils (bl 0dSCals (sleb o bl 05,8 (555 0555 (5 ils 1081 BT b eme

PRV /) 1Yy o PPN Y tedl 50 g b

ol

. ow

Ol eyl sl b (655 2 Bbsn S 5 ool L 5 osldr SO i 5l S Johe G anlllas ol ot Bia g 4l
Inhibitory ; No Observable Adverse Effect Concentration (NQAE .t o sla axLs 5l esliza L
s i Total Lethal Concentration (TLEYoncentration 50 (IC50)
Lerss b 0 S Gd (o o 0,5 5,Se 1000 D)) cidois glos @ lale L agrlse 03 Oldl ) Ukl sl sl 1,87 g5
sl parls olie s oy Je caa w MTT o5l 5leslinad b Gad osls Jl 3 celu YE sl e by S
ol Gy Sy LT Sl eslizad LTLC 5 NOAEC IC50
3,03 555 (Gls mme (Staner olel Bl 3l esle aw a (gl agrlpe Cle 5 sk e o sl 0L andllas = e
el S5 O sU S Lawlis jo 1, IC505; NOAEC [axls jlis oy S ot dr s 56 o S (P<0/0 )
S RS 5 ol Lo s S S Sl S el S sl S TLC (astls Ol s L5 8
= i RUap S 5ol SO sl p S 4 e oS gl Chle s ol dir sl S Jske et (68 don
L s P S Jsb o Rl iy (0 oo oS e CBE  Bies sl (nl L agrlpe Sl 4 a5 L L
Sle g i Lo, 518l Od cpl bagarlsn 53 a8 (6ol 3l Jaiie b 5 ol sy 0 oYU Coanl 5ol
Sldsbe ol ada=le LB Jsl o LU S OUI alen s s 50 00 S 45 55 (65 o U5 o 485 S50
Ll ol 4y Uzl

MTT Gsn5T ol oo sl sl (I shon Coronr ¢ B3 S cos 56 0 S 0 s S O35

S e Sl Cae il gla s s 58 P V-9

L:.,\.:J‘J g&'{“;]’ 9 L;)Lnj)‘b ‘g;."L:A‘:";' cL..aJ‘j.ﬁ cg_)Lo..Z?-L..u
L oagrlse Ol slse ol 03 208 5 )8 Gl & ax g
oP e & Sl 5 A5 S| s s 5L ol
S osb 4l s sl pl Sl 5 e CL<.J:

SIS mlp s el bl adles s

b5t oS b st SV puame 51 S

e s lend Spd gl Shs S Al e
ol G58 055 Vb 2ds oy LS 5l glasas
Gl s Sy s ol s plbend S (S

sle sl J,:wl:.. slge cpl sl oo 15l 1, ‘_;i,gjj:ﬁl


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

O 5 Obdase Loy / YF

SLATP
.,\.'.71- B o‘)|.,\.>.- S5 uj:}'};b UJJS L;ik:&).:ﬁ:' J‘}ﬂ
03 AE Gl Ol G Cms oKias Sl el

] PO U POt [ W L PV N L P P T

oUl L e 5 Chemical Vapor Deposition

Cuillg eaSils gl il oS 5l Lbss S
Dol o 53 s 8 el Ol (S psle oS50
53 WBlaze 5 03,5005 535 Soge 4 s ol LUsn S
bl (sl o 0350 53 gl g S w0 ke O
Ao kB 0 Ol 4 SHIESE Ol e
ks 51O gl s J e s o3ls 1 3 (Shakey
5 05,5 /80 ple,» L (Memberan filtey _Lie
Wo b plis b as ool e e e YV ks
Jsb SEM LSy S 5l oslanal b 5 dd osls iy
el oSSbe 5 e BB S SUI I Cad 0 s

3 S dloes
3-(4,5dimethylthiazol-2-yl)2,5- N

<s s 3l diphenyltetrazolium bromide (MTT)

(DMEM) Jsle i8S lams 0ol gl LS
PAA s,z 3 Trypsin—EDTA , ol sl JuSs
<s s | Dimethylsulfoxide (DMSO); Ui =
A ol Ol S s

