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Abstract

Background and Objective: Multiwall carbon nanotubes nowadays have multiple uses in the field of
drug and gene delivery and other biological fields, and it is necessary to study their potential toxicity on
organisms due to unique properties of these nanostructures. This study was conducted to determine the
toxicity of multi-wall carbon nanotubes functionalized with carboxylic groups on the function and
structure of the rats liver tissue.

Methods: In this experimenta study, 50 mature female Wistar Rats were randomly alocated into five
groups including the control group of normal saline and Tween and treatment groups 2.5, 5, 10, 20
mg/kg/bw concentrations of multi-wall carbon nanotubes functionalized with carboxylic group with
diameter less than 8 nm and length 30 micrometers that was received in 8 steps, intraperitoneally. Blood
sampling was performed in two steps (The first stage was one day after the last injection and the second
stage was 20 days after the last injection). The level of activity of the aspartate aminotransferase (AST),
alanine aminotransferase (ALT), akaine phosphatase (ALP) enzymes and the amount of
mal ondial dehyde were measured in serum. By preparing the tissue sections of the liver, a number of rats
in each group (after 20 days from the last injection) with hematoxylin-eosin staining, the tissue structure
of the liver was examined by optical microscopy. Animals were weighed before and after treatment.

Results: In the first stage, only the mean of AST activity at 5 mg/kg/bw concentration was significantly
increased (P<0.05). In the second stage, ALP activity was significantly reduced (P<0.05) in all doses
higher than 2.5 mg/kg/bw and the activity of AST and ALT in doses of 5 and 10 mg/kg/bw was
significantly reduced (P<0.05) and in the dose of 2.5 mg/kg/bw was significantly increased (P<0.05).
Histologic studies revealed disturbances such as degeneration of the vein wall of the lobular center,
degeneration of the nucleus and hepatocyte lysis with severe atrophy, irregularity and dilatation of the
sinusoids and accumulation of inflammatory cells in the treatment groups in dose-dependent manner.
Based on the above findings the most disturbances were related to the 20 mg/kg/bw concentration.

Conclusion: It seems that multi-wall carbon nanotubes functionalized with carboxylic group, even in
small amounts (2.5 and 5 mg/kg/bw) after 20 days, are toxic on the liver and cause liver tissue and
function impairment.

Keywords: Multiwall Carbon Nanotubes, Liver Enzymes, Liver Tissue Structure, Toxicity, Rat

Received 13 Jan 2018 Revised 2 Jul 2018 Accepted 18 Jul 2018

Cite this article as: Mitra Kooravand Bardpareh, Ali Noori. [Liver toxicity of multiwall carbon nanotubes in rats]. J Gorgan Univ Med Sci. 2019
Winter; 20 (4): 36-43. [Articlein Persian]



(VA 52 55 52) € 5l Yo 93] WWAY imo | ol 55 o2 oole olSutils sale almo / T

2o g0 30 05190 W (T Sdll 9l (ST Cuow

Y . . \ . .
* G619 (e JTO 05l p Aiglygs I e
0000-0003-2034-3667 3.5 ) S 5| ! ¢ slgol o cadlal 13T olKitils oyl M6 Ay c(5 53l (5902 303 il 5 (5ol pole atis, a )l paslis IS )
0000-0003-3083-6602 15,1 oS .yl ! ¢ylgcal ¢ codusl of5T o8l ¢yl )93 Al ¢ gulids s 09,5 Loliwsl ¥

o>

£

Siaw K3 sladin) 505 5 auls S diaf 45 scdazo (glas U5 ol oylgadiz 50 S slo ool o)y 0l WBAD § dino )
)//._9“‘,_.4}# 2 gt ol CJ/J}"}AX [ﬁv’id‘«"’/dt\m" 4[&}&"[«}'&'&/}){4%//}’@4?}1 J;w/‘;)_;/jm
S bl g 3, Slob oS3 S 5005 5 b okl I3 fole o ylgrsikiz S slo 3l Gt s shito & aafllas ) 5,05
o plil 2] e (a5

ajjf"/nu‘;.u’; aij..u',u/,_....é’&b“!' a_;;ﬂ Wyl .:/J“Jc'/ér a:b&wdﬁfﬂﬂ 0 JJ‘?J“/&"J/J":LE")))? &j)
4_;)_(['4 4.4.«"7)/:‘/&1.9 4}/_,\3.’.—(«"’ “'}:4;4/}/_’4'1.;)'/ Fegle 0 ¥/0 mg/kg/bw d[bd&lﬁj[«f"d[bdjf} oz ij}/ﬁ}:‘j/‘j“' dals
by Flio G503 s 5 Obe 53 Jas Se S gt Ao 4o &S sy Sy Kl sb g e glA ) S RS L S 5 S
J/J'—,d.ul;l_gu'/(‘jaanr'wJ_"/’j/ﬁjjj re £s° &f}&Jf'in/’j/mjjj <~ Jj/d;-,o)a’fﬂﬂ‘;,_.é;.s.u
(aspartate aminotransferase: i/ éu/J sies/ i, bl (@lanine aminotransferase: ALT) i/ dul i sioal i ¥l (A (slom T Colled
I FL pblis 4gi b odd (5505141 &35 o pow 3 dill] (55 O lle ltis 1 5 (alkaline phosphatase: ALP) jGléws ; IS 5 AST)
b Sl ¢ o - S i lan (5500l Ky b (g 7 0 T ) g CoddS Gl ) 05,5 2 43 ol me slo bgo G ooldai LS
Akid 0 O g 5 Sl i p G b im0 3950 505 5K s S a7 S