(hbonS SUl s boss SU n S pleasie
Loy 50 oS (S slaShs omdd sk
slassy b Jkd s Jib il Lbsp s SU
S b s sk s S el STl g S S
Sose 3 @S S Sl eslinl bl o st
L s 50 S ey e Colae il cy
RS s W gles 53 055 a0 cda hs Sl eslin
Sheslizad b 5o Lbsp S Ul ki 5 Jsb bl e
sty A o3yl ey sy Sl Sy S
SN Sy S 3 Jbsn S BUL g aie U
oSSl el Sy Sl LSS e Sl
A a5 S o e (SEM-EDS

eS8 ke Y el i S L 0SS gl
Han et al.) .l eus S )18 cafo e
dﬁ)—a& 9 6\"”2 ét@e-\y J})‘jp )Ué.’i\ OT'-|J'~'L."~' (2008
sul 55 o sl SIS Sl S o sU S L
S ol Loy sl pS st hdd S
Lf"“'ij C,.Ajbu 9 u‘ii_)':ﬁ Jbu\ L J‘ 9 .,L;J\J Jg_.lv
Murr ) sl s cwwsl « «s (Bioresistence
5 2ol S oliims 50 5l (@nd Soto 2004
D03 oLl gzl s 5U gla b Sl o gt
dzms o3l by pe Sl oladl b S e s
Loagrlse 5l 20 Sl ae) 5o Sldllas 5520 1SS
P S SIS alie imen 5 OS50 S
Sose 4 (JsnS) sl 5 bosisl S
Sl 5 Sl gladsle N Vivo ;5 in vitro
Q‘j\ o)l..o).h d’.h% @t.s S99 U'i‘ L» el oS wa‘
Oldles O’l| 5ol Q;“.A)Lw P uuﬁ; )JU U"JS
(Gracian et al2009 ..l o5 S Jol>
Loagzlsn o) (piege 5 ool &Sl 4 a5 L
aKI..NJ ul.x...lv Lgl.é.la.:>pa BL) C)b) 9 C)bbu ‘La)g
o A_Jl?r.’b‘ L%A_J_”j);l; ‘-;;).Lw C,.:a.w Q‘J"‘ gf'lf.))‘
Gl bs, s bbb ad 5 anl b ol = S5
sl Lo sU S Ol Jsbe 4
gl s (Masumiet al. 2010 .t
g Lo sl S WS 5 S sS A0 w3
Sl Ol amlis G b ol andllas 1 0L e
il Lot S5 oyl i slac 55 50 o
@ (A549) L.l @ (_gLaJ}.LA 33 <Jiuj_}'i,)s)
Total sl exle 51 eslizal L IN VIO &40
No Lethal Concentration (TLC)

Observable Adverse Effect Concentration

Inhibitory Concentration 50, (NOAEC)
23 el (ICS0)


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

YO g s Sl S ool e Gl e s

NYer Yo 000 (Yoo NYO AY/0 cY’\/Yo Yo/ V/A

Gy ke s e85 Y0rs 518 Y Y
A
R S Y 6 S TR P W Co VS S TS5
Soo K MTT s eslizad MTT 031 510 ke
2S5 onl oS o8 5l ST 3 Jslom o555
LS o sl Sy 555 oS 5 sl s ol 03b] PBS
ciS glad s w0 ol g3l o3l MTT 035581 51
o0 slad sl (58 sn s Jais MTT wile ot osls
Jsbul S5 a5 s SUids w3yl by
dbe I 53 Olle, s slassh 55 8 e ol Ol s
S i AL Sl Ky a s e |- DMSO
Shestisad boVe MM 750 Jsb 53 Jshome ol Ol
RPN NTS~ 3 SHRPN/PRES

Sy b a5 sk Verre slaas 4 sk
S LSS s el YE Sl ey S a
ol Y8 5l e o5 i S s badsha b 4 asls
sized PBSU 5 ds azils 5 ol ae i 55 Jaes
5 Lacsist o il lackle Lad el
3 ope s 0 Gl ClS he s &S JUsy S
o i 4 35 ol olel DMSO (o My oS Lams
A3 S eslital J xS Olge @i sde 53 LS LS
CiS s gl bais &S A2 (g 108G ICy  Jsl o i
sl S Jams oS 2 b ICygp 5,55 5 o
30 5l Ul Sl Gl ke sy Jole
50 sacble 51 LUy S 5 bosisl s s
ey el YE S a8 S B 50 J 58 ok 5 e
oo a5 andlsy bojis o) ale o agrlse
o O3y Jas A o3l pind PBS 1)y Sea Ve
S b el el a1y See Ve Ol w
Blol bo i 31 S a0 1)y S Ve Jluie « MTT
e 3 A5 esls [l LSl s el T Ll s
S ol Sl wsn Oapm ey asy b

o 2 T L3 OBl s ol sladley S

K« (ATCC,C13% A459 Ul J e s
Sb 1 b e bl dUlzt Sl Il oY
» bdshe 4S5 4 Gl s Ol sl
Dulbeccos Modified Essential-.:s L
L-glutamine ;- (DMEM) Medium
s Foetal Bovine Serum(FBS) .. ,s\:
¥V sbs s Penicilin/streptomysinas s
DS S aSles dens 0 3l Sl e
Ll esls LS
sl S5y Ll 5l ABAY  Ladsl
Sl s (Adherent oas 34,4
(Confluence > - o bdse & Sl
L badsha 5 anils p SO 51 2lS lame L
osls ,ix.: Phosphate buffered saline (PBS)
Sheslael b Sdlb (iS4 ol slad b LU
abd S 4 oS s 45 Trypsin/ EDTA
(Cell Viability) Jylo b comy ai o350,
s 5 bl sk Ol S5l a5 eslizad L
3 S e (S5 o sSns Sen Sl ealial L bad sl
(hUsm S 5 Sl 038 s
- her s 05 hen 1/ B L Sl a0 sl g
L sl S el S sl S L A
dops 00 (sl LS s 3 LUsy S 5 el
S iS o Jie Cuew lu > DMSO
o, Ul sl g5, » DMSO as s 0
S g sk Coee 855 s 5 A4S ) O
w oskea AL salie 0Ll e, Ul gl
Ao oslital 6wl Jol Jes 3l Cad 5y5e glaclale
4 S gl O gl o 03 @l Al Sl a5 )3
S asl I s A o3 0 4 KA L 4id) S
5348 3y ply Al pe £ Jold dabesl ke 4i35 Y
Loaids G 5 gl Il aids 0 0 gl sl 0 2
kol Sl O il s A0 035 oy S
A N/A0 V) bl s glackle o JUw b


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

OLer 5 Obdases G/ Y9

03,51 Loy 5U on S 3 Sose S Sy S

RGIUVH P W

Soelad L obsp S O Slasie
oSl 4k s o3 5T cts SEM O S S
YAY 5 YW 5 el andllas i 00 ad 5 Jsb
SLI Sl st ¥ S D el ey ey S0
ol 48 SEM LSy S 5l aslizad L &S L5 S
EPRRTN H TR (i U P - S I
SEM-EDS s S 5l eslizad b LG5 S il
el ol 031y OLES

S A o Dlye o 038 sl A5 0
oS 00 g JB E Shs sk 5o b5
Soder & O3 Ol 40 e Sl Ses b5 50
(Agglomereation o ,...| - 5T 5 (Aggregation
oS gl s 81 0l 35 ST slad o 53
AU EUSE D3 L sl A Ll o 5B S
Yol Lo s S 00d o Ol 5l 3
Ol ciS lass DMSO Jgls 3 @ gul 5l aiss
RGIUVH P W

5 1Cso0 NOAEC (sla oxls slis cpuns
G St s sl 03,51 S e, TLC
A eslizal cwy U 51 TLC 5 IC50 NOAEC
Lol aslie 5 Cilisen slgn a2 53 sy 5L
Vdsd s oS e OB el a5 el 5
SUl s sl S g5 0 Saew slaar b plie
sl 0 03551 fbs5 S

53 okl S slge bl gla e ls alee
adllas 3550 Sloosd 3l ge oo avslie saiaes oAgl
TLC, IC50 NOAEC sle ,oxls pslis SuK L
235 13 Ogel 5,50 ttESE bl &40l 5l eslizal L
TE 5\ agrlse ops 53 5o erld aw polie il ol
b Lo bl SO os Sl S sl el
C Pl S 5 KBS Lol SO oSt S

2B (7 dss) 435 0sel Lban S Lol

ol by e SO Sl S el 5 AiL s
Yoo ul s Jses = 4 DMSO b b
Lok s aslsl e, i 2 DMSO, ;5 S
ol ol 53 L esls 13 S s aids Yook
s 1 eslizal b OVe zae b 3 Jyhme (55
SR AN
e glacble s der Ol Sl eslinad L
Total sl exle  LUsyn Sy Losssl pS
No (Lethal Concentration (TLC)