33 o 3 (P<0/00) Sl i) o fme st 0 MOlkglow Llé s AST /.,;/';.,wa.é'éw L Jyf al= o 4ol L8L
J3ALT 4AST ‘;uﬁ;/’c,.,/wj (P</00) Cbl (o ls sime (s ylof ials Vo mglkglbw I iV slajgs plas s ALP /.5,"/1;._./1.‘.4
Sledlls .csl P<2/10) (s yls sns (bl I35 /0 MOKGIOW jigs yo 5 (P<+/20) fs sine s ilof ials 1o 4 0 mglkglow (sla g0
‘..—9.4_«"7‘,_9‘;/"/’[4 4/24‘5 léér»d_y'éd JJJ};J‘; MM“JJ J,l’vﬂd_y_,f;/ ‘ffs[_m« 4)/_,3: IS 4/j:ﬁﬁu",’"y)(&'>'/dww 6—’«-"4
At S (G gy M3 DL g0 4 iy Sy peots lod (o0 S 50 Ny g (slad sl o 5 liky g L] 5 ol
o Femglkg/ow chlé w by o oYM/

FRZ mg/kg/bw)/._(ﬂ.’l_&ﬁy&/,...@;ujfy ol yls fole oy godiz S slo o) 6l 48 doy o iy 1S g A
.Jﬁw.@f.}ﬁtg—ﬂj aéJéw’y)u/ang a:ﬁw-{ft&jlg‘;/}g 323 ye w.g_j/w e

gﬁ"j""’é J;fﬂ ¢ e ¢ .l:.f‘;."jér_/k;'-b ‘ ‘;.4,5‘;(6 ﬂf';/" aJLq.:.L:’, w;‘;hdjjjb':mﬁj‘j A“AK

ali.noori55@gmail.com S.ss wSUl oy « (5,88 (e 1150 1 Jghuns 0 gd #
YV XVEY YD Gl )l oM asly oDl o131 olKils ¢yl 55308 ¢ Lol + Sl
\FAY/EITY lio b oy ITAY/ENN ) 1 ole el TATN /YT (s Joeo9

(CNTs=carbon nanotubes) = S slaald b bl 5L Aoddo

5 1S Gl S GLdslp s ool s
18 ) (63 et D) ot 5 OT 015 0 o5 itas 0512
B3 4 LSS 5 53 Oad (sl @l gl IS8 4 ol adony
595 55 o or o 4 IS8 i ol Sl sl S1.25 8
syl b aVliz (oS Gla d )L ks o kilny
s s ol sl S sla 45U () LT s

Cdl ige 5 508 OLays (6415 ,nSe 35 5 5,05 JUGS

S SLa (S 55 0352 ls Lol 0,5 slad Jt
5035 Sl (ol ( (S S Cula b 515 5ay puams
Opima a5 3 5mn S b $U 105 5 91> Jom Sl
Sl past ) 48 Sl (550 5 (e Sladie) 55 (ks
V) sl 4zl ol jan 4 O (gl 56 1y S ks Sl Sas
3l LS L Ll e e gl 5 (S5 s S s
P 3 S D LS ks GETL by 56 03 guoms 40 T

£Y 6 ¥ Cldiao



YV 8% e 53 9 8,13 Ngly5 e

C)&\}thﬂﬂuia%wy&\wdudﬁy
YorA Jle s 0L, s Poland lastllas 5 .(VF 5VF) ol 03ls
o YU bl G Loyl g i o S (slaad 5 a7 sl DL
90 3l o Sl Laptis b 5 b s 5 5 Sl
e 5 0 (Ll e 4 055 Ol 0l 5515 J ok polie
23 e (10) U 8 a5 b sLa 1S 15 5 Ll
35S el JobaS b5 8 asie Yo o8 Jl s glanlas
@YU Ll 5 Sty o i 5 ol 3 5 5 1,0l
G5 08503 Lol E 53 (19) sl azdls Lewdly sla g 5 b
03,5 Lol yls Joale o)l 3 5 o S sladl 56 Blis 055
e dis Rl ol el sl e S 5 S
S ke b sy 0 i (W) s 8 5 53 35 STl
595 b gdaze ol ge 4 Calides Solalllas s o ST sla A J 50
S Ih lad S35 S Shs (35 Dl o o3linl
Y310 Sl sy ol slaos 8 05 5 55

slaad dsb Sl 05,5 G5 JUA Caaw j5b- aslllas 5>
slanl o oS 2 5 slres S Lo s Jols o)l o S
3550 ST (BU bl 5 Sl 0T 15 plnSTl slalid
255 15 anllla