Observable Adverse Effect Concentration

Inhibitory Concentration 50, (NOAEC)
A o3, ot (IC50)

boaw chle o w by Sbel :@L‘J J'.;JU]
ool s xSl ol s 5T o Sle 5 A 1SS
er S el by g LT g Bl e sl
sl Le=ls 5 4 LT SPSS Version 16.0 3l
p3lie s S al=e TLC 5 NOAEC <LC50
5 sl 1, TLC 5 LCso . NOAEC s jaxLs
T N P R R I
Soldsme s p osBear gy Lol 44 5 00 e
35 53 5 okl 5b slhe n o3 ba el opl Gdls
t- aolio Opasl 3l aele Y 57 aglse Sl oo
A3 eslizul test

L™
bl S Ol 5 baass 56 S Slasiie
lr L 5 ol Sl Sl S dsb
"o Pl S RS S s s e S V0 S e
Lor slac s Sl (S 5 sl Ve ol SO sla
0= o phe Sl s pmegU T ol
ST S5 el e s el SOl s st
e I T A
Aops NVt Ol b oSl S edes Sl

Sheslizad b oodd ag psleas \ ISE 3 s S e


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

W Ly s S S el e Gl e s

Aips ek B TEM e 605 oS S
T B P LT S I R R
el el el oy 56 o S (INternalization
Bussy , il K s Monterio-Rivier ol s
B Y WACHIURUPC S W SPN P - R B LU
S gl S gladde noolis ks oSl S
ol (nternalization 3,s 31 st ol Jb,dl

Monteiro) il Jyle b oo ol

.(Riviereand et al. 2005; Bussy et al. 2008

Davoren et al) i K.» ; Maria Davoren
S o Aoy 0 (gil oS Le I (2007

Vode A eslinad b 5L 0 S 05 ST e e
Ol S L3 sy opl btis S 4 sl Il aids
5L ey o el 3 Jpdee
T N R R L ISP PP
adllan U alie 53 anlllas opl 53 oslanal 3550 a 55 50
e 5 A e b3 0 ol e 0 LS
Aol s eslizad 550 O3 e 55 sl o Lass
Lo sl S o Sk Sk 4 sl W
ol daallas 5y elaal sy apld SO ool
s Davorenales ;s 5 55 gl Ve 5 V1 CS S
038 s Sl nlal el ) LS
st (Masumiet al. 2010900 ol I3 LS
sl ckls s el DMSO g5l ciS Lo
@ s pl 3y A3 +/0 ciS s 3 DMSO
Joloma cpl 51 eslinad Lt & el Il aids Yo ok
Jsloes cpl 5l addllas (gl 5 wymmss o & O3
A3 S eslazal
IC50 ; NOAEC ol e addlas ool o
S sl S 4 S sl L s S S
Sy S wele VE 5 agrlse (en93 93 pa 53 ol
S N P b L o8t Sl

sl ol SO s 5L

welu Y8 4ol ge 0,5 55 Lo oS sls olias t-teSty 405
— ol S5 s o S) NOAEC axls sl
3 (RS = ollr SO sl S 5 olhr Ly
S (ol dix —o i SO pssb 9 1C50
Sylge a5 Az (gyls e Ml (bl Lilsd
YE 5V Slay oy 53 50 Layexls olis aglis
- e OOt ol andllae ksl U slye o s aela
I ol gl
Sl 56 sl el slaastls anylis
sedbe el Y8 5\ alse Slejoygs 55 5o
Sl gl sl sn 53 e sla st L (ol Al
aalie agrlse Gloy laesss SSE 4 ol andlls
Sl e 95 3 elidaw gl el bl
Osa3 3l eslizad b kb 65U sl ge SO ST Gl 4l ge
o> oS hailen (7 Jsd) del Jan t-tESE g LT
Lo sl S NOAEC janls s w535
TLC , IC50 NOAEC (cls axls olpe coslix
Ll 5lazele YE 570 agarlgn (g5 95 55 osle 4w a

izl (gl s Ml (gLl

o
Lo s 53U e S 03 J -0 8 S
- ON PV S SN WS VP VRGOV IR S
35 o sldsd= s (Agglomeration
S el o, 8T 56 (Hirano et al. 2010)
IN 5 1IN VItro oldlas s T Con 2 o 5550
b andlas SO sl 4 S 3 ) 3,46 VIVO
DL I S 2 g5 S 0 gl o ST
o o sl S Coem &S osba S el
ol o o JST a5 50 S ) e edd o e
(Shaobin et al. 2009: ,,
Lok o0 JST &S il S Sz 23
asb w4 aS ny s s L sk 3l Allg e