IR 92

L sl 5 5155 03le (gl s Eg0 00 o2 andllae ol o
o e o&ils gl sl 0uiils I 0S¥t 855 o s oSl
L AT Lol 5 3 Dbl s ()l 5 Olgieo! (S5
Celu VY - glidyy Colu VY 5318 sle am )3 Yo oY0 glos
L (A Laen L (68 5l st 4y S50

Ol 5D oy Ml T ol&Kils Sl g Y 5 anlllas oy
R s Al ) se SLi T A el Y40 Sl 5
b 553 E 15 Ol Olo s s Aty oDl 33T oKl
35 aallas s ezl 3N (gL Jaddly st
3,5 ys (International  Association for Study of Pain)
aallls Jsb 55 SUlem 5 (A) dd plowil a2 L5T Sl
il e 5 OT 4 B8 o ws

oyl gt S la a5l 5 Sdglgib & 3lueskT
db o gUA S| 28 18 L JouS 5 S 09,8 Los s Jule
Ol 33 5 5 5 OS5 51 deo 280 o st 4y 5 e g St
S 585 e powe 03557 G (s S (6l 5
) S5 P g o 3 ey A 5 Slen S sls AL
3V DD lajss 5 s S eslizal SN Ol g 4 (o 4y &
T ol 53 (1Y 50) b s 0 855 0 S S i p 8 e Y
Sosb s B sl S5 O gl s 485 Sl 055 )

(WA (2 55 2) € ojlowd / Yo 0,93/ VYAV o | o5 (Siizy ooke olSuiily oals dloxo

s;l_f@q;,s,m{;gin Vivo Ll é 53 LT 5l eslizul . dizua
e Ol iy bte e 4 s yls Caldibes glal il s
laos S o 5l Cadimn oo slaes S 035531 &) sty
Sy o 1S S dd 5l o gy fonS 55 b JeS 5 S
) 65 s S e Bl Sl T 05 58S
25bon 6T (BL 358 5 05 2.8 53 55 sar a5
ol DLl 6 =551 3 o me 53 Calibes (slaely 2 b 51.(85F)
5 5 Sy 2l S S SN L sy ol
I 50las G b 5lagss mlow nl 4 b s o OLS LS 1,
e 33,5 o sdaie S ol slaml 4 e (2518
L 555 0503 i o 4 bolsla st ol (Ko sl )l
Ygane 358 Sl GlaaanT ot Ul n Sliw 03,3
A ST byl o ST lad S5 5 e 3 sla e
St S A S 5 gy S sk sl 1055 58
5 Gk 5 S sle b Y pane (8) dins e 0L
e (a5 sl 5 055 n 5 0551 315T SaJSS1
e ol 13 (Sl et L s St s
)38 o oo o 355 55T ol (g1l
S5 S S Il 8 ) 5 Sl s 5 6oL slalon
S slaad J b as das e Ol Slalllee LSl Lol 63515
O 3,5 (550553 GaaF G b 548 (ol&n ea ls el
e 0903 Al Jo b 658 e (5 5 Aile) Ol 5
53 V) Lgds,ls S 5y cJlab 5 ST ol JUbs 5ol S5,
50015385 S b ALK 08 Slnass sdaze Slallas
44,?@_,\ 0340 4S8 55 GIDNA 5 )15 fuS 5 ) o)l ok
(Glutathione) GSH > sae als” Ll e sdalive 3L s o
S5ssds LS glae ST Jls o tme 3l
Sl j el 5 NT (Lactate  dehydrogenase:  LDH)
5 il 5 g S, LT 5 (lanine aminotransferase: ALT)
CS S olias(LiS (aspartate aminotransferase: AST)
SLr b paos ot (6,505 aalllan 53 man (A5A) 3
LY a3 L) U3 ol b b o s Jole o1y &S5 0 S
38 g oLaF Sl ey ST 53 (g SCa¥rr BY e b g et
5> Warheit asdlls 45 Sl 55.00+) 03,55 sbwl 8L Cane
Alan, Sl sl S Sd 5t 03y e ¥ F L
ol g3z oS slaad Jb (850555 G5 5 (1)) 5,8
5SS 0 SIS 0 8 eVt 53 L laJenS 5 S
Ao ele a3 4 dtsly O st |y (Solo e 5SS o S
e Jsbla 5,138 & s g (VY) Cbls o jan 4y 0S
33 on 38 papedbian; s el 8PS e S



&) Uyl o 55 ALT SALP (slag 55T cJlas ook
LT OMst| Caiien sla 03 5 0 (G055 0 AT 51 ot S50
o mg/kg/bw -~ Ls ;5 AST (,i,-_;T Sl ol QLS (551> gme
ol 3l ol ime s ba dals 05 8 4 o (Y OV /AY)
3 o 335 0) s ado o 3 (&S dsr) (P<2/00) sl
‘_;\_a)',;);;l;u_msg;\_QTm;Tc,_;w(g;ﬁ,; T
9540 S (P<e/00Y) (oI5 gme ysbas Yo 9 )+ 0 mg/kg/bw
Sosban 355 555 4 ls 2ol ol 5 3L el Kos ey 8
S5305,5 33U 534 xS S2alS Y mg/kglbw a3 s &S
(P /o)) il (g ls ae g laT Ml (Ve 50 mg/kg/bw)
Ve 50 mg/kglbw 45 95 ;5 ALT §AST 6va.ij'._3T Sl
Y/0 MG/KG/OW 553 55 5 (P<+/++\) Jls —ian s LT zal S
ol asT Iy oils (P</00) Hls ime s HLeT il 53!
el 05,5 & o Yo MOKGDW 533 53 0 5T 53 ol led
Cdlb 53 s O (eSS Jg) 555 s sme ST L
plad > ol gainr S Glaad J5i G5 e oS lapu 5T
Lol AT (63 0 Jle Ol n 53 (5ul3 mn (soLT i clajgo
(Y )15 503) 5 50

B( )auFidial  @( ) sk iddas

[
[=]
o

S il a5 (Sl
"
w1
o

5 10 20

Wl
N 059 p RS s a S e Gaa (S A gl ol Cilida 5Ly clale

il glackils 4o ol e slabpo Ojs pwfilo o) s pai

Fo o . - e g
SN G 5 i
0 3l (53 g olla
16 -
14 -
3 12 ] .
% 10 - ehiky e
- EEEk L
= i Lt i
187 EEE B
BN e
g g [ylw]
3 a4 [ L
il Pt T
4 gt T
2 pE : i

Al 25 5
% 039 p RS g p R e i s S ALl il Cilida (la bl

Ciliso glaoy S 43 Al (63 G lo Sldde 5 Kilea 1 ¥ o gai

N1 tolie 4 Sl g f ol S8k Sllae I Yol gl
6&@},?)’\ (a'ﬁ 3L sl ¢ 5 81 = koS Slan 6}:»T¢§§)}
NP G5 P sSas Son a5 (613,85 gy 2 35 g0 il
oalin FUY gla JSKo 55 @505 Ol sie 4 T 3 (goluws 8723 &

tlyzeo (g y3 0yl51d K (1,8 Sy P (S Conons / YA

o S5 515 e 3 o3l B 5 555 5 g pts oS
Joloms ags 5 G5 OLSGl 5o Laad 5 (6555 sy
A Il 5 s 05 gen 5 S 5SS

UV 0 50 4 25las Oy s 4 Sl g 15 T Higed 0gud
ARIPATITI V- JE S PRGNS J PEPF I g SN
i 09,8 5 S S ddSL 0k 055 e SAS e S e
L dis S 3l 53 7 ol o 0 (5505058 o als 0 8 O e
3 Jrol &85 S Sl pde e B sla 215 @ sl
03,5 {0 F) B tsleST Dbl Ly 50058 e oo
s Glres, S Ldalioy, 8 yusman S s d,aS
e e (S slaad P b odS” Sl s (slaes ;)
© 5 0l 53 555 850 S 4 JA Bl 4 o ST e d S 5L
s o o 53 55 (6 8055 e b Gy 5 (Flis 033 058
o5 ¥ 5 (i 28 30 Gooy n AT 5 e 55 K
SLaCS ool L 5 4t ol (5 51 L) Gio g 5T
oKws b g5 5 LSS 0T 428" st monobind g e 5o
Sl JISIT s Lae 5T ol Ol ;.0 mindreyB80O
O3 e 3,50 AST JALT (alkaline phosphatase: ALP)
Yo s slaapes 53 ST (65 O dle Ol iopen 23 8
3 OWIT 528 L MDA &S Sl aslitel b cp 53 4 0 035
o3 8 (58 0l ol S5 5 55 (5 0 535 Sl s @

G5 3l oy LS e il Slalas (1
(gl Sy 09,8 1o 5D SUlym 25 5 033 Ao o
6HT&)g¢épcbua,af,|,;.w,n~ ol b g3
PO Lo somn oY 3 45503 58 515 4g 5 S koS sl
[—zﬁwbﬂﬁﬁt—zc@?&ﬁdﬁ)ﬁ“{x‘%(‘y
G2 S 5 (s 2 20500 (2033 % e S5 PSSy S
555 SN 3 B 5 G5 sl 3 S 5 Sl 23 S 13
35T (63 0 Pl i 5 suS” slags 5T b Ko ks
L g dals 5l slaes 8 5o ol o Gl Jiss 055 O i
5 OneWay ANOVA) as b &S il s 5T 00T
Sleslicul U - SSls & 5 (paired-t-test) ois Tt o3t
iglin 3550 0/00 1 2087 (6515 sine elaw 53 SPSS1T il
i 8

sl

L 1039 O ki § 0 Sy 5T (i 31 Jolo b
Slas Sl dm 5 J8 lnes 8 plas s gl o o e 0
GeaF ) ke akiasdles o I LS (6l sime (LT ok
DUl 055 ks o EShaS 50 5 05l ok 57 sladd 50
(S5 13 503) ol