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

OLen 5 Obderas Cawg /YA

J.x.:oﬂ.)o—.h}:ux:f\; &{;JJ}/@)J U.A;-L.Z U’»’«‘ .JJ‘J
L oaglis 53 Jlie 53 opl OVl el s 1) Jos o

O ) il s o5 sl o5l ST 50

G
U ol b Vg 5 S s sl oS
o olaly s lesldl B e S o il e
Sl adls Clie mbio 5o ok slas )8 Ll
el 038 3wl 1y ol LSS slse ) G b
Slatie Lo sl (08 Coaw 2 Jse sla) st
g Cobee 3l bals T et 5 (S5
R R e R S e Rl RS T
Som g 58 DBl S D3 005 s sl
Lld 5l Lo gl S Cel LIS LEE e oyl
Coge a5 esy Cedl SU el (S5 Slasiie
Ol oo andlae ol 5l ol @L.: ey bodaes o
S ke bosssl S & 08 S e
cldsle 5 gl LB Sl Caen Lbsy S
soble a5 sl by Wby Kyl oladl & JUegl
sladse 5 10850 55 Kls oo agzlse Ol Soa
il il gl LB iE olsl o Jlk!
L 5 G K il 5 ml Sl ol by
EE Sl Uapd an S ks il ot S

J),&.: )lJ_Q C,.WJJT ‘_;.’.w da)lﬁ

S1038 9 K
eli.i.?\; O e ‘-;:u.«ipd CJL J..pl;— Jlas Q’i‘
&S oa Ol L5;L°~}J d“‘;“'\@" Sleds v‘i‘:’f» (*jlﬁ

MLl Slty s Colem Sl oplply sk e 10147

e S 0L SKi5 sl

55 IC50 , NOAEC _asl: s
3> 203 Jlon S 4 Sewd i Ly s st
Odsax) 35 28 asle Y8 5 1 agxlse goo00
LEsn S 3 S ol L 0 sU S (nl Rl
S o sl p S s NOAEC ol jluie ool
3V agrlse Soos0 53 a3 Lbss S 4 Cud o)l
S s Gl (O dsar) el 2l el VE
C b S S A b glechle s LBss S
5 TLC 5 1C50 ol jlais dil o ol S
3V agrlse Goosd 93 s el SO S Bl S
Odsdr) Ll S JlUssn S 4 o wsla VE
2 el S osisl S Jsbe Con Rl
Al e i RUsn S 4 e Y glac lale

S 2 YN Jle s Lone & gladlas s
sladse oy » ol L sl S Coen
O g 3 3l sl el Ll ay JLlegl Ll
G 5 nl3 5siS W (S oS ool L s b
33 opl S 5 L3S eslinl g Sa5 oS W
el S alis Cdsdns S LT s sl op S
Mol g s sl S e sl Ol addl
ool o s S0 S 5 sty S 51 3 LsaS
oS (Lone 2011 ol e 555 5558 A5
by pl5 0555 L3 ekd Wy ol i s st
DS &S 3 edd S pled Sl s )
o ol b adllae pl s eslizad 5 ge glac 555U
Ll A o

R R R
ool L sl S 4 s )l SO st
Ol ay ls Oboy & s Sals ks S 5
Tl olir S o sb S IC50 el s
eSS WY 5088 i w4l ele TE

spms 6oby Ol Slde 55 ol w5 el et


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

*q

[wng 25858 S (sl o Sla oL s

Lbs38 OUl s Css 5b o TLC 5 IC50 NOAEC cls axls pslis — \Jgr

FLonS oM S oasl ol L s s S LS
\i3 1 \i3 1 \f3 ! csle
Yo o\ Y 3 /8 oY NOAEC (ug/ml)
0Vl Y+44 XY 1441 V¢ £eY IC50 (ug/ml)
AYer ATees Yoo X YVee  OAvees TLC (mg/ml)

Sossd 35 Lbsn S s sl p S sl TLC 5 IC50 NOAEC axls sl o bl avslis =Y s

i T 0 9031 azms Slegbol bl e pasls
waitg.?‘y 4."&\.«‘\4.@.%‘}0

=./4q P< /) MWCNT-SWCNT

P<+ /0 p<:/+y  MWCNT-chrysotile NOAEC
P=+ /0 SA P<+/+ SWCNT-chrysotile
p=+/4 p<:/y  MWCNT-SWCNT
<o/ <o/ MWCNT-chrysotile