(W o 39 ) € 05kosd ] ¥ 2,99 | WYAY i | 16,5 Sy sl sty sl sl



YA 359 e 553 9 23,0 g1y 1o

b ol sla e 45 Sl ok 4og7 5 bl £ 1 St
OMYGKIOW b 09,5 13 o0 i1~ ek silos (5500l K5
A sladsh poazei (@) lodis gt s ploil 5 hkd ol
(T ot Okt Ly g LaCaren g7l O3 1) @0) &y g (5125 3
() 5l pio 5l ima €) (b5 S5 e D)
Loox gl Sip

b gl slobpo &S okl agi 55 ablis 1 £ S5
P MKW Lo 05,5 13 i il e il (5 500/ K
PRes 5 g sbdd S o JE 5 meis (sLd5 sl ()
Joex ((A) bl loCow gils SIUE LI 4 conf
Sl s b ol ot oyt OGS S 5 ok Ay T
ol 033 Sl 4 lisSTy sl &S
ek ol e gilen slaclib g lakdy gt Comis (o
oo olpod 4 (A) oo gils 4, el (sladins .Co/
odis B) bodiyj gl s3 okelS (sladien b i 557 slac sl
RN

&

—=
Slad Pk s Slacble ), Ko G5 ol Gk )
el osbe gl o (SLs hs0 4 SULuS 5 S 0l oz o S
Sl A3 IT (63 0 e (S (gl 5T Sleb Olsn 5 5 8
LSS S5 et 35 et 3l g DUl 035 5 A4S L
dn s S5 J S 05 8 5 sk slaes S e ge 055 SSbe

(A (253 () € ylond / Yo 2,93 [ VYAV (b [ (5,5 Sz pole olRuils sole dlxe

93 am b ISl S e st s
0,555 Jols L OVl Lol oz a3l OS5  + mglkg/bw
Sy s 5 s 755 oS (Y3 5 0 5 b ol 0
23 edii o Lol e Lo s Ll 4T JSC8) a5
Slad b pans 5 S 355 e slalidd 5 (A sl slacll
slas Ol bl 3 o3 e (b Jd 3k 5 b Jds 55 Y sen) lel
(IS LT an Ous T s bl sla Os (s
5 bt S (6 all b ol ln s 05 3 5 35 5T
STl ;S5 a3 s e odalie (F JSK8) S3b w ali ST
AN 5 Sl Dl S 4 aly O oy (Bl DY
oS slaad s Y mgkg/ow Cble 5oy 5 S s Ol ks

s edalie °)|}:'.J'\‘:’q'

K b 2l slotpe AS il okid agh B ablis 1 ) JSS
LS Al Condy dal 03,5 43 oy ik Tl (]
2 AE S @) s 350 Sl )l 43 P oS (I
";bc.:u_y"é.ﬁ 34 0 4.9.9‘,4:.5.4 C—‘YD&’/M G Al 4‘;;
Poox 2lod S €) by st B) and
b pils 4t 5 @) gl slaclid 5 Loy j st (0
Loox plad Sy ool pank

K b ol slotps AS il okid agh B ablis 1 ¥ IS
V0 MKW  low 05,5 13 50 1= CoemnS 57 lot (0]

5 et 58, el (D) Sy 350 S ppl oyl OAE 045
of ot Loy st g3 polil g 9 BIOC s gils 5y S 65
(b pblio oo ys 43 Ly j&0) sobinjgiows gLl b
£oox olei Sy



tlyzeo (g y3 0yl51d K (1,8 Sy P (S Conons / £

ool )5 God Sl By 57 o BT G A g V0 g sy S5 oS slom 5T clled Do i - ) Jpud

ALT(U/L) AST(UIL) ALP(U/L) (glkg) lesy 5 Gy Ol
ON/EvE A VTUVAE YN /o FiA/ e FE YWY ol
OA/TeE NN/ Y VPPt A PAY/EVEEYA r/0 mg/kg/bw
15/8 v 1£/48 Feo/VekPoAl * PYA/AVE P /5 Y 0 mg/kglbw
/0vkYe/eV AN/ IS YA/ THEAE /M 1+ mg/kg/bw A A s S
HFIF
Vet vsor 19r/0 £ 14/P) rra/s ok or/vY ro mg/kg/bw
a4l Zlx] VA4 F
pP>./00 P<+/e0 P>/00 p-value
£4/rEV/NT 114/1 £ 1PY/0r FI9/0VE 1A 1 el
ok )YV 19£/005 1A/ 1 £ * FIAYIE A/ 1 r/0 mg/kg/bw
Y/ AAE S O+ VIS Tk F e /A > T1/00% Yo/ IA** 0 mg/kglbw
T VP N N T O1/EVEN1/4) *x f + mg/kglbw “"f”""/""?_"” r
04/4 % 1V/és VEV/A Y/ 14/ IAE VY o per* ro mg/kg/bw =
1£/0A 10/70 14741 F
P<e/ee) P<e/ee) P<e/ee) p-value

dals 4_;;43 &ru'}[«f"d[bdjjfjdp<'/"’** ‘dals 4‘;;45 W')L«r;";bbajjfjép<‘/'0*

ROS 0581 b Slas £ 5 (8K 5 g (655 5 55
(S5 55n e 53 Sam S 53 L (S5 5 DNA i
Sl 53352 g0 (Sla 5 5y L retins 6 L i [2S
Sl pmpan ASls Lo S 5 5 Joe e sSses S
Ssle g3 Shes 55 0 S sla A5l 553 g LIl (s 56
23 S $ 55 LA (3,0 510505 W T g5 505,87
sladsbe 53 (55 GLa0 slise 5 Lo i JLL ) slad s
LU 55 6,50 S8 53 (Y1) s 8 Lt g el g
At o L) 0 s el g als (BL o) 5 OLSn
b pesbh e B o)l oS5 0 87 sle 456 (US03E
S sl Olas Calides gladl 55 (S ale 0953 355 Sl ome

ot A o ST (53 3ol L a3l > i e
G35 S e VU i3k s s 53 8 o lay ey
Lol plo 5l i (S S 50 pand 5 358 )50 5 )3
eSSt G5 e (6,505 G 3 (1))
500553 GuaF IS 5 lsp sl oxlmadir oS sladl J 5t
05 e Yo B bl oS S o)l ki ST sl AL
5 A 93 e e Sl VP Sl Gy dla hge a0 STAST
ALP &l 2alS 5 LDH b ol sl s Lo S
B i S L 5T 5 Jolse plo oS Jo 535 8
N Sy 557 Slad g mazd o 4 ST 3 55 (imen
ooy S VL Sl s & s § atie 5 i sdalie o K05
S SLaad I3l maS w5 5V Ll e g o] Jule

S5 0L gl ime LeT oMl o S sladl J b oy 5 )
AU G Sl 035 2l 5 ) el s osles
SYang j ki mls (s LS 55 43S0 5 0 S sladl J st
52080 L g 4 S Glalllas U 53505 lsseen (A) O1,LSen
f5sls il ae ol 5 (Y1) 01,8 s Liu 5 (Y+) il SKan
oS Sladd J5baS Ly 4 opl 4 LT LB S hean
Cl Kan 457 558 0 o] e S8 3 30 O 05 2alS Ll
235 05meS T dr FalST 5 s b bty 53 pexd o oy
AL b d e 5 I sl doe

535 AST il e b & N Jsl ad 5o 55
Ol 3 Al o 53 .23 Rl (5l3 sme ) sy 0 Mg/kg/bw
SV sl bl L jlad glsey s ALP e
SALT ol Ol e 5 2alS (6 5l5 e sbas /0 mg/kg/bw
039 el SV somgkg/ow s ac_Lle ;5 AST
el sl 0L (s ime 5oLl 2l 551 /0 mg/kg/bw
O 5 g ) s (ol o Jold 5 AT BB
23593 4wy S gy Slgdl sl 5 OS 0 355 s S gl
R S5Y-351 INEVE PR RIS JOUE g NS P
38 ph AS o S Gl st

G205 OLKes sMuller Low g ods plowil Slalllas 4 4 5 |
LDH b Ol e ol 580 Esl ol o S sladd 56
5655t nT Sl ol e 5 Lajls Sl s ba J5 55
ST s 4 ) s ol i ) 45 43 8 S 5

(W o 39 ) € 05kosd ] ¥ 2,99 | WYAY i | 16,5 Sy sl sty sl sl



£y 8% e 53 9 8,13 Ngly5 e

ubudua};“_;_i)jQL&::\J.:JM_:A))[X@&LA}}:
5 s ol e 1 ey oslie glale; e 5 O S G S
(ol i 53 el 0 31 sl g ol e ke
DA g 5 ¥ oS 0 S o)l o (0 S slaad S5t
VLS sl G A8 (6l ol laSsn 5o (o 5
%L&S}‘&‘N6&&;&()}}}.«\.&.UT6:Q}‘L»J:¢§(=.LGJB
MBS FCEN G URCEV L SO PPPEP PP ICH PN PRI E:
)k}u}uvﬁjﬁ A:.:JLQ.@ )J G-J\ni' }l:r.i‘ CJYM}‘ LJ‘})Y' )\):,&?:
plonil a5 0T L1 o7 55 8 (5 by (35 4 b 5 ™ 3L
éua};)zﬁw.:)‘:wja\ﬁd%@%
Bl S S WP 03,5 S8l a5 g 3 hele
2ol O 5 T e

& 5 dom

o.\_.i:)\.sJ_aLo OJ‘ﬁJJ;?‘Sh;d\AA).‘j}USM)‘;JEQ
W(b;\’/bmg/kglbw)v_fﬁ:ﬁu):&_}:..S}{erbfb.
35 SYt| Eel 503 o ST 3L (6l S, Ve b IS
3 et 535 €59) 0L S 0laj o Ll 6555 e 1S5 Shas 5 23,
33 5 i L Ol Yol 5 a8 sl e (Gl
))@TW}“QM})\?)LA%)AL.@})}&A\&&U&G}J?
.:;(.5}_4'(,';)\“);;.\»5\,;