P P Y IC50
P< /) pP<+/+) SWCNT-chrysotile
p<~/~ \ p<~/~ \ MWCNT-SWCNT

P< /) pP<+/+) MWCNT-chrysotile TLC
P< /) pP<+/+) SWCNT-chrysotile



https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from sjsph.tums.ac.ir on 2026-06-18 ]

OLKen 5 Obdeas Cawg /B

wela Y8 57\ agalgn o935 93 53 Hltla gl 5l e wl;.i(..wdl.a ol slie (_;JL»T anolis — ¥ J g

tosesl amds  agalse by Sde 43 el e

Cos LS Sl st osbe
o \f3 1
p=/vA Vit M (ng/ml)NOAEC
p <:/+) N gLy (ng/ml)IC50 oldr k> s gl o S
p </ - SAer s (mg/mh) TLC
p </ v v (1g/ml)NOAEC
p </ \YTY vaq1 (ng/ml)IC50 oyl S g S o S
D<oy Vo Fous (mg/ml) TLC
P <e/0) Y/o \V/o (ng/ml)NOAEC
P <+/0) o\ Y 44 (Lg/ml)IC50 Jsn S
P <t/0 INER AERE (mg/ml) TLC

200 nm

B) sl i 5 (A) ol SO s 5L S S ST Sy Son g e =Y S


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

f\

[wng 25858 S (sl o Sla oL s

cpsfeV

12
10
8_

] O Cu Al

i ClFe Si Fe Cu Au
6_
4_
2_
0 | | J L Ll\[ T T | T I‘I ‘II ‘ T T T T

° L ¥ N e el W “ \ Nl
SEM 4 VEGA" TESCAN SEM MAG: 3.00 kx Det: SE Detector VEGA TESCAN
SEM HY: 15.00 kv 5450 mm 50 pm + SEM HV: 15.00 KV WD: 24.8080 mm 10 pm -
Date(midy): 02/06:10 Vac: HVac RAZI Date{midy): 02/06/10 Vac: HiVac RAZI u

J_:U}JJ”JS&JL:J‘)‘ oM%&b‘))J}f"ﬁ‘ g,&}&ﬂ}u-\“}ﬁ

SEM-EDSC S5 Koo 5l slizal b Lbs5 S il K g maie LT — ¥ IS


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from sjsph.tums.ac.ir on 2026-06-18 ]

OLKen 5 Obteses Cawg / FY

(B)My‘fjj‘)‘.\»}(A)My‘jﬁ}\)\J.\:Oco)‘.\}.\.;_-u_xj_’;b w;ol&‘}?d|ﬂjb}~u\fj‘)\ﬂl‘u"ip

References

Bussy, C., Cambedouzou, J., Lanone, S.,
Leccia, E., Heresanu, V., Pinault, M.,
Mayne-L’hermite, M., Brun, N., Mory,
C., Cotte, M., Doucet, J., Boczkowski, J.
and Launois, P., 2008. Carbon
Nanotubes in Macrophages: Imaging and
Chemical Analysis by X-ray
Fluorescence Microscopy. Nano Lett.

Davoren, M., Herzog, E., Casey, A.,
Cottineau, B., Chambers, G., Byrne, HJ.
and Lyng, FM., 2007. In vitro toxicity
evaluation of single walled carbon
nanotubes on human A549 lung cells,
Toxicol In Vitro, 21(3), pp. 438-448.

Gracian, T, Nagender Reddy, P. and Josef,
H., 2009. Carbon nanotubes:
toxicological impact on human health
and environment,) Appl Biomed, 7(1),
pp. 1-13.

Han, JH., Lee, EJ., Lee, JH., So, KP., Lee,
YH., Bae, GN., Lee, SB., Jl., JH., Cho,
MH. and Yu, 1J., 2008. Monitoring
multiwalled carbon nanotube exposure in

carbon nanotube research facilityyhal
Toxicol, 20(8), pp.741-749.

Hirano, S., Fujitani, Y., Furuyama, A.,
Kanno., 2010. Uptake and cytotoxic
effects of multi-walled carbon nanotubes
in human bronchial epithelial cells,
Toxicol Appl Pharmacol, 2491), pp. 8-15.