S1oy8 9 K

L (VY 0Y48FY 1Y 65l 8) aabOll ol dlie
4:_::))3u)‘wu)lfﬂ\_’.-)bJ}‘d‘jo)\:’:bﬁd}}b;‘ﬁ.ﬂ
Ol ST o5 31 (655l 5858 41 5 o5l psle
JbToli_;q‘)?J_wa.bj_mﬂ)\d:_u}dw\;A);QB-))}E.\:-‘)
338 (o 1355 Ol 5 D6 a1y aDlul

References

1. Hillegass JM, Shukla A, Lathrop SA, MacPherson MB,
Fukagawa NK, Mossman BT. Assessing nanotoxicity in céls in
vitro. Wiley Interdiscip Rev Nanomed Nanobiotechnol. 2010; 2(3):
219-31. doi: 10.1002/wnan.54

2. De Volder MF, Tawfick SH, Baughman RH, Hart AJ. Carbon
nanotubes: present and future commercial applications. Science.
2013 Feb; 339(6119): 535-39. doi: 10.1126/science. 1222453

3. Yomogida Y, Tanaka T, Zhang M, Yudasaka M, We X,
Kataura H. Industrial-scale separation of high-purity single-
chirality single-wall carbon nanctubes for biological imaging. Nat
Commun. 2016 Jun; 7: 12056. doi: 10.1038/ncomms12056

4. Vlastou E, Gazouli M, Plouss A, Platoni K, Efstathopoulos EP.
Nanoparticles: nanotoxicity aspects. J Phys Conf Ser. 2017,
931(17): 012020. doi: 10.1088/1742-6596/931/1/012020

5. Lacerda L, Bianco A, Prato M, Kostarelos K. Carbon nanotubes
as nanomedicines: from toxicology to pharmacology. Adv Drug
Deliv  Rev. 2006  Deg; 58(14): 1460-70. doi:
10.1016/j.addr.2006.09.015

6. Abdal Dayem A, Hossain MK, Lee SB, Kim K, Saha SK, Yang

(WA (2 55 2) € ojlowd / Yo 0,93/ VYAV o | o5 (Siizy ooke olSuiily oals dloxo

LT o anine 5 01311 6T (55057 2 50 3L s
G5 DA bl Gass 53 &S Jl 55 (VW) das o el
2L A SIS S o)l s (S sla IS0
aS sl ol g, ¥e gﬁa;\f;\ﬁuf_ﬂqwjgab_
s 56 o o ol oS (VYY) Sl L ollas
lasLes sl 5 oo $la Calies i1 L T 557 548 s
Sy Sl T (63 0l Olpe p 4adl a5 dsL 4510
09340 Al g5 o laand )y 6L 457 das oo OLES Calides Soladllas
23 O ¢ J g 0355 SV sloml o g0 9 5585 J shor
plaalslonl (oo 5 aiud DS ide L ¢ o Lis SV L)
Sl a4 (YF) s 8 g &80 Sl 03 5 55301
D el G 3 ST 3L Calite o S oy S5 e
sShvedova asdlls )5 omen i 0550 SIS e I
N3 JenS 528 o)l ki 5 SIS0 Goy 5 5y OLSes
sdalive S bl bl 53 bl andllas 4t SV (V)
sdaze O LS g Lacerda aalles 55 5 b 5lds
OFUS Lo s Lol paiin 50)l520855 08 o dJt
e d sl 5 sloulcany 3, Shee 3 conl 5 Il &) oy
i P S O e s L RS JLb )
o3 o s IS 038 Jlab Gy b 5155l slaeS 5 e
I 0) 4 8 S (p S5hS r 0 8 e ¥ VL (gla 5 55
oS Sl ISP 56 s LS LS (S s
o O e el (SLn 5y 0o S 0] 55855
G 3 5 el 5 AT o 5 I8 st 05 5 b
oS Sl ISt Csle 5 (ol b 55§ b ge p) S sl o
deolse o5ty oo i (Y2 5Y0) 5505 Canl S8 5l o
(A ouxie a8 Gob 005 S AL S s
GM, et a. The Role of Reactive Oxygen Species (ROS) in the

Biological Activities of Metallic Nanoparticles. Int JMol Sci. 2017
Jan; 18(1) pii: E120. doi: 10.3390/ijms18010120

7. Prakash S, Mahotra M, Shao W, Tomaro-Duchesneau C,
Abbasi S. Polymeric nanohybrids and functionalized carbon
nanotubes as drug delivery carriers for cancer therapy. Adv Drug
Deliv. Rev. 2011 Nov; 63(14-15): 1340-51. doi:
10.1016/j.addr.2011.06.013

8. Yang ST, Wang X, JaG, Gu Y, Wang T, Nie H, et al. Long-
term accumulation and low toxicity of single-walled carbon
nanotubes in intravenously exposed mice. Toxicol Lett. 2008 Oct;
181(3): 182-9. doi: 10.1016/j.toxlet.2008.07.020

9. Clichici S, Biris AR, Tabaran F, Filip A. Transient oxidative
stress and inflammation after intraperitoneal administration of
multiwalled carbon nanotubes functionalized with single strand
DNA in rats. Toxicol Appl Pharmacol. 2012 Mar; 259(3): 281-92.
doi: 10.1016/j.tagp.2012.01.004

10. Schipper ML, Nakayama-Ratchford N, Davis CR, Shi Kam
NW, Chu P, Liu Z, et a. A pilot toxicology study of single-walled
carbon nanotubes in a smal sample of mice. Nature



Nanotechnology. 2008; 3(8): 216-21.

11. Warheit DB, Laurence BR, Reed KL, Roach DH, Reynolds
GA, Webb TR. Comparative pulmonary toxicity assessment of
single-wall carbon nanotubes in rats. Toxicol Sci. 2004 Jan; 77(1):
117-25. doi: 10.1093/toxsci/kfg228

12. Jain S, Thakare VS, Das M, Godugu C, Jain AK, Mathur R, et
a. Toxicity of multiwalled carbon nanotubes with end defects
critically depends on their functionalization density. Chem Res
Toxicol. 2011 Nov; 24(11): 2028-39. doi: 10.1021/tx2003728

13. Sharma M, Nikota J, Halappanavar S, Castranova V, Rothen-
Rutishauser B, Clippinger AJ. Predicting pulmonary fibrosis in
humans after exposure to multi-walled carbon nanotubes
(MWCNTSs). Arch Toxicol. 2016 Jul; 90(7): 1605-22. doi:
10.1007/500204-016-1742-7

14. Ong LC, Chung FF, Tan YF, Leong CO. Toxicity of single-
walled carbon nanotubes. Arch Toxicol. 2016 Jan; 90(1): 103-18.
doi: 10.1007/s00204-014-1376-6

15. Poland CA, Duffin R, Kinloch I, Maynard A, Wallace WA,
Seaton A, et al. Carbon nanotubes introduced into the abdominal
cavity of mice show asbestos-like pathogenicity in a pilot study.
Nat  Nanotechnol. 2008  Jul; 3(7): 423-28. doi:
10.1038/nnano.2008.111

16. Singh R, Pantarotto D, Lacerda L, Pastorin G, Klumpp C, Prato
M, et al. Tissue biodistribution and blood clearance rates of
intravenously administered carbon nanotube radiotracers. PNAS
2006 Feb; 103(9): 3357-62.
https://doi.org/10.1073/pnas.0509009103

17. Shvedova AA, Kisin ER, Murray AR, Kommineni C,
Castranova V, Faded B. Increased accumulation of neutrophils
and decreased fibrosis in the lung of NADPH oxidase-deficient
C57BL/6 mice exposed to carbon nanotubes. Toxicol Appl
Pharmacol. 2008 Sep; 231(2): 235-40. doi:
10.1016/j.taap.2008.04.018

il uo (g 3 0)lgr3 W (25 Gadly) $IU (G0S Conoms | £y

18. Zimmermann M. Ethical guidelines for investigations of
experimental pain in conscious animals. Pain. 1983 Jun; 16(2):
109-10.

19. Heidari-Rarani M, Noori A, Ghodousi A. Effects of
methamphetamine on pituitary gonadal axis and spermatogenesis
in mature male rats. Zahedan J Res Med Sci. 2014; 16(12): 35-40.

20. Zhao X, Liu R. Recent progress and perspectives on the
toxicity of carbon nanotubes at organism, organ, cell, and
biomacromolecule levels. Environ Int. 2012 Apr; 40: 244-55. doi:
10.1016/j.envint.2011.12.003

21. Liu Z, Cai W, He L, Nakayama N, Chen K, Sun X, et a. In
vivo biodistribution and highly efficient tumour targeting of carbon
nanotubes in mice. Nature Nanotechnology. 2007; 2: 47-52.

22. Muller J, Decordier |, Hoet PH, Lombaert N, Thomassen L,
Huaux F, et a. Clastogenic and aneugenic effects of multi-wall
carbon nanotubes in epithelial cells. Carcinogenesis. 2008 Feb;
29(2): 427-33. doi: 10.1093/carcin/bgm243

23. Lacerda L, Ali-BoucettaH, Herrero MA, Pastorin G, Bianco A,
Prato M, et a. Tissue histology and physiology following
intravenous administration of different types of functionalized
multiwalled carbon nanotubes. Nanomedicine (Lond). 2008 Apr;
3(2): 149-61. doi: 10.2217/17435889.3.2.149

24. Wang J, Sun P, Bao Y, Liu J, An L. Cytotoxicity of single-
walled carbon nanotubes on PC12 cdlls. Toxicol In Vitro. 2011
Feb; 25(1): 242-50. doi: 10.1016/j.tiv.2010.11.010

25.Ge C, Du J, Zhao L, Wang L, Liu Y, Li D, et a. Binding of
blood proteins to carbon nanotubes reduces cytotoxicity. PNAS
2011;  108(41):  16968-73.  https://doi.org/10.1073/pnas.
1105270108

26. Smart SK, Cassady Al, Lu GQ, Martin DJ. The
biocompatibility of carbon nanotubes. Carbon. 2006; 44(6): 1034-
47. https://doi.org/10.1016/j.carbon.2005.10.011

(A (2 55 2) € oylowd / Yo 0,93/ VYAV (b / 5,5 Sz pole olSuild sols alxo