Lone Nilson., 2011. Cytotoxic and
inflamatory responses of human lung cells
exposed to multi-walled carbon nanotubes.
Thesis of MSc degree. Norvegian
University of Science and technology
(NTNU).

Masumi, A., Toshiaka, S., Toshie, S.,
Mttsutoshi, T., Shiegeki, k., Kasuke, N.,
Heihachiro, A. and Shojo, F., 2010.
Genotoxicity and Cytotoxicity of Multi-
wall Carbon Nanotubes in Cultured
Chinese Hamster Lung Cells in
Comparison with Chrysotile A Fibers,
Occup Health, 52(3), pp. 155_166.

Monteiro-Riviere, N., Nemanich, R., Inman,
A., Wang, Y. and Riviere, J., 2005. Multi-


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

B s 0si sl n)S el p la et L e

walled carbon nanotube interactions with Shaobin, L., Li, W., Lin, H., Ning, F.,
human epidermal keratinocytesoxicol Matthew, W., Rong, X., Yanhui, Y. and
Letters, 155(3), pp. 377-384. Yuan, C., 2009. Sharper and faster "nano
Murr, LE. and Soto, KF., 2004. TEM darts" kill more bacteria: a study of
comparision of chrysotile (asbestos) antibacterial activity of individually
nanotubes and carbonnanotubkbatre dispersed pristine single-walled carbon
i Lett, 39(15), pp. 4941-4947. nanotubeACSNano, 3(12), pp. 891-902.


https://sjsph.tums.ac.ir/article-1-3-en.html

Downloaded from http://journals.tums.ac.ir/ on Wednesday, July 24, 2013

[ Downloaded from gjsph.tums.ac.ir on 2026-06-18 ]

Scientific Journal of School of Public Health andtitute of Public Health Research 44
Vol. 10, No.4, Winter 2013

Determination of toxicological indexes of carbon naotubes and Chrysotile
according to invitro cytotoxicity on Human Lung
epithelium cells

Mohammadian, Y., MSPH. Student, Department of Occupational Health, Schoobf Public Health,
Tehran University of Medical Sciences, Tehran, Iran

Shahtaheri, SJ., Ph.D. Professor, Department of Occupational Health, Scta of Public Health,
Tehran University of Medical Sciences, Tehran, IranCorresponding author. shahtaheri@tums.ac.ir
Saboor Yaraghi, A., Ph.D. Assistant Professor, Department of Nutrition and Bochemistry, School of
Public Health, Tehran University of Medical Sciencs, Tehran, Iran

Kakooei, H., Ph.D. Professor, Department of Occupational Health, Scta) of Public Health, Tehran
University of Medical Sciences, Tehran, Iran

Hajaghazadeh, M., Ph.D. Student, Department of Occupational Health, Schoobf Public Health,
Tehran University of Medical Sciences, Tehran, Iran

Received: Sep 3, 2012 Accepted: Jan 16, 2013

ABSTRACT

Background and aim: In this study the cytotoxicity to human epitheliahg cells of single-
walled carbon nanotubes, multi-walled carbon nameguand chrysotile was compared based
on the following cytotoxicity indices: no observalddverse effect concentration (NOAEC),
inhibitory concentration 50 (IC50), and Total Ldt@ancentration (TLC).

Materials and Methods Human epithelial lung cells were exposed to ddife
concentrations (1 to 1500 pg/ml) of carbon nanatuded chrysotile for 6 and 24 hours.
Cytotoxicity was assessed using the MTT assay. NOAEC50, and TLC idices were
determined by probit analysis.

Results: The results showed statistically significant clatiens (p<0.001) between
cytoxicity and exposure concentration in the caflsallathe three compounds. The NOAEC
and IC50 indices were lowest for the multi-walleglmon nanotubes, while the single-walled
carbon nanotubes showed the lowest TLC index.

Conclusion: Cytotoxicity of multi-walled carbon nanotubes avlconcentrations was higher
than that of single-walled carbon nanotubes angschite. This would mean that exposure to
this compound occurs at low concentrations. Thysotaxicity of multi-walled carbon
nanotubes is a cause for concern. It can be coed|uben, that, like chrysotile fibers, crabon
nanotubes are also considerably toxic to humame&at lung cells.

Key words: Carbon nanotubes, Chrysotile, Cytotoxicity, Toxigical indexes, MTT assay
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